PTC/AIAILT (06-12)
. Approved for use through 11/30/2020. OMB 0651-0032

LE T U5, Patent and Tredemark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1385, no persons are required to respond te a sollection of information unfess it dispisys a valid OME control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Tide of | CRYSTAL FORM OF OREXIN RECEPTOR ANTAGONIST, PREPARATION
Invention | METHOD THEREFOR AND USE THEREOF

As the below named inventor, | hereby declare that:

This dedlaration S e anelicsiic .
is directed o: D The attached application, or

PCT/CN2018/097797

tinited States application or PCT international application numier
07/31/2018

filed on

The above-identified apglication was made or authorized to be made by me.
i believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

~ oA

| hereby acknowledge that any willful faise statement made in this declaration is punishable under 18 L.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal infarmation in documents filed in a patent application that may
confribute to identity thefi. Personal information such as social security numbers, bank account numbers, or credit card numbters
{other than a check or credit card authorization form PT0-2038 submitted for payment purpeses) is never required by the USPTO
to support a petition or an application. If this type of perscnal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application {unless a non-publication request in compliance with 37 CFR 1.213(a} is made in the application) or issuance of 2
patent, Furthermore, the record from an abandoned application may also be available to the public if the application is
refarenced in a published application or an issued patent {see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

invenior: Minhua Chen 77 Date {Optional)

Signature: ”?/;‘;’M Wﬂ

Mate: An application data sheet (PTO/SBI14 or equivalent), inchuding naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additional PTOIAIA/D1 form for each additiona! inventor.

This collection of information is required by 35 U.8.C. 115 and 37 CFR 1.63. The information is required to obiain or retain a benefit by the public which is to fite (and
by the USPTO to process) an application. Confidentiality is governed by 38 U.8.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to
complete, including gathering, preparing, and submitting the complated application form to the USPTQ. Time will vary depending upon the individisal case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, shiould be sent ta the Chief Information Officer, U.S.
Patent and Trademark Office, UG, Depariment of Commerce, £.0. Box 1450, Alexandria, VA 28313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SERD TO: Commissioner for P P.O. Box 1450, Alexandria, VA 22313-1480.

If you need assistance in compleling the form, call 1-800-PT0Q-9198 andd sslect oplion 2.
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PTOMAIAICT (0612
Approved for use through 11/30/2020. OMB 0651-0032
. U.S. Paient and Trademark Office; U.5, DEPARTMENT OF COMMERCE
tinder the Paperwork Reduction Act of 1985, no persons are required to respond 1o a collection of information unless & displays a valid OMB control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.78)

Tieof | CRYSTAL FORM OF OREXIN RECEPTOR ANTAGONIST, PREPARATION
inventisn | METHOD THEREFOR AND USE THEREQOF

As the below named inventor, | hereby declare that

Thsg cecl@-:?atisn The attached application, or
is directed to: ;

PCTICN2018/097797

@ United States application or PCT international application number

e on 0773172018

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventer or an original joint inventor of a claimed invention in the application.

i hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.E.C. 1001
by fine or imprisonment of not more than five (8) years, or both.

WARNING:

Petitionerfapplicant is cautioned to avoid submitting persenal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbars, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USFTO
o support & petition or an application. 1f this type of personal information is included in documents submitted to the USPTQ,
petitionars/applicants should consider redacting such personal information from the docurments before submitting them to the
USPTO. Petitioner/applisant ie advised that the record of a patent application is available to the public after publication of the
application {uniess 3 non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of &
patent. Furthermore, the record from an abandoned application may alsc be available fo the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
FT0-2038 submitied for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Y
inventor: aﬂf&ng Zhaﬂg Date (Optional) :

Signature: M/

]

Note: An application data shegt (PTO/SBI4 or equivalent), including naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an'ddditional PTO/AIADT form for each additional inventor.

This caliection of information is reguired by 35 U.5.C. 115 and 37 CFR 1.63. The information is required to shiain of retain 3 henefit by the public which is to file {and
by the UBPTO ta process) an application. Cor y is governed by 35 UL.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute ©©
campiete, including gathering, preparing, and submitting the completed application form ta the USPTO. Time will vary depending upon the individual case. Any
comments on the amaunt of time you require to complets this form andfor suggestions for reducing this burden, should be seat {o the Chief Infurmatien Officer, U.3.
Patent and Trademark Office, U.S. Department of Commerce. P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TC
THIS ADDRESS. SEND T(: C issioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in complsting the form, ¢ali 1-800-PTO-9189 and select oplivn 2.
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PTOMIAIDT (06-12)

Approved for use through 11/30/2020. OMB 0851-0032

U.8. Pateni and Trademark Office; ULS. DEPARTMENT OF COMMERCE

Under the Paperwork Revuﬂ(sn Act of 1985, no persons are required ta respond o & colection of infermation unless it displays a valid OMB conirol number,

DECLARATION {37 CFR 1.63} FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Tile of | CRYSTAL FORM OF OREXIN RECEPTOR ANTAGONIST, PREPARATION
invention | METHOD THEREFOR AND USE THEREOF

As the below named inventor, | hereby declare that:

This declaration |
is directed fo: L‘J The attached application, or

PCT/CN2018/087797

Eﬂj United Siates application or PCT international application number
07/31/2018

filed on

The above-identified application was mads or authorized to be made by me.

F believe that | am the original inventor or an original joint inventor of a claimed invention in the appilication.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.5.C. 1001
oy fine or imprisenment of not more than five (5) years, or both,

WARNING:

Petitioner/applicant is cautioned to avoid submitiing personal information in documents filed in a patent application that may
conitribute to identity theft. Personat information such as social security numbers, bark account numbers, or credit card numbers
{other than a check or credit card authorization form PTO-2038 subrmitted for payment purposes) is never required by the USPTO
to support a pedition or an application. if this type of personal information is included in documents submitied to the USPTO,
netitioners/applicants should consider redacting such personal information from the documents before submitiing them to the
USPTO, Petitioner/applicant is advised that the record of a patent application is available to the public afier publication of the
application (unless a non-publication request in comgliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermers, the record from an abandoned application may aiso be available to the public if the application is
referenced in a published application or an issued patent {see 37 CFR 1.14). Checks and credii card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Chunxiang Huang Date (Optional) ;

nventor:

Signature: C;\mxf%ag Hi{m}?

Note: An application data sheet (PTO/SB/14 or eguivalent), including naming the entire inventive entity, must accompany this form or must have
nagn previsusly filed. Use an additional PTO/AIA/GT forr for each additional inventor.

This eollection of infarmation is requ‘sred by 36 U.S.C. 118 and 37 CFR 1.68. The information is required te obtain or retsin 3 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 1.11 and 1.74. This collection is estimated to tske 1 minute to
compiete, inciuding gathering, preparing, and submitiing the cornpieted application faorm to the USPTC, Time will vary depending upon the individual case. Any
cormments an the amourit of time you raquire to complete this form and/or suggestions for reducing this turden, should be sent to the Chief information Offfcer, ULS.
Patent and Trademark Office, U.5. Department of Canynerce, P.O. Box 1450, Alexandria, VA 22313-1480. DG NOT SEND OR COMPLETED FGRMS T
THIS ADDRESS. SEND TO: Commissionser for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in completing the form, call 1-800-PT0-9198 and sefect option 2.
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PTO/AIAGT (05-12)

Approved for use through 11/30/2020. OMB 0651-0022

U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERGCE

Under the Paperwork Reduction Act of 1895, ne persons are required 1o respond 1o a coflection of information uniess it displays a valid CMB controi number.

DECLARATION (37 CFR 1.83} FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Tide of | CRYSTAL FORM OF OREXIN RECEPTOR ANTAGONIST, PREPARATION
invention | METHOD THEREFOR AND USE THEREOF

As the below named inventor, | hereby declare that:

?;h;?rgsg:’f;fcn u The atizached application, or
..... PCTICN2018/0377597

B United States application or PCT international application number

Q7713172018

filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of 2 claimed invention in the application.

I hereby acknowledge that any willful false statement made in this declaration is punishabie under 18 U.8.C. 1001
by fine or imprisonment of not more than five (8) years, or both.

WARNING:

Petitioner/applicant is cautioned fo aveid submitting personal information in decuments filed in a patent application that may
contrivute to identity theft. Personatl information such as social security numbers, bank account numbers, or cradit card numbers
{other than 3 check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
o support a petition or an application. if this type of personal information is included in documents submitted to the USPTO,
petiionars/applicants should consider redacting such personal infarmation from the documents before subritting them to the
USPTO. Petitionerfapplicant is advised that the record of a patent application is available io the public after publication of the
application (unless & non-publication request in compliance with 37 CFR 1.213(a) is made in the agplication) or issuance of g
patent. Furthermore, the record from an abandoned application may alsc be available to the public if the application is
referenced in & published application or an issued paient (see 37 CFR 1.14). Checks and credit card authorization forms
PTC-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

tnventor: Xiaoyu Zhang i Date (Optional) :

Sigriaturs: ){;M ?’M %M’ﬁ/
Y

Note: An application data sheet (PTO/SB/14 or equivalent}, including naming the entire inventive entity, must accompany this form or must have
been previously filed. \Jse an sdditional PTC/AIAIDT form for each additional inventor.

This callection of information is reyuired by 35 U.8.C. 115 and 37 CFR 1.63. The information is required to obtain or retein a benefit by the publis which is to file {and
by the USPTO o process) an application. Confidentiality is govermed by 25 1.8.C. 122 and 37 CFR 1.11 and 1.14. This coliection is estimated to teke 1 minute 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/er suggestions for reducing this burden, should be sent t6 the Chief Information Officer, U.3.
Patent and Trademark Office, U.€, Department of Camimerce, P.O. Box 1450, Alexandria, VA 22313-1450, DO NOT SEND FEES OR COMPLETED FCRMS TO
THIE ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1480, Alexandris, VA 22313-1450.,

I you need assistance in compieting the form, cail 1-800-PT0Q-5193 and seisct option 2.
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Dated: January 30, 2020
Electronic Signature for Xiacyuan Ding: /Xiaoyuan Ding/

| hereby certify that 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).

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
Continuation of PCT/CN2018/097797

Filed: Concurrently Herewith
Int’] Filing Date: July 31, 2018

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

For:

MS Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Confirmation No.: N/A

Art Unit: N/A

Examiner: Not Yet Assigned

INFORMATION DISCLOSURE STATEMENT (IDS)

Dear Sir:

Pursuant to 37 C.F.R. §8§ 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/0S8. It is

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

above-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. § 1.97(b)(1)).

ME1 32457729v.1
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Application No.: Continuation of PCT/CN2018/097797 Docket No.: 134070-01602

In accordance with 37 C.F.R. § 1.98(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. § 1.98(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.EF.R. § 1.97(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. § 1.56(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

MEL1 32457729v.1
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PTO/AIA/14 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. 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.

) N Attorney Docket Number | 134070-01602
Application Data Sheet 37 CFR 1.76

Application Number

CRYSTALLINE FORM OF OREXIN RECEPTOR ANTAGONIST, PROCESSES FOR PREPARATION

Title of Invention | 1 \rproF 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 1.76.

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:

[ 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:

Remove
Inventor |1

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
‘ El 'Vlinhua ‘ l’:hen ‘ El
Residence Information (Select One) US Residency ® Non US Residency Active US Military Service
city [Fuzhou | Country of Residence i EN |

Mailing Address of Inventor:

Address 1 B4-301, Biobay, 218 Xinghu Street
Address 2 Suzhou Industrial Park
City | Buzhou, Jiangsu | state/Province | |
Postal Code | p15123 | Countryi | )CN
Inventor 2
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
‘ El |fanfeng ‘ IZhang ‘ El
Residence Information (Select One) US Residency (8 Non US Residency Active US Military Service
City |Puzhou || country of Residence i EN |

Mailing Address of Inventor:

Address 1 B4-301, Biobay, 218 Xinghu Street

Address 2 Suzhou Industrial Park

City | ISuzhou, Jiangsu I State/Province | |

Postal Code | ’215123 | Countryi | )CN

Inventor 3
Legal Name

EFS Web 2213
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. 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

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

Prefix| Given Name Middle Name Family Name Suffix
‘ El I:)hunxiang ‘ I—Iuang ‘ El
Residence Information (Select One) US Residency (8 Non US Residency Active US Military Service

City |puzhou || Country of Residence i EN |

Mailing Address of Inventor:

Address 1 B4-301, Biobay, 218 Xinghu Street
Address 2 Suzhou Industrial Park
City | ISuzhou, Jiangsu I State/Province | |
Postal Code | ’215123 | Countryi | )CN
Inventor 4
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
‘ El Xiaoyu ‘ Yhang ‘ El
Residence Information (Select One) US Residency  (#) Non US Residency Active US Military Service
City [Buzhou | Country of Residence | EN |

Mailing Address of Inventor:

Address 1 B4-301, Biobay, 218 Xinghu Street

Address 2 Suzhou Industrial Park

City | ISuzhou I State/Province | |
Postal Code | ’215123 | Countryi | ’CN

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).

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

Customer Number B6738

Email Address docket@mccarter.com | Add Email | |Remove Email

EFS Web 2.2.13
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PTO/AIA/14 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. 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

Attorney Docket Number | 134070-01602

Application Number

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

Application Information:

Title of the Invention

RYSTALLINE TORN OF OREXN RECEP TOR AN AGONIGT, PROCESSES TOR PREFARATION
THEREOF AND USE THEREQOF

Attorney Docket Number| (134070-01602

Small Entity Status Claimed [X

Application Type Nonprovisional

Subject Matter | Mility

Total Number of Drawing Sheets (if any) 7

Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 U5.C. 111(c) and 37 CFR 1.57(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 CFR 1.53(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
filed application

Filing date {YYYY-MM-DD)

Intellectual Property Authority or Country N

Publication Information:

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

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

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: e Customer Number

US Patent Practitioner ‘ (O Limited Recognition (37 CFR 11.9)

Customer Number R6738

EFS Web 2.2.13
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. 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.

L Attorney Docket Number | 134070-01602
Application Data Sheet 37 CFR 1.76

Application Number

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

Domestic Benefit/National 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.

Prior Application Status v Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
[Continuation of ~§ PCT/CN2018/097797 2018-07-31
Additional Domestic Benefit/National Stage Data may be generated within this form A
by selecting the Add button.

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.5.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the pricrity document exchange program (PDX)I 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 Countryi Filing Date (YYYY-MM-DD) Access Code (if applicable)
017106481352 En po17-08-01
Remove
Application Number CountryI Filing Date (YYYY-MM-DD) Access Codei (if applicable)

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

Statement under 37 CFR 1.55 or 1.78 for AlA (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
[] 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 AlA.

EFS Web 2.2.13
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. 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

Title of Invention | \-proF AND USE THEREOF

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly sighed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPQO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 helow, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authoerization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIP0O), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related biblicgraphic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

().

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.
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[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authocrize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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METHODS AND COMPOUNDS USEFUL IN THE SYNTHESIS
OF OREXIN-2 RECEPTOR ANTAGONISTS

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. 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, OX; and
0X,; OX; binds orexin-A preferentially, while OX, 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 (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).

Compounds such as  (1R,28)-2-(((2,4-dimethylpyrimidin-5-yl)oxy)methyl)-2-(3-
fluorophenyl)-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

provide such synthetic methods and intermediates.

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

compounds useful as orexin-2 receptor antagonists.

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

Ar
HOJA/OH

|
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,

C.salkyl, Cigalkoxy, and haloCj.salkyl,
the method comprising one or more of the steps of :

i) providing a composition comprising a compound of Formula 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 °C, or from -10 to 0 °C,
or from -10 to -5 °C; 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,
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to thereby make said compound of Formula 1.

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 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.

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 Ila:

lla

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

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

In some embodiments, the compound of Formula IT or Formula ITa is the compound:

F

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

Formula Ia:
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AZ’/Z\/
HO OH

la

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

the Formula Ia stercoisomer 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
Vv
HO .
10

Also provided is compound of Formula III:

Ar
HO \)A/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,

15 C.¢alkyl, C.galkoxy, and haloCj_salkyl.

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
HO \)A/OAC
25 Hl
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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,

Ci-¢alkyl, Cjgalkoxy, and haloC.ealkyl,

comprising reacting a mixture of:

i) a compound of Formula Ia:

AZA
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, or from 7 to 18 hours,

to thereby make the compound of Formula III.

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,

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.

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).

Also provided is a compound of Formula IV:
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DAL
R 1 OAcC

A"

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 Ci.¢alkyl, Cialkoxy, and haloC;_salkyl; and

R; 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 sulfonate, and brosylate.

In some embodiments, the compound is:

5)
AOAC
0

O:S’

Ne)
Me
15 In some embodiments, the compound of Formula IV has the absolute stereochemistry of
Formula IVa:
Ar//’
R1\/'A/OAC
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:

%
R4 OAc

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,

5  Cigalkyl, Ci.¢alkoxy, and haloC;.galkyl; and
R, is a sulfonate ester leaving group,

said process comprising reacting a compound of Formula III:

Ar
HO)A/OAC

m
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

A/OAC
HO ,
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In some embodiments, the compound of Formula IV has the absolute stereochemistry of

Formula IVa:
Ar/,/
R4 ” OAc

IVa

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,

AI”/,,.
OH
O

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,

Ci.salkyl, Cy.¢alkoxy, and haloCi.¢alkyl; and

R, and R; are each independently selected from the group consisting of: hydrogen,

C;-galkyl, haloC;-¢ alkyl, Ci-salkoxy, and hydroxyCi-salkyl,

15
comprising the steps of:
a) stirring a mixture of’
i) a compound of Formula I'V:
Ar
R 1\)A/OAC
20 v

wherein Ar is as given above; and

R; is a leaving group,

ii) a substituted pyrimidine of Formula VI:
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OH

R
|
N\fN
Rs
Vi

>

wherein R, and Rj are as given above;

iii) a base; and
iv) an organic solvent,

5  at atemperature 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, R, and R3 are each independently selected from the group

15  consisting of: hydrogen and C;-¢alkyl.
In some embodiments, the compound of Formula IV has the absolute stereochemistry of

%
Ri 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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\f

R

w

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

hydrogen and C;-¢ alkyl,

5  comprising the step of heating a mixture of:

i) a compound of Formula B:

v

Rs3
B

wherein:
R, and Rj are as given above; and
10 Ry is Cy-¢ alkyl,
i) an alkoxide or hydroxide salt,
iii) a thiol, and
iv) an organic solvent,

to thereby make said compound of Formula VI.

15
In some embodiments, the heating is to a temperature of from 50 °C 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.
20

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

10
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wherein:
R, and Rj are each independently selected from the group consisting of: hydrogen and
Ci-¢ alkyl; and
5 Ry is Cy-¢ alkyl,

comprising mixing:
i) a compound of Formula A:

R4
o

NN
N_-N
&
A
10 wherein Ry is as given above,
ii) trimethylaluminum,
iii) a palladium catalyst, and
iv) an organic solvent,
to thereby make said compound of Formula B.
15

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
110 °C.
20
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

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

11

Page 33 of 383



WO 2013/123240 PCT/US2013/026204

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

embodiments this is done after a quenching step.

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

N

Ra
B

wherein:
R, and Rj are each independently selected from the group consisting of: hydrogen and
Ci-¢ alkyl; and
R4 is Cy-6 alkyl,
10
comprising mixing:
i) a compound of Formula A:
R4

\

@)

Cl SN

\f

7

N

z

C
A
wherein Ry is as given above,
15 i) a nickel catalyst (e.g., Ni(acac),, Ni(PPh3),Cl,, or Ni(dppp)Cly),
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
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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:

Al’/,,’
OH
O
/zgi O
N, » Rz
\ N Vil

10 Rs
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,

Cisalkyl, Ci.¢alkoxy, and haloCj.¢alkyl; and
R, and Rj; are each independently selected from the group consisting of: hydrogen,
15 Ci-salkyl, haloCi-¢ alkyl, C;-salkoxy, and hydroxyCi-salkyl,

comprising the steps of :

a) oxidizing a compound of Formula V:

Ar/,,,
OH
O

20 Rs3

wherein Ar, R; and Rj are as given above,

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

Ar’u,
H
o}
FS” o)
Ny 77 Re

>N

R

13
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wherein Ar, R; and Rj3 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, R, and Rs are each independently selected from the group

consisting of: hydrogen and C,-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
2,2,6,6-tetramethylpiperidine 1-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.

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:
Ar/,“
OH
O
F:%ﬁ o)
AN Rz

s

Rs

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,
Cialkyl, Cj.¢alkoxy, and haloC;_alkyl; and
R, and Rj are each independently selected from the group consisting of: hydrogen,

Ci-salkyl, haloC;-¢ alkyl, Ci-galkoxy, and hydroxyCi-salkyl,

comprising: oxidizing a compound of Formula V:

Ar/,,'
OH
O
N/\—&R2 \Y

wherein Ar, R, and R 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, Ry and Rj are each independently selected from the group

consisting of: hydrogen and Ci-galkyl.

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 1-oxyl (TEMPO).

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

15
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Ar/,,’

O
<
N /—Ra
Y IX

R3

ZT

—-Ar

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, C;.
5 salkyl, Ci.¢alkoxy, and haloC;.salkyl;
R, and Rj; are each independently selected from the group consisting of: hydrogen,
Ci-salkyl, haloC;-¢ alkyl, C;-salkoxy, and hydroxyCi-salkyl; and
Ar' is a pyridine group:

10 wherein:
Ry is selected from the group consisting of: hydrogen, halo, C;-salkyl, Ci-salkoxy,
and (C;-¢alkoxy)C;-salkyl;
Rs is selected from the group consisting of: hydrogen, halo, Cj-galkyl, and
haloC;-¢alkyl; and
15 R¢ is selected from the group consisting oft hydrogen, halo, C;-galkyl,
haloCi-galkyl, C;-salkoxy, (Ci-galkoxy)Ci-galkyl, and cyano;

comprising the step of reacting a compound of Formula VII:

OH
0
/———37 ©
N, /)R
>\_N Vil
Rs

20 wherein Ar, R; and Rj are as given above,

with a compound of Formula X:

16
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HoN lN\ Ry
= Re
Re
X

wherein Ry, Rs, and Ry 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, R, and Rj are each independently selected from the group

consisting of: hydrogen and C;-galkyl.

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 stereomerically 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 (JUPAC) Rules for the Nomenclature of
Organic Chemistry. Section E, Stereochemistry.

"Enantiomeric excess" (ee) 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 solvent" 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, isopropanol, amyl alcohol, ethylene
glycol, propylene glycol, 1-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-methyltetrahydrofuran, 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, heptane, etc.

19
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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-
NH,), secondary (R-NHR') or tertiary (R-NR'R") amine. R, R' and R" may be independently
selected from the group consisting of alkyl (e.g., 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 heteroalicyclic 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, isocyanato, isothiocyanato, halo, nitro, silyl, sulfonyl, sulfinyl, sulfenyl, sulfonato,
sulfamoyl, sulfonamido, thiocarbonyl, thiol, thiocyanato, thiocarbamoyl, thioamido and urea.

Examples include, but are not limited to, triethylamine, pyridine, dimethylaminopyridine,
N-methylmorpholine, 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
(C=0) 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 NN
dicyclohexylcarbodiimide (DCC), N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide (EDC) or
N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (EDAC), N,N'-
diisopropylcarbodiimide (DIC); imidazoliums such as 1,1'-carbonyldiimidazole (CDI), 1,1'-

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

20
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1-yD)-N,N, N’ N'-tetramethyluronium  hexafluorophosphate (HATU), O-(benzotriazol-1-yl)-
N,N,N' N'-tetramethyluronium  hexafluorophosphate (HBTU), and O-(benzotriazol-1-yl)-
N,N,N' N'-tetramethyluronium tetrafluoroborate (TBTU); phosphonium salts such as
benzotriazol-1-yloxy)tris(dimethylamino)phosphonium hexafluorophosphate (BOP or Castro's
reagent), (benzotriazol-1-yloxy)tripyrrolidinophosphonium hexafluorophosphate (PyBOP®,
Merck KGaA, Germany), 7-azabenxotriazol-1-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 asa 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 (HCIO4), nitric acid (HNOs3), sulfuric acid (H2SOq), 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(OH),).

An "alkoxide" is RO, the conjugate base of an alcohol. Examples include, but are not
limited to, methoxide, 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 chromic and dichromic acids
and chromium trioxide, pyridinium chlorochromate and chromate/dichromate 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,
2653-56, 1983), and lithium triethyl borohydride (Super-Hydride®, Sigma-Aldrich, Saint Louis,
Missouri). See Seyden-Penne, J. (1997). Reductions by the Alumino- and Borohydrides in
Organic Synthesis, 2™ 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 nucleophilic 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 glycoside. Examples
include, but are not limited to, Aspergillus lipase;, Aspergillus niger lipase; Thermomyces
lanuginosa lipase; Candida Antarctica lipase A; Candida Antarctica lipase B; Candida
cylindracae lipase; Candida deformans lipase; Candida lipolytica lipase; Candida parapsilosis
lipase; Candida rugosa lipase; Corynebacterium acnes lipase; Cryptococcus spp. S-2 lipase;
Fusarium culmorum lipase; Fusarium heterosporum lipase; Fusarium oxysporum lipase; Mucor
Jjavanicus lipase; Rhizomucor miehei lipase; Rhizomucor delemar lipase; Burkholderia
(Pseudomonas) cepacia lipase; Pseudomonas camembertii lipase; Pseudomonas fluorescens
lipase; Rhizopus lipase; Rhizopus 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 (e.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[1,5-
a]pyridyl, thiophenylpyrazolyl, benzothienyl, benzothiazolyl, thiazolyl, 2-phenylthiazolyl, and
isoxazolyl.

"Alkyl" or "alkyl group," as used hérein, means a straight-chain (7.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 (e.g., Ci-4, Ca.4, C34, Cr.5, Cas, Cas, Ci.6, Caog,
Cs.6). 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., unbranched),
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, alkenyl 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
cycloalkenyl group. Non-limiting examples of exemplary alkenyl groups include -CH=CHa,
-CH,CH=CHj, (also referred to as allyl), -CH=CHCHa, -CH;CH2CH=CH2, -CH,CH=CHCH3;,
-CH=CH,CH,CHs;, -CH=CH,CH=CHj,, 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
-CH;-, -CH,CH;-, and -CH,CH,CHj;-, respectively.

"Ethenylene", "propenylene", and "butenylene" as used herein refer to the bivalent,
moieties -CH=CH-, -CH=CHCH,-, -CH,CH=CH-, -CH=CHCH,CH,~, -CH,CH=CH,CH,-, and
-CH,CH,CH=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 frans 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 (CH3;CHyCH=), ethylidene (CH3CH=), 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 alkenylidene has two double bonds. Exemplary
alkenylidene  groups include CH3;CH=C=, CH,=CHCH=, CH,=CHCH,CH=, and
CH,=CHCH,CH=CHCH=.
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"Cy.¢ alkyl ester or amide" refers to a C;.¢ alkyl ester or a Cy¢ alkyl amide where each
Ci.¢ alkyl group is as defined above. Such C;.¢ alkyl ester groups are of the formula (Cig
alky)OC(=0)- or (Ci.¢ alkyl)C(=0)O-. Such C;¢ alkyl amide groups are of the formula (Ci.¢
alkyDNHC(=0)- or (C;.¢ alky)C(=O)NH-.

"C, alkenyl ester or amide" refers to a C,.¢ alkenyl ester or a C,¢ alkenyl amide where
each C, alkenyl group is as defined above. Such C, alkenyl ester groups are of the formula
(Cy.6 alkenyl)OC(=0)- or (C, alkenyl)C(=0)O-. Such C,.¢ alkenyl amide groups are of the
formula (C,.¢ alkenyl)NHC(=0)- or (Cs-¢ 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, "fluoromethyl" 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 —~C=N, 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., O, 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 (triphenylmethyl), MOM (methoxymethyl), MTM (methylthiomethyl), BOM
(benzyloxymethyl), PMBM or MPM (p-methoxybenzyloxymethyl)), substituted ethyl (e.g., 2-
(trimethylsilyl)ethyl), benzyl, substituted benzyl (e.g., para-methoxybenzyl), silyl (e.g., TMS
(trimethylsilyl), TES (triethylsilyl), TIPS (triisopropylsilyl), TBDMS (t-butyldimethylsilyl),
tribenzylsilyl, ~TBDPS  (t-butyldiphenyl silyl),  2-trimethylsilylprop-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, hydrofluorides,
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hydrochlorides, hydrobromides and hydroiodides), organic carboxylates (such as acetates,
oxalates, maleates, tartrates, fumarates and citrates), organic sulfonates (such as
methanesulfonates, 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 "(C;.; alkoxy)C;.; 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, diastereomeric, 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 tautomeric 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 BC- or "C-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,25)-
2-(((2,4-dimethylpyrimidin-5-yl)oxy)methyl)-2-(3-fluorophenyl)-N-(5-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
oo DA _on

|
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,

Ci.salkyl, Cy.¢alkoxy, and haloC;_salkyl,
the method comprising one or more of the the steps of :

15

i) providing a composition comprising a compound of Formula 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 °C, or from -10 to
20  0°C, or from -10 to -5 °C; 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.
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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 an aromatic hydrocarbon solvent, an

aliphatic hydrocarbon solvent, a halo genated 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.

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

)

O~ "o

Formula IIa:

Ha

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

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

In some embodiments, the compound of Formula IT or Formula IIa is the compound:

F

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

ASA/
HO OH

la

Formula Ia:
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In 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:

10 Also provided is compound of Formula III:

Ar
HO OAc

1l
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,
Csalkyl, Cj.salkoxy, and haloCj.galkyl.

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.
20 In some embodiments, the compound is:
ES
AOAC
HO ,
Also provided is a process for making a compound of Formula III:
Ar
HO \AOAC
1]
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,

C.¢alkyl, Cigalkoxy, and haloC;.galkyl,
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comprising reacting a mixture of?

i) a compound of Formula Ia:

AZA/
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, or from 7 to 18 hours,

to thereby make the compound of Formula III.

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,

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.

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-

20% NaCl in water).

Also provided is a compound of Formula IV:

AL
R 1 OAc

v

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, C;.
salkyl, C;.¢alkoxy, and haloCj.¢alkyl; and

R, 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

i JA\/OAC
0

O:SI\

o

Me

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

Formula IVa:

Ar//
R1 - OAc

15 IVa

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 IV:

%
R 1 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,

C.salkyl, Cj.¢alkoxy, and haloCsalkyl; and
R is a sulfonate ester leaving group,

5  said process comprising reacting a compound of Formula III:

Ar
Ho L DN one

1
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 of Formula I'V.

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 IIT is:
F

@M
AOAC
HO :

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

Ar///
R1 - OAc

IVa

20

Formula IVa:
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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.

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

Ar/,,,
OH
O

Rs
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,

Ci.salkyl, Cy.galkoxy, and haloC.¢alkyl; and

10 R, and Rj are each independently selected from the group consisting of: hydrogen,

Ci-¢alkyl, haloC;-4 alkyl, C;-galkoxy, and hydroxyC-galkyl,
comprising the steps of:

15 a) stirring a mixture of:

i) a compound of Formula IV:

\AF)A\,
R 1 OAc

v
wherein Ar is as given above; and
R, is a leaving group,
20

ii) a substituted pyrimidine of Formula VI:

OH

R ™
N\fN

Rs3

Vi

b

wherein R, and Rj 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

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 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, R; and R; are each independently selected from the group

consisting of: hydrogen and Ci-galkyl.
In some embodiments, the compound of Formula IV has the absolute stereochemistry of

\AA/
Rq . OAc

IVa

Formula IVa:

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:
OH
Rz X
Nl\fN
Ra
Vi

wherein R, and R; are each independently selected from the group consisting of:

hydrogen and C,;-¢ alkyl,

comprising the step of heating a mixture of:

i) a compound of Formula B:
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O
\

Rz

e

N N

\f

Ra
B

wherein:
R, and Rj are as given above; and
R4 is Cy-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:

R4
o

R

s

N N

\(
Rs
B

wherein:

R, and Rj are each independently selected from the group consisting of hydrogen and
Ci-¢ alkyl; and

20 R4 is Cy-¢ alkyl,

comprising mixing:

i) a compound of Formula A:
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R4
o

cl \“/g
N.__N
\()I/I
A
wherein Ry 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:

Ra
o

Ree S
N\fN

Ra
B

15 wherein:
R, and Rj are each independently selected from the group consisting of hydrogen and
Ci-¢ alkyl; and
Ry is Cy-¢ alkyl,

20  comprising mixing:

i) a compound of Formula A:
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Cl

}O\
Fe

N N

\f
Cl
A

wherein Ry is as given above,
ii) a nickel catalyst (e.g., Ni(acac);, Ni(PPh;3),Cl,, or Ni(dppp)Cly),
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:

Al"/,,‘
OH
oA
/=S_ o
N Ry
>\_N Vil
R
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,
Ci.salkyl, Cjigalkoxy, and haloCj.galkyl; and
R, and R; are each independently selected from the group consisting of: hydrogen,
Ci-galkyl, haloC;-¢ alkyl, Ci-galkoxy, and hydroxyCi-salkyl,
20

comprising the steps of :

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

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

Ar/,,,
H
O

— O
N, »#~— Rz
N VI
Rs3

wherein Ar, R; and Rj 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, R, and Rs are each independently selected from the group

consisting of: hydrogen and Ci-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
2,2,6,6-tetramethylpiperidine 1-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,

Ar/,,'
OH
o
f_—_g_ o)
Ny 7 Re

DN

Rs3
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,
Cisalkyl, C¢alkoxy, and haloC_ealkyl; and
R, and Rj are each independently selected from the group consisting of: hydrogen,

Ci-¢alkyl, haloC,-¢ alkyl, C;-salkoxy, and hydroxyC-salkyl,

10 comprising: oxidizing a compound of Formula V:

Ar/,,,
OH
O
N<\_§7R2 \Vi

N
<

wherein Ar, R, and Rj 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, or substituted
1-3 times with a halo independently selected from the group consisting of: chloro, fluoro, bromo,
20  and iodo.
In some embodiments, R, and R3 are each independently selected from the group
consisting of: hydrogen and C;-galkyl.
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:

Ar//,' H
N-Ar
O
o
N R
N L 2 IX

>N

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, Ci.

salkyl, Ci.galkoxy, and haloCi.salkyl;

R, and Rj are each independently selected from the group consisting of: hydrogen,

Ci-salkyl, haloC - alkyl, Ci-¢alkoxy, and hydroxyC-salkyl; and

Ar' is a pyridine group:

\’;I N R4
S Re
Re

wherein:

Ry is selected from the group consisting of: hydrogen, halo, C;-galkyl, C;-alkoxy,
and (C;-¢alkoxy)Ci-salkyl;

Rs is selected from the group consisting of: hydrogen, halo, Ci-salkyl, and
haloC;-galkyl; and

R¢ is selected from the group consisting of: hydrogen, halo, Ci-salkyl,
haloCj-galkyl, Ci-galkoxy, (Ci-¢alkoxy)Ci-galkyl, and cyano;

comprising the step of reacting a compound of Formula VII:

Ar/,,,
OH
o}
f:& o)
Ny 7 Re

>N

Rs3

wherein Ar, Ry and Rj are as given above,

with a compound of Formula X:
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HaN N R4
SR,
Re
X

wherein Ry, Rs, and Rg 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.

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, R, and Rj; are each independently selected from the group

consisting of: hydrogen and C;-galkyl.

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

EXAMPLES
General:

Column chromatography was carried out using a Biotage SP4. Solvent removal was
carried out using either a Biichii rotary evaporator or a Genevac centrifugal evaporator.
Preparative LC/MS was conducted using a Waters autopurifier and 19 x 100mm XTerra 5
micron MS C18 column under acidic mobile phase conditions, NMR spectra were recorded
using either a Varian 400 or 500 MHz spectrometer.

The term "inerted" 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"
(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
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 pre-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
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 Definition

™S Trimethylsilyl

TBAF Tetrabutylammonium fluoride

NaOH Sodium hydroxide

BuyN HSOy4 Tetrabutylammonium hydrogen sulfate
THF Tetrahydrofuran

rt Room temperature
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h Hour(s)
NaCl Sodium chloride
HCOOH Formic acid
\ Volumes
equiv. Equivalent(s)
wt Weights
CDI N,N-Carbonyldiimidazole
DCM Dichloromethane
Aq Aqueous
Sat. Saturated
HC1 Hydrochloric acid
HRMS High Resolution Mass Spectrometry
nBuli n-butyl lithium
NH,Cl Ammonium chloride
MeOH Methanol
EtOAc Ethyl acetate
NaHCO; Sodium bicarbonate
M Molar (moles/liter)
T Temperature
MTBE Methyl tert-butyl ether
TLC Thin layer chromatography
N Normal (equivalents per liter)
iPrMgBr Isopropyl magnesium bromide
LiCl Lithium chloride
NaOAc Sodium acetate
NH4OH Ammonium hydroxide
HPLC High performance liquid chromatography
ee Enantiomeric excess
DMI 1,3-Dimethyl-2-imidazolidinone
Uv Ultraviolet
RRT Relative retention time
OROT Optical rotation
Bz Benzoyl
ACN Acetonitrile
®T3P (Archimica, | Tri-n-propyl phosphonic acid anhydride
Germany)
HATU N,N,N' N'-tetramethyl-O-(7-azabenzotriazol-1-yl)uronium

hexafluorophosphate
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A. Preparation of Cyclopropane Compounds of Formula II

Sub-Step 1
1) NaHMDS, THF, 30 min, -10to 5 °C Sub-Step 2
2) O 5) 2N KOH, 80 °C, 5h
F/@\/CN L\/Cl, THF, 2h, -10 to 0 °C FO\PVOH
1 3) HxO CN

4) Exchange to EtOH 2

Sub-Step 3
6) 5N HCI, 60 °C, 1h
OH 7) Cool to 25 °C and seed .
F 8) Filter and wash F ‘
COOH 9) Reslurry in IPA, filter S 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
5  solution was added dropwise sodium bis(trimethylsilyl)amine (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,
10 1477 mL). The mixture was heated to 80 °C 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)-1-(3-fluorophenyl)-
3-oxabicyclo[3.1.0]hexan-2-one) were added (1.5 g, 0.005 equiv.). The resulting slurry was
15  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 pH=7. The cake
was dried under vacuum with a sweep of nitrogen to afford (1S,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.

(18,5R)-1-(3-fluorophenyl)-3-oxabicyclo[3.1.0]hexan-2-one: '"H NMR (500 MHz,

20 DMSO-dg) § 7.43 —7.36 (m, 1H), 7.35 — 7.31 (m, 1H), 7.31 — 7.28 (m, 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, J= 8.0, 4.6 Hz, 1H), 1.72 (dd, J
=17.9, 4.8 Hz, 1H), 1.37 (t, J = 4.8 Hz, 1H); *C NMR (126 MHz, DMSO-dg) & 175.35, 161.98

(d, Jer = 243.1 Hz), 137.67 (d, Jor = 8.2 Hz), 130.15 (d, Jcr = 8.6 Hz), 124.19 (d, Jcr = 2.8 Hz),
115.01 (d, Jop = 22.4 Hz), 113.95 (d, Jor = 20.9 Hz), 67.93, 30.70 (d, Jcr = 2.4 Hz), 25.57, 19.99.

44

Page 66 of 383



WO 2013/123240

PCT/US2013/026204

HRMS Calculated for C;1H;oFO, [M+H]" 193.0665; found 193.0659.

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

Equipment, Reagents, and Mobile Phase:

5  Equipment:
HPL.C column:

Solvent Delivery System

Autosampler:
Detector:
Chromatographic

Software:

Volumetric Glassware:
Balance:

Reagents:
Water:

Acetonitrile:

Trifluoroacetic acid (TFA):

Mobile Phase:
Solvent A:

Solvent B:

10 HPLC Parameters:
Chromatographic 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 pL range, or equivalent,

Agilent 1100 Diode Array Detector or equivalent.
Agilent ChemStation software version A.09.03 or
higher for HPL.C, Waters Empower 2 Build 2154,
or equivalent.

Class A.

Analytical balance, capable of weighing * 0.1 mg.

HPLC grade, (Baker cat no. 4218-03) or
equivalent

HPLC grade, (Baker cat no. 9017-03) or
equivalent.

Spectrophotometric grade, Aldrich (catalog no.
302131) or equivalent.

Add 1000 mL of water to an appropriate flask.
Add 1.0 mL of trifluouroacetic acid and mix.
Degas in-line 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.
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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 + 0.2
ml/min to obtain specified retention times.
Gradient: Time, min %-Solvent | %-Solvent
A B
Initial 95 5
45
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3 70 30
20 70 30
20.1 95 5
30 ' 95 5

Injection volume: 5uL

Detection: 210 nm UV

Data acquisition time: 20 min

Run time: 30 min

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 pL range, or
equivalent,
Detector: Agilent 1100 variable wavelength detector or

equivalent.

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 + 0.1 mg.

5  Reagents:

Hexanes: HPLC grade, EMD (catalog no. HX0296-1) or
equivalent.
2-Propanol: HPLC grade, J.T. Baker (catalog no. 9095-03) or
equivalent.
Mobile Phase:
Mobile phase A:

10

HPLC Parameters:

Chromatographic Parameters:
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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.

HPLC column:

AD-H 4.6 x 250 mm 5 pm, Chiral Tech catalog no.
19325 or equivalent.

Temperature:

25°C
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Flow rate: 1.0 mL/min. Flow rate may be adjusted to obtain
specified retention times.
Isocratic Mobile Phase A
Injection volume: 5.0 ul
Detection: UV detector 213 nm
Acquisition time; 15 min
Re-equilibration time: N/A
Total run time; 15 min
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  %-Enantiomeric 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;

(Ay-Apg ) (100%)

(A tA

% ee=
19 )
10

A 4= Peak area of 4 from each sample solutioninjection

A 19~ Peak area of 19 from each sample solutioninjection

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 LiBHy4, THF, 2-MeTHF, -10 to 25 °C
O,H 2) Inverse quench to Citric Acid F@
F b 3) Split phases ‘A‘
OH

S o 4) Sat'd NaHCO3 wash ; HO
4 5) Brine wash 5
6) Concentrate

15
((18,2R)-1-(3-fluorophenyl)cyclopropane-1,2-diyl)dimethanol ). (1S,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 THF (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 stitred 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 °C) 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 mlL). 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-methyl-THF until KF is less than 1500 ppm to afford the title compound, ((1S,2R)-1-(3-

fluorophenyl)cyclopropane-1,2-diyl)dimethanol; 5 (10.29 g).
((18,2R)-1-(3-fluorophenyl)cyclopropane-1,2-diyl)dimethanol: 'H NMR (500 MHz,
15 CD;0OD) 6 7.28 (td, J= 8.0, 6.2 Hz, 1H), 7.22 — 7.17 (m, 1H), 7.16 — 7.09 (m, 1H), 6.96 — 6.85
(m, 1H), 3.99 — 3.93 (m, 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); *C NMR (126
MHz, CD3;0D) 6 164.10 (d, Jer = 243.6 Hz), 148.96 (d, Jor = 7.5 Hz), 130.74 (d, Jor = 8.4 Hz),
125.61 (d, Jor = 2.7 Hz), 116.77 (d, Jcr = 21.6 Hz), 113.93 (d, Jor = 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 mm, 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, 0.1 to
100 pL 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 + 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 Chromatographic Parameters
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 + 0.1
ml./min to obtain specified retention times.
Gradient: Time, min %-Solvent | %-Solvent
A B
Initial 95 5
5 70 30
9 60 40
17 0 100
20 0 100
20.1 95 5
30 95 5
Injection volume: 4 pL
Detection: 220 nm UV
Data acquisition time: 20 min
Run time: 30 min

C. Preparation of Acetates of Formula IIT

)

Vinyl acetate,
Lipase B, 2-MeTHF

HOAOH

5
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10 ((1R,2S)-2-(3-fluorophenyl)-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 diacetate (8-9 h) by HPLC and TLC
(EtOAc/Heptane = 1/1). Upon reaction completion, the lipase was removed by filtration and
rinsed with 2-methyl-THF (71.04 mL). 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 mlL.). 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, ((1R,2S)-2-(3-fluorophenyl)-2-
(hydroxymethyl)cyclopropyl)methyl acetate, 6 (9.59 g).
((1R,28)-2-(3-fluorophenyl)-2-(hydroxymethyl)cyclopropyl)methyl acetate: 'H NMR
(500 MHz, CD3;0D) & 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, /= 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, /= 11,9 Hz, 1H), 2.09 (s, 3H), 1.58 — 1.49 (m, 1H), 1.15 (dd, /= 8.8, 5.1
Hz, 1H), 0.95 — 0.90 (m, 1H); *C NMR (126 MHz, CD;0D) & 173.03, 164.10 (d, Jcr = 243.8
Hz), 148.31 (d, Jor = 7.4 Hz), 130.86 (d, Jor = 8.4 Hz), 125.78 (d, Jor = 2.8 Hz), 116.90 (d, Jcr =
21.4 Hz), 114.16 (d, Jer = 21.3 Hz), 66.46, 65.77, 33.39, 24.73,20.92, 16.79.

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 1100 HPLC quaternary pump, low
pressure mixing, with an in-line degasser, or

equivalent.
Autosampler: Agilent 1100 autosampler, variable loop, 0.1 to
100 pL range, or equivalent.
Detector: Agilent 1100 Diode Array Detector or equivalent.
Chromatographic Agilent ChemStation software version A.09.03 or
Software: higher for HPL.C, Waters Empower 2 Build 2154,
or equivalent.
Volumetric Glassware: Class A.
Balance: Analytical balance, capable of weighing + 0.1 mg.
Reagents:
Water: HPLC grade, (Baker cat no. 4218-03) or
50
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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 acetonitrile 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
Flow rate: 0.5 mL/min. Flow rate may be adjusted + 0.1
ml/min to obtain specified retention times.
Gradient: Time, min %-Solvent | %-Solvent
A B
Initial 95 5
5 70 30
9 60 40
17 0 100
20 0 100
20.1 95 5
30 95 5
Injection volume: 4 ul,
Detection: 220 nm UV
Data acquisition time: 20 min
Run time; 30 min

D. Preparation of Compounds of Formula IV

1) Ts,0, pyridine, 2-MeTHF, 10-15 °C
/@ 2) Aqueous workup /@
F A 3) Batch concentration . F A
HO OAc 4) Heptane TsO OAc

5) Cool to 0 °C
6 6) Filter and wash 8

((1R,28)-2-(3-fluorophenyl)-2-((tosyloxy)methyl)cyclopropyl)methyl acetate (8). ((1R,2S)-2-
(3-fluorophenyl)-2-(hydroxymethyl)cyclopropyl)methyl acetate (6, 9.59 g, 0.040 mol, 1.0 equiv.)

was dissolved in 2-methyl-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 mol, 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 mol, 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 °C 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 1 N HCI (38.0 mL each
wash) to pH 1-2 (second aqueous wash), and then was washed with saturated aqueous NaHCOs3
solution (33.6 mL) to pH > 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. n-
Heptane (86.3 ml) was added slowly with agitation. The suspension was stirred for at least 30
min at 20-22 °C 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-fluorophenyl)-
2-((tosyloxy)methyl)cyclopropyl)methyl acetate, (8, 11.05 g, 89.3% ee) as an off white to tan
solid. ‘

((1R,28)-2-(3-fluorophenyl)-2-((tosyloxy)methyl)cyclopropyl)methyl acetate: '"H 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= 109 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, J=5.8 Hz, 1H); “C NMR (126 MHz, CD3;0D) & 171.38, 162.58 (d, Jor = 244.6 Hz), 144.92,
144.51 (d, Jor = 7.4 Hz), 132.52, 129.73 (d, Jcr = 8.5 Hz), 129.51, 127.36, 124.50 (d, Jcr = 2.9
Hz), 115.47 (d, Jor = 21.8 Hz), 113.45 (d, Jop = 21.3 Hz), 74.17, 63.50, 28.94, 23.49, 20.11,
19.49, 15.67.

HRMS Calculated for CyoH,FOsSNa [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 trifluoroacetic acid
Solvent B: 1000 mL of acetonitrile and 1.0 mL of trifluorcacetic acid
HPLC Parameters:
HPLC column; Waters SunFire C18, 3.5 um 3 x 150 mm,
Waters catalog no. 186002544,
Temperature: 40 °C
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Flow rate: 0.5 mL/min. Flow rate may be adjusted & 0.1
ml./min to obtain specified retention times.
Gradient: Time, min %-Solvent | %-Solvent
A B
Initial 95 5
5 70 30
9 60 40
17 0 100
20 0 100
20.1 95 5
30 95 5
Injection volume: 2 uL
Detection: 215 nm UV
Data acquisition time: 20 min
Run time: 30 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 ulL 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.
Volumetric Glassware: Class A.
Volumetric pipette: Class A.

Balance: Analytical balance, capable of weighing + 0.1 mg.
Reagents:
Hexanes: HPLC grade, EMD (catalog no. HX0296-1) or
equivalent.
2-Propanol: HPLC grade, J.T.Baker (catalog no. 9095-03) or
equivalent.
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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.

5
HPLC Parameters:
Chromatographic Parameters:
HPLC column: AD-H, 250 x 4.6 mm, 5 um, Chiral Tech Catalog no.
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
Re-equilibration time: Not Applicable
Total run time: 20 min
Calculations:

10 %-Enantiomeric Excess Calculation:
Calculate the %-enantiomeric excess (%-ee) for 8 using the appropriate peak areas
obtained from each sample analysis and the following equation:

(Ag-Ag ) (100%)

Voo™ A, T A
(Ag Ay )
A g = 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/@ Cs,C0g, MeCN, 70 °C, 2h F/%
OH OAc
HqC =
: N oo

N
Y HaC

CH

b4
P4
-
o

w

1) 1N NaOH, 20-22 °C, 16h F/@
2) Aqueous workup A
O OH

3) Concentration
N/—g_c
>\7N/
11

HsC

((IR,28)-2-(((2,4-dimethylpyrimidin-5-yl)oxy)methyl)-2-(3-fluorophenyl)-cyclopropyl)

methanol (11). ((1R,25)-2-(3-fluorophenyl)-2-((tosyloxy)methyl)cyclopropyl)methyl acetate (8,
11.05 g, 0.028 mol, 1.0 equiv.), 2,4-dimethylpyrimidin-5-ol (3.74 g, 0.030 mol, 1.07 equiv.), and
cestum 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 °C for 2-3 hours. The reaction was monitored
by HPLC and TLC (EtOAc/Heptane = 1/1). Once complete, aqueous 1 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 mL). The solvent
was removed under reduced pressure to afford the title compound; ((1R,2S)-2-(((2,4-
dimethylpyrimidin-5-yl)oxy)methyl)-2-(3-fluorophenyl)cyclopropyl)methanol: (11, 8.51 g).

((1R,28)-2-(((2,4-dimethylpyrimidin-5-yl)oxy)methyl)-2-(3-fluorophenyl)-

cyclopropyl)methanol: 'H NMR (500 MHz, DMSO-dg) § 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, 2H), 2.45 (s, 3H), 2.22 (s, 3H),
1.51 —1.43 (m, 1H), 1.23 (dd, J=8.9, 5.0 Hz, 1H), 1.01 (dd, /= 6.0, 5.3 Hz, 1H). BCNMR (126
MHz, DMSO-d¢) & 162.48 (d, Jor = 243.0 Hz), 158.91, 156.26, 149.51, 147.47 (d, Jcr = 7.5 Hz),
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Jer =20.9 Hz), 72.73, 60.70, 29.23, 28.64, 24,94, 18.77, 17.06.
HRMS Calculated for C;7HFN,0; [M—I-H]+ 303.1590; found 303.1517.

HPLC method for monitoring process step E:

Sample preparation:

Combine reaction mixture (5 pL) 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
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 %-Solvent B
Initial 95 5
5 70 30
9 60 40
17 0 100
20 0 100
20.1 95 5
30 95 5
Injection 3ul
volume:
Detection: 215 nm UV
Data acquisition | 20 min
time:
Run time: 30 min
18 Retention 3.0 min + 10%
time:
11 Retention 10.2 min + 10%
time:
10 Retention 13.5 min + 10%
time:
8 Retention 17.2 min + 10%
time:
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F. Preparation of Compounds of Formula VII

/@ 1) 2N HCl

F 2 TEMPO F /| 2) NaClO,

A NaOCl, pH 7 buffer, : 3) NaS,03, Ho0
O OH Toluene O H 4) 4N NaOH

— = o 5) 4N HCI
CHs N, /—CHs 6) EtOAC

Y,
N\ \
>_N 11 >——N 7) Crystalize

— (@]
N ,)—CHgs
>N
HsC
13

(1R,28)-2-(((2,4-dimethylpyrimidin-5-yl)oxy)methyl)-2-(3-fluorophenyl)cyclopropane-

carboxylic acid 13). ((1R,25)-2-(((2,4-dimethylpyrimidin-5-yl)oxy)methyl)-2-(3-
fluorophenyl)cyclopropyl)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 1-oxyl (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 °C. 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 acetonitrile (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 acetonitrile (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,2S)-2-(((2,4-
dimethylpyrimidin-5-yl)oxy)methyl)-2-(3-fluorophenyl)cyclopropanecarboxylic acid (13, 56.9 g,
80% yield) as an off-white crystalline solid.
(1R,25)-2-(((2,4-dimethylpyrimidin-5-yl)oxy)methyl)-2-(3-fluorophenyl)-
cyclopropanecarboxylic acid: 'H NMR (500 MHz, DMSO-d¢) 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, /= 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); *C NMR (126 MHz, DMSO-dg) § 172.65, 162.48 (d, Jcr
=243.6 Hz), 159.08, 156.24, 149.45, 145.15 (d, Jcr = 7.5 Hz), 139.60, 130.71 (d, Jcr = 8.5 Hz),
124.79 (d, Jor = 2.6 Hz), 115.60 (d, Jor = 21.8 Hz), 114.32 (d, Jcor = 20.8 Hz), 71.15, 33.92 (d,
Jer = 2.0 Hz), 26.46, 24.96, 19.72, 18.70.
HRMS Calculated for C;7H3FN,O3 [M+H]"317.1301; found 317.1298.

Sample preparation:

Transfer 10 pL of reaction mixture to an HPLC vial containing 1 mL diluting solution, and mix
by vortexing. Transfer 100 pL 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 & 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
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Gradient: Time, min %-Solvent A %-Solvent B
Initial 95 5
5 70 30
9 60 40
17 0 100
20 0 100
20.1 95 5
30 95 5
Injection 3 ul
volume:
Detection: 220 nm UV
Data acquisition | 20 min
time:
Run time: 30 min

11 Retention
time:

10.2 min + 10%

12 Retention
time:

11.7 min + 10%

13 Retention
time:

10.6 min + 10%

T3P, DIPEA, EtOAc

N
HaC

OA%)
/=§ﬁ HN_ _N
N .
14

5 (1R,25)-2-(((2,4-dimethylpyrimidin-5-yl)oxy)methyl)-2-(3-fluorophenyl)-N-(5-

fluoropyridin-2-yl)cyclopropanecarboxamide (14).

equiv.), and 2-amino-5-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 °C, and NN-
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-Propylphosphonic anhydride (T3P; 50% w/w solution in ethyl acetate,

36.1 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 °C 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 NaHCO; 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 °C,. and the
suspension was stirred for at least 1 h at 20-25 °C 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,
(1R,28)-2-(((2,4-dimethylpyrimidin-5-yl)oxy)methyl)-2-(3-fluorophenyl)-N-(5-fluoropyridin-2-
ylcyclopropanecarboxamide, (14, 12.54 g, >99% ee) as a white to off white solid.

(1R,28)-2-(((2,4-dimethylpyrimidin-5-yl)oxy)methyl)-2-(3-fluorophenyl)-N-(5-
fluoropyridin-2-yl)cyclopropanecarboxamide: '"H NMR (500 MHz, DMSO-dg) & 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 —
1.64 (m, 1H), 1.49 (dd, J = 8.0, 4.8 Hz, 1H); BC NMR (125 MHz, DMSO-dg) & 168.68, 161.98
(d, Jop = 242.3 Hz), 158.46, 155.15, 155.38 (d, Jcr = 247.9 Hz), 148.90, 148.51, 145.00 (d, Jcr =
7.7 Hz), 139.37, 135.15 (d, Jcr = 24.9 Hz), 130.06 (d, Jor = 8.4 Hz), 125.05 (d, Jor = 19.5 Hz),
124.70 (d, Jop = 2.6 Hz), 115.71 (d, Jer = 21.7 Hz), 114.20 (d, Jcr = 4.1 Hz), 113.70 (d, Jer =
20.9 Hz), 70.80, 34.09 (d, Jor = 1.9 Hz), 26.90, 24.38, 18.37, 17.78.

HRMS Calculated for CoyHa FaN4O, [M+H]"411.1627; found 411.1632.

Sample preparation:

Transfer 500 uL of reaction mixture to an HPLC vial containing 500 puL acetonitrile, and mix by
vortexing,
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Summary of chromatography conditions:

Chiral

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 + 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 %-Solvent B
Initial 95. 5
5 70 30
9 60 40
17 0 100
20 0 100
20.1 95 5
30 95 5
Injection volume: 2 uL
Detection: 220 nm UV
Data acquisition 20 min
time:
Run time: 30 min
Retention times: 13 10.6 min £+ 10%
14 13.2 min £ 10%

Ethyl acetate 7.5 min &+ 10%

HPLC Assay for

(1R,28)-2-(((2,4-dimethylpyrimidin-5-yl)oxy)methyl)-2-(3-

fluorophenyl)-N-(5-fluoropyridin-2-yl)cyclopropanecarboxamide (14)

5 'TM-1186: Chiral HPLC Assay for Compound 14

Equipment, Reagents, and Mobile Phase:

Equipment:
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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 pL range,
or equivalent.
Detector: Agilent 1100 variable wavelength detector or

equivalent.

Chromatographic Software:

Agilent ChemStation software version A.09.03
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 + 0.1
mg.
Reagents:
Heptane: HPLC grade, EMD (catalog no. HX0078-1) or
equivalent.
2-Propanol: HPLC grade, EMD (catalog no. PX1838-1) 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°C

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:

%-Enantiomeric 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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- 0
(A14 A15 ) (100%)

voce= A +A

( 14 15 )
A1 4= 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 185.

An enantiomeric excess was calculated at >99% for compound 14.

Alternate Procedure for Preparation of Compounds of Formula IX

(1R,2S5)-2-(((2,4-dimethylpyrimidin-5-yl)oxy)methyl)-2-(3-fluorophenyl)-N-(5-
fluoropyridin-2-yl)cyclopropanecarboxamide (14).

(1R,28)-2-(((2,4-dimethylpyrimidin-5-yl)oxy)methyl)-2-(3-fluorophenyl)cyclopropane-

carboxylic 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' N'-tetramethyl-O-(7-azabenzotriazol-1-ylyuronium
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
temperature below 10 °C. The reaction was stirred at 20-25 °C for at least 20-24 hour and
monitored by HPLC and TLC (EtOAc/Heptane = 1/1). If (1R,28)-2-(((2,4-dimethylpyrimidin-5-
yDoxy)methyl)-2-(3-fluorophenyl)cyclopropane-carboxylic acid was > 2%, additional N,N,N',N'-
tetramethyl-O-(7-azabenzotriazol-1-yl)uronium hexafluorophosphate was added (based on the
conversion) at 20-25 °C, and then N,N-diisopropylethylamine (based on the conversion) was
added to the reaction mixture while maintaining the internal temperature below 10 °C. If
(1R,28)-2-(((2,4-dimethylpyrimidin-5-yl)oxy)methyl)-2-(3-fluorophenyl)cyclopropane-

carboxylic acid was < 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
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 NaHCO; 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 < 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 °C. 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)cyclopropanecarboxamide, (14, 11.65 g) as a white to off

white solid.

(1R,28)-2-(((2,4-dimethylpyrimidin-5-yl)oxy)methyl)-2-(3-fluorophenyl)-N-(5-
fluoropyridin-2-yl)cyclopropanecarboxamide: '"H NMR (500 MHz, DMSO-dg) & 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 —
1.64 (m, 1H), 1.49 (dd, J = 8.0, 4.8 Hz, 1H); *C NMR (125 MHz, DMSO-d¢) & 168.68, 161.98
(d, Jop = 242.3 Hz), 158.46, 155.15, 155.38 (d, Jcr = 247.9 Hz), 148.90, 148.51, 145.00 (d, Jcr =
7.7 Hz), 139.37, 135.15 (d, Jcr = 24.9 Hz), 130.06 (d, Jcr = 8.4 Hz), 125.05 (d, Jcr = 19.5 Hz),
124.70 (d, Jop = 2.6 Hz), 115.71 (d, Jcr = 21.7 Hz), 114.20 (d, Jcr = 4.1 Hz), 113.70 (d, Jcr =
20.9 Hz), 70.80, 34.09 (d, Jcr = 1.9 Hz), 26.90, 24.38, 18.37, 17.78.

HRMS Calculated for CaoHy FaN4O, [M+H]"411.1627; found 411.1632.
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H. Preparation of Compounds of Formula VI

OCHg 1) (CHa)sAl, Pd(PPha)g OCHs
C'ﬁ)\ 2-MeTHF, 80 °C, 24h HSCW)\
N_ _N 2) 6N NaOH N__N
h 3) 4N HCl in IPA - Y Hal
Cl CH3
16 17

5-methoxy-2,6-dimethylpyrimidin-1-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(triphenylphosphine)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-methyltetrahydrofuran (4.0 L)
and then cénoentrated 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-dimethylpyrimidin-1-ium chloride: '"H NMR (500 MHz, DMSO-ds) &
8.60 (s, 1H), 3.97 (s, 3H), 2.68 (s, 3H), 2.49 (s, 3H); °C NMR (126 MHz, DMSO-de) & 160.14,
155.22, 150.35, 134.89, 57.02, 21.80, 18.46.

HRMS Calculated for C;H;1N,O [M-l-H]+ 139.0871; found 139.0874.
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1) Ni(dppp)Cla, CH3MgCl, 2-MeTHF,

OCH3 15 to 25 °C over 1.5h; 23 °C, 15h OCHs
C‘\H\ 2) Inverse quenching with 15% aq. Citric acid/ H3Cﬁ/g
N NH4OH, pH 10: NN
h 3) Extract with 2-MeTHF u Y HCl
cl 4) Concentrate (azeotrope) CHj
16 5) Carbon filtration 17

6) 5N HCl in IPA, 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 N, inlet was
charged sequentially with 2-MeTHF (330 mL, 10.5 vol, water content: <300ppm), 2,4-dichloro-
5-methoxy-pyrimidine (16, 30.0 g, 0.164 mol) (FWD Chem, Shanghai, China, or Amfinecom,
Inc., St. Petersburg, VA), and NiCly(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 15-20 °C, 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 pre-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 2-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 HCI 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-MeTHF (45 mL, -15 °C). The wet cake was dried
5 under vacuum with a nitrogen sweep overnight to give 22.2 g (77.4%) of 2,4-dimethyl-5-

methoxy-pyrimidine HCI salt, 17, as a yellow to orange colored crystalline solid.

5-methoxy-2,6-dimethylpyrimidin-1-ium chloride: "H NMR (500 MHz, DMSO-dg) &
8.60 (s, 1H), 3.97 (s, 3H), 2.68 (s, 3H), 2.49 (s, 3H); *C NMR (126 MHz, DMSO-de) 8 160.14,
155.22, 150.35, 134.89, 57.02, 21.80, 18.46.

10 HRMS Calculated for C;H;1N,O [MJrH]Jr 139.0871; found 139.0874.
OCH3 1) 1-Dodecanethiol, KO-tBu, 1-BuOH OH
H3C\’)\ 2) distill t-BuOH, 123 °C, 18h HSC\H\‘
| [
N__N $)BNHCl . N__N
\( HCI _4) Neutralize with 50% NaOH Y
CHs 5) Extract with 2-MeTHF with pH CHs3

adjustment ~ 7.0

17 8) Slurry in heptane

18

2,4-Dimethylpyrimidin-5-ol (18). 1-Butanol (158 mL) was added into the reaction flask which
15 was fitted with a mechanical stirrer, a temperature probe, nitrogen inlet, and distillation
equipment. The solvent was cooled to 10-15 °C and potassium #-butoxide (33.7 g, 0.3 mol) was
charged in 3 portions maintaining an internal temperature less than 40 °C. 1-Dodecanethiol (43.2
mL, 0.18 mol) was added to the resulting suspension, and was agitated at 20-25 °C for 30 min.
1-Dodecanethiol (43.2 mL, 0.18 mol) was added to the suspension and the mixture was stirred at
20 room temperature for an additional 30 min. Next, 5-methoxy-2,6-dimethylpyrimidin-1-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
25  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 HCI (90 mL) charged at 10-15 °C. Deionized water was added

(63 mL), and the reaction was aged for 20 min at room temperature. Heptane (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 HCI (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 agitéted for 30 min. 2-MeTHF (140
mL) was charged, agitated for 15 min, and allowed to split. The aqueous layer was back-
extracted twice with 2-MeTHF (140 mL) with pH adjustment of the aqueous layer after each
extraction (0.5 mL of 6 N HCI, 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 HCI). 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 pre-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: "H NMR (500 MHz, DMSO-dg) 8 9.88 (s, 1H), 8.05 (s, 1H),
2.43 (s, 1H), 2.28 (s, 1H); *C NMR (126 MHz, DMSO-dg) 8 157.24, 153.71, 147.60, 141.80,
24.39, 18.33.

HRMS Calculated for CgHgN,O [M+H]" 125.0715; found 125.0720.
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OCH, o
Hscjl/g 1-Decanethiol, KOtBu HBCW)\
NYN Hel 1-Butanol, 105°C N\fN
CHs Lo

17 .

Alternate Preparation of 2,4-Dimethylpyrimidin-5-ol (18). To a 22-Liter round bottomed
flask was charged potassium tert-butoxide (1200 g, 11 mol, 3.5 equiv.) and 1-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-1-
ium chloride (17, 532 g, 3.05 mol, 1.0 equiv.), using a minimal amount of 1-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 HCI solution (1000 mL). The aqueous
phases were combined and neutralized by addition of aqueous sodium hydroxide solution (50%
wiw, 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-5-ol (18, 281 g,

74% yield) as an off-white solid.
2,4-Dimethylpyrimidin-5-ol: "H NMR (500 MHz, DMSO-dg) 8 9.88 (s, 1H), 8.05 (s, 1H),
20 243 (s, 3H), 2.28 (s, 3H); *C NMR (126 MHz, DMSO-dg) 8 157.24, 153.71, 147.60, 141.80,

24.39, 18.33.
HRMS Calculated for CsHoN,O [M+H]" 125.0715; found 125.0720.
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That which is claimed is:

1. A process for making a compound of Formula I,

Ar

|
wherein Ar is phenyl, which phenyl may be unsubstituted, or substituted 1-3 times with
substituents independently selected from the group consisting of: halo, C.salkyl, Ci.salkoxy, and
haloC;.¢alkyl,

comprising the steps of :

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

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 II 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

of from -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 1-6, wherein the organic solvent is an aromatic hydrocarbon

solvent, an aliphatic hydrocarbon solvent, a halogenated 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

borohydride or lithium triethyl borohydride.

12. The process of any of claims 1-11, further comprising the step of mixing the composition

after said adding step for a time of 12 to 24 hours.

13. The process of claim 11, further comprising the step 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 IT has the absolute

stereochemistry of Formula Ila:
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lla

17. The process of claim 16, wherein the compound has an enantiomeric excess (ee) of the

Formula Ila stereoisomer of at least 80%.

18. The process of claim 16, wherein the compound has an enantiomeric excess (ee) of the

Formula Ila stereoisomer .of at least 85%.

19. The process of claim 16, wherein the compound has an enantiomeric excess (ee) of the

Formula Ila stereoisomer of at least 90%.

20, The process of claim 16, wherein the compound has an enantiomeric excess (ee) of the

Formula Ila stereoisomer of at least 95%.

21. The process of claim 16, wherein the compound has an enantiomeric excess (ee) of the

Formula ITa 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

AZA/
HO OH

la

stereochemistry of Formula Ia:

24, The process of claim 23, wherein the compound has an enantiomeric excess (ee) 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 (ee) 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 (ee) 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:

Jv\ AOH
HO ,

30. A compound of Formula III:

Ar
HO 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, C;_galkyl, Ci.salkoxy, and
haloCy.galkyl.

31. The compound of claim 30, wherein Ar is unsubstituted or substituted 1-3 times with a

halo independently selected from the group consisting of: chloro, fluoro, bromo, and iodo.

32. The compound of claim 30, wherein said compound is:
F

QA\/OAC
HO ,

73

Page 95 of 383



WO 2013/123240 PCT/US2013/026204

33. A process for making a compound of Formula III:

Ar

1
wherein Ar is phenyl, which phenyl may be unsubstituted, or substituted 1-3 times with
substituents independently selected from the group consisting of: halo, Ci.salkyl, Ci.salkoxy, and

haloC.¢alkyl,

comprising reacting a mixture of}

i) a compound of Formula Ia:

AZA
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 acetonitrile.

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 33-36, wherein said lipase is a Candida Antarctica lipase.

38. The process of any of claims 33-36, 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 33-38, 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 I'V:

Ar
R, \)A\/OAC

v

wherein:

Ar is phenyl, which phenyl may be unsubstituted, or substituted 1-3 times with
substituents independently selected from the group consisting of: halo, Ci.¢alkyl, Ci¢alkoxy, and
haloC,_salkyl; and

R, 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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é
_A/OAC
o IO
S 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//,
Ry - OAc
IVa
49. The compound of claim 48, wherein the compound has an enantiomeric excess (ee) of the
Formula IVa stereoisomer of at least 80%.
50. The compound of claim 48, wherein the compound has an enantiomeric excess (ee) of the
Formula I'Va stereoisomer of at least 85%.
51. The compound of claim 48, wherein the compound has an enantiomeric excess (ee) of the
Formula IVa stereoisomer of at least 90%.
52, The compound of claim 48, wherein the compound has an enantiomeric excess (ee) of the
Formula I'Va stereoisomer of at least 95%.
53. The compound of claim 48, wherein the compound has an enantiomeric excess (ee) of the
Formula IVa stereoisomer of at least 98%.
54. A process for making a compound of Formula IV:
Ar
R 1 OAc
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, Cj.¢alkyl, C;.¢alkoxy, and

haloCj.¢alkyl; and
R, is a sulfonate ester leaving group,

said process comprising reacting a compound of Formula III:

Ar

1]
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,

wherein said reacting is catried 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,

57. 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 54-56, wherein the base is an organic amine selected from

the group consisting of: triethylamine, diisopropylethylamine, and DBU (1,8-
diazabicyclo[5.4.0]Jundec-7-ene).

59. The process of any of claims 54-56, wherein the base is pyridine.

60. The process of any of claims 54-59, wherein the organic solvent is selected from the
group consisting of: dichloromethane, tetrahydrofuran, 2-methyltetrahydrofuran, 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:
F

@_I]A\/OAC
HO .

64. The process of any of claims 54-63, wherein the compound of Formula IV has the

absolute stereochemistry of Formula IVa:

Ar///

IVa

65. The process of claim 64, wherein the compound has an enantiomeric excess (ee) of the

Formula IVa stereoisomer of at least 80%.

66. The process of claim 64, wherein the compound has an enantiomeric excess (ee) of the

Formula I'Va 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 enantiomeric excess (ee) of the

Formula IVa stereoisomer of at least 98%.

70. A process for making a compound of Formula V,
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Ar/,,,
OH
O
N/\_§‘R2 \Vi

>N

R
wherein Ar is phenyl, which phenyl may be unsubstituted, or substituted 1-3 times with
substituents independently selected from the group consisting of: halo, Cj.¢alkyl, Ci¢alkoxy, and

haloC,.salkyl; and

R, and Rj are each independently selected from the group consisting of: hydrogen,

Ci-salkyl, haloC;-¢ alkyl, Ci-salkoxy, and hydroxyC;-ealkyl,
comprising the steps of:

a) stirring a mixture of:

i) a compound of Formula IV:

Ar
R1\A/OAC

v
wherein Ar is as given above; and

R is a leaving group,

i) a substituted pyrimidine of Formula VI:

OH
R
|
N\|¢N

Rs
Vi

H

wherein R, and Rj are as given above,

iii) a base; and
iv) an organic solvent,

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,

Page 101 of 383



WO 2013/123240 PCT/US2013/026204

to thereby make said compound of Formula 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: chloro, fluoro, bromo, and iodo.

72. The process of claim 70 or claim 71, wherein R, and Rj are each independently selected

from the group consisting of: hydrogen and C;-galkyl.

73. The process of any of claims 70-72, wherein the base of step a) is cesium carbonate or
DBU (1,8-diazabicyclo[5.4.0]Jundec-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: acetonitrile, 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:

\A%\/
Ri - OAc

IVa

79. The process of claim 78, wherein the compound has an enantiomeric excess (e€) of the

Formula I'Va stereoisomer of at least 80%.

80. The process of claim 78, wherein the compound has an enantiomeric excess (ee) of the

Formula I'Va stereoisomer of at least 85%.
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81. The process of claim 78, wherein the compound has an enantiomeric excess (ee) of the

Formula IVa stereocisomer of at least 90%.

82. The process of claim 78, wherein the compound has an enantiomeric excess (ee) 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

S
'\l' ~ N
s
Vi
wherein R, and Rj are each independently selected from the group consisting of:

hydrogen and Ci-¢ alkyl,

comprising the step of heating a mixture of:

i) a compound of Formula B:

v

Ra
B

wherein:
R, and Rj are as given above; and
Ry is Cy-¢ 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 carried 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, #-butoxide,

3-methyl-3-pentoxide, or 7-amyloxide salt.

90. The process of any of claims 84-88, wherein said alkoxide salt is a #-butoxide salt.
91. The process of any of claims 84-88, wherein said alkoxide is potassium #-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, N, N-Dimethylacetamide, N-Methylpyrrolidone, 1-butanol, 2-butanol, fert-

butanol, iso-butanol.

94. The process of any of claims 84-92, wherein said organic solvent is I-butanol.
95. A process for making a compound of Formula B:
Ra4
o

Ro

s

N N

v

Ra
B

wherein:
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R, and Rj3 are each independently selected from the group consisting of hydrogen and
C;-¢ alkyl; and
R4 is Cy-¢ alkyl,

comprising mixing:
1) a compound of Formula A:

R4
o

N_-N
4
A
wherein Ry 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.
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102.

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.

105.

The process of claim 102, wherein said alcohol is isopropyl alcohol.

A process for making a compound of Formula B:

wherein:

R, and R are each independently selected from the group consisting of hydrogen and

Ci-¢ alkyl; and

Ry is Cy-¢ alkyl;

comprising mixing:

Page 106 of 383

i) a compound of Formula A:

\I¢

Cl

A
wherein Ry 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),, Ni(PPhs3),Cl,, or Ni(dppp)Cls.

107. The process of claim 105, wherein said nickel catalyst is Ni(dppp)Cls.

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.

111.  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 105-111, 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:

Ar/,,'
OH
0
/—_—g‘ o)
Ny 77 Re oy

>N

Rs
wherein Ar is phenyl, which phenyl may be unsubstituted, or substituted 1-3 times with
substituents independently selected from the group consisting of: halo, Cj.salkyl, Ci¢alkoxy, and
haloC.¢alkyl; and
R, and Rj are each independently selected from the group consisting of: hydrogen,

Ci-galkyl, haloC-¢ alkyl, Ci-galkoxy, and hydroxyC;-galkyl,
comprising the steps of :

a) oxidizing a compound of Formula V:

AI’/,,‘
OH
@]
N<—§’R2 Y

N
<

wherein Ar, R; and Rj are as given above,

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

Ar/,,‘
H
o)
/:& o)
Ny 77 Re

>—N

Rs3

wherein Ar, R, and Rj 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 R, and Rj are each independently

selected from the group consisting of: hydrogen and C;-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 118-125, 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-methyltetrahydrofuran, toluene, acetonitrile, 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,

Ar,,,,
OH
O
<
N —Ro
\ N Vil

Rs
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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, Cjsalkyl, Ci¢alkoxy, and
haloC.¢alkyl; and
R, and Rj are each independently selected from the group consisting of: hydrogen,

C-¢alkyl, haloCy-¢ alkyl, C-¢alkoxy, and hydroxyCi-salkyl,

comprising: oxidizing a compound of Formula V:

Al'/,,‘
OH
O
N/\\_§7R2 \Vj

N
.

wherein Ar, R, and Rj are as given above,
with sodium hypochlorite and sodium chlorite,
" to thereby make said compound of Formula VIL

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 R, and R3 are each independently

selected from the group consisting of: hydrogen and C;-galkyl.

131. . 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 128-13 1, wherein said oxidizing is catalyzed with an

effective amount of 2,2,6,6-tetramethylpiperidine 1-oxyl (TEMPO).

133. A process for making a compound of Formula IX:
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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, Cj.salkyl, Cj.salkoxy, and
haloC,.¢alkyl;

R, and Rj are each independently selected from the group consisting of: hydrogen,
Ci-salkyl, haloCj-¢ alkyl, Ci-galkoxy, and hydroxyCi-salkyl; and

Ar' is a pyridine group:

\f| N_Rq
ZSRe
Re

wherein:

R4 is selected from the group consisting of: hydrogen, halo, C;-galkyl, Ci-alkoxy,
and (C;-galkoxy)Ci-salkyl;

Rs is selected from the group consisting of: hydrogen, halo, C;-salkyl, and haloC;-
salkyl; and

R is selected from the group consisting of: hydrogen, halo, Ci-salkyl, haloC;-
salkyl, Cy-galkoxy, (C-¢alkoxy)Ci-galkyl, and cyano;

comprising the step of reacting a compound of Formula VII:

AF/,,‘
OH
0
e
Ny 77 Re

>N

Ra

wherein Ar, R and Rj are as given above,

with a compound of Formula X:
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wherein Ry, Rs, and R 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 R, and Rj are each independently

selected from the group consisting of: hydrogen and C;-galkyl.
136. The process of any of claims 133-135, wherein said organic solvent is selected from the
group consisting of: N, N-dimethylformamide (DMF), N, N-dimethylacetamide (DMA), N-

methyl-2-pyrrolidone (NMP), acetone, toluene, acetonitrile, and dichloromethane.

" 137. The process of any of claims 133-136, wherein said amide coupling agent is an alkyl

phosphonic 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

COMPOSITIONS 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 amiﬁo 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 0X2); OX1 binds orexin-A preferentially, while
0OX2 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 (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 ha@e 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

(1R,28)-2-(((2,4-dimethylpyrimidin-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 such as 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 (hereinafter 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 APIs 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/or
i@,

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 cbmposition,

comprising a therapeutically effective amount of compound 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 from 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 ranging from 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 from about 2 mg to about 10 mg.

[0011] 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, after single dose

administration to human subjects.

[0013] In certain embodiment, the present invention to provide methods of tréating 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 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, after 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/m! 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(0-24) 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 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(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, 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-t) of from about 19.1
ng*hr/ml to about 51.1 ng*hr/ml for each 1 mg of compound A, after 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(0-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(0-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(0-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(0-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 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-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(0-inf) 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(0-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 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-inf) 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
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mean AUC(0-inf) within the range of about 80% to about 125% of 311 ng*hr/ml, after single dose

administration to human subjeécts.

[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 ng/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, after 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 S 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

of about 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 from about 15.9 ng*hr/ml to about 23.8 ng*hr/ml 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(0-24) 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 pharmaceutically
acceptable excipient, wherein said therapeutically effective amount is single 2.5 mg daily dosé, 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 pharmaceutically
acceptable excipient, wherein said therapeutically effective amount is single 5 mg daily dose, and wherein
said single daily dose achieves a mean AUC(0-24) 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 pharmaceutically
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(0-t) of from about 19.1 ng*hr/ml to about 51.1 ng*hr/ml for each 1 mg of the drug, after single dose

administration to human subjects.

[0046] 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-t) within the range of about 80% to about 125% of 19

ng*hr/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(0-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(0-t) within the range of about 80% to about 125% of 128

ng*hr/ml, after single dose administration to human subjects.

[0049] 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 10 mg daily dose, and
wherein said single daily dose achieves a mean AUC(0-t) within the range of about 80% to about 125%

of 284 ng*hr/ml, after 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(0-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(0-inf) 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 iﬁvention 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 daﬂy dose achieves a mean AUC(0-inf) 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 excipient, 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%

of 311 ng*hr/ml, 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
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mol/L hydrochloric acid containing 0.5% polysorbate 80, 900 mL, 37 + 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 <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 + 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 <711> 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 corﬁposition 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 “cffective 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-dimetylpyrimidin-5-yl)oxy)
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methyl)-2-(3-fluorophenyl)-N-(5-fluoropyridin-2-yl)cyclopropanecarboxamide or a pharmaceutically

"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) (hereafter referred to as
DSM-V), published by the American Psychiatric Association. The DSM-V lists the diagnostic criteria for
insomnia as follows: _

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.) ‘

3. Early-morning 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 parasomnia.). '

G. The insomnia is not attributable to the physioldgical effects of a 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 “bioequivalence” is a term of art and is intended to be defined
in accordance with Approved Drug Products with Therapeutic Equivalence Evaluations, 34® Edition,
which is published by the U.S Department of Health 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 of Bioequivalence.

[0070] Two formulations whosé 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 after 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 (EOG) activity (Akerstedt and Gillberg,
1990). Other subjective tests for evaluating residual sleepiness or the next day impairment effect include a
Epworth Sleepiness Scale (ESS), a Stanford Sleepiness Scale (SSS), and a Sleep-Wake Activity Inventory
(SWALID). 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 Shnple 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 U.S. Pharmacopoeia-NF
(B37)(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 of a Cmax or an AUC.,
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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(0-x): Area under the plasma concentration-time curve from time zero to x hours after dosing
AUC(0-t): Area under the plasma concentration-time curve from time zero to time of last quantifiable
concentration

AUC(0-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 of non-wake

LS: Least square

MAD: Multiple ascending dose

MTD: Maximum tolerated dose

PD: Pharmacodynamics

PK: Pharmacokinetic(s)

PSG: Polysoinnogram, polysomnography

PVT: Psychomotor Vigilance Test

REM: Rapid eye movement

RT: Reaction time

SE: Sleep efficiency, TST divided by the time in bed (mmin) multiplied by 100

SAD: Single ascending dose

SD: Standard deviation

t1/2: 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 from onset of persistent 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

II. 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 15 mg, and wherein saidrsingle 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/ml; a mean AUC(0-t) of from about 19.1 ng*hr/ml to about 766.5
ng*hr/ml; a mean AUC(0-inf) 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(0-24) 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(0-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(0-inf) of from 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) of about 17.2 ng*hr/m]; a
" mean AUC(0-t) of about 19.1 ng*hr/ml; a mean AUC(0-inf) of about 19.8 ng*H;/ml ; 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*hr/ml to about 60 ng*hr/ml; a mean AUC(0-t) of from about 80 ng*hr/ml to about 95
ng*hr/ml; a mean AUC(0-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(0-t) of about 128 ng*hr/ml; a mean
AUC(0-inf) 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(0-t) of from about 280ng*hr/ml to
about 510 ng*hr/ml; a mean AUC(0-inf) of from about 310 ng*hr/ml to about 530 ng*hr/ml; a mean t1/2
of from 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(0-inf)
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 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(0-t) within the range of about 80% to about 125% of 80 ng*hr/ml; (4) a mean
AUC(0-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 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(0-t) within the range of about 80% to about 125% of 128 n'g*hr/n;ll; (4) a mean AUC(0-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(0-t) within the range of about 80% to about 125% of 284 ng*hr/ml; (4) a
mean AUC(0-inf) 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 of about 14
days, a mean maximum plasma concentration (Cmax) of about 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 ng/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

of about 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 of compound 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, after 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 ng/ml 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/ml; 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 after single dose administration to human

subject.

[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/mi after single dose

administration to human subject.

[0106] In certain embodiments, the dosage form 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 after 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.
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[0110] In certain embodiments, the dosage form comprises 2.5 mg of compound A and provides a mean
AUC(0-24) of about 57 ng*hr/ml to about 60 ng*hr/ml, after single dose administration to human

subjects.

[0111] In certain embodiments, the dosage form comprises 5 mg of compound A and provides a mean
AUC(0-24) of about 95 ng*hr/ml to about 110 ng*hr/ml, after 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(0-t) of from about 19.1 ng*hr/mi

to about 766.5 ng*hr/ml, after single dose administration to human subjects.

[0114] In further embodiments, the dosage form comprises from 1 mg to 15 mg of compound A and
provides a mean AUC(0-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(0-t) of from about 19.1 ng*hr/ml

to about 51.1 ng*hr/ml for each 1 mg of compound A, after single dose administration to human subjects.

[0116] In certain embodiments, the dosage form comprises 1 mg of compound A and provides a mean

AUC(0-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(0-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(0-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(0-t) of from about 280 ng*hr/ml to about 510 ng*hr/ml, after single dose administration to human

subjects.

21

Page 137 of 383



WO 2016/063995 ) PCT/JP2015/080304

[0120] In further embodiments, the dosage form provides a mean AUC(0-inf) 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(0-inf) 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/ml to about 53.1 ng*hr/ml for each 1 mg of compound 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/ml, 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-inf) 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 corhpound 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 cornpouhd A concentration of

about 9.0 ng /ml or less, at from 8 to 10 hours after single dose administration to human subjects.

22

Page 138 of 383



WO 2016/063995 PCT/JP2015/080304

[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 pharmaceutically 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 9.6 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 (t1/2) of about 12.7 hours after 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 (t1/2) 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 (t1/2) of from about 56 to 60 hours after 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 from 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 (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(0-inf) 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 (1) 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/ml; (3) a mean AUC(0-t) within the range of about 80% to about 125% of 80
ng*hr/ml; (4) a mean AUC(0-inf) within the range of about 80% to about 125% of 80 ng*hr/m! ; 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 treatingb 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(0-t) within the range of about 80% to about 125% of 128
ng*hr/ml; (4) a mean AUC(0-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.
[0144] In another embodimeﬁt, 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 pharmaceutically
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(0-24) 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% of 284
ng*hr/ml; (4) a mean AUC(0-inf) 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.

[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 <711> Dissolution of USP37. The
dissolution medium (900 mL, 37 + 0.5°C) is chosen from 0.1 mol/L hydrochloric acid or 0.1 mol/L
hydrochloric acid containing 0.5% polysorbate 80. The paddie 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 JP16 or <711> Dissolution of USP37. The
dissolution medium (900 mL, 37 + 0.5°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 = 0.5°C) is chosen from 0.1 mol/L hydrochloric acid or 0.1 mol/L
hydrochlioric acid containing 0.5% polysorbate 80. The paddle speed is chosen from 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 £ 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 <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, a
‘ 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-carth 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, from 1 mg

to 15 mg, from 2 mg to 15 mg, or from 2 mgto 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 of the dosage form or the number of dosage 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 JP16 or <711> Dissolution of USP37. The dissolution medium
(900 mL, 37 £ 0.5°C) is chosen from 0.1 molL hydrochloric acid or 0.1 moVL 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 + 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 proceduré for immediate-release dosage form‘
in 6.10 Dissolution test of JP16 or <711> Dissolution of USP37. '

{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, e.g. the monograph of Japanese Pharmacopoeia
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16 edition or General Chapter <1151> Pharmaceutical Dosage Forms of U.S. Pharmacopoeia-NF (37).

[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 compresséd into tablets. Alternatively, 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 tolerability 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 dosed on
Day 1 in the morning after an overnight fast, 1 hour after lights-on. 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 after 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/zolpidem-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 (% 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
diafy 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 KSS 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-on, 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 (1, 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 of plasma concentrations of compound A
were obtained by direct venipuncture on Day | 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(0-t) (area under the concentration x
time curve from time zero to time of last measurable concentration); AUC(0-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 from 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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Img 2.5mg Smg 10mg 25mg 50mg 100mg 200mg
AUC(0-24) N 6 6 6 6 6 6 6 6
- (g*h/ml) [Mean(SD) | 172(306) | 56.8(2L.1) | 94.6(18.8) | 159(619) | 654(97.6) | 1110(321) | 1930(588) | 4080(1040)
Crex(ng/mi) N 6 6 6 6 6 6 6 6
Mean(SD) | 529(1.25) | 15.9(5.73) | 22.7(439) | 36.0(18.7) | 108(220) | 168(@8.7) | 264(128) | 431(5L1)
AUC(0-1) N 6 6 6 6 6 6 6 6
(ng*h/mL) | Mean(SD) | 19.1(6.18) | 80.2(32.2) | 128(265) | 284(80.7) | 1450(455) | 2080(775) | 4490(1300) | 9840(3510)
AUC(0-inf) N 5 4 5 6 6 6 6 6
(ng*h/mL) | Mean(SD) | 19.8(401) | 79.7(42.0) | 149(343) .| 311(90.1) | 1540(518) | 2150(834) | 4740(1420) | 10500(3690)
() N 6 6 6 6 6 6 6 6
Median 1.00 101 1.55 1.00 201 253 3.00 3.00
W2 N 6 6 6 6 6 6 6 6
Median 12.70 30.10 31.35 56.15 65.50 51.85 59.75 6520
s (ag/ml) N ' 6 6 6 6 6 6 6 6
Mean(SD) | 0.384(0.0726) | 1.54(0.711) | 2.68(0.942) | 4.60(139) | 21.9(4.19) | 39.3(146) | 86.0(475) | 199(119)

Pharmacodynamic:

[0183] Part A Subjects were administered the KSS, 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-on.
Waketime Questionnaires were administered on the momings 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 KSS and DSST were also administered 5 minutes predose and 25 minutes postdose on

Day 1 (just pridr to lights-out).

[0186] In addition, PSG was performed during the Screening Period at Days -7 and -6 (+2 days), and
postdose on Day 1. An 8-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 (=2 days). PSG variables from this night were used to screen for sleep apnea and PLMS. On Day
-6 (£2) and postdose on Day]1, 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 were

v
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used as baseline PSG values. The key PD parameters such as PSG LPS, TST, SE, and WASO have been
obtained from 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 -2to Day -1) during which each subject’ s study eligibility was determined
and baseliné assessments were conducted on Day—2. 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 of plasma 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
after Day 14 dose; Days 16 to 19: 36, 60, 84, and 108 hours after Day 14 dose; Day 21, 24, 26, 28: As
close as possiblé to 156, 228, 276, and 324 hours after 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 cbmpound 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 fecordings 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 KSS, 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 timepoints, 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). Waketime 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 Day1 and Day14 were summarized in Table 2 and Table 3 respectively.

[0200] Table 2 PK parameters on Day1

2.5mg Smg 10mg 25mg 50mg 75mg

AUC(0-24) N 6 6 6 6 5 6
(ng*/mL) | Mean(SD) | 59.4(17.5) 108(34.9) | 187(47.9) | 549(104) | 931(253) | 1260(301)

Cmax N 6 6 6 6 5 6
(ng/mL) Mean(SD) 10.1(4.26) 19.4(7.91) | 30.4(13.1) | 92.0(24.0) 199(81.2) 223(103)
N 6 6 6 6 5 6
tmax (h)
Median 2.015 1.250 3.250 1.500 2.000 3.000
N 6 6 6 6 5 6
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
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)

C10 (ng/mL)
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[0201] Table 3 PK parameters on Day14

2.5mg Smg 10mg » 25mg 50mg 75mg
AUC(0-24) N 6 6 6 5 5 5
(ng*h/mL) Mean(SD) 120(38.0) 186(87.5) 357(193) 1100(387) | 2300(758) | 3790(857)
Cmax N 6 6 6 5 5 5
(ng/mL) Mean(SD) 15.4(4.73) 24.0(10.7) | 46.9(14.5) 107(38.9) 220(33.5) 420(140)
) N 6 6 6 5 5 5
tmax (h)
Median 2.000 1.000 1.750 3.000 2.020 2.000
N 6 6 6 5 5 5
t1/2 (h) - -
Mean(SD) 43.8(13.1) 45.6(16.6) | 55.0(23.8) | 50.6(10.7) | 55.5(21.3) | 56.2(20.1)

[0202] Based on graphical assessment of dose-normalized data, Cmax increased slightly less than in
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 from 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 of next 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 KSS 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 after waketime, but was observed on the KSS and to some extent on
PVT Lapses and PVT Mean RRT. The differences from placebo were most consistent and larger on Day
2 and Day 15, compared with all other treatment days. In the 50-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 after 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 léssening sleepiness across treatment

days was generally observed, despite accumulation of compound A in plasma.

[0204] None of the 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 espeéially on Day 15, relative to other days.

Pharmacokinetic-Pharmacodynamics

[0205] For the PK-PD exploratory analysis of next-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 KSS, PVT Lapses, and DSST at 15 minutes, 1 hour, and 2
hours after waketime on the morning of Day 2, respectively. At all timepoints, both KSS and the PVT
Lapses were observed to increase more from 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 KSS, PVT Lapses, or DSST.

Example 3
Crossover Study of Ralative Bioavailability of Tablet 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 fonnuiation relative to
single oral doses of compound A in capsule fofmulation 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 1:1 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 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.

[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 under the plasma concentration-time curve from 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(0-t)), area under the plasma concentration-time curve from time zero
extrapolated to time infinity (AUC(0-inf)), maximum observed plasma drug concentration (Cmax),
terminal elimination half-life (t1/2), absorption lag time (tlag), and time to reach the maximum (peak)
plasma concentration after drug administration (tmax). The primary PK parameters were AUC(0-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 tlag 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
(In)-transformed PK parameters for compound A (AUC(0-inf), Cmax, AUC(0-8), AUC(0-72), and
AUC(0-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)
2.5mg 10mg 25mg
Tablet Capsule Tablet Capsule Tablet Capsule
N 12 12 12 12 15 » 13
AUC(0-8) (ng*l/mL)
47.1(163) | 45.5(14.8) | 178(62.2) | 164(44.3) | 386(67.0) | 358(88.7)
Mean(SD)
AUC(0-72) (ng*h/mL)
84.3(30.8) | 85.1(27.4) | 341(135) | 372(114) | 795(199) | 803(234)
Mean(SD)
AUC(0-1) (ng*h/mL)
93.2(40.0) 94.9(34.6) 455(214) 511(222) 1070(350) 1080(368)
Mean(SD)
AUC(0-inf) (ng*h/mL)
101(42.9) 103(39.3) 472(222) 531(234) 1100(366) | 1110(379)
Mean(SD) .
Cmax (ng/mL)
18.0(7.50) 15.9(5.93) 58.1(24.0) 49.0(16.5) 120(26.7) 105(33.0)
Mean(SD)
tmax (h) (median) 1.00 1.00 1.00 1.50 1.00 1.50
t1/2 (h)
35.1(14.6) 36.8(17.2) 59.5(19.0) 57.0(22.0) 57.6(18.7) 57.4(20.5)
Mean(SD)
C8 (ng/mL)
1.75(0.610) 1.84(0.618) 7.44(3.23) 8.90(2.70) 17.6(6.11) 19.9(7.62)
Mean(SD)

[0213] Differences between formulations (Treatment A [tablet] compared to Treatment B [capsule]) in .
AUC(0-8), AUC(0-72), AUC(O-t), and AUC(0-inf) across all dose levels were each less than 13%.
Differences between the tablet énd 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 formulatiéns 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 function incorporating change from baseline

on sleep efficiency (SE) and change from baseline on the Karolinska Sleepiness Scale (KSS) at 1 hour

after morning waketime after dosing on Day 2 and Day 3. .

2. Compare the effect of 6 doses of compound A with placebo on the KSS at 1 hour after 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 treatrﬁent:

Overall: Compare each dose level of compound A with placebo on charige from mean SE at baseline to
mean SE after dosing on Day 1 and Day 2

Sleep induction: Compare each dose level of corhpound A with placebo on change from mean latency to
persistent sleep (LPS) at baseline to mean LPS after dosing on Day 1 and Day 2

Sleep maintenance: Compare each dose level of compound A with placebo on change from mean
wakefulness after sieep onset (WASOQ) at baseline to mean WASO after 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 after 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 after 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 éubjects 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 Sieep 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 after
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 Baséline 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 returned 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 ciinic, to start at the median habitual bedtime calculated from responses on thé 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] After 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 tileir sleepiness using the KSS, a 9-point verbally anchored scale. Categories and scores
range from “extremely alert” (score = 1), “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 of randomized
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 sleepinéss using the KSS. A mean difference of
change from baseline in KSS at 1 hour after 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 Dayl5 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 (eg. 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 ﬁom‘
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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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. Compound A .
Flacebo 1 mg l 2.5 mgI 5 mg r 10 mg l 15 mg f 25 mg
Baseline
N 56 . 32 27 38 32 56 50
Mean 66.5 61.7 613 63.1 65.1 65.1 66.6
SD . 9.25 12.30 14.7 12.48 11.75 12.19 10.94
(A) Change from Baseline of Mean of Days 1 & 2
N 56 32 27 - 38 32 56 50
Mean 12.6 21.1 213 21.2 21.9 23.8 227
SD 12.18 11.21 14.1 13.20 11.92 12.22 10.98
LS Means Diff 4.57 4.44 5.74 8.09 10.06 10.13
95% CI 1.15,7.94 0.86, 2.54, 4.73, 7.20, 7.18,
8.01 8.93 1145 12.93 13.08
p-value 0.0083 0.0151 0.0005 <0.0001 1 <0.0001 Jgj()AO(Bli
(B) Change from Baseline of Mean of Days 14 & 15
N 52 31 27 37 31 54 46
Mean 12.3 17.5 20.7 21.0 21.7 21.2 214
SD 10.53 13.62 14.66 15.43 ©13.37 12.92 9.96
LS Means Diff 0.34 3.94 5.76 7.78 7.89 8.87
95% CI -3.22, 0.22, 2.40, 4.24, 4.86, 5.72,
3.90 7.66 9.12 11.32 10.92 12.02
p-value 0.8505 0.038 0.0008 <0.0001 <0.0001 1<0.0001
(B)-(A) (Potential Habituation Effect)
N 52 31 27 37 31 | 54 46
Mean -0.1 -4.0 -0.5 0.1 -0.7 -2.3 -2.1
SD 7.19 8.19 10.51 6.89 6.88 6.60 5.39
LS Means Diff -3.3 03 1.0 0.3 -1.3 -1.1
95% CI -6.5,00 | -3.1,3.7 | 2.1,40 | -3.0,3.5 -4.1,14 -4.0, 1.8
p-value 0.0506 0.8790 0.5441 0.8651 0.3438 0.4493

[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
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mean of Days 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 waketime

Placebo Compound A

1 mg T 2.5mg l Smg T 10 mg 7 15 mg 25 mg
Baseline )
N ‘ 55 32 27 38 32 56 . 50
Mean 4.0 4.0 4.0 4.3 3.8 4.1 3.7
SD 2.01 1.82 1.59 1.61 1.77 1.91 1.76
Median 4.0 4.0 4.0 4.0 3.5 4.0 3.0
Min, Max 1.0, 9.0 1.0, 8.0 1.0, 8.0 2.0,80 1.0, 8.0 1.0, 8.0 1.0, 8.0
(A) Change from Baseline of Mean of Days 2 & 3
N 55 32 27 38 32 56 50
Mean -0.2 -0.2 -0.3 -0.1 0.0 0.1 04
SD 1.27 0.97 1.00 1.54 1.51 1.59 1.36
LS Means Diff 0.02 -0.06 0.20 0.16 0.32 0.47
95% CI -0.49, -0.61, -0.29, -0.36, -0.11, 0.02,

0.54 0.48 0.68 0.67 0.76 0.93
p-value 0.9290 0.8177 0.4304 0.5485 0.1471 0.0393
(B) Change from Baseline of Mean of Days 15 & 16
N 51 31 27 37 31 54 46
Mean -0.2 0.3 -0.1 0.1 -0.1 0.1 0.6
SD 1.43 1.22 1.12 1.39 1.57 1.72 1.51
LS Means Diff 0.51 0.13 0.43 0.01 0.38 0.68
95% CI -0.03, -0.44, -0.09, -0.54, -0.08, 0.19,

1.06 0.70 0.94 0.55 085 - 1.17
p-value 0.0651 0.6490 0.1059 0.9818 0.1071 0.0063
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[0238] The summary statistics for change from 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 pre-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 of Mean 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 further 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 from baseline of the 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 analyzed using 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)

Placebo Compound A ,
| 1mg 2.5mg Smg 10 mg 1 15mg I 25mg ¢
Baseline
N 56 32 27 38 32 56 50
Mean 58.8 69.9 73.0 70.4 67.9 72.5 64.3
SD 30.58 39.09 50.94 42.66 52.43 36.12 4591
Median 55.8 68.60 68.5 61.4 523 68.9 52.1
Min, Max 7.3, 17.0, 33, 5.8, 113, 5.5, 2.8,
150.3 160.8 187.8 164.3 218.0 188.3 217.3
(A) Change from Baseline of Mean of Days 1 & 2
N 56 32 27 38 32 56 50
Mean =229 -42.9 -52.7 -47.7 -46.8 -51.6 -50.2
SD 44.46 41.86 50.15 39.3¢ 46.11 36.73 43.14
Median 299 -42.0 -47.8 -37.4 -26.5 -49.1 -42.6
Min, Max -126.3, -136.0, -173.3, -140.5, -200.5, -176.0, -199.0,
174.8 71.0 18.3 13.3 3.0 26.8 18.8
Geometric Mean Ratio ‘ .
0.77 0.55 0.60 0.54 0.52 0.39
(compound A/placebo)
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
p-value 0.1407 0.0018 0.0025 0.0006 <0.0001 <0.0001
(B) Change from Baseline of Mean of Days 14 & 15 ‘
N 52 31 27 37 31 54 46
| Mean -22.4 -41.2 -54.2 -51.7 -56.1 -51.6 -50.8
SD 29.04 34.62 44.92 41.99 45.55 36.73 40.16
Median -23.9 -34.3 -48.5 -47.3 - =395 -49.1 -41.6
Min, Max -79.0, -107.0, -165.0, -130.8, -178.5, -176.0, -200.0,
75.3 27.8 -1.0 28.5 23 .l 268 | 13
Geometric Mean Ratio
0.73 049 047 0.32 0.41 0.34
(compound A /placebo)
95% CI 049, 1.08 033,0.75 032,069 | 021,047 | 029,0.57 | 0.24,048
p-value 0.1158 0.001 0.0001 <0.0001 <0.0001 <0.0001
(B)-(A) (Potential Habituation Effect)
N 52 31 27 37 31 54 46
Mean 0.57 2.7 -1.5 -4.6 -79 -1.1 14
SD 40.85 24.33 22.12 22.34 17.41 24.57 12.05
Median 3.6 4.0 -0.8 -3.8 -5.5 -3.60 -0.5
Min, Max -234.0, -433, -41.3, -90.0, -75.8, -49.5, -32.0,
66.8 68.0 62.5 38.8 22.0 74.8 355
Geometric Mean Ratio
0.93 0.90 0.77 0.60 0.76 0.89
(compound A/placebo)
95% CI 0.60, 1.44 0.57,1.41 051,1.17 | 0.39,0.93 | 0.52,1.10 | 0.60,1.31
|_p-value 0.7491 0.6354 0.2245 0.0216 0.1450 0.5493
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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 of the 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% CI” 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)

Placebo Compound A

1 mg 2.5mg L Smg [ 10 mg L 15 mg T 25 mg
Baseline
N 56 32 27 38 32 56 50
Mean 108.9 121.2 119.8 113.7 103.5 103.3 103.0
SD 37.52 49.59 51.18 47.96 3435 42.90 42.55
(A) Change from Baseline of Mean of Days 1 & 2
N 56 32 27 38 32 56 50
Mean -40.8 -60.9 -51.1 -55.6 -56.7 -66.1 -62.3
SD 46.18 36.69 46.37 52.28 3545 44.25 41.18
LS Means Diff -11.1 2.3 -11.3 -19.8 -29.3 -25.8
95% CI -24.5, -16.5, -23.9, -33.2,

23 119 4 64 -40.8,-17.9 | -37.6,-14.1
p-value 0.1050 0.7501 0.0818 0.0038 <0.0001 <0.0001

iB) Change from Baseline of Mean of Days 14 & 15

N 52 31 27 37 31 | sa 46
Mean -38.2 -43.6 -48.9 -52.2 -48.5 -534 -53.9
SD 45.35 54.27 55.86 59.22 40.17 46.97 42.51
LS Means Diff 5.7 -2.3 -10.7 -14.7 -20.8 -21.5
95%CI . -9.6, -18.3, -25.1, -30.0,0.5 | -33.9,-7.7 -35.1,-7.9

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 52 2.7
95% CI -03, | -17.0, -15.7, -10.6, -6.4, 16.7 -9.3,14.7

26.7 112 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 from 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 of higher 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 RTT) 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 after waking had slightly greater increases on the KSS and a higher incidence of AEs
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 Stength
Img r 2.5mg l Smg l 10mg [ 25mg
Core tablet
(Internal phase)
compound A 1.0 2.5 5.0 10.0 25.0
Lactose monohydrate 97.88 96.38 93.88 88.88 222.2
Low-substituted hydroxypropyl cellulose 10.8 10.8 10.8 10.8 27.0
Hydroxypropyl cellulose 3.6 3.6 3.6 3.6 9.0
(External phase) ’
Low-substituted hydroxypropyl cellulose 6.0 6.0 6.0 6.0 15.0
Magnesium stearate 0.72 0.72 0.72 0.72 1.8
Film-coated tablet
Opadry RED 9.0 9.0 9.0 9.0 15.0
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 pm)

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 Table10. 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

IT 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 IT

Apparatus

Apparatus 2 (paddle apparatus) in accordance with JP 6.10, USP <711>, and
Ph. Eur. 2.9.3

Paddle rotation speed

75 rpm 50 rpm

Dissolution medium

0.1 mol/L hydrochloric acid
containing 0.5% polysorbate 80

0.1 mol/L hydrochloric acid

Medium volume 900 mL
Medium temperature - 37°C
Sinker Compound A capsules: helical wire sinkers

Compound A tablets: N/A

Sampling time

Compound A capsules:5, 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

Condition I [ Condition II

Detection Wavelength

283 nm

Column

4.6-mm x 7.5-cm column that contains
3-pm packing L1 (USP)

4.6-mm x 7.5-cm column that
contains 3.5-um packing L1 (USP)

Column temperature

A constant temperature of about 40 °C

A: Water/70% perchloric acid

(1000:1, v/v) ‘Water/acetonitrile/70% perchloric acid

Mobile phase E:Oggit?gi:/r)ileﬂo% perchloric acid (550:450:1, v/viv)
Isocratic flow: A=60% B=40% ) ]
Flow rate 1.0 mL/min 1.2 mL/min
Injection volume 10 pL 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 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
Compound A 50 mg capsules 0.0 1.4 10.6 69.2 94.3 96.9

[0252] Table 12 Dissolution Rates of Compound A 1 mg, 2.5 mg, 5 mg, 10 mg, and 25 mg Tablets

Obtained in Condition I1
Dissolution rate (%)
Samples
S min 10 min 15 min 30 min 45 min 60 min
Compound A 1 mg tablets 77.0 99.7 100.5 100.6 100.4
Compound A 2.5 mg tablets 66.1 100.2 101.7 1019 102.0
Compound A 5 mg tablets 58.0 96.1 99.7 100.3 100.2
Compound A 10 mg tablets 52.2 96.2 100.6 100.9 100.9
Compound A 25 mg tablets 51.7 89.0 97.5 100.4 100.5

[0253] Table 13 Dissolution Rates of Compound A Capsules and Tablets Obtained in Condition I

Dissolution rate (%)

Samples
5 min 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
Compound A 2.5 mg capsules 0.0 54.6 88.5 98.4 98.8 98.5
Compound A 10 mg capsules 0.0 41.4 80.7 96.2 96.6 96.5
Compound A 25 mg capsules 0.1 50.7 87.7 99.0 99.2 99.3
Compound A 50 mg capsules 0.0 14 10.6 69.2 94.3 96.9

Compound A 1 mg tablets 87.7 977 99.7 99.9
Compound A 25 mg tablets 83.3 100.0 102.0 - *TOZ?/ - -
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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(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(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(0-24) within the range of about 80% to about 125%
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of 57 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(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 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.

12. The method of claim 1, wherein said therapeutically effective amount is single daily dose to achieve a

mean AUC(0-t) of from about 19.1 ng*hr/ml 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(0-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(0-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(0-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(0-t) within the range of about 80% to about 125%

of 284 ng*hr/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/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(0-inf) within the range of about 80% to about 125%
0f 20 ng*hr/ml.
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19. The method of claim 1, wherein said thérapeutically 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. '

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/ml.

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%
of 311 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 after 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. 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%
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 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(0-24) 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(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/ml.

34. The dosage form of claim 23, wherein said therapeutically effective amount is single daily dose to
achieve a mean AUC(0-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(0-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(0-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,
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and wherein said single daily dose achieves a mean AUC(0-t) within the range of about 80% to about
125% of 128 ng*hr/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(0-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(0-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(0-inf) within the range of about 80% to about

125% of 20 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% of 311 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 mlL, 37 =
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 <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 mol/L. hydrochloric acid, 900 mL, 37 + 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 <711> Dissolution of

USP37.

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 from 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,28)-2-(((2,4-dimethylpyrimidin-5-yl)oxy)methyl)-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(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(0-24) within the range of about 80% to about 125%
of 57 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(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 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.

12. The method of claim 1, wherein said therapeutically effective amount is single daily dose to achieve a

mean AUC(0-t) of from about 19.1 ng*hr/ml 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(0-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(0-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(0-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(0-t) within the range of about 80% to about 125%
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of 284 ng*hr/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/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(0-inf) within the range of about 80% to about 125%
of 20 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(0-inf) 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/ml.

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%
of 311 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. (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 ng/ml
for each 1 mg of compound A after administration to human subjects, and said compound A is
(1R,28)-2-(((2,4-dimethylpyrimidin-5-yl)oxy)methyl)-2-(3-fluorophenyl)-N-(5-fluoropyridin-2-y1)

cyclopropanecarboxamide represented by a following formula:

63

AMENDED SHEET (ARTICLE 19)

Page 179 of 383



WO 2016/063995 PCT/JP2015/080304

F.
/V

|

s,

N

Sen

#

\

i
O
“Q«"f
-

H
NN
SRS
F:.

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. 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 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(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/ml.

34. The dosage form of claim 23, wherein said therapeutically effective amount is single daily dose to
achieve a mean AUC(0-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(0-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(0-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(0-t) within the range of about 80% to about

125% of 128 ng*hr/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(0-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(0-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(0-inf) within the range of about 80% to about
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125% of 20 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% of 311 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 =+
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 <711> 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 + 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 <711> Dissolution of

USP37.

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.
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49. The dosage form of claim 23, wherein said dosage form comprises lactose and low-substituted

hydroxypropy! cellulose as pharmaceutically acceptable excipient.
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Statement under Article 19(1)

The description *, and said compound A is
(1R,25)-2-(((2.4-dimethylpyrimidin-5-yl)oxy)methyl)-2-(3-fluorophenyl)-N-(5-fluoropyridin-2-yl)

cyclopropanecarboxamide 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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process and/aor examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

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

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 s.

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.5.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may he 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
hisfher 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 he 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/AIA/424 (04-14)

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

First Named . Nonprovisional Application :
Inventor: Minhua Chen Number (if known): Not Yet Assigned
Title of 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. | understand that any
required excess claims fees or application size fee must be paid for the application.

2. lunderstand 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:

l Original Application (Track One) - Prioritized Examination under § 1.102(e}(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, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is
filed with the application.

Il I:I Request for Continued Examination - Prioritized Examination under § 1.102(e)(2)

i. A request for continued examination has been filed with, or prior to, this form.

ii. If the application is a utility application, this certification and request is being filed via EFS-Web.

iii. The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a), or is
a national stage entry under 35 U.S.C. 371.

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

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

) /Xiaoyuan Ding/ January 30, 2020
Signature Date
Name : : Practitioner
(Print/Typed) Xlaoyuan Dmg Registration 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.

| hereby certify that 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: /Xiaoyuan Ding/
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(57) Abstract: A crystal form of a compound Lemborexant, a preparation method therefor, a pharmaceutical composition comprising
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10-30°C:R B3 H .

ARGE R R, AEARAGITEAESHDAE L BN (AR, FEAR, & RbH
Ko Rk, 14 RAGLEY (D H BB KB X

VATF 23610 o B4k Bl 2149 E-2006 ZARYEILA HARF &5 2], #lh-4Rk4E CN103153963B
20 PATFAYHEIE T R E

BAAKHET X

gkt 1: ERXEHERA CS2

I 199.6 mg 69L& ()R Ft, BT 3.0mL 49/ EAF, TEBEAETRTEGIEL
FE R, 24, PFEAERSE CS2, X HEHAFHMELR 1, &1 5.

15
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A FE B P43 s AL CS2 &9 DSC do it B 2 A7, e £ 177°C I 746 ) 3L — /N oA ok
R BOE K CS2 M IR A Mk,

A FBIPTAT A CS2 89 TGA 2 Mt 3 P, e £ 170°CH i B A 25 0.6% 49 i &
Ko

5 ARG 36 A5] P45 dh AL CS2 69 4% 4 43R R il 4o B 4 P77, 40 4E % : "H NMR (400 MHz, DMSO)

& 11.22 (s, 1H), 8.33 (d, ] = 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, ] = 21.5 Hz, 3H), 2.03 (s,
3H), 1.74-1.67 (m, 1H), 1.50 (dd, J = 8.0, 4.8 Hz, 1H).

10 %1

FraF A 20 d {8 R %
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
2227 3.99 11.54
23.03 3.86 5.32
23.23 3.83 6.23
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

8
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| 3399 | 2.64 1.25 |

EHi 2: RBEMNFAEBERT CS2

I 1026.0 mg 9484 /RF, BT 10.0mL 69 FEEF . SR B HHF, Blotin
#4100 mL 89 RUERI K, M AL 4 DA KRZNRM B, &, HFT40°CEHTER
T2 18 D EHFE B4R, SN, FFEAAN LR CS2, H X A&k KT HELSLE S,

5 &2 BT

AR FA) P AF s AL CS2 49 DSC 40 B 6 g, m#h £ 176 C I UL B Frdé h HL— /N oR ok
B HOE Fy A CS2 69 RRAL R g

A FHABIPTIFaEA CS2 49 TGA w8 7 Frfs, I E 170°CHA LA 29 0.5%% K .

K G2 AT AT 4L A CS2 49 "THNMR B 4o 8 B, ## % : '"H NMR (400 MHz, DMSO)

10 & 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), 7.49-7.34 (m, 3H), 7.16-7.05 (m, 1H), 4.68 (d, ] = 10.2 Hz, 1H), 4.29 (d, ] =
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).
&2

FTaT A 20 d {4 3% JE %
7.84 11.27 100.00
9.59 9.22 6.98
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 4.53 20.52
21.36 4.16 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

9
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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 2.85 442
29.37 3.04 7.28
31.15 2.87 3.40

K#HWP 3-5: BFREFFERLELHEZD CS2

ARILL 31.5 mg 69 A4 (D) EF, MmN 1.0 mL 6 THEFIEMITE, AV Eok 3
TR & TFIRAR, T EIR TR B AT B BAR, 2380 3~5 PTiF B D AIARIL A B & 3~5,
A, A S 3~5 3R A CS2.

5 %3
K15 & T ik Ak B S ARIT
3 1-C A& -3-9F JoR ek B EL F 85 3 B3
4 1-T 38 -3-F H kol o RARER 3 S 4
5 1,3-= % Ak oked R ER = F 5 3 e 5

L 6: BB CS2 9B T M
AR BB e 5 A CS2, FLE 25°C/60% 8318 & . 40°C/715%A83TR & . 60°C/75%48
SR A TH A E, £ B HPLC 4+ XRPD M E SR 534 E e T, %4k 4 FF

T~ o
10 £ 4
) . ‘ ) . HEE
AIEah A | ARMEE | HEEH 7% & Bt ) W E G A )
e
A CS2 25°C /60% N 7 CS2
o 10 A F 99.63%
mormy| 2% | gastima (B9 F’)
an & CS2
(10 b 40°C /75% g A CS2
10 ) 10 4 99.67%
99.67% | yastig g (' 10 TE) ’
)
g A& CS2 99.67% 60°C /75% 2 J A CS2 99.70%
10
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(B| 11k FEpS g (v 11 F
) i3]

LR AV, A CS2 & 25C/60%AastiR F A= 40°C/75% 483 BE K/ T EV TA4E 10
AR, B 60°C/IT5%4a73 R EFAATHEE Y T42% 2 B, B EMN G bR CS2 a9 b F
EAFKFAE., T, 48 CS2 BF RIF4pE. LFfHe i,

Fh 7: BB CS2 &G BREH

a2 CS2 ETHET, FaHES 4F, FHEAEL XRPD B A 12 i (LHE
HHERT, TEAFEE)  4REAW, TEMNGHAE CS2 A A LT, £A RIFaHHE
(& A
FHht]8: BB CS2495|B M

FRIA KW A CS2 4 10 mg K A A KSR DVS) MR EF B, £ 0-95%-0
AxtiB A TRF K, WRENBATORELN, DVS BwE 13 iR, FRERWES
Friko MiX DVS #7/5 db A2 69 XRPD B, £ X4 B 14 frx (LE% DVS &7, TEXA DVS
) o EREW, A CS2 6951IRMEAK, £ 80%Aa IR E T EH 0.21%, & THA 3]
B, HDVS ATEamBRAERT, £ 0%-95%A03T B A FHTE A LA RAFai43248
o

%5
Fartig & _ )
) 80% A8 %t (8. B 44 34 & 3ligiE
WEF(%)
47 CS2 0.21% wE A BB

XT3lBHRFIERE 3B M TN E (FEZBE 2015 FE0 9103 HipiliB i
RBAEF RN, FBHEH: 25°C1°C, 80%ARM B &) :

IR B & K5 R igAK

MAZRME: 3B ELIDT 15.0%

FBIRM: 3EEE T 15.0%E 00 F 2.0%

SAH B 3B ENT 20%2FK 0T 0.2%

FBILF BB 31B¥E T 02%
£ 9: BE CS2 AR BB AL

FIF T LA, 8 TR R R L8 R R AR BOP AR BUR GG s, B R ZE L ().
RHGEREH—F2OhRERENTHEMNERWREKR; KRR EFEHALTRE

11
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R, MEBRLGERE; T HRER po BRFZEE pry ARIEA X c=(pr—po)/pe it H JE 47 o
JE 4 & S AR TR A 3 (Compressibility index) % ¥ & & # (Carr Index), 2 iFHik ot
69 F B AEATR
IR R AKX T E AT AR ah R CS2 A LR AR IR E B po AR FE
5 Fopet ksl b, Bt A X c=(pr—po) prfl100% it HAF S TR R Mo TR A RIS

H O ZAREFE LK 6.

£6
RN F K (%) A
=10 AT
11-15 &
16-20 — &
21-25 TR
26-31 E
32-37 RE
>38 ZE

= B I 4 A CN103153963B ¥ 64 H) & 7 ik 45 5| 2 15 Bl ik, shA CS2 Aoix L2 4
AR AR AR ILKR 7, RXABE CS2 8RR T ILA L2 B4R,

10 %7
a7 BEE (po, g/mL) | EEE (pr, ¢/mL) | TEREIEH (%) | FAshHE
T 2 B 0.196 0.274 28 %
A CS2 0.263 0.351 25 THR

45 10: A CS2 A5FE MM
¥ 30mg A CS2 BT HAZAHA 8Smm BRA-T-F ¥, KA I0KN 692 A #47E A/ &, &
B JG12 B AFX 0k, MRETKAMOH RS, RAZHT XESEERFALE, 0EF kBt

FHRAAME, AR EAPHORSAREFHRBE, KRERR 8 T

15 % 8
wh 7 & & R & (mg) FHRIHB(mg) | RiHe AR B (mg)
43 CS2 0.74 0.22 0.44

L35 11: HE CS2 8T EM

12
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¥ 80 mg dh A CS2 H e BT HAN 6mm B A -ForF, A& 10 kN /& 7 F &8 87 K
Fl, HETTHREF 24 h, FLEHELRSKAR TR ALK L Z G (5
B, H)o XRAFIRFRME AR A AZ (D) 584 (L), #AANKX T=2H/DL 5 &~
FIALE TR ARegduikaR g, A — R AT, HIKREARKE, AFHETEEAALT. MK

5 HRWTE 9T

%9
) J% & (mm) # 42 (mm) & (N) F 3% (MPa)
CS2 2.40 6.06 8.4 0.37

FH 12: B C2ARARRERGENZRY
F 5 I £ A CN103153963B ¥ 69 %) & 7 ik 43 ) 2 B4R, 5 A1 Xk & 90 85 2 CS2
Fo R ZFGEARGBEFRE . MRLRERA, ARAAMA CS2 RENKE, wAEHBEK
10 PEERAEFEEGE A 46596.16 ppm, T8 CEGH9EF K G H 1260.01 ppm. 3 B IR
B4 (ICH) X THRGENGIZF RN, EREACRCEEHET HZRLER, BHKE
F A FAZHE 5000 ppme T LT A B AR P E R IEF] 69 %G BinA i ICH MR 69IRE, T
L AN AR,

F#H 13: AT CS2 BRI H
15 1. edddh HaH &
W ah A CS2 5 & 10 A6y A de ki AHiRA 29 50, A& R 20mm 69 F ¥ F 30 E 7/ BLUE S,
JE 7175 520.5 KN, B H A Z 4 500 mgo ¥ L& P Flagss, i£20 B, F5% 10 predsh
haikRAA S, AAAN Tmm A FHEHRAIER, EHH 5405 KN, AHAEH

120.0 mg -
20 £ 10

A REMES/R) REW(%)

E-2006 (4% CS2) 10.00 8.3

— K 5L 88.88 74.1

AFRASALE 3.60 3.0

P e 4

WIRREZRL S EE 10.80 9.0

ARG B4R 0.36 0.3

it 113.64 94.7

Shmtt At IR A LR 6.00 5.0

13
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FE IR ER 42 0.36 0.3
£t 120.00 100.0

2. 4% CS2 AR P egAeE
LR &69 1 A 35cc HDPE #ELFE (Ef—F ) , HMAH 1g FEH, Ao
T, 75 25°C/60% 4838 B Ao 40°C/75% AR5 B A A M THRE 1 AR, 2460, A4 H% CS2
A FIF, MAXRETL, BAMEIETHE CS2 a9 L b XA ARFIRE., £
5 HTE11AE 12877, BLBMAA CS2 AFIHF AASFe4E., RFEHALARIE,

& 11 b B CS2 £ HI 7] P 64 4h 22 AE R 4

#f ot W E EA A E B ia) HEIG API 3

25°C/60% 48 5§ i & 144 an 2 CS2

A CS2 69 4 ] ,
40°C/75% A8 %% 8 & 14A A CS2

% 12 dh A CS2 AHIF a9 A8 =

HE A2dE & *E G A2 45 K E G ¥ p
& B ] P b N B B T+ T
(%) (%) (%) (%) (%) (%)
25°C/60%48 N
g R 174 0.08 0.09 0.17 0.21 0.01 0.04
40 C/?S%#EJ 14A 0.08 0.08 0.17 0.20 0 0.03
iR A

£ 14: BB CS2 89k B A 5k Ehe

St 92 5645] 12 FRAF 694 CS2 69 K FlMiKARSL e th 5 00, 78 th B 69 ) =2 4 Bé P B 25 8L 2015
10 Fra 0931 % B 5B ENE H, 4T

EHAR: 0.1lmol/L &9 B8 KRk

oy Bk

A FAREL: 900 mL

3k : 50 rpm
15 A-BEE: 37 °C
A CS2 BYRINE R HE T A 13, B 15 FrT.
* 13
ARREd R (%) an A CS2
B+ 1E] (min)
0 0.0

14

Page 214 of 383



WO 2019/024845 PCT/CN2018/097797

5 55.2
10 73.1
15 81.0
20 86.2
30 92.1
45 96.9
60 100.5

R AW, KRB CS2 F &% FA S, £ 0.1mol/L 49 & BR KB IRAR P 694K i
b Rae, RinhREs, AATHAEKRNELD RGO LS A KL,
LR FHEB R A VAR RAGEARMERSF &, L BOAETIERE L FTRRGALRE
G TRRAKIPE A FFEIAEH, FHIREEAIRE R KRRy SEE . FUARIE K K B4
5 SHRAENFRAERREM, AL HELERLXFGRFIERZA,

15
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W R ' kK B

1. —#F E-2006 #au7 CS2, HAFLEAT, H X H&H RATHEAE 20 AR 7.8°20.2°,
15.6°40.2°, 11.4°+0.2°4 LA 4124
2. ARIEAANZ K 1 AR a9 ah B CS2, HAFAE/2 T, 2 X4 &b RAT 4T B 2 20 A4 12.5°40.2°,
21.3°40.2°, 27.3°+0.2°F 45 1 &k 2 & & 3 & LA ek,
5 30 ARIEARRR 1 ARG LA CS2, HAFAEA T, 3 X &b RATAH B £ 2015 %4 24.0°40.2°,
19.4°40.2°, 22.3°+02°F 49 1 &K 2 & & 3 & LA Hiekk,
4. —FPAA]Z K 1 Bk 69 E-2006 a5 & CS2 69%] & 7 &, HAFIEE TR 7 a.46:
(1) F& ()R EMBAEER P, BRSEHDIEIR, &1 R BT %R H 7 E)
TR, WHATHRAE]; K
10 (2) B4 RAEBAERKLER P, BIZELIFE; R
3) Fs(D)RAERMARF RBER T, MANBTREAES, BHBELRFD.
5. ARBAA B K 4 PTaR AR & Tk, Frik(1) P PTaREIE R ABE RIER], Prak RIER A K;
5 ()P TR ER RIER A REA; T EQ) PR RBER A TR, PTESFTIRARA 1-TA-3-
T A KL AR FEG . R 1-C A 3-F AR N RABER . R 13- F ARk s B — PER
15 6. ARBRAIER S PR F & T E, FEA)FTEEE REF A FEE,
7. — A A m b, T B AEME A FET ZORAEK 1 PR AR CS2 A H
2 BT AR G AR AR T SRS .
8. MAI &K 1 F AT A LA CS2 A& RLE THRIBRN G P AL,
9. AXAN &R 1 F ARG A CS2 A H] &89 K IKIE Ao/ KA HL N 08 K- 5B 7 B 45 2540

20 &9 k.

16
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PRELIMINARY AMENDMENT

Dear Sir:

Prior to examination on the merits, please amend the above-identified U.S. 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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Application No.: Continuation of PCT/CN2018/097797 Docket No.: 134070-01602

AMENDMENTS 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.: 201710648135.2, 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°+0.2°, 15.6°+0.2° and 11.4°+0.2° using

CuKq radiation.
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Application No.: Continuation of PCT/CN2018/097797 Docket No.: 134070-01602
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 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 7.8°4+0.2°, 15.6°4+0.2°, 11.4°+0.2°, 12.5°40.2°,
21.3°+0.2°, 27.3°+0.2°, 24.0°+0.2°, 19.1°+0.2°, 19.4°+0.2°, 22.3°+(0.2°, 25.9°+0.2° using CuKa

radiation.
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AMENDMENTS 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°+0.2°, 15.6°+0.2° and

11.4°40.2° using CuKa 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

12.5°40.2°, 21.3°+0.2° and 27.3°+0.2° using CuKq 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°+£0.2°, 19.4°+0.2° and 22.3°+0.2° using CuKa radiation.

4. (Original) A process for preparing crystalline form CS2 according to claim 1, wherein the
process comprises:

(1) Dissolving compound (1) in a solvent to get a solution containing compound (1), 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 CS2.

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 1-ethyl-3-
methylimidazolium methyl sulfate, or 1-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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Application No.: Continuation of PCT/CN2018/097797 Docket No.: 134070-01602

in method (1) said alcohol is methanol.

7. (Original) A pharmaceutical composition, said pharmaceutical composition comprises a
therapeutically effective amount of crystalline form CS2 according to claim 1 and

pharmaceutically acceptable carriers, diluents or excipients.

8. (Cancelled)

9. (Currently Amended) Erystatineform-CS2 accordingtoclatntfortheuseof preparing
drees 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

CS2 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 CuKa 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 U.S.

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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CRYSTAL FORM OF OREXIN RECEPTOR ANTAGONIST, PREPARATION
METHOD THEREFOR AND USE THEREQOYF

TECHNICAL FIELD

The present disclosure relates to the field of pharmaceutical chemistry, particulariy relates to a

novel erystalline forms of orexin receptor antagonist, processes for preparation and use thereof.
BACKGROUND

E-2006 {Lemborexant} was developed by Eisai and clinically used to treat msomnia. 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 mappropriate nighttime wakefulness and
promote a regular sleep-wake cycle. E-2006 5 an orexin receptor antagonist. In chinical trials,
E-2006 can significantly improve sleep efficiency in patients with insommia, 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¥y-2-{{(2,
4-dimethylpyrimidin-5-yhoxylmethyl} -2-(3-fluorophenyl)-N-(5-fluoropyridin-2-ylcyclopropa
necarboxamide (hereinafter referred to as “Compound (1)), and the structure is shown as

follows:

Compound ()

Currently, no crystalline forms of compound (I} was disclosed. CN103153963R 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 CN1031539638 and amorphous

solid was obtained. Compared with the crystaliine form of the present disclosure, the
It
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amorphous solid has lower stability, lower density and poorer flowability, which is not suitable
for the preparation of drug product. In addition, amorphous 1s 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
(1), which has advantages n at least one aspect of stability, melting point, solubility, n vitro
and in vivo dissolution, hygroscopicity, bioavailability, adhesivencss, compressibility,
flowability, processability, purification ability, fornmulation production, etc. Particularly,
crystalline form CS2 has good stability, low hygroscopicity, good formulation processability,
high mn vitro dissolution and dissolution rate, which provides a new and better choice for the

development of drug containing compound (1) and 15 of great significance.
SUMMARY

The main objective of the present disclosure is to provide a novel crystaliine form of

compound (I}, processes for preparation and use thereof.

According to the objective of the present disclosure, crystalline form C82 of compound (1) is

provided (hereinafter referred to as Form CS2).

According to one aspect of the present disclosure, the X-ray powder diffraction pattern of Form

32 shows characteristic peaks at Ztheta values of 7.8°+0.27, 15.6°+0.2° and 11.4°£0.2°.

Furthermore, the X-ray powder diffraction pattern of Form €S2 shows one or two or three
characteristic peaks at 2theta values of 12.5°40.2°, 21.3°£0.2°, 27.3°4+0.2°. Preferably, the
X-ray powder diffraction pattern of Form C82 shows three characteristic peaks at 2theta values

of 12.5°40.2°, 21.3°+0.2°, 27.3°£0.2°.

Furtherroore, the X-ray powder diffraction pattern of Form CS82 shows one or two or three
characteristic peaks at 2theta values of 24.0°£0.2°, 19.4°£0.2° and 22.3°:0.2°. Preferably, the
X-ray powder diffraction pattern of Form CSI shows three characteristic peaks at Ztheta values

of 24.0°4£0.2°, 19.4°+0.2°, 22.3°£0.2°.

According to another aspect of the present disclosure, the X-ray powder diffraction pattern of

Form €82 shows three or four or five or six or seven or eight or nine or ten or cleven

NS

MEL 32454773v.1



25

Page 238 of 383

PCT/CIN2018/097797
characteristic peaks at 2theta values of 7.8°£0.2°, 15.6°+0.2° 11.4°£0.2° 12.5°40.2°
21.3°30.2°, 27.3°40.2°, 24.0°+0.2°, 19.1°40.2°, 19.4°3:0.2°, 22.3°40.2°, 25.9°+0.2°.

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 CS2 is also

provided. The process comprises:

{1} bissolving 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 (1) in ketones and slowly evaporating to obtain Form CS2; or

(3) Dissolving compound (1) in nitriles, adding an 1onic hquid, then slowly evaporating o

obtain Form CS2,

Furthermore, m method (1) said solvent is alcohol, said anti-solvent is water;
Furthermore, m method (1) said alcohol 1s methanol.

Furthermore, m method (2) said ketone 1s preferably acetone.

Furthermore, in method (3) said nitrile 1s preferably acetonitrile, said ionic liquid is preferably
1-ethyl-3-methylimidazolium methyl sulfate, or 1-ethyl-3-methylimidazolium

hexafluorcantimonate 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 trregular
=

sleep-wake rhythm disorder.
Form CS82 of the present disclosure has the following advantages:

{1} Form CS2 of the present disclosure has lower hygroscopicity. The test results show that the
weight gain of Form C52 at 80% RH (Relative Hunudity) is 0.21%. Form CS2 is slightly
hygroscopic. The crystalline form does not change after DVS, Form OS2 has good physical

stability at 0-95% RH.
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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 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 vale.
(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 crysialline form of Form CSZ of the present disclosure
remained unchanged for at least 10 months when stored in open dishes under the conditions of
25 °C/60% RH and 40 °C/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 °C/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 requared i drug manufacturing process. Good physical stability of the
drug substance can reduce the risk of crystallinity decrease and crystal transformation during

the drug production process.

Form (82 of the present disclosure has good physical and chemical stability in drug product,
Drug product is prepared with excipicut 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 (82 does not convert to other crystalline forms, and the
chemical purity of Form €S2 remained substantially unchanged during storage, thus ensuring

consistent and controllable quality of drug substance and drug product,

{3) Form C52 has good in vitro dissolution and dissolution rate. Form CS2 of the present
disclosure in drug product underwent 100% dissolution in 60 munutes in 0.1 mol/L aqueocus
hydrochloric acid solution. Good in vitro dissolution leads to higher in vive absorption, thereby
achieving ideal bioavailability.

Diissolution is the prerequisite for absorption. Good in vitro dissolution leads to higher in vivo

absorption and betier in vivo exposure, thereby fmproving drug’s bicavailability and efficacy.
4
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High dissolution rate is beneficial for the drug to achieve peak plasma concentration quickly

atter admnistration, thus ensuring rapid drug action.
Furthermore, Form C82 of the present disclosure also has the following advantages:

{1} Form CSZ 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 C52 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 €82 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 arf, Form CS82 of the present disclosure has betier flowability.
Flowability evaluation results indicate that the flowability of Form €82 is good, while the
flowability of prior art form is poor. Better flowability can effectively increase the speed of
tableting and filling and increase manufactaring efficiency. Better flowability of Form C52
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 C82 of the present disclosure shows superior adhesiveness.
Adhesiveness evaluation results indicate that Form CS2 has low adhesiveness amount and low
adhesiveness. Due 1o low adhesiveness of Form C82, 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 S2 can
reduce the agglomeration of drug substance, which is beneficial to the dispersion of drag
substance and reduce the adhesion between drug substance and other excipients, and improve

the blend uniformity and content untformity 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 enviromment. Therefore, in order 1o ensure drug safety and product quality, it is necessary

to control the residual organic solvent of drug substance.
5
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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 fibm with pinholes. Rapid evaporation is accomplished m an

open container,

In the present disclosure, "crystal” or "crystalline form™ refers to the crystal or the erystaliine
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 gencrally know that the X-ray diffraction
pattern typically varies with the experimental conditions. It is necessary to point out that, the
relattve 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 intensitics shown herein are illustrative and identical diffraction peak
miensitics 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 +0.2° i3 usually aliowed. In addition, due io experimental factors such as sampie
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 4£0.2° 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 rveflect 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).
ecifically less than $% (w/w, 3
6
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It should be noted that the number and the number range should not be understood as the
nomber or number range themseives 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 sprit and principle of the present disclosure. In the present disclosure, the number of

shift ranges cxpected 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 CS82 in Example 1.

Figure 2 shows a DSC curve of Form CS2 in Example 1.

Figure 3 shows a TGA curve of Form CS52 in Example 1.

Figure 4 shows a 'H NMR spectrum of Form €S2 in Example 1.

Figure 5 shows an XRPD pattern of Form CS2 in Example 2.

Figure 6 shows a DSC curve of Form €82 in Example 2.

Figure 7 shows a TGA curve of Form CS2 in Example 2.

Figure 8 shows a 'H NMR spectrum of Form €S2 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 €S2 betore and after stored at 40 °C/75%

RH (top: before storage, botiom: after storage).

Figure 11 shows an XRPD patiern overlay of Form CS2 betore and after stored at 60 °C/75%

RH (top: before storage, bottora: afler storage).

Figure 12 shows an XRPD curve of Form C32 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 patiern overlay of Form C52 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
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The present disclosure is further illusirated 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.

W

The abbreviations used in the present disclosure are explained as follows:
XRPD: X-ray Powder Enffraction
DSC: Differential Scanning Calorimetry
TGA: Thermo Gravimetric Analysis
DVS: Dynamic Vapor Sorption
10 "H NMR: Proton Nuclear Magnetic Resonance
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:
15 X-ray Retlection: Cu, Ka
Kol (A): 1.54060; Ko2 (A): 1.54439
Ke2/Kal intensity ratio: .50
Voltage: 30 (kV)
Current: 10 {(mA)
20 Scan range: from 3.0 degree to 40.0 degree

Ditferential scanning calotimetry (DSC) data in the present disclosure were acquired by a TA

(32000. The parameters of the DSC method of the present disclosure are as follows:
Heating rate: 10 °C/min
Purge gas: nitrogen

25  Thermo gravimetric analysis (TGA) data in the present disclosure were acquired by a TA

(3500. The parameters of the TGA method of the present disclosure were as follows:
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Heating rate: 10 °C/ min
Purge gas: nitrogen

Dynamic Vapor Sorption (DVS) 1s measured via a SMS (Surface Measurement Systems

Ltd.) intrinsic DVS instrument. Typical Parameters for DVS test are as follows:
5 Temperature: 25 °C
Gas and flow rate: Nj, 200 mL/min
dovdt: 0.002%/mimn
RH range: 0% RH 10 95% RH

High Performance Liquid Chromatography (HPLC) data m the present disclosure were

10 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, 100=x4.6mm, 5 um
Mobile Phase: A: Acetonitrile: Water: Trifluorcacetic acid =50:950:1 (Vohime ratio)

B: 0.1% Trifluorcacetic acid in acetonitrile

5 Gradient:

Time {min) %8B
0.0 0
0.5 0
30.0 a0
35.0 90
351 0
40.0 0

Flow rate: 1.0 mL/min
Injection Volume: 2 pL
Detection wavelength: 220 nm
Column Temperatare: 40 °C

20 Diluent: Acetonitrile

Proton nuclear magnetic resonance spectrum data (H NMR) were collected from a Bruker
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Avance H DMX 400M HZ NMR spectrometer. 1-5 mg of sample was weighed, and dissolved
in 0.5 mb of deuterated dimethyl sulfoxide to obtain a solution with a concentration of 2-10
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 (1) used as a raw material is solid {crystalline or
amorphous), semisolid, wax or oil. Pretferably, said compound (1) used as a raw material is a
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 CN1031539638.

BETAILED DESCRIPTION

Example 1 Preparation of Form CS52:

Approximately 199.6 mg of compound (I} was weighted and dissolved in 3.0 mb of acetone,
followed by filration and slowly cvaporation to obtain a solid at room temperature. The
obtained solid was confirmed to be Form CS2. The XRPD pattern is substantially as depicied
m 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 of Form CS2.

The TGA curve of Form €82 in this example shows about 0.6% weight loss when heated to
176 °C, which is substantially as depicted in Figure 3.

The 'H NMR spectrum of Form CS2 is substantially as depicted in Figure 4, and the
corresponding data are: '"H NMR (400 MHz, DMSO) §11.22 (s, 1H), 8.33 (d, J = 3.0 Hz, 1H),
8.13 (s, 1H), 7.89 (dd, 1 = 9.1, 4.1 Hz, 1H), 7.64 (1d, J = 8.7, 3.1 Hz, 1H), 7.48-7.35 (m, 3H),
711 (ddd, J=11.5,6.0, 3.0 Hz, 1H), 468 (d, J =102 Hz, 1H}, 429 (d, J =103 Hz, 1H), 2.64
{dd, J =157, 8.8 Hz, 1H), 2.36 (d, ] = 21.5 Hz, 3H), 2.03 (s, 3H), 1.74-1.67 {(m, 1 H}, 1.50 (dd,

F=38.0,48 Hz, 1H).

Table 1
28 d spacing Intensity %
7.81 11.32 160.06
9.55 9.26 5.68
11.44 7.73 2341
16
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12.53 7.07 2517
15.58 5.69 46.96
15.7¢ 5.62 1177
16.40 5.41 4.67
19.05 4.66 12.69
19.38 4.58 17.51
19.57 4.54 18.50
21.32 417 2123
217 4.09 6.60
2227 3.99 11.54
23.03 3.86 532
23.23 3.83 6.23
23.99 371 15.14
25472 3.50 4.70
25.89 3.44 23.53
2628 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 C52 by anti-selvent addition method
Approximately 1026.0 mg of compound (I} was weighted and dissolved in 10.0 mbL 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 bhours, a large amount of sohd precipitated out. The
precipitation collected by suction filiration and dried under vacuum at 40 °C for about 18 hours
to obtain sohids. The obtained solid was contirmed to be Form CS52. The XRPD pattern is
substantially as depicted i Figare 5, and the XRPD data are listed in Table 2.
The DSC curve of Form €S2 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.

1
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The 'H NMR spectrum of Form (82 is substantially as depicted in Figure 8, and the
corresponding data are: 'H NMR {400 MHz, DMSO) 811.21 (s, 1H), 8.33 (d, J = 3.0 Hz, 1H),
R.13 (s, 1H), 7.89 (dd, T =9.2, 4.2 Hz, 1H), 7.64 (1d, T = 8.8, 3.1 Hz, 1H), 7.49-7.34 (m, 3H),
7.16-7.05 (m, 1H), 4.68 (d, = 10.2 He, 1H), 4.29(d, J = 10.3 Hz, 1H), 2.67-2.57 (m, 1H), 2.38
(s, 3H), 2.03 (5, 3H), 1.74-1.66 (m, 1H), 1.50 (dd, J=8.0,4.8 Hz, 1H).

Table 2

28 d spacing Intensity %
7.84 11.27 160.00
2.59 922 6.98
11.49 7.70 13.05
12.56 7.05 35.60
15.61 5.68 56.13
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
2136 4.16 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
2593 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
3115 2.87 3.40
31.38 2.85 442
29.37 3.04 7.28
31.15 2.87 3.46

12
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Examplec 3-5 Preparation of Form C52 by ionic liguid induced evaperation

Approximately 31.5 mg of compound (I} was dissolved in 1.0 mL of acetonitrile and filicred. A
small amount of ionic hiquid as shown in Table 3 was added, and the solution was slowly
evaporated at room femperature 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 lonie liquid Sample
3 1-ethyl-3-methylimidazolium methyl sulfate Sample 3

F-ethyl-3-methylimidazolium
4 Sample 4
hexafluoroantimonate

5 1,3-dimethylimidazolium dimethyl phosphate Sample 5

Example 6 Stability of Ferm €S2
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. Crystaiiine form and chemical

impurity were checked by XRPD and HPLC, respectively. The results are shown in Table 4.

Table 4
{nitial
Initial Storage Storage Crystalline form | Purity after
crystalline
purity condition time atter storage storage
form
Form C82 Form CSZ
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 €S2 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 °C/75% RH, the purity of Form
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82 remained substantially unchanged. It can be seen that Form CS2 has good physical and
chemical stability.
Example 7 Grinding stability of Ferm 82
Form €82 was ground manually for 5 mmutes 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 €S2
does not change afier grinding. Form CS2 has good grinding stability.
Example 8 Hygroscopicity of Ferm 52
Dynamic vapor sorption {DVS) was applied to measure hygroscopicity of Form CS2 with
about 10 mg of samples. The weight gaius at cach relative hunidity were recorded in a cyele of
0-95%-0 RH. DVS is substantially as depicted in Figure 13, and the experimental results are
shown in Table 5. The XRPD paitern overlay of Form CS2Z before and afier DVS test is
presented in Figure 14 (top: XRPD pattern before DVS; bottom: XRPD pattern afier DVYS).
The results show that the hygroscopicity of Form C32 is low. The weight gain under 80% RH
15 0.21%. Form €S2 is slightly hygroscopic. The crystalline form of Form CS2 does not change
atter DVS, which indicates that Form C82 is physically stable at 0% - 95% RH.

Table 5

Relative Humidity
Weight gain under 80%
Hygroscopicity
Relative Humidity
Weight Gain (%)

Form C82 0.21% Slightly hygroscopic

Description and definition of hygroscopicity (Chinese Pharmacopoeia 2015 edition appendix

Drug hygroscopic test guidelines, test at 25 °C+1 °C, 80% RH.).

deliquescent: Sufficient water is absorbed to form a hquid;

—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;

—shightly 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 selid

14
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Compressibility, also known as compressibility index is usually used to evaluate the flowability
of powder and gramular mtermediates during the formulation process. A cerfain amouunt of
powder was added mto a measuring cviinder and bulk volume was recorded. Then the

measuring cvlinder was tapped to make the powder in the fightest state and the tapped volume

(]

was recorded. The bulk densily (po}, tapped density (pg were calculated, and compressibility
mdex was calculated according to c={(pr—po)/pr. Compressibility index or Carr Index is an
important indicator for evaluating the flowability of powder.

Compressibility index test method 18 as follows: Compressibifity index was calculated
according to bulk density py and tapped density pr of Form CS2 and the amorphous solid of the

10 prior art with c=(ps— po)/pe *100%. Criteria of flowability is shown in Table 6.

Table 6
Compressibility index { % ) | Flowability
=10 Excellent
11-15 Good
16-20 Fair
2%-25 Passable
26-31 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 €S2 and the amorphous solid are
presented in table 7, which indicate that the flowability of Form CS2 is remarkably superior to

15 that of the amorphous solid in the prior art.

Table 7
Form Bulk d?ns; ty Iappeali density 'C,‘omprfiafﬁblhty Flowability
{po, g/ml) {pr, /mL ) index (%6} /
Amorphous | g 1q¢ 0.274 28 Poor
sohd
Form C52 0.263 0.351 25 Passable

Example 10 Adhesiveness of Form C82
30 mg of Form €82 was weighed and added into the dies of 8mm round tooling, tableted at
20 10 KN and held for 30s. The amount of material sticking to the punch was weighed. The
15

MEL 32454773v.1

Page 250 of 383



U

10

Page 251 of 383

PCT/CIN2018/097797

conpression 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 §
erstalill'ie Ma;;mmm amount Avgfage amount Cumulative amount (mg)
Form {mg) {mg)
CS2 0.74 0.22 0.44

Example 11 Compressibility of CS2

R0mg of Form CS2 was weighted and added into the dies of 96num round tooling, compressed
at 10 KN. The round tablet was stored in a desiccator for 24 hours uniil 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: 7=2H/2DL. Under a certain force, the greater the temsile strength, the better the
compressibility. The results are presented in Table 9.

Table ¢

Form Thickness(mm) | Diameter (mm} | Hardness(N) | Tensile strength (MPa)

CS2 240 6.06 84 0.37

Example 12 Residual solvents of Form CS2 and the prior art selid
Amorphous solid was obtained by rvepeating the preparation method disclosed in
CN103153963B. Residual solvents of Form CS2 and the amorphous solid were fested. 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 3000 ppm. It can be scen that the residue of n-heptane in the amorphous solid is mmch
higher than the limits of ICH, and the amorphous not suitable for drug substance.
Example 13 C52 drug product
i. Preparation of commpound (1) tablets
Forma €S2 and intragranolar excipients in Table 10 were blended according to fornulation and
the blend was compressed with the target weight of 500 mg using a 920 mm single punch
manual press at 5£0.5 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
16
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the blend was compressed with a target weight of 120.0 mg using a ¢7 mm single punch

manual press at 5+£0.5 KN pressure.

Table 10
) (uantity Mass
Component {mg/unit) ratio (V)
E-2006 (Form CS2) 10.00 8.3
Lactose monohydrate 88.88 74.1
Hydroxypropyl cellulose 3.60 3.0
Intragranular ydroxypropy : cerose
excipients Low substituted 10.80 9.0
hydroxypropyl cellulose )
Magnesium stearate 0.36 0.3
Total 113.64 947

Low substituted

T it s 6.00 5.0
Extragranular | yodroxypropyl celtulose ’

excipients

Magnesium stearate 0.36 0.3

Total 120.00 160.0

5 2, Stability of Form €S2 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 botiles were stored under conditions of 25
“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 €82 does not change. In addition, single and
10 total impurity of Form CS2 remained substantially unchanged in storage. The results presented

in Table 11 and 12 indicate that Form C82 keeps physically and chemically stable in drug

product.
Table 11 Physical stability of Form CS2 in drug product
AP erystaltline
Sample Condition Time Form after
storage

Tablet contains 25 °C/60% RH ! month Form C82

Form C82 40 °C/75% RH 1 month Form C82
13 Table 12 Chemical stability of Form C82 in drug product

17
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. Largest .
- Total .
Imtiai‘ single " . © b Single Total
fargest , . Initial total | impurity | | . . .
. Impurity . . mpurity | impuriy
g - single mpurity after
Condition Time impurity after ) Slorace change change
PEEY L storage (%) T (%) (%)
{("/(O) (Q/O ((34)) At At
25 °C/60% 1
0.08 .09 0.17 0.21 (.01 .04
RH month B
YO TRGS
40°CI75% ! .08 (.08 0.17 0.20 0 0.03
RH month

Example 14 In vitro disselution and disselution rate of Form €S2
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 hydrochioric acid

Method: Paddle

Volume: 900 ol

Speed: 50 rpm

Temperature: 37 °C

In vitro dissohution of Form CS2 are presented in Table 13 and Figure 15.

Table 13
\\\ \?umulative dn{g y
. release (%) Form CS2
Time ( minute } \\\
0 0.0
5 55.2
10 73.1
15 &1.0
20 86.2
30 92.1
45 96.9
60 100.5

The results showed that Form CS2 drug product can undergo 100% dissolution in 0.1 mol/L
18
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aqueous hydrochloric acid, and the dissolution rate is high, which is favorable for achieving
good in vivo bicavailability.
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

5 the present disclosure and thereby implement it, and should not be concluded to Himit 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.

19
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CLAIMS

What is clammed is:

1.

(8

o4

0

9.

A crystalline form CS2 of E-2006, wherein the X-ray powder diffraction pattern shows

characteristic peaks at 2theta values of 7.8°40.2°, 15.6°0.2° and 11.4°:0.2°.

The crystalline form CS2 according to claim |, wherein the X-ray powder diffraction

pattern shows one or two or three characteristic peaks at 2theta values of 12.5°%0.2°,

21.3°%£0.2° and 27.3°:0.2°,

The crystalline form CS82 according to claim 1, wheremn the X-ray powder diffraction

pattern shows one or two or three characteristic peaks at 2theta values of 24.0°+0.2°,

19.4°+0.2° and 22.3°20.2°,

A process for preparing crystalline form C32 according to clairn 1, wherein the process

COMPTISEs:

(1) Dissolving compound (1} in a solvent to get a solution containing compound (I}, then
adding an anti-solvent to the solution slowly, stirring and crystaliization to obtain
crystalline form CSZ; or

(2) Dissolving compound (}) in ketones and slowly evaporating to obtain crystaliine form
C82; or

(3) Dissolving compound (I} in nitriles, adding an tonic liguid, then slowly evaporating to
obtain crystalline form CS2.

The process for preparing crystalline form €82 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 1-cthyl-3-methylimidazoiium
methyl  sulfate, or 1~ ethyl-3-methylimidazolum  hexafluoroantimonate,  or
1.3-dimethylimidazolium dimethyl phosphate.

The process for preparing crystalline form CS82 according to claim 5, wherein in method (1)

said alcohol s methanol.

A pharmaceutical composition, said pharmaceutical composition comprises a

therapeutically effective amount of crystalline form CS2 according to claim 1 and

pharmaceutically acceptable carriers, diluents or excipients.

Crystailine form OS2 according to claim 1 for the use of preparing orexin receptor

antagonist drugs.

Crystalline form CS2 according to claim | for the use of preparing drugs treating insomnia
It
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and/or irregular sleep-wake rhythm disorder.

NS
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ABSTRACT
The present disclosure provides a novel erystalline form of Lemborexant and processes for
preparation thereof. Pharmaceutical composition containing Lemborexant, and use of

Lemborexant for preparing ovexin receptor antagomist drug, and use of Lemborexant for

5 preparing drugs treating insomnia and irregular sleep-wake rhythm disorder are also provided.
The crystalline form of the present disclosure have one or more mproved properties compared
with crystalline forms of prior arts, and has significant values for future drug optimization and
development.

10 Compound (1)
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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 AlA (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 applicant's 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 800-786-9199, 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 U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/777,121 01/30/2020 Minhua Chen 134070-01602
CONFIRMATION NO. 1029
86738 FORMALITIES LETTER

MCCARTER & ENGLISH, LLP BOSTON

265 Erankin Stee T

Boston, MA 02110

TR

ﬁ625’3

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(c) 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
P.O. 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/AuthenticateUserl ocalEPF .html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http.//www.uspto.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.

/eruga/
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 16/777,121
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 75 N/A
SEARCH FEE
(27 CFR 1.16(K). i, or (m)) N/A N/A N/A 330 N/A
EXAMINATION FEE
(37 CFR1.16(0), (8}, or (2) N/A N/A N/A 380 N/A
TOTAL CLAIMS .
(37 CFR 1.16()) 8 minus 20= x 50 - 0.00 OR
INDEPENDENT CLAIMS *
(37 CFR 1.16(h)) 1 minus 3 = x 230 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
y
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0” in column 2. TOTAL 785 TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE($)
E AMENDMENT PAID FOR
| Total g i w -
=S (37 CF(:H 16(7)) Minus x = OR =
2 Independent * Minus | *** =
5 (37 CFR 1.16(h) X = OR -
<§: Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total * Minus | ** = =
= (37 CF?H.IB(H) X OR -
% Independent * Minus | *** = M _ OR -
w (37 CFR 1.16(h)) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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| hereby certify that 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: February 25, 2020
Electronic Signature for Xiaoyuan Ding: /Xiaoyuan Ding/ Docket No.: 1340’70_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.: 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
P.O. 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, 1.121(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.

ME1 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 No. 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.: 75,354
MCCARTER & ENGLISH, LLP
265 Franklin Street
Boston, Massachusetts 02110
(617) 449-6500
(617) 607-9200 (Fax)
Attorney/Agent For Applicant

ME1 32707915v.1
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PCT/CN2018/097797

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.: 201710648135.2, 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-dimethylpyrimidin-5-yl)oxy]methyl }-2-(3-fluorophenyl)-N-(5-fluoropyridin-2-yl)cyclopropa
necarboxamide (hereinafter referred to as “Compound (I)”), and the structure is shown as

follows:

Substitute Specification
1

ME1 32707606v.1
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Compound (I)

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
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CS2 shows characteristic peaks at 2theta values of 7.8°+0.2°, 15.6°+0.2° and 11.4°+0.2° 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 12.5°+0.2°, 21.3°+0.2°, 27.3°+£0.2°. Preferably, the
X-ray powder diffraction pattern of Form CS2 shows three characteristic peaks at 2theta values

of 12.5°40.2°, 21.3°+0.2°, 27.3°+0.2°.

Furthermore, the X-ray powder diffraction pattern of Form CS2 shows one or two or three
characteristic peaks at 2theta values of 24.0°+0.2°, 19.4°+0.2° and 22.3°+0.2°. Preferably, the
X-ray powder diffraction pattern of Form CSI shows three characteristic peaks at 2theta values

0f24.0°+0.2°, 19.4°+0.2°, 22.3°+0.2°.

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 7.8°+0.2°, 15.6°+0.2°, 11.4°+0.2°, 12.5°+0.2°,
21.3°+0.2°, 27.3°+£0.2°, 24.0°+0.2°, 19.1°+0.2°, 19.4°+0.2°, 22.3°+0.2°, 25.9°+0.2° using

CuKa 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 CS2 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-methylimidazolium

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 of the present disclosure has lower hygroscopicity. The test results show that the
weight gain of Form CS2 at 80% RH (Relative Humidity) is 0.21%. 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 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 CS2 of the present disclosure
remained unchanged for at least 10 months when stored in open dishes under the conditions of
25 °C/60% RH and 40 °C/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 °C/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 absorption. 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 CS2 of the present disclosure also has the following advantages:

(1) Form CS2 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 CS2 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 +0.2° 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 +0.2° 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 1.

Figure 4 shows a "H 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 '"H 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, Ko
Kal (A): 1.54060; Ko2 (A): 1.54439
Koa2/Kal 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 °C/ 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 °C
Gas and flow rate: N3, 200 mL/min
dm/dt: 0.002%/min
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).
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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)

B: 0.1% Trifluoroacetic acid in acetonitrile

Gradient:

Time (min) %B
0.0 0
0.5 0
30.0 90
350 90
351 0
40.0 0

Flow rate: 1.0 mL/min
Injection Volume: 2 pLb
Detection wavelength: 220 nm
Column Temperature: 40 °C

Diluent: Acetonitrile

Proton nuclear magnetic resonance spectrum data ('H NMR) were collected from a Bruker
Avance Il 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.

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.

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 CS2:
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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 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 'H NMR spectrum of Form CS2 is substantially as depicted in Figure 4, and the
corresponding data are: '"H NMR (400 MHz, DMSO) 611.22 (s, 1H), 8.33 (d, J = 3.0 Hz, 1H),
8.13 (s, 1H), 7.89 (dd, ] = 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 (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
16.40 541 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
23.23 3.83 6.23
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23.99 3.7 15.14
2542 3.50 4.70
25.89 3.44 23.53
26.28 3.39 7.86
27.26 3.27 15.44
28.04 3.18 525
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 °C 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 'H NMR spectrum of Form CS2 is substantially as depicted in Figure 8, and the
corresponding data are: 'H NMR (400 MHz, DMSO) 811.21 (s, 1H), 8.33 (d, ] = 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, ] = 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),

Table 2
26 d spacing Intensity %
7.84 11.27 100.00
9.59 9.22 6.98
11.49 7.70 13.05
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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
1941 4.57 19.56
19.60 4.53 20.52
21.36 4.16 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
2593 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 CS2 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
4 1-ethyl-3-methylimidazolium Sample 4
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hexafluoroantimonate

1,3-dimethylimidazolium dimethyl phosphate Sample 5

Example 6 Stability of Form CS2

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°C 160%
(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 °C/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

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
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 021% Slightly hygroscopic

Description and definition of hygroscopicity (Chinese Pharmacopoeia 2015 edition appendix
Drug hygroscopic test guidelines, test at 25 °C+1 °C, 80% RH.).

—deliquescent: Sufficient water is absorbed to form a liquid;

—uvery 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 (po), tapped density (ps) were calculated, and compressibility
index was calculated according to c=(ps— po)/pr. 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 po and tapped density ps of Form CS2 and the amorphous solid of the

prior art with c=(pr—po)/pr ¥100%. Criteria of flowability is shown in Table 6.

Table 6
Compressibility index ( % ) | Flowability
=10 Excellent
11-15 Good
16-20 Fair
21-25 Passable
26-31 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 CS2 and the amorphous solid are
presented in table 7, which indicate that the flowability of Form CS2 is remarkably superior to

that of the amorphous solid in the prior art.

Table 7
Bulk density Tapped density | Compressibility .
Form (po, g/mL) (pr, /mL ) index (%) Flowability
Amorphous | 49¢ 0.274 28 Poor
solid
Form CS2 0.263 0.351 25 Passable

Example 10 Adhesiveness of Form CS2

30 mg of Form CS2 was weighed and added into the dies of ¢8mm 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
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)
CS2 0.74 0.22 0.44

Example 11 Compressibility of CS2
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80mg of Form CS2 was weighted and added into the dies of @6mm 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/zDL. 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)
CS2 2.40 6.06 8.4 0.37

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 CS2 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 ¢20 mm single punch
manual press at 5+0.5 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 ¢7 mm single punch

manual press at 5+0.5 KN pressure.

Table 10
Component Quantity Mass
P (mg/unit) | ratio (%)
E-2006 (Form CS2) 10.00 8.3

Substitute Specification
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Lactose monohydrate 88.88 74.1
Intragranular Hydroxypropyl' cellulose 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 | - pydroxypropyl cellulose 6.00 >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
Tablet contains 25 °C/60% RH 1 month Form CS2
Form CS2 40 °C/'715% RH 1 month Form CS2
Table 12 Chemical stability of Form CS2 in drug product
Initial Total
fha Largest o . N a' Single Total
largest . Initial total | impurity | . . ) )
. single . . impurity | impurity
o . single . . impurity after
Condition Time | . . impurity change change
impurity storage
after (%) (%) (%)
(%) storage (%) ’ ’
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(%)
25 °C/60% 1
RH month | 008 0.09 0.17 0.21 0.01 0.04
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 CS2 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 CS2 are presented in Table 13 and Figure 15.
Table 13
Cumulative drug
release (%) Form CS2
Time ( minute )
0 0.0
5 552
10 73.1
15 81.0
20 86.2
30 92.1
45 96.9
60 100.5

The results showed that Form CS2 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.

=
b

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.: 201710648135.2, 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-dimethylpyrimidin-5-yl)oxy]methyl }-2-(3-fluorophenyl)-N-(5-fluoropyridin-2-yl)cyclopropa
necarboxamide (hereinafter referred to as “Compound (I)”), and the structure is shown as

follows:
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Compound (I)

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
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CS2 shows characteristic peaks at 2theta values of 7.8°+0.2°, 15.6°+0.2° and 11.4°+0.2° using

CuKoa radiation.

Furthermore, the X-ray powder diffraction pattern of Form CS2 shows one or two or three
characteristic peaks at 2theta values of 12.5°+0.2°, 21.3°+0.2°, 27.3°+0.2°. Preferably, the
X-ray powder diffraction pattern of Form CS2 shows three characteristic peaks at 2theta values

of 12.5°40.2°, 21.3°+0.2°, 27.3°+0.2°.

Furthermore, the X-ray powder diffraction pattern of Form CS2 shows one or two or three
characteristic peaks at 2theta values of 24.0°+0.2°, 19.4°+0.2° and 22.3°+0.2°. Preferably, the
X-ray powder diffraction pattern of Form CSI shows three characteristic peaks at 2theta values

0f24.0°+0.2°, 19.4°+0.2°, 22.3°+0.2°.

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 7.8°+0.2°, 15.6°+0.2°, 11.4°+0.2°, 12.5°+0.2°,
21.3°+0.2°, 27.3°+£0.2°, 24.0°+0.2°, 19.1°+0.2°, 19.4°+0.2°, 22.3°+0.2°, 25.9°+0.2° using

CuKoa 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 CS2 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

Substitute Specification
3

ME1 32707727v.1



10

15

20

25

Page 303 of 383

PCT/CN2018/097797

1-ethyl-3-methylimidazolium methyl sulfate, or 1-ethyl-3-methylimidazolium

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 of the present disclosure has lower hygroscopicity. The test results show that the
weight gain of Form CS2 at 80% RH (Relative Humidity) is 0.21%. 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 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 CS2 of the present disclosure
remained unchanged for at least 10 months when stored in open dishes under the conditions of
25 °C/60% RH and 40 °C/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 °C/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 absorption. 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 CS2 of the present disclosure also has the following advantages:

(1) Form CS2 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 CS2 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

ME1 32707727v.1



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 +0.2° 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 +0.2° 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 1.

Figure 4 shows a "H 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 '"H 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, Ko
Kal (A): 1.54060; Ko2 (A): 1.54439
Koa2/Kal 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 °C/ 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 °C
Gas and flow rate: N3, 200 mL/min
dm/dt: 0.002%/min
RH range: 0% RH to 95% RH

High Performance Liquid Chromatography (HPLC) data in the present disclosure were
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The HPLC method parameters in the present disclosure are as follows:

Column: ZORBAX Eclipse C18, 100x4.6mm, 5 pm

PCT/CN2018/097797

Mobile Phase: A: Acetonitrile: Water: Trifluoroacetic acid =50:950:1 (Volume ratio)

B: 0.1% Trifluoroacetic acid in acetonitrile

Gradient:

Time (min) %B
0.0 0
0.5 0
30.0 90
350 90
351 0
40.0 0

Flow rate: 1.0 mL/min
Injection Volume: 2 pL.
Detection wavelength: 220 nm
Column Temperature: 40 °C

Diluent: Acetonitrile

Proton nuclear magnetic resonance spectrum data ("H 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.

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.

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 CS2:

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 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 'H NMR spectrum of Form CS2 is substantially as depicted in Figure 4, and the
corresponding data are: 'H NMR (400 MHz, DMSO) 611.22 (s, 1H), 8.33 (d, ] = 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 =115, 6.0, 3.0 Hz, 1H), 4.68 (d, ] = 10.2 Hz, 1H), 429 (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
26 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
16.40 541 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
23.99 371 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 3.18 525
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 °C 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 'H NMR spectrum of Form CS2 is substantially as depicted in Figure 8, and the
corresponding data are: '"H NMR (400 MHz, DMSO) 811.21 (s, 1H), 8.33 (d, ] = 3.0 Hz, 1H),
8.13 (s, 1H), 7.89 (dd, ] = 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),

Table 2
20 d spacing Intensity %
7.84 11.27 100.00
9.59 9.22 6.98
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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
1941 4.57 19.56
19.60 4.53 20.52
21.36 4.16 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
2593 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 CS2 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

ME1 32707727v.1
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1-ethyl-3-methylimidazolium
4 Sample 4
hexafluoroantimonate
5 1,3-dimethylimidazolium dimethyl phosphate Sample 5

Example 6 Stability of Form CS2

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°C /160%
(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 °C/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 021% Slightly hygroscopic

Description and definition of hygroscopicity (Chinese Pharmacopoeia 2015 edition appendix
Drug hygroscopic test guidelines, test at 25 °Cx1 °C, 80% RH.).

—deliquescent: Sufficient water is absorbed to form a liquid;

—uvery 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 (py), tapped density (ps) were calculated, and compressibility

index was calculated according to c=(ps— po)/pr. 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 po and tapped density pr of Form CS2 and the amorphous solid of the
prior art with c=(ps— po)/ps *100%. Criteria of flowability is shown in Table 6.

5 Table 6
Compressibility index ( % ) | Flowability
=10 Excellent
11-15 Good
16-20 Fair
21-25 Passable
26-31 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 CS2 and the amorphous solid are
presented in table 7, which indicate that the flowability of Form CS2 is remarkably superior to
that of the amorphous solid in the prior art.
10 Table 7
Form B(l:)l;f cgizlllit)y TZI; fI’) Zc/inc]iin)suy 1(1:1(:11;? Ef;j;lblhty Flowability
i)rllilgrph"us 0.196 0274 28 Poor
Form CS2 0.263 0.351 25 Passable
Example 10 Adhesiveness of Form CS2
30 mg of Form CS2 was weighed and added into the dies of @8 mm round tooling, tableted at
10 KN and held for 30s. The amount of material sticking to the punch was weighed. The
15  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)

Substitute Specification
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CS2 0.74 0.22 0.44

Example 11 Compressibility of CS2

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/zDL. 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)
CS2 2.40 6.06 8.4 0.37

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 CS2 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 ¢20 mm single punch
manual press at 5+0.5 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 ¢7 mm single punch

manual press at 5+0.5 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
Intragranular Hydroxypropyll cellulose 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 | pyqroxypropyl cellulose 6.00 >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
Tablet contains 25 °C/60% RH 1 month Form CS2
Form CS2 40 °C/'75% RH 1 month Form CS2
Table 12 Chemical stability of Form CS2 in drug product
Initial Largest .. Total Single Total

Condition Time largest single II.lmal t'otal impurity | impurity | impurity
single impurity tmpurity after change change
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mPUY | ST gy | O gy | ()
(%) & (%)
(%)
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% 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 CS2 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 CS2 are presented in Table 13 and Figure 15.
Table 13
Cumulative drug
release (%) Form CS2
Time ( minute )
0 0.0
5 552
10 73.1
15 81.0
20 86.2
30 92.1
45 96.9
60 100.5

The results showed that Form CS2 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
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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

5  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 (I)
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Send completed form to: Commissioner for Patents Examiner Name Not yet aSSigned
P.O. Box 1450, Alexandria, VA 22313-1450 Attorney Docket Number 134070-01602

Pursuant to 37 CFR 1.55(i), the undersigned hereby requests that the USPTO retrieve an electronic copy of each of the following foreign
applications for which priority has been claimed under 35 U.S.C. 119(a)-(d) from a foreign intellectual property office participating with
the USPTQ in a bilateral or multilateral priority document exchange agreement. This Request must be submitted:

- within the later of sixteen months from the filing date of the prior foreign application or four months from the actual filing date of
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 Non-participating priority application to
Participating non-participating priority application be retrieved
Office (EP or App. No. Filing Date Access Code | Country App. No.
JP only) {for JP only) Code
]

OPTION B

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 B Application to be retrieved
(e.g., EP, KR) or WIPO DAS Depositing App. No. Filing Date Access Code
Office (e.g., AU, BR, CN, DK, EA, EE, ES, (for WIPO DAS
Fl, GB, IB, IN, JP, MA, NL, NZ, SE) Depositing Office)
1 CN 201710648135.2 08/01/2017 F26C
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)(1).

| hereby declare that | have the authority to grant access to the above-identified foreign application(s).

/Wei 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
1
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First Named Inventor/Applicant Name: Minhua Chen
Customer Number: 86738
Filer: Wei Song

Filer Authorized By:

Attorney Docket Number:

134070-01602

Receipt Date: 05-MAR-2020
Filing Date: 30-JAN-2020
Time Stamp: 22:14:28

Application Type:
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Payment information:
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File Listing:
Document ... . File Size(Bytes)/ Multi Pages
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Information:

Total Files Size (in bytes){ 23445

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for 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/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
16/777,121 01/30/2020 1629 785 134070-01602 8 1
CONFIRMATION NO. 1029
86738 REPLACEMENT FILING RECEIPT

265 Fronkin Sreat o O M

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 U.S. 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://www.uspto.gov for more information.)
CHINA 201710648135.2 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.

page 1of 4

Page 328 of 383



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 AlA (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 applicant's 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 800-786-9199, 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 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).

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 U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
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community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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WIPO

. . WORLD
Digital Access Service 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:

Document details:  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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