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PTO/A IA/424 (04-14)

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION
UNDER 37 CFR 1.102(e) (Page 1 of 1)

Xing YANGFirst Named
Inventor:

Title of
Invention:

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR
THE ABOVE-IDENTIFIED APPLICATION.

1. The processing fee set forth in 37 CFR 1.17(i)(1) and the prioritized examination fee set forth in
37 CFR 1.17(c) have been filed with the request. The publication fee requirement is met
because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee,
and examination fee are filed with the request or have been already been paid. I understand
that any required excess claims fees or application size fee must be paid for the application.

2. I understand that the application may not contain, or be amended to contain, more than four
independent claims, more than thirty total claims, or any multiple dependent claims, and that
any request for an extension of time will cause an outstanding Track I request to be dismissed.

3. The applicable box is checked below:

I. ~ Ori inal A l i c a t ion Track One - Prioritized Examination under 1 .102 e 1

(a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the utility application via EFS-Web.

(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the plant application in paper.

An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each
inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is
filed with the application.

II. Re uest f or Continued Examination - Prioritized Examination under 1 .102 e 2

A request for continued examination has been filed with, or prior to, this form.
If the application is a utility application, this certification and request is being filed via EFS-Web.
The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a), or is
a national stage entry under 35 U.S.C. 371.

iv. This certification and request is being filed prior to the mailing of a first Office action responsive
to the request for continued examination.

v. No prior request for continued examination has been granted prioritized examination status
under 37 CFR 1.102(e)(2).

IMAGING AND RADIOTHERAPEUTICS AGENTS TARGETING FIBROBLAST-ACTIVATION PROTEIN-ALPHA (FAP-ALPHA)

Nonprovisional Application Number (if
known):

— -OR —­

„„2023-07-18

oII Number58 1 26
„„„„„/Jeffrey W. Childers/
;;;„;, „Jeffrey W. Childers
Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certificat/'ons.
Submit multi le formsifmore than one si natureis re uired. *

*Total of 1 forms are submitted.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements of
the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2)
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the
U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or abandonment of the
application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

request involving an individual, to whom the record pertains, when the individual has requested assistance from
the Member with respect to the subject matter of the record.

need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority of
44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record
was filed in an application which became abandoned or in which the proceedings were terminated and which
application is referenced by either a published application, an application open to public inspection or an issued
patent.

enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
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IMAGING AND RA D I O T H ERAPEUTICS AGENTS TARGETING FIBROBLAST­

ACTIVATION PROTEIN-ALPHA (FAP-ALPHA)

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation of U.S. Patent Application 16/7S8,182, filed

April 22, 2020, which is a U.S. )371 National Entry Appl ication of

PCT/US2018/OS7086, filed October 23, 2018, which claims the benefit of U.S.

Provisional Appl ication No. 62/S7S,607, filed October 23, 2017, each of which is

incorporated herein by reference in its entirety.

FEDERALLY SPONSO RED RESEARCH OR DEV ELO P M E N T

This invention was made with <government support under CA197470 awarded

by the National Institutes of Health. The < overnment has certain ri< hts in the

invention.

BACKGROUND

Fibroblast-activation protein-u (FAP-u) expression has been detected on the

surface of fibroblasts in the stroma surroundin < >90% of the epithelial cancers

examined, includin < mali< nant breast, colorectal, skin, prostate and pancreatic

cancers. (Garin-Chesa, et al., 1990; Retti <, et al., 1993; Tuxhorn, et al., 2002;

Scanlan, et al., 1994). I t is a characteristic marker for carcinoma-associated-fibroblast

(CAF), which plays a critical role in promotin <~ an<~io<~enesis, proliferation, invasion,

and inhibition of tumor cell death. (A l l inen, et al., 2004; Franco, et al., 2010). In

healthy adult tissues, FAP-u expression is only l imi ted to areas of tissue remodelin <

or wound healin <~. (Scanlan, et al., 1994; Yu, et al., 2010; Bae, et al., 2008; Kraman,

et al., 2010). In addit ion, FAP-u-positive cells are observed durin < embryo< enesis in

areas of chronic inflammation, arthritis, and fibrosis, as well as in soft tissue and bone

sarcomas. (Scanlan, et al., 1994; Yu, et al., 2010). These characteristics make FAP-u

a potential ima < in< and radiotherapeutic tar< et for cancer and inflammation diseases.

Because FAP-u is expressed in tumor stroma, anti-FAP antibodies have been

investi<~ated for radioimmunotar <~etin<~ of mali<~nancies, includin<~ murine F19,

sibrotuzumab (a humanized version of the F19 antibody), ESC11, ESC14, and others.

(Welt, et al., 1994; Scott, et al., 2003; Fischer, et al., 2012). Ant ibodies also

demonstrated the feasibility of ima <~in<~ inflammation, such as rheumatoid arthritis.
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(Laverman, et al., 2015). The use of antibodies as molecular ima < in< a< ents,

however, suffers from pharmacokinetic l imitations, including slow blood and non­

tar< et tissue clearance (normally 2 — 5 days or ion < er) and non-specific or < an uptake.

Low molecular wei < ht (LMW) a < ents demonstrate faster pharmacokinetics and a

higher specific signal within cl inically convenient times after administration. They

also can be synthesized in radiolabeled form more easily and may offer a shorter path

to re< ulatory approval. (Coenen, et al., 2010; Coenen, et al., 2012; Reilly, et al.,

2015). To date, however, no LMW l i gand has been reported with ideal properties for

nuclear imaging of FAP-u.

SUMMARY

In some aspects, the presently disclosed subject matter provides a compound

of Formula (I):

B L A

wherein: A is a targeting moiety for FAP-u; B is any optical or radiolabeled

functional group suitable for optical imagin <~, PET imagin<~, SPECT imagin <~, or

radiotherapy; and L is a linker having bi-functionalization adapted to form a chemical

bond with B and A.

In particular aspects, A is an FAP-u tar < etin< moiety havin< the structure of:

y (R > x) ( 2x) y

y (» ' )
N (R3x)y

C H j 4x
V

R5x R7x
R6x (X');

wherein each y is independently an integer selected from the group consisting

of 0, 1, and 2; Ri „ R 2 „ a n d R ; „ a r e each independently selected from the< roup

consisting of H, OH, halo < en, Ci-(alky l , -O-Ci<alkyl, and -S-Ci­(alkyl; Rix is selected

from the group consisting of H, -CN, -B(OH)2, -C(O)alkyl, -C(O)aryl-, -C = C­

C(O)aryl, -C = C-S(O)2aryl, -CO2H, -SO;H, -SO2NH2, -PO;H2, and 5-tetrazolyl; Rz x is

H; R~„R<,„and R7, are each independently selected from the < roup consistin< of H, ­

OH, oxo, halogen, -Ci <alkyl, -0-Ci <alkyl, -S-Ci <alkyl, -NRxxR>x, -ORi2x, -Het2 and­

Ar2; each of Ci <,alkyl being optionally substituted with from 1 to 3 substituents
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selected from -OH and halo < en; Rx„R >„ and Ri2x are each independently selected

from the <~roup consistin <~ of H, -OH, halo, -Ci <alkyl, -0-Ci <alkyl, -S-Ci <alkyl, and­

Ar;; Rni„ R i i „ Ri ; x and Ri<x are each independently selected from the < roup

consistin<~ of H, -OH, halo <~en, -Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl; Ar i , Ar2 and

Ar; are each independently a 5- or 6-membered aromatic monocycle optionally

comprisin <~ 1 or 2 heteroatoms selected from 0, N and S; each of Ari , Ar2 and Ar;

bein<~ optionally and independently substituted with from 1 to 3 substituents selected

from -N R n ixRi ix, -Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl; Het2 is a 5- or 6­

membered non-aromatic monocycle optionally comprisin <~ 1 or 2 heteroatoms

selected from 0, N and S; Het2 bein <~ optionally substituted with from 1 to 3

substituents selected from -NRi ;xRiz„ - C i <alkyl, - 0-C / - (a lky l , and -S -C f ­ (alkyl; v is

0, 1,2, or3; and

represents a 5 to 10-membered N-containin <~ aromatic or non-aromatic mono- or

bicyclic heterocycle, said heterocycle optionally further comprisin <~ 1, 2 or 3

heteroatoms selected from 0, N and S; wherein ~ indi c a tes a point of attachment

of the FAP-u bindin <~ li<~and to the linker, L, or the reporter moiety, B, wherein the

point of attachment can be throu <~h any of the carbon atoms of the 5 to 10-membered

N-containin<~ aromatic or non-aromatic mono- or bicyclic heterocycle thereof; and

stereoisomers and pharmaceutically acceptable salts thereof.

In more particular aspects, A is an FAP-u tar < etin< moiety hav in< the

structure of:

y(R>x) ( 2x)y

y(R3x') N C

6&

7 +
8 N

wherein ~ indi c a tes a point of attachment of the FAP-u bindin< li< and to the

linker, L, or the reporter moiety, B, wherein the point of attachment can be throu <~h

any of carbon atoms 5, 6, 7, or 8 of the quinolinyl r in <~ thereof; and stereoisomers and

pharmaceutically acceptable salts thereof.

In yet more particular aspects, A is selected from the <~roup consistin<~ of:

Petitioner GE Healthcare – Ex. 1002, p. 6 



Attorney Docket: JHU-36631.303

0 N ~ 0 0 N~ 0 0 N~ 0

A~ A2 A3
N N ;an d N

In other aspects, the presently disclosed subject matter provides a

pharmaceutical composition comprisin <~ a compound of formula (I) .

In some aspects, the presently disclosed subject matter provides a method for

ima< in< a disease or disorder associated with f ibroblast-activation protein-u (FAP-u),

the method comprisin <~ administerin<~ a compound of formula (I), wherein the

compound of formula (I) comprises an optical or radiolabeled functional <~roup

suitable for optical ima <~in<~, PET ima<~in<~, or SPECT i m a<~in<~; and obtain in<~ an

ima< e.

In other aspects, the presently disclosed subject matter provides a method for

inhibitin <~ fibroblast-activation protein-u (FAP-u), the method comprisin<~

administerin < to a subject in need thereof an effective amount of a compound of

formula (I).

In yet other aspects, the presently disclosed subject matter provides a method

for treatin< a fibroblast-activation protein-u (FAP-u)-related disease or disorder, the

method comprisin < administerin< to a subject in need of treatment thereof an effective

amount of a compound of formula (I), wherein the compound of formula (I)

comprises a radiolabeled functional < roup suitable for radiotherapy.

In certain aspects, the (FAP-u)-related disease or disorder is selected from the

<~roup consistin<~ of a proliferative disease, includin<~, but not limited to, breast cancer,

colorectal cancer, ovarian cancer, prostate cancer, pancreatic cancer, kidney cancer,

lun<~ cancer, melanoma, fibrosarcoma, bone and connective tissue sarcomas, renal cell

carcinoma, <pliant cell carcinoma, squamous cell carcinoma, and adenocarcinoma;

diseases characterized by tissue remodelin <~ and/or chronic inflammation; disorders

involvin<~ endocrinolo <~ical dysfunction; and blood clottin<~ disorders.

Certain aspects of the presently disclosed subject matter havin < been stated

hereinabove, which are addressed in whole or in part by the presently disclosed

subject matter, other aspects will become evident as the description proceeds when

taken in connection with the accompanyin < Examples and Fi < ures as best described

herein below.
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BRIEF DESCRIPTION OF THE FIGURES

The patent or application file contains at least one drawin < executed in color.

Copies of this patent or patent application publication with color drawin <~s will be

provided by the Off ice upon request and payment of the necessary fee.

Havin< thus described the presently disclosed subject matter in < eneral terms,

reference will now be made to the accompanyin <~ Fi<~ures, which are not necessarily

drawn to scale, and wherein:

FIG. 1A, FIG. 1B, and FIG. 1C show the synthetic pathway and structures of

representative FAP-tar < eted a< ents, XY-FAP-01 and ]" ' I n ] - X Y - F A P -02. F IG. 1A

shows the multi -step synthesi s of the 1 i<~and precursor, tert-butyl(S)-(3-((4-((2-(2­

cyanopyrrol i di n-1-yl )-2­oxoethyl ) carb am oyl )qui nol i n-6-yl ) oxy)propyl )carbamate.
After each step, the reaction mixture was loaded onto a 25­< C18 cartrid< e and

purified with a MeCN/water/TFA < radient. Identity of intermediate products was

confirmed with 'H NM R . F IG . 1B shows the full structure of optical ima<~in<~ a<~ent,

XY-FAP-01. X Y - F A P-01 was produced with a one step reaction between the

precursor and IRDye800CW-NHS. The major product was obtained at a yield of 85%

after purification with HPLC. F IG . 1C shows the full structure of the SPECT ima<~in<~

a<~ent, ]" ' I n ] -X Y - F A P-02. F i rst, the precursor was functionalized with DOTA via a

one step reaction between the precursor and DOTA-GA( t -Bu)q-NHS. Un labeled

product was purified via HPLC to produce XY-FAP-02. Subsequent radiolabelin <

w ith " ' I n and HPLC puri f ication resulted in the radiolabeled product, ] " ' I n ] - X Y ­

FAP-02;

FIG. 2 shows the inhibitory activity of XY- F AP -01 on human recombinant

FAP. The inhibitory activity of XY - F AP -01 was determined usin<~ a fluoro<geni FA P

assay kit. Enzymatic activity of human recombinant FAP on a native substrate was

inhibited in a concentration dependent fashion by XY-FAP-01. Semi- lo<~ inhibitory

curves of XY-FAP-01 activity were < enerated and the determined Ki value of XY­

FAP-01 was 1.26 nM;

FIG. 3A, FIG. 3B, and FIG. 3C show the assessment of thei» i i / n~ bindin <~

ability and specificity of XY- F AP -01 and ]" ' I n ] - X Y - F A P -02. F IG. 3A shows the

concentration dependent uptake of XY-FAP-01 in various cell l ines. Cel ls incubated

with various concentrations (ran<ate: SO nM to 0.78 nM) of XY- F AP -01 were ima<~ed

with the LI-COR Pearl Impulse Ima < er to assess uptake of a < ent in various FAP­

positive and FAP-ne < ative cell l ines (left). Dose-response curves of XY-FAP-01
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uptake in FAP-positive cell l ines (NCIH2228, U87, and SKMEL24) and FAP­

ne<~ative cell lines (PC3, NCIH226, and HCT116) were <~enerated (ri<~ht). FIG. 3B

shows the inhibit ion of XY-F AP -01 uptake in FAP-positive cell-l ines. Cells

incubated with 25-nM XY - F A P -01 were incubated with various concentrations of

either a DPPIV and FAP inhibitor, Talabostat, or a DPPIV-only inhibitor, Sita <~liptin.

Uptake of XY-FAP-01 was measured and semi-lo< inhibitor-response curves were

< enerated for both Talabostat and Sita < liptin. FIG. 3C shows the uptake of ] " ' I n ] ­

XY-FAP-02 in FAP-positive U87 and FAP-ne<~ative PC3 cell l ines. Cells were

incubated with 1 pCi ] ' " I n ] - X Y - F A P -02 and were washed with cold PBS.

Radioactivity of the cell pellets was measured and normalized to the incubated dose;

FIG. 4 is a table showin < the ex ii n~ tissue biodistribution of ] '" In ] -XY- F AP ­

01 in tumor bearin <~ mice. At 5 min, 0.5 h, 2 h, 6 h, and 12 h after injection of 10 pCi

]"' In]-XY- FAP-01, NOD/SKID mice bearin<~ U87 and PC3 tumor xeno<~rafts were

sacrificed and tissues were collected for biodistribution analysis. Addit ionally, mice

co-injected with unlabeled XY-FAP-02 and 10 pCi ] " ' I n ] - X Y - F A P - 01 were

sacrificed at 6 h post-injection to study the effect of blockin < on uptake of the

radiolabeled compound. Data presented as mean + standard deviation. "Student's t test

comparison of mean %ID/ <~ of PC3 tumor versus U87 tumor demonstrated si<~nificant

difference between the two < roups at 5 min, 0.5 h, 2 h, and 6 h post injection

(p<0.0001). No si < nificant difference between the two < roups were seen in the

blockin <~ study at 6 h. S t udent's t test comparison of mean %ID/<~ of PC3 tumor

versus U87 tumor demonstrated si < nificant difference between the two < roups at 12 h

post injection (p = 0.0006). 'Student's t test comparin<~ %ID/<~ between PC3 tumor and

U87 tumors at 6 h post injection showed si <~nificant difference between %ID/<~ tumors

in the blockin <~ study at 6 h versus the normal biodistribution results at 6 h

(p<0. 0001);

FIG. 5A and FIG. 5B show the time-activity relationship of the ex i i n~

biodistribution of ] " ' I n ] - X Y - F A P-02. FIG. 5A shows tissue time activity curves

(TACs) of ] " ' I n ] - X Y - F A P-02 activity in U87 tumor, PC3 tumor, and blood. FIG. 5B

shows the ratios of%ID / <' between U87 tumor and PC3 tumor, blood, and muscle

(mm) versus time;

FIG. 6 shows serial NIRF-ima <~in<~ of XY-FAP-01 in tumor bearin<~ mice.

NOD/SKID mice bearin <~ FAP-positive U87 (yellow circle) and FAP-ne<~ative PC3

(red circle) tumor xeno <~rafts were injected with 10 nmol of XY-FAP-01 via the tail
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vein followed by serial NIRF-ima<~in<~ on the LI-COR Pearl Impulse Ima<~er.

Representative ima <~es at 0.5 h, 1 h, 2.5 h, and 4 h after injection are shown;

FIG. 7 shows SPECT-CT ima<~es of ]" ' I n ] - X Y - F A P-02 at 30 min, 2 h, 6 h,

and 24 h after injection in NOD/SKID female mice bearin< U87 and PC3 tumor

xeno<~rafts in the upper flanks; and

FIG. 8 show three-dimensional SPECT-CT ima<~es of ]" ' I n ] - X Y - F A P-02 at

30 min, 2 h, 6 h, and 24 h after injection in NOD/SKID female mice bearin<~ U87 and

PC3 tumor xeno<~rafts in the upper flanks.

DETAILED DESCRIPTION

The presently disclosed subject matter now wil l be described more fully

hereinafter with reference to the accompanyin <~ Fi<~ures, in which some, but not all

embodiments of the presently disclosed subject matter are shown. L ike numbers refer

to like elements throu < hout. The presently disclosed subject matter may be embodied

in many different forms and should not be construed as limited to the embodiments

set forth herein; rather, these embodiments are provided so that this disclosure wil l

satisfy applicable le < al requirements. Indeed, many modif ications and other

embodiments of the presently disclosed subject matter set forth herein wil l come to

mind to one skilled in the art to which the presently disclosed subject matter pertains

havin< the benefit of the teachin < s presented in the fore < oin< descriptions and the

associated Fi < ures. Therefore, it is to be understood that the presently disclosed

subject matter is not to be limited to the specific embodiments disclosed and that

modifications and other embodiments are intended to be included within the scope of

the appended claims.

IMAGING AND RA D I O T H ERAPEUTICS AGENTS TARGETING

FIBROBLAST-ACTIV A T ION PROTEIN-0 (FAP-0)

FAP-u is a type II inte < ral membrane serine protease of the prolyl

oli< opeptidase family, which are distin < uished by their abil ity to cleave the Pro-AA

peptide bond (where AA represents any amino acid). I t has been shown to play a role

in cancer by modify in <~ bioactive si<~nalin<~ peptides throu <~h this enzymatic activity

(Kelly, et al., 2005; Edosada, et al., 2006). FAP-u expression has been detected on

the surface of fibroblasts in the stroma surroundin «r e ater than 90% of the epithelial

cancers, includin <~, but not limited to, mali<~nant breast, colorectal, skin, prostate,
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pancreatic cancers, and the like, and inflammation diseases, includin <, but not limited

to, arthritis, fibrosis, and the like, with nearly no expression in healthy tissues.

Accordin <~ly, ima<~in<~ and radiotherapeutic a <~ents specifically tar<~etin<~ FAP-u is of

clinical importance.

FAP-u exists as a homodimer to carry out its enzymatic function. Inhibitors

selectively tar < etin< FAP-u has been reported (Lo, et al., 2009; Tsai, et al., 2010;

Ryabtsova, et al., 2012; Poplawski, et al., 2013; Jansen, et al., 2013; Jansen, et al.,

2014). The presently disclosed subject matter provides, in part, a FAP-u selective

tar< etin< moiety that can be modified with an optical dye, a radiometal chelation

complex, and other radiolabeled prosthetic <groups, thus providin <~ a platform for the

ima<~in<~ and radiotherapy tar<~etin<~ FAP-u.

Radionuclide molecular ima <~in<~, includin<~ positron emission tomo<~raphy

(PET), is the most mature molecular ima < in< technique without tissue penetration

limitations. Due to its advanta < es of hi< h sensitivity and quantifiabil i ty, radionuclide

molecular ima <~in<~ plays an important role in clinical and preclinical research (Youn,

et al., 2012; Chen, et al., 2014). Many radionuclides, primarily P- and alpha emitters,

have been investi < ated for tar< eted radioimmunotherapy and include both

radiohalo < ens and radiometals (see Table 1 for representative therapeutic

radi onucl i des).

Table 1. Representative Therapeutic Radionuclides

P-particle emitters

u-particle emitters

Au<~er electron emitters

'! '! '! '! '! '! '!

' "Y ' ' I ' " L u " ' Sm ' "' R e '" " Re "C u -" - 'Pb

-'-"Ac, -" 'Bi , -"-'Bi, -" 'At , -"-'Pb

l2 I l 2 I E7C l ill'! '! '!

The hi <~hly potent and specific bindin<~ moiety tar<~etin<~ FAP-n enables its

use in nuclear ima < in< and radiotherapy. The presently disclosed subject matter

provides the first synthesis of nuclear ima <~in<~ and radiotherapy a<~ents based on this

dual-tar< etin< moiety to FAP-n.

Accordin <~ly, in some embodiments, the presently disclosed subject matter

provides potent and selective low-molecular-wei <~ht (LMW) l i <~ands of FAP-u, i.e., an

FAP-u selective inhibitor, conju < ated with a tar< etin< moiety feasible for

modification with optical dyes and radiolabelin <~ <groups, includin <~ metal chelators
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and metal complexes, which enable ii»i i o optical ima<~in<~, nuclear ima<~in<~(optical,

PET and SPECT), and radiotherapy tar<~etin<~ FAP-u. Importantly, the presently

disclosed compounds can be modified, e. <~., conju<~ated with, labelin <~ <groups without

si<~nificantly losin<~ their potency. The presently disclosed approach allows for the

convenient labelin <~ of the FAP-u li<~and with optical dyes and PET or SPECT

isotopes, includin <~, but not limited to, '"Ga, ' Cu, ' "F, " 'Y, ' "Y , " 'Zr , " ' In, " " ' Tc, ' -" I ,

'-"I, for FAP-u related ima< in< applications. Further, the presently disclosed

approach allows for the radiolabelin <~ of the FAP-u li<~and with radiotherapeutic

isotopes, includin <~ but not limited to, '"Y, ' " L u , ' -" I , ' ' I , - "'At, ' " I n , " ' Sm , ' " 'Re,

'""Re, "Cu, -"-'Pb, -'-"Ac, -" 'Bi, -"-'Bi, -"-'Pb, and "Ga, for FAP-u related radio-therapy.

In a particular embodiment, an optical a < ent conju< ated with IRDye-800CW

(XY-FAP-01) was synthesized and showed selective uptakeii» i / i ' o on a FAP-u+

U87 cell l ine and is»i i o on a FAP-u+ U87 tumor and clearly detected the tumor, In

another particular embodiment, an ' " In labeled li <~and (XY-FAP-02-[" ' In)) was

successfully obtained in hi <~h yield and purity from its precursor with a metal chelator.

Their» i i o study showed clear tumor radiotracer uptake in mice bearin<~ FAP-u­

positive U87 tumors with minimum non-specific or <~an uptake, which allows the

specific ima < in< of FAP-u expressin< tumors. The presently disclosed FAP-u

tar< etin< moiety can be adapted for use with optical dyes and radioisotopes known in

the art for ima< in< and therapeutic applications tar < etin< FAP-u .

More particularly, in some embodiments, the presently disclosed subject

matter provides a compound of the < eneral structure of Formula (I) :

B L A

wherein: A is a tar <~etin<~ moiety for FAP-u; B is any optical or radiolabeled

functional <~roup suitable for optical ima<~in<~, positron-emiss'.:on tomo< raphy (PET)

ima<~in<~, sin„~le-Iil:oton e:n ission cornpu«;:d toino~ ia'<iliy (SPECT) ima<~in<~, or

radiotherapy; and L is a linker havin <~ bi-functionalization adapted to form a chemical

bond with B and A.

Representative tar < etin< moieties for FAP-u are disclosed in U.S. Patent

Application Publication No. US2014/03S76SO for Novel FAP Inhibitors to Jansen et

al., published Dec. 4, 2014; U.S. Patent No. 9,346,814 for Novel FAP Inhibitors to

Jansen et al., issued May 24, 2016; and International PCT Patent Publication No. WO

2013/107820 for Novel FAP Inhibitors to Jansen et al., published July 2S, 2013, each

of which are incorporate by reference in their entirety.
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More particularly, U.S. Patent No. 9,346,814 to Jansen et al., discloses FAP-u

inhibitors of formula (X), or a stereoisomer, tautomer, racemate, salt, hydrate, or

solvate thereof, which are suitable for use with the presently disclosed subject matter:

R ~x~~ ~ R2x

( , ~ R,„

C H j 4x
V

R5x R7x
R6x (X);

wherein:

Rr x and R2x are each independently selected from the < roup consistin< of H,

OH, halo <~en, Ci <alkyl, -0-Ci <alkyl, and -S-Ci<alkyl ;

R;, is selected from the <~roup consistin<~ of H, -CN, -B(OH)2, -C(0)alkyl, ­

C(0)aryl-, -C = C-C(0)aryl, -C = C-S(0)2aryl, -C02H, -SO-H, -S02NH2, -PO-H2, and

5-tetrazol yl;

R~,is H;

R~„R<,„and R7, are each independently selected from the < roup consistin< of

H, -OH, oxo, halo <~en, -Ci <alkyl, -O-Ci<alkyl , -S-Ci <alkyl, -NRxxR>x, -ORi2x, -Het2

and -Ar2; each of Ci <alkyl bein <~ optionally substituted with from 1 to 3 substituents

selected from -OH and halo < en;

Rx„R >„ and Ri2x are each independently selected from the < roup consistin< of

H, -OH, halo, -Ci <,alkyl, -0-Ci <,alkyl, -S-Ci <,alkyl, and -Ar; ;

Rni„R i i „ R i ; x and Ri<x are each independently selected from the < roup

consistin<~ of H, -OH, halo <~en, -Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl; Ar i , Ar2 and

Ar; are each independently a 5- or 6-membered aromatic monocycle optionally

comprisin <~ 1 or 2 heteroatoms selected from 0, N and S; each of Ari , Ar2 and Ar;

bein<~ optionally and independently substituted with from 1 to 3 substituents selected

from -N R n>xRi ix, -Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl;

Het2 is a 5- or 6-membered non-aromatic monocycle optionally comprisin <~ 1

or 2 heteroatoms selected from 0, N and S; Het2 bein < optionally substituted with

from 1 to 3 substituents selected from -NRi ;xRi<„ -C i <alkyl , -O-C)-(alkyl, and -S-Ci

c,alkyl;
v is 0, 1, 2, or 3; and

10

Petitioner GE Healthcare – Ex. 1002, p. 13 



Attorney Docket: JHU-36631.303

represents a 5 to 10-membered N-containin <~ aromatic or non-aromatic mono­

or bicyclic heterocycle, said heterocycle optionally further comprisin <~ 1, 2 or 3

heteroatoms selected from 0, N and S.

In particular embodiments,
*

is selected from the < roup consistin<

of:

X X

wherein "' indicates the point of attachment of the 5 to 10-membered N­

containin<~ aromatic or non-aromatic mono- or bicyclic heterocycle to — (CH~),—.

Accordin <~ly, in some embodiments, A is an FAP-u tar<~etin<~ moiety hav in<~

the structure of:

11
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y(R1x) ( 2x)y

y( 3x') (R3 )

'y'v •
C H j 4x

V

R5x R7x
R6x (X');

wherein each y is independently an inte <~er selected from the <~roup consistin <~

of0, 1, and2;

Ri„ R 2 „ a n d R ; „ a r e each independently selected from the< roup consistin<

of H, OH, halo <~en, Ci <,alkyl, -0-Ci <,alkyl, and -S-Ci <,alkyl;

R;, is selected from the <~roup consistin<~ of H, -CN, -B(OH)2, -C(0)alkyl, ­

C(0)aryl-, -C = C-C(0)aryl, -C = C-S(0)2aryl, -C02H, -SO-H, -S02NH2, -PO-H2, and

5-tetrazol yl;

R4< is H;

R~„R<,„and R7, are each independently selected from the < roup consistin< of

H, -OH, oxo, halo <~en, -Ci <alkyl, -O-Ci<alkyl , -S-Ci <alkyl, -NRxxR>x, -ORi2x, -Het2

and -Ar2; each of Ci <alkyl bein <~ optionally substituted with from 1 to 3 substituents

selected from -OH and halo < en;

Rx„R >„ and Ri2x are each independently selected from the < roup consistin< of

H, -OH, halo, -Ci <,alkyl, -0-Ci <,alkyl, -S-Ci <,alkyl, and -Ar; ;

Rni„R i i „ R i ; x and Ri4x are each independently selected from the < roup

consistin<~ of H, -OH, halo <~en, -Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl; Ar i , Ar2 and

Ar; are each independently a 5- or 6-membered aromatic monocycle optionally

comprisin <~ 1 or 2 heteroatoms selected from 0, N and S; each of Ari , Ar2 and Ar;

bein<~ optionally and independently substituted with from 1 to 3 substituents selected

from -N R n>xRi ix, -Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl;

Het2 is a 5- or 6-membered non-aromatic monocycle optionally comprisin <~ 1

or 2 heteroatoms selected from 0, N and S; Het2 bein < optionally substituted with

from 1 to 3 substituents selected from -NRi ;xRi4„ -C i <alkyl , -O-C)-(alkyl, and -S-Ci

c,alkyl;
v is 0, 1, 2, or 3; and

12
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represents a 5 to 10-membered N-containin <~ aromatic or non-aromatic mono­

or bicyclic heterocycle, said heterocycle optionally further comprisin <~ 1, 2 or 3

heteroatoms selected from 0, N and S;

wherein ~ ind ic a tes a point of attachment of the FAP-u bindin <~ li<~and to a

linker, e. < ., L, or a reporter moiety, such as an optical or radiolabeled functional < roup

suitable for optical ima <~in<~, PET ima<~in<~, SPECT ima<~in<~ or radiotherapy, wherein

the point of attachment can be throu < h any of the carbon atoms of the 5 to 10­

membered N-containin <~ aromatic or non-aromatic mono- or bicyclic heterocycle

thereof; and stereoisomers and pharmaceutically acceptable salts thereof.

In particular embodiments,
*

is selected from the < roup consistin<

of:

In some embodiments, A is an FAP-u tar<~etin<~ moiety havin<~ the structure of:

y(R>x) ( 2x)y

y(R3x') N C

6&

7 ~

8 N

13
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wherein y, Ri „ R 2 , and Rix are defined as hereinabove; ~ i ndi ca t es a point

of attachment of the FAP-u bindin <x l i <<and to a linker, e.<~., L, or a reporter moiety,

such as an optical or radiolabeled functional < roup suitable for optical ima < in<, PET

i ma<~in<~, SPECT im a <xin<x or radiotherapy, wherein the point of attachment can be

throu<xh any of carbon atoms 5, 6, 7, or 8 of the quinolinyl r in <x thereof; and

stereoisomers and pharmaceutically acceptable salts thereof.

In particular embodiments, A is selected from the <xroup consist in<x of:

y (R1x) ( 2x) y

y(R3x') N C - N

y(R1x) ( 2x) y

y(R3x') N C =N

0 N ~

y(R1x) ( 2x) y

y(R3x') N C - N

N N ; and N

In more particular embodiments, A is selected from the <xroup consist in<x of:

0 N~ 0 N ~ 0 N ~

N N ; and N

and stereoisomers thereof.

In yet more particular embodiments, A is selected from the <xroup consist in<x

of:

0 N ~ 0 N~ 0 N~

A~ A2 A3
N N ;an N

In some embodiments, the combination of L and B can be represented by:

R

~N
V

I

N

R1 R
P1

R2 R3

m m2I

Tz w„
m1 (CH2)i

P3
P2

14
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wherein the subunits associated with elements pi, p~, p; and p< may be in any

order; t is an inte <~er selected from the <~roup consistin <~ of 1, 2, 3, 4, 5, 6, 7, and 8; pi

p;, and p< are each independently 0 or 1; p~ is an inte < er selected from the < roup

consistin<~ of 0, 1, 2, and 3, and when p~ is 2 or 3, each Ri is the same or different; m i

and m~ are each an inte <~er independently selected from the <~roup consistin<~ of 0, 1, 2,

3, 4, 5, and 6; Wi is selected from the < roup consistin< of a bond, — S —, — C( = O) — NR —,

and — NR — C( = O) —; W~ is selected from the < roup consistin< of a bond, -S-, -CH~­

C( = O)-NR-, — C(O) —,— NRC(O) —, — NR'C(O)NR —,— NRC(S)NR'~ —, — NRC(O)O —,­

OC(O)NR —,— OC(O) —, — C(O)NR —,— NR — C(O) —,— C(O)O —, — (0 — CH~ — CH~)„— and­

(CH~-CH~-O)„—, wherein q is selected from the <~roup consistin<~ of 1, 2, 3, 4, 5, 6, 7,

and 8; each R or R' is independently H, alkyl, substituted alkyl, cycloalkyl, substituted

cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl,

heteroaryl, substituted heteroaryl, and — ORq, wherein R~ is selected from the < roup

consistin<~ of H, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,

heterocycloalkyl, and substituted heterocycloalkyl, wherein q is defined as

immediately hereinabove; Tz is a triazole < roup that can be present or absent and, if

present, is selected from the <~roup consistin<~ of

and ; each Ri is independently H, Ci-C<, alkyl, C;­

Cu aryl, -(CH~)q-C;-Cu aryl, -Cq-CiE alkylaryl, or -(CH~)„-C<-Ci E alkylaryl; R~ and

R; are each independently H and -CO~R~, wherein R~ is selected from the < roup

consistin<~ of H, Ci-C<, alkyl, C;-Ci~ aryl, and Cz-C i<, alkylaryl, wherein when one of

R~ or R; is CO~R~, then the other is H; V is selected from the <~roup consistin<~ of­

C(O) —,-C(S)-, — NRC(O) —,— NRC(S) —, and — OC(O) —; B is any optical or radiolabeled

functional <~roup suitable for optical, PET, or SPECT ima<~in<~ or radiotherapy; and

stereoisomers and pharmaceutically acceptable salts thereof.

In some embodiments, L has the followin <~ <general structure:

R

~N
V

I

pi

I

Rz Rg

N

R
Ri

m mz

ps
Pz
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wherein pi p2, p;, mi, m2, q, t, Tz, W2 R, Ri, R2, R;, and V are defined as

hereinabove.
In some embodiments, L is selected from the < roup consistin< of -L i - , -L2-L; —,

and -Li-L2-L; —, wherein:

Li is -NR-(CH2)<i­[0-CH2-CH2-0]<i-(CH2)<i-C( = 0)-;

L2 is -NR-(CH2)„-C(COOR,-)-NR-; and

L; is -(0 = )C-(CH2)„-C( = 0)-;

wherein each q is independently an inte <~er selected from the <~roup consistin <~ of 1, 2,

3, 4, S, 6, 7, and 8; and R and R,- are as defined hereinabove.

In particular embodiments, L is:

-(CR<,H)„-(CH2)„-C( = 0)-NR-(CH2)„-0- or -NR-(CH2)„-0- ;

wherein each q and R is defined hereinabove; and R<, is H or — COOR,-.

In yet more particular embodiments, L is selected from the <~roup consistin<~

of:

16
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0

0

; ~ N~ O

~ N~ Oy
COOR5 R

R 0

0

* N

+ N

0 R

R50 0
R50
0 0

N~ Y
R R

0 0 0 00

N~+ N

0

N~
UI

R50
0

N R

0 0 0 0
S 0

N~ ; and ~ N N N~
R R R R

wherein u is an inte <~er selected from 1, 2, 3, 4, S, 6, 7, and 8; and R and R,- are

as defined hereinabove.

Suitable linkers are disclosed in U.S. Patent Application Publication No.

US2011/00646S7 A 1, for "Labeled Inhibitors of Prostate Specific Membrane Anti <~en

(PSMA), Biolo <~ical Evaluation, and Use as Ima <~in<~ A<~ents, N published March 17,

2011, to Pomper et al., and U.S. Patent Application Publication No. US2012/0009121

A 1, for NPSMA-Tar< etin< Compounds and Uses Thereof," published January 12,

2012, to Pomper et al, each of which is incorporated by reference in its entirety.
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In some embodiments, B is a radiolabeled prosthetic <~roup comprisin <~ a

radioisotope selected from the < ~roup consistin<~ of '"F, '-' I, ' -"I , ' ' I , and -" 'A t .

Representative radiolabeled prosthetic < roups include, but are not limited to:

Q gy X Q

n R~

X X

N

n R

X
R.

/ 0

N NR
R' n R

N NQ
X n

wherein each X is independently a radioisotope selected from the < roup consistin< of

'"F, '-"I, ' -"I , ' ' I , and -" 'At ; each R and R' is defined hereinabove; and each n is

independently an inte <~er selected from the <~roup consistin <~ of 0, 1, 2, 3, 4, S, 6, 7, 8,

9, 10, 11, 12, 13, 14, 1S, 16, 17, 18, 19, and 20.

In more particular embodiments, the radiolabeled prosthetic < roup is selected

from the <~roup consistin <~ of:

0
18F

( 18F

0

N" F nj ~ N

' 1sF 1sF N

0

N

0

N

0

N

' 12811241

N-N

~ N ~ ; and
I

0

N

" F n 211 At

In other embodiments, B comprises a chelatin < a< ent. Representative

chelatin < a< ents include, but are not limited to:

18
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+ N~ ~
H

N ~ C 0 2H
N~

C02H

p 0

N ~ C 0 2H
N~

C02H
C02H

N ~ C 0 2H
N~

C02H
C02HC02H

N ~ C 0 2H
N~

C02H

+ N ~ N C02H

N ~ C 0 2H 0 N ~ C 0 2 H
N~

C02H H C02H
C02H N C02H

N~

~C0 2H

C02H

C02H C02H p

HO)O N ~ X HO) O N C02H

N ~ C 0 2 H
N~

C02H
C02H

N ~ C 0 2 H
N~

C02H
C02H

(NA ~1­
N+
(
C02H

0

C02H

N

(
(
(

N

C02H

N ~ C 0 2H(
(

(
C02H

(

(NA

(

C02H

C02H

C02H

N
N ~ C 0 2H

(

(
( N

C02H 0

C02H

N ~ C 0 2H

(

C02H

N

C02H

C02H

X /
H

NH

HNQ

Y'
C02H

C02H

( O

~NA ~p+
HO

HO N N OH

C02H
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HO~ N N OH
Ho

HO N N OH Ho N N NM

0 0

H

OH
N N ' ( )

HO N N ­ HNHO N N OH
x /

0

HN
Ho HNy Tr Lg

0

P
O

HOC~ 1

N
N ~ C 0 2H

N~ C02H

C02H
HO,C~

N

C02H

(
N ~ C 0 2H

CO,H

0
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0 NH

~COOH OHOH

N~

OH
N

HOOC

0 N y

o I o L o
HO ~ N ~

COOH OH , and
OH

N

OH

In some embodiments, B comprises an optical dye, e. <~., in particular

embodiments, a fluorescent dye. In some embodiments, the fluorescent dye moiety

comprises carbocyanine, indocarbocyanine, oxacarbocyanine, thiacarbocyanine and

merocyanine, polymethine, coumarine, rhodamine, xanthene, fluorescein, boron­

dipyrromethane (BODIPY), CyS, CyS.S, Cy7, VivoTa <~-680, VivoTa<~-S680,

VivoTa<~-S7SO, AlexaFluor660, AlexaFluor680, AlexaFluor700, AlexaFluor7SO,

AlexaFluor790, Dy677, Dy676, Dy682, Dy7S2, Dy780, DyLi~<~htS47, Dyli~<~ht647,

Hi Lyte Fluor 647, Hi Lyte Fluor 680, Hi Lyte Fluor 7SO, IRDye 800CW, IRDye

800RS, IRDye 700DX, ADS780WS, ADS830WS, and ADS832WS.

Representative optical dyes include, but are not limited to:
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L

i)O 8 SO,,w

0

Q

O

H O
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(
r ~X~ , r. >

and

In some embodiments, the presently disclosed subject matter provides a

compound selected from the <~roup consistin<~ of:

0 N ~ 0 N
HOOC 0H

N ~ O
B

N 0

0
N Nand

In particular embodiments, the compound is selected from the <~roup

consistin<~ of:

OgS

N
0

H
HOES~

HO3S XY-FAP-01
N

SOpH ; and
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0 N ~g '4ooc

XY-FAP-02
HO

0

8. P hal nuz c e I I ! ical ( ' w n p o s i l i o>I» a>IJ Admii I is l l a l i o i I

In another aspect, the present disclosure provides a pharmaceutical comprisin <

a compound of formula (I) in admixture with a pharmaceutically acceptable carrier,

diluent, excipient, or adjuvant. One of skil l in the art wil l reco < nize that the

pharmaceutical compositions include the pharmaceutically acceptable salts or

hydrates of the compounds described above.

Pharmaceutically acceptable salts are < enerally well known to those of

ordinary skil l in the art and include salts of active compounds which are prepared with

relatively nontoxic acids or bases, dependin < on the particular substituent moieties

found on the compounds described herein. When compounds of the present

disclosure contain relatively acidic functionalit ies, base addition salts can be obtained

by contactin <~ the neutral form of such compounds with a sufficient amount of the

desired base, either neat or in a suitable inert solvent or by ion exchan < e, whereby one

basic counterion (base) in an ionic complex is substituted for another. Examples of

pharmaceutically acceptable base addition salts include sodium, potassium, calcium,

ammonium, or<~anic amino, or ma <~nesium salt, or a similar salt.

When compounds of the present disclosure contain relatively basic

functionalities, acid addition salts can be obtained by contactin < the neutral form of

such compounds with a sufficient amount of the desired acid, either neat or in a

suitable inert solvent or by ion exchan < e, whereby one acidic counterion (acid) in an

ionic complex is substituted for another. Examples of pharmaceutically acceptable

acid addition salts include those derived from inor <~anic acids like hydrochloric,

hydrobromic, nitric, carbonic, monohydro <~encarbonic, phosphoric,

monohydro <~enphosphoric, dihydro<~enphosphoric, sulfuric, monohydro<~ensulfuric,

hydriodic, or phosphorous acids and the like, as well as the salts derived from

relatively nontoxic or <~anic acids like acetic, propionic, isobutyric, maleic, malonic,

benzoic, succinic, suberic, fumaric, lactic, mandelic, phthalic, benzenesulfonic, p­

24
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toluenesulfonic, citric, tartaric, methanesulfonic, and the like. A lso included are salts

of amino acids such as ar < inate and the like, and salts of or < anic acids like < lucuronic

or < alactunoric acids and the like (see, for example, Ber < e et al, "Pharmaceutical

Salts", Journal of Pharmaceutical Science, 1977, 66, 1-19). Certain specific

compounds of the present disclosure contain both basic and acidic functionalit ies that

allow the compounds to be converted into either base or acid addition salts.

Accordin < ly, pharmaceutically acceptable salts suitable for use with the

presently disclosed subject matter include, by way of example but not l imitation,

acetate, benzenesulfonate, benzoate, bicarbonate, bitartrate, bromide, calcium edetate,

carnsylate, carbonate, citrate, edetate, edisylate, estolate, esylate, fumarate, < luceptate,

< luconate, < lutamate, < lycollylarsanil ate, hexylresorcinate, hydrabamine,

hydrobromide, hydrochloride, hydroxynaphthoate, iodide, isethionate, lactate,

lactobionate, malate, maleate, mandelate, mesylate, mucate, napsylate, nitrate,

pamoate (embonate), pantothenate, phosphate/diphosphate, poly < alacturonate,

salicylate, stearate, subacetate, succinate, sulfate, tannate, tartrate, or teoclate. Other

pharmaceutically acceptable salts may be found in, for example, Remin < ton: The

Science and Practice of Pharmacy (20'" ed.) Lippincott, Wi l l iams k W i l k ins (2000).

In therapeutic and/or dia < nostic applications, the compounds of the disclosure

can be formulated for a variety of modes of administration, includin <~ systemic and

topical or localized administration. Techniques and formulations <generally may be

found in Remin<~ton: The Science and Practice of Pharmacy (20'" ed.) Lippincott,

Will iams k W i l k ins (2000).

Dependin < on the specific conditions bein < treated, such a< ents may be

formulated into liquid or solid dosa <~e forms and administered systemically or locally.

The a< ents may be delivered, for example, in a timed- or sustained-slow release form

as is known to those skilled in the art. Techniques for formulation and administration

may be found in Remin <~ton: The Science and Practice of Pharmacy (20'" ed.)

Lippincott, Wi l l iams k W i l k ins (2000). Suitable routes may include oral, buccal, by

inhalation spray, sublin <~ual, rectal, transdermal, va<~inal, transmucosal, nasal or

intestinal administration; parenteral delivery, includin <~ intramuscular, subcutaneous,

intramedullary injections, as well as intrathecal, direct intraventricular, intravenous,

intra-articular, intra -sternal, intra-synovial, intra-hepatic, intralesional, intracranial,

intraperitoneal, intranasal, or intraocular injections or other modes of delivery.

For injection, the a < ents of the disclosure may be formulated and diluted in
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aqueous solutions, such as in physiolo <~ically compatible buffers such as Hank's

solution, Rin <~er's solution, or physiolo<~ical saline buffer. For such transmucosal

administration, penetrants appropriate to the barrier to be permeated are used in the

formulation. Such penetrants are <generally known in the art.

Use of pharmaceutically acceptable inert carriers to formulate the compounds

herein disclosed for the practice of the disclosure into dosa < es suitable for systemic

administration is within the scope of the disclosure. With proper choice of carrier and

suitable manufacturin < practice, the compositions of the present disclosure, in

particular, those formulated as solutions, may be administered parenterally, such as by

intravenous injection. The compounds can be formulated readily usin <~

pharmaceutically acceptable carriers well known in the art into dosa < es suitable for

oral administration. Such carriers enable the compounds of the disclosure to be

formulated as tablets, pills, capsules, liquids, < els, syrups, slurries, suspensions and

the like, for oral in < estion by a subject (e. < ., patient) to be treated.

For nasal or inhalation delivery, the a < ents of the disclosure also may be

formulated by methods known to those of skil l in the art, and may include, for

example, but not l imited to, examples of solubil izin <~, dilutin<~, or dispersin <~

substances, such as saline; preservatives, such as benzyl alcohol; absorption

promoters; and fluorocarbons.

Pharmaceutical compositions suitable for use in the present disclosure include

compositions wherein the active in < redients are contained in an effective amount to

achieve its intended purpose. Determination of the effective amounts is well wi thin

the capability of those skilled in the art, especially in l i < ht of the detailed disclosure

provided herein. Generally, the compounds accordin < to the disclosure are effective

over a wide dosa< e ran< e. For example, in the treatment of adult humans, dosa < es

from 0.01 to 1000 m <~, from O,S to 100 m<~, from 1 to SO m<~ per day, and from S to 40

m< per day are examples of dosa < es that may be used. A non-l imi t in < dosa< e is 10 to

30 m< per day. The exact dosa < e will depend upon the route of administration, the

form in which the compound is administered, the subject to be treated, the body

wei< ht of the subject to be treated, the bioavailabil ity of the compound(s), the

adsorption, distribution, metabolism, and excretion (ADME) tox ic i ty of the

compound(s), and the preference and experience of the attendin < physician.

In addition to the active in < redients, these pharmaceutical compositions may

contain suitable pharmaceutically acceptable carriers comprisin < excipients and
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auxiliaries which facil i tate processin < of the active compounds into preparations

which can be used pharmaceutically. The preparations formulated for oral

administration may be in the form of tablets, dra < ees, capsules, or solutions.

Pharmaceutical preparations for oral use can be obtained by combinin < the

active compounds with solid excipients, optionally <~rindin<~ a resultin<~ mixture, and

processin < the mixture of < ranules, after addin < suitable auxiliaries, if desired, to

obtain tablets or dra < ee cores. Suitable excipients are, in particular, fi l lers such as

su<~ars, includin<~ lactose, sucrose, mannitol, or sorbitol; cellulose preparations, for

example, maize starch, wheat starch, rice starch, potato starch, < elatin, < um

tra<~acanth, methyl cellulose, hydroxypropylmethyl- cellulose, sodium

carboxymethyl-cellulose (CMC), and/or polyvinylpyrrol idone (PVP: povidone). I f

desired, disinte < ratin< a< ents may be added, such as the cross-linked

polyvinylpyrrol idone, a < ar, or al< inic acid or a salt thereof such as sodium al < inate.

Dra< ee cores are provided with suitable coatin < s. For this purpose,

concentrated su<~ar solutions may be used, which may optionally contain <~um arabic,

talc, polyvinylpyrrol idone, carbopol <~el, polyethylene <glycol (PEG), and/or titanium

dioxide, lacquer solutions, and suitable or <~anic solvents or solvent mixtures. Dye­

stuffs or pi < ments may be added to the tablets or dra < ee coatin< s for identif ication or

to characterize different combinations of active compound doses.

Pharmaceutical preparations that can be used orally include push-fit capsules

made of < elatin, as well as soft, sealed capsules made of < elatin, and a plasticizer,

such as < lycerol or sorbitol. The push-fit capsules can contain the active in < redients

in admixture with f i l ler such as lactose, binders such as starches, and/or lubricants

such as talc or ma < nesium stearate and, optionally, stabilizers. In soft capsules, the

active compounds may be dissolved or suspended in suitable liquids, such as fatty

oils, liquid paraffin, or l iquid polyethylene <~lycols (PEGs). In addition, stabilizers

may be added.

('. Me/had» «f' Ines;iig; n»iig; /he ('onq~ani>d» «f' I'w mnla (I), w

Phd nuzcen/ical ( 'wnpa»i liw>» I'he( eof'

In some embodiments, presently disclosed subject matter provides a method

for ima< in< a disease or disorder associated with f ibroblast-activation protein-u (FAP­

u), the method comprisin <~ administerin<~ a compound of formula (I), wherein the

compound of formula (I) comprises an optical or radiolabeled functional <~roup
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suitable for optical ima <~in<~, PET ima<~in<~, or SPECT i m a<~in<~; and obtain in<~ an

ima< e.

Accordin <~ly, in some embodiments, the presently disclosed subject matter

provides a method for ima <~in<~ one or more cells, or<~ans, or tissues, the method

comprisin < exposin< cells or administerin < to a subject an effective amount of a

compound of formula (I) with an optical or radioisotopic label suitable for ima <~in<~. In

some embodiments, the one or more or <~ans or tissues include prostate tissue, kidney

tissue, brain tissue, vascular tissue, or tumor tissue.

The ima<~in<~ methods of the invention are suitable for ima <~in<~ any

physiolo <~ical process or feature in which FAP-u is involved, for example, identifyin<~

areas of tissues or tar < ets which exhibit or express hi < h concentrations of FAP-u.

Physiolo <~ical processes in which FAP-u is involved include, but are not limited to:

(a) proliferation diseases (includin <~ but not limited to cancer); (b) tissue remodelin <~

and/or chronic inflammation (includin <~ but not limited to fibrotic disease, wound

healin <, keloid formation, osteoarthritis, rheumatoid arthritis and related disorders

involvin<~ cartila<~e de<gradation); and (c) endocrinolo <~ical disorders (includin<~ but not

limited to disorders of <glucose metabolism).

In certain embodiments, the radiolabeled compound is stable in vivo.

In certain embodiments, the radiolabeled compound is detected by positron

emission tomo <~raphy (PET) or sin<~le photon emission computed tomo<~raphy

(SPECT).

In certain embodiments, the optical reportin < moiety is detected by

fluorescence, such as fluorescence microscopy.

In certain embodiments, the presently disclosed compounds are excreted from

tissues of the body quickly to prevent prolon < ed exposure to the radiation of the

radiolabeled compound administered to the subject. Typically, the presently disclosed

compounds are eliminated from the body in less than about 24 hours. More typically,

the presently disclosed compounds are eliminated from the body in less than about 16

hours, 12 hours, 8 hours, 6 hours, 4 hours, 2 hours, 90 minutes, or 60 minutes.

Exemplary compounds are eliminated in between about 60 minutes and about 120

minutes. In certain embodiments, the presently disclosed compounds are stable in

vivo such that substantially all, e. <~., more than about 50%, 60%, 70%, 80%, or 90%

of the injected compound is not metabolized by the body prior to excretion.
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Additionally, for in vi tro applications, such as in vitro dia <~nostic and research

applications, body fluids and cell samples of the above subjects wil l be suitable for

use, such as mammalian, particularly primate such as human, blood, urine or tissue

samples, or blood urine or tissue samples of the animals mentioned for veterinary

appl i cati on s.

Other embodiments provide kits comprisin <~ a compound of formula (I) . In

certain embodiments, the kit provides packa < ed pharmaceutical compositions

comprisin < a pharmaceutically acceptable carrier and a compound of formula (I). In

certain embodiments the packa < ed pharmaceutical composition wil l comprise the

reaction precursors necessary to <~enerate the compound of formula (I) upon

combination with a radiolabeled precursor. Other packa < ed pharmaceutical

compositions further comprise indicia comprisin <~ at least one of: instructions for

preparin <~ compounds of formula (I) from supplied precursors, instructions for usin<~

the composition to ima < e cells or tissues expressin < FAP-u.

In certain embodiments, a kit containin <~ from about 1 to about 30 mCi of the

radionuclide-labeled ima < in< a< ent described above, in combination with a

pharmaceutically acceptable carrier, is provided. The ima < in< a< ent and carrier may

be provided in solution or in lyophi l ized form. When the ima <~in<~ a<~ent and carr ier of

the kit are in lyophil ized form, the kit may optionally contain a sterile and

physiolo < ically acceptable reconstitution medium such as water, saline, buffered

saline, and the like. The kit may provide a compound of formula (I) in solution or in

lyophilized form, and these components of the kit may optionally contain stabilizers

such as NaC1, silicate, phosphate buffers, ascorbic acid, < entisic acid, and the like.

Additional stabilization of kit components may be provided in this embodiment, for

example, by providin <~ the reducin<~ a<~ent in an oxidation-resistant form.

Determination and optimization of such stabilizers and stabilization methods are well

within the level of skil l in the art.

In certain embodiments, a kit provides a non-radiolabeled precursor to be

combined with a radiolabeled rea < ent on-site.

Ima< in< a< ents may be used in accordance with the presently disclosed

methods by one of skil l in the art. Ima < es can be < enerated by virtue of dif ferences in

the spatial distribution of the ima < in< a< ents which accumulate at a site when

contacted with FAP-u. The spatial distribution may be measured usin< any means

suitable for the particular label, for example, a < amma camera, a PET apparatus, a
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SPECT apparatus, and the like. The extent of accumulation of the ima < in< a< ent may

be quantified usin <~ known methods for quantifyin<~ radioactive emissions or

f luorescence. A particularly useful ima <~in<~ approach employs more than one ima<~in<~

a< ent to perform simultaneous studies.

In < eneral, a detectably effective amount of the ima < in< a< ent of the inven t i on

is administered to a subject. A "detectably effective amount" of the ima < in< a< ent is

defined as an amount sufficient to yield an acceptable ima < e usin< equipment which

is available for cl inical use. A detectably effective amount of the ima < in< a< ent may

be administered in more than one injection. The detectably effective amount of the

ima< in< a< ent of the invention can vary accordin< to factors such as the de < ree of

susceptibility of the individual, the a < e, sex, and wei< ht of the individual,

idiosyncratic responses of the individual, and the dosimetry. Detectably effective

amounts of the ima <~in<~ a<~ent also can vary accordin<~ to instrument and fi lm-related

factors. Optimization of such factors is well wi thin the level of skil l in the art. The

amount of ima<~in<~ a<~ent used for dia<~nostic purposes and the duration of the ima <~in<~

study wil l depend upon the radionuclide used to label the a < ent, the body mass of the

patient, the nature and severity of the condition bein < treated, the nature of therapeutic

treatments which the patient has under < one, and on the idiosyncratic responses of the

patient. Ult imately, the attendin < physician wil l decide the amount of ima < in< a< ent

to administer to each individual patient and the duration of the ima < in< study.

I). Me lhod » of I i eai isg; a I'AP-a I<cia(ed l) i»ea»e os l)i»wdes ii»hg; !he

( 'ompom>d» of' I'w <mala (I), os Phd maceoii cal ( 'o<npo»i li os>» I he( eof'

In other embodiments, the presently disclosed compounds of formula (I) can

be used to treat a subject affl icted with one or more FAP-u related diseases or

disorders includin <~, but not limited to: (a) prol i feration (includin <~ but not limited to

cancer); (b) tissue remodelin <~ and/or chronic inflammation (includin<~ but not limited

to fibrotic disease, wound healin <, keloid formation, osteoarthritis, rheumatoid

arthritis and related disorders involvin < cartila< e de< radation); and (c)

endocrinolo <~ical disorders (includin<~ but not limited to disorders of <glucose

metabolism).

Accordin <~ly, in some embodiments, the one or more FAP-u related disease or

disorder is selected from the < roup consistin< of a proliferative disease, includin <,

but not limited to, breast cancer, colorectal cancer, ovarian cancer, prostate cancer,

pancreatic cancer, kidney cancer, lun <~ cancer, melanoma, fibrosarcoma, bone and
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connective tissue sarcomas, renal cell carcinoma, < iant cell carcinoma, squamous cell

carcinoma, and adenocarcinoma; diseases characterized by tissue remodelin < and/or

chronic inflammation; disorders involvin <~ endocrinolo<~ical dysfunction; and blood

clottin<~ disorders.

In < eneral, the "effective amount" of an active a < ent or dru< delivery device

refers to the amount necessary to elicit the desired biolo < ical response. As wi l l be

appreciated by those of ordinary skil l in this art, the effective amount of an a < ent or

device may vary dependin < on such factors as the desired biolo < ical endpoint, the

a< ent to be delivered, the makeup of the pharmaceutical composition, the tar < et

tissue, and the like.

In other embodiments, the method can be practiced i» i i i rn or ex ii iv~ by

introducin <~, and preferably mixin <~, the compound and cell(s) or tumor(s) in a

controlled environment, such as a culture dish or tube. The method can be practiced

i» ii iv~, in which case contactin< means exposin< the tar< et in a subject to at least

one compound of the presently disclosed subject matter, such as administerin < the

compound to a subject via any suitable route. Accordin < to the presently disclosed

subject matter, contactin <~ may comprise introducin <~, exposin<~, and the like, the

compound at a site distant to the cells to be contacted, and allowin < the bodily

functions of the subject, or natural (e. <~., diffusion) or man-induced (e.<~., swirlin<~)

movements of fluids to result in contact of the compound and the tar <~et.

The subject treated by the presently disclosed methods in their many

embodiments is desirably a human subject, althou < h it is to be understood that the

methods described herein are effective with respect to all vertebrate species, which

are intended to be included in the term "subject." A c cordin< ly, a "subject" can

include a human subject for medical purposes, such as for the treatment of an

existin<~ condition or disease or the prophylactic treatment for preventin <~ the onset of

a condition or disease, or an animal (non-human) subject for medical, veterinary

purposes, or developmental purposes. Suitable animal subjects include mammals

includin <~, but not limited to, primates, e. <~., humans, monkeys, apes, and the like;

bovines, e. < ., cattle, oxen, and the like; ovines, e. < ., sheep and the like; caprines, e. < .,

< oats and the like; porcines, e.< ., pi< s, ho< s, and the like; equines, e. < ., horses,

donkeys, zebras, and the like; felines, includin < wild and domestic cats; canines,

includin <~ do<~s; la<~omorphs, includin<~ rabbits, hares, and the like; and rodents,

includin <~ mice, rats, and the like. An animal may be a trans<genic animal. In some
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embodiments, the subject is a human includin <, but not limited to, fetal, neonatal,

infant, juvenile, and adult subjects. Further, a "subject" can include a patient

afflicted with or suspected of bein < afflicted with a condition or disease. Thus, the

terms "subject" and "patient" are used interchan < eably herein. In some

embodiments, the subject is human. In other embodiments, the subject is non­

human.

As used herein, the term "treatin <" can include reversin<, alleviatin<,

inhibitin <~ the pro<pression of, preventin<~ or reducin<~ the likelihood of the disease, or

condition to which such term applies, or one or more symptoms or manifestations of

such disease or condition.

"Preventin<~" refers to causin<~ a disease, condition, or symptom or

manifestation of such, or worsenin <~ of the severity of such, not to occur.

Accordin <~ly, the presently disclosed compounds can be administered prophylactically

to prevent or reduce the incidence or recurrence of the disease, or condition.

11. DE F I N ITION S

Althou< h specific terms are employed herein, they are used in a < eneric and

descriptive sense only and not for purposes of limitation. Unless otherwise defined,

all technical and scientific terms used herein have the same meanin <~ as commonly

understood by one of ordinary skil l in the art to which this presently described subject

matter belon<~s.

While the followin < terms in relation to compounds of formula (I) are believed

to be well understood by one of ordinary skil l in the art, the followin <~ definitions are

set forth to facil itate explanation of the presently disclosed subject matter. These

definitions are intended to supplement and il lustrate, not preclude, the definit ions that

would be apparent to one of ordinary skil l in the art upon review of the present

di scl osure.

The terms substituted, whether preceded by the term "optionally" or not, and

substituent, as used herein, refer to the ability, as appreciated by one skilled in this art,

to chan<ate one functional <~roup for another functional <~roup on a molecule, provided

that the valency of all atoms is maintained. When more than one position in any

< iven structure may be substituted with more than one substituent selected from a

specified < roup, the substituent may be either the same or different at every position.

The substituents also may be further substituted (e. < ., an aryl < roup substituent may

32

Petitioner GE Healthcare – Ex. 1002, p. 35 



Attorney Docket: JHU-36631.303

have another substituent off it , such as another aryl <~roup, which is further substituted

at one or more positions).

Where substituent <groups or linkin <~ <groups are specified by their conventional

chemical formulae, written from left to ri < ht, they equally encompass the chemically

identical substituents that would result from wri t in <~ the structure from ri<~ht to left,

e.< ., -CH20- is equivalent to -OCH2-; -C( = O)O- is equivalent to -OC( = O)-;

-OC( = O)NR- is equivalent to -NRC(= O)O-, and the like.

When the term "independently selected" is used, the substituents bein <

referred to (e. < ., R < roups, such as < roups Ri, R2, and the like, or variables, such as

"m" and "n"), can be identical or dif ferent. For example, both Ri and R2 can be

substituted alkyls, or Ri can be hydro < en and R2 can be a substituted alkyl, and the

like.

The terms "a," "an," or "a(n)," when used in reference to a < roup of

substituents herein, mean at least one. For example, where a compound is substituted

with "an" alkyl or aryl, the compound is optionally substituted with at least one alkyl

and/or at least one aryl. M o reover, where a moiety is substituted with an R

substituent, the < roup may be referred to as "R-substituted." Where a moiety is R­

substituted, the moiety is substituted with at least one R substituent and each R

substituent is optionally different.

A named "R" or <~roup will <generally have the structure that is reco<~nized in

the art as correspondin < to a < roup havin< that name, unless specified otherwise

herein. For the purposes of il lustration, certain representative "R" < roups as set forth

above are defined below.

Descriptions of compounds of the present disclosure are limited by principles

of chemical bondin <~ known to those skilled in the art. Accordin<~ly, where a <~roup

may be substituted by one or more of a number of substituents, such substitutions are

selected so as to comply with principles of chemical bondin <~ and to <~ive compounds

which are not inherently unstable and/or would be known to one of ordinary skil l in

the art as likely to be unstable under ambient conditions, such as aqueous, neutral, and

several known physiolo <~ical conditions. For example, a heterocycloalkyl or

heteroaryl is attached to the remainder of the molecule via a rin < heteroatom in

compliance with principles of chemical bondin <~ known to those skilled in the art

thereby avoidin <~ inherently unstable compounds.
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Unless otherwise explicitly defined, a "substituent < roup," as used herein,

includes a functional <~roup selected from one or more of the followin<~ moieties,

whi ch are defi ned h erei n:

The term hydrocarbon, as used herein, refers to any chemical <~roup

comprisin <~ hydro<~en and carbon. The hydrocarbon may be substituted or

unsubstituted. As would be known to one skil led in this art, all valencies must be

satisfied in makin <~ any substitutions. The hydrocarbon may be unsaturated, saturated,

branched, unbranched, cyclic, polycycl ic, or heterocyclic. I l l ustrative hydrocarbons

are further defined herein below and include, for example, methyl, ethyl, »-propyl,

isopropyl, cyclopropyl, allyl, vinyl, s>-butyl, (es'(-butyl, ethynyl, cyclohexyl, and the

like.

The term "alkyl," by i tself or as part of another substituent, means, unless

otherwise stated, a strai < ht (i.e., unbranched) or branched chain, acyclic or cyclic

hydrocarbon <~roup, or combination thereof, which may be fully saturated, mono- or

polyunsaturated and can include di- and mult ivalent <groups, havin <~ the number of

carbon atoms desi < ~nated (i.e., C i -C i <i means one to ten carbons, includin <~ 1, 2, 3, 4, S,

6, 7, 8, 9, and 10 carbons). In particular embodiments, the term "alkyl" refers to Ci ~<i

inclusive, includin <~ 1, 2, 3, 4, S, 6, 7, 8, 9, 10, 11, 12, 13, 14, 1S, 16, 17, 18, 19, and

20 carbons, linear (i.e., "strai< ht-chain"), branched, or cyclic, saturated or at least

partially and in some cases fully unsaturated (i.e., alkenyl and alkynyl) hydrocarbon

radicals derived from a hydrocarbon moiety containin <~ between one and twenty

carbon atoms by removal of a sin <~le hydro<~en atom.

Representative saturated hydrocarbon < roups include, but are not limited to,

methyl, ethyl, i>-propyl, isopropyl, i>-butyl, isobutyl, sec-butyl, (es'(-butyl, i>-pentyl,

sec-pentyl, isopentyl, neopentyl, s>-hexyl, sec-hexyl, s>-heptyl, s>-octyl, s>-decyl, s>­

undecyl, dodecyl, cyclohexyl, (cyclohexyl)methyl, cyclopropylmethyl, and homolo <~s

and isomers thereof.

"Branched" refers to an alkyl <~roup in which a lower alkyl <~roup, such as

methyl, ethyl or propyl, is attached to a linear alkyl chain. "Lower alkyl" refers to an

alkyl <~roup havin<~ 1 to about 8 carbon atoms (i.e., a C i i< alkyl), e. <~., 1, 2, 3, 4, S, 6, 7,

or 8 carbon atoms. "Hi<~her alkyl" refers to an alkyl <~roup havin<~ about 10 to about

20 carbon atoms, e. <~., 10, 11, 12, 13, 14, 1S, 16, 17, 18, 19, or 20 carbon atoms. In

certain embodiments, "alkyl" refers, in particular, to Ci i< strai<~ht-chain alkyls. In

other embodiments, "alkyl" refers, in particular, to Ci i< branched-chain alkyls.
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Alkyl <groups can optionally be substituted (a "substituted alkyl" ) with one or

more alkyl <~roup substituents, which can be the same or different. The term "alkyl

<~roup substituent" includes but is not l imited to alkyl, substituted alkyl, halo,

alkylamino, arylamino, acyl, hydroxyl, aryloxyl, alkoxyl, alkyl thio, arylthio,

aralkyloxyl, aralkylthio, carboxyl, alkoxycarbonyl, oxo, and cycloalkyl . There can be

optionally inserted alon <~ the alkyl chain one or more oxy<~en, sulfur or substituted or

unsubstituted nitro<~en atoms, wherein the nitro <~en substituent is hydro <~en, lower

alkyl (also referred to herein as "alkylaminoalkyl") , or aryl.

Thus, as used herein, the term "substituted alkyl" includes alkyl <groups, as

defined herein, in which one or more atoms or functional <groups of the alkyl <~roup

are replaced with another atom or functional <~roup, includin <~ for example, alkyl,

substituted alkyl, halo <~en, aryl, substituted aryl, alkoxyl, hydroxyl, nitro, amino,

alkylamino, dialkylamino, sulfate, and mercapto.

The term "heteroalkyl," by i tself or in combination with another term, means,

unless otherwise stated, a stable strai < ht or branched chain, or cyclic hydrocarbon

<~roup, or combinations thereof, consistin<~ of at least one carbon atoms and at least

one heteroatom selected from the <~roup consistin<~ of 0, N, P, Si and S, and wherein

the nitro<~en, phosphorus, and sulfur atoms may optionally be oxidized and the

nitro< en heteroatom may optionally be quaternized. The heteroatom(s) 0, N, P and S

and Si may be placed at any interior position of the heteroalkyl < roup or at the

position at which alkyl < roup is attached to the remainder of the molecule. Examples

include, but are not limited to, -CH2-CH2-0-CH; , -CH2-CH2-NH-CH;,

-CH2-CH2-N(CH;)-CH; -CH2-S-CH2-CH; -CH2-CH2~-S(0)-CH;

-CH2-CH2-S(0)2-CH; -CH = CH-0-CH; -Si(CH;); -CH2-CH = N-OCH;

-CH = CH-N(CH;)- CH;, 0-CH;, -0-CH2-CH;, and -CN. Up to two or three

heteroatoms may be consecutive, such as, for example, -CH2-NH-OCH; and

-CH2-0-Si(CH;);.

As described above, heteroalkyl < roups, as used herein, include those < roups

that are attached to the remainder of the molecule throu < h a heteroatom, such as

-C(0)NR', -NR'R", -OR' , -SR, -S(0)R, and/or — S(0 2)R'. Where "heteroalkyl" is

recited, followed by recitations of specific heteroalkyl < roups, such as -NR'R or the

like, it wil l be understood that the terms heteroalkyl and -NR'R" are not redundant or

mutually exclusive. Rather, the specific heteroalkyl < roups are recited to add clarity.

Thus, the term "heteroalkyl" should not be interpreted herein as excludin < specific

3S
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heteroalkyl <groups, such as -NR'R" or the like.

"Cyclic" and "cycloalkyl" refer to a non-aromatic mono- or mult icyclic rin<

system of about 3 to about 10 carbon atoms, e. <~., 3, 4, 5, 6, 7, 8, 9, or 10 carbon

atoms. The cycloalkyl < roup can be optionally partially unsaturated. The cycloalkyl

< roup also can be optionally substituted with an alkyl < roup substituent as defined

herein, oxo, and/or alkylene. There can be optionally inserted alon <~ the cyclic alkyl

chain one or more oxy <~en, sulfur or substituted or unsubstituted nitro <~en atoms,

wherein the nitro <~en substituent is hydro <~en, unsubstituted alkyl, substituted alkyl,

aryl, or substituted aryl, thus providin < a heterocyclic < roup. Representative

monocyclic cycloalkyl r in <~s include cyclopentyl, cyclohexyl, and cycloheptyl.

Multicyclic cycloalkyl r in <~s include adamantyl, octahydronaphthyl, decalin, camphor,

camphane, and noradamantyl, and fused rin <~ systems, such as dihydro- and

tetrahydronaphthalene, and the like.

The term "cycloalkylalkyl," as used herein, refers to a cycloalkyl < roup as

defined hereinabove, which is attached to the parent molecular moiety throu < h an

alkyl < roup, also as defined above. Examples of cycloalkylalkyl < roups include

cycl opropylmethyl and cycl open tyl ethyl.
The terms "cycloheteroalkyl" or "heterocycloalkyl" refer to a non-aromatic

rin< system, unsaturated or partially unsaturated rin < system, such as a 3- to 10­

member substituted or unsubstituted cycloalkyl r in <~ system, includin <~ one or more

heteroatoms, which can be the same or different, and are selected from the < roup

consistin<~ of nitro<~en (N), oxy <~en (0), sulfur (S), phosphorus (P), and silicon (Si),

and optionally can include one or more double bonds.

The cycloheteroalkyl r in < can be optionally fused to or otherwise attached to

other cycloheteroalkyl r in <~s and/or non-aromatic hydrocarbon rin<~s. Heterocyclic

rin<~s include those havin<~ from one to three heteroatoms independently selected from

oxy<~en, sulfur, and nitro <~en, in which the nitro<~en and sulfur heteroatoms may

optionally be oxidized and the nitro < en heteroatom may optionally be quaternized. In

certain embodiments, the term heterocylic refers to a non-aromatic 5-, 6-, or 7­

membered rin <~ or a polycyclic <~roup wherein at least one rin<~ atom is a heteroatom

selected from 0, S, and N (wherein the nitro <~en and sulfur heteroatoms may be

optionally oxidized), includin <~, but not limited to, a bi- or tri-cycl ic <~roup, comprisin <~

fused six-membered rin < s havin< between one and three heteroatoms independently

selected from the oxy <~en, sulfur, and nitro<~en, wherein (i) each 5-membered rin <~ has
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0 to 2 double bonds, each 6-membered rin < has 0 to 2 double bonds, and each 7­

membered rin <~ has 0 to 3 double bonds, (ii) the nitro<~en and sulfur heteroatoms may

be optionally oxidized, (i ii) the nitro < en heteroatom may optionally be quaternized,

and (iv) any of the above heterocyclic rin < s may be fused to an aryl or heteroaryl rin < .

Representative cycloheteroalkyl r in <~ systems include, but are not limited to

pyrrolidinyl, pyrrol inyl, imidazolidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl ,

piperidyl, piperazinyl, indolinyl, quinuclidinyl, morpholinyl, thiomorpholinyl ,

thiadiazinanyl, tetrahydrofuranyl, and the like.

The terms "cycloalkyl" and "heterocycloalkyl" , by themselves or in

combination with other terms, represent, unless otherwise stated, cyclic versions of

"alkyl" and "heteroalkyl" , respectively. Add i t ionally, for heterocycloalkyl, a

heteroatom can occupy the position at which the heterocycle is attached to the

remainder of the molecule. Examples of cycloalkyl include, but are not limited to,

cyclopentyl, cyclohexyl, l - cyclohexenyl, 3-cyclohexenyl, cycloheptyl, and the like.

Examples of heterocycloalkyl include, but are not limited to, 1-(1,2,5,6­

tetrahydropyridyl), 1 -piperidinyl, 2-piperidinyl, 3-piperidinyl, 4- morpholinyl, 3­

morpholinyl, tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, tetrahydrothien-2-yl,

tetrahydrothien-3-yl, 1 -piperazinyl, 2-piperazinyl, and the like. The terms

"cycloalkylene" and "heterocycloalkylene" refer to the divalent derivatives of

cycloalkyl and heterocycloalkyl, respectively.

An unsaturated alkyl <~roup is one havin <~ one or more double bonds or triple

bonds. Examples of unsaturated alkyl <groups include, but are not limited to, vinyl, 2­

propenyl, crotyl, 2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(1,4-pentadienyl),

ethynyl, 1- and 3-propynyl, 3-butynyl, and the hi <~her homolo<~s and isomers. A lky l

<groups which are limited to hydrocarbon <groups are termed "homoalkyl ."

More particularly, the term "alkenyl" as used herein refers to a monovalent

<~roup derived from a C I ~<i inclusive strai<~ht or branched hydrocarbon moiety havin <~

at least one carbon-carbon double bond by the removal of a sin < le hydro< en molecule.

Alkenyl <groups include, for example, ethenyl (i.e., vinyl), propenyl, butenyl, 1­

methyl-2-buten-l -yl , pentenyl, hexenyl, octenyl, allenyl, and butadienyl.

The term "cycloalkenyl" as used herein refers to a cyclic hydrocarbon

containin< at least one carbon-carbon double bond. Examples of cycloalkenyl < roups

include cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclopentadienyl, cyclohexenyl,

1,3-cyclohexadienyl, cycloheptenyl, cycloheptatrienyl, and cyclooctenyl.
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The term "alkynyl" as used herein refers to a monovalent <~roup derived from

a strai<~ht or branched Ci ~<i hydrocarbon of a desi <oned number of carbon atoms

containin< at least one carbon-carbon triple bond. Examples of "alkynyl" inc lude

ethynyl, 2-propynyl (propar <~yl), l-propynyl, pentynyl, hexynyl, and heptynyl <groups,

and the like.

The term "alkylene" by itself or a part of another substituent refers to a

strai<~ht or branched bivalent aliphatic hydrocarbon <~roup derived from an alkyl <~roup

havin<~ from 1 to about 20 carbon atoms, e. <~., 1, 2, 3, 4, S, 6, 7, 8, 9, 10, 11, 12, 13,

14, 1S, 16, 17, 18, 19, or 20 carbon atoms. The alkylene <~roup can be strai<~ht,

branched or cyclic. The alkylene <~roup also can be optionally unsaturated and/or

substituted with one or more "alkyl <~roup substituents." There can be optionally

inserted alon <~ the alkylene <~roup one or more oxy <~en, sulfur or substituted or

unsubstituted nitro< en atoms (also referred to herein as "alkylaminoalkyl") , wherein

the nitro< en substituent is alkyl as previously described. Exemplary alkylene < roups

include methylene ( — CH~ — ); ethylene ( — CH~ — CH~ — ); propylene ( — (CH~)- — );

cyclohexylene ( — C< H ui — ); — CH = CH — CH = CH —; — CH= CH — CH~ —; -CH~CH~CH~CH~-,

-CH~CH = CHCH~-, -CH~CsCCH~-, -CH~CH~CH(CH~CH~CH-)CH~-,

-(CH~)„-N(R)-(CH~),—, wherein each of q and r is independently an inte <~er from 0 to

about 20, e <~., 0, 1, 2, 3, 4, S, 6, 7, 8, 9, 10, 11, 12, 13, 14, 1S, 16, 17, 18, 19, or20,

and R is hydro <~en or lower alkyl; methylenedioxyl ( — 0 — CH~ — 0 — ); and

ethylenedioxyl (-0 - (CH~)~ — 0 — ). An alkylene < roup can have about 2 to about 3

carbon atoms and can further have 6-20 carbons. Typical ly, an alkyl (or alkylene)

<~roup will have from 1 to 24 carbon atoms, with those <groups havin <~ 10 or fewer

carbon atoms bein <~ some embodiments of the present disclosure. A " l ower alkyl" or

"lower alkylene" is a shorter chain alkyl or alkylene <~roup, <generally havin<~ ei<~ht or

fewer carbon atoms.

The term "heteroalkylene" by itself or as part of another substituent means a

divalent < roup derived from heteroalkyl, as exemplif ied, but not l imited by,

-CH~-CH~-S-CH~-CH~- and -CH~-S-CH~-CH~-NH-CH~-. For heteroalkylene <groups

heteroatoms also can occupy either or both of the chain termini (e. < ., alkyleneoxo,

alkylenedioxo, alkyleneamino, alkylenediamino, and the like). St i l l further, for

alkylene and heteroalkylene linkin <~ <groups, no orientation of the linkin <~ <~roup is

implied by the direction in which the formula of the linkin < ~ <~roup is wr i t ten . F o r

example, the formula -C(O)OR'- represents both -C(O)OR'- and — R'OC(O)-.
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The term "aryl" means, unless otherwise stated, an aromatic hydrocarbon

substituent that can be a sin <~le rin<~ or multiple rin<~s (such as from 1 to 3 rin<~s),

which are fused to < ether or linked covalently. The term "heteroaryl" refers to aryl

<groups (or rin <~s) that contain from one to four heteroatoms (in each separate rin <~ in

the case of multiple rin < s) selected from N, 0, and S, wherein the nitro < en and sulfur

atoms are optionally oxidized, and the nitro < en atom(s) are optionally quaternized. A

heteroaryl < roup can be attached to the remainder of the molecule throu < h a carbon or

heteroatom. Non- l imi t in < examples of aryl and heteroaryl < roups include phenyl, 1­

naphthyl, 2-naphthyl, 4-biphenyl, 1 -pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3-pyrazolyl, 2­

imidazolyl, 4-imidazolyl, pyrazinyl, 2-oxazolyl, 4-oxazolyl, 2-phenyl-4- oxazolyl, S­

oxazolyl, 3-isoxazolyl, 4-isoxazolyl, S-isoxazolyl, 2-thiazolyl, 4-thiazolyl, S­

thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2­

pyrimidyl, 4- pyrimidyl , S-benzothiazolyl, purinyl, 2-benzimidazolyl, S-indolyl, 1­

isoquinolyl, S- isoquinolyl, 2-quinoxalinyl, S-quinoxalinyl, 3-quinolyl, and 6­

quinolyl . Substituents for each of above noted aryl and heteroaryl rin < systems are

selected from the < roup of acceptable substituents described below. The terms

"arylene" and "heteroarylene" refer to the divalent forms of aryl and heteroaryl,

respectively.

For brevity, the term "aryl" when used in combination with other terms (e. < .,

aryloxy, arylthioxy, arylalkyl) includes both aryl and heteroaryl rin < s as defined

above. Thus, the terms "arylalkyl" and "heteroarylalkyl" are meant to include those

< roups in which an aryl or heteroaryl < roup is attached to an alkyl < roup (e.< ., benzyl,

phenethyl, pyridylmethyl, furylmethyl, and the like) includin <~ those alkyl <groups in

which a carbon atom (e. < ., a methylene < roup) has been replaced by, for example, an

oxy<~en atom (e.<~., phenoxymethyl, 2-pyridyloxymethyl, 3-(l-naphthyloxy)propyl, and

the like). However, the term "haloaryl," as used herein is meant to cover only aryls

substituted with one or more halo <~ens.

Where a heteroalkyl, heterocycloalkyl, or heteroaryl includes a specific

number of members (e. <~. "3 to 7 membered"), the term "member" refers to a carbon

or heteroatom.

Further, a structure represented < enerally by the formula:
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as used herein refers to a rin < structure, for example, but not l imited to a 3-carbon, a

4-carbon, a S-carbon, a 6-carbon, a 7-carbon, and the like, aliphatic and/or aromatic

cyclic compound, includin <ya saturated rin<y structure, a partially saturated rin <y

structure, and an unsaturated rin <ystructure, comprisin <ya substituent R <yroup, wherein

the R <yroup can be present or absent, and when present, one or more R <yroups can

each be substituted on one or more available carbon atoms of the rin < structure. The

presence or absence of the R <yroup and number of R <yroups is determined by the

value of the variable "n," which is an inte <yer <yenerally hav in<y a value ran<sin<a from 0

to the number of carbon atoms on the rin <yavailable for substitution. Each R <yroup, if

more than one, is substituted on an available carbon of the rin < structure rather than

on another R < roup. For example, the structure above where n is 0 to 2 would

comprise compound <yroups includin <y, but not l im i ted to :

R, RtRt

R2

R2

Rp

and the like.

A dashed line representin < a bond in a cyclic rin < structure indicates that the

bond can be either present or absent in the rin< . That is, a dashed line representin < a

bond in a cyclic rin <y structure indicates that the rin <ystructure is selected from the

<yroup consistin <yof a saturated rin <ystructure, a partially saturated rin <ystructure, and

an unsaturated r in<y structure.

The symbol ( ) denotes the point of attachment of a moiety to the

remainder of the molecule.

When a named atom of an aromatic rin <y or a heterocyclic aromatic rin <yis

defined as bein < "absent," the named atom is replaced by a direct bond.

Each of above terms (e. < .
,

"alkyl," "heteroalkyl," "cycloalkyl, and

"heterocycloalkyl" , "aryl," "heteroaryl," "phosphonate," and "sulfonate" as well as

their divalent derivatives) are meant to include both substituted and unsubstituted

forms of the indicated < roup. Optional substituents for each type of < roup are

provided below.

Substituents for alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl monovalent
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and divalent derivative < roups (includin < those < roups often referred to as alkylene,

alkenyl, heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl, heterocycloalkyl ,

cycloalkenyl, and heterocycloalkenyl) can be one or more of a variety of <groups

selected from, but not l imited to: -OR' , = 0 , = NR' , = N-OR', -NR'R" , -SR', -halo<~en,

-SiR'R" R'", -OC(O)R', -C(O)R', -CO~R',-C(O)NR'R", -OC(O)NR'R",­

NR" C(O)R', -NR'-C(O)NR" R'", -NR"C(O)OR', -NR-C(NR'R")=NR'", -S(O)R',­

S(O)~R', -S(O)~NR'R", -NRSO~R', -CN and -NO~ in a number ran<~in<~ from zero to

(2m'+1), where m' is the total number of carbon atoms in such <groups. R', R", R ' "

and R"" each may independently refer to hydro<~en, substituted or unsubstituted

heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted

heterocycloalkyl, substituted or unsubstituted aryl (e. < ., aryl substituted with 1-3

halo<~ens), substituted or unsubstituted alkyl, alkoxy or thioalkoxy <groups, or arylalkyl

< roups. As used herein, an "alkoxy" < roup is an alkyl attached to the remainder of the

molecule throu < h a divalent oxy< en. When a compound of the disclosure includes

more than one R < roup, for example, each of the R < roups is independently selected

as are each R', R", R'" and R"" < roups when more than one of these < roups is

present. When R' and R" are attached to the same nitro < en atom, they can be

combined with the nitro <~en atom to form a 4-, 5-, 6-, or 7- membered rin <~. For

example, -NR'R" is meant to include, but not be limited to, 1- pyrrolidinyl and 4­

morpholinyl . F rom the above discussion of substituents, one of skil l in the art wi l l

understand that the term "alkyl" is meant to include <groups includin <~ carbon atoms

bound to <groups other than hydro<~en <groups, such as haloalkyl (e. <~., -CF; and­

CH~CF;) and acyl (e. <~., -C(O)CH; -C(O)CF; -C(O)CH~OCH; and the like).

Similar to the substituents described for alkyl < roups above, exemplary

substituents for aryl and heteroaryl < roups (as well as their divalent derivatives) are

varied and are selected from, for example: halo < en, -OR', -NR'R", -SR',

-SiR'R" R'", -OC(O)R', -C(O)R', -CO~R', -C(O)NR'R", -OC(O)NR'R",­

NR" C(O)R', -NR'-C(O)NR" R'", -NR"C(O)OR', -NR-C(NR'R" R'")=NR"",

-NR-C(NR'R") = NR'" -S(O)R', -S(O)~R', -S(O)~NR'R", -NRSO~R', -CN and -NO~,

-R', -N;, -CH(Ph)~, fluoro(C I-C<)alkoxo, and fluoro(CI-C<)alkyl, in a number ran <~in<~

from zero to the total number of open valences on aromatic rin <~ system; and where

R', R", R'" and R"" may be independently selected from hydro<~en, substituted or

unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or

unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
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unsubstituted aryl and substituted or unsubstituted heteroaryl. When a compound of

the disclosure includes more than one R < roup, for example, each of the R < roups is

independently selected as are each R', R", R'" and R"" < roups when more than one of

these < roups is present.

Two of the substituents on adjacent atoms of aryl or heteroaryl rin < may

optionally form a rin <~ of the formula -T-C(0 ) - (CRR' ) „ -U-, wherein T and U are

independently -NR-, -0-, -CRR'- or a sin<~le bond, and q is an inte<~er of from 0 to 3.

Alternatively, two of the substituents on adjacent atoms of aryl or heteroaryl rin < may

optionally be replaced with a substituent of the formula -A-(CH~),-B-, wherein A and

B are independently -CRR'- , -0-, -NR-, -S-, -S(0)-, -S(0)~-, -S(0)~NR'- or a sin <~le

bond, and r is an inte <~er of from 1 to 4.

One of the sin < le bonds of the new rin < so formed may optionally be replaced

with a double bond. A l ternatively, two of the substituents on adjacent atoms of aryl

or heteroaryl rin < may optionally be replaced with a substituent of the formula

-(CRR'),-X' - (C"R ' " )a-, where s and d are independently inte <~ers of from 0 to 3, and

X' is -0-, -NR'-, -S-, -S(0)-, -S(0)~-, or -S(0)~NR'­. The substituents R, R', R" and

R'" may be independently selected from hydro<~en, substituted or unsubstituted alkyl,

substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,

substituted or unsubstituted aryl, and substituted or unsubstituted heteroaryl.

As used herein, the term "acyl" refers to an or < anic acid < roup wherein the

-OH of the carboxyl < roup has been replaced with another substituent and has the

<general formula RC( = 0)-, wherein R is an alkyl, alkenyl, alkynyl, aryl, carbocylic,

heterocyclic, or aromatic heterocyclic <~roup as defined herein). As such, the term

"acyl" specifically includes arylacyl < roups, such as a 2-(furan-2-yl)acetyl)- and a 2­

phenylacetyl < roup. Specific examples of acyl < roups include acetyl and benzoyl.

Acyl < roups also are intended to include amides, -RC( = 0)NR', esters, -RC( = 0)OR',

ketones, -RC( = 0)R', and aldehydes, -RC( = 0)H.

The terms "alkoxyl" or "a lkoxy" are used interchan < eably herein and refer to a

saturated (i.e., alkyl — 0 — ) or unsaturated (i.e., alkenyl — 0 — and alkynyl — 0 — ) < roup

attached to the parent molecular moiety throu < h an oxy< en atom, wherein the terms

"alkyl," "alkenyl," and "alkynyl" are as previously described and can include C i ~<i

inclusive, linear, branched, or cyclic, saturated or unsaturated oxo-hydrocarbon

chains, includin <~, for example, methoxyl, ethoxyl, propoxyl, isopropoxyl, »-butoxyl,

.~ec-butoxyl, (eI'(-butoxyl, and >I-pentoxyl, neopentoxyl, >I-hexoxyl, and the like.
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The term "alkoxyalkyl" as used herein refers to an alkyl-0 -alkyl ether, for

example, a methoxyethyl or an ethoxymethyl <~roup.

"Aryloxyl" refers to an aryl-0- <~roup wherein the aryl <~roup is as previously

described, includin < a substituted aryl. The term "aryloxyl" as used herein can refer

to phenyloxyl or hexyloxyl, and alkyl, substituted alkyl, halo, or alkoxyl substituted

phenyl oxyl or hexyl oxyl.

"Aralkyl" refers to an aryl-alkyl-<~roup wherein aryl and alkyl are as

previously described and includes substituted aryl and substituted alkyl . Exemplary

aralkyl <groups include benzyl, phenylethyl, and naphthylmethyl.

"Aralkyloxyl" refers to an aralkyl-0 — <~roup wherein the aralkyl <~roup is as

previously described. An exemplary aralkyloxyl <~roup is benzyloxyl, i .e.,

C<,H~-CH2-0-. An aralkyloxyl < roup can optionally be substituted.

"Alkoxycarbonyl" refers to an alkyl-0 -C( = 0) ­ <~roup. Exemplary

alkoxycarbonyl <groups include methoxycarbonyl, ethoxycarbonyl, butyloxycarbonyl,

and /eI'/-butyl oxycarbonyl.

"Aryloxycarbonyl" refers to an aryl-0-C( = 0) ­ < roup. Exemplary

aryloxycarbonyl < roups include phenoxy- and naphthoxy-carbonyl.

"Aralkoxycarbonyl" refers to an aralkyl-0 -C( = 0) ­ <~roup. An exemplary

aral koxycarbonyl <~roup i s benzyl oxycarbonyl.

"Carbamoyl" refers to an amide < roup of the formula — C(= 0)NH2.

"Alkylcarbamoyl" refers to a R'RN — C(= 0) ­ <~roup wherein one of R and R' is

hydro <~en and the other of R and R' is alkyl and/or substituted alkyl as previously

described. "Dialkylcarbamoyl" refers to a R'RN — C(= 0) ­ < roup wherein each of R

and R' is independently alkyl and/or substituted alkyl as previously described.

The term carbonyldioxyl, as used herein, refers to a carbonate < roup of the

formula -O-C( = 0)-OR.

"Acyloxyl" refers to an acyl-0- < roup wherein acyl is as previously described.

The term "amino" refers to the — NH2 < roup and also refers to a nitro < en

containin<~ <~roup as is known in the art derived from ammonia by the replacement of

one or more hydro <~en radicals by or<~anic radicals. For example, the terms

"acylamino" and "alkylamino" refer to specific N-substituted or< anic radicals with

acyl and alkyl substituent <groups respectively.

An "aminoalkyl" as used herein refers to an amino <~roup covalently bound to

an alkylene linker. More particularly, the terms alkylamino, dialkylamino, and
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trialkylamino as used herein refer to one, two, or three, respectively, alkyl < roups, as

previously defined, attached to the parent molecular moiety throu < h a nitro< en atom.

The term alkylamino refers to a <~roup havin<~ the structure — NHR' wherein R' is an

alkyl < roup, as previously defined; whereas the term dialkylamino refers to a < roup

havin< the structure — NR'R", wherein R' and R" are each independently selected

from the <~roup consistin <~ of alkyl <groups. The term trialkylamino refers to a <~roup

havin<~ the structure — NR'R"R"', wherein R', R", and R'" are each independently

selected from the <~roup consi stin<~ of alkyl <groups. Addi t ionally, R', R", and/or R'"

taken to<~ether may optionally be — (CH~)i,— where k is an inte<~er from 2 to 6.

Examples include, but are not limited to, methylamino, dimethylamino, ethylamino,

diethylamino, diethylaminocarbonyl, methylethylamino, isopropylamino, piperidino,

trimethyl amino, and propylamino.

The amino <~roup is -NR'R", wherein R' and R" are typically selected from

hydro <~en, substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl,

substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,

substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl.

The terms alkylthioether and thioalkoxyl refer to a saturated (i.e., alkyl — S — ) or

unsaturated (i.e., alkenyl — S — and alkynyl — S — ) < roup attached to the parent molecular

moiety throu<~h a sulfur atom. Examples of thioalkoxyl moieties include, but are not

l imited to, methylthio, ethylthio, propylthio, isopropylthio, >I-butylthio, and the like.

"Acylamino" refers to an acyl-NH — <~roup wherein acyl is as previously

described. "Aroylamino" refers to an aroyl-NH — <~roup wherein aroyl is as previously

described.

The term "carbonyl" refers to the — C(= O) ­ < roup, and can include an aldehyde

< roup represented by the < eneral formula R-C( = O)H.

The term "carboxyl" refers to the — COOH < roup. Such < roups also are

referred to herein as a "carboxylic acid" moiety.

The terms "halo," "halide," or "halo< en" as used herein refer to fluoro, chloro,

bromo, and iodo <groups. Addi t ionally, terms such as "haloalkyl," are meant to

include monohaloalkyl and polyhaloalkyl . For example, the term "halo(Ci-Cz)alkyl"

is mean to include, but not be limited to, trifluoromethyl, 2,2,2-trifluoroethyl, 4­

chlorobutyl, 3-bromopropyl, and the like.

The term "hydroxyl" refers to the — OH < roup.
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The term "hydroxyalkyl" refers to an alkyl < roup substituted with an — OH

<~roup.

The term "mercapto" refers to the — SH < roup.

The term "oxo" as used herein means an oxy < en atom that is double bonded to

a carbon atom or to another element.

The term "nitro" refers to the — NO2 < roup.

The term "thio" refers to a compound described previously herein wherein a

carbon or oxy <~en atom is replaced by a sulfur atom.

The term "sulfate" refers to the — SO~< roup.

The term thiohydroxyl or thiol, as used herein, refers to a <~roup of the formula

— SH.

More particularly, the term "sulf ide" refers to compound havin <~ a <~roup of the

formula — SR.

The term "sulfone" refers to compound havin < a sulfonyl < roup — S(02)R.

The term "sulfoxide" refers to a compound havin < a sulfinyl < roup — S(O)R

The term ureido refers to a urea < roup of the formula — NH C O N H2.

Throu< hout the specification and claims, a < iven chemical formula or name

shall encompass all tautomers, con < eners, and optical- and stereoisomers, as well as

racemic mixtures where such isomers and mixtures exist.

Certain compounds of the present disclosure may possess asymmetric carbon

atoms (optical or chiral centers) or double bonds; the enantiomers, racemates,

diastereomers, tautomers, <geometric isomers, stereoisometric forms that may be

defined, in terms of absolute stereochemistry, as (R)-or (S)- or, as D- or L- for amino

acids, and individual isomers are encompassed within the scope of the present

disclosure. The compounds of the present disclosure do not include those which are

known in art to be too unstable to synthesize and/or isolate. The present disclosure is

meant to include compounds in racemic, scalemic, and optically pure forms.

Optically active (R)- and (S)-, or D- and L-isomers may be prepared usin < chiral

synthons or chiral rea <~ents, or resolved usin<~ conventional techniques. When the

compounds described herein contain olefenic bonds or other centers of <geometric

asymmetry, and unless specified otherwise, it is intended that the compounds include

both /; and 7 <geometric isomers.

Unless otherwise stated, structures depicted herein are also meant to include

all stereochemical forms of the structure; i.e., the R and S confi < urations for each
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asymmetric center. Therefore, sin < le stereochemical isomers as well as enantiomeric

and diastereomeric mixtures of the present compounds are within the scope of the

di scl osure.

It will be apparent to one skilled in the art that certain compounds of this

disclosure may exist in tautomeric forms, all such tautomeric forms of the compounds

bein< within the scope of the disclosure. The term "tautomer," as used herein, refers

to one of two or more structural isomers which exist in equil ibrium and which are

readily converted from one isomeric form to another.

As used herein the term "monomer" refers to a molecule that can under <~o

polymerization, thereby contributin <~ constitutional units to the essential structure of a

macromolecule or polymer.

A "polymer" is a molecule of hi< h relative molecule mass, the structure of

which essentially comprises the multiple repetition of unit derived from molecules of

low relative molecular mass, i.e., a monomer.

A "dendrimer" is hi< hly branched, star-shaped macromolecules with

nanometer-scale dimensions.

As used herein, an "oli <~omer" includes a few monomer units, for example, in

contrast to a polymer that potentially can comprise an unlimited number of

monomers. Dimers, trimers, and tetramers are non-limit in <~ examples of oli <~omers.

The term "protectin «r o up" refers to chemical moieties that block some or all

reactive moieties of a compound and prevent such moieties from participatin < in

chemical reactions until the protective < roup is removed, for example, those moieties

listed and described in T. W. Greene, P.G.M. Wuts, Protective Groups in Or <~anic

Synthesis, 3rd ed. John Wiley k Sons (1999). I t may be advanta< eous, where

different protectin «r o ups are employed, that each (different) protective < roup be

removable by a different means. Protective < roups that are cleaved under totally

disparate reaction conditions allow di f ferential removal of such protectin <~ <groups.

For example, protective < roups can be removed by acid, base, and hydro < enolysis.

Groups such as trityl, dimethoxytri tyl, acetal and tert-butyldimethylsi lyl are acid

labile and may be used to protect carboxy and hydroxy reactive moieties in the

presence of amino <groups protected with Cbz <groups, which are removable by

hydro <~enolysis, and Fmoc <groups, which are base labile. Carboxylic acid and

hydroxy reactive moieties may be blocked with base labile < roups such as, without

limitation, methyl, ethyl, and acetyl in the presence of amines blocked with acid labile
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< roups such as tert-butyl carbamate or with carbamates that are both acid and base

stable but hydrolytically removable.

Carboxylic acid and hydroxy reactive moieties may also be blocked with

hydrolytically removable protective <groups such as the benzyl <~roup, while amine

< roups capable of hydro < en bondin< with acids may be blocked with base labile

< roups such as Fmoc. Carboxylic acid reactive moieties may be blocked with

oxidatively-removable protective < roups such as 2,4-dimethoxybenzyl, while co­

existin< amino < roups may be blocked with fluor ide labile silyl carbamates.

Allyl blockin «r o ups are useful in the presence of acid- and base- protectin <

< roups since the former are stable and can be subsequently removed by metal or pi­

acid catalysts. For example, an allyl-blocked carboxylic acid can be deprotected with

a palladium(O)- catalyzed reaction in the presence of acid labile t-butyl carbamate or

base-labile acetate amine protectin «r o u ps. Yet another form of protectin«r o up is a

resin to which a compound or intermediate may be attached. As ion < as the residue is

attached to the resin, that functional < roup is blocked and cannot react. Once released

from the resin, the functional < roup is available to react.

Typical blockin J<~ protectin<~ <groups include, but are not limited to the

followin < moieties:

~,c+~ I

Bn Cbz Alloc Meallyl

CHs
CHsH<C+I

CHs
Hgt g
Hsc CH3

TBDMS
Teoc Boc

t-butyl

0

HsCO Hsc
y /

pMB trityl acetyl Fmoctosyl
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Followin <~ ion<~-standin<~ patent law convention, the terms "a," "an," and "the"

refer to "one or more" when used in this application, includin <~ the claims. Thus, for

example, reference to "a subject" includes a plurality of subjects, unless the context

clearly is to the contrary (e. < ., a plurality of subjects), and so forth.

Throu<shout this specification and the claims, the terms "comprise,"

"comprises," and "comprisin<" are used in a non-exclusive sense, except where the

context requires otherwise. L ikewise, the term "include" and its < rammatical variants

are intended to be non-limit in <, such that recitation of items in a list is not to the

exclusion of other like items that can be substituted or added to the listed items.

For the purposes of this specification and appended claims, unless otherwise

indicated, all numbers expressin <~ amounts, sizes, dimensions, proportions, shapes,

formulations, parameters, percenta < es, quantities, characteristics, and other numerical

values used in the specification and claims, are to be understood as bein < modified in

all instances by the term "about" even thou < h the term "about" may not expressly

appear with the value, amount or ran < e. Accordin< ly, unless indicated to the

contrary, the numerical parameters set forth in the fol lowin < specification and

attached claims are not and need not be exact, but may be approximate and/or lar < er

or smaller as desired, reflectin <~ tolerances, conversion factors, roundin <~ off,

measurement error and the like, and other factors known to those of skil l in the art

dependin < on the desired properties sou < ht to be obtained by the presently disclosed

subject matter. For example, the term "about," when referrin < to a value can be

meant to encompass variations of, in some embodiments, + 100% in some

embodiments + 50%, in some embodiments + 20%, in some embodiments + 10%, in

some embodiments + 5%, in some embodiments +i%, in some embodiments + 0.5%,

and in some embodiments + 0.1% from the specified amount, as such variations are

appropriate to perform the disclosed methods or employ the disclosed compositions.

Further, the term "about" when used in connection with one or more numbers

or numerical ran <~es, should be understood to refer to all such numbers, includin <~ all

numbers in a ran < e and modifies that ran < e by extendin< the boundaries above and

below the numerical values set forth. The recitation of numerical ran < es by endpoints

includes all numbers, e.<~., whole inte<~ers, includin<~ fractions thereof, subsumed

within that ran<ate (for example, the recitation of 1 to S includes 1, 2, 3, 4, and S, as
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well as fractions thereof, e. <~., 1.S, 2.2S, 3.7S, 4.1, and the like) and any ran<ate within

that ran< e.

EXAMPLES

The followin < Examples have been included to provide < uidance to one of

ordinary skil l in the art for practicin <~ representative embodiments of the presently

disclosed subject matter. In l i < ht of the present disclosure and the < eneral level of

skill in the art, those of skill can appreciate that the followin < Examples are intended

to be exemplary only and that numerous chan < es, modifications, and alterations can

be employed without departin < from the scope of the presently disclosed subject

matter. The synthetic descriptions and specific examples that follow are only

intended for the purposes of il lustration, and are not to be construed as limit in <~ in any

manner to make compounds of the disclosure by other methods.

EXAMPLE 1

Ex erimental Procedures

l. /, hei I/hemi» of'XY-FA P-(I I.

0 N~0 OH

O H OBT, HBTU, DIPEA H OHO

N

1

DMF, r.t. 6h, 76%
TFA

2 3

Methyl (6-hydroxy qui nol i ne-4­carbonyl)<~1 yci nate (3): 6-Hydroxy quinol i ne-4­

carboxylic acid (I) 210 m<~ (1.1 mmol), methyl <~lycinate HC1 salt (2) 143 m<~ (1.1

mmol), HBTU 420 m <~ (1.1 mmol) and HOBt 170 m <~ (1.1 mmol) were dissolved in

12 mL dry DMF. To the solution, 0.77 mL of DIPEA (4.4 mmol) was added. The

reaction was stirred at room temperature for 6 h. After the solvent was removed under

vacuum, the mixture was loaded onto a 25 < C18 cartrid< e (Silicycle, Canada) and the

product was purified with a MeCN/water/TFA <gradient (0/100/0.1 to 90/10/0.1). 290

m< of product 3 was obtained as a yellow powder with a yield of 76%. 'H-NMR (400

MHz, CD;OD) : 6 8 .69 (s, 1H), 7.94 (d, 3 = 7.92 Hz, 1H), 7.S7 — 7.S1 (m, 3H),

7.42 — 7.37 (m, 1H), 4.21 (s, 2H), 3.81 (s, 3H). ' 'C-NMR (100 MHz, CD;OD) : 6
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172.4, 160.9, 14S.1, 143.7, 129.7, 129.4, 128.3, 121.8, 119.6, 112.4, 109.1, S6.8, 44.8.

MS: calculated for [Ci ;H i ; ¹ Oq ] , 2 6 1.3 [M + H ] ; f o und 261.1.

O N~
TFA

HO Cc Cp BccHN~ O
H • ~ Br

Boo
DMF, r.t. overnight, 54% N TFAN

3 5

Methyl (6-(3-((tert-b utoxycarbonyl )am i no)propoxy) qui nol i ne-4­

carbonyl) <Tlycinate (5): Methyl (6-hydroxyquinoline-4-carbonyl) <Tlycinate (3) 360 m <T

(1.0 mmol), tert-butyl (3-bromopropyl)carbamate (4) S00 m<T(2.1 mmol) were

dissolved in 20 mL DMF. Cs2CO; 1 <T(3.0 mmol) was added to the solution and the

reaction was stirred at room temperature overni <Tht. After fi l tration, the solvent was

removed under vacuum and the remainin <Tmixture was loaded onto a 25 <T C18

cartrid< e (Silicycle, Canada). The product was purif ied with a MeCN/water/TFA

< radient (0/100/0.1 to 90/10/0.1). 270 m < of product 5 was obtained with a yield of

54%. H - N M R (400 MHz, CDC1;): 6 8.68 8 .37 (m, 2H), 8.02 (d, 3= 9.1 Hz, 1H),

7.80 (s, 1H), 7.72 — 7.64 (m, 1H), 7.40 (d, 3 = 9.1 Hz, 1H), 4.94 (br s, 1H), 4.41 — 4.31

(m, 2H), 4.27 — 4.18 (m, 2H), 3.8S (s, 3H), 3.44 — 3.30 (m, 2H), 2.13 — 2.00 (m, 2H),

1.43 (s, 9H). ' 'C NM R (100 MHz, CDC1;): 6 170.1, 167.2, 1S8.4, 144.7, 142.3,

128.4, 126.1, 124.7, 119.1, 103.7, 79.S, 60.4, S2.S, 41.4, 37.7, 29.3, 28.4. MS:

calculated for [Con H2~N;Or,], 418.S [M + H] ; found 418.3.

0 OHH
TFA 0 N 0 N~

HCI N C=N

C N 0 N~ p
BocHN~ O BocHN ~ 0 H

BocHN~ P
H20<THF rt Gh 10 0 <.

N N OBT HBTU D IPEA
N

tert-Butyl(S)-(3-((4-((2-(2­cyanopyrrol i din­1-yl)-2­

oxoethyl)carbamoyl)quinolin-6-yl)oxy)propyl)carbamate (7): Compound 5 110 m <T

(0.21 mmol) and LiOH 30 m <T(1.2 mmol) was stirred in 4 mL of H20/THF (1/1) for 6

hours. After most of the THF was removed under vacuum, the mixture was loaded

onto a 25 < C18 cartrid< e (Silicycle, Canada) and eluded with a MeCN/water/TFA

< radient (0/100/0.1 to 90/10/0.1) to remove the salts. The product 6 obtained was

mixed with (S)-pyrrolidine-2-carbonitrile S3 m <T(0.4 mmol), HOBT 68 m <T(0.4

mmol), HBTU 1S2 m <T(0.4 mmol) and DIPEA O.S6 mL (1.6 mmol) in dry 10 mL

DMF. After 6 hours, the solvent was removed under vacuum and the remainin <T

mixture was loaded onto a 25 < C18 cartrid< e (Silicycle, Canada). The product was
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purified with a MeCN/water/TFA <yradient (0/100/0.1 to 90/10/0.1). 99 m <yof 7 was

obtained with a yield of 80%. 'H NM R (400 MHz, CDC1;): 6 8.73 (s, 1H), 7.9S (d, 3

= 10.2 Hz, 1H), 7.68 (br s, 1H), 7.63 — 7.S6 (m, 1H), 7.S6 — 7.48 (m, 1H), 7.38 — 7.29 (m,

1H), S.27 (br s, 1H), 4.84 — 4.72 (m, 1H), 4.46 — 4.3S (m, 1H), 4.33 — 4.20 (m, 1H),

4.17 — 4.09 (m, 2H), 3.78 — 3.64 (m, 1H), 3.S9 — 3.46 (m, 1H), 3.36 (s, 2H), 2.38 — 2.17

(m, 4H), 1.42 (s, 9H), 1.35 — 1.27 (m, 2H). ' 'C NMR (100 MHz, CDC1;): 6 167.6,

167.S, 1S7.9, 1S6.2, 146.3, 130.2, 12S.7, 123.7, 119.3, 118.0, 103.3, 79.0, 6S.9, 46.8,

4S.7, 42.2, 37.6, 29.8, 29.3, 28.4, 2S.1. MS: calculated for [C2,-H;2¹ O , - ] , 482.6 [M +

H] ; found 482.3.

Q, B, Q-.B,
O N~

LI-COR-800

O N~ IRDye800CW-NHS O N~

Q, B,
TFA,DCM

BocHN ~ O
H4N~ O HN~ O

r t I h
TFA NN

8

XY-FAP-(I1. Compound 7 (1 m<, 1.7 pmol) was treated with a 1 mL solution

of TFA/methylene chloride (1/1) for 2 h. The solvent was removed under vacuum,

and the remainin <y material re-dissolved in O.S mL of DMSO. To the solution,

LICOR800CW-NHS ester 0.5 m < (0.43 pmol) and Et;N 10 pL were added. After 1 h

at room temperature, the solvent was removed and the product was purified by HPLC.

O.S m<y product was obtained with a yield of 8S%. HPLC condit ion: column

Phenomenex, Luna 10 x 2SO mm, 10 u. Gradient 10/90/0.1 MeCN/H20/TFA to

80/20/0.1 MeCN/H20/TFA w i thin 1S min at a flow of 3 mL/min. The product was

eluted at 10.1 min. MS: Calculated for[CFF H7F N70/7SQ ], 1366.4[M+H] ; found

1366.8.

/. 2, Rg b Iihe»i » of' XY-FA P-(l2

N
~C .

N W( C C
CCTA. (4 1.8. 4 -NHS ())

' 'I:(.M (;

)M I :I V ' ' I 4 "

ce TFAl j V 8 (
N

' )
T 8

2,2',2 N­(10-(1-Carboxy-4-((3-((4-((2-((S)-2­cyanopyrrol i din­1-yl)-2­

oxoethyl ) carbam oyl ) qui nol i n-6-yl )oxy) propyl ) am i no)-4-oxobutyl )-1,4,7, 10­
tetraazacyclododecane-1,4,7-triyl)tr iacetic acid (XY-FAP-02): Compound 7 (15 m <,

31.3 pmol) was treated with a 1-mL solution of TFA/methylene chloride (1/1) for 1 h.

The solvent was removed under vacuum, and the remainin < material re-dissolved in

0.5 mL of DMF. To the solution, DIPEA (27 pL, 156.5 pmol) was added, followed

by dropwise addition of a solution of DOTA-GA( t -Bu)<-NHS (25 m <y, 31.3 pL ) in O,S
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mL of DMF. The reaction mixture was stirred for 4 h at ambient temperature and then

concentrated under vacuum. The t-Bu-protected intermediate was deprotected in situ

without further purif ication usin <r a 1 mL mixture of TFA, H20 and triethylsilane

(TES) (9S:2.S:2.S). Reaction mixture was then concentrated and purified by

semipreparative HPLC, to afford the product as a white solid (8.5 m <, 33% yield).

MS: calculated for [C;0HffqN00i2 ], 840.9 [M + H] ; f o und 840.S. HPLC (10 mm x

2SO mm Phenomenex Luna C18 column, 10 pm, mobile phase 9S/S/0.1% to

7S/2S/0.1% water/acetonitrile/TFA over 20 min, flow S mL/min) XY- F AP -02 eluted

at 1 1.8 min.

P . . a .
0
, HOOC

O N~ 0

In(NO,),

0 2 M NaOAc buffer

L~r' 60uC 30mm L,lgq
O XY-FAP-02-[In]XY-FAP4I2

XY-/'A I'-02-/6>/. ' ' " "Indium(I I I) 2,2',2n­(10-( I -Carboxy-4-((3-((4-((2-((S)­

2-cyanopyrrol i di n-1-yl )-2­oxoethyl )carbam oyl ) qui nol i n-6-yl ) oxy)propyl ) am i no)-4­

oxobutyl)­1,4,7, 10-tetraazacy cl ododecane-1,4,7­tri yl)tri acetate (X Y- FA P-02- [ I n J);

To a solution of 2 m <r (2.4 Iimol) of XY- F AP -02 in 1 mL of 0.2M AcONa, a solution

of 1.4 m<r (4.6 Iimol) of In(NO;) ; in O,S mL water is added and warmed in a 60 'C

bath for 30 min. After coolin <r to ambient temperature, the mixture was purif ied by

semipreparative HPLC. The product was obtained as a white solid (1.8 m <, 79%

yield). MS: calculated for [C; >Hin N >Oi2ln], 9S1.7 [M + H]; found 9S2.S. HPLC (10

mm x 2SO mm Phenomenex Luna C18 column, 10 pm, mobile phase 9S/S/0.1% to

7S/2S/0.1% water/acetonitrile/TFA over 20 min, flow S mL/min) XY- F AP -02-[ In)

eluted at 14,0 min.

/.3 1<adiolahelisg; Melhc~d». Briefly, 20 m <r XY-FAP-02 solution in 20 mL of

0.2 M NaOAc was added to 10 mL 4.6 mCi " ' I nC1: solution (Nordion, Ottawa,

Canada) and adjusted to a final pH of 5.5-6. The mixture was heated in a water bath at

70 'C for 30 min and, after the reaction completed, was diluted with 200 mL of water

for HPLC puri f ication. The solution was purif ied usin <r a Phenomenex 5 pm Cix Luna

4.6 x 250 mm-' column (Torrance, CA) with a flow rate of 0.6 mL/min with water

(0.1% TFA) (A) and MeCN (0.1% TFA) (B) as the elutin <r solvents. An isocractic

solution of 88% A and 12% B was uti l ized for purif ication, resultin <r in the labeled

compound, '" In -XY- F AP -02, elutin<r first at 18.6 min fol lowed by the unlabeled
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startin< material at 23.5 min. 3.2 mCi of labeled compound was obtained as pure

product with a yield of 69%. Another reaction with the identical condition was

performed with 74% yield. The collected radioactivity was diluted with 20 mL of

water and loaded onto activated Sep-Pak (WAT020515, Waters, Mi l ford, MA) . Af ter

the Sep-Pak was washed with 10 mL of water, " ' I n - X Y - F A P-02 was eluted with 1.5

mL of ethanol. The ethanol was evaporated under a < entle stream of N ( to a total

volume of ( 50 pL) . The resultin <~ solution was formulated in saline for the ima<~in<~

and biodistribution studies.

J.d I'AP l»hi hi jiw> Assay. The inhibitory activity of XY- F AP -01 was

determined usin < a fluoro< enic FAP Assay Kit (BPS Bioscience, San Die< o, CA).

Briefly, XY-F AP-01, DPP substrate, and human recombinant FAP were loaded into a

96 well plate to initiate the enzyme reaction. The reaction was left for 10 minutes at

room temperature before fluorescence was measured with a VICTOR3 V mul t i label

plate reader (PerkinElmer Inc., Waltham, MA). Data was normalized and semi-lo <~

inhibition curves were < enerated in order to determine the IC~<i value (concentration

of XY-FAP-01 where the enzyme activity is 50% inhibited) for XY-F AP-01 and

subsequent enzyme inhibit ion constant (K;) usin < the Chen< -Prusoff conversion.

Generation of semi-lo < inhibition curves and IC50 values were done usin < GraphPad

Prism (San Die <~o, CA).

J.a ( '<.ll li»e~. Six human cancer cell lines were used to assess bindin< to

FAP: <~lioblastoma (U-87-MG), melanoma (SK-MEL-24), prostate (PC-3), non-small

cell lun <~ cancer (NCI-H2228), colorectal carcinoma (HCT 116), and lun<~ squamous

cell carcinoma (NCI-H226). From the literature, U-87-MG, SK-MEL-24, and NCI­

H2228 cell l ines were identified as havin <~ hi<~h levels of FAP expression [FAP­

positive (+)] whereas PC-3, NCI-H226, and HCT 116 cells expressed very low levels

of FAP [FAP-ne<~ative(-)]. These expression profiles were further confirmed via flow

cytometry with an APC-conju< ated anti-FAP antibody (RAD Systems, Minneapolis,

MN) and quantitative real-time PCR. All cell l ines were purchased from American

Type Culture Collection (ATCC, Manassas, VA).

U-87-MG cells were maintained in MEM medium (Cornin<~ Cell<pro,

Manassas, VA), containin <~ 10% fetal bovine serum (FBS) (Si<~ma-Aldrich, St. Louis,

MO) and 1% penicil l in-streptomycin (Cornin <~ Cell<pro, Manassas, VA),

supplemented with sodium bicarbonate (Cornin <~), sodium pyruvate (Gibco,

Gaithersbur <, MD), and MEM non-essential amino acids (Gibco). SK-MEL-24 cells

53

Petitioner GE Healthcare – Ex. 1002, p. 56 



Attorney Docket: JHU-36631.303

were maintained in MEM medium, containin<~ 15% FBS and 1% penicil l in­

streptomycin, supplemented with sodium bicarbonate, sodium pyruvate, and MEM

non-essential amino acids. PC-3 cells were <~rown in Ham's F-12K medium (Cornin<~

Cell <pro) supplemented with 10% FBS and 1% penicil l in-streptomycin. NCI-H2228,

NCI-H226, and HCT 116 cells were cultured in RPMI 1640 medium (Cornin<~

Cell <pro) supplemented with 10% FBS and 1% penicil l in-streptomycin. All cell

cultures were maintained at 37 'C and 5% carbon dioxide (CO~) in a humidif ied

incubator.
/. C> ('<.//alai (/p/ake, 'i lodi e». All cellular uptake and speci fic bindin <~ studies

were performed in tripl icate to ensure reproducibil i ty. Cells were detached usin <

0.05% trypsin (Cornin <~), resuspended in 1 mil l ion cell aliquots in bindin <~ buffer, and

incubated with various concentrations (ran<ate, 50 nM to 0.78 nM) of XY- F AP -01 for

1 hour at 37 'C and 5% CO~. To assess the specific uptake of XY-FAP-02, cells were

preblocked with a FAP and DPP-IV specific inhibitor (Val-boroPro, Mil l iporeSi<~ma,

Burlin<~ton, MA) or a DPP-IV specific inhibitor (Sita<~liptin, Santa Cruz

Biotechnolo <~y, Inc., Dallas, TX) at various concentrations (ran<ate, 10 '" M to 10 M )

prior to incubation with 25 nM XY - F A P -02 solution in bindin<~ buffer for 1 hour at

37 'C and 5% CO~. Cellular uptake was terminated by washin< cells with ice cold

PBS (1 x) three times. Cells were resuspended in bindin < buffer and transferred to a

96-well plate for ima < in< . Ima< es were acquired on the LI-COR Pearl Impulse

Ima<~er (Lincoln, NE) usin<~ an excitation wavelen<~th of 785 nm and detection of the

emission wavelen < th at 800 nm. Ima< es were analyzed usin< the LI-COR Pearl

Impulse Software (Version 2.0) and fluorescence intensity was corrected for

back< round si< nal and normalized to well area.

Cellular Uptake of " ' I n - X Y - F A P-02 was also assessed in cells. Cell aliquots

(1 mill ion) were incubated with 1 pCi ' " I n - X Y - F A P -02 in saline for 30 minutes at

37 'C and 5% CO~. Cells were washed three times with cold PBS (1 x) and activity of

the cell pellets was measured with the 1282 CompuGamma CS < amma well counter

(Pharmacia/LKB Nuclear, Inc., Gaithersbur <, MD). The percent uptake of the

administered activity was calculated by comparison with samples of a standard dose.

/. 7,N'ma//-Aiiinuz/ Net h / f i cv ed /'/iwi e»ceiice (N/14/) /nag iig;. NIRF ima<~es

were acquired on the LI-COR Pearl Impulse Ima< er usin< an excitation wavelen< th of

785 nm and a detection wavelen<~th of 800 nm. Mice uti l ized for ima<~in<~ studies were

anesthetized with 3% isofluorane (v/v) and maintained at 1,5% isofluorane for the
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ima<~in<~ procedure. NOD/SKID mice bearin<~ FAP+ U-87-MG and FAP- PC-3 tumor

xeno<~rafts were injected with 10 nmol of XY- F AP -01 via tail vein injection and

ima<~es were acquired at 30 min, 1 h, 2 h, 2.5 h, and 4 h after injection of tracer. Data

were displayed and analyzed usin < the LI-COR Pearl Impulse Software (Version 2.0).

/ .8 ,8'mal/-A»ines/,h'Pl;( ' I­'( ' I ' I nug i i g;. SP ECT-CT studies were performed

on NOD/SKID mice bearin<~ FAP+ U-87-MG and FAP- PC-3 tumor xeno<~rafts. For

ima< in< studies, mice were anesthetized with 3% isoflurane prior to bein < placed on

the scanner bed and kept warm with an external li < ht source. Isoflurane levels were

decreased to 1.5% for the rest of the ima < in< procedure. After mice were injected

with 300 pCi " ' I n - X Y - F A P -02 in 200 pL saline, SPECT-CT ima< in< was carried

out usin< a CT-equipped Gamma Medica-Ideas SPECT scanner (Northrid< e, CA) at

the indicated timepoints (30 min, 2 h, 6 h, and 24 h) post radiotracer injection. A CT

scan was performed at the end of each SPECT scan for anatomical co-re < istration.

Obtained data sets were reconstructed usin < the provided Gamma Medica-Ideas

software and final data visualization and ima < e < eneration were prepared usin <

AmiraOii software (FEI, Hill sboro, OR).

/. 9 /;x-ii n~ Bindislii holiw>. NOD/SKID mice bearin< FAP+ U-87-MG and

FAP- PC-3 tumor xeno<~rafts were injected with 10 pCi " ' I n - X Y - F A P -02 in 200 pL

saline via the tail vein. At 5 min, 30 min, 2 h, 6 h, and 12 hr post injection, mice (n = 4)

were sacrificed by CO~ asphyxiation and blood was immediately collected by cardiac

puncture. Additionally, the heart, lun < s, liver, stomach, pancreas, spleen, fat, kidney,

small intestine, lar <~e intestine, bladder, muscle, femur, FAP+ U-87-MG xeno<~raft,

and FAP- PC-3 xeno< raft were collected for biodistribution analysis. Each tissue was

wei< hed and radioactivity was measurin < usin< a 2480 Wizard-' automated < amma

counter (PerkinElmer, Waltham, MA). Radioactivity measurements were corrected

for decay and compared with samples of a standard dilution of the init ial dose to

calculated percent injected dose per < ram (%ID/ < ).

For blockin < studies, mice (n = 5 per < roup) were co-injected with unlabeled

XY-FAP-02 (50 p < per mouse) and 10 pCi " ' I n - X Y - F A P -02 in 200 pL saline. Mice

(n = 5) injected with 10 pCi ' " I n - X Y - F A P -02 in 200 pL saline served as a control. At

6 h post injection, mice were sacrificed, tissues were collected, and radioactivity was

measured with the < amma well counter.

/. /0 l) a /cz A»cull>si». Data are expressed at mean + standard deviation (SD).

Prism software (GraphPAD, San Die< o, CA) was used for analysis and statistical
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si< nificance was calculated usin < a two-tailed Student's t test. A P-value (0.05 was

con si dered si <~ni fi cant.

/. // Xe iwgu i f ! I 'omw Mad<./. 6-week old female NOD/SCID mice were

subcutaneously injected in the upper left and ri <~ht flanks with 1 mil l ion U87(FAP+)

cells and PC3 cells (FAP-) in RPMI 1640 media supplemented with 1% FBS. M i c e

were monitored for tumor size and used for optical or SPECT/CT ima <~in<~ when the

s ize of tumor reached around 100 mm' .

EXAMPLE 2

Re resen tati ve Resul ts

2. / /' AP / i>hihilwg> Assay. XY - F A P -01 demonstrated hi<~h bindin<~ affinity to

human recombinant FAP. The enzyme inhibitory constant (Ki) for the compound was

determined to be 1.26 nM.

2.2 ( '<.//alai (/ p lake 5lodie». FAP-positive cell lines showed concentration

dependent uptake of XY-F AP-01 whereas FAP-ne< ative cell lines showed no

si< nificant bindin < of XY-FAP-01 at all concentrations (see, e.< ., FIG. 3A). Saturated

bindin <~ of XY-FAP-01 was observed at concentration of 2S nM, which was

subsequently used as the base concentration for all bindin <~ inhibition studies. When

preblocked with a FAP and DPP-IV specific inhibitor, XY-FAP-01 bindin<~ was

si<~nificantly inhibited in FAP-positive cells (FIG. 3B). Interestin<~ly, this phenomenon

was not observed in FAP-positive cell lines preblocked with a DPP-IV specific

inhibitor. These results further justify the specificity of XY- F AP -01 for FAP over

DPPIV, since blockin<~ of DPPIV did not result in a chan<ate of bindin<~ ability of XY­

FAP-01.

Similar specificity was observed with the radioactive analo <, " ' I n - X Y -F A P­

02. FAP positive cell l ine, U-87-MG, demonstrated over 30% uptake of administered

radioactive dose after incubation whereas the FAP ne< ative cell line, PC-3, had

uptake of 0.01% of administered dose (FIG. 3C). Taken to< ether, these results support

the specificity of XY- F AP -01 and " ' I n - X Y - F A P - 02 in the en<~a<~ement of FAP i i >

ii iso,

2.3 /;x- i ' i i'o Biodislt'i holist. / ; x - i ' i i'o biodistribution of '" In -XY - F A P -02

results correlated with the observed ima < in< results (FIG. 4). Init ially, the blood pool

activity is very hi <~h, with over 10% %ID/ <~ at 30 minutes post injection. With

clearance of the compound, we see the blood pool activity drop si < nificantly after 2
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hours of distribution and remained less than S% %ID/ <' from 2 hours post injection

(FIG. 5A). Hi < h activity was also observed in pancreas, small intestines, and bladder

until 2 hours post injection. Positive tumor uptake peaked at 30 minutes post injection

and remained between 13-11% %ID/ <' up to 6 hours. Washout of tumor was observed

at 12 hours post injection, with %ID/ <~ droppin<~ to below S%. The PC-3, FAP

ne<~ative xeno<~raft had less than 3,S% %ID/ <~ for all timepoints.

Co-injection of cold compound with " ' I n - X Y - F A P -02 resulted in si <~niflcant

blockin <~ of tracer uptake in U-87 xeno <~rafts, with %ID/<~ droppin<~ from 11.20%

without blockin <~ versus 0.27% with blockin<~ (p ( 0.0001). Addit ionally, blockin<~

with cold compound resulted in %ID/ <~ of all tissues droppin<~ si<~nificantly, with most

values bein < less than 0.1%. This decrease in uptake is most likely due to the blockin <

of non-specific bindin < of tracer to non-tar< et tissues and the blockin < of specific

bindin <~ of FAP in U-87 xeno<~rafts.

2. 4,N'mall-Asii nuzl Net h ei cv ed I'Irwin escesice (Nil<I ) Ines;isg;. NIRF

ima< in< of XY-FAP-01 demonstrated specific uptake of tracer in the U-87-MG

xeno<~raft as early as 30 minutes post injection (FIG. 6). After one hour of

distribution, tracer clearance via the bladder was observed with retained tracer uptake

in the FAP positive xeno< raft. Tracer uptake was retained in the positive xeno < raft

after four hours of distribution. In contrast, no si <~nificant uptake of tracer was

observed in the FAP ne< ative tumor at all ima< in< time points.
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REMARKS

Upon entry of this amendment claims 28 is pendin< . Claims 1-27 are canceled without

prejudice. Applicant reserves the ri< ht to pursue the canceled subject matter in one or more

continuation and/or divisional applications. Claim 28 is newly added. Support for the newly

added claim can be found in the specification and claims as ori< inally filed. No new matter is

added.

CONCLUSION

Should there be any minor issues outstandin<~ in this matter, the Examiner is respectfully

requested to telephone the undersi< ned attorney at 608-662-1277. Early passa< e of the subject

application to issue is earnestly solicited.

Respectfully Submitted,

CASIMIR JONES, S.C.

Date: Jul 18 2023 /JEFFREY W. CHILDERS/
Jeffrey W. Childers, Ph.D.
Re<~istration No. S8126

Customer No. 101943

Petitioner GE Healthcare – Ex. 1002, p. 65 



Doc Code: P>!.>..
f3oct!nlent Qesctiptt0!l: Power of Af{QiY)8'd "1 otr>I<v Szt>,'02- I '>

ntdt>tun d;ar uSC tn Cuc 0 ! >r 'C 21 ()'V<1 OS5"r -On.u
' '.s pa!ant and 'Ilactnnis>>x <',Ifiy., I i.s. O>ap~RT~!aEvT c!p co!<%8r<c i

:!CÃ!n< tt <; Pa! ok<<<'<>'.'< Pi dust!an CCI Ct !..66 nn I k !Suttk ana IC" u>, d 10 SPCnd t<>.-. Cu>tkeukn Cr in>un»aden un:= 3 it k SPIS;n > S <hi< 0'eIS Cun"u' nurr '>kr

i hereby revoke ail previot!6 pov»ers of attorney tsiven in the appi,cation identit!ed in 8!ti'er the attached transrnttta! iette! Or
the boxes Lbejow.

Application f4urnber I
Filing Date

22-Apt -2O2O1 6/7 "8, I 82
CNO>e: Ti«<bar" ab "Ve "nec be iea sian> i> rntmai'.:; i" dr < «id..C! Or, !O.".n,=. Ol!!1>a '>n 1

i hefef)y appoint:he patenf prac,jt'
tO trarisaof af: bUS! rtes) it) tf)e Unt! i.d StafeS Pater!f anti I radenl 11k Gfitce CO»neC!BQ fi)CI<=.'eut '". fef f»8 apf >fieaticn 1'ef>a!<anCed !!1
the aftaci) d fra»st).:ttaf feftrer fort?I PTG(Atid{ct..A; 'o»de!I!if ed above:

f hereby Bppot .: Frractt',Iotl I '(sf rtaP'!M! in!b6 attached i!st (fo!Sn P! 0!A{AJ9vC, d!s ITy".Gur atfo>7ley{$) o! agent{s!. 6:'.i to tt'8!os<dc
aH b!ISineSS in thre i.:ntteri SfateS Patent and .:8C8>nai!. Oiftoe Ceno! Cte»i th, reVnth fOr !lie Pa+ant aPPiioatiO!2 re!8!enCed in t 8
attache< fratlstt),f!af!etter {Corn) PTO/A!A fj2AI or k!<en;ihed above, i>>tote Con>Piete!O)lnI PTO,'Airs<IS C,3

' 101 943

.oner(s3 assocjah& with! 'the foffoyt>ng Co's+o!T!8, N',!aber as, Ay!Qttr af'o! I!eyis3 ot agent,'63. NId

OR

P lease trecogttize or change the correspondence address For the applicatiort identified in the attached trartsmittaf
letter or the boxes above to:

Tne acfdress assoc!afed with the above-n)ent oned Cusforner Number

Tile addn::ss associated v!it!l C:sto!ner tg!urnbe"; !

OR

h sa 2 l u r

QR
i F;;In or I

Address

C;?y

( ot!ntry

Teiephone

iarn tile Applicant {if ffle Apoiicant is 8 jL!risttc entify, iist ti)8 Appiicant »ante!» ih boxf

State

E I p 6 I l

~»,

I

fn "8!) tor or Jotnt i!I: »tot (titfe not roui: ed betotrtr,':

f.<octa{ Represesttaiive of 6 t)eceased ar t '>ga>fy incapacitated i!!ventor (":.',t',8 not required t!B'c
!vvt

ASSignee Or Peraq» '.I) InthOn) the tr!Venter ic Under an Ob!Iaaf!On fe ASS!gn ip: OVide Signa!'S title:! app!:Cant:S 8.: IriS::C er t:ty)
F>erson v!Viio Oil)' Iw>t . Shows Stlfficciet It . roPneiary fnterest {e.g., 8 Pef'tton Ii!a«!8! CF R f o f t ;b i {2I 'A'Qs grat!ted:nr thi .

~ a> O i!C n O iS O::»rre !I bein r i ced Vd>i. !i;;„C."On;,:r ii r , i ' ada ..I rp i sar!riia! a; i —;;!!n:,', -.corri>>can' !!

The I!ntterS>cjne" {<r>ihOSe title !S p tie d befOVI> >. authcrized !O aC'i Oti behalf O! the app!iCant . .g., Ikii)ere the 8 pi!Ca»i iS a funatIC en!!y,.

SIQN<ttTUAE of Applicant for Patent

5 lgI) 8.{IJ I 8 B!8 {Qp'i!dna!3 I ~ r sC t
StE.'>rect Kt >1 'sr>t>r'3

T::ie EXeC t!Ve Direofo !O!lnS Hopk;IS Teohno{Oqy >brerntureS, The JOhnS HOpkin Un;'V<tr::i'cy
P4QTL: Signature - Thie f'Cr!Iyt rn!!Sf be Sitfned hy tj)e aup !Cant in ao-Orda!Ioe yVj!8 37 CFR 3 .au«S«P nu,r CFR "i q fet' Si rtattite teqtitrernen!S
arid ccrtt>f nations. tf rnoria t!~a!I <i»o a>ppl:n3»t, I tse <I) tttt;pfe forcns.

i~» Total of 101!T>S are SL!tttt; Itf&4
Ih>s <a>tto>cticn n!;r turvinatnn as rkuc>!rid! ty 3( cpa ! . Is ! . : 32 a nd .3 3 T !! !ntnin i " tenn is ca< utcku <tn nb!an cr ca'a<i< a > nc",I by!I>a p >t>tvu by!its!: n> tnc!'tk 'knd t>y' tha! ISP . 0 In pc<!<a>33 an app!Isa«<in rocnndantiktd) ts Suvanlku<;.3 35 IJSr:., I 22 and 3? Cr 8 '. I! kn"; . l 4. Th s cc!!cacti<>n is est'Inatdd!n tat<a; in!n «SS tc C«rnplc tk«1<d»dire, <uauiknnn,, '".p .."'.<'<3 arid suhrn »n!c»> carr!!Pin'cu au<bi!cask» I .!rc ir>n .> .>8-' I 8!, Tduc sais sar, chccknd>s>g <>!3»';" = inc?«duai essa, any s<>«<ncnts cnu>k a - u I <o! "!Ilc 'v'nti rat!ut 8!<3!'Gmptc c 1!i!3 fon1) 3'14'!I st igg@sgc<ls! x noducil g tt>!3 biir<jsr>, 3! cu4 „:"" sat 1 t< thk 8!Snf!nfarn)at'c!1 cdc<; ' I 8 ' 3 knt nd 1'bd nln>4 o»c'M. I' '.:Okr!d>itttscnt c' ( ni 1!naIcca ' ' ) l i n y <48>tt <>in>"'c Uiia, Vo 226?6- ld>5'3nC NC' SERO! Cf . 9P ioo'<dtb'

. . ' O OR!nS IO I t ne<vrDR S Se t to TQ: C<>ln>n'ss!<>nn>f<S<PatkntS, P.O Bd>3 t<CO. !t>ta><andda, VA 22O'1~-345!1.
{r'><0' needassts 8'lc& !33 ~~>>A{sf!ng the IL!rniv r nl/ d i 800-P''0-n!Qg doc! sccc ! o>ntc<ynr „
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PT<E,.>! 3<c l !06-12!
ver! «; »» '"<cc,vh!!;..!0'>Cto Oi<n<L '' 3032

0 c I>sv A<A ",,r>eee>A 1.'I."»ec,;I s oep'ayp«'!ll <5$ DDL'p'.Ence
L>eb>e> < i I gr<vve!> p„euc!Ae aug< >0>1, nese>en e c!eq«: <!. <As<v i: i >3<!eyec!e>" e!>>l. i < A<-AN.' vs!!33>A<$0 eelv!M(a<AN<!elvv!Abe,

DECLARATION (37 CFR 5.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET {37 CFR 1.76)

llAAGING AND RADIOTHERAPEU I ICS A(3"­..ITS TARGETING
I.IBRQBLAST-ACT!3'ATIQN PROTEIN-alpha {FAP-alpha,'

TNA of
Invention

As d>c IIOIAE>r r<nmodn>Vlf<:Ior >hr.rrhy de<coro !hot

Thl> dCC!a<ill!Cn I T< h<9 at!fr<.'hed 3pp '. 'Et!<OL cl
><> doected k!

,

.75i7S>8,<82Ig, : Lj!Ejlvd <' ates oookco»AC 0>'PCT 1<i!I!rriot! Ansi aop!;ca>Ann m>mbcr

T,.ed „, 22-APT-2020
)

TIE!.' 3 Eove.<cenhy><.d . flpl>ca! Gfl 3. Ir;Idc or 3; tt>LE>!2cd t;> t, . >E>3<JG hy!'Ac

I LebCVe!"3l I am Ih!! 0! Cfkya!>AVCnlo! 0! 3! > Cnq nal;Grot I!!VC nlor Af 3 0!3!mod irlv>ont>cn >" lhn 300!! 3'ir>A

I hereby 3 kncceledt>e!Aa! ar!v' Vijjfui 3!Ae it"lan<or< nlacie co> this<le>c!3<3!io ><S Pun shabfe vr <'r r tb 0 8 O. !Di!'I
by fine 0: i mp< j >AI »1>>E>EI iyf no! 31GJe chan five, ) yaa><,">, r.'I bo!f>.

pc!>!<G<>a<lapp!>c!><1! ii ro:.!jc<>ect!o avo:d subrnihsq personal v>fcrlna!>Gn in Gocu...en;5 f!kat iri 3 pa!CA! 3pphcat!on!hat may

rent! b>It<A to >don!ity t>e!j. poser !31 nf:n>alon such as soci«1 secun'y su<""0:.!0, banL acccun!!Evn L>e«, cr c<erlit.,ard nur.".heii

! Gne!;i ar; 3 che -k 0: „-, 9 ! CJA!<I au I!Cr 23!i v: lcm' IJTOe'DSB Subn!rliod ter pay<need purposes,' io never . or!prod by tne USPTQ
tc supp,.!"..!1<A"Gr! <3 3<' appi!ca!cn r f nns typr: Gf Ai!30'JI:nfc>!ina!!An is in:luded .:- d" cvr,.ants subn!il!ed lc i - ' >sp o
oct!!!Gne!s.'ac pl>can!i shr> I'd co..s!der redac!inen 3: <Ih Ac%Gnat!!E<c'! Ea'IGA fronE thc ccccir AA 3 be 0 c sub!A ttj lct I,,em lc L!e

!ha,' the (ec'3<t G! 3 pj>!An! apcjicaucn:s acai13bie h> thc pub! !0 Af!Cr 0<!I>I<cab tn of!he

appi!< Ation,'un!ass 3 r<s>«pvt I,.accn reque>! ir. Ccn p! anc' >v I':3' lypft 1.: . ! '3,' js mode In ' 3 >ppi!' <El<In • Gr <sec!3nci„"' 0 3

palenl Fl idhe!more the rorro'rf <rem an abandoned apjacal'r>r> may a!Ac'. "3 .va I< b!3 +0 '.I.e puui<.. i',!he a<police! !vn is

ieferen<">d >'. 3 <rub ished anjs !schon 07 3 «ssucd pate!! Isoo !2 osR I 131 ohecl 3 3rd 0!edl cc d av!Acr!23! Ae forms
PTo-':j;g! svun>r!Ied fcr pash!An! ourpc<es are ncl!ela nud in bl • aop!:cvt>on I lo and Iherefc e a<e nc, pubfc!v I>vajiabfe

!Je'p jo p»!:!one Bf>pkcan, <5;.I'tv ("ed,

LEG>c L MAM'= OF heu!et><TOP,

Xlfjg Y!3ftg

SQ:Ea~vre:

fjc!0 'n applcaccn dako sl c ot!p: CEsp.! 4 0 equva 3!>!I > n.".'uu<ca r!Ano!<! Iic. entse ii:rei)I ve> cn!<q. m„s«-.o,, - ,
rev>Gusty file!d. Usc <En 3<JA>bo>>st ATfycr<lrk<DI le<<>E lo< I'ac'! add<sons'! I"ve"!0 .

7' >><»0!!Aec! !A<& re<»'ce<«eJ ve'I by J svs". ' ' . 0«> 'll c"3 i 03 Ac 3!ee!>!: . " <e Is< Aine>(ei'ce>eke'> A b..v.!>! yc! e pie>,. A<>e»!> le »3 js„
by '!«: '. s»7<5 Ic Pre „'est) l., Aj>>0$7<Ã . en<><'en<4<E)<a>en <'«0> '<"- V !LC ! 22!>!Al 37 CP ' 1 ! '! <'e..' ! !A !1 3 Ace«'3«> es<v !0!ec! i, !3>
qpp'e e ng 8 «1 q!>>ben<>q pe<ave/,;< 0 c«l«!!'«> 31$ AA!ace<en AT e»;Ace >is 0'.!,. '! e v 1 To ' A>cease>!'r J.l>eec>e<»pectin<,ebn<b>race>e

r!e!<ee„>e«>., ee>cub $«se r>urseece <0 .Aesele'l><kv e<!JE>i'$!03>c «><$«>ojuc >0!! 6 b<e>!e>1 AlesL1.".c >er'!e! > CA: rl>ve»<i><cecots i

.8<eol s<>$7<!><Aes<ko!Pse <! <Ioer>cence> cv (Ax<A!vcc e 0 !co< 14"", ru!><> e<» "A 225!3 '40 oc No: acao p[ Es Ql' cp>MA 37! A $<GI»cs „-,
7;ci<; A'DAE<!<J. sEND Tty: co<>><A!As!one< toi P»cents, p,o. Guc t456, re!evan<fr!3, 3<A 22522.74vo.

i, ye<> eec<r e$c«<e!« !e ~A<re'„>A>> <>« ,%>v> ee> bsco>eye.sr+le>iv eecl 0„,'ce 2

Petitioner GE Healthcare – Ex. 1002, p. 67 



• • " '

' • .

XXXWX

i v i

W W W NNN x 4 N x xxxxxx x xxxxxxxxxxxxxxxx4xxxxxxxxxxxxxxxxxxxxxxxxxxxwx444@ wN 4 w

X%X X XXX%%% % % XXX X W X X X XXXX%XXXXX%AXX%XA %A % X% % N X % % %XX%WA'%%%%AX

W

Petitioner GE Healthcare – Ex. 1002, p. 68 



PT„.)AI<«c)>'t !CS-! 2;
A, i sc)(sic) i<>c t:$<1!!)t's>;ssg)' < t:e>,'"(>'$(t Qfcfe B>BS', <iO> I2

DECLARAT/ON (37 CFR 4.63) FOR UTIL STY OH DESIGN APPLtcATION USING AN
APPLICATION DATA SHEET !37 CFR )."f6)

!'M)i3(t' ING AND I~AOIOTHEI~>P fBEUTICS AGEN": 8 TAf~GETING
FIB RQBI..)'-'(ST-ACT IVA"3 It>::N PRt '"! E IN-dIPhd )r F,"3)P-d!")hd»)

Title Of'
tf3<c?c! Akton

.<(S !he (>efo)<c Aan)ed in )' ef'tier, f: erek>V Cecfare that;

This de'"::afa".on
tS 'II>e">ed 'O

Tf>e at!acf.ed app!;cation, or

Un>fief< StateS <Sep!:Oat)oct Or f'.I' i ln(drnat;OAB! (Ii>f) f)<!ation rtt) e>!3<!r
1 6,'7!:>8, 3 82

22-Apr-2020

! he di=o; ie-ioef)Jitte("' BPf>s(tati<>f) $((is f')t<3<i<> I;!f' <3'I?i!of@(?<f!<I k:e irtac?:. i>'j )T)o

f Ce,)sa(ce ifta',! Bn f i le f>f)<fin<): A c<'Of)tor 0!' Bf'I Of' gtf)B, 'fo.': t iAVef) Ur Oi I Cfdi~ ted inVent OA IA "tr' Bpp)f'Cdt)Q: >.

t

Aor(-.t><s' ac'.I>Q'<>,:fe<i<fe k);3f any )$',fff'()f f i ts<> si:>11>n)(!A! ri);.:it,"i':,: tf);s dc>ts<3«3>i()rc is »urtisi'!Bt)l<! (ii' <Jer ";~f( 0 " c f f)(l'f
kc), f::ne ..r impnso>I>t->en'i 'Qt!->ot .:, ore «Pan t': s . (!:) ye-::trs.,".r f>cln.

VVARt4ING:

F <<title,:cf, BP,>;oaf)t )s oautiof>eJ to B;fol I s: • ernitf:,)Q f'>(?,son( if :,: ,of f)1()l.oA;A doc LIA)+?,t ci:ed ln a Pate!!t B,'><)ti<'<3tif;,: tf)c't fn(3yc

COAt.ik>< te:>O ideS(:(', the':!. Pe SOr,at:A:,,rt.' '.f:OA Suc'>:.:.S S'.>Cia. :Seeuft! )S I'::.:"T'. >erS, bank ­'.CCQL)nt n) ."'.OerS. Qr Crecff:t Can", f>umk>e!S
(Q~f><H fh<3 . '. Cf ec." Q. Or' ' Jt' Card B' tho h?Bf>OA toffP P i 0.20c$6 Su(!I)>t:Iod fo' f>a>>' I'>Ont O!)1 poses') !S ne'v'e, rendu "od f>ir tn><" i> 3i" i'(3

sgc i !)Ort a OP<If;of> oc ) I a <i<>!)calf< A, >f this t>c)i i c ) f t> i, soA<3, :tn.(;OTI<3,,<>si l<c )<)Qlttd(><'t IA dtncuinei) fs s( tkts), fe~» '.0 C >e di>V i t»,
i>"':t:oAecscaop~tca:"ts sf3QO:0 cor!s:<f<t i:(:<4'3c:Ine !'>(Ic:. >.".>is'))l<3::A """ .3".>I) fi<)!Ti tf)e (". >OLIIA?r'.ls f>P> Qre suk'!I;In)no 'kte~>. to the
';3SPTG '".Of:tione:- af>p::Sant iS BJV!Sed cftaf the f<SQ<:-:(! Oi <3 paient ae;:i:<><1! On ia (3"B:f(3')f<S to t'i;e pu>):iC atte: Ou.":":Cat Qn Q the
".ppii at!(>n!un" 'ss B Aofi-p()f>!to<i'lo'! .".<ilies! ii) (:<>inpi")nli:<I! (v:th .>r '.. . 1 ' .l3'jinni "!i n)ade if),'f>e Bop i ! t !OA,' Q
$>atof>', F tuf"'.nor,;.Ore iho fcco.cf tfoi)> Bi) a~+;:)AJ<>f)e><t;.<1'„')f ()BI:<))I )fiav < fs<) t)<>;.3<ja,f<3')fo <o th(> f>ts>$fic if lho apof)QB;ion

. ' (3-2'..> $8 s')k>erlt:Iec or oa>c>i !ef) I>u!!>Qs(3( Bi(? ".0'. 'i>lalf)ei; i i • il!P. >3;)pi!it:Et>)on;if( > (ti;;f t ) ' (?' i i f i>fe Bi'() !30! I>()» )c j r (caifa'~le,
A' i>(1 )I) < PL)t .'>Sne><< B»p.".Cat;$>f, Q, Bil iss t c><i 'I :>t,'i„3! ' , P(i 37 '( , l : f$ t . . : 4 ; , '«>lie<;KS itt)<f C'est;; Cafg at i fhof,:7dttofi tom}S

L'-'C$>" N.'$M>? ">fT i!N .' 'f(f'i'OP(

~ tc'v(.'re>OV~CIA<c'ef)'Q': » ­..~< .c ~
g ')< ~P,c je"Q

Da(e iOpiiof)()f,:

>"!ote. c" s) Bf>;;:.:1<!$EDr> d;:IB $?)OD!:O'EO<'"t3,''t<' 0<,-:„" ."k;(S<:f)I';,.::)C.:Dsi;>)q )B>st)::)g:,h(::„t>t>sc:s:;<.Tti..' : - .:)!, 'j , )T!ust . CD>i))pa')>> ll)S ! ( ( I ) ; D l ' O'DS) 9 '3(c(.
'Dice>t);)1 <: <:DDS y rttdd, t,"Sic;3. ' B><itf:It<>iu)i P Ti) Ai;dot , ' ?Sl3!0: S <at-,n Bd;",' ddnai:.0,"; ntof

iN> l>)C use I ;> )C IX<)t: "$$i cni; c)<$> c)!0 ''$ . '.:;. .:1!..:$> ' , : :( < ii 0> . l . U s c :; ~ : ;;(1 .';c O >:" : :: , .<1.".;.t $. I ' '..; .> lI"Cs(>c):$(>$ cc)$<5 I= t- ( i> 3 st Aut( !0

$(»))t)1<x)$ i>s> ))'c> :;)<) tt)t c,; i tc>) j )>s s".si)':1) "..):;t T c ; :;"." >? : I ) ' c t $<< i . : $ ')assi)$:( '<$ !vc ":.<<1<$::;s; .:$ c':xit' . $ >'.:)c>;;, 3>„" s>„.il )<; I)'1 et)cl 1>1l'll) >)5)!s>s: <, ftcccs !s s,
V))!<)$>i Sstd TAc(cst)3<x o I C(> < ' cd.;.Y...isle >(>:: Df «': > )'.,')t:.<1 (> k< 1$ ::,' A) '' > ; ' . "d '>1>.>>A:::> )< I • ." '. '' !><? s(': c Sc><>D r' jS <>R ecof cf)t s fED FQPs98 .' 0
T)!1<d r",DDr(S<SS SFND To; C( ))T:)Tt:SSS(>S)<)S t<>r P<33<'t'J(S, P.(>, BI<$X t<!50, At<)XB)>dn8. VA 2c'393-945(f,
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PTO/AI4/0« '0'>-«2'
Apprr ved for use thrr ugh I ' !30,' 020: )MS! 05~ 1-0032

Paten; ai;d Sf@demark Oltj.A., U.S I".I-! Af? I M I=.NT i iF CO?«IMEI? CE
Linda> ine Pa>pe!rwork Peducf.'or A=I of 1995, ric persons are!eo»i:«xf:o respond tc a cc!!&Ion of ntofmabcn unless 0 d!sp!ays a va!id OMB contrcl 0 n>ben

IMAGING AND BAD!OTHERAPEUT!OS AGENTS TARGETING
FIBROBLAST-ACTIVATION PRO I EIN-alpha (FAP-alpha)

Title of
invention

As t?ie below Aa!yi(yd ir vento'. l hereby declare that:

The attached app!Ication, or
is d:rected to:

,'IN] UA'ted States applI'cation or PCT intemat:onal application Aumi;er

,. 22-Apr-2020

The above-ide! It!'.ied applicatio!. vv«3s fr!ade of auth.", i."ed to be nnade by me.

l bell'eve that l am the origi!.Bi invento. or an or ginal io'nt inventor of a claimed invefltion in the application.

I hereby ack.iowiedge that any w!Il'iui faise statement made in this dec)aratiOn iS punishable .!Ader 'i8 Ll S.C, 1001
by f Ae o! in'.pris >!.ment of not more than five (!») years, or both.

WA RI(III IIIIG:
Petitiorier/Bpl'lican i's c«!Ut!DAed'io avo!d sub!Fn'ttfng DersoABI IAfof1>nat!QA Ifl d cu!YIBAts de: If! 8 palefli.app'.k&tlon ih«!t may'
contribute to i !entity theft. Personal information suc! as social secunty!.:mbers, bank accouri: num' ers, o. credit card A(!mbers
(othe! I!18!1 8 che"W of cfed:.I card auth.", i."ation form PTO-2038 submi(ted for payment p : o ses) is .!eve!. required by the USP: 0
to suppod 8 petitOn Or an application. If t?iis type of personal informat!On;S '.ACiuded ir doc' ments submitted to the LISPTO.
petitioners/appI;cents> should consider redact:ng such persona! info.mation from the documents befo e subr. 'tting them to the
USPTO. Petitioner.'applican:;s advised that the record of 8 patent applicati'ori is available tc the pi.bii'c after p!Jbli( atior nf ti e
application (unle<>s 8 Aon-p(fblic« tion equest 'n compliance with 37 CFR 1.213(a) is rrade in the application) or issuance of 8
pate!.t. Furtherrllcre. t?:e record from «! Bbandor:ed application may a!So be available t> the p(!bl:c i":the application is
.efere!.Ced in a publ shed application or a.. iss 'ed patent (see 3! CFR:.14). C?Iecks and cre:".':t card authorizat'cn forms
PTO-2038 submi'>ted for payment purposes are not retainedin the application f!le and the efore are not publicly available.

: EGAL. NAME OF INVENTOR

,„,. Stephanle Sian a

SlgAature:

Note: An appl'c>atio!1 data sheet {: TO!SB/14 or equivaler"..i. I'nc!udingnaming1!..e artire I'nvert ve entity, iyiustaccompany this for n o. must have
bean previously fiiai1. Use an addjfional PTQ/AIA/01 fcrm fcr each additional invenlo .

This GGIMcocn o>! information is re(fui.ed by ..' U.S.C. I15 and 37 CFR !.53. The uifoffnafi'cn s,equ!!ed!0 oc!ain oi re(ain 8 bene!i1 by the pub!Ic v!hich:3 Io fi!e (and
by the U" pTD to pro ess) alj appficescn. conrjdenf!asfy is governedbji 3" U. s.c. 122 and 37 cFR 1.1! and 1.14. Tfes co!!ec!ioii ls esofnafed Io (eke 1 r..i: uie!c
cor„p!ete, Inc!ud;r;g oat?>edng prepanng, and submkfing the ocmpieted app!icatio., form to;Iie USRTO. Time yel! vary depen«iing upon (i>e individiial case. Any
cornrnenis o- I! 4 amount o".Ime ycu require to ccmplete this form ancicr s ggest!Gns foi educjr.g in s biirderk s! Gu!«I be sent!o the cNef Informatioi. 0'fiber. U.s
F>a!ent and'! aden a k Ofnce. ' ' S. D penmen! c. Ccrrme ce, P O. Sox .450, .4!exa>idr s, VA 2«3 i 3- i450. DO NOT SE!'ID f>EES OR COMPLE'I'ED FORMS TO
THIS.4DDRESS. SEND TQ: Commissioner for Patents, P.Q. Box 1459, Alexandria, VA "2313-1450.

!f yell need >jss!sfai>ce/ii GGfn/J/«>I!>«f f!ie !G>m ce!! F xo p f o-(t(I>9 end se/ec! Gpscn 2
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Privacy Act Staterr?ent

The Privacy Act of 1974 {P.L. 93-579) requires that you be gi en< cenain information in connect:on
with your submission of the attached form related to 3 patent applicatiof'I Or paten't. Acx or(li?lgly<
pLil's'!3flt to the requiren?6?its ot'the Act please be advised t!.at; {1) the general authority for the
collection of this:Afo!<mation is 35 U.S.C. 2(b){':,'; (2) furnishing of the information so!i ited is volu!ltan/,
3?xt !3) the pn'le!pal pU! pose fo! wh!ch the!Afof?,<etio i is Used by the US. PatP<i Bnd Tfadcrnaf'k
Offi,& Is to procPss and/ol exaf?'.?,AB yo?,'f sub?Y!issioA related to 3 pateAt Bppllcat:ofl 0! pate! It. I. yoU do
not furnish the requested i?lfofmation, t!'e U.S. Pater:I and Trademark Office!way not be able to
process and!or examine your submission, wh ch may result in termina!ior. of pfoceedif'gs or
abandonment of the application or expirati'on of the patent.

The information provided by you:n 4his forfn wii! be subje!:4?o I!-:8 ':OI!owiflg rot!t:<8 i.ses:

3. A record in this systefn of records may be disclo=ed, as a routine use, to a IAember of

record.

Ager.cy having need for the ir.formation in order to perform a contract. Recipients of

1, : he infofrnatiof! on this form w II be treated confidentially to the extent <il!Owed under the
F!'Bedo?Yl of !fifo?'Enation Ac't {5 U.S.C. 55') Bfld the Privacy Act (5 U.S.C 5523). RPcords ffofn
th's system< of fecofds YElay be disclosed to the DepaE,E'ABAt of J<'stlce 40 detefrf line whetl'18E'
disdos' fe of thiese records is required by the Freedom of Ir.formation Act.

2. A record from this system of records may be disclosed, as a routine Use< in lhe course of
pl esBA'IIAg eviden r. to 3 coUfi, EYIBgi's'tl'ate. OE' adfYllflistrat:ve tribuEla!, includi!'g disclosures to
opposi!'g cou!'se! i!' the course of settlement Aegotiat ons.

Congress submitting 3 request involving an individual, to who!.< the record pertains. when the
individua! has requested assistance from the IV!ember;vith respect to the subject matter of the

4. A record in this system of records may be disclosed, as a routine use, to 3 contractor of the

infomiation shall be required to co!wply VV!th t! ie requirefnents of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a{m).

5. A record related to Bn lnternaliona! Application filed under the Pate!.t Cooperatio!. Treaty n
thi's system of.ecofds may be disclcsed as a routine use to the Intefnational B<ufeau ol the
World lntellertual Property Organizat'on, pursuant to the Patent Cooperation Treaty.

8, A record in this system of recc!ds may be disclosed. as B.outine use, to another federal
agency for purposes of Net!one! Security rev:ew (35 U.S.C. 181) Bnd for review pursuant to
the Atomic Energy Act {42 U.S.C. 2'! 8(c!}.

General Service"-, or his/her designee. during an inspect!of'i of! Bcofds condUcted by GSA Bs
part of that agency's respons;bility to recommend improvements in records management
practi'ces and programs, under authorit, of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regu!Btions governinginspection of records ':or this
purpose, and any other relevant {i.e., GSA or Commerce) directive. Such disclostire shall niot
be Llsed to flldke detefm?Adtlons BboLlt i<i,dlviduals.

8. A record from this system of records may be disclosed, as 3 routine use, to the public after
either publica!ion of the applicationi p' rsuant to 35 U.S.C. '! 22!b} or issuance of 3 patent
pursuer<! to 35 U.S.C. 15'.. Further. 3 record may be disclosed. Subiec! to the I!En'.tations of 37
CFP, '! .'l4, as 3 roL!tif:8 I;se to the public:f the record was filed in B.? application which
became abandoned or in wh:ch the proceed:ngs were ten<ninated and which applicat:on is
referenced by either 3 p' blished applicalion, an application open to public:nspection or an
issUed patent.

9. A record fro!w this system of! Bcords may be disclosed, as a rou4ine use. 40 a Federal,. State,
or loca! Iaw enforcement agency, if the USPTO becof!'es aware of a viola4iori or polen4ial
vlo!3tiof? of law of egl.llatlon.

7. A record fror., this system of records may be disclosed, as 3 routine use, to the Administrator,
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tkppfcved fcr use lb.ough ", ",'30'2020. OIVB 065 > .0032
L . Pa)en) and i radernark Oflice. U ':. DEPAPTMENT OF CO!<iklERCE

Uf>0''. I lhe Paf)<) flvo I, Rt l liclioi> Ar'I 0 , , 5 . I O pf)f so< if) a <4 i« till! Ied lo IT<..r)i) Id !0 a .)Oileciio!> Or If! !of n>aliofi li<>i<<as Il disj>iri jfs .. vs i>J OVB cool!'oi I>liiyit)::,

! MAO! NG AND RADIOTHERAPEUTICS AGENTS TARGET! NG
FIBROBLAST-ACTIVATION F ROTEIN-a.'pha r~FAP-alpha)

Title of
I ri ve rl t I I) !3

As ttie below:tamed inventof, I 'iefeby declare that:

,,"IS 0!BCI<3(atlofi
IS d' «ac>>d O I .he ahached appl;cation, or[:::::

5 United States ap i) licat;on OI ?" T interna:ional application nurnbe 1 6l ' "8 , 1 82

d on 22-Ap: -2020

, he ..bove-ident;fied applicat;on was made or authonzed to be fn de by me.

I believe that I am the original inventor o. an anginal join<;nventor of a cl imed invention in the application.

I hereby acknowledge that any willful fat 'e stater!'tent made i ! tt;is de<daration i ' p,!nishahle u !der ". 8 U.S.C. ". 001
i)y fine or imprisonme:it of not more I.'Ian fi'<8 (5) years. or boih.

WARRING:
' 'et' ionerlapphc<3 !'I IS Cautioned 'io aVO!d SubIT).'t'ling pe So!)al in>Din>ation ln (",OC(IIT!entS 'Ile<j In <, patent ai)plication '.,'i<3t IT)ay
contr;b 'te to identity theft. Pe.son. I inforfn. t:on such as social sec:rity numbers, bank . ccount numbers, or credit card numbers
,'ot'!Bf than a check 8; credit ca.d autt'Iofization forfn PTO-2038 submitted for payfnent Du!poses) is neve' requifed by the USP 0
0 '0'pl>ori <I petlilo" (" «i" '3')r>llc!3tlofi I f I.'lls type (' I)BI so!la' .'»'Ifoj"'«iiloji i'» "!"udec! Iri I tocunie<3>s subm:ited io the USP I 0,
;)et tioners applicants should consider .edaciing such pe.sonai info!n.aiio!3 irom the documents beiore suL)mitiing them to the
USP . O. Pet;ti'oner,'apphcant is advt'sed that ihe record o'I a p. tent applic. ti'on;s available io the publi'c af:er publicat;on of the
application tuniess a IOII-p(IL)licatiof! .eques: '.; co npiiance wi:h 37 CFR 1.2 "I 3i'a) is Iiiade in:he aprlicatio. > or issua !Ce of ":
patent, Fur,her!T'Io;,<8, tt;e record fl'om «I;3 abafidon<„-'.d appljca"'.ior! rn«ly also be aii'a>table to the put)ljc i.' the appiic«I!ion is
referencecl in a puL>lishec! applical.iOn Or an iSSue:"!),":!clat (SBB 37 Ci-R "..".4). CheckS ar'Id CI'Belli C!3((" ':Iu.t10!"Z!3tlO'I '<OITTIS

P l 0-2038 submitted fo. paymeni purpose:-, are not!Btained in the application iiie and therefore are not publicly available.

I.EGAL NAI't)l>E OF lN'v'Et«I 'OR

inv„,n„,. Ma.' t.n G. Pompe: o„,„rop, „„,, JLIne 23, 2020

Slg!Ia't''re:

. "'t ': A!1 applica4ion d:!a t ;eet ',P . 0!".Et'1 t 0. :qb:valent), i!. !u(ling narriin ttie entire i!.v !!live e!.t!'4y, n iust ' ',:on,p:I.y this fo!in or!nb. t ha.e
been prov;oosly hied I.!I 0 an additional Pi O/AIA'0 I forn. for each additional ir ventor.

"his ccl!er lion ol jnlon!alio > is regujred by 35 U SC ' '5 and 3" CF:. I 63 "he jr jcnnalion js rec"jred lo oblain or re!!>I! ! benef!! by fhe p<ib!ic "<h<ch is lo ljl!' .!and
by!I'e O' P O le p 0'eSS,' a app"CS'!<I'! Co<I!ide ilail,> i<I' gove fled t'y 35 U. .C. 22 ar)d 3! CFR . ' I 0 . 4. h>S Ci'I!e"lio<I IS eS'0'!!a)ed !0 'lake I 0>!'!0!0 '.0
cl>i<nplele. inciu I! Ig galhf fifl<2,!)nepal'Ing. aI d sill>n Illi<><i ii>e con>j>i< I«i aj>j>ilr)alioi> fo. f! Io Ihe Usp ' cl j r r !0 v)jil vary dr:,f)erirljng upori Ihr) jridl'4dua' lese. Ai>y
cr;rnrnrrus r;r. the an>ou;>I of ljn>e vou requjrt> li) ct>n)pie(a lhjs for:n and<<>l st.ggesljo:>s lo. iy)rji.«.,jng lhjs bu.den, should be sen::o lhe Chi!:f Infr rn>aljor. Offi<ei, U.S
Paleo! and Tl!> Iemark Office, I ' '-. Depadlnel!! «f Coin>>elec. P O. Box >450, tu(«al>dra, V)A 223'I 3-1450 DO h!OT SEI<D j>EES OR COVP' Ei ED FORVS "O
TI«i«S <r:DRESS SEND TO: Corn!YI!ssioner for Patents, P.O. Box 1450, Alexarldria, VA 22313-1450.

!rye<) i>err«ass)'sr .<>ie i<> ocn><Uef«>if!!>0 <00<!. ca<! '-Hc'!!>I'!)!)la." <<nits !<i pr <r)i< .':
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Pf IVBC3i ACt St<>tB!Tifvllt

: he Privy!cy Act of 1974 (P.L. 93-579) requi'res that you be given certain infom1ation in connect on
'vith your submiss on of the attached form related to a patent application or patent. Accordingly.
pufSuaiit tO the requIA?IBBI?es Of the Act, pieaSB b!3 cidviSB(! 'thae I11 the qeileral ciuthOfity IOr thP
collection ol tl'is information .': 35 U.S.C. 2{b){2); (2) fufnishirig ol tl'e inforn'ation solicited is voluntafy;
and (3;: the principal purpose for v'hich tl?e inforn:ation is u..ed by the U.S. Patent and Trademark
Of:Ice is to pmcess and/or examine your submission related to a patent application or patent. If you do
not furnish t!'!e requested informatio!'! .. the U.S. Patent and T!'ade! dark Office may not be able to
process and/of exarriine you! subrriissiofl, which rf lay!'esult :.n terr!'.illation of proceed;ngs or
abaftdonfBeflt of thP. 3pplica'tion or exp!I'ation of lhe p3tei'!t.

":he:nformation provided by you in this torm viill be subject to the tolloviing routine uses:

The infofrnation on this fofrn will be treated confidentially to the extent allowed 'ndef the
Ff{eedQE '. of lilfof fl'!dtiof! Act (5 U.S '" ~5~l al ' !d the Privacy Act (5 U S ' 552d) P«PCQ! ds f!UEA
th's "v"ten' of records m=" he disclo <:ed:A 'he Deoaftn!ent of Ju<:t:"e to deter:-"irie v hethe:
disc!Qs,'! IP. of thesP. I ecol ds Is I'eq!>Ii'ed by;he FIPedoiYI of I.nfo!Tna'I:oi1 Act.
A. record from this system of records may be disclosed. as a routine use. in the course of
presentinq evidence to 3 {oui%, mag:strate, or ad:.:inistrati'e tr:bunal, including disclosures to
opposing counsel in the course of settlemPAt negotiations.
A. record in this system of recolds Alay be disc!osed. as 3 IQUtll'8 Use. 'to 3 Member of
Conoress submi'tting 3 request involvi»q an ind v !dual, to whom the rec( rd pedains when 'hP
ind vidual has requested assistance frofn the Member w:'":h respect to the subject:.:atter of thc
record.
A. record in this system of records may be disc!{>sed. as a routine use. to a contractor of the
Agency having need for the nforfnatio!1 in order to perform3 contract, Recip ents of
info{Enation shall be requi'red to comply v'ith the requirements of the Privacy Act of 1974. as
afnended, pufsUdl1t to 5 U.S.C. 5523(A!).
A I'ecof{I I'Pla'tPd to an Intefriational Applicat!On filed un{ler the Patent Coope(3tloi'I Tleaty Ill
this ..y..te!: of !scolds may be disclosed, a.. 3 routi! IP!'se, tr> the Interl!3tlo! Ial P>ll! Pail of ',he
'A'orld Intellectual Property Organ:zation. pursuant to tl?e Patent Cr>operation Treaty.
A I'ecof{I I!! 'Ibis systel f1 of I ecof'( s A1'Iy be disclosed, 3s 3 I'QLI'll! !'8 Use, to 3AotllPf !'< del'31

agency for purposes of National Scour ty review,'35 U.S.C. 1P>'I1 and tor review pursuant to
the ><>tomic f-nergy Act (42 U.S C 21P>(c);:.
A!'ecofd ff Qr!1 this syster!1 of records A!ay be d:.s losed, as a routine use, to t!'!e Ad!B:niserator,
Gene! al Services or h:.s,'her desiqnee during an inspect:.on of records conducted by GSA as
paf' of that agef1cy s respo!:Sibility to fecolflnlelio IA1pi'ovefBG!:ts !El f'c:.col'os fB3!:cigemeAt
practices and programs, under authority of 4". U.S.C. 2904 3»d 2906. Such disclosure shall
be made in accordance v:ith the GSA regulat:ons governing inspection of records for this
purpos ~, and any other relevant (/.e., GSA o! Cornrnerce,' di! ective. Such disclosure shall not
be Use(t to rf\ake dete;A!Ir!3(IQE'!s db!QUt Ind!V!dLlals.
A !Goof{l f!Qlfl this system o! r«cords l fl ay L'!6 d! OIQSPd, cls 3 IQutin!! l use, tQ t!!6 pi>blic el!ter

either publ:cation ot tl?e application pursuant to 35!J.S.C. 122{b) or issuance ot a patent
pursuant to 35!J S.C. 151. Further. -: record:"!ay be disclosed, subiect to the limitations r>t 3/
CFR I. 'l4, as a routine Use, to the public it tl?e record vias filed in an application which
became abandoned or in which the p!'oceedings were tefrninated and which applicatio!'! is
refel'Pf Iced by either a published application, a!! appli'cation open to pub!i'c inspection of an
ISSUG{l Pell(:.I' ll.
A record from this system of record.. may be d:solo,.ed, as a routine use, to a Federal, St te.
0! !Oc !I Idw enfo! cei !Bn't agency, if the USPTO becoITles avva! 8 of 3 vio!3'tion or potent:al
VIQ!3',Ion of !Pave! 0! {egUIatiol!.
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UNITED STATES
PATENT AND TRADEMARK OFFICE

ELECTRONIC PAYMENT RECEIPT

APPLICATION 0 ATTORNEY DOCKET 0RECEIPT DATE /TIME
07/18/2023 03'48:57 PM ET18/354,282

Title of Invention
IMAGING AND RADIOTHERAPEUTICS AGENTS TARGETING FIBROBLAST-ACTIVATION
P ROTE IN-ALP HA (FAP-ALP HA)

Application Information

J HU-36631,303

PATENT 0APPLICATION TYPE U t i l ity - Nonprovisional Application
under 35 USC 111(ai

CONFIRMATION 0 7 5 3 6 F ILE D BY S tephanie F ilandrinos

PATENT CENTER 0 62 4 61174 AUTHORIZED BY J effrey Childers

FILING DATECUSTOMER 0 10 1 943

CORRESPONDENCE
ADDRESS

FIRST NAMED X ing Yang
INVENTOR

PaymentInformation

PAYMENT TRANSACTION ID
E 2023? HF 4922560?

PAY ME NT AUTHOR IZE D BY
Stephanie Filandrinos

PAYMENT METHOD
CARD /0638

F E E CODE DE SC R IPTION ITEM PRICE($) ITE M TOTAL($)QUANTITY

2830 56.00 56.00PROCESSING FEE, EXCEPT IN

P ROVIS IONAL AP P LICATIONS

2817 1680.00 1680.00REQUEST FOR PRIORITIZED
EXAMINATION

UTILITY PATENT APPL, SEARCH
FEE

280.00 280.00
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TOTAL
AMOUNT:

$2,400.00

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including page counts, where applicable, It serves as evidence of receipt similar to a Post Card, as
describedinMPEP 503,

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1,53(b)-(d)
and MPEP 506), a Filing Receipt(37 CFR 1,54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.S.C. 371

If a tinaely submission to enter the national stage of an international application is conapliant with the conditions of 35 U,S.C,
371 and other applicablerequirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage
subnaission under 35 U,S,C, 371 will be issued in addition to the Filing Receipt, in due course,

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MP EP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgenient Receipt will establish the international filing date of the application.

Petitioner GE Healthcare – Ex. 1002, p. 75 



Page 1 of5
P.O. Box 1450

Alexandria, VA 22313 - 1450
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UNITED STATES
PATENT AND TRADEMARK OFFICE

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION 0 ATTORNEY DOCKET 0RECEIPT DATE /TIME
07/18/2023 03:48:57 PM ET18/354,282

Title of Invention
IMAGING AND RADIOTHERAPEUTICS AGENTS TARGETING FIBROBLAST-ACTIVATION
P ROTE IN-ALP HA (FAP-ALP HA)

Application Information

j HU-36631.303

PATENT 0APPLICATION TYPE Utility - Nonprovisional Application
under 35 USC 111(a)

CONFIRMATION 0 7 5 3 6 FILED BY Stephanie Filandrinos

FILING DATEPATENT CENTER 0 62 4 61174

CUSTOMER 0 10 1 943 FIRST NAMED X ing Yang
INVENTOR

CORRESPONDENCE
ADDRESS

AUTHORIZED BY J effrey Childers

TOTAL DOC UME NTS: 13Documents

DOCUMENT PAGES DES CRIPTION SIZE (KB)

2023-07­
18 36631.303 PA,pdf

146 KB

2023-07-18 36631,303 P A­ (l-l)
A,PE.pdf

128 KBPreliminary Amendment

C laims 90 KB2023-07-18 36631,303 P A­ (2-3)
C LM,pelf

2023-07-18 36631,303 P A­ (4-4)
REM,pdf

88 KBA p p lie a nt A rg ume nts/R e ma rks
Made in an Amendment

2023-07­

18 36631.303 Trackl.pdf
109 KBTrack One Request
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338 KB2023-07­
18 36631.303 IDS,pdf

VVarning: This is not a US PTO supplied IDS fillable form, Data in the form cannot be
automatically loaded to other USPTO systems, The attached file contains comments or
annotations, Comments are not recommended and may cause processing problems with
the document,

2023-07­

18 36631.303 ADS,pdf
10 260 KBApplication Data S hect

VVarning: This is not a USPTO supplied ADS fillable form, Data in the form cannot be
automatically loaded to other USPTO systems,

2023-07­
18 36631.303 EXEC POA,p
df

842 KBP ower of Attorney

1541 KB2023-07­
18 36631.303 Application.pd
f

2023-07­
18 36631.303 Application­
SPEC,pelf

{1-61) 61 1035 KBS pecification

2023-07­
18 36631.303 Application­
CLM,pdf

C laims 597 KB{62-76) 15

2023-07­

18 36631.303 Application­
ABST,pelf

Abstract 122 KB( 77-77) 1

2023-07­
18 36631.303 FIGURES,pdf

2952 KBDrawings-only black and white
line drawings

Oath or Declaration filed 3575 KB2023-07­
18 36631.303 E xec D ec Is A I
I,pdf
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76 t'B2023-07­
18 36631.303 439.pdf

Digest

DOCUMENT ME S SAG E DIG E ST(S HA-512)

2023-07-18 36631.303 P A,pdf 58 9F 98142A13035DOB DA4E 51D D1BA0806109335269F 43E C 877
89DC11158B9DF42B932F B5BC70C6AEOC4D1DB4A8C569CEC2
E EA4BF OC76673D6918662DA2A1B2D6

2023-07-18 36631,303 P A­
A,PE.pdf

C 87350B484F 36946B C 1F OOE 2BAOD3D E E C 72E 5E 563868A5B43
A31C 28530D4B 1A79B 7E 6115DOC C 79B F B8797AA362F 13056AO
FA6E0763142E736AB4F 1B7F B3B6046

2023-07-18 36631,303 P A­
C LM,pcIf

E 37326019E E F8242C 9E 73C B3D93D417A9C67B30215B711F E 7
90692478F E 039862C F 4D E 499306AB4D7E 8F 3C 5E 5F 656929910
90A8776511D9AC A DE 587B 26301B E 6

2023-07-18 36631,303 P A­
REM,pdf

9790B 3D28A854D4C C 329BA5D5F 1232F E 263C 55C OF 257904549
C B 9C A5C 20E 2016500D 99A27179001B 34A14258D D 5F 99D5937
F 58392E E 75AC 1C8DE C D3667D473A8

2023-07­

18 36631.303 Trackl.pdf
1C F A770E 503C D3319E OB D F 93021043D8A608F 7511383802D B 2
46B F 27C A3BA83B342E 64A192375C E E 7F 17733F 27E 13E B 134E
3AOD7F 93BD673ABCAB9D2B8124C40

2023-07-18 36631,303 IDS,pdf B 9 E3D9C15AA1556E42B8AF24BDEFCCEBE3DFOB46CB0703C
649B3F BOB F 76018C 61C1F 068281308CA27B6E F 326B8A7740D2
78D20C E7B90D4E40A5BD527BBC409E7

2023-07­

18 36631.303 ADS,pdf
8C A01476B 26682A1346894C 56533F 8D114F OF D42E 5F E 626DOO
98243154CA28E4A6695C C17E 9B4878D3DB35A004ABDA4BA5
DF 171F C 782A1C D1157B33BDF B1B6D5

2023-07­ 64099E 8B 5B 3623C D B C OD19368E F F 9B B 05C 127C 22F 1473147C
18 36631.303 E X E C P OA,pdf OC E 0990C F D37787BA6D B E AC E 2E E 4C 94B44F 97E E 9C 26F 48AA

A3071A3A956F 26924039F F BA17C 730E
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2023-07­ 7D41E 713DC C E 64390A7F 8B B B 95901E 6F 7D3B03827B D843D25
18 36631.303 Application,pdf 5C9FDAAF59EBC9BDBC21C3AF573C65E923B80997FA2B1C57

B E 3497E E CAD2A732828A32A3E E D221F

2023-07­
18 36631. 303 A p p lie a tio n­
SPEC,pdf

E D282D E 61F B526452378B 17C 5A82B E 68B C B DA86163471834F
1F F F B E E 721D B418AD86E 4A64151AD8178405A7E C 185E 6366F
C E 2E DF 4D8AA37409C 3202C F 07E 3A94

2023-07­
18 36631.303 Application­
CLM,pdf

9E358B6DC D250D432C58DB1D5E3BOC F 669DF C61A905756FA
D1C OF 46A33258B F 4D4F C OB 6E F 6A E A6F 57C 69C F OOC 64F 48E 0

F 6F65C21AD5E5F E 7181DF 1B915519C62

2023-07­
18 36631. 303 A p p lie a tio n­
ABST,pdf

E F 17C 9C 6F 7F D9F E 9684C 08807F 1239436E AE 98F 670B 19C 97B
59BB6C45C1B519054F B3AC F 56801D7D6F 83ACOE8DOA8396F 7
C B B DD9D9C 2E F 745A8F 903B DC C DBAD1

2023-07­
18 36631.303 FIGURES,pdf

4673E 55683B95B65DOCAF D7A640C C 90E4C 63C C DD3C B4175B
6F 8F B F 27E F F 865E B31968B6A493DOE 23A3635F A28D2356B D 7
2773C DA84A705093997187DBOE 24E DC

2023-07­ 71F5B35C DB E683B4AAF 18E E60711C44AB1F F E E464AE 7D04A
18 36631.303 ExecDecls All,p 153526EF437860995F 7B8629133E F2E BFODF FDD3E69F E18034

df EA1CC E79E6F8D92C2F F E263DB9401E

2023-07-18 36631,303 439,pdf C A 8B15D710940A714443B E 075B4F 028B F 64C 37A3BA85C C E D
C 24F F D E D11C A3C 434F E 125E 46F B E 5529D B4D F 76860744F 748
7D4A93F 5369B4936F 0704F F 55C D lE 22

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized

by the applicant, and including page counts, where applicable, It serves as evidence of receipt similar to a Post Card, as
describedinMPEP 503,

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1,53(b)-(d)
and MPEP 506), a Filing Receipt(37 CFR 1,54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.S.C. 371

If a tinaely submission to enter the national stage of an international application is conapliant with the conditions of 35 U,S.C,
371 and other applicable requirenients a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage
subnaission under 35 U,S,C, 371 will be issued in addition to the Filing Receipt, in due course,

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an

Petitioner GE Healthcare – Ex. 1002, p. 79 



Page 5 of5

international filing date (see PCT Atticle 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RCI/105) will be issued in due course, subject to prescriptions concerning national security,

and the date shown on this Acknowledgenient Receipt will establish the international filing date of the application,
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INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Application Number
Filing Date
First Named Inventor
Art Unit
Examiner Name

YANG

(use as many sheets as necessary)

Sheet of JHU-36631.3034 Attorney Docket Number

Exami
ner

Initials

Cite
No."

Document Number

Number-Kind Code' (if Publication Date
YYYY-MM-DD

U.S. PATENTS

Issue or

known)
Document

Name of Patentee or
Applicant of Cited

Pages, Columns, Lines,

Relevant Passages or

Figures Appear

Where

Relevant

9346814 JANSEN et al.2016-05-24

Exami
ner

Initials

Cite
No.'

Document Number

Number-Kind Code4 (if Publication Date
YYYY-MM-DD

Issue or

known)

U.S. PUBLISHED PATENT APPLICATIONS

Name of Patentee or
Applicant of Cited

Document

Pages, Columns, Lines,

Relevant Passages or

Figures Appear

Where

Relevant

20080280856

20140357650

COHEN et al.

JANSEN et al.

2008-11-13

2014-12-04

Note: Submission of copies of U.S. Patents and published U.S. Patent Applications is not required.

FOREIGN PATENT DOCUMENTS

Exami
ner

Initials

Cite
No." Forei n Patent Document

Country Code' Number' Kind
Code' (if known)

Publication
Date

YYYY-MM­

Name of Patentee or
Applicant of Cited

Pages,

Document
Columns, Lines,
Where Relevant

Passages or
Relevant Figures

Translati
on'

DD

Appear

WO 2013/107820

WO 2014/001538

2013-07-25
UNIVERSITEIT
ANTWERPEN et al.

GE HEALTHCARE
LTD2014-01-03

WO 2015/114166

WO 2016/149188

2015-08-06 PHILOCHEM AG
THE JOHNS
HOPKINS
U NI VERS I TY2016-09-22

Examiner
Signature
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IN THE CLAIMS:

The present listin < of claims replaces all previous versions of the claims.

1.-27. (Canceled)

28. (New) A compound of Formula (I):

B-L-A (I) wherein:

A is a tar< etin< moiety for FAP-a, wherein A has the structure of:

Wherein:

Rlx and R2x are each independently selected from the < roup consistin< of H,

OH, halo <~en, C1-6alk-yl, -O-C1-6alkyl, and -S-C 1 -6alkyl;

R3x is selected from the <~roup consistin<~ of H, -CN, -B(OH)2 -C(O)alkyl, ­

C(O)aryl-, -C =C-C(O)aryl, -C = C-S(O)2aryl, -CO2H, -SO3H, -SO2NH2, -PO3H2, and S­

tetrazol yl;

R4x is H;

RSx, R6x and R7x are each independently selected from the < roup consistin< of

H, -OH, oxo, halo <~en, -C1-6alkyl, -O-C1-6alkyl, -S-C1-6alkyl, -NR8xR9x, ­

OR12x, -Het2

and -Ar2; each of C 1-6alkyl bein<~ optionally substituted with from 1 to 3

substituents selected from -OH and halo< en;

R8x, R9x and R12x are each independently selected from the < roup consistin< of

H, -OH, halo, -C1-6alkyl, -O-C1-6alkyl, -S-C1-6alkyl, and -Ar3;

R10x, R 1 1 x, R13x and R14x are each independently selected from the < roup

consistin<~ of H, -OH, halo <~en, -C1-6alkyl, -O-C1-6alkyl, and -S-C 1-6alkyl; Arl,

Ar2 and

Ar3 are each independently a S- or 6-membered aromatic monocycle optionally

comprisin <~ 1 or 2 heteroatoms selected from 0, N and S; each of Arl, Ar2 and

Ar3 bein <~ optionally and independently substituted with from 1 to 3 substituents selected

from -NR10xR 1 1 x,-C1-6alkyl, -O-C1-6alkyl, and -S-C 1-6alkyl;

Het2 is a 5- or 6-membered non-aromatic monocycle optionally comprisin<~ 1
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or 2 heteroatoms selected from 0, N and S; Het2 bein< optionally substituted with

from 1 to 3 substituents selected from -NR13xR14x, -C1-6alkyl, -O-C1-6alkyl, and -S­

C 1-6al kyl;

v is 0, 1, 2, or 3; and

represents a 5 to 10-membered N-containin <~ aromatic or non-aromatic mono- or

bicyclic heterocycle, said heterocycle optionally further comprisin <~ 1, 2 or 3

heteroatoms selected from 0, N and S;

B is any optical or radiolabeled functional < roup suitable for optical ima< in<, PET

ima<~in<~, SPECT ima<~in<~, or radiotherapy; and

L is a linker havin<~ bi-functionalization adapted to form a chemical bond with B

and A.
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T HAT WH ICH IS CLA I M E D :

A compound of Formula (I) :

B L A

wherein:

A is a tar<~etin<~ moiety for FAP-u;

B is any optical or radiolabeled functional < roup suitable for optical ima < in<,

PET ima<~in<~, SPECT ima<~in<~, or radiotherapy; and

L is a linker havin <~ bi-functionalization adapted to form a chemical bond with

B and A.

2. T he co m p ound of claim 1, wherein A is an FAP-u tar<~etin<~ moiety

havin<~ the structure of:

y(R > ><) ( 2x)y

y (» ' )
N (R»)y

'y'v •
C H j 4x

V

R5x R7x
R6x (X');

wherein each y is independently an inte <~er selected from the <~roup consistin <~

of0, 1, and2;

Ri„ R 2 „ a n d R ; „ a r e each independently selected from the< roup consistin<

of H, OH, halo <~en, Ci <,alkyl, -0-Ci <,alkyl, and -S-Ci <,alkyl;

R;, is selected from the <~roup consistin<~ of H, -CN, -B(OH)2, -C(0)alkyl, ­

C(0)aryl-, -C = C-C(0)aryl, -C = C-S(0)2aryl, -C02H, -SO-H, -S02NH2, -PO-H2, and

5-tetrazol yl;

R4,is H ;

R~„R<,„and R7, are each independently selected from the < roup consistin< of

H, -OH, oxo, halo <~en, -Ci <alkyl, -O-Ci<alkyl , -S-Ci <alkyl, -NRz,R>,, -ORi2, , -Het2

and -Ar2; each of Ci <alkyl bein <~ optionally substituted with from 1 to 3 substituents

selected from -OH and halo < en;

Rs„R >„ and Ri2, are each independently selected from the < roup consistin< of

H, -OH, halo, -Ci <,alkyl, -0-Ci <,alkyl, -S-Ci <,alkyl, and -Ar; ;

62
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Rni„R I I „ R I ; , and RI<, are each independently selected from the < roup

consistin<~ of H, -OH, halo <~en, -CI <alkyl, -0-CI <alkyl, and -S-CI <alkyl; ArI , Ar~ and

Ar; are each independently a 5- or 6-membered aromatic monocycle optionally

comprisin <~ 1 or 2 heteroatoms selected from 0, N and S; each of ArI, Ar~ and Ar;

bein<~ optionally and independently substituted with from 1 to 3 substituents selected

from -N R n>,RI I,, -CI <alkyl, -0-CI <alkyl, and -S-CI <alkyl;

Het~ is a 5- or 6-membered non-aromatic monocycle optionally comprisin <~ 1

or 2 heteroatoms selected from 0, N and S; Het~ bein < optionally substituted with

from 1 to 3 substituents selected from -NRI ; ,RI<„ -C I <alkyl, -O-CI-(alkyl, and -S-CI

c,alkyl;
v is 0, 1, 2, or 3; and

represents a 5 to 10-membered N-containin <~ aromatic or non-aromatic mono­

or bicyclic heterocycle, said heterocycle optionally further comprisin <~ 1, 2 or 3

heteroatoms selected from 0, N and S;

wherein ~ ind ic a tes a point of attachment of the FAP-u bindin<~ li<~and to

the linker, L, or the reporter moiety, B, wherein the point of attachment can be

throu<~h any of the carbon atoms of the 5 to 10-membered N-containin <~ aromatic or

non-aromatic mono- or bicyclic heterocycle thereof;

and stereoisomers and pharmaceutically acceptable salts thereof.

3. T he compound of claim 2, wherein
*

is selected from the

<~roup consistin<~ of:
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wherein "' indicates the point of attachment of the 5 to 10-membered N­

containin<~ aromatic or non-aromatic mono- or bicyclic heterocycle to — (CH2),—.

4. T he co m p ound of claim 2, wherein A is an FAP-u tar<~etin<~ moiety

havin<~ the structure of:

y(R>x) ( 2x)y

y(R3x') N C

6&

7 +
8 N

wherein ~ ind ic a tes a point of attachment of the FAP-u bindin <~ li<~and to

the linker, L, or the reporter moiety, B, wherein the point of attachment can be

throu<~h any of carbon atoms 5, 6, 7, or 8 of the quinolinyl r in <~ thereof; and

stereoisomers and pharmaceutically acceptable salts thereof.

The compound of claim 4, wherein A is selected from the <~roup

consistin<~ of:
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y (R1x) ( 2x) y

y(R3x') N C =N

y(R1x) ( 2x) y

y(R3x') N C =N

0 N ~

y(R1x) ( 2x) y

y(R3x') N C =N

N N ; and N

The compound of claim 5, wherein A is selected from the <~roup

consistin<~ of:

0 N~ 0 N ~ 0 N ~

N N ; and N

and stereoisomers thereof.

The compound of claim 5, wherein A i s selected from the <~roup

consistin<~ of:

0 N ~ 0 0 N~ 0 0 N~ 0

A~ A2 A3
N N ;an N

8. T he co m p ound of any of claims 1-7, wherein L and B are selected

from the <~roup consistin <~ of (a), (b), (c), or (d):

R2 R3R I
Tz~N

V N

R1 R
P1

m m2
w„

m1 (CH2)t

P3
P2(a)

wherein:

pi, p2, p; and p< may be in any order;

65

Petitioner GE Healthcare – Ex. 1002, p. 103 



Attorney Docket: JHU-36631.303

t is an inte<~er selected from the <~roup consistin<~ of 1, 2, 3, 4, 5, 6, 7, and 8;

pi, p;, and p< are each independently 0 or 1;

p~ is an inte<~er selected from the <~roup consistin <~ of 0, 1, 2, and 3, and when

p~ is 2 or 3, each Ri is the same or different;

mi and m~ are each an inte < er independently selected from the < roup

consistin<~ of 0, 1, 2, 3, 4, S, and 6;

Wi is selected from the < roup consistin< of a bond, — S —, — C(= O) — NR —, and­

NR — C(= O) —;

W~ is selected from the < roup consistin< of a bond, -S-, -CH~-C( = O)-NR-, ­

C(O) —,— NRC(O) —, — NR'C(O)NR —,— NRC(S)NR'~ —, — NRC(O)O —,— OC(O)NR —,­

OC(O) —,— C(O)NR —, — NR — C(O) —,— C(O)O —, — (0 — CH~ — CH~)„— and — (CH~-CH~-O)„,

wherein q is selected from the <~roup consistin<~ of 1, 2, 3, 4, S, 6, 7, and 8;

each R or R' is independently H, alkyl, substituted alkyl, cycloalkyl ,

substituted cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted

aryl, heteroaryl, substituted heteroaryl, and — ORq, wherein R~ is selected from the

<~roup consistin<~ of H, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,

heterocycloalkyl, and substituted heterocycloalkyl, wherein q is defined as

immediately hereinabove;

Tz is a triazole < roup that can be present or absent and, if present, is selected

~ NN~

andfrom the <~roup consistin <~ of

each Ri is independently H, Ci-C<, alkyl, C;-Cu aryl , -(CH~)„-C;-Cu aryl, -Cz­

CiE alkylaryl, or -(CH~)„-Cz-CiE alkylaryl; R~ and R; are each independently H and­

CO~R~, wherein R~ is selected from the <~roup consistin<~ of H, Ci-C<, alkyl, C;-C i~

aryl, and C<-Ci<, alkylaryl, wherein when one of R~ or R; is CO~R,-, then the other is

H;

V is selected from the < roup consistin< of — C(O) —, -C(S)-, — NRC(O) —, ­

NRC(S) —, and — OC(O) —;
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R

~N
V

I R2 Rg

N R m
rz~

mi

pi Ri
ps

Pz(b)

wherein pi p2, p;, mi, m2, Tz, W2 R, Ri, R2, R;, and V are defined as

hereinabove;

(c) -Li- , -L2-L; —, or -Li-L2-L; —, wherein;

Li is -NR-(CH2)<i­[0-CH2-CH2-0]<i-(CH2)<i-C(= 0)-;

L2 is -NR-(CH2)„-C(COOR,-)-NR-; and

L; is -(0 = )C-(CH2)„-C( = 0)-;

wherein each q is independently an inte <~er selected from the <~roup consistin <~ of 1, 2,

3, 4, S, 6, 7, and 8; and R and R,- are as defined hereinabove;

(d) B-(CR<,H)„-(CH2)„-C( = 0)-NR-(CH2)„-0- or B-NR-(CH2)„-0-; wherein

each q and R is defined hereinabove; and R<, is H or — COOR~; and

B is any optical or radiolabeled functional < roup suitable for optical ima < in<,

PET ima<~in<~, SPECT ima<~in<~, or radiotherapy; and stereoisomers and

pharmaceutically acceptable salts thereof.

The compound of any of claims 1-8, wherein L is selected from the

<~roup consistin<~ of:
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0

0

yM ~ , ~ N ~ o~ ,

~ N~ Oy
C OO R5 R

R 0

* N

+ N

0 R

R50 0
R50
0 00

RR

0 0 0 00

N~

0

+ N

R 0
0

0
0

+ N

R
N

R 0
N
R

N~
UI

0 0 0 0

R R R R

wherein u is an inte <~er selected from 1, 2, 3, 4, S, 6, 7, and 8; and R and R,- are

as defined hereinabove.

10. T he c o m pound of any of claims 1-9, wherein B is a radiolabeled

prosthetic <~roup comprisin <~ a radioisotope selected from the <~roup consistin<~ of '"F,

' -"I, '-"I , ' ' I , and -" 'At .

11. T he c o m pound of claim 10, wherein the radiolabeled prosthetic<~roup

is selected from the <~roup consistin<~ of:
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X X
Q gy X Q

X

x;
. X H »

n

N

n
n

X
R. / 0

N-N

N NR
R' n

~ NQ
X n

wherein each X is independently a radioisotope selected from the < roup consistin< of

'"F, '-"I, ' -"I , ' ' I , and -" 'At ; each R and R' is defined hereinabove; and each n is

independently an inte <~er selected from the <~roup consistin <~ of 0, 1, 2, 3, 4, S, 6, 7, 8,

9, 10, 11, 12, 13, 14, 1S, 16, 17, 18, 19, and 20.

12. T he c o m pound of claim 11, wherein the radiolabeled prosthetic<~roup

is selected from the <~roup consistin<~ of:

0

N

0

N

18F

18F ' 18F 18F N

0 0

N ~ N

0

N

1241 1251

-NN= -NN=

0

N
~ N~ ~ ; and

" F n " F n 211 At

13. T he c o m pound of any of claims 1-9, wherein B comprises a chelatin<~

a< ent.

14. T he c o m pound of claim 13, wherein the chelatin< a< ent is selected

from the <~roup consistin <~ of:
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+ N~ ~
H

N ~ C 0 2H
N~

C02H

p 0

N ~ C 0 2H
N~

C02H
C02H

N ~ C 0 2H
N~

C02H
C02HC02H

N ~ C 0 2H
N~

C02H

+ N ~ N C02H

N ~ C 0 2H 0 N ~ C 0 2 H
N~

C02H H C02H
C02H N C02H

N~

~C0 2H

C02H

C02H C02H p

HO)O N ~ X HO) O N C02H

N ~ C 0 2 H
N~

C02H
C02H

N ~ C 0 2 H
N~

C02H
C02H

(NA ~1­
N+
(
C02H

0

C02H

N

(
(
(

N

C02H

N ~ C 0 2H(
(

(
C02H

(

(NA

(

C02H

C02H

C02H

N
N ~ C 0 2H

(

(
( N

C02H 0

C02H

N ~ C 0 2H

(

C02H

N

C02H

C02H

X /
H

NH

HNQ

Y'
C02H

C02H

( O

~NA ~p+
HO

HO N N OH

C02H
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HO~ N N OH
Ho

HO N N OH Ho N N NM

0 0

H

OH
N N ' ( )

HO N N ­ HNHO N N OH
x /

0

HN
Ho HNy Tr Lg

0

P
O

HOC~ 1

N
N ~ C 0 2H

N~ C02H

C02H
HO,C~

N

C02H

(
N ~ C 0 2H

CO,H

0
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0 NH

~COOH OHOH

N~

OH
N

HOOC

0 N y

O I O L O

HO ~ N ~

COOH OH , and
OH

N

I S. T he c o m pound of any of claims 1-9, wherein B comprises an optical

dye.

16. T he c o m pound of claim 15, wherein the optical dye comprises a

fluorescent dye.

17. T he c o m pound of claim 16, wherein the fluorescent dye is selected

from the <~roup consistin <~ of carbocyanine, indocarbocyanine, oxacarbocyanine,

thiacarbocyanine and merocyanine, polymethine, coumarine, rhodamine, xanthene,

f luorescein, boron-dipyrromethane (BODIPY), CyS, CyS.S, Cy7, VivoTa <~-680,

VivoTa<~-S680, VivoTa<~-S7SO, AlexaFluor660, AlexaFluor680, AlexaFluor700,

AlexaFluor7SO, AlexaFluor790, Dy677, Dy676, Dy682, Dy7S2, Dy780, DyLi~<~htS47,

Dyli <~ht647, HiLyte Fluor 647, HiLyte Fluor 680, HiLyte Fluor 7SO, IRDye 800CW,

IRDye 800RS, IRDye 700DX, ADS780WS, ADS830WS, and ADS832WS.

18. T he c o m pound of claim 15, wherein the optical dye is selected from

the <~roup consistin<~ of:
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80. '

SO->'

on

F l
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and

19. T he c o m pound of claims 1-9, wherein the compound is selected from

the <~roup consistin<~ of:
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0 N~
H

B
N ~ O

N and

0 N~
HOOC

N 0

0
N

20. T he c o m pound of claim 19, wherein the compound is selected from the

<~roup consistin<~ of:

OgS

N

H
HOES~

HO3S XY-FAP-01
N

SOpH ; and

0 N~ O4000

XY-FAP-02
HO

0
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21. A phar m aceutical composition comprisin<~ the compound of any of

claims 1-20,

22. T he c o m posit ion of claim 21, further comprisin<~ one or more of

pharmaceutically acceptable carriers, diluents, excipients, or adjuvants.

23. A m eth o d for ima< in< a disease or disorder associated with f ibroblast­

activation protein-u (FAP-u), the method comprisin <~ administerin<~ a compound

accordin < to any of claims 1-20 or a pharmaceutical composition of claim 21 to a

subject, wherein the compound of formula (I) comprises an optical or radiolabeled

functional <~roup suitable for optical ima<~in<~, PET ima<~in<~, or SPECT i m a<~in<~; and

obtainin <~ an ima<~e.

24. A m eth o d for inhibi t in<~ flbroblast-activation protein-u (FAP-u), the

method comprisin < administerin< to a subject in need thereof an effective amount of a

compound accordin < to any of claims 1-20 or a pharmaceutical composition of claim

21.

25. A m eth o d for treatin<~ a fibroblast-activation protein-u (FAP-u)-related

disease or disorder, the method comprisin <~ administerin<~ to a subject in need of

treatment thereof an effective amount of a compound accordin < to any of claims 1-20

or a pharmaceutical composition of claim 21, wherein the compound of formula (I)

comprises a radiolabeled functional < roup suitable for radiotherapy.

26. T he m e t hod of claim 2S, wherein (FAP-u)-related disease or disorder

is selected from the < roup consistin< of a proliferative disease; diseases characterized

by tissue remodelin <~ and/or chronic inflammation; disorders involvin<~

endocrinolo <~ical dysfunction; and blood clottin<~ disorders.

27. T he m e t hod of claim 26, wherein the proliferative disease is selected

from the <~roup consistin <~ of breast cancer, colorectal cancer, ovarian cancer, prostate

cancer, pancreatic cancer, kidney cancer, lun <~ cancer, melanoma, fibrosarcoma, bone

and connective tissue sarcomas, renal cell carcinoma, < iant cell carcinoma, squamous

cell carcinoma, and adenocarcinoma.
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application in accordance with 37 CFR 1.14.
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ABSTRACT

Ima< in< and radiotherapeutics a < ents tar< etin< fibroblast-activation protein-u

(FAP-u) and their use in ima < in< and treatin< FAP-u related diseases and disorders

are disclosed.
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IMAGING AND RA D I O T H ERAPEUTICS AGENTS TARGETING FIBROBLAST­

ACTIVATION PROTEIN-ALPHA (FAP-ALPHA)

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation of U.S. Patent Application 16/7S8,182, filed

April 22, 2020, which is a U.S. )371 National Entry Appl ication of

PCT/US2018/OS7086, filed October 23, 2018, which claims the benefit of U.S.

Provisional Appl ication No. 62/S7S,607, filed October 23, 2017, each of which is

incorporated herein by reference in its entirety.

10

FEDERALLY SPONSO RED RESEARCH OR DEV ELO P M E N T

This invention was made with <government support under CA197470 awarded

by the National Institutes of Health. The < overnment has certain ri< hts in the

invention.

BACKGROUND

Fibroblast-activation protein-u (FAP-u) expression has been detected on the

surface of fibroblasts in the stroma surroundin < )90% of the epithelial cancers

examined, includin < mali< nant breast, colorectal, skin, prostate and pancreatic

20 can c ers. (Garin-Chesa, et al., 1990; Retti<, et al., 1993; Tuxhorn, et al., 2002;

Scanlan, et al., 1994). I t is a characteristic marker for carcinoma-associated-fibroblast

(CAF), which plays a critical role in promotin <~ an<~io<~enesis, proliferation, invasion,

and inhibition of tumor cell death. (A l l inen, et al., 2004; Franco, et al., 2010). In

healthy adult tissues, FAP-u expression is only l imi ted to areas of tissue remodelin <

2S or w o und healin<~. (Scanlan, et al., 1994; Yu, et al., 2010; Bae, et al., 2008; Kraman,

et al., 2010). In addit ion, FAP-u-positive cells are observed durin < embryo< enesis in

areas of chronic inflammation, arthritis, and fibrosis, as well as in soft tissue and bone

sarcomas. (Scanlan, et al., 1994; Yu, et al., 2010). These characteristics make FAP-u

a potential ima < in< and radiotherapeutic tar< et for cancer and inflammation diseases.

Because FAP-u is expressed in tumor stroma, anti-FAP antibodies have been30

investi<~ated for radioimmunotar <~etin<~ of mali<~nancies, includin<~ murine F19,

sibrotuzumab (a humanized version of the F19 antibody), ESC11, ESC14, and others.

(Welt, et al., 1994; Scott, et al., 2003; Fischer, et al., 2012). Ant ibodies also

demonstrated the feasibility of ima <~in<~ inflammation, such as rheumatoid arthritis.
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(Laverman, et al., 2015). The use of antibodies as molecular ima < in< a< ents,

however, suffers from pharmacokinetic l imitations, including slow blood and non­

tar< et tissue clearance (normally 2 — 5 days or ion < er) and non-specific or < an uptake.

Low molecular wei < ht (LMW) a < ents demonstrate faster pharmacokinetics and a

higher specific signal within cl inically convenient times after administration. They

also can be synthesized in radiolabeled form more easily and may offer a shorter path

to re< ulatory approval. (Coenen, et al., 2010; Coenen, et al., 2012; Reilly, et al.,

2015). To date, however, no LMW l i gand has been reported with ideal properties for

nuclear imaging of FAP-u.

10

SUMMARY

In some aspects, the presently disclosed subject matter provides a compound

of Formula (I):

B L A

15 w he r e in : A i s a targeting moiety for FAP-u; B is any optical or radiolabeled

functional group suitable for optical imagin <~, PET imagin<~, SPECT imagin <~, or

radiotherapy; and L is a linker having bi-functionalization adapted to form a chemical

bond with B and A.

In particular aspects, A is an FAP-u tar < etin< moiety havin< the structure of:

y (R > x) ( 2x) y

y (» ' )
N (R»)y

C H j 4x
V

R5x R7x
20 R6x (X');

wherein each y is independently an integer selected from the group consisting

of 0, 1, and 2; Ri „ R 2 „ a n d R ; „ a r e each independently selected from the< roup

consisting of H, OH, halo < en, Ci-(alky l , -O-Ci<alkyl, and -S-Ci­(alkyl; Rix is selected

from the group consisting of H, -CN, -B(OH)2, -C(O)alkyl, -C(O)aryl-, -C = C­

25 C(O )aryl,-C = C-S(O)2aryl, -CO2H, -SO;H, -SO2NH2, -PO;H2, and 5-tetrazolyl; Rz x is

H; R~„R<,„and R7, are each independently selected from the < roup consistin< of H, ­

OH, oxo, halogen, -Ci <alkyl, -0-Ci <alkyl, -S-Ci <alkyl, -NRxxR>x, -ORi2x, -Het2 and­

Ar2; each of Ci <,alkyl being optionally substituted with from 1 to 3 substituents
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selected from -OH and halo < en; Rx„R >„ and Ri2x are each independently selected

from the <~roup consistin <~ of H, -OH, halo, -Ci <alkyl, -0-Ci <alkyl, -S-Ci <alkyl, and­

Ar;; Rni„ R i i „ Ri ; x and Ri<x are each independently selected from the < roup

consistin<~ of H, -OH, halo <~en, -Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl; Ar i , Ar2 and

5 A r; a r e each independently a 5- or 6-membered aromatic monocycle optionally

comprisin <~ 1 or 2 heteroatoms selected from 0, N and S; each of Ari , Ar2 and Ar;

bein<~ optionally and independently substituted with from 1 to 3 substituents selected

from -N R n ixRi ix, -Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl; Het2 is a 5- or 6­

membered non-aromatic monocycle optionally comprisin <~ 1 or 2 heteroatoms

10 sel e c ted from 0, N and S; Het2 bein<~ optionally substituted with from 1 to 3

substituents selected from -NRi ;xRiz„ - C i <alkyl, - 0-C / - (a lky l , and -S -C f ­ (alkyl; v is

0, 1,2, or3; and

represents a 5 to 10-membered N-containin <~ aromatic or non-aromatic mono- or

15 bicy c l i c heterocycle, said heterocycle optionally further comprisin<~ 1, 2 or 3

heteroatoms selected from 0, N and S; wherein ~ indi c a tes a point of attachment

of the FAP-u bindin <~ li<~and to the linker, L, or the reporter moiety, B, wherein the

point of attachment can be throu <~h any of the carbon atoms of the 5 to 10-membered

N-containin<~ aromatic or non-aromatic mono- or bicyclic heterocycle thereof; and

20 ste r eoisomers and pharmaceutically acceptable salts thereof.

In more particular aspects, A is an FAP-u tar < etin< moiety hav in< the

structure of:

y(R>x) ( 2x)y

y(R3x') N C

6&

7 +
8 N

wherein ~ indi c a tes a point of attachment of the FAP-u bindin< li< and to the

25 li nk e r , L, or the reporter moiety, B, wherein the point of attachment can be throu<~h

any of carbon atoms 5, 6, 7, or 8 of the quinolinyl r in <~ thereof; and stereoisomers and

pharmaceutically acceptable salts thereof.

In yet more particular aspects, A is selected from the <~roup consistin<~ of:
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0 N ~ 0 0 N~ 0 0 N~ 0

A~ A2 A3
N N ;an d N

In other aspects, the presently disclosed subject matter provides a

pharmaceutical composition comprisin <~ a compound of formula (I) .

In some aspects, the presently disclosed subject matter provides a method for

ima< in< a disease or disorder associated with f ibroblast-activation protein-u (FAP-u),

the method comprisin <~ administerin<~ a compound of formula (I), wherein the

compound of formula (I) comprises an optical or radiolabeled functional <~roup

suitable for optical ima <~in<~, PET ima<~in<~, or SPECT i m a<~in<~; and obtain in<~ an

ima< e.

10 In other aspects, the presently disclosed subject matter provides a method for

inhibitin <~ fibroblast-activation protein-u (FAP-u), the method comprisin<~

administerin < to a subject in need thereof an effective amount of a compound of

formula (I).

In yet other aspects, the presently disclosed subject matter provides a method

15 for t r eatin< a fibroblast-activation protein-u (FAP-u)-related disease or disorder, the

method comprisin < administerin< to a subject in need of treatment thereof an effective

amount of a compound of formula (I), wherein the compound of formula (I)

comprises a radiolabeled functional < roup suitable for radiotherapy.

In certain aspects, the (FAP-u)-related disease or disorder is selected from the

20 <~roup consistin<~ of a proliferative disease, includin<~, but not limited to, breast cancer,

colorectal cancer, ovarian cancer, prostate cancer, pancreatic cancer, kidney cancer,

lun<~ cancer, melanoma, fibrosarcoma, bone and connective tissue sarcomas, renal cell

carcinoma, <pliant cell carcinoma, squamous cell carcinoma, and adenocarcinoma;

diseases characterized by tissue remodelin <~ and/or chronic inflammation; disorders

2 5 inv o l v i n<~ endocrinolo<~ical dysfunction; and blood clottin<~ disorders.

Certain aspects of the presently disclosed subject matter havin < been stated

hereinabove, which are addressed in whole or in part by the presently disclosed

subject matter, other aspects will become evident as the description proceeds when

taken in connection with the accompanyin < Examples and Fi < ures as best described

30 her e in below.

JHU-36631.3()3 P14847-16

Petitioner GE Healthcare – Ex. 1002, p. 134 



BRIEF DESCRIPTION OF THE FIGURES

The patent or application file contains at least one drawin < executed in color.

Copies of this patent or patent application publication with color drawin <~s will be

provided by the Off ice upon request and payment of the necessary fee.

Havin< thus described the presently disclosed subject matter in < eneral terms,

reference will now be made to the accompanyin <~ Fi<~ures, which are not necessarily

drawn to scale, and wherein:

FIG. 1A, FIG. 1B, and FIG. 1C show the synthetic pathway and structures of

representative FAP-tar < eted a< ents, XY-FAP-01 and ]" ' I n ] - X Y - F A P -02. F IG. 1A

10 sho w s the mult i-stepsynthesisof the li <~and precursor, tert-butyl(S)-(3-((4-((2-(2­

cyanopyrrol i di n-1-yl )-2­oxoethyl ) carb am oyl )qui nol i n-6-yl ) oxy)propyl )carbamate.
After each step, the reaction mixture was loaded onto a 25­< C18 cartrid< e and

purified with a MeCN/water/TFA < radient. Identity of intermediate products was

confirmed with 'H NM R . F IG . 1B shows the full structure of optical ima<~in<~ a<~ent,

15 XY - FA P- 0 1 . X Y - F A P - 01 was produced with a one step reaction between the

precursor and IRDye800CW-NHS. The major product was obtained at a yield of 85%

after purification with HPLC. F IG . 1C shows the full structure of the SPECT ima<~in<~

a<~ent, ]" ' I n ] -X Y - F A P-02. F i rst, the precursor was functionalized with DOTA via a

one step reaction between the precursor and DOTA-GA( t -Bu)q-NHS. Un labeled

20 prod uct was purif ied via HPLC to produce XY-FAP-02. Subsequent radiolabelin<

w ith " ' I n and HPLC puri f ication resulted in the radiolabeled product, ] " ' I n ] - X Y ­

FAP-02;

FIG. 2 shows the inhibitory activity of XY- F AP -01 on human recombinant

FAP. The inhibitory activity of XY - F AP -01 was determined usin<~ a fluoro<geni FA P

25 ass ay k i t . Enzymatic activity of human recombinant FAP on a native substrate was

inhibited in a concentration dependent fashion by XY-FAP-01. Semi- lo<~ inhibitory

curves of XY-FAP-01 activity were < enerated and the determined Ki value of XY­

FAP-01 was 1.26 nM;

FIG. 3A, FIG. 3B, and FIG. 3C show the assessment of thei» i i / n~ bindin <~

30 abi l i t y and specificity of XY- F AP -01 and ]" ' I n ] -XY - F A P -02. F IG. 3A shows the

concentration dependent uptake of XY-FAP-01 in various cell l ines. Cel ls incubated

with various concentrations (ran<ate: 50 nM to 0.78 nM) of XY- F AP -01 were ima<~ed

with the LI-COR Pearl Impulse Ima < er to assess uptake of a < ent in various FAP­

positive and FAP-ne < ative cell l ines (left). Dose-response curves of XY-FAP-01
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uptake in FAP-positive cell l ines (NCIH2228, U87, and SKMEL24) and FAP­

ne<~ative cell lines (PC3, NCIH226, and HCT116) were <~enerated (ri<~ht). FIG. 3B

shows the inhibit ion of XY-F AP -01 uptake in FAP-positive cell-l ines. Cells

incubated with 25-nM XY - F A P -01 were incubated with various concentrations of

5 eith e r a DPPIV and FAP inhibitor, Talabostat, or a DPPIV-only inhibitor, Sita<~liptin.

Uptake of XY-FAP-01 was measured and semi-lo< inhibitor-response curves were

< enerated for both Talabostat and Sita < liptin. FIG. 3C shows the uptake of ] " ' I n ] ­

XY-FAP-02 in FAP-positive U87 and FAP-ne<~ative PC3 cell l ines. Cells were

incubated with 1 pCi ] ' " I n ] - X Y - F A P -02 and were washed with cold PBS.

10 Rad i o act iv ity of the cell pellets was measured and normalized to the incubated dose;

FIG. 4 is a table showin < the ex ii n~ tissue biodistribution of ] '" In ] -XY- F AP ­

01 in tumor bearin <~ mice. At 5 min, 0.5 h, 2 h, 6 h, and 12 h after injection of 10 pCi

]"' In]-XY- FAP-01, NOD/SKID mice bearin<~ U87 and PC3 tumor xeno<~rafts were

sacrificed and tissues were collected for biodistribution analysis. Addit ionally, mice

15 co- i n j ected with unlabeled XY-FAP-02 and 10 pCi ] " ' I n ] - X Y - F A P - 01 were

sacrificed at 6 h post-injection to study the effect of blockin < on uptake of the

radiolabeled compound. Data presented as mean + standard deviation. "Student's t test

comparison of mean %ID/ <~ of PC3 tumor versus U87 tumor demonstrated si<~nificant

difference between the two < roups at 5 min, 0.5 h, 2 h, and 6 h post injection

20 (p(0.0001). No si < nificant difference between the two < roups were seen in the

blockin <~ study at 6 h. S t udent's t test comparison of mean %ID/<~ of PC3 tumor

versus U87 tumor demonstrated si < nificant difference between the two < roups at 12 h

post injection (p = 0.0006). 'Student's t test comparin<~ %ID/<~ between PC3 tumor and

U87 tumors at 6 h post injection showed si <~nificant difference between %ID/<~ tumors

25 in t h e b lockin<~ study at 6 h versus the normal biodistribution results at 6 h

(p(0. 0001);

FIG. 5A and FIG. 5B show the time-activity relationship of the ex i i n~

biodistribution of ] " ' I n ] - X Y - F A P-02. FIG. 5A shows tissue time activity curves

(TACs) of ] " ' I n ] - X Y - F A P-02 activity in U87 tumor, PC3 tumor, and blood. FIG. 5B

30 sho w s the ratios of% I D / <' between U87 tumor and PC3 tumor, blood, and muscle

(mm) versus time;

FIG. 6 shows serial NIRF-ima <~in<~ of XY-FAP-01 in tumor bearin<~ mice.

NOD/SKID mice bearin <~ FAP-positive U87 (yellow circle) and FAP-ne<~ative PC3

(red circle) tumor xeno <~rafts were injected with 10 nmol of XY-FAP-01 via the tail
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vein followed by serial NIRF-ima<~in<~ on the LI-COR Pearl Impulse Ima<~er.

Representative ima <~es at 0.5 h, 1 h, 2.5 h, and 4 h after injection are shown;

FIG. 7 shows SPECT-CT ima<~es of ]" ' I n ] - X Y - F A P-02 at 30 min, 2 h, 6 h,

and 24 h after injection in NOD/SKID female mice bearin< U87 and PC3 tumor

xeno<~rafts in the upper flanks; and

FIG. 8 show three-dimensional SPECT-CT ima<~es of ]" ' I n ] - X Y - F A P-02 at

30 min, 2 h, 6 h, and 24 h after injection in NOD/SKID female mice bearin<~ U87 and

PC3 tumor xeno<~rafts in the upper flanks.

DETAILED DESCRIPTION10

The presently disclosed subject matter now wil l be described more fully

hereinafter with reference to the accompanyin <~ Fi<~ures, in which some, but not all

embodiments of the presently disclosed subject matter are shown. L ike numbers refer

to like elements throu < hout. The presently disclosed subject matter may be embodied

15 in m a ny d i f ferent forms and should not be construed as limited to the embodiments

set forth herein; rather, these embodiments are provided so that this disclosure wil l

satisfy applicable le < al requirements. Indeed, many modif ications and other

embodiments of the presently disclosed subject matter set forth herein wil l come to

mind to one skilled in the art to which the presently disclosed subject matter pertains

20 hav i n < the benefit of the teachin< s presented in the fore < oin< descriptions and the

associated Fi < ures. Therefore, it is to be understood that the presently disclosed

subject matter is not to be limited to the specific embodiments disclosed and that

modifications and other embodiments are intended to be included within the scope of

the appended claims.

25

IMAGING AND RA D I O T H ERAPEUTICS AGENTS TARGETING

FIBROBLAST-ACTIV A T ION PROTEIN-0 (FAP-0)

FAP-u is a type II inte < ral membrane serine protease of the prolyl

oli< opeptidase family, which are distin < uished by their abil ity to cleave the Pro-AA

30 pep t i de bond (where AA represents any amino acid). I t has been shown to play a role

in cancer by modify in <~ bioactive si<~nalin<~ peptides throu <~h this enzymatic activity

(Kelly, et al., 2005; Edosada, et al., 2006). FAP-u expression has been detected on

the surface of fibroblasts in the stroma surroundin «r e ater than 90% of the epithelial

cancers, includin <~, but not limited to, mali<~nant breast, colorectal, skin, prostate,
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pancreatic cancers, and the like, and inflammation diseases, includin <, but not limited

to, arthritis, fibrosis, and the like, with nearly no expression in healthy tissues.

Accordin <~ly, ima<~in<~ and radiotherapeutic a <~ents specifically tar<~etin<~ FAP-u is of

clinical importance.

FAP-u exists as a homodimer to carry out its enzymatic function. Inhibitors

selectively tar < etin< FAP-u has been reported (Lo, et al., 2009; Tsai, et al., 2010;

Ryabtsova, et al., 2012; Poplawski, et al., 2013; Jansen, et al., 2013; Jansen, et al.,

2014). The presently disclosed subject matter provides, in part, a FAP-u selective

tar< etin< moiety that can be modified with an optical dye, a radiometal chelation

10 com p l ex, and other radiolabeled prosthetic<groups, thus providin <~ a platform for the

ima<~in<~ and radiotherapy tar<~etin<~ FAP-u.

Radionuclide molecular ima <~in<~, includin<~ positron emission tomo<~raphy

(PET), is the most mature molecular ima < in< technique without tissue penetration

limitations. Due to its advanta < es of hi< h sensitivity and quantifiabil i ty, radionuclide

1S mo l e cu lar ima<~in<~ plays an important role in clinical and preclinical research (Youn,

et al., 2012; Chen, et al., 2014). Many radionuclides, primarily P- and alpha emitters,

have been investi < ated for tar< eted radioimmunotherapy and include both

radiohalo < ens and radiometals (see Table 1 for representative therapeutic

radi onucl i des).

20

Table 1. Representative Therapeutic Radionuclides

P-particle emitters

u-particle emitters

Au<~er electron emitters

'! '! '! '! '! '! '!

' "Y ' ' I ' " L u " ' Sm ' "' R e '" " Re "C u -" - 'Pb

-'-"Ac, -" 'Bi , -"-'Bi, -" 'At , -"-'Pb

l2 I l 2 I E7C l ill'! '! '!

The hi <~hly potent and specific bindin<~ moiety tar<~etin<~ FAP-n enables its

use in nuclear ima < in< and radiotherapy. The presently disclosed subject matter

provides the first synthesis of nuclear ima <~in<~ and radiotherapy a<~ents based on this

2S dua l - tar<~etin<~ moiety to FAP-n.

Accordin <~ly, in some embodiments, the presently disclosed subject matter

provides potent and selective low-molecular-wei <~ht (LMW) l i <~ands of FAP-u, i.e., an

FAP-u selective inhibitor, conju < ated with a tar< etin< moiety feasible for

modification with optical dyes and radiolabelin <~ <groups, includin <~ metal chelators
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and metal complexes, which enable ii»i i o optical ima<~in<~, nuclear ima<~in<~(optical,

PET and SPECT), and radiotherapy tar<~etin<~ FAP-u. Importantly, the presently

disclosed compounds can be modified, e. <~., conju<~ated with, labelin <~ <groups without

si<~nificantly losin<~ their potency. The presently disclosed approach allows for the

S con v en ient labelin<~ of the FAP-u li<~and with optical dyes and PET or SPECT

isotopes, includin <~, but not limited to, '"Ga, ' Cu, ' "F, " 'Y, ' "Y , " 'Zr , " ' In, " " ' Tc, ' -" I ,

'-"I, for FAP-u related ima< in< applications. Further, the presently disclosed

approach allows for the radiolabelin <~ of the FAP-u li<~and with radiotherapeutic

isotopes, includin <~ but not limited to, '"Y, ' " L u , ' -" I , ' ' I , - "'At, ' " I n , " ' Sm , ' " 'Re,

10 ' ""Re, "Cu, -"-'Pb, -'-"Ac, -" 'Bi , -"-'Bi, -"-'Pb, and "Ga, for FAP-u related radio-therapy.

In a particular embodiment, an optical a < ent conju< ated with IRDye-800CW

(XY-FAP-01) was synthesized and showed selective uptakeii» i / i ' o on a FAP-u+

U87 cell l ine and is»i i o on a FAP-u+ U87 tumor and clearly detected the tumor, In

another particular embodiment, an ' " In labeled li <~and (XY-FAP-02-[" ' In)) was

15 suc c essfully obtained in hi<~h yield and purity from its precursor with a metal chelator.

Their» i i o study showed clear tumor radiotracer uptake in mice bearin<~ FAP-u­

positive U87 tumors with minimum non-specific or <~an uptake, which allows the

specific ima < in< of FAP-u expressin< tumors. The presently disclosed FAP-u

tar< etin< moiety can be adapted for use with optical dyes and radioisotopes known in

20 the ar t for ima< in< and therapeutic applications tar < etin< FAP-u .

More particularly, in some embodiments, the presently disclosed subject

matter provides a compound of the < eneral structure of Formula (I) :

B L A

wherein: A is a tar <~etin<~ moiety for FAP-u; B is any optical or radiolabeled

25 func t i onal<~roup suitable for optical ima<~in<~, positron-emiss'.:on tomo< raphy (PET)

ima<~in<~, sin„~le-Iil:oton e:n ission cornpu«;:d toino~ ia'<iliy (SPECT) ima<~in<~, or

radiotherapy; and L is a linker havin <~ bi-functionalization adapted to form a chemical

bond with B and A.

Representative tar < etin< moieties for FAP-u are disclosed in U.S. Patent

30 A ppl i c a t ion Publication No. US2014/03S76SO for Novel FAP Inhibitors to Jansen et

al., published Dec. 4, 2014; U.S. Patent No. 9,346,814 for Novel FAP Inhibitors to

Jansen et al., issued May 24, 2016; and International PCT Patent Publication No. WO

2013/107820 for Novel FAP Inhibitors to Jansen et al., published July 2S, 2013, each

of which are incorporate by reference in their entirety.
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More particularly, U.S. Patent No. 9,346,814 to Jansen et al., discloses FAP-u

inhibitors of formula (X), or a stereoisomer, tautomer, racemate, salt, hydrate, or

solvate thereof, which are suitable for use with the presently disclosed subject matter:

R ~x~~ ~ R2x

( , ~ R,„

C H j 4x
V

R5x R7x
R6x (X);

wherein:

Rr x and R2x are each independently selected from the < roup consistin< of H,

OH, halo <~en, Ci <alkyl, -0-Ci <alkyl, and -S-Ci<alkyl ;

R;, is selected from the <~roup consistin<~ of H, -CN, -B(OH)2, -C(0)alkyl, ­

C(0)aryl-, -C = C-C(0)aryl, -C = C-S(0)2aryl, -C02H, -SO-H, -S02NH2, -PO-H2, and

10 5-t e t razolyl ;

Rq,is H;

R~„R<,„and R7, are each independently selected from the < roup consistin< of

H, -OH, oxo, halo <~en, -Ci <alkyl, -O-Ci<alkyl , -S-Ci <alkyl, -NRxxR>x, -ORi2x, -Het2

and -Ar2; each of Ci <alkyl bein <~ optionally substituted with from 1 to 3 substituents

15 sel e cted from -OH and halo< en;

Rx„R >„ and Ri2x are each independently selected from the < roup consistin< of

H, -OH, halo, -Ci <,alkyl, -0-Ci <,alkyl, -S-Ci <,alkyl, and -Ar; ;

Rni„R i i „ R i ; x and Ri<x are each independently selected from the < roup

consistin<~ of H, -OH, halo <~en, -Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl; Ar i , Ar2 and

20 A r; a r e each independently a 5- or 6-membered aromatic monocycle optionally

comprisin <~ 1 or 2 heteroatoms selected from 0, N and S; each of Ari , Ar2 and Ar;

bein<~ optionally and independently substituted with from 1 to 3 substituents selected

from -N R n>xRi ix, -Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl;

Het2 is a 5- or 6-membered non-aromatic monocycle optionally comprisin <~ 1

25 or 2 h e teroatoms selected from 0, N and S; Het2 bein< optionally substituted with

from 1 to 3 substituents selected from -NRi ;xRiz„ -C i <alkyl , -0-C/-(alkyl, and -S-Ci

c,alkyl;
v is 0, 1, 2, or 3; and

10
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represents a 5 to 10-membered N-containin <~ aromatic or non-aromatic mono­

or bicyclic heterocycle, said heterocycle optionally further comprisin <~ 1, 2 or 3

heteroatoms selected from 0, N and S.

In particular embodiments,
*

is selected from the < roup consistin<

of:

X X

wherein "' indicates the point of attachment of the 5 to 10-membered N­

containin<~ aromatic or non-aromatic mono- or bicyclic heterocycle to — (CH2),—.

Accordin <~ly, in some embodiments, A is an FAP-u tar<~etin<~ moiety hav in<~

the structure of:
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y(R1x) ( 2x)y

y( 3x') (R3 )

'y'v •
C H j 4x

V

R5x R7x
R6x (X');

wherein each y is independently an inte <~er selected from the <~roup consistin <~

of0, 1, and2;

Ri„ R 2 „ a n d R ; „ a r e each independently selected from the< roup consistin<

5 of H , O H , halo<~en, Ci <,alkyl, -0-Ci <,alkyl, and -S-Ci <,alkyl;

R;, is selected from the <~roup consistin<~ of H, -CN, -B(OH)2, -C(0)alkyl, ­

C(0)aryl-, -C = C-C(0)aryl, -C = C-S(0)2aryl, -C02H, -SO-H, -S02NH2, -PO-H2, and

5-tetrazol yl;

R~,is H;

R~„R<,„and R7, are each independently selected from the < roup consistin< of

H, -OH, oxo, halo <~en, -Ci <alkyl, -O-Ci<alkyl , -S-Ci <alkyl, -NRxxR>x, -ORi2x, -Het2

and -Ar2; each of Ci <alkyl bein <~ optionally substituted with from 1 to 3 substituents

selected from -OH and halo < en;

10

Rx„R >„ and Ri2x are each independently selected from the < roup consistin< of

15 H , -OH, halo, -Ci <,alkyl, -0-Ci <,alkyl, -S-Ci <,alkyl, and -Ar; ;

Rni„R i i „ R i ; x and Ri<x are each independently selected from the < roup

consistin<~ of H, -OH, halo <~en, -Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl; Ar i , Ar2 and

Ar; are each independently a 5- or 6-membered aromatic monocycle optionally

comprisin <~ 1 or 2 heteroatoms selected from 0, N and S; each of Ari , Ar2 and Ar;

20 bei n<~ optionally and independently substituted with from 1 to 3 substituents selected

from -N R n>xRi ix, -Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl;

Het2 is a 5- or 6-membered non-aromatic monocycle optionally comprisin <~ 1

or 2 heteroatoms selected from 0, N and S; Het2 bein < optionally substituted with

from 1 to 3 substituents selected from -NRi ;xRi<„ -C i <alkyl , -O-C)-(alkyl, and -S-Ci

25 < , a lky l ;

v is 0, 1, 2, or 3; and

12
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represents a 5 to 10-membered N-containin <~ aromatic or non-aromatic mono­

or bicyclic heterocycle, said heterocycle optionally further comprisin <~ 1, 2 or 3

heteroatoms selected from 0, N and S;

wherein ~ ind ic a tes a point of attachment of the FAP-u bindin<~ li<~and to a

linker, e. < ., L, or a reporter moiety, such as an optical or radiolabeled functional < roup

suitable for optical ima <~in<~, PET ima<~in<~, SPECT ima<~in<~ or radiotherapy, wherein

the point of attachment can be throu < h any of the carbon atoms of the 5 to 10­

membered N-containin <~ aromatic or non-aromatic mono- or bicyclic heterocycle

thereof; and stereoisomers and pharmaceutically acceptable salts thereof.

In particular embodiments,
*

is selected from the < roup consistin<

of:

In some embodiments, A is an FAP-u tar <~etin<~ moiety havin<~ the structure of:

y(R>x) ( 2x)y

y(R3x') N C

6&

7 ~

8 N

13
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wherein y, Ri „ R 2x and R;x are defined as hereinabove; ~ i ndi c a tes a point

of attachment of the FAP-u bindin <x l i <<and to a linker, e.<~., L, or a reporter moiety,

such as an optical or radiolabeled functional < roup suitable for optical ima < in<, PET

i ma<~in<~, SPECT im a <xin<x or radiotherapy, wherein the point of attachment can be

throu<xh any of carbon atoms 5, 6, 7, or 8 of the quinolinyl r in <x thereof; and

stereoisomers and pharmaceutically acceptable salts thereof.

In particular embodiments, A is selected from the <xroup consist in<x of:

y (R1x) ( 2x) y

y(R3x') N C - N

y(R1x) ( 2x) y

y(R3x') N C =N

0 N ~

y(R1x) ( 2x) y

y(R3x') N C - N

N N ; and N

In more particular embodiments, A is selected from the <xroup consist in<x of:

0 N~ 0 N ~ 0 N ~

N N ; and N

and stereoisomers thereof.

In yet more particular embodiments, A is selected from the <xroup consist in<x

of:

0 N ~ 0 N~ 0 N~

A~ A2 A3
N N ;an N

In some embodiments, the combination of L and B can be represented by:

R

~N
V

I

N

R1 R
P1

R2 R3

m m2I

Tz w„
m1 (CH2)i

P3
P2

14
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wherein the subunits associated with elements pi, p~, p; and p< may be in any

order; t is an inte <~er selected from the <~roup consistin <~ of 1, 2, 3, 4, 5, 6, 7, and 8; pi

p;, and p< are each independently 0 or 1; p~ is an inte < er selected from the < roup

consistin<~ of 0, 1, 2, and 3, and when p~ is 2 or 3, each Ri is the same or different; m i

5 and m ~ are each an inte<~er independently selected from the <~roup consistin<~ of 0, 1, 2,

3, 4, 5, and 6; Wi is selected from the < roup consistin< of a bond, — S —, — C( = O) — NR —,

and — NR — C( = O) —; W~ is selected from the < roup consistin< of a bond, -S-, -CH~­

C( = O)-NR-, — C(O) —,— NRC(O) —, — NR'C(O)NR —,— NRC(S)NR'~ —, — NRC(O)O —,­

OC(O)NR —,— OC(O) —, — C(O)NR —,— NR — C(O) —,— C(O)O —, — (0 — CH~ — CH~)„— and­

10 (CH~-CH~-O)„—, wherein q is selected from the <~roup consistin<~ of 1, 2, 3, 4, 5, 6, 7,

and 8; each R or R' is independently H, alkyl, substituted alkyl, cycloalkyl, substituted

cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl,

heteroaryl, substituted heteroaryl, and — ORq, wherein R~ is selected from the < roup

consistin<~ of H, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,

15 het e rocycloalkyl, and substituted heterocycloalkyl, wherein q is defined as

immediately hereinabove; Tz is a triazole < roup that can be present or absent and, if

present, is selected from the <~roup consistin<~ of

and ; each Ri is independently H, Ci-C<, alkyl, C;­

Cu aryl, -(CH~)q-C;-Cu aryl, -Cq-CiE alkylaryl, or -(CH~)„-C<-Ci E alkylaryl; R~ and

20 R; a r e each independently H and -CO~R~, wherein R~ is selected from the< roup

consistin<~ of H, Ci-C<, alkyl, C;-Ci~ aryl, and Cz-C i<, alkylaryl, wherein when one of

R~ or R; is CO~R~, then the other is H; V is selected from the <~roup consistin<~ of­

C(O) —,-C(S)-, — NRC(O) —,— NRC(S) —, and — OC(O) —; B is any optical or radiolabeled

functional <~roup suitable for optical, PET, or SPECT ima<~in<~ or radiotherapy; and

25 ste r eoisomers and pharmaceutically acceptable salts thereof.

In some embodiments, L has the followin <~ <general structure:

R

~N
V

I

pi

I

Rz Rg

N

R
Ri

m mz

ps
Pz

15
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wherein pi p2, p;, mi, m2, q, t, Tz, W2 R, Ri, R2, R;, and V are defined as

hereinabove.
In some embodiments, L is selected from the < roup consistin< of -L i - , -L2-L; —,

and -Li-L2-L; —, wherein:

Li is -NR-(CH2)<i­[0-CH2-CH2-0]<i-(CH2)<i-C( = 0)-;

L2 is -NR-(CH2)„-C(COOR,-)-NR-; and

L; is -(0 = )C-(CH2)„-C( = 0)-;

wherein each q is independently an inte <~er selected from the <~roup consistin <~ of 1, 2,

3, 4, S, 6, 7, and 8; and R and R,- are as defined hereinabove.

In particular embodiments, L is:

-(CR<,H)„-(CH2)„-C( = 0)-NR-(CH2)„-0- or -NR-(CH2)„-0- ;

wherein each q and R is defined hereinabove; and R<, is H or — COOR,-.

In yet more particular embodiments, L is selected from the <~roup consistin<~

of:

16
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0

0 COOR5 R

~ N~ Oy
R 0

0

* N

+ N

0 R

R50 0
R50
0 0

N~ Y
R R

0 0 0 00

N~+ N

0

N~
UI

R50
0

N R

0 0 0 0
S 0

N~ ; and ~ N N N~
R R R R

wherein u is an inte <~er selected from 1, 2, 3, 4, S, 6, 7, and 8; and R and R,- are

as defined hereinabove.

Suitable linkers are disclosed in U.S. Patent Application Publication No.

US2011/00646S7 A 1, for "Labeled Inhibitors of Prostate Specific Membrane Anti <~en

(PSMA), Biolo <~ical Evaluation, and Use as Ima <~in<~ A<~ents, N published March 17,

2011, to Pomper et al., and U.S. Patent Application Publication No. US2012/0009121

A 1, for NPSMA-Tar< etin< Compounds and Uses Thereof," published January 12,

2012, to Pomper et al, each of which is incorporated by reference in its entirety.
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X

X ;
x~ y

In some embodiments, B is a radiolabeled prosthetic <~roup comprisin <~ a

radioisotope selected from the < ~roup consistin<~ of '"F, '-' I, ' -"I , ' ' I , and -" 'A t .

Representative radiolabeled prosthetic < roups include, but are not limited to:

Q (AX Q

n Ri

X X

N

n Rn

X
R.

/ 0

N NR
R' n R

N NQ
X n

5 w her e in each X is independently a radioisotope selected from the< roup consistin< of

'"F, '-"I, ' -"I , ' ' I , and -" 'At ; each R and R' is defined hereinabove; and each n is

independently an inte <~er selected from the <~roup consistin <~ of 0, 1, 2, 3, 4, S, 6, 7, 8,

9, 10, 11, 12, 13, 14, 1S, 16, 17, 18, 19, and 20.

In more particular embodiments, the radiolabeled prosthetic < roup is selected

10 f ro m the <~roup consistin<~ of:

0
18F

i 18F

0

N" F nj ~ N

' 1sF 1sF N

0

N

0

N

0

N

' 12811241

N-N

~ N i ; and
I

0

N

" F n 211 At

In other embodiments, B comprises a chelatin < a< ent. Representative

chelatin < a< ents include, but are not limited to:

18
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HO~ N N OH
Ho

HO N N OH Ho N N NM

0 0

H

OH
N N ' ( )

HO N N ­ HNHO N N OH
x /

0

HN
Ho HNy Tr Lg

0

P
O

HOC~ 1

N
N ~ C 0 2H

N~ C02H

C02H
HO,C~

N

C02H

(
N ~ C 0 2H

CO,H

0
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0 NH

iCOOH OHOH

N~

OH
N

HOOC

0 N y

o I o L o
HO ~ N ~

COOH OH , and
OH

N

OH

In some embodiments, B comprises an optical dye, e. <~., in particular

5 em bo d i ments, a fluorescent dye. In some embodiments, the fluorescent dye moiety

comprises carbocyanine, indocarbocyanine, oxacarbocyanine, thiacarbocyanine and

merocyanine, polymethine, coumarine, rhodamine, xanthene, fluorescein, boron­

dipyrromethane (BODIPY), CyS, CyS.S, Cy7, VivoTa <~-680, VivoTa<~-S680,

VivoTa<~-S7SO, AlexaFluor660, AlexaFluor680, AlexaFluor700, AlexaFluor7SO,

10 A lex a F luor790, Dy677, Dy676, Dy682, Dy7S2, Dy780, DyLi~<~htS47, Dyli~<~ht647,

Hi Lyte Fluor 647, Hi Lyte Fluor 680, Hi Lyte Fluor 7SO, IRDye 800CW, IRDye

800RS, IRDye 700DX, ADS780WS, ADS830WS, and ADS832WS.

Representative optical dyes include, but are not limited to:

21
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0

0
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and

In some embodiments, the presently disclosed subject matter provides a

compound selected from the <~roup consistin<~ of:

0 N ~ 0 N
HOOC 0H

N ~ O
B

N 0

0
N Nand

In particular embodiments, the compound is selected from the <~roup

consistin<~ of:

OgS

N
0

H
HOES~

HO3S XY-FAP-01
N

SOpH ; and
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HO
0 N~ D

COOH

XY-FAP-02
HO

8. P hal nuz c e I l i ical ( ' w n p o s i i i o> I» a>IJ Admii I is i l a i i o i I

In another aspect, the present disclosure provides a pharmaceutical comprisin <

5 a co m p ound of formula (I) in admixture with a pharmaceutically acceptable carrier,

diluent, excipient, or adjuvant. One of skil l in the art wil l reco < nize that the

pharmaceutical compositions include the pharmaceutically acceptable salts or

hydrates of the compounds described above.

Pharmaceutically acceptable salts are < enerally well known to those of

10 ordi n ary skil l in the art and include salts of active compounds which are prepared with

relatively nontoxic acids or bases, dependin < on the particular substituent moieties

found on the compounds described herein. When compounds of the present

disclosure contain relatively acidic functionalit ies, base addition salts can be obtained

by contactin <~ the neutral form of such compounds with a sufficient amount of the

15 des i red base, either neat or in a suitable inert solvent or by ion exchan< e, whereby one

basic counterion (base) in an ionic complex is substituted for another. Examples of

pharmaceutically acceptable base addition salts include sodium, potassium, calcium,

ammonium, or<~anic amino, or ma <~nesium salt, or a similar salt.

When compounds of the present disclosure contain relatively basic

20 func t i onal i t ies, acid addition salts can be obtained by contactin< the neutral form of

such compounds with a sufficient amount of the desired acid, either neat or in a

suitable inert solvent or by ion exchan < e, whereby one acidic counterion (acid) in an

ionic complex is substituted for another. Examples of pharmaceutically acceptable

acid addition salts include those derived from inor <~anic acids like hydrochloric,

25 hydr o b romic, nitr ic, carbonic, monohydro<~encarbonic, phosphoric,

monohydro <~enphosphoric, dihydro<~enphosphoric, sulfuric, monohydro<~ensulfuric,

hydriodic, or phosphorous acids and the like, as well as the salts derived from

relatively nontoxic or <~anic acids like acetic, propionic, isobutyric, maleic, malonic,

24
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benzoic, succinic, suberic, fumaric, lactic, mandelic, phthalic, benzenesulfonic, p­

toluenesulfonic, citric, tartaric, methanesulfonic, and the like. A lso included are salts

of amino acids such as ar < inate and the like, and salts of or < anic acids like < lucuronic

or < alactunoric acids and the like (see, for example, Ber < e et al, "Pharmaceutical

5 Sal t s" , Journal of Pharmaceutical Science, 1977, 66, 1-19). Certain specific

compounds of the present disclosure contain both basic and acidic functionalit ies that

allow the compounds to be converted into either base or acid addition salts.

Accordin < ly, pharmaceutically acceptable salts suitable for use with the

presently disclosed subject matter include, by way of example but not l imitation,

10 ace t ate, benzenesulfonate, benzoate, bicarbonate, bitartrate, bromide, calcium edetate,

carnsylate, carbonate, citrate, edetate, edisylate, estolate, esylate, fumarate, < luceptate,

< luconate, < lutamate, < lycollylarsanil ate, hexylresorcinate, hydrabamine,

hydrobromide, hydrochloride, hydroxynaphthoate, iodide, isethionate, lactate,

lactobionate, malate, maleate, mandelate, mesylate, mucate, napsylate, nitrate,

15 pam o ate (embonate), pantothenate, phosphate/diphosphate, poly< alacturonate,

salicylate, stearate, subacetate, succinate, sulfate, tannate, tartrate, or teoclate. Other

pharmaceutically acceptable salts may be found in, for example, Remin < ton: The

Science and Practice of Pharmacy (20'" ed.) Lippincott, Wi l l iams k W i l k ins (2000).

In therapeutic and/or dia < nostic applications, the compounds of the disclosure

20 can be formulated for a variety of modes of administration, includin<~ systemic and

topical or localized administration. Techniques and formulations <generally may be

found in Remin<~ton: The Science and Practice of Pharmacy (20'" ed.) Lippincott,

Will iams k W i l k ins (2000).

Dependin < on the specific conditions bein < treated, such a< ents may be

25 form u l a ted into l iquid or solid dosa<~e forms and administered systemically or locally.

The a< ents may be delivered, for example, in a timed- or sustained-slow release form

as is known to those skilled in the art. Techniques for formulation and administration

may be found in Remin <~ton: The Science and Practice of Pharmacy (20'" ed.)

Lippincott, Wi l l iams k W i l k ins (2000). Suitable routes may include oral, buccal, by

30 inh a l a t ion spray, sublin<~ual, rectal, transdermal, va<~inal, transmucosal, nasal or

intestinal administration; parenteral delivery, includin <~ intramuscular, subcutaneous,

intramedullary injections, as well as intrathecal, direct intraventricular, intravenous,

intra-articular, intra -sternal, intra-synovial, intra-hepatic, intralesional, intracranial,

intraperitoneal, intranasal, or intraocular injections or other modes of delivery.
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For injection, the a < ents of the disclosure may be formulated and diluted in

aqueous solutions, such as in physiolo <~ically compatible buffers such as Hank's

solution, Rin <~er's solution, or physiolo<~ical saline buffer. For such transmucosal

administration, penetrants appropriate to the barrier to be permeated are used in the

5 form u l a t ion. Such penetrants are<generally known in the art.

Use of pharmaceutically acceptable inert carriers to formulate the compounds

herein disclosed for the practice of the disclosure into dosa < es suitable for systemic

administration is within the scope of the disclosure. With proper choice of carrier and

suitable manufacturin < practice, the compositions of the present disclosure, in

10 par t i cu lar, those formulated as solutions, may be administered parenterally, such as by

intravenous injection. The compounds can be formulated readily usin <~

pharmaceutically acceptable carriers well known in the art into dosa < es suitable for

oral administration. Such carriers enable the compounds of the disclosure to be

formulated as tablets, pills, capsules, liquids, < els, syrups, slurries, suspensions and

1S th e l i ke, for oral in<~estion by a subject (e. <~., patient) to be treated.

For nasal or inhalation delivery, the a < ents of the disclosure also may be

formulated by methods known to those of skil l in the art, and may include, for

example, but not l imited to, examples of solubil izin <~, dilutin<~, or dispersin <~

substances, such as saline; preservatives, such as benzyl alcohol; absorption

20 prom o ters; and fluorocarbons.

Pharmaceutical compositions suitable for use in the present disclosure include

compositions wherein the active in < redients are contained in an effective amount to

achieve its intended purpose. Determination of the effective amounts is well wi thin

the capability of those skilled in the art, especially in l i < ht of the detailed disclosure

25 prov i ded herein. Generally, the compounds accordin< to the disclosure are effective

over a wide dosa< e ran< e. For example, in the treatment of adult humans, dosa < es

from 0.01 to 1000 m <~, from O,S to 100 m<~, from 1 to SO m<~ per day, and from S to 40

m< per day are examples of dosa < es that may be used. A non-l imi t in < dosa< e is 10 to

30 m< per day. The exact dosa < e will depend upon the route of administration, the

30 form i n w h ich the compound is administered, the subject to be treated, the body

wei< ht of the subject to be treated, the bioavailabil ity of the compound(s), the

adsorption, distribution, metabolism, and excretion (ADME) tox ic i ty of the

compound(s), and the preference and experience of the attendin < physician.

In addition to the active in < redients, these pharmaceutical compositions may

26

Petitioner GE Healthcare – Ex. 1002, p. 156 



contain suitable pharmaceutically acceptable carriers comprisin < excipients and

auxiliaries which facil i tate processin < of the active compounds into preparations

which can be used pharmaceutically. The preparations formulated for oral

administration may be in the form of tablets, dra < ees, capsules, or solutions.

Pharmaceutical preparations for oral use can be obtained by combinin < the

active compounds with solid excipients, optionally <~rindin<~ a resultin<~ mixture, and

processin < the mixture of < ranules, after addin < suitable auxiliaries, if desired, to

obtain tablets or dra < ee cores. Suitable excipients are, in particular, fi l lers such as

su<~ars, includin<~ lactose, sucrose, mannitol, or sorbitol; cellulose preparations, for

10 exa m p le, maize starch, wheat starch, rice starch, potato starch,< elatin, < um

tra<~acanth, methyl cellulose, hydroxypropylmethyl- cellulose, sodium

carboxymethyl-cellulose (CMC), and/or polyvinylpyrrol idone (PVP: povidone). I f

desired, disinte < ratin< a< ents may be added, such as the cross-linked

polyvinylpyrrol idone, a < ar, or al< inic acid or a salt thereof such as sodium al < inate.

Dra< ee cores are provided with suitable coatin < s. For this purpose,

concentrated su<~ar solutions may be used, which may optionally contain <~um arabic,

talc, polyvinylpyrrol idone, carbopol <~el, polyethylene <glycol (PEG), and/or titanium

dioxide, lacquer solutions, and suitable or <~anic solvents or solvent mixtures. Dye­

stuffs or pi < ments may be added to the tablets or dra < ee coatin< s for identif ication or

20 to c h a racterize different combinations of active compound doses.

Pharmaceutical preparations that can be used orally include push-fit capsules

made of < elatin, as well as soft, sealed capsules made of < elatin, and a plasticizer,

such as < lycerol or sorbitol. The push-fit capsules can contain the active in < redients

in admixture with f i l ler such as lactose, binders such as starches, and/or lubricants

25 suc h as talc or ma< nesium stearate and, optionally, stabilizers. In soft capsules, the

active compounds may be dissolved or suspended in suitable liquids, such as fatty

oils, liquid paraffin, or l iquid polyethylene <~lycols (PEGs). In addition, stabilizers

may be added.

('. Me/had» «f' Ines;iig; n»iig; /he ('onq~ani>d» «f' I'w mnla (I), w

30 Phasn uzceniical ( 'wnpa»iiiw>» I'hereof'
In some embodiments, presently disclosed subject matter provides a method

for ima< in< a disease or disorder associated with f ibroblast-activation protein-u (FAP­

u), the method comprisin <~ administerin<~ a compound of formula (I), wherein the

compound of formula (I) comprises an optical or radiolabeled functional <~roup
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suitable for optical ima <~in<~, PET ima<~in<~, or SPECT i m a<~in<~; and obtain in<~ an

ima< e.

Accordin <~ly, in some embodiments, the presently disclosed subject matter

provides a method for ima <~in<~ one or more cells, or<~ans, or tissues, the method

5 com p r i s in< exposin< cells or administerin < to a subject an effective amount of a

compound of formula (I) with an optical or radioisotopic label suitable for ima <~in<~. In

some embodiments, the one or more or <~ans or tissues include prostate tissue, kidney

tissue, brain tissue, vascular tissue, or tumor tissue.

The ima<~in<~ methods of the invention are suitable for ima <~in<~ any

10 phy s i o lo<~ical process or feature in which FAP-u is involved, for example, identifyin<~

areas of tissues or tar < ets which exhibit or express hi < h concentrations of FAP-u.

Physiolo <~ical processes in which FAP-u is involved include, but are not limited to:

(a) proliferation diseases (includin <~ but not limited to cancer); (b) tissue remodelin <~

and/or chronic inflammation (includin <~ but not limited to fibrotic disease, wound

1 5 hea l i n<, keloid formation, osteoarthritis, rheumatoid arthritis and related disorders

involvin<~ cartila<~e de<gradation); and (c) endocrinolo <~ical disorders (includin<~ but not

limited to disorders of <glucose metabolism).

In certain embodiments, the radiolabeled compound is stable in vivo.

In certain embodiments, the radiolabeled compound is detected by positron

20 em i s s ion tomo<~raphy (PET) or sin<~le photon emission computed tomo<~raphy

(SPECT).

In certain embodiments, the optical reportin < moiety is detected by

fluorescence, such as fluorescence microscopy.

In certain embodiments, the presently disclosed compounds are excreted from

25 ti ss ues of the body quickly to prevent prolon< ed exposure to the radiation of the

radiolabeled compound administered to the subject. Typically, the presently disclosed

compounds are eliminated from the body in less than about 24 hours. More typically,

the presently disclosed compounds are eliminated from the body in less than about 16

hours, 12 hours, 8 hours, 6 hours, 4 hours, 2 hours, 90 minutes, or 60 minutes.

30 Exem p l ary compounds are eliminated in between about 60 minutes and about 120

minutes. In certain embodiments, the presently disclosed compounds are stable in

vivo such that substantially all, e. <~., more than about 50%, 60%, 70%, 80%, or 90%

of the injected compound is not metabolized by the body prior to excretion.

28

Petitioner GE Healthcare – Ex. 1002, p. 158 



Additionally, for in vi tro applications, such as in vitro dia <~nostic and research

applications, body fluids and cell samples of the above subjects wil l be suitable for

use, such as mammalian, particularly primate such as human, blood, urine or tissue

samples, or blood urine or tissue samples of the animals mentioned for veterinary

5 app l i cat ions.

Other embodiments provide kits comprisin <~ a compound of formula (I) . In

certain embodiments, the kit provides packa < ed pharmaceutical compositions

comprisin < a pharmaceutically acceptable carrier and a compound of formula (I). In

certain embodiments the packa < ed pharmaceutical composition wil l comprise the

10 rea c t ion precursors necessary to<~enerate the compound of formula (I) upon

combination with a radiolabeled precursor. Other packa < ed pharmaceutical

compositions further comprise indicia comprisin <~ at least one of: instructions for

preparin <~ compounds of formula (I) from supplied precursors, instructions for usin<~

the composition to ima < e cells or tissues expressin < FAP-u .

15 In certain embodiments, a kit containin <~ from about 1 to about 30 mCi of the

radionuclide-labeled ima < in< a< ent described above, in combination with a

pharmaceutically acceptable carrier, is provided. The ima < in< a< ent and carrier may

be provided in solution or in lyophi l ized form. When the ima <~in<~ a<~ent and carr ier of

the kit are in lyophil ized form, the kit may optionally contain a sterile and

20 phy s i o l o< ically acceptable reconstitution medium such as water, saline, buffered

saline, and the like. The kit may provide a compound of formula (I) in solution or in

lyophilized form, and these components of the kit may optionally contain stabilizers

such as NaC1, silicate, phosphate buffers, ascorbic acid, < entisic acid, and the like.

Additional stabilization of kit components may be provided in this embodiment, for

25 exa m p le, by providin<~ the reducin<~ a<~ent in an oxidation-resistant form.

Determination and optimization of such stabilizers and stabilization methods are well

within the level of skil l in the art.

In certain embodiments, a kit provides a non-radiolabeled precursor to be

combined with a radiolabeled rea < ent on-site.

30 Ima< in< a< ents may be used in accordance with the presently disclosed

methods by one of skil l in the art. Ima < es can be < enerated by virtue of dif ferences in

the spatial distribution of the ima < in< a< ents which accumulate at a site when

contacted with FAP-u. The spatial distribution may be measured usin < any means

suitable for the particular label, for example, a < amma camera, a PET apparatus, a
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SPECT apparatus, and the like. The extent of accumulation of the ima < in< a< ent may

be quantified usin <~ known methods for quantifyin<~ radioactive emissions or

f luorescence. A particularly useful ima <~in<~ approach employs more than one ima<~in<~

a< ent to perform simultaneous studies.

In < eneral, a detectably effective amount of the ima < in< a< ent of the inven t i on

is administered to a subject. A "detectably effective amount" of the ima < in< a< ent is

defined as an amount sufficient to yield an acceptable ima < e usin< equipment which

is available for cl inical use. A detectably effective amount of the ima < in< a< ent may

be administered in more than one injection. The detectably effective amount of the

10 im a < in< a< ent of the invention can vary accordin< to factors such as the de < ree of

susceptibility of the individual, the a < e, sex, and wei< ht of the individual,

idiosyncratic responses of the individual, and the dosimetry. Detectably effective

amounts of the ima <~in<~ a<~ent also can vary accordin<~ to instrument and fi lm-related

factors. Optimization of such factors is well wi thin the level of skil l in the art. The

15 am o u n t of ima<~in<~ a<~ent used for dia<~nostic purposes and the duration of the ima<~in<~

study wil l depend upon the radionuclide used to label the a < ent, the body mass of the

patient, the nature and severity of the condition bein < treated, the nature of therapeutic

treatments which the patient has under < one, and on the idiosyncratic responses of the

patient. Ult imately, the attendin < physician wil l decide the amount of ima < in< a< ent

20 to a d m i n ister to each individual patient and the duration of the ima< in< study.

I). Me lhod » of I i eai isg; a I'AP-a 1<elaied l) i»ea»e os l)i»wdes ii»hg; ihe

('ompom>d» of' I'w <moia (I), os Phd maceoiicai ( 'o<npo»ilia>» Ihes eof'

In other embodiments, the presently disclosed compounds of formula (I) can

25

be used to treat a subject affl icted with one or more FAP-u related diseases or

disorders includin <~, but not limited to: (a) prol i feration (includin <~ but not limited to

cancer); (b) tissue remodelin <~ and/or chronic inflammation (includin<~ but not limited

to fibrotic disease, wound healin <, keloid formation, osteoarthritis, rheumatoid

arthritis and related disorders involvin < cartila< e de< radation); and (c)

endocrinolo <~ical disorders (includin<~ but not limited to disorders of <glucose

metabolism).30

Accordin <~ly, in some embodiments, the one or more FAP-u related disease or

disorder is selected from the < roup consistin< of a proliferative disease, includin <,

but not limited to, breast cancer, colorectal cancer, ovarian cancer, prostate cancer,

pancreatic cancer, kidney cancer, lun <~ cancer, melanoma, fibrosarcoma, bone and

30
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connective tissue sarcomas, renal cell carcinoma, < iant cell carcinoma, squamous cell

carcinoma, and adenocarcinoma; diseases characterized by tissue remodelin < and/or

chronic inflammation; disorders involvin <~ endocrinolo<~ical dysfunction; and blood

clottin<~ disorders.

In < eneral, the "effective amount" of an active a < ent or dru< delivery device

refers to the amount necessary to elicit the desired biolo < ical response. As wi l l be

appreciated by those of ordinary skil l in this art, the effective amount of an a < ent or

device may vary dependin < on such factors as the desired biolo < ical endpoint, the

a< ent to be delivered, the makeup of the pharmaceutical composition, the tar < et

10 t i ss ue, and the like.

In other embodiments, the method can be practiced i» i i i rn or ex ii iv~ by

introducin <~, and preferably mixin <~, the compound and cell(s) or tumor(s) in a

controlled environment, such as a culture dish or tube. The method can be practiced

i» ii iv~, in which case contactin< means exposin< the tar< et in a subject to at least

15 one c o m pound of the presently disclosed subject matter, such as administerin< the

compound to a subject via any suitable route. Accordin < to the presently disclosed

subject matter, contactin <~ may comprise introducin <~, exposin<~, and the like, the

compound at a site distant to the cells to be contacted, and allowin < the bodily

functions of the subject, or natural (e. <~., diffusion) or man-induced (e.<~., swirlin<~)

20 mov em e nts of flu ids to result in contact of the compound and the tar<~et.

The subject treated by the presently disclosed methods in their many

25

embodiments is desirably a human subject, althou < h it is to be understood that the

methods described herein are effective with respect to all vertebrate species, which

are intended to be included in the term "subject." A c cordin< ly, a "subject" can

include a human subject for medical purposes, such as for the treatment of an

existin<~ condition or disease or the prophylactic treatment for preventin <~ the onset of

a condition or disease, or an animal (non-human) subject for medical, veterinary

purposes, or developmental purposes. Suitable animal subjects include mammals

includin <~, but not limited to, primates, e. <~., humans, monkeys, apes, and the like;

bovines, e. < ., cattle, oxen, and the like; ovines, e. < ., sheep and the like; caprines, e. < .,

< oats and the like; porcines, e.< ., pi< s, ho< s, and the like; equines, e. < ., horses,

donkeys, zebras, and the like; felines, includin < wild and domestic cats; canines,

includin <~ do<~s; la<~omorphs, includin<~ rabbits, hares, and the like; and rodents,

includin <~ mice, rats, and the like. An animal may be a trans<genic animal. In some

30
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embodiments, the subject is a human includin <, but not limited to, fetal, neonatal,

infant, juvenile, and adult subjects. Further, a "subject" can include a patient

afflicted with or suspected of bein < afflicted with a condition or disease. Thus, the

terms "subject" and "patient" are used interchan < eably herein. In some

5 emb od i m ents, the subject is human. In other embodiments, the subject is non­

human.

As used herein, the term "treatin <" can include reversin<, alleviatin<,

inhibitin <~ the pro<pression of, preventin<~ or reducin<~ the likelihood of the disease, or

condition to which such term applies, or one or more symptoms or manifestations of

10 su c h d isease or condition.

"Preventin<~" refers to causin<~ a disease, condition, or symptom or

manifestation of such, or worsenin <~ of the severity of such, not to occur.

Accordin <~ly, the presently disclosed compounds can be administered prophylactically

to prevent or reduce the incidence or recurrence of the disease, or condition.

15

11. DE F I N ITION S

Althou< h specific terms are employed herein, they are used in a < eneric and

descriptive sense only and not for purposes of limitation. Unless otherwise defined,

all technical and scientific terms used herein have the same meanin <~ as commonly

20 unde rstood by one of ordinary skil l in the art to which this presently described subject

matter belon<~s.

While the followin < terms in relation to compounds of formula (I) are believed

to be well understood by one of ordinary skil l in the art, the followin <~ definitions are

set forth to facil itate explanation of the presently disclosed subject matter. These

25 def i n i t i ons are intended to supplement and il lustrate, not preclude, the definit ions that

would be apparent to one of ordinary skil l in the art upon review of the present

di scl osure.

The terms substituted, whether preceded by the term "optionally" or not, and

substituent, as used herein, refer to the ability, as appreciated by one skilled in this art,

30 to chan<ate one functional <~roup for another functional <~roup on a molecule, provided

that the valency of all atoms is maintained. When more than one position in any

< iven structure may be substituted with more than one substituent selected from a

specified < roup, the substituent may be either the same or different at every position.

The substituents also may be further substituted (e. < ., an aryl < roup substituent may

32
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have another substituent off it , such as another aryl <~roup, which is further substituted

at one or more positions).

Where substituent <groups or linkin <~ <groups are specified by their conventional

chemical formulae, written from left to ri < ht, they equally encompass the chemically

5 ide n t i cal substituents that would result from wri t in<~ the structure from ri<~ht to left,

e.< ., -CH~O- is equivalent to -OCH~-; -C( = O)O- is equivalent to -OC( = O)-;

-OC( = O)NR- is equivalent to -NRC(= O)O-, and the like.

When the term "independently selected" is used, the substituents bein <

referred to (e. < ., R < roups, such as < roups Ri, R~, and the like, or variables, such as

10 "m" and "n"), can be identical or dif ferent. For example, both Ri and R~ can be

substituted alkyls, or Ri can be hydro < en and R~ can be a substituted alkyl, and the

like.

The terms "a," "an," or "a(n)," when used in reference to a < roup of

substituents herein, mean at least one. For example, where a compound is substituted

15 w ith " an" a lkyl or aryl, the compound is optionally substituted with at least one alkyl

and/or at least one aryl. M o reover, where a moiety is substituted with an R

substituent, the < roup may be referred to as "R-substituted." Where a moiety is R­

substituted, the moiety is substituted with at least one R substituent and each R

substituent is optionally different.

20 A named "R" or <~roup will <generally have the structure that is reco<~nized in

the art as correspondin < to a < roup havin< that name, unless specified otherwise

herein. For the purposes of il lustration, certain representative "R" < roups as set forth

above are defined below.

Descriptions of compounds of the present disclosure are limited by principles

25 of chemical bondin<~ known to those skilled in the art. Accordin<~ly, where a <~roup

may be substituted by one or more of a number of substituents, such substitutions are

selected so as to comply with principles of chemical bondin <~ and to <~ive compounds

which are not inherently unstable and/or would be known to one of ordinary skil l in

the art as likely to be unstable under ambient conditions, such as aqueous, neutral, and

30 sev e ral known physiolo<~ical conditions. For example, a heterocycloalkyl or

heteroaryl is attached to the remainder of the molecule via a rin < heteroatom in

compliance with principles of chemical bondin <~ known to those skilled in the art

thereby avoidin <~ inherently unstable compounds.
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Unless otherwise explicitly defined, a "substituent < roup," as used herein,

includes a functional <~roup selected from one or more of the followin<~ moieties,

whi ch are defi ned h erei n:

The term hydrocarbon, as used herein, refers to any chemical <~roup

5 com p r i s in<~ hydro<~en and carbon. The hydrocarbon may be substituted or

unsubstituted. As would be known to one skil led in this art, all valencies must be

satisfied in makin <~ any substitutions. The hydrocarbon may be unsaturated, saturated,

branched, unbranched, cyclic, polycycl ic, or heterocyclic. I l l ustrative hydrocarbons

are further defined herein below and include, for example, methyl, ethyl, »-propyl,

10 i so p r opyl , cyclopropyl, allyl, vinyl, s>-butyl, (es'(-butyl, ethynyl, cyclohexyl, and the

like.

The term "alkyl," by i tself or as part of another substituent, means, unless

otherwise stated, a strai < ht (i.e., unbranched) or branched chain, acyclic or cyclic

hydrocarbon <~roup, or combination thereof, which may be fully saturated, mono- or

1S pol y u nsaturated and can include di- and mult ivalent<groups, havin <~ the number of

carbon atoms desi < ~nated (i.e., C i -C i <i means one to ten carbons, includin <~ 1, 2, 3, 4, S,

6, 7, 8, 9, and 10 carbons). In particular embodiments, the term "alkyl" refers to Ci ~<i

inclusive, includin <~ 1, 2, 3, 4, S, 6, 7, 8, 9, 10, 11, 12, 13, 14, 1S, 16, 17, 18, 19, and

20 carbons, linear (i.e., "strai< ht-chain"), branched, or cyclic, saturated or at least

20 part i a l ly and in some cases fully unsaturated (i.e., alkenyl and alkynyl) hydrocarbon

radicals derived from a hydrocarbon moiety containin <~ between one and twenty

carbon atoms by removal of a sin <~le hydro<~en atom.

Representative saturated hydrocarbon < roups include, but are not limited to,

methyl, ethyl, i>-propyl, isopropyl, i>-butyl, isobutyl, sec-butyl, (es'(-butyl, i>-pentyl,

2S sec - pentyl, isopentyl, neopentyl, s>-hexyl, sec-hexyl, s>-heptyl, s>-octyl, s>-decyl, s>­

undecyl, dodecyl, cyclohexyl, (cyclohexyl)methyl, cyclopropylmethyl, and homolo <~s

and isomers thereof.

"Branched" refers to an alkyl <~roup in which a lower alkyl <~roup, such as

methyl, ethyl or propyl, is attached to a linear alkyl chain. "Lower alkyl" refers to an

30 al kyl <~roup havin<~ 1 to about 8 carbon atoms (i.e., a Ci i< alkyl), e. <~., 1, 2, 3, 4, S, 6, 7,

or 8 carbon atoms. "Hi<~her alkyl" refers to an alkyl <~roup havin<~ about 10 to about

20 carbon atoms, e. <~., 10, 11, 12, 13, 14, 1S, 16, 17, 18, 19, or 20 carbon atoms. In

certain embodiments, "alkyl" refers, in particular, to Ci i< strai<~ht-chain alkyls. In

other embodiments, "alkyl" refers, in particular, to Ci i< branched-chain alkyls.
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Alkyl <groups can optionally be substituted (a "substituted alkyl" ) with one or

more alkyl <~roup substituents, which can be the same or different. The term "alkyl

<~roup substituent" includes but is not l imited to alkyl, substituted alkyl, halo,

alkylamino, arylamino, acyl, hydroxyl, aryloxyl, alkoxyl, alkyl thio, arylthio,

5 ara l k y l oxyl , aralkylthio, carboxyl, alkoxycarbonyl, oxo, and cycloalkyl . There can be

optionally inserted alon <~ the alkyl chain one or more oxy<~en, sulfur or substituted or

unsubstituted nitro<~en atoms, wherein the nitro <~en substituent is hydro <~en, lower

alkyl (also referred to herein as "alkylaminoalkyl") , or aryl.

Thus, as used herein, the term "substituted alkyl" includes alkyl <groups, as

10 def i ned herein, in which one or more atoms or functional<groups of the alkyl <~roup

are replaced with another atom or functional <~roup, includin <~ for example, alkyl,

substituted alkyl, halo <~en, aryl, substituted aryl, alkoxyl, hydroxyl, nitro, amino,

alkylamino, dialkylamino, sulfate, and mercapto.

The term "heteroalkyl," by i tself or in combination with another term, means,

15 unl e ss otherwise stated, a stable strai< ht or branched chain, or cyclic hydrocarbon

<~roup, or combinations thereof, consistin<~ of at least one carbon atoms and at least

one heteroatom selected from the <~roup consistin<~ of 0, N, P, Si and S, and wherein

the nitro<~en, phosphorus, and sulfur atoms may optionally be oxidized and the

nitro< en heteroatom may optionally be quaternized. The heteroatom(s) 0, N, P and S

20 and S i may be placed at any interior position of the heteroalkyl < roup or at the

position at which alkyl < roup is attached to the remainder of the molecule. Examples

include, but are not limited to, -CH~-CH~-0-CH; , -CH~-CH~-NH-CH;,

-CH~-CH~-N(CH;)-CH; -CH~-S-CH~-CH; -CH~-CH~~-S(0)-CH;

-CH~-CH~-S(0)~-CH; -CH = CH-0-CH; -Si(CH;); -CH~-CH = N-OCH;

2S -CH = CH-N(CH;)- CH;, 0-CH;, -0-CH~-CH;, and -CN. Up to two or three

heteroatoms may be consecutive, such as, for example, -CH~-NH-OCH; and

-CH~-0-Si(CH;);.

As described above, heteroalkyl < roups, as used herein, include those < roups

that are attached to the remainder of the molecule throu < h a heteroatom, such as

30 -C(0)NR', -NR'R", -OR' , -SR, -S(0)R, and/or — S(0~)R'. Where "heteroalkyl" is

recited, followed by recitations of specific heteroalkyl < roups, such as -NR'R or the

like, it wil l be understood that the terms heteroalkyl and -NR'R" are not redundant or

mutually exclusive. Rather, the specific heteroalkyl < roups are recited to add clarity.

Thus, the term "heteroalkyl" should not be interpreted herein as excludin < specific

3S
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heteroalkyl <groups, such as -NR'R" or the like.

"Cyclic" and "cycloalkyl" refer to a non-aromatic mono- or mult icyclic rin<

system of about 3 to about 10 carbon atoms, e. <~., 3, 4, 5, 6, 7, 8, 9, or 10 carbon

atoms. The cycloalkyl < roup can be optionally partially unsaturated. The cycloalkyl

5 < roup also can be optionally substituted with an alkyl < roup substituent as defined

herein, oxo, and/or alkylene. There can be optionally inserted alon <~ the cyclic alkyl

chain one or more oxy <~en, sulfur or substituted or unsubstituted nitro <~en atoms,

wherein the nitro <~en substituent is hydro <~en, unsubstituted alkyl, substituted alkyl,

aryl, or substituted aryl, thus providin < a heterocyclic < roup. Representative

10 mo no c yc l ic cycloalkyl r in<~s include cyclopentyl, cyclohexyl, and cycloheptyl.

Multicyclic cycloalkyl r in <~s include adamantyl, octahydronaphthyl, decalin, camphor,

camphane, and noradamantyl, and fused rin <~ systems, such as dihydro- and

tetrahydronaphthalene, and the like.

The term "cycloalkylalkyl," as used herein, refers to a cycloalkyl < roup as

15 def i ned hereinabove, which is attached to the parent molecular moiety throu< h an

alkyl < roup, also as defined above. Examples of cycloalkylalkyl < roups include

cycl opropylmethyl and cycl open tyl ethyl.
The terms "cycloheteroalkyl" or "heterocycloalkyl" refer to a non-aromatic

rin< system, unsaturated or partially unsaturated rin < system, such as a 3- to 10­

20 memb er substituted or unsubstituted cycloalkyl r in<~ system, includin <~ one or more

heteroatoms, which can be the same or different, and are selected from the < roup

consistin<~ of nitro<~en (N), oxy <~en (0), sulfur (S), phosphorus (P), and silicon (Si),

and optionally can include one or more double bonds.

The cycloheteroalkyl r in < can be optionally fused to or otherwise attached to

25 oth e r cycloheteroalkyl r in<~s and/or non-aromatic hydrocarbon rin<~s. Heterocyclic

rin<~s include those havin<~ from one to three heteroatoms independently selected from

oxy<~en, sulfur, and nitro <~en, in which the nitro<~en and sulfur heteroatoms may

optionally be oxidized and the nitro < en heteroatom may optionally be quaternized. In

certain embodiments, the term heterocylic refers to a non-aromatic 5-, 6-, or 7­

30 memb e red rin<~ or a polycyclic <~roup wherein at least one rin<~ atom is a heteroatom

selected from 0, S, and N (wherein the nitro <~en and sulfur heteroatoms may be

optionally oxidized), includin <~, but not limited to, a bi- or tri-cycl ic <~roup, comprisin <~

fused six-membered rin < s havin< between one and three heteroatoms independently

selected from the oxy <~en, sulfur, and nitro<~en, wherein (i) each 5-membered rin <~ has
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0 to 2 double bonds, each 6-membered rin < has 0 to 2 double bonds, and each 7­

membered rin <~ has 0 to 3 double bonds, (ii) the nitro<~en and sulfur heteroatoms may

be optionally oxidized, (i ii) the nitro < en heteroatom may optionally be quaternized,

and (iv) any of the above heterocyclic rin < s may be fused to an aryl or heteroaryl rin < .

5 Rep r esentative cycloheteroalkyl r in<~ systems include, but are not limited to

pyrrolidinyl, pyrrol inyl, imidazolidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl ,

piperidyl, piperazinyl, indolinyl, quinuclidinyl, morpholinyl, thiomorpholinyl ,

thiadiazinanyl, tetrahydrofuranyl, and the like.

The terms "cycloalkyl" and "heterocycloalkyl" , by themselves or in

10 com b i nat ion with other terms, represent, unless otherwise stated, cyclic versions of

"alkyl" and "heteroalkyl" , respectively. Add i t ionally, for heterocycloalkyl, a

heteroatom can occupy the position at which the heterocycle is attached to the

remainder of the molecule. Examples of cycloalkyl include, but are not limited to,

cyclopentyl, cyclohexyl, l - cyclohexenyl, 3-cyclohexenyl, cycloheptyl, and the like.

1S Exa m p les of heterocycloalkyl include, but are not limited to, 1-(1,2,S,6­

tetrahydropyridyl), 1 -piperidinyl, 2-piperidinyl, 3-piperidinyl, 4- morpholinyl, 3­

morpholinyl, tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, tetrahydrothien-2-yl,

tetrahydrothien-3-yl, 1 -piperazinyl, 2-piperazinyl, and the like. The terms

"cycloalkylene" and "heterocycloalkylene" refer to the divalent derivatives of

20 cycl o a lky l and heterocycloalkyl, respectively.

An unsaturated alkyl <~roup is one havin <~ one or more double bonds or triple

bonds. Examples of unsaturated alkyl <groups include, but are not limited to, vinyl, 2­

propenyl, crotyl, 2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(1,4-pentadienyl),

ethynyl, 1- and 3-propynyl, 3-butynyl, and the hi <~her homolo<~s and isomers. A lky l

25 <groups which are limited to hydrocarbon <groups are termed "homoalkyl ."

More particularly, the term "alkenyl" as used herein refers to a monovalent

<~roup derived from a C I ~<i inclusive strai<~ht or branched hydrocarbon moiety havin <~

at least one carbon-carbon double bond by the removal of a sin < le hydro< en molecule.

Alkenyl <groups include, for example, ethenyl (i.e., vinyl), propenyl, butenyl, 1­

30 meth y l -2-buten- l -y l , pentenyl, hexenyl, octenyl, allenyl, and butadienyl.

The term "cycloalkenyl" as used herein refers to a cyclic hydrocarbon

containin< at least one carbon-carbon double bond. Examples of cycloalkenyl < roups

include cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclopentadienyl, cyclohexenyl,

1,3-cyclohexadienyl, cycloheptenyl, cycloheptatrienyl, and cyclooctenyl.
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The term "alkynyl" as used herein refers to a monovalent <~roup derived from

a strai<~ht or branched Ci ~<i hydrocarbon of a desi <oned number of carbon atoms

containin< at least one carbon-carbon triple bond. Examples of "alkynyl" inc lude

ethynyl, 2-propynyl (propar <~yl), l-propynyl, pentynyl, hexynyl, and heptynyl <groups,

S and the l ike.

The term "alkylene" by itself or a part of another substituent refers to a

strai<~ht or branched bivalent aliphatic hydrocarbon <~roup derived from an alkyl <~roup

havin<~ from 1 to about 20 carbon atoms, e. <~., 1, 2, 3, 4, S, 6, 7, 8, 9, 10, 11, 12, 13,

14, 1S, 16, 17, 18, 19, or 20 carbon atoms. The alkylene <~roup can be strai<~ht,

10 bra n ched or cycl ic. The alkylene<~roup also can be optionally unsaturated and/or

substituted with one or more "alkyl <~roup substituents." There can be optionally

inserted alon <~ the alkylene <~roup one or more oxy <~en, sulfur or substituted or

unsubstituted nitro< en atoms (also referred to herein as "alkylaminoalkyl") , wherein

the nitro< en substituent is alkyl as previously described. Exemplary alkylene < roups

1S i n c lude methylene ( — CH~ — ); ethylene ( — CH~ — CH~ — ); propylene ( — (CH~)- — );

cyclohexylene ( — C< H ui — ); — CH = CH — CH = CH —; — CH= CH — CH~ —; -CH~CH~CH~CH~-,

-CH~CH = CHCH~-, -CH~CsCCH~-, -CH~CH~CH(CH~CH~CH-)CH~-,

-(CH~)„-N(R)-(CH~),—, wherein each of q and r is independently an inte <~er from 0 to

about 20, e <~., 0, 1, 2, 3, 4, S, 6, 7, 8, 9, 10, 11, 12, 13, 14, 1S, 16, 17, 18, 19, or20,

20 and R i s hydro<~en or lower alkyl; methylenedioxyl ( — 0 — CH~ — 0 — ); and

ethylenedioxyl (-0 - (CH~)~ — 0 — ). An alkylene < roup can have about 2 to about 3

carbon atoms and can further have 6-20 carbons. Typical ly, an alkyl (or alkylene)

<~roup will have from 1 to 24 carbon atoms, with those <groups havin <~ 10 or fewer

carbon atoms bein <~ some embodiments of the present disclosure. A " l ower alkyl" or

2S "lower alkylene" is a shorter chain alkyl or alkylene <~roup, <generally havin<~ ei<~ht or

fewer carbon atoms.

The term "heteroalkylene" by itself or as part of another substituent means a

divalent < roup derived from heteroalkyl, as exemplif ied, but not l imited by,

-CH~-CH~-S-CH~-CH~- and -CH~-S-CH~-CH~-NH-CH~-. For heteroalkylene <groups

30 het e roatoms also can occupy either or both of the chain termini (e.< ., alkyleneoxo,

alkylenedioxo, alkyleneamino, alkylenediamino, and the like). St i l l further, for

alkylene and heteroalkylene linkin <~ <groups, no orientation of the linkin <~ <~roup is

implied by the direction in which the formula of the linkin < ~ <~roup is wr i t ten . F o r

example, the formula -C(O)OR'- represents both -C(O)OR'- and — R'OC(O)-.
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The term "aryl" means, unless otherwise stated, an aromatic hydrocarbon

substituent that can be a sin <~le rin<~ or multiple rin<~s (such as from 1 to 3 rin<~s),

which are fused to < ether or linked covalently. The term "heteroaryl" refers to aryl

<groups (or rin <~s) that contain from one to four heteroatoms (in each separate rin <~ in

5 the case of mult iple rin< s) selected from N, 0, and S, wherein the nitro < en and sulfur

atoms are optionally oxidized, and the nitro < en atom(s) are optionally quaternized. A

heteroaryl < roup can be attached to the remainder of the molecule throu < h a carbon or

heteroatom. Non- l imi t in < examples of aryl and heteroaryl < roups include phenyl, 1­

naphthyl, 2-naphthyl, 4-biphenyl, 1 -pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3-pyrazolyl, 2­

10 im id a zo lyl , 4-imidazolyl, pyrazinyl, 2-oxazolyl, 4-oxazolyl, 2-phenyl-4- oxazolyl, S­

oxazolyl, 3-isoxazolyl, 4-isoxazolyl, S-isoxazolyl, 2-thiazolyl, 4-thiazolyl, S­

thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2­

pyrimidyl, 4- pyrimidyl , S-benzothiazolyl, purinyl, 2-benzimidazolyl, S-indolyl, 1­

isoquinolyl, S- isoquinolyl, 2-quinoxalinyl, S-quinoxalinyl, 3-quinolyl, and 6­

15 qui n o l y l . Substituents for each of above noted aryl and heteroaryl rin< systems are

selected from the < roup of acceptable substituents described below. The terms

"arylene" and "heteroarylene" refer to the divalent forms of aryl and heteroaryl,

respectively.

For brevity, the term "aryl" when used in combination with other terms (e. < .,

20 aryl o xy , aryl thioxy, arylalkyl) includes both aryl and heteroaryl rin< s as defined

above. Thus, the terms "arylalkyl" and "heteroarylalkyl" are meant to include those

< roups in which an aryl or heteroaryl < roup is attached to an alkyl < roup (e.< ., benzyl,

phenethyl, pyridylmethyl, furylmethyl, and the like) includin <~ those alkyl <groups in

which a carbon atom (e. < ., a methylene < roup) has been replaced by, for example, an

2S oxy <~en atom (e.<~., phenoxymethyl, 2-pyridyloxymethyl, 3-(l-naphthyloxy)propyl, and

the like). However, the term "haloaryl," as used herein is meant to cover only aryls

substituted with one or more halo <~ens.

Where a heteroalkyl, heterocycloalkyl, or heteroaryl includes a specific

number of members (e. <~. "3 to 7 membered"), the term "member" refers to a carbon

30 or h e teroatom.

Further, a structure represented < enerally by the formula:

(R)n

or
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as used herein refers to a rin < structure, for example, but not l imited to a 3-carbon, a

4-carbon, a 5-carbon, a 6-carbon, a 7-carbon, and the like, aliphatic and/or aromatic

cyclic compound, includin <ya saturated rin<y structure, a partially saturated rin <y

structure, and an unsaturated rin <ystructure, comprisin <ya substituent R <yroup, wherein

5 the R <yroup can be present or absent, and when present, one or more R<yroups can

each be substituted on one or more available carbon atoms of the rin < structure. The

presence or absence of the R <yroup and number of R <yroups is determined by the

value of the variable "n," which is an inte <yer <yenerally hav in<y a value ran<sin<a from 0

to the number of carbon atoms on the rin <yavailable for substitution. Each R <yroup, if

10 mo r e than one, is substituted on an available carbon of the rin< structure rather than

on another R < roup. For example, the structure above where n is 0 to 2 would

comprise compound <yroups includin <y, but not l im i ted to :

Rt R, Rt

R2

R2

Rp

and the like.

15 A dashed line representin < a bond in a cyclic rin < structure indicates that the

bond can be either present or absent in the rin< . That is, a dashed line representin < a

bond in a cyclic rin <y structure indicates that the rin <ystructure is selected from the

<yroup consistin <yof a saturated rin <ystructure, a partially saturated rin <ystructure, and

an unsaturated r in<y structure.

20 The symbol ( ) denotes the point of attachment of a moiety to the

remainder of the molecule.

When a named atom of an aromatic rin <y or a heterocyclic aromatic rin <yis

defined as bein < "absent," the named atom is replaced by a direct bond.

Each of above terms (e. < .
,

"alkyl," "heteroalkyl," "cycloalkyl, and

25 "heterocycloalkyl" , "aryl," "heteroaryl," "phosphonate," and "sulfonate" as well as

their divalent derivatives) are meant to include both substituted and unsubstituted

forms of the indicated < roup. Optional substituents for each type of < roup are

provided below.

Substituents for alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl monovalent
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and divalent derivative < roups (includin < those < roups often referred to as alkylene,

alkenyl, heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl, heterocycloalkyl ,

cycloalkenyl, and heterocycloalkenyl) can be one or more of a variety of <groups

selected from, but not l imited to: -OR' , = 0 , = NR' , = N-OR', -NR'R" , -SR', -halo<~en,

S -SiR'R" R'", -OC(O)R', -C(O)R', -CO~R',-C(O)NR'R", -OC(O)NR'R",­

NR" C(O)R', -NR'-C(O)NR" R'", -NR"C(O)OR', -NR-C(NR'R")=NR'", -S(O)R',­

S(O)~R', -S(O)~NR'R", -NRSO~R', -CN and -NO~ in a number ran<~in<~ from zero to

(2m'+1), where m' is the total number of carbon atoms in such <groups. R', R", R ' "

and R"" each may independently refer to hydro<~en, substituted or unsubstituted

10 het e roalkyl , substituted or unsubstituted cycloalkyl, substituted or unsubstituted

heterocycloalkyl, substituted or unsubstituted aryl (e. < ., aryl substituted with 1-3

halo<~ens), substituted or unsubstituted alkyl, alkoxy or thioalkoxy <groups, or arylalkyl

< roups. As used herein, an "alkoxy" < roup is an alkyl attached to the remainder of the

molecule throu < h a divalent oxy< en. When a compound of the disclosure includes

15 mo r e than one R < roup, for example, each of the R < roups is independently selected

as are each R', R", R'" and R"" < roups when more than one of these < roups is

present. When R' and R" are attached to the same nitro < en atom, they can be

combined with the nitro <~en atom to form a 4-, 5-, 6-, or 7- membered rin <~. For

example, -NR'R" is meant to include, but not be limited to, 1- pyrrolidinyl and 4­

20 mo rp h o l inyl . F rom the above discussion of substituents, one of skil l in the art wi l l

understand that the term "alkyl" is meant to include <groups includin <~ carbon atoms

bound to <groups other than hydro<~en <groups, such as haloalkyl (e. <~., -CF; and­

CH~CF;) and acyl (e. <~., -C(O)CH; -C(O)CF; -C(O)CH~OCH; and the like).

Similar to the substituents described for alkyl < roups above, exemplary

25 sub s t i tuents for aryl and heteroaryl< roups (as well as their divalent derivatives) are

varied and are selected from, for example: halo < en, -OR', -NR'R", -SR',

-SiR'R" R'", -OC(O)R', -C(O)R', -CO~R', -C(O)NR'R", -OC(O)NR'R",­

NR" C(O)R', -NR'-C(O)NR" R'", -NR"C(O)OR', -NR-C(NR'R" R'")=NR"",

-NR-C(NR'R") = NR'" -S(O)R', -S(O)~R', -S(O)~NR'R", -NRSO~R', -CN and -NO~,

30 -R', -N;, -CH(Ph)~, fluoro(C I-C<)alkoxo, and fluoro(CI-C<)alkyl, in a number ran <~in<~

from zero to the total number of open valences on aromatic rin <~ system; and where

R', R", R'" and R"" may be independently selected from hydro<~en, substituted or

unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or

unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
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unsubstituted aryl and substituted or unsubstituted heteroaryl. When a compound of

the disclosure includes more than one R < roup, for example, each of the R < roups is

independently selected as are each R', R", R'" and R"" < roups when more than one of

these < roups is present.

Two of the substituents on adjacent atoms of aryl or heteroaryl rin < may

optionally form a rin <~ of the formula -T-C(0 ) - (CRR' ) „ -U-, wherein T and U are

independently -NR-, -0-, -CRR'- or a sin<~le bond, and q is an inte<~er of from 0 to 3.

Alternatively, two of the substituents on adjacent atoms of aryl or heteroaryl rin < may

optionally be replaced with a substituent of the formula -A-(CH~),-B-, wherein A and

10 B a r e i ndependently -CRR'- , -0-, -NR-, -S-, -S(0)-, -S(0)~-, -S(0)~NR'- or a sin <~le

bond, and r is an inte <~er of from 1 to 4.

One of the sin < le bonds of the new rin < so formed may optionally be replaced

with a double bond. A l ternatively, two of the substituents on adjacent atoms of aryl

or heteroaryl rin < may optionally be replaced with a substituent of the formula

1S -(CRR'),-X' - (C"R ' " )p-, where s and d are independently inte <~ers of from 0 to 3, and

X' is -0-, -NR'-, -S-, -S(0)-, -S(0)~-, or -S(0)~NR'­. The substituents R, R', R" and

R'" may be independently selected from hydro<~en, substituted or unsubstituted alkyl,

substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,

substituted or unsubstituted aryl, and substituted or unsubstituted heteroaryl.

20 As used herein, the term "acyl" refers to an or < anic acid < roup wherein the

-OH of the carboxyl < roup has been replaced with another substituent and has the

<general formula RC( = 0)-, wherein R is an alkyl, alkenyl, alkynyl, aryl, carbocylic,

heterocyclic, or aromatic heterocyclic <~roup as defined herein). As such, the term

"acyl" specifically includes arylacyl < roups, such as a 2-(furan-2-yl)acetyl)- and a 2­

25 phe n y lacetyl< roup. Specific examples of acyl < roups include acetyl and benzoyl.

Acyl < roups also are intended to include amides, -RC( = 0)NR', esters, -RC( = 0)OR',

ketones, -RC( = 0)R', and aldehydes, -RC( = 0)H.

The terms "alkoxyl" or "a lkoxy" are used interchan < eably herein and refer to a

saturated (i.e., alkyl — 0 — ) or unsaturated (i.e., alkenyl — 0 — and alkynyl — 0 — ) < roup

30 att a ched to the parent molecular moiety throu< h an oxy< en atom, wherein the terms

"alkyl," "alkenyl," and "alkynyl" are as previously described and can include C i ~<i

inclusive, linear, branched, or cyclic, saturated or unsaturated oxo-hydrocarbon

chains, includin <~, for example, methoxyl, ethoxyl, propoxyl, isopropoxyl, »-butoxyl,

.~ec-butoxyl, (eI'(-butoxyl, and >I-pentoxyl, neopentoxyl, >I-hexoxyl, and the like.
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The term "alkoxyalkyl" as used herein refers to an alkyl-0 -alkyl ether, for

example, a methoxyethyl or an ethoxymethyl <~roup.

"Aryloxyl" refers to an aryl-0- <~roup wherein the aryl <~roup is as previously

described, includin < a substituted aryl. The term "aryloxyl" as used herein can refer

5 to p h eny loxyl or hexyloxyl, and alkyl, substituted alkyl, halo, or alkoxyl substituted

phenyl oxyl or hexyl oxyl.

"Aralkyl" refers to an aryl-alkyl-<~roup wherein aryl and alkyl are as

previously described and includes substituted aryl and substituted alkyl . Exemplary

aralkyl <groups include benzyl, phenylethyl, and naphthylmethyl.

10 "Aralkyloxyl" refers to an aralkyl-0 — <~roup wherein the aralkyl <~roup is as

previously described. An exemplary aralkyloxyl <~roup is benzyloxyl, i .e.,

C<,H~-CH2-0-. An aralkyloxyl < roup can optionally be substituted.

"Alkoxycarbonyl" refers to an alkyl-0 -C( = 0) ­ <~roup. Exemplary

alkoxycarbonyl <groups include methoxycarbonyl, ethoxycarbonyl, butyloxycarbonyl,

1S a n d /e i ' /-butyl oxycarbonyl.

"Aryloxycarbonyl" refers to an aryl-0-C( = 0) ­ < roup. Exemplary

aryloxycarbonyl < roups include phenoxy- and naphthoxy-carbonyl.

"Aralkoxycarbonyl" refers to an aralkyl-0 -C( = 0) ­ <~roup. An exemplary

aral koxycarbonyl <~roup i s benzyl oxycarbonyl.

20 "Carbamoyl" refers to an amide < roup of the formula — C(= 0)NH2.

"Alkylcarbamoyl" refers to a R'RN — C(= 0) ­ <~roup wherein one of R and R' is

hydro <~en and the other of R and R' is alkyl and/or substituted alkyl as previously

described. "Dialkylcarbamoyl" refers to a R'RN — C(= 0) ­ < roup wherein each of R

and R' is independently alkyl and/or substituted alkyl as previously described.

The term carbonyldioxyl, as used herein, refers to a carbonate < roup of the25

formula -O-C( = 0)-OR.

"Acyloxyl" refers to an acyl-0- < roup wherein acyl is as previously described.

The term "amino" refers to the — NH2 < roup and also refers to a nitro < en

containin<~ <~roup as is known in the art derived from ammonia by the replacement of

30 one o r more hydro<~en radicals by or<~anic radicals. For example, the terms

"acylamino" and "alkylamino" refer to specific N-substituted or< anic radicals with

acyl and alkyl substituent <groups respectively.

An "aminoalkyl" as used herein refers to an amino <~roup covalently bound to

an alkylene linker. More particularly, the terms alkylamino, dialkylamino, and
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trialkylamino as used herein refer to one, two, or three, respectively, alkyl < roups, as

previously defined, attached to the parent molecular moiety throu < h a nitro< en atom.

The term alkylamino refers to a <~roup havin<~ the structure — NHR' wherein R' is an

alkyl < roup, as previously defined; whereas the term dialkylamino refers to a < roup

5 hav i n < the structure — NR'R", wherein R' and R" are each independently selected

from the <~roup consistin <~ of alkyl <groups. The term trialkylamino refers to a <~roup

havin<~ the structure — NR'R"R"', wherein R', R", and R'" are each independently

selected from the <~roup consi stin<~ of alkyl <groups. Addi t ionally, R', R", and/or R'"

taken to<~ether may optionally be — (CH~)i,— where k is an inte<~er from 2 to 6.

10 Exa m p les include, but are not limited to, methylamino, dimethylamino, ethylamino,

diethylamino, diethylaminocarbonyl, methylethylamino, isopropylamino, piperidino,

trimethyl amino, and propylamino.

The amino <~roup is -NR'R", wherein R' and R" are typically selected from

hydro <~en, substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl,

15 sub s t i tuted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,

substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl.

The terms alkylthioether and thioalkoxyl refer to a saturated (i.e., alkyl — S — ) or

unsaturated (i.e., alkenyl — S — and alkynyl — S — ) < roup attached to the parent molecular

moiety throu<~h a sulfur atom. Examples of thioalkoxyl moieties include, but are not

20 li mi t ed to, methylthio, ethylthio, propylthio, isopropylthio, >I-butylthio, and the like.

"Acylamino" refers to an acyl-NH — <~roup wherein acyl is as previously

described. "Aroylamino" refers to an aroyl-NH — <~roup wherein aroyl is as previously

described.

The term "carbonyl" refers to the — C(= O) ­ < roup, and can include an aldehyde

25 <~roup represented by the <general formula R-C( = O)H.

The term "carboxyl" refers to the — COOH < roup. Such < roups also are

referred to herein as a "carboxylic acid" moiety.

The terms "halo," "halide," or "halo< en" as used herein refer to fluoro, chloro,

bromo, and iodo <groups. Addi t ionally, terms such as "haloalkyl," are meant to

30 incl u de monohaloalkyl and polyhaloalkyl . For example, the term "halo(Ci-Cz)alkyl"

is mean to include, but not be limited to, trifluoromethyl, 2,2,2-trifluoroethyl, 4­

chlorobutyl, 3-bromopropyl, and the like.

The term "hydroxyl" refers to the — OH < roup.

44

Petitioner GE Healthcare – Ex. 1002, p. 174 



The term "hydroxyalkyl" refers to an alkyl < roup substituted with an — OH

<~roup.

The term "mercapto" refers to the — SH < roup.

The term "oxo" as used herein means an oxy < en atom that is double bonded to

a carbon atom or to another element.

The term "nitro" refers to the — NO~ < roup.

The term "thio" refers to a compound described previously herein wherein a

carbon or oxy <~en atom is replaced by a sulfur atom.

The term "sulfate" refers to the — SO~< roup.

The term thiohydroxyl or thiol, as used herein, refers to a <~roup of the formula10

— SH.

More particularly, the term "sulf ide" refers to compound havin <~ a <~roup of the

formula — SR.

The term "sulfone" refers to compound havin < a sulfonyl < roup — S(O~)R.

The term "sulfoxide" refers to a compound havin < a sulfinyl < roup — S(O)R

The term ureido refers to a urea < roup of the formula — NH C O N H ~.

Throu< hout the specification and claims, a < iven chemical formula or name

shall encompass all tautomers, con < eners, and optical- and stereoisomers, as well as

racemic mixtures where such isomers and mixtures exist.

15

20 Certain compounds of the present disclosure may possess asymmetric carbon

atoms (optical or chiral centers) or double bonds; the enantiomers, racemates,

diastereomers, tautomers, <geometric isomers, stereoisometric forms that may be

defined, in terms of absolute stereochemistry, as (R)-or (S)- or, as D- or L- for amino

acids, and individual isomers are encompassed within the scope of the present

25 di sc l osure. The compounds of the present disclosure do not include those which are

known in art to be too unstable to synthesize and/or isolate. The present disclosure is

meant to include compounds in racemic, scalemic, and optically pure forms.

Optically active (R)- and (S)-, or D- and L-isomers may be prepared usin < chiral

synthons or chiral rea <~ents, or resolved usin<~ conventional techniques. When the

30 com p o unds described herein contain olefenic bonds or other centers of<geometric

asymmetry, and unless specified otherwise, it is intended that the compounds include

both /; and 7 <geometric isomers.

Unless otherwise stated, structures depicted herein are also meant to include

all stereochemical forms of the structure; i.e., the R and S confi < urations for each
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asymmetric center. Therefore, sin < le stereochemical isomers as well as enantiomeric

and diastereomeric mixtures of the present compounds are within the scope of the

di scl osure.

It will be apparent to one skilled in the art that certain compounds of this

5 di s c l osure may exist in tautomeric forms, all such tautomeric forms of the compounds

bein< within the scope of the disclosure. The term "tautomer," as used herein, refers

to one of two or more structural isomers which exist in equil ibrium and which are

readily converted from one isomeric form to another.

As used herein the term "monomer" refers to a molecule that can under <~o

10 poly m er ization, thereby contributin<~ constitutional units to the essential structure of a

macromolecule or polymer.

A "polymer" is a molecule of hi< h relative molecule mass, the structure of

which essentially comprises the multiple repetition of unit derived from molecules of

low relative molecular mass, i.e., a monomer.

15 A "dendrimer" is hi< hly branched, star-shaped macromolecules with

nanometer-scale dimensions.

As used herein, an "oli <~omer" includes a few monomer units, for example, in

contrast to a polymer that potentially can comprise an unlimited number of

monomers. Dimers, trimers, and tetramers are non-limit in <~ examples of oli <~omers.

The term "protectin «r o up" refers to chemical moieties that block some or all20

reactive moieties of a compound and prevent such moieties from participatin < in

chemical reactions until the protective < roup is removed, for example, those moieties

listed and described in T. W. Greene, P.G.M. Wuts, Protective Groups in Or <~anic

Synthesis, 3rd ed. John Wiley k Sons (1999). I t may be advanta< eous, where

25 dif fe rent protectin«r o ups are employed, that each (different) protective < roup be

removable by a different means. Protective < roups that are cleaved under totally

disparate reaction conditions allow di f ferential removal of such protectin <~ <groups.

For example, protective < roups can be removed by acid, base, and hydro < enolysis.

Groups such as trityl, dimethoxytri tyl, acetal and tert-butyldimethylsi lyl are acid

30 lab i l e and may be used to protect carboxy and hydroxy reactive moieties in the

presence of amino <groups protected with Cbz <groups, which are removable by

hydro <~enolysis, and Fmoc <groups, which are base labile. Carboxylic acid and

hydroxy reactive moieties may be blocked with base labile < roups such as, without

limitation, methyl, ethyl, and acetyl in the presence of amines blocked with acid labile
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< roups such as tert-butyl carbamate or with carbamates that are both acid and base

stable but hydrolytically removable.

Carboxylic acid and hydroxy reactive moieties may also be blocked with

hydrolytically removable protective <groups such as the benzyl <~roup, while amine

5 < roups capable of hydro < en bondin< with acids may be blocked with base labile

< roups such as Fmoc. Carboxylic acid reactive moieties may be blocked with

oxidatively-removable protective < roups such as 2,4-dimethoxybenzyl, while co­

existin< amino < roups may be blocked with fluor ide labile silyl carbamates.

Allyl blockin «r o ups are useful in the presence of acid- and base- protectin <

10 < roups since the former are stable and can be subsequently removed by metal or pi­

acid catalysts. For example, an allyl-blocked carboxylic acid can be deprotected with

a palladium(O)- catalyzed reaction in the presence of acid labile t-butyl carbamate or

base-labile acetate amine protectin «r o u ps. Yet another form of protectin«r o up is a

resin to which a compound or intermediate may be attached. As ion < as the residue is

15 att a ched to the resin, that functional< roup is blocked and cannot react. Once released

from the resin, the functional < roup is available to react.

Typical blockin J<~ protectin<~ <groups include, but are not limited to the

followin < moieties:

~,c+~ I

Bn Cbz Alloc Meallyl

CHs
CH3H<C+I

CHs
Hgt g
Hsc CH3

TBDMS
Teoc Boc

t-butyl

0

HsCO Hsc
i /

pMB tosyl trityl acetyl Fmoc20
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Followin <~ ion<~-standin<~ patent law convention, the terms "a," "an," and "the"

refer to "one or more" when used in this application, includin <~ the claims. Thus, for

example, reference to "a subject" includes a plurality of subjects, unless the context

5 cl e a r ly is to the contrary (e.< ., a plurality of subjects), and so forth.

Throu<shout this specification and the claims, the terms "comprise,"

"comprises," and "comprisin<" are used in a non-exclusive sense, except where the

context requires otherwise. L ikewise, the term "include" and its < rammatical variants

are intended to be non-limit in <, such that recitation of items in a list is not to the

10 exc l u s ion of other like items that can be substituted or added to the listed items.

For the purposes of this specification and appended claims, unless otherwise

indicated, all numbers expressin <~ amounts, sizes, dimensions, proportions, shapes,

formulations, parameters, percenta < es, quantities, characteristics, and other numerical

values used in the specification and claims, are to be understood as bein < modified in

15 al l i n s tances by the term "about" even thou< h the term "about" may not expressly

appear with the value, amount or ran < e. Accordin< ly, unless indicated to the

contrary, the numerical parameters set forth in the fol lowin < specification and

attached claims are not and need not be exact, but may be approximate and/or lar < er

or smaller as desired, reflectin <~ tolerances, conversion factors, roundin <~ off,

20 mea s urement error and the like, and other factors known to those of skil l in the art

dependin < on the desired properties sou < ht to be obtained by the presently disclosed

subject matter. For example, the term "about," when referrin < to a value can be

meant to encompass variations of, in some embodiments, + 100% in some

embodiments + 50%, in some embodiments + 20%, in some embodiments + 10%, in

25 som e embodiments + 5%, in some embodiments +1%, in some embodiments + 0.5%,

and in some embodiments + 0.1% from the specified amount, as such variations are

appropriate to perform the disclosed methods or employ the disclosed compositions.

Further, the term "about" when used in connection with one or more numbers

or numerical ran <~es, should be understood to refer to all such numbers, includin <~ all

30 num b ers in a ran< e and modifies that ran < e by extendin< the boundaries above and

below the numerical values set forth. The recitation of numerical ran < es by endpoints

includes all numbers, e.<~., whole inte<~ers, includin<~ fractions thereof, subsumed

within that ran<ate (for example, the recitation of 1 to S includes 1, 2, 3, 4, and S, as
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well as fractions thereof, e. <~., 1.S, 2.2S, 3.7S, 4.1, and the like) and any ran<ate within

that ran< e.

EXAMPLES

The followin < Examples have been included to provide < uidance to one of

ordinary skil l in the art for practicin <~ representative embodiments of the presently

disclosed subject matter. In l i < ht of the present disclosure and the < eneral level of

skill in the art, those of skill can appreciate that the followin < Examples are intended

to be exemplary only and that numerous chan < es, modifications, and alterations can

10 be e m p loyed without departin< from the scope of the presently disclosed subject

matter. The synthetic descriptions and specific examples that follow are only

intended for the purposes of il lustration, and are not to be construed as limit in <~ in any

manner to make compounds of the disclosure by other methods.

EXAMPLE 1

Ex erimental Procedures

l. /, hei Iihesi» of'XY-FA P-(I I.

0 N~0 OH

O H OBT, HBTU, DIPEA H OHO

N

1

DMF, r.t. 6h, 76%
TFA

2 3

Methyl (6-hydroxy qui nol i ne-4­carbonyl)<~1 yci nate (3): 6-Hydroxy quinol i ne-4­

20 car b o xy l ic acid (I) 210 m<~ (1.1 mmol), methyl <~lycinate HC1 salt (2) 143 m<~ (1.1

mmol), HBTU 420 m <~ (1.1 mmol) and HOBt 170 m <~ (1.1 mmol) were dissolved in

12 mL dry DMF. To the solution, 0.77 mL of DIPEA (4.4 mmol) was added. The

reaction was stirred at room temperature for 6 h. After the solvent was removed under

vacuum, the mixture was loaded onto a 25 < C18 cartrid< e (Silicycle, Canada) and the

2S prod uct was purif ied with a MeCN/water/TFA <gradient (0/100/0.1 to 90/10/0.1). 290

m< of product 3 was obtained as a yellow powder with a yield of 76%. 'H-NMR (400

MHz, CD;OD) : 6 8 .69 (s, 1H), 7.94 (d, 3 = 7.92 Hz, 1H), 7.S7 — 7.S1 (m, 3H),

7.42 — 7.37 (m, 1H), 4.21 (s, 2H), 3.81 (s, 3H). ' 'C-NMR (100 MHz, CD;OD) : 6
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172.4, 160.9, 14S.1, 143.7, 129.7, 129.4, 128.3, 121.8, 119.6, 112.4, 109.1, S6.8, 44.8.

MS: calculated for [Ci ;H i ; ¹ Oq ] , 2 6 1.3 [M + H ] ; f o und 261.1.

O N~
TFA

HO Cc Cp BccHN~ O
H • ~ Br

Boo
DMF, r.t. overnight, 54% N TFAN

3 5

Methyl (6-(3-((tert-b utoxycarbonyl )am i no)propoxy) qui nol i ne-4­

S car b ony l )<Tlycinate (5): Methyl (6-hydroxyquinoline-4-carbonyl) <Tlycinate (3) 360 m <T

(1.0 mmol), tert-butyl (3-bromopropyl)carbamate (4) S00 m<T(2.1 mmol) were

dissolved in 20 mL DMF. Cs2CO; 1 <T(3.0 mmol) was added to the solution and the

reaction was stirred at room temperature overni <Tht. After fi l tration, the solvent was

removed under vacuum and the remainin <Tmixture was loaded onto a 25 <T C18

10 car t r id< e (Silicycle, Canada). The product was purif ied with a MeCN/water/TFA

< radient (0/100/0.1 to 90/10/0.1). 270 m < of product 5 was obtained with a yield of

54%. H - N M R (400 MHz, CDC1;): 6 8.68 8 .37 (m, 2H), 8.02 (d, 3= 9.1 Hz, 1H),

7.80 (s, 1H), 7.72 — 7.64 (m, 1H), 7.40 (d, 3 = 9.1 Hz, 1H), 4.94 (br s, 1H), 4.41 — 4.31

(m, 2H), 4.27 — 4.18 (m, 2H), 3.8S (s, 3H), 3.44 — 3.30 (m, 2H), 2.13 — 2.00 (m, 2H),

1S 1. 4 3 (s, 9H). ' 'C NM R ( 100 MHz, CDC1;): 6 170.1, 167.2, 1S8.4, 144.7, 142.3,

128.4, 126.1, 124.7, 119.1, 103.7, 79.S, 60.4, S2.S, 41.4, 37.7, 29.3, 28.4. MS:

calculated for [Con H2~N;Or,], 418.S [M + H] ; found 418.3.

0 OHH
TFA 0 N 0 N~

HCI N C=N

C N 0 N~ p
BocHN~ O BocHN ~ 0 H

BocHN~ P
H20<THF rt Gh 10 0 <.

N N OBT HBTU D IPEA
N

tert-Butyl(S)-(3-((4-((2-(2­cyanopyrrol i din­1-yl)-2­

20 oxoe t hy l )carbamoyl)quinolin-6-yl)oxy)propyl)carbamate (7): Compound 5 110 m<T

(0.21 mmol) and LiOH 30 m <T(1.2 mmol) was stirred in 4 mL of H20/THF (1/1) for 6

hours. After most of the THF was removed under vacuum, the mixture was loaded

onto a 25 < C18 cartrid< e (Silicycle, Canada) and eluded with a MeCN/water/TFA

< radient (0/100/0.1 to 90/10/0.1) to remove the salts. The product 6 obtained was

2S mi xe d w i th (S)-pyrrolidine-2-carbonitrile S3 m<T(0.4 mmol), HOBT 68 m <T(0.4

mmol), HBTU 1S2 m <T(0.4 mmol) and DIPEA O.S6 mL (1.6 mmol) in dry 10 mL

DMF. After 6 hours, the solvent was removed under vacuum and the remainin <T

mixture was loaded onto a 25 < C18 cartrid< e (Silicycle, Canada). The product was
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purified with a MeCN/water/TFA <yradient (0/100/0.1 to 90/10/0.1). 99 m <yof 7 was

obtained with a yield of 80%. 'H NM R (400 MHz, CDC1;): 6 8.73 (s, 1H), 7.9S (d, 3

= 10.2 Hz, 1H), 7.68 (br s, 1H), 7.63 — 7.S6 (m, 1H), 7.S6 — 7.48 (m, 1H), 7.38 — 7.29 (m,

1H), S.27 (br s, 1H), 4.84 — 4.72 (m, 1H), 4.46 — 4.3S (m, 1H), 4.33 — 4.20 (m, 1H),

4.17 — 4.09 (m, 2H), 3.78 — 3.64 (m, 1H), 3.S9 — 3.46 (m, 1H), 3.36 (s, 2H), 2.38 — 2.17

(m, 4H), 1.42 (s, 9H), 1.35 — 1.27 (m, 2H). ' 'C NMR (100 MHz, CDC1;): 6 167.6,

167.S, 1S7.9, 1S6.2, 146.3, 130.2, 12S.7, 123.7, 119.3, 118.0, 103.3, 79.0, 6S.9, 46.8,

4S.7, 42.2, 37.6, 29.8, 29.3, 28.4, 2S.1. MS: calculated for [C~,-H;~¹O,-], 482.6 [M +

H] ; found 482.3.

Q, B, Q-.B,
O N~

LI-COR-800

O N~ IRDye800CW-NHS O N~

Q, B,
TFAuDOM

BocHN ~ O
HTN ~ O HN~ O

rt Th
TFA NN

810

XY-FAP-(I1. Compound 7 (1 m<, 1.7 pmol) was treated with a 1 mL solution

of TFA/methylene chloride (1/1) for 2 h. The solvent was removed under vacuum,

and the remainin <y material re-dissolved in O.S mL of DMSO. To the solution,

LICOR800CW-NHS ester 0.5 m < (0.43 pmol) and Et;N 10 pL were added. After 1 h

15 at r o om temperature, the solvent was removed and the product was purified by HPLC.

O.S m<y product was obtained with a yield of 8S%. HPLC condit ion: column

Phenomenex, Luna 10 x 2SO mm, 10 u. Gradient 10/90/0.1 MeCN/H~O/TFA to

80/20/0.1 MeCN/H~O/TFA wi thin 1S min at a flow of 3 mL/min. The product was

eluted at 10.1 min. MS: Calculated for[CFF H7F N70/7SQ ], 1366.4[M+H] ; found

2 0 136 6 8 .

/. 2, Rg b Iihe»i » of' XY-FA P-(l2

NIICW(
;)C ;)

CC
C

I f : " )
H

( ) N ;)
CCTA-CA '-eudhN 8

I N (;
N

H N C
I-un I f : , ) 0 :

N *

7 8 H(;
N XY.FAP.02

2,2',2"-(10-(1-Carboxy-4-((3-((4-((2-((S)-2­cyanopyrrol i din­1-yl)-2­

oxoethyl ) carbam oyl ) qui nol i n-6-yl )oxy) propyl ) am i no)-4-oxobutyl )-1,4,7, 10­
25 tet r aazacyclododecane-1,4,7-triyl)tr iacetic acid (XY-FAP-02): Compound 7 (15 m <y,

31.3 pmol) was treated with a 1-mL solution of TFA/methylene chloride (1/1) for 1 h.

The solvent was removed under vacuum, and the remainin < material re-dissolved in

0.5 mL of DMF. To the solution, DIPEA (27 pL, 156.5 pmol) was added, followed

by dropwise addition of a solution of DOTA-GA( t -Bu)<-NHS (25 m <y, 31.3 pL ) in O,S
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mL of DMF. The reaction mixture was stirred for 4 h at ambient temperature and then

concentrated under vacuum. The t-Bu-protected intermediate was deprotected in situ

without further purif ication usin <r a 1 mL mixture of TFA, H20 and triethylsilane

(TES) (9S:2.S:2.S). Reaction mixture was then concentrated and purified by

semipreparative HPLC, to afford the product as a white solid (8.5 m <, 33% yield).

MS: calculated for [C;0HffqN00i2 ], 840.9 [M + H] ; f o und 840.S. HPLC (10 mm x

2SO mm Phenomenex Luna C18 column, 10 pm, mobile phase 9S/S/0.1% to

7S/2S/0.1% water/acetonitrile/TFA over 20 min, flow S mL/min) XY- F AP -02 eluted

at 1 1.8 min.

O COOI-I O

In(NO<)<c ~ - 9
0 2 M NaOAc bufferN

60"C 30mm

~

L'',rj
XY-FAP4I2 XY-FAP-02-iln]

10

XY-/'A I'-02-/6>/. ' ' " "Indium(I I I) 2,2',2n­(10-( I -Carboxy-4-((3-((4-((2-((S)­

2-cyanopyrrol i di n-1-yl )-2­oxoethyl )carbam oyl ) qui nol i n-6-yl ) oxy)propyl ) am i no)-4­

oxobutyl)­1,4,7, 10-tetraazacy cl ododecane-1,4,7­tri yl)tri acetate (X Y- FA P-02- [ I n J);

To a solution of 2 m <r (2.4 Iimol) of XY- F AP -02 in 1 mL of 0.2M AcONa, a solution

1 S of 1.4 m <r (4.6 Iimol) of In(NO;) ; in O,S mL water is added and warmed in a 60 'C

bath for 30 min. After coolin <r to ambient temperature, the mixture was purif ied by

semipreparative HPLC. The product was obtained as a white solid (1.8 m <, 79%

yield). MS: calculated for [C; >Hin N >Oi2ln], 9S1.7 [M + H]; found 9S2.S. HPLC (10

mm x 2SO mm Phenomenex Luna C18 column, 10 pm, mobile phase 9S/S/0.1% to

20 7 S/ 2 S/0.1% water/acetonitrile/TFA over 20 min, flow S mL/min) XY- F AP -02-[ In)

eluted at 14,0 min.

/.3 1<adiolahelisg; Melhc~d». Briefly, 20 m <r XY-FAP-02 solution in 20 mL of

0.2 M NaOAc was added to 10 mL 4.6 mCi " ' I nC1: solution (Nordion, Ottawa,

Canada) and adjusted to a final pH of 5.5-6. The mixture was heated in a water bath at

2S 70 ' C f o r 30 min and, after the reaction completed, was diluted with 200 mL of water

for HPLC puri f ication. The solution was purif ied usin <r a Phenomenex 5 pm Cix Luna

4.6 x 250 mm-' column (Torrance, CA) with a flow rate of 0.6 mL/min with water

(0.1% TFA) (A) and MeCN (0.1% TFA) (B) as the elutin <r solvents. An isocractic

solution of 88% A and 12% B was uti l ized for purif ication, resultin <r in the labeled

30 c o m pound, '" In-XY-FAP-02, elutin<r first at 18.6 min fol lowed by the unlabeled
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startin< material at 23.5 min. 3.2 mCi of labeled compound was obtained as pure

product with a yield of 69%. Another reaction with the identical condition was

performed with 74% yield. The collected radioactivity was diluted with 20 mL of

water and loaded onto activated Sep-Pak (WAT020515, Waters, Mi l ford, MA) . Af ter

5 the Sep-Pak was washed with 10 mL of water, " ' I n - X Y - F A P-02 was eluted with 1.5

mL of ethanol. The ethanol was evaporated under a < entle stream of N ( to a total

volume of ( 50 pL) . The resultin <~ solution was formulated in saline for the ima<~in<~

and biodistribution studies.

1.4 I'AP l»hi hi jiw> Assay. The inhibitory activity of XY- F AP -01 was

10 det e rmined usin< a fluoro< enic FAP Assay Kit (BPS Bioscience, San Die< o, CA).

Briefly, XY-F AP-01, DPP substrate, and human recombinant FAP were loaded into a

96 well plate to initiate the enzyme reaction. The reaction was left for 10 minutes at

room temperature before fluorescence was measured with a VICTOR3 V mul t i label

plate reader (PerkinElmer Inc., Waltham, MA). Data was normalized and semi-lo <~

15 inh i b i t ion curves were< enerated in order to determine the IC~<i value (concentration

of XY-FAP-01 where the enzyme activity is 50% inhibited) for XY-F AP-01 and

subsequent enzyme inhibit ion constant (K;) usin < the Chen< -Prusoff conversion.

Generation of semi-lo < inhibition curves and IC50 values were done usin < GraphPad

Prism (San Die <~o, CA).

l.a ( '<.ll li»e~. Six human cancer cell lines were used to assess bindin< to

FAP: <~lioblastoma (U-87-MG), melanoma (SK-MEL-24), prostate (PC-3), non-small

cell lun <~ cancer (NCI-H2228), colorectal carcinoma (HCT 116), and lun<~ squamous

cell carcinoma (NCI-H226). From the literature, U-87-MG, SK-MEL-24, and NCI­

H2228 cell l ines were identified as havin <~ hi<~h levels of FAP expression [FAP­

20

25 pos i t i ve (+)] whereas PC-3, NCI-H226, and HCT 116 cells expressed very low levels

of FAP [FAP-ne<~ative(-)]. These expression profiles were further confirmed via flow

cytometry with an APC-conju< ated anti-FAP antibody (RAD Systems, Minneapolis,

MN) and quantitative real-time PCR. All cell l ines were purchased from American

Type Culture Collection (ATCC, Manassas, VA).

30 U-87-MG cells were maintained in MEM medium (Cornin<~ Cell<pro,

Manassas, VA), containin <~ 10% fetal bovine serum (FBS) (Si<~ma-Aldrich, St. Louis,

MO) and 1% penicil l in-streptomycin (Cornin <~ Cell<pro, Manassas, VA),

supplemented with sodium bicarbonate (Cornin <~), sodium pyruvate (Gibco,

Gaithersbur <, MD), and MEM non-essential amino acids (Gibco). SK-MEL-24 cells
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were maintained in MEM medium, containin<~ 15% FBS and 1% penicil l in­

streptomycin, supplemented with sodium bicarbonate, sodium pyruvate, and MEM

non-essential amino acids. PC-3 cells were <~rown in Ham's F-12K medium (Cornin<~

Cell <pro) supplemented with 10% FBS and 1% penicil l in-streptomycin. NCI-H2228,

5 NC I-H 2 2 6, and HCT 116 cells were cultured in RPMI 1640 medium (Cornin<~

Cell <pro) supplemented with 10% FBS and 1% penicil l in-streptomycin. All cell

cultures were maintained at 37 'C and 5% carbon dioxide (CO~) in a humidif ied

incubator.
/. C> ('<.//alai (/p/ake, 'i lodi e». All cellular uptake and speci fic bindin <~ studies

10 w er e performed in tripl icate to ensure reproducibil i ty. Cells were detached usin<

0.05% trypsin (Cornin <~), resuspended in 1 mil l ion cell aliquots in bindin <~ buffer, and

incubated with various concentrations (ran<ate, 50 nM to 0.78 nM) of XY- F AP -01 for

1 hour at 37 'C and 5% CO~. To assess the specific uptake of XY-FAP-02, cells were

preblocked with a FAP and DPP-IV specific inhibitor (Val-boroPro, Mil l iporeSi<~ma,

15 Burl i n<~ton, MA) or a DPP-IV specific inhibitor (Sita<~liptin, Santa Cruz

Biotechnolo <~y, Inc., Dallas, TX) at various concentrations (ran<ate, 10 '" M to 10 M )

prior to incubation with 25 nM XY - F A P -02 solution in bindin<~ buffer for 1 hour at

37 'C and 5% CO~. Cellular uptake was terminated by washin< cells with ice cold

PBS (1 x) three times. Cells were resuspended in bindin < buffer and transferred to a

20 96-w e l l p late for ima<~in<~. Ima<~es were acquired on the LI-COR Pearl Impulse

Ima<~er (Lincoln, NE) usin<~ an excitation wavelen<~th of 785 nm and detection of the

emission wavelen < th at 800 nm. Ima< es were analyzed usin< the LI-COR Pearl

Impulse Software (Version 2.0) and fluorescence intensity was corrected for

back< round si< nal and normalized to well area.

25 Cellular Uptake of " ' I n - X Y - F A P-02 was also assessed in cells. Cell aliquots

(1 mill ion) were incubated with 1 pCi ' " I n - X Y - F A P -02 in saline for 30 minutes at

37 'C and 5% CO~. Cells were washed three times with cold PBS (1 x) and activity of

the cell pellets was measured with the 1282 CompuGamma CS < amma well counter

(Pharmacia/LKB Nuclear, Inc., Gaithersbur <, MD). The percent uptake of the

30 adm i n i s tered activity was calculated by comparison with samples of a standard dose.

/. 7,N'ma//-Aiiinuz/ Net h / f i cv ed /'/iwi e»ceiice (N/14/) /nag iig;. NIRF ima<~es

were acquired on the LI-COR Pearl Impulse Ima< er usin< an excitation wavelen< th of

785 nm and a detection wavelen<~th of 800 nm. Mice uti l ized for ima<~in<~ studies were

anesthetized with 3% isofluorane (v/v) and maintained at 1,5% isofluorane for the
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ima<~in<~ procedure. NOD/SKID mice bearin<~ FAP+ U-87-MG and FAP- PC-3 tumor

xeno<~rafts were injected with 10 nmol of XY- F AP -01 via tail vein injection and

ima<~es were acquired at 30 min, 1 h, 2 h, 2.5 h, and 4 h after injection of tracer. Data

were displayed and analyzed usin < the LI-COR Pearl Impulse Software (Version 2.0).

/ .8 ,8'mal/-A»ines/,h'Pl;( ' I­'( ' I ' I nug i i g;. SP ECT-CT studies were performed

on NOD/SKID mice bearin<~ FAP+ U-87-MG and FAP- PC-3 tumor xeno<~rafts. For

ima< in< studies, mice were anesthetized with 3% isoflurane prior to bein < placed on

the scanner bed and kept warm with an external li < ht source. Isoflurane levels were

decreased to 1.5% for the rest of the ima < in< procedure. After mice were injected

10 w ith 300 pCi " ' I n - X Y - F A P -02 in 200 pL saline, SPECT-CT ima< in< was carried

out usin< a CT-equipped Gamma Medica-Ideas SPECT scanner (Northrid< e, CA) at

the indicated timepoints (30 min, 2 h, 6 h, and 24 h) post radiotracer injection. A CT

scan was performed at the end of each SPECT scan for anatomical co-re < istration.

Obtained data sets were reconstructed usin < the provided Gamma Medica-Ideas

15 sof t w are and final data visualization and ima< e < eneration were prepared usin <

AmiraOii software (FEI, Hill sboro, OR).

/. 9 /;x-ii n~ Bindislii holiw>. NOD/SKID mice bearin< FAP+ U-87-MG and

FAP- PC-3 tumor xeno<~rafts were injected with 10 pCi " ' I n - X Y - F A P -02 in 200 pL

saline via the tail vein. At 5 min, 30 min, 2 h, 6 h, and 12 hr post injection, mice (n = 4)

20 w er e sacri f iced by CO~ asphyxiation and blood was immediately collected by cardiac

puncture. Additionally, the heart, lun < s, liver, stomach, pancreas, spleen, fat, kidney,

small intestine, lar <~e intestine, bladder, muscle, femur, FAP+ U-87-MG xeno<~raft,

and FAP- PC-3 xeno< raft were collected for biodistribution analysis. Each tissue was

wei< hed and radioactivity was measurin < usin< a 2480 Wizard-' automated < amma

25 cou n ter (PerkinElmer, Waltham, MA). Radioactivity measurements were corrected

for decay and compared with samples of a standard dilution of the init ial dose to

calculated percent injected dose per < ram (%ID/ < ).

For blockin < studies, mice (n = 5 per < roup) were co-injected with unlabeled

XY-FAP-02 (50 p < per mouse) and 10 pCi " ' I n - X Y - F A P -02 in 200 pL saline. Mice

30 (n = 5) injected with 10 pCi ' " In -XY - F A P -02 in 200 pL saline served as a control. At

6 h post injection, mice were sacrificed, tissues were collected, and radioactivity was

measured with the < amma well counter.

/. /0 l) a /cz A»cull>si». Data are expressed at mean + standard deviation (SD).

Prism software (GraphPAD, San Die< o, CA) was used for analysis and statistical
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si< nificance was calculated usin < a two-tailed Student's t test. A P-value (0.05 was

con si dered si <~ni fi cant.

/. // Xe)waif ! I'omw Mad<./. 6-week old female NOD/SCID mice were

subcutaneously injected in the upper left and ri <~ht flanks with 1 mil l ion U87(FAP+)

cells and PC3 cells (FAP-) in RPMI 1640 media supplemented with 1% FBS. M i c e

were monitored for tumor size and used for optical or SPECT/CT ima <~in<~ when the

s ize of tumor reached around 100 mm' .

EXAMPLE 2

Re resen tati ve Resul ts10

2. / / ' A / ) /)>hihilwg> Assay. XY - F A P -01 demonstrated hi<~h bindin<~ affinity to

human recombinant FAP. The enzyme inhibitory constant (Ki) for the compound was

determined to be 1.26 nM.

2.2 ( '<./lola) ( /p lake,' ilodie». FAP-positive cell lines showed concentration

15 dep e ndent uptake of XY-F AP -01 whereas FAP-ne<~ative cell lines showed no

si< nificant bindin < of XY-FAP-01 at all concentrations (see, e.< ., FIG. 3A). Saturated

bindin <~ of XY-FAP-01 was observed at concentration of 25 nM, which was

subsequently used as the base concentration for all bindin <~ inhibition studies. When

preblocked with a FAP and DPP-IV specific inhibitor, XY-FAP-01 bindin<~ was

20 si<~nificantly inhibited in FAP-positive cells (FIG. 3B). Interestin<~ly, this phenomenon

was not observed in FAP-positive cell lines preblocked with a DPP-IV specific

inhibitor. These results further justify the specificity of XY- F AP -01 for FAP over

DPPIV, since blockin<~ of DPPIV did not result in a chan<ate of bindin<~ ability of XY­

FAP-01.

25 Similar specificity was observed with the radioactive analo <, " ' I n - X Y -F A P­

02. FAP positive cell l ine, U-87-MG, demonstrated over 30% uptake of administered

radioactive dose after incubation whereas the FAP ne< ative cell line, PC-3, had

uptake of 0.01% of administered dose (FIG. 3C). Taken to< ether, these results support

the specificity of XY- F AP -01 and " ' I n - X Y - F A P - 02 in the en<~a<~ement of FAP i ) >

2.3 /; x - i ' i i 'o Biod is l ) ' i holio)). / ; x - i ' i i 'o biod is t r ibu t ion of ' " I n - X Y - FA P-0 2

results correlated with the observed ima < in< results (FIG. 4). Init ially, the blood pool

activity is very hi <~h, with over 10% %ID/ <~ at 30 minutes post injection. With

clearance of the compound, we see the blood pool activity drop si < nificantly after 2
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hours of distribution and remained less than 5% %ID/ <' from 2 hours post injection

(FIG. 5A). Hi < h activity was also observed in pancreas, small intestines, and bladder

until 2 hours post injection. Positive tumor uptake peaked at 30 minutes post injection

and remained between 13-11% %ID/ <' up to 6 hours. Washout of tumor was observed

5 at 1 2 hours post injection, with %ID/<~ droppin<~ to below 5%. The PC-3, FAP

ne<~ative xeno<~raft had less than 3,5% %ID/ <~ for all timepoints.

Co-injection of cold compound with " ' I n - X Y - F A P -02 resulted in si <~niflcant

blockin <~ of tracer uptake in U-87 xeno <~rafts, with %ID/<~ droppin<~ from 11.20%

without blockin <~ versus 0.27% with blockin<~ (p ( 0.0001). Addit ionally, blockin<~

10 w ith c o ld compound resulted in %ID/<~ of all tissues droppin<~ si<~nificantly, with most

values bein < less than 0.1%. This decrease in uptake is most likely due to the blockin <

of non-specific bindin < of tracer to non-tar< et tissues and the blockin < of specific

bindin <~ of FAP in U-87 xeno<~rafts.

2. 4,N'mall-Asii nuzl Net h ei cv ed I'Irwin escesice (Nil<I ) Ines;isg;. NIRF

15 im a < in< of XY-F AP -01 demonstrated specific uptake of tracer in the U-87-MG

xeno<~raft as early as 30 minutes post injection (FIG. 6). After one hour of

distribution, tracer clearance via the bladder was observed with retained tracer uptake

in the FAP positive xeno< raft. Tracer uptake was retained in the positive xeno < raft

after four hours of distribution. In contrast, no si <~nificant uptake of tracer was

20 obs e rved in the FAP ne< ative tumor at all ima< in< time points.
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IMAGING AND RA D I O T H ERAPEUTICS AGENTS TARGETING FIBROBLAST­

ACTIVATION PROTEIN-ALPHA (FAP-ALPHA)

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation of U.S. Patent Application 16/7S8,182, filed

April 22, 2020, which is a U.S. )371 National Entry Appl ication of

PCT/US2018/OS7086, filed October 23, 2018, which claims the benefit of U.S.

Provisional Appl ication No. 62/S7S,607, filed October 23, 2017, each of which is

incorporated herein by reference in its entirety.

FEDERALLY SPONSO RED RESEARCH OR DEV ELO P M E N T

This invention was made with <government support under CA197470 awarded

by the National Institutes of Health. The < overnment has certain ri< hts in the

invention.

BACKGROUND

Fibroblast-activation protein-u (FAP-u) expression has been detected on the

surface of fibroblasts in the stroma surroundin < )90% of the epithelial cancers

examined, includin < mali< nant breast, colorectal, skin, prostate and pancreatic

cancers. (Garin-Chesa, et al., 1990; Retti <, et al., 1993; Tuxhorn, et al., 2002;

Scanlan, et al., 1994). I t is a characteristic marker for carcinoma-associated-fibroblast

(CAF), which plays a critical role in promotin <~ an<~io<~enesis, proliferation, invasion,

and inhibition of tumor cell death. (A l l inen, et al., 2004; Franco, et al., 2010). In

healthy adult tissues, FAP-u expression is only l imi ted to areas of tissue remodelin <

or wound healin <~. (Scanlan, et al., 1994; Yu, et al., 2010; Bae, et al., 2008; Kraman,

et al., 2010). In addit ion, FAP-u-positive cells are observed durin < embryo< enesis in

areas of chronic inflammation, arthritis, and fibrosis, as well as in soft tissue and bone

sarcomas. (Scanlan, et al., 1994; Yu, et al., 2010). These characteristics make FAP-u

a potential ima < in< and radiotherapeutic tar< et for cancer and inflammation diseases.

Because FAP-u is expressed in tumor stroma, anti-FAP antibodies have been

investi<~ated for radioimmunotar <~etin<~ of mali<~nancies, includin<~ murine F19,

sibrotuzumab (a humanized version of the F19 antibody), ESC11, ESC14, and others.

(Welt, et al., 1994; Scott, et al., 2003; Fischer, et al., 2012). Ant ibodies also

demonstrated the feasibility of ima <~in<~ inflammation, such as rheumatoid arthritis.
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(Laverman, et al., 2015). The use of antibodies as molecular ima < in< a< ents,

however, suffers from pharmacokinetic l imitations, including slow blood and non­

tar< et tissue clearance (normally 2 — 5 days or ion < er) and non-specific or < an uptake.

Low molecular wei < ht (LMW) a < ents demonstrate faster pharmacokinetics and a

higher specific signal within cl inically convenient times after administration. They

also can be synthesized in radiolabeled form more easily and may offer a shorter path

to re< ulatory approval. (Coenen, et al., 2010; Coenen, et al., 2012; Reilly, et al.,

2015). To date, however, no LMW l i gand has been reported with ideal properties for

nuclear imaging of FAP-u.

SUMMARY

In some aspects, the presently disclosed subject matter provides a compound

of Formula (I):

B L A

wherein: A is a targeting moiety for FAP-u; B is any optical or radiolabeled

functional group suitable for optical imagin <~, PET imagin<~, SPECT imagin <~, or

radiotherapy; and L is a linker having bi-functionalization adapted to form a chemical

bond with B and A.

In particular aspects, A is an FAP-u tar < etin< moiety havin< the structure of:

y(R > x) ( zx) y

y( 3x')
N (R»)y

C H j 4x
V

R5x R7x
R6x (X');

wherein each y is independently an integer selected from the group consisting

of 0, 1, and 2; Ri „ R ~ „ a n d R ; „ a r e each independently selected from the< roup

consisting of H, OH, halo < en, Ci-(alky l , -O-Ci<alkyl, and -S-Ci­(alkyl; Rix is selected

from the group consisting of H, -CN, -B(OH)~, -C(O)alkyl, -C(O)aryl-, -C = C­

C(O)aryl, -C = C-S(O)~aryl, -CO~H, -SO;H, -SO~NH~, -PO3H~, and 5-tetrazolyl; R4< is

H; R~„R<,„and R7, are each independently selected from the < roup consistin< of H, ­

OH, oxo, halogen, -Ci <alkyl, -0-Ci <alkyl, -S-Ci <alkyl, -NRxxR>x, -ORi~x, -Het~ and­

Ar~; each of Ci <,alkyl being optionally substituted with from 1 to 3 substituents
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selected from -OH and halo < en; Rx„R >„ and Ri~x are each independently selected

from the <~roup consistin <~ of H, -OH, halo, -Ci <alkyl, -0-Ci <alkyl, -S-Ci <alkyl, and­

Ar;; Rni„ R i i „ Ri ; x and Ri<x are each independently selected from the < roup

consistin<~ of H, -OH, halo <~en, -Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl; Ar i , Ar~ and

Ar; are each independently a 5- or 6-membered aromatic monocycle optionally

comprisin <~ 1 or 2 heteroatoms selected from 0, N and S; each of Ari , Ar~ and Ar;

bein<~ optionally and independently substituted with from 1 to 3 substituents selected

from -N R n ixRi ix, -Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl; Het~ is a 5- or 6­

membered non-aromatic monocycle optionally comprisin <~ 1 or 2 heteroatoms

selected from 0, N and S; Het~ bein <~ optionally substituted with from 1 to 3

substituents selected from -NRi ;xRiz„ - C i <alkyl, - 0-C / - (a lky l , and -S -C f ­ (alkyl; v is

0, 1,2, or3; and

represents a 5 to 10-membered N-containin <~ aromatic or non-aromatic mono- or

bicyclic heterocycle, said heterocycle optionally further comprisin <~ 1, 2 or 3

heteroatoms selected from 0, N and S; wherein ~ indi c a tes a point of attachment

of the FAP-u bindin <~ li<~and to the linker, L, or the reporter moiety, B, wherein the

point of attachment can be throu <~h any of the carbon atoms of the 5 to 10-membered

N-containin<~ aromatic or non-aromatic mono- or bicyclic heterocycle thereof; and

stereoisomers and pharmaceutically acceptable salts thereof.

In more particular aspects, A is an FAP-u tar < etin< moiety hav in< the

structure of:

y(R>x) ( 2x)y

y(R3x') N C

6&

7 +
8 N

wherein ~ indi c a tes a point of attachment of the FAP-u bindin< li< and to the

linker, L, or the reporter moiety, B, wherein the point of attachment can be throu <~h

any of carbon atoms 5, 6, 7, or 8 of the quinolinyl r in <~ thereof; and stereoisomers and

pharmaceutically acceptable salts thereof.

In yet more particular aspects, A is selected from the <~roup consistin<~ of:

JHU-36631.252 P14847-()3

Petitioner GE Healthcare – Ex. 1002, p. 194 



0 N ~ 0 0 N~ 0 0 N~ 0

A~ A2 A3
N N ;an d N

In other aspects, the presently disclosed subject matter provides a

pharmaceutical composition comprisin <~ a compound of formula (I) .

In some aspects, the presently disclosed subject matter provides a method for

ima< in< a disease or disorder associated with f ibroblast-activation protein-u (FAP-u),

the method comprisin <~ administerin<~ a compound of formula (I), wherein the

compound of formula (I) comprises an optical or radiolabeled functional <~roup

suitable for optical ima <~in<~, PET ima<~in<~, or SPECT i m a<~in<~; and obtain in<~ an

ima< e.

In other aspects, the presently disclosed subject matter provides a method for

inhibitin <~ fibroblast-activation protein-u (FAP-u), the method comprisin<~

administerin < to a subject in need thereof an effective amount of a compound of

formula (I).

In yet other aspects, the presently disclosed subject matter provides a method

for treatin< a fibroblast-activation protein-u (FAP-u)-related disease or disorder, the

method comprisin < administerin< to a subject in need of treatment thereof an effective

amount of a compound of formula (I), wherein the compound of formula (I)

comprises a radiolabeled functional < roup suitable for radiotherapy.

In certain aspects, the (FAP-u)-related disease or disorder is selected from the

<~roup consistin<~ of a proliferative disease, includin<~, but not limited to, breast cancer,

colorectal cancer, ovarian cancer, prostate cancer, pancreatic cancer, kidney cancer,

lun<~ cancer, melanoma, fibrosarcoma, bone and connective tissue sarcomas, renal cell

carcinoma, <pliant cell carcinoma, squamous cell carcinoma, and adenocarcinoma;

diseases characterized by tissue remodelin <~ and/or chronic inflammation; disorders

involvin<~ endocrinolo <~ical dysfunction; and blood clottin<~ disorders.

Certain aspects of the presently disclosed subject matter havin < been stated

hereinabove, which are addressed in whole or in part by the presently disclosed

subject matter, other aspects will become evident as the description proceeds when

taken in connection with the accompanyin < Examples and Fi < ures as best described

herein below.
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BRIEF DESCRIPTION OF THE FIGURES

The patent or application file contains at least one drawin < executed in color.

Copies of this patent or patent application publication with color drawin <~s will be

provided by the Off ice upon request and payment of the necessary fee.

Havin< thus described the presently disclosed subject matter in < eneral terms,

reference will now be made to the accompanyin <~ Fi<~ures, which are not necessarily

drawn to scale, and wherein:

FIG. 1A, FIG. 1B, and FIG. 1C show the synthetic pathway and structures of

representative FAP-tar < eted a< ents, XY-FAP-01 and ]" ' I n ] - X Y - F A P -02. F IG. 1A

shows the multi -step synthesi s of the 1 i<~and precursor, tert-butyl(S)-(3-((4-((2-(2­

cyanopyrrol i di n-1-yl )-2­oxoethyl ) carb am oyl )qui nol i n-6-yl ) oxy)propyl )carbamate.
After each step, the reaction mixture was loaded onto a 25­< C18 cartrid< e and

purified with a MeCN/water/TFA < radient. Identity of intermediate products was

confirmed with 'H NM R . F IG . 1B shows the full structure of optical ima<~in<~ a<~ent,

XY-FAP-01. X Y - F A P-01 was produced with a one step reaction between the

precursor and IRDye800CW-NHS. The major product was obtained at a yield of 85%

after purification with HPLC. F IG . 1C shows the full structure of the SPECT ima<~in<~

a<~ent, ]" ' I n ] -X Y - F A P-02. F i rst, the precursor was functionalized with DOTA via a

one step reaction between the precursor and DOTA-GA( t -Bu)q-NHS. Un labeled

product was purified via HPLC to produce XY-FAP-02. Subsequent radiolabelin <

w ith " ' I n and HPLC puri f ication resulted in the radiolabeled product, ] " ' I n ] - X Y ­

FAP-02;

FIG. 2 shows the inhibitory activity of XY- F AP -01 on human recombinant

FAP. The inhibitory activity of XY - F AP -01 was determined usin<~ a fluoro<geni FA P

assay kit. Enzymatic activity of human recombinant FAP on a native substrate was

inhibited in a concentration dependent fashion by XY-FAP-01. Semi- lo<~ inhibitory

curves of XY-FAP-01 activity were < enerated and the determined Ki value of XY­

FAP-01 was 1.26 nM;

FIG. 3A, FIG. 3B, and FIG. 3C show the assessment of thei» i i / n~ bindin <~

ability and specificity of XY- F AP -01 and ]" ' I n ] - X Y - F A P -02. F IG. 3A shows the

concentration dependent uptake of XY-FAP-01 in various cell l ines. Cel ls incubated

with various concentrations (ran<ate: SO nM to 0.78 nM) of XY- F AP -01 were ima<~ed

with the LI-COR Pearl Impulse Ima < er to assess uptake of a < ent in various FAP­

positive and FAP-ne < ative cell l ines (left). Dose-response curves of XY-FAP-01
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uptake in FAP-positive cell l ines (NCIH2228, U87, and SKMEL24) and FAP­

ne<~ative cell lines (PC3, NCIH226, and HCT116) were <~enerated (ri<~ht). FIG. 3B

shows the inhibit ion of XY-F AP -01 uptake in FAP-positive cell-l ines. Cells

incubated with 25-nM XY - F A P -01 were incubated with various concentrations of

either a DPPIV and FAP inhibitor, Talabostat, or a DPPIV-only inhibitor, Sita <~liptin.

Uptake of XY-FAP-01 was measured and semi-lo< inhibitor-response curves were

< enerated for both Talabostat and Sita < liptin. FIG. 3C shows the uptake of ] " ' I n ] ­

XY-FAP-02 in FAP-positive U87 and FAP-ne<~ative PC3 cell l ines. Cells were

incubated with 1 pCi ] ' " I n ] - X Y - F A P -02 and were washed with cold PBS.

Radioactivity of the cell pellets was measured and normalized to the incubated dose;

FIG. 4 is a table showin < the ex ii n~ tissue biodistribution of ] '" In ] -XY- F AP ­

01 in tumor bearin <~ mice. At 5 min, 0.5 h, 2 h, 6 h, and 12 h after injection of 10 pCi

]"' In]-XY- FAP-01, NOD/SKID mice bearin<~ U87 and PC3 tumor xeno<~rafts were

sacrificed and tissues were collected for biodistribution analysis. Addit ionally, mice

co-injected with unlabeled XY-FAP-02 and 10 pCi ] " ' I n ] - X Y - F A P - 01 were

sacrificed at 6 h post-injection to study the effect of blockin < on uptake of the

radiolabeled compound. Data presented as mean + standard deviation. "Student's t test

comparison of mean %ID/ <~ of PC3 tumor versus U87 tumor demonstrated si<~nificant

difference between the two < roups at 5 min, 0.5 h, 2 h, and 6 h post injection

(p(0.0001). No si < nificant difference between the two < roups were seen in the

blockin <~ study at 6 h. S t udent's t test comparison of mean %ID/<~ of PC3 tumor

versus U87 tumor demonstrated si < nificant difference between the two < roups at 12 h

post injection (p = 0.0006). 'Student's t test comparin<~ %ID/<~ between PC3 tumor and

U87 tumors at 6 h post injection showed si <~nificant difference between %ID/<~ tumors

in the blockin <~ study at 6 h versus the normal biodistribution results at 6 h

(p(0. 0001);

FIG. 5A and FIG. 5B show the time-activity relationship of the ex i i n~

biodistribution of ] " ' I n ] - X Y - F A P-02. FIG. 5A shows tissue time activity curves

(TACs) of ] " ' I n ] - X Y - F A P-02 activity in U87 tumor, PC3 tumor, and blood. FIG. 5B

shows the ratios of%ID / <' between U87 tumor and PC3 tumor, blood, and muscle

(mm) versus time;

FIG. 6 shows serial NIRF-ima <~in<~ of XY-FAP-01 in tumor bearin<~ mice.

NOD/SKID mice bearin <~ FAP-positive U87 (yellow circle) and FAP-ne<~ative PC3

(red circle) tumor xeno <~rafts were injected with 10 nmol of XY-FAP-01 via the tail
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vein followed by serial NIRF-ima<~in<~ on the LI-COR Pearl Impulse Ima<~er.

Representative ima <~es at 0.5 h, 1 h, 2.5 h, and 4 h after injection are shown;

FIG. 7 shows SPECT-CT ima<~es of ]" ' I n ] - X Y - F A P-02 at 30 min, 2 h, 6 h,

and 24 h after injection in NOD/SKID female mice bearin< U87 and PC3 tumor

xeno<~rafts in the upper flanks; and

FIG. 8 show three-dimensional SPECT-CT ima<~es of ]" ' I n ] - X Y - F A P-02 at

30 min, 2 h, 6 h, and 24 h after injection in NOD/SKID female mice bearin<~ U87 and

PC3 tumor xeno<~rafts in the upper flanks.

DETAILED DESCRIPTION

The presently disclosed subject matter now wil l be described more fully

hereinafter with reference to the accompanyin <~ Fi<~ures, in which some, but not all

embodiments of the presently disclosed subject matter are shown. L ike numbers refer

to like elements throu < hout. The presently disclosed subject matter may be embodied

in many different forms and should not be construed as limited to the embodiments

set forth herein; rather, these embodiments are provided so that this disclosure wil l

satisfy applicable le < al requirements. Indeed, many modif ications and other

embodiments of the presently disclosed subject matter set forth herein wil l come to

mind to one skilled in the art to which the presently disclosed subject matter pertains

havin< the benefit of the teachin < s presented in the fore < oin< descriptions and the

associated Fi < ures. Therefore, it is to be understood that the presently disclosed

subject matter is not to be limited to the specific embodiments disclosed and that

modifications and other embodiments are intended to be included within the scope of

the appended claims.

IMAGING AND RA D I O T H ERAPEUTICS AGENTS TARGETING

FIBROBLAST-ACTIV A T ION PROTEIN-0 (FAP-0)

FAP-u is a type II inte < ral membrane serine protease of the prolyl

oli< opeptidase family, which are distin < uished by their abil ity to cleave the Pro-AA

peptide bond (where AA represents any amino acid). I t has been shown to play a role

in cancer by modify in <~ bioactive si<~nalin<~ peptides throu <~h this enzymatic activity

(Kelly, et al., 2005; Edosada, et al., 2006). FAP-u expression has been detected on

the surface of fibroblasts in the stroma surroundin «r e ater than 90% of the epithelial

cancers, includin <~, but not limited to, mali<~nant breast, colorectal, skin, prostate,
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pancreatic cancers, and the like, and inflammation diseases, includin <, but not limited

to, arthritis, fibrosis, and the like, with nearly no expression in healthy tissues.

Accordin <~ly, ima<~in<~ and radiotherapeutic a <~ents specifically tar<~etin<~ FAP-u is of

clinical importance.

FAP-u exists as a homodimer to carry out its enzymatic function. Inhibitors

selectively tar < etin< FAP-u has been reported (Lo, et al., 2009; Tsai, et al., 2010;

Ryabtsova, et al., 2012; Poplawski, et al., 2013; Jansen, et al., 2013; Jansen, et al.,

2014). The presently disclosed subject matter provides, in part, a FAP-u selective

tar< etin< moiety that can be modified with an optical dye, a radiometal chelation

complex, and other radiolabeled prosthetic <groups, thus providin <~ a platform for the

ima<~in<~ and radiotherapy tar<~etin<~ FAP-u.

Radionuclide molecular ima <~in<~, includin<~ positron emission tomo<~raphy

(PET), is the most mature molecular ima < in< technique without tissue penetration

limitations. Due to its advanta < es of hi< h sensitivity and quantifiabil i ty, radionuclide

molecular ima <~in<~ plays an important role in clinical and preclinical research (Youn,

et al., 2012; Chen, et al., 2014). Many radionuclides, primarily P- and alpha emitters,

have been investi < ated for tar< eted radioimmunotherapy and include both

radiohalo < ens and radiometals (see Table 1 for representative therapeutic

radi onucl i des).

Table 1. Representative Therapeutic Radionuclides

P-particle emitters

u-particle emitters

Au<~er electron emitters

'! '! '! '! '! '! '!

' "Y ' ' I ' " L u " ' Sm ' "' R e '" " Re "C u -" - 'Pb

-'-"Ac, -" 'Bi , -"-'Bi, -" 'At , -"-'Pb

l2 I l 2 I E7C l ill'! '! '!

The hi <~hly potent and specific bindin<~ moiety tar<~etin<~ FAP-n enables its

use in nuclear ima < in< and radiotherapy. The presently disclosed subject matter

provides the first synthesis of nuclear ima <~in<~ and radiotherapy a<~ents based on this

dual-tar< etin< moiety to FAP-n.

Accordin <~ly, in some embodiments, the presently disclosed subject matter

provides potent and selective low-molecular-wei <~ht (LMW) l i <~ands of FAP-u, i.e., an

FAP-u selective inhibitor, conju < ated with a tar< etin< moiety feasible for

modification with optical dyes and radiolabelin <~ <groups, includin <~ metal chelators
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and metal complexes, which enable ii»i i o optical ima<~in<~, nuclear ima<~in<~(optical,

PET and SPECT), and radiotherapy tar<~etin<~ FAP-u. Importantly, the presently

disclosed compounds can be modified, e. <~., conju<~ated with, labelin <~ <groups without

si<~nificantly losin<~ their potency. The presently disclosed approach allows for the

convenient labelin <~ of the FAP-u li<~and with optical dyes and PET or SPECT

isotopes, includin <~, but not limited to, '"Ga, ' Cu, ' "F, " 'Y, ' "Y , " 'Zr , " ' In, " " ' Tc, ' -" I ,

'-"I, for FAP-u related ima< in< applications. Further, the presently disclosed

approach allows for the radiolabelin <~ of the FAP-u li<~and with radiotherapeutic

isotopes, includin <~ but not limited to, '"Y, ' " L u , ' -" I , ' ' I , - "'At, ' " I n , " ' Sm , ' " 'Re,

'""Re, "Cu, -"-'Pb, -'-"Ac, -" 'Bi, -"-'Bi, -"-'Pb, and "Ga, for FAP-u related radio-therapy.

In a particular embodiment, an optical a < ent conju< ated with IRDye-800CW

(XY-FAP-01) was synthesized and showed selective uptakeii» i / i ' o on a FAP-u+

U87 cell l ine and is»i i o on a FAP-u+ U87 tumor and clearly detected the tumor, In

another particular embodiment, an ' " In labeled li <~and (XY-FAP-02-[" ' In)) was

successfully obtained in hi <~h yield and purity from its precursor with a metal chelator.

Their» i i o study showed clear tumor radiotracer uptake in mice bearin<~ FAP-u­

positive U87 tumors with minimum non-specific or <~an uptake, which allows the

specific ima < in< of FAP-u expressin< tumors. The presently disclosed FAP-u

tar< etin< moiety can be adapted for use with optical dyes and radioisotopes known in

the art for ima< in< and therapeutic applications tar < etin< FAP-u .

More particularly, in some embodiments, the presently disclosed subject

matter provides a compound of the < eneral structure of Formula (I) :

B L A

wherein: A is a tar <~etin<~ moiety for FAP-u; B is any optical or radiolabeled

functional <~roup suitable for optical ima<~in<~, positron-emiss'.:on tomo< raphy (PET)

ima<~in<~, sin„~le-Iil:oton e:n ission cornpu«;:d toino~ ia'<iliy (SPECT) ima<~in<~, or

radiotherapy; and L is a linker havin <~ bi-functionalization adapted to form a chemical

bond with B and A.

Representative tar < etin< moieties for FAP-u are disclosed in U.S. Patent

Application Publication No. US2014/03S76SO for Novel FAP Inhibitors to Jansen et

al., published Dec. 4, 2014; U.S. Patent No. 9,346,814 for Novel FAP Inhibitors to

Jansen et al., issued May 24, 2016; and International PCT Patent Publication No. WO

2013/107820 for Novel FAP Inhibitors to Jansen et al., published July 2S, 2013, each

of which are incorporate by reference in their entirety.
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More particularly, U.S. Patent No. 9,346,814 to Jansen et al., discloses FAP-u

inhibitors of formula (X), or a stereoisomer, tautomer, racemate, salt, hydrate, or

solvate thereof, which are suitable for use with the presently disclosed subject matter:

R ~x~~ ~ Rzx

( , ~ R,„

C H j 4x
V

R5x R7x
R6x (X);

wherein:

Rr x and R~x are each independently selected from the < roup consistin< of H,

OH, halo <~en, Ci <alkyl, -0-Ci <alkyl, and -S-Ci<alkyl ;

R;, is selected from the <~roup consistin<~ of H, -CN, -B(OH)~, -C(0)alkyl, ­

C(0)aryl-, -C = C-C(0)aryl, -C = C-S(0)~aryl, -CO~H, -SO-H, -SO~NH~, -PO-H~, and

5-tetrazol yl;

R~,is H;

R~„R<,„and R7, are each independently selected from the < roup consistin< of

H, -OH, oxo, halo <~en, -C i <alkyl, -0-C i<alkyl, -S-Ci <alkyl, -NRxxR>x, -ORi~x, -Het~

and -Ar~; each of Ci <alkyl bein <~ optionally substituted with from 1 to 3 substituents

selected from -OH and halo < en;

Rx„R >„ and Ri~x are each independently selected from the < roup consistin< of

H, -OH, halo, -Ci <,alkyl, -0-Ci <,alkyl, -S-Ci <,alkyl, and -Ar; ;

Rni„R i i „ R i ; x and Ri<x are each independently selected from the < roup

consistin<~ of H, -OH, halo <~en, -Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl; Ar i , Ar~ and

Ar; are each independently a 5- or 6-membered aromatic monocycle optionally

comprisin <~ 1 or 2 heteroatoms selected from 0, N and S; each of Ari , Ar~ and Ar;

bein<~ optionally and independently substituted with from 1 to 3 substituents selected

from -N R n>xRi ix, -Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl;

Het~ is a 5- or 6-membered non-aromatic monocycle optionally comprisin <~ 1

or 2 heteroatoms selected from 0, N and S; Het~ bein < optionally substituted with

from 1 to 3 substituents selected from -NRi ;xRi<„ -C i <alkyl , -O-C)-(alkyl, and -S-Ci

c,alkyl;
v is 0, 1, 2, or 3; and
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represents a 5 to 10-membered N-containin <~ aromatic or non-aromatic mono­

or bicyclic heterocycle, said heterocycle optionally further comprisin <~ 1, 2 or 3

heteroatoms selected from 0, N and S.

In particular embodiments,
*

is selected from the < roup consistin<

of:

X X

wherein "' indicates the point of attachment of the 5 to 10-membered N­

containin<~ aromatic or non-aromatic mono- or bicyclic heterocycle to — (CH2),—.

Accordin <~ly, in some embodiments, A is an FAP-u tar<~etin<~ moiety hav in<~

the structure of:
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y(R1x) ( zx)y

y( 3x') (R3 )

'y'v •
C H j 4x

V

R5x R7x
R6x (X');

wherein each y is independently an inte <~er selected from the <~roup consistin <~

of0, 1, and2;

Ri„ R ~ „ a n d R ; „ a r e each independently selected from the< roup consistin<

of H, OH, halo <~en, Ci <,alkyl, -0-Ci <,alkyl, and -S-Ci <,alkyl;

R;, is selected from the <~roup consistin<~ of H, -CN, -B(OH)~, -C(0)alkyl, ­

C(0)aryl-, -C = C-C(0)aryl, -C = C-S(0)~aryl, -CO~H, -SO-H, -SO~NH~, -PO-H~, and

5-tetrazol yl;

R~,is H;

R~„R<,„and R7, are each independently selected from the < roup consistin< of

H, -OH, oxo, halo <~en, -C i <alkyl, -0-C i<alkyl, -S-Ci <alkyl, -NRxxR>x, -ORi~x, -Het~

and -Ar~; each of Ci <alkyl bein <~ optionally substituted with from 1 to 3 substituents

selected from -OH and halo < en;

Rx„R >„ and Ri~x are each independently selected from the < roup consistin< of

H, -OH, halo, -Ci <,alkyl, -0-Ci <,alkyl, -S-Ci <,alkyl, and -Ar; ;

Rni„R i i „ R i ; x and Ri<x are each independently selected from the < roup

consistin<~ of H, -OH, halo <~en, -Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl; Ar i , Ar~ and

Ar; are each independently a 5- or 6-membered aromatic monocycle optionally

comprisin <~ 1 or 2 heteroatoms selected from 0, N and S; each of Ari , Ar~ and Ar;

bein<~ optionally and independently substituted with from 1 to 3 substituents selected

from -N R n>xRi ix, -Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl;

Het~ is a 5- or 6-membered non-aromatic monocycle optionally comprisin <~ 1

or 2 heteroatoms selected from 0, N and S; Het~ bein < optionally substituted with

from 1 to 3 substituents selected from -NRi ;xRi<„ -C i <alkyl , -O-C)-(alkyl, and -S-Ci

c,alkyl;
v is 0, 1, 2, or 3; and
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represents a 5 to 10-membered N-containin <~ aromatic or non-aromatic mono­

or bicyclic heterocycle, said heterocycle optionally further comprisin <~ 1, 2 or 3

heteroatoms selected from 0, N and S;

wherein ~ ind ic a tes a point of attachment of the FAP-u bindin<~ li<~and to a

linker, e. < ., L, or a reporter moiety, such as an optical or radiolabeled functional < roup

suitable for optical ima <~in<~, PET ima<~in<~, SPECT ima<~in<~ or radiotherapy, wherein

the point of attachment can be throu < h any of the carbon atoms of the 5 to 10­

membered N-containin <~ aromatic or non-aromatic mono- or bicyclic heterocycle

thereof; and stereoisomers and pharmaceutically acceptable salts thereof.

In particular embodiments,
*

is selected from the < roup consistin<

of:

In some embodiments, A is an FAP-u tar <~etin<~ moiety havin<~ the structure of:

y(R>x) ( 2x)y

y(R3x') N C

6&

7 ~

8 N

13
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wherein y, Ri „ R 2x and R;x are defined as hereinabove; ~ i ndi c a tes a point

of attachment of the FAP-u bindin <x l i <<and to a linker, e.<~., L, or a reporter moiety,

such as an optical or radiolabeled functional < roup suitable for optical ima < in<, PET

i ma<~in<~, SPECT im a <xin<x or radiotherapy, wherein the point of attachment can be

throu<xh any of carbon atoms 5, 6, 7, or 8 of the quinolinyl r in <x thereof; and

stereoisomers and pharmaceutically acceptable salts thereof.

In particular embodiments, A is selected from the <xroup consist in<x of:

y (R1x) ( 2x) y

y(R3x') N C - N

y(R1x) ( 2x) y

y(R3x') N C =N

0 N ~

y(R1x) ( 2x) y

y(R3x') N C - N

N N ; and N

In more particular embodiments, A is selected from the <xroup consist in<x of:

0 N~ 0 N ~ 0 N ~

N N ; and N

and stereoisomers thereof.

In yet more particular embodiments, A is selected from the <xroup consist in<x

of:

0 N ~ 0 N~ 0 N~

A~ A2 A3
N N ;an N

In some embodiments, the combination of L and B can be represented by:

R

~N
V

I

N

R1 R
P1

R2 R3

m m2I

Tz w„
m1 (CH2)i

P3
P2
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wherein the subunits associated with elements pi, p~, p; and p< may be in any

order; t is an inte <~er selected from the <~roup consistin <~ of 1, 2, 3, 4, 5, 6, 7, and 8; pi

p;, and p< are each independently 0 or 1; p~ is an inte < er selected from the < roup

consistin<~ of 0, 1, 2, and 3, and when p~ is 2 or 3, each Ri is the same or different; m i

and m~ are each an inte <~er independently selected from the <~roup consistin<~ of 0, 1, 2,

3, 4, 5, and 6; Wi is selected from the < roup consistin< of a bond, — S —, — C( = O) — NR —,

and — NR — C( = O) —; W~ is selected from the < roup consistin< of a bond, -S-, -CH~­

C( = O)-NR-, — C(O) —,— NRC(O) —, — NR'C(O)NR —,— NRC(S)NR'~ —, — NRC(O)O —,­

OC(O)NR —,— OC(O) —, — C(O)NR —,— NR — C(O) —,— C(O)O —, — (0 — CH~ — CH~)„— and­

(CH~-CH~-O)„—, wherein q is selected from the <~roup consistin<~ of 1, 2, 3, 4, 5, 6, 7,

and 8; each R or R' is independently H, alkyl, substituted alkyl, cycloalkyl, substituted

cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl,

heteroaryl, substituted heteroaryl, and — ORq, wherein R~ is selected from the < roup

consistin<~ of H, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,

heterocycloalkyl, and substituted heterocycloalkyl, wherein q is defined as

immediately hereinabove; Tz is a triazole < roup that can be present or absent and, if

present, is selected from the <~roup consistin<~ of

and ; each Ri is independently H, Ci-C<, alkyl, C;­

Cu aryl, -(CH~)q-C;-Cu aryl, -Cq-CiE alkylaryl, or -(CH~)„-C<-Ci E alkylaryl; R~ and

R; are each independently H and -CO~R~, wherein R~ is selected from the < roup

consistin<~ of H, Ci-C<, alkyl, C;-Ci~ aryl, and Cz-C i<, alkylaryl, wherein when one of

R~ or R; is CO~R~, then the other is H; V is selected from the <~roup consistin<~ of­

C(O) —,-C(S)-, — NRC(O) —,— NRC(S) —, and — OC(O) —; B is any optical or radiolabeled

functional <~roup suitable for optical, PET, or SPECT ima<~in<~ or radiotherapy; and

stereoisomers and pharmaceutically acceptable salts thereof.

In some embodiments, L has the followin <~ <general structure:

R

~N
V

I

pi

I

Rz Rg

N

R
Ri

m mz

ps
Pz
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wherein pi p2, p;, mi, m2, q, t, Tz, W2 R, Ri, R2, R;, and V are defined as

hereinabove.
In some embodiments, L is selected from the < roup consistin< of -L i - , -L2-L; —,

and -Li-L2-L; —, wherein:

Li is -NR-(CH2)<i­[0-CH2-CH2-0]<i-(CH2)<i-C( = 0)-;

L2 is -NR-(CH2)„-C(COOR,-)-NR-; and

L; is -(0 = )C-(CH2)„-C( = 0)-;

wherein each q is independently an inte <~er selected from the <~roup consistin <~ of 1, 2,

3, 4, S, 6, 7, and 8; and R and R,- are as defined hereinabove.

In particular embodiments, L is:

-(CR<,H)„-(CH2)„-C( = 0)-NR-(CH2)„-0- or -NR-(CH2)„-0- ;

wherein each q and R is defined hereinabove; and R<, is H or — COOR,-.

In yet more particular embodiments, L is selected from the <~roup consistin<~

of:

16
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0

0 COOR5 R

~ N~ Oy
R 0

0

* N

+ N

0 R

R50 0
R50
0 0

N~ Y
R R

0 0 0 00

N~+ N

0

N~
UI

R50
0

N R

0 0 0 0
S 0

N~ ; and ~ N N N~
R R R R

wherein u is an inte <~er selected from 1, 2, 3, 4, S, 6, 7, and 8; and R and R,- are

as defined hereinabove.

Suitable linkers are disclosed in U.S. Patent Application Publication No.

US2011/00646S7 A 1, for "Labeled Inhibitors of Prostate Specific Membrane Anti <~en

(PSMA), Biolo <~ical Evaluation, and Use as Ima <~in<~ A<~ents, N published March 17,

2011, to Pomper et al., and U.S. Patent Application Publication No. US2012/0009121

A 1, for NPSMA-Tar< etin< Compounds and Uses Thereof," published January 12,

2012, to Pomper et al, each of which is incorporated by reference in its entirety.
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X

X ;
x~ y

In some embodiments, B is a radiolabeled prosthetic <~roup comprisin <~ a

radioisotope selected from the < ~roup consistin<~ of '"F, '-' I, ' -"I , ' ' I , and -" 'A t .

Representative radiolabeled prosthetic < roups include, but are not limited to:

Q (AX Q

n Ri

X X

N

n Rn

X
R.

/ 0

N NR
R' n R

N NQ
X n

wherein each X is independently a radioisotope selected from the < roup consistin< of

'"F, '-"I, ' -"I , ' ' I , and -" 'At ; each R and R' is defined hereinabove; and each n is

independently an inte <~er selected from the <~roup consistin <~ of 0, 1, 2, 3, 4, S, 6, 7, 8,

9, 10, 11, 12, 13, 14, 1S, 16, 17, 18, 19, and 20.

In more particular embodiments, the radiolabeled prosthetic < roup is selected

from the <~roup consistin <~ of:

0
18F

i 18F

0

N" F nj ~ N

' 1sF 1sF N

0

N

0

N

0

N

' 12811241

N-N

~ N i ; and
I

0

N

" F n 211 At

In other embodiments, B comprises a chelatin < a< ent. Representative

chelatin < a< ents include, but are not limited to:
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+ N~ ~
H

N ~ C 0 2H
N~

C02H

p 0

N ~ C 0 2H
N~

C02H
C02H

N ~ C 0 2H
N~

C02H
C02HC02H

N ~ C 0 2H
N~

C02H

+ N ~ N C02H

N ~ C 0 2H 0 N ~ C 0 2 H
N~

C02H H C02H
C02H N C02H

N~

iC0 2H

C02H

C02H C02H p

HO)O N ~ X HO) O N C02H

N ~ C 0 2 H
N~

C02H
C02H

N ~ C 0 2 H
N~

C02H
C02H

(NA ~1­
N+
(
C02H

0

C02H

N

(
(
(

N

C02H

N ~ C 0 2H(
(

(
C02H

(

(NA

(

C02H

C02H

C02H

N
N ~ C 0 2H

(

(
( N

C02H 0

C02H

N ~ C 0 2H

(

C02H

N

C02H

C02H

i /
H

NH

HNQ

Y'
C02H

C02H

( O

~NA ~ p-1­
HO

HO N N OH

C02H
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HO~ N N OH
Ho

HO N N OH Ho N N NM

0 0

H

OH
N N ' ( )

HO N N ­ HNHO N N OH
x /

0

HN
Ho HNy Tr Lg

0

P
O

HOC~ 1

N
N ~ C 0 2H

N~ C02H

C02H
HO,C~

N

C02H

(
N ~ C 0 2H

CO,H

0
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0 NH

iCOOH OHOH

N~

OH
N

HOOC

0 N y

o I o L o
HO ~ N ~

COOH OH , and
OH

N

OH

In some embodiments, B comprises an optical dye, e. <~., in particular

embodiments, a fluorescent dye. In some embodiments, the fluorescent dye moiety

comprises carbocyanine, indocarbocyanine, oxacarbocyanine, thiacarbocyanine and

merocyanine, polymethine, coumarine, rhodamine, xanthene, fluorescein, boron­

dipyrromethane (BODIPY), CyS, CyS.S, Cy7, VivoTa <~-680, VivoTa<~-S680,

VivoTa<~-S7SO, AlexaFluor660, AlexaFluor680, AlexaFluor700, AlexaFluor7SO,

AlexaFluor790, Dy677, Dy676, Dy682, Dy7S2, Dy780, DyLi~<~htS47, Dyli~<~ht647,

Hi Lyte Fluor 647, Hi Lyte Fluor 680, Hi Lyte Fluor 7SO, IRDye 800CW, IRDye

800RS, IRDye 700DX, ADS780WS, ADS830WS, and ADS832WS.

Representative optical dyes include, but are not limited to:
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L

HQ 8 SO,,w

0

0

0

H o
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and

In some embodiments, the presently disclosed subject matter provides a

compound selected from the <~roup consistin<~ of:

0 N ~ 0 N
HOOC 0H

N ~ O
B

N 0

0
N Nand

In particular embodiments, the compound is selected from the <~roup

consistin<~ of:

OgS

N
0

H
HOES~

HO3S XY-FAP-01
N

SOpH ; and
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0 N ~

OH

~ ' 4 0 0 c

0 ~ ~ N

Hog
N

XY-FAP-02

HO
0 N~ o

COOH

XY-FAP-02
HO

8. Ph ai nuz c e I l i i cal ( ' wn p o »i ii o>I» a>I J Admi iIi»iI aii oiI

In another aspect, the present disclosure provides a pharmaceutical comprisin <

a compound of formula (I) in admixture with a pharmaceutically acceptable carrier,

diluent, excipient, or adjuvant. One of skil l in the art wil l reco < nize that the

pharmaceutical compositions include the pharmaceutically acceptable salts or

hydrates of the compounds described above.

Pharmaceutically acceptable salts are < enerally well known to those of

ordinary skil l in the art and include salts of active compounds which are prepared with

relatively nontoxic acids or bases, dependin < on the particular substituent moieties

found on the compounds described herein. When compounds of the present

disclosure contain relatively acidic functionalit ies, base addition salts can be obtained

by contactin <~ the neutral form of such compounds with a sufficient amount of the

desired base, either neat or in a suitable inert solvent or by ion exchan < e, whereby one

basic counterion (base) in an ionic complex is substituted for another. Examples of

pharmaceutically acceptable base addition salts include sodium, potassium, calcium,

ammonium, or<~anic amino, or ma <~nesium salt, or a similar salt.

When compounds of the present disclosure contain relatively basic

functionalities, acid addition salts can be obtained by contactin < the neutral form of

such compounds with a sufficient amount of the desired acid, either neat or in a

suitable inert solvent or by ion exchan < e, whereby one acidic counterion (acid) in an
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ionic complex is substituted for another. Examples of pharmaceutically acceptable

acid addition salts include those derived from inor <~anic acids like hydrochloric,

hydrobromic, nitric, carbonic, monohydro <~encarbonic, phosphoric,

monohydro <~enphosphoric, dihydro<~enphosphoric, sulfuric, monohydro<~ensulfuric,

hydriodic, or phosphorous acids and the like, as well as the salts derived from

relatively nontoxic or <~anic acids like acetic, propionic, isobutyric, maleic, malonic,

benzoic, succinic, suberic, fumaric, lactic, mandelic, phthalic, benzenesulfonic, p­

toluenesulfonic, citric, tartaric, methanesulfonic, and the like. A lso included are salts

of amino acids such as ar < inate and the like, and salts of or < anic acids like < lucuronic

or < alactunoric acids and the like (see, for example, Ber < e et al, "Pharmaceutical

Salts", Journal of Pharmaceutical Science, 1977, 66, 1-19). Certain specific

compounds of the present disclosure contain both basic and acidic functionalit ies that

allow the compounds to be converted into either base or acid addition salts.

Accordin < ly, pharmaceutically acceptable salts suitable for use with the

presently disclosed subject matter include, by way of example but not l imitation,

acetate, benzenesulfonate, benzoate, bicarbonate, bitartrate, bromide, calcium edetate,

carnsylate, carbonate, citrate, edetate, edisylate, estolate, esylate, fumarate, < luceptate,

< luconate, < lutamate, < lycollylarsanil ate, hexylresorcinate, hydrabamine,

hydrobromide, hydrochloride, hydroxynaphthoate, iodide, isethionate, lactate,

lactobionate, malate, maleate, mandelate, mesylate, mucate, napsylate, nitrate,

pamoate (embonate), pantothenate, phosphate/diphosphate, poly < alacturonate,

salicylate, stearate, subacetate, succinate, sulfate, tannate, tartrate, or teoclate. Other

pharmaceutically acceptable salts may be found in, for example, Remin < ton: The

Science and Practice of Pharmacy (20'" ed.) Lippincott, Wi l l iams k W i l k ins (2000).

In therapeutic and/or dia < nostic applications, the compounds of the disclosure

can be formulated for a variety of modes of administration, includin <~ systemic and

topical or localized administration. Techniques and formulations <generally may be

found in Remin<~ton: The Science and Practice of Pharmacy (20'" ed.) Lippincott,

Will iams k W i l k ins (2000).

Dependin < on the specific conditions bein < treated, such a< ents may be

formulated into liquid or solid dosa <~e forms and administered systemically or locally.

The a< ents may be delivered, for example, in a timed- or sustained-slow release form

as is known to those skilled in the art. Techniques for formulation and administration

may be found in Remin <~ton: The Science and Practice of Pharmacy (20'" ed.)
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Lippincott, Wi l l iams k W i l k ins (2000). Suitable routes may include oral, buccal, by

inhalation spray, sublin <~ual, rectal, transdermal, va<~inal, transmucosal, nasal or

intestinal administration; parenteral delivery, includin <~ intramuscular, subcutaneous,

intramedullary injections, as well as intrathecal, direct intraventricular, intravenous,

intra-articular, intra -sternal, intra-synovial, intra-hepatic, intralesional, intracranial,

intraperitoneal, intranasal, or intraocular injections or other modes of delivery.

For injection, the a < ents of the disclosure may be formulated and diluted in

aqueous solutions, such as in physiolo <~ically compatible buffers such as Hank's

solution, Rin <~er's solution, or physiolo<~ical saline buffer. For such transmucosal

administration, penetrants appropriate to the barrier to be permeated are used in the

formulation. Such penetrants are <generally known in the art.

Use of pharmaceutically acceptable inert carriers to formulate the compounds

herein disclosed for the practice of the disclosure into dosa < es suitable for systemic

administration is within the scope of the disclosure. With proper choice of carrier and

suitable manufacturin < practice, the compositions of the present disclosure, in

particular, those formulated as solutions, may be administered parenterally, such as by

intravenous injection. The compounds can be formulated readily usin <~

pharmaceutically acceptable carriers well known in the art into dosa < es suitable for

oral administration. Such carriers enable the compounds of the disclosure to be

formulated as tablets, pills, capsules, liquids, < els, syrups, slurries, suspensions and

the like, for oral in < estion by a subject (e. < ., patient) to be treated.

For nasal or inhalation delivery, the a < ents of the disclosure also may be

formulated by methods known to those of skil l in the art, and may include, for

example, but not l imited to, examples of solubil izin <~, dilutin<~, or dispersin <~

substances, such as saline; preservatives, such as benzyl alcohol; absorption

promoters; and fluorocarbons.

Pharmaceutical compositions suitable for use in the present disclosure include

compositions wherein the active in < redients are contained in an effective amount to

achieve its intended purpose. Determination of the effective amounts is well wi thin

the capability of those skilled in the art, especially in l i < ht of the detailed disclosure

provided herein. Generally, the compounds accordin < to the disclosure are effective

over a wide dosa< e ran< e. For example, in the treatment of adult humans, dosa < es

from 0.01 to 1000 m <~, from O,S to 100 m<~, from 1 to SO m<~ per day, and from S to 40

m< per day are examples of dosa < es that may be used. A non-l imi t in < dosa< e is 10 to

26

JHU-36631.252 P14847-()3

Petitioner GE Healthcare – Ex. 1002, p. 217 



30 m< per day. The exact dosa < e will depend upon the route of administration, the

form in which the compound is administered, the subject to be treated, the body

wei< ht of the subject to be treated, the bioavailabil ity of the compound(s), the

adsorption, distribution, metabolism, and excretion (ADME) tox ic i ty of the

compound(s), and the preference and experience of the attendin < physician.

In addition to the active in < redients, these pharmaceutical compositions may

contain suitable pharmaceutically acceptable carriers comprisin < excipients and

auxiliaries which facil i tate processin < of the active compounds into preparations

which can be used pharmaceutically. The preparations formulated for oral

administration may be in the form of tablets, dra < ees, capsules, or solutions.

Pharmaceutical preparations for oral use can be obtained by combinin < the

active compounds with solid excipients, optionally <~rindin<~ a resultin<~ mixture, and

processin < the mixture of < ranules, after addin < suitable auxiliaries, if desired, to

obtain tablets or dra < ee cores. Suitable excipients are, in particular, fi l lers such as

su<~ars, includin<~ lactose, sucrose, mannitol, or sorbitol; cellulose preparations, for

example, maize starch, wheat starch, rice starch, potato starch, < elatin, < um

tra<~acanth, methyl cellulose, hydroxypropylmethyl- cellulose, sodium

carboxymethyl-cellulose (CMC), and/or polyvinylpyrrol idone (PVP: povidone). I f

desired, disinte < ratin< a< ents may be added, such as the cross-linked

polyvinylpyrrol idone, a < ar, or al< inic acid or a salt thereof such as sodium al < inate.

Dra< ee cores are provided with suitable coatin < s. For this purpose,

concentrated su<~ar solutions may be used, which may optionally contain <~um arabic,

talc, polyvinylpyrrol idone, carbopol <~el, polyethylene <glycol (PEG), and/or titanium

dioxide, lacquer solutions, and suitable or <~anic solvents or solvent mixtures. Dye­

stuffs or pi < ments may be added to the tablets or dra < ee coatin< s for identif ication or

to characterize different combinations of active compound doses.

Pharmaceutical preparations that can be used orally include push-fit capsules

made of < elatin, as well as soft, sealed capsules made of < elatin, and a plasticizer,

such as < lycerol or sorbitol. The push-fit capsules can contain the active in < redients

in admixture with f i l ler such as lactose, binders such as starches, and/or lubricants

such as talc or ma < nesium stearate and, optionally, stabilizers. In soft capsules, the

active compounds may be dissolved or suspended in suitable liquids, such as fatty

oils, liquid paraffin, or l iquid polyethylene <~lycols (PEGs). In addition, stabilizers

may be added.
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('. Melhad» «f'Ines;iig; n»iig; ihe ( 'onq~aniI J» «f' I'w mIlla (I), w

Phal nuzcenii cal ( 'wnpa»i ii w I» I'hei eof'

In some embodiments, presently disclosed subject matter provides a method

for ima< in< a disease or disorder associated with flbroblast-activation protein-u (FAP­

u), the method comprisin <~ administerin<~ a compound of formula (I), wherein the

compound of formula (I) comprises an optical or radiolabeled functional <~roup

suitable for optical ima <~in<~, PET ima<~in<~, or SPECT i m a<~in<~; and obtain in<~ an

ima< e.

Accordin <~ly, in some embodiments, the presently disclosed subject matter

provides a method for ima <~in<~ one or more cells, or<~ans, or tissues, the method

comprisin < exposin< cells or administerin < to a subject an effective amount of a

compound of formula (I) with an optical or radioisotopic label suitable for ima <~in<~. In

some embodiments, the one or more or <~ans or tissues include prostate tissue, kidney

tissue, brain tissue, vascular tissue, or tumor tissue.

The ima<~in<~ methods of the invention are suitable for ima <~in<~ any

physiolo <~ical process or feature in which FAP-u is involved, for example, identifyin<~

areas of tissues or tar < ets which exhibit or express hi < h concentrations of FAP-u.

Physiolo <~ical processes in which FAP-u is involved include, but are not limited to:

(a) proliferation diseases (includin <~ but not limited to cancer); (b) tissue remodelin <~

and/or chronic inflammation (includin <~ but not limited to fibrotic disease, wound

healin <, keloid formation, osteoarthritis, rheumatoid arthritis and related disorders

involvin<~ cartila<~e de<gradation); and (c) endocrinolo <~ical disorders (includin<~ but not

limited to disorders of <glucose metabolism).

In certain embodiments, the radiolabeled compound is stable in vivo.

In certain embodiments, the radiolabeled compound is detected by positron

emission tomo <~raphy (PET) or sin<~le photon emission computed tomo<~raphy

(SPECT).

In certain embodiments, the optical reportin < moiety is detected by

fluorescence, such as fluorescence microscopy.

In certain embodiments, the presently disclosed compounds are excreted from

tissues of the body quickly to prevent prolon < ed exposure to the radiation of the

radiolabeled compound administered to the subject. Typically, the presently disclosed

compounds are eliminated from the body in less than about 24 hours. More typically,

the presently disclosed compounds are eliminated from the body in less than about 16
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hours, 12 hours, 8 hours, 6 hours, 4 hours, 2 hours, 90 minutes, or 60 minutes.

Exemplary compounds are eliminated in between about 60 minutes and about 120

minutes. In certain embodiments, the presently disclosed compounds are stable in

vivo such that substantially all, e. <~., more than about 50%, 60%, 70%, 80%, or 90%

of the injected compound is not metabolized by the body prior to excretion.

Additionally, for in vi tro applications, such as in vitro dia <~nostic and research

applications, body fluids and cell samples of the above subjects wil l be suitable for

use, such as mammalian, particularly primate such as human, blood, urine or tissue

samples, or blood urine or tissue samples of the animals mentioned for veterinary

appl i cati on s.

Other embodiments provide kits comprisin <~ a compound of formula (I) . In

certain embodiments, the kit provides packa < ed pharmaceutical compositions

comprisin < a pharmaceutically acceptable carrier and a compound of formula (I). In

certain embodiments the packa < ed pharmaceutical composition wil l comprise the

reaction precursors necessary to <~enerate the compound of formula (I) upon

combination with a radiolabeled precursor. Other packa < ed pharmaceutical

compositions further comprise indicia comprisin <~ at least one of: instructions for

preparin <~ compounds of formula (I) from supplied precursors, instructions for usin<~

the composition to ima < e cells or tissues expressin < FAP-u .

In certain embodiments, a kit containin <~ from about 1 to about 30 mCi of the

radionuclide-labeled ima < in< a< ent described above, in combination with a

pharmaceutically acceptable carrier, is provided. The ima < in< a< ent and carrier may

be provided in solution or in lyophi l ized form. When the ima <~in<~ a<~ent and carr ier of

the kit are in lyophil ized form, the kit may optionally contain a sterile and

physiolo < ically acceptable reconstitution medium such as water, saline, buffered

saline, and the like. The kit may provide a compound of formula (I) in solution or in

lyophilized form, and these components of the kit may optionally contain stabilizers

such as NaC1, silicate, phosphate buffers, ascorbic acid, < entisic acid, and the like.

Additional stabilization of kit components may be provided in this embodiment, for

example, by providin <~ the reducin<~ a<~ent in an oxidation-resistant form.

Determination and optimization of such stabilizers and stabilization methods are well

within the level of skil l in the art.

In certain embodiments, a kit provides a non-radiolabeled precursor to be

combined with a radiolabeled rea < ent on-site.
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Ima< in< a< ents may be used in accordance with the presently disclosed

methods by one of skil l in the art. Ima < es can be < enerated by virtue of dif ferences in

the spatial distribution of the ima < in< a< ents which accumulate at a site when

contacted with FAP-u. The spatial distribution may be measured usin< any means

suitable for the particular label, for example, a < amma camera, a PET apparatus, a

SPECT apparatus, and the like. The extent of accumulation of the ima < in< a< ent may

be quantified usin <~ known methods for quantifyin<~ radioactive emissions or

f luorescence. A particularly useful ima <~in<~ approach employs more than one ima<~in<~

a< ent to perform simultaneous studies.

In < eneral, a detectably effective amount of the ima < in< a< ent of the inven t i on

is administered to a subject. A "detectably effective amount" of the ima < in< a< ent is

defined as an amount sufficient to yield an acceptable ima < e usin< equipment which

is available for cl inical use. A detectably effective amount of the ima < in< a< ent may

be administered in more than one injection. The detectably effective amount of the

ima< in< a< ent of the invention can vary accordin< to factors such as the de < ree of

susceptibility of the individual, the a < e, sex, and wei< ht of the individual,

idiosyncratic responses of the individual, and the dosimetry. Detectably effective

amounts of the ima <~in<~ a<~ent also can vary accordin<~ to instrument and fi lm-related

factors. Optimization of such factors is well wi thin the level of skil l in the art. The

amount of ima<~in<~ a<~ent used for dia<~nostic purposes and the duration of the ima <~in<~

study wil l depend upon the radionuclide used to label the a < ent, the body mass of the

patient, the nature and severity of the condition bein < treated, the nature of therapeutic

treatments which the patient has under < one, and on the idiosyncratic responses of the

patient. Ult imately, the attendin < physician wil l decide the amount of ima < in< a< ent

to administer to each individual patient and the duration of the ima < in< study.

I). Me lhod » of I l eai isg; a I'AP-a 1<elaied l) i»ea»e oI l) i»wdel I l»isg; ihe

('ompomId» of' I 'w mI l la (I ) , oI Ph a l mace I l i ical ( ' w n p o » i l io>I» I 'hei eof'

In other embodiments, the presently disclosed compounds of formula (I) can

be used to treat a subject affl icted with one or more FAP-u related diseases or

disorders includin <~, but not limited to: (a) prol i feration (includin <~ but not limited to

cancer); (b) tissue remodelin <~ and/or chronic inflammation (includin<~ but not limited

to fibrotic disease, wound healin <, keloid formation, osteoarthritis, rheumatoid

arthritis and related disorders involvin < cartila< e de< radation); and (c)

endocrinolo <~ical disorders (includin<~ but not limited to disorders of <glucose
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metabolism).

Accordin <~ly, in some embodiments, the one or more FAP-u related disease or

disorder is selected from the < roup consistin< of a proliferative disease, includin <,

but not limited to, breast cancer, colorectal cancer, ovarian cancer, prostate cancer,

pancreatic cancer, kidney cancer, lun <~ cancer, melanoma, fibrosarcoma, bone and

connective tissue sarcomas, renal cell carcinoma, < iant cell carcinoma, squamous cell

carcinoma, and adenocarcinoma; diseases characterized by tissue remodelin < and/or

chronic inflammation; disorders involvin <~ endocrinolo<~ical dysfunction; and blood

clottin<~ disorders.

In < eneral, the "effective amount" of an active a < ent or dru< delivery device

refers to the amount necessary to elicit the desired biolo < ical response. As wi l l be

appreciated by those of ordinary skil l in this art, the effective amount of an a < ent or

device may vary dependin < on such factors as the desired biolo < ical endpoint, the

a< ent to be delivered, the makeup of the pharmaceutical composition, the tar < et

tissue, and the like.

In other embodiments, the method can be practiced i» i i i rn or ex ii iv~ by

introducin <~, and preferably mixin <~, the compound and cell(s) or tumor(s) in a

controlled environment, such as a culture dish or tube. The method can be practiced

i» ii iv~, in which case contactin< means exposin< the tar< et in a subject to at least

one compound of the presently disclosed subject matter, such as administerin < the

compound to a subject via any suitable route. Accordin < to the presently disclosed

subject matter, contactin <~ may comprise introducin <~, exposin<~, and the like, the

compound at a site distant to the cells to be contacted, and allowin < the bodily

functions of the subject, or natural (e. <~., diffusion) or man-induced (e.<~., swirlin<~)

movements of fluids to result in contact of the compound and the tar <~et.

The subject treated by the presently disclosed methods in their many

embodiments is desirably a human subject, althou < h it is to be understood that the

methods described herein are effective with respect to all vertebrate species, which

are intended to be included in the term "subject." A c cordin< ly, a "subject" can

include a human subject for medical purposes, such as for the treatment of an

existin<~ condition or disease or the prophylactic treatment for preventin <~ the onset of

a condition or disease, or an animal (non-human) subject for medical, veterinary

purposes, or developmental purposes. Suitable animal subjects include mammals

includin <~, but not limited to, primates, e. <~., humans, monkeys, apes, and the like;
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bovines, e. < ., cattle, oxen, and the like; ovines, e. < ., sheep and the like; caprines, e. < .,

< oats and the like; porcines, e.< ., pi< s, ho< s, and the like; equines, e. < ., horses,

donkeys, zebras, and the like; felines, includin < wild and domestic cats; canines,

includin <~ do<~s; la<~omorphs, includin<~ rabbits, hares, and the like; and rodents,

includin <~ mice, rats, and the like. An animal may be a trans<genic animal. In some

embodiments, the subject is a human includin <, but not limited to, fetal, neonatal,

infant, juvenile, and adult subjects. Further, a "subject" can include a patient

afflicted with or suspected of bein < afflicted with a condition or disease. Thus, the

terms "subject" and "patient" are used interchan < eably herein. In some

embodiments, the subject is human. In other embodiments, the subject is non­

human.

As used herein, the term "treatin <" can include reversin<, alleviatin<,

inhibitin <~ the pro<pression of, preventin<~ or reducin<~ the likelihood of the disease, or

condition to which such term applies, or one or more symptoms or manifestations of

such disease or condition.

"Preventin<~" refers to causin<~ a disease, condition, or symptom or

manifestation of such, or worsenin <~ of the severity of such, not to occur.

Accordin <~ly, the presently disclosed compounds can be administered prophylactically

to prevent or reduce the incidence or recurrence of the disease, or condition.

11. DE F I N ITION S

Althou< h specific terms are employed herein, they are used in a < eneric and

descriptive sense only and not for purposes of limitation. Unless otherwise defined,

all technical and scientific terms used herein have the same meanin <~ as commonly

understood by one of ordinary skil l in the art to which this presently described subject

matter belon<~s.

While the followin < terms in relation to compounds of formula (I) are believed

to be well understood by one of ordinary skil l in the art, the followin <~ definitions are

set forth to facil itate explanation of the presently disclosed subject matter. These

definitions are intended to supplement and il lustrate, not preclude, the definit ions that

would be apparent to one of ordinary skil l in the art upon review of the present

di scl osure.

The terms substituted, whether preceded by the term "optionally" or not, and

substituent, as used herein, refer to the ability, as appreciated by one skilled in this art,
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to chan<ate one functional <~roup for another functional <~roup on a molecule, provided

that the valency of all atoms is maintained. When more than one position in any

< iven structure may be substituted with more than one substituent selected from a

specified < roup, the substituent may be either the same or different at every position.

The substituents also may be further substituted (e. < ., an aryl < roup substituent may

have another substituent off it , such as another aryl <~roup, which is further substituted

at one or more positions).

Where substituent <groups or linkin <~ <groups are specified by their conventional

chemical formulae, written from left to ri < ht, they equally encompass the chemically

identical substituents that would result from wri t in <~ the structure from ri<~ht to left,

e.< ., -CH20- is equivalent to -OCH2-; -C( = O)O- is equivalent to -OC( = O)-;

-OC( = O)NR- is equivalent to -NRC(= O)O-, and the like.

When the term "independently selected" is used, the substituents bein <

referred to (e. < ., R < roups, such as < roups Ri, R2, and the like, or variables, such as

"m" and "n"), can be identical or dif ferent. For example, both Ri and R2 can be

substituted alkyls, or Ri can be hydro < en and R2 can be a substituted alkyl, and the

like.

The terms "a," "an," or "a(n)," when used in reference to a < roup of

substituents herein, mean at least one. For example, where a compound is substituted

with "an" alkyl or aryl, the compound is optionally substituted with at least one alkyl

and/or at least one aryl. M o reover, where a moiety is substituted with an R

substituent, the < roup may be referred to as "R-substituted." Where a moiety is R­

substituted, the moiety is substituted with at least one R substituent and each R

substituent is optionally different.

A named "R" or <~roup will <generally have the structure that is reco<~nized in

the art as correspondin < to a < roup havin< that name, unless specified otherwise

herein. For the purposes of il lustration, certain representative "R" < roups as set forth

above are defined below.

Descriptions of compounds of the present disclosure are limited by principles

of chemical bondin <~ known to those skilled in the art. Accordin<~ly, where a <~roup

may be substituted by one or more of a number of substituents, such substitutions are

selected so as to comply with principles of chemical bondin <~ and to <~ive compounds

which are not inherently unstable and/or would be known to one of ordinary skil l in

the art as likely to be unstable under ambient conditions, such as aqueous, neutral, and
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several known physiolo <~ical conditions. For example, a heterocycloalkyl or

heteroaryl is attached to the remainder of the molecule via a rin < heteroatom in

compliance with principles of chemical bondin <~ known to those skilled in the art

thereby avoidin <~ inherently unstable compounds.

Unless otherwise explicitly defined, a "substituent < roup," as used herein,

includes a functional <~roup selected from one or more of the followin<~ moieties,

whi ch are defi ned h erei n:

The term hydrocarbon, as used herein, refers to any chemical <~roup

comprisin <~ hydro<~en and carbon. The hydrocarbon may be substituted or

unsubstituted. As would be known to one skil led in this art, all valencies must be

satisfied in makin <~ any substitutions. The hydrocarbon may be unsaturated, saturated,

branched, unbranched, cyclic, polycycl ic, or heterocyclic. I l l ustrative hydrocarbons

are further defined herein below and include, for example, methyl, ethyl, »-propyl,

isopropyl, cyclopropyl, allyl, vinyl, s>-butyl, (es'(-butyl, ethynyl, cyclohexyl, and the

like.

The term "alkyl," by i tself or as part of another substituent, means, unless

otherwise stated, a strai < ht (i.e., unbranched) or branched chain, acyclic or cyclic

hydrocarbon <~roup, or combination thereof, which may be fully saturated, mono- or

polyunsaturated and can include di- and mult ivalent <groups, havin <~ the number of

carbon atoms desi < ~nated (i.e., C i -C i <i means one to ten carbons, includin <~ 1, 2, 3, 4, S,

6, 7, 8, 9, and 10 carbons). In particular embodiments, the term "alkyl" refers to C i ~<i

inclusive, includin <~ 1, 2, 3, 4, S, 6, 7, 8, 9, 10, 11, 12, 13, 14, 1S, 16, 17, 18, 19, and

20 carbons, linear (i.e., "strai< ht-chain"), branched, or cyclic, saturated or at least

partially and in some cases fully unsaturated (i.e., alkenyl and alkynyl) hydrocarbon

radicals derived from a hydrocarbon moiety containin <~ between one and twenty

carbon atoms by removal of a sin <~le hydro<~en atom.

Representative saturated hydrocarbon < roups include, but are not limited to,

methyl, ethyl, i>-propyl, isopropyl, i>-butyl, isobutyl, sec-butyl, (es'(-butyl, i>-pentyl,

sec-pentyl, isopentyl, neopentyl, s>-hexyl, sec-hexyl, s>-heptyl, s>-octyl, s>-decyl, s>­

undecyl, dodecyl, cyclohexyl, (cyclohexyl)methyl, cyclopropylmethyl, and homolo <~s

and isomers thereof.

"Branched" refers to an alkyl <~roup in which a lower alkyl <~roup, such as

methyl, ethyl or propyl, is attached to a linear alkyl chain. "Lower alkyl" refers to an

alkyl <~roup havin<~ 1 to about 8 carbon atoms (i.e., a C i i< alkyl), e. <~., 1, 2, 3, 4, S, 6, 7,
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or 8 carbon atoms. "Hi<~her alkyl" refers to an alkyl <~roup havin<~ about 10 to about

20 carbon atoms, e. <~., 10, 11, 12, 13, 14, I S, 16, 17, 18, 19, or 20 carbon atoms. In

certain embodiments, "alkyl" refers, in particular, to Ci i< strai<~ht-chain alkyls. In

other embodiments, "alkyl" refers, in particular, to Ci i< branched-chain alkyls.

Alkyl <groups can optionally be substituted (a "substituted alkyl" ) with one or

more alkyl <~roup substituents, which can be the same or different. The term "alkyl

<~roup substituent" includes but is not l imited to alkyl, substituted alkyl, halo,

alkylamino, arylamino, acyl, hydroxyl, aryloxyl, alkoxyl, alkyl thio, arylthio,

aralkyloxyl, aralkylthio, carboxyl, alkoxycarbonyl, oxo, and cycloalkyl . There can be

optionally inserted alon <~ the alkyl chain one or more oxy<~en, sulfur or substituted or

unsubstituted nitro<~en atoms, wherein the nitro <~en substituent is hydro <~en, lower

alkyl (also referred to herein as "alkylaminoalkyl") , or aryl.

Thus, as used herein, the term "substituted alkyl" includes alkyl <groups, as

defined herein, in which one or more atoms or functional <groups of the alkyl <~roup

are replaced with another atom or functional <~roup, includin <~ for example, alkyl,

substituted alkyl, halo <~en, aryl, substituted aryl, alkoxyl, hydroxyl, nitro, amino,

alkylamino, dialkylamino, sulfate, and mercapto.

The term "heteroalkyl," by i tself or in combination with another term, means,

unless otherwise stated, a stable strai < ht or branched chain, or cyclic hydrocarbon

<~roup, or combinations thereof, consistin<~ of at least one carbon atoms and at least

one heteroatom selected from the <~roup consistin<~ of 0, N, P, Si and S, and wherein

the nitro<~en, phosphorus, and sulfur atoms may optionally be oxidized and the

nitro< en heteroatom may optionally be quaternized. The heteroatom(s) 0, N, P and S

and Si may be placed at any interior position of the heteroalkyl < roup or at the

position at which alkyl < roup is attached to the remainder of the molecule. Examples

include, but are not limited to, -CH~-CH~-0-CH; , -CH~-CH~-NH-CH;,

-CH~-CH~-N(CH;)-CH; -CH~-S-CH~-CH; -CH~-CH~~-S(0)-CH;

-CH~-CH~-S(0)~-CH; -CH = CH-0-CH; -Si(CH;); -CH~-CH = N-OCH;

-CH = CH-N(CH;)- CH;, 0-CH;, -0-CH~-CH;, and -CN. Up to two or three

heteroatoms may be consecutive, such as, for example, -CH~-NH-OCH; and

-CH~-0-Si(CH;);.

As described above, heteroalkyl < roups, as used herein, include those < roups

that are attached to the remainder of the molecule throu < h a heteroatom, such as

-C(0)NR', -NR'R", -OR' , -SR, -S(0)R, and/or — S(0~)R'. Where "heteroalkyl" is

3S
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recited, followed by recitations of specific heteroalkyl < roups, such as -NR'R or the

like, it wil l be understood that the terms heteroalkyl and -NR'R" are not redundant or

mutually exclusive. Rather, the specific heteroalkyl < roups are recited to add clarity.

Thus, the term "heteroalkyl" should not be interpreted herein as excludin < specific

heteroalkyl <groups, such as -NR'R" or the like.

"Cyclic" and "cycloalkyl" refer to a non-aromatic mono- or mult icyclic rin<

system of about 3 to about 10 carbon atoms, e. <~., 3, 4, 5, 6, 7, 8, 9, or 10 carbon

atoms. The cycloalkyl < roup can be optionally partially unsaturated. The cycloalkyl

< roup also can be optionally substituted with an alkyl < roup substituent as defined

herein, oxo, and/or alkylene. There can be optionally inserted alon <~ the cyclic alkyl

chain one or more oxy <~en, sulfur or substituted or unsubstituted nitro <~en atoms,

wherein the nitro <~en substituent is hydro <~en, unsubstituted alkyl, substituted alkyl,

aryl, or substituted aryl, thus providin < a heterocyclic < roup. Representative

monocyclic cycloalkyl r in <~s include cyclopentyl, cyclohexyl, and cycloheptyl.

Multicyclic cycloalkyl r in <~s include adamantyl, octahydronaphthyl, decalin, camphor,

camphane, and noradamantyl, and fused rin <~ systems, such as dihydro- and

tetrahydronaphthalene, and the like.

The term "cycloalkylalkyl," as used herein, refers to a cycloalkyl < roup as

defined hereinabove, which is attached to the parent molecular moiety throu < h an

alkyl < roup, also as defined above. Examples of cycloalkylalkyl < roups include

cycl opropylmethyl and cycl open tyl ethyl.
The terms "cycloheteroalkyl" or "heterocycloalkyl" refer to a non-aromatic

rin< system, unsaturated or partially unsaturated rin < system, such as a 3- to 10­

member substituted or unsubstituted cycloalkyl r in <~ system, includin <~ one or more

heteroatoms, which can be the same or different, and are selected from the < roup

consistin<~ of nitro<~en (N), oxy <~en (0), sulfur (S), phosphorus (P), and silicon (Si),

and optionally can include one or more double bonds.

The cycloheteroalkyl r in < can be optionally fused to or otherwise attached to

other cycloheteroalkyl r in <~s and/or non-aromatic hydrocarbon rin<~s. Heterocyclic

rin<~s include those havin<~ from one to three heteroatoms independently selected from

oxy<~en, sulfur, and nitro <~en, in which the nitro<~en and sulfur heteroatoms may

optionally be oxidized and the nitro < en heteroatom may optionally be quaternized. In

certain embodiments, the term heterocylic refers to a non-aromatic 5-, 6-, or 7­

membered rin <~ or a polycyclic <~roup wherein at least one rin<~ atom is a heteroatom
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selected from 0, S, and N (wherein the nitro <~en and sulfur heteroatoms may be

optionally oxidized), includin <~, but not limited to, a bi- or tri-cycl ic <~roup, comprisin <~

fused six-membered rin < s havin< between one and three heteroatoms independently

selected from the oxy <~en, sulfur, and nitro<~en, wherein (i) each 5-membered rin <~ has

0 to 2 double bonds, each 6-membered rin < has 0 to 2 double bonds, and each 7­

membered rin <~ has 0 to 3 double bonds, (ii) the nitro<~en and sulfur heteroatoms may

be optionally oxidized, (i ii) the nitro < en heteroatom may optionally be quaternized,

and (iv) any of the above heterocyclic rin < s may be fused to an aryl or heteroaryl rin < .

Representative cycloheteroalkyl r in <~ systems include, but are not limited to

pyrrolidinyl, pyrrol inyl, imidazolidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl ,

piperidyl, piperazinyl, indolinyl, quinuclidinyl, morpholinyl, thiomorpholinyl ,

thiadiazinanyl, tetrahydrofuranyl, and the like.

The terms "cycloalkyl" and "heterocycloalkyl" , by themselves or in

combination with other terms, represent, unless otherwise stated, cyclic versions of

"alkyl" and "heteroalkyl" , respectively. Add i t ionally, for heterocycloalkyl, a

heteroatom can occupy the position at which the heterocycle is attached to the

remainder of the molecule. Examples of cycloalkyl include, but are not limited to,

cyclopentyl, cyclohexyl, l - cyclohexenyl, 3-cyclohexenyl, cycloheptyl, and the like.

Examples of heterocycloalkyl include, but are not limited to, 1-(1,2,5,6­

tetrahydropyridyl), 1 -piperidinyl, 2-piperidinyl, 3-piperidinyl, 4- morpholinyl, 3­

morpholinyl, tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, tetrahydrothien-2-yl,

tetrahydrothien-3-yl, 1 -piperazinyl, 2-piperazinyl, and the like. The terms

"cycloalkylene" and "heterocycloalkylene" refer to the divalent derivatives of

cycloalkyl and heterocycloalkyl, respectively.

An unsaturated alkyl <~roup is one havin <~ one or more double bonds or triple

bonds. Examples of unsaturated alkyl <groups include, but are not limited to, vinyl, 2­

propenyl, crotyl, 2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(1,4-pentadienyl),

ethynyl, 1- and 3-propynyl, 3-butynyl, and the hi <~her homolo<~s and isomers. A lky l

<groups which are limited to hydrocarbon <groups are termed "homoalkyl ."

More particularly, the term "alkenyl" as used herein refers to a monovalent

<~roup derived from a C I ~<i inclusive strai<~ht or branched hydrocarbon moiety havin <~

at least one carbon-carbon double bond by the removal of a sin < le hydro< en molecule.

Alkenyl <groups include, for example, ethenyl (i.e., vinyl), propenyl, butenyl, 1­

methyl-2-buten-l -yl , pentenyl, hexenyl, octenyl, allenyl, and butadienyl.
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The term "cycloalkenyl" as used herein refers to a cyclic hydrocarbon

containin< at least one carbon-carbon double bond. Examples of cycloalkenyl < roups

include cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclopentadienyl, cyclohexenyl,

1,3-cyclohexadienyl, cycloheptenyl, cycloheptatrienyl, and cyclooctenyl.

The term "alkynyl" as used herein refers to a monovalent <~roup derived from

a strai<~ht or branched Ci ~<i hydrocarbon of a desi <oned number of carbon atoms

containin< at least one carbon-carbon triple bond. Examples of "alkynyl" inc lude

ethynyl, 2-propynyl (propar <~yl), l-propynyl, pentynyl, hexynyl, and heptynyl <groups,

and the like.

The term "alkylene" by itself or a part of another substituent refers to a

strai<~ht or branched bivalent aliphatic hydrocarbon <~roup derived from an alkyl <~roup

havin<~ from 1 to about 20 carbon atoms, e. <~., 1, 2, 3, 4, S, 6, 7, 8, 9, 10, 11, 12, 13,

14, 1S, 16, 17, 18, 19, or 20 carbon atoms. The alkylene <~roup can be strai<~ht,

branched or cyclic. The alkylene <~roup also can be optionally unsaturated and/or

substituted with one or more "alkyl <~roup substituents." There can be optionally

inserted alon <~ the alkylene <~roup one or more oxy <~en, sulfur or substituted or

unsubstituted nitro< en atoms (also referred to herein as "alkylaminoalkyl") , wherein

the nitro< en substituent is alkyl as previously described. Exemplary alkylene < roups

include methylene ( — CH~ — ); ethylene ( — CH~ — CH~ — ); propylene ( — (CH~)- — );

cyclohexylene ( — C< H ui — ); — CH = CH — CH = CH —; — CH= CH — CH~ —; -CH~CH~CH~CH~-,

-CH~CH = CHCH~-, -CH~CsCCH~-, -CH~CH~CH(CH~CH~CH-)CH~-,

-(CH~)„-N(R)-(CH~),—, wherein each of q and r is independently an inte <~er from 0 to

about 20, e <~., 0, 1, 2, 3, 4, S, 6, 7, 8, 9, 10, 11, 12, 13, 14, 1S, 16, 17, 18, 19, or20,

and R is hydro <~en or lower alkyl; methylenedioxyl ( — 0 — CH~ — 0 — ); and

ethylenedioxyl (-0 - (CH~)~ — 0 — ). An alkylene < roup can have about 2 to about 3

carbon atoms and can further have 6-20 carbons. Typical ly, an alkyl (or alkylene)

<~roup will have from 1 to 24 carbon atoms, with those <groups havin <~ 10 or fewer

carbon atoms bein <~ some embodiments of the present disclosure. A " l ower alkyl" or

"lower alkylene" is a shorter chain alkyl or alkylene <~roup, <generally havin<~ ei<~ht or

fewer carbon atoms.

The term "heteroalkylene" by itself or as part of another substituent means a

divalent < roup derived from heteroalkyl, as exemplif ied, but not l imited by,

-CH~-CH~-S-CH~-CH~- and -CH~-S-CH~-CH~-NH-CH~-. For heteroalkylene <groups

heteroatoms also can occupy either or both of the chain termini (e. < ., alkyleneoxo,
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alkylenedioxo, alkyleneamino, alkylenediamino, and the like). St i l l further, for

alkylene and heteroalkylene linkin <~ <groups, no orientation of the linkin <~ <~roup is

implied by the direction in which the formula of the linkin < ~ <~roup is wr i t ten . F o r

example, the formula -C(O)OR'- represents both -C(O)OR'- and — R'OC(O)-.

The term "aryl" means, unless otherwise stated, an aromatic hydrocarbon

substituent that can be a sin <~le rin<~ or multiple rin<~s (such as from 1 to 3 rin<~s),

which are fused to < ether or linked covalently. The term "heteroaryl" refers to aryl

<groups (or rin <~s) that contain from one to four heteroatoms (in each separate rin <~ in

the case of multiple rin < s) selected from N, 0, and S, wherein the nitro < en and sulfur

atoms are optionally oxidized, and the nitro < en atom(s) are optionally quaternized. A

heteroaryl < roup can be attached to the remainder of the molecule throu < h a carbon or

heteroatom. Non- l imi t in < examples of aryl and heteroaryl < roups include phenyl, 1­

naphthyl, 2-naphthyl, 4-biphenyl, 1 -pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3-pyrazolyl, 2­

imidazolyl, 4-imidazolyl, pyrazinyl, 2-oxazolyl, 4-oxazolyl, 2-phenyl-4- oxazolyl, S­

oxazolyl, 3-isoxazolyl, 4-isoxazolyl, S-isoxazolyl, 2-thiazolyl, 4-thiazolyl, S­

thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2­

pyrimidyl, 4- pyrimidyl , S-benzothiazolyl, purinyl, 2-benzimidazolyl, S-indolyl, 1­

isoquinolyl, S- isoquinolyl, 2-quinoxalinyl, S-quinoxalinyl, 3-quinolyl, and 6­

quinolyl . Substituents for each of above noted aryl and heteroaryl rin < systems are

selected from the < roup of acceptable substituents described below. The terms

"arylene" and "heteroarylene" refer to the divalent forms of aryl and heteroaryl,

respectively.

For brevity, the term "aryl" when used in combination with other terms (e. < .,

aryloxy, arylthioxy, arylalkyl) includes both aryl and heteroaryl rin < s as defined

above. Thus, the terms "arylalkyl" and "heteroarylalkyl" are meant to include those

< roups in which an aryl or heteroaryl < roup is attached to an alkyl < roup (e.< ., benzyl,

phenethyl, pyridylmethyl, furylmethyl, and the like) includin <~ those alkyl <groups in

which a carbon atom (e. < ., a methylene < roup) has been replaced by, for example, an

oxy<~en atom (e.<~., phenoxymethyl, 2-pyridyloxymethyl, 3-(l-naphthyloxy)propyl, and

the like). However, the term "haloaryl," as used herein is meant to cover only aryls

substituted with one or more halo <~ens.

Where a heteroalkyl, heterocycloalkyl, or heteroaryl includes a specific

number of members (e. <~. "3 to 7 membered"), the term "member" refers to a carbon

or heteroatom.
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Further, a structure represented < enerally by the formula:

(R)n

or

as used herein refers to a rin < structure, for example, but not l imited to a 3-carbon, a

4-carbon, a S-carbon, a 6-carbon, a 7-carbon, and the like, aliphatic and/or aromatic

cyclic compound, includin <ya saturated rin<y structure, a partially saturated rin <y

structure, and an unsaturated rin <ystructure, comprisin <ya substituent R <yroup, wherein

the R <yroup can be present or absent, and when present, one or more R <yroups can

each be substituted on one or more available carbon atoms of the rin < structure. The

presence or absence of the R <yroup and number of R <yroups is determined by the

value of the variable "n," which is an inte <yer <yenerally hav in<y a value ran<sin<a from 0

to the number of carbon atoms on the rin <yavailable for substitution. Each R <yroup, if

more than one, is substituted on an available carbon of the rin < structure rather than

on another R < roup. For example, the structure above where n is 0 to 2 would

comprise compound <yroups includin <y, but not l im i ted to :

R, RtRt

R2

R2

Rp

and the like.

A dashed line representin < a bond in a cyclic rin < structure indicates that the

bond can be either present or absent in the rin< . That is, a dashed line representin < a

bond in a cyclic rin <y structure indicates that the rin <ystructure is selected from the

<yroup consistin <yof a saturated rin <ystructure, a partially saturated rin <ystructure, and

an unsaturated r in<y structure.

The symbol ( ) denotes the point of attachment of a moiety to the

remainder of the molecule.

When a named atom of an aromatic rin <y or a heterocyclic aromatic rin <yis

defined as bein < "absent," the named atom is replaced by a direct bond.

Each of above terms (e. < .
,

"alkyl," "heteroalkyl," "cycloalkyl, and

"heterocycloalkyl" , "aryl," "heteroaryl," "phosphonate," and "sulfonate" as well as
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their divalent derivatives) are meant to include both substituted and unsubstituted

forms of the indicated < roup. Optional substituents for each type of < roup are

provided below.

Substituents for alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl monovalent

and divalent derivative < roups (includin < those < roups often referred to as alkylene,

alkenyl, heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl, heterocycloalkyl ,

cycloalkenyl, and heterocycloalkenyl) can be one or more of a variety of <groups

selected from, but not l imited to: -OR' , = 0 , = NR' , = N-OR', -NR'R" , -SR', -halo<~en,

-SiR'R" R'", -OC(O)R', -C(O)R', -CO~R',-C(O)NR'R", -OC(O)NR'R",­

NR" C(O)R', -NR'-C(O)NR" R'", -NR"C(O)OR', -NR-C(NR'R")=NR'", -S(O)R',­

S(O)~R', -S(O)~NR'R", -NRSO~R', -CN and -NO~ in a number ran<~in<~ from zero to

(2m'+1), where m' is the total number of carbon atoms in such <groups. R', R", R ' "

and R"" each may independently refer to hydro<~en, substituted or unsubstituted

heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted

heterocycloalkyl, substituted or unsubstituted aryl (e. < ., aryl substituted with 1-3

halo<~ens), substituted or unsubstituted alkyl, alkoxy or thioalkoxy <groups, or arylalkyl

< roups. As used herein, an "alkoxy" < roup is an alkyl attached to the remainder of the

molecule throu < h a divalent oxy< en. When a compound of the disclosure includes

more than one R < roup, for example, each of the R < roups is independently selected

as are each R', R", R'" and R"" < roups when more than one of these < roups is

present. When R' and R" are attached to the same nitro < en atom, they can be

combined with the nitro <~en atom to form a 4-, 5-, 6-, or 7- membered rin <~. For

example, -NR'R" is meant to include, but not be limited to, 1- pyrrolidinyl and 4­

morpholinyl . F rom the above discussion of substituents, one of skil l in the art wi l l

understand that the term "alkyl" is meant to include <groups includin <~ carbon atoms

bound to <groups other than hydro<~en <groups, such as haloalkyl (e. <~., -CF; and­

CH~CF;) and acyl (e. <~., -C(O)CH; -C(O)CF; -C(O)CH~OCH; and the like).

Similar to the substituents described for alkyl < roups above, exemplary

substituents for aryl and heteroaryl < roups (as well as their divalent derivatives) are

varied and are selected from, for example: halo < en, -OR', -NR'R", -SR',

-SiR'R" R'", -OC(O)R', -C(O)R', -CO~R', -C(O)NR'R", -OC(O)NR'R",­

NR" C(O)R', -NR'-C(O)NR" R'", -NR"C(O)OR', -NR-C(NR'R" R'")=NR"",

-NR-C(NR'R") = NR'" -S(O)R', -S(O)~R', -S(O)~NR'R", -NRSO~R', -CN and -NO~,

-R', -N;, -CH(Ph)~, fluoro(C I-C<)alkoxo, and fluoro(CI-C<)alkyl, in a number ran <~in<~
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from zero to the total number of open valences on aromatic rin <~ system; and where

R', R", R'" and R"" may be independently selected from hydro<~en, substituted or

unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or

unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or

unsubstituted aryl and substituted or unsubstituted heteroaryl. When a compound of

the disclosure includes more than one R < roup, for example, each of the R < roups is

independently selected as are each R', R", R'" and R"" < roups when more than one of

these < roups is present.

Two of the substituents on adjacent atoms of aryl or heteroaryl rin < may

optionally form a rin <~ of the formula -T-C(0 ) - (CRR' ) „ -U-, wherein T and U are

independently -NR-, -0-, -CRR'- or a sin<~le bond, and q is an inte<~er of from 0 to 3.

Alternatively, two of the substituents on adjacent atoms of aryl or heteroaryl rin < may

optionally be replaced with a substituent of the formula -A-(CH~),-B-, wherein A and

B are independently -CRR'- , -0-, -NR-, -S-, -S(0)-, -S(0)~-, -S(0)~NR'- or a sin <~le

bond, and r is an inte <~er of from 1 to 4.

One of the sin < le bonds of the new rin < so formed may optionally be replaced

with a double bond. A l ternatively, two of the substituents on adjacent atoms of aryl

or heteroaryl rin < may optionally be replaced with a substituent of the formula

-(CRR'),-X' - (C"R ' " )a-, where s and d are independently inte <~ers of from 0 to 3, and

X' is -0-, -NR'-, -S-, -S(0)-, -S(0)~-, or -S(0)~NR'­. The substituents R, R', R" and

R'" may be independently selected from hydro<~en, substituted or unsubstituted alkyl,

substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,

substituted or unsubstituted aryl, and substituted or unsubstituted heteroaryl.

As used herein, the term "acyl" refers to an or < anic acid < roup wherein the

-OH of the carboxyl < roup has been replaced with another substituent and has the

<general formula RC( = 0)-, wherein R is an alkyl, alkenyl, alkynyl, aryl, carbocylic,

heterocyclic, or aromatic heterocyclic <~roup as defined herein). As such, the term

"acyl" specifically includes arylacyl < roups, such as a 2-(furan-2-yl)acetyl)- and a 2­

phenylacetyl < roup. Specific examples of acyl < roups include acetyl and benzoyl.

Acyl < roups also are intended to include amides, -RC( = 0)NR', esters, -RC( = 0)OR',

ketones, -RC( = 0)R', and aldehydes, -RC( = 0)H.

The terms "alkoxyl" or "a lkoxy" are used interchan < eably herein and refer to a

saturated (i.e., alkyl — 0 — ) or unsaturated (i.e., alkenyl — 0 — and alkynyl — 0 — ) < roup

attached to the parent molecular moiety throu < h an oxy< en atom, wherein the terms
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"alkyl," "alkenyl," and "alkynyl" are as previously described and can include C I 2<i

inclusive, linear, branched, or cyclic, saturated or unsaturated oxo-hydrocarbon

chains, includin <~, for example, methoxyl, ethoxyl, propoxyl, isopropoxyl, »-butoxyl,

.~ec-butoxyl, /<»'/-butoxyl, and»-pentoxyl, neopentoxyl, »-hexoxyl, and the like.

The term "alkoxyalkyl" as used herein refers to an alkyl-0 -alkyl ether, for

example, a methoxyethyl or an ethoxymethyl <~roup.

"Aryloxyl" refers to an aryl-0- <~roup wherein the aryl <~roup is as previously

described, includin < a substituted aryl. The term "aryloxyl" as used herein can refer

to phenyloxyl or hexyloxyl, and alkyl, substituted alkyl, halo, or alkoxyl substituted

phenyl oxyl or hexyl oxyl.

"Aralkyl" refers to an aryl-alkyl-<~roup wherein aryl and alkyl are as

previously described and includes substituted aryl and substituted alkyl . Exemplary

aralkyl <groups include benzyl, phenylethyl, and naphthylmethyl.

"Aralkyloxyl" refers to an aralkyl-0 — <~roup wherein the aralkyl <~roup is as

previously described. An exemplary aralkyloxyl <~roup is benzyloxyl, i .e.,

C<,H~-CH2-0-. An aralkyloxyl < roup can optionally be substituted.

"Alkoxycarbonyl" refers to an alkyl-0 -C( = 0) ­ <~roup. Exemplary

alkoxycarbonyl <groups include methoxycarbonyl, ethoxycarbonyl, butyloxycarbonyl,

and /<»'/-butyl oxycarbonyl.

"Aryloxycarbonyl" refers to an aryl-0-C( = 0) ­ < roup. Exemplary

aryloxycarbonyl < roups include phenoxy- and naphthoxy-carbonyl.

"Aralkoxycarbonyl" refers to an aralkyl-0 -C( = 0) ­ <~roup. An exemplary

aral koxycarbonyl <~roup i s benzyl oxycarbonyl.

"Carbamoyl" refers to an amide < roup of the formula — C(= 0)NH2.

"Alkylcarbamoyl" refers to a R'RN — C(= 0) ­ <~roup wherein one of R and R' is

hydro <~en and the other of R and R' is alkyl and/or substituted alkyl as previously

described. "Dialkylcarbamoyl" refers to a R'RN — C(= 0) ­ < roup wherein each of R

and R' is independently alkyl and/or substituted alkyl as previously described.

The term carbonyldioxyl, as used herein, refers to a carbonate < roup of the

formula -O-C( = 0)-OR.

"Acyloxyl" refers to an acyl-0- < roup wherein acyl is as previously described.

The term "amino" refers to the — NH2 < roup and also refers to a nitro < en

containin<~ <~roup as is known in the art derived from ammonia by the replacement of

one or more hydro <~en radicals by or<~anic radicals. For example, the terms
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"acylamino" and "alkylamino" refer to specific N-substituted or< anic radicals with

acyl and alkyl substituent <groups respectively.

An "aminoalkyl" as used herein refers to an amino <~roup covalently bound to

an alkylene linker. More particularly, the terms alkylamino, dialkylamino, and

trialkylamino as used herein refer to one, two, or three, respectively, alkyl < roups, as

previously defined, attached to the parent molecular moiety throu < h a nitro< en atom.

The term alkylamino refers to a <~roup havin<~ the structure — NHR' wherein R' is an

alkyl < roup, as previously defined; whereas the term dialkylamino refers to a < roup

havin< the structure — NR'R", wherein R' and R" are each independently selected

from the <~roup consistin <~ of alkyl <groups. The term trialkylamino refers to a <~roup

havin<~ the structure — NR'R"R"', wherein R', R", and R'" are each independently

selected from the <~roup consi stin<~ of alkyl <groups. Addi t ionally, R', R", and/or R'"

taken to<~ether may optionally be — (CH~)i,— where k is an inte<~er from 2 to 6.

Examples include, but are not limited to, methylamino, dimethylamino, ethylamino,

diethylamino, diethylaminocarbonyl, methylethylamino, isopropylamino, piperidino,

trimethyl amino, and propylamino.

The amino <~roup is -NR'R", wherein R' and R" are typically selected from

hydro <~en, substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl,

substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,

substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl.

The terms alkylthioether and thioalkoxyl refer to a saturated (i.e., alkyl — S — ) or

unsaturated (i.e., alkenyl — S — and alkynyl — S — ) < roup attached to the parent molecular

moiety throu<~h a sulfur atom. Examples of thioalkoxyl moieties include, but are not

l imited to, methylthio, ethylthio, propylthio, isopropylthio, >I-butylthio, and the like.

"Acylamino" refers to an acyl-NH — <~roup wherein acyl is as previously

described. "Aroylamino" refers to an aroyl-NH — <~roup wherein aroyl is as previously

described.

The term "carbonyl" refers to the — C(= O) ­ < roup, and can include an aldehyde

< roup represented by the < eneral formula R-C( = O)H.

The term "carboxyl" refers to the — COOH < roup. Such < roups also are

referred to herein as a "carboxylic acid" moiety.

The terms "halo," "halide," or "halo< en" as used herein refer to fluoro, chloro,

bromo, and iodo <groups. Addi t ionally, terms such as "haloalkyl," are meant to

include monohaloalkyl and polyhaloalkyl . For example, the term "halo(Ci-Cz)alkyl"

44

JHU-36631.252 P14847-()3

Petitioner GE Healthcare – Ex. 1002, p. 235 



is mean to include, but not be limited to, trifluoromethyl, 2,2,2-trifluoroethyl, 4­

chlorobutyl, 3-bromopropyl, and the like.

The term "hydroxyl" refers to the — OH < roup.

The term "hydroxyalkyl" refers to an alkyl < roup substituted with an — OH

<~roup.

The term "mercapto" refers to the — SH < roup.

The term "oxo" as used herein means an oxy < en atom that is double bonded to

a carbon atom or to another element.

The term "nitro" refers to the — NO~ < roup.

The term "thio" refers to a compound described previously herein wherein a

carbon or oxy <~en atom is replaced by a sulfur atom.

The term "sulfate" refers to the — SO~< roup.

The term thiohydroxyl or thiol, as used herein, refers to a <~roup of the formula

— SH.

More particularly, the term "sulf ide" refers to compound havin <~ a <~roup of the

formula — SR.

The term "sulfone" refers to compound havin < a sulfonyl < roup — S(O~)R.

The term "sulfoxide" refers to a compound havin < a sulfinyl < roup — S(O)R

The term ureido refers to a urea < roup of the formula — NH C O N H ~.

Throu< hout the specification and claims, a < iven chemical formula or name

shall encompass all tautomers, con < eners, and optical- and stereoisomers, as well as

racemic mixtures where such isomers and mixtures exist.

Certain compounds of the present disclosure may possess asymmetric carbon

atoms (optical or chiral centers) or double bonds; the enantiomers, racemates,

diastereomers, tautomers, <geometric isomers, stereoisometric forms that may be

defined, in terms of absolute stereochemistry, as (R)-or (S)- or, as D- or L- for amino

acids, and individual isomers are encompassed within the scope of the present

disclosure. The compounds of the present disclosure do not include those which are

known in art to be too unstable to synthesize and/or isolate. The present disclosure is

meant to include compounds in racemic, scalemic, and optically pure forms.

Optically active (R)- and (S)-, or D- and L-isomers may be prepared usin < chiral

synthons or chiral rea <~ents, or resolved usin<~ conventional techniques. When the

compounds described herein contain olefenic bonds or other centers of <geometric

asymmetry, and unless specified otherwise, it is intended that the compounds include
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both /; and 7 <geometric isomers.

Unless otherwise stated, structures depicted herein are also meant to include

all stereochemical forms of the structure; i.e., the R and S confi < urations for each

asymmetric center. Therefore, sin < le stereochemical isomers as well as enantiomeric

and diastereomeric mixtures of the present compounds are within the scope of the

di scl osure.

It will be apparent to one skilled in the art that certain compounds of this

disclosure may exist in tautomeric forms, all such tautomeric forms of the compounds

bein< within the scope of the disclosure. The term "tautomer," as used herein, refers

to one of two or more structural isomers which exist in equil ibrium and which are

readily converted from one isomeric form to another.

As used herein the term "monomer" refers to a molecule that can under <~o

polymerization, thereby contributin <~ constitutional units to the essential structure of a

macromolecule or polymer.

A "polymer" is a molecule of hi< h relative molecule mass, the structure of

which essentially comprises the multiple repetition of unit derived from molecules of

low relative molecular mass, i.e., a monomer.

A "dendrimer" is hi< hly branched, star-shaped macromolecules with

nanometer-scale dimensions.

As used herein, an "oli <~omer" includes a few monomer units, for example, in

contrast to a polymer that potentially can comprise an unlimited number of

monomers. Dimers, trimers, and tetramers are non-limit in <~ examples of oli <~omers.

The term "protectin «r o up" refers to chemical moieties that block some or all

reactive moieties of a compound and prevent such moieties from participatin < in

chemical reactions until the protective < roup is removed, for example, those moieties

listed and described in T. W. Greene, P.G.M. Wuts, Protective Groups in Or <~anic

Synthesis, 3rd ed. John Wiley k Sons (1999). I t may be advanta< eous, where

different protectin «r o ups are employed, that each (different) protective < roup be

removable by a different means. Protective < roups that are cleaved under totally

disparate reaction conditions allow di f ferential removal of such protectin <~ <groups.

For example, protective < roups can be removed by acid, base, and hydro < enolysis.

Groups such as trityl, dimethoxytri tyl, acetal and tert-butyldimethylsi lyl are acid

labile and may be used to protect carboxy and hydroxy reactive moieties in the

presence of amino <groups protected with Cbz <groups, which are removable by
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hydro <~enolysis, and Fmoc <groups, which are base labile. Carboxylic acid and

hydroxy reactive moieties may be blocked with base labile < roups such as, without

limitation, methyl, ethyl, and acetyl in the presence of amines blocked with acid labile

< roups such as tert-butyl carbamate or with carbamates that are both acid and base

stable but hydrolytically removable.

Carboxylic acid and hydroxy reactive moieties may also be blocked with

hydrolytically removable protective <groups such as the benzyl <~roup, while amine

< roups capable of hydro < en bondin< with acids may be blocked with base labile

< roups such as Fmoc. Carboxylic acid reactive moieties may be blocked with

oxidatively-removable protective < roups such as 2,4-dimethoxybenzyl, while co­

existin< amino < roups may be blocked with fluor ide labile silyl carbamates.

Allyl blockin «r o ups are useful in the presence of acid- and base- protectin <

< roups since the former are stable and can be subsequently removed by metal or pi­

acid catalysts. For example, an allyl-blocked carboxylic acid can be deprotected with

a palladium(O)- catalyzed reaction in the presence of acid labile t-butyl carbamate or

base-labile acetate amine protectin «r o u ps. Yet another form of protectin«r o up is a

resin to which a compound or intermediate may be attached. As ion < as the residue is

attached to the resin, that functional < roup is blocked and cannot react. Once released

from the resin, the functional < roup is available to react.

Typical blockin J<~ protectin<~ <groups include, but are not limited to the

followin < moieties:
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w,c~

Bn cbz Alloc Meallyl

CHs
C H 3HgC+ I

CHs
HgCg
Hsc CH3

TBDMS
Teoc Boc

t-butyl

0

HsCO Hsc

pMB trityl acetyl Fmoctosyl

Followin <~ ion<~-standin<~ patent law convention, the terms "a," "an," and "the"

refer to "one or more" when used in this application, includin <~ the claims. Thus, for

example, reference to "a subject" includes a plurality of subjects, unless the context

clearly is to the contrary (e. < ., a plurality of subjects), and so forth.

Throu<shout this specification and the claims, the terms "comprise,"

"comprises," and "comprisin<" are used in a non-exclusive sense, except where the

context requires otherwise. L ikewise, the term "include" and its < rammatical variants

are intended to be non-limit in <, such that recitation of items in a list is not to the

exclusion of other like items that can be substituted or added to the listed items.

For the purposes of this specification and appended claims, unless otherwise

indicated, all numbers expressin <~ amounts, sizes, dimensions, proportions, shapes,

formulations, parameters, percenta < es, quantities, characteristics, and other numerical

values used in the specification and claims, are to be understood as bein < modified in

all instances by the term "about" even thou < h the term "about" may not expressly

appear with the value, amount or ran < e. Accordin< ly, unless indicated to the

contrary, the numerical parameters set forth in the fol lowin < specification and

attached claims are not and need not be exact, but may be approximate and/or lar < er

or smaller as desired, reflectin <~ tolerances, conversion factors, roundin <~ off,
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measurement error and the like, and other factors known to those of skil l in the art

dependin < on the desired properties sou < ht to be obtained by the presently disclosed

subject matter. For example, the term "about," when referrin < to a value can be

meant to encompass variations of, in some embodiments, + 100% in some

embodiments + 50%, in some embodiments + 20%, in some embodiments + 10%, in

some embodiments + 5%, in some embodiments +1%, in some embodiments + 0.5%,

and in some embodiments + 0.1% from the specified amount, as such variations are

appropriate to perform the disclosed methods or employ the disclosed compositions.

Further, the term "about" when used in connection with one or more numbers

or numerical ran <~es, should be understood to refer to all such numbers, includin <~ all

numbers in a ran < e and modifies that ran < e by extendin< the boundaries above and

below the numerical values set forth. The recitation of numerical ran < es by endpoints

includes all numbers, e.<~., whole inte<~ers, includin<~ fractions thereof, subsumed

within that ran<ate (for example, the recitation of 1 to 5 includes 1, 2, 3, 4, and 5, as

well as fractions thereof, e. <~., 1.5, 2.25, 3.75, 4.1, and the like) and any ran<ate within

that ran< e.

EXAMPLES

The followin < Examples have been included to provide < uidance to one of

ordinary skil l in the art for practicin <~ representative embodiments of the presently

disclosed subject matter. In l i < ht of the present disclosure and the < eneral level of

skill in the art, those of skill can appreciate that the followin < Examples are intended

to be exemplary only and that numerous chan < es, modifications, and alterations can

be employed without departin < from the scope of the presently disclosed subject

matter. The synthetic descriptions and specific examples that follow are only

intended for the purposes of il lustration, and are not to be construed as limit in <~ in any

manner to make compounds of the disclosure by other methods.

EXAMPLE 1

Ex erimental Procedures

I. I, hgil ihesi» o f 'XY-FAP-(I I .
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0 N~0 OH

O H OBT, HBTU, DIPEA H OHO

N

1

DMF, r.t. 6h, 76%
TFA

2 3

Methyl (6-hydroxy qui nol i ne-4­carbonyl)<~1 yci nate (3): 6-Hydroxy quinol i ne-4­

carboxylic acid (1) 210 m <~ (1.1 mmol), methyl <~lycinate HC1 salt (2) 143 m<~ (1.1

mmol), HBTU 420 m <~ (1.1 mmol) and HOBt 170 m <~ (1.1 mmol) were dissolved in

12 mL dry DMF. To the solution, 0.77 mL of DIPEA (4.4 mmol) was added. The

reaction was stirred at room temperature for 6 h. After the solvent was removed under

vacuum, the mixture was loaded onto a 25 < C18 cartrid< e (Silicycle, Canada) and the

product was purified with a MeCN/water/TFA <gradient (0/100/0.1 to 90/10/0.1). 290

m< of product 3 was obtained as a yellow powder with a yield of 76%. 'H-NMR (400

MHz, CD;OD) : 6 8 .69 (s, 1H), 7.94 (d, 3 = 7.92 Hz, 1H), 7.S7 — 7.S1 (m, 3H),

7.42 — 7.37 (m, 1H), 4.21 (s, 2H), 3.81 (s, 3H). ' 'C-NMR (100 MHz, CD;OD) : 6

172.4, 160.9, 14S.1, 143.7, 129.7, 129.4, 128.3, 121.8, 119.6, 112.4, 109.1, S6.8, 44.8.

MS: calculated for [Ci ;H i ; ¹ 0 4] , 2 6 1 .3 [M + H ] ; f o und 261.1.

r

N~ O N~
TFA

HO p~ pp BocHN~ P
H • ~ Br

Boc
N

3

DMF, r.t. overnight, 54% N T FA
5

Methyl (6-(3-((tert-b utoxycarbonyl )am i no)propoxy) qui nol i ne-4­

carbonyl) <~lycinate (5): Methyl (6-hydroxyquinol ine-4-carbonyl)<~lycinate (3) 360 m<~

(1.0 mmol), tert-butyl (3-bromopropyl)carbamate (4) S00 m<~ (2.1 mmol) were

dissolved in 20 mL DMF. Cs2CO; 1 <~ (3.0 mmol) was added to the solution and the

reaction was stirred at room temperature overni <~ht. After fi l tration, the solvent was

removed under vacuum and the remainin <~ mixture was loaded onto a 25 <~ C18

cartrid< e (Silicycle, Canada). The product was purif ied with a MeCN/water/TFA

< radient (0/100/0.1 to 90/10/0.1). 270 m < of product 5 was obtained with a yield of

S4%. H - N M R (400 MHz, CDC1;): 6 8.68 8 .37 (m, 2H), 8.02 (d, 3= 9.1 Hz, 1H),

7.80 (s, 1H), 7.72 — 7.64 (m, 1H), 7.40 (d, 3 = 9.1 Hz, 1H), 4.94 (br s, 1H), 4.41 — 4.31

(m, 2H), 4.27 — 4.18 (m, 2H), 3.8S (s, 3H), 3.44 — 3.30 (m, 2H), 2.13 — 2.00 (m, 2H),

1.43 (s, 9H). ' 'C NM R (100 MHz, CDC1;): 6 170.1, 167.2, 1S8.4, 144.7, 142.3,
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128.4, 126.1, 124.7, 119.1, 103.7, 79.S, 60.4, S2.S, 41.4, 37.7, 29.3, 28.4. MS:

calculated for [C2iH2~N;OT,], 418.S [M + H] ; found 418.3.

0 OH HCI N NH
TFA O N Q N~

H

N C=N Q N~
BocHN~ O BocHN ~ O BocHN~ O

H 20<THF r t G h 100 1 .
N OBT HBTU DIRBAN

6 D MF r I 6h 8 0 " r 7
N

tert-Butyl(S)-(3-((4-((2-(2­cyanopyrrol i din­1-yl)-2­

oxoethyl)carbamoyl)quinolin-6-yl)oxy)propyl)carbamate (7): Compound 5 110 m <y

(0.21 mmol) and LiOH 30 m <y(1.2 mmol) was stirred in 4 mL of H20/THF (1/1) for 6

hours. After most of the THF was removed under vacuum, the mixture was loaded

onto a 25 < C18 cartrid< e (Silicycle, Canada) and eluded with a MeCN/water/TFA

< radient (0/100/0. I to 90/10/0. I ) to remove the salts. The product 6 obtained was

mixed with (S)-pyrrolidine-2-carbonitrile S3 m <y(0.4 mmol), HOBT 68 m <y(0.4

mmol), HBTU 1S2 m <y(0.4 mmol) and DIPEA O.S6 mL (1.6 mmol) in dry 10 mL

DMF. After 6 hours, the solvent was removed under vacuum and the remainin <y

mixture was loaded onto a 25 < C18 cartrid< e (Silicycle, Canada). The product was

purified with a MeCN/water/TFA <yradient (0/100/0.1 to 90/10/0.1). 99 m <yof 7 was

obtained with a yield of 80%. 'H NM R (400 MHz, CDC1;): 6 8.73 (s, 1H), 7.9S (d, 3

= 10.2 Hz, 1H), 7.68 (br s, 1H), 7.63 — 7.S6 (m, 1H), 7.S6 — 7.48 (m, 1H), 7.38 — 7.29 (m,

1H), S.27 (br s, 1H), 4.84 — 4.72 (m, 1H), 4.46 — 4.3S (m, 1H), 4.33 — 4.20 (m, 1H),

4.17 — 4.09 (m, 2H), 3.78 — 3.64 (m, 1H), 3.S9 — 3.46 (m, 1H), 3.36 (s, 2H), 2.38 — 2.17

(m, 4H), 1.42 (s, 9H), 1.35 — 1.27 (m, 2H). ' 'C NMR (100 MHz, CDC1;): 6 167.6,

167.S, 1S7.9, 1S6.2, 146.3, 130.2, 12S.7, 123.7, 119.3, 118.0, 103.3, 79.0, 6S.9, 46.8,

4S.7, 42.2, 37.6, 29.8, 29.3, 28.4, 2S.1. MS: calculated for [C2,-H;2¹ O , - ] , 482.6 [M +

H] ; found 482.3.

Q, B, Q. B,
Q N~ O N~ IRDye800CW-NHS

LI-COR-800 N C=N

O N~
TFA,DCM

BocHN ~ O
H,N ~ O HN~ O

r t I h
TFA NN

8

XY-FAP-(I1. Compound 7 (1 m<, 1.7 pmol) was treated with a 1 mL solution

of TFA/methylene chloride (1/1) for 2 h. The solvent was removed under vacuum,

and the remainin <y material re-dissolved in O.S mL of DMSO. To the solution,

LICOR800CW-NHS ester 0.5 m < (0.43 pmol) and Et;N 10 pL were added. After 1 h

at room temperature, the solvent was removed and the product was purified by HPLC.

O.S m<y product was obtained with a yield of 8S%. HPLC condit ion: column
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Phenomenex, Luna 10 x 2SO mm, 10 u. Gradient 10/90/0.1 MeCN/H20/TFA to

80/20/0.1 MeCN/H20/TFA wi th in 1S min at a flow of 3 mL/min. The product was

eluted at 10.1 min. MS: Calculated for[C6(H7(N70]7SQ], 1366.4[M+H] ; found

1366.8.

/. 2, hg] i /he»i » of' XY-FA P-(l2

W(
N

W(
CN

;)
;)H

H)N afl= clf:=n
I-nn I f : , ) C : .- ' ()

N
8

NIIC
;);)

Nn )cu
H

( ) N CCTX-Ca '-auH.N 8

tl N C

;) I

)M CI V ' ' I n n N
I-nn I f : . ) : " : , n ; ( )

N *
N

8 Hn
;)

2,2',2 N­(10-(1-Carboxy-4-((3-((4-((2-((S)-2­cyanopyrrol i din­1-yl)-2­

oxoethyl ) carbam oyl ) qui nol i n-6-yl )oxy) propyl ) am i no)-4-oxobutyl )-1,4,7, 10­
tetraazacyclododecane-1,4,7-triyl)tr iacetic acid (XY-FAP-02): Compound 7 (15 m <,

31.3 pmol) was treated with a 1-mL solution of TFA/methylene chloride (1/1) for 1 h.

The solvent was removed under vacuum, and the remainin < material re-dissolved in

0.5 mL of DMF. To the solution, DIPEA (27 pL, 156.5 pmol) was added, followed

by dropwise addition of a solution of DOTA-GA(t-Bu)<-NHS (25 m <T, 31.3 pL ) in O,S

mL of DMF. The reaction mixture was stirred for 4 h at ambient temperature and then

concentrated under vacuum. The t-Bu-protected intermediate was deprotected in situ

without further purif ication usin <Ta 1 mL mixture of TFA, H20 and triethylsilane

(TES) (9S:2.S:2.S). Reaction mixture was then concentrated and purified by

semipreparative HPLC, to afford the product as a white solid (8.5 m <, 33% yield).

MS: calcula ted for [C ] 0HffqN00]2], 840.9 [M + H ] ; f o u nd 840.S. HPLC (10 mm x

2SO mm Phenomenex Luna C18 column, 10 pm, mobile phase 9S/S/0.1% to

7S/2S/0.1% water/acetonitrile/TFA over 20 min, flow S mL/min) XY- F AP -02 eluted

at 1 1.8 min.

O N~ O N~1HOOC
H H0
N~ O In(NO ))) N~ O

In

OM ~ N N 0 2 M NaOAC buffe ~ N ' N j
60uC 30m)n L'~ ']

O~
O XY-FAP-02-ilni

N

XY-FAP4)2
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O COOI-I 0

In(NO<)<c
~

0 2 M NaOAc buffer
60'C 30mm L,,'rj

XY-FAP-02-[In]XY-FAP4I2

XY-/'A I'-02-/6>/. ' ' " "Indium(I I I) 2,2',2n­(10-( I -Carboxy-4-((3-((4-((2-((S)­

2-cyanopyrrol i di n-1-yl )-2­oxoethyl )carbam oyl ) qui nol i n-6-yl ) oxy)propyl ) am i no)-4­

oxobutyl)­1,4,7, 10-tetraazacy cl ododecane-1,4,7­tri yl)tri acetate (X Y- FA P-02- [ I n J);

To a solution of 2 m <r (2.4 Iimol) of XY- F AP -02 in 1 mL of 0.2M AcONa, a solution

of 1.4 m<r (4.6 Iimol) of In(NO;); in O,S mL water is added and warmed in a 60 'C

bath for 30 min. After coolin <r to ambient temperature, the mixture was purif ied by

semipreparative HPLC. The product was obtained as a white solid (1.8 m<, 79%

yield). MS: calculated for [C; >Hin N >Oi2ln], 9S1.7 [M + H]; found 9S2.S. HPLC (10

mm x 2SO mm Phenomenex Luna C18 column, 10 pm, mobile phase 9S/S/0.1% to

7S/2S/0.1% water/acetonitrile/TFA over 20 min, flow S mL/min) XY- F AP -02-[ In)

eluted at 14,0 min.

/.3 1<adiolahelisg; Melhr~d». Briefly, 20 m <r XY-FAP-02 solution in 20 mL of

0.2 M NaOAc was added to 10 mL 4.6 mCi " ' I nC1: solution (Nordion, Ottawa,

Canada) and adjusted to a final pH of 5.5-6. The mixture was heated in a water bath at

70 'C for 30 min and, after the reaction completed, was diluted with 200 mL of water

for HPLC purif ication. The solution was purified usin<r a Phenomenex 5 pm Cix Luna

4.6 x 250 mm-' column (Torrance, CA) with a flow rate of 0.6 mL/min with water

(0.1% TFA) (A) and MeCN (0.1% TFA) (B) as the elutin<r solvents. An isocractic

solution of 88% A and 12% B was uti l ized for purif ication, resultin <r in the labeled

compound, '" In -XY- F AP -02, elutin<r first at 18.6 min fol lowed by the unlabeled

startin< material at 23.5 min. 3.2 mCi of labeled compound was obtained as pure

product with a yield of 69%. Another reaction with the identical condition was

performed with 74% yield. The collected radioactivity was diluted with 20 mL of

water and loaded onto activated Sep-Pak (WAT020S1S, Waters, Mil ford, MA) . Af ter

the Sep-Pak was washed with 10 mL of water, " ' I n - X Y - F A P-02 was eluted with 1.S

mL of ethanol. The ethanol was evaporated under a < entle stream of N ( to a total

volume of ( 50 pL) . The resultin <r solution was formulated in saline for the ima <rin<r

and biodistribution studies.
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1.4 I'AP l»hi hi jiw> Assay. The inhibitory activity of XY- F AP -01 was

determined usin < a fluoro< enic FAP Assay Kit (BPS Bioscience, San Die< o, CA).

Briefly, XY-F AP-01, DPP substrate, and human recombinant FAP were loaded into a

96 well plate to initiate the enzyme reaction. The reaction was left for 10 minutes at

room temperature before fluorescence was measured with a VICTOR3 V mul t i label

plate reader (PerkinElmer Inc., Waltham, MA). Data was normalized and semi-lo <~

inhibition curves were < enerated in order to determine the IC~<i value (concentration

of XY-FAP-01 where the enzyme activity is 50% inhibited) for XY-F AP-01 and

subsequent enzyme inhibit ion constant (K;) usin < the Chen< -Prusoff conversion.

Generation of semi-lo < inhibition curves and IC50 values were done usin < GraphPad

Prism (San Die <~o, CA).

l.a ( '<.i'i' li»e~. Six human cancer cell lines were used to assess bindin< to

FAP: <~lioblastoma (U-87-MG), melanoma (SK-MEL-24), prostate (PC-3), non-small

cell lun <~ cancer (NCI-H2228), colorectal carcinoma (HCT 116), and lun<~ squamous

cell carcinoma (NCI-H226). From the literature, U-87-MG, SK-MEL-24, and NCI­

H2228 cell l ines were identified as havin <~ hi<~h levels of FAP expression [FAP­

positive (+)] whereas PC-3, NCI-H226, and HCT 116 cells expressed very low levels

of FAP [FAP-ne<~ative(-)]. These expression profiles were further confirmed via flow

cytometry with an APC-conju< ated anti-FAP antibody (RAD Systems, Minneapolis,

MN) and quantitative real-time PCR. All cell l ines were purchased from American

Type Culture Collection (ATCC, Manassas, VA).

U-87-MG cells were maintained in MEM medium (Cornin<~ Cell<pro,

Manassas, VA), containin <~ 10% fetal bovine serum (FBS) (Si<~ma-Aldrich, St. Louis,

MO) and 1% penicil l in-streptomycin (Cornin <~ Cell<pro, Manassas, VA),

supplemented with sodium bicarbonate (Cornin <~), sodium pyruvate (Gibco,

Gaithersbur <, MD), and MEM non-essential amino acids (Gibco). SK-MEL-24 cells

were maintained in MEM medium, containin<~ 15% FBS and 1% penicil l in­

streptomycin, supplemented with sodium bicarbonate, sodium pyruvate, and MEM

non-essential amino acids. PC-3 cells were <~rown in Ham's F-12K medium (Cornin<~

Cell <pro) supplemented with 10% FBS and 1% penicil l in-streptomycin. NCI-H2228,

NCI-H226, and HCT 116 cells were cultured in RPMI 1640 medium (Cornin<~

Cell <pro) supplemented with 10% FBS and 1% penicil l in-streptomycin. All cell

cultures were maintained at 37 'C and 5% carbon dioxide (CO~) in a humidif ied

incubator.
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I. C> ('<.Ilnlai I /p /ake,' ilndie». All cellular uptake and specific bindin <~ studies

were performed in tripl icate to ensure reproducibil i ty. Cells were detached usin <

0.0S% trypsin (Cornin <~), resuspended in 1 mil l ion cell aliquots in bindin <~ buffer, and

incubated with various concentrations (ran<ate, SO nM to 0.78 nM) of XY- F AP -01 for

1 hour at 37 'C and 5% CO~. To assess the specific uptake of XY-FAP-02, cells were

preblocked with a FAP and DPP-IV specific inhibitor (Val-boroPro, Mil l iporeSi<~ma,

Burlin<~ton, MA) or a DPP-IV specific inhibitor (Sita<~liptin, Santa Cruz

Biotechnolo <~y, Inc., Dallas, TX) at various concentrations (ran<ate, 10 '" M to 10 M )

prior to incubation with 2S nM XY - F A P -02 solution in bindin<~ buffer for 1 hour at

37 'C and 5% CO~. Cellular uptake was terminated by washin< cells with ice cold

PBS (1 x) three times. Cells were resuspended in bindin < buffer and transferred to a

96-well plate for ima < in< . Ima< es were acquired on the LI-COR Pearl Impulse

Ima<~er (Lincoln, NE) usin<~ an excitation wavelen<~th of 78S nm and detection of the

emission wavelen < th at 800 nm. Ima< es were analyzed usin< the LI-COR Pearl

Impulse Software (Version 2.0) and fluorescence intensity was corrected for

back< round si< nal and normalized to well area.

Cellular Uptake of " ' I n - X Y - F A P-02 was also assessed in cells. Cell aliquots

(1 mill ion) were incubated with 1 pCi ' " I n - X Y - F A P -02 in saline for 30 minutes at

37 'C and 5% CO~. Cells were washed three times with cold PBS (1 x) and activity of

the cell pellets was measured with the 1282 CompuGamma CS < amma well counter

(Pharmacia/LKB Nuclear, Inc., Gaithersbur <, MD). The percent uptake of the

administered activity was calculated by comparison with samples of a standard dose.

I. 7,N'mall-Ani nazi Net h l f i cv ed I'/nay e»c<nice (NISI ) Ines i ig;. NIRF ima <~es

were acquired on the LI-COR Pearl Impulse Ima< er usin< an excitation wavelen< th of

78S nm and a detection wavelen<~th of 800 nm. Mice uti l ized for ima<~in<~ studies were

anesthetized with 3% isofluorane (v/v) and maintained at 1,S% isofluorane for the

ima<~in<~ procedure. NOD/SKID mice bearin<~ FAP+ U-87-MG and FAP- PC-3 tumor

xeno<~rafts were injected with 10 nmol of XY- F AP -01 via tail vein injection and

ima<~es were acquired at 30 min, 1 h, 2 h, 2.S h, and 4 h after injection of tracer. Data

were displayed and analyzed usin < the LI-COR Pearl Impulse Software (Version 2.0).

I .8 ,8'mall-Aninuzl,h'Pl;( ' I­'( ' I ' I nug i i g;. SP ECT-CT studies were performed

on NOD/SKID mice bearin<~ FAP+ U-87-MG and FAP- PC-3 tumor xeno<~rafts. For

ima< in< studies, mice were anesthetized with 3% isoflurane prior to bein < placed on

the scanner bed and kept warm with an external li < ht source. Isoflurane levels were
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decreased to 1.5% for the rest of the ima < in< procedure. After mice were injected

with 300 pCi " ' I n - X Y - F A P -02 in 200 pL saline, SPECT-CT ima< in< was carried

out usin< a CT-equipped Gamma Medica-Ideas SPECT scanner (Northrid< e, CA) at

the indicated timepoints (30 min, 2 h, 6 h, and 24 h) post radiotracer injection. A CT

scan was performed at the end of each SPECT scan for anatomical co-re < istration.

Obtained data sets were reconstructed usin < the provided Gamma Medica-Ideas

software and final data visualization and ima < e < eneration were prepared usin <

AmiraOii software (FEI, Hill sboro, OR).

/. 9 /;x-ii n~ Bindislii holiw>. NOD/SKID mice bearin< FAP+ U-87-MG and

FAP- PC-3 tumor xeno<~rafts were injected with 10 pCi " ' I n - X Y - F A P -02 in 200 pL

saline via the tail vein. At 5 min, 30 min, 2 h, 6 h, and 12 hr post injection, mice (n = 4)

were sacrificed by CO~ asphyxiation and blood was immediately collected by cardiac

puncture. Additionally, the heart, lun < s, liver, stomach, pancreas, spleen, fat, kidney,

small intestine, lar <~e intestine, bladder, muscle, femur, FAP+ U-87-MG xeno<~raft,

and FAP- PC-3 xeno< raft were collected for biodistribution analysis. Each tissue was

wei< hed and radioactivity was measurin < usin< a 2480 Wizard-' automated < amma

counter (PerkinElmer, Waltham, MA). Radioactivity measurements were corrected

for decay and compared with samples of a standard dilution of the init ial dose to

calculated percent injected dose per < ram (%ID/ < ).

For blockin < studies, mice (n = 5 per < roup) were co-injected with unlabeled

XY-FAP-02 (50 p < per mouse) and 10 pCi " ' I n - X Y - F A P -02 in 200 pL saline. Mice

(n = 5) injected with 10 pCi ' " I n - X Y - F A P -02 in 200 pL saline served as a control. At

6 h post injection, mice were sacrificed, tissues were collected, and radioactivity was

measured with the < amma well counter.

/. /0 l) a /cz A»cull>si». Data are expressed at mean + standard deviation (SD).

Prism software (GraphPAD, San Die< o, CA) was used for analysis and statistical

si< nificance was calculated usin < a two-tailed Student's t test. A P-value (0.05 was

con si dered si <~ni fi cant.

/. // Xe iwgu i f ! I 'om()i Madel. 6-week old female NOD/SCID mice were

subcutaneously injected in the upper left and ri <~ht flanks with 1 mil l ion U87(FAP+)

cells and PC3 cells (FAP-) in RPMI 1640 media supplemented with 1% FBS. M i c e

were monitored for tumor size and used for optical or SPECT/CT ima <~in<~ when the

s ize of tumor reached around 100 mm' .
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EXAMPLE 2

Re resen tati ve Resul ts

2. / /' AP I i>hihilwg> Assay. XY - F A P -01 demonstrated hi<~h bindin<~ affinity to

human recombinant FAP. The enzyme inhibitory constant (Ki) for the compound was

determined to be 1.26 nM.

2.2 ( '<.//alai (/ p lake 5lodie». FAP-positive cell lines showed concentration

dependent uptake of XY-F AP-01 whereas FAP-ne< ative cell lines showed no

si< nificant bindin < of XY-FAP-01 at all concentrations (see, e.< ., FIG. 3A). Saturated

bindin <~ of XY-FAP-01 was observed at concentration of 2S nM, which was

subsequently used as the base concentration for all bindin <~ inhibition studies. When

preblocked with a FAP and DPP-IV specific inhibitor, XY-FAP-01 bindin<~ was

si<~nificantly inhibited in FAP-positive cells (FIG. 3B). Interestin<~ly, this phenomenon

was not observed in FAP-positive cell lines preblocked with a DPP-IV specific

inhibitor. These results further justify the specificity of XY- F AP -01 for FAP over

DPPIV, since blockin<~ of DPPIV did not result in a chan<ate of bindin<~ ability of XY­

FAP-01.

Similar specificity was observed with the radioactive analo <, " ' I n - X Y -F A P­

02. FAP positive cell l ine, U-87-MG, demonstrated over 30% uptake of administered

radioactive dose after incubation whereas the FAP ne< ative cell line, PC-3, had

uptake of 0.01% of administered dose (FIG. 3C). Taken to< ether, these results support

the specificity of XY- F AP -01 and " ' I n - X Y - F A P - 02 in the en<~a<~ement of FAP i i >

ii iso,

2.3 /;x- i ' i i'o Biodisli'i holist. / ; x - i ' i i'o biodistribution of '" In -XY - F A P -02

results correlated with the observed ima < in< results (FIG. 4). Init ially, the blood pool

activity is very hi <~h, with over 10% %ID/ <~ at 30 minutes post injection. With

clearance of the compound, we see the blood pool activity drop si < nificantly after 2

hours of distribution and remained less than S% %ID/ <' from 2 hours post injection

(FIG. 5A). Hi < h activity was also observed in pancreas, small intestines, and bladder

until 2 hours post injection. Positive tumor uptake peaked at 30 minutes post injection

and remained between 13-11% %ID/ <' up to 6 hours. Washout of tumor was observed

at 12 hours post injection, with %ID/ <~ droppin<~ to below S%. The PC-3, FAP

ne<~ative xeno<~raft had less than 3,S% %ID/ <~ for all timepoints.

Co-injection of cold compound with " ' I n - X Y - F A P -02 resulted in si <~nificant

blockin <~ of tracer uptake in U-87 xeno <~rafts, with %ID/<~ droppin<~ from 11.20%
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without blockin <~ versus 0.27% with blockin<~ (p ( 0.0001). Addit ionally, blockin<~

with cold compound resulted in %ID/ <~ of all tissues droppin<~ si<~nificantly, with most

values bein < less than 0.1%. This decrease in uptake is most likely due to the blockin <

of non-specific bindin < of tracer to non-tar< et tissues and the blockin < of specific

bindin <~ of FAP in U-87 xeno<~rafts.

2.4,N'ma//-Asiinuz/ Net h / f i cv ed /'l iws escesice (NISI�) Inug;isg;. NIRF

ima< in< of XY-FAP-01 demonstrated specific uptake of tracer in the U-87-MG

xeno<~raft as early as 30 minutes post injection (FIG. 6). After one hour of

distribution, tracer clearance via the bladder was observed with retained tracer uptake

in the FAP positive xeno< raft. Tracer uptake was retained in the positive xeno < raft

after four hours of distribution. In contrast, no si <~nificant uptake of tracer was

observed in the FAP ne< ative tumor at all ima< in< time points.
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Attorney Docket No. JHU-36631.303

REMARKS

Upon entry of this amendment claim 29 is pendin<~. Claims 1-27 remain canceled

without prejudice. Claim 28 has been canceled. Applicant reserves the ri < ht to pursue the

canceled subject matter in one or more continuation and/or divisional applications. Claim 29 is

newly added. Support for new claim 29 can be found in provisional patent application serial no.

62/S7S,607, filed October 23, 2017, on pa<ate 6, line 13, throu<~h pa<ate 8, line 3, as ori<~inally filed.

No new matter is added.

Applicants have amended the specification and drawin< s. The specification and drawin < s

have been amended to correct an obvious error in the chemical structure of the compound XY­

FAP-02. Support for amendments to the specification and FIG. 1C can be found on pa< e 50,

lines 23-29, of the application as ori <~inally filed, which discloses that the compound XY-FAP-02

has the chemi cal name of 2,2',2"-(10-(1-C arboxy-4-((3-((4-((2-((S)-2-cyanopyrrol i di n-1-yl )-2­

oxoethyl )carbam oyl ) qui nol i n-6-yl )oxy) propyl ) am i no)-4-oxobutyl )-1,4,7, 10­
tetraazacyclododecane-1,4,7-triyl)triacetic acid and is formed by reaction of compound S with

DOTA-GA(t-Bu)q-NHS. No new matter is added.

CONCLUSION

Should there be any minor issues outstandin<~ in this matter, the Examiner is respectfully

requested to telephone the undersi< ned attorney at 608-662-1277. Early passa< e of the subject

application to issue is earnestly solicited.

Respectfully Submitted,

CASIMIR JONES, S.C.

Date: Jul 24 2023 /JEFFREY W. CHILDERS/
Jeffrey W. Childers, Ph.D.
Re<~istration No. S8126

Customer No. 101943
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Attorney Docket No. JHU-36631.303

AMENDMENTS TO THE CLAIMS:

The present listin < of claims replaces all previous versions of the claims.

1.-27. (Canceled)

28. (Canceled)

29. (New) A compound of Formula (I):

B-L-A (I)

wherein:

A is a tar< etin< moiety for FAP-u, wherein A has the structure of:

R ~ x ~~~ R 2 x

<,~R,„

CH)
4x

V

R5x R7x
R6x

wherein:

Rr x and R2, are each independently selected from the < roup consistin< of H, OH,

halo<~en, C i <,alkyl, -0-C i <,alkyl, and -S-C i <,alkyl;

R;, is selected from the <~roup consistin<~ of H, -CN, -B(OH)2 -C(0)alkyl, -C(0)aryl-, ­

C = C-C(0)aryl, -C =C-S(0)2aryl, -C02H, -SO-H, -S02NH2, -PO-H2, and 5-tetrazolyl;

R4< is H;

R~„R<,x and R7, are each independently selected from the < roup consistin< of H, -OH,

oxo, halo <~en, -Ci <alkyl, -0-Ci <alkyl, -S-Ci <alkyl, -NRxxR>x, -ORi2x, -Het2 and -Ar2; each of Ci

<,alkyl bein<~ optionally substituted with from 1 to 3 substituents selected from -OH and halo<~en;

Rx„R>x and Ri2x are each independently selected from the < roup consistin< of H, -OH,

halo, -Ci <,alkyl, -0-Ci <,alkyl, -S-Ci <,alkyl, and -Ar;;

Rni„Ri i „ R i ; x and Ri4x are each independently selected from the < roup consistin< of H, ­

OH, halo <~en, -Ci <,alkyl, -0-Ci <,alkyl, and -S-Ci <,alkyl; Ari, Ar2 and Ar; are each independently

a 5- or 6-membered aromatic monocycle optionally comprisin<~ 1 or 2 heteroatoms selected from
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Attorney Docket No. JHU-36631.303

0, N and S; each of ArI, Ar~ and Ar; bein<~ optionally and independently substituted with from 1

to 3 substituents selected from -NRni,RI I„ -C I <alkyl, -0-CI <alkyl, and -S-CI <alkyl;

Het~ is a S- or 6-membered non-aromatic monocycle optionally comprisin<~ 1 or 2

heteroatoms selected from 0, N and S; Het~ bein< optionally substituted with from 1 to 3

substituents selected from -NRI; ,RIp„ -C I <,alkyl, -0-C I-E,alkyl, and -S-CI­(alkyl;

v is 0, 1, 2, or 3; and

represents a 5 to 10-membered N-containin <~ aromatic or non-aromatic mono- or bicyclic

heterocycle, said heterocycle optionally further comprisin< 1, 2 or 3 heteroatoms selected from

0, N and S;

B is any optical or radiolabeled functional <~roup suitable for optical ima<~in<~, positron­

en>:ssion tomo„raphy (PET) imam~in~<~,sin<„le-photon en>:ssion computed ton'<o raphy (SPECT)

ima<~in<~, or radiotherapy; and L is a linker havin<~ bi-functionalization adapted to form a

chemical bond with B and A; or

a stereoisomer, tautomer, racemate, salt, hydrate, or solvate thereof.
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Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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technology, manufacture products, deliver services, and grow your business, visit htt://www.SelectUSA. ov or call
+1-202-482-6800.
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Application No.
18/354,282

Applicant(s)
Yang et al.

Decision Granting Request for
Priori tized Examination (Track f) Examiner

CHERYL P GIBSON
BAYLOR

Art Unit
OPET

AlA (FlTF) Status
Yes

1. THE REQUEST PILED ~18 Jul 2023 IS GRANTED .

The above-identified application has met the requirements for prioritized examination
A. < for an original nonprovisional application (Track I).
B. for an application undergoing continued examination (RCE).

2. The above-identified application will undergo prioritized examination. The application will be
accorded special status throughout its entire course of prosecution until one of the following occurs:

A. fil i ng a i i n f r x n i n f im to e x tend the time period for filing a reply;

B. fil ing an
, or a multiple dependent claim;

C. fil i ngar f r n in x min i n ;

D. fil ing a notice of appeal;

E. fil ing a request for suspension of action;

F. mai l ing of a notice of allowance;

G. mai l ing of a final Office action;

H. com p letion of examination as defined in 37 CFR 41.102; or

I. aban donment of the application.

Telephone inquiries with regard to this decision should be directed to CHERYL GIBSON BAYLOR at

(571)272-3213. In his/her absence, calls may be directed to Petition Help Desk at (571) 272-3282.

/CHERYL GIBSON BAYLOR/
Paralegal Specialist, OPET

U.S. Patent and Trademark Office
PTO-2298 (Rev. 02-2012)
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Links to National Patent Registers Now Available in Patent
Database s o n C A S S T Nex t
PCTFULL Reload Provides Additional Coverage, Independent
Claims and Assignee Searching Enhancements
EPFULL Reload on STNext Features New Independent Claims
Searching Capabilities
PS (Pharmaceutical Substances) Database Reloaded
Expanded access to Taiwanese patent information provided
by new full text database TWFULL and claims coverage
i n CAp l u s ( S M)
New Implementation of Derwent Drug File (DRUGU/DDFU)
Makes Searching More Convenient
New Interactive Claim Viewer in EPFULL and PCTFULL
Makes C l a i m A n a l y s i s M o re Ef f i c i ent
2023 MeSH now available in MEDLINE on STNext
Derwent World Patents Index — Manual Code revision 2023
MEDLINE (R) Reloaded and MeSH Thesaurus Updated for

Expanded Patent Authority Coverage in CA/CAplus Means
Access to More Inventions, More Complete Patent
Families
Claim Tags Enhancement Extended to Include WO Patents
Reloaded Japanese Patent Full-Text Database JPFULL Provides
Expanded Content, New Search Options
Interactive Claims Viewer Enhancements: JPFULL Now Supported,
Links to the Interactive Claims Viewer Now Available in
Report s a n d Tr an s c r i p t s
September 2023 Update to Emtree(R) Provides Latest Biomedical
Terminology for Searching
Ultimate Owner Information Included in CA/CAplus Aids
in Determining Current IP Rights Owners

NEWS 27 SEP 0 8

NEWS HOURS STN Op e rating Hours Plus Help Desk Availability
NEWS LOGIN W elco m e Banner and News Items
NEWS TRAINING Find instructor-led and self-directed training opportunities

Enter NEWS followed by the item number or name to see news on that
specific topic.

For pricing information enter HELP PRICE or HELP COST at any arrow prompt.

All access and use of STNext (the "Product" ) is subject to the applicable
Product Terms of Use at ~-;-.:.cas.< ' , ; , , ' ' : : ,.= . Th e Pr o du c t m a y b e u s ed by
Named Users solely for private, internal scientific research related to
Licensee's business. It is your obligation to review the Product Terms of
Use "Prohibited Uses" list. If your organization has a separate Product
agreement with CAS, then the terms of that agreement shall supersede the
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Terms o f U se at www , c a s . " 'g,' ' ,.:al to the extent they conflict.

Access the latest version of STN.
Log into STNext with your STN login ID at http::-.:,.:,.'';:; ;;,::-.tn,or;.;

STNext is updated frequently. To see the latest STNext Release Notes, click

* * * * * * * * * * * * * * STN Columbus * * * * * * * * * * * * * * *

FILE ' HOME' E N TERED A T 1 0 : 5 3 : 2 0 ON 2 0 SEP 2 0 2 3

Fil BIOSIS BIOTECHNO CAPLUS CHEMCATS CHEMLIST EMBASE ESBIOBASE HCAPLUS
HCHEMLIST KOSMET LEMBASE MEDLINE REGISTRY SCISEARCH ZCAPLUS ZREGISTRY

C OST I N U . S . DOL L A R S SINCE F I L E
ENTRY

0.28

TOTAL
SESSION

0.28FULL E S T I MATED COST

FILE 'BIOSIS' ENTERED AT 10 :53:44 ON 20 SEP 2023
Copyright (c) 2023 Clarivate Analytics

FILE 'BIOTECHNO' ENTERED AT 10 :53:44 ON 20 SEP 2023
COPYRIGHT (C) 2023 Elsevier Science B.V., Amsterdam. All rights reserved.

FILE ' CAPLUS' E N T ERED A T 1 0 : 5 3 : 4 4 ON 2 0 SEP 2 0 2 3
USE IS SUBJECT TO THE TERMS OF YOUR STN CUSTOMER AGREEMENT.
COPYRIGHT (C) 2023 AMERICAN CHEMICAL SOCIETY (ACS)

FILE ' CHEMCATS' E N T ERED A T 1 0 : 5 3 : 4 4 ON 2 0 SEP 2 0 2 3
USE IS SUBJECT TO THE TERMS OF YOUR STN CUSTOMER AGREEMENT.
COPYRIGHT (C) 2023 American Chemical Society (ACS)

FILE ' CHEMLIST ' ENT E RED A T 1 0 : 5 3 : 4 4 ON 2 0 SEP 2 0 2 3
USE IS SUBJECT TO THE TERMS OF YOUR STN CUSTOMER AGREEMENT.
COPYRIGHT (C) 2023 American Chemical Society (ACS)

FILE ' EMBASE' E N T ERED A T 1 0 : 5 3 : 4 4 ON 2 0 SEP 2 0 2 3
Copyright (c) 2023 Elsevier B.V. All rights reserved.

FILE ' ESBIOBASE ' E N T ERED A T 1 0 : 5 3 : 4 4 ON 2 0 SEP 2 0 2 3
COPYRIGHT (C) 2023 Elsevier Science B.V., Amsterdam. All rights reserved.

FILE ' HCAPLUS' E N T ERED A T 1 0 : 5 3 : 4 4 ON 2 0 SEP 2 0 2 3
USE IS SUBJECT TO THE TERMS OF YOUR STN CUSTOMER AGREEMENT.
COPYRIGHT (C) 2023 AMERICAN CHEMICAL SOCIETY (ACS)

FILE ' HCHEMLIST ' ENT E RED A T 1 0 : 5 3 : 4 4 ON 2 0 SEP 2 0 2 3
USE IS SUBJECT TO THE TERMS OF YOUR STN CUSTOMER AGREEMENT.
COPYRIGHT (C) 2023 American Chemical Society (ACS)

FILE ' KOSMET' E N T ERED A T 1 0 : 5 3 : 4 4 ON 2 0 SEP 2 0 2 3
COPYRIGHT (C) 2023 International Federation of the Societies of Cosmetics
Chemist s

FILE ' LEMBASE' E N T ERED A T 1 0 : 5 3 : 4 4 ON 2 0 SEP 2 0 2 3
Copyright (c) 2023 Elsevier B.V. All rights reserved.

FILE ' MEDLINE ' EN T E RED A T 1 0 : 5 3 : 4 4 ON 2 0 SEP 2 0 2 3

FILE ' REGISTRY ' E N T ERED A T 1 0 : 5 3 : 4 4 ON 2 0 SEP 2 0 2 3
USE IS SUBJECT TO THE TERMS OF YOUR STN CUSTOMER AGREEMENT.
COPYRIGHT (C) 2023 American Chemical Society (ACS)

FILE ' SCISEARCH' E N T ERED A T 1 0 : 5 3 : 4 4 ON 2 0 SEP 2 0 2 3
Copyright (c) 2023 Clarivate Analytics

FILE ' ZCAPLUS' E N T ERED A T 1 0 : 5 3 : 4 4 ON 2 0 SEP 2 0 2 3
USE IS SUBJECT TO THE TERMS OF YOUR STN CUSTOMER AGREEMENT.
COPYRIGHT (C) 2023 AMERICAN CHEMICAL SOCIETY (ACS)

FILE ' ZREGISTRY ' E N T ERED A T 1 0 : 5 3 : 4 4 ON 2 0 SEP 2 0 2 3
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USE IS SUBJECT TO THE TERMS OF YOUR STN CUSTOMER AGREEMENT.
COPYRIGHT (C) 2023 American Chemical Society (ACS)

FILE ' CAPLUS' E N T ERED A T 1 1 : 0 9 : 0 6 ON 2 0 SEP 2 0 2 3

FILE ' EMBASE' E N T ERED A T 1 1 : 0 9 : 0 6 ON 2 0 SEP 2 0 2 3

FILE ' KOSMET' E N T ERED A T 1 1 : 0 9 : 0 6 ON 2 0 SEP 2 0 2 3

FILE ' HCAPLUS' E N T ERED A T 1 1 : 0 9 : 0 6 ON 2 0 SEP 2 0 2 3

FILE ' CHEMCATS' E N T ERED A T 1 1 : 0 9 : 0 6 ON 2 0 SEP 2 0 2 3

FILE ' CHEMLIST ' ENT E RED A T 1 1 : 0 9 : 0 6 ON 2 0 SEP 2 0 2 3

FILE 'BIOTECHNO' ENTERED AT 11 :09:06 ON 20 SEP 2023

FILE ' HCHEMLIST ' ENT E RED A T 1 1 : 0 9 : 0 6 ON 2 0 SEP 2 0 2 3

FILE ' ESBIOBASE ' E N T ERED A T 1 1 : 0 9 : 0 6 ON 2 0 SEP 2 0 2 3

* * * * * * R E CONNECTED TO STN IN TERNATIONAL * * * * * *

SESSION RESUMED IN FILE 'BIOSIS, BIOTECHNO, CAPLUS, CHEMCATS, C
ESBIOBASE, HCAPLUS, HCHEMLIST, KOSMET, LEMBASE, MEDLINE, REGIST
ZCAPLUS, Z R E GI S T RY ' A T 1 1 : 0 9 : 0 6 ON 2 0 SEP 2 0 2 3
FILE 'BIOSIS' ENTERED AT 11:09:06 ON 20 SEP 2023
Copyright (c) 2023 Clarivate Analytics

COPYRIGHT (C) 2023 Elsevier Science B.V., Amsterdam. All rights

COPYRIGHT (C) 2023 AMERICAN CHEMICAL SOCIETY (ACS)

COPYRIGHT (C) 2023 American Chemical Society (ACS)

COPYRIGHT (C) 2023 American Chemical Society (ACS)

Copyright (c) 2023 Elsevier B.V. All rights reserved.

COPYRIGHT (C) 2023 Elsevier Science B.V., Amsterdam. All rights

COPYRIGHT (C) 2023 AMERICAN CHEMICAL SOCIETY (ACS)

COPYRIGHT (C) 2023 American Chemical Society (ACS)

COPYRIGHT (C) 2023 International Federation of the Societies of
Chemist s
FILE ' LEMBASE' E N T ERED A T 1 1 : 0 9 : 0 6 ON 2 0 SEP 2 0 2 3
Copyright (c) 2023 Elsevier B.V. All rights reserved.

r eserv e d .

r eserv e d .

HEMLIST , E M BASE,
RY, S C I S E ARCH,

C osmet i c s

FILE ' ZCAPLUS' E N T ERED A T 1 1 : 0 9 : 0 6 ON 2 0 SEP 2 0 2 3

FILE ' MEDLINE ' EN T E RED A T 1 1 : 0 9 : 0 6 ON 2 0 SEP 2 0 2 3
FILE ' REGISTRY ' E N T ERED A T 1 1 : 0 9 : 0 6 ON 2 0 SEP 2 0 2 3
COPYRIGHT (C) 2023 American Chemical Society (ACS)

Copyright (c) 2023 Clarivate Analytics

COPYRIGHT (C) 2023 AMERICAN CHEMICAL SOCIETY (ACS)

COPYRIGHT (C) 2023 American Chemical Society (ACS)

FILE ' SCISEARCH' E N T ERED A T 1 1 : 0 9 : 0 6 ON 2 0 SEP 2 0 2 3

FILE ' ZREGISTRY ' E N T ERED A T 1 1 : 0 9 : 0 6 ON 2 0 SEP 2 0 2 3

C OST I N U . S . DOL L A R S SINCE F I L E
ENTRY

FULL E S T I MATED COST 1 13. 8 4

TOTAL
SESSION

1 14. 1 2

s "Fibroblast activation protein .alpha." OR "Fibroblast-activating protein
.alpha." OR "Fibroblast activation protein" OR "FAP.alpha." OR "FAP alpha" OR
"Proteins, FAP.alpha." OR "Fibroblast activation protein FAP.alpha." OR "FAP" OR
"Fibroblast activation protein alpha" OR "Proteins, FAP"

Ll
L2
L3
L4
L5
L6
L7
L8
L9
Llo
L l l
L12
L13
L14
L15
L16

11564
2202
7288

5762
579

7288
58

9 F ILE C HEMLI S T
FILE E MBASE
FILE E S B I O BASE
FILE H CAPLUS

9 F ILE H CHEMLI ST
6 FILE K OSMET

FILE L E MBASE
F ILE MEDL I N E
FILE R E GI S T RY
FILE S C I S E ARCH
FILE Z C APLUS
FILE Z R E GI S TRY

FILE BIOSIS
FILE BIOTECHNO
FILE C A PLUS
FILE C HEMCATS

4
7190

355
8627
7288

355

TOTAL
L17

FOR ALL F I L E S
58584 "FIBROBLAST ACTIVATION PROTEIN A" OR "FIBROBLAST-ACTIVATIN

G PROTEIN A" OR "FIBROBLAST ACTIVATION PROTEIN" OR "FAP.AL
PHA." OR "FAP ALPHA" OR "PROTEINS, FAPA" OR "FIBROBLAST
ACTIVATION PROTEIN FAPA " OR "FAP" OR "FIBROBLAST ACTIVATIO
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N PROTEIN ALPHA" OR "PROTEINS, FAP"

s radionuclide OR "Radioactive substances" OR "Radioisotopes" OR "Isotopic
radioelements" OR "Radioelement" OR "Radioelement isotopes" OR "Radioactive
elements" OR "Radioactive nuclides" OR "Radioactive isotopes" OR "Radioelement
complexes" OR "Radioelement conjugates"

L18
L19
L20
L21
L22
L23
L24
L25
L26
L27
L28
L29
L30
L31
L32
L33

44015
1432

141489
22

116
72885
18475

141489
116

23
35

284572
0 FILE R E GI S T RY

FILE S C I S E ARCH
FILE Z C APLUS

0 FILE Z R E GI S TRY

FILE BIOSIS
FILE BIOTECHNO
FILE C A PLUS
FILE C HEMCATS
F ILE C HEMLI S T
FILE E MBASE
FILE E S B I O BASE
FILE H CAPLUS
F ILE H CHEMLI ST
FILE K OSMET
FILE L E MBASE
F ILE MEDL I N E

70891
141489

TOTAL FOR AL L F I L E S
L34 917049 RADIONUCLIDE OR "RADIOACTIVE SUBSTANCES" OR "RADIOISOTOPES" OR

"ISOTOPIC RADIOELEMENTS" OR "RADIOELEMENT" OR "RADIOELEMENT ISOT
OPES" OR "RADIOACTIVE ELEMENTS" OR "RADIOACTIVE NUCLIDES" OR
"RADIOACTIVE ISOTOPES" OR "RADIOELEMENT COMPLEXES" OR "RADIOELEM
ENT CONJUGATES"

1 17 an d 1 3 4s

L35
L36
L37
L38
L39
L40
L41
L42
L43
L44
L45
L46
L47
L48
L49
L50

278

130

156

156

FILE BIOSIS38
2 FILE BIOTECHNO

FILE C A PLUS
0 FILE C HEMCATS
0 F ILE C HEMLI S T

FILE E MBASE
2 FILE E S B I O BASE

FILE H CAPLUS
0 F ILE H CHEMLI ST
0 FILE K OSMET
0 FILE L E MBASE

F ILE MEDL I N E
0 FILE R E GI S T RY

FILE S C I S E ARCH
FILE Z C APLUS

0 FILE Z R E GI S TRY

81
156

TOTAL FOR AL L F I L E S
L51 9 99 L 1 7 A N D L 3 4

i body o r i bo di ess

L52
L53
L54
L55
L56
L57
L58
L59
L60
L61
L62
L63
L64
L65
L66
L67

23
4

15

15

FILE BIOSIS16
1 FILE BIOTECHNO

FILE C A PLUS
0 FILE C HEMCATS
0 F ILE C HEMLI S T

FILE E MBASE
FILE E S B I O BASE
FILE H CAPLUS

0 F ILE H CHEMLI ST
0 FILE K OSMET
0 FILE L E MBASE
6 F ILE MEDL I N E
0 FILE R E GI S T RY

FILE S C I S E ARCH
FILE Z C APLUS

0 FILE Z R E GI S TRY

14
15

Petitioner GE Healthcare – Ex. 1002, p. 290 



TOTAL
L68

FOR ALL F I L E S
109 IBODY OR IBODIES

1 51 an d 1 6 8

L51 IS NOT A RECOGNIZED COMMAND
The previous command name entered was not recognized by the system.
For a list of commands available to you in the current file, enter
"HELP COMMANDS" at an arrow prompt ( => ).

1 51 an d l 68s

FILE BIOSIS
FILE BIOTECHNO
FILE C A PLUS
FILE C HEMCATS
F ILE C HEMLI S T
FILE E MBASE
FILE E S B I O BASE
FILE H CAPLUS
F ILE H CHEMLI ST
FILE K OSMET
FILE L E MBASE
F ILE MEDL I N E
FILE R E GI S T RY
FILE S C I S E ARCH
FILE Z C APLUS
FILE Z R E GI S TRY

L69
L70
L71
L72
L73
L74
L75
L76
L77
L78
L79
L80
L81
L82
L83
L84

TOTAL
L85

FOR ALL
0 L 51 AND L 6 8

FILES

s cyanopro l one

L86
L87
L88
L89
L90
L91
L92
L93
L94
L95
L96
L97
L98
L99
L100
L101

16 0 3

0 3 3

0 0 0 2

0 3

0 3

FILE BIOSIS1
FILE BIOTECHNO
FILE C A PLUS
FILE C HEMCATS
F ILE C HEMLI S T
FILE E MBASE
FILE E S B I O BASE
FILE H CAPLUS
F ILE H CHEMLI ST
FILE K OSMET
FILE L E MBASE
F ILE MEDL I N E
FILE R E GI S T RY
FILE S C I S E ARCH
FILE Z C APLUS
FILE Z R E GI S TRY16

TOTAL
L102

FOR ALL
50

FILES
CYANOPROLINE

1 51 an d 1 1 0 2s

L103
L104
L105
L106
L107
L108
L109
L110
L l l l
L112
L113
L114
L115
L116
L117
L118

FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE

BIOSI S
BIOTECHNO
CAPLUS
CHEMCATS
CHEMLIST
EMBASE
ESBIOBASE
HCAPLUS
HCHEMLIST
KOSMET
LEMBASE
MEDLINE
REGISTRY
SCISEARCH
ZCAPLUS
ZREGISTRY
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TOTAL FOR AL L F I L E S
L119 0 L5 1 A N D L 1 0 2

s dye OR "Fluorescent dyes" OR "IR-absorbing dyes" or cyanine or dylight or
imaging OR "Radioimmunoimaging" OR "Infrared imaging" OR "Spectral imaging" OR
"Luminescent imaging"

L120
L121
L122
L123
L124
L125
L126
L127
L128
L129
L130
L131
L132
L133
L134
L135

FILE BIOSIS
FILE BIOTECHNO
FILE C A PLUS
FILE C HEMCATS
F ILE C HEMLI S T
FILE E MBASE
FILE E S B I O BASE
FILE H CAPLUS
F ILE H CHEMLI ST
FILE K OSMET
FILE L E MBASE
F ILE MEDL I N E
FILE R E GI S T RY
FILE S C I S E ARCH
FILE Z C APLUS
FILE Z R E GI S TRY

1583858
22740

1616544
2148
2311

2616449
282971

1616544
2311
3229

650
2636196

28650
1545961
1616544

28650

TOTAL FOR AL L F I L E S
L136 1360 5756 DYE OR "FLUORESCENT DYES" OR "IR-ABSORBING DYES" OR CYANINE OR

DYLIGHT OR I M A G I N G OR " R A D I O I MMUNOIMAGING" O R " I NFR ARED I M A GI N G"
OR "SPECTRAL IMAGING" OR "LUMINESCENT IMAGING"

1 7 and 1 1 3 6s

L137
L138
L139
L140
L141
L142
L143
L144
L145
L146
L147
L148
L149
L150
L151
L152

1431
76

626

626

903

530 FILE BIOSIS
FILE BIOTECHNO2
FILE C A PLUS
FILE C HEMCATS0
F ILE C HEMLI S T0
FILE E MBASE
FILE E S B I O BASE
FILE H CAPLUS
F ILE H CHEMLI ST0
FILE K OSMET0
FILE L E MBASE0
F ILE MEDL I N E
FILE R E GI S T RY1
FILE S C I S E ARCH
FILE Z C APLUS
FILE Z R E GI S TRY1

660
626

TOTAL FOR AL L F I L E S
L153 5 482 L 1 7 A N D L 1 3 6

1 53 an d 1 1 0 2s

L154
L155
L156
L157
L158
L159
L160
L161
L162
L163
L164
L165
L166
L167
L168
L169

FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE

BIOSI S
BIOTECHNO
CAPLUS
CHEMCATS
CHEMLIST
EMBASE
ESBIOBASE
HCAPLUS
HCHEMLIST
KOSMET
LEMBASE
MEDLINE
REGISTRY
SCISEARCH
ZCAPLUS
ZREGISTRY

TOTAL FOR AL L F I L E S
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L170 2 L 15 3 A N D L 1 0 2

bib 1 1 7 9 1 — 2

L179 NOT F OUND
The L-number entered has not been defined in this session, or it
has been deleted. To see the L-numbers currently defined in this
session, enter DISPLAY HISTORY at an arrow prompt ( => ) .

bib 1 1 7 0 1 — 2

L170

AN
DN
TI

AU
CS

SO

DOI
PB
PUI
CY
DT
FS

FS
NCT
LA
ED

016 Cancer

A NSWER 1 O F 2 EMBA S E
r eser ve d o n ST N
20230385996 EMBASE Fu l '- text
2 024158 27 8 PMI D : 3 7 1 1 7 1 2 3
Advanced Fibroblast Ac(;ivatian Protein-Ligand Developments: FAP
Imaging Agents: A Review of the Structural Requirements.
DiMagno, Stephen G.; Babich, John W., PhD (correspondence)
Ratio Therapeutics, Inc., One Design Center Place, Suite¹ 19-601, Boston,
MA, 02210, United States. : .babich . : r a t : : .:::tx , c o « ;
PET Clinics, (July 2023) Vol. 18, No. 3, pp. 287-294.
Refs : 5 5
I SSN: 1 5 5 6 - 8 5 9 8 ; E - I SS N: 1 8 7 9 - 9 8 0 9
1 0.101 6 / j . cp et . 2 0 2 3 . 0 3 . 0 0 2
W.B. S a u n d e r s .
S 1556 - 8 5 9 8 ( 23)00028- 7
United States
Journal; General Review; (Review)
Intellectual Indexing

023 Nuclear Medicine
037 Drug Literature Index
ClinicalTrials.gov

E ngl i s h
Entere d E mbase : 2 M a y 2023
L ast U p d a t e d on E m b a se : 14 J un 2023
I ndex i n g A d d e d : 14 J un 2023
First Entered Embase or Embase Alert: 2 May 2023

COPYRIGHT (c) 2023 Elsevier B.V. All rights

N CT049396 1 0

L170
AN
DN
TI

AU
CS

AU
CS

SO

LA
FS
FS
EM
ED

DOI
CY
DT

A NSWER 2 O F 2 MEDLINE ® o n STN
2 027165 7 9 3 MEDLINE Full — te:'t
P ubMed I D : 3 7 1 1 7 1 2 3
Advanced Fxbreblas* Activation Pro*air-Ligand Developments: PAP
Imaging Agents: A Review of the Structural Requirements.
DiMagno Stephen G
Ratio Therapeutics, Inc., One Design Center Place, Suite¹ 19-601,
MA 022 10 , USA .
B abich J o h n W
Ratio Therapeutics, Inc., One Design Center Place, Suite¹ 19-601,
MA 022 10 , USA . ",babichi"'rat.:.::t;:..corn
PET clinics, (2023 Jul) Vol. 18, No. 3, pp. 287-294. E lectronic
Publication Date: 26 Apr 2023
J our na l co d e : 1 0 1 2 6 0 1 5 2 . E - I SS N: 1 8 7 9 - 9 8 0 9 . L - I SS N: 1 5 5 6 - 8 5 9 8 .

United States
Journal; Article; (JOURNAL ARTICLE )
General Review; (REVIEW)
E ngl i s h
MEDLINE; Priority Journals
Print; Electronic

Entere d S T N : 3 0 A pr 2 0 2 3
L ast U p d a t e d o n ST N: 2 J u n 2 0 2 3
I ndex i n g A d d e d : 2 J un 2023
Entered Medline: 2 Jun 2023

B oston ,

B oston ,

202306

1 153 an d 1 6 8s
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L171
L172
L173
L174
L175
L176
L177
L178
L179
L180
L181
L182
L183
L184
L185
L186

1 F I L E
0 F I L E
1 F I L E
0 F I L E
0 F I L E
0 F I L E
0 F I L E
1 F I L E
0 F I L E
0 F I L E
0 F I L E
0 F I L E
0 F I L E
0 F I L E
1 F I L E
0 F I L E

BIOSI S
BIOTECHNO
CAPLUS
CHEMCATS
CHEMLIST
EMBASE
ESBIOBASE
HCAPLUS
HCHEMLIST
KOSMET
LEMBASE
MEDLINE
REGISTRY
SCISEARCH
ZCAPLUS
ZREGISTRY

TOTAL FOR AL L F I L E S
L187 4 L 15 3 A N D L 6 8

ib 1 1 8 7 1 — 4

L187
AN
DN
TI

ANSWER 1 OF 4 B IO SI S COPY R IGHT (c) 2023 Clarivate Analytics on STN

CS

AU
Px-etexn .

2018: 61 51 7 B I OSI S F ' . :;..'...:.— t;:t
P REV201800 0 6 1 5 1 7
Inhibitor-Decorated Polymer Conjugates Targeting Fibrah3.ast Activation

Dvorakova, Petra [Reprint Author]; Busek, Petr; Knedlik, Tomas; Schimer,
Jiri; Etrych, Tomas; Kostka, Libor; Sromova, Lucie Stollinova; Subr,
Vladimir; Sacha, Pavel [Reprint Author]; Sedo, Aleksi [Reprint Author];
Konvalinka, Jan [Reprint Author]
Czech Acad Sci, Inst Organ Chem and Biochem, Flemingovo Nam 2, Prague
16610 6 , Cz e c h R e p u b l i c
x )avel s a c n .­"<­ 'm­' ' ' co'(<,' a l e k s 15 "' - ' e 'i . ' " ' ' fan : » n" - ' ' " :«­'..Puochb
Journal of Medicinal Chemistry, (OCT 26 2017) Vol. 60, No. 20, pp.SO
8 385- 8 3 9 3 .
CODEN: JMCMAR. ISSN: 0022-2623. E-ISSN: 1520-4804.
10. 1021/ a c s . j medchem. 7b00767
Art i c l e
E ngl i s h
Entere d S T N : 2 7 D ec 2 0 1 7
L ast U p d a t e d o n ST N: 1 7 J an 2 0 1 8

DOI
DT
LA
ED

AU

SO

L187
AN
DN
TI

P~otezn

ANSWER 2 OF 4 CAPL U S COPYR I GHT 2023 ACS on STN
2 017 : 1 5 7 0 7 7 9 CAPL U S F x ' l - t e z t
1 69: 2 0 5 8 6 4
Inhibitor-Decorated Polymer Conjugates Targeting Fibrohla."..t A,".tivatian

Dvorakova, Petra; Busek, Petr; Knedlik, Tomas; Schimer, Jiri; Etrych,
Tomas; Kostka, Libor; Stollinova Sromova, Lucie; Subr, Vladimir; Sacha,
Pavel; Sedo, Aleksi; Konvalinka, Jan
Institute of Organic Chemistry and Biochemistry of The Czech Academy of
S cienc es , P r ag u e 6 , 1661 0 , Cz e c h R e p.
Journal of Medicinal Chemistry (2017), 60(20), 8385-8393
CODEN: JMCMAR; ISSN: 0022-2623
10. 1021/ a c s . j medchem. 7b00767
American C h emi ca l So c i et y
Journal; (online computer file)
E ngl i s h

DOI
PB
DT
LA
OS
OSC.G 16 THERE ARE 16 C A PLUS RECORDS THAT CITE THIS RECORD (16 C I T I N GS)

C ASREACT 1 6 9 : 2 0 5 8 6 4

RE.CNT 52 THERE ARE 5 2 C I TED REFERENCES AVAILABLE FOR THIS RECORD
ALL CITATIONS AVAILABLE IN THE RE FORMAT

L187
AN
DN
TI

P "' Q t e 3. n

ANSWER 3 OF 4 HCAPLU S COPYR I GHT 2023 ACS on STN
2017:1570779 HCAP LUS Full — .te;;.t
1 69: 2 0 5 8 6 4
Inhibitor-Decorated Polymer Conjugates Targeting Fxbx-oblas* Active*ion

Dvorakova, Petra; Busek, Petr; Knedlik, Tomas; Schimer, Jiri; Etrych,
Tomas; Kostka, Libor; Stollinova Sromova, Lucie; Subr, Vladimir; Sacha,

AU
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DETAILED ACTION

Notice of Pre-AIA or AIA Status

The present application, filed on or after March 16, 2013, is being examined under the first

inventor to file provisions of the AIA.

Claims Status

Claim 29 is pending in the application.

Drawings

Color photographs and color drawings are not accepted in utility applications unless a petition

filed under 37 CFR 1.84(a)(2) is granted. Any such petition must be accompanied by the appropriate fee

set forth in 37 CFR 1.17(h), one set of color drawings or color photographs, as appropriate, if submitted

via EFS-Web or three sets of color drawings or color photographs, as appropriate, if not submitted via

EFS-Web, and, unless already present, an amendment to include the following language as the first

paragraph of the brief description of the drawings section of the specification:

The patent or application file contains at least one drawing executed in color. Copies of this

patent or patent application publication with color drawing(s) will be provided by the Office upon

request and payment of the necessary fee.

Color photographs will be accepted if the conditions for accepting color drawings and black and

white photographs have been satisfied. See 37 CFR 1.84(b)(2).

Claim Rejections - 35 USC5 102

In the event the determination of the status of the application as subject to AIA 35 U.S.C. 102

and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any correction of the statutory
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basis (i.e., changing from AIA to pre-AIA) for the rejection will not be considered a new ground of

rejection if the prior art relied upon, and the rationale supporting the rejection, would be the same

under either status.

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the basis

for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless­

(a)(1) the claimed invention was patented, described in a printed publication, or in public use, on sale,
or otherwise available to the public before the effective filing date of the claimed invention.

Claim(s) 29 is/are rejected under 35 U.S.C. 102(a)(1) as being anticipated by Dvoiakova et al. (J.

Med. Chem. 2017, 60, 8385-8393).

Dvoiakova et al. (J. Med. Chem. 2017, 60, 8385-8393) teaches of the anti-FAP iBody FAP

4
o

(Scheme 1) bound to an ATTO488inhibitors comprising

dye via a HMPA copolymer (Figure 2).

The compounds 1-4 anticipate the targeting moiety for FAP-a, A, of the instant claims.

moiety bound to HMPA anticipates the linker, L, of the instant claims.

The ATTO488 dye anticipates the optical functional group, B, of the instant claims.

The anti-FAP iBody is for imaging of FAP-expressing cells (p8387, left column, first full paragraph;

p8387, Use of Anti-FAP iBody 1 for detection and visualization of FAP; p8387, Application of Anti-FAP

i Body 1 for imaging of FAP-expressing cells).
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Claim Rejections - 35 USC 4 103

In the event the determination of the status of the application as subject to AIA 35 U.S.C. 102

and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any correction of the statutory

basis (i.e., changing from AIA to pre-AIA) for the rejection will not be considered a new ground of

rejection if the prior art relied upon, and the rationale supporting the rejection, would be the same

under either status.

The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness rejections

set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed invention is

not identically disclosed as set forth in section 102, if the differences between the claimed invention
and the prior art are such that the claimed invention as a whole would have been obvious before the
effective filing date of the claimed invention to a person having ordinary skill in the art to which the
claimed invention pertains. Patentability shall not be negated by the manner in which the invention

was made.

Claim(s) 29 is/are rejected under 35 U.S.C. 103 as being unpatentable over Jansen et al.

(US2014/0357650A1) in view of Zimmerman et al. (US2010/0098633A1) and Jensen et al. (AC5 Med.

Chem. Lett. 2013, 14, 491-496).

Jansen et al. (US2014/0357650A1) discloses the FAP inhibitors

j
T

wherein Rt and R2

are H, -OH, halogen, etc. and encompass the corresponding Rt, and R2, are H, -OH, halogen, etc. of the

instant claims.

Petitioner GE Healthcare – Ex. 1002, p. 313 



Application/Control Number: 18/354,282 Page 5
Art Unit: 1618

The R~ is H, -CN, -B(OH)~, etc. of the disclosure encompasses the corresponding R~, is H, -CN,­

B(OH)~, etc. of the instant claims.

The R~ is H of the disclosure encompasses the corresponding R~, is H of the instant claims.

The of the disclosure encompasses

the corresponding ~ ­ 5 to 10-membered N-containing aromatic mono- or bicyclic

heterocycle of the instant claims.

The R>-R> are H, -OH, oxo, -halo, C> <alkyl, -0-C> <alkyl optionally substituted with 1-3 substituents

selected from -halo, etc. of the disclosure encompasses the corresponding R~,-R~, are H, -OH, oxo,

halogen, C> <alkyl, -0-C> <alkyl, etc. of the instant claims. (p4-6, [0050-0089]; p10, [0113-0122]; p13-16,

[0176-0215] )

The inhibitors may comprise stereoisomers, tautomers, racemates, salts, hydrates or solvates

thereof (p3, [0024]; p10, [0113]) which encompasses the stereoisomers, tautomers, racemates, salts,

hydrates or solvates thereof of the instant claims.

Jansen et al. (US2014/0357650A1) does not disclose an optical or radiolabeled functional group

suitable for optical imaging, PET, SPECT or radiotherapy.

Zimmerman et al. (US2010/0098633A1) discloses radiopharmaceuticals useful in diagnostic

imaging and therapeutic treatment of disease comprising
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wherein U is -B(OH)>, -CN, etc.; G is H, alkyl, etc.; V is a bond, etc.; the metal is a metallic moiety include

a radionuclide for PET, SPECT; chelate is a chelating moiety that coordinates with the radionuclide; Y is

-CH>-, etc.; and R>-R> may comprise radiohalogen, etc. (p1-2, [0008-0028]; p3, [0048-0049]; p6, [0087­

0099]; p9, [0111-0117]; p13, ).

Jensen et al. (AC5 Med. Chem. Lett. 2013, 14, 491-496) discloses FAP inhibitors of the structure

"A

, etc. (abstract;wherein R comprises

Table 3).

The quinoline containing compounds have 60 times more FAP-affinity than the initial N-(1­

N '-"N

r.3 .. .Ni,<' v"

naphthoyl) based FAP inhibitors (p492, right column, second full paragraph).

It would have been obvious to one of ordinary skill in the art before the effective filing date of

the claimed invention to substitute the FAP inhibitors of Jansen et al. (US2014/0357650A1) with a

radiohalogen via a linker, such as a C> <alkyl, -0-C> <alkyl as Jansen et al. (US2014/0357650A1) teaches

that the C> <alkyl, -0-C> <alkyl may be halogenated and Zimmerman et al. teaches of radiohalogenation

of FAP inhibitors for the advantage of diagnostic imaging and therapeutic treatment of diseases.

It would have been obvious to one of ordinary skill in the art before the effective filing date of

the claimed invention to substitute the heteroaromatic FAP inhibitors of Jansen et al.

(US2014/0357650A1) with a radiohalogen via a linker, such as a C> <alkyl, -0-C> <alkyl as Jensen et al.

(AC5 Med. Chem. Lett. 2013, 14, 491-496) teaches that the quinoline containing FAP inhibitors have 60
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times more FAP-affinity than the N-(1-naphthoyl) FAP inhibitors and can be halogenated on the

quinoline, such as via trifluoromethoxy.

Therefore, it would have been predictable to one of ordinary skill in the art to utilize a

radiohalogenated heteroaromatic FAP inhibitor for imaging FAP with an expectation of success as the

quinoline derivative provides 60 times more FAP-affinity than the naphthoyl derivative.

Double Patenting

Claim 29 is provisionally rejected on the ground of nonstatutory double patenting as being

unpatentable over claims 1,2,13,15,16 and 21-25 of copending Application No. 16/762,873 (reference

application). Although the claims at issue are not identical, they are not patentably distinct from each

other because the compound of Formula (I) B-L-A of copending Application No. 16/762,873

encompasses the compound of Formula (I) B-L-A of the instant claims. The targeting moiety for FAP-a,

A, of copending Application No. 16/762,873 is analogous to the targeting moiety for FAP-a, A, of the

instant claims. The linker, L, of copending Application No. 16/762,873 is analogous to the linker, L, of the

instant claims. The optical or radiolabeled functional group suitable for optical imaging, PET, SPECT or

radiotherapy, B, of copending Application No. 16/762,873 is analogous to the optical or radiolabeled

functional group suitable for optical imaging, PET, SPECT or radiotherapy, B, of the instant claims.

The compound of Formula (I) of copending Application No. 16/762,873 and the compound of

Formula (I) of the instant claims, have the same properties and are capable of the same functions, such

as being used for the method of inhibiting fibroblast-activation protein-a and the method for treating a

fibroblast-activation protein-a disease or disorder.

Products of identical chemical composition can not have mutually exclusive properties. A

chemical composition and its properties are inseparable. Thus the claiming of a new use, new function

or unknown property which is inherently present in the prior art does not necessarily make the claim
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patentable and does not render the old composition patentably new to the discoverer. In re Best, 562

F.2cl 1252, 1254, 195 USPQ430, 433 (CCPA 1977)

This is a provisional nonstatutory double patenting rejection because the patentably indistinct

claims have not in fact been patented.

Relevant Prior Art

Tahtis et al. (Mol. Cancer Therap. 2003, 2, 729-737) discloses iodine-131-labeled humanized

anti-FAP monoclonal antibody (BIBH-7).

Terry et al. (J. Nucl. Med. 2016, 57, 467-472) discloses "'In-28H1 (anti-FAP).

Conclusion

No claims are allowed at this time.

Any inquiry concerning this communication or earlier communications from the examiner

should be directed to MELISSA JEAN PERREIRA whose telephone number is (571)272-1354. The

examiner can normally be reached M9-3, T9-3, W9-3, Th9-2, F9-2.

Examiner interviews are available via telephone, in-person, and video conferencing using a

USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use

the USPTO Automated Interview Request (AIR) at http: //www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor,

Michael Hartley can be reached on 571-272-0616. The fax phone number for the organization where

this application or proceeding is assigned is 571-273-8300.

Information regarding the status of published or unpublished applications may be obtained from

Patent Center. Unpublished application information in Patent Center is available to registered users. To

file and manage patent submissions in Patent Center, visit: https://patentcenter.uspto.gov. Visit
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https://www.uspto.gov/patents/apply/patent-center for more information about Patent Center and

https://www.uspto.gov/patents/docx for information about filing in DOCX format. For additional

questions, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like

assistance from a USPTO Customer Service Representative, call 800-786-9199 (IN USA OR CANADA) or

571-272-1000.

/MELISSA J PERREIRA/
Examiner, Art Unit 1618
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Status

Claim 29 i» pending in thc Application and stand» rcjcctcd. Ncw claims 30 and 31 have

hccn added. No ncw matter has hccn added. Upon entry ol' thi» Amcndmcnt, claims 29-31 will

hc pending in thc Application.

A l i c ant-Initiated Intcrvicw Summar

Applicant apprcciatcs thc consideration ol'thc Examiner during thc tclcphonic intcrvicw

ol' Dcccmhcr 11, 2023. Participating in thc intcrvicw werc Examiner Pcrrcira, Jcl'I'rcy W.

Childcrs, Dr. Martin Pompcr, Sangccta Ray, Andrew G. Horti, Qi (Chcc) Zhuo, and Don Ho.

Thc rcjcction ol'claim 29 under 3S U.S.C. »» 102(a)(1) and 3S U.S.C. »» 103 was discussed. No

agrccmcnt was rcachcd.

Dl awlnL~»

Thc Ol'I'icc Action notes that color photograph» and color drawing» arc not acccptcd in

utility applications unless a petition I'ilcd under 37 CFR 1.84(a)(2) i» granted. Applicant submits

hcrcwith a Petition under 37 CFR 1.84(a)(2) and accompanying I'cc. Applicant rcspcctl'ully

rcqucsts that thc color drawing» hc acccptcd at thi» time.

Claim Rc'cctions — 3S USC» 102

Claim 29 i» rcjcctcd under 3S U.S.C. »» 102(a)(1) as heing anticipated hy Dvorakova ct al.

(J. Mcd. Chem. 2017, 60, 838S-8393) (hcrcinal'tcr "Dvorakova").

Claim 29 i» amcndcd and I'urthcr dcl'ines thc compound ol' I'ormula (I) as heing "low

molecular weight" ("LMW"). Thc instant patent application distinguishes thc LMW compound

ol' thc pending claims I'rom large molcculc imaging agents containing anti-FAP moictics. In

particular, thc instant application charactcrizcs thc large molcculc imaging agents as having

numerous disadvantages, including pharmacokinetic limitations, including slow blood and non­

targct tissue clcarancc and non-spccil'ic organ uptake. Page I, lines 28-34; page 2, lines 1-7. In

contrast, thc LMW imaging agents ol'thc instant application possess numerous advantages

compared with thc large molcculc imaging agents. Id. Spccil'ically, LMW imaging agents

dcmonstratc I'aster pharmacokinctics and a higher spccil'ic signal within clinically convcnicnt

times al'tcr administration. Id. They also can hc synthcsizcd in radiolahclcd I'orm morc easily
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and may ol'I'cr a shoitcr path to regulatory approval. Support I'or "low molecular weight" can hc

I'ound at least on page I, lines 28-34, page 2, lines 1-7, and page 8, lines 26-29, page 9, lines 1-2

ol' thc instant speci l ication:

[T]hc prcscntly disclosed subject matter provides potent and sclcctivc low-molccular­

wcight (LMW) ligand» ol' FAP-u, i.c., an FAP-u sclcctivc inhibitor, conjugated with a
targeting moiety I'casihlc I'or modil ication with optical dyes and radiolahcling group»,

including metal chclators and metal complcxcs, which cnahlc iii i'ii'o optical imaging,

nuclear imaging (optical, PET and SPECT), and radiotherapy targeting FAP-u.

page 8, lines 26-29, page 9, lines 1-2.

Bccausc FAP-u i» cxprcsscd in tumor stroma, anti-FAP antibodies have hccn invcstigatcd
I'or radioimmunotargcting ol' malignancies, including murinc F19, sihrotuzumah (a

humanized version ol' thc F19 antibody), ESC I I, ESC14, and others. (Welt, ct al., 1994;
Scott, ct al., 2003; Fischcr, ct al., 2012). Antibodies also dcmonstratcd thc I'casihility ol'

imaging inllammation, such as rheumatoid aithriti». (Lavcrman, ct al., 201S). Thc usc ol'

antibodies as molecular imaging agents, howcvcr, sul'I'crs I'rom pharmacokinetic

limitations, including slow blood and non-target tissue clcarancc (normally 2-S day» or

longer) and non-spccil'ic organ uptake. Low molecular weight (LMW) agents
dcmonstratc I'aster pharmacokinctics and a higher spccil'ic signal within clinically

convcnicnt times al'tcr administration. They also can hc synthcsizcd in radiolahclcd I'orm
morc easily and may ol'I'cr a shoitcr path to regulatory approval. (Cocncn, ct al., 2010;

Cocncn, ct al., 2012; Rcilly, ct al., 201S). To date, howcvcr, no LMW ligand has hccn
rcportcd with ideal propcitics I'or nuclear imaging ol' FAP-u.

page I, lines 28-34, page 2, lines 1-7.

Further, thc instant spccil'ication on page 4S, lines 12-14, dcl'ines a "polymer" as a

molcculc ol'high rclativc molcculc mass, thc structure ol'which csscntially comprises thc

multiplercpctition ol' unit dcri vcd I'rom molcculcs ol' low rclati vc molecular mass, i.c., a

monomer, which distinguishes "low molecular weight compound»" I'rom "polymers."

In contrast to thc instant application, thc compound disclosed in Dvorakova (compound

I) i» a large molcculc compound — as thc Examiner correctly pointed out, comprising an anti­

FAP moiety hound to an ATTO488 dyc via a HMPA co ol mer. Thc molecular weight ol'

compound I, an iBody, disclosed hy Dvorakova i» 149,900 g/mol. 5ee Dvorakova, page 8387,

Icl't column, I irst I'ull paragraph. Thc high molecular weight ol' compound I ol' Dvorakova

compares in sharp contrast with thc low molecular weight ol'thc compound» ol'thc instant

application. In particular, thc molecular weight ol' rcprcscntativc compound» ol' thc instant

application, i.c., XY-FAP-02, i» about 840 g/mole and XY-FAP-01 i» about 1367 g/mole; I'uithcr
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LMW compound» ol' thc current claims with molecular weights arc prcscntcd in thc table on

pages 14- I S hcrcin below. Thus, onc ol'ordinary skill in thc art upon reading and understanding

ol' thc instant spccil ication in view ol' Dvorakova would apprcciatc that thc prcscntly claimed

compound» arc "low molecular weight" compound».

Thc term ol' "low molecular weight" i» well acccptcd in thc chemical ail», and its

meaning i» clear to onc ol'ordinary skill in thc art. In particular, when used in thc scicntil'ic

rcl'crcnccs in thc chemical ail», onc ol'ordinary skill in thc art would rccognizc that low

molecular weight compound» would have a molecular weight ol' typically I'rom about SO Daltons

to about I,SOO Daltons. 5ee e.g., K Bcchc ct al., Clin Transl Sci. 2014 Fch; 7(1): 74 — 81

("Mctaholomics i» ol'tcn dcscrihcd as a systematic study ol' thc low molecular weight

(approximately SO — I,SOO Da) mctaholitcs (i hei~tii als) within a given sample"); A. Fcrrcira ct al.,

J. Agric. Food Chem. 2014, 62, 6784 — 6793 ("Mctaholitcs arc a group ol' low molecular weight

substances (SO — I SOO Da) that includes amino acid», I'atty acid» ..."); C. L lcwcl lyn ct al.,

Progress in Oceanography, Volume 137, p. 421-433 (Mctaholomics involves thc non-targctcd

unbiased analysi» ol' large suites ol' low molecular weight organic molcculcs or mctaholitcs

(typically SO — I SOO Da)...); see also

ht t ps://w w w.ch i.ac. uk/tra i n i ng/on I i nc/courses/mctaholom ics-in troduct i on/what-i s/s mal I­

molcculcs/ ("A small molcculc (or mctaholitc) i» a low molecular weight organic compound,

typically involved in a biological process as a substrate or product. Mctaholomics usually studies

small molcculcs within a mass range ol' SO — I SOO daltons (Da).")

Ncw claim 30 I'urthcr dcl'ines B to any radiolahclcd I'unctional group suitable I'or

po»itron-cn-:i»»ion ton-:o~araphy (PET) imagine, sinz~ic-photon emission computed tomoeraphv

(SPECT) imaging, or radiotherapy. Support I'or thi» amcndmcnt can hc I'ound in claim 29 as

originally I ilcd. Appl icant notes that Dvorakova only discloses optical imaging agents.

Ncw claim 31 includes thc transitional phrase "consisting csscntially ol'." A» provided in

MPEP j» 2111.03, thc transitional phrase "consisting csscntially ol"' limits thc scope ol'a claim to

thcspccil>cd material» or step» "and those that do not materially al'I'cct thc basic and novel

characteristic(s)" ol' thc claimed invention. Appl icant notes that in thc prcscnt claims, thc

compound ol' I'ormula (I) i» limited then to components B-L-A, and would not include thc HMPA

copolymer carrier disclosed and which I'orms thc hasi» ol' thc iBodics disclosed in Dvorakova.
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Bccausc cvcry pending claim (claims 29-31) ol' thc instant application rcquircs thc

claimed compound to hc "low molecular weight", Dvorakova cannot anticipate thc pending

claims hccausc Dvorakova docs not disclose a compound having low molecular weight.

Claim Rc'cctions — 3S USC ~ 103

Claim 29 i» rcjcctcd under 3S U.S.C. p~ 103 as heing unpatcntahlc over Janscn ct al.

(US2014/03S76SOA I) (hcrcinal'tcr "Janscn I") in view ol'Zimmcrman ct al.

(US2010/0098633A I) (hcrcinal'tcr "Zimmcrman") and Janscn ct al. (ACS Mcd. Chem. Lett.

2013, 14, 491-496) (hcrcinal'tcr "Janscn I I").

Thc 01'I'icc Action asscits that Janscn I discloses FAP inhibitors that encompass aspects

ol'thc instant claims. Thc Ol'lice Action acknowlcdgcs, howcvcr, that Janscn I docs not disclose

an optical or radiolahclcd I'unctional group suitable I'or optical imaging, PET, SPECT or

I ad I 0 the I apy.

Thc 01'I'icc Action asscits that Zimmcrman discloses radiopharmaccutical» uscl'ul in

diagnostic imaging and thcrapcutic trcatmcnt ol'discase, which, in some cmhodimcnts, include a

metal chelating moiety that includes a radionuclidc or, in other cmhodimcnts, a radiohalogcn.

Thc 01'I'icc Action asscits that Jcnscn 11 discloses quinolinc-containing FAP inhibitors

that arc 60 times morc FAP-al'I'inity than thc naphthoyl dcrivativc ol' Janscn I.

Thc 01'I'icc Action then concludes that it would have hccn obvious to substitute thc FAP

inhibitors ol' Janscn I with a radiohalogcn via a linker, such as a C f-(alkyl, -0-C f-(,alkyl as Janscn

I tcachcs that thc C f-(,alkyl, -0-C f-(,alkyl may hc halogcnatcd and Zimmcrman tcachcs

radiohalogcnation ol' FAP inhibitors I'or thc advantage ol'diagnostic imaging and thcrapcutic

trcatmcnt ol' discascs.

Thc 01'I'icc Action I'urthcr concludes that it would have hccn obvious to substitute thc

hctcroaromatic FAP inhibitors ol' Janscn I with a radiohalogcn via a linker, such as a C f-(,alkyl, ­

0-C f-(,alkyl as Jcnscn 11 tcachcs that thc quinolinc containing FAP inhibitors have 60 times morc

FAP-al'1>nity than thc N-( I-naphthoyl) FAP inhibitors and can hc halogcnatcd on thc quinolinc,

such as via trilluoromcthoxy.

Thc 01'I'icc Action I'inally concludes that it would have hccn prcdictahlc to onc ol'

ordinary skill in thc art to util ize a radiohalogcnatcd hctcroaromatic FAP inhibitor I'or imaging
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FAP with an cxpcctation ol'success as thc quinolinc dcrivativc provides 60 times morc FAP­

al'I'inity than thc naphthoyl dcrivativc.

Applicant rcspcctl'ully disagrccs I'or thc reasons sct I'oith below.

i. Th ere was no motivation for one of ordinar skill in the art to select and
modif an com ounds of ansen I and ansen II to arrive at the claimed
c~om ounds

A» provided in MPEP j» 2143(1)(E), in cases involving ncw chemical compound», it i»

ncccssary to idcntil'y some reason that would have Icd a chemist to sclcct a lead compound and

suhscqucntly modil'y thc lead compound in a particular manner to establish prima I'acic

obviousness ol' ncw claimed compound». Takcda v. Alphapharm., 492 F.3d 13SO, 13S7 (Fcd.

Cir. 2007). Thc 01'I'icc Action argues that thc compound» ol' Janscn I may hc modil>cd with a

radiohalogcn via a linker. Thc 01'I'icc Action appears to take thc position that thc C f-(,alkyl or -0­

C f-(,alkyl that may hc attached to thc hctcrocyclic group ol' thc FAP moiety in Janscn I may scrvc

as a "linker" within thc meaning ol' thc pending claims. In particular, thc Ol'l>cc Action points

out that thc C f-(,alkyl, -0-C f-(,alkyl may hc halogcnatcd. An impl icit hut ncccssary position ol'

thc Ol'l>cc Action i» that thc C f-(alkyl or thc -0-C f-(alkyl group may hc intcrprctcd as a "linker"

only when it i» sclcctcd as a substituent group in prcl'crcncc to thc numerous other equally viable

altcrnativcs, and I'urthcr, only when it i» halogcnatcd, and then I'urthcr only when thc halogen i» a

radiohalogcn. Appl icant rcspcctl'ully points out that C f-(,alkyl and thc -0-C f-(,alkyl arc among a

wide variety ol'altcrnativc I'unctional group» that may optionally hc attached to thc hctcrocyclic

group ol'a gcncric structure ol' thc FAP inhibitor compound» disclosed in Janscn I. Scc Pompcr

AI'I'idavit, Para. 23. Fuithcrmorc, among 43 rcprcscntativc compound» disclosed in Janscn I and

39 rcprcscntativc compound» in Janscn 11, only a single compound with a halogcnatcd C f-(,alkyl

or -0-C f-(,alkyl i» disclosed. 5ee Pompcr Al'l>davit, Para. 24; Janscn I, Example 11, Table 4;

Janscn 11, Compound No. 28, Table 3. Thus, thc prior ail provides no motivation or indication to

sclcct C f-(,alkyl or thc -0-C f-(,alkyl I'rom a large group ol' I'unctional group» as a substituent group

on thc FAP i nhibitors disclosed in Janscn I or Janscn 11; cvcn il'C f-(alkyl or thc -0-C f-(alkyl i»

sclcctcd as a substituent group, Janscn I or Janscn 11 provides no motivation to I'uithcr substitute

thc C f-(,alkyl or thc -0-C f-(,alkyl group with a halogen. In I'act, in most ol' thc halogcnatcd

compound» disclosed in Janscn I and Janscn 11, thc halogen i» directly attached to thc

hctcrocyclic group, instead ol' via a C f-(alkyl or thc -0-C f-(alkyl group.
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Further, onc ol'ordinary skill in thc ait also would not sclcct thc single FAP inhibitor

substituted with thc halogcnatcd Ci-(,alkyl or -O-Ci-(,alkyl disclosed in Janscn I and Janscn 11 as a

starting point or a lead compound to modil'y, hccausc thi» compound has mcdiocrc hioactivitics

compared with thc other compound» disclosed in thc prior ail. In particular, many other FAP

inhibitors ol' Janscn I and Janscn 11 have morc I'avorahlc al'I'inity and spccil'icity propcrtics than

Example 11 ol' Janscn I or Compound 28 ol' Janscn 11, which i» substituted with a

trilluoromcthoxy group. 5ee Pompcr Al'l idavit, Para. 26. For cxamplc, compound Example 11

ol' Janscn I with thc tril luoromcthoxy substitution has a IC,-<> ol' 0.012 pm and a sclcctivity index

ol' S9, which do not compare I'avorahly to a number ol'compound» including compound Example

I S, which has a ICi<> ol'0.0062 pm and a sclcctivity index ol' 193. Id.

Even assuming I'or arguments sake a skilled person made thc non-obvious step» ol'

sclccting a compound with a halogcnatcd Ci-(,alkyl or -O-Ci-(,alkyl group ol' Janscn I or Janscn 11

I'or modil'ication, thcrc i» still no explicit or implicit motivation in thc cited prior art to substitute

thc alkyl group with a radiohalogcnatcd group to rcndcr thc Ci-(,alkyl or -O-Ci-(,alkyl as a

"linker" within thc meaning ol' thc pending claims. In I'act, thc vast majority ol' thc rcprcscntativc

compound» disclosed in Janscn I and Janscn 11 do not have a halogcnatcd Ci-(,alkyl or thc -0-Ci

<,alkyl. To succcssl'ully argue that a ncw compound i» obvious, thc prior ail must show "that thc

prior art would have suggcstcd making thc spccil'ic molecular modil ications ncccssary to achicvc

thc claimed invention." Ta/'cela, 492 F.3d at 13S6. Thc cited prior art clearly docs not suggest

anything that may motivate onc ol'ordinary skill in thc ail to make thc spccilic modil ication ol'

substituting thc Ci-(alkyl or -0-Ci-(alkyl with a radiohalogcn.

Thc 01'I'icc Action appears to corrclatc thc substitution ol'a Ci-(,alkyl or -O-Ci-(,alkyl on

thc quinolinc ring ol' thc FAP inhibitors as a "linker" to thc I'act thc quinolinc-containing FAP

inhibitors have 60 times morc FAP-al'I'inity than N-( I-naphthoyl) FAP inhibitors:

It would have hccn obvious to onc ol'ordinary skill in thc ait hcl'orc thc cl'I'cctivc Idling

date ol'thc claimed invention to substitute thc hctcroaromatic FAP inhibitors ol' [Jan»en I]

with a radiohalogcn via a linker, such as a Ci-(alkyl, -0-Ci-(alkyl as [Jcnscn 11] tcachcs

that thc quinolinc containing FAP inhibitors have 60 times morc FAP-al'I'inity than thc N­

( I-naphthoyl) FAP inhibitors and can hc halogcnatcd on thc quinolinc, such as via
trilluoromcthoxy.

01'I'icc Action dated Scptcmhcr 26, 2023, pages 6-7. Applicant rcspcctl'ully points out that

Janscn 11 mcrcly discloses that quinolinc-containing FAP inhibitors have a 60 times higher FAP­

10
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al'lenity than thc N-( I-naphthoyl) FAP inhibitors. Pompcr Al'lidavit, Para. 27. Janscn 11 docs not

suggest that substitution ol' thc quinolinc ring ol' thc quinolinc-containing FAP inhibitors would,

Ict alone could, improve thc FAP al'l>nity or sclcctivity ol' thc FAP inhibitors. Id. On thc

contrary, Janscn 11 ohscrvcd that substitution ol' thc quinolinc ring has little or cvcn ncgativc

cl'I'ccts on thc potency ol' thc quinolinc-containing FAP inhibitors:

Next, wc turned our attention to thc cl'I'cct ol' substituting thc N-(4-quinolinoyl) ring in 7

(Table 3). Overall, none ol' thc cvaluatcd suhstitucnts was able to improve FAP potency

signil'icantly, with suhstitucnts in thc 2- and 3-position ol' thc quinolinc ring as in

compound» 19 — 24, having a clearly ncgativc cl'I'cct on thi» paramctcr.

Jansscn 11, page 493, lcl't column. Pompcr AI'I'idavit, Para. 28. In particular, thc only FAP

inhibitor with a trilluoromcthoxy substitution, i.c. Example 11 ol' Janscn I or Compound 28 ol'

Janscn 11, has both an inl'crior FAP-inl>nity and an inl'crior sclcctivity compared with thc FAP­

inhibitor without thc trilluoromcthoxy substitution. ' Id . Thcrcl'orc, thcrc i» no motivation to

substitute thc quinolinc moiety ol' thc FAP inhibitor, not to mention to halogcnatc thc quinolinc

moiety via a trilluoromcthoxy substitution. Appl icant would like to cmphasizc again that

without a radiohalogcnatcd trilluoromcthoxy substitution on thc FAP inhibitor ol' Janscn I or

Janscn 11, any FAP inhibitors modilicd ha»cd Janscn I or Janscn 11 cannot hc intcrprctcd as

containing a "linker" within thc meaning ol' thc pending claims.

Accordingly, in view ol' thc totality ol' thc disclosure in Janscn I and Janscn 11, thcrc i» no

explicit or implicit teaching», suggestion, or motivation I'or onc ol'ordinary skill in thc a>t to

sclcct and modil'y any compound» in Janscn I and Janscn 11 to arrive at thc claimed compound».

Thcrc i» no prima I'acic obviousness hccausc thcrc i» no reason that would have Icd a chemist to

sclcct and modil'y a known compound in a particular manner to establish prima I'acic obviousness

ol' thc compound» ol' thc pending claims. 5ee Takcda, 492 F.3d at 13S7.

ii. There was no reasonable ex ectation of success in m odif in an com ounds
in ansen I or ansen II to arrive at the com ounds of the endin claims

Thc 01'I'icc Action also I'ail» to dcmonstratc a rcasonahlc cxpcctation ol' success in

modil'ying and making thc structural changes to thc compound» ol' Janscn I and Janscn 11 to

' 5ee Janscn I, Table 4. ICi~> I'or FAP (an indicator ol'thc FAP al'lenity) i» 0.012 pM I'or thc FAP

inhibitor substituted with a trilluomcthoxy substitution versus 0.010 pM I'or thc unsuhstitutcd
FAP inhibitor; sclcctivity index i» S9 versus 83.
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arrive at thc compound» ol' thc pending claims. Thc cxamincr i» rcquircd to show a rcasonahlc

cxpcctation ol' success when trying to establish prima I'acic obviousness hy modil'ying or

combing thc prior art to achicvc thc claimed invention. MP EP j» 2143.02; see also PI'izcr, Inc. v.

Apotcx, Inc., 480 F.3d 1348, 1361 (Fcd. Cir. 2007) ("[T]hc challcngcr ol' thc patent [must] show

hy clear and convincing cvidcncc that a skilled artisan would have hccn motivated to combine

thc teaching» ol' thc prior art rcl'crcnccs to achicvc thc claimed invention, and that thc skilled

artisan would have had a rcasonahlc cxpcctation ol' success in doing so."). For a medical imaging

agent used to diagnose discase, it i» impoNant I'or thc agent to have both high al' lenityand high

spccil'icity to hind to thc target protein that i» associated with thc medical condition. Scc thc

Pompcr AI'I'idavit, Para. 31. Thc high spccil'icity allows thc imaging agent to sclcctivcly hind to

thc target protein associated with thc medical condition hut not other proteins unrclatcd to thc

medical condition. A high spccil'icity i» important I'or a medical imaging agent hccausc it

prcvcnts proteins unrclatcd to thc medical conditions I'rom intcrl'cring with thc binding hctwccn

thc imaging agent with thc target protein. Id. Thc al'lenity and spccil'icity ol' thc medical imaging

agent arc highly dcpcndcnt on thc molecular structure ol' thc agent. Id. Accordingly, thc art ol'

dcvcloping a medical imaging agent i» highly unprcdictahlc as it involves optimizing numerous

paramctcrs including thc spccil'icity ol' thc compound.

Thc Ol'I'icc Action takes thc position that it would have hccn obvious to substitute thc

FAP inhibitors ol' Jan»en I with a radiohalogcn as Zimmcrman tcachcs radiohalogcnation ol' FAP

inhibitors I'or diagnostic imaging and thcrapcutic trcatmcnt ol'discascs. Howcvcr, at thc time thc

instant application was I'ilcd, onc ol'ordinary skill in thc aN rccognizcd thc unpredictability

associated with thc dcvclopmcnt ol' medical imaging agents, including thc optimization ol' thc

spccil'icity. Accordingly, thcrc was no rcasonahlc cxpcctation ol'success I'or onc ol'ordinary skill

in thc aN to modil'y thc compound» to arrive at thc compound» ol' pending claims, cvcn il' thc

compound substituted with halogcnatcd C f-(,alkyl or -0-C f-(,alkyl werc sclcctcd as thc lead

compound, which onc ol'ordinary skill in thc aN had no motivation to do in thc I'irst place as

discus»cd.

In I'act, onc ol'ordinary skill in thc aN knew that thc FAP imaging agents ol'Zimmcrman

most likely would not I'unction well hccausc ol' thc poor spccil'icity associated with thc

compound» ol'Zimmcrman. In particular, a rcprcscntativc compound disclosed in Zimmcrman,

namely MIP-1232, was cxtcnsivcly invcstigatcd as a potential medical imaging agent I'or

12
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athcrosclcrotic plaque, and was dctcrmincd as not suitable I'or thc application. 5ee Mclctta ctc.,

Molcculcs. 201S Jan 27;20(2):2081-99 (hcrcinal'tcr "Mclctta"); Pompcr AI'I'idavit, Paras. 33-3S.

A» provided on page 2089 ol' Mclctta, although pronounced binding ol' ['-'1]MIP-1232 to carotid

plaques was ohscrvcd, Mclctta did not ohscrvc, howcvcr, any dil'I'crcncc in avcragc spccil>c

binding hctwccn stable and vulncrahlc plaques and hctwccn plaques and normal artcrics.

Pompcr AI'I'idavit, Para. 34. Based on thcsc data, Malctta could not conclude on thc sclcctivity ol'

['-'1]MIP-1232 I'or FAP. Accordingly, hccausc ol' thc low spccil'icity MIP-1232 displayed in thc

investigation, Mclctta concluded that MIP-1232 was not suitable I'or thc medical imaging I'or thc

medical condition. 5ee Procter & Gamble v. Tcva, S66 F.3d 989, 997 (Fcd. Cir. 2009)

(Upholding decision ol' thc District Court that thcrc was no rcasonahlc cxpcctation ol' success in

modil'ying thc prior att compound to produce a "improved, sal'c, and cl'I'cctivc" drug hccausc

rcscarchcrs had no ha»i» to cxpcct it to hc as good as or hcttcr than thc prior ail compound). Thc

lack ol' rcasonahlc cxpcctation ol' success i» cspccially telling in view ol' thc I'zilurc hy others in

thc art to usc thc compound» ol'Zimmcrman cited hy thc 01'lice Action. Bochringcr Ingclhcim

Vctmcdica, Inc. v. Schcring-Plough Corp., 320 F.3d 1339, 13S4 (Fcd. Cir.2003) ("While

absolute ccitainty i» not ncccssary to establish a rcasonahlc cxpcctation ol' success, thcrc can hc

little hcttcr cvidcncc negating an cxpcctation ol' success than actual rcpoits ol' I'zilurc."); In rc

Donohuc, 766 F.2d S31, S33 (Fcd. Cir. 198S) ("Failures hy those skilled in thc art (having

possession ol' thc inl'ormation disclosed hy thc publication) arc strong cvidcncc that thc

disclosure ol' thc publicationwas noncnahling.")

Applicant rcspcctl'ully submits, ha»cd on thc unpredictability in thc ail and I'zilurc and

unccitainty ohscrvcd hy Malctta associated with thc prior art compound, that onc ol'ordinary

skill in thc ail would not have a rcasonahlc cxpcctation ol' success in arriving at a sclcctivc FAP

imaging agent hy mcrcly modil'ying thc FAP inhibitors ol' Janscn I and/or Janscn 11 with thc

radiohalogcn ol' Zimmcrman.

iii. Th er e are unex ected results associated with the claimed com ounds to
rebut an showin of rima facie obviousness

Thc strong showing ol'uncxpcctcd results associated with thc claimed compound» I'urthcr

dcmonstratcs thc non-obviousness ol' thc pending claims. 5ee Pompcr AI'I'idavit, Paras. 38-42.

A» provided in thc Pompcr Al'l idavit, spccilicity i» an important paramctcr I'or dcvcloping a

medical imaging agent hccausc a highspccil cecityol' thc compound allows thc imaging agent to
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sclcctivcly hind to thc target protein associated with a discase, thcrcl'orc enabling thc imaging

agent to diagnose thc discase morc accurately.

In particular, while Mclctta could not conclude on thc sclccti vity ol' thc compound ol'

Zimmcrman ['-'1]MIP-1232 I'or FAP (above section ii), thc spccil'icity/sclcctivity ol' XY-FAP-01

and XY-FAP-02 imaging agents i» shown in thc current application US 2020/0330624 I'or thc

sclcctivity I'or FAP over dipcptidyl pcptidasc 4 (DPPIV), a rclatcd scrinc protcasc (Paragraph»

[0019], [0020], [0244]-[024S ], and Figures 2, 3A, 3B, and 3C). Pompcr AI'I'idavit, Para. 40.

Further, a well-acccptcd indicator ol' thc spccil'icity/sclcctivity ol' thc FAP imaging agent

i» ratio ol' thc amounts taken I'or thc FAP imaging agent to inhibit prolyl pcptidasc (PREP) versus

FAP. Pompcr AI'I'idavit, Para. 41. In I'act, Janscn I uses such a PREP/FAP ratio as a "sclcctivity

index" I'or thc compound» disclosed in Janscn I. 5ee Janscn I, pages 42-S I, Tables 3 and 4.

Rcprcscntativc compound» ol' thc pending claims arc provided in thc table below with

PREP/FAP values I'or comparison. Surprisingly, thc spccil'icity ol'compound» I'alline under thc

~sco c ol' thc pending claims I'or FAP i» gcncrally scvcral orders ol' magnitude higher than that ol'

other small molcculc FAP inhibitors. Pompcr AI'I'idavit, Para. 42. In particular, as shown in thc

Table below, MIP-1232, which i» a rcprcscntativc compound ol'Zimmcrman, has a PREP/FAP

ratio ol'32, compared with thc lowest value ol'779 and highest value ol' 1,418,440 I'or

rcprcscntativc compound» ol' thc pending claims. Id., Para. 42. I t i» also notable that thc other

rcl'crcncc compound» which sharc thc same FAP moictics hut do not have a linker also have a

signil'icantly lower PREP/FAP ratio in thc range I'rom 3 to 403. Id. Such dil'I'crcnccs in

spccil'icity hctwccn thc rcl'crcncc compound» ol' thc prior ait and thc compound» ol' thc pending

claims arc surprising and uncxpcctcd.

PREP/FAP
Ratio
32 *

Molecular structure of Representative Compounds
of Formula (I)

PREP/FAP
Ratio

4,111

Reference Compound
Molecular Structure

125i

OH

molecular weight: 370.38 g/mol
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Reference Compound
Molecular Structure

PREP/FAP
Ratio

152

Molecular structure of Representative Compounds
of Formula (I)

PREP/FAP
Ratio

66,084
N CN

r­ .co+'. c
G

0 N~ 7
CC.,N O

molecular weight: 734.70 g/mol
N

20
Ci% I

f ooc~ k «~ N~ ~ O

Hooc — I ~' )
molecular weight: 983.86 g/mol

N

, O .
N

1
O~N~ g

)1,418,44
0

HOCC

403 10,502
, ~ CN

W.N O .'V~

8(.GC-~ I W «
P

N~

NOOC — I '~ )
molecular weight: 876.94 g/mol

HOOC

15.7 5,807
CN

t» ~
«co~A 0

N « N~ O
F N V

molecular weight: 734.70 g/mol

241
"KP.)c » ~ y . QQ Q Q 779«N

.J
4»' N

:.I
0

i '
h.' ~ ~ ~ O

N

molecular weight: 1049.13 g/mol
17 1,693cubi

CN H
v'. N ~ A ~

H~
.N ~~ @

J 3

0

'V, I'

t
» , ~ i " . X . H

f»'

N
HQC)j ­ « » I M Q ) A H

molecular weight: 1073.15 g/mol
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PREP/FAP
Ratio

Molecular structure of Representative Compounds
of Formula (I)

PREP/FAP
Ratio

407

Reference Compound
Molecular Structure

'v~W,
I:

C)
HN

fl

t' iX
N

molecular weight: 1266.39 g/mol
10,694

molecular weight: 889.39 g/mol
11,893

molecular weight: 761.39 g/mol
ri" m Q 1,313>t~ '

O~ ~

P,
lt'.

H
Q,.Qo

— t'~

molecular weight: 1282.43 g/mol
* Data I'rom R. Mclctta ct al., Molcculcs, 201S Jan 27;20(2):2081-99. Molecular structure ol'

thi» rcl'crcncc compound corrcspond» to MIP-1232 ol' thc Mclctta rcl'crcncc.

Accordingly, Applicant rcspcctl'ully submits that claim 29 i» not obvious over Janscn I in

view ol'Zimmcrman and Janscn 11. Applicant rcspcctl'ully rcciucsts that thc rcjcction ol'claim 29

under 3S U.S.C. ss 103 as heing unpatcntahlc over Janscn I in view ol'Z immcrman and Janscn 11

hc withdrawn at thi» time.

Douhle Patcntine

16
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Claim 29 i» provisionally rcjcctcd on thc ground ol' nonstatutory douhle patenting as

allcgcdly heing unpatcntahlc over claims I, 2, 13, I S, 16 and 21-2S ol'copending Application

No. 16/762,873.

Applicant notes that it appears that thc Ol'l>cc Action intcndcd to cite Application No.

16/7 S 8,182.

Without acquiescing to thc assertions made in thc Ol'lice Action, Applicant has submitted

hcrcwith a Terminal Disclaimer over Application No. 16/7S8,182.

Applicant rcspcctl'ully rcqucsts that thc rcjcction ol'claim 29 under nonstatutory douhle

patenting over Application No. 16/7S8,182 hc withdrawn at thi» time.

CONCLUSION

Should thcrc hc any minor issues outstanding in thi» matter, thc Examiner i» rcspcctl'ully

rcqucstcd to tclcphonc thc undcrsigncd attorney at 919-724-8699 or 608-662-1277. Early passage

ol' thc subject application to issue i» carncstly solicited.

DEPOSIT ACCOUNT

Thc Commissioner i» hcrchy authorized to charge any undcrpaymcnt or credit any

ovcrpaymcnt associated with thi» Idling to Deposit Account Number SO-4302. 11'an cxtcnsion ol'

time I'or thi» paper i» rcquircd, petition I'or cxtcnsion i» hcrcwith made.

Rcspcctl'ully Submitted,

CASIMIR JONES, S.C.

/JEFFREY W. CHILDERS/

Jcl'I'rcy W. Childcrs, Ph.D.
Registration No. S8126
Customer No. 101943

Date: Dcccmhcr 13, 2023
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J H U-36631.303

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Conllrmatlon No.: 7S36In rc Application ol': YANG, ct al.

Serial No.: 18/3S4,282

Filed: July 18, 2023

FOR: IMAGING AND RADIOTHERAPEUTICS AGENTS TARGETING
FIBROBLAST-ACTIVATION PROTEIN-ALPHA (FAP-ALPHA)

Ail Unit : 1618

Examiner: Pcrrcira, Mclissa Jean

Commissioner I'or Patents
P.O. Box 14SO
Alexandria, VA 22313-14SO

PETITION TO ACCEPT COLOR DRA WIN('S UNDER
37 C.F.R. g 1.84(a)(2)

Thi» Petition i» submitted to request acceptance of the color drawing» previously filed in the

above-referenced Application. Applicants submit that color drawing» are the only practical medium hy

which to disclose the subject matter sought to he patented. The present application i» directed to

imaging and radiotherapeutics agents targeting fihrohlast-activation protein-a. Specifically, Figures

6-8, show color images of tumor hearing mice using the exemplary imaging and radiotherapeutic

agents. The figures illustrate the uptake of agents after set amounts of time. Thus, Applicant believes

that color drawing» are necessary as the only practicable medium hy which to disclose the subject

matter sought to he patented.

A» the color drawing» were filed electronically via EFS-Weh, only one set of color drawing»

were submitted and were categorized as "Drawings-other than black and white line drawing»." Please

note that the specification incorporates the language regarding color drawing» as required hy 37 C.F.R.

) 1.84(a)(2)(iii).
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J H U-36631.303

The small entity fee required under 37 C.F.R. ) 1.17(h) in the amount of $56 i» submitted

herewith. No further fees are believed to he due. Please charge any additional fees or credit any

overpayment of fees in connection with thi» Petition to Deposit Account No. 50-4302.

Respectfully,

/Jeffre W. Childers/

Jeffrey W. Childers
Registration No. 58126
Casimir Jones, S.C.
2275 Deming Way Suite 310
Middleton, WI 53562
608 662 1277

Dated: December 13 2023
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IN THE CLAIMS:

29. (Prcscntly Amended) A low molecular weight compound of' Formula (I):

B-L-A (I)

whcrcin:

A i» a targeting moiety f' or FAP-c, whcrcin A has thc structure of':

R~x~~ < R2x

<,~R,„

'y'v •
CH2)

Rsx R7x
Rsx

whcrcin:

Rt x and Rzx arc each independently sclcctcd f'rom thc group consisting of' H, OH,

halogen, Ci <,alkyl, -0-C i <,alkyl, and -S-Ci <,alkyl;

R>x i» sclcctcd f'rom thc group consisting of' H, -CN, -B(OH)z -C(0)alkyl, -C(0)aryl-, ­

C=C-C(0)aryl, -C=C-S(0)zaryl, -COSH, -SO>H, -SOzNHz, -PO>Hz, and 5-tctlaloly l ;

Rqx i» H;

Rs, R<, and R7 ate each independently »elected f'rotTt the gtoup consisting of' H, -OH,

oxo, halogen, -Ci <alkyl, -0-Ci <alkyl, -S-Ci <alkyl, -NRxxRi>„-ORiz„ - H ctz and -Arz, each of'Ci

<,alkyl being optionally substituted with f'rom I to 3 substitucnts sclcctcd f'rom -OH and halogen;

Ry,„R)x and R f'>x arc each independently sclcctcd f'rom thc group consisting of' H, -OH,

halo, -C i <,alkyl, -0-Ci <,alkyl, -S-Ci <,alkyl, and -Ar>,

Rn>„Ri i„Ri >x and Rizx arc each independently sclcctcd f'rom thc group consisting of' H, ­

OH, halogen, -Ci <,alkyl, -0-Ci <,alkyl, and -S-Ci <,alkyl; Ari, Arz and Ar> arc each independently

a 5- or 6-mcmbcrcd aromatic monocyclc optionally comprising I or 2 hctcroatoms sclcctcd f'rom

0, N and S; each of'Ari , Arz and Ar> being optionally and independently substituted with f'rom I

to 3 substitucnts sclcctcd f'rom -NRn>xRi i„-Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl;

Hctz i» a 5- or 6-mcmbcrcd non-aromatic monocyclc optionally comprising I or 2

hctcroatoms sclcctcd f'rom 0, N and S; Hctz being optionally substituted with f'rom I to 3

substitucnts sclcctcd f'rom -NRi >xRiz„-Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl;
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v i» 0, 1, 2, or 3; and

rcprcscnts a 5 to 10-mcmbcrcd N-containing aromatic or non-aromatic mono- or bicyclic

hctcrocyclc, said hctcrocyclc optionally f'urthcr comprising 1, 2 or 3 hctcroatoms sclcctcd f'rom

0, N and S;

B i» any optical or radiolabclcd f'unctional group suitable f' or optical imaging, positron­

cllllssion tomogt" tphv (PET) ltllaglng, »ingle-photon cllli»»ion computed tomo < raphy (SPECT)

imaging, or radiotherapy; and L i» a linker having bi-f'unctionalization adapted to f'orm a

chemical bond with B and A; or

a stcrcoisomcr, tautomcr, raccmatc, salt, hydrate, or solvatc thcrcof'.

30. (New) Thc compound of'claim 29, whcrcin B i» any radiolabclcd f'unctional

group suitable f' or positron-emission tomo < raphy (PET) imaging, »in< lc-photon emission

computed tomo< raphy (SPECT) imaging, or radiotherapy.

31. (New) A low molecular weight compound consisting csscntially of'components

B-L-A; whcrcin:

A i» a targeting moiety f' or FAP-c, whcrcin A has thc structure of':

R~x~~ < R2x

<,~R,„

'y'v •
CH,)

Rsx R7x
Rsx

whcrcin:

Rt x and Rzx arc each independently sclcctcd f'rom thc group consisting of' H, OH,

halogen, Ci <,alkyl, -0-C i <,alkyl, and -S-Ci <,alkyl;

R>x i» sclcctcd f'rom thc group consisting of' H, -CN, -B(OH)z -C(0)alkyl, -C(0)aryl-, ­

C=C-C(0)aryl, -C=C-S(0)zaryl, -COSH, -SO>H, -SOzNHz, -PO>Hz, and 5-tctlaloly l ;

Rqx i» H;

Rs, R<, and R7 ate each independently »elected f'rotTt the gtoup consisting of' H, -OH,

oxo, halogen, -Ci <alkyl, -0-Ci <alkyl, -S-Ci <alkyl, -NRxxRi>„-ORiz„ - H ctz and -Arz, each of'Ci

<,alkyl being optionally substituted with f'rom 1 to 3 substitucnts sclcctcd f'rom -OH and halogen;
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Ry,„R), and RI'>, arc each independently sclcctcd f'rom thc group consisting of' H, -OH,

halo, -C I <,alkyl, -0-CI <,alkyl, -S-CI <,alkyl, and -Ar>,

Rn>„RI I„R I >, and RIz, arc each independently sclcctcd f'rom thc group consisting of' H, ­

OH, halogen, -CI <,alkyl, -0-CI <,alkyl, and -S-CI <,alkyl; ArI, Arz and Ar> arc each independently

a 5- or 6-mcmbcrcd aromatic monocyclc optionally comprising 1 or 2 hctcroatoms sclcctcd f'rom

0, N and S; each of'ArI, Arz and Ar> being optionally and independently substituted with f'rom 1

to 3 substitucnts sclcctcd f'rom -NRn>,RI I„ -CI <alkyl, -0-CI <alkyl, and -S-CI <alkyl;

Hctz i» a 5- or 6-mcmbcrcd non-aromatic monocyclc optionally comprising 1 or 2

hctcroatoms sclcctcd f'rom 0, N and S; Hctz being optionally substituted with f'rom 1 to 3

substitucnts sclcctcd f'rom -NRI >,RIz„ -CI <alkyl, -0-CI <alkyl, and -S-CI <alkyl;

v i» 0, 1, 2, or 3; and

rcprcscnts a 5 to 10-membered N-containing aromatic or non-aromatic mono- or bicyclic

hctcrocyclc, said hctcrocyclc optionally f'urthcr comprising 1, 2 or 3 hctcroatoms sclcctcd f'rom

0, N and S;

B i» any optical or radiolabclcd f'unctional group suitable f' or optical imaging, positron­

cllll»»ion tomogt" tphv (PET) imaging, »ingle-photon clllission computed tomo < raphy (SPECT)

imaging, or radiotherapy; and L i» a linker having bi-f'unctionalization adapted to f'orm a

chemical bond with B and A; or

a stcrcoisomcr, tautomcr, raccmatc, salt, hydrate, or solvatc thcrcof'.
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JHU-36631.303Application No. 18/354,282

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Confirmation No.: 7536In re Application of: YANG, et al.

Serial No.: 18/354,282

Filed: July 18, 2023

Art Unit: 1618

Examiner: Perreira, Melissa Jean

FOR: IMAGING AND RADIOTHERAPEUTICS AGENTS TARGETING
FIBROBLAST-ACTIVATION PROTEIN-ALPHA (FAP-ALPHA)

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

DECLARATION PURSUANT TO 37 C.F.R. 1 .132

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Examiner Perreira:

1. I, M a r t in Pomper, am the Principal Investigator and co-inventor of the subject

matter described and claimed in the above-referenced patent application (the "Application" ).

The research leading to the subject matter of the Application was conducted in my laboratory.

2. I am c urrently Chair of the Department of Radiology at University of Texas

Southwestern Medical Center. Previously, I was Professor of Radiology and Radiological

Science, Professor of Oncology and Radiation Oncology and Molecular Radiation Services,

Research Chief of Nuclear Medicine, Director of the Division of Nuclear Medicine and

Molecular Imaging, Associate Dean of Entrepreneurship and Technology Development, and

Director of the Johns Hopkins Center for Translational Molecular Imaging at the Johns Hopkins

School of Medicine.

3. I received my B.Sc. degree, Ph.D. degree, and MD degrees all from the

University of Illinois at Urbana-Champaign.
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4. I com p leted my postgraduate medical training at Johns Hopkins that included a

medical internship, residencies in diagnostic radiology and nuclear medicine, and a fellowship in

neuroradiology, before I joined the Johns Hopkins faculty in 1996.

5. I ha v e authored hundreds scientific articles and am inventor of numerous issued

patents or patent applications in the field of medical diagnostic imaging.

6. I ha v e read the non-final Office Action dated September 26, 2023, in the subject

Application and the references cited therein.

7. I und erstand the Office Action rejected claim 29 on numerous grounds, including

anticipation under 35 U.S.C. f 102(a) and obviousness under 35 U.S.C. f 103.

8. I und erstand that the pending claims are directed to a low molecular weight

compound of Formula (I):

B-L-A

wherein A is a targeting moiety for FAP-a defined by a specific structure, B is an optical or

radiolabeled functional group, and L is a linker having bi-functionalization adapted to form a

chemical bond with B and A.

9. The o ff ice action asserts that prior claim 29 is anticipated under 35 U.S.C. f

102(a)(1) by DvoIhkovh et al. (J. Med. Chem. 2017, 60, 8385-8393) (hereinaAer "DvoIhkovh").

10. Cl a im 29 is amended and further defines the compound of formula (I) as being

"low molecular weight" ("LMW"). I distinguish the LMW compound of the pending claims

from large molecule imaging agents containing anti-FAP moieties. In particular, I characterize

large molecule imaging agents as having numerous disadvantages, including pharmacokinetic

limitations, including slow blood and non-target tissue clearance and non-specific organ uptake.

Page 1, lines 28-34; page 2, lines 1-7. In contrast, the LMW imaging agents of the instant

application possess numerous advantages compared with the large molecule imaging agents. Id.

Specifically, LMW imaging agents demonstrate faster pharmacokinetics and a higher specific

signal within clinically convenient times after administration. Id. They also can be synthesized

in radiolabeled form more easily and may offer a shorter path to regulatory approval.

11. I d i s t inguish between the LMW compounds of the pending claims and larger

biologic compounds such as antibodies and high relative molecule mass polymers, as cited

below.
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12. Su p port for "low molecular weight" can be found at least on page 1, lines 28-34,

page 2, lines 1-7, and page 8, lines 26-29, page 9, lines 1-2 of the instant specification:

[T]he presently disclosed subject matter provides potent and selective low-molecular­
weight (LMW) ligands of FAP-a, i.e., an FAP-a selective inhibitor, conjugated with a

targeting moiety feasible for modification with optical dyes and radiolabeling groups,

including metal chelators and metal complexes, which enable in vivo optical imaging,

nuclear imaging (optical, PET and SPECT), and radiotherapy targeting FAP-a

[Page 8, lines 26-29, page 9, lines 1-2].

Because FAP-a is expressed in tumor stroma, anti-FAP antibodies have been investigated
for radioimmunotargeting of malignancies, including murine F19, sibrotuzumab (a

humanized version of the F19 antibody), ESC11, ESC14, and others. (Welt, et al., 1994;

Scott, et al., 2003; Fischer, et al., 2012). Antibodies also demonstrated the feasibility of

imaging inflammation, such as rheumatoid arthritis. (Laverman, et al., 2015). The use of

antibodies as molecular imaging agents, however, suffers from pharmacokinetic
limitations, including slow blood and non-target tissue clearance (normally 2-5 days or

longer) and non-specific organ uptake. Low molecular weight (LMW) agents

demonstrate faster pharmacokinetics and a higher specific signal within clinically

convenient times after administration. They also can be synthesized in radiolabeled form

more easily and may offer a shorter path to regulatory approval. (Coenen, et al., 2010;

Coenen, et al., 2012; Reilly, et al., 2015). To date, however, no LMW ligand has been

reported with ideal properties for nuclear imaging of FAP-a [Page 1, lines 28-34, page 2,

lines 1-7].

13. Fu r ther, the instant specification on page 45, lines 12-14, defines a "polymer" as a

molecule of high relative molecule mass, the structure of which essentially comprises the

multiple repetition of unit derived from molecules of low relative molecular mass, i.e., a

monomer, which distinguishes "low molecular weight compounds" from "polymers."

14. In c ontrast to the instant application, the compound disclosed in DvoIhkovh

(compound 1) is a large molecule compound — as the Examiner correctly pointed out, comprising

an anti-FAP moiety bound to an ATTO488 dye via a HMPA co ol mer. The molecular weight

of compound 1, an iBody, disclosed by DvoIhkovh is 149,900 g/mol. See DvoIhkovh, page

8387, leA column, first full paragraph. The high molecular weight of compound 1 of DvoIhkovh

compares in sharp contrast with the low molecular weight of the compounds of the instant

application. In particular, the molecular weight of representative compounds of the instant

application, i.e., XY-FAP-02, is about 840 g/mole and XY-FAP-01 is about 1367 g/mole.
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15. Fu r ther, I have provided additional low molecular weight compounds of the

current claims with molecular weights in the below table in paragraph 42.

16. I, u pon reading and understanding of the instant specification in view of

DvoIhkovh, would appreciate that the presently claimed compounds are "low molecular weight"

compounds.

17. I o b serve that the term of "low molecular weight" is well accepted in the chemical

arts. In particular, when used in the scientific references in the chemical arts, I recognize that

low molecular weight compounds would have a molecular weight of typically from about 50

Daltons to about 1,500 Daltons. See e.g., K Beebe et al., Clin Transl Sci. 2014 Feb; 7(1): 74 — 81

("Metabolomics is oflen described as a systematic study of the low molecular weight

(approximately 50 — 1,500 Da) metabolites (chemicals) within a given sample" ); A. Ferreira et al.,

J. Agric. Food Chem. 2014, 62, 6784 — 6793 ("Metabolites are a group of low molecular weight

substances (50 — 1500 Da) that includes amino acids, fatty acids ..."); C. Llewellyn et al.,

Progress in Oceanography, Volume 137, p. 421-433 (Metabolomics involves the non-targeted

unbiased analysis of large suites of low molecular weight organic molecules or metabolites

(typically 50 — 1500 Da)...); see also

https://www.ebi.ac.uk/training/online/courses/metabolomics-introduction/what-is/small­

molecules/ ("A small molecule (or metabolite) is a low molecular weight organic compound,

typically involved in a biological process as a substrate or product. Metabolomics usually studies

small molecules within a mass range of 50 — 1500 daltons (Da).")

18. Th e Off ice Action asserts that claim 29 is obvious over Jansen et al.

(US2014/0357650A1) (hereinafter "Jansen I") in view of Zimmerman et al.

(US2010/0098633A1) (hereinafter "Zimmerman") and Jansen et al. (ACS Med. Chem. Lett.

2013, 14, 491-496) (hereinafter "Jansen II").

19. I u n derstand that the Office Action took the position that it would have been

obvious to substitute the heteroaromatic FAP inhibitors of Janssen I with a radiohalogen (taught

in Zimmerman) via a linker, such as Ci 6alkyl or -0-Ci 6alkyl as Jansen II teaches that the

quinoline containing FAP inhibitors have 60 times more FAP-affinity than the N-(1-naphthoyl)

FAP inhibitors and can be halogenated on the quinoline, such as via trifluoromethoxy.
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20. Based on my review of the Office Action and prior art references cited in the

Office Action, I disagree with the obviousness rejections for the following reasons:

21. Fir s t , I found that there are no teachings or suggestions in the cited reference to

make a compound with a linker having a bi-functionalization which binds to the FAP inhibitor

moiety A and the optical or radiolabeled moiety B.

22. Th e Off ice Action took the position that the C> dialkyl or -0-C> dialkyl group
disclosed in Jansen I may serve as the linker when the compounds containing the C> ~alkyl or -0­

C l-/alkyl of Jansen I are modified with a radiohalogen.

23. I o bserved that C> dialkyl and the -0-C> dialkyl are among a variety of functional

groups that may be attached to the heterocyclic group of the FAP inhibitor compounds disclosed

in Jansen I, including H, — OH, — oxo, halo, — C> dialkyl, — 0 — C>+alkyl, S — C> dialkyl,
NRsRq, — OR>z, He tz and A r z , wherein the C> ~alkyl may be optionally substituted with

— OH and ha lo.

24. Fur ther, I observed that the vast majority of the representative compounds

disclosed in either Jansen I or Jansen II do not contain a halogenated C> dialkyl substitution. Out

of 43 representative FAP inhibitors in Jansen I, only one of them is substituted with a

halogenated C> dialkyl or -0-C> dialkyl. See Jansen I, Table 4, Example 11. The same compound

is also the only FAP inhibitor substituted with a halogenated C> ~alkyl or -0-C> ~alkyl out of 39

representative FAP inhibitors in Jansen II. See Jansen II, Table 3, Compound 28.

25. FAP inhibitors substituted with a halogenated C> ~alkyl or -0-C> ~alkyl clearly do

not stand out of the many FAP inhibitors including those unsubstituted or substituted with other

functional groups or elements disclosed in Jansen I or Jansen II. There is no suggestion in the

cited references as to why a FAP inhibitor substituted with a halogenated C> ~alkyl should be

selected for modification with a radiohalogen.

26. I n o t ice that the single FAP inhibitor substituted with the halogenated C>dialkyl or
-0-Cl-/alkyl disclosed in Jansen I and Jansen II has worse bioactivities compared with the other

compounds disclosed in the prior art. In particular, many FAP inhibitors of Jansen I and Jansen

II have more favorable affinity and specificity properties than Example 11 of Jansen I or

Compound 28 of Jansen II which is substituted with a trifluoromethoxy group. See Example 11,

Table 4, Jansen I; Compound No. 28, Table 3, Jansen II. For example, compound Example 11 of

Petitioner GE Healthcare – Ex. 1002, p. 361 



JHU-36631.303Application No. 18/354,282

Page 6 of 12

Jansen I with the trifluoromethoxy substitution has a ICso of 0.012 pm and a selectivity index of

59, which do not compare favorably to a number of compounds. For example, compound

Example 15 of Jansen I has a ICso of 0.0062 pm and a selectivity index of 193. Accordingly, one

of ordinary skill in the art would not select the FAP inhibitor substituted with a trifluoromethoxy

group for modification.

27. The O ff ice Action appeared to correlate the substitution of a Cizalkyl or -0-Ci g

alkyl on the quinoline ring of the FAP inhibitors as a "linker" to the fact the quinoline containing

FAP inhibitors have 60 times more FAP-affinity than N-(1-naphthoyl) FAP inhibitors:

It would have been obvious to one of ordinary skill in the art before the effective filing
date of the claimed invention to substitute the heteroaromatic FAP inhibitors of [Jansen
I] with a radiohalogen via a linker, such as a Ci dialkyl, -0-Ci dialkyl as [Jensen II]
teaches that the quinoline containing FAP inhibitors have 60 times more FAP-affinity
than the N-(1-naphthoyl) FAP inhibitors and can be halogenated on the quinoline, such
as via trifluoromethoxy. [Office Action dated September 26, 2023, pages 6-7].

I would point out that Jansen II merely discloses that quinoline containing FAP inhibitors

have 60 times higher FAP-affinity than the N-(1-naphthoyl) FAP inhibitors. Jansen II does not

suggest that substitution of the quinoline ring of the quinoline containing FAP inhibitors will

improve the FAP-affinity or selectivity of the FAP inhibitors.

28. On the contrary, Jansen II observed that substitution of the quinoline ring has little

or negative effects on the FAP-affinity of the quinoline containing FAP inhibitors:

Next, we turned our attention to the effect of substituting the N­(4-quinolinoyl) ring in 7
(Table 3). Overall, none of the evaluated substituents was able to improve FAP potency
significantly, with substituents in the 2- and 3-position of the quinoline ring as in
compounds 19 — 24, having a clearly negative effect on this parameter. [Janssen II, page
493, leA column].

In particular, the only FAP inhibitor with a trifluoromethoxy substitution, i.e., Example

11 of Jansen I or Compound 28 of Jansen II, has an inferior FAP-infinity and an inferior

selectivity compared with the FAP-inhibitor without any substitution. Specifically, ICso for FAP

(an indicator of the FAP affinity; a higher value means a lower FAP affinity) is 0.012 pM for the

FAP inhibitor substituted with a trifluomethoxy substitution versus 0.010 pM for the

unsubstituted FAP inhibitor. Selectivity index (a higher selectivity index means a higher

selectivity) is 59 for the former versus 83 for the latter. See Jansen I, Table 4.
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29. A cc o rdingly, the cited references not only fail to suggest selecting and modifying

FAP inhibitors, but also may discourage one of ordinary skill in the art to substitute the FAP

inhibitors with any functional groups, including the Ci ~alkyl or -0-Ci ~alkyl.

30. Fur ther, due to the high unpredictability of the medical imaging art, I believe one

of ordinary skill in the art would not reasonably expected success in modifying the cited prior art

to arrive at the compounds of the pending claims for medical imaging applications.

31. The re are numerous important parameters which need to be taken into

consideration for successfully developing a FAP imaging agent. Those parameters include, for

example, affinity for FAP, selectivity (specificity) for FAP, ease of synthesis, and

biodistribution, and the like. It is important for the agent to have both high affinity and high

specificity to bind to the target protein that is associated with a medical condition. The high

specificity allows the imaging agent to bind selectively to the target protein associated with the

medical condition but not other proteins unrelated to the medical condition. A high specificity is

important for a medical imaging agent because it prevents proteins unrelated to the medical

condition from interfering with the binding between the imaging agent and the target protein.

The affinity and specificity of the medical imaging agent are highly dependent on the molecular

structure of the agent. Accordingly, the art of developing a medical imaging agent is highly

unpredictable as it involves optimizing numerous parameters including the specificity of the

compound.

32. Th e unpredictability of the art is clearly manifested by the documented failure of

a compound disclosed in Zimmerman.

33. In p articular, a representative compound disclosed in Zimmerman, namely MIP­

1232, was extensively investigated as a potential medical imaging agent for atherosclerotic
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plaque, and was determined as not suitable for the application. See Meletta et al., Molecules.

2015 Jan 27;20(2):2081-99 (hereinafter "Meletta").

34. A s p rovided on page 2089 of Meletta, while pronounced binding of [' ~I]MIP­

1232 to carotid plaques was observed, Meletta did not observe, however, any difference in

average specific binding between stable and vulnerable plaques and between plaques and normal

arteries. Based on these data, Maletta could not conclude on the selectivity of [' ~I]MIP-1232 for

FAP.

35. A cc o rdingly, because of the low specificity MIP-1232 displayed in the testing,

Meletta concluded that MIP-1232 was not suitable for the medical imaging application for the

particular medical condition being tested in Meletta. Id. at 2095.

36. Ba sed on my review, I am not aware of any other compounds disclosed in

Zimmerman that fared better than MIP-1232 and that was developed successfully as a medical

imaging agent.

37. Th e fai lure of investigations with MIP-1232, which is a compound disclosed in

the cited prior art, is especially telling as it demonstrates the high unpredictability of the art and

lack of reasonable expectation of success by combining the prior art to arrive at the compounds

of the pending claims for medical imaging applications.

38. Fur ther, I am of the opinion that there are unexpectedly superior FAP specificities

associated with the compounds of the pending claims based on the testing results from my lab.

39. Sp e cificity is an important parameter for developing a medical imaging agent

because a high specificity of the compound allows the imaging agent to selectively bind to the

target protein associated with a medical condition, therefore enabling the imaging agent to

diagnose the medical condition more accurately.

40. W hi l e Meletta could not conclude on the selectivity of the compound of

Zimmerman [' I ]MIP-1232 for FAP (above), we found the specificity/selectivity of XY-FAP-01

and XY-FAP-02 imaging agents as shown in the current application US 2020/0330624 Al for

the selectivity for FAP over dipeptidyl peptidase 4 (DPPIV), a related serine protease

(Paragraphs [0019], [0020], [0244]-[0245], and Figures 2, 3A, 3B, and 3C).

41. Fur ther, a well-accepted indicator of the specificity/selectivity of the FAP

imaging agent is ratio of the amounts taken for the FAP imaging agent to inhibit prolyl peptidase
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(PREP) versus FAP. In fact, Jansen I uses such a PREP/FAP ratio as a "selectivity index" for the

compounds disclosed in Jansen I. See Jansen I, pages 42-51, Tables 3 and 4.

42. In t he process of developing FAP imaging agents, my lab tested the specificity of

a number of FAP imaging agents, some of which have molecular structures covered by the

pending claims of this application, and some of which have molecular structures not covered by

the pending claims and which are used as reference compounds. The results are summarized in

the Table below, together with the specificity data for MIP-1232 extracted from Melleta. MIP­

1232 and the compounds not covered by the pending claims tested in my lab are labeled as

"Reference Compound" in the table below.

PREP/FAP
Ratio
32*

Molecular structure of Representative Compounds
of Formula (l)

PREP/FAP
Ratio

4,111

Reference Compound
Molecular Structure

125i
CN

0 N~

F~ ~
IOH

N
molecular weight: 370.38 g/mol

152 66,084~ CN
H

0 N~F ~CO2H

N< N ~ N~ O

NCO„-H

molecular weight: 734.70 g/mol
N

20
CN CN

)1,418,44
0

0 N~
0 N~

N

HOOC~ ~ )
molecular weight: 983.86 g/mol

N

403 10,502
NCN

o
0 N~

t,F(y.m W ~ N~ O

( ) NN N
N HOOC~ ~ )

HOOC
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Reference Compound
Molecular Structure

PREP/FAP
Ratio

PREP/FAP
Ratio

Molecular structure of Representative Compounds
of Formula (l)
molecular weight: 876.94 g/mol

15.7 5,807CN

~COSH

N JL ~ . N~ ~ OF N

NCozl I

molecular weight: 734.70 g/mol
N

241 HOOCH M ~ COOH 779
CN

Cx„HOOC~ ~

O
0 HN

F N

N ~ O~

molecular weight: 1049.13 g/mol
NF N

17 1,693
U CN

CN
C N ~

H0 N~

O Hh H

~ g ~ COO H
N

(. .)N
HOOC~ ~ ~ CO O HF

molecular weight: 1073.15 g/mol
407.fiI

CN 00 I

0 0

H M ~ COC I­

( ' )
Hooc ~ ~ ceo

N
molecular weight: 1266.39 g/mol

10,694

CNNH

HHO 0 ~ ~ N
N~ O

molecular weight: 889.39 g/mol
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Reference Compound
Molecular Structure

PREP/FAP
Ratio

PREP/FAP
Ratio
11,893

Molecular structure of Representative Compounds
of Formula (l)

molecular weight: 761.39 g/mol
1.313

~C
N

molecular weight: 1282.43 g/mol
* Data from R. Meletta etc., Molecules, 2015 Jan 27;20(2):2081-99. Molecular
structure of this reference compound corresponds to MIP-1232 of the Meletta

reference

43. Su r p r isingly, the specificity of the compounds covered by the pending claims for

FAP is generally several orders of magnitude higher than that of other small molecule FAP

inhibitors used as reference compounds. In particular, as shown in the Table below, MIP-1232,

which is a compound of Zimmerman, has a PREP/FAP ratio of 32, compared with the lowest

value of 779 and highest value of 1,418,440 for the representative compounds of the pending

claims. I also observe that the other reference compounds which share the same FAP moieties

but do not have a linker also have a significantly lower PREP/FAP ratio in the range from 3 to

403. Such differences in specificity between the reference compounds and the compounds of

the pending claims are surprising and unexpected. The higher specificity of the compounds of

the pending claims certainly is beneficial for successfully developing a medical imaging agent.

44. I h e reby declare that all statements made herein of my knowledge are true and

that all statements made on information and belief are believed to be true; and further that these

statements were made with the knowledge that willful false statements and the like so made are

punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States

Code, and that such willful false statements may jeopardize the validity of the application or any

patent issued thereon.
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Respectfully Submitted,

12/12/2023

DateMartin Pomper
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Examiner Perreira:

1. I, Ma r t in Pomper, am the Principal Investi<~ator and co-inventor of the subject

matter described and claimed in the above-referenced patent application (the "Application" ).

The research leadin< to the subject matter of the Application was conducted in my laboratory.

2. I am c urrently Chair of the Department of Radiolo<~y at University of Texas

Southwestern Medical Center. Previously, I was Professor of Radiolo< y and Radiolo < ical

Science, Professor of Oncolo< y and Radiation Oncolo < y and Molecular Radiation Services,

Research Chief of Nuclear Medicine, Director of the Division of Nuclear Medicine and

Molecular Ima < in<, Associate Dean of Entrepreneurship and Technolo < y Development, and

Director of the Johns Hopkins Center for Translational Molecular Ima<~in<~ at the Johns Hopkins

School of Medicine.
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3. I rec e ived my B.Sc. de< ree, Ph.D. de< ree, and MD de< rees all from the

University of Illinois at Urbana-Champai<~n.

4. I com p leted my post< raduate medical trainin < at Johns Hopkins that included a

medical internship, residencies in dia<~nostic radiolo<~y and nuclear medicine, and a fellowship in

neuroradiolo <~y, before I joined the Johns Hopkins faculty in 1996.

5. I ha v e authored hundreds scientific articles and am inventor of numerous issued

patents or patent applications in the field of medical dia < nostic ima< in< .

6. I ha v e read the non-final Office Action dated September 26, 2023, in the subject

Application and the references cited therein.

7. I und erstand the Office Action rejected the claim 29 on numerous<~rounds,

includin <~ anticipation under 35 U.S.C. g 102(a) and obviousness under 35 U.S.C. g 103. I will

focus on the obviousness rejection under 35 U.S.C. g 103 in this Affidavit based on my technical

expertise and knowled< e in the art of medical dia < nostic ima< in< .

8. I unde r stand that the pendin< claims are directed to a low molecular wei < ht

compound of Formula (I):

B-L-A

wherein A is a tar <~etin<~ moiety for FAP-u defined by a specific structure, B is an optical or

radiolabeled functional < roup, and L is a linker havin < bi-functionalization adapted to form a

chemical bond with B and A.

9. The O f f ice Action asserts that claim 29 is obvious over Jansen et al.

(US2014/0357650A1) (hereinafter "Jansen I") in view of Zimmerman et al.

(US2010/0098633A1) (hereinafter "Zimmerman") and Jansen et al. (ACS Med. Chem. Lett.

2013, 14, 491-496) (hereinafter "Jansen II").

10. I u n derstand that the Office Action took the position that it would have been

obvious to substitute the heteroaromatic FAP inhibitors of Janssen I with a radiohalo<~en (tau<~ht

in Zimmerman) via a linker, such as Ci <alkyl or -0-Ci <alkyl as Jansen II teaches that the

quinoline containin <~ FAP inhibitors have 60 times more FAP-affinity than the N-(1-naphthoyl)

FAP inhibitors and can be halo<~enated on the quinoline, such as via trifluoromethoxy.

11. Ba sed on my review of the Office Action and prior art references cited in the

Office Action, I disa< ree with the obviousness rejections for the followin < reasons:
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12. Fir s t , I found that there are no teachin< s or su«estions in the cited reference to

make a compound with a linker havin <~ a bi-functionalization which binds to the FAP inhibitor

moiety A and the optical or radiolabeled moiety B.

13. T h e Off ice Action took the position that the Ci <,alkyl or -0-Ci <,alkyl< roup

disclosed in Jansen I may serve as the linker when the compounds containin<~ the Ci dialkyl or -0­
Ci dialkyl of Jansen I are modified with a radiohalo < en.

14. I ob s erved that Ci <alkyl and the -0-Ci <alkyl are amon< a variety of functional

< roups that may be attached to the heterocyclic < roup of the FAP inhibitor compounds disclosed

in Jansen I, includin<~ H, O H , oxo , hal o , Ci c,alkyl, 0 Ci c ,alkyl, S Ci c,alkyl,

NRi<R), OR i2 , Hetz and A rz, wherein the Ci <alkyl may be optionally substituted with

OH and h a lo

15. Fu r ther, I observed that the vast majority of the representative compounds

disclosed in either Jansen I or Jansen II do not contain a halo< enated Ci <alkyl substitution. Out

of 43 representative FAP inhibitors in Jansen I, only one of them is substituted with a

halo< enated Ci <alkyl or -0-Ci <alkyl. Bee Jansen I, Table 4, Example 11. The same compound

is also the only FAP inhibitor substituted with a halo<~enated Ci dialkyl or -0-Ci dialkyl out of 39

representative FAP inhibitors in Jansen II. Bee Jansen II, Table 3, Compound 28.

16. F A P inhibitors substituted with a halo<~enated Ci <,alkyl or -0-Ci <,alkyl clearly do

not stand out of the many FAP inhibitors includin<~ those unsubstituted or substituted with other

functional <groups or elements disclosed in Jansen I or Jansen II. There is no su<~<~estion in the

cited references as to why a FAP inhibitor substituted with a halo< enated Ci <,alkyl should be

selected for modification with a radiohalo< en.

17. I not i ce that the sin<~le FAP inhibitor substituted with the halo<~enated Ci <alkyl or

-0-Ci <alkyl disclosed in Jansen I and Jansen II has worse bioactivities compared with the other

compounds disclosed in the prior art. In particular, many FAP inhibitors of Jansen I and Jansen

II have more favorable affinity and specificity properties than Example 11 of Jansen I or

Compound 28 of Jansen II which is substituted with a trifluoromethoxy <~roup. See Example 11,

Table 4, Jansen I; Compound No. 28, Table 3, Jansen II. For example, compound Example 11 of

Jansen I with the trifluoromethoxy substitution has a IC <i of 0.012 pm and a selectivity index of

59, which do not compare favorably to a number of compounds. For example, compound
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Example 15 of Jansen I has a IC-<i of 0.0062 pm and a selectivity index of 193. Accordin< ly, one

of ordinary skill in the art would not select the FAP inhibitor substituted with a trifluoromethoxy

<~roup for modification.

18. The O f f ice Action appeared to correlate the substitution of a Ci <,alkyl or -0-Ci <,

alkyl on the quinoline rin <~ of the FAP inhibitors as a "linker" to the fact the quinoline containin<~

FAP inhibitors have 60 times more FAP-affinity than N-(1-naphthoyl) FAP inhibitors:

It would have been obvious to one of ordinary skill in the art before the effective filin <

date of the claimed invention to substitute the heteroaromatic FAP inhibitors of [Jansen
I] with a radiohalo< en via a linker, such as a Ci <alkyl, -0-Ci <alkyl as [Jensen II]
teaches that the quinoline containin <~ FAP inhibitors have 60 times more FAP-affinity
than the N-(1-naphthoyl) FAP inhibitors and can be halo<~enated on the quinoline, such
as via trifluoromethoxy. [Office Action dated September 26, 2023, pa< es 6-7].

I would point out that Jansen II merely discloses that quinoline containin<~ FAP inhibitors

have 60 times hi <~her FAP-affinity than the N-(1-naphthoyl) FAP inhibitors. Jansen II does not

su<~<~est that substitution of the quinoline rin<~ of the quinoline containin<~ FAP inhibitors will

improve the FAP-affinity or selectivity of the FAP inhibitors.

19. O n the contrary, Jansen II observed that substitution of the quinoline rin< has little

or ne<~ative effects on the FAP-affinity of the quinoline containin <~ FAP inhibitors:

Next, we turned our attention to the effect of substitutin < the N-(4-quinolinoyl) rin < in 7

(Table 3). Overall, none of the evaluated substituents was able to improve FAP potency
si<~niflcantly, with substituents in the 2- and 3-position of the quinoline rin<~ as in
compounds 19 — 24, havin < a clearly ne< ative effect on this parameter. [Janssen II, pa< e

493, left column].

In particular, the only FAP inhibitor with a trifluoromethoxy substitution, i.e. Example 11

of Jansen I or Compound 28 of Jansen II, has an inferior FAP-infinity and an inferior selectivity

compared with the FAP-inhibitor without any substitution. Specifically, IC <i for FAP (an

indicator of the FAP affinity; a hi< her value means a lower FAP affinity) is 0.012 pM for the

FAP inhibitor substituted with a trifluomethoxy substitution versus 0.010 pM for the

unsubstituted FAP inhibitor. Selectivity index (a hi < her selectivity index means a hi < her

selectivity) is 83 for the former versus 59 for the latter. Bee Jansen I, Table 4.

20. Acco r d in<~ly, the cited references not only fail to su <~<~est selectin<~ and modifyin<~

FAP inhibitors, but also may discoura<~e one of ordinary skill in the art to substitute the FAP

inhibitors with any functional <groups, includin<~ the Ci <alkyl or -0-Ci <alkyl.

Petitioner GE Healthcare – Ex. 1002, p. 373 



JHU-~6631.303Application No, 18/3S4,282

Pa<e S of9

21. Furt h er, due to the hi< h unpredictability of the medical ima< in< art, I believe one

of ordinary skill in the art would not reasonably expected success in modifyin < the cited prior art

to arrive at the compounds of the pendin< claims for medical ima < in< applications.

22. The re are numerous important parameters which need to be taken into

consideration for successfully developin< a FAP ima< in< a< ent. Those parameters include, for

example, affinity for FAP, selectivity (specificity) for FAP, ease of synthesis, and

biodistribution, and the like. It is important for the a< ent to have both hi< h affinity and hi < h

specificity to bind to the tar< et protein that is associated with a medical condition. The hi< h

specificity allows the ima< in< a< ent to bind selectively to the tar< et protein associated with the

medical condition but not other proteins unrelated to the medical condition. A hi <~h specificity is

important for a medical ima< in< a< ent because it prevents proteins unrelated to the medical

condition from interferin <~ with the bindin<~ between the ima<~in<~ a<~ent and the tar<~et protein.

The affinity and specificity of the medical ima< in< a< ent is hi< hly dependent on the molecular

structure of the a<~ent. Accordin<~ly, the art of developin <~ a medical ima<~in<~ a<~ent is hi<~hly

unpredictable as it involves optimizin<~ numerous parameters includin<~ the specificity of the

compound.

23. Th e unpredictability of the art is clearly manifested by the documented failure of

a compound disclosed in Zimmerman.

24. In p articular, a representative compound disclosed in Zimmerman, namely MIP­

1232, was extensively investi < ated as a potential medical ima < in< a< ent for atherosclerotic

1
Q

HO p~

plaque, and was determined as not suitable for the application. Bee Meletta et al., Molecules.

201S Jan 27;20(2):2081-99 (hereinafter "Meletta").
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25. As p rovided on pa~<~e 2089 of Meletta, while pronounced bindin~<~ of [" I]MIP­

1232 to carotid plaques was observed, Meletta did not observe, however, any difference in

avera< e specific bindin < between stable and vulnerable plaques and between plaques and normal

arteries. Based on these data, Maletta could not conclude on the selectivity of [ "I]MIP-1232 for

FAP.

26. Acco r d in<~ly, because of the low specificity MIP-1232 displayed in the testin<~,

Meletta concluded that MIP-1232 was not suitable for the medical ima< in< application for the

particular medical condition bein < tested in Meletta. Id. at 2095.

27. Based on my review, I am not aware of any other compounds disclosed in

Zimmerman that fare better than MIP-1232 and that was developed successfully as a medical

ima<~in<~ a<~ent.

28. Th e fai lure of investi<~ations with MIP-1232, which is a compound disclosed in

the cited prior art, is especially tellin < as it demonstrates the hi< h unpredictability of the art and

lack of reasonable expectation of success by combinin < the prior art to arrive at the compounds

of the pendin<~ claims for medical ima<~in<~ applications.

29. Fur ther, I am of the opinion that there are unexpectedly superior FAP specificity

associated with the compounds of the pendin< claims based on the testin < results from my lab.

30. Sp e c i f icity is an important parameter for developin< a medical ima < in< a< ent

because a hi< h specificity of the compound allows the ima< in< a< ent to selectively bind to the

tar< et protein associated with a medical condition, therefore enablin< the ima< in< a< ent to

dia< nose the medical condition more accurately.

31. W hi l e Meletta could not conclude on the selectivity of the compound of

Zimmerman [" I]MIP-1232 for FAP (above), we found the specificity/selectivity of XY-FAP-01

and XY-FAP-02 ima<~in<~ a<~ents as shown in the current application US 2020/0330624 A 1 for

the selectivity for FAP over dipeptidyl peptidase 4 (DPPIV), a related serine protease

(Para<graphs [0019], [0020], [0244]-[0245], and Fi<~ures 2, 3A, 3B, and 3C).

32. Fur ther, a well-accepted indicator of the specificity/selectivity of the FAP

ima< in< a< ent is ratio of the amounts taken for the FAP ima< in< a< ent to inhibit prolyl peptidase

(PREP) versus FAP. In fact, Jansen I uses such a PREP/FAP ratio as a "selectivity index" for the

compounds disclosed in Jansen I. ~ee Jansen I, pa< es 42-51, Tables 3 and 4.
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33. In t he process of developin< FAP ima< in< a< ents, my lab tested the specificity of

a number of FAP ima < in< a< ents, some of which have molecular structures covered by the

pendin <~ claims of this application, and some of which have molecular structures not covered by

the pendin < claims and which are used as reference compounds. The results are summarized in

the Table below, to < ether with the specificity data for MIP-1232 extracted from Melleta. MIP­

1232 and the compounds not covered by the pendin< claims tested in my lab are labeled as

"Reference Compound" in the table below.

PREP/FAP
Ratio
32*

Claimed Compound Molecular structure PREP/FAP
Ratio

4,111

Reference Compound
Molecular Structure

125i
CN

H~
0 N~

OH

152 66,084CN

F o

N
N> N ~ N~ O

~CO2H

CO,H
'

N2

N

20
CN CN

)1,418,44
0

O ~ N ~
0 N~

N~ O
N

N N
HOOC~ ~ )N

HOOC

403 10,502
CNCN

o
0 N~ 0

N
N HOOC~ ~ )

HOOC
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15.7 5,807
CN

C02H

Y
H
N ~ N~ O

0 N~

F N
0 0

Nc 0211

N

241 IOOC < ~ ~ COOH 779
CN

0 N~
(. ,) Cx„HOOC~ ~ g

P=o
0 HN

F N N
r

N

17 1,693CN
CN H

C N~
H0 N~

0 H O
N

g ~ ~ COOH

' (. .)N
HOOC~ ~ ~ CO O HF

407I CI
.ICN C

O

0 tl'I 0
+ ~ ~ COCI­

" (. .)I
HOOC~ ~ ~ COOI­

Data from R. Meletta etc., Molecules, 201S Jan 27;20(2):2081-99. Molecular

structure of this reference compound corresponds to MIP-1232 of the Meletta
reference

34. Surp r i s in<~ly, the specificity of the compounds covered by the pendin<~ claims for

FAP is < enerally several orders of ma< nitude hi< her than that of other small molecule FAP

inhibitors used as reference compounds. In particular, as shown in the Table below, MIP-1232,

which is a compound of Zimmerman, has a PREP/FAP ratio of 32, compared with the lowest

value of 779 and hi< hest value of 1,418,440 for the representative compounds of the pendin<

claims. I also observe that the other reference compounds which share the same FAP moieties

but do not have a linker also have a si<~nificantly lower PREP/FAP ratio in the ran<ate from 3 to

403. Such differences in specificity between the reference compounds and the compounds of

the pendin < claims are surprisin < and unexpected. The hi < her specificity of the compounds of

the pendin < claims certainly is beneficial for successfully developin< a medical ima < in< a< ent.

Petitioner GE Healthcare – Ex. 1002, p. 377 



JHU-~6631.303Application No, 18/3S4,282

Pa<~e 9 of 9

31. I h e reby declare that all statements made herein of my knowled< e are true and

that all statements made on information and belief are believed to be true; and further that these

statements were made with the knowled < e that willful false statements and the like so made are

punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States

Code, and that such willful false statements may jeopardize the validity of the application or any

patent issued thereon.

Respectfully Submitted,

1)RA FT-1)RA FT-1)RA FT

Martin Pomper Date
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A. Summary of Claimed Invention

B. Claim Rejections and Distinction Over the Art

i. Rejection under 35 U.S.C. g 102(a)(1) as alle< edly bein < anticipated by Dvorakova et
al., J. Med. Chem. 2017, 60, 838S-8393,

ii. Rejection under 35 U.S.C. g 103 as alle< edly bein < unpatentable over Jansen et al.

(US2014/03S76SOA I ) in view of Zimmerman et al. (US2010/0098633A1) and Jansen et al.,

ACS Med. Chem. Lett. 2013, 14, 491-496.

C. Proposed claim amendments

D. Proposed new cl ai m s
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Pro ~o»ed Claim Amendment»

29. (Presently Amended) A low molecular wei<xht compound of Formula (I):

B-L-A (I)

wherein:

A is a tar<xetin<x moiety for FAP-u, wherein A has the structure of:

RR~x~~> zx

(NWR,„
H

R7xR5x
6x

wherein:

Rix and R2x are each independently selected from the < roup consistin< of H, OH,

halo< en, C> c,alkyl, -0-C> c,alkyl, and -S-C> c,alkyl;

R~x is selected from the <xroup consistin<x of H, -CN, -B(OH)2 -C(0)alkyl, -C(0)aryl-, ­

C =C-C(0)aryl, -C =C-S(0)2aryl, -C02H, -SO~H, -S02NH2, -PO~H2, and 5-tetrazolyl;

Rq,isH;

R-x, R<x and R7x are each independently selected from the < roup consistin< of H, -OH,

oxo, halo < en, -Ci <alkyl, -0-Ci <alkyl, -S-Ci <alkyl, -NR~xR9x, -ORJ2x, -Het2 and -Ar2, each of Ci

dialkyl bein<xoptionally substituted with from 1 to 3 substituents selected from -OH and halo<xen;

Rpx, R9x and Ri2x are each independently selected from the < roup consistin< of H, -OH,

halo, -C> c,alkyl, -0-C> c,alkyl, -S-C> c,alkyl, and -Ar~,

Redox, Ri ix, Rux and Ripx are each independently selected from the < roup consistin< of H, ­

OH, halo <xen, -Ci <alkyl, -0-Ci <,alkyl, and -S-Ci <alkyl; Ari, Ar2 and Ar~ are each independently

a 5- or 6-membered aromatic monocycle optionally comprisin<x 1 or 2 heteroatoms selected from

0, N and S; each of Ar>, Ar2 and Ar~ bein<xoptionally and independently substituted with from 1

to 3 substituents selected from -NRio. R»., -Ci dialkyl,-0-C> dialkyl, and -S-C> dialkyl;
Het2 is a S- or 6-membered non-aromatic monocycle optionally comprisin<x 1 or 2

heteroatoms selected from 0, N and S; Het2 being optionally substituted with from 1 to 3

substituents selected from -NRi~xR>px,-C> dialkyl,-0-C> dialkyl, and -S-C> dialkyl;
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v is 0, 1, 2, or 3; and

represents a 5 to 10-membered N-containin <xaromatic or non-aromatic mono- or bicyclic

heterocycle, said heterocycle optionally further comprisin <x 1, 2 or 3 heteroatoms selected from

0, N and S;

B is any optical or radiolabeled functional < roup suitable for optical ima< in<, posi:.i on­

en>ission ton>ography (PET) ima<~in<~, si:>:;le-photon -n>ission con>put«d ton>oyraph> (SPECT)

ima<~in<~, or radiotherapy; and L is a linker havin<x bi-functionalization adapted to form a

chemical bond with B and A; or

a stereoisomer, tautomer, racemate, salt, hydrate, or solvate thereof.

30. (New) The compound of claim 29, wherein B is any radiolabeled functional

<xroup suitable for positron-«tnission totno~ ta',ihy (PET) ima<~in<~, sin<.le-photon «tnission

con.puted tomo„:raphy (SPECT) ima<~in<~, or radiotherapy.

31. (New) A low molecular wei <xht compound consistin <xessentially of components

B-L-A; wherein:

A is a tar<xetin<x moiety for FAP-u, wherein A has the structure of:

RR~x~~ < zx

(NWR,„
H

R7xR5x
6x

wherein:

Rix and R2x are each independently selected from the < roup consistin< of H, OH,

halo< en, C> c,alkyl, -0-C> c,alkyl, and -S-C> c,alkyl;

R~x is selected from the <xroup consistin<x of H, -CN, -B(OH)2 -C(0)alkyl, -C(0)aryl-, ­

C =C-C(0)aryl, -C =C-S(0)2aryl, -C02H, -SO~H, -S02NH2, -PO~H2, and 5-tetrazolyl;

Rq,isH;

R-x, R<x and R7x are each independently selected from the < roup consistin< of H, -OH,

oxo, halo < en, -Ci <alkyl, -0-Ci <alkyl, -S-Ci <alkyl, -NR~xR9x, -ORJ2x, -Het2 and -Ar2, each of Ci

dialkyl bein<xoptionally substituted with from 1 to 3 substituents selected from -OH and halo<xen;
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Rp,, R9, and Ri2, are each independently selected from the < roup consistin< of H, -OH,

halo, -C» c,alkyl, -0-C» c,alkyl, -S-C» c,alkyl, and -Ar~,

Rio,, Ri i,, Ru, and Rip, are each independently selected from the < roup consistin< of H, ­

OH, halogen, -C» <alkyl, -0-C» <,alkyl, and -S-C» <alkyl; Ari, Ar2 and Ar~ are each independently

a 5- or 6-membered aromatic monocycle optionally comprising 1 or 2 heteroatoms selected from

0, N and S; each of Ar>, Ar2 and Ar~ being optionally and independently substituted with from 1

to 3 substituents selected from -NRio. R»., -Ci dialkyl,-0-C> dialkyl, and -S-C> dialkyl;
Het2 is a S- or 6-membered non-aromatic monocycle optionally comprising 1 or 2

heteroatoms selected from 0, N and S; Het2 being optionally substituted with from 1 to 3

substituents selected from -NRi~,R>p,, -C» c,alkyl, -0-C» c,alkyl, and -S-C» dialkyl;
v is 0, 1, 2, or 3; and

represents a 5 to 10-membered N-containing aromatic or non-aromatic mono- or bicyclic

heterocycle, said heterocycle optionally further comprising 1, 2 or 3 heteroatoms selected from

0, N and S;

B is any optical or radiolabeled functional group suitable for optical ima<~in<~, positron­

en>:ssion tomography (PET) ima<~in<~, sin<„le-photon emission computed tontography (SPECT)

ima<~in<~, or radiotherapy; and L is a linker having bi-functionalization adapted to form a

chemical bond with B and A; or

a stereoisomer, tautomer, racemate, salt, hydrate, or solvate thereof.
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Pro ~o»ed Ar «untent»

Claim Re'ections — 3S USC ' 102

Claim 29 is rejected under 35 U.S.C. g 102(a)(1) as bein< anticipated by Dvorakova et al.

(J. Med. Chem. 2017, 60, 838S-8393) (hereinafter "Dvorakova").

Claim 29 is amended and further defines the compound of formula (I) as bein< "low

molecular wei <«ht" ("LMW"). The instant patent application distin<«uishes the LMW compound

of the pendin<«claims from lar <«e molecule ima <«in<«a<«ents containin<«anti-FAP moieties. In

particular, the instant application characterizes the lar< e molecule ima< in< a< ents as havin<

numerous disadvanta <«es, includin <«pharmacokinetic limitations, includin<«slow blood and non­

tar< et tissue clearance and non-specific or < an uptake. Pa< e 1, lines 28-34; pa < e 2, lines 1-7. In

contrast, the LMW ima< in< a< ents of the instant application possess numerous advanta< es

compared with the lar < e molecule ima< in< a< ents. Id. Specifically, LMW ima< in< a< ents

demonstrate faster pharmacokinetics and a hi<«her specific si<«nal within clinically convenient

times after administration. Id. They also can be synthesized in radiolabeled form more easily

and may offer a shorter path to re< ulatory approval. Support for "low molecular wei< ht" can be

found at least on pa <«e 1, lines 28-34, pa<«e 2, lines 1-7, and pa<«e 8, lines 26-29, pa<«e 9, lines 1-2

of the i n stan t speci fi cati on:

[T]he presently disclosed subject matter provides potent and selective low-molecular­
wei<«ht (LMW) li <«ands of FAP-u, i.e., an FAP-u selective inhibitor, conju <«ated with a
tar< etin< moiety feasible for modification with optical dyes and radiolabelin «r o ups,
includin < metal chelators and metal complexes, which enablein i i i o op t ical ima< in<,

nuclear ima <«in<«(optical, PET and SPECT), and radiotherapy tar<«etin<«FAP-u.

pa<«e 8, lines 26-29, pa<«e 9, lines 1-2.

Because FAP-u is expressed in tumor stroma, anti-FAP antibodies have been investi< ated

for radioimmunotar <«etin<«of mali<«nancies, includin<«murine F19, sibrotuzumab (a
humanized version of the F19 antibody), ESC11, ESC14, and others. (Welt, et al., 1994;
Scott, et al., 2003; Fischer, et al., 2012). Antibodies also demonstrated the feasibility of
ima<«in<« inflammation, such as rheumatoid arthritis. (Laverman, et al., 201S). The use of

antibodies as molecular ima< in< a< ents, however, suffers from pharmacokinetic
limitations, includin <«slow blood and non-tar<«et tissue clearance (normally 2-5 days or
ion<«er) and non-specific or<«an uptake. Low molecular wei <«ht (LMW) a<«ents
demonstrate faster pharmacokinetics and a hi< her specific si < nal within clinically
convenient times after administration. They also can be synthesized in radiolabeled form
more easily and may offer a shorter path to re< ulatory approval. (Coenen, et al., 2010;
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Coenen, et al., 2012; Reilly, et al., 201S). To date, however, no LMW li <~and has been
reported with ideal properties for nuclear ima<~in<~ of FAP-u.

pa<ate 1, lines 28-34, pa<ate 2, lines 1-7.

Further, the instant specification on pa< e 45, lines 12-14, defines a "polymer" as a

molecule of hi < h relative molecule mass, the structure of which essentially comprises the

multiple repetition of unit derived from molecules of low relative molecular mass, i.e., a

monomer, which distin <~uishes "low molecular wei<~ht compounds" from "polymers."

In contrast to the instant application, the compound disclosed in Dvorakova (compound

1) is a lar< e molecule compound — as the Examiner correctly pointed out, comprisin< an anti­

FAP moiety bound to an ATTO488 dye via a HMPA co ol mer. The molecular wei<~ht of

compound 1, an iBody, disclosed by Dvorakova is 149,900 J<~ mol. ~ee Dvorakova, pa<ate 8387,
left column, first full para <graph. The hi <~h molecular wei<~ht of compound 1 of Dvorakova

compares in sharp contrast with the low molecular wei<~ht of the compounds of the instant

application. In particular, the molecular wei < ht of representative compounds of the instant

application, i.e., XY-FAP-02, is about 840 J<~ mole and XY-FAP-01 is about 1367J<~ mole. Thus,

one of ordinary skill in the art upon readin<~ and understandin<~ of the instant specification in

view of Dvorakova would appreciate that the presently claimed compounds are "low molecular

wei<~ht" compounds.

The term of "low molecular wei < ht" is well accepted in the chemical arts, and its

meanin< is clear to one of ordinary skill in the art. In particular, when used in the scientific

references in the chemical arts, one of ordinary skill in the art would reco< nize that low

molecular wei < ht compounds would have a molecular wei < ht of typically from about 50 Daltons

to about 1,S00 Daltons. ~ee e.g., K Beebe et al., Clin Transl Sci. 2014 Feb; 7(1): 74 — 81

("Metabolomics is often described as a systematic study of the low molecular wei < ht

(approximately SO — 1,S00 Da) metabolites (chemicals) within a <driven sample" ); A. Ferreira et al.,

J. A<~ric. Food Chem. 2014, 62, 6784 — 6793 ("Metabolites are a <~roup of low molecular wei<~ht

substances (50 — 1500 Da) that includes amino acids, fatty acids ..."); C. Llewellyn et al.,

Pro<~ress in Oceano<graphy, Volume 137, p. 421-433 (Metabolomics involves the non-tar<~eted

unbiased analysis of lar < e suites of low molecular wei < ht or< anic molecules or metabolites

(typically 50 — 1500 Da)...); see a/so
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: .".;i, -; : ; i ("A small molecule (or metabolite) is a low molecular wei<~ht or<~anic compound,

typically involved in a biolo <~ical process as a substrate or product. Metabolomics usually studies

small molecules within a mass ran< e of 50 — 1500 daltons (Da).")

New claim 30 further defines B to any radiolabeled functional < roup suitable for

positron-eniissio:i tonio <;raph;. (PET) imam~in~<~,sin~~le-plioton eniissio:i coniputed torno<Jraphy

(SPECT) ima<~in<~, or radiotherapy. Support for this amendment can be found in claim 29 as

ori<~inally filed. Applicant notes that Dvorakova only discloses optical ima<~in<~ a<~ents.

New claim 31 includes the transitional phrase "consistin<~ essentially of." As provided in

MPEP g 2111.03, the transitional phrase "consistin< essentially of"' limits the scope of a claim to

the specified materials or steps "and those that do not materially affect the basic and novel

characteristic(s)" of the claimed invention. Applicant notes that in the present claims, the

compound of formula (I) is limited then to components B-L-A, and would not include the HMPA

copolymer carrier disclosed and which forms the basis of the iBodies disclosed in Dvorakova.

Because every pendin< claim (claims 29-31) of the instant application requires the

claimed compound to be "low molecular wei< ht", Dvorakova cannot anticipate the pendin<

claims because Dvorakova does not disclose a compound havin< low molecular wei< ht.

Claim Re'ections — 35 USC ' 103

Claim 29 is rejected under 35 U.S.C. g 103 as bein< unpatentable over Jansen et al.

(US2014/0357650A I) (hereinafter "Jansen I") in view of Zimmerman et al.

(US2010/0098633A1) (hereinafter "Zimmerman") and Jansen et al. (ACS Med. Chem. Lett.

2013, 14, 491-496) (hereinafter "Jansen II").

The Office Action asserts that Jansen I discloses FAP inhibitors that encompass aspects

of the instant claims. The Office Action acknowled < es, however, that Jansen I does not disclose

an optical or radiolabeled functional < roup suitable for optical ima< in<, PET, SPECT or

radiotherapy.

The Office Action asserts that Zimmerman discloses radiopharmaceuticals useful in

dia< nostic ima< in< and therapeutic treatment of disease, which, in some embodiments, include a

metal chelatin < moiety that includes a radionuclide or, in other embodiments, a radiohalo< en.

The Office Action asserts that Jensen II discloses quinoline-containin< FAP inhibitors

that are 60 times more FAP-affinity than the naphthoyl derivative of Jansen I.
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The Office Action then concludes that it would have been obvious to substitute the FAP

inhibitors of Jansen I with a radiohalo< en via a linker, such as a Ci <alkyl, -0-Ci <,alkyl as Jansen

I teaches that the Ci dialkyl,-0-Ci dialkyl may be halo< enated and Zimmerman teaches

radiohalo< enation of FAP inhibitors for the advanta< e of dia< nostic ima< in< and therapeutic

treatment of diseases.

The Office Action further concludes that it would have been obvious to substitute the

heteroaromatic FAP inhibitors of Jansen I with a radiohalo< en via a linker, such as a Ci <alkyl, ­

0-Ci <alkyl as Jensen II teaches that the quinoline containin < FAP inhibitors have 60 times more

FAP-affinity than the N-( I-naphthoyl) FAP inhibitors and can be halo<~enated on the quinoline,

such as via trifluoromethoxy.

The Office Action finally concludes that it would have been predictable to one of

ordinary skill in the art to utilize a radiohalo<~enated heteroaromatic FAP inhibitor for ima<~in<~

FAP with an expectation of success as the quinoline derivative provides 60 times more FAP­

affinity than the naphthoyl derivative.

Applicant respectfully disa< rees for the reasons set forth below.

i. Th ere was no motivation for one of ordinar skill in the art to select and
modif an com ounds of Jansen I and Jansen II to arrive at the claimed
~cpm ounds

As provided in MPEP g 2143(I)(E), in cases involvin<~ new chemical compounds, it is

necessary to identify some reason that would have led a chemist to select a lead compound and

subsequently modify the lead compound in a particular manner to establish prima facie

obviousness of new claimed compounds. Takeda v. Alphapharm., 492 F.3d 13SO, 13S7 (Fed.

Cir. 2007). The Office Action ar< ues that the compounds of Jansen I may be modified with a

radiohalo< en via a linker. The Office Action appears to take the position that the Ci <,alkyl or -0­

Ci <,alkyl that may be attached to the heterocyclic < roup of the FAP moiety in Jansen I may serve

as a "linker" within the meanin<~ of the pendin<~ claims. In particular, the Office Action points

out that the Ci <alkyl, -0-Ci <alkyl may be halo< enated. An implicit but necessary position of

the Office Action is that the Ci dialkyl orthe -0-Ci dialkyl< roup may be interpreted as a "linker"

only when it is selected as a substituent < roup in preference to the numerous other equally viable

alternatives, and further, only when it is halo< enated, and then further only when the halo < en is a

radiohalo< en. Applicant respectfully points out that Ci c,alkyl and the -0-Ci c,alkyl are amon< a

Petitioner GE Healthcare – Ex. 1002, p. 387 



FOR THE PURPOSES OF INTER VIER ONL Y — DO NOT ENTER

wide variety of alternative functional < roups that may optionally be attached to the heterocyclic

<~roup of a <generic structure of the FAP inhibitor compounds disclosed in Jansen I. See Pomper

Affidavit, Para. 14. Furthermore, amon < 43 representative compounds disclosed in Jansen I and

39 representative compounds in Jansen II, only a sin<~le compound with a halo<~enated Ci <,alkyl

or -0-Ci dialkyl is disclosed. ice Pomper Affidavit, Para. 15; Jansen I, Example 11, Table 4;

Jansen II, Compound No. 28, Table 3. Thus, the prior art provides no motivation or indication to

select Ci <alkyl or the -0-Ci <alkyl from a lar <~e <~roup of functional <groups as a substituent <~roup

on the FAP inhibitors disclosed in Jansen I or Jansen II; even if Ci dialkyl orthe -0-Ci dialkyl is
selected as a substituent < roup, Jansen I or Jansen II provides no motivation to further substitute

the Ci <alkyl or the -0-Ci <alkyl < roup with a halo< en. In fact, in most of the halo < enated

compounds disclosed in Jansen I and Jansen II, the halo< en is directly attached to the

heterocyclic < roup, instead of via a Ci <alkyl or the -0-Ci <,alkyl < roup.

Further, one of ordinary skill in the art also would not select the sin<~le FAP inhibitor

substituted with the halo < enated Ci dialkyl or -0-Ci dialkyl disclosed in Jansen I and Jansen II as a

startin< point or a lead compound to modify, because this compound has mediocre bioactivities

compared with the other compounds disclosed in the prior art. In particular, many other FAP

inhibitors of Jansen I and Jansen II have more favorable affinity and specificity properties than

Example 11 of Jansen I or Compound 28 of Jansen II, which is substituted with a

trifluoromethoxy <~roup. ice Pomper Affidavit, Para. 17. For example, compound Example 11

of Jansen I with the trifluoromethoxy substitution has a IC o of 0.012pm and a selectivity index

of 59, which do not compare favorably to a number of compounds includin <~ compound Example

15, which has a IC o of 0.0062 pm and a selectivity index of 193. Id.

Even assumin< for ar< uments sake a skilled person made the non-obvious steps of

selectin< a compound with a halo < enated Ci <,alkyl or -0-Ci <,alkyl < roup of Jansen I or Jansen II

for modification, there is still no explicit or implicit motivation in the cited prior art to substitute

the alkyl < roup with a radiohalo < enated < roup to render the Ci c,alkyl or -0-Ci c,alkyl as a

"linker" within the meanin<~ of the pendin<~ claims. In fact, the vast majority of the representative

compounds disclosed in Jansen I and Jansen II do not have a halo< enated Ci <alkyl or the -0-Ci

<alkyl. To successfully ar<~ue that a new compound is obvious, the prior art must show "that the

prior art would have su «ested makin< the specific molecular modifications necessary to achieve

the claimed invention." Ictkeda, 492 F.3d at 1356. The cited prior art clearly does not su<~<~est
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anythin< that may motivate one of ordinary skill in the art to make the specific modification of

substitutin<~ the Ci <alkyl or -0-Ci <alkyl with a radiohalo <~en.

The Office Action appears to correlate the substitution of a Ci dialkyl or -0-Ci dialkyl on
the quinoline rin<~ of the FAP inhibitors as a "linker" to the fact the quinoline-containin<~ FAP

inhibitors have 60 times more FAP-affinity than N-(1-naphthoyl) FAP inhibitors:

It would have been obvious to one of ordinary skill in the art before the effective filin <

date of the claimed invention to substitute the heteroaromatic FAP inhibitors of [Jansen I]
with a radiohalo< en via a linker, such as a Ci <alkyl, -0-Ci <alkyl as [Jensen II] teaches
that the quinoline containin <~ FAP inhibitors have 60 times more FAP-affinity than the N­
(1-naphthoyl) FAP inhibitors and can be halo<~enated on the quinoline, such as via
tri fluoromethoxy.

Office Action dated September 26, 2023, pa< es 6-7. Applicant respectfully points out that

Jansen II merely discloses that quinoline-containin<~ FAP inhibitors have a 60 times hi<~her FAP­

affinity than the N-(1-naphthoyl) FAP inhibitors. Pomper Affidavit, Para. 18. Jansen II does not

su<~<~est that substitution of the quinoline rin<~ of the quinoline-containin<~ FAP inhibitors would,

let alone could, improve the FAP affinity or selectivity of the FAP inhibitors. Id. On the

contrary, Jansen II observed that substitution of the quinoline rin< has little or even ne< ative

effects on the potency of the quinoline-containin <~ FAP inhibitors:

Next, we turned our attention to the effect of substitutin < the N-(4-quinolinoyl) rin < in 7

(Table 3). Overall, none of the evaluated substituents was able to improve FAP potency
si<~niflcantly, with substituents in the 2- and 3-position of the quinoline rin<~ as in
compounds 19 — 24, havin < a clearly ne< ative effect on this parameter.

Janssen II, pa<ate 493, left column. Id., Para. 19. In particular, the only FAP inhibitor with a

trifluoromethoxy substitution, i.e. Example 11 of Jansen I or Compound 28 of Jansen II, has both

an inferior FAP-infinity and an inferior selectivity compared with the FAP-inhibitor without the

trifluoromethoxy substitution. ' Id. Therefore, there is no motivation to substitute the quinoline

moiety of the FAP inhibitor, not to mention to halo <~enate the quinoline moiety via a

trifluoromethoxy substitution. Applicant would like to emphasize a<~ain that without a

radiohalo<~enated trifluoromethoxy substitution on the FAP inhibitor of Jansen I or Jansen II, any

' Bee Jansen I, Table 4. IC-<i for FAP (an indicator of the FAP affinity) is 0.012 pM for the FAP
inhibitor substituted with a trifluomethoxy substitution versus 0.010 pM for the unsubstituted
FAP inhibitor; selectivity index is 83 versus S9.
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FAP inhibitors modified based Jansen I or Jansen II cannot be interpreted as containin<~ a

"linker" within the meanin<~ of the pendin<~ claims.

Accordin <~ly, in view of the totality of the disclosure in Jansen I and Jansen II, there is no

explicit or implicit teachin <~s, su<~<~estion, or motivation for one of ordinary skill in the art to

select and modify any compounds in Jansen I and Jansen II to arrive at the claimed compounds.

There is no prima facie obviousness because there is no reason that would have led a chemist to

select and modify a known compound in a particular manner to establish prima facie obviousness

of the compounds of the pendin < claims. Bee Takeda, 492 F.3d at 1357.

ii. There was no reasonable ex ectation of success in modif in an c om ounds
in Jansen I or Jansen II to arrive at the com ounds of the endin claims

The Office Action also fails to demonstrate a reasonable expectation of success in

modifyin <~ and makin<~ the structural chan<~es to the compounds of Jansen I and Jansen II to

arrive at the compounds of the pendin< claims. The examiner is required to show a reasonable

expectation of success when tryin < to establish prima facie obviousness by modifyin < or

combin<~ the prior art to achieve the claimed invention. MPEP g 2143.02; see a/so Pfizer, Inc. v.

Apotex, Inc., 480 F.3d 1348, 1361 (Fed. Cir. 2007) (" [T]he challen<~er of the patent [must] show

by clear and convincin< evidence that a skilled artisan would have been motivated to combine

the teachin< s of the prior art references to achieve the claimed invention, and that the skilled

artisan would have had a reasonable expectation of success in doin< so.") For a medical ima< in<

a< ent used to dia< nose disease, it is important for the a < ent to have both hi< h affinity and hi < h

specificity to bind to the tar< et protein that is associated with the medical condition. See the

Pomper Affidavit, Para. 22. The hi<~h specificity allows the ima<~in<~ a<~ent to selectively bind to

the tar< et protein associated with the medical condition but not other proteins unrelated to the

medical condition. A hi < h specificity is important for a medical ima< in< a< ent because it

prevents proteins unrelated to the medical conditions from interferin<~ with the bindin<~ between

the ima< in< a< ent with the tar< et protein. /d. The aff inity and specificity of the medical ima< in<

a< ent are hi< hly dependent on the molecular structure of the a < ent. /d. Accordin< ly, the art of

developin<~ a medical ima<~in<~ a<~ent is hi<~hly unpredictable as it involves optimizin<~ numerous

parameters includin <~ the specificity of the compound.

Petitioner GE Healthcare – Ex. 1002, p. 390 



FOR THE PURPOSES OF INTER VIER ONL Y — DO NOT ENTER

The Office Action takes the position that it would have been obvious to substitute the

FAP inhibitors of Jansen I with a radiohalo <~en as Zimmerman teaches radiohalo<~enation of FAP

inhibitors for dia< nostic ima< in< and therapeutic treatment of diseases. However, at the time the

instant application was filed, one of ordinary skill in the art reco< nized the unpredictability

associated with the development of medical ima< in< a< ents, includin< the optimization of the

specificity. Accordin<~ly, there was no reasonable expectation of success for one of ordinary skill

in the art to modify the compounds to arrive at the compounds of pendin< claims, even if the

compound substituted with halo< enated Ci <alkyl or -0-Ci <alkyl were selected as the lead

compound, which one of ordinary skill in the art had no motivation to do in the first place as

di scussed.

In fact, one of ordinary skill in the art knew that the FAP ima<~in<~ a<~ents of Zimmerman

most likely would not function well because of the poor specificity associated with the

compounds of Zimmerman. In particular, a representative compound disclosed in Zimmerman,

namely MIP-1232, was extensively investi < ated as a potential medical ima < in< a< ent for

atherosclerotic plaque, and was determined as not suitable for the application. Bee Meletta etc.,

Molecules. 201S Jan 27;20(2):2081-99 (hereinafter "Meletta"); Pomper Affidavit, Para. 24 As

provided on pa<ate 2089 of Meletta, althou<~h pronounced bindin<~ of [" I]MIP-1232 to carotid

plaques was observed, Meletta did not observe, however, any difference in avera< e specific

bindin < between stable and vulnerable plaques and between plaques and normal arteries.

Pomper Affidavit, Para. 25. Based on these data, Maletta could not conclude on the selectivity of

[ "I]MIP-1232 for FAP. Accordin~<~ly, because of the low specificity MIP-1232 displayed in the

investi< ation, Meletta concluded that MIP-1232 was not suitable for the medical ima< in< for the

medical condition. Bee Procter k Gamble v. Teva, S66 F.3d 989, 997 (Fed. Cir. 2009)

(Upholdin < decision of the District Court that there was no reasonable expectation of success in

modifyin < the prior art compound to produce a "improved, safe, and effective" dru< because

researchers had no basis to expect it to be as < ood as or better than the prior art compound). The

lack of reasonable expectation of success is especially tellin < in view of the failure by others in

the art to use the compounds of Zimmerman cited by the Office Action. Boehrin <~er In<~elheim

Vetmedica, Inc. v. Scherin <~-Plou<~h Corp., 320 F.3d 1339, 13S4 (Fed. Cir.2003) (" While

absolute certainty is not necessary to establish a reasonable expectation of success, there can be

little better evidence ne < atin< an expectation of success than actual reports of failure."); In re
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Donohue. 766 F.2d S31, S33 (Fed. Cir. 198S) (" Failures by those skilled in the art (havin<~

possession of the information disclosed by the publication) are stron< evidence that the

disclosure of the publication was nonenablin<~.")

Applicant respectfully submits, based on the unpredictability in the art and failure and

uncertainty observed by Maletta associated with the prior art compound, that one of ordinary

skill in the art would not have a reasonable expectation of success in arrivin< at a selective FAP

ima<~in<~ a<~ent by merely modifyin<~ the FAP inhibitors of Jansen I and/or Jansen II with the

radiohalo<~en of Zimmerman.

iii. Th er e are unex ected results associated with the claimed com ounds to
rebut an showin of r ima facie obviousness

The stron< showin< of unexpected results associated with the claimed compounds further

demonstrates the non-obviousness of the pendin< claims. Bee Dr. Pomper's Rule 132

Declaration (hereinafter "the Pomper Declaration" ), Para< raphs 28-30. As provided in the

Pomper Affidavit, specificity is an important parameter for developin< a medical ima < in< a< ent

because a hi< h specificity of the compound allows the ima< in< a< ent to selectively bind to the

tar< et protein associated with a disease, therefore enablin< the ima< in< a< ent to dia< nose the

disease more accurately.

In particular, while Meletta could not conclude on the selectivity of the compound of

Zimmerman [ "I]MIP-1232 for FAP (above section ii), the specificity/selectivity of XY-FAP-01

and XY-FAP-02 ima<~in<~ a<~ents is shown in the current application US 2020/0330624 for the

selectivity for FAP over dipeptidyl peptidase 4 (DPPIV), a related serine protease (Para< raphs

[0019], [0020], [0244]-[024S], and Fi<~ures 2, 3A, 3B, and 3C). Id., Para. 31.

Further, a well-accepted indicator of the specificity/selectivity of the FAP ima< in< a< ent

is ratio of the amounts taken for the FAP ima < in< a< ent to inhibit prolyl peptidase (PREP) versus

FAP. Pomper Affidavit, Para. 32. In fact, Jansen I uses such a PREP/FAP ratio as a "selectivity

index" for the compounds disclosed in Jansen I. Bee Jansen I, pa< es 42-51, Tables 3 and 4.

Representative compounds of the pendin< claims are provided in the table below with

PREP/FAP values for comparison. Surprisin<~ly, the specificity of compounds fallin <~ under the

~sco e of the pendin< claims for FAP is < enerally several orders of ma < nitude hi< her than that of

other small molecule FAP inhibitors. Id., Para. 33. In particular, as shown in the Table below,

MIP-1232, which is a representative compound of Zimmerman, has a PREP/FAP ratio of 32,

Petitioner GE Healthcare – Ex. 1002, p. 392 



FOR THE PURPOSES OF INTER VIER ONL Y — DO NOT ENTER

Ratio

32 *

PREP/FAP

compared with the lowest value of 779 and hi< hest value of 1,418,440 for representative

compounds of the pendin < claims. Id., Para. 34. It is also notable that the other reference

compounds which share the same FAP moieties but do not have a linker also have a si< nificantly

lower PREP/FAP ratio in the ran<ate from 3 to 403. Id. Such differences in specificity between

the reference compounds of the prior art and the compounds of the pendin<~ claims are surprisin<~

and unexpected.

Reference Compound
Molecular Structure

Molecular structure of Representative Compounds of
Formula (I)

PREP/FAP
Ratio

4,111
125l

CN

0 N~~ JL~
HO-B

OH

152 66,084
CN

F 0

Nz N ~ N~ O

~C02H

C02H
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N
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CNCN

O ~ N ~
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N~ O
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HOOC

403 10,502
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o
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N HOOC~ ~ )
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241 IOOC < ~ ~ COOH 779
CN

0 N~
(. ,) Cx„HOOC~ ~ g

P=o
0 HN

F N r
NF N

17 1,693
CN

CN H
C N~

H0 N~

O H O
N

g ~ ~ COOH

' (. .)N
HOOC~ ~ ~ CO O Hr­

CI 407I.ICN C
O

0 H'I 0
+ ~ ~ COCI­

" (. .)I
* Data from R. Meletta etc., Molecules, 2015 Jan 27;20(2):2081-99. Molecular structure of this
reference compound corresponds to MIP-1232 of the Meletta reference

HOOC~ ~ ~ COOI­

Accordin <~ly, Applicant respectfully submits that claim 29 is not obvious over Jansen I in

view of Zimmerman and Jansen II. Applicant respectfully requests that the rejection of claim 29

under 35 U.S.C. g 103 as bein< unpatentable over Jansen I in view of Zimmerman and Jansen II

be withdrawn at this time.
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Proposed Amendment(s)

The applicant asserts that the compounds of the instant claims are low molecular weight compounds
wherein low molecular weight is defined as compounds under -1500Da.
The proposed amendments and declaration were discussed as to include a number of representative
examples of the low molecular weight compounds exhibiting the unexpected and advantageous results
to be commensurate in scope with the instant claims.
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Attorney Docket No. JHU-36631.303

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Cont lrmatlon No.: 7S36

Ail Unit : 1618

Examiner: Pcrrcira, Mcli»»a Jean

In rc Application ol': YANG, ct al.

Serial No.: 18/3S4,282

Filed: July 18, 2023

FOR: IMAGING AND RADIOTHERAPEUTICS AGENTS TARGETING

FIBROBLAST-ACTIVATION PROTEIN-ALPHA (FAP-ALPHA)

Commi»»ioncr I'or Patent»

P.O. Box 14SO

Alexandria, VA 22313-14SO

SUPPLEMENTAL AMEND M ENT TO NON-FINAL OFFICE ACTION

Dear Examiner Pcrrcira:

Thi» communication i» rc»pon»ivc to thc non-I'inal Ol'lice Action mailed Scptcmhcr 26,

2023, and thc Applicant-Initiated Intcrvicw Summary mailed Dcccmhcr I S, 2023.

Amendments to the Claims begin on page 2 ol' thi» paper.

Remarks begin on page S ol' thi» paper.
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Status

Claim 29 i» pending in thc Application and stand» rcjcctcd. Ncw claims 30 and 31 have

hccn added. Claim 29 and ncw claim 31 have hccn amcndcd. No ncw matter has hccn added.

Upon entry ol'thi» Amcndmcnt, claims 29-31 will hc pending in thc Application.

A l i c ant-Initiated Intcrvicw Summar

Applicant acknowlcdgcs thc Applicant-Initiated Intcrvicw Summary mailed Dcccmhcr

I S, 2023.

Dl awlnL~»

Thc 01'I'icc Action notes that color photograph» and color drawing» arc not acccptcd in

utility applications unless a petition I'ilcd under 37 CFR 1.84(a)(2) i» granted. Applicant submits

hcrcwith a Petition under 37 CFR 1.84(a)(2) and accompanying I'cc. Applicant rcspcctl'ully

rcqucsts that thc color drawing» hc acccptcd at thi» time.

Claim Amcndmcnt»

Original claim 29 and ncw claim 31 have hccn amcndcd to I'utthcr dclinc thc S- to 10­

mcmhcrcd N-containing aromatic or non-aromatic mono- or hicyclic hctcrocyclc to hc a

quinolinyl ring. Support I'or thi» amcndmcnt can hc I'ound on page 8, linc S, ol' U.S. provisional

patent application no. 62/S7S,607, I'ilcd October 23, 2017. Original claim 29 and ncw claim 31

also have hccn amcndcd to dcl'inc thc variable "v" as heing acro. No ncw matter has hccn added.

Claim Rc'cctions — 3S USC s 102

Claim 29 i» rcjcctcd under 3S U.S.C. ss 102(a)(1) as heing anticipated hy Dvorakova ct al.

(J. Mcd. Chem. 2017, 60, 838S-8393) (hcrcinal'tcr "Dvorakova").

Claim 29 i» amcndcd and I'urthcr dcl'ines thc compound ol' I'ormula (I) as heing "low

molecular weight" ("LMW"). Thc instant patent application distinguishes thc LMW compound

ol' thc pending claims I'rom large molcculc imaging agents containing anti-FAP moictics. In

particular, thc instant application charactcrizcs thc large molcculc imaging agents as having

numerous disadvantages, including pharmacokinetic limitations, including slow blood and non­

targct tissue clcarancc and non-spccil'ic organ uptake. Page I, lines 28-34; page 2, lines 1-7. In
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contrast, thc LMW imaging agents ol'thc instant application possess numerous advantages

compared with thc large molcculc imaging agents. Id. Spccil'ically, LMW imaging agents

dcmonstratc I'aster pharmacokinctics and a higher spccil'ic signal within clinically convcnicnt

times al'tcr administration. Id. They also can hc synthcsizcd in radiolahclcd I'orm morc easily

and may ol'I'cr a shoitcr path to regulatory approval. Support I'or "low molecular weight" can hc

I'ound at least on page I, lines 28-34, page 2, lines 1-7, and page 8, lines 26-29, page 9, lines 1-2

ol' thc instant speci l ication:

[T]hc prcscntly disclosed subject matter provides potent and sclcctivc low-molccular­
wcight (LMW) ligand» ol' FAP-u, i.c., an FAP-u sclcctivc inhibitor, conjugated with a
targeting moiety I'casihlc I'or modil ication with optical dyes and radiolahcling group»,

including metal chclators and metal complcxcs, which cnahlc iii i'ii'o optical imaging,

nuclear imaging (optical, PET and SPECT), and radiotherapy targeting FAP-u.

page 8, lines 26-29, page 9, lines 1-2.

Bccausc FAP-u i» cxprcsscd in tumor stroma, anti-FAP antibodies have hccn invcstigatcd
I'or radioimmunotargcting ol' malignancies, including murinc F19, sihrotuzumah (a

humanized version ol' thc F19 antibody), ESC I I, ESC14, and others. (Welt, ct al., 1994;
Scott, ct al., 2003; Fischcr, ct al., 2012). Antibodies also dcmonstratcd thc I'casihility ol'

imaging inllammation, such as rheumatoid aithriti». (Lavcrman, ct al., 201S). Thc usc ol'

antibodies as molecular imaging agents, howcvcr, sul'I'crs I'rom pharmacokinetic

limitations, including slow blood and non-target tissue clcarancc (normally 2-S day» or

longer) and non-spccil'ic organ uptake. Low molecular weight (LMW) agents
dcmonstratc I'aster pharmacokinctics and a higher spccil'ic signal within clinically

convcnicnt times al'tcr administration. They also can hc synthcsizcd in radiolahclcd I'orm

morc easily and may ol'I'cr a shoitcr path to regulatory approval. (Cocncn, ct al., 2010;

Cocncn, ct al., 2012; Rcilly, ct al., 201S). To date, howcvcr, no LMW ligand has hccn
rcportcd with ideal propcitics I'or nuclear imaging ol' FAP-u.

page I, lines 28-34, page 2, lines 1-7.

Further, thc instant spccil'ication on page 4S, lines 12-14, dcl'ines a "polymer" as a

molcculc ol'high rclativc molcculc mass, thc structure ol'which csscntially comprises thc

multiplercpctition ol' unit dcri vcd I'rom molcculcs ol' low rclati vc molecular mass, i.c., a

monomer, which distinguishes "low molecular weight compound»" I'rom "polymers."

In contrast to thc instant application, thc compound disclosed in Dvorakova (compound

I) i» a large molcculc compound — as thc Examiner correctly pointed out, comprising an anti­

FAP moiety hound to an ATTO488 dyc via a HMPA co ol mer. Thc molecular weight ol'

compound I, an iBody, disclosed hy Dvorakova i» 149,900 g/mol. 5ee Dvorakova, page 8387,
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Ict't column, I erst I'ull paragraph. Thc high molecular weight o1' compound I o1' Dvorakova

compares in sharp contrast with thc low molecular weight o1'thc compound» o1'thc instant

application. In particular, thc molecular weight o1' rcprcscntativc compound» o1' thc instant

application, i.c., XY-FAP-02, i» about 840 g/mole and XY-FAP-01 i» about 1367 g/mole; I'uithcr

LMW compound» o1' thc current claims with molecular weights arc prcscntcd in thc table on

pages 14- I S hcrcin below. Thus, onc o1'ordinary skill in thc art upon reading and understanding

o1' thc instant spcci1>cation in view o1' Dvorakova would apprcciatc that thc prcscntly claimed

compound» arc "low molecular weight" compound».

Thc term o1' "low molecular weight" i» well acccptcd in thc chemical ail», and its

meaning i» clear to onc o1'ordinary skill in thc art. In particular, when used in thc scicnti1'ic

rc1'crcnccs in thc chemical ail», onc o1'ordinary skill in thc art would rccognizc that low

molecular weight compound» would have a molecular weight o1' typically I'rom about SO Daltons

to about I,SOO Daltons. 5ee e.g., K Bcchc ct al., Clin Transl Sci. 2014 Fch; 7(1): 74 — 81

("Mctaholomics i» o1'tcn dcscrihcd as a systematic study o1' thc low molecular weight

(approximately SO — I,SOO Da) mctaholitcs (i hei~tii als) within a given sample"); A. Fcrrcira ct al.,

J. Agric. Food Chem. 2014, 62, 6784 — 6793 ("Mctaholitcs arc a group o1' low molecular weight

substances (SO — I SOO Da) that includes amino acid», I'atty acid» ..."); C. L lcwcl lyn ct al.,

Progress in Oceanography, Volume 137, p. 421-433 (Mctaholomics involves thc non-targctcd

unbiased analysi» o1' large suites o1' low molecular weight organic molcculcs or mctaholitcs

(typically SO — I SOO Da)...); see also

ht t ps://w w w.ch i.ac. uk/tra i n i ng/on I i nc/courses/mctaholom ics-in troduct i on/what-i s/s mal I­

molcculcs/ ("A small molcculc (or mctaholitc) i» a low molecular weight organic compound,

typically involved in a biological process as a substrate or product. Mctaholomics usually studies

small molcculcs within a mass range o1' SO — I SOO daltons (Da).")

Ncw claim 30 I'urthcr dc1'ines B to any radiolahclcd I'unctional group suitable I'or

positron-emission tomo raphy (PET) imaging, »ingle-photon emission co.:nputcd ton>ograI;hy

(SPECT) imaging, or radiotherapy. Support I'or thi» amcndmcnt can hc I'ound in claim 29 as

originally I ilcd. Appl icant notes that Dvorakova only discloses optical imaging agents.

Ncw claim 31 includes thc transitional phrase "consisting csscntially o1'." A» provided in

MPEP j» 2111.03, thc transitional phrase "consisting csscntially o1"' limits thc scope o1'a claim to

thc spcci1>cd material» or step» "and those that do not materially a1'I'cct thc basic and novel
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characteristic(s)" ol' thc claimed invention. Appl icant notes that in thc prcscnt claims, thc

compound ol' I'ormula (I) i» limited then to components B-L-A, and would not include thc HMPA

copolymer carrier disclosed and which I'orms thc ha»i» ol' thc iBodics disclosed in Dvorakova.

Bccausc cvcry pending claim (claims 29-31) ol' thc instant application rcquircs thc

claimed compound to hc "low molecular weight", Dvorakova cannot anticipate thc pending

claims hccausc Dvorakova docs not disclose a compound having low molecular weight.

Claim Rc'cctions — 3S USC» 103

Claim 29 i» rcjcctcd under 3S U.S.C. »» 103 as heing unpatcntahlc over Janscn ct al.

(US2014/03S76SOA I) (hcrcinal'tcr "Janscn I") in view ol'Zimmcrman ct al.

(US2010/0098633A I) (hcrcinal'tcr "Zimmcrman") and Janscn ct al. (ACS Mcd. Chem. Lett.

2013, 14, 491-496) (hcrcinal'tcr "Janscn I I").

Thc 01'I'icc Action as»cits that Janscn I discloses FAP inhibitors that encompass aspects

ol'thc instant claims. Thc Ol'lice Action acknowlcdgcs, howcvcr, that Janscn I docs not disclose

an optical or radiolahclcd I'unctional group suitable I'or optical imaging, PET, SPECT or

I ad I 0 the I apy.

Thc 01'I'icc Action as»cits that Zimmcrman discloses radiopharmaccutical» uscl'ul in

diagnostic imaging and thcrapcutic trcatmcnt ol'discase, which, in some cmhodimcnts, include a

metal chelating moiety that includes a radionuclidc or, in other cmhodimcnts, a radiohalogcn.

Thc 01'I'icc Action as»cits that Jcnscn 11 discloses quinolinc-containing FAP inhibitors

that arc 60 times morc FAP-al'I'inity than thc naphthoyl dcrivativc ol' Janscn I.

Thc 01'I'icc Action then concludes that it would have hccn obvious to substitute thc FAP

inhibitors ol' Janscn I with a radiohalogcn via a linker, such as a C f-(alkyl, -0-C f-(,alkyl as Janscn

I tcachcs that thc C f-(,alkyl, -0-C f-(,alkyl may hc halogcnatcd and Zimmcrman tcachcs

radiohalogcnation ol' FAP inhibitors I'or thc advantage ol'diagnostic imaging and thcrapcutic

trcatmcnt ol' discascs.

Thc 01'I'icc Action I'urthcr concludes that it would have hccn obvious to substitute thc

hctcroaromatic FAP inhibitors ol' Janscn I with a radiohalogcn via a linker, such as a C f-(,alkyl, ­

0-C f-(,alkyl as Jcnscn 11 tcachcs that thc quinolinc containing FAP inhibitors have 60 times morc

FAP-al'1>nity than thc N-( I-naphthoyl) FAP inhibitors and can hc halogcnatcd on thc quinolinc,

such as via trilluoromcthoxy.
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Thc 01'I'icc Action I'inally concludes that it would have hccn prcdictahlc to onc ol'

ordinary skill in thc art to util ize a radiohalogcnatcd hctcroaromatic FAP inhibitor I'or imaging

FAP with an cxpcctation ol'success as thc quinolinc dcrivativc provides 60 times morc FAP­

al'I'inity than thc naphthoyl dcrivativc.

Applicant rcspcctl'ully disagrccs I'or thc reasons sct I'oith below.

i. Th ere was no motivation for one of ordinar skill in the art to select and
modif an com ounds of ansen I and ansen II to arrive at the claimed
c~om ounds

A» provided in MPEP j» 2143(1)(E), in cases involving ncw chemical compound», it i»

ncccssary to idcntil'y some reason that would have Icd a chemist to sclcct a lead compound and

suhscqucntly modil'y thc lead compound in a particular manner to establish prima I'acic

obviousness ol' ncw claimed compound». Takcda v. Alphapharm., 492 F.3d 13SO, 13S7 (Fcd.

Cir. 2007). Thc 01'I'icc Action argues that thc compound» ol' Janscn I may hc modil>cd with a

radiohalogcn via a linker. Thc 01'I'icc Action appears to take thc position that thc C f-(,alkyl or -0­

C f-(,alkyl that may hc attached to thc hctcrocyclic group ol' thc FAP moiety in Janscn I may scrvc

as a "linker" within thc meaning ol' thc pending claims. In particular, thc Ol'l>cc Action points

out that thc C f-(,alkyl, -0-C f-(,alkyl may hc halogcnatcd. An impl icit hut ncccssary position ol'

thc Ol'l>cc Action i» that thc C f-(alkyl or thc -0-C f-(alkyl group may hc intcrprctcd as a "linker"

only when it i» sclcctcd as a substituent group in prcl'crcncc to thc numerous other equally viable

altcrnativcs, and I'urthcr, only when it i» halogcnatcd, and then I'urthcr only when thc halogen i» a

radiohalogcn. Appl icant rcspcctl'ully points out that C f-(,alkyl and thc -0-C f-(,alkyl arc among a

wide variety ol'altcrnativc I'unctional group» that may optionally hc attached to thc hctcrocyclic

group ol'a gcncric structure ol' thc FAP inhibitor compound» disclosed in Janscn I. Scc Pompcr

AI'I'idavit, Para. 23. Fuithcrmorc, among 43 rcprcscntativc compound» disclosed in Janscn I and

39 rcprcscntativc compound» in Janscn 11, only a single compound with a halogcnatcd C f-(,alkyl

or -0-C f-(,alkyl i» disclosed. 5ee Pompcr Al'l>davit, Para. 24; Janscn I, Example 11, Table 4;

Janscn 11, Compound No. 28, Table 3. Thus, thc prior ail provides no motivation or indication to

sclcct C f-(,alkyl or thc -0-C f-(,alkyl I'rom a large group ol' I'unctional group» as a substituent group

on thc FAP i nhibitors disclosed in Janscn I or Janscn 11; cvcn il'C f-(alkyl or thc -0-C f-(alkyl i»

sclcctcd as a substituent group, Janscn I or Janscn 11 provides no motivation to I'uithcr substitute

thc C f-(,alkyl or thc -0-C f-(,alkyl group with a halogen. In I'act, in most ol' thc halogcnatcd
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compound» disclosed in Janscn I and Janscn 11, thc halogen i» directly attached to thc

hctcrocyclic group, instead ol' via a Ci-(,alkyl or thc -O-Ci-(,alkyl group.

Further, onc ol'ordinary skill in thc ait also would not sclcct thc single FAP inhibitor

substituted with thc halogcnatcd Ci-(,alkyl or -0-Ci-(,alkyl disclosed in Janscn I and Janscn 11 as a

starting point or a lead compound to modil'y, hccausc thi» compound has mcdiocrc hioactivitics

compared with thc other compound» disclosed in thc prior ail. In particular, many other FAP

inhibitors ol' Janscn I and Janscn 11 have morc I'avorahlc al'I'inity and spccil'icity propcrtics than

Example 11 ol' Janscn I or Compound 28 ol' Janscn 11, which i» substituted with a

trilluoromcthoxy group. 5ee Pompcr Al'l idavit, Para. 26. For cxamplc, compound Example 11

ol' Janscn I with thc tril luoromcthoxy substitution has a IC,-<> ol' 0.012 pm and a sclcctivity index

ol' S9, which do not compare I'avorahly to a number ol'compound» including compound Example

I S, which has a ICi<> ol'0.0062 pm and a sclcctivity index ol' 193. Id.

Even assuming I'or arguments sake a skilled person made thc non-obvious step» ol'

sclccting a compound with a halogcnatcd Ci-(,alkyl or -0-Ci-(,alkyl group ol' Janscn I or Janscn 11

I'or modil'ication, thcrc i» still no explicit or implicit motivation in thc cited prior art to substitute

thc alkyl group with a radiohalogcnatcd group to rcndcr thc Ci-(,alkyl or -O-Ci-(,alkyl as a

"linker" within thc meaning ol' thc pending claims. In I'act, thc vast majority ol' thc rcprcscntativc

compound» disclosed in Janscn I and Janscn 11 do not have a halogcnatcd Ci-(,alkyl or thc -0-Ci

<,alkyl. To succcssl'ully argue that a ncw compound i» obvious, thc prior ail must show "that thc

prior art would have suggcstcd making thc spccil'ic molecular modil ications ncccssary to achicvc

thc claimed invention." Ta/'cela, 492 F.3d at 13S6. Thc cited prior art clearly docs not suggest

anything that may motivate onc ol'ordinary skill in thc ail to make thc spccilic modil ication ol'

substituting thc Ci-(alkyl or -0-Ci-(alkyl with a radiohalogcn.

Thc 01'I'icc Action appears to corrclatc thc substitution ol'a Ci-(,alkyl or -O-Ci-(,alkyl on

thc quinolinc ring ol' thc FAP inhibitors as a "linker" to thc I'act thc quinolinc-containing FAP

inhibitors have 60 times morc FAP-al'I'inity than N-( I-naphthoyl) FAP inhibitors:

It would have hccn obvious to onc ol'ordinary skill in thc ait hcl'orc thc cl'I'cctivc Idling
date ol'thc claimed invention to substitute thc hctcroaromatic FAP inhibitors ol' [Jan»en I]

with a radiohalogcn via a linker, such as a Ci-(alkyl, -0-Ci-(alkyl as [Jcnscn 11] tcachcs

that thc quinolinc containing FAP inhibitors have 60 times morc FAP-al'I'inity than thc N­

( I-naphthoyl) FAP inhibitors and can hc halogcnatcd on thc quinolinc, such as via
trilluoromcthoxy.
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01'I'icc Action dated Scptcmhcr 26, 2023, pages 6-7. Applicant rcspcctl'ully points out that

Janscn 11 mcrcly discloses that quinolinc-containing FAP inhibitors have a 60 times higher FAP­

al'lenity than thc N-( I-naphthoyl) FAP inhibitors. Pompcr Al'lidavit, Para. 27. Janscn 11 docs not

suggest that substitution ol' thc quinolinc ring ol' thc quinolinc-containing FAP inhibitors would,

Ict alone could, improve thc FAP al'l>nity or sclcctivity ol' thc FAP inhibitors. Id. On thc

contrary, Janscn 11 ohscrvcd that substitution ol' thc quinolinc ring has little or cvcn ncgativc

cl'I'ccts on thc potency ol' thc quinolinc-containing FAP inhibitors:

Next, wc turned our attention to thc cl'I'cct ol' substituting thc N-(4-quinolinoyl) ring in 7

(Table 3). Overall, none ol' thc cvaluatcd suhstitucnts was able to improve FAP potency

signil'icantly, with suhstitucnts in thc 2- and 3-position ol' thc quinolinc ring as in

compound» 19 — 24, having a clearly ncgativc cl'I'cct on thi» paramctcr.

Jansscn 11, page 493, lcl't column. Pompcr AI'I'idavit, Para. 28. In particular, thc only FAP

inhibitor with a trilluoromcthoxy substitution, i.c. Example 11 ol' Janscn I or Compound 28 ol'

Janscn 11, has both an inl'crior FAP-inl>nity and an inl'crior sclcctivity compared with thc FAP­

inhibitor without thc trilluoromcthoxy substitution. ' Id . Thcrcl'orc, thcrc i» no motivation to

substitute thc quinolinc moiety ol' thc FAP inhibitor, not to mention to halogcnatc thc quinolinc

moiety via a trilluoromcthoxy substitution. Appl icant would like to cmphasizc again that

without a radiohalogcnatcd trilluoromcthoxy substitution on thc FAP inhibitor ol' Janscn I or

Janscn 11, any FAP inhibitors modilicd ha»cd Janscn I or Janscn 11 cannot hc intcrprctcd as

containing a "linker" within thc meaning ol' thc pending claims.

Accordingly, in view ol' thc totality ol' thc disclosure in Janscn I and Janscn 11, thcrc i» no

explicit or implicit teaching», suggestion, or motivation I'or onc ol'ordinary skill in thc a>t to

sclcct and modil'y any compound» in Janscn I and Janscn 11 to arrive at thc claimed compound».

Thcrc i» no prima I'acic obviousness hccausc thcrc i» no reason that would have Icd a chemist to

sclcct and modil'y a known compound in a particular manner to establish prima I'acic obviousness

ol' thc compound» ol' thc pending claims. 5ee Takcda, 492 F.3d at 13S7.

ii. There was no reasonable ex ectation of success in m odif in an com ounds
in ansen I or ansen II to arrive at the com ounds of the endin claims

' 5ee Janscn I, Table 4. ICi~> I'or FAP (an indicator ol'thc FAP al'lenity) i» 0.012 pM I'or thc FAP

inhibitor substituted with a trilluomcthoxy substitution versus 0.010 pM I'or thc unsuhstitutcd
FAP inhibitor; sclcctivity index i» S9 versus 83.
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Thc 01'I'icc Action also I'ail» to dcmonstratc a rcasonahlc cxpcctation ol' success in

modil'ying and making thc structural changes to thc compound» ol' Janscn I and Janscn 11 to

arrive at thc compound» ol' thc pending claims. Thc cxamincr i» rcquircd to show a rcasonahlc

cxpcctation ol' success when trying to establish prima I'acic obviousness hy modil'ying or

combing thc prior art to achicvc thc claimed invention. MP EP j» 2143.02; see also PI'izcr, Inc. v.

Apotcx, Inc., 480 F.3d 1348, 1361 (Fcd. Cir. 2007) ("[T]hc challcngcr ol' thc patent [must] show

hy clear and convincing cvidcncc that a skilled artisan would have hccn motivated to combine

thc teaching» ol' thc prior art rcl'crcnccs to achicvc thc claimed invention, and that thc skilled

artisan would have had a rcasonahlc cxpcctation ol' success in doing so."). For a medical imaging

agent used to diagnose discase, it i» impoNant I'or thc agent to have both high al' lenityand high

spccil'icity to hind to thc target protein that i» associated with thc medical condition. Scc thc

Pompcr AI'I'idavit, Para. 31. Thc high spccil'icity allows thc imaging agent to sclcctivcly hind to

thc target protein associated with thc medical condition hut not other proteins unrclatcd to thc

medical condition. A high spccil'icity i» important I'or a medical imaging agent hccausc it

prcvcnts proteins unrclatcd to thc medical conditions I'rom intcrl'cring with thc binding hctwccn

thc imaging agent with thc target protein. Id. Thc al'lenity and spccil'icity ol' thc medical imaging

agent arc highly dcpcndcnt on thc molecular structure ol' thc agent. Id. Accordingly, thc art ol'

dcvcloping a medical imaging agent i» highly unprcdictahlc as it involves optimizing numerous

paramctcrs including thc spccil'icity ol' thc compound.

Thc 01'I'icc Action takes thc position that it would have hccn obvious to substitute thc

FAP inhibitors ol' Janscn I with a radiohalogcn as Zimmcrman tcachcs radiohalogcnation ol' FAP

inhibitors I'or diagnostic imaging and thcrapcutic trcatmcnt ol'discascs. Howcvcr, at thc time thc

instant application was I'ilcd, onc ol'ordinary skill in thc aN rccognizcd thc unpredictability

associated with thc dcvclopmcnt ol' medical imaging agents, including thc optimization ol' thc

spccil'icity. Accordingly, thcrc was no rcasonahlc cxpcctation ol'success I'or onc ol'ordinary skill

in thc aN to modil'y thc compound» to arrive at thc compound» ol' pending claims, cvcn il' thc

compound substituted with halogcnatcd C f-(,alkyl or -0-C f-(,alkyl werc sclcctcd as thc lead

compound, which onc ol'ordinary skill in thc aN had no motivation to do in thc I'irst place as

discus»cd.

In I'act, onc ol'ordinary skill in thc aN knew that thc FAP imaging agents ol'Zimmcrman

most likely would not I'unction well hccausc ol' thc poor spccil'icity associated with thc

12
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compound» ol'Zimmcrman. In particular, a rcprcscntativc compound disclosed in Zimmcrman,

namely MIP-1232, was cxtcnsivcly invcstigatcd as a potential medical imaging agent I'or

athcrosclcrotic plaque, and was dctcrmincd as not suitable I'or thc application. 5ee Mclctta ctc.,

Molcculcs. 201S Jan 27;20(2):2081-99 (hcrcinal'tcr "Mclctta"); Pompcr AI'I'idavit, Paras. 33-3S.

A» provided on page 2089 ol' Mclctta, although pronounced binding ol' ['-'1]MIP-1232 to carotid

plaques was ohscrvcd, Mclctta did not ohscrvc, howcvcr, any dil'I'crcncc in avcragc spccil>c

binding hctwccn stable and vulncrahlc plaques and hctwccn plaques and normal artcrics.

Pompcr AI'I'idavit, Para. 34. Based on thcsc data, Malctta could not conclude on thc sclcctivity ol'

['-'1]MIP-1232 I'or FAP. Accordingly, hccausc ol' thc low spccil'icity MIP-1232 displayed in thc

investigation, Mclctta concluded that MIP-1232 was not suitable I'or thc medical imaging I'or thc

medical condition. 5ee Procter & Gamble v. Tcva, S66 F.3d 989, 997 (Fcd. Cir. 2009)

(Upholding decision ol' thc District Court that thcrc was no rcasonahlc cxpcctation ol' success in

modil'ying thc prior att compound to produce a "improved, sal'c, and cl'I'cctivc" drug hccausc

rcscarchcrs had no ha»i» to cxpcct it to hc as good as or hcttcr than thc prior ail compound). Thc

lack ol' rcasonahlc cxpcctation ol' success i» cspccially telling in view ol' thc I'zilurc hy others in

thc art to usc thc compound» ol'Zimmcrman cited hy thc 01'lice Action. Bochringcr Ingclhcim

Vctmcdica, Inc. v. Schcring-Plough Corp., 320 F.3d 1339, 13S4 (Fcd. Cir.2003) ("While

absolute ccitainty i» not ncccssary to establish a rcasonahlc cxpcctation ol' success, thcrc can hc

little hcttcr cvidcncc negating an cxpcctation ol' success than actual rcpoits ol' I'zilurc."); In rc

Donohuc, 766 F.2d S31, S33 (Fcd. Cir. 198S) ("Failures hy those skilled in thc art (having

possession ol' thc inl'ormation disclosed hy thc publication) arc strong cvidcncc that thc

disclosure ol' thc publicationwas noncnahling.")

Applicant rcspcctl'ully submits, ha»cd on thc unpredictability in thc ail and I'zilurc and

unccitainty ohscrvcd hy Malctta associated with thc prior art compound, that onc ol'ordinary

skill in thc ail would not have a rcasonahlc cxpcctation ol' success in arriving at a sclcctivc FAP

imaging agent hy mcrcly modil'ying thc FAP inhibitors ol' Janscn I and/or Janscn 11 with thc

radiohalogcn ol' Zimmcrman.

iii. Th er e are unex ected results associated with the claimed com ounds to
rebut an showin of rima facie obviousness

Thc strong showing ol'uncxpcctcd results associated with thc claimed compound» I'urthcr

dcmonstratcs thc non-obviousness ol' thc pending claims. 5ee Pompcr AI'I'idavit, Paras. 38-42.
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A» provided in thc Pompcr Al'l idavit, spccilicity i» an important paramctcr I'or dcvcloping a

medical imaging agent hccausc a highspccil cecityol' thc compound allows thc imaging agent to

sclcctivcly hind to thc target protein associated with a discase, thcrcl'orc enabling thc imaging

agent to diagnose thc discase morc accurately.

In particular, while Mclctta could not conclude on thc sclccti vity ol' thc compound ol'

Zimmcrman ['-'1]MIP-1232 I'or FAP (above section ii), thc spccil'icity/sclcctivity ol' XY-FAP-01

and XY-FAP-02 imaging agents i» shown in thc current application US 2020/0330624 I'or thc

sclcctivity I'or FAP over dipcptidyl pcptidasc 4 (DPPIV), a rclatcd scrinc protcasc (Paragraph»

[0019], [0020], [0244]-[024S ], and Figures 2, 3A, 3B, and 3C). Pompcr AI'I'idavit, Para. 40.

Further, a well-acccptcd indicator ol' thc spccil'icity/sclcctivity ol' thc FAP imaging agent

i» ratio ol' thc amounts taken I'or thc FAP imaging agent to inhibit prolyl pcptidasc (PREP) versus

FAP. Pompcr AI'I'idavit, Para. 41. In I'act, Janscn I uses such a PREP/FAP ratio as a "sclcctivity

index" I'or thc compound» disclosed in Janscn I. 5ee Janscn I, pages 42-S I, Tables 3 and 4.

Rcprcscntativc compound» ol' thc pending claims arc provided in thc table below with

PREP/FAP values I'or comparison. Surprisingly, thc spccil'icity ol'compound» I'alline under thc

~sco c ol' thc pending claims I'or FAP i» gcncrally scvcral orders ol' magnitude higher than that ol'

other small molcculc FAP inhibitors. Pompcr AI'I'idavit, Para. 42. In particular, as shown in thc

Table below, MIP-1232, which i» a rcprcscntativc compound ol'Zimmcrman, has a PREP/FAP

ratio ol'32, compared with thc lowest value ol'779 and highest value ol' 1,418,440 I'or

rcprcscntativc compound» ol' thc pending claims. Id., Para. 42. I t i» also notable that thc other

rcl'crcncc compound» which sharc thc same FAP moictics hut do not have a linker also have a

signil'icantly lower PREP/FAP ratio in thc range I'rom 3 to 403. Id. Such dil'I'crcnccs in

spccil'icity hctwccn thc rcl'crcncc compound» ol' thc prior ait and thc compound» ol' thc pending

claims arc surprising and uncxpcctcd.
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Reference Compound
Molecular Structure

PREP/FAP
Ratio
32 *

PREP/FAP
Ratio

4,111

Molecular structure of Representative Compounds
of Formula (I)

125i

OH

molecular weight: 370.38 g/mol
„F 152 66,084

F» ~ CO,.Ho
h.~

o
H

N
N ~» Ng i ~ ~ N~ O0 N~

o (>
CO;H

r
N

molecular weight: 734.70 g/mol
N

20
CN

)1,418,44

0CN
c

0

N

HOOC~ /

H OOC~ ~ ' )
molecular weight: 983.86 g/mol

HOCO

403 10,502
CN

0
0

N
N N

HOOO~ ~ ~ ~ N~ O

HOOO~ ~ )
molecular weight: 876.94 g/mol

Hrl' C

15.7 5,807
CN

l";~
~ ' 'O2H

o.

CO„.I.I

molecular weight: 734.70 g/mol

241 ' ~- i I- i ~ CO.; H 779
N ~ C N

u rt Q

f
NV

E N r. N N

molecular weight: 1049.13 g/mol
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PREP/FAP
Ratio

17

Molecular structure of Representative Compounds
of Formula (I)

PREP/FAP
Ratio

1,693

Reference Compound
Molecular Structure

CN
v' N~

Vo
:) 4

'

;)
N

y ~ ( X :H

(N
HC(GC--+ ~ ~ ~ CQA ~

molecular weight: 1073.15 g/mol
407

CN
i f> f

.lc lf I ;gh j

) —. r--, ~ :.u(..-. N

' i , .'j

N
molecular weight: 1266.39 g/mol

10,694

molecular weight: 889.39 g/mol

11,893

molecular weight: 761.39 g/mol
,p~ ~FrQ 1,313

N

\r-< )

molecular weight: 1282.43 g/mol
* Data I'rom R. Mclctta ct al., Molcculcs, 201S Jan 27;20(2):2081-99. Molecular structure ol'

thi» rcl'crcncc compound corrcspond» to MIP-1232 ol' thc Mclctta rcl'crcncc.

Accordingly, Applicant rcspcctl'ully submits that claim 29 i» not obvious over Janscn I in

view ol'Zimmcrman and Janscn 11. Applicant rcspcctl'ully rcqucsts that thc rcjcction ol'claim 29

16
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under 3S U.S.C. ss 103 as heing unpatcntahlc over Janscn I in view ol'Z immcrman and Janscn 11

hc withdrawn at thi» time.

Douhle Patcntine

Claim 29 i» provisionally rcjcctcd on thc ground ol' nonstatutory douhle patenting as

allcgcdly heing unpatcntahlc over claims I, 2, 13, I S, 16 and 21-2S ol'copending Application

No. 16/762,873.

Applicant notes that it appears that thc Ol'l>cc Action intcndcd to cite Application No.

16/7 S 8,182.

Without acquiescing to thc assertions made in thc 01'I'icc Action, Applicant has submitted

hcrcwith a Terminal Disclaimer over Application No. 16/7S8,182.

Applicant rcspcctl'ully rcqucsts that thc rcjcction ol'claim 29 under nonstatutory douhle

patenting over Application No. 16/7S8,182 hc withdrawn at thi» time.

CONCLUSION

Should thcrc hc any minor issues outstanding in thi» matter, thc Examiner i» rcspcctl'ully

rcqucstcd to tclcphonc thc undcrsigncd attorney at 919-724-8699 or 608-662-1277. Early passage

ol' thc subject application to issue i» carncstly solicited.

DEPOSIT ACCOUNT

Thc Commissioner i» hcrchy authorized to charge any undcrpaymcnt or credit any

ovcrpaymcnt associated with thi» Idling to Deposit Account Number SO-4302. 11'an cxtcnsion ol'

time I'or thi» paper i» rcquircd, petition I'or cxtcnsion i» hcrcwith made.

Rcspcctl'ully Submitted,

CASIMIR JONES, S.C.

/JEFFREY W. CHILDERS/

Jcl'I'rcy W. Childcrs, Ph.D.
Registration No. S8126
Customer No. 101943

Date: Dcccmhcr 18, 2023
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IN THE CLAIMS:

29. (Prcscntly Amcndcd) A low molecular wcieht compound ol' Formula (I):

B-L-A (I)

whcrcin:

A i» a targeting moiety I'or FAP-u, whcrcin A has thc structure ol':

R )x~~ ~ 2x

( , ~ R, „

i
4x

V

R5x R7x
R6x

whcrcin:

R tx and R2, arc each indcpcndcntly sclcctcd I'rom thc group consisting ol' H, OH,

halogen, Ci <,alkyl, -0-Ci <,alkyl, and -S-Ci <,alkyl;

R>x i» sclcctcd I'rom thc group consisting ol' H, -CN, -B(OH)2 -C(O)alkyl, -C(O)aryl-, ­

C=C-C(O)aryl, -C=C-S(O)2aryl, -CO2H, -SO)H, -SO2NH2, -PO)H2, and S-tctlaloly l ;

Rq,isH;

Rix, R<„and R7, arc each ' H ­,QH-,

Ik . Ik . Ik . k
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B i» any optical or radiolahclcd l'unctional group suitable l'or optical imaging, posi(roi)­

cn': l»sion ton!ogl"!phy (PET) l l l l ag lng, si ! l !klc-ph<'.ton cn! i»»i',!n con!putc<l ton:ogr,! phy (SPECT)

imaging, or radiotherapy; and L i» a linker having hi-I'unctionalization adapted to l'orm a

chemical bond with B and A; or

a stcrcoisomcr, tautomcr, raccmatc, salt, hydrate, or solvatc thcrcol'.

30. (Ncw) Thc compound ol'claim 29, whcrcin B i» any radiolahclcd l'unctional

group suitable l'or p<)»itron-cltli»sion tomo!u' .)hy (PET) imaging, sin. !lc-photorl cltli»»ion

con)pulcd t!)nl!)gl 'lphy (SPECT) imaging, or radiotherapy.

31. (Currently amcndcd) A low molecular weight compound consisting csscntially ol'

components B-L-A; whcrcin:

A i» a targeting moiety l'or FAP-u, whcrcin A has thc structure ol':

R )x~~ ~ 2x

( , ~ R, „

j
4x

V

R5x R7x
R6x

whcrcin:

Rl, and R2, arc each indcpcndcntly sclcctcd l'rom thc group consisting ol' H, OH,

halogen, Cl <,alkyl, -0-Cl <,alkyl, and -S-Cl <,alkyl;

R>x i» sclcctcd l'rom thc group consisting ol' H, -CN, -B(OH)2 -C(O)alkyl, -C(O)aryl-, ­

C=C-C(O)aryl, -C=C-S(O)2aryl, -CO2H, -SO)H, -SO2NH2, -PO)H2, and S-tctlaloly l ;

Rq,i»H;

Rix, R<„and R7, arc each '

"Ik . "Ik . "Ik . :k : .
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B i» any optical or radiolahclcd l'unctional group suitable l'or optical imaging, po.:itron­

crt'.lssion tonkogr' diphy (PET) imaging, single-photon cnk ssion conti'lutcd ton'.ography (SPECT)

imaging, or radiotherapy; and L i» a linker having hi-I'unctionalization adapted to l'orm a

chemical bond with B and A; or

a stcrcoisomcr, tautomcr, raccmatc, salt, hydrate, or solvatc thcrcol'.
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Attorney Docket No. JHU-36631.303

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Cont lrmatlon No.: 7S36

Ail Unit : 1618

Examiner: Pcrrcira, Mcli»»a Jean

In rc Application ol': YANG, ct al.

Serial No.: 18/3S4,282

Filed: July 18, 2023

FOR: IMAGING AND RADIOTHERAPEUTICS AGENTS TARGETING

FIBROBLAST-ACTIVATION PROTEIN-ALPHA (FAP-ALPHA)

Commi»»ioncr I'or Patent»

P.O. Box 14SO

Alexandria, VA 22313-14SO

SUPPLEMENTAL AMEND M ENT TO NON-FINAL OFFICE ACTION

Dear Examiner Pcrrcira:

Thi» communication i» rc»pon»ivc to thc non-I'inal Ol'lice Action mailed Scptcmhcr 26,

2023, and thc Applicant-Initiated Intcrvicw Summary mailed Dcccmhcr I S, 2023.

Amendments to the Claims begin on page 2 ol' thi» paper.

Remarks begin on page S ol' thi» paper.
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Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications I'ilcd on or al'tcr May 29, 2000)

Thc 01'I'icc has discontinued providing a Patent Term Adjustmcnt (PTA) calculation with thc Notice ol' Allowance.

Section 1(h)(2) ol' thc AIA Tcchnical Corrections Act amcndcd 3S U.S.C. I S4(h)(3)(B)(i) to climinatc thc rcquircmcnt
that thc 01'I'icc provide a patent term adjustmcnt dctcrmination with thc notice ol' allowance. Scc Revisions to Patent
Term Adjustmcnt, 78 Fcd. Rcg. 19416, 19417 (Apr. I, 2013). Thcrcl'orc, thc 01'lice i» no longer providing an initial
patent term adjustmcnt dctcrmination with thc notice ol'al lowance. Thc 01'I'icc will continue to provide a patent term
adjustmcnt dctcrmination with thc Issue Notil ication Lcttcr that i» mailed to applicant approximately thrcc wcck» prior
to thc issue date ol'thc patent, and will include thc patent term adjustmcnt on thc patent. Any rcqucst I'or rcconsidcration
ol' thc patent term adjustmcnt dctcrmination (or rcinstatcmcnt ol' patent term adjustmcnt) should I'ollow thc process

out l i ncd i n 37 C FR 1.70S.

Any questions regarding thc Patent Term Extension or Adjustmcnt dctcrmination should hc dircctcd to thc 01'lice ol'
Patent Legal Administration at (S71)-272-7702. Questions relating to issue and publication I'cc payments should hc

dircctcd to thc Customer Scrvicc Ccntcr ol' thc 01'I'icc ol' Patent Publication at 1-(888)-786-0101 or (S71)-272-4200.

Pl(g(: 3 ()I 3

Irl'OI.-I(S (Re) . I I/')1)
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

Thc Papcrw<)rk Rcducti<)n Act (PRA) <)I' l99S rcquirc~ Fcdcral agcncic~ t<) <)htain OI'Itcc <)I'Managcmcnt and Budget
appr<)val hcl'<)rc rcquc~ting m<)~t type~ <)I' inl'<)rmati<)n I'r<)m thc puhlic. When OMB appr<)vc~ an agency rcquc~t t<)

c<)llcct inl'<)rmati<)n I'r<)m thc puhlic. OMB (i) pr<)vide~ a valid OMB C<)ntr<)l Numhcr and cxpirati<)n date I'<)r thc
agency t<) display <)n thc in~trumcnt that will hc u~cd t<) c<)llcct thc inl'<)rmati<)n and (ii) rcquirc~ thc agency t<) inl'<)rm
thc puhlic ah<)ut thc OMB C<)ntr<)l Numhcr'~ legal ~igniltcancc in ace<)rdancc with S CFR l3 O.S(h).

Thc inl'<)rmati<)n c<)llcctcd hy PTOL-8S Part 8 i~ rcquircd hy37 CFR l.3 l l. Thc inl'<)rmati<)n i~ rcquircd t<) <)htain
<)r retain a hcncltt hy thc puhlic which i~ t<) itic (and hy thc USPTO t<) pr<)cc~~) an applicati<)n. C<)nltdcntiality i~
g<)vcrncd hy 3S U.S.C. I a n d 37 CFR I. l4. Thi~ c<)llccti<)n i~ c~timatcd t<) take 30 minute~ t<) c<)mplctc. including
gathering. preparing. and ~uhmitting thc c<)mplctcd applicati<)n I'<)rm t<) thc USPTO. Time will vary dcpcnding up<)n
thc individual canc. Any c<)mmcnt~ <)n thc am<)unt <)I' time y<)u rcquirc t<) c<)mplctc thi~ I'<)rm and/<)r ~uggc~ti<)n~
I'<)r reducing thi~ hurdcn. ~h<)uld hc ~cnt t<) thc Chic!' lnl'<)rmati<)n Ol'ltccr. U.S. Patent and Trademark OI'I'icc.

U.S. Dcpartmcnt <)I' C<)mmcrcc. P.O. B<)x l4SO. Alexandria. Virginia 3 I3- l 4SO. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: C<)mmi~~i<)ncr I'<)r Patent~. P.O. B<)x l4SO. Alexandria.
Virginia 3 l 3 - l4SO. Under thc Papcrw<)rk Rcducti<)n Act <)I' l99S. n<) per~<)n~ 'uc rcquircd t<) rcmp<)nd t<) ac<)llccti<)n
<)I' inl'<)rmati<)n unlc~~ it display~ a valid OMB c<)ntr<)l numhcr.

Privacy Act Statement

The Privacy Aet of 1974 (P.I.. 93-579) rcquirc~ that y<)u hc given certain inl'<)rmati<)n in c<)nnccti<)n with y<)ur
~uhmi~~i<)n <)I' thc attached I'<)rm rclatcd t<) a patent applicati<)n <)r patent. Thc United State~ Patent and Trademark
Ol'ltcc (USPTO) c<)llcct~ thc inl'<)rmati<)n in thi~ rcc<)rd under auth<)rity <)I' 3S U.S.C. . Thc USPTO'~ ~y~tcm <)I'
rcc<)rd~ i~ u~cd t<) manage all applicant and <)wncr inl'<)rmati<)n including name. citixcn~hip. rc~idcncc. p<)~t <)I'ltcc
addrc~~. and <)ther inl'<)rmati<)n with rc~pcct t<) invent<)r~ and their legal rcprc~cntativc~ pertaining t<) thc applicant'~/
<)wncr'~ activitic~ in c<)nnccti<)n with thc invcnti<)n I'<)r which a patent i~ ~<)ught <)r ha~ hccn granted. Thc applicahlc
Privacy Act Sy~tcm <)I' Rcc<)rd~ N<)tice I'<)r thc inl'<)rmati<)n c<)llcctcd in thi~ I'<)rm i~ COMMERCE/PAT-TM-7 Patent
Applicati<)n File~. availahlc in thc Fcdcral Rcgi~tcr at 78 FR l9 43 (M;uch 9 . 0 l 3 ) .

h:.': i ; , ' <. ' ; <;.;<<.", u<I,", «:;:::.. I)l:.ut p(:<',!. Ii-<.",):..!­I:. ­ , P<II. «.'! l.'-:! ' <4l p<!I

R<)utinc u~c~ <)I' thc inl'<)rmati<)n in thi~ rcc<)rd may include di~cl<)~urc t<):

I ) law cnl'<)rccmcnt. in thc cvcnt that thc ~y~tcm <)I' rcc<)rd~ indicate~ a vi<)lati<)n <)r p<)tcntial vi<)lati<)n <)I' law:

) a I'cdcral. ~tate. l<)cal. <)r intcrnati<)nal agency. in rcmp<)n~c t<) it~ rcquc~t:

3) a c<)ntract<)r <)I' thc USPTO having nccd I'<)r thc inl'<)rmati<)n in <)rdcr t<) perl'<)rm a c<)ntract:

4) thc Dcpartmcnt <)I' Ju~ticc I'<)r dctcrminati<)n <)I' whcthcr thc Frccd<)m <)I' lnl'<)rmati<)n Act (FOIA) rcquirc~
di~cl<)~urc <)I' thc rcc<)rd:

S) a Mcmhcr <)I' C<)ngrc~~ ~uhmitting a rcquc~t inv<)lving an individual t<) wh<)m thc rcc<)rd pertain~. when thc
individual ha~ rcquc~tcd thc Mcmhcr'~ a~~i~tancc with rc~pcct t<) thc ~uhjcct matter <)I' thc rcc<)rd:

6) a c<)urt. magi~tratc. <)r admini~trativc trihunal. in thc c<)uric <)I' prc~cnting cvidcncc. including di~cl<)~urc~ t<)
<)pp<)~ing c<)un~el in thc c<)uric <)I' ~cttlcmcnt ncg<)tiati<)n~:

7) thc Admini~trat<)r. (icncral Scrvicc~ Admini~trati<)n ((iSA). <)r their dc~igncc. during an in~pccti<)n <)I' rcc<)rd~
c<)nductcd hy (ISA under auth<)rity <)I'44 U.S.C. 904 and 906. in ace<)rdancc with thc (ISA rcgulati<)n~
and any <)ther rclcvant (i.c.. (ISA <)r C<)mmcrcc) dircctivc. whcrc ~uch di~cl<)~urc ~hall n<)t hc u~cd t<) make
dctcrminati<)n~ ah<)ut individual~:

8) an<)ther I'cdcral agency I'<)r purp<)~c~ <)I' Nati<)nal Security rcvicw (3S U.S.C. I HI) and I'<)r rcvicw pur~uant t<)
thc At<)mic Energy Act (4 U.S.C. I 8 (c)):

9) thc OI I)cc <)I Pcr~<)nncl Managcmcnt (OPM) I<)r per~<)nncl rc~carch purp<)~c~: and

l 0) thc OI'I tcc <)I' Managcmcnt and Budget (OM 8) I'<)r Icgi~lativc c<)<)rdinati<)n and clcarancc.

II'y<)u d<) n<)t I'urni~h thc inl'<)rmati<)n rcquc~tcd <)n thi~ I'<)rm. thc USPTO may n<)t hc ahlc t<) pr<)cc~~ and/<)r cxaminc

y<)ur ~uhmi~~i<)n. which may rc~ult in tcrminati<)n <)I'pr<)cccding~. ahand<)nmcnt <)I' thc applicati<)n. and/<)r cxpirati<)n
<)I thc patent.
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Notice of Alloff/fability

Application No.
18/354,282
Examiner
MELISSA J PERREIRA

Applicant(s)
Yan et al.
Art Unit
1618

AIA (FITF) Status
Yes

— The NAILING DA TE of this communication appears on the cover sheet with the correspondence address­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. < This communication is responsive to 12/18/23.

A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

; the2. A n election was made by the applicant in response to a restriction requirement set forth during the interview on
restriction requirement and election have been incorporated into this action.

3. < The allowed claim(s) is/are 29-31 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http: //www.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4. A c knowledgment is made of a claim for foreign priority under 35 U.S.C. g 119(a)-(d) or (f).

Certified copies:

a) All b) Some*
c) None of the:

1. Ce r t i fied copies of the priority documents have been received.
2. Ce r t i fied copies of the priority documents have been received in Application No.

3. Co p ies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. C O RRECTED DRAWINGS (as "replacement sheets") must be submitted.

including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. D E POSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Paper No./Mail Date

of Biological Material

Paper No./Mail Date.

Attachment(s)
1. N o t ice of References Cited (PTO-892)

2. < Information Disclosure Statements (PTO/SB/08),

3. E x aminer's Comment Regarding Requirement for Deposit

4. I n terview Summary (PTO-413),

/Michael G. Hartley/
Supervisory Patent Examiner, Art Unit 1618

5. Ex a miner's Amendment/Comment

6. < Examiner's Statement of Reasons for Allowance

7 . Ot h e r

/MELISSA J PERREIRA/
Examiner, Art Unit 1618

U.S. Patent and Trademark Otfrce
PTOL-37 (Rev. 08-13) Part of Paper No./Mail Date 20240105Notice of Allowability
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Application/Control Number: 18/354,282 Page 2
Art Unit: 1618

Notice of Pre-AIA or AIA Status

The present application, filed on or after March 16, 2013, is being examined under the first

inventor to file provisions of the AIA.

Reasons for Allowance

The following is an examiner's statement of reasons for allowance: the low molecular weight

quinolinyl-containing compounds of the instant claims surprisingly have a specificity (PREP/FAP ratio) for

FAP that is several orders of magnitude higher than other small molecule FAP inhibitors found in the

prior art.

Any comments considered necessary by applicant must be submitted no later than the payment

of the issue fee and, to avoid processing delays, should preferably accompany the issue fee. Such

submissions should be clearly labeled "Comments on Statement of Reasons for Allowance."

Conclusion

Any inquiry concerning this communication or earlier communications from the examiner

should be directed to MELISSA JEAN PERREIRA whose telephone number is (571)272-1354. The

examiner can normally be reached M9-3, T9-3, W9-3, Th9-2, F9-2.

Examiner interviews are available via telephone, in-person, and video conferencing using a

USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use

the USPTO Automated Interview Request (AIR) at http: //www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor,

Michael Hartley can be reached on 571-272-0616. The fax phone number for the organization where

this application or proceeding is assigned is 571-273-8300.

Information regarding the status of published or unpublished applications may be obtained from

Patent Center. Unpublished application information in Patent Center is available to registered users. To
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Application/Control Number: 18/354,282 Page 3
Art Unit: 1618

file and manage patent submissions in Patent Center, visit: https://patentcenter.uspto.gov. Visit

https://www.uspto.gov/patents/apply/patent-center for more information about Patent Center and

https://www.uspto.gov/patents/docx for information about filing in DOCX format. For additional

questions, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like

assistance from a USPTO Customer Service Representative, call 800-786-9199 (IN USA OR CANADA) or

571-272-1000.

/MELISSA J PERREIRA/
Examiner, Art Unit 1618

/Michael G. Hartley/
Supervisory Patent Examiner, Art Unit 1618
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Title of Invention
IMAGING AND RADIOTHERAPEUTICS AGENTS TARGETING FIBROBLAST-ACTIVATION
P ROTE IN-ALPHA (FAP-ALP HA)

Application Information

PATENT ¹APPLICATION TYPE Utility — Nonprovisional Application
under 35 USC 111(aj
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(L'L' p(1) n)L'nl ln ll lL' nllcl '0 L' all l) (lnlounl <rill nol hc acccplc<l al I he risk ol' applic()lion (Ih(n)dona)cnl.

N() I I:: Il lllc (lppllc()lion <e(ls pl'L < lousl) undcl' nllcl'0 calli) s l( llus. cllccknlg lllls hox <rill lnc I(<ken
lo hc (I nol illa()lion ol loss ol call lien>cnl lo nllcl'o calli� > sl(llus.

N() I I:: ( llccknlg lllls hox <rill lnc I(<ken lo hc (I nol illa()lion ol loss ol cnll l lcn)cnl lo snl(lll ol' nllcl'0
cnlil) s(a(us. as applicahlc.

N() I I:: I h)s loll)I nlusl hc signed ln (lccol'd(lace <Till) 37 ( I'R 1.31 (nld 1.33. Scc 37 ( I'R 1.-1 lol' sign(llul'L I'L(lun'La)cols (nld ccl'Ill le()lions.

Aulllol'I/cd signalurc /Jeffrey W. Childers/ I)( ( January 1 6, 2024

Jeffrey W. Childers Rc" lsll")lion No.I ) pcd Ol' pl'lnlL'd n(n)IL'

I'agc ) ol'3

()XIII ()()S I-(X)33 I : .S . I " IIL'nl (nld I I"ldL'nl(n'k ()1'1'icc: I:.S. I)l I'AR'I'I l l Xrl' ()I: ('()XIX[l R(' II I ()I.-BS I (ll'I I) ( I I/23 ) Appl'0< cd lol' usc llll'ougll ()3/3 I/2()2()
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UNITED STATKS® PATENT AND TRADEMARK OFFICE
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APPLICATION ¹ RECEIPT DATE / TIME
01/22/2024 01:37:02 PM Z ET

ATTORNEY DOCKET ¹
J HU-36631.30318/354,282

Title of Invention
IMAGING AND RADIOTHERAPEUTICS AGENTS TARGETING FIBROBLAST-ACTIVATION
P ROTE IN-ALPHA (FAP-ALP HA)

Application Information

PATENT ¹APPLICATION TYPE Utility — Nonprovisional Application
under 35 USC 111(aj

C ONFIRMATION ¹ 7 5 3 6 FILED BY A a ron Bottjen

PATENT CENTER ¹ 6 4 0 32495 FILING DATE 0 7 /18/2023

FIRST NAMED X ing YangCUSTOMER ¹ 1 0 1 943
INVENTOR

CORRESPONDENCE
ADDRESS

AUTHORIZED BY J e f f rey Childers

TOTAL DOCUMENTS: 1Documents
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Sheet

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(Use as many sheets as necessary)

Application Number
Filing Date
First Named Inventor
Art Unit
Examiner Name
Attorney Docket Number

Complete if Known

1 8/354,282
18 Jul 2023
Yang
1618
Melissa Jean Perreira
JHU-36631.303of

Examiner
Initials'

Cite
No '

Document Number

Number-Kind Code' Publication Date
YYYY-MM-DD

U.S. PATENTS

Issue or

(if known)

Name of Patentee or
Applicant of Cited

Document
Where

Pages, Columns, Lines,

Relevant Passages or

Figures Appear
Relevant

Examiner
Initials'

Cite
No.'

Document Number

Number-Kind Code4 Publication Date
YYYY-MM-DD

Issue or

(if known)

U.S. PUBLISHED PATENT APPLICATIONS

Name of Patentee or
Applicant of Cited

Document
Where

Pages, Columns, Lines,

Relevant Passages or

Figures Appear
Relevant

2020/0237936 LOP~' c '."I2020-07-30

Note: Submission of copies of U.S. Patents and published U.S. Patent Applications is not required.

FOREIGN PATENT DOCUMENTS

Examiner
Initials'

Cite
No' Forei n Patent Document

Country Code' Number'
Kind Code' (if known)

Publication
Date OI'

YYYY-MM-DD

Name of Patentee

Applicant of Cited
Document

Pages, Columns,
Lines, Where

Relevant Passages
or Relevant Figures

Translation
8

Appear

NONPATENT LITERATURE DOCUMENTS

Examiner
Initials'

Cite
No '

Include name of the author (in CAPITAL LETTERS), title of the article (when
appropriate), title of the item (book, magazine, journal, serial, symposium, catalog,
etc.), date, page(s), volume-issue number(s), publisher, city and-or country where

Translation
6

published.

Examiner
Signature

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

Date
Considered
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Sheet

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(Use as many sheets as necessary)

Application Number
Filing Date
First Named Inventor
Art Unit
Examiner Name
Attorney Docket Number

Complete if Known

1 8/354,282
18 Jul 2023
Yang
1618
Melissa Jean Perreira
JHU-36631.303of

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any
communication from a foreign patent office in a counterpart foreign application not more than three
months prior to the filing of the information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a
communication from a foreign patent office in a counterpart foreign application, and, to the knowledge of
the person signing the certification after making reasonable inquiry, no item of information contained in
the information disclosure statement was known to any individual designated in 37 CFR 1.56(c) more
than three months prior to the filing of the information disclosure statement. See 37 CFR 1.97(e)(2).

Documents not provided herewith have been previously cited in parent U.S. patent application number
filed on . In compliance with 37 C.F.R. g 1.98(d), Applicants have not included copiesO

of these documents.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR
1.4(d) for the form of the signature.

Signature /Jeffrey W. Childers/ 2024-01-22Date (YYYY-MM-DD)

Name/Print Jeffrey W. Childers 58,126Registration Number
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PTO Notes regarding this form:

' Applicant's unique citation designation number (optional).
' See Kinds Codes of USPTO Patent Documents at www.uspto.gov or MPEP 901.04.

' Applicant's unique citation designation number (optional).
4 See Kinds Codes of USPTO Patent Documents at www.uspto.gov or MPEP 901.04.
' Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3).

For Japanese patent documents, the indication of the year of the reign of the Emperor must
precede the serial number of the patent document.
' Kind of document by the appropriate symbols as indicated on the document under WIPO
Standard ST.16 if possible.
' Applicant is to place a check mark here if English language Translation is attached.
This collection of information is required by 37 CFR 1.97 and 1.98. The information is required
to obtain or retain a benefit by the public which is to file (and by the USPTO to process) an
application. Confidentiality is governed by 35 U.S.C. 122 and CFR 1.14. This collection is
estimated to take 2 hours to complete, including gathering, preparing, and submitting the
completed application form to the USPTO. Time will vary depending upon the individual case.
Any comments on the amount of time you require to complete this form and/or suggestions for
reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313­
1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Please find below and/or attached an Office communication concerning this application or proceeding.

Thc time period I'or reply, i l' any, i»»ct in thc attached communication.

Notice ol' thc Ol ' l ice communication wa»»cnt c lcctronically on above-indicated "Noti l 'ication Date" to thc
I'ollowing c-mail addrc»»(c»):

d<><'k<.'tinL((I)<'II»imirj<>n<.».« >n)
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UNITED STATES PATENT AND TRADEMARK OI'I'ICE

( onnniTTionct lof P Iten)T
1:nitc<l .<<tate T Patent anti I In<tun)alt, ()I'I'icc

P.(). Bov 146()
Alcvan<llia, MA nn)11 146()

« '«''«'. 0 Tt)to. co<

The Johns Hopkins University c/o Casimir Jones
2275 Deming Way Suite 310
Middleton, Wl 53562

In re Application of
Yang et al.
Application No. 18/354,282

Attorney Docket No. JHU-36631.303

This is a decision on the Petition to Accept Color Drawings under 37 CFR 1.84(a)(2), received in the United
States Patent and Trademark Office (USPTO) on December 13, 2023.

37 CFR 1.84(a)(2) in relevant part states:

: DECISION ON PETITION
: UNDER 37 CFR 1.84(a)(2)

Filed: 07/18/2023

On rare occasions, color drawings may be necessary as the only practical medium by which to disclose
the subject matter sought to be patented in a utility patent application.... The Office will accept color
drawings in utility patent applications only after granting a petition filed under this paragraph explaining
why the color drawings are necessary. Any such petition must include the following:

(i) Payment of the fee set forth under 37 CFR 1.17(h),
(ii) Submission of three (3) sets of color drawings, or one (1) set of color drawings if filed by

(iii) An amendment to the specification to insert (unless the specification contains or has been
previously amended to contain) the following language as the first paragraph of the brief
description of the drawings:

The patent or application file contains at least one drawing executed in color. Copies of this
patent or patent application publication with color drawing(s) will be provided by the office upon
request and payment of the necessary fee.

EFS-Web, and

MPEP g 608.02(VIII) COLOR DRAWINGS OR COLOR PHOTOGRAPHS states in relevant part:

It is anticipated that such a petition will be granted only when the U.S. Patent and Trademark Office has
determined that a color drawing or color photograph is the only practical medium by which to disclose in
a printed utility patent the subject matter to be patented.

A review of U.S. Patent and Trademark records indicates that all the criteria set forth in 37 CFR 1.84(a)(2) and
MPEP g 608.02(V) tt) have been satisfied. Accordingly, the petition under 37 CFR ).84(a)(2) is GRANTED.

Petitioner is advised that this decision grants the petition to accept color drawing(s) or photograph(s) because
the requirements of 37 CFR 1.84(a)(2) or (b)(2) have been met. The initial review undertaken for purposes of
the petition did not identify new matter in the color drawing(s) or photograph(s). However, the grant of this
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petition should not be construed as a determination that should the color drawing(s) be entered the application
would be free of statutory and/or formal defects. See MPEP g 608.02(VIII) and 608.02(b). The examiner is
charged with determining whether applicant's nonprovisional application as amended to include the
replacement drawings complies with all statutory requirements (e.g., enablement under 35 U.S.C. 112) and
other applicable requirements (e.g., other formal requirements under 37 CFR 1.84). Further, the determination
of whether a petition establishes a sufficient basis to accept color drawings or photographs is separate from
the examiner's ultimate determination as to whether an amendment to the drawings should be entered (e.g.,
based on the prohibition under 35 U.S.C. 132 against introducing new matter). See MPEP g 608.04(a), 608.02
(h), and 2163.06(l).

Should there be any questions about this decision, please contact BENNETT M CELSA, by letter addressed to
Director, TC l 600, at the address listed above, or by telephone at (571)272-0807, or by facsimile sent to the
general Office facsimile number, 571-273-8300.

/Zachariah Lucas/
Supervisory Patent Examiner, Technology
Center 1600

/BENNETT M CELSA/
Quality Assurance Specialist, Technology
Center 1600
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. 13ox 1450
Alexandria, Virginia 22313-1450
www.ospro.gov

APPLICATION No.

18/354,282

FILING DATE

07/1 8/2023

FIRST NAMED INVENTOR TTORNEY DOCKET No. CONFIRMATION No.

JHU-36631.303 7536Xing Yang

EXAMINER
7590 01/30/2024

The Johns Hopkins University
do Casimir Jones
2275 Deming Way
Suite 310
Middleton, WI 53562

ART UNIT

1618

PERREIRA, MELISSA JEAN

PAPER NUMBER

NOTIFICATION DATE DELIVERY MODE

ELECTRONIC01/30/2024

NOTICE OF NON®OMPLIANT INFORMATION DISCLOSURE STATEMENT

An Information Disdosure Statement (IDS) filed 1 16 2024 in the above-identified application fails to
meet the requirements of 37 CFR 1.97(d) for the reason(s) specified below. Accordingly, the IDS will be
placed in the file, but the information referred to therein has not been considered.

The IDS is not compliant with 37 CFR 1.97(d) because:

)g( The IDS lacks a statement as specified in 37 CFR 1.97(e).

g The IDS lacks the fee set forth in 37 CFR 1.17(p).

Q The IDS was filed after the issue fee was paid. Applicant may wish to consider filing a petition
to withdraw the application from issue under 37 CFR 1.313(c) to have the IDS considered. See
MPEP 1308.

571-272-4200 or 1-888-786-0101
Application Assistance Unit
Office of Data Management

Page 1 of 1
FORM PTOM327-8 (Rev. 02/08)
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. 13ox 1450
Alexandria, Virginia 22313-1450
www.ospro.gov

APPLICATION No.

18/354,282

FILING DATE

07/1 8/2023

FIRST NAMED INVENTOR TTORNEY DOCKET No. CONFIRMATION No.

JHU-36631.303 7536Xing Yang

EXAMINER
7590 01/30/2024

The Johns Hopkins University
do Casimir Jones
2275 Deming Way
Suite 310
Middleton, WI 53562

ART UNIT

1618

PERREIRA, MELISSA JEAN

PAPER NUMBER

NOTIFICATION DATE DELIVERY MODE

ELECTRONIC01/30/2024

NOTICE OF NON®OMPLIANT INFORMATION DISCLOSURE STATEMENT

An Information Disdosure Statement (IDS) filed in the above-identified application fails to
meet the requirements of 37 CFR 1.97(d) for the reason(s) specified below. Accordingly, the IDS will be
placed in the file, but the information referred to therein has not been considered.

The IDS is not compliant with 37 CFR 1.97(d) because:

Q The IDS lacks a statement as specified in 37 CFR 1.97(e).

g The IDS lacks the fee set forth in 37 CFR 1.17(p).

g The IDS was filed after the issue fee was paid. Applicant may wish to consider filing a petition
to withdraw the application from issue under 37 CFR 1.313(c) to have the IDS considered. See
MPEP 1308.

571-272-4200 or 1-888-786-0101
Application Assistance Unit
Office of Data Management

Page 1 of 1
FORM PTOM327-8 (Rev. 02/08)
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Conl illllation No.: 7S36

Ail Unit : 1618

In rc Application ol': YANG, ct al.

Serial No.: 18/3S4,282

Filed: July 18, 2023 Examiner: Pcrrcira, Mclissa Jean

FOR: IMAGING AND RADIOTHERAPEUTICS AGENTS TARGETING

FIBROBLAST-ACTIVATION PROTEIN-ALPHA (FAP-ALPHA)

INFORMATION DISCI.OSURE STATEMENT CERTIFICATION STATEMENT

Colllll l issioncr for Patents
PO Box 14SO
Alexandria, VA 22313-14SO

Exalllillcl PCI ICII a:

1 hcrcby certify that that thc fo l lowing i tems of i n formation contained in thc in formation
disclosure statcmcnt werc cited in a communication from a foreign patent off ice in a counterpart foreign
a pplication not nulrc than thrcc nurnth» prior to thc f i l ing of thc in formation disclosure statcmcnt. 3 7
C.l'.R. jx1.97(c)(1).

WO 2016/196628 for The,lohns Hopkins University (ref. no. 2)
Third Pary Observations for application number EP 18871298.8 (ref. no. 3)

1 hcrcby certify that thc following item of information contained in thc information disclosure
statcmcnt was not c i ted i n a c o m m unication f rom a f o r e ign patent o f f ice in a c o unterpart foreign
applicati<m, and, to thc knowlcdgc of thc person signing thc certification after making rcasonablc inquiry,
no item of in formation contained in thc information disclosure statcmcnt was known to any ind iv idual
dcsignatcd in 37 C l 'R 1 .S6(c) morc than thrcc month» prior to thc f i l ing of thc in formation disclosure
statcmcnt. Scc 37 Cl'R 1.97(c)(2).

US Publication 2020/0237936 for I.OW et al. (ref. no. 1)

Rcspcctfully submitted,

Date: /Jet'fre W. Childers/

Jcffrcy W. Childcrs
Casimir Jones S.C.
Registration No. S8126
22!.i Dc!Bnl" Wav. Suilc 31!)
Mid;lic:.oi:. W 1 S3S6 '
!')fficc: 9 ! '-,'-724-8!~'-,"..l
F'Ix: ! iO8-662-1276

1'cbruar 2, 2024
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Doc Code: QPIDS.REQ
Document Description: QuickPath Information Disclosure Statement

PTOlSBl09 (09-1 8)

CERTIFICATION AND REQUEST FOR CONSIDERATION OF AN INFORMATION DISCLOSURE
STATEMENT FILED AFTER PAYMENT OF THE ISSUE FEE UNDER THE QPIDS PROGRAM

18/354 282 July 18, 20231

First Named Inventor.
•

Title of Invention

Xing Yang
THE UNDERSIGNED HEREBY CERTIFIES AND REQUESTS THE FOLLOWING FOR THE ABOVE­
I DENTIF I ED AP P LI CATION.

1. Consideration is requested of the information disdosure statement (lDS) submitted herewith, which is

2. C heck the box next to the appropriate selection:

being filed aRer payment of the issue fee.

+ Each item of information contained in the lDS was first cited in any communication from a foreign
patent office in a counterpart foreign application not more than three months prior to the filing of the lDS.
See 37 CFR 1.97(e)(1).
OR

in a counterpart foreign application, and, to the knowledge of the person signing the certification aRer
making reasonable inquiry, no item of information contained in the lDS was known to any individual
designated in 37 CFR 1.56(c) more than three months prior to the filing of the lDS. See 37 CFR
1.97(e)(2).
OR

+ No item of information contained in the lDS was cited in a communication from a foreign patent office

H See attached certification statement in compliance with 37 CFR 1.97(e).
3. P lease charge the lDS fee set forth in 37 CFR 1.17(p) to Deposit Account No. 5O43O2

4. A Petition to Withdraw from issue ARer Payment of the issue Fee (37 CFR 1.313(c)(2)), including the

WARNING: Do not submit the petition as a followwn paper via EFS-Web. Submit the petition as a Web­
based ePetition by signing on to EFS-Web as a registered user, selecting the radio button next to
"Existing application/patent," and then selecting the radio button next to "ePetition (for automatic
processing and immediate grant, if all petitions requirements are met)." Failure to use the Web-based
ePetition interface will result in automatic entry of the RCE.

petition fee set forth in 37 CFR 1.17(h), is submitted herewith as a Web+ased ePetition.

are submitted herewith.

information contained in the lDS necessitates the reopening of prosecution in the application, the

5. A request for continued examination (RCE) under 37 CFR 1.114 and the RCE fee under 37 CFR 1.17(e)

6. The RCE will be treated as a "conditional" RCE. ln the event the examiner determines that any item of

undersigned understands that (i) the RCE will be processed and treated as an RCE under 37 CFR 1.114
and therefore (ii) the lDS fee under 37 CFR 1.17(p) will be returned in accordance with
37 CFR 1.97(b)(4). ln the emnt that no item of information in the lDS necessitates reopening prosecution,
the undersigned understands that the RCE will not be processed and the RCE fee under 37 CFR 1.17(e)
will be returned.

amendment to the application. inclusion of an amendment will result in automatic entry of the RCE.
7. This certification and request is being filed as a Web-based ePetition and is not accompanied by an

.„„.,„./Jeffrey W. Childers/

.„Jeffrey W. Childers
,.February 2, 2024

Practitioner
Registration Number
(If applicable)

Noter Signaturesofatt theinventorsorassigneesofrecord ofthe entireinterestortheirrepresentative(s) are requiredin accordance with
37 CFR 1.33 and 11.18. Please see 37 CFR 1.4(d) for the form of the signature. If necessary, submt nutti pte foms for nore than cne
signature, see below.'

'Total of 1 formsare submitted.

lf you need assistancein conpleting the form call 1-800 PTO-9199 and select optim 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L 93%79) requires thatyou be given certain information in connectionwith your
submission ofthe attached form related to a patent application or patent. Accordingly, pursuant to the requirements of
the Act, please be advised that: (1) the general authorityfor the collection of this information is 35 U.S C. 2(b)(2); (2)
furnishing of the information solicited is voluntary and (3) the principal purpose for which the information is used bythe
U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or
patent. If you do not furnish the requestedinformation, the U.S. Patent and Trademark Office maynot be able to
process and/or examine your submission, which m ay res ult in termination of proceedings or abandonment of the
application or expiration of the patent.

The information provided byyou in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentiallyto the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system ofrecords may
be disclosed to the Department of Justice to determine whether disclosure of these records is required bythe
Freedom of Inform ation Act.

2. A record from this system of records maybe disclosed, as a routine use, in the course of presenting evidence
to a court,magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system ofrecords maybe disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance fiom
the Member with respect to the subject matter of the record.

4. A recordin this system ofrecords maybe disclosed, as a routine use, to a contractorof the Agency having
need for the information in order to perform a contract. Recipients of information s hall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treatyin this system of
records maybe disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records maybe disclosed, as a routine use, to another federal agencyfor purposes
of National Security review (35 U.S.C. 181) and for review pursuantto the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records maybe disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted byGSA as partof that agency's
res ponsibilityto recommend im prove ments in records m anagement practices and programs, under auth ority of
44 US C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing
inspection of records for this purpose, and anyother relevant (/ e., GSA or Commerce) directive. Such
disclosure s hall not be used to make determinations about individuals.

8. A record from this system of records maybe disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record
was filed in an application which became abandoned or in which the proceedings were terminated and which
application is referenced byeither a published appication, an application open to public inspection or an issued
patent.

9. A record from this system ofrecords maybe disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Doc code PET.DEO.AUTO
Description ePetition Grant Letter

P.O. Box 1450
Alexandria, VA 22313 - 1450

www.uspto.gov
UNITED STATES
PATENT AND TRADFIttIARK OFFICE

GRANT LETTER

APPLICATION ¹
1 8/354,282

DECISION DATE
02/02/2024

DECISION ON PETITION ¹ ATTORNEY DOCKET NUMBER
J HU-36631.303

Title of Invention

IMAGING AND RADIOTHERAPEUTICS AGENTS TARGETING FIBROBLAST-ACTIVATION
PROTEIN-ALPHA (FAP-ALPHA)

In re Application of Xing Yang

This is an electronic decision on the petition under, filed February 02, 2024 to withdraw the above-identified
application from issue after payment of the issue fee.

The request is GRANTED.

Petitioner is advised that the issue fee paid in this application cannot be refunded. If, however, this
application is again allowed, petitioner may request that it be applied towards the issue fee required by
the new Notice of Allowance.

The application is being referred to Technology Center AU for

Telephone inquired concerning this decision should be directed to the Patent Electronic Business Center (EBC)
at 866-217-9197.

Office of Petitions
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Doc Code PET.AUTO
Description ePetition Request Form

P.O. Box 1450
Alexandria, VA 22313 - 1450

www.uspto.gov
UNITED STATES
PATENT ANOmADE~AaK OFFICE

PETITION TO WITHDRAW AN APPLICATION FROM ISSUE AFTER PAYMENT
OF THE ISSUE FEE UNDER 37 CFR 1.313(c)(2)

APPLICATION ¹
18354282

ATTORNEY DOCKET ¹
J HU-36631.303

FILING DATE
07/1 8/2023

Title of Invention

IMAGING AND RADIOTHERAPEUTICS AGENTS TARGETING FIBROBLAST-ACTIVATION PROTEIN­
ALPHA (FAP-ALPHA)

Application Information

CONFIRMATION ¹ 7 536 FILING DATE 07/ 1 8 /2023

ART UNIT 1 61 8 FIRST NAMED INVENTOR Xing Yang

EXAMINER ME LISSA PERREIRA

An application may be withdrawn from issue for further action upon petition by the applicant. To request that the
Office withdraw an application from issue, applicant must file a petition under this section including the fee set forth
in g 1.17(h) and a showing of good and sufficient reasons why withdrawal of the application from issue is
necessary.

APPLICANT HEREBY PETITIONS TO WITHDRAW THIS APPLICATION FROM ISSUE UNDER 37 CFR 1.313(c).

A grantable petition requires the following items:

(1) Petition fee; and
(2) One of the following reasons: A grantable petition requires the following items: (a) Unpatentability of one or
more claims, which must be accompanied by an unequivocal statement that one or more claims are unpatentable,
an amendment to such claim or claims, and an explanation as to how the amendment causes such claim or claims
to be patentable;
(b) Consideration of a request for continued examination in compliance with g 1.114 (for a utility or plant application
only); or
(c) Express abandonment of the application. Such express abandonment may be in favor of a continuing
application, but not a CPA under 37 CFR 1.53(d).

Reason for withdrawal
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Consideration of a request for continued examination (Quick Path Information Disclosure Statement) — RCE request,
submission, and fee are attached

Applicant claims the following entity status

Name

Jeffrey Childers

Small

Signature
I certify, in accordance with 37 CFR 1.4(d)(4) that I am:
An attorney or agent registered to practice before the Patent and Trademark Office who has been given power of
attorney in this application

Signature

/Jeffrey W. Childers/

Registration ¹

58126
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P.O. Box 1450

Alexandria, VA 22313 - 1450
www.uspto.gov

UNITED STATES
PATENT AND TaADE~AaK OFFICE

ELECTRONIC PAYMENT RECEIPT

APPLICATION ¹ RECEIPT DATE / TIME

02/02/2024 05:07:17 PM Z ET
ATTORNEY DOCKET ¹

J HU-36631.30318/354,282

Title of Invention

IMAGING AND RADIOTHERAPEUTICS AGENTS TARGETING FIBROBLAST-ACTIVATION
PROTEIN-ALPHA (FAP-ALPHAj

Application Information

PATENT ¹APPLICATION TYPE Utility — Nonprovisional Application
under 35 USC 111(a)

C ONFIRMATION ¹ 753 6 FILED BY Jeffrey Childers

AUTHORIZED BYPATENT CENTER ¹ 641 9 4803

CUSTOMER ¹ 101 9 43 FILING DATE 0 7 / 18/2023

CORRESPONDENCE
ADDRESS

FIRST NAMED X i ng Yang
INVENTOR

Payment Information

PAYMENT TRANSACTION ID

E202422H075881 08
PAYMENT AUTHORIZED BY
Jeffrey Childers

PAYMENT METHOD
CARD / 0638

PRE-AUTHORIZED CATEGORY

37 CFR 1.16 (National application filing, search, and examination fees); 37
CFR 1.17 (Patent application and reexamination processing fees); 37 CFR
1.19 (Document supply fees); 37 CFR 1.20 (Post Issuance fees); 37 CFR 1.21
(Miscellaneous fees and charges)

PRE-AUTHORIZED ACCOUNT

504302

FEE CODE DESCRIPTION ITEM PRICE($) QUANTITY ITEM TOTAL($)

2801

2464
PETITIONS REQUIRING THE
PETITION FEE SET FORTH IN 37
CFR 1.17(H) (GROUP 111)

REQUEST FOR CONTINUED
EXAMINATION (RCE) — 1ST
REQUEST (SEE 37 CFR 1.114)

544.00

56.00 56.00

544.00

TOTAL
AMOUNT:

$600.00
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Page 2 of 2

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as
described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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Pageos of 3
P.O. Box 1450

Alexandria, VA 22313 - 1450
www.uspto.gov

UNITED STATES
PATENT ANO TaADE~AaK OFFICE

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION ¹ RECEIPT DATE / TIME

02/02/2024 05:07:17 PM Z ET
ATTORNEY DOCKET ¹

J HU-36631.30318/354,282

Title of Invention

IMAGING AND RADIOTHERAPEUTICS AGENTS TARGETING FIBROBLAST-ACTIVATION
PROTEIN-ALPHA (FAP-ALPHA)

Application Information

PATENT ¹APPLICATION TYPE Utility — Nonprovisional Application
under 35 USC 111(a)

C ONFIRMATION ¹ 753 6 FILED BY Jeffrey Childers

PATENT CENTER ¹ 641 9 4803 FILING DATE 0 7 / 18/2023

CUSTOMER ¹ 101 9 43 FIRST NAMED X i ng Yang
INVENTOR

CORRESPONDENCE
ADDRESS

AUTHORIZED BY

TOTAL DOCUMENTS: 7Documents

DOCUMENT

petition-request.pdf

2024-02-02 - J HU-36631.303
- Supp IDSpdf.pdf

Warning: This is not a USPTO supplied IDS fillable form. Data in the form cannot be
automatically loaded to other USPTO systems.

2024-02-02 - J HU-36631.303
- RCE.pdf

Warning: This is not a USPTO supplied RCE fillable form. Data in the form cannot be
automatically loaded to other USPTO systems.

2024-02-01 - JHU-36631.303
- QP IDS.pdf

PAGES DES CRIPTION

Request for Continued
Examination (RCE)

Quick Path Information
Disclosure Statement

ePetition Request Form

Information Disclosure
Statement (IDS) Form (SB08)

SIZE
(KB)

131 KB

29 KB

39 KB

151 KB
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135 Foreign Reference

Other reference­
Patent/Application/Search
Documents

Letter specifying the conditions
for filing under 37 CFR 1.97

WO201 61 96628A1. pdf

Third Party Observations.pdf

2024-02-02 - J HU-36631.303
- IDS Certification
Statement. pdf

553 9605 KB

Page 2 of 3

5262 KB

20 KB

Digest

DOCUMENT

petition-request.pdf

WO201 61 96628A1. pdf

Third Party Observations.pdf

2024-02-02 - JHU-36631.303­
Supp IDSpdf.pdf

2024-02-01 - JHU-36631.303­
Q P IDS. pdf

2024-02-02 - JHU-36631.303­
RCE.pdf

MESSAGE DIGEST(SHA-512)

24A562B12BC7CF67E5C6722EA0826261 D028CSSAC39617E SE
B3A682E5A1 AODA48402AE7E0947487559C69E46281 6E3EF D D
74DF1 E035F7D3FD596FC159EB63EDO

SD D1 B B24F49CSA9DADA5B5A745D F6FD51 D BD47EE1 D D6AC
77F320ADAOC471 D B22799 B873A9D E73C3831 1 D EC1 657D D D E
772C7A82E22C924D6856B7EC460C755CD B

3FC1787EC432E484337EA03713EF5FF6BA594D11702F21 CBA
7DC1 5E89F54560B433A2564F6752CE61 FCAB1 OOOAAFDA21A6
70 E BOO E FA2D2D6E F30F77784D D E F57

F01 234071 E6EE3F B329DAE476CC39D1 A7CB244DOB99A0768
B1 B D9574470652397488F BC F721 1 3E283C81 84C E EACA897AO
E2F89C07A83C048ESSA892E65BAB370

51 5E343648E2878B7A59FC35ECDSE7564D DC2D9AF7A6E494
3E D650AB B977B3COCCF2B3E57D934968296ED6542E71 22943
904B001 3C234888C773A934472A23C9

9D1 A24255E793F435B29481 6D357B4D479584A3C F4567281 2C
46E3D0990121 ESD082B3C39584A6CESDEF76F42207F9DAC07
46F58D55F3C30EB B28133A63F0084

4CB1 70D87AAB22FCA3F32AC3032D81 F30C11 72BA26B E1 AOC
1 C963BB4FCACB B84FD B D DSOFA8769827F7F D50D32BA1 E345
FE1 CCF03FC5AA795E2CD9EB334BDA982

2024-02-02 - JHU-36631.303­
IDS Certification Statement.pdf

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as
described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.S.C. 371
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Page 3 of 3

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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Sheet

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(Use as many sheets as necessary)

Application Number
Filing Date
First Named Inventor
Art Unit
Examiner Name
Attorney Docket Number

Complete if Known

18/354,282
18-Jul-2023
Yang
1618
MELISSA JEAN PERREIRA

JHU-36631.303of

Examiner
Initials'

Cite
No '

Document Number

Number-Kind Code' Publication Date
YYYY-MM-DD

U.S. PATENTS

Issue or

(if known)

Name of Patentee or
Applicant of Cited

Document
Where

Pages, Columns, Lines,

Relevant Passages or

Figures Appear
Relevant

Examiner
Initials'

Cite
No.'

Document
Number

Number-Kind
Code4 (if known)

2020/0237936

Publication Date
YYYY-MM-DD

Issue or

U.S. PUBLISHED PATENT APPLICATIONS

Name of Patentee or
Applicant of Cited

I OVi et al.

Document
Where

Pages, Columns, Lines,

Relevant Passages or

Figures Appear
Relevant

2020-07-30
Note: Submission of copies of U.S. Patents and published U.S. Patent Applications is not required.

FOREIGN PATENT DOCUMENTS

Examiner
Initials'

Cite
No ' Forei n Patent Document

Country Code' Number'
Kind Code' (if known)

WO 2016/196628 A1

Publication
Date OI'

YYYY-MM-DD

Name of Patentee

Applicant of Cited

THE JOHNS
HOPKINS
UNIVERSITY

Document

Pages, Columns,
Lines, Where

Relevant Passages
or Relevant Figures

Appear

Translation
8

201 6-1 2-08

NONPATENT LITERATURE DOCUMENTS

Examiner
Initials'

Cite
No '

Include name of the author (in CAPITAL LETTERS), title of the article (when
appropriate), title of the item (book, magazine, journal, serial, symposium, catalog,
etc.), date, page(s), volume-issue number(s), publisher, city and-or country where

Third Party Observations for application number EP18871298.8 Dated
January 10, 2024. 553 pages.

Translation
6

published.

Examiner
Signature

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

Date
Considered
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INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(Use as many sheets as necessary)

Application Number
Filing Date
First Named Inventor
Art Unit
Examiner Name
Attorney Docket Number

Complete if Known

18/354,282
18-Jul-2023
Yang
1618
MELISSA JEAN PERREIRA

JHU-36631.303of

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any
communication from a foreign patent office in a counterpart foreign application not more than three
months prior to the filing of the information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a
communication from a foreign patent office in a counterpart foreign application, and, to the knowledge of
the person signing the certification after making reasonable inquiry, no item of information contained in
the information disclosure statement was known to any individual designated in 37 CFR 1.56(c) more
than three months prior to the filing of the information disclosure statement. See 37 CFR 1.97(e)(2).

Documents not provided herewith have been previously cited in parent U.S. patent application number
filed on . In compliance with 37 C.F.R. g 1.98(d), Applicants have not included copiesO

of these documents.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR
1.4(d) for the form of the signature.

Signature /Jeffrey W. Childers/ 2024-02-02Date (YYYY-MM-DD)

Name/Print Jeffrey W. Childers 58,126Registration Number
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PTO Notes regarding this form:

' Applicant's unique citation designation number (optional).
' See Kinds Codes of USPTO Patent Documents at www.uspto.gov or MPEP 901.04.

' Applicant's unique citation designation number (optional).
4 See Kinds Codes of USPTO Patent Documents at www.uspto.gov or MPEP 901.04.
' Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3).

For Japanese patent documents, the indication of the year of the reign of the Emperor must
precede the serial number of the patent document.
' Kind of document by the appropriate symbols as indicated on the document under WIPO
Standard ST.16 if possible.
' Applicant is to place a check mark here if English language Translation is attached.
This collection of information is required by 37 CFR 1.97 and 1.98. The information is required
to obtain or retain a benefit by the public which is to file (and by the USPTO to process) an
application. Confidentiality is governed by 35 U.S.C. 122 and CFR 1.14. This collection is
estimated to take 2 hours to complete, including gathering, preparing, and submitting the
completed application form to the USPTO. Time will vary depending upon the individual case.
Any comments on the amount of time you require to complete this form and/or suggestions for
reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313­
1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Docuf~en-:. Code PJ'FEE

0:>et':.I:..;IIet r',"mcr',"mIII;-..n
Sale A;c .:,::I I:;::I Iq Date:0 Ge:: '0 4

Sale Item Reference Number
18354282

Effective Date
02/02/2024

Document Number
1202425J43169200

Fee Code Fee Code Description
2806 SUBMI SSION- INFORMATION

Amount Paid Paym ent Method
$104.00 Deposit Account

DISCLOSURE STMT

Petitioner GE Healthcare – Ex. 1002, p. 480 



UVI TED STATEs PATEvT AvD TRADEMARK Ol­.l-.lcE
I '»l I I(I)» I Y I Ie» I)l(PYk I >Ill» I ()I' ('()>ilk:k('I:
t'nited»tatea Patent and 'I'rademark ()ff)ee
a(I; , ( ' ( )YIYIISSI()»l.le I ()le P.(lie(18li

I'<) In x IA<II
alex.irwlru. Ye. en.i ": I : IN < (I
%1%1%1 IIPa e t 'I

. (PPI. I(". ( I I()»»().

18/35-1,2»2

I I I. I »(I I). ( I I.

() 7/ I 8/2() 2 1

I lie%I ».XY(l.l) I»YI.» I()le

.I HI.-J(i(il I .1()l

. (I l()le»I.Y I)()( Kl.l »() . ("( ) » I l l (YI.(l I()»» ( ) .

7 51(>Xnl~ YI(n~

I() I')4l 7C')() () 2/(4/2() 2A I .X. ( Y I I » I . Ie
Th<.' J()hn» H()l>kin» I niv<.r»ity
'/<> cll!ilnllr J()n<.»
) )7S D<.'nllng Wily
S u i t <.' 3 I 0
Middl<.'t()n, WI S3S62

.%le I (:Xl I

Pi.lelei.lie.x, Y(l.l.lhh.( Jl..(»

P.%Pl.le»(: YIBl.le

»() I II I(".( I I()» I).( I I. I)I.I.I YI.R Y YI()I)I.

()2/I-I/2()2-I I I.I ('1'R()5'I('

Please find below and/or attached an Office communication concerning this application or proceeding.

Thc time period I'or reply, i l' any, i»»ct in thc attached communication.

Notice ol' thc Ol ' l ice communication wa»»cnt c lcctronically on above-indicated "Noti l 'ication Date" to thc
I'ollowing c-mail addrc»»(c»):

d<><'k<.'tinL((I)<'II»imirj<>n<.».« >n)
j w<'hi ld<:r» (n) <'k» im irj <>n<.».« >m

I'I'OI.-')()A (Re) . ()-I/()7)

Petitioner GE Healthcare – Ex. 1002, p. 481 



Notice of Alloff/fability

Application No.
18/354,282
Examiner
MELISSA J PERREIRA

Applicant(s)
Yan et al.
Art Unit
1618

AIA (FITF) Status
Yes

— The NAILING DA TE of this communication appears on the cover sheet with the correspondence address­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. < This communication is responsive to 2/02/24.

A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

; the2. A n election was made by the applicant in response to a restriction requirement set forth during the interview on
restriction requirement and election have been incorporated into this action.

3. < The allowed claim(s) is/are 29-31 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http: //www.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4. A c knowledgment is made of a claim for foreign priority under 35 U.S.C. g 119(a)-(d) or (f).

Certified copies:

a) All b) Some*
c) None of the:

1. Ce r t i fied copies of the priority documents have been received.
2. Ce r t i fied copies of the priority documents have been received in Application No.

3. Co p ies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. C O RRECTED DRAWINGS (as "replacement sheets") must be submitted.

including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. D E POSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Paper No./Mail Date 2/2/24.

of Biological Material

Paper No./Mail Date.

Attachment(s)
1. N o t ice of References Cited (PTO-892)

2. < Information Disclosure Statements (PTO/SB/08),

3. E x aminer's Comment Regarding Requirement for Deposit

4. I n terview Summary (PTO-413),

/Michael G. Hartley/
Supervisory Patent Examiner, Art Unit 1618

5. Ex a miner's Amendment/Comment

6. Ex a miner's Statement of Reasons for Allowance

7 . Ot h e r

/MELISSA J PERREIRA/
Examiner, Art Unit 1618

U.S. Patent and Trademark Otfrce
PTOL-37 (Rev. 08-13) Part of Paper No./Mail Date 20240206Notice of Allowability

Petitioner GE Healthcare – Ex. 1002, p. 482 



1 8/354 r 282 - - GAU : 1 6 " 8Receipt. date: 02/02/2024

Sheet

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(Use as many sheets as necessary)

Application Number
Filing Date
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18/354,282
18-Jul-2023
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JHU-36631.303of

Examiner
Initials'

Cite
No '

Document Number

Number-Kind Code' Publication Date
YYYY-MM-DD

U.S. PATENTS

Issue or

(if known)

Name of Patentee or
Applicant of Cited

Document
Where

Pages, Columns, Lines,

Relevant Passages or

Figures Appear
Relevant

Examiner
Initials'

Cite
No.'

Document
Number

Number-Kind
Code4 (if known)

2020/0237936

Publication Date
YYYY-MM-DD

Issue or

U.S. PUBLISHED PATENT APPLICATIONS

Name of Patentee or
Applicant of Cited

I OVi et al.

Document
Where

Pages, Columns, Lines,

Relevant Passages or

Figures Appear
Relevant

2020-07-30
Note: Submission of copies of U.S. Patents and published U.S. Patent Applications is not required.

FOREIGN PATENT DOCUMENTS

Examiner
Initials'

Cite
No ' Forei n Patent Document

Country Code' Number'
Kind Code' (if known)

WO 2016/196628 A1

Publication
Date OI'

YYYY-MM-DD

Name of Patentee

Applicant of Cited

THE JOHNS
HOPKINS
UNIVERSITY

Document

Pages, Columns,
Lines, Where

Relevant Passages
or Relevant Figures

Appear

Translation
8

201 6-1 2-08

NONPATENT LITERATURE DOCUMENTS

Examiner
Initials'

Cite
No '

Include name of the author (in CAPITAL LETTERS), title of the article (when
appropriate), title of the item (book, magazine, journal, serial, symposium, catalog,
etc.), date, page(s), volume-issue number(s), publisher, city and-or country where

Third Party Observations for application number EP18871298.8 Dated
January 10, 2024. 553 pages.

Translation
6

published.

Examiner
Signature

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

Date
Considered

0 2/0 6 / 2 0 2 4/MELTSSA J PER RE R A/

A L REFERENCES CONS j:DERED EXCEP • %ERE L NED THROUGH . /M . J. P!
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Examiner Name
Attorney Docket Number

Complete if Known

18/354,282
18-Jul-2023
Yang
1618
MELISSA JEAN PERREIRA

JHU-36631.303of

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In rc Application ol Cont illmation No.: 7S36YANG, Xing
11,938,201
26-M ar-2024
18/3S4,282 Group No.: 16 18
18-Jul-2023 Examiner: PERREIRA
IMA('IN(' AND RADIOTHERAPEUTICS A('ENTS TAR('ETIN('
FIBROBLAST-ACTIVATION PROTEIN-ALPHA (FAP-ALPHA)

Patent No.:
Issue Date:
Serial No.:
Filing Date:
Entitled:

REQUEST FOR CERTIFICATE OF CORRECTION

VIA EFS WEB
Commissioner I'or Patents
P.O. Box 14SO
Alexandria, Virginia 22313-14SO

Sir or Madam,

Pursuant to 3S U.S.C. ss2S4 and 37 C.F.R. s'il.322, applicants rcspcctl'ully rcqucst that thc

01'I'icc issue a Ccrtil lcatc ol'Correction in thc above-rcl'crcnccd patent. Applicant submits

hcrcwith Form PTO/SB/ rcqucsts a Ccltil'icatc ol'Correction I'or thc above-rcl'crcnccd patent and

hcrchy submits I'orm PTO/SB/44 showing thc correction that i» rcqucstcd.

In thc Lcttcrs Patent, Claim I, Column 64, lines 47-67, Column 6S, lines 1-62:

1. A low molecular weight compound ol' Formula (I):

B-L-A (I)

whcrcin:

A i» a targeting moiety I'or FAP-u, whcrcin A has thc structure ol':

R ~ x ~~~ R2 x

<,~R,„

'y'v •
CH j 4x

V

R5x R7x
R6x

whcrcin:
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Ri, and Rz, arc each indcpcndcntly sclcctcd 1'rom thc group consisting ol' H, OH, halogen, C f

< alkyl, -0-C f-<,alkyl, and -S-C f-<,alkyl;

R>, i» sclcctcd 1'rom thc group consisting ol' H, -CN, -B(OH)z -C(0)alkyl, -C(0)aryl-, -C=C­

C(0)aryl, -C=C-S(0)zaryl, -COSH, -SO)H, -SOzNHz, -PO)Hz, and S-tctl alolyl;

Rq,i»H;

R,-,, R<,, and R7, arc each indcpcndcntly sclcctcd 1'rom thc group consisting ol' H, -OH, oxo,

halogen, -C i < alkyl, -0-C i < alkyl, -S-C i < alkyl, -NRz, R<>,,-OR i z,, -Hctz and -Arz, each ot' C i

<,alkyl heing optionally substituted with 1'rom 1 to 3 suhstitucnts sclcctcd 1'rom -OH and halogen;

Rz,, R>, and Rip, arc each indcpcndcntly sclcctcd 1'rom thc group consisting ol' H, -OH, halo, -Ci

<alkyl, -0-C f-<,alkyl, -S-C f-<,alkyl, and -Ar>',

Ru),, R f f,, R f ), and Riz, arc each indcpcndcntly sclcctcd 1'rom thc group consisting ol' H, -OH,

halogen, -Ci <,alkyl, -0-Ci <,alkyl, and -S-Ci <,alkyl; Ari, Arz and Ar> arc each indcpcndcntly a S­

or 6-mcmhcrcd aromatic monocyclc optionally comprising 1 or 2 hctcroatoms sclcctcd 1'rom 0,

N and S; each ol' Ari, Arz and Ar> heing optionally and indcpcndcntly substituted with 1'rom 1 to

3 suhstitucnts sclcctcd 1'rom -NRu>,Rii,, -Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl;

Hctz i» a S- or 6-mcmhcrcd non-aromatic monocyclc optionally comprising 1 or 2 hctcroatoms

sclcctcd 1'rom 0, N and S; Hctz heing optionally substituted with 1'rom 1 to 3 suhstitucnts sclcctcd

1'rom -NRi>,Riz,, -Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl;

v i»0, 1,2,or3; and

rcprcscnts a S to 10-mcmhcrcd N-containing aromatic or non-aromatic mono- or hicyclic

hctcrocyclc, said hctcrocyclc optionally I'uithcr comprising 1, 2 or 3 hctcroatoms sclcctcd 1'rom

O,N and S;

B i» any optical or radiolahclcd 1'unctional group suitable 1'or optical imaging, positron-emission

tomography (PET) imaging, single-photon emission computed tomography (SPECT) imaging, or

radiotherapy; and L i» a linker having hi-I'unctionalization adapted to 1'orm a chemical bond with

B andA ; o r

a stcrcoisomcr, tautomcr, raccmatc, salt, hydrate, or solvatc thcrcol'. ­
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Whcrcas it should read:

l. A low molecular wcieht compound ol' Formula (I):

B-L-A (I)

whcrcin:

A i» a targeting moiety I'or FAP-u, whcrcin A has thc structure ol':

R]x~~ ~ R2x

4 ,~ R , „

'y'v •
CHi

4x

V

R5x R7x
R6x

whcrcin:

Ri, and Rz, arc each indcpcndcntly sclcctcd I'rom thc group consisting ol' H, OH,

halogen, Ci <,alkyl, -0-Ci <,alkyl, and -S-Ci <,alkyl;

R>, i» sclcctcd I'rom thc group consisting ol' H, -CN, -B(OH)z -C(O)alkyl, -C(O)aryl-, ­

C=C-C(O)aryl, -C=C-S(O)zaryl, -COSH, -SO)H, -SOzNHz,-PO)Hz, and S-tctlaloly l ;

Rq,isH;

Ri,, R<„and R7, arc each 'H ­
,

"Ik . "Ik . "Ik . :k:.

Petitioner GE Healthcare – Ex. 1002, p. 497 



PA TLNT
Attorney Docket No.: JHU-36631.303

B i» any optical or radiolahclcd I'unctional group suitable I'or optical imaging, I.o»itron­

cfni»»ion! olnog<raplly (PET) llllaglng, »lug lc- I'<hoton cn'll»»ion con'lpu! c<l t<'!ln<'1 '1'aphy (SPECT)

imaging, or radiotherapy; and L i» a linker having hi-I'unctionalization adapted to I'orm a

chemical bond with B and A; or

a stcrcoisomcr, tautomcr, raccmatc, salt, hydrate, or solvatc thcrcol'.

In thc Lcttcrs Patent, Claim 3, Column 66, lines 1-67, and Column 67, lines 1-4:

3. A low molecular weight compound consisting csscntially ol'components B-L-A;

whcrcin:

A i» a targeting moiety I'or FAP-u, whcrcin A has thc structure ol':

R l x ~~~ R2x

( , ~ R, „

cp j 4x

V

R5X R7x
Rex

whcrcin:

Rl, and Rz, arc each indcpcndcntly sclcctcd I'rom thc group consisting ol' H, OH, halogen, Cl

<alkyl, -O-Cl-<alkyl, and -S-Cl-<alkyl;

R>, i» sclcctcd I'rom thc group consisting ol' H, -CN, -B(OH)z -C(0)alkyl, -C(0)aryl-, -C=C­

C(0)aryl, -C=C-S(0)zaryl, -COSH, -SO)H, -SOzNHz, -PO)Hz, and S-tctl alolyl;

Rq,i»H;

R,-,, R<,, and R7, arc each indcpcndcntly sclcctcd I'rom thc group consisting ol' H, -OH, oxo,

halogen, -Cl <alkyl, -0-Cl < alkyl, -S-Cl < alkyl, -NRz,R<>,, -OR!z,, -Hctz and -Arz, each ol'Cl

<,alkyl heing optionally substituted with I'rom I to 3 suhstitucnts sclcctcd I'rom -OH and halogen;

Rz,, R!, and Rlz, arc each indcpcndcntly sclcctcd I'rom thc group consisting ol' H, -OH, halo, -Cl

<alkyl, -O-Cl-<alkyl, -S-Cl-<,alkyl, and -Ar>',
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Ru),, R f f,, R f ), and Riz, arc each indcpcndcntly sclcctcd 1'rom thc group consisting ol' H, -OH,

halogen, -Ci <,alkyl, -0-Ci <,alkyl, and -S-Ci <,alkyl; Ari, Arz and Ar> arc each indcpcndcntly a S­

or 6-mcmhcrcd aromatic monocyclc optionally comprising 1 or 2 hctcroatoms sclcctcd 1'rom 0,

N and S; each ol' Ari, Arz and Ar> heing optionally and indcpcndcntly substituted with 1'rom 1 to

3 suhstitucnts sclcctcd 1'rom -NRu>,Rii,, -Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl;

Hctz i» a S- or 6-mcmhcrcd non-aromatic monocyclc optionally comprising 1 or 2 hctcroatoms

sclcctcd 1'rom 0, N and S; Hctz heing optionally substituted with 1'rom 1 to 3 suhstitucnts sclcctcd

1'rom -NRi>,Riz,, -Ci <alkyl, -0-Ci <alkyl, and -S-Ci <alkyl;

v i»0, 1,2,or3; and

rcprcscnts a S to 10-mcmhcrcd N-containing aromatic or non-aromatic mono- or hicyclic

hctcrocyclc, said hctcrocyclc optionally I'uithcr comprising 1, 2 or 3 hctcroatoms sclcctcd 1'rom

O,N and S;

B i» any optical or radiolahclcd 1'unctional group suitable 1'or optical imaging, positron-emission

tomography (PET) imaging, single-photon emission computed tomography (SPECT) imaging, or

radiotherapy; and L i» a linker having hi-I'unctionalization adapted to 1'orm a chemical bond with

B andA ; o r

a stcrcoisomcr, tautomcr, raccmatc, salt, hydrate, or solvatc thcrcol'.­

Whcrcas it should read:

3. A low molecular weight compound consisting csscntially ol'components B-L-A;

whcrcin:

A i» a targeting moiety 1'or FAP-u, whcrcin A has thc structure ol':

R ~ x ~~~ R2 x

<,~R,„

'y'v •
CH j 4x

V

R5x R7x
R<;x

whcrcin:
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Rl, and Rz, arc each indcpcndcntly sclcctcd l'rom thc group consisting ol' H, OH,

halogen, Cl <,alkyl, -0-Cl <,alkyl, and -S-Cl <,alkyl;

R>, i» sclcctcd l'rom thc group consisting ol' H, -CN, -B(OH)z -C(O)alkyl, -C(O)aryl-, ­

C=C-C(O)aryl, -C=C-S(O)zaryl, -COSH, -SO)H, -SOzNHz,-PO)Hz, and S-tctlaloly l ;

Rq,isH;

Ri,, R<„and R7, arc each '

N . N . N . l4 .

B i» any optical or radiolahclcd l'unctional group suitable l'or optical imaging, l'.ositron­

cmlssloll tomoglaphy (PET) imaging, slnglc-photon emission compute<l tomographV (SPECT)

imaging, or radiotherapy; and L i» a linker having hi-I'unctionalization adapted to l'orm a

chemical bond with B and A; or

a stcrcoisomcr, tautomcr, raccmatc, salt, hydrate, or solvatc thcrcol'.
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Applicant submits hcrcwith a rcqucst 1'or ccrtilIcatc ol'correction. Applicant notes that thc

Supplcmcntal Amcndmcnt to Non-Final 01'1'icc Action 1'ilcd Dcccmhcr 18, 2023 was cntcrcd hy

thc Examiner. Howcvcr, thc amcndmcnts werc not included in thc granted claims.

Bccausc thc error in thc patent i» a result ol' thc 01'1Icc's mistake, applicant hclicvcs that no

1'cc i» duc. Howcvcr, in thc cvcnt a 1'cc i» duc, thc Commissioner i» hcrchy authorized to charge

thc 1'cc, or credit any ovcrpaymcnt, to Deposit Account S0-4302, rcl'crcncing Attorney Docket

No. JHU-36631.303.

Rcspcctl'ully submitted,

Dated: /Jcl'1'rc W. Childcrs/
Jcl'1'rcy W. Childcrs
Registration No. S8126
CASIMIR JONI,"S, S.C.

227S Dcming Way, Suite 310
Middleton, Wl S3S62
Phone: (608) 662-1277

August 22, 2024
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Also Form PTO-1050

UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

Page 1 of 3

PATENT NO. : 11,938,201

APPLICATION NO.: 18/354,282

ISSUE DATE : 26-M ar-2024

INVENTOR(S) : YAN G, Xing, et al.

It i» certif'ied that an err<)r appears <)r err<)rs appear in the ab<) ve-identif'ied patent and that said Letters Vatent i» hereby
c<) rrected as sh<) wn bel<) w:

In the Letters Vatent, Claim I, C<)lumn 64, lines 47-67, C<)lumn 6S, lines 1-62:

I. A l<)w m<)lecular weight c<)mp<)ufqtl <)f' I'<)rmula (I):

8-L-A ( I)

vherein:

i» a targeting m<)iety f'<)r I'AV-u, wherein A has the structure <)f':

Rtx~~ ~ R2x
t- ~ Rex

0 N+ o

~ cH )

Rsx

vherein:

R I, 'tnd R, are each independently selected f'r<)m the gr<)up c<)nsisting <)f' H, OH, hal<)gen, CI < alkyl, -0-CI < alkyl, and­

-C I <,alkyl;

Rt, i» selected f'r<)m the gr<)up c<)nsisting <)f' H, -C.'s, -B(OH) -C(O)alkyl, -C(O)aryl-, -C=C-C(O)aryl, -C=C-S(O) aryl,

CO H, -SO<H, -SO .'» H3, -VO<H, and S-tetr(tv<)lyl;

I4, i»H;

R, R<, 'tnd I4, are each H;

vis0;

I'e I'esents;I (. Llln()lln 'I I 'ln ';

MAILING ADDRESS OF SENDER (Please do not use Customer Number below):
Casimir Jones, S.C.
2275 Deming Way, Suite 310
Middleton, Wl 53562

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file land by the USPTO to
process) an application. Confidentiahty is qoverned by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to complete, includinq qathennq, preparinq, and
subrnittinq the completed apphcation form to the USPTO. Time will vary dependinq upon the indiwdual case. Any cornrnents on the amount of time you require tocomplete this form and or
suqqestions for reducinq this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Cornrnerce, P.O. Box 1450, Alexandria, VA
22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO Attention Certificate of Corrections Branch, Cornrnissioner for Patents, P.O. Box
1450, Alexandria, VA 22313-1450.

If you need assistance in cornpletinq the form, call I-800-PTO-9 199 and select option 2.
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Ac! of 1995. no persons are required !o respond !o a collection of information unless i!displays a valid OMB control number.

(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

Page 2 of 3

PATENT NO. : 11,938,201

APPLICATION NO.: 18/354,282
ISSUE DATE : 26-M ar-2024

INVENTOR(S) : YAN G, Xing, et al.

8 i» any <!ptical <!r rttdi<ylabeled f'uncti<!nal gr<!up suitable f'<1r <!ptical imaging,! <Isi ln;rl-en:iss <yn «yn'<Igr;I! II; I VLFI')

maging, 5!!: Ie-ph(;<(::I et!'issi<fn c(1!'!p(!led '.(Ilfuogr;Iphy ISVLrC'I') imaging, <!r rttdi<ytherttpy; and L i» a linker having bi­

'uncti<ynttlizttti<yn ttdttpted t<1 f'<!rm a chemical b<!nd with 8 0!! Ll A; <!r

a stere<! is<!mer, taut<!mer, racemate, salt, hydrate, <!r s<! Ivate there<! f'.

n the Letters Vatent, Claim 3, C<!Iumn 66, lines 1-67, C<!Iumn 67, lines I-4:

3. A I<!w m<! Iecular weight c<!mp<!u!! Ll c<!nsisting essentially <!f' c<!mp<!nents 8-L-A; wherein:

A i» a targeting m<!iety f'<1r I'AV-u, wherein A has the structure <!f':

R tx~~ ~ R2x
<N ~ RB x

'y'v •
Cl-I2j

Rsx R7x
Rex

vherein:

R I, 'uld R3, are each independently selected f'r<!m the gr<!up c<!nsisting <!f' H, OH, hal<!gen, CI < alkyl, -0-CI < alkyl, and­

-C I r,alkyl;

MAILING ADDRESS OF SENDER (Please do not use Customer Number below):
Casimir Jones, S.C.
2275 Deming Way, Suite 310
Middleton, Wl 53562

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file land by the USPTO to
process) an application. Confidentiahty is qoverned by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to complete, includinq qathennq, preparinq, and
subrnittinq the completed apphcation form to the USPTO. Time will vary dependinq upon the indiwdual case. Any cornrnents on the amount of time you require tocomplete this form and or
suqqestions for reducinq this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Cornrnerce, P.O. Box 1450, Alexandria, VA
22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO Attention Certificate of Corrections Branch, Cornrnissioner for Patents, P.O. Box 1450,
Alexandria, VA 22313-1450.

If you need assistance in cornpletinq the form, call I-800-PTO-9 199 and select option 2.
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PATENT NO. : 11,938,201
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ISSUE DATE : 26-M ar-2024

INVENTOR(S) : YAN G, Xing, et al

Ri, i» selected I'r<>m the gr<>up c<>nsisting <>I' H, -C.'s, -B(OH) -C(O)alkyl, -C(O)aryl-, -C=C-C(O)aryl, -C=C-S(O) aryl,

CO H, -SOPH, -SO .'s Hd, -VOiH3, and S-tetr<<a<>lyl;

I4, isH;

R, R<, 'fnd I4, are each H;

vis0;

represents a quin<>linyl ring;

B i» any <>ptical <>r rtfdi<>labeled I'uncti<>nal gr<>up suitable I'<>r <>ptical imaging, ",'>sitn>n-en;issi<>n t<>n">gr:.lph' (VL"I')

maging, s 1>: le-ph<;(<::1 ef>'issi<>n c<>l'lpuled '.<>>ul>gr;Iphy (SVL<C'I') imaging, <>r rtfdi<>thertfpy; and L i» a linker having bi­

'uncti<>ntfliztfti<>n tfdtfpted t<> I'<>rm a chemical b<>nd with B tff>d A; <>r

a stere<>is<>mer, taut<>mer, racemate, salt, hydrate, <>r s<>lvate there<>t'.

MAILING ADDRESS OF SENDER (Please do not use Customer Number below):
Casimir Jones, S.C.
2275 Deming Way, Suite 310
Middleton, Wl 53562

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 1.0 hour to complete, including gathering, preparing, and submitting the completed application form to the
USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or
suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of
Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2): (2) furnishing of the information solicited is voluntary:
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office
is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process
and/or examine your submission, which may result in termination of proceedings or abandonment of the
application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency's responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the
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Please find below and/or attached an Office communication concerning this application or proceeding.

Thc time period I'or reply, i l' any, i»»ct in thc attached communication.

Notice ol' thc Ol ' l ice communication wa»»cnt c lcctronically on above-indicated "Noti l 'ication Date" to thc
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APPLICATION NO. ISSUE DATE

24-Sop-2024

PATENT NO.

1193820118/3S4,282

The Johns Hopkins University
c/o Casimir Jones
2275 Deming Way
Middleton, Wl 53562

ELECTRONIC CERTIFICATE OF CORRECTION NOTIFICATION

Your electronic certificate of correction is now available, and can be accessed via Patent Center at https://
patentcenter.uspto.gov.

The electronic certificate of correction is the official certificate of correction under 35 U.S.C. 254 or 255. For more
information, please visit https://www.uspto.gov/electronicgrants.

page 1 of 1

Petitioner GE Healthcare – Ex. 1002, p. 507 



UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

I l,~)38,201 B2
IS/3S4282
March 26, 2024
Xing Yang ct al.

PATENT NO.
APPLICATION NO.

DATED
IVVEVTORI S)

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

Page I ol'2

In the Claims

Claim I, Column 64, Lines 47-67, Column 6S, Lines 1-62 should read:
1. A low molecular weight compound of I'ormula (I):

B-L-A (I)
wherein:
A i» a targeting moiety for I 'AP-Q, wherein A has the structure of:

wherein:

C> r,alkyl, -0-C> r,alkyl, and -S-C> r,alkyl;

-C=C-C(O)aryl, -C=C-S(O) aryl, -CO.H, -SO;H, -SO.NH)s -PO;H., and S-tetra7olyl

Ri and R., are each independently selected from the group consisting of H, OH, halogen,

R;, i» selected from the group consisting of H, -CN, -B(OH)~ -C(O)alkyl, -C(O)aryl-,

R~,i»H;
R;,, Rr„and R7, are each H;
v is0;

represents a quinolinyl ring;
B i» any optical or radiolabeled functional group suitable for optical imaging, positron­

emission tomography (PET) imaging, single-photon emission computed tomography (SPECT)
imaging, or radiotherapy; and L i» a linker having bi-functionali7ation adapted to form a chemical
bond with B and A; or

a stereoisomer, tautomer, racemate, salt, hydrate, or solvate thereof.

Signed and Sealed this
Twenty-fourth Day of September, 2024

I-'~rett%)re%. Qlll<A- @dr).(,
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CERTIFICATE OF CORRECTION (continued)
U.S. Pat. No. 11,938,201 B2

Page 2 ol'2

Claim 3, Column 66, Lines 1-67, Column 67, Lines 1-4 should read:
3. A low molecular weight compound consisting essentially of components B-L-A; wherein:

A i» a targeting moiety for l 'AP-Q, wherein A has the structure of:

R, ~(~ ~ ~ . -:,;

N

O~N+
'cH.,I

R»„ R;:„
R.,>.

wherein:

C> <,alkyl, -0-C> <,alkyl, and -S-C> <,alkyl;

-C=C-C(O)aryl, -C=C-S(O) aryl, -CO.H, -SO;H, -SO.NH., -PO;H., and S-tetra7olyl

R f and R., are each independently selected from the group consisting of H, OH, halogen,

R;, i» selected from the group consisting of H, -CN, -B(OH)~ -C(O)alkyl, -C(O)aryl-,

R~,i»H;
R;,, R~„and R7, are each H;
v is0;

represents a quinolinyl ring;
B i» any optical or radiolabeled functional group suitable for optical imaging, positron­

emission tomography (Pi=T) imaging, single-photon emission computed tomography (SPi=CT)
imaging, or radiotherapy; and L i» a linker having bi-functionali7ation adapted to form a chemical
bond with B and A; or

a stereoisomer, tautomer, racemate, salt, hydrate, or solvate thereof.
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Vk I"(EC $'lP 1'l$
PA(EMT ANQ1RAOf BARK OF'FICE

ACKNOW LE D('EMENT OF LOSS OF ENTITLEMENT TO ENTITY STATUS DISCOUNT

Al'I'l. l( 'A'I'l()N ¹

I )I/3 54. 2)I2

I:II.IN(i ()R 171(('I l)A'I'I I 'IRS ' I' NAYII I) Al'I'l.l('AN'I'

I) 7/ I )I/O() 23

A1'1'()RNI Y 11()('KI 1' ¹

J I I U-3fifi31.31)3

RI QI:I S'I' ll)

31)5751)Xin(. Yang

The entity atatua eh(alee re(lueat hei()iv I(led thr()ugh Patent f'.enter ()n I I/ I ')/2()24 haa heen accepted.

APPI.IC'.ANT f'.I IAN(ilN(i T() RF(iUI.AR UNDISC'.()UNTFD FFF. STATUS

I certily. in acc()nlance ivith 37 f'.FR I A(d)(4). that I tun ()ne ()I the aianat()rica making the entity atatua change.

Signature

/ Jel'I'rey f'.hildera /

Name

Jel'I'rey f'.hildera

Registration ¹

5)112fi
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IN THF. UNITFD STATFS PATFNT AND TRADFM A R K OFFICF.

U.S. Patent Application No.: 1 8/3 S4,282

l 8- J u 1 y-2023

Xing Yang, et al.

l6l8

MELISSA JEAN PERREIRA

7S36

J H U-3663 l .303

IMAGING A ND RA DIOTHERA PEUTIC5 A GENTS
TA RGETING FIBROBLAST-A CTIVA TION PROTEIN­
ALPHA (FA P-A LPHA )

Filed:

Applicant:

Art Unit :

Examiner:

Con l'irmation No.:

Docket No.:

Title:

APPI.ICANT'S STATFMFNT RF( 'ARDIN( ' OUTSTANDIN(' FFFS
DUF. TO ASSFRTION OF I.AR('F. FNTITY STATUS UNDFR 37 CFR 1.28(c)

Pursuant to the requirements ol' MPEP i~ S09, Applicant hereby submits thi» Statement

Regarding Outstanding Fees in connection with the above-captioned patent application. Based on

the USPTO'» current I'ee schedule corresponding to Large Entity I'ees, Applicant submits the

l ol low i ng:
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U.S. Patent Applicatinn Nn. I 8/ tS-'t.2Y2
Attorney Docket Nn. JHU-.t66:t I ..ttJ:t

l.argc
Fntity Fcc

In I'ormation
Disclosure
Statement
Petition
37CFR 1.17
(H)

l.argc
F.ntity
Fcc
Code
1806 S260.00

Small
F.ntity
Fcc
Code
2806 S104.00

1464 S 140.00 2464 S 56.00

Small
Fntity Fcc
Paid

02/05/2024

Date of
Small F.ntity
Fcc Payment

S84.00

S156.00

Diffcrcncc
(Amount
Now Owed)

02/02/2024

In I'ormation

Disclosure
Statement
Utility Issue 1501

1806 S260.00

2501

2806

S480.00

S104.00 01/17/2024

01/17/2024

S156.00

S720.00S 1,200.00
Fee
Petition
37CFR 1.17
(H)

1464 S 140.00 S 56.00 12/13/2023 S84.002464

In I'ormation
Disclosure
Statement

Terminal
Disclaimer
In I'ormation
Disclosure
Statement

Processing
Fee, Except
P rov. A I »
Request I'or
Prioritir.ed
Exam

Utility
Filing Fee

Utility

1011

1311

1817

1806

1830

1806

1814

S4,200

S140.00

S170.00

S260.00

S260.00

S 320.00

S 800.00

4011

2311

2817

2830

2814

2806

2806

S1,680

S56.00

S 64.00

S104.00

S170.00

S104.00

S 320.00

07/18/2023

07/18/2023

07/18/2023

10/30/2023

12/13/2023

12/13/2023

SO.OO

S2,520

S84.00

S156.00

S256.00

S480.00

S156.00

07/18/2023
Exam Fee

Utility
Search Fee

S 700.00 2111 S 280.00 S420.0007/18/2023

TOTALS: $8,850.00 $3,578.00 $5,272.00

Applicant also hereby authorires the Director to charge all outstanding I'ees as rellected in

the table above, as well as any additional I'ees associated with the change in Applicant's entity
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U.S. Patent Applicatinn Nn. l 8/ tS-J.2Y2
Attnrncv Docket Nn. JHU-.t66:t l.t0:t

status, to Deposit Account Number S0-4302, rel'erencing the Attorney Docket No. above.

Respectl'ully submitted,

CASIMIR JONES S.C.

Date: November I 9 2024 /Jel'I're W. Childers /
Jel'I'rey W. Childers, Ph.D.

Registration No. S8 I 26

CASIMIR JONES, S.C.
227S Deming Way, Suite 3 IO
Middleton, Wl S3S62
Phone: 608.662. I 277
Fax: 608.662. I 276
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P.O. Box 1450

Alexandria, VA 22313 - 1450
www.uspto.gov

UNITED STATES
PWTENT XND TaWDE~aaK OFFICE

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION ¹ RECEIPT DATE / TIME

11/19/2024 01:47:17 PM Z ET
ATTORNEY DOCKET ¹

J HU-36631.30318/354,282

Title of Invention

IMAGING AND RADIOTHERAPEUTICS AGENTS TARGETING FIBROBLAST-ACTIVATION
PROTEIN-ALPHA (FAP-ALPHA)

Application Information

PATENT ¹ 119 3 8201APPLICATION TYPE Utility — Nonprovisional Application
under 35 USC 111(aj

C ONFIRMATION ¹ 753 6 FILED BY V a n Nguyen

PATENT CENTER ¹ 680 1 8045 FILING DATE 0 7 / 18/2023

CUSTOMER ¹ 101 9 43 FIRST NAMED X i ng Yang
INVENTOR

CORRESPONDENCE
ADDRESS

AUTHORIZED BY J e f f rey Childers

TOTAL DOCUMENTS: 1Documents

DOCUMENT SIZE
(KB)

PAGES DES CRIPTION

2024-11-19 - JHU­
36631.303 Petition-Pay-LE­
Fee.pdf

Petition for review by the Office
of Petitions

29 KB

Digest

DOCUMENT

2024-11-19 - JHU­
36631.303 Petition-Pay-LE­
Fee.pdf

MESSAGE DIGEST(SHA-512)

D15DC3B7F868E39643787860C1734DD430D761 BSF449728936
1 SA5AOE70D F2D841 SF5F5381 509 B B1 3C1 0 B62D E1 E F65E E57B
330DDSBSB309CDOA16EED6037DADO

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as
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described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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Docuf~en-:. Code PJ'FEE

0:>et':SLIad r',"mohaIYImed

Saae Acco:,,:II!.:'Itg Date:"::2 f2::2024

Sale Item Reference Number
18354282

Effective Date
1 1/1 9/2024

Document Number
12024BBB28079303

Fee Code Fee Code Description Amount Paid
1461 1.28(C) SUBMISSIONS — APPLIC $5,272.00

Payment Method
Deposit Account

FILE FEE
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UVI TED STATEs PATEvT AvD TRADEMARK Ol­.l-.lcE
I '»l I I(I)» I Y I Ie» I)l(PYk I >Ill» I ()I' ('()>ilk:k('I:
t'nited»tatea Patent and 'I'rademark ()ff)ee
a(I; , ( ' ( )YIYIISSI()»l.le I ()le P.(lie(18li

I'<) In x IA<II
alex.irwlru. Ye. en.i ": I : IN < (I
%1%1%1 IIPa e t 'I

. (PPI. I(". ( I I()»»().

18/35-1,2»2

I I I. I »(I I). ( I I.

() 7/ I 8/2() 2 1

I lie%I ».XY(l.l) I»YI.» I()le

.I HI.-J(i(il I .1()l

. (I l()le»I.Y I)()( Kl.l »() . ("( ) » I l l (YI.(l I()»» ( ) .

7 51(>Xnl~ YI(n~

I() I')4l 7C')() I 2/2 I/O() 2A I .X. ( Y I I » I . Ie
Th<.' J()hn» H()l>kin» I niv<.r»ity
'/<> cll!ilnllr J()n<.»
) )7S D<.'nllng Wily
S u i t <.' 3 I 0
Middl<.'t()n, WI S3S62

.%le I (:Xl I

Pi.lelei.lie.x, Y(l.l.lhh.( Jl..(»

P.%Pl.le»(: YIBl.le

»() I II I(".( I I()» I).( I I. I)I.I.I YI.R Y YI()I)I.

I 2/2 1/2() 2-I I I.I ('1'R()5'I('

Please find below and/or attached an Office communication concerning this application or proceeding.

Thc time period I'or reply, i l' any, i»»ct in thc attached communication.

Notice ol' thc Ol ' l ice communication wa»»cnt c lcctronically on above-indicated "Noti l 'ication Date" to thc
I'ollowing c-mail addrc»»(c»):

d<><'k<.'tinL((I)<'II»imirj<>n<.».« >n)
j w<'hi ld<:r» (n) <'k» im irj <>n<.».« >m

I'I'OI.-')()A (Re) . ()-I/()7)
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Commissioner for Patents
United States Patent and Trademark Office

P.O. Box 1450
Alexandria, VA 22313-1450

www.uspto.gov

In rc Patent No. 11,938,201

Issue Date: March 26, 2024

Application No. 18/3S4,282
Filed: July 18, 2023
For: IMAGING AND
RADIOTHERAPEUTICS AGENTS
TARGETING FI B ROB LAST­

ACTI VATION PROTEIN-ALPHA (FAP­
ALPHA)

NOTICE

Thi» i» a Notice regarding thc rcqucst I'or acccptancc ol'a I'cc dcl'icicncy submission under 37

CFR 1.28(c) I'ilcd Novcmhcr 19, 2024.

Thc 01'Ifcc no longer invcstigatcs or rcjccts original or rcissuc applications under 37 CFR I.S6.

1098 01'I'. Gas. Pat. 01'Ifcc S02 (January 3, 1989). Thcrcl'orc, nothing in thi» Notice i» intcndcd
to imply that an investigation was done.

Thc I'cc dclfcicncy submission under 37 CFR 1.28(c) i» ACCEPTED. Accordingly, status as a

small entity has hccn rcmovcd and any I'uturc I'ccs submitted must hc paid at thc undiscountcd

I ate.

Inquiries rclatcd to thi» communication should hc dircctcd to Ann Marie Zicglcr at

(S71) 272-71S I.

/ANN MARIE ZIEGLER/
Ann Marie Zicglcr
Paralcgal Specialist, 01'I'icc ol' Petitions
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