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PTO/Awm (0542)

Approved for use Iihrougii 1130/2020. D'V‘B 05‘51-0032U“o. Paient and Trademark Officefi." fiEPAR'[MiNT OF' COMMERCE
iinder the Paperwork Reduction Act rif 1395,:19 persons are rec;tired ic re$panId in a caileciien of irifermaiian unie5s ii dI ' OMB central number

BECLARATEON (3? CFR 1.63) FOR UTiLiT‘r’ OR EESEGN APPLICATEON USENG AN
APPLECATEON BATA SHEET (3? CFR 1.78)

  

  
 

Tide of CRYSiAL FORM OF QREXEN RECEPTOR ANTAGONEST PREPARATiON
invention METHOD THEREFOR AND USE THEREOF 

As the beiow named inventor, i hereby deciare that:

This deiaraticm
T'ne attained a iicr‘iiori, 01'

~ is directedid: 5' pp ‘2
PCTICN2018i097?97

E United Staies appiicatinn 0r PCT‘ intei'naiionai appiiaa‘iien number
{137311120 8flied dram

The abeve~identified appiication was made or auihorized in be made by me.

i beiieve that ! am the originaltinventor or an original joint inventar 01a claimed invention in the appiicatinn

: i hereby acknnwiedge that any wiiiiul iaise siaiemen: made in this deciaratien is punishabie under 18 USS. 1001
‘ byifine or impriscnmeni cit" not more than five (5) years sir both

WARNENG:

Petitioner/appiicani is cautioned to avoid submitting persona! information in documents filed in a patent appiicatinr. that may
contribute id identity than. Persenai information such as sociai security numbers, bank account numbers, or credit card numbers
(miter inan a check nr credit card authorization form PTO—2038 submitted fur payment purpaseS) is never required by the USPTO
to support a petition or an application. if this type of personal information is included in documents submitted in the USPTO.
petitionersiap i‘canis shouid consider redacting such personai informaticn 1mm fine dccurneriis befare anbmit‘iing them to the
USPTO. Petitioner/appiicant is advise-3‘ that the regard ofanaieni appiica‘iian is avaiiabie in the pu'niic aster pubiicaiinn at inIs:
appiicaiimn (uniess a nonnpubiicaiic-n request in campiiance with 3.! CFR 1.21 Signis made in the appi:cation) or issuance mfa
patent, Furthermore. the record frnm an abandnned appiica“:inn may also be avaiia'nie to the pubiic if the appliaaiioniS
refernnced in a published applicatian or an issued pate itisees. 37 CFR 1 14) Checks and credit card authorization forms
PTO—2038 submitted for payment purposes are not retained in the: appiicaiion file and therefore are not pubiiciy avaiiabie.

 

LEGAL NAME OF iNVENTDR

Minhua C‘neninventor: Date (Optionai) :

Signature:

Note: An appiioaiion daia sheet (PTO/38114 or equivaieni), inciuding naming the entire inventive eniiiy, musi amnmpany this form or must have
been previously filed, Use an additionai PTOiAiAiO'i form for each additinnai inventor.

y .o , . 3 The Information5 requIIred to OWE: '1 at :etsin a banefii by the pubiic which is to file (and
yihe US:WC :0 process) an applIcaitidn. Co-ii‘ideriiiautyis governed by 35 USc.122 and’17 CPR 1 11. EEK; .14 This coilemion is eéiimaied to take 1 minute to

:ampia-te inciuding gathering preparing, and swimming the completed appiiofiicn formi-zi the USPTO. Time wiii vary depending upon the individual easel Anycomma..15 or 1115 amount ui tin‘Ie yuu require in compieie this form andfor suggestions far reducing this burden, shuuid be sent in iii: Chief lnfarmanon Oificen US.
Patent and Trademark Office, UQ Dapanmani of Commerca. P._,. Bax 1450 Alexandria VA 2113-1450. 00 NOT SEND FEES 0R COMPLETED FORMS To
THiS ADDRESS SEND 10: Commissioner for Patients. PJZJ Box 1450 Alexandria VA 22313-1450.

It'ynu need assistance in corrtpiefjng me farm. sail 1-800—PTO~§ 1.93? and sales? cpiirm 2,
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PTO/AiNGi (OB—i2
Appmved for use through. 1180/2020. DMI 055143032

LES Paient and Trad mark Ofi'ce; i) DEPARTMENT OF (ZOMivliEFiCE
required to respmri 1:; a mi mien of in ' " ‘ er.

 

      

 
 

Under the Paperwork Reduction AC! of 1995', 710 pEi'SOi‘iS 372-

DECLARATIQN (37 CPR 1.53) FDR UTELETY OR DESEGN APPLICA‘E‘EQN USENG AN
APPLiCATiQifi {DATA SHEET (3'? CFR1.?§}

 

Title of GRYSTAL FORM 0
”WWW” METHQD THEREFOR AND USE THEREOF

As the below named inventor, i hereby deciare that:

This declaration

is directed m: The attachsid applicailan, or
PCTICNEGi 8/09??97 United States applicatiun or PCT internationai appiication number

0731/2018flied on

The abave~ideniifiec£ applicaiisn was made (if authnrized to be made: by me.

i believe iiiai i am the ariginal invenior or an original jaim inventor of a claimed inventicn in the appiication.

i iieraby aakrinwiedge that any wiiir'ui faise Sia‘iemeni made in this deciaration is punisiiabie under “:8 USE. 103.1
by fine or imprisonment of not more than five (5) years, cr both.

WARNENG:

Petitiuner/appiicant is cautioned to amid submitting perscnai informaticm in ducuments flied in a patent appiicaticm that may
contribute to identify theft. Peracnai information such a5 ficciai security numbers. bank accaum numbers. or credit card numbers
(other than a check or credit card authorization iomi PUD-2038 submitted for payment purpases) is never required by the USPTO
to supporta petition ar an applicaticsri. if this type of personai infarmaiion is included in decuments submitted to ihe USPTO,
petiiinners/applicants should consider redaciing such permnai informaiian {mm the documents before submitting lhem in the
USPTQ. Peii‘iibneri’appiisarii is; advisssd that the record of a paierli appiiczaiian is avaiiabie iii the public afier pubiicaiian (if the
appiication {unless a mn—pubiication request in oompiiance with 37 CFR 1.213(3) is made in the appiicationi or issuance cf a
patent. Furthermore. the record from an abandoned application may also be awaiiabia it: the public if iha appii 'on is;
referenced in a pubiishcd applicaiian or an issued patent {see 37 CPR 1.14}. Checks and credit card auiherizai- n icrrns
PTO~2038 submitted far payment purposes are not retained in the applicaticn file and therefore are rid pubiiciy available.

 

LEGAL NAME OF ENVENTOR

V
inventor: ' anfang Zi‘iai‘ig Date (Optionai) :

Signature: , ’ {yam

been previousiy fiied. Use an ciditionai PTOIAWO’i form fereacii additional inventor.

This caiieciion oi info nation is required by 35 U310, 115 and 37 CPR 1.83. The inf "nation is renamed to mbiam or retain a benefit by me minim Which is :3 tie {and
by the USPTQ to process) an application. Cmiiden‘iiaiiiy is gain-amen by 35 U SC. 121 and 3? CFR 1.11 and 1.14. This collection is estimaxed iii-lake 1 minute :0
wrnpieie. inducing gathering, preparing, and submitting the campiered appiimtion form 10 the USPTO. Time wiii vary depending upon ihe individuai case. Any
cor: ears on the arricunt nfiime yuu require ii) cumpleie inis form and/3r suggesiicns for raduuing this burden, shouiu be sent if) the Chief iiil‘cji'maiian foimi'. 1.1.53.
Patent and Trademark Office. US. Deparimérii of Commerce. PI). Box 1450. Alexandria. VA 22313-1450. DO NOT SENS FEES 0R CEDMPLETED FORMS TO
‘iHis AUDRESS SEND TE): Commissioner for Patentg, PI). Ba): 1450, klexandria, VA 2231344563.

if you need a_ aistance fr. completing the form, cali T-EOIIPTOLQWQ and seleci opiim 2.
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Fi'i'OlAiAl’m (06-12;
Appmved for use thmugh 1160/2020. OMB 0651:4532

, us. Pat-m and Trademark om ' 2'5. DEPARTMENT OF COMMERCE
Under the Paperwerk Reflumlsn Act Of 199%), na person's are required to respond ta: a miiefiion of inforrnaiinn units; it displays a valid OMB conimi numben

DECLARATEON {3? CFR L53} FQR UTELETY 0R DESEGN APPLICATEON USENG AN

APPLECATEGN DATA $HEET (3'? CFR 1‘76)

 

 

 
Titie of CRYSTAL FORM OF OREXiN RECEPTOR ANTAGQNEST, PREPARATEON
inventiflfi METHQD THEREFOR AND USE THEREOF I

As the beiaw named inventor, i hereby deciare that:

This decimation [;is directed m; _. The attached applicatian, 9r
PCTICNQM 8IOQYT9?

United States appiica‘tion or PCT internatinnai appiicatian number

07"13112018flied on

The- abovemideniified eppiicetinn was made or euthnrized to be made by me.

i beiieve that i am the engine! inveninr or an original faint invenisr of a ciaimerj inventinn in the anpiicaticn.

i hereby ackmwiedge the: any wiiifui iaise siaterneni made in this declaration is punishabie under 15 U.S.C. 1061
by fine er imprisc-nment of no? more than five (5) years. or bath.

WARNING:

§ Psiifloneriappiicant :s cautioned to avaid submining personal information in dscumen‘rs fried in a parent anniicaiion that may I
contribute in identity theft Persona! infarmsiien such as 311C583 security numbers, bank acmurit numbers, or credit card numbers g

; {ether than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTOE
§to support a petition or an application iftnis type of persenal infcrmation is ineiuded in documents submiried to the USPTO, I
E petitioners/appiicanis should censider redacting such persunai ininrmation from the documents before submitting them to the

USF’TO, Petitianer/appiicant is advised that iha rewrd sf a patent appiicetion is avaiiabie in the pLibiic after pubiication cf the
i appiication (unless a nonvpubiicaticn request in mmpiiance with 37 CFR 1213(5) is made in 1115: appii titan) m issuance of 23
§ patent“ Furthermore the reccrd frcm an abandoned appiication may 23359 be avaiiabie is the public if the appiicatisn is
referenced in a pubiished appiication 0r an issued patent (see 37 CFR 1.14). Checks; and credit card auihorizaiion farms
PTOmZL‘efiB submitted for payment purposes are not retained in the applicatinn file and therefnre are not pubiidv evaiiabiei

 

LEGAL NAME OF ENVENTOR

Chunxiang i-iuanginventor: Date (Optional) :

Signature:

3 Nate: An appiication data sheet (PTG/SBIM or equivaient). ineiuding naming ihe entire inveniive entity, musi accsmnany this form sr must have
§ been previousiy flied. Use an additionai PTOiAIA/m form fnr each additionai inveninrr ’

. a benefii by he pubaic whim is to Erie (and
by the USPTO to process) an apprise Confideniiaiity |3 governs: by 35 LJ.S.C. 122 and '5? CFR 1.11 and 1.11:. This coiieciion is estimated 96 take 1 mine-re in
compieZe, inciuding gathering, preparing, and submiiiing the compieied application farm in the USPTO, Time will vary depending upon the individuai case. Any
mmmenw an the ametini of time you require in csmpieie this form andior suggasiions for reducing lhis burden. shauid be seni to the Chis! Enfarmatisn Ufiicer, L155!
Pawn: and Trademark Office. US. Department a? (Inmmerce, RU. Bax 145KB, Aiexsndria, VA 223131450. [)(3- NO'i' SEND i .35 ()FE COMPLETED FORMS TI.)
was ADDRESS. $5M} TO: Cemmissiener far Patents, RC3. Box 1450, Aiexandrie. VA 223134450.

Ifycu need assistance in mmp’et‘ing the firm; cal! 1-500—PTO-9195 and select option 2.
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PTO/Ai/‘v’m (OE-12}
Anprcved fer use thmugh 1 113012320. CMES (mm-0:232

US. Patent and Trademaik Office; US. DEPARTMENT OF COMMERCE
Under the Paper-weak Reduciimi Ad: of 1995, no persons are required in respnnd to a collection of inionnaiiim unis-.55 ii :iispiays a valid OMB central number.

 
 

DECLARATEQN (3"? CFR 1.63) FOR UTiLi'i’Y 0R EESSGN APPUCATBON USENG AN
APPLECAWQN QATA SHEET (37 CFR 136)

T‘itie af CRYSTAL FORM OF QREXiN RECEPTOR ANTAGONIST, PREPARATiON
imam“ METHQD THEREFOR AND USE THEREOF

As the below named inventor, hereby declare that:

This declaration .~
is directed to: U The afleched appiauaiwn, car

[fig United States application 0r PCT international application number PCT'ICN201 8IG_B..7._.7....Q...7...
9713112018filed an

The abeve—ic‘eniified applicaiian was made «or autherizec‘ tr: be made by me.

g i believe that i am the onginai inventor or an eriginaijnint inventor Of a claimed invention in the appiication.

i hereby acknowledge that any wiili‘ui faise statement made in this declaration is punishabie under 18 H.513. 1001
by fine or impritsonment 0f nut more than five (5) years, or both,

WARNENG:

Petitiuner/eppiicant is cautinnecl in avoid submitting personal infnrmation in dncumenis filed in a patent application that may .
csntribuie in identity theft. Personai informatinn such 3;; social security numbere, bank account numbers. c-r credit card numbers. E

3 (other than a check or credit card authorization farm PTO—2.038 submitted in? payment leFpQSeS) is never required by the USPTD
to support a petition or an applicalinn. if this type (if persona! infnrma‘iion is ineiuded in documents submitted t0 the USPTO. ’

§ petitioners/applicants shauid canaider redaciing such personai information from the olocumenis befsre submitting them to the
i USPTO. Petitioneniappiicant is advised that the record of a patent application is available to the public: after pubiicaiion of the
i application (unless a nen—pubiicatinn request in wmpiiance with 37 CFR 1.213(3) is made in the application) or issuance ofa
patent. Furthermore, the retard from an abandaned application may also be avaiiabie to the pubiic if the application is
referenced in a pubiished applicatinn or an issued paieni (see 37 CPR 1,14}. Checks and credit card authurizatinn farms

; FTC—203$ eunmitted for payment purnosea are net retained in the application iile and therefore are neat publicly available.

LEGAL NAME OF ENVENTOR

inventor: Xiaeyu Zhang Date {Opiicnal}
 

Note: An application data sheet (Pic/SEMI: c-r equivaient}. inciuding naming the entire inventive entity, must accompany this farm or must have
g been pi‘eviousiy filed. Use an additional PTOlAiAjm farm for each additional invemur. 

 " CFR 1153‘ The information is required :0 Obtain or retain a benefit by the while which is 'o fiie (and
y is governed by 35 USC. 122 and 37 CFR 1.1“- and 1.14. This collection is estimaied intake 1 minuteio

complete, inchiding gathering, preparing, and submit! ., he campieted application form {athe USPTO. Time xvii! vary depending upon the individual case Any
mmmen’rs an the amauni oftirne you requirsto campiete ,s iii-rm (indie? suggestions ior reducing ihis burden, :«hauid be sent to the Chief informaiion Officer, US.
Patent ans Trademark Office, US. Oapanmeni of Commerce, run Eiux i450. Alexandria, VA 22313-1455). DO NOT SEND FEES OR COMPLETE?) FORMS TO
THES ADDRESS. SEND TI): Cummiesionar for Patients, PX}. Bax ”iris-:3, Alexandria, VA 223%44513.

It'yau need assisiance fr: compieling the form. 02:: 1-800-PTQ—9193 and select option 2.

 ’r liini my?!
by {he USPTG in QMCESS) an appiicaticn, Commie;   
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I hereby certify that this paper (along with any paper referred to as being attached or enclosed) is
being transmitted via the Oifice electronic filing system in accordance with 37 C.F.R. § 1.6(a](4).

Dated: January 30, 2020
Electronic Signature for Xiaoyuan Ding: /Xiaoyuan Ding/ 

Docket No.: 134070—01602

(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Utility Application of:
Minhua Chen et al.

Application No.: Not Yet Assigned Confirmation No.: N/A
Continuation of PCT/CN2018/097797

Filed: Concurrently Herewith Art Unit: N/A

lnt’l Filing Date: July 31, 2018

For: CRYSTALLINE FORM OF OREXIN Examiner: Not Yet Assigned

RECEPTOR ANTAGONIST, PROCESSES FOR
PREPARATION THEREOF AND USE

THEREOF

MS Amendment

Commissioner for Patents

PO. Box 1450

Alexandria, VA 223 13- 1450

INFORMATION DISCLOSURE STATEMENT [IDSL

Dear Sir:

Pursuant to 37 C.F.R. §§ 1.56, 1.97, and 1.98, the attention of the United States Patent and

Trademark Office is hereby directed to the references listed on the attached PTO/SB/OS. It is

respectfully requested that the information be expressly considered during the prosecution of the

abo ve—identified application, and that the references be made of record therein and appear among

the “References Cited” on any patent to issue therefrom.

This Information Disclosure Statement is filed together with a continuation application filing

as set forth in '37 C.F.R. § 1.491 (37 C.F.R. § l.97(b)(l)).

ME1 32457729v.1
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Application No.: Continuation of PCT/CN20lS/097797 Docket No.: 134070—01602

In accordance with 37 C.F.R. § l.98(a)(2)(ii), Applicant has not submitted copies of U.S.

patents and U.S. patent applications. Applicant submits herewith copies of foreign patents and non—

patent literature in accordance with 37 C.F.R. § l.98(a)(2).

In accordance with 37 C.F.R. § 1.97(g), the filing of this Information Disclosure Statement

shall not be construed as a representation that a search has been made. In accordance with

37 C.F.R. § l.97(h), the filing of this Information Disclosure Statement shall not be construed to be

an admission that the information cited in this Information Disclosure Statement is, or is considered

to be, material to patentability as defined in 37 C.F.R. § l.56(b).

It is submitted that the Information Disclosure Statement is in compliance with

37 C.F.R. § 1.98, and the Examiner is respectfully requested to consider the listed references.

Applicant believes no fee is due with this response.

Dated: January 30, 2020 Respectfully submitted,

Electronic signature: /Xiaoyuan Ding/

Xiaoyuan Ding

Registration No.: 75,354

MCCARTER & ENGLISH, LLP
265 Franklin Street

Boston, Massachusetts 02110

(617) 449—6500

(617) 607—9200 (Fax)

Attorney/Agent For Applicant

MEl 32457729V.1
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PTOIAIAI14 (02-18)
Approved for use through 1113012020. OMB 0651-0032

US. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. .

Application Data Sheet 37 CFR 1.76
Application Number 

CRYSTALLINE FORM OF OREXIN RECEPTOR ANTAGONIST, PROCESSES FOR PREPARATION
T't'e °f 'nventm“ THEREOF AND USE THEREOF   
The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.78.
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2:

CI Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

 

 

Inventor Information:

 

Middle Name

 

Residence Information (Select One) US Residency 0 Non US Residency Active US Military Service

Country°f Residence‘ El
 
 

Mailing Address of Inventor:

Address 1|.4—301, Biobay, 218 Xinghu Street
Address 2 I uzhou Industrial Park

_I—Staterprovince
Postal Code

Middle Name

_I-E
Residence Information (Select One) US Residency (9 Non US Residency Active US Military Service

Country°f Residence‘ El

 

 

Inventor [2
Legal Name

 

 

 
 
 

Mailing Address of Inventor:

Address 1

Address 2 uzhou Industrial Park

_I—

  
 

Postal Code It 15123
Inventor

Legal Name

  
EFS Web 2.2.13
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PTOIAIAI14 (02-18)
Approved for use through 1113012020. OMB 0651-0032

US. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number 134070—01602 

Application Data Sheet 37 CFR 1.76
Application Number 

CRYSTALLINE FORM OF OREXIN RECEPTOR ANTAGONIST, PROCESSES FOR PREPARATION
THEREOF AND USE THEREOF

mam _IIE
Residence Information (Select One) US Residency © Non US Residency Active US Military Service

City Country or Residencei El

Title of Invention 
 

 

 

Mailing Address of Inventor:

Address 1 -4—301, Biobay, 218 Xinghu Street

Address 2 uzhou Industrial Park

_I—Statervrovince I I
Postal Code It 15123 '

Legal Name

mm
IIEI— _IIE

Residence Information (Select One) US Residency @ Non US Residency Active US Military Service

  
 

 

 

Country of Residence i  

Mailing Address of Inventor:

Address 1|.4—301, Biobay, 218 Xinghu Street
AddressZ I uzhou Industrial Park

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add 

 
Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.

For further information see 37 CFR 1.33(a). 

D An Address is being provided for the correspondence Information of this application.

Customer Number I6738
Email Address Iocket@mccarter.com
 

EFS Web 2.2.13
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PTOIAIAI14 (02-18)
Approved for use through 1113012020. OMB 0651-0032

U.S. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number 134070—01602
Application Data Sheet 37 CFR 1.76

 

Application Number 

CRYSTALLINE FORM OF OREXIN RECEPTOR ANTAGONIST, PROCESSES FOR PREPARATION
T't'e °f 'nvent'm‘ THEREOF AND USE THEREOF 
Application Information: 

T't'e °f the Inventm" HEREOF AND USE THEREOF

Attorney Docket Number Small Entity Status Claimed |Z

SubjectMauer I—I
Total Number of Drawing Sheets (if any) I- Suggested Figure for Publication (if any) '-

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 1 I 1 (c) and 37 CFR1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information”).

 

 

For the purposes of a filing date under 37 CFR1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country
filed application

Publication Information:

 
 

  

Request Early Publication (Fee required at time of Request 37 CFR 1.219)  
  

Request Not to Publish. I hereby request that the attached application not be published under

El 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires

publication at eighteen months after filing. 

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing. 
 

Please Select One: 0 Customer Number US Patent Practitioner 0 Limited Recognition (37 CFR 11.9)

 Customer Number I-6738

EFS Web 2.2.13
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PTOIAIAI14 (02-18)
Approved for use through 1113012020. OMB 0651-0032

US. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number 134070—01602 

Application Data Sheet 37 CFR 1.76
Application Number 

CRYSTALLINE FORM OF OREXIN RECEPTOR ANTAGONIST, PROCESSES FOR PREPARATION
T't'e °f 'nvent'm‘ THEREOF AND USE THEREOF 

Domestic BenefitINational Stage Information:
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes

the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.
When referring to the current application, please leave the "Application Number” field blank.

Filing or 371(c) Date
Application Number Continuity Type (YYYY-MM-DD)

I—I_I
Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

 

  
  

  

 
  

 

 

 
  
  

Prior Application Number 

 
 

201 8—07—31  
 
 
 

 Add  

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application

that is eligible for retrieval under the priority document exchange program (PDX)l the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Remove

Application Number Access Codei (if applicable)

 

 

 

Remove

Access Codei (if applicable) 

 

Additional Foreign Priority Data may be generated within this form by selecting the
Add button. 

 
Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition

Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March

D 16, 2013.
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inventor to file provisions of the AIA. 
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METHODS AND COMPOUNDS USEFUL IN THE SYNTHESIS

OF OREXIN—Z RECEPTOR ANTAGONISTS

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of US. Provisional Patent Application No.

61/600,109, filed February 17, 2012, which is incorporated by reference herein in its entirety.

FIELD OF THE INVENTION

The present invention relates to compounds and methods that are useful for the

preparation of compounds useful as orexin-2 receptor antagonists.

BACKGROUND OF THE INVENTION

Orexin receptors are G-protein coupled receptors found predominately in the brain. Their

endogenous ligands, orexin—A and orexin-B, are expressed by neurons localized in the

hypothalamus. Orexin—A is a 33 amino acid peptide; orexin—B consists of 28 amino acids.

(Sakurai T. et al., Cell, 1998, 92, 573-585). There are two subtypes of orexin receptors, OX1 and

OX2; OX1 binds orexin—A preferentially, while OX2 binds both orexin—A and —B. Orexins

stimulate food consumption in rats, and it has been suggested that orexin signaling could play a

role in a central feedback mechanism for regulating feeding behavior (Sakurai et al., supra). It

has also been observed that orexins control wake-sleep conditions (Chemelli R.M. et al., Cell,

1999, 98, 437—451). Orexins may also play roles in brain changes associated with opioid and

nicotine dependence (SL. Borgland et al., Neuron, 2006, 49, 598—601; C.J. Winrow et al.,

Neuropharmacology, 2010, 58, 185—194), and ethanol dependence (J .R. Shoblock et al.,

Psychopharmacology, 2011, 215, 191-203). Orexins have additionally been suggested to play a

role in some stress reactions (T. Ida et al., Biochem. Biophys. Res. Commun, 2000, 270, 318-

323).

Compounds such as (1R,2S)-2-(((2,4-dimethylpyrimidin-S-y1)oxy)methyl)—2—(3-

fluorophcnyl)-N-(5—fluoropyridin—2—yl)cyclopropanecarboxamide (Compound A, below) have

been found to be potent orexin receptor antagonists, and may be useful in the treatment of sleep

disorders such as insomnia, as well as for other therapeutic uses.
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Compound A

There is thus a need for synthetic methods and intermediates useful in the preparation of

Compound A and related compounds. It is, therefore, an object of the present application to

5 provide such synthetic methods and intermediates.

SUMMARY

Provided herein are compounds and methods that are useful for the preparation of

compounds useful as orexin—Z receptor antagonists.

l 0

Provided is a process for making a compound of Formula I,

Ar

HOAOH

wherein Ar is an aryl such as phenyl, which aryl may be unsubstituted, or substituted 1—3

times, for example, with substituents independently selected from the group consisting of: halo,

15 C1.5alkyl, C1_6alkoxy, and haloCHgalkyl,

the method comprising one or more of the steps of :

i) providing a composition comprising a compound of Formula II:

0

20 II

wherein Ar is as given above, and an organic solvent, wherein said composition is at a

temperature of from -30 to 40 °C, or from -30 to 30 °C, or from -30 to 10 0C, or from ~10 to O 0C,

or from —10 to —5 OC; and

25 ii) adding to said composition a hydride reducing agent, wherein said agent reduces said

compound of Formula l1 into said compound of Formula I,
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to thereby make said compound of Formula I.

In some embodiments, AI is phenyl, which phenyl may be unsubstituted, or substituted

1~3 times with a halo independently selected from the group consisting of: chloro, fluoro, bromo,

and iodo.

In some embodiments, the organic solvent is an aromatic hydrocarbon solvent, an

aliphatic hydrocarbon solvent, a halogenated hydrocarbon solvent or an other solvent.

In some embodiments, the process may further include the step of mixing (e.g., by

stirring) the composition after said adding step for a time of 12 to 24 hours.

In some embodiments, the process may further include the step of quenching the

reduction by adding to said composition a mild aqueous acid (e. g., citric acid, EDTA or tartaric

acid).

In some embodiments, the compound of Formula II has the absolute stereochemistry of

Formula IIa:

Ila

In some embodiments, the compound of Formula II has an enantiomeric excess (cc) of

the Formula “21 stereoisomer of at least 75, 80, 85, 90, 95, 98, 99%, or greater.

In some embodiments, the compound of Formula II or Formula Ila is the compound:

F

In some embodiments, the compound of Formula I has the absolute stereochemistry of

Formula Ia:
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AAHO OH
la

111 some embodiments, the compound of Formula I has an enantiomeric excess (ee) of

the Formula Ia stereoisomer of at least 75, 80, 85, 90, 95, 98, 99%, or greater.

5

In some embodiments, the compound of Formula I or Formula Ia is:

:5
AOH

HO .

10

Also provided is compound of Formula III:
Ar

HOAOAC

wherein Ar is an aryl such as phenyl, which aryl may be unsubstituted, or substituted 1—3

times, for example with substituents independently chosen from the group consisting of: halo,

15 C1.6alkyl, C1.fiall<oxy, and haloC1.6alkyl.

In some embodiments, Ar is phenyl, which phenyl may be unsubstituted, or substituted

1~3 times with a halo independently selected from the group consisting of: chloro, fluoro, bromo,

and iodo.

20

In some embodiments, the compound is:

F

@AOAC .
Also provided is a process for making a compound of Formula III:

Ar

HoAOAC
25 III
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wherein Ar is aryl such as phenyl, which aryl may be unsubstituted, or substituted 1—3

times, for example with substituents independently selected from the group consisting of: halo,

C1_6alkyl, C1_6alkoxy, and haloC1.6all(yl,

5 comprising reacting a mixture of:

i) a compound of Formula Ia:

HO OH
Ia

wherein Ar is as given above,

ii) Vinyl acetate,

10 iii) a lipase, and

iv) an organic solvent

for a time of from S to 36 hours, or from 7 to 18 hours,

to thereby make the compound of Formula 111.

15 In some embodiments, Ar is phenyl, which phenyl may be unsubstituted, or substituted

1-3 times with a halo independently selected from the group consisting of: chloro, fluoro, bromo,

and iodO.

In some embodiments, the organic solvent is tetrahydrofuran, 2—methyltetrahydrofuran,

20 an ether solvent, acetone, 01' acetonitrile.

In some embodiments, the lipase is a Candida Antarctica lipase, for example, a Candida

Antarctica B lipase, which may be coupled to solid support such as an acrylic resin.

25 In some embodiments, the process may further include the step of filtering the mixture

after said reacting to produce a filtrate, and may further include concentrating the filtrate to

produce a concentrated filtrate. In some embodiments, the process may further include the step

of washing the concentrated filtrate with water or water comprising a salt (e.g., a solution of

15—20% NaCl in water).

30

Also provided is a compound of Formula 1V:

'JI
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15%R1 OAC
IV

wherein:

Ar is an aryl such as phenyl, which aryl may be unsubstituted, or substituted 1-3 times,

for example with substituents independently selected from the group consisting of: halo,

5 Cl_6alkyl, C1_6alkoxy, and haloC1_6alkyl; and

R1 is a leaving group.

In some embodiments, Ar is phenyl, which phenyl may be unsubstituted, or substituted

1-3 times with a halo independently selected from the group consisting of: chloro, fluoro, bromo,

and iodo.

10 In some embodiments, the leaving group is a sulfonate ester leaving group selected from

the group consisting of: mesylate, tosylate, nosylate, benzene sulfonatc, and brosylate.

In some embodiments, the compound is:

F

i AOAC
o

0:,
8°C

Me

15 In some embodiments, the compound of Formula IV has the absolute stereochemistry of

3%R1 OAc
lVa

Formula IVa:

In some embodiments, the compound of Formula IV has an enantiomeric excess (ee) of

20 the Formula IVa stereoisomer of at least 75, 80, 85, 90, 95, 98, 99%, or greater.
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Further provided is a process for making a compound of Formula IV:

3%R1 OAC
IV

wherein Ar is an aryl such as phenyl, which aryl may be unsubstituted, or substituted 1—3

times, for example with substituents independently selected from the group consisting of: halo,

5 Cl_6all<yl, C1.6alkoxy, and haloC1.5alkyl; and

R1 is a sulfonate ester leaving group,

said process comprising reacting a compound of Formula III:

Ar

HQAOAC
Ill

wherein Ar is as given above,

10 with a compound selected from the group consisting of: tosyl chloride, mesyl chloride, nosyl

chloride, toluenesulfonyl chloride, toluenesulfonic anhydride and methanesulfonic anhydride,

wherein said reacting is carried out in an organic solvent in the presence of a base,

to thereby make said compound of Formula IV.

In some embodiments, Ar is phenyl, which phenyl may be unsubstituted, or substituted

15 1—3 times with a halo independently selected from the group consisting of: chloro, fluoro, bromo,

and iodo.

In some embodiments, the reacting is carried out for a time of from 10 minutes to 2

hours.

In some embodiments, the base is an organic amine or potassium carbonate.

20 In some embodiments, the compound of Formula III is:
F

AOAC
HO _

Page 29 of 383



Page 30 of 383

WO 2013/123240 PCT/US2013/026204

In some embodiments, the compound of Formula IV has the absolute stereochemistry of

Formula IVa:

Ar/O
R1A“,

Na

5 In some embodiments, the compound of Formula IV has an enantiomeric excess (ee) of

the Formula IVa stereoisomer of at least 75, 80, 85, 90, 95, 98, 99%, or greater.

Also provided is a process for making a compound of Formula V,

Ari,“ OH
O

NWRZ V
>—N

R3

10 wherein Ar is an aryl such as phenyl, which aryl may be unsubstituted, or substituted 1-3

times, for example with substituents independently selected from the group consisting of: halo,

C1.6alkyl, C1_6alkoxy, and haloC1.6alkyl; and

R2 and R3 are each independently selected from the group consisting of: hydrogen,

C1—5alkyl, haloCl-g alkyl, Cl—Galkoxy, and hydroxyCi-Galkyl,

15

comprising the steps of:

a) stirring a mixture of:

i) a compound of Formula IV:

Ar

R1AOAC
20 IV

wherein Ar is as given above; and

R1 is a leaving group,

ii) a substituted pyrimidine of Formula VI:
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RZYJNi

N?N
R3
VI

wherein R2 and R3 are as given above;

iii) a base; and

iv) an organic solvent,

5 at a temperature of from 65—70 (’C, for 1 to 12 hours; and then

b) reacting the mixture with an aqueous base for a time of from 2 to 20 hours,

to thereby make said compound of Formula V.

10 In some embodiments, Ar is phenyl, which phenyl may be unsubstituted, or substituted

1-3 times with a halo independently selected from the group consisting of: chloro, fluoro, bromo,

and iodo.

In some embodiments, R2 and R3 are each independently selected from the group

15 consisting of: hydrogen and Cl—galkyl.

In some embodiments, the compound of Formula IV has the absolute stereochemistry of

WR1 OAc

IVa

Formula IVa:

20

In some embodiments, the compound of Formula IV has an enantiomeric excess (ee) of

the Formula IVa stereoisomer of at least 75, 80, 85, 90, 95, 98, 99%, or greater.

Further provided is a process for making a compound of Formula VI:
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/

E,
W

wherein R2 and R3 are each independently selected from the group consisting of:

hydrogen and C1-6 alkyl,

5 comprising the step of heating a mixture of:

i) a compound of Formula B:

\f
R3

B

wherein:

R2 and R3 are as given above; and

10 R4 is C1~6 alkyl,

ii) an alkoxide or hydroxide salt,

iii) a thiol, and

iv) an organic solvent,

to thereby make said compound of Formula V1.

15

In some embodiments, the heating is to a temperature of from 50 °C to 140 0C. In some

embodiments, heating comprises boiling or refluxing the mixture.

In some embodiments, the heating is carried out in a time of from 5 to 50 hours.

20

Also provided is a process for making a compound of Formula B:

10
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wherein:

R2 and R3 are each independently selected from the group consisting of: hydrogen and

C11 alkyl; and

R4 is C1-6 alkyl,

comprising mixing:

i) a compound of Formula A:

\(
Cl

A

wherein R4 is as given above,

ii) trimethylaluminum,

iii) a palladium catalyst, and

iv) an organic solvent,

to thereby make said compound of Formula B.

In some embodiments, the mixing step is carried out for a time of from 12 to 48 hours.

In some embodiments, the mixing step is carried out at a temperature of from 20 °C to

1 10 °C.

In some embodiments, the process further includes a step of quenching the reaction, e.g.,

with water comprising a base (e.g., a hydroxide such as sodium hydroxide).

In some embodiments, the process further includes a step of treating said compound of

Formula B With a solution comprising hydrogen chloride and a solvent such as an alcohol (e.g.,

11
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isopropyl alcohol) to obtain said compound of Formula B as a hydrochloride salt. In some

embodiments this is done after a quenching stop.

Further provided is a process for making a compound of Formula B:

Y
R3

B

wherein:

R2 and R3 are each independently selected from the group consisting of: hydrogen and

C1—6 alkyl; and

R4 is (31-6 alkyl,

10

comprising mixing:

i) a compound of Formula A:

R4
0

C'%\
N / N

E
A

wherein R4 is as given above,

15 ii) a nickel catalyst (e.g., Ni(acac)2, Ni(PPh3)2C12, or Ni(dppp)C12),

iii) an alkylmagnesium halide, and

iv) an organic solvent,

to thereby make said compound of Formula B.

20 In some embodiments, the mixing is carried out for a time of from 6 to 36 hours.

In some embodiments, the mixing is carried out at a temperature of from 10 °C to 30 °C.

12

Page 34 of 383



Page 35 of 383

WO 2013/123240 PCT/USZOl3/026204

In some embodiments, the process further includes a step of quenching the reaction, e.g.,

with water comprising an acid (e.g., citric acid). In some embodiments, the process further

includes a step of adding ammonium hydroxide after the quenching step.

5 In some embodiments, the process further includes reacting the compound of Formula B

With a solution comprising hydrogen chloride and a solvent such as an alcohol (e.g., isopropyl

alcohol) to obtain the compound of Formula B as a hydrochloride salt.

Also provided is a process for making a compound of Formula VII:

Arm,
OH

0

i oN / R2 VII\
N

10 R3}
wherein Ar is an aryl such as phenyl, which aryl may be unsubstituted, or substituted 1—3

times, for example with substituents independently selected from the group consisting of: halo,

C1.6alkyl, C1.6alkoxy, and haloC1-6alkyl; and

R2 and R3 are each independently selected from the group consisting of: hydrogen,

15 Cl—Galkyl, haloCl-g alkyl, C1~6alkoxy, and hydroxyC1—6alkyl,

comprising the steps of:

a) oxidizing a compound of Formula V:

An,”
OH

O

NfiRZ V
20 R3

wherein Ar, R2 and R3 are as given above,

with a first oxidizing agent, to form an aldehyde of Formula VIII:

Ah,“
H

0

Pg— 0N / R2 vm
>7N
3R

13
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wherein Ar, R2 and R3 are as given above; and then

b) oxidizing the aldehyde of Formula VIII with a second oxidizing agent,

to thereby make said compound of Formula VII.

In some embodiments, Ar is phenyl, which phenyl may be unsubstituted, or substituted

1-3 times with a halo independently selected from the group consisting of: chloro, fluoro, bromo,

and iodo,

In some embodiments, R2 and R3 are each indcpcndcntly selected from the group

consisting of: hydrogen and Cl-Galkyl.

In some embodiments, the first oxidizing agent is sodium hypochlorite.

In some embodiments, oxidizing of step a) is catalyzed with an effective amount of

22,6,6-tctramcthylpiperidine l-oxyl (TEMPO).

In some embodiments, the second oxidizing agent is sodium chlorite.

In some embodiments, the first oxidizing agent and the second oxidizing agent are the

same. In some embodiments, the first oxidizing agent and the second oxidizing agent are

di ffercnt.

In some embodiments, the oxidizing of step a) and/or step b) is carried out in an organic

solvent (e. g., dichloromethane, tetrahydrofuran, 2-methyltetrahydrofuran, toluene, acetonitrile, or

ethyl acetate).

Further provided is a process for preparing a compound of Formula VII:

Al'n,’
OH

o

i oN / R2 VII\
N

R?

14
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wherein Ar is an aryl such as phenyl, which aryl may be unsubstituted, or substituted 1—3

times, for example with substituents independently selected from the group consisting of: halo,

C1_6alkyl, C1_6alkoxy, and haloC1_6alkyl; and

R2 and R3 are each independently selected from the group consisting of: hydrogen,

Cl-fialkyl, haloC1-6 alkyl, C1~6alkoxy, and hydroxyCl-éalkyl,

comprising: oxidizing a compound of Formula V:

Ari!“
OH

O

NWRZ v

wherein Ar, R2 and R3 are as given above,

with sodium hypochlorite and sodium chlorite,

to thereby make said compound of Formula VII.

In some embodiments, Ar is phenyl, which phenyl may be unsubstituted, or substituted 1—

3 times with a halo independently selected from the group consisting of: chloro, fluoro, bromo,

and iodo.

In some embodiments, R2 and R3 are each independently selected from the group

consisting of: hydrogen and C1—5alkyl.

In some embodiments, the oxidizing with sodium hypochlorite and sodium chlorite is

carried out simultaneously.

In some embodiments, the oxidizing is catalyzed with an effective amount of 2,2,6,6—

tetramethylpiperidine l—oxyl (TEMPO).

Also provided is a process for making a compound of Formula IX:
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wherein:

Ar is an aryl such as phenyl, which my] may be unsubstituted, or substituted 1—3 times,

for example with substituents independently selected from the group consisting of: halo, C1-

5 6alkyl, Cmalkoxy, and haloC1_6alkyl;

R2 and R3 are each independently selected from the group consisting of: hydrogen,

Cl-galkyl, haloC1—6 alkyl, Cl-Galkoxy, and hydroxyC1—6a1ky1; and

Ar' is a pyridine group:

10 wherein:

R4 is selected from the group consisting of: hydrogen, halo, C l—Galkyl, Cl-6alkoxy,

and (Cl-Gall<oxy)C 1 ~6all<yl;

R5 is selected from the group consisting of: hydrogen, halo, Cl-éalkyl, and

haloC1—6a1ky1; and

15 R6 is selected from the group consisting of: hydrogen, halo, C1-6alkyl,

haloC1—6alkyl, C1-6a11<oxy, (Cl-galkoxy)C1—6alky1, and cyano;

comprising the step of reacting a compound of Formula VII:

Alf/,1,
OH

0

i oN / R2 VII\
N

a?
20 wherein Ar, R2 and R3 are as given above,

with a compound of Formula X:

16
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H2N lN\ R4
/ R5

R6

X

wherein R4, R5, and R5 are as given above,

said reacting carried out in an organic solvent in the presence of an organic amine and an amide

coupling agent,

to thereby make said compound of Formula IX.

In some embodiments, Ar is phenyl, which phenyl may be unsubstituted, or substituted 1—

3 times with a halo independently selected from the group consisting of: chloro, fluoro, bromo,

and iodo.

In some embodiments, R2 and R3 are each independently selected from the group

consisting of: hydrogen and C1-5alkyl.

DETAILED DESCRIPTION

All U.S. Patent references are hereby incorporated by reference herein to the extent they

are consistent with the present descriptions.

A. Definitions

Compounds of this invention include those described generally above, and are further

illustrated by the embodiments, sub-embodiments, and species disclosed herein. As used herein,

the following definitions shall apply unless otherwise indicated.

As described herein, compounds of the invention may optionally be substituted with one

or more substituents, such as are illustrated generally above, or as exemplified by particular

classes, subclasses, and species of the invention. In general, the term "substituted" refers to the

replacement of hydrogen in a given structure with a specified substituent. Unless otherwise

indicated, a substituted group may have a substituent at each substitutable position of the group,

and when more than one position in any given structure may be substituted with more than one

substituent selected from a specified group, the substituent may be either the same or different at

every position. Combinations of substituents envisioned by this invention are preferably those

that result in the formation of stable or chemically feasible compounds.

17
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"Isomers" refer to compounds having the same number and kind of atoms and hence the

same molecular weight, but differing with respect to the arrangement or configuration of the

atoms.

"Stereoisomers" refer to isomers that differ only in the arrangement of the atoms in space.

"Absolute stereochemistry" refers to the specific spatial arrangement of atoms or groups

in a chemical compound about an asymmetric atom. For example, a carbon atom is asymmetric

if it is attached to four different types of atoms or groups of atoms.

"Diastereoisomers" refer to stereoisomers that are not mirror images of each other.

"Enantiomers" refers to stereoisomers that are non—superimposable mirror images of one

another.

Enantiomers include "enantiomerically pure" isomers that comprise substantially a single

enantiomer, for example, greater than or equal to 90%, 92%, 95%, 98%, or 99%, or equal to

100% of a single enantiomer.

"Enantiomerically pure" as used herein means a compound, or composition of a

compound, that comprises substantially a single enantiomer, for example, greater than or equal to

90%, 92%, 95%, 98%, or 99%, or equal to 100% of a single enantiomer.

"Stereomerically pure" as used herein means a compound or composition thereof that

comprises one stereoisomer of a compound and is substantially free of other stereoisomers of

that compound. For example, a stereomerieally pure composition of a compound having one

chiral center will be substantially free of the opposite enantiomer of the compound. A

stereomerically pure composition of a compound having two chiral centers will be substantially

free of diastereomers, and substantially free of the enantiomer, of the compound. A typical

stereomerically pure compound comprises greater than about 80% by weight of one stereoisomer

of the compound and less than about 20% by weight of other stereoisomers of the compound,

more preferably greater than about 90% by weight of one stereoisomer of the compound and less

than about 10% by weight of the other stereoisomers of the compound, even more preferably

greater than about 95% by weight of one stereoisomer of the compound and less than about 5%

by weight of the other stereoisomers of the compound, and most preferably greater than about

97% by weight of one stereoisomer of the compound and less than about 3% by weight of the

other stereoisomers of the compound. See, e. g, US Patent No. 7,189,715.

"R" and "S" as terms describing isomers are descriptors of the stereochemical

configuration at an asymmetrically substituted carbon atom. The designation of an

asymmetrically substituted carbon atom as "R" or ”S" is done by application of the Cahn—Ingold—

Prelog priority rules, as are well known to those skilled in the art, and described in the

18
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International Union of Pure and Applied Chemistry (IUPAC) Rules for the Nomenclature of

Organic Chemistry. Section E, Stereoehemistry.

"Enantiomeric excess" (cc) of an enantiomer, when expressed as a percentage, is [(the

mole fraction of the major enantiomer) minus (the mole fraction of the minor enantiomer)] x

100.

"Stable" as used herein refers to compounds that are not substantially altered when

subjected to conditions to allow for their production, detection, and preferably their recovery,

purification, and use for one or more of the purposes disclosed herein. in some embodiments, a

stable compound or chemically feasible compound is one that is not substantially altered when

kept at a temperature of 40 °C or less, in the absence of moisture or other chemically reactive

conditions, for at least a week.

"Refluxing" as used herein refers to a technique in which vapors from a boiling liquid are

condensed and returned to the mixture from which it came, typically by boiling the liquid in a

vessel attached to a condenser.

"Concentrating” as used herein refers to reducing the volume of solvent in a composition

or mixture.

A ”filtrate” is the liquid produced after filtering thereof; filtering typically includes the

removal of a suspension of solid from the liquid.

An "organic" compound as used herein is a compound that contains carbon. Similarly, an

"organic solven " is a compound containing carbon that is useful as a solvent. Examples of

organic solvents include, but are not limited to, acid amides such as N,N—dimethylformamide and

N,N~dimethylacetamide; alcohols such as ethanol, methanol, isoprepanol, amyl alcohol, ethylene

glycol, propylene glycol, l-butanol, butyl carbitol acetate and glycerin; aliphatic hydrocarbons

such as hexane and octane; aromatic hydrocarbons such as toluene, xylenes and benzene; ketones

such as acetone, methyl ethyl ketone and cyclohexanone; halogenated hydrocarbons such as

methylene chloride, chlorobenzene and chloroform; esters such as ethyl acetate, amyl acetate and

butyl acetate; ethers such as tetrahydrofuran, 2—1nethy1tetrahydrofuran, 1,4—dioxane, tert-butyl

methyl ether, diethyl ether and ethylene glycol dimethyl ether; nitriles such as acetonitrile; and

sulfoxides such as dimethylsulfoxide.

An "inorganic" compound is a compound not containing carbon.

A "hydrocarbon" is an organic compound consisting of carbon and hydrogen atoms.

Examples of hydrocarbons useful as "hydrocarbon solvents" include, but are not limited to, an

"aromatic hydrocarbon solvent“ such as benzene, toluene, xylenes, etc., and an "aliphatic

hydrocarbon solvent" such as pentane, hexane, hcptane, etc.

19
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II II

An "amine , organic amine", "amine base" or "organic amine base" as used herein refers

to an organic compound having a basic nitrogen atom (R-NR'R”), and may be a primary (R-

NI—lz), secondary (R—NHR’) or tertiary (R—NR’R") amine. R, R' and R" may be independently

selected from the group consisting of alkyl (cg, cycloalkyl), aryl and heteroaryl, which groups

may be optionally substituted, or R and R', R and R" and/or R‘ and R", when present, may also

combine to form cyclic or heteroalicyclic ring. The term heteroalicyelic as used herein refers to

mono-, bi- or tricyclic ring or ring systems having one or more heteroatoms (for example,

oxygen, nitrogen or sulfur) in at least one of the rings. The ring system may be a ”saturated

ring", which means that the ring does not contain any alkene or alkyne moieties, or it may also

be an "unsaturated ring" which means that it contains at least one alkene or alkyne moiety

provided that the ring system is not aromatic. The cyclic or heteroalicyclic group may be

unsubstituted or substituted as defined herein.

In some embodiments the amine is aromatic. Examples of aromatic amines include, but

are not limited to, pyridine, pyrimidine, quinoline, isoquinolines, purine, pyrrole, imidazole, and

indole. The aromatic amines may be substituted or unsubstituted.

The term "optionally substituted" is used interchangeably with the phrase "substituted or

unsubstituted" and means that a group may be substituted by one or more suitable substituents

which may be the same or different. In some embodiments, suitable substituents may be selected

from alkyl, cycloalkyl, biaryl, carbocyclic aryl, heteroalicyclic, heteroaryl, acyl, amidino, amido,

amino, alkoxyamino, carbamoyl, carboxy, cyano, ether, guanidine, hydroxamoyl, hydroxyl,

imino, isoeyanato, isothiocyanato, halo, nitro, silyl, sulfonyl, sulfinyl, sulfenyl, sulfonato,

sulfamoyl, sulfonamido, thiocarbonyl, thiol, thiocyanato, thioearbamoyl, thioamido and urea.

Examples include, but are not limited to, triethylamine, pyridine, dimethylaminopyridine,

N—methylmorpholinc, Hunig's base (N,N—diisopropylethylamine), and 1,8-

diazabicyclo[5.4.0]undec-7~ene (DBU).

An ”amide" as used herein refers to an organic functional group having a carbonyl group

(C20) linked to a nitrogen atom (N).

An "amide coupling agent" is an agent that may be used to couple a nitrogen and

carboxyl group to form an amide, typically by activating the carboxyl group. Examples of amide

coupling agents include, but are not limited to, carbodiimides such as N,N’—

dicyelohexylcarbodiimide (DCC), N—(3-dimethylaminopropyl)-N'—ethylcarbodiimide (EDC) or

N— (3 -dimethylaminopropyl )-N'-ethylcarbodiimide hydrochloride (EDAC), N,N'—

diisopropylcarbodiimide (DIC); imidazoliums such as l,l'—carbonyldiimidazole (CD1), l,l'-

carbonyl-di-(1,2,4-triazole) (CDT); uronium or guanidinium salts such as 0-(7-azabenzotriazol—

20
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l—yl)—N,N,N’,N’-tetramethyluronium hexafluorophosphate (HATU), O—(benzotriazol-l—yl)-

N,N,N', ’—tetramcthyluronium hexafluorophosphate (HBTU), and O~(benzotriazol-l—yl)—

N,N,N’, ’—tetramethyluronium tetrafluoroborate (TBTU); phosphonium salts such as

benzotriazol-1~yloxy)tris(dimethylamino)phosphonium hexafluorophosphate (BOP or Castro's

reagent), (benzotriazol—l—yloxy)tripyrrolidinophosphonium hexafluorophosphate (PyBOP®,

Merck KGaA, Germany), 7-azabenxotriazol- l -yloxy)tripyrrolidinophosphonium

hexafluorophosphate (PyAOP); alkyl phosphonic acid anhydrides such as ®T3P (Archimica,

Germany), etc.

"Aqueous" is a solution in which water is the dissolving medium, or solvent. An

"aqueous base" is a base in water. An "aqueous acid" is an acid in water.

An “acid" is a compound that can act as a proton donor or electron pair acceptor, and thus

can react with a base. The strength of an acid corresponds to its ability or tendency to lose a

proton. A "strong acid" is one that completely dissociates in water. Examples of strong acids

include, but are not limited to, hydrochloric acid (HCl), hydroiodic acid (HI), hydrobromic acid

(HBr), perchloric acid (HClO4), nitric acid (HNOg), sulfuric acid (H2804), etc. A "weak" or

”mild" acid, by contrast, only partially dissociates, with both the acid and the conjugate base in

solution at equilibrium. Examples of mild acids include, but are not limited to, carboxylic acids

such as acetic acid, citric acid, formic acid, gluconic acid, lactic acid, oxalic acid, tartaric acid,

ethylenediaminetetraacetic acid (EDTA), etc.

A "base" is a compound that can accept a proton (hydrogen ion) or donate an electron

pair. A base may be organic (e.g, DBU, cesium carbonate, etc.) or inorganic. A "strong base" as

used herein is a compound that is capable of deprotonating very weak acids. Examples of strong

bases include, but are not limited to, hydroxides, alkoxides, and ammonia.

A "hydroxide" is the commonly known diatomic anion OH', or a salt thereof (typically an

alkali metal or alkaline earth metal salt thereof). Examples of hydroxides include, but are not

limited to, sodium hydroxide (NaOH), potassium hydroxide (KOH), lithium hydroxide (LiOH),

and calcium hydroxide (Ca(OI 1);).

An ”alkoxide" is RO', the conjugate base of an alcohol. Examples include, but are not

limited to, methcxide, ethoxide, and propoxide.

An "oxidizing agent" is an agent useful to oxidize a compound, whereby the compound

loses electrons or increases its oxidation state. Examples include, but are not limited to, oxygen,

ozone, organic peroxides such as hydrogen peroxide, halogens such as fluorine or chlorine, or

halogen compounds such as chlorite, chlorate or perchlorate, nitrate compounds such as nitric

acid, a sulfuric acid or persulfuric acid, hypohalite compounds such as hypophlorite and sodium
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hypochlorite (NaClO), hexavalent chromium compounds such as chromie and dichromic acids

and chromium trioxide, pyridinium chlorochromate and chromate/dichromatc compounds,

permanganate compounds, sodium perborate, nitrous oxide, silver oxide, osmium tetroxide,

Tollens' reagent, and 2,2'—dipyridyldisulfide.

A "reducing agent" is an agent useful to reduce a compound, whereby the compound

gains electrons or decreases its oxidation state. A "hydride reducing agent" is a reducing agent

comprising a hydride. Examples include, but are not limited to, sodium borohydride, lithium

borohydride, lithium aluminum hydride, lithium tri—butoxyaluminum hydride,

diisobutylaluminum hydride (DIBAH), zinc borohydride (See, e.g., Nakata et al., Tett. Lett., 24,

265 3-56, 1983), and lithium triethyl borohydride (Super—I'Iydrideap, Sigma-Aldrich, Saint Louis,

Missouri). See Seyden—Penne, J. (1997). Reductions by the Alumino— and Borohydrides in

Organic Synthesis, 2“d edition. Wiley~VCH.

A "leaving group" is a group or substituent of a compound that can be displaced by

another group or substituent in a substitution reaction, such as a nucleophilie substitution

reaction. For example, common leaving groups include halo groups; sulfonate ester leaving

groups, such as a mesylate (methane sulfonate or —OMs), tosylate (p—toluenesulfonate or ~OTs),

brosylate, nosylate, besylate (benzene sulfonate) and the like; triflates, such as

trifluoromethanesulfonate; and acyloxy groups, such as acetoxy, trifluoroacetoxy and the like.

See, e.g., US Patent No. 8,101,643.

A "lipase" as used herein is an enzyme capable of acylating a steryl glycosidc. Examples

include, but are not limited to, Asper‘gillus lipase; Aspergillus niger lipase; Thermomyces

[anaginosa lipase; Candida Antarctica lipase A; Candida Antarctica lipase B; Candida

cylindracae lipase; Candida deformans lipase; Candida Zipolytica lipase; Candida parapsilosis

lipase; Candida rugosa lipase; Corynebacterium acnes lipase; Cryptoeoceus spp. S-2 lipase;

Fusarium culmomm lipase; Fusarium heterosporum lipase; Fusarium oxysporum lipase; Mucor

javanicus lipase; Rhizomucor miehei lipase; Rhizomucor delemar lipase; Burkholderia

(Pseudomonas) cepacia lipase; Pseudomonas camembertii lipase; Pseudomonas fluorescens

lipase; Rhizopus lipase; Rhizopas arrhizus lipase; Staphylococcus aureus lipase; Geotrichium

candidum lipase; Hyphozyma sp. lipase; Klebsiella oxytoca lipase; and homologs thereof (e.g.,

variants thereof that have an amino acid sequence that is at least 80%, at least 85%; at least 90%,

at least 92%; at least 94%; at least 95%, at least 96%; at least 97%; at least 98% or at least 99%

identical to any of those wildtype enzymes). See US Patent Application Publication No.

2012/0009659.
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A "Candida Antarctica lipase" is a lipase originally isolated from Candida Antarctica

(and now more commonly expressed recombinantly, for example, in an Aspergillus species), and

may be form A, form B, etc. In some embodiments, the lipase is coupled to a resin (c.g., an

acrylic resin). For example, Candida Antarctica B lipase is available immobilized on acrylic

resin (Novozym® 435, Sigma-Aldrich, Saint Louis, Missouri). In some embodiments, the

enzyme is selected from the group consisting of: Candida Antarctica lipase A, Candida

Antarctica lipase B, and homologs thereof (e.g., variants thereof that have an amino acid

sequence that is at least 80%, at least 85%; at least 90%, at least 92%; at least 94%; at least 95%,

at least 96%; at least 97%; at least 98% or at least 99% identical to any of those wildtype

enzymes). See US Patent Application Publication No. 2012/0009659.

"Quenching," as known in the art, refers to stopping or substantially stopping a chemical

reaction.

”Catalyze" means to accelerate a reaction by acting as a catalyst. A catalyst is a

compound or substance that participates in a chemical reaction but is not consumed by the

reaction itself.

Addition of one or more compounds or agents "simultaneously" or "concurrently" means

that both are used at the same, or overlapping, times. For example, oxidizing with a first and

second oxidizing agent in some embodiments may be accomplished by addition to a reaction

vessel through multiple ports at the same or overlapping times.

"Ar" or "aryl" refer to an aromatic carbocyclic moiety having one or more closed rings.

Examples include, without limitation, phenyl, naphthyl, anthracenyl, phenanthracenyl, biphenyl,

and pyrenyl.

"Heteroaryl" refers to a cyclic moiety having one or more closed rings, with one or more

heteroatoms (for example, oxygen, nitrogen or sulfur) in at least one of the rings, wherein at least

one of the rings is aromatic, and wherein the ring or rings may independently be fused, and/or

bridged. Examples include without limitation quinolinyl, isoquinolinyl, indolyl, furyl, thienyl,

pyrazolyl, quinoxalinyl, pyrrolyl, indazolyl, thieno[2,3—c]pyrazolyl, benzofuryl, pyrazolo[l,5-

- a]pyridyl, thiophenylpyrazolyl, benzothienyl, benzothiazolyl, thiazolyl, 2—phenylthiazolyl, and

isoxazolyl.

"Alkyl" or ”alkyl group," as used herein, means a straight—chain (i.e., unbranched),

branched, or cyclic hydrocarbon chain that is completely saturated. In some embodiments, alkyl

groups contain 1, 2, or 3, to 4, 5 or 6 carbon atoms (cg, (31-4, C2.4, C34, C1-5, C2.5, C3_5, C1.6, CM,

C”). In some embodiments, alkyl groups contain 3~4 carbon atoms. In certain embodiments,

alkyl groups contain 1—3 carbon atoms. In still other embodiments, alkyl groups contain 2-3
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carbon atoms, and in yet other embodiments alkyl groups contain 1—2 carbon atoms. In certain

embodiments, the term ”alkyl" or "alkyl group" refers to a cycloalkyl group, also known as

carbocycle. Non-limiting examples of exemplary alkyl groups include methyl, ethyl, propyl,

isopropyl, butyl, cyclopropyl and cyclohexyl.

”Alkenyl" or "alkenyl group" as used herein refers to a straight-chain (i.e., unbranehed),

branched, or cyclic hydrocarbon chain that has one or more double bonds. In certain

embodiments, alkenyl groups contain 2—6 carbon atoms. In certain embodiments, alkcnyl groups

contain 2-4 carbon atoms. In still other embodiments, alkenyl groups contain 3—4 carbon atoms,

and in yet other embodiments alkenyl groups contain 2-3 carbon atoms. According to another

aspect, the term alkenyl refers to a straight chain hydrocarbon having two double bonds, also

referred to as "diene." In other embodiments, the term "alkenyl" or "alkenyl group" refers to a

eycloalkenyl group. Non-limiting examples of exemplary alkenyl groups include -CH=CH2,

—CH2CI*I=CH2 (also referred to as allyl), -CH:CHCH3, —CI-I2CH2CH=CH2, —CH2CH=CHCH3,

—CH:CH2CH2CH3, -CI-I=CH2CH=CH2, and cyclobutenyl.

"Alkoxy" or "alkylthio" as used herein refers to an alkyl group, as previously defined,

attached to the principal carbon chain through an oxygen ("alkoxy") or sulfur ("alkylthio") atom.

"Methylene", "ethylene", and "propylene" as used herein refer to the bivalent moieties

-CH2-, —CH2CH2-, and —CH2CH2CH2—, respectively.

"Ethenylene", ”propenylene", and "butenylene" as used herein refer to the bivalent.

moieties -CH=CH—, -CH=CHCH2~, -CH2CH=CH~, —CH=CIICH2€H2-, -CH2CH=CH2CHg-, and

—CH2CH2CH=CH—, where each ethenylene, propenylene, and butenylene group can be in the cis

or trans configuration. In certain embodiments, an ethenylene, propenylene, or butenylene group

can be in the trans configuration.

"Alkylidene" refers to a bivalent hydrocarbon group formed by mono or dialkyl

substitution of methylene. In certain embodiments, an alkylidene group has 1—6 carbon atoms. In

other embodiments, an alkylidene group has 2-6, 1—5, 2-4, or 1-3 carbon atoms. Such groups

include propylidene (CH3CI-I2CI-I=), ethylidene (CH3CI-I=), and isopropylidene (CH3(CH3)CH=),

and the like.

"Alkenylidene" refers to a bivalent hydrocarbon group having one or more double bonds

formed by mono or dialkenyl substitution of methylene. In certain embodiments, an alkenylidene

group has 2-6 carbon atoms. In other embodiments, an alkenylidene group has 2-6, 2-5, 2—4, or

2-3 carbon atoms. According to one aspect, an alkenylidcne has two double bonds. Exemplary

alkenylidene groups include CH3CH=C=, CH2=CHCH=, CH2=CIICII2CH=, and

CchCHCHZCH=CHCH=.
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"(31.6 alkyl ester or amide" refers to a C145 alkyl ester or a C1-6 alkyl amide Where each

C1.6 alkyl group is as defined above. Such Cm alky] ester groups are of the formula (C1-6

alkyl)OC(=O)— or (Cm all<yl)C(=O)O—. Such C1-5 alkyl amide groups are of the formula ((31-6

alkyl)NHC(=O)— or (C14, alkyl)C(=O)NH—.

"CM alkcnyl ester or amide" refers to a CM alkenyl ester or a CM alkenyl amide Where

each C2-6 alkenyl group is as defined above. Such CM alkenyl ester groups are of the formula

(Cz—s all<enyl)OC(=O)- or (CH alkeny1)C(=O)O-. Such CM alkenyl amide groups are of the

formula ((32-5 alkenyl)NHC(=O)— or (C24, alkenyl)C(=O)NH—.

"Halo" refers to fluoro, chloro, bromo or iodo.

"Haloalkyl" refers to an alkyl group substituted with one or more halo atoms. For

example, "Iluorcmethyl" refers to a methyl group substituted with one or more fluoro atoms

(e. g., monofluoromethyl, difluoromethyl, trifluoromethyl).

"Hydroxyalkyl" refers to an alkyl group substituted with a hydroxyl group (-OH).

”Fluoromethoxy" as used herein refers to a fluoromethyl group, as previously defined,

attached to the principal carbon chain through an oxygen atom.

"Thiol" refers to an organosulfur compound R-SH, wherein R is an aliphatic group.

”Cyano" refers to the group ~CEN, or —CN.

"Aliphatic" is an acyclic or cylic, non—aromatic carbon compound.

”Protecting group" as used herein, is meant that a particular functional moiety, e. g., 0, S,

or N, is temporarily blocked so that a reaction can be carried out selectively at another reactive

site in a multifunctional compound. For example, in certain embodiments, as detailed herein,

certain exemplary oxygen protecting groups are utilized. Oxygen protecting groups include, but

are not limited to, groups bonded to the oxygen to form an ether, such as methyl, substituted

methyl (e.g., Trt (triphenylmcthyl), MOM (methoxymethyl), M’l‘M (methylthiomethyl), BOM

(benzyloxymethyl), PMBM or MPM (p—methoxybenzyloxymethyl», substituted ethyl (e.g., 2—

(trimethylsilyl)ethyl), benzyl, substituted benzyl (e.g, para-methoxybenzyl), silyl (ag, TMS

(trimethylsilyl), TES (triethylsilyl), TIPS (triisopropylsilyl), TBDMS (t—butyldimethylsilyl),

tribenzylsilyl, TBDPS (t—butyldiphenyl silyl), 2~trimethylsi1ylprop—2-enyl, t—butyl,

tetrahydropyranyl, allyl, etc.

In some embodiments, the compounds described herein may be provided as a salt, such

as a pharmaceutically acceptable salt. "Pharmaceutically acceptable salts" are salts that retain the

desired biological activity of the parent compound and do not impart undesired toxicological

effects. Specific examples of pharmaceutically acceptable salts include inorganic acid salts (such

as sulfates, nitrates, perchlorates, phosphates, carbonates, bicarbonates, hydrofluoridcs,
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hydrochloridcs, hydrobromides and hydroiodides), organic carboxylates (such as acetates,

oxalates, maleates, tartrates, fumarates and citrates), organic sulfonatcs (such as

methancsulfonates, trifluoromethanesulfonates, ethanesulfonates, benzenesulfonates,

toluenesulfonates and camphorsulfonates), amino acid salts (such as aspartates and glutamates),

quaternary amine salts, alkali metal salts (such as sodium salts and potassium salts) and alkali

earth metal salts (such as magnesium salts and calcium salts).

Unless indicated otherwise, nomenclature used to describe chemical groups or moieties

as used herein follow the convention where, reading the name from left to right, the point of

attachment to the rest of the molecule is at the right-hand side of the name. For example, the

group "(Cm alkoxy)C1.3 alkyl," is attached to the rest of the molecule at the alkyl end. Further

examples include methoxyethyl, where the point of attachment is at the ethyl end, and

methylamino, where the point of attachment is at the amine end.

Unless indicated otherwise, where a mono or bivalent group is described by its chemical

formula, including one or two terminal bond moieties indicated by "—," it will be understood that

the attachment is read from left to right.

Unless otherwise stated, structures depicted herein are also meant to include all

enantiomeric, diastereomerie, and geometric (or conformational) forms of the structure; for

example, the R and S configurations for each asymmetric center, (Z) and (E) double bond

isomers, and (Z) and (E) conformational isomers. Therefore, single stereochemical isomers as

well as enantiomeric, diastereomeric, and geometric (or conformational) mixtures of the present

compounds are within the scope of the invention. Unless otherwise stated, all tautcmeric forms

of the compounds of the invention are within the scope of the invention.

Additionally, unless otherwise stated, structures depicted herein are also meant to include

compounds that differ only in the presence of one or more isotopically enriched atoms. For

example, compounds having the present structures except for the replacement of hydrogen by

deuterium or tritium, or the replacement of a carbon by a 13C- or 14C—enriched carbon are within

the scope of this invention. Such compounds are useful, for example, as analytical tools or

probes in biological assays.

B. Compounds and Chemical Synthesis

Provided herein are compounds (e.g., intermediate compounds) and methods that are

useful for the preparation of compounds useful as orexin-2 receptor antagonists, such as (1R,ZS)-

2-(((2,4—dimcthylpyrimidin-S—yl)oxy)methy1)-2—(3 —fluorophenyl)—N—(S—fluoropyridin-2—

yl)cyclopropanecarboxamide (Compound A, below), which have been found to be potent orexin
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receptor antagonists, and may be useful in the treatment of sleep disorders such as insomnia, as

well as for other therapeutic uses.

Compound A

5 However, it will be understood that the compounds and methods herein may also be

useful to make similar compounds and/or perform similar chemical syntheses.

Provided is a process for making a compound of Formula I,

Ar

l

10 wherein Ar is an aryl such as phenyl, which aryl may be unsubstituted, or substituted 1-3

times, for example, with substituents independently selected from the group consisting of: halo,»

C1.6alky1, C1.6alkoxy, and haloC1_6all(yl,

the method comprising one or more of the the steps of :

l 5

i) providing a composition comprising a compound of Formula II:

”2%
O 0

ll

wherein Ar is as given above, and an organic solvent, wherein said composition is at a

temperature of from —30 to 40 0C, or from -30 to 30 °C, or from -30 to 10 °C, or from -10 to

20 0 °C, or from -10 to -5 oC; and

ii) adding to said composition a hydride reducing agent, wherein said agent reduces said

compound of Formula II into said compound of Formula I,

25 to thereby make said compound of Formula I.

27

Page 49 of 383



Page 50 of 383

W0 2013/123240 PCT/USZOl3/026204

In some embodiments, Ar is phenyl, which phenyl may be unsubstituted, or substituted

1-3 times with a halo independently selected from the group consisting of: ehloro, fluoro, bromo,

and iodo.

5 In some embodiments, the organic solvent is an aromatic hydrocarbon solvent, an

aliphatic hydrocarbon solvent, a halogenated hydrocarbon solvent or an ether solvent.

In some embodiments, the process may further include the step of mixing (e. g., by

stirring) the composition after said adding step for a time of 12 to 24 hours.

10

In some embodiments, the process may further include the step of quenching the

reduction by adding to said composition a mild aqueous acid (e.g, citric acid, EDTA or tartaric

acid).

15 In some embodiments, the compound of Formula II has the absolute stereochemistry of

Formula 11a:

”1%
OO

Ila

In some embodiments, the compound of Formula II has an enantiomeric excess (ee) of

20 the Formula 1121 stereoisomer of at least 75, 80, 85, 90, 95, 98, 99%, or greater.

In some embodiments, the compound of Formula II or Formula Ila is the compound:

F

25

In some embodiments, the compound of Formula I has the absolute stcrcochcmistry of

A:A/HO OH
la

Formula Ia:
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In some embodiments, the compound of Formula I has an enantiomeric excess (66) of

the Formula Ia stereoisomer of at least 75, 80, 85, 90, 95, 98, 99%, or greater.

5 In some embodiments, the compound of Formula I or Formula la is:

10 Also provided is compound of Formula III:

Ar

HO OAC

wherein Ar is an aryl such as phenyl, which aryl may be unsubstituted, or substituted 1—3

times, for example with substituents independently chosen from the group consisting of: halo,

C1.6alkyl, C1-5alkoxy, and haloC1.6all<yl.

15

In some embodiments, Ar is phenyl, which phenyl may be unsubstituted, or substituted

1-3 times with a halo independently selected from the group consisting of: ehloro, fluoro, bromo,

and iodo.

20 In some embodiments, the compound is:

F

AOAC
HO ,

Also provided is a process For making a compound of Formula III:

Ar

Hvo/ic
III

25 wherein Ar is aryl such as phenyl, which aryl may be unsubstituted, or substituted 1—3

times, for example with substituents independently selected from the group consisting of: halo,

C1_6alkyl, Cl_5alkoxy, and haloC1_6alkyl,
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comprising reacting a mixture of:

i) a compound of Formula Ia:

A:7A\/HO OH
la

wherein Ar is as given above,

5 ii) vinyl acetate,

iii) a lipase, and

iv) an organic solvent

for a time of from 5 to 36 hours, or from 7 to 18 hours,

to thereby make the compound of Formula 111.

10

In some embodiments, Ar is phenyl, which phenyl may be unsubstituted, or substituted

1—3 times with a halo independently selected from the group consisting of: chloro, fluoro, bromo,

and iodo.

15 In some embodiments, the organic solvent is tetrahydrofuran, 2—n1ethyltetrahydrofuran,

an ether solvent, acetone, or acetonitrile.

In some embodiments, the lipase is a Candida Antarctica lipase, for example, a Candida

Antarctica B lipase, which may be coupled to solid support such as an acrylic resin.

20

In some embodiments, the process may further include the step of filtering the mixture

after said reacting to produce a filtrate, and may also include concentrating the filtrate to produce

a concentrated filtrate. In some embodiments, the process may further include the step of

washing the concentrated filtrate with water or water comprising a salt (e.g., a solution of 15—

25 20% NaCl in water).

Also provided is a compound of Formula IV:

3%R 1 GAO
IV

wherein :
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Ar is an aryl such as phenyl, which aryl may be unsubstituted, or substituted 1—3 times,

for example with substituents independently selected from the group consisting of: halo, C1.

6all<yl, C1.6alkoxy, and haloC1-6alkyl; and

R1 is a leaving group.

5 In some embodiments, Ar is phenyl, which phenyl may be unsubstituted, or substituted

1-3 times with a halo independently selected from the group consisting of: chloro, fluoro, bromo,

and iodo.

In some embodiments, the leaving group is a sulfonate ester leaving group selected from

the group consisting of: mesylate, tosylate, nosylate, benzene sulfonate, and brosylate.

10 In some embodiments, the compound is:

F

©AOAC
O

0:8, \0

Me

In some embodiments, the compound of Formula IV has the absolute stereochemistry of

Ar///
R1Awe

] 5 Na

Formula IVa:

In some embodiments, the compound of Formula IV has an enantiomeric excess (cc) of

the Formula IVa stereoisomer of at least 75, 80, 85, 90, 95, 98, 99%, or grcatcr.

Further provided is a process for making a compound of Formula IV:

3%R1 OAC

20 'V
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wherein Ar is an aryl such as phenyl, which aryl may be unsubstituted, or substituted 1—3

times, for example with substituents independently selected from the group consisting of: halo,

C1.6all<yl, C1_6alkoxy, and haloCl-6alkyl; and

R1 is a sulfonate ester leaving group,

5 said process comprising reacting a compound of Formula III:

Ar

Ho\)A\/0Ac
I”

wherein Ar is as given above,

with a compound selected from the group consisting of: tosyl chloride, mesyl chloride, nosyl

chloride, toluenesulfonyl chloride, toluenesulfonic anhydride and methanesulfonic anhydride,

10 wherein said reacting is carried out in an organic solvent in the presence of a base,

to thereby make said compound ol’Formula IV.

In some embodiments, Ar is phenyl, which phenyl may be unsubstituted, or substituted

1—3 times with a halo independently selected from the group consisting of: chloro, fluoro, bromo,

and iodo.

15 In some embodiments, the reacting is carried out for a time of from 10 minutes to 2

hours.

In some embodiments, the base is an organic amine or potassium carbonate.

In some embodiments, the compound of Formula III is:
F

QM.
AOAC

HO ,

In some embodiments, the compound of Formula IV has the absolute stereochemistry of

Ar//’

R1 ' OAC
Na

20

Formula IVa:
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In some embodiments, the compound of Formula IV has an enantiomeric excess (ee) of

the Formula lVa stereoisomer of at least 75, 80, 85, 90, 95, 98, 99%, or greater.

5 Also provided is a process for making a compound of Formula V,

AD,“
OH

O

NW'RZ V

wherein Ar is an aryl such as phenyl, which aryl may be unsubstituted, or substituted 1—3

times, for example with substituents independently selected from the group consisting of: halo,

C1_6alkyl, Cmalkoxy, and haloC 1.6alky1; and

10 R2 and R3 are each independently selected from the group consisting of: hydrogen,

Cl-Galkyl, haloC1-6 alkyl, C1—6alkoxy, and hydroxyC1—5a1ky1,

comprising the steps of:

15 a) stirring a mixture of:

i) a compound of Formula IV:

3%R 1 GAO
IV

wherein Ar is as given above; and

R1 is a leaving group,

20

ii) a substituted pyrimidine of Formula VI:

Rafi
N?N

R3
VI

wherein R2 and R3 are as given above;
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iii) a base; and

iv) an organic solvent,

at a temperature of from 65—70 ”C, for 1 to 12 hours; and then

5 b) reacting the mixture with an aqueous base for a time of from 2 to 20 hours,

to thereby make said compound of Formula V.

In some embodiments, Ar is phcnyl, which phony] may be unsubstituted, or substituted

1—3 times with a halo independently selected from the group consisting of: chloro, fluoro, bromo,

10 and iodo.

In some embodiments, R2 and R3 are each independently selected from the group

consisting of: hydrogen and C 1—6alkyl.

15 In some embodiments, the compound of Formula IV has the absolute stereochemistry of

\AZAVR1 ' OAc
IVa

Formula IVa:

In some embodiments, the compound of Formula IV has an enantiomeric excess (cc) of

20 the Formula IVa stereoisomcr of at least 75, 80, 85, 90, 95, 98, 99%, or greater.

Further provided is a process for making a compound of Formula VI:

OH

RZVNI

NYN
Ra
VI

wherein R2 and R3 are each independently selected from the group consisting of:

25 hydrogen and C 1—5 alkyl,

comprising the step ofheating a mixture of:

i) a compound of Formula B:
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wherein:

R2 and R3 are as given above; and

R4 is C1-6 alkyl,

5 ii) an alkoxide or hydroxide salt,

iii) a thiol, and

iv) an organic solvent,

to thereby make said compound of Formula VI.

10 In some embodiments, the heating is to a temperature of from 50 to 140 °C. In some

embodiments, heating comprises boiling or refluxing the mixture.

In some embodiments, the heating is carried out in a time of from 5 to 50 hours.

15 Also provided is a process for making a compound of Formula B:

\f
R3

B

wherein:

R2 and R3 are each independently selected from the group consisting of hydrogen and

C1-5 alkyl; and

20 R4 is C1—5 alkyl,

comprising mixing:

i) a compound of Formula A:
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R4
0/

Cl%
N % N

Cl

A

wherein R4 is as given above,

ii) trimethylaluminum,

iii) a palladium catalyst, and

5 iv) an organic solvent,

to thereby make said compound of Formula B.

In some embodiments, the mixing step is carried out for a time of from 12 to 48 hours.

10 In some embodiments, the mixing step is carried out at a temperature of from 20 to

110 °C.

Further provided is a process for making a compound of Formula B:

W7
R3

B

15 wherein:

R2 and R3 are each independently selected from the group consisting of hydrogen and

C1~6 alkyl; and

R4 is Cl'6 alkyl,

20 comprising mixing:

i) a compound of Formula A:
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0/ R4

“Vs
N / N

E
A

wherein R4 is as given above,

ii) a nickel catalyst (e. g., Ni(acac)2, Ni(PPh3)2C12, or Ni(dppp)Cl2),

iii) an alkylmagnesium halide, and

5 iv) an organic solvent,

to thereby make said compound of Formula B.

In some embodiments, the mixing is carried out for a time of from 6 to 36 hours.

10 In some embodiments, the mixing is carried out at a temperature of from 10 to 30 °C.

Also provided is a process for making a compound of Formula VII:

Arm“
OH

0

Pg— 0N / R2 vn
>—N
3R

15 wherein Ar is an aryl such as phenyl, which aryl may be unsubstituted, or substituted 1—3

times, for example with substituents independently selected from the group consisting of: halo,

C1_6alkyl, C1.6alkoxy, and haloC1.6all<yl; and

R2 and R3 are each independently selected from the group consisting of: hydrogen,

Cl—aalkyl, haloCrs alkyl, C1~6alkoxy, and hydroxyC1~6all(yl,

20

comprising the steps of :

a) oxidizing a compound of Formula V:
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wherein Ar, R2 and R3 are as given above,

with a first oxidizing agent, to form an aldehyde of Formula VIII:

wherein Ar, R2 and R3 are as given above; and then

b) oxidizing the aldehyde of Formula VIII with a second oxidizing agent,

to thereby make said compound of Formula VII.

In some embodiments, Ar is phenyl, which phenyl may be unsubstituted, or substituted

1—3 times with a halo independently selected from the group consisting of“: chloro, fluoro, bromo,

and iodo.

In some embodiments, R2 and R3 are each independently selected from the group

consisting of: hydrogen and C1-6alkyl.

In some embodiments, the first oxidizing agent is sodium hypochlorite.

In some embodiments, oxidizing of step a) is catalyzed with an effective amount of

2,2,6,6-tetramethylpiperidine l—oxyl (TEMPO).

In some embodiments, the second oxidizing agent is sodium chlorite.

In some embodiments, the first oxidizing agent and the second oxidizing agent are the

same. In some embodiments, the first oxidizing agent and the second oxidizing agent are

different.
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Further provided is a process for preparing a compound of Formula VII,

wherein Ar is an aryl such as phenyl, which aryl may be unsubstituted, or substituted 1-3

5 times, for example with substituents independently selected from the group consisting of: halo,

C1_5alky1, Cmalkoxy, and haloC1_6alkyl; and

R2 and R3 are each independently selected from the group consisting of: hydrogen,

C1-6a11<yl, haloCl-6 alkyl, Cl—Galkoxy, and hydroxyC1-6a1ky1,

10 comprising: oxidizing a compound ofFormula V:

AD,“ OH
O

NWRZ V

wherein Ar, R2 and R3 are as given above,

with sodium hypochlorite and sodium chlorite,

15

to thereby make said compound of Formula VII.

In some embodiments, Ar is phenyl, which phenyl may be unsubstituted, 01' substituted

1—3 times with a halo independently selected from the group consisting of: chloro, fluoro, bromo,

20 and iodo.

in some embodiments, R2 and R3 are each independently selected from the group

consisting of: hydrogen and C1-6alkyl.

25 In some embodiments, the oxidizing with sodium hypochlorite and sodium chlorite is

carried out simultaneously.
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In some embodiments, the oxidizing is catalyzed with an effective amount of TEMPO.

Also provided is a process for making a compound of Formula IX:

Arm, H
N-Ar'

O

F; oN R
\ / 2 IX

5 wherein:

Ar is an aryl such as phenyl, which aryl may be unsubstituted, or substituted 1-3 times,

for example With substituents independently selected From the group consisting of: halo, C1-

Galkyl, Cmalkoxy, and haloC1.6alkyl;

R2 and R3 are each independently selected from the group consisting of: hydrogen,

l0 C1-6a1ky1, haloC1-6 alkyl, C1—6a11<oxy, and hydi‘oxyC1—6alkyl; and

A1" is a pyridine group:

wherein:

R4 is selected from the group consisting of: hydrogen, halo, C1~6all<yl, C1~6alkoxy,

15 and (Cl—Galkoxy)C1—5alkyl;

R5 is selected from the group consisting of: hydrogen, halo, C1—5alkyl, and

haloCl-Galkyl; and

R6 is selected from the group consisting of: hydrogen, halo, Cl-galkyl,

haloC1—6a11(yl, Cl—salkoxy, (Cl—6alkoxy)C1—6alkyl, and cyano;

20

comprising the step of reacting a compound of Formula VII:

Ah,“
OH

O

i oN / R2
\ N VII

R3

wherein Ar, R2 and R3 are as given above,

25 with a compound of Formula X:
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H2N N\ R4

/ R5
R6

X

wherein R4, R5, and R6 are as given above,

said reacting carried out in an organic solvent in the presence of an organic amine and an amide

5 coupling agent,

to prepare said compound of Formula IX.

In some embodiments, Ar is phenyl, which phenyl may be unsubstituted, or substituted

1—3 times with a halo independently selected from the group consisting of: chloro, fluoro, bromo,

10 and iodo.

In some embodiments, R2 and R3 are each independently selected from the group

consisting of: hydrogen and C l—galkyl.

15 It should be understood that any of the compounds listed above and used in the processes

disclosed herein may be provided in a stereochemically pure form and are included in the present

disclosure. In some embodiments, the stereochemically pure compound has greater than about

75% by weight of one stereoisomer of the compound and less than about 25% by weight of other

stereoisomers of the compound, greater than about 80% by weight of one stereoisomer of the

20 compound and less than about 20% by weight of other stereoisomers of the compound, or greater

than about 85% by weight of one stereoisomer of the compound and less than about 15% by

weight of other stereoisomers of the compound, or greater than about 90% by weight of one

stereoisomer of the compound and less than about 10% by weight of the other stereoisomers of

the compound, or greater than about 95% by weight of one stereoisomer of the compound and

25 less than about 5% by weight of the other stereoisomers of the compound, or greater than about

97% by weight of one stereoisomer of the compound and less than about 3% by weight of the

other stereoisomers of the compound, or greater than about 98% by weight of one stereoisomer

of the compound and less than about 2% by weight of the other stereoisomers of the compound.

In some embodiments, the stereochemically pure compound has greater than 99% by weight of

30 one stereoisomer of the compound and less than 1% by weight of the other stereoisomers of the

compound.
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As noted above, in some embodiments the compounds described herein may be provided

as a salt, such as a pharmaceutically acceptable salt.

5 EXAMPLES

General:

Column chromatography was carried out using a Biotage SP4. Solvent removal was

carried out using either a Buchii rotary evaporator or a Genevac centrifugal evaporator.

Preparative LC/MS was conducted using a Waters autopurifier and 19 x 100mm XTerra 5

10 micron MS C18 column under acidic mobile phase conditions. NMR spectra were recorded

using either a Varian 400 or 500 MHZ spectrometer.

The term "incited" is used to describe a reactor (e.g., a reaction vessel, flask, glass

reactor, and the like) in which the air in the reactor has been replaced with an essentially

moisture—free or dry, inert gas (such as nitrogen, argon, and the like). The term "equivalent"

15 (abbreviation: equiv.) as used herein describes the stoichiometry (molar ratio) of a reagent or a

reacting compound by comparison to a pre-established starting material. The term "weight"

(abbreviation: wt) as used herein corresponds to the ratio of the mass of a substance or a group of

substances by comparison to the mass of a particular chemical component of a reaction or

purification specifically referenced in the examples below. The ratio is calculated as: g/g, or

20 Kg/Kg. The term "volume" (abbreviation: vol) as used herein corresponds to the ratio of the

volume of a given substance or a group of substances to the mass or volume of a pie-established

chemical component of a reaction or purification. The units used in the equation involve

matching orders of magnitude. For example, a ratio is calculated as: mL/mL, mL/g, L/L or L/Kg.

General methods and experimentals for preparing compounds of the present invention are

25 set forth below. In certain cases, a particular compound is described by way of example.

However, it will be appreciated that in each case a series of compounds of the present invention

were prepared in accordance with the schemes and experimentals described below.

The following abbreviations are used herein: 

 

 

 

  

  
 

Abbreviation I Definition

TMS “Trimethylsilyl
TBAF Tetrabutylammonium fluoride

NaOH Sodium hydroxide

Bu4N HS 04 Tetrabutylammonium hydrogen sulfate

.THF Tetrahydrofuran ..
rt | Room temperature _|
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h | Hour(s)
NaCl Sodium chloride

HCOOH Formic acid

V Volumes

equiv. I Equivalent(s)

«wt Weights
CD1 N,N—Carbonyldiimidazole
DCM Dichloromethane

I Aq Aqueous
Sat. Saturated

HCl Hydrochloric acid

HRMS High Resolution Mass Spectromefl

nBuLi n-butyl lithium

NH4C1 Ammonium chloride
MeOH Methanol

EtOAc Ethylgacetate
NaHC03 Sodium bicarbonate

M Molar (moles/liter)

T Temperature

MTBE Methyl tert-butyl ether

TLC Thin layer chromatography

N - Normal (equivalents per liter)
iPngBr Isopropyl magnesium bromide
LiCl Lithium chloride

NaQAc Sodium acetate
NH4OH Ammonium hydroxide

HPLC High‘performance liquid chromatography
ee Enantiomeric excess

DMI 1,3 -Dimethyl—Z—imidazolidinone
UV Ultraviolet

RRT Relative retention time

OROT Optical rotation
Bz Benzoyl
ACN Acetonitrilc

®T3P (Archimica, Tri-n-propyl phosphonic acid anhydride
Germany)

HATU N, N, N’, N’-tetramethyl—0-(7 —azabenzotriazol—l ~yl)uroniumLexafluorophosphate

5
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A. Preparation of Cyclopropane Compounds of Formula II

 

 

Sub—Step 1

1)NaHMDS,THF,30 min. —10 to 5 °C Sub-Step 2

2) O 5) 2N KOH, 80 00, 5hF/©\/CN L\/Cl. THF, 2h, -10 to 0 °C > F/©\l>\/OH W—_“+
1 3) H20 CN

4) Exchange to EtOH 2

Sub-Step 3

6) SN HCI, 60 °C, 1h

OH 7) Cool to 25 °C and seed I,
F 8) Filter and wash F "

COOH 9) Reslurry in IPA, filter 0 O

3 4

(1S,5R)—1—(3—fluorophenyl)-3—oxabicyclo[3.1.0]hexan-2-one (4). 3-fluorophenylacetonitrile

(1, 200 g, 1.48 mol, 1.0 equiv.) was dissolved in THF (1500 mL) and cooled to —3 °C. To the

solution was added dropwise sodium bis(trimethylsilyl)aminc (2.0 M solution in THF, 1520 mL,

3.04 mol, 2.05 equiv.), maintaining the internal temperature at less than 7 °C. The mixture was

allowed to stir for 29 h at 0 °C after which it was warmed to room temperature and quenched by

addition of water (85 mL). The mixture was concentrated to near dryness by rotary evaporation

and ethanol (1500 mL) was added followed by aqueous potassium hydroxide solution (2.0 M,

1477 mL). The mixture was heated to 80 OC and aged at this temperature for 5 hours, after which

it was cooled to room temperature. Aqueous hydrochloric acid solution (6 M, 944 mL) and water

(189 mL) were added. The mixture was heated to 60 °C and aged at this temperature for 2 hours.

The mixture was cooled to room temperature and seed crystals of 4 ((1S,5R)—l-(3—flu0rophenyl)—

3—oxabicyclo[3.1.0]hexan—2—one) were added (1.5 g, 0.005 equiv). The resulting slurry was

allowed to stir overnight and then filtered. The cake was washed with 2:1 water/ethanol solution

(2 x 200 mL) followed by water (3 x 400 mL) until the pH of the filtrate was pHZ7. The cake

was dried under vacuum with a sweep of nitrogen to afford (1 S,5R)-1-(3 ~fluorophenyl)-3~

oxabicyclo[3.1.0]hexan—2—one (4, 205.31 g, 70% yield, 91% ee) as an off-white crystalline solid.

(1S,5R)—1—(3~fluorophenyl)—3~oxabicyclo[3.1.0]hexan-2-one: 1H NMR (500 MHZ,

DMSO-dfi) 8 7.43 — 7.36 (m, 1H), 7.35 ~ 7.31 (m, 1H), 7.31— 7.28 (tn, 1H), 7.14 — 7.08 (m, 1H),

4.46 (dd, J= 9.1, 4.6 Hz, 1H), 4.25 (d, J: 9.1 Hz, 1H), 2.80 (dt, .12 8.0, 4.6 Hz, 1H), 1.72 (dd, J

: 7.9, 4.8 Hz, 1H), 1.37 (t, J: 4.8 Hz, 1H); 13C NMR (126 MHZ, DMSO-d6) 5 175.35, 161.98

(d, JCF = 243.1 Hz), 13767 (d, Jcp : 8.2 Hz), 130.15 (d, JG}: : 8.6 Hz), 124.19 (d, Jcp = 2.8 Hz),

115.01 (d, JCF = 22.4 Hz), 113.95 (d, JCF = 20.9 HZ), 67.93, 30.70 (d, JCF = 2.4 Hz), 25.57, 19.99.
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HRMS Calculated for C11H10F02 [M+H]Jr 193.0665; found 193.0659.

HPLC Method TM-1172 for monitoring of above process step:

Equipment, Reagents, and Mobile Phase:

5 Equipment:

HPLC column:

Solvent Delivery System

Autosampler:

Detector:

Chromatographic
Software:

Volumetric Glassware:
Balance:

Reagents:

Water:

Acetonitrile:

Trifluoroacetic acid ('I‘FA):

Mobile Phase:

Solvent A:

Solvent B:

10 HPLC Parameters:

Chromatograph ic Parameters

Waters SunFire C18, 3.5 um 3 x 150 mm, Waters

catalog no. 186002544.

Agilent 1100 HPLC quaternary pump, low

pressure mixing, with an in—line degasser, or

equivalent.

Agilent 1100 autosampler, variable loop, 0.1 to

100 ML range, or equivalent.

Agilent 1100 Diode Array Detector or equivalent.

Agilent ChemStation software version A.09.03 or

higher for HPLC, Waters Empower 2 Build 2154,

or equivalent.
Class A.

Analytical balance, capable of weighing i 0.1 mg.

I-IPLC grade, (Baker cat no. 4218-03) or

equivalent

HPLC grade, (Baker cat 110. 9017-03) or

equivalent.

Spectrophotometric grade, Aldrich (catalog no.

3 02131) or equivalent.

Add 1000 mL of water to an appropriate flask.
Add 1.0 mL of trifluouroacetic acid and mix.

Degas in-linc during use.

Add 1000 mL of acetonitrile to an appropriate
flask. Add 1.0 mL of trifluouroacetic acid and mix.

Degas in-line during use.

 

HBLC column: Waters SunFire C18, 3.5 um 3 x 150 mm,

Waters catalog no. 186002544.
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Temperature: I 40 °C ‘
Flow rate: 0.5 mL/min. Flow rate may be adjusted i 0.2

mL/min to obtain specified retention times.

Gradient: Time, min %-Solvent ‘Vo—Solvent
A B

1 Initial 95 5
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3 1 70 30
20 70 30

| 20.1 95 5

l 3 o ' 95 5
Injection volume: 5 HL
Detection: 210 nm UV

Datamacquisition time: 20 min
Run time: 30 min

  
 

TM-1213: Chiral HPLC Assay for 4

Equipment, Reagents, and Mobile Phase:

 

 

 

 

 

 

 

 
 

 
  

 

  
 

Equipment:

HPLC column: AD-H 4.6 x 250 mm 5 pm, Chiral Tech catalog no.

19325 or equivalent.

Solvent Delivery System: Agilent 1100 HPLC quaternary pump, low pressure

mixing with an in-line degasser, or equivalent.

Autosampler: Agilent 1100 autosampler, 0.1 to 100 ML range, or

equivalent.

Detector: Agilent 1100 variable wavelength detector orliequiymalent.
Chromatographic Software: Agilent ChemStation software version A.09.03 or

higher for HPLC, Waters Empower 2 Build 2154, or

equivalent.
Volumetric Glassware: Class A.

Volumetric pipette: Class A.

Balance: Analytical balance, capable of weighing :1: 0.1 mg.

5 Reagents:

Hexanes: HPLC grade, EMD (catalog no. HX0296-1) or

m equivalent.

‘ 2-Propanol: HPLC grade, J .T. Baker (catalog no. 9095—03) orequivalent.

Mobile Phase:

Mobile phase A:

Using appropriate graduated cylinders, add 900 mL of hexanes and 100 mL of 2-propanol

to an appropriate flask. Mix well and degas in line during use.

10

HPLC Parameters:

Chromato rap/tic Pagameters: 

 

  

HPLC column: AD-H 4.6 x 250 mm 5 mm, Chiral Tech catalog no.

19325 or ecmivalent.

I Temperature: I 25 °C 1
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Flow rate: 1.0 mL/min. Flow rate may be adjusted to obtain

specified retention times.

lsocratic Mobile Phase A I
Injection volume: 5.0 uL I
Detection: I UV detector 213 nm
Acquisition time: I 15 min 

Re—equilibration time: N/A
Total run time:
 
 
 

Calculations:

The system suitability tests must pass all acceptance criteria before analysis of the results from

the Sample Analysis section is allowed to proceed.

5 %-Emmti0meric Excess Calculation:

Calculate the %-enantiomeric excess (%—ee) for each 4 sample preparation using the

appropriate peak areas obtained from each sample analysis injection and the following

equation:

(A4 — A19_3‘(100%)

(A4 + A

 
%ee=

19 )
10

A4 = Peak area of 4 from each sample solution inj ection1]

A19 Peak area of 19 from each sample solution injection

Note: Compound 19 is the enantiomer of compound 4.

An enantiomeric excess was calculated at 91% for compound 4.

B. Preparation of Compounds of Formula I

1) 2M LiBH4, THF, 2—MeTHF, -10 to 25 °C

,1 2) Inverse quench to Citric Acid F@
F ' 3) Split phases A—->

O O 4) Sat'd NaH003 wash _ HO OH
4 5) Brine wash

15 6) Concentrate

 

5

((1 S,2R)—1-(3—fluorophenyl)cyclopr0pane-1,2-diyl)dimethanol (5). (1 S,5R)-1—(3—

fluorophenyl)-3 —oxabicyclo[3.1.0]hexan-2-one (4, 10.08 g, 0.052 mol, 1.0 equiv.) was dissolved
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in 2—methyl—THF (75.60 mL) under nitrogen. The solution was cooled to -5 to -10 °C, and 2.0 M

Lithium tetrahydroborate in ’l‘HF (39.34 mL, 0.079 mol, 1.5 equiv.) was added to the reaction

mixture while maintaining the internal temperature below 0 °C. The reaction was stirred at 20-25

°C for 14~16 hours and monitored by HPLC and TLC (EtOAc/Heptane = 1/ 1). Once the reaction

5 was completed, the reaction mixture was cooled to 0-5 °C and reverse quenched into a pre-

cooled (0—5 0C) 20% aqueous citric acid solution (50.40 mL, 1.67 equiv.) at such a rate as to

maintain the internal temperature below 5 °C. Once the quench was complete, the reaction

mixture was warmed to 20—25 °C and stirred for at least 20 min. The aqueous layer was back

extracted once with 2-methyl—THF (50.40 mL). The organic layers were combined and washed

10 once with saturated aqueous sodium bicarbonate solution (20.16 mL) and once with 20%

aqueous NaCl (20.16 mL). The solvent was removed under reduced pressure then azeotroped

with 2—methy1—THF until KP is less than 1500 ppm to afford the title compound, ((1S,2R)—1—(3—

fluorophenyl)cyclopropane—1,2—diyl)dimethanol; 5 (10.29 g).

((1S,2R)—l-(3—fluorophenyl)cyclopropane—1,2—diyl)dimethanol: 1H NMR (500 MHZ,

15 CD30D) 5 7.28 (td, J: 8.0, 6.2 Hz, 1H), 7.22 m 7.17 (m, 1H), 7.16 — 7.09 (m, 1H), 6.96 — 6.85

(m, 1H), 3.99 — 3.93 (in, 2H), 3.71 (d, J: 12.0 Hz, 1H), 3.56 (dd, J: 11.9, 9.5 Hz, 1H), 1.52 (tt,

J: 9.1, 6.1 Hz, 1H), 1.10 (dd, J: 8.7, 5.1 Hz, 1H), 0.85 (t, J: 5.5 Hz, 1H); 13C NMR (126

MHZ, CD3OD) 8 164.10 (d, Jcp = 243.6 Hz), 148.96 (d, Jcp = 7.5 Hz), 130.74 (d, Jcp = 8.4 Hz),

125.61 (d, Jcp = 2.7 Hz), 116.77 (d, Jcp = 21.6 Hz), 113.93 (d, JCF = 21.3 Hz), 67.16, 63.31,

20 33.04, 28.09, 17.44.

HPLC method for monitoring process step B:

Equipment:
HPLC column: Waters SunFire C18, 3.5 um 3 x 150 min, Waters

catalog no. 186002544.

Solvent Delivery System: Agilent 1100 HPLC quaternary pump, low

pressure mixing, With an in—line degasser, or

equivalent.

Autosampler: Agilent 1100 autosampler, variable loop, 0.] to

100 ML range, or equivalent.

Detector: Agilent 1100 Diode Array Detector or equivalent.

Chromatographic Agilent ChemStation software version A0903 or

Software: higher for HPLC, Waters Empower 2 Build 2154,

or equivalent.
Volumetric Glassware: Class A.

Balance: Analytical balance, capable of weighing i 0.1 mg.
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Reagents:

Water: HPLC grade, (Baker cat no. 4218-03) or

equivalent

Acetonitrile: HPLC grade, (Baker cat no. 9017-03) or

equivalent.

Trifluoroacetic acid (TFA): Spectrophotometric grade, Aldrich (catalog no.

302131) or equivalent.

Mobile Phase:

Solvent A: Add 1000 mL of water to an appropriate flask.
Add 1.0 mL of trifluouroacetic acid and mix.

Degas in~line during use.

Solvent B: Add 1000 mL of acetonitrile to an appropriate
flask. Add 1.0 mL of trifluouroacetic acid and mix.

Degas in-line during use.

 

 

   

 

   
 

 

  

 

  
 

 

 

 

HPLC Parameters

5 Chrytograpliic Parameters
HPLC column: Waters SunFire C18, 3.5 um 3 x 150 mm,Waters catalog no. 186002544. i
Temperature: A _ 40 °C I

Flow rate: 0.5 mL/min. Flow rate may be adjusted :: 0.1 ‘W “MW... mL/min to obtain specified retention times.
Gradient: Time, min “fly-Solvent %—Solvent

A B

Initial 95 5

5 7O 30

9 60 ' 40

1 7 O 100

20 0 100

20.1 95 5

, 30 l 95 5
Injection volume: 4 uL
Detection: 220 nm UV

Data acquisition time: 20 min
Run time: 30 min

   
 

C. Preparation of Acetates of Formula III

Q Vinyl acetate, G
F A Lipase B, 2uM€THF F A A

« I, »

HO OH HO OAc ACO OAc

5 6 7

10 ((lR,ZS)-2—(3—flu0r0phenyl)-2-(hydroxymethyl)cyclopropyl)methyl acetate (6). ((1S,2R)-1-
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(3~fluorophenyl)cyclopropane—1,2—diyl)dimethanol (5, 7.89 g, 0.040 mol, 1.0 equiv.) was

dissolved in 2-methyl—THF (23.68 mL), under nitrogen. Lipase acrylic resin (Candida

Antarctica Lipase B, Sigma—Aldrich, Saint Louis, Missouri) (417.5 mg, 5.0 wt%) was added.

Vinyl acetate (5.56 mL, 0.060 mol, 1.5 equiv.) was added, and the reaction mixture was stirred at

5 20~25 °C while monitoring the ratio of mono-acetate and diaeetate (8-9 h) by HPLC and TLC

(EtOAe/l-leptane : 1/ 1). Upon reaction completion, the lipase was removed by filtration and

rinsed with 2—methyl—Tl’IF (71.04 mi.) The filtrate and the rinse were combined and washed

with 15% NaCl aq. solution (27.63 mL) followed by sat. aqueous NaCl solution (23.68 111L). The

solvent was removed under reduced pressure then azeotroped with 2-methyl—THF until KF is less

10 than 1500 ppm to afford the title compound, ((lR,ZS)~2-(3~flu0rophenyl)—2—

(hydroxymethyl)cyclopropyl)methyl acetate, 6 (9.59 g).

((lR,ZS)-2-(3-fluorophenyl)—2-(hydroxymethyl)cyclopropyl)methyl acetate: 1H NMR

(500 MHz, CD30D) 8 7.28 (tt, J= 19.4, 9.7 Hz, 1H), 7.18 — 7.14 (m, 1H), 7.12 — 7.04 (m, 1H),

6.96 — 6.87 (m, 1H), 4.36 (dd, J= 11.9, 7.2 Hz, 1H), 4.25 (dd, J: 11.9, 8.3 Hz, 1H), 3.85 (d, J:

15 11.9 Hz, 1H), 3.77 (d, J: 11.9 HZ,1H), 2.09 (s, 3H), 1.58 — 1.49 (m, 1H), 1.15 (dd, J: 8.8, 5.1

Hz, 1H), 0.95 —— 0.90 (m, 1H); 13C NMR (126 MHZ, CD30D) 8 173.03, 164.10 (d, JCF = 2438

Hz), 148.31 (d, JCF = 7.4 Hz), 130.86 ((1, Jcp = 8.4 Hz), 125.78 (d, JCF = 2.8 Hz), 116.90 (d, JCF =

21.4 Hz), 114.16 (d, JCF = 21.3 Hz), 66.46, 65.77, 33.39, 24.73, 2092,1679.

20 HPLC method for monitoring process step B:

Equipment, Reagents, and Mobile Phase:

Equipment:
HPLC column: Waters SunFire C18, 3.5 um 3 x 150 mm, Waters

catalog no. 186002544.

Solvent Delivery System Agilent 1 100 HPLC quaternary pump, low

pressure mixing, with an in-line degasser, or

equivalent.

Autosampler: Agilent 1100 autosampler, variable loop, 0.1 to

100 ttL range, or equivalent.

Detector: Agilent 1100 Diode Array Detector or equivalent.

Chromatographic Agilent ChemStation software version A.09.03 or

Software: higher for HPLC, Waters Empower 2 Build 2154,

or equivalent.
Volumetric Glassware: Class A.

Balance: Analytical balance, capable of weighing i 0.1 mg.

Reagents:

Water: HPLC grade, (Baker cat no. 4218—03) or

so
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equivalent

Acetonitrile: HPLC grade, (Baker cat no. 9017—03) or

equivalent.

Trifluoroacetic acid (TFA): Spectrophotometric grade, Aldrich (catalog no.

302131) or equivalent.

 

 

 

 

 

 

 
 
 

 

 

  
 

 
 

 

 

Mobile Phase:

Solvent A: Add 1000 mL of water to an appropriate flask. Add 1.0 mL

of trifluouroacetic acid and miX. Degas in-line during use.

Solvent B: Add 1000 mL of acetonitrilc to an appropriate flask. Add

1.0 mL of trifluouroacetic acid and mix. Degas in—line

during use.

HPLC Parameters:

HPLC column: Waters SunFire C18, 3.5 um 3 x 150 mm,

Waters catalog no. 186002544.

Temperature: 40 °C

1310;;"rate: 0.5 mL/min. Flow rate may be adj ustcd i 0.1

w 111L/min to obtain specified retention times.

Gradient: Time, min %-Solvent %-Solvent ‘A B

Initial 95 5

5 __ 70 30 l
9 60 p 40 |
17 0 100

20 O 100

20.1 95 5

30 95 5

“Injection volume: 4 uL

Detection: 220 nm UV I
Data acquisition time: 20 min |
Run time: 30 min |

 
 

D. Preparation of Compounds of Formula IV

OAC

6

1) T320, pyridine, 2-MeTHF, 10-15 °C

2) Aqueous workup
3 Batch concentration

4) Heptane

5) Cool to 0 °C

6) Filter and wash

((lR,ZS)-2—(3—flu0rophenyl)-2-((tosyloxy)methyl)cyclopropyl)methyl acetate (8). ((1R,28)—2—

 

(3 -fluorophenyl)~2~(hydroxymethyl)cyclopropy1)methy1 acetate (6, 9.59 g, 0.040 mol, 1.0 equiv.)

was dissolved in 2-methy1-THF (95.9 ml), under nitrogen. The solution was cooled to 10-15 °C,
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and pyridine (11.4 mL, 0.141 11101, 3.5 equiv.) was added to the reaction mixture while

maintaining the internal temperature below 15 °C. p—Toluenesulfonic acid anhydride (15.76 g,

0.048 moi, 1.2 equiv.) solid was added to the reaction mixture in portions while maintaining the

internal temperature below 15 °C. The reaction was stirred at 10—15 0C for at least 1 hour while

being monitored by HPLC and TLC (EtOAc/Heptane = 1/ 1). Upon completion of the reaction,

the reaction mixture was quenched with water (38.4 mL) while maintaining the internal

temperature below 25 °C. The organic layer was washed twice with l N HCl (38.0 mL each

wash) to pH 1—2 (second aqueous wash), and then was washed with saturated aqueous NaHC03

solution (33.6 mL) to pH 2 7 followed by sat. aqueous NaCl solution (23.98 mL). The organic

layer was separated and concentrated under reduced pressure to approximately 24.0 mL. 11—

Heptane (86.3 mL) was added slowly with agitation. The suspension was stirred 1‘or at least 30

min at 20-22 0C and then stirred for at least 1 h at 0—5 °C. The suspension was filtered and the

cake was washed at least two times with n—heptane (14.4 mL used for each wash). The cake was

dried under nitrogen and/or vacuum to provide the title compound ((1R,2S)—2—(3—fluoropheny1)—

2—((tosyloxy)methyl)cyclopropyl)methyl acetate, (8, 11.05 g, 89.3% ee) as an off white to tan

solid. .

((1R,2S)-2-(3-fluorophenyl)—2—((tosyloxy)methyl)cyclopropyl)methyl acetate: 1H NMR

(500 MHz, CD30D) 6 7.55 (d, J: 8.3 Hz, 2H), 7.32 — 7.27 (m, 2H), 7.23 (td, J= 8.0, 6.1 Hz,

1H), 7.02 (dd, J: 7.7, 0.9 Hz, 1H), 6.95 — 6.90 (m, 1H), 6.90 — 6.84 (m, 1H), 4.36 (d, J: 10.9

Hz, 1H), 4.32 (dd, J: 12.1, 6.3 Hz, 1H), 4.17 (d, J: 10.9 Hz, 1H), 4.08 (dd, J: 12.1, 9.1 Hz,

1H), 2.42 (s, 3H), 2.09 (s, 3H), 1.68 (tt, J: 9.0, 6.3 Hz, 1H), 1.19 (dd, J: 8.9, 5.5 Hz, 1H), 1.00

(t, .1: 5.8 Hz, 1H); 13C NMR (126 MHZ, CD30D) 8 171.38, 162.58 (d, Jcp = 244.6 Hz), 144.92,

144.51 (d, JCF = 7.4 Hz), 132.52, 129.73 ((1, JCF = 8.5 Hz), 129.51, 127.36, 124.50 (d, JCF = 2.9

Hz), 115.47 (d, JCF = 21.8 Hz), 11345 (d, Jcp = 21.3 Hz), 74.17, 63.50, 28.94, 23.49, 20.11,

19.49, 15.67.

HRMS Calculated for C20H21F058Na [M+Na]+ 415.0991; found 415.0973.

HPLC method for monitoring process step D:

 

 

 

Mobile Phase:

Solvent A: 1000 mL of water and 1.0 mL of trifluoroacetie acid

Solvent B: 1000 mL of acetonitrile and 1.0 mL of trifluoroacetic acid

HPLC Parameters:

HPLC column: Waters SunFire C18, 3.5 um 3 x 150 mm,

Waters catalog no. 186002544.

I Temperature: | 40 °C

52
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Flow rate: 0.5 mL/min. Flow rate may be adjusted :t 0.1

mL/min to obtain specified retention times.
 

 
 
 

Gradient: Time, min %-Solvent %—Solvent
A B

95 1 5
3O

  
 

 
 

 

 
 

Initial

5

 

 

 

 

30 
 

Injection volume: 2 “L
 
    

  
 

  
  

Detection: 215 nm UV

Data acquisition time: 20 min
Run time: 3 0 min

Chiral HPLC Assay for 8

TM-1257: Chiral HPLC Assay for 8

5 Equipment, Reagents, and Mobile Phase:

Equipment:
 

HPLC column: ‘ AD—H 4.6 x 250 mm 5 pm, Chiral Tech catalog no.19325. 

Solvent Delivery System: Agilent 1100 HPLC quaternary pump, low pressure

mixing with an in—line degasser, or equivalent.  
 

   
 

  

  

 

 

 

 

Autosampler: Agilent 1100 autosampler, 0.1 to 100 ML range, or

equivalent.

Detector: Agilent 1100 Diode Array Detector or equivalent.

Chromatographic Software: Agilent ChemStation software version A.09.03 or

higher for HPLC, Waters Empower 2 Build 2154, or

equivalent.

{WYolumetric Glassware: Class A.Volumetric pipette: Class A.

‘ Balance: Analytical balance, capable of weighing i 0.1 mg.

Reagents:A ”A"
Hexanes: HPLC grade, EMD (catalog no. IIX0296—1) or

_ equivalent.
2—Propanol: HPLC grade, J.T.Baker (catalog no. 9095-03) or

equivalent.

53
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Mobile Phase:

Mobile phase A:

Using appropriate graduated cylinders, add 900 mL of hexanes and 100 mL of 2-propanol

to an appropriate flask. Mix well and degas in line during use.

IIPLC Parameters:

Chromatographic Parameters:
 

 

 

 
 

 
  

 

 

HPLC column: AD—H, 250 x 4.6 mm, 5 mm, Chiral Tech Catalog 110.

19325 , or equivalent.

___Temperature: 25 °C
Flow rate: 1.0 mL/min. Flow rate may be adjusted to obtain

specified retention times.
Isocratic: Solvent A

Injection volume: 5.0 uL
Detection: UV detector 217 nm

Acquisition time: 20 min

i Rc—cquilibration time: Not Applicable
Total run time: 20 min -

   
  

Calculations:

lO %-Enanti0meric Excess Calculation:

Calculate the %—enantiomeric excess (%—ee) for 8 using the appropriate peak areas

obtained from each sample analysis and the following equation:

(A8 —A9 )(199%)
 

%ee=

(A8 + A9 )

A8 = Average peak area of 8 for each sample solution

A9 = Average peak area of 9 for each sample solution

15 Note: Compound 9 is the enantiomer of compound 8.

An enantiomeric excess was calculated at 89.3% for compound 8.
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E. Preparation of Compounds of Formula V

F@ 052003, MeCN, 70 °C, 2h F/ny
OAc

 

1) 1N NaOH, 20-22 00, 16h F/Q
2) Aqueous workup AO OH
3) Concentration

>7N 11
H3C

((1R,2S)—2-(((2,4-dimethylpyrimidin—S—yl)oxy)methyl)-2—(3—flu0rophenyl)-cyclopropyl)

methanol (11). ((1R,2S)-2—(3—fluorophenyl)-2—((tosyloxy)methy1)cyclopropyl)methyl acetate (8,

1 1.05 g, 0.028 mol, 1.0 equiv) 2,4~dimethylpyrimidin-5-ol (3.74 g, 0.030 mol, 1.07 equiv.), and

 

cesium carbonate (22.94 g, 1.8 equiv.) were dissolved in ACN (110.5 mL), under nitrogen. The

solution was stirred vigorously and heated to 65—70 0C for 2—3 hours. The reaction was monitored

by HPLC and TLC (EtOAc/Heptane = 1/ 1). Once complete, aqueous l N NaOH solution (71.82

mL) was added to the reaction mixture. The reaction mixture was stirred at 20—25 °C for 10—16 h,

and was monitored by HPLC and TLC (EtOAc/Heptane = 1/ 1). Once the hydrolysis reaction was

complete, the reaction mixture was diluted with MTBE (110.50 mL) and stirred for at least 15

min. The aqueous layer was back extracted once with MTBE (55.25 mL). The organic layers

were combined and washed once with saturated aqueous NaCl solution (33.15 inL). The solvent

was removed under reduced pressure to afford the title compound; ((1R,ZS)-2~(((2,4—

dimethy1pyrimidin—5—yl)oxy)methyl)—2-(3—fluorophenyl)cyclopropyl)methanol: (11, 8.51 g).

((1R,2S)—2-(((2,4—dimethylpyriinidin-5-y1)oxy)rnethy1)-2-(3-fluorophenyl)-

cyclopropyl)methanol: 1H NMR (500 MHZ, DMSO—ds) 6 8.21 (s, 1H), 7.33 (td, J = 8.0, 6.5 Hz,

1H), 7.20 (d, J: 7.9 Hz, 1H), 7.19 — 7.14 (m, 1H), 7.01 (ddd, J: 8.3, 2.6,1.2 Hz, 1H), 4.63 (t, J

= 5.4 Hz, 1H), 4.36 (dd, J: 22.5, 10.5 HZ, 2H), 3.72 — 3.61 (m, 211), 2.45 (s, 3H), 2.22 (s, 3H),

1.51 — 1.43 (in, 1H), 1.23 (dd, J: 8.9, 5.0 Hz,1H), 1.01 (dd, J: 6.0, 5.3 Hz,1H).13C NMR (126

MHZ, DMSO-dg) 8 162.48 (d, JCF 2 243.0 Hz), 158.91, 156.26, 149.51, 147.47 (d, JCF = 7.5 HZ),

'JI 'JI

Page 77 of 383



Page 78 of 383

WO 2013/123240 PCT/USZOl3/026204

139.85, 130.35 (d, JCF = 8.5 Hz),124.72(d, Jcp = 2.5 Hz), 115.54 (d, Jcp = 21.3 Hz), 113.43 (d,

JCF : 20.9 Hz), 72.73, 60.70, 29.23, 28.64, 24.94, 18.77, 17.06.

HRMS Calculated for ClszoFNzOg [M+H]+ 303.1590; found 303.1517.

5 HPLC method for monitoring process step E:

Sample preparation:

Combine reaction mixture (5 uL) with 1 mL acetonitrile, mix and inject.

Summary of chromatography conditions:

HPLC column: Waters SunFire C18, 3.5 um 3 x 150 mm, Waters catalog no.

 

 

 

 

186002544.

Temperature: 40 °C WWWWW
Flow rate: 0.5 mL/min. Flow rate may be adjusted :: 0.1 mL/min to obtain

specified retention times.

Mobile Phase A | 1000 mL water and 1 mL trifluoroacetic acid

 

 

 

 

 

 

 

 
 

 

    
 
 

 

 

 

 

 

Mobile Phase B 1000 mL acetonitrile and 1 mL trifluoroacetic acid

Gradient: Time, min %-Solvent A l %-Solvent B
Initial 95

5 70

| 9 60
1 7 0

20 0

| 20.1 95
3 0 9 5

Injection 3 ML
volume:

Detection: 215 nm UV

”13818. acquisition 20 min
time:

Run time: 3 0 min

18 Retention 3.0 min i: 10%

time:

11 Retention 10.2 min i 10%

time: __ _
10 Retention 13 .5 min i 10%
time:

8 Retention 17.2 min i 10%

time:

  
 

10
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F. Preparation of Compounds of Formula Vll

Q 1) 2N HCI, TEMPO F ,, 2) Na0102
A NaOCl, pH 7 buffer, " 3) Nazszos, H200 OH O‘At'H 4) 4N NaOHToluene _

— — O 5) 4N HCI

N \ / CH3 N\ / CH3 6) EtOAc
N N 7) Crystalize

H30 11 H3C

b
OAOH

e» .N / CH3

\fN
H3O

13

(1R,2S)—2-(((2,4-dimethylpyrimidin-S-yl)oxy)methyl)-2-(3-fluorophenyl)cyclopropane—

carboxylic acid (13). ((1R,2S)~2—(((2,4-dimethy1pyrimidin—5—yl)oxy)methyl)—2—(3—

fluorophenyl)eyelopropyl)methanol (11, 87.5 g, 290 mmol, 1.0 equiv.) was dissolved in toluene

(390 mL). To the mixture was added pH 7 buffer (107 g, prepared from 4.46 g of sodium

phosphate dibasic and 7.79 g of sodium phosphate monobasic in 94.4 mL of water) and 2,2,6,6—

tetramethylpiperidine laoxyl (TEMPO) (0.93 g, 5.9 mmol, 0.02 equiv.) The mixture was cooled

to 0 °C and sodium hypochlorite solution (5% active chlorine, 383 mL, 304 mmol, 1.05 equiv.)

was added dropwise, maintaining the internal temperature below 9 °C. The mixture was allowed

to warm to room temperature and stirred for 2 h. To the mixture was added aqueous hydrochloric

acid (2.0 M, 8.73 mL, 0.05 equiv.) followed by a solution of Sodium chlorite (36.0 g, 318 mmol,

1.1 equiv.) in water (87 mL), maintaining the internal temperature below 26 °C. The mixture was

stirred at room temperature for 4 h, and then cooled to 10 °C. A solution of sodium thiosulfate

(92 g, 579 mmol, 2.0 equiv.) in water (177 mL) was added, maintaining the internal temperature

below 20 OC. The mixture was stirred for 20 min, and then aqueous sodium hydroxide solution

(4 N, 87 mL, 348 mmol, 1.2 equiv.) was added to achieve ca. pH = 13. The mixture was heated

to 80 °C for 4 hours, then cooled to room temperature. Stirring was halted and the phases

allowed to split. The lower aqueous phase was collected and the upper organic phase was washed

once with 4 N sodium hydroxide solution (17 mL). The combined aqueous phases were acidified

with aqueous hydrochloric acid solution (4 N, 17 mL) to pH = 4 and extracted with ethyl acetate
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(2 x 470 mL). The combined organic phases were washed with ca. 20% aqueous NaCl solution

(175 mL). The organic phases were concentrated by rotary evaporation to yield 96.84 g of crude

oil. A portion (74 g) of this crude oil was dissolved in acetonitrile (400 mL) and concentrated to

dryness by rotary evaporation. Another portion of aeetonitrile (400 mL) was added and the

mixture was again concentrated to dryness. To the residue was added acetonitrile (370 mL). The

mixture was heated to 65 °C resulting in a clear solution. The mixture was cooled to room

temperature, then to 0 °C and held at this temperature for 6 h. The mixture was filtered and the

wet cake was washed with aeetonitrile (2 X 74 mL). The cake was dried under vacuum with a

nitrogen sweep, then in a vacuum oven at 20 torr and 40 °C to afford (1R,ZS)-2—(((2,4—

dimethylpyrimidin-S—yl)oxy)methyl)-2-(3 -fluorophenyl)cyclopropanecarboxylic acid (13, 56.9 g,

80% yield) as an off~white crystalline solid.

(1 R,2S) -2-(((2,4—dimethylpyrimidin— 5 -yl)oxy)methyl)-2-(3 -fluorophenyl) —

cyclopropanecarboxylic acid: 1H NMR (500 MIIZ, DMSO—dg) 8 12.47 (s, 1H), 8.17 (s, 1H), 7.39

(td, J: 8.0, 6.4 Hz, 1H), 7.29 (d, J= 7.9 Hz, 1H), 7.27 — 7.22 (m, 1H), 7.10 (td, J: 8.3, 2.1 Hz,

1H), 4.63 (d, J: 10.2 Hz, 1H), 4.30 (d, J: 10.2 Hz, 1H), 2.46 (s, 3H), 2.26 (s, 3H), 2.13 (dd, J:

7.7, 6.6 Hz, 1H), 1.63 — 1.54 (m, 2H); 13C NMR (126 MHZ, DMSO-dg) 5 172.65, 162.48 ((1, JCF

= 243.6 Hz), 159.08, 156.24, 149.45, 145.15 (d, Jcp = 7.5 Hz), 139.60, 130.71 ((1, JCF = 8.5 Hz),

124.79 ((1, Jcp = 2.6 Hz), 115.60 (d, JCF = 21.8 Hz), 114.32 (d, JCF = 20.8 Hz), 71.15, 33.92 (d,

JCF = 2.0 Hz), 26.46, 24.96, 19.72, 18.70.

HRMS Calculated for Cl7H13FN203 [M+H]+ 317.1301; found 317.1298.

Sample preparation:

Transfer 10 ‘uL of reaction mixture to an HPLC Vial containing 1 mL diluting solution, and mix

by vortexing. Transfer 100 uL of this solution to an HPLC vial containing 1 mL diluting

solution, and mix by vortexing. This is the sample solution.

. Summary of chromatography conditions: 

HPLC column: Waters SunFire C18, 3.5 um 3 x 150 mm, Waters catalog no.   186002544.

Temperature: 40 °C
Flow rate: 0.5 mL/min. Flow rate may be adjusted i 0.1 mL/min to obtain

specified retention times.
Mobile Phase A 1000 mL water and 1 mL trifluoroacetic acid

Mobile Phase B 1000 mL acetonitrile and 1 mL trifluoroaeetic acid
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Gradient: Time, min %-Solvent A %-Solvent B
Initial 95 5

5 70 30

9 60 4O

17 0 100

20 0 100

20.1 95 5

3 0 95 5

Injection 3 HL
volume:

Detection: 220 nm UV

Data acquisition 20 min
time:

Run time: 30 min

G. Preparation of Compounds of Formula IX

 

11 Retention

time:

10.2 min 3: 10%
 

12 Retention

time :

11.7 mind: 10%
  13 Retention
time:

 
10.6 min 210% 

t______________
 

WCHsN

>\—N
H30 13

T3P, DIPEA, EtOAC

o

i HNN / CH3

>\—N
H39 14

flyo
N

U
/F

5 (1R,ZS)-2—(((2,4—dimethylpyrimidin—S-yl)oxy)methyl)-2-(3-flu0r0phenyl)-N-(5-

fluoropyridin~2-yl)cyclopropanecarboxamide (14). (1R,2S)—2—(((2,4—dimethylpyrimidin-

5-yl)oxy)methyl)—2-(3-fluorophenyl)-cyclopropanecarboxylic acid (13, 12.80 g, 0.040 mol, 1.0

equiv), and 2~amino-S—fluoropyridine (4.76 g, 0.0425 mol, 1.05 equiv.) were dissolved in ethyl

acetate (102.4 mL), under nitrogen. The solution was cooled to 0—5 0C, and MN—

10 diisopropylethylamine (14.10 mL, 0.081 mol, 2.0 equiv.) was added to the reaction mixture

while maintaining the internal temperature at 0—15 °C. The reaction mixture was stirred at 0-10

°C for 20-30 minutes. n—Prcpylphosphonic anhydridc (T3P; 50% w/w solution in ethyl acetate,

36.] g, 1.4 equiv.) was added to the reaction mixture while maintaining the internal temperature
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at 0—15 “C. The reaction was stirred at 20—25 0C for at least 20-24 hour and monitored by HPLC

and TLC (EtOAc/Heptane = 1/1). Upon completion of the reaction, the reaction mixture was

cooled to 0—5 °C and then was quenched with water (64.0 mL) while maintaining the internal

temperature below 10—15 "C. The aqueous layer was back extracted once with MTBE (76.8 mL).

The organic layers were combined and washed once with saturated aqueous NaHC03 solution

(38.4 mL) and once with water (38.4 mL). The organic layer was polish filtered and the filter

rinsed with MTBE (12.8 mL). The organic layer was then concentrated under reduced pressure

to a minimum stirrable volume. Ethyl acetate (60.8 mL) was added to the reaction mixture and

the mixture was heated to no more than 50 °C to achieve a clear solution. n~Heptane (86.3 mL)

was added slowly with agitation. The reaction mixture was cooled to 20-25 0C, and the

suspension was stirred for at least 1 h at 20—25 0C and then stirred at least for 1 h at 0—5 °C. The

suspension was filtered and the cake was washed two times with 5:1 heptane/ethyl acetate (2 x

12.8 mL). The cake was dried under nitrogen and/or vacuum to provide the title compound,

(lR,2S)—2~(((2,4—dimethylpyrimidin—5—yl)oxy)methyl)—2—(3-fluorophenyl)-N—(5~fluoropyridin~2—

yl)cyclopropanecarboxamide, (14, 12.54 g, >99% ee) as a white to off white solid.

(1R,2S)-2—(((2,4-dimethylpyrimidin—5—yl)oxy)methyl)—2—(3—fluorophenyl)-N—(5-

fluoropyridin-Z~yl)cyclopropanecarboxamide: 1H NMR (500 MHz, DMSO—ds) 8 11.19 (s, 1H),

8.31 (d, J: 3.0 Hz, 1H), 8.12 (s, 1H), 7.94 — 7.85 (m, 1H), 7.62 (tt, J: 8.7, 3.1 Hz, 1H), 7.44

(dd, J= 10.6, 1.5 Hz, 1H), 7.41 ~ 7.40 (m, 1H), 7.39 (s, 1H), 7.14 — 7.06 (m, 1H), 4.67 (d, J:

10.2 Hz, 1H), 4.29 (t, J: 9.9 Hz, 1H), 2.63 (t, J= 7.0 Hz, 1H), 2.38 (s, 3H), 2.03 (s, 3H), 1.76 4

1.64 (m, 1H), 1.49 (dd, J: 8.0, 4.8 Hz, 111); 13C NMR (125 MHZ, DMSO-dé) 5 168.68, 161.98

(d, JCF = 242.3 Hz), 158.46,155.15, 155.38 ((1, Jcp = 247.9 Hz),148.90,148.51, 145.00 ((1, JCF =

7.7112), 139.37, 135.15 (d, JCF = 24.9 Hz), 130.06 (d, JCF = 8.4 Hz), 125.05 (d, Jcp = 19.5 HZ),

124.70 (01, JCF = 2.6 Hz), 115.71 (d, Jcp = 21.7 Hz), 114.20 ((1, JCF = 4.1 Hz), 113.70 (d, JCF =

20.9 Hz), 70.80, 34.09 (d, JCF = 1.9 HZ), 26.90, 24.38, 18.37, 17.78.

HRMS Calculated for C22H21F2N402 [M+Il]+ 411.1627; found 41 1.1632.

Sample preparation:

Transfer 500 ul. of reaction mixture to an HPLC vial containing 500 uL acetonitrile, and mix by
vortexing.

60

Page 82 of 383



Page 83 of 383

W0 2013/123240 PCT/US2013/026204

Summary of chromatography conditions:
 

 

 

 

 

 

   

 

 

 

 

  
 

 

 

 

 

 

 

 

  
HPLC column: Waters SunFire C18, 3.5 um 3 x 150 mm, Waters catalog no.

186002544.

Temperature: 40 CC

Flow rate: 0.5 mL/min. Flow rate may be adjusted d: 0.1 mL/min to obtain

specified retention times.
Mobile Phase A 1000 mL water and 1 mL trifluoroacctic acid

Mobile Phase B 1000 mL acetonitrile and 1 mL trifluoroacetic acid

Gradient: Time, min %—Solvent A %-Solvent B
Initial 95‘ 5

5 70 30

9 60 40

17 O 100

20 0 | 100
20.1 95 | 5
3o 95 I 5

Injection volume: 2 uL m
Detection: 220 nm UV

Data acquisition 20 min
time:

Run time: 30 min

Retention times: 13 I 10.6 min i 10%
14 13.2minsc10%

Ethyl acetate 7.5 min a: 10%
 

Chiral HPLC Assay for

fluorophenyl)-N-(5-fluoropyridin—2-yl)cyclopropanecarboxamide (14)

TM—1186: Chiral HPLC Assay for Compound 14

Equipment, Reagents, and Mobile Phase:

Equipment:
 

HPLC column: CHIRALPAK AD—H, 250 x 4.6 mm, 5 pm,
Chiral Technologies catalog no. 19325, or

equivalent.
 

Solvent Delivery System:  Agilent 1100 HPLC quaternary pump, low

pressure mixing with an in—line degasser, or

equivalent.
  
 
Autosampler: Agilent 1100 autosampler, 0.1 to 100 uL range,

_ or equivalent.
Detector: Agilent 1100 variable wavelength detector or

equivalent.
 

Chromatographic“S oftware:
 

Agilent ChemStation software version A0903

or higher for HPLC, Waters Empower 2 Build

2154, or equivalent.
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Volumetric Glassware: Class A.

Volumetric pipette: Class A.

Balance: Analytical balance, capable of weighing i 0.1
mg.

Reagents:

Heptane: IIPLC grade, EMD (catalog no. HX0078-1) or

equivalent.

2—Propanol: HPLC grade, EMD (catalog no. PX1838—l) or

equivalent.

Mobile Phase:

5 Mobile phase A: Add 1000 mL of heptane to an appropriate flask. Mix well
and degas in line during use.

Mobile phase B: Add 1000 mL of 2—propanol to an appropriate flask. Mix

well and degas in line during use.

HPLC Parameters:

10 Chromatographic Parameters:
 

 

 

 

 

 

 

  

 
  

 

HPLC column: CHIRALPAK AD—H, 250 x 4.6 mm, 5 pm, Chiral

Technologies catalog no. 19325, or equivalent.

Temperature: 35 CC

Flow rate*: 1.0 mL/min. Flow rate may be adjusted to obtain

specified retention times.

Gradient: Isocratic, 80/20 (vol/vol) mobile phase A/mobile phase
B

Injection volume: 5.0 uL
Detection: UV detector 282 nm

Acquisition time: 15 min

Re-equilibration time: N/A
Total run time: 15 min

Calculations:

%-Enanti0meric Excess Calculation:

Calculate the %—enantiomeric excess (%—ee) for 14 using the appropriate peak areas

15 obtained from each sample analysis and the following equation:
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(A — A ) (100%)

( 14 15 )

A14 : Average peak area of 14 for each sample solution

A1 5 = Average peak area of 15 for each sample solution

Note: The enantiomer of compound 14 is compound 15.

An enantiomeric excess was calculated at >99% for compound 14.

Alternate Procedure for Preparation of Compounds of Formula IX

(1R,ZS)-2—(((2,4—dimethylpyrimidin-S-yl)oxy)methyl)-2-(3~flu0r0phenyl)—N—(5-

fluoropyridin-Z—yl)cyclopropanecarboxamide (14).

(1R,2S)—2—(((2,4—dimethylpyrimidin—5-yl)oxy)methy1)-2-(3—fluorophenyl)cyclopropane—

10 earboxylic acid (13, 12.80 g, 0.040 mol, 1.0 equiv), 2—amino-5—fluoropyridine (4.76 g, 0.0425

mol 1 .05 equiv), and N, N, N’, '—tetramethyl-O— (7—azabenzotriazol — l -yl)uronium

hexafluorophosphate (HATU; 16.16 g, 0.0425 mol, 1.05 equiv.) were dissolved in DMF (64.0

mL), under nitrogen. The solution was cooled to 0—5 “C, and N,N—diisopropylethylamine (14.10

mL, 0.081 mol, 2.0 equiv.) was added to the reaction mixture while maintaining the internal

15 temperature below 10 OC. The reaction was stirred at 20~25 °C for at least 20-24 hour and

monitored by IIPLC and TLC (EtOAc/Heptane = 1/1). If (1R,2S)~2—(((2,4-dimethylpyrimidin—5—

yl)oxy)methyl)—2—(3—fluorophenyl)cyclopropane—carboxylic acid was > 2%, additional N,N,N’,N’-

tetramethyl-0—(7—azabenzotriazol-1-yl)uronium hexafluorophosphate was added (based on the

conversion) at 20—25 0C, and then MN—diisopropylethylamine (based on the conversion) was

20 added to the reaction mixture while maintaining the internal temperature below 10 °C. If

(lR,ZS)—2—(((2,4—dimethylpyrimidin-5—yl)oxy)methyl)-2-(3—fluorophenyl)cyclopropane—

carboxylic acid was S 2%, but the conversion to the titled compound from the intermediate was

< 97%, additional 2-amino-5-fluoropyridine (based on the conversion) was added to the reaction

mixture at 20—25 °C. Upon completion of the reaction, the reaction mixture was diluted with

25 MTBE (51.2 mL) and was cooled to 0—5 °C. It was quenched with water (64.0 mL) while

maintaining the internal temperature below 10-15 °C. The reaction mixture was warmed up to
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20—25 ° C, and MTBE (76.8 mL) was added. The aqueous layer was back extracted once with

MTBE (128.0 mL) and once with toluene (102.4 mL). The organic layers were combined and

washed once with saturated aqueous NaHCO3 solution (38.4 mL) and with 18% aq. NaCl

solution (2 x 32.0 mL). The HATU by product in the organic layer was analyzed: if it was >

0.2%, additional 18% aq. NaCl solution washes were needed. The organic layer was polish

filtered and the filter rinsed with MTBE (12.8 mL). It was then concentrated under reduced

pressure to a minimum stirrable volume. The residual toluene in the residue was 3 10%. Ethyl

acetate (60.8 mL) was added to the reaction mixture and the mixture was heated to no more than

50 °C to achieve a clear solution. The solution was cooled to 20—25 ° C, and n—heptane (86.3 mL)

was added slowly with agitation. The suspension was stirred for at least 30 min at 20—25 °C and

then stirred at least for 1 h at 0-5 0C. The suspension was filtered and the cake was washed with

5:1 heptane/ethyl acetate (2 x 12.8 mL). The cake was dried under nitrogen and/or vacuum to

provide the title compound, (1R,2S)-2—(((2,4-dimethylpyrimidin-5—yl)oxy)methyl)-2-(3—

fluorophenyl)-N—(5—fluoropyridin—2—yl)eyclopropaneearboxamide, (14, 11.65 g) as a white to off

white solid.

(1R,ZS)—2—(((2,4—dimethylpyrirnidin-5-yl)oxy)methyl)-2-(3-fluorophenyl)~N~(5—

fluoropyridin—2—yl)cyclopropanecarboxamide: 1H NMR (500 MHZ, DMSO—dg) 5 11.19 (s, 1H),

8.31 (d, J: 3.0112, 1H), 8.12 (s, 1H), 7.94 — 7.85 (m, 1H), 7.62 (tt, J: 8.7, 3.1 HZ, 1H), 7.44

(dd, J: 10.6, 1.5 Hz, 1H), 7.41 ~ 7.40 (m, 1H), 7.39 (s, 1H), 7.14 — 7.06 (m, 1H), 4.67 (d, J:

10.2 Hz, 1H), 4.29 (t, J: 9.9 Hz, 1H), 2.63 (t, J: 7.0 Hz, 1H), 2.38 (s, 3H), 2.03 (s, 3H), 1.76 m

1.64 (m, 1H), 1.49 (dd, J: 8.0, 4.8 Hz, 1H); 13C NMR (125 MHZ, DMSO—dg) 8 168.68, 161.98

(d, Jcp = 242.3 HZ), 158.46, 155.15, 155.38 ((1, JCF : 247.9 Hz), 148.90, 148.51, 145.00 ((1, JCF =

7.7 Hz), 139.37, 135.15 (d, Jcp = 24.9 Hz), 130.06 (d, JCF = 8.4 Hz), 125.05 ((1, JG}? = 19.5 Hz),

124.70 ((1, JCF = 2.6 HZ), 115.71 (d, JCF : 21.7 Hz), 114.20 (d, JCF = 4.1 Hz), 113.70 ((1, JCF =

20.9 Hz), 70.80, 34.09 (d, Jcp = 1.9112), 26.90, 24.38, 18.37, 17.78.

HRMS Calculated for ngH21F2N4OZ [M+H]"'411.1627; found 411.1632.
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H. Preparation of Compounds of Formula VI

OCHS 1) (CH3)3AI. Pd<PPh3)4

0% 2—MeTHF, 80 00, 24h
IO) O

0

$70
I 07

N / N 2) SN NaOH N / N
Y 3) 4N HCl in IPA Y HC'

CI _" ’ CH3

16 17

5-mcthoxy—2,6-dimethylpyrimidin-l-ium chloride (17). 2,4—Dichloro—5—methoxypyrimidine

(16, 400 g, 2.23 mol, 1.0 equiv) was dissolved in 2-methyltetrahydrofuran (4.0 L). To this

mixture was charged trimethylaluminum (2.0 M in heptane, 2200 mL, 2.0 equiv), maintaining

the internal temperature below 35 °C. Tetrakis(tripheny1phosphine)palladium(0) (25.8 g, 0.022

mol, 0.01 equiv.) was added and the mixture was heated to 80 °C. The mixture was stirred for 24

h at 80 °C, cooled to room temperature and added slowly to a cold (5-10 °C) aqueous sodium

hydroxide solution (6 N, 4.0 L), maintaining the internal temperature of the quench solution

below 15 °C (Caution: methane gas evolution). The mixture was warmed to room temperature

and allowed to stir for 30 min after which stirring was halted and the phases allowed to split. The

phases were separated. The upper organic phase was filtered through a pre—packed charcoal

column (200 g) with aid of additional 2-methyltetrahydrofuran (1.0 L). The solution was

concentrated to 2/3 volume. The mixture was diluted with fresh 2~1nethyltetrahydrofuran (4.0 L)

and then concentrated under vacuum until 4.0 L of distillate had been collected. To the

remaining solution was slowly added a solution of hydrogen chloride in isopropyl alcohol (5 M,

670 mL, 3.35 mol, 1.5 equiv.) resulting in the precipitation of a crystalline solid. The slurry was

stirred for 1 h, and filtered. The wet cake was washed with 2~methyltetrahydrofuran (800 mL)

and then dried under vacuum with a nitrogen sweep to afford 5-methoxy—2,6-dimethylpyrimidin—

1—ium chloride (17, 279 g, 70% yield) as a pale yellow solid.

5~methoxy—2,6—dimethy1pyrimidin—1-iurn chloride: 1H NMR (500 MHZ, DMSO—dg) 8

8.60 (s, 1H), 3.97 (s, 3H), 2.68 (s, 3H), 2.49 (s, 3H); 13C NMR (126 MHZ, DMSO'dG) 8 160.14,

155.22,150.35,134.89, 57.02, 21,80,1846.

HRMS Calculated for C7H11N20 [M+H]Jr 139.0871; found 139.0874.
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1) Ni(dppp)C|2, CHgMgCI, 2—MeTHF,

OCHa 15 to 25 °c over1.5h; 23 °c, 15h OCHs

01% 2) Inverse quenching with 15% aq. Citric acid/ HSCA
N' /N NH4OH,pH10; N‘ /N
Y 3) Extract with 2-MeTHF Y HCI

Cl 4) Concentrate (azeotrope) CH3

16 5) Carbon filtration 17
6) SN HCi in PA, 2-MeTHF

7) Filtration/ dry

5—methoxy—2,6—dimethylpyrimidin-1—ium chloride (17). A three—neck round bottom flask,

fitted with a mechanical stirrer, an additional funnel, a temperature probe and N2 inlet was

charged sequentially with 2—MeTHF (330 mL, 10.5 vol, water content: <300ppm), 2,4—dichloro~

S—methoxy—pyrimidine (16, 30.0 g, 0.164 mol) (FWD Chem, Shanghai, China, or Amfineeom,

Inc., St. Petersburg, VA), and NiC12(dppp) (1.4 g, 2.6 mmol, 1.6 mol%). The resulting mixture

was degassed by evacuation with a reduced pressure followed by purging with nitrogen gas (3

times at room temperature). The resulting mixture was cooled to 15 °C and a solution of 3 M

Methyl magnesium chloride in THF (125 mL, 2.25 equiv.) was added via a dropping funnel

maintaining the internal temperature at 15-25 °C over a period of 1.5 h (Note: first 6 mL of

MeMgCl was added slowly at 15720 0C, and aged for 15 min‘to activate the catalyst). The

dropping funnel was rinsed with 2-MeTHF (15 mL). After addition of the MeMgCl, the reaction

was warmed to room temperature over 1 h with the aid of a cooling water—bath. The reaction was

stirred for 13 h at room temperature with water-bath cooling (At this point, HPLC indicated the

reaction was complete. Magnesium salt was precipitated as a golden yellow colored slurry). The

resulting slurry was transferred into the pro-cooled (10 °C) 15% aqueous citric acid solution (300

mL) via cannula at such a rate to maintain the temperature below 30 °C, and the biphasic mixture

was vigorously stirred for 15 min. The reaction flask was rinsed with Z—MeTHF (60 mL). After

stirring for 15 min, ammonium hydroxide (28%, 150 mL) was added keeping the temperature

below 30 °C (the pH of the aq. Layer: ~10). The biphasic mixture was stirred for an additional 15

min. At this point, sodium chloride (83 g) was added and allowed to dissolve (~20 min). After

phase separation, the aqueous layer was back—extracted with 2-MeTHF (300 mL). After a phase-

cut, the organic layers were combined, concentrated and azeotropically dried (below 40 °C) by

2-MeTHF flush (300 mL). The precipitated inorganic salt was filtered through an in-line

CUNO—filter, and rinsed with 120 mL of 2-MeTHF. The rinse was combined with the initial

filtrate.
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Salt formation and Isolation: The crude pyrimidine in 2—MeTHF (total volume 270 mL) was

treated with 5 N HCl in 2—isopropanol (33 mL, 0.165 mol) at 10 °C. The slurry was cooled to ~10

~ —15 °C over 30 min, and aged for an additional 30 min at this temperature. The resulting slurry

was filtered; and rinsed with pre-cooled 2—Me'I‘HF (45 mL, -15 °C). The wet cake was dried

under vacuum with a nitrogen sweep overnight to give 22.2 g (77.4%) of 2,4-dimethy1—5—

methoxy—pyrimidine HCI salt, 17, as a yellow to orange colored crystalline solid.

5-methoxy-2,6-dirnethylpyrimidin-1-ium chloride: 1H NMR (500 MHZ, DMSO-dg) 8

8.60 (s, 1H), 3.97 (s, 3H), 2.68 (s, 3H), 2.49 (s, 3H); 13C NMR (126 MHZ, DMSO'dé) 5 160.14,

155.22,150.35,134.89, 57.02, 21.80, 18.46.

HRMS Calculated for C7H11N20 [M+H]Jr 139.0871; found 139.0874.

OCH3 1) 1—Dodecanethiol, KO—tBu, 1-BuOH OH

H3C\“/l\ 1:) gfitmaeuori, 123 00, 18h mofl
N / N ) . . 0 N / N
Y HCI WWW Y
CH3 5) Extract with 2-MeTHF with pH CH3

adjustment ~ 7.0
17 18

6) Slurry in heptane

2,4-Dimethylpyrimidin—5-ol (18). 1-Butanol (158 mL) was added into the reaction flask which

was fitted with a mechanical stirrer, a temperature probe, nitrogen inlet, and distillation

equipment. The solvent was cooled to 10—1 5 °C and potassium t—butoxide (33.7 g, 0.3 mol) was

charged in 3 portions maintaining an internal temperature less than 40 0C. 1-Dodecanethiol (43.2

mL, 0.18 mol) was added to the resulting suspension, and was agitated at 20—25 °C for 30 min.

l-Dodecanethiol (43.2 mL, 0.18 mol) was added to the suspension and the mixture was stirred at

room temperature for an additional 30 min. Next, 5—methoxy—2,6—dimethylpyrimidin—l—ium

chloride, 17, (21 g, 0.12 mol) was added in 3 portions with efficient agitation, and the inlet was

rinsed with 1—butanol (10 mL). The reaction flask was degassed with vacuum and purged with

nitrogen (3X) and then maintained under a nitrogen atmosphere. The reaction mixture was

heated to 117~120 °C, and volitile tert—butanol (~30 mL) was collected. Then, the reaction was

aged at reflux temperature (120—125 °C) for 20 h (conversion was 99.5%). The reaction mixture

was cooled to 10-15 °C, and 6 N HCl (90 mL) charged at 10—15 0C. Deionized water was added

(63 mL), and the reaction was aged for 20 min at room temperature. Heptanc (126 mL) was
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added, agitated for 15 min, and allowed to split for 15 min. The product containing lower

aqueous layer was drained to a suitable vessel. The upper organic layer was extracted with a

combined solution of water (84 mL), 6 N HCl (21 mL) and MeOH (42 mL). The organic layer

was back-extracted With water (42 mL). The aqueous layers were combined, and cooled to 10—15

°C. The pH of the aqueous layer- was adjusted to 6.8-7.2 with 50% sodium hydroxide (26 mL).

Sodium chloride (37.8 g) was added, and the reaction was agitated for 30 min. 2—Me'l‘HF (140

mL) was charged, agitated for 15 min, and allowed to split. The aqueous layer was back-

extracted twice with 2—Me’l‘1—IF (140 mL) with pH adjustment of the aqueous layer after each

extraction (0.5 mL of 6 N HCl, desired pH in aqueous layer is 6.8 ~ 7.2). Note: The pH of the

aqueous layer went up slightly after each extraction, and it should be adjusted accordingly (with

0.25 mL of 6 N HCl). The organic layers were combined and concentrated at reduced pressure to

a minimum stirrable volume maintaining the internal temperature below 40 °C. The concentrated

solution was dried azeotropically with 2—MeTHF (3 x 65 mL), and then 2-MeTHF was charged

to adjust the final solvent volume to 100 mL (any product on the wall of the reactor should be

dissolved). Insoluble inorganic material was filtered off using a sintered glass funnel. The

reactor and filter pot were rinsed with 2—MeTHF (40 mL). The filtrate was concentrated under a

reduced pressure maintianing the internal temperature below 40 °C to ca. 60 mL of total batch

volume. The reaction was next chased with heptane (4 x 80 mL) and the final batch volume was

adjusted to a total volume of 65 mL. Then, the slurry mixture was cooled to 0—5 °C over 30 min,

and aged for 1h at this temperature. The resulting slurry was filtered, and the wet cake was

rinsed with prc-cooled (0—5 °C) heptane (63 mL). The wet cake was dried under vacuum with a

nitrogen flush at room temperature for 24 h to afford 11.6 g of 2,4-dimethylpyrimidin—5—ol, (18,

78~ 85% yield).

2,4—Dimethylpyrimidin-5-ol: 1H NMR (500 MHZ, DMSO'dfi) 5 9.88 (s, 1H), 8.05 (s, 1H),

2.43 (s, 1H), 2.28 (s, 1H); 13C NMR (126 MHz, DMSO-dg) 5 157.24, 153.71, 147.60, 141.80,

24.39, 18.33.

HRMS Calculated for C6H9N20 [M+H]+ 125.0715; found 125.0720.
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OCH3 OH

mom/S 1—Decanethiol, KOtBu chfl
NYN HCI 1—Butanol, 105 °C NYN

CH3 CH3

17 18

Alternate Preparation of 2,4-Dimethylpyrimidin-S-ol (18). To a 22—Liter round bottomed

flask was charged potassium tert-butoxide (1200 g, 11 mol, 3.5 equiv.) and l—butanol (2700

mL). The mixture was stirred for 40 mins and then 1—decanethiol (1300 mL, 6.1 mol, 2.0 equiv.)

5 was added. To the resulting slurry was added portionwise, 5—methoxy-2,6-dimethylpyrimidin-l-

ium chloride (17, 532 g, 3.05 mol, 1.0 equiv), using a minimal amount of l—butanol for rinses as

needed. The mixture was heated to 105-110 °C and stirred for 24 hours at this temperature. The

mixture was cooled to room temperature and aqueous hydrochloric acid solution (6 N, 2000 mL)

was added slowly, maintaining the internal temperature below 35 °C. Heptane (2700 mL) was

10 added and the mixture stirred for 10 mins. Stirring was halted and the phases were separated. The

upper organic phase was backwashed with additional 6 N HCl solution (1000 mL). The aqueous

phases were combined and neutralized by addition of aqueous sodium hydroxide solution (50%

w/w, 789 mL) to pH = 7-8, then extracted with 2-methyltetrahydrofuran (2 x 3000 mL). The 2—

methyltetrahydrofuran was removed by vacuum distillation and replaced with heptane (3000

15 mL). The mixture was concentrated to near dryness and heptane (1300 mL was added). The

resulting slurry was filtered and the wet cake was washed with heptane (3 x 400 mL). The cake

was dried under vacuum with a nitrogen sweep to afford 2,4—dimethylpyrimidin-S—ol (18, 281 g,

74% yield) as an off—white solid.

2,4-Dimethylpyrimidin-5~01: 1H NMR (500 MHZ, DMSO'dG) 5 9.88 (s, 1H), 8.05 (s, 1H),

20 2.43 (s, 3H), 2.28 (s, 311); 13C NMR (126 MHZ, DMSO~d6) 5 157.24, 153.71, 147.60, 141.80,

2439,1833.

HRMS Calculated for C6H9N20 [M+H]+ 125.0715; found 125.0720.
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That which is claimed is:

l. A process for making a compound of Formula 1,
Ar

I

wherein Ar is phenyl, which phenyl may be unsubstituted, or substituted 1-3 times with

substituents independently selected from the group consisting of: halo, C1-6alkyl, C1_6alkoxy, and

haloC1.6alkyl,

comprising the steps of :

i) providing a composition comprising a compound of Formula II:

”in
O 0

ll

wherein Ar is as given above, and an organic solvent, wherein said composition is at a

temperature of from —30 to 40 °C; and

ii) adding to said composition a hydride reducing agent, wherein said agent reduces said

compound of Formula 11 into said compound of Formula I,

to thereby make said compound of Formula I.

2. The process of claim 1, wherein Ar is unsubstituted or substituted 1 — 3 times with a halo

independently selected from the group consisting of: chloro, fluoro, bromo, and iodo.

3. The process of claim 1 or claim 2, wherein said composition is provided at a temperature

offrom —30 to 30 °C.

4. The process of claim 1 or claim 2, wherein said composition is provided at a temperature

of from -30 to 10 °C.

5. The process of claim 1 or claim 2, wherein said composition is provided at a temperature

of from -10 to 0 °C.
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6. The process of claim 1 or claim 2, wherein said composition is provided at a temperature

of from —10 to —5 °C.

7. The process of any of claims l-6, wherein the organic solvent is an aromatic hydrocarbon

solvent, an aliphatic hydrocarbon solvent, a halogenatcd hydrocarbon solvent or an ether solvent.

8. The process of any of claims 1-6, wherein the organic solvent is tetrahydrofuran or

toluene.

9. The process of any of claims 1—6, wherein the organic solvent is a mixture of

tetrahydrofuran and 2-methyltetrahydrofuran.

10. The process of any of claims 1—9, wherein the hydride reducing agent is selected from the

group consisting of: sodium borohydride, lithium borohydride, lithium aluminum hydride,

lithium tributoxy aluminum hydride, diisobutylaluminum hydride, zinc borohydride, and lithium

triethyl borohydride.

11. The process of any of claims 1—9, wherein the hydride reducing agent is lithium

borohydridc or lithium triethyl borohydride.

12. The process of any of claims 1—1 1, further comprising the step of mixing the composition

after said adding step for a time of l2 to 24 hours.

13. The process of claim 11, further comprising the stop of quenching the reduction by

adding to said composition a mild aqueous acid.

14. The process of claim 13, wherein said mild aqueous acid is citric acid, EDTA or tartaric

acid.

15. The process of claim 13, wherein said mild aqueous acid is citric acid.

16. The process of any of claims 1-15, wherein the compound of Formula II has the absolute

stereochemistry of Formula 1121:
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”2‘3
0 O

Ila

17. The process of claim 16, wherein the compound has an enantiomeric excess (cc) of the

Formula IIa stereoisomer of at least 80%.

18. The process of claim 16, wherein the compound has an enantiomeric excess (cc) of the

Formula 1121 stereoisomerof at least 85%.

19. The process of claim 16, wherein the compound has an enantiomeric excess (cc) of the

Formula Ila stereoisomer of at least 90%.

20. The process of claim 16, wherein the compound has an enantiomeric excess (cc) of the

Formula Ila stereoisomer of at least 95%.

21. The process of claim 16, wherein the compound has an enantiomeric excess (cc) of thc

Formula 1121 stereoisomer of at least 98%.

22. The process of any of claims 1—16, wherein the compound of Formula II is the
compound:

F

O O

23. The process of any of claims 1—22, wherein the compound of Formula I has the absolute

ADAHO\ OH

stereochemistry of Formula Ia:

la

24. The process of claim 23, wherein the compound has an enantiomeric excess (cc) of the

Formula Ia stereoisomer of at least 80%.
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25. The process of claim 23, wherein the compound has an enantiomeric excess (cc) of the

Formula Ia stereoisomer of at least 85%.

26. The process of claim 23, wherein the compound has an enantiomeric excess (ee) of the

Formula Ia stereoisomer of at least 90%.

27. The process of claim 23, wherein the compound has an enantiomeric excess (cc) of the

Formula Ia stereoisomer of at least 95%.

28. The process of claim 23, wherein the compound has an enantiomeric excess (ee) of the

Formula Ia stereoisomer of at least 98%.

29. The process of any of claims 1-28, wherein the compound of Formula I is:

%OH
HO .

30. A compound of Formula III:

Ar

H O OAC

wherein Ar is phenyl, which phenyl may be unsubstituted, or substituted 1-3 times with

substituents independently chosen from the group consisting of: halo, C1_5alkyl, C1_5alkoxy, and

haloC1_6alkyl.

31. The compound of claim 30, wherein Ar is unsubstituted or substituted 1-3 times with a

halo independently sclccted from the group consisting of: chloro, fluoro, bromo, and iodo.

32. The compound of claim 30, wherein said compound is:
F

@VOAC
HO ,
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33. A process for making a compound of Formula III:

Ar

HOAOAC
Ill

wherein Ar is phenyl, which phenyl may be unsubstituted, or substituted 1-3 times with

substituents independently selected from the group consisting of: halo, C1-5alkyl, C1-6alkoxy, and

haloC1-6alkyl,

comprising reacting a mixture of:

i) a compound of Formula Ia:

Ho OH
la

wherein Ar is as given above,

ii) vinyl acetate,

iii) a lipase, and

iv) an organic solvent

for a time of from 5 to 36 hours,

to thereby make the compound of Formula III.

34. The process of claim 33, wherein Ar is unsubstituted or substituted 1—3 times with a halo

independently selected from the group consisting of: chloro, fluoro, bromo, and iodo.

35. The process of claim 33 or claim 34, wherein the organic solvent is tetrahydrofuran, 2-

methyltetrahydrofuran, an ether solvent, acetone, or aeetonitrile.

36. The process of any of claims 33—35, wherein the reacting step is carried out for a time of

from 7 to 18 hours.

37. The process of any of claims 33—3 6, wherein said lipase is a Candida Antarctica lipase.

38. The process of any of claims 33—3 6, wherein said lipase is a Candida Antarctica B lipase

coupled to an acrylic resin.
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39. The process of any of claims 33-3 8, further comprising the step of filtering the mixture

after said reacting to produce a filtrate, and concentrating the filtrate to produce a concentrated

filtrate.

40. The process of claim 39, further comprising the step of washing the concentrated filtrate

with water or water comprising a salt.

41. The process of claim 39, further comprising the step of washing the concentrated filtrate

with a solution of 15—20% NaCl in water.

42. A compound of Formula IV:

13%R1 OAC
IV

wherein:

Ar is phenyl, which phenyl may be unsubstituted, or substituted 1-3 times with

substituents independently selected from the group consisting of: halo, C1.6all<yl, C1.6all<0xy, and

haloC1.6all{yl; and

R1 is a leaving group.

43. The compound of claim 42, wherein Ar is unsubstituted or substituted 1-3 times with a

halo independently selected from the group consisting of: chloro, fluoro, bromo, and iodo.

44. The compound of claim 42 or claim 43, wherein the leaving group is a sulfonate ester

leaving group selected from the group consisting of: mesylate, tosylate, nosylate, benzene

sulfonate, and brosylate.

45. The compound of claim 42 or claim 43, wherein the leaving group is mesylate.

46. The compound of claim 42 or claim 43, wherein the leaving group is tosylate.

47. The compound of claim 42, wherein said compound is:
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CB
AOAC

O [O
\ S°O

Me

48. The compound of any of claims 42—47, wherein the compound of Formula IV has the

absolute stereochemistry of Formula IVa:

Ar//’

R1 ‘ OAc
Na

49. The compound of claim 48, wherein the compound has an cnantiomcric excess (66) of the

Formula IVa stereoisomer of at least 80%.

50. The compound of claim 48, wherein the compound has an enantiomeric excess (cc) of the

Formula IVa stereoisomcr of at least 85%.

51 . The compound of claim 48, wherein the compound has an enantiomeric excess (cc) of the

Formula IVa stereoisomer of at least 90%.

52. The compound of claim 48, wherein the compound has an enantiomeric excess (cc) of the

Formula IVa stereoisomer of at least 95%.

S3. The compound of claim 48, wherein the compound has an enantiomeric excess (cc) of the

Formula IVa stereoisomer of at least 98%.

54. A process for making a compound of Formula IV:

Ar

R1 AOAC
IV
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wherein Ar is phenyl, which phenyl may be unsubstituted, or substituted 1—3 times with

substituents independently selected from the group consisting of: halo, C1-6alkyl, C1.6alkoxy, and

haloC1.6alkyl; and

R1 is a sulfonate ester leaving group,

said process comprising reacting a compound of Formula III:

Ar

III

wherein Ar is as given above,

with a compound selected from the group consisting of: tosyl chloride, mesyl chloride, nosyl

chloride, toluenesulfonyl chloride, toluenesull‘onic anhydride and methanesulfonic anhydride,

wherein said reacting is carried out in an organic solvent in the presence of a base,

to thereby make said compound of Formula IV.

55. The process of claim 54, wherein Ar is unsubstituted or substituted 1—3 times with a halo

independently selected from the group consisting of: chloro, fluoro, bromo, and iodo.

56. The process of claim 54 or claim 55, where said reacting is carried out for a time of from

10 minutes to 2 hours.

5 7. The process of any of claims 54-56 wherein the base is an organic amine or potassium

carbonate.

58, The process of any of claims 54—5 6, wherein the base is an organic amine selected from

the group consisting of: triethylamine, diisopropylethylamine, and DBU (1,8-

diazabicyclo[5.4.0]undec-7-ene).

59. The process of any of claims 54-56, wherein the base is pyridine.

60. The process of any of claims 54~5 9, wherein the organic solvent is selected from the

group consisting of: dichloromethane, tetrahydrofuran, 2-methyltetrahydro furan, toluene,

acetonitrile, and ethyl acetate.

61. The process of any of claims 54-59, wherein the organic solvent is dichloromethane.
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62. The process of any of claims 54—59, wherein the organic solvent is 2-

methyltetrahydrofuran.

63. The process of any of claims 54—62, wherein said compound of Formula III is:

g)
AOAC

HO _

64. The process of any of claims 54—63, wherein the compound of Formula IV has the

absolute stereochemistry of Formula IVa:

Al'o/

Na

65. The process of claim 64, wherein the compound has an enantiomeric excess (cc) of the

Formula IVa stereoisomer of at least 80%.

66. The process of claim 64, wherein the compound has an cnantiomeric excess (cc) of the

Formula IVa stereoisomer of at least 85%.

67. The process of claim 64, wherein the compound has an enantiomeric excess (ee) of the

Formula IVa stereoisomer of at least 90%.

68. The process of claim 64, wherein the compound has an enantiomeric excess (ee) of the

Formula IVa stereoisomer of at least 95%.

69. The process of claim 64, wherein the compound has an enantiomcric excess (ee) of the

Formula IVa stereoisomer of at least 98%.

70. A process for making a compound ofFormula V,
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wherein Ar is phenyl, which phenyl may be unsubstituted, or substituted 1—3 times With

substituents independently selected from the group consisting of: halo, C1_6alkyl, C1.6all<oxy, and

haloC1.6alkyl; and

R2 and R3 are each independently selected from the group consisting of: hydrogen,

Cl—galkyl, haloC1—6 alkyl, C1—6alkoxy, and hydroxyC1—6alkyl,

comprising the steps of:

a) stirring a mixture of:

i) a compound of Formula IV:

Ar

R1\)A\/OAC
IV

wherein Ar is as given above; and

R1 is a leaving group,

ii) a substituted pyrimidine of Formula VI:

RZVN|

NYN
R3

VI ,

wherein R2 and R3 are as given above;

iii) a base; and

iv) an organic solvent,

at a temperature of from 65—70 °C, for l to 12 hours; and then

b) reacting the mixttu‘e with an aqueous base for a time of from 2 to 20 hours,
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to thereby make said compound ofFormula V.

71. The process of claim 70, wherein Ar is unsubstituted or substituted 1-3 times with a halo

independently selected from the group consisting of: ehloro, fluoro, bromo, and iodo.

72. The process of claim 70 or claim 71, wherein R2 and R3 are each independently selected

from the group consisting of: hydrogen and Cl—Galkyl.

73. The process of any of claims 70—72, wherein the base of step a) is cesium carbonate or

DBU (l,8—diazabicyclo[5.4.0]undec-7-ene).

74. The process of any of claims 70-73, wherein the aqueous base of step b) is an aqueous

hydroxide or carbonate.

75. The process of any of claims 70-73, wherein the aqueous base of step b) is aqueous

sodium hydroxide.

76. The process of any of claims 70—73, wherein the aqueous base of step b) is aqueous

potassium hydroxide.

77. The process of any of claims 70—76, wherein the organic solvent is selected from the

group consisting of: acetonitrilc, acetone, ethyl acetate and tetrahydrofuran.

78. The process of any of claims 70—77, wherein the compound of Formula IV has the

absolute stereochemistry of Formula IVa:

%R1 ' OAC
Na

79. The process of claim 78, wherein the compound has an enantiomeric excess (cc) of the

Formula IVa stereoisomer of at least 80%.

80. The process of claim 78, wherein the compound has an enantiomeric excess (cc) of the

Formula IVa stereoisomer of at least 85%.
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81. The process of claim 78, wherein the compound has an enantiomeric excess (cc) of the

Formula IVa stereoisomer of at least 90%.

82. The process of claim 78, wherein the compound has an enantiomeric excess (cc) of the

Formula IVa stereoisomer of at least 95%.

83. The process of claim 78, wherein the compound has an enantiomeric excess (ee) of the

Formula IVa stereoisomer of at least 98%.

84. A process for making a compound of Formula VI:

OH

RZYS
NYN

R3
VI

wherein R2 and R3 are each independently selected from the group consisting of:

hydrogen and C1-6 alkyl,

comprising the step of heating a mixture of:

i) a compound of Formula B:

%
R3

3

wherein:

R2 and R3 are as given above; and

R4 is C1—6 alkyl,

ii) an alkoxide or hydroxide salt,

iii) a thiol, and

iv) an organic solvent,

to thereby make said compound of Formula VI.
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85. The process of claim 84, wherein said heating is to a temperature of from 50 to 140 °C.

86. The process of claim 84, wherein said heating comprises boiling said mixture.

87. The process of claim 84, wherein said heating comprises refluxing said mixture.

88. The process of any of claims 84—87, wherein said heating is can‘ied out in a time of from

5 to 50 hours.

89. The process of any of claims 84—88, wherein said alkoxide salt is an ethoxide, r—butoxide,

3—methy1—3—pentoxide, or 7—amyloxide salt.

90. The process of any of claims 84-88, wherein said alkoxide salt is a l—butoxide salt.

91. The process of any of claims 84—88, wherein said alkoxide is potassium l—butoxide.

92. The process of any of claims 84-91, wherein said thiol is 1—decanethiol or 1-

dodecanethiol.

93. The process of any of claims 84—92, wherein said organic solvent is, N,N—

Dimethylformamide, NN—Dimethylacetamide, N—Methylpyrrolidone, l—butanol, 2-butanol, tert-

butanol, iso-butanol.

94. The process of any of claims 84—92, wherein said organic solvent is l-butanol.

95. A process for making a compound of Formula B:

/R4

Y
R

B

03

wherein:
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R2 and R3 are each independently selected from the group consisting of hydrogen and

C1—6 alkyl; and

R4 is C1—5 alkyl,

comprising mixing:

i) a compound of Formula A:

R4
0/

NI / N

E
A

wherein R4 is as given above, ‘

ii) trimethylaluminum,

iii) a palladium catalyst, and

iv) an organic solvent,

to thereby make said compound of Formula B.

96. The process of claim 95, wherein said palladium catalyst is tetrakis—

(triphenylphosphine)palladium(0).

97. The process of claim 95 or claim 96, wherein said organic solvent is tetrahydrofuran or 2-

methyltetrahydrofuran.

98. The process of any of claims 95-97, wherein said mixing step is carried out for a time of

from 12 to 48 hours.

99. The process of any of claims 95—98, wherein said mixing step is carried out at a

temperature of from 20 to 110 °C.

100. The process of any of claims 95-99, further comprising the step of quenching the reaction

with water comprising a base.

101. The process of claim 100, wherein said base is sodium hydroxide.

83

Page 105 of 383



Page 106 of 383

WO 2013/123240 PCT/USZOl3/026204

l02. The process of any of claims 95—101, further comprising the step of treating said

compound of Formula B with a solution comprising hydrogen chloride and an alcohol to obtain

said compound of Formula B as a hydrochloride salt.

103. The process of claim 102, wherein said alcohol is selected from the group consisting of

methanol, ethanol, n—propanol, isopropyl alcohol, n—butanol, amyl alcohol, ethylene glycol,

propylene glycol, butyl carbitol acetate, glycerin and a combination thereof.

104. The process of claim 102, wherein said alcohol is isopropyl alcohol.

105. A process for making a compound of Formula B:

wherein:

R2 and R3 are each independently selected from the group consisting of hydrogen and

C1—6 alkyl; and

R4 is C1—6 alkyl;

comprising mixing:

i) a compound of Formula A:

R4
0/

0%
NfN

Cl

A

wherein R4 is as given above,

ii) a nickel catalyst,

iii) an alkylmagnesium halide, and

iv) an organic solvent,
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to thereby make said compound of Formula B.

106. The process of claim 105, wherein said nickel catalyst is selected from the group

consisting of: Ni(acaC)2, Ni(PPh3)2C12, or Ni(dppp)C12.

107. The process of claim 105, wherein said nickel catalyst is Ni(dppp)C12.

108. The process of any of claims 105—107, wherein said alkylmagnesium halide is methyl

magnesium chloride.

109. The process of any of claims 105-108, wherein said organic solvent is tetrahydrofuran or

2—methyltetrahydrofuran.

110. The process of any of Claims 105-109, wherein said mixing is carried out for a time of

from 6 to 36 hours.

11 1 . The process of any of claims 105-110, wherein said mixing is carried out at a temperature

of from 10 to 30 °C.

112. The process of any of claims 105-1] 1, further comprising the step of quenching the

reaction with water comprising an acid.

113. The process of claim 112, wherein said acid is citric acid.

114. The process of claim 112 or claim 113, further comprising the step of adding ammonium

hydroxide after said quenching step.

115. The process of any of claims 105-114, wherein said process further comprises reacting

the compound of Formula B with a solution comprising hydrogen chloride and an alcohol to

obtain said compound of Formula B as a hydrochloride salt.

116. The process of claim 115, wherein said alcohol is selected from the group consisting of

methanol, ethanol, n—propanol, isopropyl alcohol, n-butanol, amyl alcohol, ethylene glycol,

propylene glycol, butyl carbitol acetate, glycerin and a combination thereof.
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117. The process of claim 115, wherein said alcohol is isopropyl alcohol.

118. A process for making a compound of Formula VII:

Arx,“
OH

o

i oN / R2 VII
>—N
3

wherein Ar is phenyl, which phenyl may be unsubstituted, or substituted 1-3 times with

R

substituents independently selected from the group consisting of: halo, C1_6alkyl, C1.6alkoxy, and

lialoC1.6alkyl; and

R2 and R3 are each independently selected from the group consisting of: hydrogen,

C1—5alkyl, haloC1-6 alkyl, C1-6a11<0xy, and hydroxyCl-éalkyl,

comprising the steps of :

a) oxidizing a compound of Formula V:

AD,“
OH

O

N/\—$~R2 V

wherein Ar, R2 and R3 are as given above,

with a first oxidizing agent, to form an aldehyde of Formula VIII:

wherein Ar, R2 and R3 are as given above; and then

b) oxidizing the aldehyde of Formula VIII with a second oxidizing agent,

to thereby make said compound of Formula VII.
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119. The process of claim 118, wherein Ar is unsubstituted or substituted 1—3 times with a

halo independently selected from the group consisting of: chloro, fluoro, bromo, and iodo.

120. The process of claim 118 or claim 119, wherein R2 and R3 are each independently

selected from the group consisting of: hydrogen and Cl-Galkyl.

121. The process of any of claims 118—120, wherein the first oxidizing agent is sodium

hypochlorite.

122. The process of claim 121, wherein said oxidizing of step a) is catalyzed with an effective

amount of 2,2,6,6—tetramethylpiperidine 1-oxyl (TEMPO).

123. The process of any of claims 118—122, wherein the second oxidizing agent is sodium

chlorite.

124. The process of any of claims 118—122, wherein the first oxidizing agent and the second

oxidizing agent are the same.

125. The process of any of claims 118~122, wherein the first oxidizing agent and the second

oxidizing agent are different.

126. The process of any of claims 11 8-125, wherein said oxidizing of step a) and/or step b) is

carried out in an organic solvent selected from the group consisting of dichloromethane,

tetrahydrofuran, 2-methy1tetrahydrofuran, toluene, aeetonitrile, and ethyl acetate.

127. The process of claim 126, wherein said organic solvent is toluene.

128. A process for preparing a compound of Formula VII,

AD,“ OH
0

i oN / R2 VII
>—N
3R
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wherein Ar is phenyl, which phenyl may be unsubstituted, or substituted 1-3 times with

substituents independently selected from the group consisting of: halo, C1-6alkyl, C1_5alkoxy, and

lialoC1-6alkyl; and

R2 and R3 are each independently selected from the group consisting of: hydrogen,

C1~6alkyl, haloC1—5 alkyl, Cl—aalkoxy, and hydroxyCl—éalkyl,

comprising: oxidizing a compound of Formula V:

Alf/0‘
OH

O

NWRZ V

wherein Ar, R2 and R3 are as given above,

with sodium hypochlorite and sodium chlorite,

‘ to thereby make said compound of Formula VII.

129. The process of claim 128, wherein Ar is unsubstituted or substituted 1—3 times with a

halo independently selected from the group consisting of: chloro, fluoro, bromo, and iodo.

130. The process of claim 128 or claim 129, wherein R2 and R3 are each independcntly

selected from the group consisting of: hydrogen and Cl-galkyl.

131. t The process of any of claims 128-130, wherein said oxidizing with sodium hypochlorite

and sodium chlorite is carried out simultaneously.

132. The process of any of claims 128-131, wherein said oxidizing is catalyzed with an

effective amount of 2,2,6,6-tetramethylpipcridine l-oxyl (TEMPO).

133. A process for making a compound of Formula IX:
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wherein:

Ar is phenyl, which phcnyl may be unsubstituted, or substituted 1-3 times with

substituents independently selected from the group consisting of: halo, C1_5allcyl, C1-6alk0xy, and

haloC1_6all<yl;

R2 and R3 are each independently selected from the group consisting of: hydrogen,

C 1-6alkyl, haloC1—5 alkyl, Cl-Galkoxy, and hydroxyCl—Galkyl; and

A1" is a pyridine group:

\Sgl N\ R4
/ R5

R6

wherein:

R4 is selected from the group consisting of: hydrogen, halo, C1-6alkyl, Cl—Galkoxy,

and (Cl-6all<oxy)C1-6all<yl;

R5 is selected from the group consisting of: hydrogen, halo, C1-6alkyl, and haloCl—

galkyl; and

R6 is selected from the group consisting of: hydrogen, halo, C l-Galkyl, haloCl—

6alky1, Cl-galkoxy, (C 1—6alkoxy)C1—6all<yl, and cyano;

comprising the step of reacting a compound of Formula VII:

Arum OH
o

e; ON / R2 VII
>\‘N
3R

wherein Ar, R2 and R3 are as given above,

with a compound of Formula X:
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H2N |N\ R4
/ R5

R6

X

wherein R4, R5, and R6 are as given above,

said reacting carried out in an organic solvent in the presence of an organic amine and an amide

coupling agent,

to prepare said compound of Formula IX.

134. The process of claim 133, wherein Ar is unsubstituted or substituted 1-3 times with a

halo independently selected from the group consisting of: chloro, fluoro, bromo, and iodo.

135. The process of claim 133 or claim 134, wherein R2 and R3 are each independently

selected from the group consisting of: hydrogen and Cl-galkyl.

136. The process of any of claims l33~135, wherein said organic solvent is selected from the

group consisting of: N,N-dimethylformamide (DMF), MN-dimethylacetamide (DMA), N—

methyl—Z—pyrrolidone (NMP), acetone, toluene, acetonitrile, and dichloromethane.

’ 137. The process of any of claims 133-136, wherein said amide coupling agent is an alkyl

phosphonie anhydride.

138. The process of any of claims 133—136, wherein said amide coupling agent is a propyl

phosphonic anhydride.

139. The process of any of claims 133—136, wherein said amide coupling agent is tri-n—propyl

phosphonic anhydride.
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DESCRIPTION

COIVIPOSITIONS AND METHODS FOR TREATING INSOMNIA

FIELD OF THE INVENTION

[0001] The present invention is directed to compositions and methods for treating insomnia. The present

application claims priority on the basis of US Patent Application No. 62/067,443, filed in the United

States on, October 23, 2014, the contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] Orexin receptors are G-protein coupled receptors found predominately in the brain. Their

endogenous ligands, orexin-A and orexin-B, are expressed by neurons localized in the hypothalamus.

Orexin-A is a 33 amino acid peptide; orexin-B consists of 28 amino acids (Sakurai T. et al., Cell, 1998,

92 573-585). There are two subtypes of orexin receptors, orexin receptor 1 (hereinafter referred to as

OX1) and orexin receptor 2 (hereinafter referred to as OX2); OX1 binds orexin-A preferentially, while

OX2 binds both orexin-A and -B. Orexins stimulate food consumption in rats, and it has been suggested

that orexin signaling could play a role in a central feedback mechanism for regulating feeding behavior

(Sakurai et all, supra). It has also been observed that orexins control wake-sleep conditions (Chemelli

R.M. et al., Cell, 1999, 98, 437-451). Orexins may also play roles in brain changes associated with opioid

and nicotine dependence (S.L. Borgland et al., Neuron, 2006, 49, 598-601; C.J. Winrow et al.,

Neuropharmacology, 2010, 58, 185-194), and ethanol dependence (J.R. Shoblock et al.,

Psychopharmacology, 2011, 215, 191-203). Orexins have additionally been suggested to play a role in

some stress reactions (T. Ida et al., Biochem. Biophys. Res. Commun, 2000, 270, 318-323). Compound
such as

(111,2S)-2-(((2,4-dimethylpyrirnidin—5-yl)oxy)methyl)-2-(3 -fluorophenyl)—N-(5-fluoropyridin—2-yl)

cyclopropanecarboxamide (hereinafter referred to as Compound A) have been found to be potent orexin

receptor antagonists, and may be useful in the treatment of sleep disorders suchas insomnia, as well as

for other therapeutic uses.

[0003] The Formula of Compound A
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[0004] Regarding the hypnotic agent, when an active pharmaceutical ingredient (hereinafier referred to as

API) in a pharmaceutical formulation to be taken a once-a-night dosing is too high a dose, it has the

potential to cause the next-day residual sleepiness, while the single insufficient dose may cause the

patient to wake up during normal sleep period even if the patients are able to fall sleep with the hypnotic.

Therefore, it is difficult to set the proper dose with considering the sensitive balance between easy of

sleep onset and the avoidance of the residual sleepiness, as compared with the considering only the

balance between side effects and efficacy. Furthermore, even if the dose of a certain drug for insomnia,

the physiochemical properties of the API and the pharmacokinetic (hereinafter referred to as PK) profile

after administration of the drug were known, such information would not be applicable to other APls for

insomnia because it would be likely effected by a number of factors, including the mechanism of action,

the route of administration, the rate of absorption, the physiochemical property such as the solubility and

the stability in plasma or other factors of each API. Indeed, the relationship between the residual

sleepiness and the characteristics of the hypnotic agents is not always consistent (CNS Drugs 2004; 18

(5): 297—328). The relation between PK profile and the sleepiness effect such as the sleep onset or the

residual sleepiness has been unknown yet for compound A.

[0005] There exists a need in the art for more effective methods of treating insomnia to achieve rapid

sleep onset as well as sleep maintenance, throughout the sleep period, but avoid residual sleepiness and/or

the next-day impairment, comprising administrating orally a solid dosage form of a hypnotic agent.

Further, there exists a need in the art for a pharmaceutical composition comprising a hypnotic agent and

at least one pharmaceutically acceptable excipient for the treatment of insomnia to achieve rapid sleep

onset as well as sleep maintenance, throughout the sleep period, but avoid residual sleepiness and/orm§,

next—day impairment.

SUMMARY OF THE INVENTION

[0006] It is an object of the present invention to provide methods of treating insomnia comprising

administrating orally a solid dosage form of the drug compound A.
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[0007] It is further an object of the present invention to provide a pharmaceutical composition,

comprising a therapeutically effective amount ofcompound A

[0008] In certain embodiments, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single daily dose ranging fiom about 1 mg to about 15 mg.

[0009] In certain embodiments, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single daily dose rangingfiom about 2 mg to about 15 mg.

[0010] In certain embodiments, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single daily dose ranging fiom about 2 mg to about 10 mg.

[001 1] In certain embodiments, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single daily dose chosen from about 2, 2.5, 4, 5, 8, 10, or 15 mg.

[0012] In certain embodiment, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single daily dose providing a mean maximum plasma concentration

(Cmax) of from about 3.0 ng/ml to about 7.2 ng/ml for each 1 mg of compound A, afier single dose

administration to human subjects.

[0013] In certain embodiment, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single daily dose ranging fi‘om about 1 mg to about 15 mg, and

wherein said single daily dose achieves a mean maximum plasma concentration (Cmax) of from about 3.0

ng/ml to about 7.2 ng/ml for each 1 mg of compound A, afier single dose administration to human

subjects.

[0014] In certain embodiment, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single 1 mg daily dose, and wherein said single dose achieves a mean
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maximum plasma concentration (Cmax) within the range of about 80% to about 125% of 5.3 ng/ml, after

single dose administration to human subjects.

[0015] In certain embodiment, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single 2.5 mg daily dose, and wherein said single daily dose achieves a

mean maximum plasma concentration (Cmax) within the range of about 80% to about 125% of 16 ng/ml,

. after single dose administration to human subjects.

[0016] In certain embodiment, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single 5 mg daily dose, and wherein said single daily dose achieves a

mean maximum. plasma concentration (Cmax) of within the range of about 80% to about 125% of 23

ng/ml, after single dose administration to human subjects.

[0017] In certain embodiment, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single 10 mg daily dose, and wherein said single daily dose achieves a

mean maximum plasma concentration (Cmax) within the range of about 80% to about 125% of 36 ng/ml,

after single dose administration to human subjects.

[0018] In further embodiments, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single daily dose to achieve a mean AUC(0-24) of from about 15.9

ng*hr/ml to about 23.8 ng*hr/ml for each 1 mg of compound A, after single dose administration to human

subjects.

[0019] In further embodiments, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single 1 mg daily dose, and wherein said single daily dose achieves a

mean AUC(O-24) within the range of about 80% to about 125% of 17 ng*hr/ml, after single dose

administration to human subjects.

[0020] In further embodiments, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single 2.5 mg daily dose, and wherein said single daily dose achieves a
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mean AUC(0-24) within the range of about 80% to about 125% of 57 ng*hr/ml, after single dose

administration to human subjects.

[0021] In further embodiments, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single 5 mg daily dose, and wherein said single daily dose achieves a

mean AUC(0-24) within the range of about 80% to about 125% of 95 ng*hr/ml, after single dose

administration to human subjects.

[0022] In further embodiments, the present invention to providc methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single 10 mg daily dose, and wherein said single daily dose achieves a

mean AUC(0-24) within the range of about 80% to about 125% of 159 ng*hr/ml, after single dose

administration to human subjects.

[0023] In further embodiments, thepresent invention to provide methods of treating insomnia, comprises
administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single daily dose to achieve a mean AUC(O-t) of fi'om about 19.1

ng*hr/ml to about 51.1 ng*hr/ml for each 1 mg of compound A, afier single dose administration to human

, subjects.

[0024] In further embodiments, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single 1 mg daily dose, and wherein said single daily dose achieves a

mean AUC(O-t) within the range of about 80% to about 125% of 19 ng*hr/ml, after single dose

administration to human subjects.

[0025] In further embodiments, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single 2.5 mg daily dose, and wherein said single daily dose achieves a

mean AUC(O-t) within the range of about 80% to about 125% of 80 ng*hr/ml, after single dose

administration to human subjects.

[0026] In further embodiments, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single 5 mg daily dose, and wherein said single daily dose achieves a
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mean AUC(O-t) within the range of about 80% to about 125% of 128 ng*hr/ml, after single dose

administration to human subjects.

[0027] In further embodiments, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single 10 mg daily dose, and wherein said single daily dose achieves a

mean AUC(O-t) within the range of about 80% to about 125% of 284 ng*hr/ml, after single dose

administration to human subjects.

[0028] In further embodiments, the present invention to provide methods of treating insonmia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single daily dose to achieve a mean AUC(O-inf) of from about 19.8

ng*hr/ml to about 53.1 ng*hr/ml for each 1 mg of compound A, after single dose administration to human

subjects.

[0029] In further embodiments, the present invention to provide methods of treating insomnia, comprises

' administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single 1 mg daily dose, and wherein said single daily dose achieves a

mean AUC(O-int) within the range of about 80% to about 125% of 20 ng*hr/ml, after single dose

administration to human subjects.

[0030] In further embodiments, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single 2.5 mg daily dose, and wherein said single daily dose achieves a

mean AUC(O-inf) within the range of about 80% to about 125% of 80 ng*hr/ml, after single dose

administration to human subjects.

[0031] In further embodiments, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount ofcompound A, wherein said

therapeutically effective amount is single 5 mg daily dose, and wherein said single daily dose achieves a

mean AUC(O-ini) Within the range of about 80% to aboUt 125% of 149 ng*hr/ml, afier single dose

administration to human subjects.

[0032] In further embodiments, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single 10 mg daily dose, and wherein said single daily dose achieves a

Page 122 of 383



Page 123 of 383

WO 2016/063995 PCT/JP2015/080304

mean AUC(0-inf) within the range of about 80% to about 125% of 311 ng*hr/ml, after single dose

administration to human subjects.

[0033] In certain embodiments, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single daily dose ranging from about 1 mg to about 15 mg, and

wherein said single daily dose provides a mean plasma compound A concentration of about 20 rig/ml or

less at from 8 to 10 hours after single dose administration to human subjects.

[0034] In another embodiment, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharmaceutically

acceptable excipient, wherein said therapeutically effective amount is single daily dose ranging from

about 1 mg to about 15 mg.

[0035] In another embodiment, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharmaceutically

acceptable excipient, wherein said therapeutically effective amount is single daily dose to achieve a mean

maximum plasma concentration (Cmax) of from about 3.0 ng/ml to about 7.2 ng/ml for each 1 mg of the

drug, afier single dose administration to human subjects.

[0036] In another embodiment, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharmaceutically

acceptable excipient, wherein said therapeutically effective amount is single 1 mg daily dose, and wherein

said single daily dose achieves a mean maximum plasma concentration (Cmax) within the range of about

80% to about 125% of 5.3 ng/ml, after single dose administration to human subjects.

[0037] In another embodiment, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharmaceutically

acceptable excipient, wherein said therapeutically effective amount is single 2.5 mg daily dose, and

wherein said single daily dose achieves a mean maximum plasma concentration (Cmax) within the range

of about 80% to about 125% of 16 ng/ml, after single dose administration to human subjects.

[0038] In another embodiment, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharmaceutically

acceptable excipient, wherein said therapeutically effective amount is single 5 mg daily dose, and wherein

said single daily dose achieves a mean maximum plasma concentration (Cmax) within the range of about
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80% to about 125% of 23 ng/ml, after single dose administration to human subjects

[0039] In another embodiment, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharmaceutically

acceptable excipient, wherein said therapeutically effective amount is single 10 mg daily dose, and

wherein said single daily dose achieves a mean maximum plasma concentration (Cmax) within the range

ofabout 80% to about 125% of 36 ng/ml, after single dose administration to human subjects.

[0040] In further embodiments, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharmaceutically

acceptable excipient, wherein said therapeutically effective amount is single daily dose providing a mean

AUC(0-24) of fiom about 15.9 ng*hr/m1 to about 23.8 ng*hr/m1 for each 1 mg of the drug, after single

dose administration to human subjects.

[0041] In further embodiments, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharmaceutically

acceptable excipient, wherein said therapeutically effective amount is single 1 mg daily dose, and wherein

said single daily dose achieves a mean AUC(O—24) within the range of about 80% to about 125% of 17

ng*hr/ml, after single dose administration to human subjects.

[0042] In further embodiments, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharrnaceutieally

acceptable excipient, wherein said therapeutically effective amount is single 2.5 mg daily dose, and

wherein said single daily dose achieves a mean AUC(0—24) within the range of about 80% to about 125% .

of 57 ng*hr/ml, after single dose administration to human subjects.

[0043] In further embodiments, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one phannaceutically

acceptable excipient, wherein said therapeutically effective amount is single 5 mg daily dose, and wherein

said single daily dose achieves a mean AUC(O—24) within the range of about 80% to about 125% of 95

ng*hr/ml, after single dose administration to human subjects.

[0044] In further embodiments, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharmac'eutically

acceptable excipient, wherein said therapeutically effective amount is single 10 mg daily dose, and

wherein said single daily dose achieves a mean AUC(0-24) within the range of about 80% to about 125%
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of 159ng*hr/ml, after single dose administration to human subjects.

[0045] In further embodiments, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharmaceutically

acceptable excipient, wherein said therapeutically effective amount is single daily dose providing a mean

AUC(O-t) of from about 19.1 ng*hr/m1 to about 51.1 ng*hr/ml for each 1 mg of the drug, after single dose

administration to human subjects.

[0046] In fiirther embodiments, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharmaceutically

acceptable excipient, wherein said therapeutically effective amount is single 1 mg daily dose, and wherein

said single daily dose achieves a mean AUC(O-t) within the range of about 80% to about 125% of 19

ng*hI/ml, after single dose administration to human subjects.

[0047] In further embodiments, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharmaceutically

acceptable excipient, wherein said therapeutically effective amount is single 2.5 mg daily dose, and

wherein. said single daily dose achieves a mean AUC(O-t) within the range of about 80% to about 125%

of 80 ng*hr/ml, after single dose administration to human subjects.

[0048] In further embodiments, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharmaceutically

acceptable excipient, wherein said therapeutically effective amount is single 5 mg daily dose, and wherein

said single daily dose achieves a mean AUC(O-t) within the range of about 80% to about 125% of 128

ng*hr/ml, afier single dose administration to human subjects.

[0049] In fiu'ther embodiments, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharmaceutically

acceptable excipient, wherein said therapeutically effective amount is single 10 mg daily dose, and

wherein said single daily dose achieves a mean AUC(O-t) within the range of about 80% to about 125%

of284 ng*hr/ml, afier single dose administration to human subjects.

[0050] In further embodiments, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharmaceutically

acceptable excipient, wherein said therapeutically effective amount is single daily dose providing a mean

AUC(O-inf) of from about 19.8 ng*hr/ml to about 53.1 ng*hr/ml for each 1 mg of the drug, after single
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dose administration to human subjects.

[0051] In further embodiments, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharmaceutically

acceptable excipient, wherein said therapeutically effective amount is single 1 mg daily dose, and wherein

said single daily dose achieves a mean AUC(0-inf) within the range of about 80% to about 125% of 20

ng*hr/ml, after single dose administration to human subjects.

[0052] In further embodiments, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharmaceutically

acceptable excipient, wherein said therapeutically effective amount is single 2.5 mg daily dose, and

wherein said single daily dose achieves a mean AUC(O-ini) within the range of about 80% to about 125%

of 80 ng*hr/ml, after single dose administration to human subjects.

[0053] In further embodiments, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharmaceutically

acceptable excipient, wherein said therapeutically effective amount is single 5 mg daily dose, and wherein

said single daily dose achieves a mean AUC(0-int) within the range of about 80% to about 125% of 149

ng*hr/ml, after single dose administration to human subjects.

[0054] In further embodiments, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharmaceutically

acceptable exeipient, wherein said therapeutically effective amount is single 10 mg daily dose, and

wherein said single daily dose achieves a mean AUC(O-inf) within the range ofabout 80% to about 125%

of 3 ll ng*hr/Inl, after single dose administration to human subjects.

[0055] In certain embodiments, the present invention to provide an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharmaceutically

acceptable excipient, wherein said therapeutically effective amount is single daily dose ranging from

about 1 mg to about 15 mg, and wherein said single daily dose provides a mean plasma compound A

concentration of about 20 ng/ml or less at from 8 to 10 hours after single dose administration to human

subjects.

[0056] In certain embodiments, the present invention is directed to an oral pharmaceutical dosage form

comprising a pharmaceutically acceptable excipient and an effective amount of compound A for treating

insomnia, the dosage form providing an dissolution rate of 85 % or more in dissolution medium (0.1

10
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mol/L hydrochloric acid containing 0.5% polysorbate 80, 900 mL, 37 i 05°C) within 30 minutes fi‘om

the onset of dissolution study using the Apparatus 2 (Paddle Apparatus, paddle speed; 75 rpm) according

to the procedure for immediate-release dosage form in 6.10 Dissolution test of JP16 or <711> Dissolution

of USP37.

[0057] In certain embodiments, the present invention is directed to an oral pharmaceutical dosage form

comprising a pharmaceutically acceptable excipient and an effective amount of compound A for treating

insomnia, the dosage form providing an dissolution rate of 85 % or more in dissolution medium (0.1

mol/L hydrochloric acid, 900 mL, 37 i 0.5°C) within 15 minutes from the onset of dissolution study

using the Apparatus 2 (Paddle Apparatus, paddle speed; 50 rpm) according to the procedure for

immediate-release dosage form in 6.10 Dissolution test of JP16 or <71 1> Dissolution of USP37.

[0058] In certain embodiments, the present invention is directed to an oral pharmaceutical dosage form

comprising lactose as pharmaceutically acceptable excipient.

[0059] In certain embodiments, the present invention is directed to an oral pharmaceutical dosage form

comprising low-substituted hydroxypropyl cellulose as pharmaceutically acceptable excipient.

[0060] In certain embodiments, the present invention is directed to an oral pharmaceutical dosage form

comprising lactose and low-substituted hydroxypropyl cellulose as pharmaceutically acceptable excipient.

[0061] The method according to the present invention has a potential use of the treatment of insomnia

with easy of sleepiness onset, but the avoidance of residual sleepiness and/or the next-day impairment.

[0062] The pharmaceutical composition according to the present invention has a potential use of an oral

solid dosage for the treatment of insomnia.

DETAILED DESCRIPTION

I. Definitions

[0063] In order the invention described herein may be more fully understood, the following definitions

are provided for the purposes of the disclosure:

[0064] The term “effective amount” means an amount of drug of compound A that is capable of

achieving a therapeutic effect in a human subjective in need thereof.

[0065]The term “drug of compound A” shall mean (1R, 28)-2-(((2,4-dirnetylpyrimidin—5-yl)oxy)
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methy1)-2-(3-fluorophenyl)-N-(5-fluoropyridin-2-yl)cyclopropanecarboxamide or a pharrnaceutically

acceptable salt, hydrate, solvate, polymorph, free-base or any combination thereof.

[0066] The term “human subject” shall mean a normal healthy male or female volunteers and/or any

individual that presents with clinical signs and symptoms of insomnia or any disease or disorder that
causes insomnia.

[0067] The term "insomnia" as used herein shall mean all of the description as delineated in the

Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (2013) (hereafier referred to as

DSM-V), published by the American Psychiatric Association. The DSM-V lists the diagnostic criteria for

insomnia as follows: i

A. A predominant complaint is dissatisfaction with sleep quantity or quality, associated with one (or

more) of the following symptoms:

1. Difficulty initiating sleep. (In children, this may manifest as difficulty initiating sleep without

caregiver intervention.)

2. Difficulty maintaining sleep, characterized by frequent awakenings or problems returning to sleep

after awakenings. (In children, this may manifest as difficulty returning to sleep without caregiver

intervention.) 0

3. Early-moming awakening with inability to return to sleep.

B. The sleep disturbance causes clinically significant distress or impairment in social, occupational,

educational, academic, behavioral, or other important areas of functioning.

C. The sleep difficulty occurs at least 3 nights per week

D. The sleep difficulty is present for at least 3 months.

E. The sleep difficulty occurs despite adequate opportunity for sleep.

F. The insomnia is not better explained by and does not occur exclusively during the course of another

sleep-wake disorder (e.g, narcolepsy, breathing-related sleep disorder, circadian rhythm sleep-wake

disorder, a parasonmia.).

G. The insomnia is not attributable to the physiological effects ofa substance (e.g, a drug of abuse, a
medication).

H. Coexisting mental disorders and medical conditions do not adequately explain the predominant

complaint of insomnia.

[0068] Insomnia shall mean a sleep disorder characterized by symptoms including, without limitation,

difficulty in falling asleep, difficulty in staying asleep, intermittent wakefulness, and/or waking up too

early. The term also encompasses daytime symptoms such as sleepiness, anxiety, impaired concentration,

impaired memory, and irritability. Types of insomnia suitable for treatment with the compositions of the
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present invention include, without limitation, short-term, and chronic insomnia. The term “short—term

insomnia” refers to insomnia lasting for about two to about four weeks. The term “chronic insomnia”

refers to insomnia lasting for at least one month or longer.

[0069] The expression “bioequivalent” or “bioequivalenee” is a term of art and is intended to be defined

in accordance with Approved Drug Products with Therapeutic Equivalence Evaluations, 34th Edition,

which is published by the US Department ofHealth and Human Services, and is commonly known as the

“Orange Book”. Bioequivalence of different formulation of the same drug substance involves equivalence

with respect to the rate and extent of drug absorption. The extent and rate of absorption of the test

formulation is compared to a reference formulation in order to determine whether the two formulations

are bioequivalent. The standard bioequivalence study is conducted in crossover fashion by extensive

testing which includes administering single doses of the test and reference drugs to a number of

volunteers, usually 12 to 24 healthy normal adults, and then measuring the blood or plasma levels of the

drug over time. Detailed guidelines for establishing the bioequivalence of a formulation with a reference

formulation have been published by the FDA Office of Generic Drugs, Division ofBioequivalence.

[0070] Two formulations whose PK parameters such as Cmax, AUC, or Tmax differ by -20%/+25% or
less are generally considered to be “bioequivalent”. Another approach for average bioequivalence

involves the calculation of a 90% confidence interval for the ratio of the averages (population geometric

means) of the measures for the test and reference products. To establish BE, the calculated confidence

interval should fall within usually 80-125% for the ratio of the product averages. In addition to this

general approach, the others approach, including ( 1) logarithmic transformation of pharmacokinetic data,

(2) methods to evaluate sequence effects and (3) methods to evaluate outlier data, may be useful for the

establishment of bioequivalence. For example, in the above (1) the confidence interval should fall ‘within ,

usually 80-125% for the difference in the mean value of the logarithmic converted PK parameter.

[0071] The term "sleep time" refers to the time that a subject spends sleeping. Sleep time can be

continuous or discontinuous.

[0072] "Sleep efficiency" refers to the total sleep time a subject receives during their time in bed. Sleep

efficiency is measured by the following equation: 100*(total sleep time (TST)/total time in bed).

[0073] The phrase "residual sleepiness" refers to a patient's subjective feeling of sleepiness or sedation

upon awakening, usually in the next morning afler administration the hypnotic on the evening before.

“The next-day impairment” refers to a patient’s behavior to impair activities that require alertness,

including driving, which occurs when they are awake in the next morning, but levels of the insomnia
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medicine in their blood remain high enough. The Karolinska sleepiness scale (KSS) is one of a number of

tools used for evaluating subjective sleepiness. The KSS was originally developed to constitute a

one-dimensional scale of sleepiness and was validated against alpha and theta electroencephalographic

(EEG) activity as well as slow eye movement electrooculographic (BOG) activity (Akerstedt and Gillberg,

1990). Other subjective tests for evaluating residual sleepiness or the next day impairment effect include a

Epworth Sleepiness Scale (ESS), 3 Stanford Sleepiness Scale (SSS), and a Sleep-Wake Activity Inventory

(SWAI). Their effects also can be evaluated using one or more of a number of tests to human subjects by

those of skill in the art to explore their memory, their attention, information processing and psychomotor

performance, including, for example, a Digit Symbol Substitution Test (DSST), a Psychomotor Vigilance

Test (PVT), a Choice Reaction Time test (CRT), a Sleep Latency Test (SLT), a Visual Analog Test

(VAT), a Symbol Copying Test (SCT), a Critical Flicker Fusion threshold test (CFF), a Simple Reaction

time test (visual or auditory; SRT), a Word Learning Test (WLT), a Critical Tracking Test (CTT), a

Divided Attention Test (DAT), a digit or letter cancellation test, sleep staging through polysomnographic

(PSG) measurements, Continuous Performance Task~test (CPT), Multiple Sleep Latency Test (MSLT), a

Rapid Visual Information Processing test (RVIP) and others.

[0074] The term "dosage form(s)" or "pharmaceutical dosage form(s)" shall mean the means to administer

the drug substance (active pharmaceutical ingredient (API)), or to facilitate dosing, administration, and

delivery of the medicine to the patient and other mammals. Dosage forms are classified in terms of

administration routes and application sites, including, for example, oral, topical, rectal, vaginal,

intravenous, subcutaneous, intramuscular, ophthalmic, nasal, otic. and inhalation administration.

Alternatively, dosage forms are classified in terms of physical form such as solid, semi-solid or liquid.

Furthermore, dosage forms are subdivided based on their form, functions and characteristics, including,

without limited, tablet, capsule or injection as described in monograph of Japanese Pharmacopoeia 16

edition (JP16) or General Chapter <1151> Pharmaceutical Dosage Forms of US Pharmacopoeia-NF

(37)(USP37).

[0075] The terms "excipient" shall mean a typically inactive ingredient used as a vehicle (for example,

water, capsule shell etc.), a diluent, or a component to constitute a dosage form or. pharmaceutical

composition comprising a drug such as a therapeutic agent. The term also encompasses a typically

inactive ingredient that imparts cohesive function (i.e. binder), disintegrating function (i.e. disintegrator),

lubricant function (lubricating agent), and/or the other function (i.e. solvent, surfactant etc.) to the

composition.

[0076] The term “a mean” refers to a geometric mean. The pharmacokinetic parameters such as “a mean

Cmax” or “a mean AUC” refers to the geometric mean value ofa Cmax or an AUG.
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[0077] The list of the abbreviations and definitions of the terms used in this application is presented the

following.

AUC: Area under the plasma concentration-time curve

AUC(O-x): Area under the plasma concentration-time curve from time zero to x hours after dosing

AUC(O-t): Area under the plasma concentration-time curve from time zero, to time of last quantifiable

concentration

AUC(O-inf): Area under the plasma concentration-time curve from time ‘zero to infinity
ANCOVA: Analysis of covariance

CI: Confidence interval

Cmax: Maximum drug concentration

Cx: plasma concentration at x hours after dosing

CV: Coefficient of variation

DSST: Digit Symbol Substitution Test

ECG: Electrocardiogram ‘

EEG: Electroencephalogram

EMG: Electromyogram

EOG: Electrooculogram

KSS: Karolinska Sleepiness Scale

LC-MS/MS: Lipid chromatography-mass spectrometry/mass spectrometry

LPS: Latency to persistent sleep, Duration of time measured from lights off to the first 30 seconds of PSG

recording (epoch) of 20 consecutive epochs ofnon-wake

LS: Least square

MAD: Multiple ascending dose

MTD: Maximum tolerated dose

PD: Pharmacodynamics

PK: Pharmacokinetic(s)

PSG: Polysomnogram, polysomnography

PVT: Psychomotor Vigilance Test

REM: Rapid eye movement

RT: Reaction time

SE: Sleep efficiency, TST divided by the time in bed (min) multiplied by 100

SAD: Single ascending dose

SD: Standard deviation

tl/2: Terminal elimination half-life
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tmax: Time to reach maximum (peak) concentration following drug administration

TST: Total sleep time. Duration of rapid eye movement (REM) + non-REM (NREM) sleep during Time

in Bed (TIB)

WASO: Wake after sleep onset, Duration of wakefulness fi'om onset ofpersistent sleep (LPS) to lights-on

BRIEF DESCRIPTION OF THE FIGURES

[0078] Fig.1 shows Dissolution Profiles of compound A 1 mg and 50 mg Capsules

[0079] Fig.2 shows Dissolution Profiles of compound A 1 mg, 2.5 mg, 5 mg, 10 mg and 25 mg Tablets

[0080] Fig.3 shows Comparative Dissolution Profiles between Compound A Capsules and Tablets

Obtained in Condition I

H. Description of the Embodiments

[0081] In certain embodiments, the present invention is directed to a method of treating insomnia,

comprising orally administering a single daily dose of compound A in an amount from about 1 mg to

about 15mg, and wherein said‘single dose provides easy sleep onset, but avoids residual sleepiness

and/or the next-day impairment.

[0082] In certain embodiments, the present invention is directed to a method of treating insomnia,

comprising orally administering a single daily dose of compound A in an amount from about 1 mg to

about 15 mg to achieve a mean maximum plasma concentration (Cmax) of from about 3.0 ng/ml to about

108 ng/ml. Administration of the single daily dose achieves a mean AUC(0-24) of from about 15.9

ng*hr/ml to about 356.4 ng*hr/m1; a mean AUC(O-t) of from about 19.1 ng*hr/n11 to about 766.5

ng*hr/ml; a mean AUC(O-int) of from about 19.8 ng*hr/ml to about 796.5 ng*hr/ml; a mean t1/2 of from

about 12.7 to about 60 hours; and a mean time to reach maximum plasma concentration (tmax) from

about 1 to about 3.25 hours are achieved.

[0083] In another embodiment, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single daily dose to achieve a mean maximum plasma concentration

(Cmax) of from about 3.0 ng/ml to about 7.2 ng/ml for each 1 mg of compound A. Administration of the

single daily dose achieves a mean AUC(O-24) of from about 15.9 ng*hr/ml to about 23.8 ng*hr/ml for

each 1 mg of compound A; a mean AUC(O-t) of from about 19.1 ng*hr/ml to about 51.1 ng*hr/ml for

each 1 mg of compound A; a mean AUC(O-inf) of fi‘om about 19.8 ng*hr/ml to about 53.1 ng*hr/ml for

each 1 mg of compound A are achieved.
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[0084] When a single 1 mg daily dose of compound A is administered to a human subject, a mean

maximum plasma concentration (Cmax) of about 5.3 ng/ml; a mean AUC(0-24) ofabout 17.2 ng*hr/ml; a

mean AUC(O-t) of about 19.1 ng*hr/ml; a mean AUC(O—inf) of about 19.8 ng*hr/m1 ; a mean t1/2 of

about 12.7 hours; and a mean time to maximum plasma concentration (tmax) of about 1 hours are

achieved.

[0085] When a single 2.5 mg daily dose of compound A is administered to a human subject, a mean

maximum plasma concentration (Cmax) of from about 10 ng/ml to about 18 ng/ml; a mean AUC(0-24) of

about 57 ng*hI/ml to about 60 ng*hr/ml; a mean AUC(O-t) of from about 80 ng*hr/m1 to about 95

ng*hr/m1; a mean AUC(O-inf) of from about 80 ng*hr/ml to about 103 ng*hr/ml; a mean t1/2 of from

about 30 to about 37 hours; and a mean time to maximum plasma concentration (tmax) of from about 1 to

2 hours are achieved.

[0086] When a single 5 mg daily dose of compound A is administered to a human subject, a mean

maximum plasma concentration (Cmax) of from about 19 ng/ml to about 23 ng/ml; a mean AUC(0-24) of

from about 95 ng*hr/ml to about 110 ng*hr/ml; a mean AUC(O-t) of about 128 ng*hr/ml; a mean

AUC(0—int) of about 150 ng*hr/ml; a mean t1/2 of about 31 hours; and a mean time to maximum plasma

concentration (tmax) of from about 1 to about 2 are achieved.

[0087] When a single 10 mg daily dose of compound A is administered to a human subject, a mean

maximum plasma concentration (Cmax) of from about 30 ng/ml to about 58 ng/ml,; a mean AUC(0-24)

of from about 160 ng*hr/ml to about 190 ng*hr/ml; a mean AUC(O-t) of from about 280ng*hr/ml to

about 510 ng*hr/ml; a mean AUC(O-int) of from about 310 ng*hr/m1 to about 530 ng*hr/ml; a mean t1/2

of fiom about 56 to about 60 hours; and a mean time to maximum plasma concentration (tmax) of from

about 1 to about 3.25 hours are achieved.

[0088] in certain embodiment, when a single 1 mg daily dose of compound A is administered to a human

subject, (1) a mean maximum plasma concentration (Cmax) within the range of about 80% to about 125%

of 5.3 ng/ml; (2) a mean AUC(0-24) within the range of about 80% to about 125% of 17 ng*hr/ml;(3) a

mean_AUC(0-t) within the range of about 80% to about 125% of 19 ng*hr/ml; (4) a mean AUC(O-inf)

within the range of about 80% to about 125% of 19 ng*hr/m1 ; and/or (5) a mean time to maxirnum

plasma concentration (tmax) within the range of about 80% to about 125% of 1.0 hour is/are achieved.

[0089] In another embodiment, when a single 2.5 mg daily dose of compound A is administered to a

human subject, (1) a mean maximum plasma concentration (Cmax) within the range of about 80% to
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about 125% of 16 ng/ml; (2) a mean AUC(0-24) within the range of about 80% to about 125% of 57

ng*hr/ml; (3) a mean AUC(O-t) within the range of about 80% to about 125% of 80 ng*hI/ml; (4) a mean

AUC(O-int) within the range of about 80% to about 125% of 80 ng*hr/ml ; and/or (5) a mean time to

maximum plasma concentration (tmax) within the range of about 80% to about 125% of 1.0 hour is/are

achieved.

[0090] In another embodiment, when a single 5 mg daily dose of compound A is administered to a human

subject, (1) a mean maximum plasma concentration (Cmax) within the range of about 80% to about 125%

of 23 ng/ml; (2) a mean AUC(0—24) within the range of about 80% to about 125% of 95 ng*hr/ml; (3) a

mean AUC(O-t) within the range of about 80% to about 125% of 128 n'g*hr/ml; (4) a mean AUC(O-inf)

within the range of about 80% to about 125% of 149 ng*hr/ml ; and/or (5) a mean time to maximum

plasma concentration (tmax) within the range of about 80% to about 125% of 1.6 hours is/are achieved.

[0091] In another embodiment, when a single 10 mg daily dose of compound A is administered to a

human subject, (1) a mean maximum plasma concentration (Cmax) within the range of about 80% to

about 125% of 36 ng/ml; (2) a mean AUC(0-24) within the range of about 80% to about 125% of 159

ng*hr/ml; (3) a mean AUC(O-t) within the range of about 80% to about 125% of 284 ng*hr/ml; (4) a

mean AUC(O-ini) within the range of about 80% to about 125% of 311 ng*hr/ml ; and/or (5) a mean time

to maximum plasma concentration (tmax) within the range of about 80% to about 125% of 1.0 hour is/are

achieved.

[0092] In certain embodiments, when a single 2.5 mg daily dose is administered over a period ofabout 14

days, a mean maximum plasma concentration (Cmax) ofabout 15 ng/ml; a mean AUC(0-24) of about 120

ng*hr/ml; a mean t1/2 of about 44 hours; and a mean time to maximum plasma concentration (tmax) of

about 2 hours are achieved.

[0093] In certain embodiments, when a single 5 mg daily dose is administered over a period of about 14

days, a mean maximum plasma concentration (Cmax) of about 24 rig/ml; a mean AUC(0-24) of about 190

ng*hr/ml; a mean t1/2 of about 46 hours; and a mean time to maximum plasma concentration (tmax) of

about 1 hour are achieved.

[0094] In certain embodiments, when a single 10 mg daily dose is administered over a period of about 14

days, a mean maximum plasma concentration (Cmax) of about 47 ng/ml; a mean AUC(0-24) of about 360

ng*hr/ml; a mean t1/2 of about 55 hours; and a mean time to maximum plasma concentration (tmax) of

about 2 hours are achieved.
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[0095] In certain embodiments, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single daily dose to provide a mean plasma compound A concentration

ofabout 20 ng/ml or less, at from 8 to 10 hours after single dose administration to human subjects.

[0096] In certain embodiments, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single daily dose to provide a mean plasma compound A concentration

of about 18 ng/ml or less, at from 8 to 10 hours after single dose administration to human subjects.

[0097] In certain embodiments, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single daily dose to provide a mean plasma compound A concentration

of about 15 ng/ml or less, at from 8 to 10 hours after single dose administration to human subjects.

[0098] In certain embodiments, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount ofcompound A, wherein said

therapeutically effective amount is single daily dose to provide a mean plasma compound A concentration

of about 9.0 ng/ml or less, at from 8 to 10 hours after single dose administration to human subjects.

[0099] In certain embodiments, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single daily dose to achieve a mean plasma compound A concentration

of from about 0.4 ng/ml to about 9.0 ng/ml, at from 8 to 10 hours after single dose administration to

human subjects.

[0100] In certain embodiments, the present invention to provide methods of treating insomnia, comprises

administrating orally a dosage form with a therapeutically effective amount of compound A, wherein said

therapeutically effective amount is single daily dose ranging from about 2.5 mg to about 10 mg, and

wherein said single daily dose achieves a mean plasma compound A concentration of from about 1.8 ng

/ml to about 9.0 ng /ml at 8 hours, or from about 1.5 ng /ml to about 5.0 ng /ml at 9 hours, or from about

2.0 ng /ml to about 8.0 ng /ml at 10 hours, afier single dose administration to human subjects.

[0101] In certain embodiments, the present invention provides an oral dosage form for treating insomnia,

comprising therapeutically effective amount of compound A and at least one pharmaceutically acceptable

excipient, wherein said therapeutically effective amount is a single dose ranging from about 1 mg to about
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15 mg, and wherein said single dose provides easy sleep onset, but avoids residual sleepiness and/or the

next-day impairment.

[0102] The dosage form of the present invention achieves: 1) a mean maximum plasma concentration

(Cmax) of from about 3.0 rig/m1 to about 108 ng/ml ; 2) a mean AUC(0-24) of from about 15.9 ng*hr/ml

to about 356.4 ng*hr/m1; 3) a mean t1/2 of from about 12.7 to about 60 hours; and 4) a mean time to

maximum plasma concentration (tmax) of from about 1 to about 3.25 hours, after single dose

administration to a human subjects.

[0103] In certain embodiments, the dosage form provides a mean maximum plasma concentration (Cmax)

of from about 3.0 ng/ml to about 7.2 ng/ml for each 1 mg of compound A, after single dose

administration to human subjects.

[0104] In certain embodiments, the dosage form comprises 1 mg of compound A and provides a mean

maximum plasma concentration (Cmax) of about 5.3 ng/ml afier single dose administration to human

subj ect.

[0105] In certain embodiments, the dosage form comprises 2.5 mg of compound A and provides a mean

maximum plasma concentration (Cmax) of from about 10 ng/ml to about 18 ng/ml after single dose

administration to human subject.

[0106] In certain embodiments, the dosagevform comprises 5 mg of compound A and provides a mean

maximum plasma concentration (Cmax) of from about 19 ng/ml to about 23 ng/ml after single dose

administration to human subject.

[0107] In certain embodiments, the dosage form comprises 10 mg of compound A and provides a mean

maximum plasma concentration (Cmax) of from about 30 ng/ml to about 58 ng/ml afier single dose

administration to human subject.

[0108] In certain embodiments, the dosage form provides a mean AUC(0-24) of from about 15.9

ng*hr/ml to about 23.8 ng*hr/ml for each 1 mg of compound A, after single dose administration to human

subjects.

[0109] In certain embodiments, the dosage form comprises 1 mg of compound A and provides a mean

AUC(0-24) of about 17 ng*hr/ml, after single dose administration'to human subjects.

20

Page 136 of 383



Page 137 of 383

WO 2016/063995 _ PCT/JP2015/080304

[0110] In certain embodiments, the dosage form comprises 2.5 mg of compound A and provides a mean

AUC(O-24) of about 57 ng*hr/ml to about 60 ng*hr/ml, after single dose administration to human

subjects.

[0111] In certain embodiinents, the dosage form comprises 5 mg of compormd A and provides a mean

AUC(0-24) of about 95 ng*hr/m1 to about 110 ng*hr/ml, afler single dose administration to human

subjects.

[0112] In certain embodiments, the dosage form comprises 10 mg of compound A and provides a mean

AUC(0-24) of about 160 ng*hr/ml to about 190 ng*hr/ml, after single dose administration to human

subjects.

[0113] In further embodiments, the dosage form provides a mean AUC(O-t) of from about 19.1 ng*hr/ml

to about 766.5 ng*hr/ml, after single dose administration to human subjects.

[0114] In fitrther embodiments, the dosage form comprises from 1 mg to 15 mg of compound A and

provides a mean AUC(O-t) of from about 19.1 ng*hr/ml to about 766.5 ng*hr/ml, after single dose

administration to human subjects. .

[0115] In certain embodiments, the dosage form provides a mean AUC(O-t) of from about 19.1 ng*hr/ml

to about 51.1 ng*hr/ml for each 1 mg ofcompound A, afier single dose administration to human subjects.

[0116] In certain embodiments, the dosage form comprises 1 mg of compound A and provides a mean

AUC(O-t) of about 19 ng*hr/ml, after single dose administration to human subjects.

[0117] In certain embodiments, the dosage form comprises 2.5 mg of compound A and provides a mean

AUC(O-t) of from about 80 ng*hr/ml to about 95 ng*hr/ml, after single dose administration to human

subjects.

[0118] In certain embodiments, the dosage form comprises 5 mg of compound A and provides a mean

AUC(O-t) of about 128 ng*hr/ml, after single dose administration to human subjects.

[0119] In certain embodiments, the dosage form comprises 10 mg of compound A and provides a mean

AUC(O-t) of from about 280 ng*hr/m1 to about 510 ng*hr/ml, after single dose administration to human

subjects.
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[0120] In further embodiments, the dosage form provides a mean AUC(0-int) of from about 19.8

ng*hr/ml to about 796.5 ng*hr/ml, after single dose administration to human subjects.

[0121] In certain embodiments, the dosage form comprises from about 1 mg to about 15 mg of compound

A and provides a mean AUC(O-int) of from about 19.8 ng*hr/ml to about 796.5 ng*hr/ml, after single

dose administration to human subjects.

[0122] In certain embodiments, the dosage form provides a mean AUC(0-inf) of from about 19.8

ng*hr/m1 to about 53.1 ng*hr/ml for each 1 mg ofcompound A, after single dose administration to human

subjects.

[0123] In certain embodiments, the dosage form comprises 1 mg of compound A and provides a mean

AUC(0-inf) of about 19.8 ng*hr/ml, after single dose administration to human subjects.

[0124] In certain embodiments, the dosage form comprises 2.5 mg of compound A and provides a mean

AUC(0-inf) of from about 80 ng*hr/ml to about 103 ng*hr/m1, after single dose administration to human

subjects.

[0125] In ceratin embodiments, the dosage form comprises 5 mg of compound A and provides a mean

AUC(0-inf) of about 150 ng*hr/ml, after single dose administration to human subjects.

[0126] In certain embodiments, the dosage form comprises 10 mg of compound A and provides a mean

AUC(0-int) of from about 310 ng*hr/ml to about 530 ng*hr/ml, after single dose administration to human

subjects.

[0127] In certain embodiments, the dosage form provides a mean plasma compound A concentration of

about 20 ng /ml or less, at from 8 to 10 hours after single dose administration to human subjects.

[0128] In certain embodiments, the dosage form provides a mean plasma compound A concentration of

about 18 ng /ml or less, at from 8 to 10 hours after single dose administration to human subjects.

[0129] In certain embodiments, the dosage form provides a mean plasma compound A concentration of

about 15 ng /ml or less, at from 8 to 10 hours after single dose administration to human subjects.

[0130] In certain embodiments, the dosage form provides a mean plasma compound A concentration of

about 9.0 ng /ml or less, at from 8 to 10 hours after single dose administration to human subjects.
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[0131] In certain embodiments, the dosage form provides a mean plasma compound A concentration of

from about 0.4 ng /ml to about 9.0 ng /ml, at from 8 to 10 hours after single dose administration to human

subjects.

[0132] In further embodiments, the dosage form comprises a therapeutically effective amount of

compound A and at least one phannaceutically acceptable carrier or excipient, wherein said

therapeutically effective amount is single daily dose ranging from about 2.5 mg to about 10 mg, and

wherein said single dose achieves a mean plasma compound A concentration of from about 1.8 ng /ml to

about 9.0 ng /ml at 8 hours, or from about 1.5 ng /ml to about 5.0 ng /ml at 9 hours, or from about 2.0 ng

/ml to about 8.0 ng /ml at 10 hours, after single dose administration to human subjects.
\

[0133] In certain embodiments, the dosage form comprises 1 mg of compound A and provides an

elimination half-life (ti/2) of about 12.7 hours afier single dose administration to human subjects.

[0134] In certain embodiments, the dosage form comprises 2.5 mg of compound A and provides an

elimination half-life (t1/2) of from about 30 to 37 hours after single dose administration to human

subjects.

[0135] In certain embodiments, the dosage form comprises 5 mg of compound A and provides an

elimination half-life (ti/2) of about 31 hours after single dose administration to human subjects.

[0136] In certain embodiments, the dosage form comprises 10 mg of compound A and provides an

elimination half-life (tl/2) of flora about 56 to 60 hours afier single dose administration to human

subjects.

[0137] In certain embodiments, the dosage form comprises 1 mg of compound A and provides a mean

time to maximum plasma concentration (tmax) of about 1 hour after single dose administration to human

subjects.

[0138] In certain embodiments, the dosage form comprises 2.5 mg of compound A and provides a mean

time to maximum plasma concentration (tmax) of from about 1 to about 2 hours after single dose

administration to human subjects.

[0139] In certain embodiments, the dosage form comprises 5 mg of compound A and provides a mean

time to maximum plasma concentration (tmax) of from about 1 to about 2 hours after single dose
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administration to human subjects.

[0140] In certain embodiments, the dosage form comprises 10 mg of compound A and provides a mean

time to maximum plasma concentration (tmax) of fi'om about 1 to about 3.25 hours after single dose

administration to human subjects.

[0141] In certain embodiment, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharmaceutically

acceptable excipient, wherein said therapeutically effective amount is single 1 mg daily dose, and wherein

said single daily dose achieves (I) a mean maximum plasma concentration (Cmax) within the range of

about 80% to about 125% of 5.3 ng/ml; (2) a mean AUC(O-24) within the range of about 80% to about

125% of 17 ng*hr/ml; (3) a mean AUC(O—t) within the range of about 80% to about 125% of 19 ng*hr/ml;

(4) a mean AUC(O-int) within the range of about 80% to about 125% of 19 ng*hr/ml ; and/or (5) a mean

time to maximum plasma concentration (tmax) Within the range of about 80% to about 125% of 1.0 hour.‘

[0142] In another embodiment, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharmaceutically

acceptable excipient, wherein said therapeutically effective amount is single 2.5 mg daily dose, and

wherein said single daily dose achieves (l) a mean maximum plasma concentration (Cmax) within the

range of about 80% to about 125% of 16 ng/ml; (2) a mean AUC(0-24) within the range of about 80% to

about 125% of 57 ng*hr/m1; (3) a mean AUC(O-t) within the range of about 80% to about 125% of 80

ng*hr/ml; (4) a mean AUC(O-inf) within the range of about 80% to about 125% of 80 ng*hr/ml ; and/or

(5) a mean time to maximum plasma concentration (tmax) within the range of about 80% to about 125%

of 1.0 hour.

[0143] In another embodiment, the present invention provides an oral dosage form for treating insomnia

comprising a therapeutically effective amount of compound A and at least one pharmaceutically

acceptable excipient, wherein said therapeutically effective amount is single 5 mg daily dose, and wherein

said single daily dose achieves (1) a mean maximum plasma concentration (Cmax) within the range of

about 80% to about 125% of 23 ng/ml; (2) a mean AUC(0-24) within the range of about 80% to about

125% of 95 ng*hr/ml; (3) a mean AUC(O-t) within the range of about 80% to about 125% of 128

ng*hr/ml; (4) a mean AUC(O-int) within the range of about 80% to about 125% of 149 ng*hr/ml ; and/or

(5) a mean time to maximum plasma concentration (tmax) within the range of about 80% to about 125%

of 1.6 hours.

[0144] In another embodiment, the present invention provides an oral dosage form for treating insomnia
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comprising a therapeutically effective amount of compound A and at least one phannaceutically

acceptable excipient, wherein said therapeutically effective amount is single 10 mg daily dose, and

wherein said single daily dose achieves (1) a mean maximum plasma concentration (Cmax) within the

range of about 80% to about 125% of 36 ng/ml; (2) a mean AUC(O-24) within the range of about 80% to

about 125% of 159 ng*hr/ml; (3) a mean AUC(0-t) within the range of about 80% to about 125% of284

ng*hr/ml; (4) a mean AUC(0-inf) within the range of about 80% to about 125% of 311 ng*hr/m1 ; and/or

(5) a mean time to maximum plasma concentration (tmax) within the range of about 80% to about 125%

of 1.0 hour.

[0145] In certain embodiments, the present invention is directed to an oral pharmaceutical dosage form

comprising a pharmaceutically acceptable excipient and an effective amount of compound A for treating

insomnia, wherein the dosage form provides an dissolution rate of 85 % or more within 45 minutes from

the onset of dissolution study using the Apparatus 2 (Paddle Apparatus) according to the procedure for

immediate-release dosage form in 6.10 Dissolution test of JP16 or <7ll> Dissolution of USP37. The

dissolution medium (900 mL, 37 4: 05°C) is chosen from 01 mol/L hydrochloric acid or 0.1 moi/L

hydrochloric acid containing 0.5% polysorbate 80. The paddle speed is chosen from 50 rpm or 75 rpm.

[0146] In certain embodiments, the present invention is directed to an oral pharmaceutical dosage form

comprising a pharmaceutically acceptable excipient and an effective amount of compound A for treating

insomnia, wherein the dosage form provides an dissolution rate of 85 % or more within 30 minutes from

the onset of dissolution study using the Apparatus 2 (Paddle Apparatus) according to the procedure for

immediate-release dosage form in 6.10 Dissolution test of J'P16 or <7ll> Dissolution of USP37. The

dissolution medium (900 mL, 37 :1: 05°C) is chosen from 0.1 mol/L hydrochloric acid or 0.1 mol/L

hydrochloric acid containing 0.5% polysorbate 80. The paddle speed is chosen from 50 rpm or 75 rpm.

[0147] In certain embodiments, the present invention is directed to an oral pharmaceutical dosage form

comprising a pharmaceutically acceptable excipient and an effective amount of compound A for treating

insomnia, wherein the dosage form provides an dissolution rate of 85 % or more within 15 minutes from

the onset of dissolution study using the Apparatus 2 (Paddle Apparatus) according to the procedure for

immediate-release dosage form in 6.10 Dissolution test of JP16 or <711> Dissolution of USP37. The

dissolution medium (900 mL, 37 :1: 05°C) is chosen from 0.1 mol/L hydrochloric acid or 0.1 mol/L

hydrochloric acid containing 0.5% polysorbate 80. The paddle speed is chosen fiom 50 rpm or 75 rpm.

[0148] In certain embodiments, the present invention is directed to an oral pharmaceutical dosage form

comprising a pharmaceutically acceptable excipient and an effective amount of compound A for treating

insomnia, wherein the dosage form provides an dissolution rate of 85 % or more in dissolution medium
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(pH1.2, 900 mL, 37 i 05°C) within 15 minutes from the onset of dissolution study using the Apparatus 2

(Paddle Apparatus, paddle speed;50 rpm) according to the procedure for immediate-release dosage form

in 6.10 Dissolution test of JP16 or <711> Dissolution of USP37.

[0149] In certain embodiments, the present invention is directed to an oral pharmaceutical dosage form

comprising lactose as pharmaceutically acceptable excipient.

[0150] In certain embodiments, the present invention is directed to an oral pharmaceutical dosage form

comprising low-substituted hydroxypropyl cellulose as pharmaceutically acceptable excipient.

[0151] In certain embodiments, the present invention is directed to an oral pharmaceutical dosage form

comprising lactose and low-substituted hydroxypropyl cellulose as pharmaceutically acceptable excipient.

[0152] In the present invention, compound A may be in the form of free base, a pharmaceutically

acceptable salt, hydrate, solvate, polymorph or any combination of the foregoing.

[0153] Pharmaceutically acceptable salts may include, but are not limited to,

inorganic acid salts (for example, a sulfate, a nitrate, a perchlorate, a phosphate, a carbonate, 3

I bicarbonate, a hydrofluoride, a hydrochloride, a hydrobromide, a hydroiodide); organic carboxylates (for

example, an acetate, an oxalate, a maleate, a tartrate, a fumarate, a citrate); organic sulfonates (for

example, a methanesulfonate, a trifluoromethanesulfonate, an ethanesulfonate, a benzenesulfonate,

‘ a toluenesulfonate, a camphorsulfonate); amino acid salts (for example, an aspartate, a glutamate);

quaternary amine salts; alkaline metal salts (for example, a sodium salt, a potassium salt); and

alkaline-earth metal salts (for example, a magnesium salt, a calcium salt).

[0154] Methods of treating insomnia of the present invention contain compound A in a therapeutically

effective amount for treatment of insomnia when administered in accordance with the'teachings of the

present invention. The effective amount is single daily dose, ranging from 0.5 mg to 100 mg, fi'om 1 mg

to 15 mg, from 2 mg to 15 mg, or from 2 mg to 10 mg.

Formulations

[0155] Dosage forms of the present invention contain compound A in a therapeutically effective amount

for treatment of insomnia when administered in accordance with the teachings of the present invention.

Unit dose of the effective amount in a dosage form is from 0.5 mg to 100 mg, from 1 mg to 15 mg, from

2 mg to 15mg, or chosen from 2 mg, 2.5 mg, 4 mg, 5 mg, 8 mg, 10 mg, or 15 mg. Unit dose is not limited

by the type ofthe dosage form or the number ofdosage forms for single dose.
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[0156] A dosage form in the present invention may constitute one or more pharmaceutical composition

comprising compound A together with pharmaceutically acceptable excipients.

[0157] The term "composition" used herein includes a product comprising a particular ingredient in a

particular amount and any product directly or indirectly brought about by the combination of particular

ingredients in particular amounts. Such a term related to the pharmaceutical composition is intended to

include a product comprising an active ingredient and an inert ingredient constituting a carrier and include

every product directly or indirectly brought about by the combination, complexation or aggregation of

any two or more ingredients or the dissociation, other kinds of reactions or interaction of one or more

ingredients. Thus, the pharmaceutical composition of the present invention includes every composition

prepared by mixing the compound of the present invention with a pharmaceutically acceptable carrier.

The term "pharmaceutically acceptable" is used to mean that a carrier, a diluent or a vehicle must be

compatible with other ingredients of a preparation and must be nontoxic to a taker.

[0158] A dosage form is not limited to as previous said, preferably a solid dosage form; more preferably

an oral solid dosage form; furthermore preferably an immediate release oral dosage form.

[0159] The dissolution rate of compound A from the dosage form is over 85% within 45 minutes,

preferably within 30 minutes, more preferably within 15 minutes, from the onset of dissolution study

using the Apparatus 2 (Paddle Apparatus, paddle speed) according to the procedure for immediate—release

dosage form in 6.10 Dissolution test of IP16 or <7ll> Dissolution of USP37. The dissolution medium

(900 mL, 37 i 05°C) is chosen from 0.1 mol/L hydrochloric acid or 0.1 moL’L hydrochloric acid

containing 0.5% polysorbate 80. The paddle speed is chose from 50 rpm or 75 rpm.

[0160] The term "immediate release" in this invention shall mean a dissolution profile that the dissolution

rate of compound A from the dosage form is over 80%, preferably over 85% in dissolution medium

(pH1.2, 900 mL, 37 :I: 05°C) within 15 minutes fi'om the onset of dissolution study using the Apparatus 2

(Paddle Apparatus, paddle speed; 50 rpm) according to the procedure for immediate-release dosage form‘
in 6.10 Dissolution test of JP16 or <711> Dissolution ofUSP37. '

[0161] Solid dosage forms include capsules, granules, lozenges, pellets, pills, powders, suspensions,

tablets, preferably capsules, granules, pellets, pills, tablets.

[0162] The pharmaceutical composition of the invention may be prepared, using standard techniques and

manufacturing processes generally known in the art. See, c.g. the monograph of Japanese Pharmacopoeia
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16 edition or General Chapter <1151> Pharmaceutical Dosage Forms ofUS. Pharmacopoeia-NF (3 7).

[0163] The pharmaceutical composition for solid dosage form of the invention may be prepared, for

example, powders is prepared by dry blending the components. For example, Compound A, one or more

diluents, one or more optional excipients (e.g., binders and/or disintegrants, as well as other additional

optional excipients) are blended together. The components of the blend prior to blending, or the blend

itself, may be passed through a mesh screen, for example a 400-700 um mesh screen. A lubricant, which

may also be screened, is then added to the blend and blending is continued until a homogeneous mixture

is obtained as granules. The mixture is then compressed into tablets. Alternatively, a wet granulation

technique can be employed. For example, the active agent and excipient(s) are blended together, for

example by using a granulator, and the powder blend is granulated with a small volume of purified water.

The resultant wet granule is dried and passed through a mill to obtain as granules. Furthermore, a

disintegrator and a lubricant are added to the milled granules and after blending the resultant

homogeneous mixture is compressed into tablets. Altematively, a vehicle such as capsule shells is filled

with powders or granules to obtain as capsules. It will be appreciated that modifications of the dry

blending and wet granulation techniques, including the order of addition of the components and their

screening and blending prior to compression into tablets, may be carried out according to principles well

known in the art.

[0164] In the case of production of tablets or granules, it may be coated with a water-based film, for

example by spray-coating, if necessary.

[0165] Examples of diluents used herein include lactose, corn starch and crystalline cellulose etc.

Examples of binders used herein include hydroxypropyl cellulose, hypromellose etc. Examples of

disintegrators used herein include low—substituted hydroxypropyl cellulose, calcium carboxymethyl

cellulose, sodium croscarmellose etc. Examples of lubricants used herein include magnesium stearate,

calcium stearate etc. Examples of coloring agents used herein include titanium oxide etc. Examples of

coating agents used herein include hydroxypropyl cellulose, hypromellose, methyl cellulose etc. However,

needless to say, examples of above agents are not limited thereto.

Detailed Description of the Preferred Embodiments

EXAMPLES

[0166] The following examples illustrate various aspects of the present invention. They are not to be

construed to limit the claims in any manner whatsoever.

Example 1
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Single Dose Study (001 Study)

[0167] This was a randomized, double-blind, placebo-and active-controlled, sequential, single-dose study.

The study consisted of two parts, Part A (healthy subjects) and Part B (otherwise healthy subjects with

primary insomnia).

[0168] The primary objective in this study was to evaluate the safety and tolerabflity of single oral doses

of compound A administered in the morning to healthy subjects, and to evaluate selected

pharmacodynamic (PD) parameters (e.g., polysomnographically defined sleep measures) with regard to

dose response in subjects with primary insomnia following single oral dosing of compound A in the

evening approximately 30 minutes prior to the sleep period, compared with 10 mg zolpidem and placebo.

[0169] The secondary objective was to evaluate the safety and tolerability of single oral doses of

compound A in otherwise healthy subjects with primary insomnia, and to assess the pharmacokinetics

(PK) of compound A following administration of single oral doses in healthy subjects and subjects with

primary insomnia.

[0170] Both parts of the study had two phases, the Prerandomization Phase and the Randomization Phase.

The Prerandomization Phase lasted up to 21 days and consisted of a screening period (Day—21 to Day—

3) and a baseline period (Day —2 to Day —1) during which each subject’s study eligibility was

determined and baseline assessments were conducted on Day—2. In the Randomization Phase, subjects

were randomized to receive a single oral dose of either compound A or compound A matching placebo

(Part A), and/or zolpidem, or zolpidem-matched placebo (Part B).

[0171] It was planned to screen approximately 160 healthy subjects and 250 otherwise healthy subjects

with primary insomnia in order to enroll 64 and 60 subjects specifically for Part A and Part B,

respectively. 160 healthy subjects and 281 otherwise healthy subjects with primary insomnia were

actually screened to enroll 64 and 58 subjects into Parts A and B, respectively.

[0172] For Part A, 64 healthy subjects were enrolled into cohorts sequentially in a gradual dose escalation

manner, to receive either compound A or placebo, and stratified by gender. Each cohort comprised six

compound A- and two placebo-treated subjects. All study drugs were administered as single doses using

one or more compound A-capsules or compound A-matched placebo capsules due to the test dose. After

screening, subjects underwent baseline procedures and randomization on Day —2. Subjects were closed on

Day 1 in the morning afier an overnight fast, 1 hour after lights-0n. PK blood samples were collected at

‘prespecified timepoints, and PD assessments were performed. Subjects were administered assessments on

Day 1 predose and every 2 hours from 2 to 12 hours postdose, and each morning on Days 2 to 6.
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[0173] These assessments included the Karolinska Sleepiness Scale (KSS), Digit Symbol Substitution

Test (DSST), and Psychomotor Vigilance Test (PVT) in order to assess daytime sleepiness, level of

alertness, and ability to concentrate. Waketime Questionnaires were administered afier PD assessments

each morning on Days 1 to Day 6. Time and duration of naps was recorded on Days 1 and 2. Safety was

monitored throughout the study.

[0174] Doses for Part A were 1 mg, 2.5 mg, 5 mg, 10 mg, 25 mg, 50 mg, 100 mg, and 200 mg of

compound A. Escalation to the next higher dose level did not occur until: 1) the safety, tolerability

(including laboratory and electrocardiogram [ECG]), and available PK data from the latest completed

cohort were reviewed in a blinded manner and 2) the available data supported the increase to the next
dose.

[0175] For Part B, 58 otherwise healthy subjects with primary insomnia were randomized across three

cohorts, and stratified by gender. Part B also included an active control (zolpidem) and matching placebo.

In each cohort, there were approximately 12 subjects in the compound A/zolpidem—matched placebo

group, approximately four subjects in the zolpidem/compound A-matched placebo group, and

approximately four subjects in the compound A-matched placebo/iolpidem—matched placebo group. Part

B dosing occurred in the evening, 30 minutes prior to the sleep period. The starting dose for Part B was 3

dose levels that determined to be safe and well tolerated in Part A. Subsequent dose levels in Part B were

determined based on the PD results of the first cohort in Part B and PD and safety results from at least 3

completed higher dose cohorts in Part A. Each cohort in Part B was divided into at least two groups, with »

dosing of each group staggered by a minimum of 2 days.

[0176] After the initial Screening visit, eligible subjects were scheduled to return to the clinic for 2 days

during the Screening Period to conduct screening/baseline PSGs. These two days occurred at least 3 days

after the initial Screening visit and within a window from Day -7 to Day -6 (:1: 2 days). The first PSG was

used to screen for sleep apnea and periodic limb movements in sleep (PLMS) and serve as the first

baseline PSG. The second PSG was used as the second baseline PSG. Specific PSG variables were used

to determine whether subjects met PSG inclusion criteria, and the average of PSG variables from these

two PSGs was used as Baseline for this PD measure. Subjects who had met PSG inclusion criteria

returned to the clinic on Day —1 for additional baseline procedures and randomization. Subjects were not

allowed to nap on Day 1. On the evening of Day 1, after fasting a minimum of 3 hours, study drug was‘

administered 30 minutes prior to the subject’s habitual bedtime (lights-out), as calculated from the sleep

diary for the first PSG during the Screening Period. PK blood samples were collected at prespecified

timepoints, and PD assessments were performed. PSG was recorded on Day 1, postdose. Subjects were
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administered additional PD assessments each morning on Day 1 through Day 6. These assessments

included the KSS, DSST, and PVT, in order to assess daytime sleepiness, level of alertness, and ability to

concentrate. The K85 and DSST were also administered 5 minutes predose and 25 minutes postdose on

Day 1, just prior to lights-out. Waketime Questionnaires were administered after the PD assessments

within 15 minutes of lights-011, on Day 1 to Day 6. Time and duration of naps was recorded on Day 2.

Pharmacokinetic:

[0177] For subjects in Part A, Blood samples for determination of plasma concentrations of compound A

were collected on Day 1 predose and at 0.25 (15 minutes), 0.5 (30 minutes), 1, 2, 3, 4, 5, 6, 9, 12, 24, 48,

72, 96, 120, 168, and 240 hours after oral administration of compound A, but collected up to 72 hours in

the first three cohorts (l, 2.5 and 5 mg compound A groups). PK samples were collected preferentially via

an indwelling venous catheter for the first 12 hours and by direct venipuncture thereafter.

[0178] For subjects in Part B, blood samples for measurements ofplasma concentrations of compound A

were obtained by direct venipuncture on Day 1 predose and at 0.5, 9, 12, 24, 36, 60, 84, 108, 156, and 228

hours postdose.

[0179] The noncompartmental plasma PK parameters that were calculated for compound A (as data

permitted) included, but were not limited to: Cmax (maximum drug concentration); tmax (time to reach

[maximum (peak) concentration following drug administration); AUC(0-24h) (area under the
concentration x time curve from time zero to time 24 hours); AUC(O-t) (area under the concentration x

time curve from time zero to time of last measurable concentration); AUC(O-inf) (area under the

concentration x time curve from time zero to infinity); t1/2 (terminal elimination half-life); CL/F

(apparent total body clearance of the drug fi'om after extravascular administration); and V/F (apparent

volume of distribution).

[0180] Plasma concentrations of compound A were measured using a validated liquid

chromatography-mass spectrometry/mass spectrometry (LC-MS/MS) assay.

[0181] PK parameters of compound A for subjects in Part A were summarized in Table 1. In Part B, the

concentration-time profiles were approximately similar to their corresponding dose groups in Part A.

[0182] Table 1 PK parameters of compound A for subjects in Part A
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Pharmacodynamic:

[0183] Part A Subjects were administered the K88, DSST, and PVT starting 30 minutes predose on Day

1, then every 2 hours for 12 hours postdose and on Days 2 to 6 starting 30 minutes after lights-011‘.

Waketime Questionnaires were administered on the mornings of Days 1 to 6 following the PD
assessments.

[0184] In Part A, measures of sleepiness (KSS, DSST, PVT) indicated a general dose-response

relationship. Pharmacodynamic response on these measures was generally maximal at 2 hours postdose,

coinciding with Cmax. Duration of effect correlated with dose, i.e., the effects were longer with higher

doses.

[0185] Part B subjects were administered the KSS, DSST, and PVT Within 15 minutes after lights-on

specifically in that order, on each morning from Day 1 through Day 6, followed by the Waketime

Questionnaire. The K88 and DSST were also administered 5 minutes predose and 25 minutes postdose on

Day 1 (just prior to lights—out).

[0186] In addition, PSG was performed during the Screening Period at Days -7 and -6 (21:2 days), and

postdose on Day 1. An S-hour diagnostic PSG consisting of electroencephalogram (EEG),

electrooculogram (EOG), electromyogram (EMG), ECGs, leg electrodes, and measures of respiratory

function (airflow, respiratory effort, and oxygen saturation) were performed starting at the subject’s

habitual bedtime as determined from the sleep diary for the 3 nights immediately prior to the first PSG on

Day ~7 (12 days). PSG variables from this night Were used to screen for sleep apnea and PLMS. On Day

-6 (3:2) and postdose on Dayl, standard PSGs (i.e., not including leg electrodes or measures of respiratory

function other than oxygen saturation) were performed. Specified PSG variables from these two PSGs

conducted during the Screening Period were used to determine whether subjects met PSG inclusion

criteria. The average of PSG variables from these two PSGs conducted during the Screening Period were1
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used as baseline PSG values. The key PD parameters such as PSG LPS, TST, SE, and WASO have been

obtained fiom all PSG recordings.

[0187] Polysomnography results indicated preliminary efficacy of compound A. At 2.5 and 10 mg doses,

LPS was reduced by almost 30 minutes and at 25 mg, LPS was reduced by approximately 45 minutes

relative to Baseline. At 2.5- and 10-mg doses, WASO was reduced by approximately 30 minutes and at

25 mg, WASO was reduced by more than 45 minutes relative to Baseline. Relative to zolpidem, the 2.5-

and 10- mg doses of compound A showed a similar magnitude of effect on LPS and WASO. Relative to

Baseline, SE was improved by 11% for the 2.5-mg dose of compound A, by 13% for the 10—mg dose, and

by 18% for the 25-mg dose. This compared to a change from Baseline in SE of 3% for placebo treatment

and 13% for zolpidem. After a single dose of 25 mg of compound A, SE was increased to approximately

90%. However, PD assessments indicated that some individuals at this dose exhibited increases from

baseline on measures of next—day residual sleepiness.

[0188] There were no clinically significant next day effects of any dose of compound A, zolpidem, or

placebo on KSS, DSST, or PVT.

Example 2

Multiple Ascending Dose Study (002 Study)

[0189] This was a single-center, randomized, double-blind, placebo-controlled, sequential, multiple -dose

study.

[0190] Primary objective of this study was to evaluate the safety, tolerability, and pharmacokinetics (PK)

of compound A after multiple doses administered orally, once daily in the evening for 14 days in healthy

adult subjects. In addition, the objective of this study is to identify the maximum tolerated dose (MTD) or

a sufficiently high tolerated dose of compound A to provide a safety margin relative to anticipated

therapeutic dose.

[0191] A total of 48 healthy adult subjects (18 to 55 years) were to be enrolled into 1 of 6 cohorts

sequentially in a gradual dose escalation manner, and randomized to receive either compound A or

compound A-matched placebo in the evening 30 minutes before habitual bedtime, and after 3 hours

fasting, for 14 days. Each cohort was to comprise 6 compound A- treated subjects and 2 placebo-treated

subjects. Blood samples were collected for PK analysis at prespecified timepoints, and PD assessments
were conducted.

[0192] The study had two phases, the Prerandomization Phase and the Randomization Phase. The
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Prerandomization Phase lasted up to 21 days and consisted of a screening period (Day-21 to Day-3)

and a baseline period (Day -2 to Day - 1) during which each subject’ 5 study eligibility was determined

and baseline assessments were conducted on Day42. The Randomization Phase (Days 1—28) consisted of

3 periods: Treatment (Days 1—14) during which subjects were randomized and received daily oral doses

of either compound A or compound A-matched placebo, Inpatient Follow-up (Days 15-19), and

Outpatient Follow-up (Days 20—28) during which PK and safety assessments were conducted.

[0193] All subjects were administered PD assessments, including the Karolinska Sleepiness Scale (KSS),

Digit Symbol Substitution Test (DSST), and Psychomotor Vigilance Test (PVT) in order to assess acute

sleepiness in the interval between dosing and bedtime, as well as next-day residual sleepiness and the

level of alertness and ability to concentrate. In addition, a Waketime Questionnaire was administered

daily in order to assess quality of sleep on the previous night.

[0194] The starting dose for this study was based on the results in the study of Example 1. Escalation to

the next higher dose level did not occur until the safety, tolerability (including laboratory and

electrocardiogram [ECG]), and available PK data from the latest completed cohort and if the available

data supported the increase to the next dose.

[0195] Blood samples for determination ofplasma concentrations of compound A were collected at Day 1

predose and postdose 0.5 (30 minutes), 1, 1.5, 2, 3, 4, 5, 6, 8, 10, and 12 hours; Days 2 to 13: predose;

Day 14: predose and postdose 0.5 (30 minutes), 1, 1.5, 2, 3, 4, 5, 6, 8, 10, and 12 hours; Day 15: 24 hours

afier Day 14 dose; Days 16 to 19: 36, 60, 84, and 108 hours alter Day 14 dose; Day 21, 24, 26, 28: As

close as possible to 156, 228, 276, and 324 hours afier Day 14 dose. Plasma concentrations of compound

A were measured in the same manner as described in Example 1 and the above noncompartmental plasma

PK parameters were calculated for compound A.

[0196] PD effects were assessed by evaluating postdose and next-day functioning on the KSS, DSST, and

the PVT, and by self-report of sleep quality on the Waketime Questionnaire. The KSS, DSST, and PVT

were performed starting Day —1 at 15 minutes before habitual bedtime; on Days 1 to 15 within 15 minutes

after habitual waketime, and at 1, 2, 4, 8, and 12 hours after habitual waketime, and on Days 1 to 14 at 15

minutes predose and. 15 minutes postdose. 24-hour Holter recordings were started 30 minutes before

bedtime on Day —2 and just prior to dosing on Day 14. Extractions from these recordings were used to

conduct ECG analyses, including the HPQT analysis. Waketime Questionnaires were administered on

Day 1 to Day 19.

[0197] The KSS, PVT, and DSST were administered on each treatment day in the evening predose and
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postdose to assess the acute effect of compound A on sleepiness. For these timepoints, the daily 15

minutes predose values on the K88, DSST, and PVT served as a baseline for that day’s 15 minutes

postdose value (daily baseline). The KSS, PVT, and DSST were also administered throughout the

daytime hours subsequent to each dosing evening to assess the effect of compound A on next-day residual

sleepiness. For these tirnepoints, the‘assessments taken at Day 1, 15 minutes and 1, 2, 4, 8, and 12 hours

after habitual waketime served as the baseline for the assessments taken at the corresponding times after

habitual waketime on Day 2 to Day 15 (time-matched baseline). Waketirne Questionnaires were

administered on Day 1 through Day 19 in the morning hours. The predose value on Day 1 was used as the

baseline. The difference between placebo and each dose of compound A in change from baseline at each

timepoint was calculated along with 95% confidence intervals (CIs). Potential dose-response and time

trend were explored as data allowed.

[0198] Compound A capsules and compound A—matched placebo capsules were available in strengths of

2.5 mg, 10 mg, and 50 mg. All study drugs were administered as daily doses using one or more

compound A-capsules or compound A-matched placebo capsules due to the test dose.

Pharmacokinetic

[0199] PK parameters on Dayl and Day14 were summarized in Table 2 and Table 3 respectively.

[0200] Table 2 PK parameters on Dayl 
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(ng/mL) 10.1(4.26)   
 

 

 

 

     t—_J—_A—_I—_l—_l—C8 (ng/mL)
Mean(SD) 2.33(0.967) 4.40(1.73) 8.51(2.89) 24.1(9.26) 38.1(11.0) 54.5(21.7)

N 6 6 6 6 5 6
C10 (ng/mL)

Mean(SD) 2.04(0.769) 3.63(1.23) 7.72(4. 13) 19.8(7.11) 32.9(10.2) 44.2(13.4) 
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[0201] Table 3 PK parameters on Day14 
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[0202] Based on graphical assessment of dose-normalized data, Cmax increased slightly less than in
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45.6(166)

proportion to dose for both Day 1 and Day 14 assessments. Based on dose-normalized data, AUC(0-24h)

increased slightly less than in proportion to dose on Day 1 but increased in approximate proportion to

dose based on Day 14 assessments. The terminal half-life for the 2.5-and 5-mg doses were similar,

averaging approximately 45 hours. At doses of 10 mg and higher, the mean terminal half-life was

approximately 55 hours following the last day of Day 14 dosing. Accumulation was lower than predicted

by the terminal half-life. Based on accumulation, the effective half-life was ranged from 16.9 to 24.7

hours for doses ranging fi'om 2.5 to 25 mg, and 28.0 and 39.3 hours for the 50— and 75-mg doses,

respectively.

Pharmacodynamics

[0203] Next—day residual sleepiness effect: There were dose-related increases in both the magnitude and

duration ofnext day residual sleepiness as measured by the KSS, PVT, and DSST. In the 2.5-mg and

5-mg dose groups, there was no meaningful difference from placebo indicative of an increase in next-day

residual sleepiness groups on any assessment at any time relative to waketime on any treatment day.

Slight differences from placebo were observed in the 10-mg dose group at timepoints within 2 hours after

waketime on the K85 on Day 2 through Day 4. In the 25-mg dose group, the increase in next-day residual

sleepiness was more consistent and slightly larger than in the 10-mg dose group. The effect was again, >

limited to timepoints within 2 hours afier waketime, but was observed on the K88 and to some extent on

PVT Lapses and PVT Mean RT. The differences from placebo were most consistent and larger on Day

2 and Day 15, compared with all other treatment days. In the SO-mg and 75-mg dose groups, there were

consistent and relatively large differences from placebo on all assessments of sleepiness. These

differences were of greater magnitude at timepoints Within 2 hours afier waketime, but were still observed

at 4 hours and 8 hours after waketime, particularly on the PVT Mean RRT. By 12 hours after waketime,

there were no differences from placebo on any measures of sleepiness in any dose group on any day. For
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dose groups in which next-day residual sleepiness was observed (ie, 10 mg and higher), sleepiness was

relatively greater on Days 2 to 4 vs Days 5 to 15. This pattern of lessening sleepiness across treatment

days was generally observed, despite accumulation of compound A in plasma.

[0204] None ofthe items on the Waketime Questionnaire indicated a systematic pattern of changes in

nighttime sleep in any dose group or the placebo group, with the exception that the Quality of Sleep scale

showed a trend for more subjects in both the placebo and compound A groups to report “restless” or

“very restless” sleep on Day 2 and especially on Day 15, relative to other days.

Pharmacokinetic—Pharmacodynamics

[0205] For the PK-PD exploratory analysis ofnext-day residual sleepiness, population PK model-derived

compound A plasma concentrations at 8, 9, and 10 hours following administration on the evening of Day

1 were related to change from baseline on the K88, PVT Lapses, and DSST at 15 minutes, 1 hour, and 2

hours after waketime on the morning ofDay 2, respectively. At all timepoints, both K88 and the PVT

Lapses were observed to increase more fiom baseline with increasing compound A concentrations.

Concentrations below 30 ng/mL (which occur at doses below 25 mg) after 9-10 hours postdose, which

correspond to the 1-2 hours after morning awakening, were associated with minimal or no change from

baseline on the K58, PVT Lapses, or DSST.

Example 3

Crossover Study ofRalative Bioavailability ofTablet versus. Capsule Formulation (005 Study)

[0206] Single-center, open-label, randomized crossover study was conducted to evaluate, in healthy adult
subjects, the bioavailability of single solid oral doses of compound A in tablet formulation relative to

single oral doses of compound A in capsule formulation at 2.5, 10, and 25 mg. Another objective of the

study was to evaluate the safety and tolerability of tablet formulations of compound A at 2.5, 10, and 25

mg in healthy adult subjects. Approximately 36 subjects were randomly assigned to one of three cohorts

(approximately 12 subjects per cohort) and received both a single dose of compound A as a capsule

formulation and a single dose of compound A as a tablet formulation, in random sequence, in a 1:l ratio.

The doses were 2.5 mg, 10 mg, and 25 mg.

[0207] The study had two phases: Prerandomization and Randomization. The Prerandomization Phase

lasted for up to 21 days and included a Screening Period and Baseline Period A, during which eligibility

was established and baseline assessments before dosing of the first formulation occurred. The

Randomization Phase consisted of two Treatment Periods (A and B), separated by Baseline Period B. On

the first day of Treatment Period A, subjects received a single oral dose of the first formulation. After the
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first formulation dose, pharmacokinetic (PK) and safety assessments were obtained throughout Treatment

Period A, and subjects completed a 20-day washout. Before dosing of the second formulation, subjects

completed Baseline Period B assessments. Subjects then proceeded to Treatment Period B and received a

single oral dose of the second formulation. Pharmacokinetic and safety assessments were obtained

throughout Treatment Period B.

[0208] Blood samples for the determination of plasma concentrations of compound A were collected at

the following times: Treatment Period A (Day 1 to Day 15): before and after dosing at 0.5 (30 minutes), 1,

1.5, 2, 3, 4, 5, 6, 8, 12, 24, 48, 72, 120, 168, 240, and 336 hours; Treatment Period B (Day 22 to Day 36):

before and afier dosing at 0.5 (30 minutes), 1, 1.5, 2, 3, 4, 5, 6, 8, 12, 24, 48, 72, 120, 168, 240, and 336

hours.

[0209] Plasma concentrations of compound A were measured using a validated liquid

chromatography-tandem mass spectrometry (LC-MS/MS) assay.

[0210] Noncompartmental methods were used to calculate the following plasma PK parameters for

, compound A: area under the plasma concentration-time curve from time zero to 8 hours after dosing

(AUC(0-8)), area Lmder the plasma concentration-time curve fi'om time zero to 72 hours after dosing

(AUC(0-72)), area under the plasma concentration-time curve from time zero to time of the last

quantifiable concentration (AUC(O-t)), area under the plasma concentration-time curve from time zero

extrapolated to time infinity (AUC(O-mfl), maximum observed plasma drug concentration (Cmax),

terminal elimination half-life (ti/2), absorption lag time (tlag), and time to reach the maximum (peak)

plasma concentration after drug administration (tmax). The primary PK parameters were AUC(O-inf) and

Cmax. The individual PK parameters of compound A were presented in the data listings by formulation

(tablet or capsule) and dose (2.5, 10, or 25 mg). The PK parameters except tmax and flag were

summarized by formulation and dose using descriptive statistics: number of subjects, mean, SD,

coefficient of variation, geometric mean, median, minimum, and maximum. The parameters tmax and

tlag were summarized by formulation and dose using the following descriptive statistics: median,

minimum, maximum, and the 90% confidence interval (CI) of the median point estimate. The natural log

(ln)-transformed PK parameters for compound A (AUC(O-inf), Cmax, AUC(O-S), AUC(0-72), and

AUC(O-t)) were compared separately by dose with a mixed-effects model with sequence, treatment period,

and formulation as fixed effects and subjects nested within sequence as a random effect. The ratio of

geometric least squares (LS) means (tablet formulation as test/capsule formulation as reference) and

corresponding 90% CI were computed by exponentiation of the LS mean difference and corresponding
90% CI.
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[0211] PK parameters of compound A were summarized in Table 4.

[0212] Table 4 PK parameters of compound A (Tablet versus Capsule)
2

PCT/J P20] 5/080304
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[0213] Differences between formulations (Treatment A [tablet] compared to Treatment B [capsule]) in .

AUC(O-8), AUC(O-72), AUC(O-t), and AUC(O-inf) across all dose levels were each less than 13%.

Differences between the tablet and capsule formulations in Cmax across all dose levels were each less

than 16%. The median tmax was observed at 1 to 1.5 hours after administration of both the tablet and

capsule formulations across all dose levels. A trend of a 30-minute .delay in median tmax for the capsule

formulation (Treatment B) compared to the tablet formulation (Treatment A) was observed at higher

doses. There was no observed absorption lag in either formulation at any dose level.

[0214] Overall, the results indicate that both the rate and extent of compound A absorption after tablet

administration are comparable to the reference capsule for all strengths tested. Variability in the derived

PK parameters was also similar for the tablet compared to capsule treatments. These results support the

conclusion that the relative bioavailability of the tablet at strengths of 2.5, 10, and 25 mg is similar to

corresponding strengths of the capsule. Thus, clinical transition to the tablet formulation can be made
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without dose adjustment relative to the capsule.

Example 4 (201 Study)

[0215] This was a multi-center, randomized, double-blind, adaptive design, dose—response study in

subjects with insomnia. Subjects were randomized to 1 of 6 doses of compound A (1 mg, 2.5 mg, 5 mg,

10 mg, 15 mg and 25 mg) or placebo.

[0216] The primary Objectives of the study were to:

1. Identify a dose or doses of compound A that maximize efficacy and minimize next-day residual

sleepiness in subjects with chronic insomnia at the beginning of treatment by comparing the effect of 6

doses of compound A with placebo using a composite utility fimction incorporating change from baseline

on sleep efficiency (SE) and change from baseline on the Karolinska Sleepiness Scale (KSS) at 1 hour

afier morning waketime after dosing on Day 2 and Day 3. I

2. Compare the effect of 6 doses of compound A with placebo on the KSS at 1 hour afier morning

waketime on Day 15 and Day 16 in subjects with chronic insomnia, in order to confirm that the dose or

doses that maximize efficacy and minimize next-day residual sleepiness at the beginning of treatment are

not associated with treatment unacceptable levels of next-day residual sleepiness at the end of treatment.

[0217] The additional objectives of the study were to evaluate:

1. Efficacy at beginning of treatment:

Overall: Compare each dose level of compound A with placebo on change fi'om mean SE at baseline to

mean SE afier dosing on Day 1 and Day 2

Sleep induction: Compare each dose level of compound A with placebo on change from mean latency to

persistent sleep (LPS) at baseline to mean LPS afier closing on Day 1 and Day 2

Sleep maintenance: Compare each dose level of compound A with placebo on change from mean

wakefulness after sleep onset (WASO) at baseline to mean WASO afier dosing on Day 1 and Day 2

2. Efficacy at end of treatment: Overall: Compare each dose level of compound A with placebo on change

from mean SE at baseline to mean SE after dosing on Day 14 and Day 15

Sleep induction: Compare each dose level of compound A with placebo on change from mean LPS at

baseline to mean LPS after dosing on Day 14 and Day 15

Sleep maintenance: Compare each dose level of compound A with placebo on change from mean WASO

at baseline to mean WASO after dosing on Day 14 and Day 15

3. Potential habituation of efficacy from beginning to end of treatment:

Overall: Compare each dose level of compound A with placebo on change from mean SE at baseline to

mean SE afier dosing on Day 1 and Day 2 versus change from mean SE at baseline to mean SE after

dosing on Day 14 and Day 15
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Sleep induction: Compare each dose‘level of compound A with placebo on change from mean LPS at

baseline to mean LPS afier dosing on Day 1 and Day 2 versus change from mean LPS at baseline to mean

LPS after dosing on Day 14 and Day 15

Sleep maintenance: Compare each dose level of compound A with placebo on change from mean WASO

at baseline to mean WASO after dosing on Day 1 and Day 2 versus change from mean WASO at baseline

to mean WASO after dosing on Day 14 and Day 15

[0218] A total of 616 subjects were screened, and 291 of these subjects were randomized to the study; 56 to

placebo, 32 to 1 mg, 27 to 2.5 mg, 38 to 5 mg, 32 to 10 mg, 56 to 15 mg and 50 to 25 mg. 291 subjects were

contained in the Full Analysis Set, Safety Analysis Set, and PD Analysis Set. There were 222 subjects in the

active dose groups (roughly equal over all doses, 90 to 100%) and 51 (91.1%) in the placebo group who

completed the planned treatment regimen.

[0219] The study had 2 phases: Prerandomization and Randomization. The Prerandomization Phase lasted up

to 21 days and consisted of a Screening Period (Days —21 to —2) and a Baseline Period (Day —1). After the

Baseline Period, all eligible subjects were randomized in a double—blind manner to receive compound A or

placebo for 15 nights during the Treatment Period (Days 1 to 15). All subjects then received placebo in a

single—blind manner, for 2 nights (Days 16 to 17) during the Rebound Insomnia Assessment Period (Days 16

to 18). Subjects did not receive study drug during the Follow—up Period (Days 19 to 30). All subjects came to

the clinic for screening procedures. During the Screening Period, subjects completed the Sleep Diary each day.

Polysomnographic sleep was measured during the Screening Period on 2 consecutive nights between Day —9

and Day —3. The 8-hour polysomnograms (PSGs) were started at the median habitual bedtime calculated from

responses on the Sleep Diary, which were completed for 7 days before the first PSG night. These recordings
served as both eligibility screening PSGs and as Baseline PSGs. Subjects could leave the clinic between the

screening/Baseline PSG nights.

[0220] All subjects returned to the clinic on Day —1 for Baseline Period procedures. They remained in the

clinic until Day 3. Morning assessments on Day 1 provided the Baseline values for the KSS, the Digit

Symbol Substitution Test (DSST), and the Reaction Time Index (RTI). Assessments at 6 hours afier

waketime provided the Baseline values for the Waking Function Battery (WFB), and the Profile of Mood

States—Brief (POMS-B). Subjects were then randomized to receive 1 of 6 doses of compound A or

placebo for the next 15 days. Study drugs were tablets containing compound A—matched placebo or

compound A of 1 mg, 2.5 mg, 5 mg, or 10 mg and to be ingested 30 minutes before the median habitual

bedtime calculated from their Sleep Diary responses during the Screening Period. An 8-hour PSG,

starting at the same bedtime as used for the screening and Baseline PSG nights, was recorded on the first

2 treatment nights (Days 1 and 2). The Sleep Diary continued to be completed each day in the clinic, and
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assessments of insomnia severity (ISI), next-day residual effects (KSS, DSST, and RTI) were conducted

while subjects were in the clinic. On specified study days, plasma concentrations of compound A were

assessed while subjects were in the clinic in the morning after awakening and at trough just before dosing.

[0221] Subjects continued to take compound A or placebo 30 minutes before their anticipated,

self-selected bedtime and continued to complete the Sleep Diary each day while at home during the

Treatment Period. On Day 14 of the Treatment Period, subjects refined to the clinic. They remained in

the clinic for 4 nights and the intervening days until Day 18. Eight-hour PSGs were recorded each night in

the clinic, to start at the median habitual bedtime calculated from responses on the Sleep Diary completed

on Days 3 to 13. The Sleep Diary continued to be completed each day in the clinic, and the ISI, KSS,

DSST, RTI, were administered at prespecified time points during the daytime hours.

[0222] Afier the Treatment Period ended, all subjects received placebo in a single-blind manner on the

final 2 nights spent in the clinic (Days 16 and 17). On these 2 nights, 8-hour PSGs starting on the same

bedtime as Days 14 and 15 were recorded to assess for rebound insomnia (Rebound Insomnia Assessment

Period).

[0223] During the Treatment period, blood samples for plasma concentrations of compound A were

obtained within 30 minutes predose each night (except on Day 1) in the clinic and within 1 hour of

morning waketime following each night spent in the clinic. Plasma concentrations of compound A were

measured using a validated liquid chromatography-tandem mass spectrometry (LC-MS/MS) assay.

[0224] The KSS was used to measure next-day residual effects at prespecified timepoints. In this test,

subjects rate their sleepiness using the KSS, a 9-point verbally anchored scale. Categories and scores

range from “extremely alert” (score = l), “alert” (3), “neither alert nor sleepy” (5), “sleepy-but no

difficulty remaining awake” (7), to “extremely sleepy-fighting sleep” (9). The key outcome parameter for

the KSS was the score from 1 to 9.

[0225] All statistical tests were based on the 5% level of significance, except for the Bayesian methods

used for the primary endpoint. Details of statistical methods and analyses were specified in the Statistical

Analysis Plan (SAP) and body of the clinical study report.

[0226] The Safety Analysis Set was the group of subjects who received at least 1 dose of study drug and

had at least 1 postdose safety assessment. The Full Analysis Set (FAS) was the group ofrandomized

subjects who received at least 1 dose of study drug and had at least 1 postdose primary efficacy

measurement. The PK Analysis Set was the group of randomized subjects who received at least 1 dose of
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compound A and had at least 1 quantifiable compound A concentration. The PD Analysis Set was the

group of subjects who had sufficient PD data to derive at least 1 PD parameter. The PK/PD Analysis Set

was the group of randomized subjects who received at least 1 dose of compound A or placebo, and had at

least 1 quantifiable concentration of compound A concentration (active subjects), and at least 1 postdose

PD assessment.

[0227] A difference from placebo of at least 6% in the change from baseline of mean SE at Day 1 and

Day 2 was considered the minimum clinically significant difference (CSD).

[0228] Each dose was assessed for next—day residual sleepiness using the K83. A mean difference of

change from baseline in KSS at 1 hour afler waketime on Day 2 and Day 3 of less than 4 units was

incorporated into the utility function. A dose of compound A was considered to have an acceptable KSS

at Day 15 and Day 16 if the mean difference of change from baseline in KSS at 1 hour after waketime on

Day 15 and Day 16 at this dose relative to placebo was less than 4 units. Operationally, acceptable KSS

for Day15 and Day 16 was defined as the lower boundary of a 90% confidence interval (CI) being less

than 4 units (of the mean difference of change from baseline in KSS at 1 hour after waketime at this dose

relative to placebo).

[0229] Utility Function: The utility at a dose was a function of both SE and KSS, constructed by

specifying the 1-dimensional component for each endpoint and then combining them multiplicatively.

Sufficient utility was defined as a Pr(Utility >1).

[0230] Maximum Utility Dose (dUmax): The dose that produced the maximum utility score, ie, the best

combination of efficacy and residual sleepiness as judged by the utility above.

[0231] The PK/PD Analysis Set was used to evaluate relationships between compound A concentrations

and selected PD parameters. The relationships between exposure to compound A and selected PD

endpoints (cg. KSS, DSST, RTI) were explored graphically and could be followed by population PK/PD

modeling. The relationship between plasma concentrations of compound A at predose (trough), and

within 1 hour after morning waketime, and selected PD parameters, was analyzed using Nonmem version

7.2 or later.

Results

[0232] The summary statistics for change from baseline in SE are presented in Table 5. All compound All

doses were statistically significant against placebo for the change from baseline of Mean of Days 1/2.

Doses compound A 2.5 mg and above were statistically significant against placebo for the change from
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baseline of Mean of Days 14/15. There was no statistical evidence of an increase or decrease in SE for the

change from baseline of the mean of Days 1/2 compared to Days 14/15, indicating no loss of treatment
effect.

[0233] In Table 5, “Baseline” was defined as the mean of the screening PSG 1 and 2, within -9 to -3 days

of randomization. “LS Means Diff” refers to the differences between LS Means of Placebo and each

compound A dose, “95% CI” means to 95% CI of LS Means Diff “p-value” was analyzed using analysis

of covariance (ANCOVA) with baseline as a covariate.

[0234] Table 5 Summary Statistics for Change from Baseline in SE (%)
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[0235] The summary statistics for change from baseline in KSS at 1 hour post waketime are presented in

Table 6. The LS mean differences between placebo and compound A 1 mg to 15 mg were not statistically

significant on the Mean of Days 2/3. Only the LS mean difference between placebo and compound A 25

mg was statistically significant on the Mean of Days 2/3 (LS mean difference 0.47; P = 0.0393),

indicating that subjects rated themselves worse than placebo subjects. This result was similar for the

Page 161 of 383

45



Page 162 of 383

WO 2016/063995 PCT/JP2015/080304

mean ofDays 15/16 at 1 hour post waketime. The 2 hour post Waketime assessments for both the mean of

Days 2/3 showed statistical significance for compound A 15 mg and 25 mg, while the mean of Days

15/16 was statistically significant for compound A 25 mg. No statistically significant differences were

seen at the 15 min post waketime timepoints.

[0236] In Table 6, “Baseline” was defined as the time-matched value on Day 1. “LS Means Diff” refers

to the differences between LS Means of Placebo and each compound A dose, “95% CI” means to 95% CI

of LS Means Diff. “p-value” was analyzed using analysis of covariance (ANCOVA) with baseline as a

covariate.

[0237] Table 6 Summary Statistics for Change from Baseline in KSS, 1 hour post waketirne 

Compound A

1mg [25mg 5mg 1 10mg] 15mg
Baseline

 
Placebo

 

4.1

SD 2.01 1.82 1.59 1.61 1.77 1.91 1.76  Median 4.0 4.0 4.0 4.0 3.0

Min, Max 1.0, 9.0 1.0, 8.0 1.0,8.0 2.,0 8.0 1.0 8.0 1.,0 8.0 10, 8.0

(A) Change fiom Baseline of Mean ofDays 2 & 3
 

38 32 56 50

 

LS Means Diff   

95% c1  0.48

—- 09290 0.8177 0.4304 05485 0.1471 0. 0393
(B) Change from Baseline of Mean ofDays 15 & 16

fl—T

_— 31Mean

    
  

 

 

 
95% CI -0.03, -044, -0.09, -0.54, —0.08, 0.19,

1.06 0.70 0.94 0.55 0.85 1.17 

 221139 1.57 172 1.51LS Means Diff -51 0.43 0.01 0.38 0.68

 00651—1 0.6490 0.1059 0.9818 [ 0.1071 [0.0063p--value  
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[0238] The summary statistics for change fi-om baseline in LPS are presented in Table 7. As a result of a

non-normal distribution, the data were log—transformed and analyzed using ANCOVA as pros-specified.

The geometric mean ratio between placebo and compound A 1 mg was not statistically significant for the

change from baseline of Mean of Days 1/2. The geometric mean ratios between placebo and all other

active compound A showed evidence of statistical significance for the change from baseline of Mean of

Days 1/2. Similar results were shown for the change from baseline ofMean of Days 14/15.

Compound A 10 mg showed a statistical difference of change from baseline of the mean of Days 1/2

compared to Days 14/15, showing fin’ther improvement in LPS over time. On all other doses except
compound A 10 mg, there was no other statistical evidence of an increase or decrease in LPS for the

change fiom baseline ofthe mean of Days 1/2 compared to Days 14/15.

[0239] In Table 7, “Baseline” was defined as the mean of the screening PSG 1 and 2, within -9 to -3 days

of randomization. "'p-value” was analyzedvusing analysis of covariance (ANCOVA) with baseline as a
covariate.
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[0240] Table 7 Summary Statistics for Change from Baseline in LPS (min)

PCT/J'PZOIS/080304

 
 

 

 

  

Compound APlacebo ,

lgg L 2.5 mu va 10m 15m 25m
Baseline

N 27 38 32 56 50

Mean 73.0 70.4 67.9 72.5 64.3
 
 

SD

(A) Chang; from Baseline of Mean ofDaxs l & 2 

 
42.66
 
 

52.43 36.12 45.91
  
  

 
  
 

 

—--

 
Mean —52.7
SD 44.46 41.86 50.15 39.39 46.11 36.73

Median -29.9 -42.0 -47.8 -37.4 -26.5 -49.1 -42.6 

 
Min, Max

 

-136.0,

71.0
 

 
18.3

-173.3,

 
 

Geometric Mean Ratio

 
 

(compound Alplaeebo)
0.77
 

0.55 0.60

  

 

 
0.54
 
 

   

 

 
   

0.52 0.39 

 

 
95% CI
  

0.54, 1.09
 

0.38, 0.80 0.43, 0.83
 

 0.38, 0.76
 

 

0.38, 0.70 0.29, 0.54
  
 

 
 0.0025
  

0.0006
  

<0.0001 <0.0001
  

 

 

 

 

Geometric Mean Ratio
 
 

 
  

 

 

 

 

  

  

 
 

   

  
 
 
 

  
 

 

 
 
 

 

 
0.34

(compound A /placebo)

95% CI 0.32, 0.69 0.21, 0.47 0.29, 0.57

-value 0.1158 0.001 0.000! <0.0001 <0.000I <0.0001

(NB)-(A)_Q’otential Habituation EffSect) I27 37 ' 31 54 46
o57 27

40.85 24. 33 12.05
Median 3.6 4.0

Min, Max -234.0, -43.3, -4l.3, -90.0,

66.8 68.0 62.5 38.8 35.5

Geometric Mean Ratio -0.93 0.90 0.77 0.89
(compound A/placebo)

95%C1 4 +0.60, 1.44 0.57, 1.41 0.51, 1.17 0.39, 0.93 0.52, 1.10
n-value 0.7491 0.6354 0.2245
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[0241] The summary statistics for change from baseline in WASO are presented in Table 8. All

compound A doses of 10 mg and above were statistically significant against placebo for the change from

baseline of the mean of Days 1/2. Doses compound A 15 mg and above were statistically significant

against placebo for the change from baseline of the mean of Days 14/15. There was no statistical evidence

of an increase or decrease in WASO between the change from baseline ofthe mean of Days 1/2 compared

to Days 14/15.

[0242] In Table 8, “Baseline” was defined as the mean of the screening PSG 1 and 2, within -9 to -3 days

of randomization. “LS Means Diff" refers to the differences between LS Means of Placebo and each

compound A dose, “95% Cl” means to 95% CI of LS Means Diff. “p-value” was analyzed using analysis

of covariance (ANCOVA) with baseline as a covariate.
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[0243] Table 8 Summary Statistics for Change from Baseline in WASO (min)

Baseline

Mean
 

Placebo

Ii

PCT/JP2015/080304

(A) Change from Baseline of Mean of Days 1 & 2

Compound A

108.9 121.2 119.8 113.7 103.5 103.3 103.0

42.55

N

Wm

—-———-
95% CI —24.5, -16.5, -23.9,

2.3 11.9 1.4 _

 
 

 -6.4
-40.8, -l7.9 -37.6, -14.1  

__ 0.1050 0.7501 0.0818 0.0038 <0.0001 <0.0001
(B) Change fiom Baseline of Mean of Days 14 & 15 

N 52 31 27 37 31

—48.5 -53.4 —53.9

-—-—_

  
 

 

 

 
 

 

 
 

   
 

95% CI -9.6, —18.3, —25.1,

21.0 13.6 3.8

p-value 0.4642 0.7754 0.1461 0.0581 0.0019 0.0020

(B)-(A) (Potential Habituation Effect)

N 52 31 27 37 31 54 46

Mean 6.0 18.0 2.2 2.7 9.3 11.8 9.3

SD 31.42 34.30 44.05 + 29.73 25.89 26.19 23.12

LS Means Diff 13.2 -2.9 -2.9 2.8 5.2 2.7

95% (:1 f -0.3, -17.0, -15.7, -10.6, -6.4, 16.7 -9.3, 14.7
26.7 11.2 9.8 16.3

p-Value 0.0547 0.6852 0.6498 0.6796 0.3792 0.6635
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[0244] The PK of compound A was best described by a 2-compartment model with elimination from the

central compartment. Apparent clearance of compound A was independent of dose and time, indicating

linearity in PK. Measures of the PD effects of compound A included KSS, RTI, DSST, the WFB (RTI,

Rapid Visual Processing [RVP], and Spatial Span [SSP]), POMS, melatonin levels, and the DLMO. Due

to high variability and non-normal distribution in change fi‘om baseline of LPS, it was not possible to

reliably model the concentration-response relationship between compound A PK parameters and LPS.

Nonetheless, higher plasma concentrations of compound A were associated with larger decreases in LPS,

up to approximately 10 ng/mL. This finding was consistent with the efficacy results, where LPS was

decreased at doses of 2.5 mg and higher. Above this concentration, the relationship appeared to reach an

asymptote, suggesting that there was no apparent additional benefit ofhigher compound A concentrations

with regard to sleep onset . When modeled, WASO data were best described by log-linear relationships

with the maximum observed concentration (Cmax). The exposure-response relationship for WASO

showed a log-linear relationship with Cmax, such that higher concentrations of compound A at Cmax

were associated with larger decreases in WASO. PK/PD analyses for next-day residual sleepiness

assessments (KSS, DSST, and RTI) did not show any apparent relationship with time-matched compound

A plasma concentrations. However, subjects whose compound A plasma concentrations were greater than

20 ng/mL at 1 hour alter waking had slightly greater increases on the K88 and a higher incidence of ABS

of somnolence. This concentration is predicted to be achieved by most subjects receiving doses greater

than 10 mg.

Example 5 (Formulation)

[0245] Capsules used for Example 1, 2, and 3 consist of size 2 hypromellose capsules containing 1 mg,

2.5 mg, 10mg, or 50mg each of compound A drug substance. Compound A 25 mg capsules which consist

of size 2 hypromellose capsules containing 25 mg compound A drug substance are also prepared only for

the dissolution evaluation. The placebo consists of size 2 hypromellose capsules containing 10 mg of

microcrystalline cellulose.

[0246] The components and compositions of tablets used for Examples 3 and 4 are shown in Table 9
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[0247] Table 9 Components and Compositions of Compound A Tablets 

 

 

 

    

  
Component Strength _l

1mg I 2.5mg L 5mg 10mg I 25mg l
Core tablet l
(Internal phase)

compound A 5.0 10.0 25.0

Lactose monohydrate 97.88 96.38

Low-substituted hydroxypropyl cellulose

Hydroxypropyl cellulose 3 .6 3.6 3.6 9.0

(External phase) .

Low-substituted hydroxypropyl cellulose 6.0 u 6.0 6.0 15.0‘
 

Magnesium stearate 0.72 0.72 0.72 1.8

Film-coated tablet 

0pm RED mum-
Total Weight (mg) 129 129 129 129 315 .

 
 

[0248] Conventional wet granulation method was used for the manufacturing for compound A

film-coated tablets. The compound A film-coated tablets were manufactured through mixing,

wet-granulation, drying, sizing, lubrication, tableting and film-coating process. Compound A, lactose

monohydrate and low-substituted hydroxypropyl cellulose were mixed using mixer. The mixture was

wet-granulated using mixer with gradually adding appropriate amount of the aqueous solution of

hydroxypropyl cellulose. The wet granules were dried using a dryer. The dried granules are passed

through a 1.0 mm screen using a screening mill. Low-substituted hydroxypropyl cellulose and magnesium

stearate are weighed depending on the yield of granules. The granules, low—substituted hydroxypropyl

cellulose and magnesium stearate are lubricated together in a mixer. The lubricated granules equivalent to

one tablet were compressed into bi-convex tablets using a tablet press. The core tablets were coated using

a coating machine with spraying the aqueous suspension of Opadry RED.

Test Example

[0249] The dissolution test for the compound A capsules and tablets prepared in the Example 5 was

executed using Apparatus 2 (paddle apparatus) according to JP 6.10, USP <711>, and Ph.Eur. 2.9.3. The

capsules and tablets were tested in 900 mL of 0.1 mol/L hydrochloric acid containing 0.5% polysorbate

80 at the paddle rotation speed of 75 rpm (Condition I). In addition, the tablets were tested in 900 mL of

0.1 mol/L hydrochloric acid at the paddle rotation speed of 50 rpm (Condition II). A helical wire sinker

was used in the tests for capsules. Aliquots of media were withdrawn through a filter (pore size: 0.45 um)

at the prescribed time point to make sample solutions. The standard solutions were prepared to have
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compound A concentrations corresponding to those of the sample solutions at nominal concentration level.

The amount of compound A released was determined chromatographically compared to the standard

solution. The dissolution conditions and HPLC conditions are provided in TablelO. Testing was carried

out on 6 capsules/tablets and their average value was indicated in each case. Dissolution profiles of

compound A 1 mg and 50 mg capsules obtained in Condition I are presented in Fig.1 and Table 11.

Dissolution profiles of compound A 1 mg, 2.5 mg, 5 mg, 10 mg and 25 mg tablets obtained in Condition

II are presented in Fig.2 and Table 12. Comparative dissolution profiles between compound A capsules

and tablets obtained in Condition I are presented in Fig 3 and Table 13. The difference between capsules

and tablets was observed in the dissolution profiles, which was caused by the lag time for the

disintegration of capsules.

[0250] Table 10 Dissolution Conditions and HPLC Conditions

Dissolution Conditions

Parameter Condition 1 Condition 11

Apparatus 2 (paddle apparatus) in accordance with JP 6.10, USP <711>, and
Ph. Eur. 2.9.3

 

Dissolution medium

Medium volume

0.1 moi/L hydrochloric acid
containing 0.5%yolysorbate 80 0'1 moI/L hydrochloric 801d
 

Medium temperature

Sampling time

 

Compound A capsules: helical wire sinkers
Comuound A tablets: N/A

Compound A capsuleszs, 10, 15, 30, 45 and 60 minutes
Compound A tablets: “5, 10, 15, and 30 minutes” or “5, 10, 15, 30, and 45
minutes”

HPLC Conditions ‘

Parameter

Detection Wavelength

Column

Column temperature

Mobile phase

Flow rate

Injection volume

Condition I Condition II

283 nm

4.6-mm X 7.5-cm column that contains

3—pm packing Ll (USP)

A constant temperature of about 40 °C

A: Water/70% perchloric acid
(1000zl, v/v)
B: Acetonitrile/70% perchloric acid
(1000:1, v/v)
Isocratic flow: A=60% B=40%

1.0 mL/min

10 uL

4.6-mm X 7.5-cm column that
contains 3.5-um_packing L1 (USP)

Water/acetonitrile/70% perchloric acid
(550:450:1, v/v/v)

1.2 mL/min

50 uL 

Sample cooler temperature

  
25 °C

Measurement time 5 minutes after injection
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[0251] Table 11 Dissolution Rates of Compound A 1 mg and 50 mg Capsules Obtained in Condition I  
 
 Dissolution rate (%) 
 

 
Samples  

 
 

 

5 min Jr 10 min 15 min 30 min 45 min 60 min 

 

 

  Compound A 1 mg capsules 0.0 50.0 86.0 96.4 96.0 95.9  

 
 

69.2
 Compound A 50 mg capsules

[0252] Table 12 Dissolution Rates of Compound A 1 mg, 2.5 mg, 5 mg, 10 mg, and 25 mg Tablets

Obtained in Condition 11 

Dissolution rate (%) 
Samples
 

Compound A 1 mg tablets

CompoundAZ. 5 mg tablets — 100.2 101 7 m 102.0
Compound A 5 mg tablets 100.3 

Compound A 10 mg tablets . . . 100. 9

[0253] Table 13 Dissolution Rates ofCompound A Capsules and Tablets Obtained in Condition 1

 
 

  Dissolution rate (%) 
 
 

Samples 
 

 
  

 

 
 15 min 30 min

86.0

 

 
 

CompoundA 1 mg capsules 96.4 

 
88.5 98.4
 

 

Compound A25 mg capsules

 

 

Compound A 10 mg capsules 

Compound A 25 mg capsules

 
 

Compound A 50 mg capsules 

Compound A 1 mg tablets 
    

L Compound A 25 mg tablets 
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CLAIMS

What is claimed is;

1. A method of treating insomnia, comprising administrating orally a dosage form with a therapeutically

effective amount of compound A, wherein said therapeutically effective amount is single daily dose to

achieve a mean Cmax of from about 3.0 ng/ml to about 7.2 ng/ml for each 1 mg of compound A after

administration to human subjects.

2. The method of claim 1, wherein said single daily dose ranges from about 1 mg to about 15 mg.

3. The method of claim 1, wherein said therapeutically effective amount is single 1 mg daily dose, and

wherein said single daily dose achieves a mean Cmax within the range of about 80% to about 125% of

5.3 ng/ml.

4. The method of claim 1, wherein said therapeutically effective amount is single 2.5 mg daily dose, and

wherein said single daily dose achieves a mean Cmax within the range of about 80% to about 125% of 16

ng/ml.

5. The method of claim 1, wherein said therapeutically effective amount is single 5 mg daily dose, and

wherein said single daily dose achieves a mean Cmax within the range of about 80% to about 125% of 23

ng/ml.

6. The method of claim 1, wherein said therapeutically effective amount is single 10 mg daily dose, and

wherein said single daily dose achieves a mean maximum Cmax within the range of about 80% to about

125% of 36 ng/ml.

7. The method of claim 1, wherein said therapeutically effective amount is single daily dose to achieve a

mean AUC(O-24) of from about 15.9 ng*hr/ml to about 23.8 ng*hr/ml for each 1 mg of compound A.

8. The method of claim 1, wherein said therapeutically effective amount is single 1 mg daily dose, and

wherein said single daily dose achieves a mean AUC(0-24) within the range of about 80% to about 125%

of 17 ng*hr/ml.

9. The method of claim 1, wherein said therapeutically effective amount is single 2.5 mg daily dose, and

wherein said daily single dose achieves a mean AUC(O-24) Within the range of about 80% to about 125%
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of57 ng*hr/ml. '

10. The method of claim 1, wherein said therapeutically effective amount is single 5 mg daily dose, and

wherein said daily single dose achieves a mean AUC(O—24) within the range of about 80% to about 125%

of 95 ng*hr/ml.

11. The method of claim 1, wherein said therapeutically effective amount is single 10 mg daily dose, and

wherein said single daily dose achieves a mean AUC(O-24) within the range of about 80% to about 125%

of 159 ng*hr/m1.

12. The method of claim 1, wherein said therapeutically effective amount is single daily dose to achieve a

mean AUC(O-t) of from about 19.1 ng*hr/ml to about 51.1 ng*hr/m1 for each 1 mg of compound A.

13‘ The method of claim 1, wherein said therapeutically effective amount is single 1 mg daily dose, and

wherein said single daily dose achieves a mean AUC(O-t) within the range of about 80% to about 125%

of 19 ng*hr/ml.

14. The method of claim 1, wherein said therapeutically effective amount is single 2.5 mg daily dose, and

wherein said single daily dose achieves a mean AUC(O-t) within the range of about 80% to about 125%

of 80 ng*hr/ml.

15. The method of claim 1, wherein said therapeutically effective amount is single 5 mg daily dose, and

wherein said single daily dose achieves a mean AUC(O-t) within the range of about 80% to about 125%

of 128 ng*hr/ml.

16. The method of claim 1, wherein said therapeutically effective amount is single 10 mg daily dose, and

wherein said single daily dose achieves a mean AUC(O-t) within the range of about 80% to about 125%

of284 ng*hr/ml.

17. The method of claim 1, wherein said therapeutically effective amount is single daily dose to achieve a

mean AUC(O-inf) of from about 19.8 ng*hr/ml to about 53.1 ng*hr/ml for each 1 mg of compound A.

18. The method of claim 1, wherein said therapeutically effective amount is single 1 mg daily dose, and

wherein said single daily dose achieves a mean AUC(O—inf) within the range of about 80% to about 125%

of 20 ng*hr/ml.
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19. The method of claim 1, wherein said therapeutically effective amount is single 2.5 mg daily dose, and

wherein said single daily dose achieves a mean AUC(O-inf) within the range of about 80% to about 125%

of 80 ng*hr/m1.

20. The method of claim 1, wherein said therapeutically effective amount is single 5 mg daily dose, and

wherein said single daily dose achieves a mean AUC(0-inf) within the range of about 80% to about 125%

of 149 ng*hr/m1.

21. The method of claim 1, wherein said therapeutically effective amount is single 10 mg daily dose, and

wherein said single daily dose achieves a mean AUC(0-ini) within the range of about 80% to about 125%

of311 ng*hr/ml.

22. The method of claim 1, wherein said single daily dose provides a mean plasma compound A

concentration of about 20 ng/ml or less at from 8 to 10 hours after single dose administration to human

subjects.

23. An oral dosage form for treating insomnia comprising a therapeutically effective amount of

compound A and at least one pharmaceutically acceptable excipient, wherein said therapeutically

effective amount is single daily dose to achieve a mean Cmax of from about 3.0 ng/ml to about 7.2 ng/ml

for each 1 mg of compound A afier administration to human subjects.

24. The dosage form of claim 23, wherein said single daily dose ranges from about 1 mg to about 15 mg.

25. The dosage form of claim 23, wherein said therapeutically effective amount is single 1 mg daily dose,

and wherein said single daily dose achieves a mean Cmax within the range of about 80% to about 125%

of 5.3 ng/ml.

26. The dosage form of claim 23, wherein said therapeutically effective amount is single 2.5 mg daily

dose, and wherein said single daily dose achieves a mean Cmax within the range of about 80% to about

125% of 16 ng/ml.

27 .7 The dosage form of claim 23, wherein said therapeutically effective amount is single 5 mg daily dose,

and wherein said single dose achieves a mean Cmax within the range of about 80% to about 125% of 23

ng/ml.

28. The dosage form of claim 23, wherein said therapeutically effective amount is single 10 mg daily dose,
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and wherein said single daily dose achieves a mean Cmax within the range of about 80% to about 125%

of36 ng/ml.

29. The dosage form of claim 23, wherein said therapeutically effective amount is single daily dose to

achieve a mean AUC(O-24) of from about 15.9 ng*hr/ml to about 23.8 ng*hr/ml for each 1 mg of

compound A.

30. The dosage form of claim 23, wherein said therapeutically effective amount is single 1 mg daily dose,

and wherein said single daily dose achieves a mean AUC(0-24) within the range of about 80% to about

125% of 17 ng*hr/ml.

31. The dosage form of claim 23, wherein said therapeutically effective amount is single 2.5 mg daily

dose, and wherein said single daily dose achieves a mean AUC(O-24) within the range of about 80% to

about 125% of 57 ng*hr/ml.

32. The dosage form of claim 23, wherein said therapeutically effective amount is single 5 mg daily dose,

and wherein said single daily dose achieves a mean AUC(O-24) within the range of about 80% to about

125% of 95 ng*hr/m1.

33. The dosage form of claim 23, wherein said therapeutically effective amount is single 10 mg daily dose,

and wherein said single daily dose achieves a mean AUC(0-24) within the range of about 80% to about

125% of 159 ng*hr/m1.

34. The dosage form of claim 23, wherein said therapeutically effective amount is single daily dose to

achieve a mean AUC(O-t) of from about 19.1 ng*hr/ml to about 51.1 ng*hr/ml for each 1 mg of

compound A.

35. The dosage form of claim 23, wherein said therapeutically effective amount is single 1 mg daily dose,

and wherein said single daily dose achieves a mean AUC(O-t) within the range of about 80% to about

125% of 19 ng*hr/ml.

36. The dosage form of claim 23, wherein said therapeutically effective amount is single 2.5 mg daily

dose, and wherein said single daily dose achieves a mean AUC(O-t) within the range of about 80% to

about 125% of 80 ng*hr/rnl.

37. The dosage form of claim 23, wherein said therapeutically effective amount is single 5 mg daily dose,
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and wherein said single daily dose achieves a mean AUC(O-t) within the range of about 80% to about

125% of 128 ng*hr/rnl.

38. The dosage form of claim 23, wherein said therapeutically effective amount is single 10 mg daily dose,

and wherein said single daily dose achieves a mean AUC(O-t) within the range of about 80% to about

125% of284 ng*hr/ml.

39. The dosage form of claim 23, wherein said therapeutically effective amount is single daily dose to

achieve a mean AUC(O-inf) of from about 19.8 ng*hr/ml to about 53.1 ng*hr/ml for each 1 mg of

compound A.

40. The dosage form of claim 23, wherein said therapeutically effective amount is single 1 mg daily dose,

and wherein said single daily dose achieves a mean AUC(O-inf) within the range of about 80% to about

125% of 20 ng*hI/ml.

41. The dosage form of claim 23, wherein said therapeutically effective amount is single 2.5 mg daily

dose, and wherein said single daily dose achieves a mean AUC(O-ini) Within the range of about 80% to

about 125% of 80 ng*hr/ml. , r

42, The dosage form of claim 23, wherein said therapeutically effective amount is single 5 mg daily dose,

and wherein said single daily dose achieves a mean AUC(O-inf) within the range of about 80% to about

125% of 149 ng*hr/ml.

43. The dosage form of claim 23, wherein said therapeutically effective amount is single 10 mg daily dose,

and wherein said single daily dose achieves a mean AUC(O-inf) within the range of about 80% to about

125% of311 ng*hr/ml.

44. The dosage form of claim 23, wherein said daily dose provides a mean plasma compound A

concentration of about 20 ng/ml or less at from 8 to 10 hours after single dose administration to human

subjects.

45. The dosage form of claim 23, wherein said dosage form provides an dissolution rate of 85 % or more

in dissolution medium (0.1 mol/L hydrochloric acid containing 0.5% polysorbate 80, 900 mL, 37 i

05°C) within 30 minutes from the onset of dissolution study using the Apparatus 2 (Paddle Apparatus,

paddle speed; 75 rpm) according to the procedure for immediate—release dosage form in 6.10 Dissolution

test of JP16 or <711> Dissolution of USP37 .
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46. The dosage form of claim 23, wherein said dosage form provides an dissolution rate of 85 % or more

in dissolution medium (0.1 moi/L hydrochloric acid, 900 mL, 37 :t 05°C) within 15 minutes from the

onset of dissolution study using the Apparatus 2 (Paddle Apparatus, paddle speed; 50 rpm) according to

the procedure for immediate-release dosage form in 6.10 Dissolution test of JP16 or <711> Dissolution of

USPS 7.

47. The dosage form of claim 23, wherein said dosage form comprises lactose as pharmaceutically

acceptable excipient.

48. The dosage form of claim 23, wherein said dosage form comprises low-substituted hydroxypropyl

cellulose as pharmaceutically acceptable excipient.

49. The dosage form of claim 23, wherein said dosage form comprises lactose and low-substituted

hydroxypropyl cellulose as pharmaceutically acceptable excipient.
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AMENDED CLAIMS

received by the International Bureau on 10 March 2016 (10.03.2016)

What is claimed is;

1. (Amended) A method of treating insomnia, comprising administrating orally a dosage form with a

therapeutically effective amount of compound A, wherein said therapeutically effective amount is single

daily dose to achieve a mean Cmax of fiom about 3.0 ng/ml to about 7.2 ng/ml for each 1 mg of

compound A after administration to human subjects. and said compound A is

(1R,2S)-2-(((2,4-dimethylpyrirnidm-5 —y1)oxy)methy1)-2-(3 -fluorophenyl)-N—(5-fluoropyridin-2-yl)

cyclopropanecarboxamide represented by a following formula:

 
2. The method of claim 1, wherein said single daily dose ranges from about 1 mg to about 15 mg.

3. The method of claim 1, wherein said therapeutically effective amount is single 1 mg daily dose, and

wherein said single daily dose achieves a mean CmaX Within the range of about 80% to about 125% of

5.3 ng/ml.

4. The method of claim 1, wherein said therapeutically effective amount is single 2.5 mg daily dose, and

wherein said single daily dose achieves a mean Cmax within the range of about 80% to about 125% of 16

ng/ml.

5. The method of claim 1, wherein said therapeutically effective amount is single 5 mg daily dose, and

wherein said single daily dose achieves a mean Cmax within the range of about 80% to about 125% of 23

ng/ml.

6. The method of claim 1, wherein said therapeutically effective amount is single 10 mg daily dose, and

wherein said single daily dose achieves a mean maximum Cmax Within the range of about 80% to about

125% of 36 ng/ml.
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7. The method of claim 1, wherein said therapeutically effective amount is single daily dose to achieve a

mean AUC(0-24) of from about 15.9 ng*hr/ml to about 23.8 ng*hr/ml for each 1 mg of compound A.

8. The method of claim 1, wherein said therapeutically effective amount is single 1 mg daily dose, and

wherein said single daily dose achieves a mean AUC(O—24) within the range of about 80% to about 125%

of 17 ng*hr/ml.

9. The method of claim 1, wherein said therapeutically effective amount is single 2.5 mg daily dose, and

wherein said daily single dose achieves a mean AUC(0-24) within the range of about 80% to about 125%

of 57 ng*hr/m1.

10. The method of claim 1, wherein said therapeutically effective amount is single 5 mg daily dose, and

wherein said daily single dose achieves a mean AUC(0—24) within the range of about 80% to about 125%

of 95 ng*hr/ml.

11. The method of claim 1, wherein said therapeutically effective amount is single 10mg daily dose, and

wherein said single daily dose achieves a mean AUC(O-24) within the range of about 80% to about 125%

of 159 ng*hr/ml.

12. The method of claim 1, wherein said therapeutically effective amount is single daily dose to achieve a

mean AUC(O-t) of fiom about 19.1 ng*hr/m1 to about 51.1 ng*hr/ml for each 1 mg of compound A.

13. The method of claim 1, wherein said therapeutically effective amount is single 1 mg daily dose, and

wherein said single daily dose achieves a mean AUC(O-t) within the range of about 80% to about 125%

of 19 ng*hI/ml.

14. The method of claim 1, wherein said therapeutically effective amount is single 2.5 mg daily dose, and

wherein said single daily dose achieves a mean AUC(O-t) within the range of about 80% to about 125%

of 80 ng*hI/m1.

15. The method of claim 1, wherein said therapeutically effective amount is single 5 mg daily dose, and

wherein said single daily dose achieves a mean AUC(O—t) within the range of about 80% to about 125%

of 128 ng*hr/ml.

16. The method of claim 1, wherein said therapeutically effective amount is single 10 mg daily dose, and

wherein said single daily dose achieves a mean AUC(O-t) within the range of about 80% to about 125%
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of 284 ng*hI/ml.

17. The method of claim 1, wherein said therapeutically effective amount is single daily dose to achieve a

mean AUC(0-inf) of from about 19.8 ng*hr/ml to about 53.1 ng*hr/m1 for each 1 mg of compound A.

18. The method of claim 1, wherein said therapeutically effective amount is single 1 mg daily dose, and

wherein said single daily dose achieves a mean AUC(0—int) within the range of about 80% to about 125%

of20 ng*hr/ml.

19. The method of claim 1, wherein said therapeutically effective amount is single 2.5 mg daily dose, and

wherein said single daily dose achieves a mean AUC(O-int) within the range of about 80% to about 125%

of 80 ng*hr/ml.

20. The method of claim 1, wherein said therapeutically effective amount is single 5 mg daily dose, and

wherein said single daily dose achieves a mean AUC(0—inf) within the range of about 80% to about 125%

of 149 ng*hr/rnl.

21. The method of claim 1, wherein said therapeutically effective amount is single 10 mg daily dose, and

wherein said single daily dose achieves a mean AUC(0-inf) within the range of about 80% to about 125%

of3 ll ng*hr/ml.

22. The method of claim 1, wherein said single daily dose provides a mean plasma compound A

concentration of about 20 rig/ml or less at from 8 to 10 hours after single dose administration to human

subjects.

23. (Amended) An oral dosage form for treating insomnia comprising a therapeutically effective amount

of compound A and at least one pharmaceutically acceptable excipient, wherein said therapeutically

effective amount is single daily dose to achieve a mean Cmax of from about 3.0 ng/ml to about 7.2 rig/ml

for each 1 mg of compound A after administration to human subjects, and said compound A is

(1R,ZS)-2-(((2,4-dimethylpyrimidin—5-yl)oxy)methyl)—2—(3 —fluorophenyl)—N—(5~fluoropyridin—2—yl)

cyclopropanecarboxamide represented by a following formula:
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24. The dosage form of claim 23, wherein said single daily dose ranges from about 1 mg to about 15 mg.

25. The dosage form of claim 23, wherein said therapeutically effective amount is single 1 mg daily dose,

and wherein said single daily dose achieves a mean Cmax Within the range of about 80% to about l25%

of 5.3 ng/ml.

26. The dosage form of claim 23, wherein said therapeutically effective amount is single 2.5 mg daily

dose, and wherein said single daily dose achieves a mean Cmax within the range of about 80% to about

125% of 16 rig/ml.

27. The dosage form of claim 23, wherein said therapeutically effective amount is single 5 mg daily dose,

and wherein said single dose achieves a mean Cmax within the range of about 80% to about 125% of 23

ng/ml.

28. The dosage form of claim 23, wherein said therapeutically effective amount is single 10 mg daily dose,

and wherein said single daily dose achieves a mean CmaX within the range of about 80% to about 125%

of 36 ng/ml.

29. The dosage form of claim 23, wherein said therapeutically effective amount is single daily dose to

achieve a mean AUC(0-24) of fi'om about 15.9 ng*hr/ml to about 23.8 ng*hr/ml for each 1 mg of

compound A.

30. The dosage form of claim 23, wherein said therapeutically effective amount is single 1 mg daily dose,

and wherein said single daily dose achieves a mean AUC(O—24) within the range of about 80% to about

125% of 17 ng*hr/ml.

31. The dosage form of claim 23, wherein said therapeutically effective amount is single 2.5 mg daily

dose, and wherein said single daily dose achieves a mean AUC(0-24) Within the range of about 80% to
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about 125% of 57 ng*hr/ml.

32. The dosage form of claim 23, wherein said therapeutically effective amount is single 5 mg daily dose,

and wherein said single daily dose achieves a mean AUC(0-24) within the range of about 80% to about

125% of 95 ng*hr/ml.

33. The dosage form of claim 23, wherein said therapeutically effective amount is single 10 mg daily dose,

and wherein said single daily dose achieves a mean AUC(0-24) within the range of about 80% to about

125% of 159 ng*hr/1nl.

34. The dosage form of claim 23, wherein said therapeutically effective amount is single daily dose to

achieve a mean AUC(O-t) of from about 19.1 ng*hr/m1 to about 51.1 ng*hr/ml for each 1 mg of

compound A.

35. The dosage form of claim 23, wherein said therapeutically effective amount is single 1 mg daily dose,

and wherein said single daily dose achieves a mean AUC(O—t) within the range of about 80% to about

125% of 19 ng*hr/ml.

36. The dosage form of claim 23, wherein said therapeutically effective amount is single 2.5 mg daily

dose, and wherein said single daily dose achieves a mean AUC(O-t) within the range of about 80% to

about 125% of 80 ng*hr/ml.

37. The dosage form of claim 23, wherein said therapeutically effective amount is single 5 mg daily dose,

and wherein said single daily dose achieves a mean AUC(O—t) within the range of about 80% to about

125% of 128 ng*h1'/ml.

38. The dosage form of claim 23, wherein said therapeutically effective amount is single 10 mg daily dose,

and wherein said single daily dose achieves a mean AUC(O—t) within the range of about 80% to about

125% of 284 ng*hr/ml.

39. The dosage form of claim 23, wherein said therapeutically effective amount is single daily dose to

achieve a mean AUC(O—inf) of from about 19.8 ng*hr/ml to about 53.1 ng*h1‘/ml for each 1 mg of

compound A.

40. The dosage form of claim 23, wherein said therapeutically effective amount is single 1 mg daily dose,

and wherein said single daily dose achieves a mean AUC(O-inf) within the range of about 80% to about
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125% of20 ng*hr/ml.

41. The dosage form of claim 23, wherein said therapeutically effective amount is single 2.5 mg daily

dose, and wherein said single daily dose achieves a mean AUC(0—inf) within the range of about 80% to

about 125% of 80 ng*hr/ml.

42. The dosage form of claim 23, wherein said therapeutically effective amount is single 5 mg daily dose,

and wherein said single daily dose achieves a mean AUC(0—inf) within the range of about 80% to about

125% of 149 ng*hr/ml.

43. The dosage form of claim 23, wherein said therapeutically effective amount is single 10 mg daily dose,

and wherein said single daily dose achieves a mean AUC(0-inf) within the range of about 80% to about

125% of311 ng*hr/ml.

44. The dosage form of claim 23, wherein said daily dose provides a mean plasma compound A

concentration of about 20 ng/ml or less at from 8 to 10 hours after single dose administration to human

subj ects,

45. The dosage form of claim 23, wherein said dosage form provides an dissolution rate of 85 % or more

in dissolution medium (0.1 mol/L hydrochloric acid containing 0.5% polysorbate 80, 900 mL, 37 at

0.5 °C) within 30 minutes from the onset of dissolution study using the Apparatus 2 (Paddle Apparatus,

paddle speed; 75 rpm) according to the procedure for immediate-release dosage form in 6.10 Dissolution

test of JP16 or <71 1> Dissolution of USP37.

46. The dosage form of claim 23, wherein said dosage form provides an dissolution rate of 85 % or more

in dissolution medium (0.1 mol/L hydrochloric acid, 900 mL, 37 a: 05°C) within 15 minutes from the

onset of dissolution study using the Apparatus 2 (Paddle Apparatus, paddle speed; 50 rpm) according to

the procedure for immediate—release dosage form in 6.10 Dissolution test of JP16 or <711> Dissolution of

USP37.

47. The dosage form of olainl 23, wherein said dosage form comprises lactose as pharmaceutically

acceptable excipient.

48. The dosage form of claim 23, wherein said dosage form comprises low—substituted hydroxypropyl

cellulose as pharmaceutically acceptable exeipient.
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49. The dosage form of claim 23, wherein said dosage form comprises lactose and low-substituted

hydroxypropyl cellulose as pharmaceutically acceptable excipient.
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Statement under Article 19(1)

The description “, and said compound A is

(1R23)—2—(t(2,4—dimethylpyrirnidin—5—yl)oxy)methyl)—2—(3—fluorophenyl)—N—(5—fluoropyridin—2—yl)

cyclopropanecarboxarnide represented by a following formula:

 
F ” has been inserted to the end portion of claims 1 and 23.

This description is based on paragraphs [0002] and [0003] of the specification.

Claims 1 and 23 have been clarified by this amendment.
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Attorney Docket Number 

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).

 

  
 

See attached certification statement.

The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.
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 {Xiaoyuan Dingl Date (YYYY-MM—DD) 2020—01—30

Name/Print Xiaoyuan Ding Registration Number 5,354

 
 

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 37 CFR

1.14. This collection is estimated to take 1 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, US. Department of Commerce, PO. 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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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 US. 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 US. 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:

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 the Freedom of Information Act requires disclosure of these record 3.

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.

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.

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

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.

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)).

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.

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 inspections or an issued patent.

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.
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Doc Code: TRACK1.REQ

Document Description: TrackOne Request
PTO/’AlA/424 (04-14)

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION

UNDER 37 CFR1.102(e)(Page 1 of 1)

First Named Nonprovisional ApplicationMinhua Chen Numbefl”known). Not Yet Assigned
CRYSTALLINE FORM OF OREXIN RECEPTOR ANTAGONIST, PROCESSES FOR PREPARATION

Invention. THEREOF AND USE THEREOF

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.

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 | request to be dismissed.

3. The applicable box is checked below:

I. Ori inalA lication Track One -Prioritized Examination under 1.102e 1

i. (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.

___OR___

(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.

ii. An executed inventor’s oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each

inventor, g the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is
filed with the application.

|:| Re uest for 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.

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

No prior request for continued examination has been granted prioritized examination statusunder 37 CFR1. 102(e

/Xiaoyuan Ding/ January 30, 2020Si-nature Date
Name Practitioner

Print/T ed Xiaoyuan Ding Reoisfration Number 75’354
Note: This form must be signed in accordance With 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications.
Submit multiple forms if more than one signature is required. *
 

D *Total of 1 forms are submitted.

I hereby certifythat this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office electronic filing
system in accordance with 37 C.F.R. § 1.6(a)(4).

Dated: January 30, 2020 Electronic Signature for Xiaoyuan Ding: I’Xiaoyuan Ding/
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X&#&%,fi%m¢fiiflfififlwfi%?@o

fi»+/H&L, fi:9(2)¢fifii£9fil%iia%dfltfifi£9910

ii’f/Hflz, 739(3192999999-9599199929c119, fifiiiéfi¥i1§4¢xficifi 1—Cia—3-Wfiw‘fi

999999979999 1-CE-3-Wfitufiafléfifiéfifiifii 1,3-L97EV2‘KHWJE’F99L‘139‘9990

999929799199 El 96, $7iwi£%2%4%’fi§5%éflé\%, 999929999999999999999

999%?92C325999iiw9993999v9‘ 99999923501971; 9'10

iifivh‘it, ZEfliHflifééfi 9%?! CS2 99119992999939999991129999199 “P 613 filfi

X&#fi%&, IFfiHfléféféééfi 95993—12 CS2 215-99517 :39? 5999991971955th fléflfin—ififiififigfié"

9595:9191] “F'Q‘JWI‘i‘O
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iiiififléfizféééfifi—xfifl C52 £11” VX’Ffi—éfiifa:

U)$iW%flcmflfi§M%mflficfifiiw,%flc&fi3mfififl§%%

Tfifififiofl%,%f%fiflflfijfliWSfiE$fifi$flfifii&§,fi0%%%fi

ia‘ifl/f‘ifkfifilfil 1"] £75 Ekfiéééhfilfii'rio

é'liflrriQrégévfsJEEfihfifirfiéi'ri finifififiifiiifi'fifuifi Skiff, fi%%}“(a275%%'lifilfiélfiio

élifl»&é‘€%fivfia%%éfi%|l§\ fiisfifaééiflzlio fkéliflfh‘éflifli @%4¢£—a‘ifil%féll, 114%

m7%%%éwafi§fiwm$,flfimfimgfimao

(2) iiiiflmx‘éfiééfia‘g‘aflflfiRfififivfiéific

Ilifififléx‘éfiééfisfafifllfifléfifififiléfifififiéflfiFTfifiRfiéMfifiE‘ 4tfiivfiéic meawwé

%&flcmfigrcmmflfiflgkmnwm%fifi&£?%mfifi,i9fi§m¢fi$fl

ffléfifii, {viiiéfigfifl‘iifi 1 $a¥zfi£4flér7fii ft 60°C /75%7fax%iflji%4#1‘£973§cfi 2

fi%flfiii§%a$iW%fl%%%%§fimmmi,imfi%£wu%mi,fififi£

fifi¢%#%fii$%%$io

fififlfléfiéfiééfiafiflflfifiéfifizfiwfifkfilepfi Rfiféfifimfifiri'rko fivh'lfi'JflUJ—iifitl’ %%’%<

fiifiéfiéflfiffifi’w“? WEEK/1%???“E’afificéédmjflvfiéi'rifiwgifiIbfillfillfinlx‘ifii?iii/Fifigfia‘iz’}!

%%§&Efi%%%M@o

$fiWi£fééééBLQififli£€fidfidWEL/fil‘fi'aififitfmfi ficé’i'ffiéi'rio Zlifififlutafiflcsz Eirfiv‘kjriE/a

Mfl%%%fl5wfifibflflfififlfififlfiflflflfiflfiTifififi1$fl,%fl¢$

fliflfléfia‘g’afléfififi'fi, JELfifillfill+a%fléfiéb%52%1§:£€$%%7fi§c

3%ffi/fii7‘ldréfivfifidfillfifiRizfififimfii‘ {tivfiéi‘fio fi%fi£7fiu%flfidl£fifi¢, $215311 CS2

x%%ififii%fl,fié%éfifi¢,%flca%k%%§£$%%KE,Mfi%fifiH

25%9'715'13‘f'16511fii7’fi31'6‘330

(3) $£Hfl§a9§2 CS2 EM?RfiféfJflU’Hfim/ifafiwl‘ififljiiic Zifikfiéfia‘f’afl C52 1i

mmWLwfimmfifififi+,wmnfiafiéfimoR%%%%fimfiflf%fiwmwa

%%&,fifl£@%i%flmgo

ifimfefldiéfififfiééfifi, Rfia‘éfifiwl‘ifimfidifiéfifia‘héfiflflifiifiiiéj, fif$flfi§§4§=

@3861, Mfifiéifihflmfi, #Erffiéfifihéfifia‘i; Ejéfifiifihififliiifififiyéfifihfié’ééfiééfi

4514145123fi’fiéfiéiflkifiidfirfiifigflfi, firfifimfiéfidh'vh‘iifiic

fiffiidz, $i9}1?%{%éfia%fl CS2 xiii-11‘ yXTfififiU‘é:

U)$imfififi%flC&flfiR%%W&fio%@C&Rfi%fi&&fiflfifi&é

Eiifiififlwliifi‘?éfiR/fi/flfififi’ififiié‘fiéjilflfifi, 1%4Eai%fiéific%l€&tifiléfi%i, fizfiflfid:
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Eifififi,&§fi&%m,fififi%fiio

(2) Erifilfiéflifiatt, $fim’fzfizf%éfirfiwfl C52 Elfiiikéédfijio 923fiéfiiw $75;

#1551911 C32 éfifizb‘E/EEIJJRQEbf/iiéflifflfiiiflilflio 5%?! C82 éfi%&$ik, fiflfkflt

fiifi,ik%%§fififi%$,flfix%%MWflfi§,fi7%é%&,%%ifi%éo

(3) iéfllifiifiiiatt, diiififié%ifl(:$2 ELiffiififéfifiiib¢io fiiéb%£fiFfi‘ééfié%i%fi, &%

flcwmwfififi,fimfififiawfiwfifiio£flcm£fiwfiafiwmfifififig

fifiififii?fi&,fifii?fi$;%flcmifiwm%fifi%fiflfi%%éfiaifi

®%%Q&\%mmfl%§ii%,fi%fi&fiio

M)$fi%%flc&flfifi§%%Wfiofiwfifi%%¥fiw,£flcmfiflwifi

4K, Elfifiéfiéél‘fitfio Mééééw'riWfi§i3i%fi%i&£%ii-%dfiiufi fillflfifiéiififilfiéfi

%%xfi#%mi,fiflf&%fi&%m\fiii%%om%,%%%wfiifi flay

l?*+é§lfl%§ifi§~, vaifi‘fihfifjrfiuéifi‘zfrfléfiflfla‘, fi'Jf/Eiipréfié}%i715Jii‘flzfiéififjrfifiifi’aé, 53'

%%fi%éfi%%ébfififlfi%fi&fiéfififlio

6)$fi%%flcwn&fifi@flfi%,fi%%m%i,fiflfifififlfififlfigi

fifi,K$fifi¢fifimfififiofigfimfiflfififi\Afififlifig,Efl,fi%g

Efibééfi'IELE/i‘, ééiffi'lxié’uifii, :fi’i—Pfléififiifififiifiééifimifisfidiifixfiififilfiffifiufii

$10

$i%?fi%%%w,£W$fififififlfi%%fl,Wfi§fififi%fi§%fiifim

ESE, #LJL, %%E%$fli; ‘Hiiié$££>l%2§%§%kflfiifié$fiio

ZISZLUWVF, “nfi’qfli”§5L“§'n%£-l”éfifi X éfififiFMKfi§a®fii£i£$éfio Iliélfiiéiéifii/xfifié

éué’wiiffiEE, iiififiifi/aéfiifldmi/fiETW‘MUE, E¢éfi§33&i%ifixzkffi%§éfi%fi\ #93266

Viiéfinfiguéwt/io #éfillf’e, $4fiiieéi7kAfi/Mw, x Eififiifla‘lfiififié‘lfiififiéifiJéEfi

fifififi§o%%%%fim%£,X%&%ifi%@%fififi§£fi%fi%$%%fiwfi

kfifik,fid%fi&%m§$%¢fififlflkififlfio$$i,MEDE%?fi%%

fifififi&5%¢%fififi@fi%,$ifififi%%&%%%%%$mf%fimfiofifi,

J’éfifijiéfiigfifiiififl’é’fi 5%:3129‘, iiééfii/ififiifiiiéafi‘liZfiing‘zfiifif, ifififLfi—fiiozo

ééiiiéo 13%, mf*¥%/§LJ§%§:%E}%%%V¢J, éiifivéfiijiéfiiiéwflfié’r, fifi’ififl-‘r’

itiéwfifié’ro EH6, $4fifiéiéi7ii/xfi‘fl'uigflfififiz‘é, $fliuflfi”4\rfiafl%xéfi%%$fi%@

fifnfivi‘iflfifié‘ééfiééifiwfi’éfi X fiififiifif§il§§dé*fi, ixififiii‘XRPD @iflfl”¥fi3}5

é‘éééifiafl, 7%) fldéé/uifi'fl'ia£10.2°£L4é3§§:fcifr#ifi§¢io {flarflfivfuiigélgfifl’éfi
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554fidé7531fl§i7¥55155@55797fliéJ/éfiifififlé5sawfiifi‘] mefiiiiéifi/x

51155133355575/1‘57’9757

71577137917573”? “1", $itflé5$5

“7%?‘2’7:fi”é1fl 712777575:

5 57771217157 (ii) f15—FHES5EE,

ZSfiBH‘i”,

3532:) é‘Jfifittefizfifl

7%?7‘15 W155 773;, 112% 3}} “F 7735757575775754736 1%] 211511? 57512375331553»? 5‘5 fifikéic ENE IE

$5}, 777777777157177777757777777177777777577,7.7777777:

PCT/CN2018/097797

77557755

fl%@%fimfi,afi?fi%fl@%&%%ififlfi£$flfi%fl

‘JCSZ7Fééihéfi ?$é5,7£21&&527A1&177§mu%fl

”Hfiz5mfl5595fl%(§%)%?%%fl,

{7895" 5% (ii) fié—FI—ftbfaf'd, 9331875" 1% (E

5175 7575:

15111155§7$LL5195.7147775455135de Zf—‘xfif‘fl‘l’, flfi$4fiiiéi7kkarfiLfi5i$fdhafil

10 £7 11 71177:“

waif.“

15

20

123175?7C

1327!]?75

51177717

5459157595

71111951"

515%?

7}“ C32 75 XRPD E5 0

C32 75 DSC E 0

C32 75 TGA IE 0

7] 119519797 731. C32 75 1HNMR 15°

13‘!

715-.

712135?’75 flC32é5XRPDI§

IE 6 75?:7‘5

@775?75

151 8 77?75

El 9751fx7i11fla¥5

’Flfli’vfifiéh

12310 75517151797

TIE 555E131;

25

30
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IE 11 fii/‘iflfla‘iz

'FQfiZ‘iEBh

13 12 752F~35E7E5'JCSZWT’TE

fidZfifi’lE’Efl: iCSZéfiDSC 331°

71] 2 1315477577! C32 75 TGA IE .3
 
7] 2 1915 575*“ C32 55 1HNMR IE1 o

5! C32 75». 25“C/60%717775717LT7‘5£7513 75 XRPD 151 (LE! 75735775,

7:51 CS2 75 40°C/75%7l=7 7525 1351:5555 75 XRPD 115 (J: 15] 75 753575,

52 C32 7': 60°C/75%717 25:517T7‘ifi7513 65 XRPD IQ (J; 129 757535.75,

751$75XRPDI§ (:13755171E75, TIE7JZ71§1$10

E113 75771751551C3275Dvs 131°

1% 14 7527191517511C3275Dv3 7:13:55 XRPDIE ($1375 DVS nu, T1575Dv31310

E33 15 7‘5 zlrxfliflflgaa

ficfiléfitfii‘i

fififlflfi"?

£2 C32 5544175522351 r51 72%.;

713%; 11 ’F ? 7557'] FR»? , Phi? 735571117 éwéfifiilfifi Bf] €15 7% a“! 1515 5'} @5759: 15]
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fiat—c fiixfiifiiéifik 7‘1 in: 5] PL%:%, fiffififiwfifikfififiéfi‘ifrfi Eiiv‘igffifiifii% 2117i

E’Hfilfléfi'ffiift’lriific

flfikfi“Ffifrmi'léfiéffifiéfifiéfififlfl

XMB;X%&%XM%

DSC: éfifmfiifl

Km:fl§%%

DW:%§$%%%

fiNMRzfiéfimfl%

fififiéfiafififi] fill41£fiifi£:

ifimfii%X%&%XH%EEBMm02HmmRX%fi%$fi%&i£%cfl

fii%X%%%Xfi%%fi%fififiT:

X%&&%fifi:

Xél‘téktfiz Cu,K0L

Ka1(AJ: L54060;1K02(A): L54439

1mmm1fi§mfl=0m

‘35:»: 304¢1£fif§ (kV)

Qfi:m%%%(mm

gfififi:a30§m0&

iifififlfifriiéfiifi-‘éafiirfififi (Dsc) 12214: TA Q2000 iii ztxjiHHfifrx‘zEéfi DSC

$fififiT:

gfififizmwmm

fi’dffifik: iii

$£%Wfi%fl§%fifflm)@ELMEWifi%a$K%Wi%TGA%fi%§fi 

333$i$$: 10 OC /min

4%?" 35144:: $3131

ifimfifi’iéflfi 7357\‘fi1’fi (DVS) @fifi] SMS /A\ 5] (Surface Measurement Systems Ltd.)

#J Intrinsic if] §7Ké}‘fll‘4n‘4'i_tzfi%o Fifi 64113] §7J<53\‘fl W431 €15 fiiiéiii—WT;

531/13: 25 °C

5

10

$1593

15

20 6673‘

iIU'F:

25

1:?

30
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iaxiiir‘;iii E1:0%RH—95%RH

22% Fail Liv Fifi Mix is; Ea’ii‘gifiiPLCfiiiifi-fi é; ihiié i266, if? RE is: 

 
’. H 3 2 ZQRBAX Ecfipse C} 8 , EQ(3><4.6 mm. 3.5 pm

5 123' if}: A: ai 21¢: :23. a Using951'): : (iis i1 m)

B: 0 1%1’3'3 ;% figgigggfg

 

 

  
 

i D HIE/min 

 ; 21d}

10 if? 971‘} :55; “K 2 220 nm

fi%%%£flfifi(mflfl)fiafBMmAmmMNMR4mMHZVw%fi%

fiofiingfi%,mosmLfiKLWflflfifl,mfizmmgmL%£fio

15 fléitififiki‘r’flfl, VXTiiifi'JiS/rizififjéfiiTfiM’h fifrfi“:ifi”$%fi‘@2196:er1;,4fi Eds

10mmfi§fiao

fi%$iw,fifififi%fii%é%mfifl@¢(%wfl£ifil_$@m\fifififi

3&0 ifiiiiia, {’Fi‘a/fiéi‘iéfiméfiy (I) filifiv‘i’ifiifiéifio

WT%%M¢W&WE%BN%£fifi%fi&fifléfifl,M%fi%CM%UW$B

20 ‘i’a‘ifféiii'lfi’rfiifléii'lo

£fi¥fifi£

$$M1=fii$fié%flcy

%mfiwmmgmmA%mfiH,«mfammwfimi ifigfiifii%fifii

fiflflwoéMll, fifi E¢fi%'lcw, flx%&%$m%fifiME1,fi1fific

Page 207 of 383



Page 208 of 383

WO 2019/024845 PCT/CN2018/097797

211% jawvlfifrfiafizfl C32 1510 DSC 411214113 2 ENE, fiufli 177°Cl‘fii’i-FHS mIJL#/1\fliwé,

izflatéwéi’y C52 éfif‘éfltflififlio

44 3645115214325?sz CS2 64: TGA 91114418 3 fifm‘r, 463.11g 170”CJJJQ’LHJJE;L7E% 0.6%éfi/fii

431580

5 4&9? 731242131459 1961;! C82 #1 42242241851184 El 4 fifm‘m 48:48—25 :1H NMR (400 MHz, DMSO)

5 11.22 (s, 1H), 8.33 (d, J = 3.0 Hz, 1H), 8.13 (s, 1H), 7.89 (dd, J = 9.1, 4.1 Hz, 1H), 7.64 (td, J

= 8.7, 3.1 Hz, 1H), 7.48—7.35 (m, 3H), 7.11 (ddd, J = 11.5, 6.0, 3.0 Hz, 1H), 4.68 (d, J = 10.2 Hz,

1H), 4.29 (d, J = 10.3 Hz, 1H), 2.64 (dd, J = 15.7, 8.8 Hz, 1H), 2.36 (d, J = 21.5 Hz, 3H), 2.03 (s,

3H), 1.74-1.67 (1n, 1H), 1.50 (dd, J = 8.0, 4.8 Hz, 1H)°

10 581

6541131 26 3512170

7.81 11.32 100.00

11.44 23.41

15.78 5.62 11.77

16.40 5.41 4.67

 

 

 19.05 4.66 12.69

19.57 4.54 18.50

21.32 21.23

 

 

 

 

 

 

 
31.09 2.88 5.99 
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33.99 2.64 1.25 

352104712: fiififilifihnia‘rfi'lé-uflfl cs2

7311:4144: 1026.0 mg éfiéaéwmfiv‘ltfir, 5864? 10.0 mL as 37111343.. iiirlééébfljfi, ISIHWUA

é’fi 10.0 mL 601172176] 714, glibiiyi4+35 4 rJ‘HaLfikiriftiiima a 44813, 7‘“??- 40 °C 4%13 T4455:

1%20 18 1053133511214le8 2381422111], fifrfifilwfi'aauafl C52, 92L X fiififlfikfififif’xfifig 5,

5 i 2 fifrv‘m

21;; 76451)?)14’3431732 CS2 66 DSC 3mg 6 WHY“, 79.44415 176°CFH££HWH€ LP. 4114461884,

£271,444)? £632 cs2 60642489114442.

21$?Walfifa‘izfl cs2 60 TGA 38:13 7 Writ, 2112,38; 170°Cwiziarrfi7éJ—éfi 057666566.

fiéfizwdfififig‘afl CS2 60 1H NMR 133341 133 8 fifrn't, 2824639: 1H NMR (400 MHz, DMSO)

10 5 11.21 (s, 1H). 8.33 (d, J = 3.0 Hz. 1H), 8.13 (s, 1H). 7.89 (dd, J = 9.2. 4.2 Hz, 1H). 7.64 (td, J

= 8.8, 3.1 Hz, 1H), 7494.34 (111, 3H), 7.164.05 (111, 1H), 4.68 (d, J = 10.2 Hz, 1H), 4.29 (d, J =

10.3 Hz, 1H), 2.67—2.57 (m, 1H), 2.38 (s, 3H), 2.03 (s, 3H), 1.74 — 1.661111, 1H). 1.50 (dd, J = 8.0,

4.8 Hz, 1H).

$4 2

12.56 7.05 35.00

15.82 5.60 9.92

19.07 4.65 19.61 
 

 

 

 19.60 4.53 20.52

21.36 4.16 22.18

 

 

25.46 3.50 6.67 
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EfifllfiLfiififlfiifiiéfléiigfl

$341?!) 31.5 mg éfifik‘é‘ihflflfiiih fink 1.0 mL €16 Cflfiffifi'] ifififliifli, fink yi'fimffi 3

“Ffififiéfi%%ififii, fiiETffilfééiififl l4$09273€af§d 3~5 fifrf?’ lflififidfiiv’a #3: 3~5,

%7%27‘91'J, #93” 3~5 is % Jafl C52°

5 5‘; 3

” %%&w

l-LE-3-W2EV7‘KVQMEEQWEEE

 

L£&W£%%%fi%m&

1&LW%%%%%LW%£
 

$3545.01 6: gfl €52 afifiufli

affllzkuitméfia‘afl C82, 9%: 25°C/60%#E15<a‘i§i/i\ 40°C/75%7¥Elxa‘if’u/i‘ 60°C/75%7ha

ifl‘iflfi%4¢1~‘f5k Diifi, 21m HPLC 7%: XRPD ifi‘li%fl54b#?%}ié@§4&, 2g z‘wui: 4 WT

 

 

 

“To

10 a": 4

‘ ‘ . ‘ \ jigé
fliré £1932 fiiték/Et fiifi'fiéfiL mam KEB fizfi! _

fig

£3513 CSZ 25°C /60% A J £9313! C52‘ , 10 1; 9963%
(@9:@> ”W% flfifla (@9?@>

‘3 "”1 CS7.

(E i 40°C 05% AH gm cs210 r , 10 1 9967%}
99-67% iafiiga (1E 10 T13)

2}a 6%fllcsz 9970%
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£5 £55310], 52:91] C32 ii 25“C/60%7Faia‘fufziv 40“C/75%%fa112131zfzrfirwlflféfi~ T’Tféi 10

4%], a: 60°C/75%21ax%ifijiaMfiPTikE i 951%,? 2 E], 11751? fifiién‘gafifl C32 éfikificfi:

713135352312 EDI, 5951752 C82 EM? Rfiféfififhifilx 00%57fiéi'rio

955%] 7: #31 C32 6951;513:5205

 5 @3115?! C82 E€L59jré$qfl $731511§ 5 53‘4‘1’, filg‘fié {1’3 XRPD [EiwIE 12 F7173? (LIE

P‘QBFTEE‘T, Tléflfiszfg‘é) o é’éfi‘fifxflfl, Wffififiéfifiafifl C82 fifiié‘ia’b, fi-Efi'gfiilélfliflfi‘

fiéi'fio

92511018: flufl C82 #:3123151

éflxzwsinJuLafiE C32 :5 10 mg flimih,*§vlééa\flm(DV3) 4151001525] 519111, 1: 0—95%—0

1o iafirifwiTéWz#at, iifiafi/I‘ififi’FfifiifiiEPC, DVS 1251213 13 fifrfit, ¥%?$%&U% 5

fifrfm ifldifii DV3 fifiéfafléé XRPD E, 25960119 14 fifrfx (12375 DV3 Fifi, TE)? DVS

2%) a é’éfi’zfikfi, $177311 C32 éfifilifié'lim, 4E 80%7kafiifljiéfiiééiifi’a 0.21%, &f%fiél

$1115, 121 DVS fiéflxi‘lfiz’iiafiai, z: 0%—95%#Bi<a‘ifl/E%45F?El§1 1*] £75 Rfiaiééflézflfiéi

 

 

  

Tie

15 $2 5

fififli ‘ ,
, _ 80%71333‘25‘1/Eéfifiafi 5’] i111:

i%:2(%)

£553! C32 0.21% 1144116] 251% 

a‘éfalifl'rflfliéfifiié Slifl'riiéfiééfii (“P lie‘lsfir 2015 #1111311} 9103 éfiihalii'ri

13111553 $251111}, $32§1+z 25°Ci1°C, 80%13212‘11/3):

iéilfiik fidfitiififi‘ifinfiififli

7151;131:1111; aliiiéixabf 15.0%

20 fifilififi: aliiiééidxf 15.0%12x/Lf 2.0%

1157;161:1115: filiflifigfill‘f 2070137315? 02%

iflIL‘TLfLiilifl‘ti: 31-13%]?le 0.2%

9220M 9: £111 C32 #mfiaiawfimfib'fifibb

fib'lfidliiififil’, ii“???Wfiifilfiéfi'fifiiflfi‘flfiifii“F I‘filrf$¥flal=’iéfiififmi, 31111225: (c)a

25 lifi’éifiéfi‘fi’ Iii éfifl‘a’ixiéiéfiAififi )é ifldi‘fifinikfiiffl; 7?: RE] $ée§ii£4i$fi$ihf 3?}; ”a3?
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I hereby certify that this paper (aiong with any paper referred to as being
attached or enclosed) is being transmitted via the Office electronic filing system
in accordance with 37 C.F.R. §1.6(a)(4).

Dated: January 30, 2020 Docket No.: 134070-01602

(PATENT)

 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
 

In re Utility Application of:
Minhua Chen et al.

Application No.: Not Yet Assigned Confirmation No.1 N/A
Continuation of PCT/CN2018/097797

Filed: Concurrently Herewith Art Unit: N/A

Int’l Filing Date: July 31, 2018

For: CRYSTALLINE FORM OF OREXIN Examiner: Not Yet Assigned
RECEPTOR ANTAGONIST. PROCESSES FOR

PREPARATION THEREOF AND USE

THEREOF

MS Amendment

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

PRELIMINARY AMENDMENT

Dear Sir:

Prior to examination on the merits, please amend the above—identified US. patent

application as follows:

Amendments to the Specification begin at page 2 of this paper.

Amendments to the Claims begin at page 4 of this paper.

Remarks/Arguments begin at page 6 of this paper.
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AMENDNIENTS TO THE SPECIFICATION

Please amend the title as follows:

 

CRYSTALLINE FORM OF OREXIN RECEPTOR ANTAGONIST. PROCESSES FOR
 

PREPARATION THEREOF AND USE THEREOF

Please add the following paragraph at page 1 right below the application title:

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation of International Application No. PCT/CN2018/097797, filed

on July 31, 2018, which claims the benefit of foreign priority of Chinese Patent Application

No.: 2017106481352, filed on August 1, 2017. The entire contents of the aforementioned

applications are incorporated herein by reference.

Please amend the paragraph at page 2, lines 19-20, as follows:

According to one aspect of the present disclosure, the X-ray powder diffraction pattern of Form

CS2 shows characteristic peaks at 2theta values of 7.8°iO.2°, 15 .6°iO.2° and ll.4°iO.2° using

CuKd radiation.
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Please amend the paragraph at page 2, line 29 through page 3, line 2 as follows:

According to another aspect of the present disclosure, the X-ray powder diffraction patteni of

Form CS2 shows three or four or five or six or seven or eight or nine or ten or eleven

characteristic peaks at 2theta values of 7.8°J_r0.2°, 15.6°i0.2°, ll.4°i0.2°, 12.5°i0.2°,

21.3°iO.2°, 27.3°iO.2°, 24.0°iO.2°, l9.l°iO.2°, l9.4°iO.2°, 22.3°iO.2°, 25.9°iO.2° using C11K0t

radiation.

MEl 32512323v.1

Page 232 of 383



Page 233 of 383

Application No.: Continuation of PCT/CN20lS/097797 Docket No.: 134070—01602

AMENDNIENTS TO THE CLAIMS

1. (Currently Amended) A crystalline form CS2 of E-2006, wherein the X-ray powder

diffraction pattern shows characteristic peaks at 2theta values of 7.8°i0.2°, 15 .6°i0.2° and

ll.4°iO.2° using CuKoc radiation.

2. (Currently Amended) The crystalline form CS2 according to claim 1, wherein the X-ray

powder diffraction pattern shows one or two or three characteristic peaks at 2theta values of

l2.5°i0.2°. 21.3°i0.2° and 27.3°iO.2° using CuK0t radiation.

3. (Currently Amended) The crystalline form CS2 according to claim 1, wherein the X-ray

powder diffraction pattern shows one or two or three characteristic peaks at 2theta values of

24.0%02", l9.4"i0.2O and 22.30102O using CuKOt radiation.

4. (Original) A process for preparing crystalline form CS2 according to claim 1, wherein the

process comprises:

(1) Dissolving compound (I) in a solvent to get a solution containing compound (I), then

adding an anti—solvent to the solution slowly, stirring and crystallization to obtain crystalline

form CS2; or

(2) Dissolving compound (I) in ketones and slowly evaporating to obtain crystalline form

CS2; or

(3) Dissolving compound (I) in nitriles, adding an ionic liquid, then slowly evaporating to

obtain crystalline form C82.

5. (Original) The process for preparing crystalline form CS2 according to claim 4, wherein

in method (1), said solvent is alcohol, said anti-solvent is water; in method (2), said ketone is

acetone; in method (3), said nitrile is acetonitrile, said ionic liquid is l-ethyl—3-

methylimidazolium methyl sulfate. or l-ethyl-3 -methylimidazolium hexafluoroantimonate. or

1,3-dimethylimidazolium dimethyl phosphate.

6. (Original) The process for preparing crystalline form CS2 according to claim 5, wherein
4
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in method (1) said alcohol is methanol.

7. (Original) A pharmaceutical composition, said pharmaceutical composition comprises a

therapeutically effective amount of crystalline form C52 according to claim 1 and

pharmaceutically acceptable carriers, diluents or cxcipicnts.

8. (Cancelled)

9. (Currently Amended) Grystallineferm—GSQ—aeeerdinfieelaflH—feeflaetfieef—prepafing

drugs A method of treating insomnia and/or irregular sleep-wake rhythm disorder, comprising

administering to a patient in need thereof a therapeutically effective amount of crystalline form
 

C82 according to claim 1.
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REMARKS

Applicant has amended the Title and added the “cross-reference to related applications”

section to the Specification.

Furthermore, Applicant has amended the Specification at pages 2-3 and claims 1-3 to

include the phrase “using CuKor radiation”. Support for these amendments appears in the

Specification at page 8, line 15.

Claim 8 has been cancelled without prejudice or disclaimer.

Claim 9 has been rewritten into method of treatment claim format to conform to US.

practice.

Upon entry of the claim amendments as set forth above, claims 1-7 and 9 will be pending.

No new matter has been introduced by the amendments to the specification and the

claims.

Applicant respectively requests favorable consideration of the present application.

Dated: January 30, 2020 Respectfully submitted,

Electronic signature: /Xiaoyuan Ding/

Xiaoyuan Ding

Registration No: 75 ,354
MCCARTER & ENGLISH, LLP
265 Franklin Street

Boston, Massachusetts 02110

(617) 449-6500

(617) 607-9200 (Fax)

Attorney/Agent For Applicant
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CRYS‘E‘AL FORJM OF OREXEN RECEP‘E‘OR ANTAGONEST, l’REPARA'E‘lflN

l't/IETl-{OD THEREFGR AND USE THEREOF

TECHNECAL F’lELD

The present disclosure relates to the field of pharmaceutical chemistrya particularly relates to a

novel crystalline forms of orexin receptor antagonist, processes for preparation and use thereof.

BACKGROUND

E~200¢3 (1.,einborexaiit) was developed by Eisai and clinically used to treat insomnia, Studies

have shown that, the orexin system is a key regulator of the sleep-wake cycley and thus orexin

receptor antagonists have the potential to counteract inappropriate nighttime waltefitlness and

promote a regular sleep—wake cycle. 13—2006 is an, orexin receptor antagonist, in clinical trialsg

£2006 can significantly improve sleep efficiency in patients with insomnia, including falling

asleep fast and shorter time spent awake at night. In addition, E—Ztlt)6 also shows great

potential in the treatment of Alzheimer‘s patients with irregular SleenWa e Rl‘iythm Disorder

(lSWRD), lSWRD is different from eonnnon insomnia, and has tinniet clinical needs.

The chemical name of B2006 is (lit, 2S)—2~ { [(2,

4 --dinietliylp yriinitlin- 5 — yl)osylmethyl} -2 --t 3 --lluoroplienvl)—-N "t5 --ilta oropyrittin-Q -—yl)c ye lopropa

neearboxamide (hereinafter reterred to as “Compound (it’ll anti the structure is shown as
;.

to lie ws:

 
 

Compound (l)

Currently, no crystalline forms of componml (I) was disclosed. CN'l03l53963l3 disclosed the

structure of compound, (I) and the process for preparing compound {it The inventors of the

present disclosure have repeated the preparation method in CNl03l53963B and amorphous

solitl was obtained, Compared with the crystalline form of the present disclosure, the
l
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amorphous solid has lower stability, lower density and poorer flowability, which is not suitable

for the preparation of drug product. ln addition, amorphous is the thermodynamically most

unstable solid form, which is prone to crystal transformation or chemical degradation, resulting

in a decrease in the purity of the compound, The preparation of amorphous is usually a rapid

precipitation process to produce kinetically stable solid, which easily leads to excessive

residual solvent. The particle property control in the preparation process is ditticult.

The inventors of the present disclosure discovered excellent crystalline form C82 of compound

(l), which has advantages in at least one aspect of stability, melting point, solubility, in vitro

and in, vivo dissolution, hygroscopicity, hieavailahility, adhesiveness, compressibility,

ilowahility, processahility, purification ability, fei'niulatioh production, etct Particularly,

crystalline form CS2 has good stability, low hygroscopicity; good tbrrnulation processahility,

high in vitro dissolution and dissolution rate, which provides a new and better choice for the

development ot‘drug containing compound (l) and is of great significance.

SUMMARV

The main objective of the present disclosure is to provide a novel crystalline form of

compound (I), processes for preparation and use thereof,

According to the objective of the present disclosure, crystalline form C82 of compound (l) is

provided (hereinafter reterretl to as Form C82}.

According to one aspect of the present disclosure, the X-ray powder diffraction pattern ot‘Forrn

(352 shows. characteristic pealts at Ztlieta values ol‘7.l§“:0.2“‘, l5.6°-:L-(l.2° and ll.4°:r:tl.2°.

Furthermore, the X-ray powder diffraction pattern of Form C32 shows one or two or three

characteristic peaks at Etheta values of l2.50;l:0.29, $35,120.20, 27.3°;-t-0.2c. Preferably, the

X—ray powder dithaction pattern of Form C82 shows three characteristic peaks at thheta values

of l2 50:02“, '2 lt30::002'°, 27.30102”,
  

Furthermore, the X~ray powder diffraction pattern of Form CSZZ shows one or two or three

characteristic peaks at 2theta values of 2430717702“, l9.4“:tt).2° and 22.30:t0.2"". Preferably, the

X—ray powder dii‘lraetion pattern of Form (181 shows three characteristic peaks at Ztlteta values.

of 24.00.1020, l9.40:k0.2°, 22.391025,

According to another aspect of the present disclosure, the X-ray powder diffraction pattern of

Form C32 shows three or four or five or six or seven or eight or nine or ten or eleven

[\J
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characteristic peaks at Ztlieta values of 7.8%020, 15.60::OQO, ll.4°ill.2'°', 12.50:?020,

$303502“, 27.3“:l2020, 24.0%022 l9.l°:i:().207 l9.4°.—l:0.2°, 22.30:.l:0.20, 25.90:}:02".

Without any limitation being impliedt the X-ray powder diffraction pattern of Form CS2 is

substantially as depicted in Figure l or 5.

According to the objective of the present disclosure. 2:. process for preparing Form C32 is also

provided. The process comprises:

l Dissolvinr coin ound I in a solvent to 3ct a solution containirw oorn,ound It then« ED [‘5c:

adding an anti—solvent to the solution slowly, stirring and crystallizing to obtain Form (3532; or

('2) Dissolving compound (l) in ketones and slowly evaporating to obtain Form C82; or

(3) Dissolving compound (I) in nitriles, adding an ionic liquid, then slowly evaporating to

obtain Form (332.

Furthermore in method (l) said solvent is alcohol, said anti~solvent is water;

Furthermore, in method (l) said alcohol is methanol.

Furthermore, in method (2) said ketone is preferably acetone.

Furthern'tore, in method ('3) said nitrile is preferably acetonitrile, said ionic liquid is preferably

l~cthyl-3wmethylimidazolium methyl sulfate, or l«Ethyl—'3unethylimidazolium

hemtluoroantinionate or l,3-—diinethyliinidazoliuni dimethyl phosphate.

According to the objective of the present disclosure, a pharmaceutical composition is provided

said pharmaceutical composition comprises ii therapeutically effective amount of Form CS2

and pharmaceutically acceptable carriers, diluents or excipients.

Furthermore, Form C52 can be used for preparing oreiiin receptor antagonist drugs.

Furthermore, Form C82 can be used for preparing (hugs treating insomnia and/or irregular

sleep-wake rhythm disorder.

Form CS2 ofthc present disclosure has the following advantages:

( l) Forni CS2 of the present disclosure has lower hygroscopieity. "the test results show that the

weight gain of Form (132 at 80% RH (Relative Humidity) is 0.2l%. Form C82 is slightly

hygroscopic. The crystalline form does not change after DVS? Form CS2 has good physical

stability at O~95% RH.
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Hygroscopicity affects the stability of drug substances. flowability and uniformity during the

formulation process, thus althoting the quality of drug products. l-lygroscopicity atl’ects the

preparation, storage and post—treatment of the drug. The crystalline form with low

hygroscopicity is not demanding on storage conditions, which reduces the cost of storage and

quality control, and has strong economic value.

(2) The crystalline form provided by the present disclosure has good stability

Drug substance Form CS2 of the present disclosure has good physical and chemical stability in

different storage conditions. The crystalline form of Form CSZ of the present disclosure

remained unchangeiil for at least it) months when stored in open dishes under the conditions of

25 C‘C/(it‘l‘l/E RH and 4t} 0 175% RH; preferably or at least one yea“. The crystalline form of

Form C52 doesn’t change for at least 2 weeks when stored under the condition of 60 ‘3C/75‘3/Ei

RH. The chemical purity of Form C82 of the present disclosure is above 99%, preterahly

above 99.5%, and remained substantially nncl‘ianged during storage.

l’ortn C82 of the present disclosure has good physical stability alter grinding. Grinding and

pulverization are often rerniired in drug manufacturing process. Good physical stability of the

drug substance can reduce the rislr of crystallinity decrease and crystal transformation during

the drug production process.

Form CS2 of the present disclosure has good physical and. chemical stability in drug product.

Dnig product is prepared with excipient and stored under the conditions of 25 00/6095 RH and

All) °C/75% RH for at least one month. The crystalline form ol‘l’orni CS? remained unchanged

and chemical purity remained substantially unchanged in drug product.

Ding substance and drug product has good physical and chemical stability. During the storage

and formulation process, Form CS2 does not convert to other crystalline forms“. and the

chemical purity of Form CSZ remained suhstantially unchanged during storage, thus ensuring

consistent and controllable quality of dnig substance and drug product.

(3} Form CS9; has good in Vitro dissolution and dissolution rate. Form C32 of the present

disclosure in drug product underwent lOO‘l/o dissolution in 60 minutes in ill moi/L aqueous

hydrochloric acid, solution. Good in Vitro dissolution leads to higher in VlVO absorption thereby

achieving ideal bioavailability.

Dissolution is the prerequisite for absorption. Good in Vitro dissolution leads to higher in Viyo

absorption and better in vivo exposure? thereby improving drug‘s hioa 'ailahility and efficacy.
4
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High dissolution rate is beneficial for the drug to achieve peak plasma concentration quickly

after administration, thus ensuring rapid drug action.

Furthermore, Form (782 of the present disclosure also has the following advantages:

( l) Form C82 of the present disclosure has good compressibility. Failure in hardness/friahility

test issue can be avoided in the tableting process due to better compressibility of Form CSZ,

thus reducing the requireme its for pretreatment process, making the preparation process more

reliable and improving product appearance and product quality.

(2) Compared with prior art, Form CSZ of the present disclosure has higher density. Test re ‘ults

indicate that the bulk density and tapped density of Form C82 are remarkably higher than that

of prior art solid. Higher density of Form (352 is beneficial to large scale production. High

density of Form C12 can also reduce dust, reduce occupational hazard, reduce security risks

and ensure production safety.

(3) Compared with prior art, Form C82 of the present disclosure has better flowability.

Flowability evaluation results indicate that the tlowaleility of Form C782 is good, While the

llowa‘nility of prior art form is poor. Better flowability can effectively increase the speed of

tableting and filling and increase manuiacturing efficiency, Better ilowaliility of Form C332

ensures the blend uniformity and content uniformity of the drug product, and. reduces the

weioht variation of the dru - rodu ct and int )roves iroduct r ualitv.2:) n. ..

(4’) Compared with prior art, Form CS2 ofthc present disclosure shows superior adhesivencss.

Adhesi ’eness evaluation results indicate that Form CSZ has low adhesiveness amount and low

adhesiveness. Due to low adhesiveness of Form 0.2, adhesion to roller and tooling during

dry~granulation and compression process can be reduced, which is also beneficial to improve

product appearance and weight variation. in addition, low adhesiveness of Porn} (352 can

reduce the agglomeration of drug substance, which is beneficial to the dispersion of drug

substance and reduce the adhesion between drug substance and other excipients, and improve

the blend uniformity and content uniformity of drug product.

(5) Form CS? of the present disclosure has almost no residual solvent and meets the

requirements of drug substance, While the residual solvent of the prior art exceeds the standard

and cannot be used as a drug substance directly. Many organic solvents are harrntul to human

and environment. Therefore, in order to ensure drug safety and product quality, it is necessary

to control the residual organic solvent ot'drug substance.

Lit
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in the present disclosure, said "evaporating" is accomplished. by using a conventional method

in the field such as slow evaporation or rapid evaporation. Slow evaporation is accomplished in

a container covered by sealing film with pinholes. Rapid evaporation is accomplished in an

open container,

in the present disclosure, "crystal" or ”crystalline form" refers to the crystal or the crystalline

form being identified by the X-ray diffraction pattern shown herein. Those skilled in the art are

able to understand that physicochemical properties discussed herein can be characterized. The

experimental errors depend on the instrument conditions, the sampling processes and the purity

of samples. in particular, those skilled in the art generally know that the pray diffraction

pattern typically varies with the experimental conditions. it is necessary to point out that, the

relative intensity of the dilll'action peaks in the X~ray difti'action pattern may also vary with the

experimental conditions; therefore, the order of the diffraction peak intensities cannot be

regarded as the sole or decisive factor. in tact, the relative intensity of the dittraction peaks in

the X-—ray powder diffraction pattern is related to the preferred orientation of the crystals, and

the ditlraction pealt intensities shown herein are illustrative and identical ditlraction peak

intensities are not required. ln addition, the experimental error of the diffraction peak position

is usually 5% or less, and the error of these positions should also be taken into account. An

error of 1—0.2" is usually allowed in addition, due to experimental factors such as sample

thickness, the overall offset of the ditfraction peak is caused, and a certain offset is usually

allowed. Thus, it will he understood by those skilled in the art that a crystalline form of the

present disclosure is not necessarily to ha ye the exactly sanie X—ray dittiaction pattern of the

example shown herein. As used herein, "the same XRPD pattern” does not mean absolutely the

same, tie same peak positions may differ by 5:020 and the peak intensity allows for some

variability. Any crystalline forms Whose X—ray diffraction patterns have the same or similar

characteristic peaks should be within the scope of the present disclosure. Those skilled in the

art can compare the patterns shown in the present disclosure with that of an unknown

crystalline form in order to identify whether these two groups of patterns reflect the same or

different crystalline forms,

in son] e embodiments, Form CS9. of the present disclosure is pure and substantially free of any

other crystalline forms. ln the present disclosure, the term Hsuhstantially free" when used to

describe a novel crystalline form, it means that the content of other crystalline forms in the

novel crystalline form is less than 20% {w/w), specifically less than lilo/6 (WI/W), more1

specifically less than 5% (w/w) and lirrther more specifically less than % (VJ/W).
fi
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it should. he noted that the number and. the number range should not be understood. as the

number or number rnnge themselves only It should be understood by those skilled in the art

that the specific number can be shifted at specific technical environment Without departing

from the spirit and principle of the present tliselosu re. lit the. present disclosure“ the number of

shift ranges expected by one ofskilled in the art is represented by the term "about".

BREEF DESCRIPTION OF THE DRAWINGS

Figure l shows an XRFD pattern of Form CS2 in Example E.

Figure 2 shows a DSC curve of Form CSZ in Example l.

Figure '3 shows a TGA curve ofForrn C82 in Example 1.

Figure 4 shows a 1H NMR spectrum ot'Form C82 in Example l.

Figure 5 shows on XRPD pattern of Forrn C82 in Example 2.

Figure 6 shows 11 DEC curve of Form CSZ in Example 2.

Figure 7 shows a TGA curve of Form (:82 in Example 2.

Figure 8 shows 3. 1H NMR spectrum ot'Forni (382 in Example 2.

Figure 9 shows an XRPD pattern overlay of Form C82 before and after stored at 25 “(T/60%

RH (top: before storage bottom: alter storage).

Figure 10 shows rut XRPD pattern overlay of Form CS2 before and after stored at 40 “(I/75%

RH (_top: before storage, bottom: after storage).

Figure it shows an XRFD pattern overlay of Form CSZ before and after stored at 60 ”(3,1’75‘3/53

Rl—t (top: before storage, bottom: after storage).

Figure l2 shows an XRPD curve of Form C82 before and after grinding (top: XRPD pattern

before grinding; 1oottorn: XRFD pattern after grinding)

Figure 13 shows a DSC curve of Form C32.

Figure l4 shows an XRPD pattern overlay of Form CS2 before and after DVS test (top: XRPD

pattern before DVS; bottom: XRPD pattern after DVS).

Figure l5 shows an in Vitro dissolution profile of Form CS2

DETAILED BESCREFTEON

‘4
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The present disclosure is further illustrated by the feiiowing exantpies which describe the

preparation and use of the crystniiine form of the present disciesure in detail“ it is obvious to

those skilled in the art that many changes in the materials and methods can be accomplished

Without departing frnin the scope of the present disciesure.

The abbreviations used in the present diseiesure are explained as thiiews:

XRPD: X—ray Powder Diffraction

DSC: Differential Scanning Cainrirnetry

TGA: Thermo Gravimetric Analysis

DVS: Dynamic Vaper Sorptinn

JH‘ YMR: Proton Nuclear Magnetic Resnnance

instruments and methods used for data eoiieetien:

X-i'ay powder diffraction patterns in the present diseinsure were acquired by a Brttker D2

FRASER X—ray powder dit‘fractorneter. The parameters er" the X—ray powder diffraction

tnethcd 0f the present disciesure were as feiiews:

X—rey Reflection: Cu, Kit

Kai (A): 1.54060; Kai»: (A): 1.54439

Karl/Kai intensity ratio: 050

Voitagc: 3t} (16/)

Current: 10 (in/3t)

Scan range: from 3.0 degree t0 40.0 degree

Differentiai scanning catiorintetry (DSC) date in the present disciesure were acquired by a, TA.

(32000. The parameters of the DSC method of the present disclosure are as titiiews:

Heating rate: it} “C/niin

Purge gas: nitrogen

Therme gmviinetrie anniysis (TGA) data in the present disciosure were acquired by a TA

QSOO. The parameters ei‘the ’i‘GA method of the present discinsure were as foiiows:

r20
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Heating rate: 10 DC," rnin

Purge gas; nitrogen

Dynamic Virpnr Sniptinn (DVS) is measured via 21 SMS (Surface Meamrenrent Systems

Ltd.) intrinsic D‘VS instrument. Typical Parameters for DVS test are as follows:

5 Temperature: 25 OC

Gas and flow rate: N2, 2603 ml../min

«Pint/d1; (3.002“ L/m in

RH range: 0% RH to 95% RH

High Pe tinmnnce Liquid Chromatography (HPLC) data in the present disekasure were

to Collected from an Agitent E260 with Diode Array Detectnr (DAD).

The HPLC method parameters in the present digciosure are as tbllows:

Column: ZORBAX Eclipse Cit}. 1001* 4.6n‘n‘n, 5 nm

Mobiie Phase: A: Aeetonitriie: Water: Tritinomacetie acid z502933;} (Voiutne ratio)

B: 0.1% Triflunmncetic acid in acetnnitriie

1 5 Gradient :
 

Time (min) %B

  
Flow rate: 1.0 niL/rnin

Injection Vniutne: 2 nL

Detection wavelength: 2.20 nrn

Column ’I‘einperature: 40 “C

20 Diinent: Acetonitriie

Proton nuclear magnetic resonance spectrum (lain (‘H NMR) were cnliected from n Bruiter

\t’)
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Avanee 11 DMX 400M HZ. NMR spectral ieter. 1-5 mg of sample was weighed, and. dissolved

in (1.5 mL of deuterated dimethyl sulfoxide to oluain a solution with a concentration of 2—10

Wig/fill”

Unless otherwise specified, the following examples were cei’idueted at room temperature. Said

”room temperature" is not a specific value. and refers to 10-30 ”C.

According to the present disclosure, compound {1) used as a raw material is solid (crystalline or

amorphous), semisolid, wax or Oil. Preferably, said compound (1) used as a raw material is a

solid.

Raw materials of iii-2006 used in the following examples were prepared by hiown methods in

the prior art, for example, the method. disclosed in CNl 0315396313.

DETAILED QESCRIPT‘EON

Example 1 Preparation of Form (‘82;

Approximately 199.6 mg of compound (1:) was weighted and dissolved in 3.0 inL of acetone.

followed by filtration and slowly evaporation to obtain a solid at room temperature. The

obtained solid was confirmed to be Form C32. The XRPD pattern is substantially as depleted

in Figure l. and the XRPD data are listed in liable l.

The DSC cuwe of Form CS2 in this example is substantially as depicted in Figure 2. When

heated to 17?7 “C, an endothermic peak appears. which corresponds to the melting endothermic

pealt (it‘llorm CS2.

The TGA curve of Form C82 in this example shows about 0.6% weight loss when heated to

170 0C, which is substantially as depicted in Figure 3.

The 1H NMR spectrum of Form C52 is substantially as depicted in Figure 4, and the

corresponding data are: 1H NMR {400 MHZ, UMSO) S1l.22 (s, lH)a 833 (d, J = 3.0 Hz, 1H),

8.13 (s, lH) 7.89 (dd, .1 = 93.. 4.1 Hz 1H), 7.64 (td, .l = 8.7, 3.1 Hz 1H) 7.48—7.35 011,311),

7.11 {:1de =11.5,6.0,3.0 Hz. 1H), 4.68 (d, J = 10.2 Hz, 11114.29 ((1.3 =103, Hz, 1H), 2.64

(dd, .l 15.7, 8.8 Hz. 1H), 2.36 (d, 3 —- 21.5 Hz, 3H), 2.03 (s, 311), 1.74-1.67 (in, 1H). 1.50 (dd,

.3 8.0, 4.8 Hz. ll’lilc

Table 1

 

 
   

 

  d spacing Intensity %
 t-------------------'-------------------------------------------------------~;~---------------------------------------a

7.31 11.32 mean

5 9,55 9,26 568
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123307T2317""""""""

15.513 5.69 46.96

16.40 5.41 4.67

19.05 4.66 l2.69

1938""""""" 478""""""""T""""""""575i""""""""
19.57 4.54 113.513

21 .32 4.17 21.2;

21.73 4.09 15.61.
1------------------------------------ _--------------------------------------e---------------------------------------4.

22.27 3.99 11.54
T------------------------------------ ~--------------------------------------t---------------------------------------4

23.03 3.86 5.32

2323 3.83 6.23

""""""""i335"""""""T7tt<14
25.42 3.513 4.71.

25.89 3.44 23.53

26.28 3.39 7.86

27.26 327 15.44

""""""""2814 1*;"""""""""" 24

29.36 3.04 3.75

31.09 2.88 5.99

33.99 2.64 1‘23 

Example 2 Preparation of Form C82 by antiwsoi‘vem addition method

PCT/CNZO18/6977 97

Approximately 102610 mg of compound (I) was weighted and dissolved 1'11 10.0 mi. of

methanol. The solution was filtered and stirred while adding about 10.0 mL of water as an

anti—solvent. After stirred for about 4- hours. a iarge amount of solid precipitated out. The

precipitation collected by suction filtration and dried under vacuum at 40 °C for about l8 hours

to obtain solids. The obtained solid was confirmed to be Form C32. The XRPD pattern is

substantially as. depicted in Figure 5a and the XRPD data are listed in Tobie 2.

The DSC curve of Form CS2 in this example is substantially as depicted in Figure 13, When

heated to 176 “C, an endothermic peak appears, which corresponds to the melting endothermic

peak of Form (332.

The TGA curve of Form C82 in, this exampie Shows about 0.5% weight loss when heated to

W!) "C, which. is substantially as depicted in figure 7.

ME] 33454773v1

11



Page 247 of 383

PCT/C112018/111977 97

11152 1141 NMR spectrum 0f 1901111 €82 is substantially as depicted. 111 figure 8, and the

corresponding data {116: 1H NMR (401) MHZ. DMSO) 811.21 (5;, 11-1). 833 ((1, .l 3.11 1-12, 11-1),

8.13 1'51 111), 7.89 (dd. .1 : 9.2.4.2112, 111), 7.64 (1d. 1 z 8.8. 3.1 Hz. 111), 749-734 (m, 3H).

7.16—7.95 (111, 1H), 4.68 (11.1: 10.2 Hz. 1H), 4.29 (11.1 2 10.3 Hz, 1H). 2.67—2.57 {111, 111}, 2.38

5 (s 3H) 2.03 (s. 3H) 1.74-—1.1:'56(,111 1H) 1.5011111. .1: 2.11. 4.8 Hz, 1H),,

 

 

: 28 11 spacing T 11116115113/ % T
7.114 1 2.7 100.1111

959"""""""" c122""""""""T"""""""""7533i"""""""""
11.49 7.70 13.115

12.56 7.05 35.00

15.1.51 5.65 59.13

15.82 5.611 9.92
1------------------------------------ 5--------------------------------------1---------------------------------------1

16.44 5.39 9.29

19.117 4.65 19.41

""""""""132—1""""""" 4511.55

19.60 4.55 211.52

T 21.36 4.16 1 22.18 E

T 21.77 4.08 1 10.04 E

 

 

 

22.51 5.911 29.55

"""""""":227215—7""""""" 185""""""""""i214

25.59 3.72 1 14.112 1
24.00 371 11.54

25.46 5.511 6.67

25.95 5.44 17.57

"""""""".2253—1""""""" 541510

27.33 3.26 16.63

"""""""25:52?""""""" 515""""""""T"""""""""234'"""""""""
29.5 5.04 7.211

TTTTTTTTTTTT211528TTTTTTTTTTTTTTTT211

31.511 2.85 4.42

21717 3.114 7.28
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Example 36 Preparation of Form C322; by ionic liquid induced evaporation

Approximately ‘3 l .5 mg of compound (l) was dissolved in ll) mL of acetonitrile and filtered. A

small amount of ionic liquid as shown in Table 3 was added. and the solution was slowly

evaporated at room temperature to obtain solitl. The solid obtained in example 3-5 were labeled

as samples 33-5 and confirmed to be Form CS2.

  

Table 3

Example ionic. liquid . Sample
.._..._.._.._..._.._.._..._.._.._...?.............................................................................................................it.............................................

3 l l -ethyl—3—metli ylimldazolium methyl sulfate Sample 3 

l ethyl—3—methylimidazolium
4 i Sample 4

l hexa flu oroentimomte   
5 l l,5x-dimethylimitlazolitim dimethyl phosphate Samplefi 

Example 6 Stability of Form C82

Form (:82 of the present disclosure were weighed and stored under conditions. of 25 “Ci/69%

RH, 40 “(I/75% RH, 60 “CI/75% RH and 80 °C ll‘l open dishes. Cryetalliiie form and chemical

impurity were checked by XRPD and HPLC. respectively. The results are shown iii '1' able 4.

   
      

Table 4

lilitial l

l lhitial Storage Storage Crystalline form Purity after
crystalline l i

purity condition time after storage : Storage
form l

._...............................l}____________________________...__.__..__..__.__..__..__.__..__..__ __..__..__.__..__..__.__..__..__. _..__..__.__..__..__.__..__..__.__.._..__.%.....................................
Form CS2 l Form CS2

25° 7? {60% i
(too of 99.67% ll") months. (bottom of 99.63%

RH 5

figure 9) l Figure 9) _

Form C32 1 Form C82 '

l 40°C / I‘ifl/a g
ll) months (bottom of 99.67%

RH i

Figure lOl----------------------—(---------—---------—---------—----l----—---------—---------—----->- --

Form CS2

600C /7.‘5% l

(top of l 99.67% 2 weeks (bottom of 99.70%
RH E

Figure ll) l Figure ll) l

 
 

The results Show that Form (132 keeps stable for at least l0 months at 25 “@6092; RH and 40

“Cf/5% RH. Form C32 keeps stable for at least 2 weeks at 60 “(C/75% RH, the purity of Foiiii

13
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C82. remained substantially unchanged. It can be seen that Forln C32 has good physical and

chemical stability.

Example 7 Grinding stability of Form C52

lr'orni CSZ was ground tnanually for 5 minutes in a mortar. The ,XRPD pattern of the solids

before and after grinding are presented in Figure 12 (top: XRPD pattern before grinding;

bottom: XRPD pattern after grinding). The results show that the crystalline form of Form CS2

does not change atter grinding. Forrn C82 has good grinding stability.

Example 8 Hygroscopieity nl‘ Farm C82

Dynamic vapor sorption {DVS} was applied to measure hygroscopicity of Form CS2 with

ahrntt lit mg of samples. The weight gains at each relative humidity were recorded in a cycle of

(L95 %—0 RH. [TVS is substantially as depicted in Figure l3. and the experimental results are

shown in Table 5. The XRl’D pattern overlay of Form C82 before and alter DVS test is

presented. in Figure l4 (top: XRPD pattern before DVS; bottom: XRPD pattern after DVS).

The results show that the hygroseopicity of Form C32 is low. The weight gain under 80% RH

is 0.21%. Form CSZ is slightly hygnseopic. The crystalline form ot'lF'orni C32 does not change

after DVSi which indicates that Form C82 is physically stable at 0% -- 95% RH.

Table 5

' Relative Humidity l
Weight gain under 80%

I\ l Hygroscopicity
\\ Relative Humidity

weight Gain (“/53

Form CS2 0.2 l % Slightly hygroscopi e
 
 

Description and definition of hygroscopicity (Chinese Pharmacopoeia 20l5 edition appendix

Drug hygroscopic test guidelines. test at 25 "(7:11 "C. 88% RH)
 

deliquescent: Sufficient water is absorbed to form a liquid;

—very hygroscopic: increase in mass is equal to or gfeater than l5 percent;

-------hygroseopic: increase in mass is leSs than l5 percent and equal to or greater than 2

percent;

——slightly l’iygroseopie: increase in i'hass is less than 2 percent and equal to or greater than

0.2 percent.

—---—non hygroscopie or almost non hygroscopie: Increase in mass is less than 0.2%.

Example 9 Flnwabillty eomparisnn of Form (3‘52 and the prior art solid

14
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Compressihility, also imown as compressibility index is usually used to evaluate the fiowahility

of powder and granuier intermediates during the formulation proeess. A, certain amount of

powder was added inte a measuring cylinder and bulk minute. was recorded. Then, the.

measuring cylinder was tapped to make the powder in the tightest state and the tapped volume

U)
was recorded. The bulk density {p0}, tapped density (of) were calculated, and contpressihiiity

index was calculated according to C=(pf"" [30)1/pf. Compressihility index or Carr index is 211’!

important indicator for evaluating the tlowsbiiity of powder.

Corrapressihility index test method is as foliows: Coirtpressihility index was calculated

according to hull: density pi, and tapped density pf of Form C82 and the amorphous seiid ot‘the

it”) rior art with er" if," g *‘i 030%. Criteria of fiowahilit is shown in "Fable 6.l” y

"i‘ah ie 6

Compressihility index ( % } i’lowabiiity

< l 0 Excellent

1 l — i 5 G nod

ledOFatr""""""""""""""""""""

t“; iriiégitlitlVVVVVVVVVVVVVVVVVVVVVV

2 6—3 1 p,oer

 

   
 

  Amorphous solid was Vpeat D the prep method disclosed in

(3N103153963B. Fiowabiiity evaluation results of Form C82 and the amorphous solid are

presented in table 7, which indicate that the flowabiiity of Form C82 is remarkably superior to

13 that of the amorphous solid in the prior art.

Table 7

Fm" Fiowzthility

Form C32 Passahle i
 

Example 1!} Adhesiveness of Perm CS2;

30 mg of Form (382 was weighed and added into the dies of $817811] reund totaling, tabletcd at

20 it) KN and held. far 305. The amount of material sticking to the punch was weighed. The

15
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compression was repeated twice and the cumulative ant unt, maximum amount and average

amount of material sticking to the punch during the compression process were recorded.

Detailed experimental results are shown in Table 8.

 

Table 8

Crystalline l h’laxtll’tultl amount g Average amount l .‘ . ,, . t
a a : t : t tumulattve amount (mg i
1 term : (mg) ; (mg) l , 1
l l r l ( l l

C32 {3.74 o 22 0 44 t

Example ll Compressihllity of CS2

80mg of Form CSZ was weighted and added into the dies of (96111111 round tooling cotttpressed

at l0 KN. The round tablet was stored in it desiccator for 24 hours until complete elastic

recovery. l-lardness (H) was tested with a tablet hardness tester: Diameter (D) and thickness (L)

were tested with caliper. Tensile strength of the powder was calculated with the following

formula: T=21MrDL Under a certain force, the greater the tensile strength, the better the

compressibility, The results are presented in Table 9.

Table 9

 
Example l2 Residual solvents of Form (382 and the prior art solid

Amorphous solid was obtained by repeating the preparation method disclosed in

CN103l53963B. Residual solvents of Form C52 and the an'torphous solid were tested. The

results show that Form C32 has no residual solvents, while the ~hoptene and ethyl acetate

residue in the amorphous solid is 46596.l6 ppm and l260.0l pm, respectively. According to

the guideline of the International Couneil for l-lttrinonization (lCl-l) on residual solvents, both

n—heptaie and ethyl acetate belong to Class 3 sol rents, and the residual solvent must not

exceed 5000 ppm. it can be seen that the residue efn-heptane in the amorphous solid is much

higher than the limits of lChl, and the amorphous not suitable for drug substance

Example l3 C52; drug produet

1. Preparation of ttompuund (l) tablets

Form C82 and intragrsnular exoipients in Table it) were blended according to lorn'tulation and

the blend was compressed with the target weight of 500 in g using a 1920 mm single punch

 
manual press at 5:05 KN pressure. The above tablets were crushed passed through a 20

mesh sieve, then blended uniformly with the extragranular exoipients shown in Table l0, and
16
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the blend was compressed with a target weight of 120.0 ing using a (97 min single punch

manual press at 5120.5 KN pressure.

Table l0

   
 

(em enent ‘ Quantity Mess
“ E) ' (mg/'nnlt) 1 ratio (“/h)

" 2006 (Form C82) ‘16.th 8.3

Lactose i‘nonohydrate 88.88 1 74.l

n u; , - «i wit l 3.60 3n
lntregranulnr .........yjam—wOp—lu—uofb.....l_——_____________________________

exeipients Lew ubstituted 0.80 9'0
hydrexyprepyl cellulose
 

Magnesium stearate

 
 

   Total

Lew substituted

Extragranu ll” hydroxypmpyl oellulo se 1 1
exeipients ***************************************1*****************************

Magnesium stearate 1 0.36 1 9.3...................................................................................................+___L___

Total ‘ 120.00 l 00 t).....................................................................................................................................J-.._..._.._.._..._.._.._..._.

2. Stability nf Farm C82 in drug product

The tablets prepared above were packed in 3:3 cc HDPE bottles ifone tablet per bottle) with l

(.1100desiccant. The bottles were sealed with a sealer. The bottles were stored under conditions 0132

“(j/60% RH and 40 “(T/75% Ell-l for 1 month. Crystalline form oi‘Fornt CSZ tablet was tested rind

the results show that the crystalline form of Form CS2 dees not change In addition, single and

total impurity 0f Form CSZ remained substantially unehanged in storage. The results presented

in Table ll and 12 indicate that Fern] C82 keeps physically and chemically stable in drug

product.

Table ll Physical stability pt‘llorm C82 in clntg product

I 1 API crystalline 1

Sample I Condition 1 Time Form after I

I 1 storage I

Tablet contains 25 “Cl/60% RH 1 month Form CS2 I

Form CS2 4O ”(I/75% RH 1 month Form CS?! ‘
 

'l‘nhle l2 Chemical stability of Form CS2 in drug product
17
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""""" ''''laws:"""""""

1 Initial 1 g 1 10131 1. 1 ,
1 1 , _. 1 Sli‘lgifi.’ . . 7 1 . 7 1 Single 1 T131211 1
1 1 largest 1 , , 1111113110161 1 11111311111}! 1 . . 1 . . 1
1 1 , 1 impurity . . 1 , 1 impurity 1 impurity 1
1 1 , 1 .1 , 1 smgie 1 _ impurity 1 after 1 , 1 , 7 1
1 (101111111011 Time 1 . . 1 after a 1 change 1 0111111111: 1
1 1 impurity 1 1 I 0, 1 smmge 1 ' 1 ' 1
1 1 steragfi: 1 ,/0 ,1 1 1' 0" :1 1 04) )
1 1 <1" 1 1 131, ‘ " 1 "

1““)111/01 1111 1
1 1 1 1 1 1 1

25 ”060% 1
1 1 0.08 1 0.09 0.17 i 0”} 1 11.111 1 0.04 1
1 RH month 1 1 1 A 1 1 1

4O ”(T/75“?” 1 ‘ A 1 N 1 = 1
1 11.015 . 11,015 (1.17 1 0.211 = 0 1 01113
1 RH 111011111 ‘ ‘

(II
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Example 14 in vitm di§suluiian and dissaiutimz rate 11? Farm C82

If} ViU'O (1153011111011 1031:, was pcrfbi‘n'icd on

Dissolution 11112111011 according £0 Chinfzsz:

conditions are as foiiews:

Farm C82 1312101, abtaincd from cxamplc 12.

Pharmacopoeia 2015<0931> was used. The

Medium: (3.1 moi/L aqueous solution of hydrochloric acid

Meihcd: 133111118

Voiume: 900 mL

Speed: 5(1rpm

Taiiipei'atum: '37 “C

in vitm diasohitimi ofFoxm C82 are presemed in T511316 13 and Figure 15.

Tabie 13
 

 

\‘\\\ Cumulative 01mg
1 \ e a “0/1 1
1 \\\f1 M“ 1) Form (782
1 Timr: { minute 1 \~\ 1
1____________________________________________________________2:»___________________________________________________________________________l l

o 0.0
1 1

10 73,1
:1--------------------------------------------------------------------------------------------------------------------------------------------------

15 81 .11

20 86.2
L........................................................................________1

30 92.1

45 9619

611 1011.5

 
The resuits showed that Form (732 drug product can uiiderge 1,00% dissoiuiion in 6.1 moi/L

ME] 33454773v1
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aqueous hydrochioi‘ie acid, and the disse‘iution rate is high, w hich is favorable for achieving

gmd in Viva hieavaihthihty,

The examplee described above are only 161‘ illustrating the technical concepts and features of

the present disciosnrei and intended to make those skifled in the art being able to understand

the present diseiesure and thereby implement it, and sheuid net he canehided t0 hmit the
L)!

pretcctive seep-3. tifthis diselesnrc. Any equivalent variatiens or medificatiens according tn the

spirit of the present diseiesure should be covered by the protective scope of the present

disclosure.

19
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CI.AlMS

What is claimed is:

l.

‘Js

9%

so

A crystalline form CS2 of B2006, wherein the X—ray powder diffiaetion pattern shows

characteristic peaks at 21l'1eta values of 7.8°:h0.2°, l5.6°:t(3.20 and ll 403:0.2".

"l‘he crystalline form CSZ according to claim L, wherein the X—ray powder diffraction

pattern shows one or two or three characteristic peaks at 2thcta values of 12.5%02‘1

ZlfiQiQQO and 27301-02“.

The crystalline form CS2 according to claim l, wherein the X-rny powder difi‘raction

pattern shows one or two or three characteristic peaks at Etheta values of 24.0°fll.2“’,

194%053“ and 223E029.

A process for preparing crystalline form CS‘Z according to claim 1: wherein the process

comprises:

(l) Dissolving compound (l) in a solvent to get a solution containing compound (lit then

adding an anti—solvent to the solution slowly, stirring and crystallization to obtain

crystalline form CS2; or

(2) Dissolving compound (l) in ketones and 51m 'ly e operating to obtain crystalline form

C82; or

(3) Dissolving compound (I) in nitrilesfi adding an ionic liquid, then slowly evaporating to

obtain crystalline form CSZ.

The process for preparing crystalline form (:82 according to clairn 4, wherein in method (1),

said, solvent is alcohol, said anti-solvent is water; in method (2)9 said hetone is acetone; in

method (3)y said nitriie is acetonitrile, said ionic liquid is l-ethyl—3—nietliyliinidazolinrn

methyl sulfate, or l— ethyl'3anethyliinidazoliuni hexafluoroantimonale, or

L3 --diniethylin1idazolinin dirnethyl phosphate.

The process for preparing crystalline form CSZ according to claim 5, wherein in method { i)

said alcohol is. n‘iethanol.

A pharmaceutical composition? said pharmaceutical composition comprises a

therapeutically eii‘ective amount of crystalline form CS2 according to claim 1 and

pharmaceutically acceptable carriers, diluents or excipients.

Crystalline form C32 according to claim l for the use of preparing orexin receptor

antagonist drugs.

Crystalline forin CSZ according to claim l for the use of preparing drugs treating insomnia
l
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and/or irregular sleep-wake rhythm disorder.

[\J
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ABSTRACT

The praisent diSclosure pun/ides a l'lOVBl crystalline farm of Lembnrexan‘i and procasscts far

preparation thereof. Pharmaceutical coriipgsition swimming Lemberexanh and use of

Lamborexant for preparing orexin receptor antagonist drug, and use of Lemboraxam for

 

5 preparing drugs treating insomnia and irrsguiar slsep-waks rhythm disordnr am also, provided.

The crystalline form of the present riiscinsure have one or more improved pmpcrties compared

wirh crystalline firms of prim" arts: and has significant values for {inure drug optimizaiinn and

development,

in Comprmnd {1)
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Our Ref; 6505— 1 97861 US
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Our Ref; 6505— 1 97861 US
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Our Ref; 6505— 1 97861 US
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Receipt is acknowledged of this non—provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence

concerning the application must include the following identification information: the US. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike—through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)
Minhua Chen, Suzhou, CHINA;

Yanfeng Zhang, Suzhou, CHINA;

Chunxiang Huang, Suzhou, CHINA;
Xiaoyu Zhang, Suzhou, CHINA;

Applicant(s)
Crystal Pharmaceutical (Suzhou) Co., Ltd., Suzhou, CHINA;

Power of Attorney: The patent practitioners associated with Customer Number 86738

Domestic Priority data as claimed by applicant

This application is a CON of PCT/CN2018/097797 07/31/2018

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://wwwusptogov for more information.)
CHINA 2017106481352 08/01/2017 No Access Code Provided

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.
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If Required, Foreign Filing License Granted: 02/14/2020

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is us 16/777,121

Projected Publication Date: To Be Determined - pending completion of Corrected Papers

Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

CRYSTALLINE FORM OF OREXIN RECEPTOR ANTAGONIST, PROCESSES FOR
PREPARATION THEREOF AND USE THEREOF

Preliminary Class

514

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent

in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same

effect as a regular national patent application in each PCT—member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international

patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must

issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and

guidance as to the status of applicants license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign

patent applications. The guide is available either by contacting the USPTO Contact Center at 800—786—91 99, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish

to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific

countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier

license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless

it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter

as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with

respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and

Security, Department of Commerce (15 CFR parts 730—774); the Office of Foreign AssetsControl, Department of
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 US. 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 US. cities, states,
and regions competing for global investment; and counsels US. 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
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482—6800.
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UNITED STATES PATENT AND TRADEMARK OFFICE UVTTET‘I STATES DEPARTVIF‘NT 0F COM—MERGE
United States Patent and Trademark Office
Addless. COMB/ITSSTOVFR FOR PATENTSPO BOX 1450

Alexandtiay‘hjgnia 22313-1450wwwusptogov
 

  APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAVED APPLICANT ATTY. DOCKET NOJTITLE

16/777,121 01/30/2020 Minhua Chen 134070-01602
CONFIRMATION NO. 1029

86738 FORMALITIES LETTER

MCCARTER & ENGLISH, LLP BOSTON

265 Frank... Street l|||l|||| ||||||||||||| "11111111111111
Boston, MA 02110
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Date Mailed: 02/19/2020

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Filing Date Granted

An application number and filing date have been accorded to this application. The application is informal since
it does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS
from the date of this Notice within which to correct the informalities indicated below. Extensions of time may be
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

The required item(s) identified below must be timely submitted to avoid abandonment:

' A substitute specification excluding claims in compliance with 37 CFR 1.52, 1.121 (b)(3), and 1.125 is
required. The substitute specification must be submitted with markings and be accompanied by a clean
version (without markings) as set forth in 37 CFR 1.125(0) and a statement that the substitute specification
contains no new matter (see 37 CFR 1.125(b)). Since a preliminary amendment was present on the filing
date of the application and such amendment is part of the original disclosure of the application, the substitute

specification must include all of the desired changes made in the preliminary amendment. See 37 CFR 1.115
and 1.215.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to

exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.
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Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
PO. Box 1450
Alexandria VA 22313—1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".

https://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.htm|

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://wwwuspto.gov/ebc.

If you are not using EFS—Web to submit your reply, you must include a copy of this notice.

Questions about the contents of this notice and the

requirements it sets forth should be directed to the Office

of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

leruga/
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PATENT APPLICATION FEE DETERMINATION RECORD Application Of DOCKGI Number
Substitute for Form PTO-875 16/777,121

APPLICATION AS FILED - PART I OTHER THAN

(Column 1 (Column 2) SMALL ENTITY SMALL ENTITY

— NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($ FEE($)BASIC FEE
(37 CFR1.16(a) (b) or (c)I
SEARCH FEE
(37 CFR116(k) (i) or (m))
EXAMINATION FEE
(37 CFR1.16(o). (p) or (q))

INDEPENDENT CLAIMS

If the specification and drawings exceed 100
APPLICATION SIZE sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional
(37 CFR 116(5)) 50 sheets or fraction thereof. See 35 U.S.C.

41(a)(1)(G) and 37 CFFI116(s).

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR1.16(j))

‘ If the difference in column 1 is less than zero, enter "0" in column 2.

APPLICATION AS AMENDED - PART II

OTHER THAN

(Column 3) SMALL ENTITY SMALL ENTITY
CLAIMS HIGHEST

REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA FEE($) FEE($)AMENDMENT PAID FOR

Total
(37 CFR I IsIII)

Independent(37 OER 1 16(h)|

Application Size Fee (37 CFR1 16(s))AMENDMENTA
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

TOTAL
ADD‘L FEE

(Column 2) (Column 3)
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY ‘ FEE($) FEE($)AMENDMENT PAID FOR

Independent(37 CPR 1 16(h)|
Application Size Fee (37 CFR1.16(s))AMENDMENTB
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

ADD‘L FEE
* Ifthe entry in column 1 is less than the entry in column 2, write ”0” in column 3‘

** lfthe "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20”.
"‘ lfthe "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter ”".3

The "Highest Number PreII/Iously Paid For" (Total or Independent) Is the highest found In the appropriate box In column 1.
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I hereby certify that this paper (along with any paper referred to as being attached or enclosed) is
being transmitted via the Oifice electronic filing system in accordance with 37 C.F.R. § 1.6(a](4).

Dated: February 25, 2020
Electronic Signature for Xiaoyuan Ding: /Xiaoyuan Ding/ Docket NO_; 134070-01602

(PATENT)

 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
 

In re Utility Application of:
Minhua Chen et al.

Application No.: 16/777,121 Confirmation No.1 1029

Filed: January 30, 2020 Art Unit: 1629

For: CRYSTALLINE FORM OF OREXIN Examiner: Not Yet Assigned

RECEPTOR ANTAGONIST, PROCESSES FOR
PREPARATION THEREOF AND USE

THEREOF

MS Missing Parts
Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO NOTICE TO FILE CORRECTED APPLICATION PAPERS

Dear Sir:

This paper is filed in response to the Notice to File Corrected Application Papers dated

February 19, 2020.

Applicant submits herewith a substitute specification in both marked-up and clean

versions under 37 C.F.R. § 1.52, l.12l(b)(3) and 1.125(c). Specifically, per the Office’s request,

the substitute specification has included all of the changes presented in the Preliminary

Amendment filed on January 30, 2020.

No new matter has been introduced by the aforementioned amendments. Applicant

respectfully requests the entry of the substitute specification to replace the original specification.

MEl 32707915V.1
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Application No.: 16/777,121 Docket No.: 134070—01602

It is believed that no additional fees are due with this response. However, if an additional

fee is due, please charge our Deposit Account N0. 50—4876, under Order No. 134070—01602 from

which the undersigned is authorized to draw.

Dated: February 25, 2020 Respectfully submitted,

Electronic signature: /Xiaoyuan Ding/

Xiaoyuan Ding

Registration No.1 75,354

MCCARTER & ENGLISH, LLP
265 Franklin Street

Boston, Massachusetts 02110

(617) 449-6500

(617) 607—9200 (Fax)

Attorney/Agent For Applicant

MEl 32707915V.l
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PCT/CN2018/097797

 
CRYSTALLINE FORM OF OREXIN RECEPTOR ANTAGONISTa PROCESSES FOR

PREPARATION THEREOF AND USE THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation of International Application No. PCT/CN2018/097797, filed

on July 31, 2018, which claims the benefit of foreign priority of Chinese Patent Application
 

No.2 2017106481352, filed on August 1, 2017. The entire contents of the aforementioned

applications are incorporated herein by reference.
 

TECHNICAL FIELD

The present disclosure relates to the field of pharmaceutical chemistry, particularly relates to a

novel crystalline forms of orexin receptor antagonist, processes for preparation and use thereof.

BACKGROUND

E-2006 (Lemborexant) was developed by Eisai and clinically used to treat insomnia. Studies

have shown that the orexin system is a key regulator of the sleep—wake cycle, and thus orexin

receptor antagonists have the potential to counteract inappropriate nighttime wakefulness and

promote a regular sleep-wake cycle. E-2006 is an orexin receptor antagonist. In clinical trials,

E—2006 can significantly improve sleep efficiency in patients with insomnia, including falling

asleep fast and shorter time spent awake at night. In addition, E-2006 also shows great

potential in the treatment of Alzheimer's patients with Irregular Sleep-Wake Rhythm Disorder

(ISWRD). ISWRD is different from common insomnia, and has unmet clinical needs.

The chemical name of E-2006 is (1R, ZS)-2-{ [(2,

4-dimethylp yrimidin— 5 - yl)oxy]methyl } -2 -(3 -fluorophenyl)-N-(5 -fluor0pyridin—2-yl)cyclopropa

necarboxamide (hereinafter referred to as “Compound (1)”), and the structure is shown as

follows :

Substitute Specification
1

MEI 32707606V,1
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Compound (1)

Currently, no crystalline forms of compound (I) was disclosed. CN103153963B disclosed the

structure of compound (I) and the process for preparing compound (I). The inventors of the

present disclosure have repeated the preparation method in CN103153963B and amorphous

solid was obtained. Compared with the crystalline form of the present disclosure, the

amorphous solid has lower stability, lower density and poorer flowability, which is not suitable

for the preparation of drug product. In addition, amorphous is the thermodynamically most

unstable solid form, which is prone to crystal transformation or chemical degradation, resulting

in a decrease in the purity of the compound. The preparation of amorphous is usually a rapid

precipitation process to produce kinetically stable solid, which easily leads to excessive

residual solvent. The particle property control in the preparation process is difficult.

The inventors of the present disclosure discovered excellent crystalline form CS2 of compound

(I), which has advantages in at least one aspect of stability, melting point, solubility, in vitro

and in vivo dissolution, hygroscopicity, bioavailability, adhesiveness, compressibility,

flowability, processability, purification ability, formulation production, etc. Particularly,

crystalline form CS2 has good stability, low hygroscopicity, good formulation processability,

high in vitro dissolution and dissolution rate, which provides a new and better choice for the

development of drug containing compound (I) and is of great significance.

SUMMARY

The main objective of the present disclosure is to provide a novel crystalline form of

compound (I), processes for preparation and use thereof.

According to the objective of the present disclosure, crystalline form CS2 of compound (I) is

provided (hereinafter referred to as Form CS2).

According to one aspect of the present disclosure, the X-ray powder diffraction pattern of Form

Substitute Specification
2

MEl 32707606v,l
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CS2 shows characteristic peaks at 2theta values of 7.80i0.2°, 15.6%02O and 11.4%02O using

CuKa radiation.

Furthermore, the X-ray powder diffraction pattern of Form CS2 shows one or two or three

characteristic peaks at 2theta values of l2.5°i0.2°, 21.30i0.2°, 27.30i0.20. Preferably, the

X—ray powder diffraction pattern of Form CS2 shows three characteristic peaks at 2theta values

of 12.5°i0.2°, 21.3Oi0.2°, 27.3°i0.2°.

Furthermore, the X-ray powder diffraction pattern of Form CS2 shows one or two or three

characteristic peaks at 2theta values of 24030.2“, 19.4”:02O and 22.3“i0.2”. Preferably, the

X-ray powder diffraction pattern of Form CSI shows three characteristic peaks at 2theta values

of 24.00i0.2°, l9.40i0.2°, 22.30i0.20.

According to another aspect of the present disclosure, the X-ray powder diffraction pattern of

Form CS2 shows three or four or five or six or seven or eight or nine or ten or eleven

characteristic peaks at 2theta values of 7.80i0.2°, 15.6°iO.20, 11.40i0.20, l2.5°i0.20,

21.3”i0.2”, 27.3“i0.2”, 24.0”i0.2”, 19.1”i0.2”, 19.4302“, 22.3”i0.2”, 25.9"i020 m

Cu KOt radiation.

Without any limitation being implied, the X-ray powder diffraction pattern of Form CS2 is

substantially as depicted in Figure 1 or 5.

According to the objective of the present disclosure, a process for preparing Form C82 is also

provided. The process comprises:

(1) Dissolving compound (I) in a solvent to get a solution containing compound (I), then

adding an anti-solvent to the solution slowly, stirring and crystallizing to obtain Form CS2; or

(2) Dissolving compound (I) in ketones and slowly evaporating to obtain Form CS2; or

(3) Dissolving compound (I) in nitriles, adding an ionic liquid, then slowly evaporating to

obtain Form CS2.

Furthermore, in method (1) said solvent is alcohol, said anti-solvent is water;

Furthermore, in method (1) said alcohol is methanol.

Furthermore, in method (2) said ketone is preferably acetone.

Furthermore, in method (3) said nitrile is preferably acetonitrile, said ionic liquid is preferably
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1 -ethyl-3 -methylimidazolium methyl sulfate, or 1 -ethyl-3 -methylimidazoliu1n

hexafluoroantimonate or 1,3—dimethylimidazolium dimethyl phosphate.

According to the objective of the present disclosure, a pharmaceutical composition is provided,

said pharmaceutical composition comprises a therapeutically effective amount of Form CS2

and pharmaceutically acceptable carriers, diluents or excipients.

Furthermore, Form C82 can be used for preparing orexin receptor antagonist drugs.

Furthermore, Form CS2 can be used for preparing drugs treating insomnia and/or irregular

sleep-wake rhythm disorder.

Form CS2 of the present disclosure has the following advantages:

(1) Form CS2 01' the present disclosure has lower hygroscopicity. The test results show that the

weight gain of Form CS2 at 80% RH (Relative Humidity) is 021%. Form CS2 is slightly

hygroscopic. The crystalline form does not change after DVS, Form CS2 has good physical

stability at 0—95% RH.

Hygroscopicity affects the stability of drug substances, flowability and uniformity during the

formulation process, thus affecting the quality of drug products. Hygroscopicity affects the

preparation, storage and post—treatment ol' the drug. The crystalline form with low

hygroscopicity is not demanding on storage conditions, which reduces the cost of storage and

quality control, and has strong economic value.

(2) The crystalline form provided by the present disclosure has good stability.

Drug substance Form CS2 01' the present disclosure has good physical and chemical stability in

different storage conditions. The crystalline form of Form CS2 of the present disclosure

remained unchanged for at least 10 months when stored in open dishes under the conditions of

25 OC/60% RH and 40 OC/75% RH, preferably for at least one year. The crystalline form of

Form CS2 doesn’t change for at least 2 weeks when stored under the condition of 60 OC/75%

RH. The chemical purity of Form CS2 of the present disclosure is above 99%, preferably

above 99.5%, and remained substantially unchanged during storage.

Form CS2 of the present disclosure has good physical stability after grinding. Grinding and

pulverization are often required in drug manufacturing process. Good physical stability of the

drug substance can reduce the risk of crystallinity decrease and crystal transformation during
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the drug production process.

Form CS2 of the present disclosure has good physical and chemical stability in drug product.

Drug product is prepared with excipient and stored under the conditions of 25 °C/60% RH and

40 °C/75% RH for at least one month. The crystalline form of Form CS2 remained unchanged

and chemical purity remained substantially unchanged in drug product.

Drug substance and drug product has good physical and chemical stability. During the storage

and formulation process, Form CS2 does not convert to other crystalline forms, and the

chemical purity of Form CS2 remained substantially unchanged during storage, thus ensuring

consistent and controllable quality of drug substance and drug product.

(3) Form CS2 has good in vitro dissolution and dissolution rate. Form CS2 of the present

disclosure in drug product underwent 100% dissolution in 60 minutes in 0.1 mol/L aqueous

hydrochloric acid solution. Good in vitro dissolution leads to higher in vivo absorption, thereby

achieving ideal bioavailability.

Dissolution is the prerequisite for abs01ption. Good in vitro dissolution leads to higher in vivo

absorption and better in vivo exposure, thereby improving drug’s bioavailability and efficacy.

High dissolution rate is beneficial for the drug to achieve peak plasma concentration quickly

after administration, thus ensuring rapid drug action.

Furthermore, Form CSZ of the present disclosure also has the following advantages:

(1) Form C82 of the present disclosure has good compressibility. Failure in hardness/friability

test issue can be avoided in the tableting process due to better compressibility of Form CS2,

thus reducing the requirements for pretreatment process, making the preparation process more

reliable and improving product appearance and product quality.

(2) Compared with prior art, Form CS2 of the present disclosure has higher density. Test results

indicate that the bulk density and tapped density of Form CS2 are remarkably higher than that

of prior art solid. Higher density of Form CS2 is beneficial to large scale production. High

density of Form CS2 can also reduce dust, reduce occupational hazard, reduce security risks

and ensure production safety.

(3) Compared with prior art, Form CS2 of the present disclosure has better flowability.

Flowability evaluation results indicate that the flowability of Form CS2 is good, while the

flowability of prior art form is poor. Better flowability can effectively increase the speed of
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tableting and filling and increase manufacturing efficiency. Better flowability of Form CS2

ensures the blend uniformity and content uniformity of the drug product, and reduces the

weight variation of the drug product and improves product quality.

(4) Compared with prior art, Form CS2 of the present disclosure shows superior adhesiveness.

Adhesiveness evaluation results indicate that Form CS2 has low adhesiveness amount and low

adhesiveness. Due to low adhesiveness of Form CS2, adhesion to roller and tooling during

dry-granulation and compression process can be reduced, which is also beneficial to improve

product appearance and weight variation. In addition, low adhesiveness of Form C82 can

reduce the agglomeration of drug substance, which is beneficial to the dispersion of drug

substance and reduce the adhesion between drug substance and other excipients, and improve

the blend uniformity and content uniformity of drug product.

(5) Form CS2 of the present disclosure has almost no residual solvent and meets the

requirements of drug substance, while the residual solvent of the prior art exceeds the standard

and cannot be used as a drug substance directly. Many organic solvents are harmful to human

and environment. Therefore, in order to ensure drug safety and product quality, it is necessary

to control the residual organic solvent of drug substance.

In the present disclosure, said "evaporating" is accomplished by using a conventional method

in the field such as slow evaporation or rapid evaporation. Slow evaporation is accomplished in

a container covered by sealing film with pinholes. Rapid evaporation is accomplished in an

open container.

In the present disclosure, ”crystal" or "crystalline form" refers to the crystal or the crystalline

form being identified by the X-ray diffraction pattern shown herein. Those skilled in the art are

able to understand that physicochemical properties discussed herein can be characterized. The

experimental errors depend on the instrument conditions, the sampling processes and the purity

of samples. In particular, those skilled in the art generally know that the X-ray diffraction

pattern typically varies with the experimental conditions. It is necessary to point out that, the

relative intensity of the diffraction peaks in the X-ray diffraction pattern may also vary with the

experimental conditions; therefore, the order of the diffraction peak intensities cannot be

regarded as the sole or decisive factor. In fact, the relative intensity of the diffraction peaks in

the X-ray powder diffraction pattern is related to the preferred orientation of the crystals, and

the diffraction peak intensities shown herein are illustrative and identical diffraction peak
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intensities are not required. In addition, the experimental error of the diffraction peak position

is usually 5% or less, and the error of these positions should also be taken into account. An

error of i0.2° is usually allowed. In addition, due to experimental factors such as sample

thickness, the overall offset of the diffraction peak is caused, and a certain offset is usually

allowed Thus, it will be understood by those skilled in the art that a crystalline form of the

present disclosure is not necessarily to have the exactly same X-ray diffraction pattern of the

example shown herein. As used herein, "the same XRPD pattern” does not mean absolutely the

same, the same peak positions may differ by i0.2o and the peak intensity allows for some

variability. Any crystalline forms whose X-ray diffraction patterns have the same or similar

characteristic peaks should be within the scope of the present disclosure. Those skilled in the

art can compare the patterns shown in the present disclosure with that of an unknown

crystalline form in order to identify whether these two groups of patterns reflect the same or

different crystalline forms.

In some embodiments, Form CS2 of the present disclosure is pure and substantially free of any

other crystalline forms. In the present disclosure, the term "substantially free" when used to

describe a novel crystalline form, it means that the content of other crystalline forms in the

novel crystalline form is less than 20% (w/w), specifically less than 10% (w/w), more

specifically less than 5% (w/w) and further more specifically less than 1% (w/w).

It should be noted that the number and the number range should not be understood as the

number or number range themselves only. It should be understood by those skilled in the art

that the specific number can be shifted at specific technical environment without departing

from the spirit and principle of the present disclosure. In the present disclosure, the number of

shift ranges expected by one of skilled in the art is represented by the term "about".

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows an XRPD pattern of Form CS2 in Example 1.

Figure 2 shows a DSC curve of Form CS2 in Example 1.

Figure 3 shows a TGA curve of Form CS2 in Example I.

Figure 4 shows a 1H NMR spectrum of Form CS2 in Example 1.

Figure 5 shows an XRPD pattern of Form CS2 in Example 2.
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Figure 6 shows a DSC curve of Form CS2 in Example 2.

Figure 7 shows a TGA curve of Form CS2 in Example 2.

Figure 8 shows a 1H NMR spectrum of Form CS2 in Example 2.

Figure 9 shows an XRPD pattern overlay of Form CS2 before and after stored at 25 °C/60%

RH (top: before storage, bottom: after storage).

Figure 10 shows an XRPD pattern overlay of Form CS2 before and after stored at 40 °C/75%

RH (top: before storage, bottom: after storage).

Figure 11 shows an XRPD pattern overlay of Form CS2 before and after stored at 60 °C/75%

RH (top: before storage, bottom: after storage).

Figure 12 shows an XRPD curve of Form CS2 before and after grinding (top: XRPD pattern

before grinding; bottom: XRPD pattern after grinding).

Figure 13 shows a DSC curve of Form CS2

Figure 14 shows an XRPD pattern overlay of Form CS2 before and after DVS test (top: XRPD

pattern before DVS; bottom: XRPD pattern after DVS).

Figure 15 shows an in vitro dissolution profile of Form CS2.

DETAILED DESCRIPTION

The present disclosure is further illustrated by the following examples which describe the

preparation and use of the crystalline form of the present disclosure in detail. It is obvious to

those skilled in the art that many changes in the materials and methods can be accomplished

without departing from the scope of the present disclosure.

The abbreviations used in the present disclosure are explained as follows:

XRPD: X-ray Powder Diffraction

DSC: Differential Scanning Calorimetry

TGA: Thermo Gravimetric Analysis

DVS: Dynamic Vapor Sorption

]H NMR: Proton Nuclear Magnetic Resonance
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Instruments and methods used for data collection:

X-ray powder diffraction patterns in the present disclosure were acquired by a Bruker D2

PHASER X-ray powder diffractometer‘ The parameters of the X-ray powder diffraction

method of the present disclosure were as follows:

X-ray Reflection: Cu, Kat

Kal (A); 1.54060; Ka2 (A); 1.54439

Kd2/K0t1 intensity ratio: 0.50

Voltage: 30 (kV)

Current: 10 (mA)

Scan range: from 3.0 degree to 40.0 degree

Differential scanning calorimetry (DSC) data in the present disclosure were acquired by a TA

Q2000. The parameters of the DSC method of the present disclosure are as follows:

Heating rate: 10 °C/min

Purge gas: nitrogen

Thermo gravimetric analysis (TGA) data in the present disclosure were acquired by a TA

Q500. The parameters of the TGA method of the present disclosure were as follows:

Heating rate: 10 DC/ min

Purge gas: nitrogen

Dynamic Vapor Sorption (DVS) is measured Via a SMS (Surface Measurement Systems

Ltd.) intrinsic DVS instrument. Typical Parameters for DVS test are as follows:

Temperature: 25 OC

Gas and flow rate: N2, 200 mL/min

dm/dt: 0.002%lmin

RH range: 0% RH to 95% RH

High Performance Liquid Chromatography (HPLC) data in the present disclosure were

collected from an Agilent 1260 with Diode Array Detector (DAD).

Substitute Specification
9

MEI 32707606V,1



Page 286 of 383

PCT/CN2018/097797

The HPLC method parameters in the present disclosure are as follows:

Column: ZORBAX Eclipse C18, 100x4.6n1m, 5 pm

Mobile Phase: A: Acetonitrile: Water: Trilluoroacetic acid =50295021 (Volume ratio)

B: 0.1% Trifluoroacetic acid in acetonitrile

 

 

 

5 Gradient:

Time (min) %B

0.0 0

0.5 0

W

35 .0 90

35 .1 0

W

   
 

Flow rate: 1.0 mI/min

Injection Volume: 2 ML

Detection wavelength: 220 nm

Column Temperature: 40 0C

10 Diluent: Acetonitrile

Proton nuclear magnetic resonance spectrum data (1H NMR) were collected from a Bruker

Avance II DMX 400M HZ NMR spectrometer. 1-5 mg of sample was weighed, and dissolved

in 0.5 mL of deuterated dimethyl sulfoxide to obtain a solution with a concentration of 2—10

mg/mL.

15 Unless otherwise specified, the following examples were conducted at room temperature. Said

”room temperature" is not a specific value, and refers to 10-30 °C.

According to the present disclosure, compound (I) used as a raw material is solid (crystalline or

amorphous), semisolid, wax or oil. Preferably, said compound (I) used as a raw material is a

solid.

20 Raw materials of E-2006 used in the following examples were prepared by known methods in

the prior art, for example, the method disclosed in CN103153963B.

DETAILED DESCRIPTION

Example 1 Preparation of Form CSZ:
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Approximately 199.6 mg of compound (I) was weighted and dissolved in 3.0 mL of acetone,

followed by filtration and slowly evaporation to obtain a solid at room temperature. The

obtained solid was confirmed to be Form CS2. The XRPD pattern is substantially as depicted

in Figure 1, and the XRPD data are listed in Table 1.

The DSC curve of Form CS2 in this example is substantially as depicted in Figure 2. When

heated to 177 °C, an endothermic peak appears, which corresponds to the melting endothermic

peak 01' Form CS2.

The TGA curve of Form CS2 in this example shows about 0.6% weight loss when heated to

170 °C, which is substantially as depicted in Figure 3.

The 1H NMR spectrum of Form CS2 is substantially as depicted in Figure 4, and the

corresponding data are: 1H NMR (400 MHz, DMSO) 611.22 (s, 1H), 8.33 (d, J : 3.0 Hz, 1H),

8.13 (s, 1H), 7.89 (dd, J = 9.1, 4.1 Hz, 1H), 7.64 (td, J = 8.7, 3.1 Hz, 11-1),7.48-7.35 (m, 3H),

7.11 (ddd, J = 11.5, 6.0, 3.0 Hz, 1H), 4.68 (d, J = 10.2 Hz, 1H), 4.29 (d, J = 10.3 Hz, 1H), 2.64

(dd, J = 15.7, 8.8 Hz, 1H), 2.36 (d, J = 21.5 Hz, 3H), 2.03 (s, 3H), 1.74-1.67 (m, 1H), 1.50 (dd,

J = 8.0, 4.8 Hz,1H)°

 

 

 

  

Table 1

20 d spacing Intensity %

7.81 11.32 100.00

9.55 9.26 5.68

11.44 7.73 23.41

12.53 7.07 25.17

15.58 5.69 46.96

15.78 5.62 11.77

16.40 5.41 4.67

19.05 —-.66 12.69

19.38 —-.58 17.51

19.57 4.54 18.50

21.32 4.17 21.23

21.73 4.09 6.60

22.27 3.99 11.54

23.03 3.86 5.32

23.23 3.83 6.23
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23.99 3.71 15.14

25.42 3.50 4.70

25.89 3.44 23.53

26.28 3.39 7.86

27.26 3.27 15.44

28.04 3.18 5.25

29.36 3.04 3.75

31.09 2.88 5.99

33.99 2.64 1.25

    
 

Example 2 Preparation of Form CS2 by anti-solvent addition method

Approximately 1026.0 mg of compound (I) was weighted and dissolved in 10.0 mL of

methanol. The solution was filtered and stirred while adding about 10.0 mL of water as an

anti-solvent. After stirred for about 4 hours, a large amount of solid precipitated out. The

precipitation collected by suction filtration and dried under vacuum at 40 DC [or about 18 hours

to obtain solids. The obtained solid was confirmed to be Form CS2. The XRPD pattern is

substantially as depicted in Figure 5, and the XRPD data are listed in Table 2.

The DSC curve of Form CS2 in this example is substantially as depicted in Figure 6. When

heated to 176 °C, an endothermic peak appears, which corresponds to the melting endothermic

peak of Form CS2.

The TGA curve of Form C82 in this example shows about 0.5% weight loss when heated to

170 °C, which is substantially as depicted in Figure 7.

The 1H NMR spectrum of Form CS2 is substantially as depicted in Figure 8, and the

corresponding data are: 1H NMR (400 MHZ, DMSO) 811.21 (s, 1H), 8.33 (d, J = 3.0 Hz, 1H),

8.13 (s, 1H), 7.89 (dd. J = 9.2, 4.2 Hz, 1H), 7.64 (td, J = 8.8, 3.1 Hz, 1H), 7.49-7.34 (m, 3H),

7.16—7.05 (m, 1H), 4.68 (d, J = 10.2 Hz, 1H). 4.29 (d, J = 10.3 Hz, 1H). 2.67—2.57 (m, 1H). 2.38

(s, 3H), 2.03 (s, 3H), 1.74-1.66 (m, 1H), 1.50 (dd, J = 8.0, 4.8 Hz, 1H)o

Table 2 

d spacing lntensity %
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12.56 7.05 35.00

15.61 5.68 59.13

15.82 5.60 9.92

16.44 5.39 9.29

19.07 4.65 19.61

19.41 4.57 19.56

19.60 4.53 20.52

21.36 —-.16 22.18

21.77 —-.08 10.04

22.31 3.98 29.55

23.07 3.86 9.34

23.89 3.72 14.02

24.00 3.71 11.54

25.46 3.50 6.67

25.93 3.44 17.57

26.31 3.39 16.60

27.33 3.26 16.63

28.06 3.18 9.34

29.37 3.04 7.28

31.15 2.87 3.40

31.38 2.85 4.42

29.37 3.04 7.28

31.15 2.87 3.40

   
Example 3-5 Preparation of Form CSZ by ionic liquid induced evaporation

Approximately 31.5 mg of compound (I) was dissolved in 1.0 mL of acetonitrile and filtered. A

small amount of ionic liquid as shown in Table 3 was added, and the solution was slowly

U1 evaporated at room temperature to obtain solid. The solid obtained in example 3-5 were labeled

as samples 3-5 and confirmed to be Form C82.

 

   
Table 3

Example Ionic liquid Sample

3 1-ethyl-3-methylimidazolium methyl sulfate Sample 3

4 1 -ethyl-3-methylimidazolium S ample 4
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Ul 1,3-dimethylimidazolium dimethyl phosphate S ample 5 

Example 6 Stability of Form CSZ

Form CS2 of the present disclosure were weighed and stored under conditions of 25 °C/60%

RH. 40 °C/75% RH, 60 °C/75% RH and 80 0C in open dishes. Crystalline form and chemical

impurity were checked by XRPD and HPLC, respectively. The results are shown in Table 4.

Table 4

Initial

Initial Storage Storage Crystalline form Purity after
crystalline

purity condition time after storage storage
form

Form CS2 Form CS2
25 °C /60%

(top of 99.67% 10 months (bottom of 99.63%
RH

Figure 9) Figure 9)

Form CS2 Form CS2
40°C /75%

(top of 99.67% 10 months (bottom of 99.67%
RH

Figure 10) Figure 10)

Form CS2 Form CS2
60”C /75%

(top of 99.67% 2 weeks (bottom of 99.70%
RH

Figure 11) Figure 11)

      
 

The results show that Form CS2 keeps stable for at least 10 months at 25 °C/60% RH and 40

°C/75% RH. Form CS2 keeps stable for at least 2 weeks at 60 oC/75% RH, the purity of Form

CS2 remained substantially unchanged. It can be seen that Form CS2 has good physical and

chemical stability.

Example 7 Grinding stability of Form CSZ

Form CS2 was ground manually for 5 minutes in a mortar. The XRPD pattern of the solids

before and after grinding are presented in Figure 12 (top: XRPD pattern before grinding;

bottom: XRPD pattern after grinding). The results show that the crystalline form of Form CS2

does not change after grinding. Form CS2 has good grinding stability.

Example 8 Hygroscopicity of Form CSZ

Dynamic vapor sorption (DVS) was applied to measure hygroscopicity of Form CS2 with
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about 10 mg of samples. The weight gains at each relative humidity were recorded in a cycle of

0—95 %—0 RH. DVS is substantially as depicted in Figure 13, and the experimental results are

shown in Table 5. The XRPD pattern overlay of Form CS2 before and after DVS test is

presented in Figure 14 (top: XRPD pattern before DVS; bottom: XRPD pattern after DVS).

The results show that the hygroscopicity of Form CS2 is low. The weight gain under 80% RH

is 0.21%. Form CS2 is slightly hygroscopic. The crystalline form of Form CS2 does not change

alter DVS, which indicates that Form CS2 is physically stable at 0% — 95% RH.

Table 5

Relative Humidity
Weight gain under 80%

Hygroscopicity
Relative Humidity

Weight Gain (%) 

Form CS2 0.21% Slightly hygroscopic
 

Description and definition of hygroscopicity (Chinese Pharmacopoeia 2015 edition appendix

Drug hygroscopic test guidelines, test at 25 °Ci1 °C, 80% RH.).

—deliquescent: Sufficient water is absorbed to form a liquid;

—very hygroscopic: Increase in mass is equal to or greater than 15 percent;

—hygroscopic: Increase in mass is less than 15 percent and equal to or greater than 2

percent;

—slightly hygroscopic: Increase in mass is less than 2 percent and equal to or greater than

0.2 percent.

—non hygroscopic or almost non hygroscopic: Increase in mass is less than 0.2%.

Example 9 Flowability comparison of Form CS2 and the prior art solid

Compressibility, also known as compressibility index is usually used to evaluate the flowability

of powder and granular intermediates during the formulation process. A certain amount of

powder was added into a measuring cylinder and bulk volume was recorded. Then the

measuring cylinder was tapped to make the powder in the tightest state and the tapped volume

was recorded. The bulk density (p0), tapped density (pf) were calculated, and compressibility

index was calculated according to c=(pf— p0)/pf. Compressibility index or Carr Index is an

important indicator for evaluating the flowability of powder.
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Compressibility index test method is as follows: Compressibility index was calculated

according to bulk density p0 and tapped density pf of Form CS2 and the amorphous solid of the

prior art with c=(pf— p0)/pf >“100%. Criteria of flowability is shown in Table 6.

 

 

 

Table 6

Compressibility index ( % ) Flowability

§ 10 Excellent

1 1-15 Good

16-20 Fair

21—25 Passable

26-3 1 poor

32-37 Very poor

>38 Very, very poor

   
 

5 Amorphous solid was obtained by repeating the preparation method disclosed in

CN103153963B. Flowability evaluation results of Form CS2 and the amorphous solid are

presented in table 7. which indicate that the llowability of Form CS2 is remarkably superior to

that of the amorphous solid in the prior art.

Table 7
 

Bulk density Tapped density Compressibility

(D0, g/mL) (pf, g/mL) index (%)

Amorphous 0.196 0274 Poorsolid

Form Flowability

 
Example 10 Adhesiveness of Form C82

10

30 mg of Form CS2 was weighed and added into the dies of (pSmm round tooling, tableted at

10 KN and held for 30s. The amount of material sticking to the punch was weighed. The

compression was repeated twice and the cumulative amount, maximum amount and average

15 amount of material sticking to the punch during the compression process were recorded.

Detailed experimental results are shown in Table 8.

Table 8

Crystalline Maximum amount Average amount
Cumulative amount (mg)

Form (mg) (mg) ————
Example 11 Compressibility of C52
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80mg of Form CS2 was weighted and added into the dies of (p6mm round tooling, compressed

at 10 KN. The round tablet was stored in a desiccator for 24 hours until complete elastic

recovery. Hardness (H) was tested with a tablet hardness tester. Diameter (D) and thickness (L)

were tested with caliper. Tensile strength of the powder was calculated with the following

formula: T=2H/7Z’DL. Under a certain force, the greater the tensile strength, the better the

compressibility. The results are presented in Table 9.

Table 9

Thickness(mm) Diameter (mm) Hardness(N) Tensile strength (MPa) 
Example 12 Residual solvents of Form CS2 and the prior art solid

Amorphous solid was obtained by repeating the preparation method disclosed in

CN103153963B. Residual solvents of Form CS2 and the amorphous solid were tested. The

results show that Form CS2 has no residual solvents, While the -heptane and ethyl acetate

residue in the amorphous solid is 46596.16 ppm and 1260.01 pm, respectively. According to

the guideline of the International Council for Harmonization (ICH) on residual solvents, both

n-heptane and ethyl acetate belong to Class 3 solvents, and the residual solvent must not

exceed 5000 ppm. It can be seen that the residue of n-heptane in the amorphous solid is much

higher than the limits of ICH, and the amorphous not suitable for drug substance

Example 13 CSZ drug product

1. Preparation of compound (1) tablets

Form CS2 and intragranular excipients in Table 10 were blended according to formulation and

the blend was compressed with the target weight of 500 mg using a (p20 mm single punch

manual press at 5i0.5 KN pressure. The above tablets were crushed, passed through a 20

mesh sieve, then blended uniformly with the extragranular excipients shown in Table 10, and

the blend was compressed with a target weight of 120.0 mg using a (p7 mm single punch

manual press at 510.5 KN pressure.

 

 

Table 10

Com onent Quantity Mass
P (mg/unit) ratio (%)

E-2006 (Form CS2) 10.00 8.3      
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Lactose monohydrate 88.88 74.1 

H d 1 ll 1 . .
Intragranular y roxypropy ce u ose 3 60 3 0
 

excipients Low substituted 10.80 9.0
hydroxypropyl cellulose
 

Magnesium stearate 0.36 0.3 

Total 113 .64 94.7 

Low substituted

  
 

Extragranular hydroxyprop y1 cellulose 6'00 5‘0
excipients

Magnesium stearate 0.36 0.3

Total 120.00 100.0

    
2. Stability of Form CS2 in drug product

The tablets prepared above were packed in 35 cc HDPE bottles (one tablet per bottle) with 1 g

desiccant. The bottles were sealed with a sealer. The bottles were stored under conditions of 25

5 0C/60% RH and 40 0C/75% RH for 1 month. Crystalline form of Form CS2 tablet was tested and

the results show that the crystalline form of Form CS2 does not change. In addition, single and

total impurity of Form CS2 remained substantially unchanged in storage. The results presented

in Table 11 and 12 indicate that Form CS2 keeps physically and chemically stable in drug

 
 

product.

10 Table 11 Physical stability of Form CS2 in drug product

API crystalline

Sample Condition Form after

storage

Tablet contains 25 °C/60% RH 1 month Form C52

Form CS2 40 0C/75% RH 1 month Form CS2

Table 12 Chemical stability 01' Form CS2 in drug product 

Initial Total
Largest . . . . Single Total

largest , Initial total impurity , , , .
. smgle , . , impurity impurity

. . . single . . impurity alter
Condition Time , , impurity change change

impurity storage

after (‘70) (‘7) (67)0 0

( % ) storage ( % ) 
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 III-III-25 0C/60% 1

mm
40 °C/75% 1

RH month 0.08 0.08 0.17 0.20 0 0.03

 
 

Example 14 In Vitro dissolution and dissolution rate of Form CS2

in vitro dissolution test was performed on Form C32 tablet obtained from example 12.

Dissolution method according to Chinese Pharmacopoeia 2015<0931> was used. The

5 conditions are as follows:

Medium: 0.1 mol/L aqueous solution of hydrochloric acid

Method: Paddle

Volume: 900 mL

Speed: 50 rpm

10 Temperature: 37 °C

in vitro dissolution of Form C82 are presented in Table 13 and Figure 15.

 

 

 

 

 

Table 13

Cumulative drug

release (‘70) Form C52

Time ( minute )

0 0.0

5 55.2

10 73.1

15 81.0

20 86.2

30 92.1

45 96.9

60 100.5

   
The results showed that Form C32 drug product can undergo 100% dissolution in 0.1 mol/L

aqueous hydrochloric acid, and the dissolution rate is high, which is favorable for achieving

15 good in vivo bioavailability.
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The examples described above are only for illustrating the technical concepts and features of

the present disclosure, and intended to make those skilled in the art being able to understand

the present disclosure and thereby implement it, and should not be concluded to limit the

protective scope of this disclosure. Any equivalent variations or modifications according to the

spirit of the present disclosure should be covered by the protective scope of the present

disclosure.
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ABSTRACT

The present disclosure provides a novel crystalline form of Lemborexant and processes for

preparation thereof. Pharmaceutical composition containing Lemborexant, and use of

Lemborexant for preparing orexin receptor antagonist drug, and use of Lemborexant for

preparing drugs treating insomnia and irregular sleep—wake rhythm disorder are also provided.

The crystalline form of the present disclosure have one or more improved properties compared

with crystalline forms of prior arts, and has significant values for future drug optimization and

development.

’f? 

 
Compound (I)
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CRYSTALLINE FORM OF OREXIN RECEPTOR ANTAGONIST, PROCESSES FOR

PREPARATION THEREOF AND USE THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation of International Application No. PCT/CN2018/097797, filed

on July 31, 2018, which claims the benefit of foreign priority of Chinese Patent Application

No.: 2017106481352, filed on August 1, 2017. The entire contents of the aforementioned

applications are incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to the field of pharmaceutical chemistry, particularly relates to a

novel crystalline forms of orexin receptor antagonist, processes for preparation and use thereof.

BACKGROUND

E-2006 (Lemborexant) was developed by Eisai and clinically used to treat insomnia. Studies

have shown that the orexin system is a key regulator of the sleep-wake cycle, and thus orexin

receptor antagonists have the potential to counteract inappropriate nighttime wakefulness and

promote a regular sleep-wake cycle. E-2006 is an orexin receptor antagonist. In clinical trials,

E-2006 can significantly improve sleep efficiency in patients with insomnia, including falling

asleep fast and shorter time spent awake at night. In addition, E—2006 also shows great

potential in the treatment of Alzheimer's patients with Irregular Sleep-Wake Rhythm Disorder

(ISWRD). ISWRD is different from common insomnia, and has unmet clinical needs.

The chemical name of E—2006 is (1R, 25)—2—{ [(2,

4-dimethylp yrimidin— 5 - yl)oxy]methyl } -2 -(3 -fluorophenyl)-N-(5 -fluoropyridin—2-yl)cyclopropa

necarboxamide (hereinafter referred to as “Compound (1)”), and the structure is shown as

follows:
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Compound (1)

Currently, no crystalline forms of compound (I) was disclosed. CN103153963B disclosed the

structure of compound (I) and the process for preparing compound (I). The inventors of the

present disclosure have repeated the preparation method in CN103153963B and amorphous

solid was obtained. Compared with the crystalline form of the present disclosure, the

amorphous solid has lower stability, lower density and poorer flowability, which is not suitable

for the preparation of drug product. In addition, amorphous is the thermodynamically most

unstable solid form, which is prone to crystal transformation or chemical degradation, resulting

in a decrease in the purity of the compound. The preparation of amorphous is usually a rapid

precipitation process to produce kinetically stable solid, which easily leads to excessive

residual solvent. The particle property control in the preparation process is difficult.

The inventors of the present disclosure discovered excellent crystalline form CS2 of compound

(I), which has advantages in at least one aspect of stability, melting point, solubility, in vitro

and in vivo dissolution, hygroscopicity, bioavailability, adhesiveness, compressibility,

flowability, processability, purification ability, formulation production, etc. Particularly,

crystalline form CSZ has good stability, low hygroscopicity, good formulation processability,

high in vitro dissolution and dissolution rate, which provides a new and better choice for the

development of drug containing compound (I) and is of great significance.

SUMMARY

The main objective of the present disclosure is to provide a novel crystalline form of

compound (I), processes for preparation and use thereof.

According to the objective of the present disclosure, crystalline form CS2 of compound (I) is

provided (hereinafter referred to as Form CS2).

According to one aspect of the present disclosure, the X-ray powder diffraction pattern of Form
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CS2 shows characteristic peaks at 2theta values of 7.80i0.2°, 15.6%02O and 11.4Oi0.2O using

CuKa radiation.

Furthermore, the X-ray powder diffraction pattern of Form CS2 shows one or two or three

characteristic peaks at 2theta values of l2.5°i0.2°, 21.30i0.2°, 27.30i0.20. Preferably, the

X—ray powder diffraction pattern of Form CS2 shows three characteristic peaks at 2theta values

of 12.5°i0.2°, 21.3Oi0.2°, 27.3°i0.2°.

Furthermore, the X-ray powder diffraction pattern of Form CS2 shows one or two or three

characteristic peaks at 2theta values of 24030.2“, 19.4”:02O and 22.3“i0.2”. Preferably, the

X-ray powder diffraction pattern of Form CSI shows three characteristic peaks at 2theta values

of 24.00i0.2°, l9.40i0.2°, 22.30i0.20.

According to another aspect of the present disclosure, the X-ray powder diffraction pattern of

Form CS2 shows three or four or five or six or seven or eight or nine or ten or eleven

characteristic peaks at 2theta values of 7.80i0.2°, 15.6°iO.20, 11.40i0.20, l2.5°i0.20,

21.3”i0.2”, 27.3“i0.2”, 24.0”i0.2”, 19.1”i0.2”, 19.4302“, 22.3”i0.2”, 25.9"i020 using

Cu KOt radiation.

Without any limitation being implied, the X-ray powder diffraction pattern of Form CS2 is

substantially as depicted in Figure 1 or 5.

According to the objective of the present disclosure, a process for preparing Form C82 is also

provided. The process comprises:

(1) Dissolving compound (I) in a solvent to get a solution containing compound (I), then

adding an anti-solvent to the solution slowly, stirring and crystallizing to obtain Form CS2; or

(2) Dissolving compound (I) in ketones and slowly evaporating to obtain Form CS2; or

(3) Dissolving compound (I) in nitriles, adding an ionic liquid, then slowly evaporating to

obtain Form CS2.

Furthermore, in method (1) said solvent is alcohol, said anti-solvent is water;

Furthermore, in method (1) said alcohol is methanol.

Furthermore, in method (2) said ketone is preferably acetone.

Furthermore, in method (3) said nitrile is preferably acetonitrile, said ionic liquid is preferably
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1 -ethyl-3 -methylimidazolium methyl sulfate, or 1 -ethyl-3 -methylimidazoliu1n

hexafluoroantimonate or 1,3—dimethylimidazolium dimethyl phosphate.

According to the objective of the present disclosure, a pharmaceutical composition is provided,

said pharmaceutical composition comprises a therapeutically effective amount of Form CS2

and pharmaceutically acceptable carriers, diluents or excipients.

Furthermore, Form CS2 can be used for preparing orexin receptor antagonist drugs.

Furthermore, Form CS2 can be used for preparing drugs treating insomnia and/or irregular

sleep-wake rhythm disorder.

Form CS2 of the present disclosure has the following advantages:

(1) Form CS2 01' the present disclosure has lower hygroscopicity. The test results show that the

weight gain of Form CS2 at 80% RH (Relative Humidity) is 021%. Form CS2 is slightly

hygroscopic. The crystalline form does not change after DVS, Form CS2 has good physical

stability at 0—95% RH.

Hygroscopicity affects the stability of drug substances, flowability and uniformity during the

formulation process, thus affecting the quality of drug products. Hygroscopicity affects the

preparation, storage and post—treatment ol' the drug. The crystalline form with low

hygroscopicity is not demanding on storage conditions, which reduces the cost of storage and

quality control, and has strong economic value.

(2) The crystalline form provided by the present disclosure has good stability.

Drug substance Form CS2 01' the present disclosure has good physical and chemical stability in

different storage conditions. The crystalline form of Form CS2 of the present disclosure

remained unchanged for at least 10 months when stored in open dishes under the conditions of

25 OC/60% RH and 40 OC/75% RH, preferably for at least one year. The crystalline form of

Form CS2 doesn’t change for at least 2 weeks when stored under the condition of 60 OC/75%

RH. The chemical purity of Form CS2 of the present disclosure is above 99%, preferably

above 99.5%, and remained substantially unchanged during storage.

Form CS2 of the present disclosure has good physical stability after grinding. Grinding and

pulverization are often required in drug manufacturing process. Good physical stability of the

drug substance can reduce the risk of crystallinity decrease and crystal transformation during
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the drug production process.

Form CS2 of the present disclosure has good physical and chemical stability in drug product.

Drug product is prepared with excipient and stored under the conditions of 25 °C/60% RH and

40 °C/75% RH for at least one month. The crystalline form of Form CS2 remained unchanged

and chemical purity remained substantially unchanged in drug product.

Drug substance and drug product has good physical and chemical stability. During the storage

and formulation process, Form CS2 does not convert to other crystalline forms, and the

chemical purity of Form CS2 remained substantially unchanged during storage, thus ensuring

consistent and controllable quality of drug substance and drug product.

(3) Form CS2 has good in vitro dissolution and dissolution rate. Form CS2 of the present

disclosure in drug product underwent 100% dissolution in 60 minutes in 0.1 mol/L aqueous

hydrochloric acid solution. Good in vitro dissolution leads to higher in vivo absorption, thereby

achieving ideal bioavailability.

Dissolution is the prerequisite for abs01ption. Good in vitro dissolution leads to higher in vivo

absorption and better in vivo exposure, thereby improving drug’s bioavailability and efficacy.

High dissolution rate is beneficial for the drug to achieve peak plasma concentration quickly

after administration, thus ensuring rapid drug action.

Furthermore, Form CSZ of the present disclosure also has the following advantages:

(1) Form C82 of the present disclosure has good compressibility. Failure in hardness/friability

test issue can be avoided in the tableting process due to better compressibility of Form CS2,

thus reducing the requirements for pretreatment process, making the preparation process more

reliable and improving product appearance and product quality.

(2) Compared with prior art, Form CS2 of the present disclosure has higher density. Test results

indicate that the bulk density and tapped density of Form CS2 are remarkably higher than that

of prior art solid. Higher density of Form CS2 is beneficial to large scale production. High

density of Form CS2 can also reduce dust, reduce occupational hazard, reduce security risks

and ensure production safety.

(3) Compared with prior art, Form CS2 of the present disclosure has better flowability.

Flowability evaluation results indicate that the flowability of Form CS2 is good, while the

flowability of prior art form is poor. Better flowability can effectively increase the speed of
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tableting and filling and increase manufacturing efficiency. Better flowability of Form CS2

ensures the blend uniformity and content uniformity of the drug product, and reduces the

weight variation of the drug product and improves product quality.

(4) Compared with prior art, Form CS2 of the present disclosure shows superior adhesiveness.

Adhesiveness evaluation results indicate that Form CS2 has low adhesiveness amount and low

adhesiveness. Due to low adhesiveness of Form CS2, adhesion to roller and tooling during

dry-granulation and compression process can be reduced, which is also beneficial to improve

product appearance and weight variation. In addition, low adhesiveness of Form C82 can

reduce the agglomeration of drug substance, which is beneficial to the dispersion of drug

substance and reduce the adhesion between drug substance and other excipients, and improve

the blend uniformity and content uniformity of drug product.

(5) Form CS2 of the present disclosure has almost no residual solvent and meets the

requirements of drug substance, while the residual solvent of the prior art exceeds the standard

and cannot be used as a drug substance directly. Many organic solvents are harmful to human

and environment. Therefore, in order to ensure drug safety and product quality, it is necessary

to control the residual organic solvent of drug substance.

In the present disclosure, said "evaporating" is accomplished by using a conventional method

in the field such as slow evaporation or rapid evaporation. Slow evaporation is accomplished in

a container covered by sealing film with pinholes. Rapid evaporation is accomplished in an

open container.

In the present disclosure, ”crystal" or "crystalline form" refers to the crystal or the crystalline

form being identified by the X-ray diffraction pattern shown herein. Those skilled in the art are

able to understand that physicochemical properties discussed herein can be characterized. The

experimental errors depend on the instrument conditions, the sampling processes and the purity

of samples. In particular, those skilled in the art generally know that the X-ray diffraction

pattern typically varies with the experimental conditions. It is necessary to point out that, the

relative intensity of the diffraction peaks in the X-ray diffraction pattern may also vary with the

experimental conditions; therefore, the order of the diffraction peak intensities cannot be

regarded as the sole or decisive factor. In fact, the relative intensity of the diffraction peaks in

the X-ray powder diffraction pattern is related to the preferred orientation of the crystals, and

the diffraction peak intensities shown herein are illustrative and identical diffraction peak

Substitute Specification
6

MEI 32707727v,1



Page 306 of 383

U1

10

15

20

25

Page 306 of 383

PCT/CN2018/097797

intensities are not required. In addition, the experimental error of the diffraction peak position

is usually 5% or less, and the error of these positions should also be taken into account. An

error of i0.2° is usually allowed. In addition, due to experimental factors such as sample

thickness, the overall offset of the diffraction peak is caused, and a certain offset is usually

allowed Thus, it will be understood by those skilled in the art that a crystalline form of the

present disclosure is not necessarily to have the exactly same X-ray diffraction pattern of the

example shown herein. As used herein, "the same XRPD pattern” does not mean absolutely the

same, the same peak positions may differ by i0.2o and the peak intensity allows for some

variability. Any crystalline forms whose X-ray diffraction patterns have the same or similar

characteristic peaks should be within the scope of the present disclosure. Those skilled in the

art can compare the patterns shown in the present disclosure with that of an unknown

crystalline form in order to identify whether these two groups of patterns reflect the same or

different crystalline forms.

In some embodiments, Form CS2 of the present disclosure is pure and substantially free of any

other crystalline forms. In the present disclosure, the term "substantially free" when used to

describe a novel crystalline form, it means that the content of other crystalline forms in the

novel crystalline form is less than 20% (w/w), specifically less than 10% (w/w), more

specifically less than 5% (w/w) and further more specifically less than 1% (w/w).

It should be noted that the number and the number range should not be understood as the

number or number range themselves only. It should be understood by those skilled in the art

that the specific number can be shifted at specific technical environment without departing

from the spirit and principle of the present disclosure. In the present disclosure, the number of

shift ranges expected by one of skilled in the art is represented by the term "about".

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows an XRPD pattern of Form CS2 in Example 1.

Figure 2 shows a DSC curve of Form CS2 in Example 1.

Figure 3 shows a TGA curve of Form CS2 in Example I.

Figure 4 shows a 1H NMR spectrum of Form CS2 in Example 1.

Figure 5 shows an XRPD pattern of Form CS2 in Example 2.
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Figure 6 shows a DSC curve of Form CS2 in Example 2.

Figure 7 shows a TGA curve of Form CS2 in Example 2.

Figure 8 shows a 1H NMR spectrum of Form CS2 in Example 2.

Figure 9 shows an XRPD pattern overlay of Form CS2 before and after stored at 25 °C/60%

RH (top: before storage, bottom: after storage).

Figure 10 shows an XRPD pattern overlay of Form CS2 before and after stored at 40 °C/75%

RH (top: before storage, bottom: after storage).

Figure 11 shows an XRPD pattern overlay of Form CS2 before and after stored at 60 °C/75%

RH (top: before storage, bottom: after storage).

Figure 12 shows an XRPD curve of Form CS2 before and after grinding (top: XRPD pattern

before grinding; bottom: XRPD pattern after grinding).

Figure 13 shows a DSC curve of Form CS2

Figure 14 shows an XRPD pattern overlay of Form CS2 before and after DVS test (top: XRPD

pattern before DVS; bottom: XRPD pattern after DVS).

Figure 15 shows an in vitro dissolution profile of Form CS2.

DETAILED DESCRIPTION

The present disclosure is further illustrated by the following examples which describe the

preparation and use of the crystalline form of the present disclosure in detail. It is obvious to

those skilled in the art that many changes in the materials and methods can be accomplished

without departing from the scope of the present disclosure.

The abbreviations used in the present disclosure are explained as follows:

XRPD: X-ray Powder Diffraction

DSC: Differential Scanning Calorimetry

TGA: Thermo Gravimetric Analysis

DVS: Dynamic Vapor Sorption

]H NMR: Proton Nuclear Magnetic Resonance
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Instruments and methods used for data collection:

X-ray powder diffraction patterns in the present disclosure were acquired by a Bruker D2

PHASER X-ray powder diffractometer‘ The parameters of the X-ray powder diffraction

method of the present disclosure were as follows:

X-ray Reflection: Cu, Kat

Kal (A); 1.54060; Ka2 (A); 1.54439

Kd2/K0t1 intensity ratio: 0.50

Voltage: 30 (kV)

Current: 10 (mA)

Scan range: from 3.0 degree to 40.0 degree

Differential scanning calorimetry (DSC) data in the present disclosure were acquired by a TA

Q2000. The parameters of the DSC method of the present disclosure are as follows:

Heating rate: 10 °C/min

Purge gas: nitrogen

Thermo gravimetric analysis (TGA) data in the present disclosure were acquired by a TA

Q500. The parameters of the TGA method of the present disclosure were as follows:

Heating rate: 10 DC/ min

Purge gas: nitrogen

Dynamic Vapor Sorption (DVS) is measured Via a SMS (Surface Measurement Systems

Ltd.) intrinsic DVS instrument. Typical Parameters for DVS test are as follows:

Temperature: 25 OC

Gas and flow rate: N2, 200 mL/min

dm/dt: 0.002%lmin

RH range: 0% RH to 95% RH

High Performance Liquid Chromatography (HPLC) data in the present disclosure were
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collected from an Agilent 1260 with Diode Array Detector (DAD).

The HPLC method parameters in the present disclosure are as follows:

Column: ZORBAX Eclipse C18, 100x4.6mm, 5 pm

Mobile Phase: A: Acetonitrile: Water: Trifluoroacetic acid =50:950:1 (Volume ratio)

 

 

5 B: 0.1% Trifluoroacetic acid in acetonitrile

Gradient:

Time (min) %B

0.0 0

0.5 0

W

W

35.1 0

W

   
Flow rate: 1.0 mI/min

Injection Volume: 2 HL

Detection wavelength: 220 nm

10 Column Temperature: 40 0C

Diluent: Acetonitrile

Proton nuclear magnetic resonance spectrum data (1H NMR) were collected from a Bruker

Avance II DMX 400M HZ NMR spectrometer. 1—5 mg of sample was weighed, and dissolved

in 0.5 mL of deuterated dimethyl sulfoxide to obtain a solution with a concentration of 2-10

15 mg/mL.

Unless otherwise specified, the following examples were conducted at room temperature. Said

”room temperature" is not a specific value, and refers to 10-30 °C.

According to the present disclosure, compound (I) used as a raw material is solid (crystalline or

amorphous), semisolid, wax or oil. Preferably, said compound (I) used as a raw material is a

20 solid.

Raw materials of E-2006 used in the following examples were prepared by known methods in

the prior art, for example, the method disclosed in CN103153963B.

DETAILED DESCRIPTION
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Example 1 Preparation of Form CSZ:

Approximately 199.6 mg of compound (I) was weighted and dissolved in 3.0 mL of acetone,

followed by filtration and slowly evaporation to obtain a solid at room temperature. The

obtained solid was confirmed to be Form CS2. The XRPD pattern is substantially as depicted

in Figure 1, and the XRPD data are listed in Table 1.

The DSC curve of Form CS2 in this example is substantially as depicted in Figure 2. When

heated to 177 0C, an endothermic peak appears, which corresponds to the melting endothermic

peak of Form CS2.

The TGA curve of Form CS2 in this example shows about 0.6% weight loss when heated to

170 °C, which is substantially as depicted in Figure 3.

The 1H NMR spectrum of Form CS2 is substantially as depicted in Figure 4, and the

corresponding data are: 1H NMR (400 MHz, DMSO) 611.22 (s, 1H), 8.33 (d, J = 3.0 Hz, 1H),

8.13 (s, 1H), 7.89 (dd, J = 9.1, 4.1 Hz, 1H), 7.64 (td, J = 8.7, 3.1 Hz, 1H), 7.48-7.35 (m, 3H),

7.11 (ddd, J = 11.5, 6.0, 3.0 Hz, 1H), 4.68 (d, J = 10.2 Hz, 1H), 4.29 (d, J = 10.3 Hz, 1H), 2.64

(dd, J = 15.7, 8.8 Hz, 1H), 2.36 (d, J = 21.5 H2, 3H), 2.03 (s, 3H), 1.74—1.67 (m, 1H), 1.50 (dd,

J = 8.0, 4.8 Hz, 1H)o

 

 

 

 

 

 

 

 

Table 1

20 d spacing intensity %

7.81 11.32 100.00

9.55 9.26 5.68

11.44 7.73 23.41

12.53 7.07 25.17

15.58 5.69 46.96

15.78 5.62 11.77

16.40 5.41 4.67

19.05 4.66 12.69

19.38 4.58 17.51

19.57 4.54 18.50

21.32 4.17 21.23

21.73 4.09 6.60

22.27 3.99 11.54

23.03 3.86 5.32
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23.23 3.83 6.23

23.99 3.71 15.14

25.42 3.50 4170

25.89 3.44 23.53

26.28 3.39 7.86

27.26 3.27 15.44

28.04 3.18 5.25

29.36 3.04 3.75

31.09 2.88 5.99

33.99 2.64 1.25

    
 

Example 2 Preparation of Form CSZ by anti-solvent addition method

Approximately 1026.0 mg of compound (1) was weighted and dissolved in 10.0 mL of

methanol. The solution was filtered and stirred while adding about 10.0 mL of water as an

anti-solvent. After stirred for about 4 hours, a large amount of solid precipitated out. The

precipitation collected by suction filtration and dried under vacuum at 40 0C for about 18 hours

to obtain solids. The obtained solid was confirmed to be Form CS2. The XRPD pattern is

substantially as depicted in Figure 5, and the XRPD data are listed in Table 2.

The DSC curve of Form CS2 in this example is substantially as depicted in Figure 6. When

heated to 176 °C, an endothermic peak appears, which corresponds to the melting endothermic

peak of Form CS2.

The TGA curve of Form CS2 in this example shows about 0.5% weight loss when heated to

170 °C, which is substantially as depicted in Figure 7.

The 1H NMR spectrum of Form CS2 is substantially as depicted in Figure 8, and the

corresponding data are: 1H NMR (400 MHZ, DMSO) 611.21 (s, 1H), 8.33 (d, J = 3.0 Hz, 1H),

8.13 (s, 1H), 7.89 (dd, J = 9.2, 4.2 Hz, 1H), 7.64 (td, J = 8.8, 3.1 Hz, 1H), 7.49-7.34 (m, 3H),

7.16-7.05 (m, 1H), 4.68 (d, J = 10.2 Hz, 1H). 4.29 (d, J = 10.3 Hz, 1H). 2.67-2.57 (m, 1H). 2.38

(s, 3H), 2.03 (s, 3H), 1.74-1.66 (m, 1H), 1.50 (dd, J = 8.0, 4.8 Hz, 1H)o

Table 2 

d spacing Intensity %
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11.49 7.70 13.05

12.56 7.05 35.00

15.61 5.68 59.13

15.82 5.60 9.92

16.44 5.39 9.29

19.07 4.65 19.61

19.41 4.57 19.56

19.60 —-.53 20.52

21.36 —-.16 22.18

21.77 4.08 10.04

22.31 3.98 29.55

23 .07 3.86 9.34

23.89 3.72 14.02

24.00 3.71 11.54

25.46 3.50 6.67

25.93 3.44 17.57

26.31 3.39 16.60

27.33 3.26 16.63

28.06 3.18 9.34

29.37 3.04 7.28

31.15 2.87 3.40

31.38 2.85 4.42

29.37 3.04 7.28

31.15 2.87 3.40

 
PCT/CN2018/097797

Example 3-5 Preparation of Form CSZ by ionic liquid induced evaporation

Approximately 31.5 mg of compound (I) was dissolved in 1.0 mL of acetonitrile and filtered. A

small amount of ionic liquid as shown in Table 3 was added, and the solution was slowly

evaporated at room temperature to obtain solid. The solid obtained in example 3-5 were labeled

as samples 3-5 and confirmed to be Form CS2.

 

Table 3

Example Ionic liquid Sample

3 1—ethyl—3—methylimidazolium methyl sulfate Sample 3 

MEl 32707727V,1
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l -ethyl-3-methy1imidazolium

4 S ample 4
hexafluoroantimonate

5 1,3-dimethylimidazolium dimethyl phosphate Sample 5 

Example 6 Stability of Form CSZ

Form CS2 of the present disclosure were weighed and stored under conditions of 25 °C/60%

RH, 40 °C/75% RH, 60 °C/75% RH and 80 °C in open dishes. Crystalline form and chemical

impurity were checked by XRPD and HPLC, respectively. The results are shown in Table 4.

 

 

Table 4

Initial

Initial Storage Storage Crystalline form Purity after
crystalline

purity condition time after storage storage
form

Form CS2 Form CS2
25 UC /60%

(top of 99.67% 10 months (bottom of 99.63%
RH

Figure 9) Figure 9)

Form CS2 Form CS2
400C /75%

(top of 99.67% 10 months (bottom of 99.67%
RH

Figure 10) Figure 10)

Form CS2 Form CS2
60°C /75%

(top of 99.67% 2 weeks (bottom of 99.70%
RH

Figure 11) Figure ll)

      

 

 
The results show that Form CS2 keeps stable for at least 10 months at 25 °C/60% RH and 40

°C/75% RH. Form CS2 keeps stable for at least 2 weeks at 60 oC/75% RH, the purity of Form

CS2 remained substantially unchanged. It can be seen that Form CS2 has good physical and

chemical stability.

Example 7 Grinding stability of Form CS2

Form CS2 was ground manually for 5 minutes in a mortar. The XRPD pattern of the solids

before and after grinding are presented in Figure 12 (top: XRPD pattern before grinding;

bottom: XRPD pattern after grinding). The results show that the crystalline form of Form CS2

does not change after grinding. Form CS2 has good grinding stability.

Example 8 Hygroscopicity of Form CS2
Substitute Specification
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Dynamic vapor sorption (DVS) was applied to measure hygroscopicity of Form CS2 with

about 10 mg of samples. The weight gains at each relative humidity were recorded in a cycle of

0-95 %-0 RH. DVS is substantially as depicted in Figure 13, and the experimental results are

shown in Table 5. The XRPD pattern overlay of Form CS2 before and after DVS test is

presented in Figure 14 (top: XRPD pattern before DVS; bottom: XRPD pattern after DVS).

The results show that the hygroscopicity of Form CS2 is low. The weight gain under 80% RH

is 0.21%. Form CS2 is slightly hygroscopic. The crystalline form of Form CS2 does not change

after DVS, which indicates that Form CS2 is physically stable at 0% - 95% RH.

Table 5

Relative Humidity
Weight gain under 80%

Hygroscopicity
Relative Humidity

Weight Gain (%)
 

Form CS2 0.21% Slightly hygroscopic
 

Description and definition of hygroscopicity (Chinese Pharmacopoeia 2015 edition appendix

Drug hygroscopic test guidelines, test at 25 0Ci1 0C, 80% RH).

—deliquescent: Sufficient water is absorbed to form a liquid;

—very hygroscopic: Increase in mass is equal to or greater than 15 percent;

—hygroscopic: Increase in mass is less than 15 percent and equal to or greater than 2

percent;

—slightly hygroscopic: Increase in mass is less than 2 percent and equal to or greater than

0.2 percent.

—non hygroscopic or almost non hygroscopic: Increase in mass is less than 0.2%.

Example 9 Flowability comparison of Form CS2 and the prior art solid

Compressibility. also known as compressibility index is usually used to evaluate the flowability

of powder and granular intermediates during the formulation process. A certain amount of

powder was added into a measuring cylinder and bulk volume was recorded. Then the

measuring cylinder was tapped to make the powder in the tightest state and the tapped volume

was recorded. The bulk density (p0), tapped density (pf) were calculated. and compressibility

index was calculated according to c:(pf— p0)/pf. Compressibility index or Carr Index is an
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important indicator for evaluating the flowability of powder.

Compressibility index test method is as follows: Compressibility index was calculated

according to bulk density p0 and tapped density pf of Form C32 and the amorphous solid of the

prior art with c=(pf— p0)/pf *100%. Criteria of flowability is shown in Table 6.

 

 

 

Table 6

Compressibility index ( % ) Flowability

2 10 Excellent

1 l- 15 Good

16—20 Fair

21-25 Passable

26-3 1 poor

32—37 Very poor

>38 Very, very poor

   
Amorphous solid was obtained by repeating the preparation method disclosed in

CN103153963B. Flowability evaluation results of Form C32 and the amorphous solid are

presented in table 7. which indicate that the flowability of Form C82 is remarkably superior to

that of the amorphous solid in the prior art.

  
 

Table 7

Bulk density Tapped density Compressibility . .

(pa, g/mL) (pf, g/mL) index <%) Flowablhty

Amorphous 0.196 0.274 28 Poorsolid

Form C82 0.263 0.351 25 Passable

Example 10 Adhesiveness of Form CSZ

30 mg of Form CSZ was weighed and added into the dies of gDSmm round tooling, tableted at

10 KN and held for 305. The amount of material sticking to the punch was weighed. The

compression was repeated twice and the cumulative amount, maximum amount and average

amount of material sticking to the punch during the compression process were recorded.

Detailed experimental results are shown in Table 8.

Table 8

Crystalline Maximum amount Average amount Cumulative amount (mg)
Form (mg) (mg)
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Example 11 Compressibility of CSZ

80mg of Form CS2 was weighted and added into the dies of (p6mm round tooling, compressed

at 10 KN. The round tablet was stored in a desiccator for 24 hours until complete elastic

recovery. Hardness (H) was tested with a tablet hardness tester. Diameter (D) and thickness (L)

were tested with caliper. Tensile strength of the powder was calculated with the following

formula: T=2H/71'DL. Under a certain force, the greater the tensile strength, the better the

compressibility. The results are presented in Table 9.

Table 9 

Form Thickness(mm) Diameter (mm) Hardness(N) Tensile strength (MPa)

 

Example 12 Residual solvents of Form CS2 and the prior art solid

Amorphous solid was obtained by repeating the preparation method disclosed in

CN103153963B. Residual solvents of Form CS2 and the amorphous solid were tested. The

results show that Form CS2 has no residual solvents, While the -heptane and ethyl acetate

residue in the amorphous solid is 46596.16 ppm and 1260.01 pm, respectively. According to

the guideline of the International Council for Harmonization (ICH) on residual solvents, both

n-heptane and ethyl acetate belong to Class 3 solvents, and the residual solvent must not

exceed 5000 ppm. It can be seen that the residue of n-heptane in the amorphous solid is much

higher than the limits of ICH, and the amorphous not suitable for drug substance

Example 13 CSZ drug product

1. Preparation of compound (I) tablets

Form CS2 and intragranular excipients in Table 10 were blended according to formulation and

the blend was compressed with the target weight of 500 mg using a (p20 mm single punch

manual press at 5i0.5 KN pressure. The above tablets were crushed, passed through a 20

mesh sieve, then blended uniformly with the extragranular excipients shown in Table 10, and

the blend was compressed with a target weight of 120.0 mg using a (p7 mm single punch

manual press at 510.5 KN pressure.

Table 10 

Component Quantity Mass
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(mg/unit) ratio (%)

E-2006 (Form CS2) 10.00 8.3

Lactose monohydrate 88.88 74.1

H d 1 ll 1 3. 3.
lntragranular y roxypropyl ce u ose 60 0

excipients Low substituted 10.80 9.0
hydroxypropyl cellulose

Magnesium stearate 0.36 0.3

Total 113.64 94.7

Low substituted
6.0 5.0

Extragranular hydroxypropyl cellulose 0
excipients

Magnesium stearate 0.36 0.3

Total 120.00 100.0

   
 

2. Stability of Form CS2 in drug product

The tablets prepared above were packed in 35 cc HDPE bottles (one tablet per bottle) with 1 g

desiccant. The bottles were sealed with a sealer. The bottles were stored under conditions of 25

 

 
 

5 °C/60% RH and 40 °C/75% RH for 1 month. Crystalline form of Form CS2 tablet was tested and

the results show that the crystalline form of Form CS2 does not change. In addition, single and

total impurity of Form CS2 remained substantially unchanged in storage. The results presented

in Table 11 and 12 indicate that Form CS2 keeps physically and chemically stable in drug

product.

10 Table 11 Physical stability of Form CS2 in drug product

API crystalline

Sample Condition Time Form after

storage

Table 12 Chemical stability of Form CS2 in drug product

Initial Largest , , Total Single Total

Condition Time largest single Elma] WI impurity impurity impurity
single impurity impurity after change change         

Page 317 of 383
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impurity st:ff:re (‘70) Storage (%> (%)

We) g We)
( ‘70 )

25 °C/60% 1

RH month 0'08 0'09 0-17 0-21 0.01 0.04
40 °C/75% 1

RH month 0-08 0-08 0.17 0.20 o 0.03

     
 

10
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Example 14 In Vitro dissolution and dissolution rate of Form CSZ

In vitro dissolution test was performed on Form CS2 tablet obtained from example 12.

Dissolution method according to Chinese Pharmacopoeia 2015<0931> was used. The

conditions are as follows:

Medium: 0.1 mol/L aqueous solution of hydrochloric acid

Method: Paddle

Volume: 900 mL

Speed: 50 rpm

Temperature: 37 °C

In vitro dissolution of Form CS2 are presented in Table 13 and Figure 15.

Cumulative drug

release (‘70)

Table 13
 

 

 

 

   
Form CS2

Time ( minute )

0 0.0

5 55.2

10 73.1

15 81.0

20 86.2

30 92.1

45 96.9

60 100.5

 
 

The results showed that Form CSZ drug product can undergo 100% dissolution in 0.1 mol/L

aqueous hydrochloric acid, and the dissolution rate is high, which is favorable for achieving

MEI 32707727v,1
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good in vivo bioavailability.

The examples described above are only for illustrating the technical concepts and features of

the present disclosure, and intended to make those skilled in the art being able to understand

the present disclosure and thereby implement it, and should not be concluded to limit the

protective scope of this disclosure. Any equivalent variations or modifications according to the

spirit of the present disclosure should be covered by the protective scope of the present

disclosure.
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ABSTRACT

The present disclosure provides a novel crystalline form of Lemborexant and processes for

preparation thereof. Pharmaceutical composition containing Lemborexant, and use of

Lemborexant for preparing oreXin receptor antagonist drug, and use of Lemborexant for

preparing drugs treating insomnia and irregular sleep-wake rhythm disorder are also provided.

The crystalline form of the present disclosure have one or more improved properties compared

with crystalline forms of prior arts, and has significant values for future drug optimization and

development.

 
Compound (1)
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an application under 35 U.S.C. 111(a),

- within four months from the later of the date of commencement (37 CFR 1.491 (a)) or the date of the initial submission under 35
U.S.C. 371 of an application entering the national stage under 35 U.S.C. 371, or

- with a petition under 37 CFR 1.55(e) or (f).

D OPTION A
Please retrieve the priority application identified in Column C, a certified copy of which is contained in the EP or JP
application identified in Columns A and B:

A B C

Code for Application containing the Noneparticipating priority application to
PafliCiPafing noneparticipating priority application be retrieved
Office (EP or App. No. Filing Date Access Code Country App. No.

JP M) (for JP o_rrlyl Code

 

 

 
1        
X OPTION B
I This Request may be used for the infrequent circumstance when a claim for priority to an application filed in a participating

foreign intellectual property office was made prior to that foreign intellectual property office becoming a participating foreign
intellectual property office.

Please retrieve the priority application identified in Columns A and B:
A B

Code for Participating Office Application to be retrieved
(9-9-1 EP! KR) EW'PO DAS Depositing App. No. Filing Date Access Code

Office (e.g., Au, BR, CN, DK, EA, EE, Es, (forWHDO DAS
FI, GB, IB, IN, JP, MA, NL, NZ, SE) Depositing Office)

1 CN 2017106481352 08/01/2017 F260
2

 

      
The USPTO will not attempt to retrieve the identified priority application(s) unless an identical claim for foreign priority to the application
identified above is made pursuant to 37 CFR 1.55(d or a petition is granted under 37 CFR 1.55(e) or (f). Applicants are advised to
consult Private PAIR (accessed through www.uspto.gov) to assure that the retrieval has been successful. The applicant bears the
ultimate responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period set forth in 37 CFR 1.55(g)( ).

 
I hereby declare that l have the authority to grant access to the above-identified foreign application(s).

NVei Song/ March 5, 2020
Signature Date

Wei Song (617) 449-6589
Printed or Typed Name Telephone Number

Attorney for Applicant(s) 64.320
Title Registration Number, if applicable
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Electronic Acknowledgement Receipt

“—

——

CRYSTALLINE FORM OF OREXIN RECEPTOR ANTAGONIST, PROCESSES FOR
T't'e °f Invenmm PREPARATION THEREOF AND USE THEREOF

First Named Inventor/Applicant Name: Minhua Chen

Customer Number: 86738

Wei Song

Filer Authorized By:

Attorney Docket Number: 134070701602

Receipt Date: 05—MAR—2020

Filing Date: 30—JAN—2020

Time Stamp: 22:14:28

 
Application Type: Utility under 35 USC 111(a) 

Payment information:

Submitted with Payment

Document Document Descri tion File SizelBytes)I Multi Pages
Number p Message Digest Part I.zip (if appl.)

Request for USPTO to retrieve priority
docs 32803021_1.pdf 981049d8320c7890a2d53i0bd79156d340d

4 ife 
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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

lfa new application is being filed and the application includes the necessary components for a 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/DOIEOI903 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

lfa 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 PCTIROI1 05) 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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UNITED STATES PATENT AND TRADEMARK OFFICE UVITEI‘I STATES DEPARTMENT OF COM'MFIRCFI
United States Patent and Trademark Office
Addl'ESS. COMMISSIONER FOR PATENTSPC Box 1450

Alexandtia Yngnia Z31-3 1450wvm.uspto.gm
APPLICATION FILING or GRPAR

NUMBER 371(2) DATE UNITT FIL FEE RECD ATTYD.OCKETNO TOT CLAIMS IND CLAIMS

 
 

16/777,121 01/30/2020 1629 785 134070-01602
CONFIRMATION NO. 11029

86738 REPLACEMENT FILING RECEIPT

ya‘éC/iEJKEE‘éIIEZFL'SH’ ”P BOSTON IllllllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIllllllllllml
Boston, MA 02110

Date Mailed: 03/09/2020

Receipt is acknowledged of this non—provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence

concerning the application must include the following identification information: the US. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike—through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)
Minhua Chen, Suzhou, CHINA;

Yanfeng Zhang, Suzhou, CHINA;

Chunxiang Huang, Suzhou, CHINA;
Xiaoyu Zhang, Suzhou, CHINA;

Applicant(s)
Crystal Pharmaceutical (Suzhou) Co., Ltd., Suzhou, CHINA;

Power of Attorney: The patent practitioners associated with Customer Number 86738

Domestic Priority data as claimed by applicant

This application is a CON of PCT/CN2018/097797 07/31/2018

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://wwwusptogov for more information.)
CHINA 2017106481352 08/01/2017 Access Code Provided

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.
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Request to Retrieve — This application either claims priority to one or more applications filed in an intellectual
property Office that participates in the Priority Document Exchange (PDX) program or contains a proper Request to
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt
to electronically retrieve these priority documents.

If Required, Foreign Filing License Granted: 03/06/2020

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 16/777,121

Projected Publication Date: 06/18/2020

Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

CRYSTALLINE FORM OF OREXIN RECEPTOR ANTAGONIST, PROCESSES FOR
PREPARATION THEREOF AND USE THEREOF

Preliminary Class

514

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a US. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent

in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent

protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ

in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must

issue a license before applicants can apply for a patent in a foreign country. The filing of a US. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and

guidance as to the status of applicants license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign

patent applications. The guide is available either by contacting the USPTO Contact Center at 800—786—91 99, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.
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For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the US. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self—help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may

call the US. Government hotline at 1—866—999—HALT (1—866—999—4258).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier

license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter

as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with

respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and

Security, Department of Commerce (15 CFR parts 730—774); the Office of Foreign AssetsControl, Department of
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 US 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

page 3 of 4
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community; serves as an ombudsman for existing and potential investors; advocates on behalf of US. cities, states,
and regions competing for global investment; and counsels US. 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
technology, manufacture products, deliver services, and grow your business, visit http://wwwSelectUSAgov or call
+1-202-482-6800.
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WIPO. . . WORLD
Dlgltal Access seerce INTELLECTUAL PROPERTY
(DAS) ORGANIZATION

CERTIFICATE OF AVAILABILITY OF A CERTIFIED PATENT DOCUMENT IN A

DIGITAL LIBRARY

The International Bureau certifies that a copy of the patent application indicated

below has been available to the WIPO Digital Access Service since the date of

availability indicated, and that the patent application has been available to the

indicated Office(s) as of the date specified following the relevant Office code:

Documentdetails: Country/Office: CN

Filing date: 01 Aug 2017 (01.08.2017)

Application number: 2017106481352

Date of availability of document: 05 Mar 2020 (05.03.2020)

The following Offices can retrieve this document by using the access code:

AR, AU, BR, CA, CL, CN, DK, EA, EE, EP, ES, FI, GB, GE, IB, IL, IN,

JP, KR, MA, NL, NO, NZ, SE, US

Date of issue of this certificate: 09 Mar 2020 (09.03.2020)

34, chemin des Colombettes
1211 Geneva 20, Switzerland
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