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SUPERINTENDENCIA

DIRECCION DE NUEVAS CREACIONES
Procedimiento acelerado de examenes de patente (PPH)

1 | NUMERO DE SOLICITUD ANTE LA SIC NC2019/0011708

2 | GLOBAL-PPH [] rais 3| PCT-PPH [] rais

4 | PROSUR [] rais 5| Alianza del Pacifico (AdP) [] rais

6 | OFICINA DE PRIMERA PRESENTACION (OPP) [] | 7| OFICINA DE EXAMEN ANTERIOR (OEA) X

NUMERO DE SOLICITUD O PUBLICACION DE LA SOLICITUD (OPP) ]
8 | NUMERO DE SOLICITUD EN OFICINA DE EXAMEN ANTERIOR (OEA): X | 115,970,587
NUMERO DE SOLICITUD PCT: O

9 | I REPRESENTANTE LEGAL X] APODERADO

APELLIDOS NOMBRES IDENTIFICACION
DAZA MONTALVO CAROLINA MERCEDES C.C .66783790 T.P.141563 CSJ
DIRECCION Carrera 11 No. 86-53 Piso 3 No. TELEFONO 6181088
2 CORREO notificaciones@clark
CIUDAD Bogota ELECTRONICO emodet.com.co
No. RADICACION O
PAIS COLOMBIA PROTOCOLO DE

PODER GENERAL

10 | CONDICIONES PARA ACCEDER A ESTE PROCESO:

10.1. DATOS DE PRIORIDAD X Sl [INO
(33) PAiS DE ORIGEN CODIGO PAiS (31) NUMERO (32) FECHA (AAAA/MM/DD)

1. ESTADOS UNIDOS DE AMERICA US 62/482,085 2017/04/05
2.
3.
10.2. DATOS SOLICITUD INTERNACIONAL PCT [XISI []JNO

Solicitud Internacional No. PCT/US2018/026134 Fecha 2018/04/04

Publicacion Internacional No.  WQ/2018/187506 Fecha 2018/10/11

*El solicitante presenta una copia de la(s) reivindicacion(es) patentable(s) u otorgable(s) de la solicitud de la Oficina de
Primera Presentacion que profirié el examen de patentabilidad, junto con una traduccion al castellano. X1 SI  [] NO
*El solicitante presenta los resultados de busqueda de la Oficina de Examen Anterior, junto con una traduccién al
castellano XISl [INO

REQUISITOS PARA EL RECONOCIMIENTO DE LOS RESULTADOS DE EXAMENES DE PATENTABILIDAD
EFECTUADOS A SOLICITUDES EXTRANJERAS

Para que la Superintendencia de Industria y Comercio pueda reconocer los resultados de examenes de patentabilidad
producidos por otras Oficinas de Propiedad Industrial se debe cumplir con las siguientes condiciones:

(a) Al momento de solicitar el examen de patentabilidad, si el solicitante pide que se reconozcan examenes de patentabilidad
de otras oficinas extranjeras, debera aportar junto con el pago de la tasa correspondiente, los siguientes anexos:

(i) Copia de las resoluciones, fallos o decisiones que han sido relevantes para la determinacién de la patentabilidad de la(s)
solicitud(es) en la Oficina que haya proferido el examen de patentabilidad que contienen reivindicaciones patentables u

otorgables que son la base de la peticién, y si es del caso, su traduccion al castellano. XSl [INO
(ii) Copia de todas las reivindicaciones determinadas como patentables u otorgables en la Oficina que profirié el examen de
patentabilidad y, si es del caso, su traduccion al castellano. XSl [INO

(iii) Copia de los antecedentes, informacion o documentos citados por el examinador de la Oficina de Primera Presentacion
del examen de patentabilidad, en las resoluciones, fallos o decisiones correspondientes, incluyendo la literatura no patente.
Los documentos de patente deberan presentarse siempre y cuando no estén disponibles para la Superintendencia de Industria

y Comercio mediante el simple acceso a bases de datos gratuitas. XSl [INO
(iv) Una tabla de correspondencias de las reivindicaciones que han sido determinadas como patentables u otorgables en la
solicitud de la Oficina que haya proferido el examen de patentabilidad. XISl [INO

FIRMA DEL SOLICITANTE, DEL APODERADO O DEL REPRESENTANTE LEGAL

11 ) L ) : . ; . i
Junto a cada firma, indicar el nombre del firmante y su calidad (si tal calidad no es obvia al leer el petitorio)

PI02-F20 Vr3 (2017-07-31)



UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
21971 7590 09/26/2018
WILSON, SONSINI, GOODRICH & ROSATI BERNHARDT, EMILY A
650 PAGE MILL ROAD
PALO ALTO, CA 94304-1050 | ART UNIT PAPER NUMBER |
1624
DATE MAILED: 09/26/2018
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
15/970,587 05/03/2018 Samuel David BROWN 51760-701.301 1001

TITLE OF INVENTION: ASK1 INHIBITOR COMPOUNDS AND USES THEREOF

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional SMALL $500 $0.00 $0.00 $500 12/26/2018

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of maintenance
fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

21971 7390 09/26/2018 Certificate of Mailing or Transmission
WILSON, SONSINI, GOODRICH & ROSATI I hereby certify that this Fee(s) Transmittal is being deposited with the United
650 PAGE MILL ROAD States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
PALO ALTO, CA 94304-1050 transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
15/970,587 05/03/2018 Samuel David BROWN 51760-701.301 1001

TITLE OF INVENTION: ASK1 INHIBITOR COMPOUNDS AND USES THEREOF

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $500 $0.00 $0.00 $500 12/26/2018
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
BERNHARDT, EMILY A 1624 514-210180
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list 1
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 2

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 3

- e N . L 2 registered patent attorneys or agents. If no name is
Fee Address" indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for recordation
as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individuat [ Corporation or other private group entity (] Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
(] Publication Fee (No small entity discount permitted) M| Payment by credit card. Form PTO-2038 is attached.
(] Advance Order - # of Copies (1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.
Authorized Signature Date

Typed or printed name Registration No.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
15/970,587 05/03/2018 Samuel David BROWN 51760-701.301 1001
21971 7590 09/26/2018 | EXAMINER |
WILSON, SONSINI, GOODRICH & ROSATI BERNHARDT, EMILY A
650 PAGE MILL ROAD
PALO ALTO, CA 94304-1050 | ART UNIT PAPERNUMBER |

1624

DATE MAILED: 09/26/2018

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

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

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

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.



Application No. Applicant(s)
; . 15/970,587 BROWN, Samuel David
Notice OfAllowab//”:V Examiner Art Unit AlA Status
EMILY A BERNHARDT 1624 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.4} This communication is responsive to 8/22/18.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are See Continuation Sheet . As a result of the allowed claim(s), you may be eligible to benefit from the
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more

information, please see http://www._uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to
PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) CJAIl by (J Some  *c) (J None of the:
1. [J Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.

3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file areply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(3 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6.[] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.[J Notice of References Cited (PTO-892) 5. ¥} Examiner's Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. [0 Other .

of Biological Material
4. Interview Summary (PTO-413),
Paper No./Mail Date. 9/17/18.
/EMILY A BERNHARDT/
Primary Examiner, Art Unit 1624

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20180918




Continuation Sheet (PTOL-37) Application No. 15/970,587

Continuation of 3. The allowed claim(s) is/are: 2,8,14,17-18,20,68-72 and 75-79



Application/Control Number: 15/970,587 Page 2
Art Unit: 1624

EXAMINER’'s AMENDMENT
An examiner’s amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be

submitted no later than the payment of the issue fee.

1. In claim 2 on p.3 on the 21%t line, delete “imidazolyl,” .

2. In claim 2 on p.4 on the 5% line after “Cz-9heteroaryl” insert - - - wherein the
heteroaryl is - - -

3. In claim 2 on p.4 on the 2™ last line of the claim, after “p is 0” insert - - - or 1

4. In claim 17 on the 4™ line after “Czoheteroaryl” insert - - - wherein the
heteroaryl is - - -

5. In claim 75 on p.11 on the 3 line delete the species

.......



Application/Control Number: 15/970,587 Page 3
Art Unit: 1624

/EMILY A BERNHARDT/
Primary Examiner, Art Unit 1624



Solicitud No. Solicitante(s)

15/970,587 BROWN, Samuel David
Notificacion de Concesion

Examinador Unidad de Art Estado AIA

EMILY A BERNHARDT | 1624 Si

-- La FECHA DE ENVIO de esta comunicacion aparece en la hoja de cubierta con la direccion de
correspondencia--
Todas las reivindicaciones son concedidas, TRAMITE SOBRE EL FONDO ESTA (O PERMANECE)
CERRADO en esta solicitud. Si no se incluye aca (o enviada previamente), una Notificacién de Concesion
(PTOL-85) u otra comunicacién adecuada sera enviada en su debido momento. ESTA NOTIFICACION DE
CONCESION NO ES UNA CONCESION DE DERECHOS DE PATENTE. Esta solicitud esta sujeta a retiro
de emision a la iniciativa de la Oficina o a peticidén del solicitante. Ver 37 CFR 1.313 y MPEP 1308.
1. [XI Esta comunicacién responde a 8/22/18.
COUna declaracion bajo 37 CFR 1.130(b) se presento6 el .
2. O Se hizo una eleccidn por el solicitante en respuesta a un requerimiento de restriccion definido durante
la entrevista el ; el requerimiento de restriccion y la eleccién se han incorporado en esta accion.

3. [X]I Las reivindicaciones concedidas son Ver Hoja de Continuacién. Como resultado de las reivindicaciones

aceptadas, usted puede ser elegible del beneficio del programa de Procedimiento Acelerado de Patente
en una oficina de propiedad intelectual participante para la correspondiente solicitud. Para mas informacién,

por favor ver http://www.uspto.gov/patents/init events/pph/index.jsp 0 enviar una pregunta a

PPHfeedback@uspto.gov.

4. [0 Se reconoce una reivindicacion de prioridad extranjera bajo 35 USC seccidén 119(a)-(d) o (f).

Copias certificadas:

a) O Todas b) O Algunas ¢) O Ninguna de las:

1. O Copias certificadas de los documentos de prioridad se han recibido.

2. O Copias certificadas de los documentos de prioridad se han recibido en la Solicitud No. _ .

3. O Copias de las copias certificadas de los documentos de prioridad se han recibido en esta solicitud de
fase nacional de la Oficina Internacional (Regla PCT 17.2 (a)).

* Copias certificadas no recibidas:



http://www.uspto.gov/patents/init_events/pph/index.jsp
mailto:PPHfeedback@uspto.gov

El Solicitante tiene TRES MESES A PARTIR DE LA “FECHA DE ENVIO” de esta comunicacién para
presentar una respuesta que cumpla con los requerimientos indicados anteriormente. Falla en cumplir a
tiempo resultara en el ABANDONO de esta solicitud.
ESTE PERIODO DE TRES MESES NO ES EXTENSIBLE
5. O Se deben presentar FIGURAS CORREGIDAS (como “hojas de reemplazo”).
O Incluyendo cambios requeridos por la Enmienda/Comentario del Examinador adjunto o en la Accién
Oficial de Papel No./Fecha de Envio .
Los indicios de identificacion tal como el nimero de solicitud (ver 37 CFR 1.84(c)) se deben escribir
en las figuras en el frente (no atras) de cada hoja. Las hojas de reemplazo deben estar etiquetadas
como tal en el encabezado de acuerdo con 37 CFR 1.121(d).
6. O Se debe presentar DEPOSITO DE y/o INFORMACION acerca del depédsito de MATERIAL BIOLOGICO.
Note el comentario del Examinador adjunto con relacion al REQUERIMIENTO PARA EL DEPOSITO DE

MATERIAL BIOLOGICO.

Adjunto(s)

1. O Notificacién de Referencias Citadas (PTO-892) 5. XI Enmienda/Comentario del Examinador

2. X Declaraciones de Divulgacién de Informacion 6. O Declaracion del Examinador de Razones para
(PTO/SB/08), Papel No./Fecha Envio Concesion.

3. O Comentario del Examinador con Relacion a 7.00tro .
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Continuacién de 3. La(s) reivindicacién(es) permitida(s) es/son: 2,8,14,17-18,20,68-
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MODIFICACION DEL EXAMINADOR

La modificacién de un examinador al registro aparece a continuacion. En

caso de que los cambios y/o adiciones sean inaceptables para el solicitante, se

puede presentar una modificacion segun lo dispuesto por 37 CFR 1.312. Para

garantizar la consideracién de dicha modificacién, DEBE presentarse antes del pago

de la tasa de emision.

1.

2.

En la reivindicacién 2 en la p.3 en la linea 21, elimine “imidazolilo”.

En la reivindicacién 2 en la p.4 en la quinta linea después de “Co-
gheteroarilo” introduzca --- en donde el heteroarilo es ---.

En la reivindicacion 2 en la p.4 en la 2da ultima linea de la reivindicacién,
después de “p es 0” introduzca ---0 1 ---.

En la reivindicacion 17 en la cuarta linea después de “Cz-gheteroarilo”
introduzca --- en donde el heteroarilo es ---.

En la reivindicacion 75 en la p.11 en la tercera linea, elimine las especies

/EMILY A BERNHARDT/

Examinador Principal, Unidad de Art 1645
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GRANTED CLAIMS IN US

1. A compound of Formula II, or a pharmaceutically acceptable salt or solvate

thereof:
1L ()
N
|
Z
(R®),
Formula II;
wherein

X N
O
is N""R' Rijs N-N.

Z is C(R?)z;

each R> is independently selected from a group consisting of halogen and C;-
salkyl;

R?° is selected from a group consisting of halogen, -OR®, -N(R®),, -C(=0)ORS, -
C(=0)N(R®)2, -NR®C(=0)N(R®)2, and Ci-gheteroaryl selected from pyridinyl,
pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl,
isoxazolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, pyridazinyl, triazinyl,
oxadiazolyl, thiadiazolyl, and furazanyl; wherein the Ci.oheteroaryl is
optionally substituted with one, two, or three substituents selected from the
group consisting of halo, Ci-.ealkyl, Ci-shaloalkyl, and Cs.scycloalkyl;

each R® is independently selected from the group consisting of hydrogen, C:-
Cealkyl, -Ci-Csalkyl-0O-Ci-Csalkyl, -C1-Csalkyl-pyrazole, and Cs-Cscycloalkyl;
or two R® on the same heteroatom are taken together with that heteroatom
to which they are attached to form a C,.oheterocycle or a Cy.oheteroaryl
wherein the heteroaryl is_selected from imidazolyl, pyrazolyl, and pyrrolyl,
wherein the C,.oheterocycle or Co.oheteroaryl are optionally substituted with

one, two, or three substituents selected from the group consisting of halo, -
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OR8, -SR8, -N(R8®),, -Ci.ealkyl, -C(=0)R!4, -C(=0)OR!3, and -
N(R3)C(=0)R;

R® is selected from the group consisting of hydrogen and C;-Csalkyl;

each R® is hydrogen;

each R!3 is independently selected from the group consisting of hydrogen and C;-
Cealkyl;

each R'* is independently selected from the group consisting of Ci-Cealkyl;

nis0, 1, or2; and

pisOorl.

2. The compound of claim 1, or a pharmaceutically acceptable salt or solvate thereof,

wherein nis 1.

3. The compound of claim 2, or a pharmaceutically acceptable salt or solvate thereof,
wherein
R2%is -C(=0)N(R®). and each R® is independently selected from the group
consisting of hydrogen, Ci-Csalkyl, -Ci-Csalkyl-O-C;i-Csalkyl, -C1-Csalkyl-
pyrazole, and Cs-Cscycloalkyl.

4. The compound of claim 2, or a pharmaceutically acceptable salt or solvate thereof,

wherein

R2% is -C(=0)N(R®), and two R® on the same heteroatom are taken together with
that heteroatom to which they are attached to form a C,.oheterocycle or a Cs-
sheteroaryl wherein the heteroaryl is selected from imidazolyl, pyrazolyl, and
pyrrolyl, wherein the C,.oheterocycle or Co.oheteroaryl are optionally
substituted with one substituent selected from the group consisting of -OR8, -
SR8, -N(R®),, -Cisalkyl, -C(=0)R!, -C(=0)OR!3, and -N(R!3)C(=0)R?*,

5. The compound of claim 4, or a pharmaceutically acceptable salt or solvate thereof,

wherein
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R2% is

6. The compound of claim 5, or a pharmaceutically acceptable salt or solvate thereof,

wherein

o/\ s/\
Qlﬁg beq bet . Qﬂlﬁg

)

I I

R2% is

7. The compound of claim 1, or a pharmaceutically acceptable salt or solvate thereof,

wherein the compound is
(o]
QLo 5
Q /] N
N‘N,) .

8. The compound of claim 1, or a pharmaceutically acceptable salt or solvate thereof,

wherein the compound is

O
AR »
fe) N

NfN,) .
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9. The compound of claim 1, or a pharmaceutically acceptable salt or solvate thereof,

wiharain tha ~ranmnniinA ic

° N

10.The compound of claim 1, or a pharmaceutically acceptable salt or solvate thereof,

wherein the compound is

0
\N/\ —
Oy o
o] " ; NP
N‘N,) .

11.The compound of claim 1, or a pharmaceutically acceptable salt or solvate thereof,

wherein the compound is
| (0]
0 —
G000 »
0 N
N‘N,) .

12.A compound, or a pharmaceutically acceptable salt or solvate thereof, selected

from:

@] o] @]
N Y/ _ N /
{ N-N 1 g

N, - N, - N, -
> o ? e ,

!

O 0
H N \_ H N -
‘O’V“Y[r Q P @NAJYQ:’Q P
(9] N N N'.—'J [e] N N
N, N,
N N
4 4
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13.A pharmaceutical composition comprising a compound of claim 1, or a
pharmaceutically acceptable salt or solvate thereof, and at least one

pharmaceutically acceptable excipient.

14.A method of treating non-alcoholic steatohepatitis in a subject in need thereof,
comprising administering to the subject a therapeutically effective amount of a

compound of claim 1, or a pharmaceutically acceptable salt or solvate thereof.
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15.A pharmaceutical composition comprising a compound of claim 12, or a

pharmaceutically acceptable salt or solvate thereof, and at least one
pharmaceutically acceptable excipient.

16.A method of treating non-alcoholic steatohepatitis in a subject in need thereof,
comprising administering to the subject a therapeutically effective amount of a

compound of claim 12, or a pharmaceutically acceptable salt or solvate thereof.
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REIVINDICACIONES CONCEDIDAS EN US 10,150,755

1. Un compuesto que tiene la estructura de Formula II, o una sal o
solvato farmacéuticamente aceptable del mismo:

b )

!
4

(R®),

Formula II;

&~
\
N

R! es N

Z es C(R?)y;

XesOo0S;

cada R® es independientemente seleccionado del grupo que consiste en
halégeno y Ci-salquil;

R?5 es seleccionado del grupo que consiste en halégeno, -OR®, -N(R®),,
-C(=0)OR®, -C(=0)N(R®)2, -NR®C(=0)N(R®)2, Ci-oheteroaril seleccionado de
piridinilo, pirimidinilo, pirazolilo, triazolilo, pirazinilo, tetrazolilo, furilo, tienilo,
isoxazolilo, tiazolilo, oxazolilo, isotiazolilo, pirrolilo, piridazinilo, triazinilo,
oxadiazolilo, tiadiazolilo, y furazanilo; donde el Cisheteroaril esta
opcionalmente sustituido con uno, dos o tres sustituyentes seleccionados del
grupo que consiste en halo, Ci-salquil, Ci-shaloalquil, y Cs-scicloalquil;

cada R® se selecciona independientemente del grupo que consiste en
hidrogeno, Ci-Csalquil, -Ci-Csalquil-O-Ci-Cealquil, -Ci-Csalquil-pirazol, y Cs-
Cscicloalquil; o dos R® en el mismo heterodatomo se toman junto con ese

heteroatomo al que estdn unidos para formar un C.sheterociclo o un Cs-



2019/47300
REIVINDICACIONES CONCEDIDAS EN US
uUS 10,150,755

oheteroaril; donde el heteroaril se selecciona de imidazolil, pirazolilo, y
pirrolilo,

donde el Cisheterociclo o un Ca.gheteroaril estan opcionalmente
sustituidos con uno, dos o tres sustituyentes seleccionados del grupo que
consiste en halo, -OR8, -SR8, -N(R?®),, -Ci-salquilo, -C(=0)R?, -C(=0)0OR13, y
_N(R13)C(=O)R14;

R® es seleccionado del grupo que consiste en hidrogeno y C;-Cesalquil;

cada R° es hidrdgeno;

cada R!3 se selecciona independientemente del grupo que consiste en
hidrégeno y Ci-Cealquil;

cada R!* se selecciona independientemente del grupo que consiste en
Ci-Csalquil;

nes0,1,02;y

pes0,o01.

2. El compuesto de la reivindicacién 1, o una sal o solvato
farmacéuticamente aceptable del mismo, donde n es 1.

3. El compuesto de la reivindicacion 2, o una sal o solvato
farmacéuticamente aceptable del mismo, donde:

R2?5 es -C(=0)N(R®), y cada R® se selecciona independientemente del
grupo que consiste en hidrégeno, Ci-Csalquil, -C1-Csalquil-O-C;-Csalquil, -C:-
Csalquil-pirazol, y Cs-Cscicloalquil.

4. El compuesto de la reivindicacion 2, o una sal o solvato
farmacéuticamente aceptable del mismo, donde:

R25> es -C(=0)N(R®), y dos R® en el mismo heterodtomo se toman junto
con ese heteroatomo al que estan unidos para formar un Cx-sheterociclo o un
Caoheteroaril donde el heteroaril se selecciona de imidazolil, pirazolilo, y
pirrolilo, donde el C,sheterociclo o Ciheteroaril estan opcionalmente

sustituidos con uno, dos o tres sustituyentes seleccionados del grupo que
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consiste en -OR8, -SR& -N(R®),, -Cisalquilo, -C(=0)R'*, -C(=0)OR!3, y -
N(R!3)C(=0)R*,
5. El compuesto de la reivindicacion 4, o una sal o solvato

farmacéuticamente aceptable del mismo, en donde:

2 o/\ s/\
Gy G Ty Gy G

H
0 T T 0
N o N N N
6. El compuesto de la reivindicacion 5, o una sal o solvato

farmacéuticamente aceptable del mismo, en donde:

07 S G
Cho W, U \
R?°> es jf, joﬁﬂ, f,o 70%.

7. El compuesto de la reivindicacion 1, o una sal o solvato

farmacéuticamente aceptable del mismo, en donde:
[0}
or(rq »
0 /] N
N -
.N,\ .

8. El compuesto de la reivindicacion 1, o una sal o solvato

farmacéuticamente aceptable del mismo, en donde:

(e}
G‘W@Q JN
le) N
NS
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9. El compuesto de la reivindicacion 1, o una sal o solvato

farmacéuticamente aceptable del mismo, en donde:
(0]
N
° NP

10. El compuesto de la reivindicacion 1, o una sal o solvato

farmacéuticamente aceptable del mismo, en donde:
- o}
N
o] “jN’) |

11. El compuesto de la reivindicacion 1, o una sal o solvato

farmacéuticamente aceptable del mismo, en donde:
| 0
O —
N—\
Um/[jj Q N
0 N
N, -
‘N,\ _

12. Un compuesto, o una sal o solvato farmacéuticamente aceptable

del mismo, seleccionado de:

O 0
| N \_ /AN
N Y, -
- r[:ﬁ Q P /\"/[:d N »
o N/ j =N N i
.Nr , ‘N’

N
/

!

0O ]

H N N N
/N\([::d Q p \of"vN\'(@i(/ Q P
0] A N 0 /] N

- N, -
v D §
4
0]

!

=/ N
N /] /
N‘N,) .N»)
4 I
o) 6]
0/\| \N/E%N - N \_
N /. N \ Y/
N
Y V' »
! N 1)
N,N,) N



2019/47300
REIVINDICACIONES CONCEDIDAS EN US

UsS 10,150,755
OO “"NY@ﬁ
'y Q » C Q o
OY@é Q s “Wor@é Q s
. N%; , 7 N%S ’
y S SO
UY@NQ N Qr@é“ﬂ I
TQLO0Q p AL »
0, L0 » VLORQ »
o} N%j | o N%j |

O

=0 (0]
L0, 8O0
N N/, N N/,
O Q po Gy Q »
NWfJ , N,M) ’
0 0 (0]
0 N;j o} N%j
S 7 Cl 7
-~ —_— 0 —
T 00Q » o“Di‘q »
o} Nkj o] N%j

(o]

4
0
7\ -
N N—
@’/@N— }(/\'{Q:Q/N
N N HN-N
N,M)

N-
/ N

-,

!
N

S
3

4



2019/47300
REIVINDICACIONES CONCEDIDAS EN US

Us 10,150,755
ol o)
N—G N—Q
N@f@ p *N,ﬁ}m Q‘ P
N-N_ /B \=N N
N ) N, )
N I M I

0 o]
O POeSe
S/ /.
H,N N P )L” P
N N
1 7
L N
N) , N’) ,
9]
" joosy
\Nm N 7, N N 1 P
I =N H ;
N, - N, -
‘NJ , N) ,
N N
o] —_
) N—\ | I N=—\
N 4 }> N % /‘B
N N
/] 7
N, . N
L S
N \
= O N
O o » Sl
YN U\@ff B}
Y/,
N
N'f\ a /b
.N’ , NNJ ,
N N
| g | ?
~ = > —
N N
WA WEN
73 3
.N’ I .N’ I
N N
- | [o] r’ | (o]
> — Nx —
N— N—
WEIN OO JN
N
! o’
. N, .
N) , N/\ ,
\r,N N
N | O ’l o]
3 = >
N4 s = S
! !
N , N7
N N
§ - (9] - [s]
|>—N\4;\(r — \I __
M A\ N A\
N—4 )} 2 N1 }}
N
f f
N
P B
N
- N/
_\I 5 ~.‘_‘I 0
! I WANN I WAN
N
) !
3 >

~
~



2019/47300
REIVINDICACIONES CONCEDIDAS EN US
uUS 10,150,755

N N
— o 1
s We X
\]
WA
N
i
N
.N»;\
I
N _F N
> — >
N—
WEN
N
/)
.N-;l

N
(
N, =
S
& 2 0
Y/ D
N
; N
N, -
‘D

~

=N
N
‘rf’\ ,
N=
fN‘N 0 -P.IJ
[ N
\ —
=N
N,
N 4
/N N
| 0 7
> —_— NS
: p
N
')
N, -
N’\ ,
N N
> — >
cl P ~o
N
[
»
N I
I £ T
> ~

o]
D
N

N.’N,)

O

N \_/
;/N\j}
.N’

N
!
N, -
>
0
N—h
@[lj D
N
NfN,)
0
N
NfN,)
o)
—N
. 2
N
o)
N
NfN,)



2019/47300
REIVINDICACIONES CONCEDIDAS EN US
uUS 10,150,755

N
- I 0 0 9]
x = ~o0 =
N—\ )
o N P N /{>
N ;N ’
N -
(7 NN,,\ N)
I 4
o} o o 0
HO = >N =
N—& | N—
WEN WA N
3 P
N N

N
I I I
@] o]
<, OO o O
(ﬁ A(N% N 4 (R) N (5)
N N N
N, N, N,
N N N
4 I I
o] Q
@ﬁ Q irs) (R N 7
N, ,,\D > i\
N I N I I
o]
CO=  COC .
N—\ / N \% N—\ /
N p N N
- e ) ))S>
N N N
4 4 I
o] o]
— = =
(r“ N4 @E‘{“ \_4 ] L)
¥ /D s N P R S \N>
N N N7\ -
N2 N. 2 .

13. Una composicion farmacéutica que comprende un compuesto de
la reivindicacién 1, o una sal o solvato farmacéuticamente aceptable del

mismo, y al menos un excipiente farmacéuticamente aceptable.
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14. Un método para tratar la esteatohepatitis no alcohdlica en un
sujeto que lo necesita, que comprende administrar al sujeto una cantidad
terapéuticamente efectiva de un compuesto de la reivindicacion 1, o una sal
o solvato farmacéuticamente aceptable del mismo.

15. Una composicién farmacéutica que comprende un compuesto de
la reivindicacion 12, o una sal o solvato farmacéuticamente aceptable del
mismo, y al menos un excipiente farmacéuticamente aceptable.

16. Un método para tratar la esteatohepatitis no alcohdlica en un
sujeto que lo necesita, que comprende administrar al sujeto una cantidad
terapéuticamente efectiva de un compuesto de la reivindicacién 12, o una sal

o solvato farmacéuticamente aceptable del mismo.
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TABLA DE CORRESPONDENCIA DE REIVINDICACIONES

Reivindicaciones en la solicitud en Colombia
(NOTA. LAS REIVINDICACIONES ACA INDICADAS
CORRESPONDEN A AQUELLAS MODIFICADAS EN

MODIFICACION VOLUNTARIA EL 17 DE JULIO DE 2020)

Reivindicaciones otorgables en la solicitud internacional

Explicacion sobre la suficiente correspondencia 6
Comentarios que explican la correspondencia

1. Un compuesto que tiene la estructura de Formula Il, o
una sal o solvato farmacéuticamente aceptable del
mismo:

b )

!
4

(R*),
Formula Il;
Donde:

cada R® es independientemente seleccionado del grupo que consiste
en halégeno y Ci-salquil;

R?5 es seleccionado del grupo que consiste en halégeno, -ORS, -
N(RE)2, -C(=0)ORS, -C(=0O)N(R®)2, -NR6C(=O)N(RE)2, C1-9heteroaril
seleccionado de piridinilo, pirimidinilo, pirazolilo, triazolilo, pirazinilo,
tetrazolilo, furilo, tienilo, isoxazolilo, tiazolilo, oxazolilo, isotiazolilo,
pirrolilo, piridazinilo, triazinilo, oxadiazolilo, tiadiazolilo, y furazanilo;
donde el Ci-sheteroaril esta opcionalmente sustituido con uno, dos o
tres sustituyentes seleccionados del grupo que consiste en halo, Ci-
salquil, C1-shaloalquil, y Cs-scicloalquil;

cada R¢ se selecciona independientemente del grupo que consiste en
hidrégeno, C1-Csalquil, -C1-Cesalquil-O-C1-Cesalquil, -C1-Csalquil-
pirazol, y Cs-Cscicloalquil; o dos R® en el mismo heteroatomo se
toman junto con ese heteroatomo al que estan unidos para formar un
C2-sheterociclo o un Cz-sheteroaril; donde el heteroaril se selecciona
de imidazolil, pirazolilo, y pirrolilo,

1. Un compuesto que tiene la estructura de Formula Il, o una
sal o solvato farmacéuticamente aceptable del mismo:

WO

!
z

(R%),
Formula II;
Donde:

AN
® L
es N™"R' .

&~

\

R' es N—N -

Zes C(R%)z;

XesOo0S;

cada R® es independientemente seleccionado del grupo que consiste en
halégeno y Cr-salquil;

R?5 es seleccionado del grupo que consiste en halégeno, -ORS, -N(R°)2, -
C(=0)ORS, -C(=0O)N(R?®)2, -NR6C(=O)N(RE)2, C1-sheteroaril seleccionado
de piridinilo, pirimidinilo, pirazolilo, triazolilo, pirazinilo, tetrazolilo, furilo,
tienilo, isoxazolilo, tiazolilo, oxazolilo, isotiazolilo, pirrolilo, piridazinilo,
triazinilo, oxadiazolilo, tiadiazolilo, y furazanilo; donde el C1-sheteroaril
esta opcionalmente sustituido con uno, dos o tres sustituyentes
seleccionados del grupo que consiste en halo, Ci-salquil, C1-shaloalquil, y
Cs-scicloalquil;

cada R¢ se selecciona independientemente del grupo que consiste en
hidrégeno, Ci-Csalquil, -Ci1-Cesalquil-O-C1-Cesalquil, -C1-Csalquil-pirazol, y
Cs-Cscicloalquil; o dos Re en el mismo heterodtomo se toman junto con
ese heteroatomo al que estan unidos para formar un Czgheterociclo o un
C2-sheteroaril; donde el heteroaril se selecciona de imidazolil, pirazolilo, y
pirrolilo,

Corresponde a la reivindicacion 1 de la solicitud colombiana
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donde el Cz-gheterociclo o un Cz-sheteroaril estan opcionalmente
sustituidos con uno, dos o tres sustituyentes seleccionados del grupo
que consiste en halo, -OR®8, -SR8, -N(R8)z, -C1-salquilo, -C(=O)R"?, -
C(=0O)OR'3, y -N(R'3)C(=O)R"*;

Ré es seleccionado del grupo que consiste en hidrégeno y C1-
Cealquil;

cada R? es hidrégeno;

cada R'? se selecciona independientemente del grupo que consiste
en hidrégeno y C1-Csalquil;

cada R™* se selecciona independientemente del grupo que consiste
en Ci-Cesalquil;

nes0,1,02;y

pes0 ol.

donde el Cz-sheterociclo o un Cz-sheteroaril estan opcionalmente
sustituidos con uno, dos o tres sustituyentes seleccionados del grupo que
consiste en halo, -OR8, -SRé, -N(R¢)2, -C1-ealquilo, -C(=O)R™, -
C(=0O)OR'3, y -N(R'3)C(=O)R"#;

Ré es seleccionado del grupo que consiste en hidrégeno y C1-Cealquil;
cada R’ es hidrégeno;

cada R'3 se selecciona independientemente del grupo que consiste en
hidrégeno y Ci-Csalquil;

cada R'# se selecciona independientemente del grupo que consiste en
C1-Cealquil;

nes0,1,02'y

pes0,o01.

2. El compuesto de la reivindicacion 1, o una sal o solvato
farmacéuticamente aceptable del mismo, donde nes 1.

2. El compuesto de la reivindicacion 1, o una sal o solvato
farmacéuticamente aceptable del mismo, donde nes 1.

Corresponde a la reivindicacion 2 de la solicitud colombiana

3. El compuesto de la reivindicacion 2, o una sal o solvato
farmacéuticamente aceptable del mismo, donde:

R?5 es -C(=0O)N(R®)z y cada Rf se selecciona independientemente del
grupo que consiste en hidrégeno, Ci-Cealquil, -Ci-Cesalquil-O-Cj-
Cealquil, -C1-Csalquil-pirazol, y Cs-Cscicloalquil.

3. El compuesto de la reivindicacion 2, o una sal o solvato
farmacéuticamente aceptable del mismo, donde:

R? es -C(=O)N(R®)2 y cada R® se selecciona independientemente del
grupo que consiste en hidrégeno, C1-Csalquil, -C1-Csalquil-O-C1-Cesalquil,
-C1-Csalquil-pirazol, y Cs-Cscicloalquil.

Corresponde a la reivindicacion 3 de la solicitud colombiana

4. El compuesto de la reivindicacion 2, o una sal o solvato
farmacéuticamente aceptable del mismo, donde:

R?% es -C(=0)N(R®)2 y dos R¢ en el mismo heterodtomo se toman junto
con ese heteroatomo al que estan unidos para formar un Co-
sheterociclo o un Cz-gheteroaril donde el heteroaril se selecciona de
imidazolil, pirazolilo, y pirrolilo, donde el Cz-sheterociclo o Cz-gheteroaril
estan opcionalmente sustituidos con uno, dos o tres sustituyentes
seleccionados del grupo que consiste en -ORS, -SRé, -N(R®)2, -Ci-
salquilo, -C(=0)R'*, -C(=0)OR’3, y -N(R'3)C(=0)R™*.

4. El compuesto de la reivindicacion 2, o una sal o solvato
farmacéuticamente aceptable del mismo, donde:

R?% es -C(=O)N(R®)2 y dos Re en el mismo heterodtomo se toman junto
con ese heteroatomo al que estan unidos para formar un Cz-sheterociclo o
un Cz-gheteroaril donde el heteroaril se selecciona de imidazolil, pirazolilo,
y pirrolilo, donde el Cz-sheterociclo o Cz-sheteroaril estan opcionalmente
sustituidos con uno, dos o tres sustituyentes seleccionados del grupo que
consiste en -OR8, -SRS, -N(R®)z, -C1.ealquilo, -C(=O)R#, -C(=0)OR’3, y -
N(R'3)C(=0O)R".

Corresponde a la reivindicacion 4 de la solicitud colombiana

5. El compuesto de la reivindicacion 4, o una sal o solvato
farmacéuticamente aceptable del mismo, en donde:
/
0]

e
RQSGSC\NWZ Cﬁ beg’ &Njofg’
@w Uy Uy

O

tl

5. El compuesto de la reivindicacion 4, o una sal o solvato
farmacéuticamente aceptable del mismo, en donde:

) 07 S
R%es@mz @vfg ijoﬁg, &Njofg’
Gfﬁ \G\HX N\g)( i Ufﬁ

tl ]

Corresponde a la reivindicacion 5 de la solicitud colombiana
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6. El compuesto de la reivindicaciéon 5, o una sal o solvato | 6. El compuesto de la reivindicacion 5, o una sal o solvato

farmacéuticamente aceptable del mismo, en donde:

0 s
Gpr Ty T G

R?5 es o

farmacéuticamente aceptable del mismo, en donde:

G T Tl 4

o) 0O o o)

’

R?5 es

Corresponde a la reivindicacion 6 de la solicitud colombiana

7. El compuesto de la reivindicacion 1, o una sal o solvato
farmacéuticamente aceptable del mismo, en donde:

o}
O Lo 5
[0} iy N
N‘N,)

7. El compuesto de la reivindicacion 1, o una sal o solvato
farmacéuticamente aceptable del mismo, en donde:

[0}
QL2
0 iy N
N‘N,)

Corresponde a la reivindicacion 7 de la solicitud colombiana

8. El compuesto de la reivindicacion 1, o una sal o solvato
farmacéuticamente aceptable del mismo, en donde:

0
0 —N
N‘N,) .

8. El compuesto de la reivindicacion 1, o una sal o solvato
farmacéuticamente aceptable del mismo, en donde:

o
A0 »
0 N
N‘N,) .

Corresponde a la reivindicacion 8 de la solicitud colombiana

9. El compuesto de la reivindicacion 1, o una sal o solvato
farmacéuticamente aceptable del mismo, en donde:

9. El compuesto de la reivindicacion 1, o una sal o solvato
farmacéuticamente aceptable del mismo, en donde:

Corresponde a la reivindicacion 9 de la solicitud colombiana
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10. El compuesto de la reivindicacion 1, o una sal o solvato | 10. El compuesto de la reivindicacion 1, o una sal o solvato
farmacéuticamente aceptable del mismo, en donde: farmacéuticamente aceptable del mismo, en donde:
o] 0
~ m— ~ —
D N D Ny Corresponde a la reivindicacion 10 de la solicitud colombiana
N N P N N /D
o] N o] N
N -, N -
W W
11. El compuesto de la reivindicaciéon 1, o una sal o solvato | 11. El compuesto de la reivindicacion 1, o una sal o solvato

farmacéuticamente aceptable del mismo, en donde:

| (0]
0 —
Q00
D
0 NG j
‘N’

farmacéuticamente aceptable del mismo, en donde:

| (o]
0 —
N
0080
(o] Nf j
‘N’

Corresponde a la reivindicacion 11 de la solicitud colombiana

12. Un compuesto, o una sal o solvato farmacéuticamente
aceptable del mismo, seleccionado de:

O O
I N—{ 2R\
N Y/ —
. ‘Q‘p @,@ES = D
o} ‘,N N-N N
N2 / J

7

o
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3’ 3
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2 00
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12. Un compuesto, o una sal o solvato farmacéuticamente aceptable

del mismo, seleccionado de:
0
| N \_
T T N
o} N
NfN,)
0
H N \_
/N)(‘[:é Q }}
o} N
N -
=

(0]

H N—
\OAVN\(Cé 4@\ ;}
0 =N
N, -
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N=N
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N, N,,\
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Corresponde a la reivindicacion 12 de la solicitud colombiana
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13. Una composicion farmacéutica que comprende un compuesto
de la reivindicacion 1, o una sal o solvato farmacéuticamente

aceptable del mismo, y al menos un excipiente farmacéuticamente
aceptable.

13. Una composicion farmacéutica que comprende un compuesto de
la reivindicacion 1, o una sal o solvato farmacéuticamente aceptable del
mismo, y al menos un excipiente farmacéuticamente aceptable.

Corresponde a la reivindicacion 13 de la solicitud colombiana
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14. Una composicion farmacéutica que comprende un compuesto
de la reivindicacion 12, o una sal o solvato farmacéuticamente
aceptable del mismo, y al menos un excipiente farmacéuticamente
aceptable.

14. Un método para tratar la esteatohepatitis no alcohdlica en un
sujeto que lo necesita, que comprende administrar al sujeto una cantidad
terapéuticamente efectiva de un compuesto de la reivindicacion 1, o una
sal o solvato farmacéuticamente aceptable del mismo.

Eliminada en la solicitud colombiana

15. Una composicion farmacéutica que comprende un compuesto de
la reivindicacién 12, o una sal o solvato farmacéuticamente aceptable del
mismo, y al menos un excipiente farmacéuticamente aceptable.

Corresponde a la reivindicacion 14 de la solicitud colombiana

16. Un método para tratar la esteatohepatitis no alcohdlica en un
sujeto que lo necesita, que comprende administrar al sujeto una cantidad
terapéuticamente efectiva de un compuesto de la reivindicacion 12, o una
sal o solvato farmacéuticamente aceptable del mismo.

Eliminada en la solicitud colombiana
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1

ASK1 INHIBITOR COMPOUNDS AND USES
THEREOF

CROSS-REFERENCE

This application is a continuation of International Appli-
cation No. PCT/US18/26134, filed Apr. 4, 2018, which
claims benefit of U.S. Provisional Application No. 62/482,
085, filed on Apr. 5, 2017, which is herein incorporated by
reference in its entirety.

BACKGROUND OF THE INVENTION

Non-alcoholic steatohepatitis (NASH) is an extreme form
of non-alcoholic fatty liver disease (NAFLD), a condition
resembling alcohol-induced liver injury associated with obe-
sity and metabolic syndrome rather than alcohol abuse. In
NAFLD, triglycerides accumulate within hepatocytes due to
alterations in lipid synthesis, storage, movement, or clear-
ance processes causing steatosis. While steatosis typically
has no large risk implications on its own, in a subset of
NAFLD patients the steatosis progresses to include inflam-
mation (hepatitis), necrosis and fibrosis, a condition known
as NASH. These NASH patients have highly elevated risks
of both hepatocellular carcinoma (HCC, as high as 7.6%
total risk in one study) and cirrhosis (as high as 25% total
risk), ultimately leading to liver failure or death.

Current population-based studies indicate that at least
25% of the US population has NAFLD and about 25% of
NAFLD patients will go on to develop NASH, making these
conditions a significant epidemiologic contributor to organ
failure and cancer. As these conditions are associated with
obesity and metabolic disease, their prevalence is likely to
increase in the future.

SUMMARY OF THE INVENTION

In one aspect, described herein are compounds, or phar-
maceutically acceptable salts or solvates thereof that inhibit
ASKI.

In one aspect, presented herein are compounds of the
structure of Formula I, or a pharmaceutically acceptable salt
or solvate thereof:

Formula I

Ne—z

7\

R3 /\:|_
RY), ;

Rr2

wherein

2

-continued
RSa

ﬁk\

10 .

20

35

40

45

50

55

60

65

Z is O, S, C(=0), N(R®), or C(R®),;

R! and R? are each independently selected from a group
consisting of hydrogen, halogen, —CN, —OH, —OR®,
—SR®, —S(=0)R?, —NO,, —N(R%),, —S(=0),R’,
—NHS=O),R’, —S(=O0).NR®), —C(=OR’,
—C(=0)OR’, —OC(=0)R7, —C(=0)NR),, —OC
(=O0)N(R%),, —NRSC(=O)N(R®),, —NR®C(=0)R’,
—NRSC(=0)0R?®, C,_4alkyl, C, salkenyl, C, salkynyl,
C,_geycloalkyl, C, gheterocycle, Cg qaryl, C, ghet-
eroaryl, and a fused C, jheteroaryl-cycloalkyl; wherein
C,¢ alkyl, C,alkenyl, C, calkynyl, C; scycloalkyl,
C,_gheterocycle, Cg_ jqaryl, C, jheteroaryl, and fused
C,_gheteroaryl-cycloalkyl are optionally substituted with
one, two, or three substituents selected from the group
consisting of halo, —CN, C, salkyl, —C, .alkyl-OH,
C,¢ |haloalkyl, C,4cycloalkyl, C, sheterocycle,
Cs.10aryl, C, gheteroaryl, —C(=O)R'*, —C(=0)OR"?,
—C(=0)N(R"),, —S(=0)R™, —S(=0),R*?,
—S(=0),—NR™),, —NR"),, —NR"*)C(=O)R",
and —N(R'*)S(=0),R"?;

R? is selected from a group consisting of hydrogen, halogen,
—CN, —OH, —SRS, —S8(=0)R’7, —NO,, —N(R°),,
—S(=O),R’, —NHS(—O),R’, —S(—0),NR®),
—C(=0)R’7, —C(=0)OR®, —OC(=0)R’, —C(=O)N
(R%),  —OC(—ONR®), —NRC(—O)NR),,
—NR®C(=0)R7, —NRC(=0)ORY, C, qalkyl, C, salk-
enyl, C, alkynyl, C;cycloalkyl, C, sheterocycle,
Cq.i0aryl, C, gheteroaryl, and a fused Cs gheteroaryl-
cycloalkyl; wherein C,_galkyl, C, calkenyl, C, salkynyl,
C, cycloalkyl, C,heterocycle, Cg  aryl, C, het-
eroaryl, and fused Cs_gheteroaryl-cycloalkyl are option-
ally substituted with one, two, or three substituents
selected from the group consisting of halo, —CN,
C,.¢alkyl, —C, qalkyl-OH, C, shaloalkyl, C; scy-
cloalkyl, C,_heterocycle, Cg jqaryl, C, sheteroaryl,
—C(=0)R", —C(=0)OR", —C(=0ON(R"),,
—S(—OR™, —S(—0),R>, —S(—0),—NR™,
—NR"),, —NR")C(=O)R™, and —N(R"?)S(=0),
R'?; wherein R? and R? are not both hydrogen;

each R* and each R’ are each independently selected from a
group consisting of halogen, —CN, and C,_calkyl;

R>“ is selected from the group consisting of hydrogen and
C,-Cgalkyl;

each RS is independently selected from the group consisting
of hydrogen, C,-Cgalkyl, —C,-Cgalkyl-O—C,-Cgalkyl,
—C,-Cgalkyl-C, gheterocycle, = —C,-Cgalkyl-C, shet-
eroaryl, C,;-Cgeycloalkyl, and C, gheterocycle; or two R®
on the same heteroatom are taken together with that
heteroatom to which they are attached to form a C, ghet-
erocycle or a C, gheteroaryl;
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each R is independently selected from the group consisting
of C,-Cgalkyl and C,-Cqcycloalkyl;
R® is selected from the group consisting of hydrogen and

C,-Cgalkyl;
each R is independently selected from the group consisting

of hydrogen, halogen, and C,-Cgalkyl;
each R'? is independently selected from the group consisting

of hydrogen, C,-Cgalkyl, and C;-Ccycloalkyl; or two

R'? on the same heteroatom are taken together with that

heteroatom to which they are attached to form a C, ghet-

erocycle;

each R'* is independently selected from the group consisting
of C,-Cgalkyl and C;-Cgcycloalkyl;

nis 0, 1, or 2;

pis 0,1, 2, or 3; and

qis 0, 1, or 2.

In some embodiments, R? is selected from a group con-
sisting of C, scycloalkyl, C, gheterocycle, C; jjaryl,
C, sheteroaryl, and a fused C,_gheteroaryl-cycloalkyl;
wherein C,_gcycloalkyl, C, gheterocycle, C_,qaryl, C, jhet-
eroaryl, and fused C, gheteroaryl-cycloalkyl are optionally
substituted with one, two, or three substituents selected from
the group consisting of halo, —CN, C, calkyl, —C, alkyl-
OH, C, shaloalkyl, C, scycloalkyl, C, sheterocycle,
Cq.10aryl, C,o heteroaryl, —C(=O)R'*, —C(=)OR"?,
—C(—OINR"™),, —S(—O)R™, —S(—O0),R", S(—0),
—NR™),, —N(R"),, —NR')C(=O)R", and —N(R")
S(=0),R".

In some embodiments, R? is selected from a group con-
sisting of C, gheterocycle and C,, heteroaryl; wherein
C,_sheterocycle and C, jheteroaryl are optionally substi-
tuted with one, two, or three substituents selected from the
group consisting of halo, —CN, C, galkyl, —C, salkyl-OH,
C,_¢ haloalkyl, C; 4cycloalkyl, C, gheterocycle, Cq_jaryl,
C, gheteroaryl, —C(=0)R'*, —C(=0)OR"*, —C(=0)N
(R13)2s 7S(ZO)R145 78(:0)2R135 78(:0)27N(R13)25
—NR?),, —NR*)C(=0)R', and —N(R'*)S(=0),R".

In some embodiments, R? is selected from a group con-
sisting of C, gheterocycle and C,, heteroaryl; wherein
C,_sheterocycle and C, jheteroaryl are optionally substi-
tuted with one or two substituents selected from the group
consisting of halo, —CN, C, alkyl, —C, salkyl-OH, C, ¢
haloalkyl, C; gcycloalkyl, C, heterocycle, Cg_ qaryl,
C,_oheteroaryl, —C(—=0)R**, —C(—0)OR"*, —C(=0O)N
(R13)2s 7S(ZO)R145 78(:0)2R135 78(:0)27N(R13)25
—NR'¥),, —NR*C(=0)R™, and —N(R'*)S(=0),R .

In some embodiments, R? is selected from a group con-
sisting of pyrazole, imidazole, thiazole, and pyridine;
wherein pyrazole, imidazole, thiazole, and pyridine are
optionally substituted with one or two substituents selected
from the group consisting of halo, —CN, C, qalkyl, —C,_
salkyl-OH, C,_shaloalkyl, C;_¢cycloalkyl, C, sheterocycle,
Cq.10aryl, C, oheteroaryl, —C(=0)R"* —C(=0)OR"?,
—C(=O)NR"™),, —S(=O)R™, —S(=0),R™,
—S(=0), —N(R"7),, —N(R"),, —NR")C(=OR™,
and —N(R"*)S(=0),R".

In some embodiments, R? is selected from a group con-
sisting of pyrazole, imidazole, thiazole, and pyridine;
wherein pyrazole, imidazole, thiazole, and pyridine are
optionally substituted with one or two substituents selected
from the group consisting of halo, C, salkyl, and C, 4cy-
cloalkyl. In some embodiments, R? is

N=

| |
Ru/N / R /N\N/ Ny

5

10

15

20

25

30

35

40

45

55

4

-continued

R
D4 O4 D
1|\1 , \N , R“J\/ . or
Rll

wherein R'* is C,-Cgalkyl or C,-C4cycloalkyl.
In some embodiments, R? is

¢\

12 /_
R

wherein R'? is halo, C,-Cgalkyl, or C,-Ccycloalkyl; and m
is 1 or 2.

In some embodiments, R? is selected from a group con-
sisting of unsubstituted pyrazole, unsubstituted imidazole,
unsubstituted thiazole, and unsubstituted pyridine.

In some embodiments, R? is —C(=0)N(R®), and each
R® is independently selected from the group consisting of
hydrogen, C,-Cgalkyl, —C,-Cgzalkyl-O—C,-Cgalkyl, —C, -
Cgalkyl-C, gheterocycle, —C,-Calkyl-C, gheteroaryl,
C;-Cyeycloalkyl, and C,_gheterocycle.

In some embodiments, R? is

(@] , (@] ,
(@] , (@] ,
/\/§ §\’%RL
~

H,N

0
N o N
e SN
0 0
X
NN
0
N o N
N TN SN
0 0
o ¥ L
NS -~
0 0



US 10,150,755 B2

5

-continued

Y
PSS EY

D .
PN T
T o

SRR oS

In some embodiments, R? is

R\Jd\)l}ﬁ
b

wherein R'° is a heteroaryl.

In some embodiments, R is hydrogen. In some embodi-
ments, R? is C,-Cqalkyl.

In some embodiments, R> is selected from a group con-
sisting of C; scycloalkyl, C,, heterocycle, C, aryl,
C, sheteroaryl, and a fused C,_gheteroaryl-cycloalkyl;
wherein C,_gcycloalkyl, C, gheterocycle, C_,qaryl, C, jhet-
eroaryl, and fused C, gheteroaryl-cycloalkyl, wherein
C, geycloalkyl, C, gheterocycle, Cq jqaryl, C, gheteroaryl,
and fused C_gheteroaryl-cycloalkyl are optionally substi-
tuted with one, two, or three substituents selected from the
group consisting of halo, —CN, C, alkyl, —C, .alkyl-OH,
C, ghaloalkyl, C, ccycloalkyl, C, gheterocycle, Cg_aryl,
C,. heteroaryl, —C(=0)R", —C(=)OR"?, —C(=0)N
R"),, —S(=O)R™, —S(—0),R", S(=0),—NR"),,
—NR"),, —NR"*)C(=O0)R'*, and —NR'*)S(=0),R">.

In some embodiments, R is selected from a group con-
sisting of C, gheterocycle and C,, heteroaryl; wherein

RLO
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C,_sheterocycle and C, jheteroaryl are optionally substi-
tuted with one, two, or three substituents selected from the
group consisting of halo, —CN, C, galkyl, —C, salkyl-OH,
C,_¢ haloalkyl, C; 4cycloalkyl, C, gheterocycle, Cg _aryl,
C,_oheteroaryl, —C(—=0O)R**, —C(—0)OR"?, —C(=0O)N
R"),, —SC=OR'*, —S(=0),R", —S(=0),—NR"),,
—N(R'),, —N(R?)C(=0)R'*, and —N(R'*)S(=0),R"*.

In some embodiments, R is selected from a group con-
sisting of C, gheterocycle and C, , heteroaryl; wherein
C,_sheterocycle and C, jheteroaryl are optionally substi-
tuted with one or two substituents selected from the group
consisting of halo, —CN, C, salkyl, —C, salkyl-OH, C, ¢
haloalkyl, C, gcycloalkyl, C, sheterocycle, Cg_ ,aryl,
C,_oheteroaryl, —C(=0O)R™*, —C(=0)OR'?, —C(=0)N
R™),, —SC=OR'*, —S(=0),R", —S(=0),—NR"),,
—N(R'),, —N(R?)C(=0)R'*, and —N(R'*)S(=0),R"*.

In some embodiments, R is selected from a group con-
sisting of pyrazole, imidazole, thiazole, and pyridine;
wherein pyrazole, imidazole, thiazole, and pyridine are
optionally substituted with one or two substituents selected
from the group consisting of halo, —CN, C, .alkyl, —C, ¢
alkyl-OH, C, _chaloalkyl, C; scycloalkyl, C, gheterocycle,
Cq.10aryl, C, gheteroaryl, —C(=O0)R'* —C(=0)OR"?,
—C(=ONR®),,  —S(E=OR™  —S=O0),R",
—8(=0), —NR"?),, —NR"Y),, —NR"*)C(=O)R™,
and —N(R**)S(=0),R".

In some embodiments, R? is selected from a group con-
sisting of pyrazole, imidazole, thiazole, and pyridine;
wherein pyrazole, imidazole, thiazole, and pyridine are
optionally substituted with one or two substituents selected
from the group consisting of halo, C, calkyl, and C; 4cy-
cloalkyl.

In some embodiments, R is

N=" = \
Rll/ > Rll/ N > III >
Rll
Rll
D+ O+ D
L. < </
Nk =R S ,
Rll

J\\

RIU 5

or

wherein R'* is C,-Cgalkyl or C,-C4cycloalkyl.
In some embodiments, R is

¢\

R \=—

wherein each R'? is independently halo, C,-Cgalkyl, or
C;-Cgeycloalkyl; and m is 1 or 2.

In some embodiments, R? is selected from a group con-
sisting of unsubstituted pyrazole, unsubstituted imidazole,
unsubstituted thiazole, and unsubstituted pyridine.

In some embodiments, R* is —C(—O)N(R®), and each
R® is independently selected from the group consisting of
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hydrogen, C,-Czalkyl, —C,-Czalkyl-O—C,-Cgalkyl, —C, -
—C,-Calkyl-C,_gheteroaryl,

Cgalkyl-C, gheterocycle,
C;-Cyeycloalkyl, and C,_gheterocycle.

In some embodiments, R? is

, I
o] , o] ,
/\/§ \/§\’%&L
o] , o] ,
/O\/\/\/§\’%i
, [
\O/\/\/§\”>\LH~
~ AN \’%’\

H,N

s

o]
- H}% e
~ -
o] , o] ,
' A
~ -V pava
0 , 0 ,
| |
PO P
o] , o] ,
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-continued
H H
N N
or .
(@] (@]

In some embodiments, R is

AN J}ﬁ

wherein R'° is a heteroaryl.

In some embodiments, R* is —ORS and R® is selected
from the group consisting of C,-Cgalkyl, —C,-Czalkyl-O—
C,-Cgalkyl, and —C,-Cgalkyl-C, gheterocycle. In some
embodiments, R? is hydrogen. In some embodiments, R? is
C,-Cgalkyl.

In some embodiments, R! is selected from a group con-
sisting of Cj gcycloalkyl, C, sheterocycle, Cg4 jqaryl,
C, sheteroaryl, and a fused Cg gheteroaryl-cycloalkyl;
wherein C, _calkyl, C, qalkenyl, C, salkynyl, C, ccycloalkyl,
C,_sheterocycle, Cg4  qaryl, C, heteroaryl, and fused
Cs_sheteroaryl-cycloalkyl are optionally substituted with
one, two, or three substituents selected from the group
consisting of halo, —CN, C, galkyl, —C, salkyl-OH,
C, ghaloalkyl, C, scycloalkyl, C, gheterocycle, Cg j,aryl,
C,_oheteroaryl, —C(=0)R"* —C(=0)OR"?*, —C(=0)N
(R"),, —S(—O)R'%, —S(—0),R"*, —S(—0),—N(R"),,
—NR"™),, —NR"*)C(=O0)R'*, and —NR"*)S(=0),R"°.

In some embodiments, R* is selected from a group con-
sisting of a C, _sheteroaryl and a fused Cj_jheteroaryl-cy-
cloalkyl; wherein the C, gheteroaryl and fused C, jhet-
eroaryl-cycloalkyl are optionally substituted with one, two,
or three substituents selected from the group consisting of
halo, —CN, C, alkyl, —C, calkyl-OH, C, shaloalkyl,
C,_geycloalkyl, C, gheterocycle, Cq_qaryl, C, 5 heteroaryl,
—C(=0)R™, —C(=)OR"?, —C(=0O)NR"),, —S(=0)
R, —8(=0)R"7,  8(=0),NR'™), —NR"),,
—NR"™)C(=0)R", and —N(R"*)S(=0),R"*.

In some embodiments, R! is selected from a group con-
sisting of a C, _sheteroaryl and a fused Cj_jheteroaryl-cy-
cloalkyl; wherein the C, gheteroaryl and fused Cg ghet-
eroaryl-cycloalkyl are optionally substituted with one or two
substituents selected from the group consisting of halo,
—CN, C, qalkyl, —C, calkyl-OH, C, chaloalkyl, C; scy-

RO
\/\N

cloalkyl, C, gheterocycle, C, qaryl, C, gheteroaryl,
—C(=OR™ " —C(=O)0R™, ~ —C(=ONR™),
—S(OR™,  —S(=0),R",  —8(=0),—NR"),,
—N(R'?),, —NR*)C(=0)R*, and —N(R'*)S(=0),R**.

In some embodiments, R* is selected from a group con-
sisting of triazole, imidazole, oxazole, isoxazole, oxadiaz-
ole, and tetrazole; wherein triazole, imidazole, oxazole,
isoxazole, oxadiazole, and tetrazole are optionally substi-
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tuted with one or two substituents selected from the group
consisting of halo, —CN, C, salkyl, —C, alkyl-OH,
C, ghaloalkyl, C, ccycloalkyl, C, gheterocycle, Cg_jaryl,
C, oheteroaryl, —C(=0)R'*, —C(=0)OR"*, —C(=0)N
(R™),, —S(=O)R™, —S(=0),R", —8(=0),—NR'),,
—NR"),, —NR"*)C(=O0)R'*, and —N(R'*)S(=0),R">.

In some embodiments, R* is selected from a group con-
sisting of triazole, imidazole, oxazole, isoxazole, oxadiaz-
ole, and tetrazole; wherein triazole, imidazole, oxazole,
isoxazole, oxadiazole, and tetrazole are optionally substi-
tuted with one or two substituents selected from the group
consisting of halo, C, salkyl, and C,_scycloalkyl.

10

-continued

W> m’ or
N N
/N

N N—
10 | />J .
N

w

In another aspect described herein are compounds of

. L
In some embodiments, R™ is Formula I, or a pharmaceutically acceptable salt or solvate

—_
w

thereof:
V Y Formula IT
N N .
Y RO RO o
SEERT RS I
Z
N ® R,
/ s \N, \N,
/ \ \ / .
0—N N—O N—N wherein
i N
i éw’ (A
N=N N \=N
35
is
A
\_/ 4 | N 1 N
N—O T Ry, T R
N/I\Rl N/\Rl
In some embodiments, R* is
N
AN Xy
e G
V N/ R! N/ R!
;Q(N R
\ 7 50
N—N N \N
In some embodiments, R* is N)\ R!;
55
R'is
N
| , | , 60
N\N/ N// Il{z R4 -
— L §
R, N N, ~R,
, N7/ 5&( b fé / @
7 | Y 65 N—N - N _N/
\N/ N\ R*



US 10,150,755 B2

11
-continued
R* R*
3 4
e y R*,
/
N=N X—N
R* R? R*
N
/ \ 7 \
N—X N— N=N
R? R*
N,
RY, ;QN xR or
\ N >=N
R* R*
R4
R4;

P
|

Z is O, S, C(=0), N(R®), or C(R®),;

XisOorS;

R? is C,_cycloalkyl;

R? is selected from a group consisting of hydrogen,
C,_salkyl, and C,_ccycloalkyl; each R* is independently
selected from a group consisting of hydrogen, halo,
C, _salkyl, and C,_ cycloalkyl,
or one R* and another R?, R, or R, together with the

atoms to which they are attached, form a 5- or 6-mem-
bered ring that is optionally containing one or two
heteroatoms selected from O, N, and S; wherein the 5-
or 6-membered ring is saturated, unsaturated, or aro-
matic; and wherein the 5- or 6-membered ring is
optionally substituted with one, two, or three substitu-
ents selected from the group consisting of halo, —CN,

C,ealkyl, —C, salkyl-OH, C, ghaloalkyl, C, scy-
cloalkyl, C, gheterocycle, C qaryl, C, jheteroaryl,
—C(=OR™,  —C(=O)OR”, —C(=ONR™),,
—S8(=O0R™, —8(=0),R", —S(=0),—NR),,
—N(Rw)zs —NRP)C(=O)R*, and —NR?¥S
=01 R

each R” is independently selected from a group consisting of
halogen and C,_galkyl;

R>? is selected from the group consisting of hydrogen and
C,-Cgalkyl;

R?* is selected from a group consisting of halogen, —CN,
—OH, —OR?® —SRS —S8(=0)R’, —NO,, —N(R®),,
—S(=0),R’, —NHS(=O),R’, —S(—=0),NR"),
—C(=0)R7, —C(=0)OR®, —OC(=0)R’, —C(=O)N

R, —OC(=ONR®),, ~ —NR°C(=O)NR®),,
—NRSC(=0)R7, —NR®C(=0)ORS, C,_,alkyl, C, salk-
enyl, C, salkynyl, C, scycloalkyl, C, gheterocycle,

Cs.i0aryl, C, gheteroaryl, and a fused C,_gheteroaryl-
cycloalkyl; wherein C, _galkyl, C, salkenyl, C,_salkynyl,
C, geycloalkyl, C, gheterocycle, Cg qaryl, C, ghet-
eroaryl, and fused Cs_gheteroaryl-cycloalkyl are option-
ally substituted with one, two, or three substituents
selected from the group consisting of halo, —CN,
C, salkyl, C, salkyl-OH, C, chaloalkyl, C, 4cy-
cloalkyl, C, gheterocycle, C, .aryl, C, jheteroaryl,
—C(=0OR"™, —C(=0)OR"” —C(=0)NR"),,
—S(=OR™, —S(=0),R", =~ —S(=0),—N(R"),,
—N(R'),, —NR*C(=0)R'*, and —NR'*)S(=0),
R13;

10

15

20

25

30

35

40

12

each R® is independently selected from the group consisting
of hydrogen, C,-Cgalkyl, —C,-C,alkyl-O—C,-C,alkyl,
—C,-Cgalkyl-C, gheterocycle, = —C,-Cgalkyl-C, ghet-
eroaryl, C,;-Cgeycloalkyl, and C, oheterocycle; or two R®
on the same heteroatom are taken together with that
heteroatom to which they are attached to form a C, ghet-
erocycle or a C, gheteroaryl;

each R” is independently selected from the group consisting
of C,-Cgalkyl and C;-Cgeycloalkyl;

R® is selected from the group consisting of hydrogen and
C,-Cgalkyl;

each R® is independently selected from the group consisting
of hydrogen, halogen, and C,-Cgalkyl;

each R'? is independently selected from the group consisting
of hydrogen, C,-Cgalkyl, and C;-Cgcycloalkyl; or two
R'? on the same heteroatom are taken together with that
heteroatom to which they are attached to form a C, shet-
erocycle;

each R'* is independently selected from the group consisting
of C,-Cgalkyl and C;-Cgeycloalkyl;

nis 0, 1, 2, 3, or 4;

pis 0, 1, 2, or 3; and

qis 0, 1, or 2.
In another aspect described herein are compounds of

Formula 111, or a pharmaceutically acceptable salt or solvate

thereof:

Formula ITT

wherein

®
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R'is
2 R 4
ek
N R* éN Ny ya R
) > N/ )
o A
N—N N
R4
R* R*
}%\N/RS’ ;iN)}/RAt’
_/ \
N=N N=N
4 R* R
X |
N
4 N ~
N—X N—N
X—N
R* I|{3
éN \N, N R%,
\ 9
R4
R* R*
gg\N \ R4, or \ R4;
- \
N N—X
R4

Z is O, S, C(=0), N(R®), or C(R®),;

XisOorS;

R? is C,_cycloalkyl;

R? is selected from a group consisting of hydrogen,
C, salkyl, and C,_ccycloalkyl;

each R*is independently selected from a group consisting of

hydrogen, halo, C,_salkyl, and C;_ccycloalkyl;

or one R* and another R?, R*, Or R*, together with the
atoms to which they are attached, form a 5- or 6-mem-
bered ring that is optionally containing one or two
heteroatoms selected from O, N, and S; wherein the 5-
or 6-membered ring is saturated, unsaturated, or aro-
matic; and wherein the 5- or 6-membered ring is
optionally substituted with one, two, or three substitu-
ents selected from the group consisting of halo, —CN,
C,salkyl, —C, qalkyl-OH, C, chaloalkyl, C; ccy-
cloalkyl, C, gheterocycle, Cg jqaryl, C, gheteroaryl,
—C(=0)R™, —C(=0)OR", —C(=O0)N(R'),,
—S(—OR™, —S(—O0),R”, —S(—0),—N(R"),,
—NR"7),, —NR")C(=O)R'"™, and —NRS
(=0), R™;

each R® is independently selected from a group consisting of

halogen and C,_galkyl;

R>? is selected from the group consisting of hydrogen and
C,-Cgalkyl;

each R* is independently selected from a group consisting
of halogen, —CN, —OH, —ORS, —SRS, —S(=0)R’,
—NO,, —N(R®,, —S(=0),R7, —NHS(=0),R’,
—S(=0),N{R®),, —C(=0)R’7, —C(=0)OR®, —OC
(=O)R7, —C(=O)N(R),, —OC(=O)N(R?),, —NR°C
(=0O)NRS),, —NRSC(=O)R’, —NR°C(=0)ORS,
C, qalkyl, C, qalkenyl, C, salkynyl, C; scycloalkyl,
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C,_gheterocycle, Cq_ jqaryl, C, gheteroaryl, and a fused
C,_sheteroaryl-cycloalkyl, wherein C, calkyl, C, salk-
enyl, C, alkynyl, C;cycloalkyl, C, sheterocycle,
Cq.10aryl, C, gheteroaryl, and fused Cs_, heteroaryl-cy-
cloalkyl are optionally substituted with one, two, or three
substituents selected from the group consisting of halo,
—CN, C,_salkyl, —C, ,alkyl-OH, C, chaloalkyl, C;_scy-

cloalkyl, C,_heterocycle, Cg jqaryl, C, sheteroaryl,
—C(=O0)R", —C(=0)OR"?, —C(=0)NR'),,
—S(=O)R™, —S(=0)R", —S(=0), NR").,

—NR"),, —NR")C(=0O)R™, and —N(R"?)S(=0),

R13;

each R® is independently selected from the group consisting
of hydrogen, C,-Cgalkyl, —C,-C,alkyl-O—C,-C,alkyl,

—C,-Cgalkyl-C, gheterocycle, = —C,-Cgalkyl-C, ghet-

eroaryl, C;-Cycycloalkyl, —C,-Cgcycloalkyl-phenyl, and

C,_gheterocycle, wherein C,-Cgalkyl, —C,-Cgzalkyl-O—

C,-Cgalkyl, —C,-Cgalkyl-C,_gheterocycle, —C,-

Cgalkyl-C, gheteroaryl, C;-Cyeycloalkyl, —C;-

Cgeycloalkyl-phenyl, and C, gheterocycle are optionally

substituted with one, two, or three substituents selected

from the group conmsisting of halo, —ORS®, —SR®,

—NR"),, —C,_qlkyl, —O—C,_salkyl, —C(=0)R',

—C(=0)OR"?, and —NR"?)C(=0)R'*; or two R® on

the same heteroatom are taken together with that heteroa-

tom to which they are attached to form a C, sheterocycle
or a C, gheteroaryl, wherein C, gheterocycle or C, ghet-
eroaryl are optionally substituted with one, two, or three
substituents selected from the group consisting of halo,

—OR?® —SR8®, —N(R?®),, —C, salkyl, —O—C,_qalkyl,

—C(=0)R", —C(=0)OR"?, and —NR"*YC(=O)R'%;
each R is independently selected from the group consisting

of C,-Calkyl, C;-Cieycloalkyl, and C, gheterocycle,

wherein C;-Cgeycloalkyl and C, gheterocycle are option-
ally substituted with one, two, or three substituents
selected from the group consisting of halo, oxo, —OR?,

—SR%, —NR®,, —C, qakyl, —0—C, alkyl,

—C(=0)R", —C(=0)OR"?, and —NR"*YC(=O)R'*;
each R® is independently selected from the group consisting

of hydrogen and C,-Calkyl;
each R is independently selected from the group consisting

of hydrogen, halogen, and C,-Cgalkyl;
each R'? is independently selected from the group consisting
of hydrogen, C,-Cgalkyl, and C;-Cgcycloalkyl; or two

R'? on the same heteroatom are taken together with that

heteroatom to which they are attached to form a C, ghet-

erocycle;

each R'* is independently selected from the group consisting
of C,-Cgalkyl and C;-Cycycloalkyl;

nis 0, 1, 2, 3, or 4;

pis 0, 1, 2, or 3; and

qis 0, 1, or 2.

In some embodiments, R** is selected from a group
consisting of C; scycloalkyl, C, 4 heterocycle, Cg j,aryl,
C, sheteroaryl, and a fused Cg gheteroaryl-cycloalkyl;
wherein C,_gcycloalkyl, C, gheterocycle, C_,aryl, C, ghet-
eroaryl, and fused C,gheteroaryl-cycloalkyl, wherein
C,_geycloalkyl, C, gheterocycle, Cg jqaryl, C, gheteroaryl,
and fused Cg_gheteroaryl-cycloalkyl are optionally substi-
tuted with one, two, or three substituents selected from the
group consisting of halo, —CN, C, _alkyl, —C, .alkyl-OH,
C, _ghaloalkyl, C, ccycloalkyl, C, gheterocycle, Cg_jaryl,
C .o heteroaryl, —C(=0)R'*, —C(=0)OR"?, —C(=0)N
R"),, —SOR'Y, —S(=0),R", —S(=0),—NR"),,
—NR"),, —NR"*)C(=O0)R'*, and —NR"*)S(=0),R">.

In some embodiments, R* is selected from a group
consisting of C, jheterocycle and C,_, heteroaryl; wherein
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C,_sheterocycle and C, jheteroaryl are optionally substi-
tuted with one, two, or three substituents selected from the
group consisting of halo, —CN, C, galkyl, —C, salkyl-OH,
C,_¢ haloalkyl, C; gcycloalkyl, C, gheterocycle, Cq_jaryl,
C, gheteroaryl, —C(=0)R'*, —C(=0)OR"?, —C(=0)N
R"),, —SC=OR', —S(=0),R", —S(=0),—NR"),,
—NR"),, —NR"*)C(=O0)R'*, and —N(R'*)S(=0),R">.

In some embodiments, R*® is selected from a group
consisting of C, jheterocycle and C,_, heteroaryl; wherein
C,_sheterocycle and C, jheteroaryl are optionally substi-
tuted with one or two substituents selected from the group
consisting of halo, —CN, C, alkyl, —C, salkyl-OH, C, ¢
haloalkyl, C, gscycloalkyl, C, heterocycle, Cg_ jqaryl,
C, gheteroaryl, —C(=0)R'*, —C(=0)OR"?, —C(=0)N
R"),, —SC=OR', —S(=0),R", —S(=0),—NR"),,
—NR"),, —NR"*)C(=O0)R'*, and —N(R'*)S(=0),R">.

In some embodiments, R*® is selected from a group
consisting of pyrazole, imidazole, thiazole, and pyridine;
wherein pyrazole, imidazole, thiazole, and pyridine are
optionally substituted with one or two substituents selected
from the group consisting of halo, —CN, C, calkyl, —C, ¢
alkyl-OH, C, _chaloalkyl, C; scycloalkyl, C, gjheterocycle,
Cq.10aryl, C, gheteroaryl, —C(=O0)R'* —C(=0)OR"?,
—C(=ONR®),,  —S(E=OR™  —S=O0),R>,
—S(=0), —N(R"),, —NR®"),, —NR*C(—OR™,
and —N(R"*)S(=0),R".

In some embodiments, R* is selected from a group
consisting of pyrazole, imidazole, thiazole, and pyridine;
wherein pyrazole, imidazole, thiazole, and pyridine are
optionally substituted with one or two substituents selected
from the group consisting of halo, C, salkyl, and C, 4cy-
cloalkyl.

In some embodiments, R is

N= —
| Van: : | h N
_N N New
Rll Rll N |
Rll
R
N N N\
@—g @%, N%, or
T \N R =~
Rll
R
RuJ\S
wherein each R is independently C,-Csalkyl or
C;-Cyeycloalkyl.
In some embodiments, R*® is
N
/M
>
R, \— ,
wherein each R'? is independently hydrogen, halo,

C,-Cgalkyl, or C5-Ceycloalkyl; and m is 1 or 2.

In some embodiments, R* is selected from a group
consisting of unsubstituted pyrazole, unsubstituted imida-
zole, unsubstituted thiazole, and unsubstituted pyridine.
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In some embodiments, R** is selected from a group
consisting of pyrimidine, pyrazine, and pyridazine; wherein
pyrimidine, pyrazine, and pyridazine are optionally substi-
tuted with one or two substituents selected from the group
consisting of halo, C, salkyl, and C,_scycloalkyl.

In some embodiments, R** is selected from a group
consisting of halogen, —ORS%, —N(R®),, C,_,alkyl, pyra-
zole, imidazole, thiazole, and pyridine; wherein pyrazole,
imidazole, thiazole, and pyridine are optionally substituted
with one or two substituents selected from the group con-
sisting of halo, C,_salkyl, and C;_gcycloalkyl.

In some embodiments, R** is selected from a group
consisting of halogen, —OR®, —N(R?®),, C,_salkyl, and
unsubstituted pyridine.

In some embodiments, R*® is —C(=0)N(R), and each
R® is independently selected from the group consisting of
hydrogen, C,-Cgalkyl, —C,-Cgzalkyl-O—C,-Cgalkyl, —C, -
Cgalkyl-C, gheterocycle, —C,-Calkyl-C, gheteroaryl,
C;-Cyeycloalkyl, and C,_gheterocycle.

In some embodiments, R>® is

R
YL
\O/\/\/H;&’
S P
o~ % % .

pdan)

A D

zm
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wherein R'° is a heteroaryl.

In some embodiments, R*® is —C(=0)N(R), and two
R® on the same heteroatom are taken together with that
heteroatom to which they are attached to form a C,_ghet- 4

In some embodiments, R** is —C(=0)N(R®), and two
R® on the same heteroatom are taken together with that

erocycle or a C, jheteroaryl, wherein C, sheterocycle or heteroatom to which they are attached to form a C, jhet-
C,_sheteroaryl are optionally substituted with one, two, or erocycle or a Cy gheteroaryl.
three substituents selected from the group consisting of halo, In some embodiments, R?* is —C(—=0)N(R®), and two

—OR?, *%BS, —NR®),, 13—C1_6alkyl, 1?041.63}141(}’15 R are taken together with that heteroatom to which they are
—C(=O0R™, —C(=0)OR™, and —NR™)C(=O)R™ 50 attached to form a C,_sheterocycle or a C, gheteroaryl.

. 25 .
In some embodiments, R is In some embodiments, R? is

o/ 55
Qo O @ﬁbf{
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In some embodiments, R*® is —OR® and R® is selected In some embodiments, R is

from the group consisting of C,-Cgalkyl, —C,-Calkyl-O—
C,-Cgalkyl, and —C, -Cgalkyl-C, gheterocycle.
ﬁ/ ;j ﬁ/N ’
1/
. Rl/ Ej ><E<j
NNy 7, Ny, N~
\ / \

: N/\N N\ 10
7 I Y . ) Y\(Q
X
. L) IKD

N N

ff\ [’\
N \ , o \ N N—
: 30

w

In some embodiments, R' is In some embodiments,
35

®
Y ey fi\l E

N—N N=N N=N

In some embodiments, R' is 45

30 In some embodiments, p is 0.
&N> In some embodiments,
N—N

: ©

In some embodiments, R* is

60
5& gi 3
N XNy or N N (Rs)q'
\/j \ AN
N==N N=N
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In some embodiments,

is

In some embodiments, q is 0.

In some embodiments, n is 0. In some embodiments, n is
1. In some embodiments, n is 2. In some embodiments, Z is
C(R),. In some embodiments, R is H.

In a further aspect described herein are pharmaceutical
compositions comprising a compound of Formula I, For-
mula II, or Formula ITI, or a pharmaceutically acceptable salt
or solvate thereof, and at least one pharmaceutically accept-
able excipient.

In another aspect described herein are methods of treating
non-alcoholic steatohepatitis in a subject in need thereof,
comprising administering to the subject a therapeutically
effective amount of a compound of Formula I, Formula II,
or Formula III, or a pharmaceutically acceptable salt or
solvate thereof. In another aspect described herein are meth-
ods of treating non-alcoholic steatohepatitis in a subject in
need thereof, comprising administering to the subject a
therapeutically effective amount of a pharmaceutical com-
position comprising a compound of Formula I, Formula II,
or Formula III, or a pharmaceutically acceptable salt or
solvate thereof, and at least one pharmaceutically acceptable
excipient.

Other objects, features and advantages of the compounds,
methods and compositions described herein will become
apparent from the following detailed description. It should
be understood, however, that the detailed description and the
specific examples, while indicating specific embodiments,
are given by way of illustration only, since various changes
and modifications within the spirit and scope of the instant
disclosure will become apparent to those skilled in the art
from this detailed description.

BRIEF DESCRIPTION OF THE DRAWING

The novel features of the invention are set forth with
particularity in the appended claims. A better understanding
of the features and advantages of the present invention will
be obtained by reference to the following detailed descrip-
tion that sets forth illustrative embodiments, in which the
principles of the invention are utilized, and the accompany-
ing drawing of which:

FIG. 1 shows a graph comparing the inhibition of the
hERG potassium channel between compound 2 and com-
pound 27 described herein (cmpd. 2 and cmpd. 27, respec-
tively), ASK1 inhibitor GS-4997, and positive control Ami-
triptyline.

DETAILED DESCRIPTION OF THE
INVENTION

ASK1 is a membrane-proximal MAP3K (MAP-kinase-
kinase-kinase) upstream of pathways which play important
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roles in the cellular response to environmental stresses (e.g.
the c-Jun and p38 pathways, which are known to be respon-
sive to UV and oxidative damage), is a promising therapeu-
tic target for NASH. A positive regulator of mitochondrial
apoptosis, ASK1 is tightly regulated and activated by cel-
Iular damage signals as diverse as receptor-acting inflam-
matory cytokines (e.g. TNFa and LPS), calcium and intra-
cellular r sensors (e.g. the redox sensor thioredoxin, and the
ER-stress-responsive IRE1).

Consistent with this role as an effector of stress signals,
ASK1 has been shown as an important mediator of patho-
logical stress-induced hepatic tissue remodeling. In a mouse
model of non-alcoholic liver injury, ASK1 null mice show
resistance to diet-induced steatohepatitis and subsequent
fibrosis. Human data is consistent with this role in directing
responses to diet-induced liver damage; ASK1 inhibitors
(e.g. the small molecule selonsertib/GS-4997 in clinical trial
NCT02466516) have recently shown utility in phase II trials
against non-alcoholic steatohepatitis (NASH) in affected
patients, and NASH patients show upregulation of ASK1
activity in separate molecular analyses.

In addition to its apparent role in NASH, recent studies
have produced evidence that ASK1 may be critical in
diseases of stress-induced tissue remodeling generally. Car-
diac-targeted deletion of ASK1 improves resistance to isch-
emia-, angiotensin II-, and pressure-induced pathologic tis-
sue remodeling. Further, the ubiquitous expression of the
molecule combined with its central place upstream in stress-
induced signaling cascades suggests inhibitors of this mol-
ecule may be broadly useful for counteracting diseases of
dysfunctional tissue healing and fibrosis.

Certain Terminology

Unless otherwise stated, the following terms used in this
application, including the specification and claims, have the
definitions given below. It must be noted that, as used in the
specification and the appended claims, the singular forms
“a,” “an” and “the” include plural referents unless the
context clearly dictates otherwise. Unless otherwise indi-
cated, conventional methods of mass spectroscopy, NMR,
HPLC, protein chemistry, biochemistry, recombinant DNA
techniques and pharmacology are employed. In this appli-
cation, the use of “‘or” or “and” means “and/or” unless stated
otherwise. Furthermore, use of the term “including” as well
as other forms, such as “include”, “includes,” and
“included,” is not limiting. The section headings used herein
are for organizational purposes only and are not to be
construed as limiting the subject matter described.

An “alkyl” group refers to an aliphatic hydrocarbon
group. The alkyl moiety may be branched or straight chain.
The “alkyl” group may have 1 to 15 carbon atoms (whenever
it appears herein, a numerical range such as “1 to 15” refers
to each integer in the given range; e.g., “1 to 15 carbon
atoms” means that the alkyl group may consist of 1 carbon
atom, 2 carbon atoms, 3 carbon atoms, etc., up to and
including 15 carbon atoms, although the present definition
also covers the occurrence of the term “alkyl” where no
numerical range is designated). In one aspect the alkyl is
selected from the group consisting of methyl, ethyl, propyl,
iso-propyl, n-butyl, iso-butyl, sec-butyl, and t-butyl. Typical
alkyl groups include, but are in no way limited to, methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tertiary
butyl, pentyl, neopentyl, hexyl, and the like.

The term “alkenyl” refers to a type of alkyl group in
which at least one carbon-carbon double bond is present. In
one embodiment, an alkenyl group has the formula —C(R)
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—CR,, wherein R refers to the remaining portions of the
alkenyl group, which may be the same or different. In some
embodiments, R is H or an alkyl. Non-limiting examples of
an alkenyl group include —CH—CH,, —C(CH;)—CH,,
—CH—CHCH,, —C(CH,)—CHCH;, and
—CH,CH—CH,.

The term “alkynyl” refers to a type of alkyl group in
which at least one carbon-carbon triple bond is present. In
one embodiment, an alkynyl group has the formula
—C=C—R, wherein R refers to the remaining portions of
the alkynyl group. In some embodiments, R is H or an alkyl.
Non-limiting examples of an alkynyl group include
—C=CH, —C=CCH;—C=CCH,CH,;, —CH,C=CH.

The term “cycloalkyl” refers to a monocyclic or polycy-
clic aliphatic, non-aromatic radical, wherein each of the
atoms forming the ring (i.e. skeletal atoms) is a carbon atom.
Cycloalkyls may be saturated, or partially unsaturated.
Cycloalkyls may be fused with an aromatic ring, and the
point of attachment is at a carbon that is not an aromatic ring
carbon atom. Cycloalkyl groups include groups having from
3 to 10 ring atoms. In some embodiments, cycloalkyl groups
are selected from among cyclopropyl, cyclobutyl, cyclopen-
tyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl,
and cyclooctyl. Cycloalkyl groups may be substituted or
unsubstituted. Depending on the structure, a cycloalkyl
group can be a monoradical or a diradical (i.e., an cycloalky-
lene group, such as, but not limited to, cyclopropan-1,1-diyl,
cyclobutan-1,1-diyl, cyclopentan-1,1-diyl, cyclohexan-1,1-
diyl, cyclohexan-1,4-diyl, cycloheptan-1,1-diyl, and the
like). In one aspect, a cycloalkyl is a C;-Cgcycloalkyl.

The term “aromatic” refers to a planar ring having a
delocalized it-electron system containing 4m+27 electrons,
where n is an integer. Aromatics are optionally substituted.
The term “aromatic” includes both cycloalkyl aryl (“aryl”,
e.g., phenyl) and heterocyclic aryl (or “heteroaryl” or “het-
eroaromatic”) groups (e.g., pyridine). The term includes
monocyclic or fused-ring polycyclic (i.e., rings which share
adjacent pairs of carbon atoms) groups. The term “aryl”
refers to an aromatic ring wherein each of the atoms forming
the ring is a carbon atom. Aryl groups are optionally
substituted. Depending on the structure, an aryl group can be
a monoradical or a diradical (i.e., an arylene group).

The terms “heteroaryl” or, alternatively, “heteroaromatic”
refers to an aryl group that includes one or more ring
heteroatoms selected from nitrogen, oxygen and sulfur.
Iustrative examples of heteroaryl groups include the fol-
lowing moieties:

NP Ny N—NH NH
Lo
E} / B / E}
AN N N
N N
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and the like. Monocyclic heteroaryls include pyridinyl,
imidazolyl, pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl, tet-
razolyl, furyl, thienyl, isoxazolyl, thiazolyl, oxazolyl, iso-
thiazolyl, pyrrolyl, pyridazinyl, triazinyl, oxadiazolyl, thia-
diazolyl, and furazanyl. In some embodiments, a heteroaryl
contains 0-3 N atoms in the ring. In some embodiments, a
heteroaryl contains 1-3 N atoms in the ring. In some
embodiments, a heteroaryl contains 0-3 N atoms, 0-1 O
atoms, and 0-1 S atoms in the ring. In some embodiments,
a heteroaryl is a monocyclic or bicyclic heteroaryl. In some
embodiments, heteroaryl is a C,-Cjheteroaryl. In some
embodiments, monocyclic heteroaryl is a C,-C;heteroaryl.
In some embodiments, monocyclic heteroaryl is a 5-mem-
bered or 6-membered heteroaryl. In some embodiments,
bicyclic heteroaryl is a C4-Cgheteroaryl. Depending on the
structure, a heteroaryl group can be a monoradical or a
diradical (i.e., a heteroarylene group).

A “heterocycle” or “heterocycloalkyl” group refers to a
cycloalkyl group wherein at least one of the carbon atoms of
the cycloalkyl is replaced with nitrogen (unsubstituted or
substituted, e.g. —NH—, —N(alkyl)-), oxygen (—O—), or
sulfur (e.g. —S—, —S(—0)— or —S(—0),—). The radi-
cals may be fused with an aryl or heteroaryl. In some
embodiments, the heterocycloalkyl is selected from oxazo-
lidinonyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydrothienyl,
tetrahydropyranyl, tetrahydrothiopyranyl, piperidinyl, mor-
pholinyl, thiomorpholinyl, piperazinyl, and indolinyl. The
term heteroalicyclic also includes all ring forms of the
carbohydrates, including but not limited to the monosaccha-
rides, the disaccharides and the oligosaccharides. In one
aspect, a heterocycloalkyl is a C,-C, heterocycloalkyl. In
another aspect, a heterocycloalkyl is a
C,-C,cheterocycloalkyl. In some embodiments, a heterocy-
cloalkyl contains 0-3 N atoms in the ring. In some embodi-
ments, a heterocycloalkyl contains 0-3 N atoms, 0-3 O
atoms and 0-1 S atoms in the ring.

The term “halo” or, alternatively, “halogen™ or “halide”
means fluoro (F), chloro (Cl), bromo (Br) or iodo (I). The
term “bond” or “single bond” refers to a chemical bond
between two atoms, or two moieties when the atoms joined
by the bond are considered to be part of larger substructure.
In one aspect, when a group described herein is a bond, the
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referenced group is absent thereby allowing a bond to be
formed between the remaining identified groups.

The term “moiety” refers to a specific segment or func-
tional group of a molecule. Chemical moieties are often
recognized chemical entities embedded in or appended to a
molecule.

The term “optionally substituted” or “substituted” means
that the referenced group may be substituted with one or
more additional group(s) individually and independently
selected from alkyl, cycloalkyl, aryl, heteroaryl, heteroali-
cyclic, hydroxy, alkoxy, aryloxy, alkylthio, arylthio, alkyl-
sulfoxide, arylsulfoxide, alkylsulfone, arylsulfone, cyano,
halo, nitro, haloalkyl, fluoroalkyl, fluoroalkoxy, and amino,
including mono- and di-substituted amino groups, and the
protected derivatives thereof. In some embodiments,
optional substituents are independently selected from halo-
gen, —CN, —NH,, —NH(CH;), —N(CH,),, —OH,
—CO,H, —CO,alkyl, —C(—O)NH,, —C(—O)NH(alkyl),
—C(=—O)N(alkyl),, —S(—0),NH,, —S(—0),NH(alkyl),
—S(=0),N(alkyl),, alkyl, cycloalkyl, fluoroalkyl, het-
eroalkyl, alkoxy, fluoroalkoxy, heterocycloalkyl, aryl, het-
eroaryl, aryloxy, alkylthio, arylthio, alkylsulfoxide, arylsul-
foxide, alkylsulfone, and arylsulfone. In some embodiments,
optional substituents are independently selected from halo-
gen, —CN, —NH,, —OH, —NH(CH,), —N(CH,),,
—CH;, —CH,CH;, —CF;, —OCH;, and —OCF;. In some
embodiments, substituted groups are substituted with one or
two of the preceding groups. In some embodiments, an
optional substituent on an aliphatic carbon atom (acyclic or
cyclic, saturated or unsaturated carbon atoms, excluding
aromatic carbon atoms) includes oxo (—O).

In certain embodiments, the compounds presented herein
possess one or more stereocenters and each center indepen-
dently exists in either the R or S configuration. The com-
pounds presented herein include all diastereomeric, enantio-
meric, and epimeric forms as well as the appropriate
mixtures thereof. Stereoisomers are obtained, if desired, by
methods such as, stereoselective synthesis and/or the sepa-
ration of stereoisomers by chiral chromatographic columns.
In some embodiments, halogen is F or C,. In some embodi-
ments, halogen is F.

The methods and formulations described herein include
the use of N-oxides (if appropriate), crystalline forms (also
known as polymorphs), or pharmaceutically acceptable salts
of compounds having the structure of Formula I, Formula II,
or Formula III, as well as active metabolites of these
compounds having the same type of activity. In some
situations, compounds may exist as tautomers. All tautomers
are included within the scope of the compounds presented
herein. In specific embodiments, the compounds described
herein exist in solvated forms with pharmaceutically accept-
able solvents such as water, ethanol, and the like. In other
embodiments, the compounds described herein exist in
unsolvated form.

The term “acceptable” with respect to a formulation,
composition or ingredient, as used herein, means having no
persistent detrimental effect on the general health of the
subject being treated.

The term “pharmaceutical combination” as used herein,
means a product that results from the mixing or combining
of more than one active ingredient and includes both fixed
and non-fixed combinations of the active ingredients. The
term “fixed combination” means that the active ingredients,
e.g. a compound of Formula I, Formula II, or Formula III,
or a pharmaceutically acceptable salt thereof, and a co-
agent, are both administered to a patient simultaneously in
the form of a single entity or dosage. The term “non-fixed
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combination” means that the active ingredients, e.g. a com-
pound of Formula I, Formula II, or Formula III, or a
pharmaceutically acceptable salt thereof, and a co-agent, are
administered to a patient as separate entities either simulta-
neously, concurrently or sequentially with no specific inter-
vening time limits, wherein such administration provides
effective levels of the two compounds in the body of the
patient. The latter also applies to cocktail therapy, e.g. the
administration of three or more active ingredients.

The term “subject” or “patient” encompasses mammals.
Examples of mammals include, but are not limited to, any
member of the Mammalian class: humans, non-human pri-
mates such as chimpanzees, and other apes and monkey
species; farm animals such as cattle, horses, sheep, goats,
swine; domestic animals such as rabbits, dogs, and cats;
laboratory animals including rodents, such as rats, mice and
guinea pigs, and the like. In one aspect, the mammal is a
human.

The terms “treat,” “treating” or “treatment,” as used
herein, include alleviating, abating or ameliorating at least
one symptom of a disease or condition, preventing addi-
tional symptoms, inhibiting the disease or condition, e.g.,
arresting the development of the disease or condition, reliev-
ing the disease or condition, causing regression of the
disease or condition, relieving a condition caused by the
disease or condition, or stopping the symptoms of the
disease or condition either prophylactically and/or therapeu-
tically.

2 <

Compounds

In one aspect, presented herein are compounds of the
structure of Formula I, or a pharmaceutically acceptable salt
or solvate thereof:

Formula I
O
/
R2 / \ Z
R3/\=|—
®%,
wherein
is
N AN
| o (RS, }i/j\ (RS,
N/ R! N/ R!
N
R =
| j\ (&), | j\ ®) or
N/ R! N/ R!
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-continued
RSa

N
}5'\ A
N RY;

Z is O, S, C(=0), N(R®), or C(R®),;

R! and R? are each independently selected from a group
consisting of hydrogen, halogen, —CN, —OH, —OR®,
—SRS, —S(=0)R’, —NO,, —N(R%),, —S(=0),R’,
—NHS(—O)LR’, —S(—OLNR"), —C—OR’,
—C(=0)ORS®, —OC(=0)R’, —C(=0)N(R%),, —OC
(=O)N(RS®),, —NR°C(=O)N(R?),, —NR°C(=O)R’,
—NRSC(=0)ORS, C,_alkyl, C,_salkenyl, C,_salkynyl,
C, geycloalkyl, C, gheterocycle, Cg qaryl, C, ghet-
eroaryl, and a fused C,_gheteroaryl-cycloalkyl; wherein
C,¢ alkyl, C,alkenyl, C, salkynyl, C, cycloalkyl,
C,_sheterocycle, Cg qaryl, C, gheteroaryl, and fused
Cs_sheteroaryl-cycloalkyl are optionally substituted with
one, two, or three substituents selected from the group
consisting of halo, —CN, C, qalkyl, —C, salkyl-OH,
C,¢  haloalkyl, C,gcycloalkyl, C, sheterocycle,
Cs.10aryl, C, gheteroaryl, —C(—0)R'*, —C(—0)OR"?,
—C(=ONR),, —S=OR™  —S=O0),R>,
—8(=0),—N(R"),, —NR"),, —NR'*)C(—O)R*,
and —N(R")S(=0),R"?;

R? is selected from a group consisting of hydrogen, halogen,
—CN, —OH, —SR®, —S(=0)R’, —NO,, —N(R®),,
—S(=O0),R’, —NHS(=O),R’, —S(—0),NR"),
—C(=0)R7, —C(=0)OR?®, —OC(=0)R’, —C(=O0)N
(R®),. —OC(—ONR®), —NRC(—ONR),
—NR®C(=0)R7, —NR®C(=0)ORS, C,_qalkyl, C, alk-
enyl, C, salkynyl, C, scycloalkyl, C, gheterocycle,
Cs.i0aryl, C, gheteroaryl, and a fused C,_gheteroaryl-
cycloalkyl; wherein C, _galkyl, C, salkenyl, C,_salkynyl,
C, ¢ cycloalkyl, C,heterocycle, Cgaryl, C, ghet-
eroaryl, and fused C, gheteroaryl-cycloalkyl are option-
ally substituted with one, two, or three substituents
selected from the group consisting of halo, —CN,
C, qalkyl, —C, qalkyl-OH, C, chaloalkyl, C, 4cy-
cloalkyl, C,heterocycle, Cg jcaryl, C, gheteroaryl,
—C(=0O)R", —C(=0)OR'?, —C(=0)N(R"?),,
—S(=OR™, —S(=0),R", =~ —S(=0),—N(R"),,
—N(R'),, —NR*C(=0)R'*, and —NR'*)S(=0),
R'?; wherein R? and R? are not both hydrogen;

each R* and each R® are each independently selected from a
group consisting of halogen, —CN, and C, galkyl;

R’“ is selected from the group consisting of hydrogen and
C,-Cgalkyl;

each R® is independently selected from the group consisting
of hydrogen, C,-Cjalkyl, —C,-Calkyl-O—C,-Calkyl,
—C,-Cqalkyl-C, _sheterocycle, —C,-Cgalkyl-C, _ghet-
eroaryl, C5-Cqcycloalkyl, and C,_gheterocycle; or two RS
on the same heteroatom are taken together with that
heteroatom to which they are attached to form a C,_ghet-
erocycle or a C,_gheteroaryl;

each R is independently selected from the group consisting
of C,-Cgalkyl and C,-Cqcycloalkyl;

R® is selected from the group consisting of hydrogen and
C,-Cgalkyl;

each R® is independently selected from the group consisting
of hydrogen, halogen, and C,-Cgalkyl;
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each R'? is independently selected from the group consisting
of hydrogen, C,-Cgalkyl, and C,-Cqcycloalkyl; or two

R'? on the same heteroatom are taken together with that

heteroatom to which they are attached to form a C, ghet-

erocycle;

each R'* is independently selected from the group consisting
of C,-Cgalkyl and C;-Cgeycloalkyl;

nis 0, 1, or 2;

pis 0, 1, 2, or 3; and

qis 0, 1, or 2.

In some embodiments, R? is selected from a group con-
sisting of Cj gcycloalkyl, C, sheterocycle, Cg4 jqaryl,
C, sheteroaryl, and a fused Cg gheteroaryl-cycloalkyl;
wherein C,_gcycloalkyl, C, gheterocycle, C_,aryl, C, ghet-
eroaryl, and fused C,_gheteroaryl-cycloalkyl are optionally
substituted with one, two, or three substituents selected from
the group consisting of halo, —CN, C, alkyl, —C, alkyl-
OH, C, ghaloalkyl, C,ccycloalkyl, C, gheterocycle,
Ce.10aryl, C, heteroaryl, —C(=O)R**, —C(—=)OR"?,
—C(=O)NR™),, —S(=O)R'*, —S(—=0),R", S(=0),
—N(R'),, —N(R'?),, —N(R'*)C(=0)R™, and —N(R**)
S(=0),R".

In some embodiments, R? is selected from a group con-
sisting of C, gheterocycle and C,, heteroaryl; wherein
C,_sheterocycle and C, jheteroaryl are optionally substi-
tuted with one, two, or three substituents selected from the
group consisting of halo, —CN, C, galkyl, —C, salkyl-OH,
C, ¢ haloalkyl, C, scycloalkyl, C, jheterocycle, Cy_ | aryl,
C,_oheteroaryl, —C(=0)R'* —C(=0)OR"?*, —C(=0)N
(R"),, —S(—O)R'%, —S(—0),R"*, —S(—0),—N(R"),,
—NR"),, —NR"*)C(=O0)R'*, and —NR"*)S(=0),R"°.

In some embodiments, R? is selected from a group con-
sisting of C, gheterocycle and C,, heteroaryl; wherein
C,_sheterocycle and C, jheteroaryl are optionally substi-
tuted with one or two substituents selected from the group
consisting of halo, —CN, C, salkyl, —C, salkyl-OH, C, ¢
haloalkyl, C; scycloalkyl, C, gheterocycle, C qaryl,
C,_oheteroaryl, —C(=0)R'* —C(=0)OR"?*, —C(=0)N
R"),, —SC=OR'*, —S(=0),R", —S(=0),—NR"),,
—N(R"),, —N(R?)C(=0)R'*, and —N(R'*)S(=0),R"*.

In some embodiments, R? is selected from a group con-
sisting of pyrazole, imidazole, thiazole, and pyridine;
wherein pyrazole, imidazole, thiazole, and pyridine are
optionally substituted with one or two substituents selected
from the group consisting of halo, —CN, C, _salkyl, —C, ¢
alkyl-OH, C, _chaloalkyl, C; scycloalkyl, C, gheterocycle,
Cq.10aryl, C, gheteroaryl, —C(=O0)R'* —C(=0)OR"?,
—C(=O)NR"),, —S(=O)R™, —S(=0),R",
—S(=0), —N(R"),, —NR"),, —NRC(=O)R™,
and —N(R")S(=0),R".

In some embodiments, R? is selected from a group con-
sisting of pyrazole, imidazole, thiazole, and pyridine;
wherein pyrazole, imidazole, thiazole, and pyridine are
optionally substituted with one or two substituents selected
from the group consisting of halo, C, calkyl, and C; 4cy-
cloalkyl.

In some embodiments, R? is

RID,, 11 ’ 11 ’
R, RY9),

(
N%/ r/\’ r\\
Y, \_/ !
Rll/ Rll/ \N \Ir
Rll
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> Rlla s 1la
®1Y, (R R“\ (R, = _=
o Nﬁ\% Y
5 N > N
11’N\N/ I|\I |\N ad /W
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R — —
(Rlla)u;
N\ N\
N s N
N%\N I\i/\\( 0 /Pi\/ A/\)At\/
)\/\ )\S == ==
Rll Rll
®Ye),, or

“

'
/
'
/

each R is C,-Cgalkyl or C;-Cgcycloalkyl; R4 is —CN, 15
—OH, C,-Cgalkyl, or C;-Cgeycloalkyl; and u is 0, 1 or 2.
In some embodiments, R is

N = \ 20
o o oA
1 »p” N , \IT ,
R

1

NN Rll\N N\ N%\N
| RY ’

Rll

\
\

=/
Z
Z
/
“2

\/Z/ Y
/\/z’_)
RN

Z
/@\/
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35
wherein R'! is C,-Cgalkyl or C,-Ccycloalkyl.

In some embodiments, R? is
O 0+
|
/N N~ / ,
NZF NZF
I|\I / I|\I 45
N=F
|
N= N="
L/ L/
v O gt
= N
Y 4
algTt
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L o

L

» N »

wherein each R'?
C,-Cgeycloalkyl; and m is 1 or 2.

In some embodiments, R? is selected from a group con-
sisting of unsubstituted pyrazole, unsubstituted imidazole,
unsubstituted thiazole, and unsubstituted pyridine.

32

-continued

D -

1o In some embodiments, R is

N

/N

R, T ’

is independently halo, C,-Csalkyl, or

In some embodiments, R? is —C(=0)N(R®), and each
R® is independently selected from the group consisting of
2 hydrogen, C,-Calkyl, —C,-Calkyl-O—C,-Cgalkyl, —C, -

Cgalkyl-C, _gheterocycle,

—C,-Cgalkyl-C,_gheteroaryl,

A\ "= N y
mém% B e
oA

B N
O)\/ | O/‘\/ | : SO \’%

/NLS\ JLS\ , * \O/\/\/§
/\)NL/>% /(\)\)Nl\s\ , S % AONAN %
/HJL/>_§ /@t\/Tl\s\ e I \’% \’% \’%7’1

C;-Cyeycloalkyl, and C,_gheterocycle.
In some embodiments, R? is
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kB A~

v ot
T

o'

In some embodiments, R? is

(€] (€]
HO HO
H ) H

wherein R'° is a heteroaryl.

In some embodiments, R? is hydrogen. In some embodi-
ments, R is C,-C zalkyl.

In some embodiments, R> is selected from a group con-
sisting of C, scycloalkyl, C, gheterocycle, C; jjaryl,
C, sheteroaryl, and a fused C,_gheteroaryl-cycloalkyl;
wherein C;_gcycloalkyl, C, gheterocycle, Cy_jaryl, C, ghet-
eroaryl, and fused C, sheteroaryl-cycloalkyl are optionally
substituted with one, two, or three substituents selected from
the group consisting of halo, —CN, C, _alkyl, —C, .alkyl-
OH, C, ghaloalkyl, C, scycloalkyl, C, gheterocycle,
Cq.10aryl, C, . heteroaryl, —C(=O)R', —C(=0)OR"?,
—C(=ONR),,  —S(E=OR™  —S=O0),R",
—S(=0), —NR"?),, —NR"Y),, —NR"*)C(=O)R™,
and —N(R*?)S(=0),R*?>.

In some embodiments, R> is selected from a group con-
sisting of C, gheterocycle and C,, heteroaryl; wherein
C,_sheterocycle and C, jheteroaryl are optionally substi-
tuted with one, two, or three substituents selected from the
group consisting of halo, —CN, C, galkyl, —C, salkyl-OH,
C,_¢ haloalkyl, C; gcycloalkyl, C, gheterocycle, Cq_jaryl,
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C,_oheteroaryl, —C(=0)R'* —C(=0)OR"?*, —C(=0)N
R),, —8(=O)R™, —8(=0),R"*, —S§(=0),NR"),,
—NR"),, —NR"*)C(=O0)R'*, and —NR"*)S(=0),R"°.

In some embodiments, R is selected from a group con-
sisting of C, gheterocycle and C,, heteroaryl; wherein
C,_sheterocycle and C, jheteroaryl are optionally substi-
tuted with one or two substituents selected from the group
consisting of halo, —CN, C, salkyl, —C, .alkyl-OH, C, ¢
haloalkyl, C, gcycloalkyl, C, sheterocycle, Cg_ ,aryl,
C,_oheteroaryl, —C(=0O)R™*, —C(=0)OR'?, —C(=0)N
(R™),, —S(=O)R™, —S(=0),R"*, —S(=0),—NR"),,
—NR"),, —NR"*)C(=O0)R'*, and —NR"*)S(=0),R">.

In some embodiments, R? is selected from a group con-
sisting of pyrazole, imidazole, thiazole, and pyridine;
wherein pyrazole, imidazole, thiazole, and pyridine are
optionally substituted with one or two substituents selected
from the group consisting of halo, —CN, C, calkyl, —C,_
salkyl-OH, C, haloalkyl, C; scycloalkyl, C, gheterocycle,
Cq.10aryl, C, oheteroaryl, —C(=0)R"'* —C(=0)OR"?,
—C(=O)NR"),, —S(=O)R™, —S(—=0),R",
—S(=0), —N(R"),, —NR"),, —NRC(=OR™,
and —N(R")S(=0),R".

In some embodiments, R is selected from a group con-
sisting of pyrazole, imidazole, thiazole, and pyridine;
wherein pyrazole, imidazole, thiazole, and pyridine are
optionally substituted with one or two substituents selected
from the group consisting of halo, C, calkyl, and C; 4cy-
cloalkyl.

In some embodiments, R is

N= =
Rll/ , Rll/ N , \Il\I ,
R
RU

N|/§_§ \N/S_% N¢\
L L !

1|\1 , \N , R“J\/ . or

R

each R is C,-Cqalkyl or C;-Ccycloalkyl; R is —CN,
—OH, C,-Cgalkyl or C,-Ceycloalkyl; and u is 0, 1 or 2.

In some embodiments, R is

R, 11 ’ 11 ’
®R79, R7D,
N%/ r/\’ “/\\
\ N/ N
R“/ R“/ N N
11
_1 , ®19), oy I?R“m,
u ~N
PN 0 Y
N N \N
n’ N
R Il{u
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In some embodiments, R? is
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In some embodiments, R? is

N

/N

<R12>m/_ ;

wherein each R'? is independently halo, C,-Cgalkyl, or

C,-Cgeycloalkyl; and m is 1 or 2.

In some embodiments, R> is selected from a group con-
sisting of unsubstituted pyrazole, unsubstituted imidazole,
unsubstituted thiazole, and unsubstituted pyridine.

In some embodiments, R® is —C(—O)N(R®), and each
R® is independently selected from the group consisting of

hydrogen, C,-Calkyl, —C, -Calkyl-O—C,-Cgalkyl, —C, -

Cgalkyl-C, _gheterocycle, —C,-Cgalkyl-C,_gheteroaryl,

C;-Cyeycloalkyl, and C,_gheterocycle.
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In some embodiments, R is

4
(6] , (6] ,

O O
/\/§ \/§\’%’\L
: ™
H H
AN PN N2
i\
\O/\/\/
|
H H
NN PN
=
o A |
P ~
O , O
| |
~ N Pava
5] O
| |
P P
O , O
Pave /HZ\/N\’%AL
O , O ,
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O , O ,
N N
Y o
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In some embodiments, R? is

RO
\/\N

o] o]
o] o]
, , or
o]
Rw )‘?ﬁf
N
H

wherein R'° is a heteroaryl.

In some embodiments, R* is —OR® and RS is selected
from the group consisting of C,-Cgalkyl, —C,-Csalkyl-O—
C,-Cqalkyl, and —C,-Cgalkyl-C, gheterocycle. In some
embodiments, R? is hydrogen. In some embodiments, R? is
C,-Cgalkyl.

In some embodiments, R* is selected from a group con-
sisting of Cj gcycloalkyl, C, heterocycle, Cg4 jqaryl,
C, sheteroaryl, and a fused C,_gheteroaryl-cycloalkyl;
wherein C,_salkyl, C, salkenyl, C,_salkynyl, C;_scycloalkyl,
C,_sheterocycle, Cg4 jgaryl, C, heteroaryl, and fused
C,_gheteroaryl-cycloalkyl are optionally substituted with
one, two, or three substituents selected from the group
consisting of halo, —CN, C, salkyl, —C, salkyl-OH,
C, ghaloalkyl, C, scycloalkyl, C, gheterocycle, Cg j,aryl,
C,_oheteroaryl, —C(—=0)R**, —C(—0)OR"*, —C(=0O)N
R"),, —SC=OR'*, —S(=0),R", —S(=0),—NR"),,
—N(R"),, —N(R?)C(=0)R'*, and —N(R**)S(=0),R">.

In some embodiments, R" is selected from a group con-
sisting of a C, _sheteroaryl and a fused Cs jheteroaryl-cy-
cloalkyl; wherein the C, gheteroaryl and fused Cg ghet-
eroaryl-cycloalkyl are optionally substituted with one, two,
or three substituents selected from the group consisting of
halo, —CN, C, alkyl, —C, 4alkyl-OH, C, chaloalkyl,
C,_geycloalkyl, C, gheterocycle, Cq_qaryl, C, 5 heteroaryl,
—C(=0)R™, —C(=0)OR", —C(=0)N(R"),,
—S(—OR™, —S(—O)R", ~—S(—0),—NR"),
—NR"),, —NR"*)C(=O0)R'*, and —N(R'*)S(=0),R">.

In some embodiments, R" is selected from a group con-
sisting of a C, gheteroaryl and a fused Cg gheteroaryl-cy-
cloalkyl; wherein the C, gheteroaryl and fused Cs_ghet-
eroaryl-cycloalkyl are optionally substituted with one or two
substituents selected from the group consisting of halo,
—CN, C, qalkyl, —C, calkyl-OH, C, chaloalkyl, C; scy-

cloalkyl, C, sheterocycle, Cg qjaryl, C, jheteroaryl,
—C(=OR™,  —C(=O0)OR",  —C(=ONR"),,
—S(=0)R™,  —8§(=0),R",  —8(=0),—N(R"),,

—NR"),, —NR"*)C(=O0)R'*, and —NR'*)S(=0),R">.

In some embodiments, R' is selected from a group con-
sisting of triazole, imidazole, oxazole, isoxazole, oxadiaz-
ole, and tetrazole; wherein triazole, imidazole, oxazole,
isoxazole, oxadiazole, and tetrazole are optionally substi-
tuted with one or two substituents selected from the group
consisting of halo, —CN, C, salkyl, —C, alkyl-OH,
C, ghaloalkyl, C, ccycloalkyl, C, gheterocycle, Cg_jaryl,
C, oheteroaryl, —C(=0)R'*, —C(=0)OR"*, —C(=0)N
R"),, —SC=OR'%, —S(—=0),R™, —S(=0),—NR"),,
—NR"),, —NR"*)C(=O0)R', and —N(R'*)S(=0),R">.
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In some embodiments, R*' is selected from a group con-
sisting of triazole, imidazole, oxazole, isoxazole, oxadiaz-
ole, and tetrazole; wherein triazole, imidazole, oxazole,
isoxazole, oxadiazole, and tetrazole are optionally substi-
tuted with one or two substituents selected from the group
consisting of halo, C, salkyl, and C, cycloalkyl.

In some embodiments, R is

X

R
RIS RIS RIS
| )\
N
%\N, 5&( \N, N\ \/N,
N—O/ N_I{I/ N=N
1|{15 R15
N
16 or
(T SOy
N >=N
R16 R16
R16
\ R16
—o

wherein R' is C,_qalkyl or Cs qcycloalkyl; and R'C is
hydrogen, halo, —CN, C, qalkyl or C, ccycloalkyl.

In some embodiments, R! is

1|{15 R16
N fi AN 7
, N N, ,
DERNER®
R16 1|{15 R16
N
Ny SN géN/KN,
\ \ 7 \
N—O N—N N=—N
1|{15 16 R16
N,
IS B S
N —N —_

wherein R*’ is C,_salkyl or C;_gcycloalkyl; and R*® is halo,
—=CN, C, galkyl or C; gcycloalkyl.
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In some embodiments, R' is
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In some embodiments, R* is
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N
I as

wherein each R'” is independently hydrogen, halo, —CN, 10
C, salkyl, —C, calkyl-OH, C, chaloalkyl, C; scycloalkyl,
C,_gheterocycle, C, qaryl, C, gjheteroaryl, —C(=O)R™*,
—C(=0)OR", —C(=0O)NR"),, —S(=0)R™,
—S(=0),R"?, —S(=0),—N(R"?),, —N(R'?),, —N(R")
C(=O0O)R'*, and —N(R**)S(=0),R'?; each R'* is indepen- 13
dently hydrogen, halo, —CN, C, salkyl, —C, salkyl-OH, @
C, ghaloalkyl, C, ccycloalkyl, C, gheterocycle, Cg_jaryl,

C, gheteroaryl, —C(=0)R**, —C(=)OR'?, —C(=0)N
(R™),, —S(=O)R"™, —S(=0),R"*, —§(=0),—NR"),,
—NR"),, —NR"*)C(=0)R'*, and —N(R"*)S(=0),R"?;
vis0,1,2,3,4,5 or6;and wis 0, 1, 2, 3, or 4. In some
embodiments, each R'” is independently hydrogen, halo,
—CN, C,_galkyl, —C, 4alkyl-OH, C, chaloalkyl, or C;_zcy-
cloalkyl; each R™® is independently hydrogen, halo, —CN, ,s
C,salkyl, —C, qalkyl-OH, C, chaloalkyl, or C,acy-
cloalkyl.

Formula IT

w

wherein

20 is

In some embodiments, each R'7 is independently hydrogen,
halo, —CN, C, alkyl, —C, 4alkyl-OH, or C, chaloalkyl;
each R'® is independently hydrogen, halo, —CN, C,_calkyl, 3°
—C, _salkyl-OH, or C, 4 haloalkyl.
In some embodiments, each R'7 is independently hydrogen,
halo, —CN, or C,_salkyl; each R'® is independently is
hydrogen, halo, —CN, or C, salkyl. 35

In some embodiments, R* is J\

N R
;j 40
N
| H N H
N~ N/ N//

R'is

45

— R4
N R? )\ R*
o XT/Q }ll g;\N Xy
Y4 N S0 5&( Ry / N —F

N . v
N\ N/ R3 R4 |

N
In another aspect described herein are compounds of ¢s \ /] /
Formula II, or a pharmaceutically acceptable salt or solvate N—N , N=N , R* ,
thereof:
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Z is O, S, C(=0), N(R®), or C(R®),;
XisOorS;
R? is C,_cycloalkyl;
R? is selected from a group consisting of hydrogen,
C, salkyl, and C;_ccycloalkyl;
each R*is independently selected from a group consisting of
hydrogen, halo, C,_salkyl, and C;_4 cycloalkyl;
or one R* and another R?, R?, or R, together with the
atoms to which they are attached, form a 5- or 6-mem-
bered ring that is optionally containing one or two
heteroatoms selected from O, N, and S; wherein the 5-
or 6-membered ring is saturated, unsaturated, or aro-
matic; and wherein the 5- or 6-membered ring is
optionally substituted with one, two, or three substitu-
ents selected from the group consisting of halo, —CN,

C,salkyl, —C, qalkyl-OH, C, chaloalkyl, C; ccy-
cloalkyl, C, gheterocycle, Cg jqaryl, C, gheteroaryl,
—C(=0)R"™, —C(=0)OR?, —C(=0)N(R"),,
—S(=OR™, —S(—=0),R"”, —S(=0),—NR"),,
—N(R"),, —NRP)C(=O0)R™, and —NR)S
(=0), R';

each R® is independently selected from a group consisting of
halogen and C,_alkyl;

R’? is selected from the group consisting of hydrogen and
C,-Cgalkyl;

R?® is selected from a group consisting of halogen, —CN,
—OH, —OR?® —SRS —S8(=0)R’, —NO,, —N(R®),,
—S(=0),R’, —NIHS(=O),R’, —S(—=0),NR"),
—C(=0)R7, —C(=0)OR?®, —OC(=0)R’, —C(=O0)N
(R%),. —OC(—ONR®), —NRC(—ONR),
—NR®C(=0)R7, —NR®C(=0)ORS, C,_qalkyl, C, alk-
enyl, C, qalkynyl, C;ccycloalkyl, C, sheterocycle,
Cq_1oaryl, C, sheteroaryl, and a fused Cj_jheteroaryl-
cycloalkyl; wherein C, _galkyl, C, salkenyl, C,_salkynyl,
C, geycloalkyl, C, gheterocycle, Cg qaryl, C, ghet-
eroaryl, and fused Cs_gheteroaryl-cycloalkyl are option-
ally substituted with one, two, or three substituents
selected from the group consisting of halo, —CN,
C, salkyl, —C, aalkyl-OH, C, chaloalkyl, C, ccy-
cloalkyl, C,heterocycle, Cg jcaryl, C, gheteroaryl,
—C(=0OR"™, —C(=0)OR"”, —C(=0O)NR"),,
—S(=OR™, —S(=0),R">, —8(=0),—NR"),,

—NR"),, —NR"C(=O0)R', and —NR'*)S(=0),

R13;

each R® is independently selected from the group consisting
of hydrogen, C,-Cjalkyl, —C,-Calkyl-O—C,-Calkyl,
—C,-Cqalkyl-C, _sheterocycle, —C,-Cgalkyl-C, _ghet-
eroaryl, C5-Cqcycloalkyl, and C,_gheterocycle; or two RS
on the same heteroatom are taken together with that
heteroatom to which they are attached to form a C,_ghet-
erocycle or a C,_gheteroaryl;

each R is independently selected from the group consisting
of C,-Cgalkyl and C,-Cqcycloalkyl;

R® is selected from the group consisting of hydrogen and
C,-Cgalkyl;

each R® is independently selected from the group consisting
of hydrogen, halogen, and C,-Cgalkyl;
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each R'? is independently selected from the group consisting
of hydrogen, C,-Cgalkyl, and C,-Cqcycloalkyl; or two

R'? on the same heteroatom are taken together with that

heteroatom to which they are attached to form a C, ghet-

erocycle;

each R'* is independently selected from the group consisting
of C,-Cgalkyl and C;-Cycycloalkyl;

nis0,1,2, 3 or4;

pis 0, 1, 2, or 3; and

qis 0, 1, or 2.

In some embodiments, R** is selected from a group
consisting of C; scycloalkyl, C, 4 heterocycle, Cg j,aryl,
C, sheteroaryl, and a fused Cg gheteroaryl-cycloalkyl;
wherein C,_gcycloalkyl, C, gheterocycle, C_,aryl, C, ghet-
eroaryl, and fused C,gheteroaryl-cycloalkyl, wherein
C,_geycloalkyl, C, gheterocycle, Cg jqaryl, C, gheteroaryl,
and fused Cg_gheteroaryl-cycloalkyl are optionally substi-
tuted with one, two, or three substituents selected from the
group consisting of halo, —CN, C, _alkyl, —C, .alkyl-OH,
C, _ghaloalkyl, C, ccycloalkyl, C, gheterocycle, Cg_jaryl,
C,., heteroaryl, —C(=0)R", —C(=)OR"?, —C(=0)N
R"),, —S(=O)R™, —S(—0),R", S(=0),—NR"),,
—NR"),, —NR"*)C(=O0)R'*, and —NR"*)S(=0),R">.

In some embodiments, R* is selected from a group
consisting of C, jheterocycle and C,_, heteroaryl; wherein
C,_gheterocycle and C, gheteroaryl are optionally substi-
tuted with one, two, or three substituents selected from the
group consisting of halo, —CN, C, _alkyl, —C, .alkyl-OH,
C,_¢ haloalkyl, C; 4cycloalkyl, C, gheterocycle, Cg _aryl,
C,_oheteroaryl, —C(=0)R'* —C(=0)OR"?*, —C(=0)N
(R"),, —S(—O)R'%, —S(—0),R"*, —S(—0),—N(R"),,
—NR"),, —NR"*)C(=O0)R'*, and —NR"*)S(=0),R"°.

In some embodiments, R* is selected from a group
consisting of C, jheterocycle and C,_, heteroaryl; wherein
C,_sheterocycle and C, jheteroaryl are optionally substi-
tuted with one or two substituents selected from the group
consisting of halo, —CN, C, salkyl, —C, salkyl-OH, C, ¢
haloalkyl, C; scycloalkyl, C, gheterocycle, C qaryl,
C,_oheteroaryl, —C(=0)R'* —C(=0)OR"?*, —C(=0)N
(R"),, —S(—O)R'%, —S(—0),R"*, —S(—0),—N(R"),,
—NR"),, —NR"*)C(=O0)R'*, and —NR"*)S(=0),R"°.

In some embodiments, R** is selected from a group
consisting of pyrazole, imidazole, thiazole, and pyridine;
wherein pyrazole, imidazole, thiazole, and pyridine are
optionally substituted with one or two substituents selected
from the group consisting of halo, —CN, C, calkyl, —C,_
salkyl-OH, C, haloalkyl, C; scycloalkyl, C, gheterocycle,
Cq.10aryl, C, oheteroaryl, —C(=0)R"'* —C(=0)OR"?,
—C(=ONR®),,  —S(E=OR™  —S=O0),R",
—S(=0), —NR"™),. —NR"),, —NR"*)C(=O)R™,
and —N(R**)S(=0),R">.

In some embodiments, R* is selected from a group
consisting of pyrazole, imidazole, thiazole, and pyridine;
wherein pyrazole, imidazole, thiazole, and pyridine are
optionally substituted with one or two substituents selected
from the group consisting of halo, C, calkyl, and C; 4cy-
cloalkyl.

In some embodiments, R’ is

(Rlla)u (Rlla)u (Rlla)u
—N\ =
S o Y
Ru/N RII/N\N N\N
Rlu
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each R is C,-Cqalkyl or C;-Ccycloalkyl; R is —CN,
—OH, C,-Cgalkyl or C,-Ccycloalkyl; and u is 0, 1 or 2.

In some embodiments, R is

oS

) / )

RII/N Rll/N\N
N\T N

Rll Rll

R“\N -
N P
Q—? R“J\/N%,
N
N g
Ao

wherein R'* is C,-Cgalkyl or C,-C4cycloalkyl.

In some embodiments, R*® is
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WA A
%@% Ep%
OD%, m Cp%

In some embodiments, R>® is

7\
;_ :

R,

wherein R'? is halo, C,-Cgalkyl, or C5-C4cycloalkyl; and
mis 1 or2.

In some embodiments, R** is selected from a group
consisting of unsubstituted pyrazole, unsubstituted imida-
zole, unsubstituted thiazole, and unsubstituted pyridine.

In some embodiments, R*® is —C(=0)N(R®), and each
R® is independently selected from the group consisting of
hydrogen, C,-Cgalkyl, —C,-Cgzalkyl-O—C,-Cgalkyl, —C, -
Cgalkyl-C, gheterocycle, —C,-Calkyl-C, gheteroaryl,
C;-Cyeycloalkyl, and C,_gheterocycle.

In some embodiments, R*’ is

A A
AR A
SN \’%7’1
\O/\/\/H}‘zL
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-Contlnued In some embodiments, R’ is

A ATRAN T
i S
Ly Oy O

w

15 In some embodiments, R* is —OR?® and R® is selected

(6] (6]
\ from the group consisting of C,-Calkyl, —C,-Calkyl-O—

\ C,-Cgalkyl, and —C,-Calkyl-C, gheterocycle.
/H\/N In some embodiments,
, ’ , 20
H H
N N
30

O O
H
N
: 35 In some embodiments, p is 0.
0 In some embodiments,
In some embodiments, R*® is @
40

O O
RIO ’ RIO ’
\/\N \/(’\)Z\N)‘}JR
H H 45 AN
N

| T ®.
=
N)\Rl
O O 50
10 > plo , or )
R\/(’\)\N R\/(/\)\N In some embodiments,
1 i
: o
O
s N
H 60
Ny
1 5
| (R,
wherein R'° is a heteroaryl. N/\ R

In some embodiments, R*® is —C(=0)N(R®), and two 45
R are taken together with that heteroatom to which they are
attached to form a C, jheterocycle or a C, gheteroaryl.
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In some embodiments, q is 0.

In some embodiments, n is 0. In some embodiments, n is
1. In some embodiments, Z is C(R®),. In some embodi-
ments, R® is H.

In some embodiments, R' is

Il{z R4
et L
& )d %’
N—N
R* R* I|{3
4 N
V% RY, N ~
) \ \
J— N—O N—N
R4 I|{3
A N
A |
\ ] \ 7/
N=N N
R4
;‘iN \ R or \ \ R*;

wherein R? is C,_scycloalkyl; R? is selected from a group
consisting of hydrogen C, qalkyl and C;_.cycloalkyl; each
R* is independently selected from a group consisting of
hydrogen, halogen, C,_, alkyl, and C,_scycloalkyl; or one R*
and another R?, R?, or R*, together with the atoms to which
they are attached, form a 5- or 6-membered ring that is
optionally containing one or two heteroatoms selected from
O, N, and S; wherein the 5- or 6-membered ring is saturated,
unsaturated or aromatic; and wherein the 5- or 6-membered
ring is optionally substituted with one, two, or three sub-
stituents selected from the group consisting of halo, —CN,
C, salkyl, —C, calkyl-OH, C, ¢ haloalkyl, C;_scycloalkyl,
C, gheterocycle, C,  qaryl, C, gjheteroaryl, —C(=O)R™*,
—C(=0)OR", —C(=0O)NR"),, —S(=0)R™,
—S(—0),R", —S(=0),—NR™),, —N(R'?),, —N(R")
C(=0)R', and —N(R"*)S(=0),R">.
In some embodiments, R' is
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R4
) T
N \/N
. / R4 / R4
N / /
R* ’ —N > —N ,
R4 R4 I|{3
N
N N ~
Wi %,N %( Py
N—O , N—sS , N—N ,
R? R*
" I fi
A el ats
N
R /L&f \
\ /
N=N , R* , R* ,
R* R*
\ R ;L&/N
ff\g\f \

wherein R? is selected from a group consisting of C,_salkyl
and C,_cycloalkyl; and each R* is independently selected
from a group consisting of hydrogen, halogen, C, salkyl,
and C,_scycloalkyl.

In some embodiments, R is

fo A A
C /\i /\g
RIS

\_/
N—

N=N

//

In some embodiments, R is

wi AX

N—N O—N
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/\g / ‘;\( A ;ei o
—O0 N=N
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In some embodiments, R' is

Y
0

In some embodiments, R* is

T
Y

wherein R? and R*, together with the atoms to which they
are attached, form a 5- or 6-membered ring that is optionally
containing one or two heteroatoms selected from O, N, and
S; wherein the 5- or 6-membered ring is saturated, unsatu-
rated or aromatic; and wherein the 5- or 6-membered ring is
optionally substituted with one, two, or three substituents
selected from the group consisting of halo, —CN, C, _salkyl,
—C, alkyl-OH, C, chaloalkyl, C;_scycloalkyl, C, ghetero-
cycle, Cq._j0aryl, C, gheteroaryl, —C(=O)R'*, —C(=0)
OR", —C(=O)N(R"),, —S(=0)R', —S(=0),R",
—S8(=0),—N(R"?),, —N(R"?),, —N(R?)C(=0)R**, and
—NR"™)S(=0),R"*.
In some embodiments, R* is

[T w,
Y ;% 7

(R”’) (R”’)

Bogysey

/(ng)y

/(R19)
5% 0
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-continued

X
// \/a{”)y

SNy

5 N—N 5
//\/ (ng)y
gi( (e fi(
( / 7/
(ng)y
}( 55\( /(Rw)y

>

/(ng)y

wherein X is O, N or S; each R' is independently halo,
—CN, C, qalkyl, —C, calkyl-OH, C, chaloalkyl, C; scy-

cloalkyl, C, sheterocycle, Cgqjaryl, C, jheteroaryl,
—C(=OR™,  —C(=O0)0R®, = —C=ONRS),,
—S(—=OR%, —S=O)LR®,  —S§(=0),—NR™),,
—N(R"),, —NR)C(=O)R', and —N(R'>)S(=0),R*;

andyis 0, 1, 2, 3 or 4.

In some embodiments, R is

Y &9 &9

9 Y HY

%?a?&
s% ;%

wherein X is O, N or S.
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In some embodiments, R' is

&9?&3&Q
R S Y
HsyVelve
eyveyve

P&Pa@

N P /NA\X
Y Y Y

Oy Oy

wherein X is N.

In some embodiments, R* is

Il{z R4
N R*, R,
& oIy
/
N—N —N
R4
R} R*
N z ) ’
N=N/ X—N
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R’ R*
N. R4, (gi RY, or
(TS0
N >=N
R* R*
R4
R%

7=
I

wherein X is O or S; and

one R* and another R?, R?, or R*, together with the atoms to
which they are attached, form a 5- or 6-membered ring that
is optionally containing one or two heteroatoms selected
from O, N, and S; wherein the 5- or 6-membered ring is
saturated, unsaturated or aromatic; and wherein the 5- or
6-membered ring is optionally substituted with one, two, or
three substituents selected from the group consisting of halo,
—CN, C, qalkyl, —C, calkyl-OH, C, chaloalkyl, C; scy-

cloalkyl, C, cheterocycle, C,  qaryl, C, gheteroaryl,
—C(=0)R™, —C(=0)OR*?, —C(=0)N(R"),,
—S(=OR"™, —S(=O)R”, —§=0),—NR™),,
—N(R?),, —NR'*)C(=0)R'*, and — N(R'*)S(=0),R".

In some embodiments, R is

In some embodiments, R! is

ﬁ@ D5

Ny

1/ 7

N
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. 1.
-continued R is

m ?;\fNQ ¥
" :
N, S ’ R )\
N : R
——— ——— N /
/ ) gi( )
= N ’ = N > o N—N , R*
=~/ Nax / 10 R4
N N

N N—" ;i%\N/N éN)}/R“
| >J N_N/ \N N
N\N/ 15 o ’ |
y R* A RN
In another aspect described herein are compounds of N \ //N
N—N

/ N/R3
/
—N

Formula 111, or a pharmaceutically acceptable salt or solvate 20 X—N , N—X/ , —N
thereof:
3 4
Formula III Il{ i
(@] R4 N
! : ’; 25 R4 R*
N *\ \ 7/ giN \
I N N N —N
/ \ -z \_J
N=N , R* , R* ,
—|= 30 or
®R>), R
4
wherein \ Nk
35 N—X ;
@ Zis O, S, C(=0), N(R®), or CR®),;
XisOorS;

40 R?is C,_scycloalkyl;
R? is selected from a group consisting of hydrogen,
C, salkyl, and C,_scycloalkyl;
each R*is independently selected from a group consisting of

N hydrogen, halo, C,_salkyl, and C;_4 cycloalkyl;
| )_\(Rs)q’ 45 or one R* and another R?, R, or R?, together with the
N/ R! atoms to which they are attached, form a 5- or 6-mem-

bered ring that is optionally containing one or two

heteroatoms selected from O, N, and S; wherein the 5-

or 6-membered ring is saturated, unsaturated, or aro-

50 matic; and wherein the 5- or 6-membered ring is

optionally substituted with one, two, or three substitu-

Xy ents selected from the group consisting of halo, —CN,
RS),. | —®5), or C,qalkyl, —C, alkyl-OH, C, chaloalkyl, C, scy-
Ql N/\ Ql cloalkyl, Clzigheterocycle, C%Oaryl, Cl_gheteroellgyl,
55 —C(=O)R"", —C(—=O)OR™", —C(=O)N(R™),,

—S(—OR™, —S(—O0),R”, —S(—0),—N(R"),,
—NR"),, —NR®)C(=OR"™, and —NR'S

5 =0), R
R each R” is independently selected from a group consisting of
)\ 60  halogen and C,_salkyl;
NT XN R>? is selected from the group consisting of hydrogen and
| )\ C,-Cgalkyl;
N/ Rl each R* is independently selected from a group consisting

of halogen, —CN, —OH, —ORS, —SRS, —S(=0)R’,
65 —NO, —NRS5,, —S(=0),R’”, —NHS(=0),R’,
—S(=0),NR?),, —C(=O0)R’, —C(=0)OR®, —OC
(=0)R7, —C(=0)N(R),, —OC(=0)N(R®),, —NR°C
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(=O)NR®),, —NR°C(=O)R’, —NR°C(=0)OR®,
C, salkyl, C, qalkenyl, C, calkynyl, C, ccycloalkyl,

C,_sheterocycle, C, jqaryl, C, gheteroaryl, and a fused
Cs_sheteroaryl-cycloalkyl; wherein C, galkyl, C, salk-
enyl, C, salkynyl, C, scycloalkyl, C, gheterocycle,
Cq_1oaryl, C, gheteroaryl, and fused Cs g heteroaryl-cy-
cloalkyl are optionally substituted with one, two, or three
substituents selected from the group consisting of halo,
—CN, C,_salkyl, —C, salkyl-OH, C,_shaloalkyl, C, ,cy-
cloalkyl, C,heterocycle, Cg jcaryl, C, gheteroaryl,
—C(=0OR"™, —C(=0)OR"”, —C(=0O)NR"),,
—S(=OR™,  —S(=0),R",  —8(=0), N(R"),,
—NR"),, —NR"C(=O0)R', and —NR'*)S(=0),
13,

each R® is independently selected from the group consisting
of hydrogen, C,-Cjalkyl, —C,-Calkyl-O—C,-Calkyl,

—C,-Cqalkyl-C, _sheterocycle, —C,-Cgalkyl-C, ghet-

eroaryl, C;-Cgeycloalkyl, —C;-Cgqeycloalkyl-phenyl, and

C,_sheterocycle, wherein C,-Cgalkyl, —C,-Cgalkyl-O—

C,-Cgalkyl, —C,-Cgalkyl-C,_gheterocycle, —C,-

Csalkyl-C, _gheteroaryl, C,-Cgeycloalkyl, —C;-

Cgeycloalkyl-phenyl, and C, gheterocycle are optionally

substituted with one, two, or three substituents selected

from the group consisting of halo, —OR®*, —SR® —N

R),, —C,qalkyl, —O—C, qalkyl, —C(=0O)R™,

—C(=0)OR*"?, and —N(R"*)C(=0)R"*; or two R° on

the same heteroatom are taken together with that heteroa-

tom to which they are attached to form a C, gheterocycle
or a C,_gheteroaryl, wherein C, gheterocycle or C,_ghet-
eroaryl are optionally substituted with one, two, or three
substituents selected from the group consisting of halo,

—OR®, —SR®, —N(R®),, —C,_qalkyl, —O—C, salkyl,

—C(=0)R"*, —C(=0)OR'?, and —N(R"*)C(=0)R**;
each R is independently selected from the group consisting

of C,-Cgalkyl, C;-Cqeycloalkyl, and C,, heterocycle,

wherein C;-Cgeycloalkyl and C, gheterocycle are option-
ally substituted with one, two, or three substituents
selected from the group consisting of halo, oxo, —OR?,

—SR®, —NR?, —C,qalkyl, —0O—C, salkyl,

—C(=0)R"*, —C(=0)OR"?, and —N(R*)C(=0)R**;
each R® is independently selected from the group consisting

of hydrogen and C,-Cgalkyl;
each R is independently selected from the group consisting

of hydrogen, halogen, and C,-Cgalkyl;
each R'? is independently selected from the group consisting
of hydrogen, C,-Cgalkyl, and C;-Cgeycloalkyl; or two

R'? on the same heteroatom are taken together with that

heteroatom to which they are attached to form a C,_ghet-

erocycle;

each R'* is independently selected from the group consisting
of C,-Cgalkyl and C;-Cgcycloalkyl;

nis 0, 1, 2, 3, or 4;

pis 0,1, 2, or 3; and

qis 0, 1, or 2.

In some embodiments, R* is selected from a group
consisting of C; gcycloalkyl, C, 4 heterocycle, Cg ,aryl,
C, sheteroaryl, and a fused C,_gheteroaryl-cycloalkyl;
wherein C;_gcycloalkyl, C, gheterocycle, Cy_jaryl, C, ghet-
eroaryl, and fused Csgheteroaryl-cycloalkyl, wherein
C, geycloalkyl, C, gheterocycle, Cq jqaryl, C, gheteroaryl,
and fused Cs gheteroaryl-cycloalkyl are optionally substi-
tuted with one, two, or three substituents selected from the
group consisting of halo, —CN, C, alkyl, —C, .alkyl-OH,
C, ghaloalkyl, C, ccycloalkyl, C, gheterocycle, Cg_aryl,
C,.o heteroaryl, —C(=0)R"*, —C(=)OR"?>, —C(=0)N
(R),, —S(=O)R™, —S(—0),R", S(=0),—NR"),,
—NR"),, —NR"*)C(=O0)R'*, and —N(R'*)S(=0),R">.
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In some embodiments, R** is selected from a group
consisting of C, gheterocycle and C, , heteroaryl; wherein
C,_sheterocycle and C, jheteroaryl are optionally substi-
tuted with one, two, or three substituents selected from the
group consisting of halo, —CN, C, _alkyl, —C, .alkyl-OH,
C,_¢ haloalkyl, C; 4cycloalkyl, C, gheterocycle, Cg aryl,
C,_oheteroaryl, —C(=0)R'* —C(=0)OR"?*, —C(=0)N
(R"),, —S(—O)R', —S(—0),R"*, —S(—0),—N(R"),,
—NR"),, —NR"*)C(=O0)R'*, and —NR"*)S(=0),R">.

In some embodiments, R** is selected from a group
consisting of C, gheterocycle and C, , heteroaryl; wherein
C,_sheterocycle and C, jheteroaryl are optionally substi-
tuted with one or two substituents selected from the group
consisting of halo, —CN, C, salkyl, —C, .alkyl-OH, C, ¢
haloalkyl, C, gcycloalkyl, C, sheterocycle, Cg_ jqaryl,
C,_oheteroaryl, —C(=0)R'* —C(=0)OR"?*, —C(=0)N
(R"),, —S(—O)R', —S(—0),R"*, —S(—0),—N(R"),,
—NR"),, —NR"*)C(=O0)R'*, and —NR"*)S(=0),R">.

In some embodiments, R** is selected from a group
consisting of pyrazole, imidazole, thiazole, and pyridine;
wherein pyrazole, imidazole, thiazole, and pyridine are
optionally substituted with one or two substituents selected
from the group consisting of halo, —CN, C, .alkyl, —C, ¢
alkyl-OH, C, _chaloalkyl, C; scycloalkyl, C, gheterocycle,
Cq.10aryl, C, gheteroaryl, —C(=O0)R'* —C(=0)OR"?,
—C(=O)NR"),, —S(=O)R™, —S(—=0),R",
—S(=0), —N(R"),, —NR"),, —NRC(=O)R™,
and —N(R")S(=0),R".

In some embodiments, R** is selected from a group
consisting of pyrazole, imidazole, thiazole, and pyridine;
wherein pyrazole, imidazole, thiazole, and pyridine are
optionally substituted with one or two substituents selected
from the group consisting of halo, C, calkyl, and C; 4cy-
cloalkyl.

In some embodiments, R’ is

lla 1la
®11a), ® ) R )
11/N
R R |
1
(Rll)u Ry, R“ ‘ (RUa),
A —
/>_§ N| X oy %
Ir -
(Rlla)u
g Nl”\/
RU (R!ay,, or R 5

each R is C,-Cqalkyl or C;-Ccycloalkyl; R is —CN,
—OH, C,-Cgalkyl or C,-Ccycloalkyl; and u is 0, 1 or 2.
In some embodiments, R is

N N N
i rRit7T N ~N
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wherein R'* is C,-Cgalkyl or C,-C4cycloalkyl.

RY
\N
R

11

N
|
R
In some embodiments, R*® is

NL\
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In some embodiments, R*® is

(/ ,

(Rlz)

wherein R*? is halo, C,-Calkyl, or C,-Ccycloalkyl; and m
is 1 or 2.

In some embodiments, R* is selected from a group
consisting of unsubstituted pyrazole, unsubstituted imida-
zole, unsubstituted thiazole, and unsubstituted pyridine.

In some embodiments, R* is selected from a group
consisting of pyrimidine, pyrazine, and pyridazine; wherein
pyrimidine, pyrazine, and pyridazine are optionally substi-
tuted with one or two substituents selected from the group
consisting of halo, C, salkyl, and C, ;cycloalkyl.

In some embodiments, R* is selected from a group
consisting of halogen, —OR®, —N(R®),, C,_qalkyl, pyra-
zole, imidazole, thiazole, and pyridine; wherein pyrazole,
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imidazole, thiazole, and pyridine are optionally substituted
with one or two substituents selected from the group con-
sisting of halo, C,_salkyl, and C;_gcycloalkyl.

In some embodiments, R* is selected from a group
consisting of halogen, —OR®, —N(R?®),, C,_salkyl, and
unsubstituted pyridine.

In some embodiments, R*® is —C(=0)N(R®), and each
R® is independently selected from the group consisting of
hydrogen, C,-Cgalkyl, —C,-Cgzalkyl-O—C,-Cgalkyl, —C, -
Cgalkyl-C, _gheterocycle, —C,-Cgalkyl-C,_gheteroaryl,
C,-Cqeycloalkyl, and C, gheterocycle.

In some embodiments, R>® is

H,N.

O R O ,
N o i
e SN
, O ,
N
\O/\/\/
0 .
N
\O/\/
0 .
o N o XN
SN N SN
O R O ,
/N \/N
0 , 0
N N
O R O ,
O R O ,
/(/\)Z\/N\[‘}HL /WN\’%H
O R O ,
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In some embodiments, R*® is

wherein R'° is a heteroaryl.

In some embodiments, R*® is —C(=0)N(R), and two
R® on the same heteroatom are taken together with that
heteroatom to which they are attached to form a C, ghet-
erocycle or a C, jheteroaryl, wherein C, gheterocycle or
C,_sheteroaryl are optionally substituted with one, two, or
three substituents selected from the group consisting of halo,
—OR®, —SR®, —N(R®),, —C,_qalkyl, —O—C,_alkyl,
—C(=0)R™, —C(=0)OR", and —N(R"*)C(=O)R"*.

In some embodiments, R*® is

w;g bf{
Ofg WOYE{

w

15

20

30

35

40

50

55

60

o

5

70

-continued

Ho\bqjl}{ /O\Oqjl}{,

pgett
O T e

(0] >

In some embodiments, R*> is —C(=0)N(R®), and two
R are taken together with that heteroatom to which they are
attached to form a C, jheterocycle or a C, gheteroaryl.

In some embodiments, R’ is

N o)
U qu

In some embodiments, R?>* is —OR?® and R® is selected
from the group consisting of C,-Cgalkyl, —C,-Czalkyl-O—
C,-Cgalkyl, and —C,-Calkyl-C, gheterocycle.

In some embodiments, n is 0. In some embodiments, n is
1. In some embodiments, n is 2.

In some embodiments, Z is C(R%),. In some embodi-
ments, Z is C(R®), and each R is H.

In some embodiments, Z is N(R®). In some embodiments,
Z is N(R®) and each R® is H. In some embodiments, Z is
N(R?®) and each R® is C,-C alkyl.
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In some embodiments,
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In some embodiments,
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In some embodiments, q is 0.

In some embodiments, R* is
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wherein R? is C,_scycloalkyl; R? is selected from a group
consisting of hydrogen C, salkyl and C;_.cycloalkyl; each
R* is independently selected from a group consisting of
hydrogen, halogen, C,_ alkyl, and C,_ccycloalkyl; or one R*
and another R?, R?, or R*, together with the atoms to which
they are attached, form a 5- or 6-membered ring that is
optionally containing one or two heteroatoms selected from
O, N, and S; wherein the 5- or 6-membered ring is saturated,
unsaturated or aromatic; and wherein the 5- or 6-membered
ring is optionally substituted with one, two, or three sub-
stituents selected from the group consisting of halo, —CN,
C, salkyl, —C, calkyl-OH, C,  haloalkyl, C;_scycloalkyl,
C,_oheterocycle, Cq_joaryl, C, oheteroaryl, —C(=0)R'*,
—C(=0)OR"?, —C(=0)NR'),, —S(=0)R™,
—S(=0),R", —S(=0),—NR™),, —NR'?),, —N(R")
C(=O0)R', and —NR'*)S(=0),R">.
In some embodiments, R is

Salat e

> N—N >
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géN)\N il
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R* R*
Xy Xy—r~
5
LT RN R Y
N=N, 0O—N , N—O ,

wherein R? is selected from a group consisting of C,_salkyl
and C,_,cycloalkyl; and each R* is independently selected

from a group consisting of hydrogen, halogen, C, salkyl,
N N
and C,_cycloalkyl. N N Xy
In some embodiments, R* is \ Vi \ \ ?
N > N
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In some embodiments, R' is

B

In some embodiments, R* is

T

wherein R? and R*, together with the atoms to which they
are attached, form a 5- or 6-membered ring that is optionally
containing one or two heteroatoms selected from O, N, and
S; wherein the 5- or 6-membered ring is saturated, unsatu-
rated or aromatic; and wherein the 5- or 6-membered ring is
optionally substituted with one, two, or three substituents
selected from the group consisting of halo, —CN, C, .alkyl,
—C, _¢alkyl-OH, C, ghaloalkyl, C; scycloalkyl, C, jhetero-
cycle, Cq._j0aryl, C, gheteroaryl, —C(=O)R'*, —C(=0)
OR'?, —C(=O)N(R?),, —S(=0)R', —S(=0),R"?,
—8(=0),—NR"),, —NR"),, —NR"*)C(=0)R"'*, and
—NR"™)S(=0),R">.

In some embodiments, R' is
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A B
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Y Y
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wherein X is O, N or S; each R' is independently halo,
—CN, C, qalkyl, —C, alkyl-OH, C, jhaloalkyl, C, .cy-

cloalkyl, C, cheterocycle, C,  qaryl, C, gheteroaryl,
—C(=OR™,  —C(=0)0R",  —C(=ONR"),,
—S(=OR™,  —S8(=0),R"”,  —S(=0),—N(R"),,

—NR"™),, —N(R")C(=O)R"*, and —N(R'*)S(=0),R"*;
andyis 0, 1, 2, 3 or 4.
In some embodiments, R! is

Y Y KY
5 Y Y
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In some embodiments, R is
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In some embodiments, R' is
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Xis Oor S; and

one R* and another R?, R?, or R*, together with the atoms to
which they are attached, form a 5- or 6-membered ring that
is optionally containing one or two heteroatoms selected
from O, N, and S; wherein the 5- or 6-membered ring is
saturated, unsaturated or aromatic; and wherein the 5- or
6-membered ring is optionally substituted with one, two, or
three substituents selected from the group consisting of halo,
—CN, C, qalkyl, —C, calkyl-OH, C, chaloalkyl, C; scy-

cloalkyl, C, gheterocycle, C, qaryl, C, gheteroaryl,
—C(=OR"™,  —C(=0)OR",  —C(=ON(R™),,
—S(=O)R™,  —S(=0),R",  —8(=0),NR"),,

—N(R1),, —NR'*)C(=0)R'*, and — N(R'*)S(=0),R".
In some embodiments, R! is

~N

In one aspect, presented herein are pharmaceutical com-
positions comprising a compound of Formula I, Formula II,
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or Formula III, or a pharmaceutically acceptable salt or
solvate thereof, and at least one pharmaceutically acceptable
excipient.

In one aspect, presented herein are methods of treating
non-alcoholic steatohepatitis in a subject in need thereof,
comprising administering to the subject a therapeutically
effective amount of a compound of Formula I, Formula II,
or Formula III, or a pharmaceutically acceptable salt or
solvate thereof. In some embodiments is a method of treat-
ing non-alcoholic steatohepatitis in a subject in need thereof,
comprising administering to the subject a therapeutically
effective amount of a compound of Formula I, or a phar-
maceutically acceptable salt or solvate thereof. In some
embodiments is a method of treating non-alcoholic steato-
hepatitis in a subject in need thereof, comprising adminis-
tering to the subject a therapeutically effective amount of a
compound of Formula II, or a pharmaceutically acceptable
salt or solvate thereof. In some embodiments is a method of
treating non-alcoholic steatohepatitis in a subject in need
thereof, comprising administering to the subject a therapeu-
tically effective amount of a compound of Formula III, or a
pharmaceutically acceptable salt or solvate thereof.

In some embodiments, the compound disclosed herein is
a compound of any one of Compounds 1-89, or a pharma-
ceutically acceptable salt or solvate thereof.

In one aspect, the structures of the compounds described
herein are selected from Table 1.

TABLE 1
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Synthesis of Compounds

Compounds described herein are synthesized using stan-
dard synthetic techniques or using methods known in the art
in combination with methods described herein. In addition,
solvents, temperatures and other reaction conditions pre-
sented herein may vary.

The starting material used for the synthesis of the com-
pounds described herein are either synthesized or obtained
from commercial sources, such as, but not limited to,
Sigma-Aldrich, Fluka, Acros Organics, Alfa Aesar, and the
like. The compounds described herein, and other related
compounds having different substituents are synthesized
using techniques and materials described herein or otherwise
known, including those found in March, ADVANCED ORGANIC
Cuemistry 47 Ed., (Wiley 1992); Carey and Sundberg,
ADvANCED OrGanic CHEMISTRY 47 Ed., Vols. A and B (Plenum
2000, 2001), and Green and Wuts, ProTECTIVE GROUPS IN
Orcanic Syntresis 374 Ed., (Wiley 1999). General methods
for the preparation of compounds can be modified by the use
of appropriate reagents and conditions for the introduction
of the various moieties found in the formulae as provided
herein. A detailed description of techniques applicable to the
creation of protecting groups and their removal are
described in Greene and Wuts, Protective Groups in Organic
Synthesis, 3rd Ed., John Wiley & Sons, New York, N.Y,
1999, and Kocienski, Protective Groups, Thieme Verlag,
New York, N.Y., 1994, which are incorporated herein by
reference for such disclosure.

In some embodiments, a compound, such as compound 1,
is prepared according to the route as shown in Scheme 1.

Scheme 1:
AN
/ O\ HzNNH2°H20
—_—
Br N MeOH, r.t. 1 h
5 step 1
1A
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O step 2
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P % P A > NH,
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| AcOH, 90° C., 3 h
0 step 3
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NH
N
P
(@]
| N ; Pd,(dba);
= N X-Phos, Cs,CO3, Dioxane
Br N 1 > 100°C. 16 h
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N N/ step
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N N I\\I\I;/>
\N
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1-1

In some embodiments, a phenolic compound, such as 1A,
is hydrazinated with a suitable hydrazination reagent, to
provide a hydrazide phenolic compound, such as 1B. In
some embodiments, the suitable hydrazination reagent is
hydrazine hydrate. In some embodiments, the hydrazide
phenolic compound, such as 1B, is coupled with an appro-
priate formamide compound to provide a coupled hydrazide
phenolic compound, such as 1C. In some embodiments, the
appropriate formamide compound is dimethylformamide
dimethylacetal. In some embodiments, the coupled hydraz-
ide phenolic compound, such as 1C, is subjected under
suitable reaction conditions to provide a polycyclic com-
pound, such as 1D. In some embodiments, the suitable
reaction conditions include treatment with acetic acid. In
some embodiments, the polycyclic compound is subjected to
suitable reaction conditions to provide a compound, such as
compounds 1.

In one aspect, compounds described herein are synthe-
sized as outlined in the Examples. Throughout the specifi-
cation, groups and substituents thereof are chosen by one
skilled in the field to provide stable moieties and com-
pounds.

Further Forms of Compounds

In one aspect, compounds described herein possess one or
more stereocenters and each stereocenter exists indepen-
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dently in either the R or S configuration. The compounds
presented herein include all diastereomeric, enantiomeric,
and epimeric forms as well as the appropriate mixtures
thereof. The compounds and methods provided herein
include all cis-, trans-, syn-, anti-, entgegen (E), and zusam-
men (7) isomers as well as the appropriate mixtures thereof.
In certain embodiments, compounds described herein are
prepared as their individual stereoisomers by reacting a
racemic mixture of the compound with an optically active
resolving agent to form a pair of diastereoisomeric com-
pounds/salts, separating the diastereomers and recovering
the optically pure enantiomers. In some embodiments, reso-
Iution of enantiomers is carried out using covalent diaste-
reomeric derivatives of the compounds described herein. In
another embodiment, diastereomers are separated by sepa-
ration/resolution techniques based upon differences in solu-
bility. In other embodiments, separation of stereoisomers is
performed by chromatography or by the forming diastereo-
meric salts and separation by recrystallization, or chroma-
tography, or any combination thereof. Jean Jacques, Andre
Collet, Samuel H. Wilen, “Enantiomers, Racemates and
Resolutions”, John Wiley And Sons, Inc., 1981. In some
embodiments, stereoisomers are obtained by stereoselective
synthesis.

“Pharmaceutically acceptable,” as used herein, refers to a
material, such as a carrier or diluent, which does not
abrogate the biological activity or properties of the com-
pound, and is relatively nontoxic, i.e., the material may be
administered to an individual without causing undesirable
biological effects or interacting in a deleterious manner with
any of the components of the composition in which it is
contained.

The term “pharmaceutically acceptable salt” refers to a
formulation of a compound that does not cause significant
irritation to an organism to which it is administered and does
not abrogate the biological activity and properties of the
compound. In some embodiments, pharmaceutically accept-
able salts are obtained by reacting a compound described
herein with acids.

Pharmaceutically acceptable salts are also obtained by
reacting a compound described herein with a base to form a
salt.

Compounds described herein may be formed as, and/or
used as, pharmaceutically acceptable salts. The type of
pharmaceutical acceptable salts, include, but are not limited
to: (1) acid addition salts, formed by reacting the free base
form of the compound with a pharmaceutically acceptable:
inorganic acid to form a salt such as, for example, a
hydrochloric acid salt, a hydrobromic acid salt, a sulfuric
acid salt, a phosphoric acid salt, a metaphosphoric acid salt,
and the like; or with an organic acid to form a salt such as,
for example, an acetic acid salt, a propionic acid salt, a
hexanoic acid salt, a cyclopentanepropionic acid salt, a
glycolic acid salt, a pyruvic acid salt, a lactic acid salt, a
malonic acid salt, a succinic acid salt, a malic acid salt, a
maleic acid salt, a fumaric acid salt, a trifluoroacetic acid
salt, a tartaric acid salt, a citric acid salt, a benzoic acid salt,
a 3-(4-hydroxybenzoyl)benzoic acid salt, a cinnamic acid
salt, a mandelic acid salt, a methanesulfonic acid salt, an
ethanesulfonic acid salt, a 1,2-ethanedisulfonic acid salt, a
2-hydroxyethanesulfonic acid salt, a benzenesulfonic acid
salt, a toluenesulfonic acid salt, a 2-naphthalenesulfonic acid
salt, a 4-methylbicyclo-[2.2.2]oct-2-ene-1-carboxylic acid
salt, a glucoheptonic acid salt, a 4,4'-methylenebis-(3-hy-
droxy-2-ene-1-carboxylic acid) salt, a 3-phenylpropionic
acid salt, a trimethylacetic acid salt, a tertiary butylacetic
acid salt, a lauryl sulfuric acid salt, a gluconic acid salt, a
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glutamic acid salt, a hydroxynaphthoic acid salt, a salicylic
acid salt, a stearic acid salt, a muconic acid salt, a butyric
acid salt, a phenylacetic acid salt, a phenylbutyric acid salt,
a valproic acid salt, and the like; (2) salts formed when an
acidic proton present in the parent compound is replaced by
a metal ion, e.g., an alkali metal ion (e.g. a lithium salt, a
sodium salt, or a potassium salt), an alkaline earth ion (e.g.
a magnesium salt, or a calcium salt), or an aluminum ion
(e.g. an aluminum salt). In some cases, compounds
described herein may coordinate with an organic base to
form a salt, such as, but not limited to, an ethanolamine salt,
a diethanolamine salt, a triethanolamine salt, a tromethamine
salt, a N-methylglucamine salt, a dicyclohexylamine salt, or
a tris(hydroxymethyl)methylamine salt. In other cases, com-
pounds described herein may form salts with amino acids
such as, but not limited to, an arginine salt, a lysine salt, and
the like. Acceptable inorganic bases used to form salts with
compounds that include an acidic proton, include, but are
not limited to, aluminum hydroxide, calcium hydroxide,
potassium hydroxide, sodium carbonate, sodium hydroxide,
and the like.

It should be understood that a reference to a pharmaceu-
tically acceptable salt includes the solvent addition forms.
Solvates contain either stoichiometric or non-stoichiometric
amounts of a solvent, and may be formed during the process
of crystallization with pharmaceutically acceptable solvents
such as water, ethanol, and the like. Hydrates are formed
when the solvent is water, or alcoholates are formed when
the solvent is alcohol. Solvates of compounds described
herein can be conveniently prepared or formed during the
processes described herein. In addition, the compounds
provided herein can exist in unsolvated as well as solvated
forms.

Routes of Administration

Suitable routes of administration include, but are not
limited to, oral, intravenous, rectal, aerosol, parenteral,
ophthalmic, pulmonary, transmucosal, transdermal, vaginal,
otic, nasal, and topical administration. In addition, by way of
example only, parenteral delivery includes intramuscular,
subcutaneous, intravenous, intramedullary injections, as
well as intrathecal, direct intraventricular, intraperitoneal,
intralymphatic, and intranasal injections.

In certain embodiments, a compound as described herein
is administered in a local rather than systemic manner, for
example, via injection of the compound directly into an
organ, often in a depot preparation or sustained release
formulation. In specific embodiments, long acting formula-
tions are administered by implantation (for example subcu-
taneously or intramuscularly) or by intramuscular injection.
Furthermore, in other embodiments, the drug is delivered in
a targeted drug delivery system, for example, in a liposome
coated with organ-specific antibody. In such embodiments,
the liposomes are targeted to and taken up selectively by the
organ. In yet other embodiments, the compound as described
herein is provided in the form of a rapid release formulation,
in the form of an extended release formulation, or in the
form of an intermediate release formulation. In yet other
embodiments, the compound described herein is adminis-
tered topically.

Pharmaceutical Compositions/Formulations
In some embodiments, the compounds described herein

are formulated into pharmaceutical compositions. Pharma-
ceutical compositions are formulated in a conventional
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manner using one or more pharmaceutically acceptable
inactive ingredients that facilitate processing of the active
compounds into preparations that can be used pharmaceu-
tically. Proper formulation is dependent upon the route of
administration chosen. A summary of pharmaceutical com-
positions described herein can be found, for example, in
Remington: The Science and Practice of Pharmacy, Nine-
teenth Ed (Easton, Pa.: Mack Publishing Company, 1995);
Hoover, John E., Remington’s Pharmaceutical Sciences,
Mack Publishing Co., Easton, Pa. 1975; Liberman, H. A. and
Lachman, L., Eds., Pharmaceutical Dosage Forms, Marcel
Decker, New York, N.Y., 1980; and Pharmaceutical Dosage
Forms and Drug Delivery Systems, Seventh Ed. (Lippincott
Williams & Wilkins 1999), herein incorporated by reference
for such disclosure.

Provided herein are pharmaceutical compositions that
include a compound of Formula I, Formula II, or Formula
111, or a pharmaceutically acceptable salt thereof, and at least
one pharmaceutically acceptable inactive ingredient. In
some embodiments is a pharmaceutical composition that
includes a compound of Formula I, or a pharmaceutically
acceptable salt thereof, and at least one pharmaceutically
acceptable excipient. In some embodiments is a pharmaceu-
tical composition that includes a compound of Formula II, or
a pharmaceutically acceptable salt thereof, and at least one
pharmaceutically acceptable excipient. In some embodi-
ments is a pharmaceutical composition that includes a
compound of Formula III, or a pharmaceutically acceptable
salt thereof, and at least one pharmaceutically acceptable
excipient. In some embodiments, the compounds described
herein are administered as pharmaceutical compositions in
which a compound of Formula I, Formula I, or Formula III,
or a pharmaceutically acceptable salt thereof, is mixed with
other active ingredients, as in combination therapy. In other
embodiments, the pharmaceutical compositions include
other medicinal or pharmaceutical agents, carriers, adju-
vants, preserving, stabilizing, wetting or emulsifying agents,
solution promoters, salts for regulating the osmotic pressure,
and/or buffers. In yet other embodiments, the pharmaceuti-
cal compositions include other therapeutically valuable sub-
stances.

A pharmaceutical composition, as used herein, refers to a
mixture of a compound of Formula I, Formula II, or Formula
111, or a pharmaceutically acceptable salt thereof, with other
chemical components (i.e. pharmaceutically acceptable
inactive ingredients), such as carriers, excipients, binders,
filling agents, suspending agents, flavoring agents, sweet-
ening agents, disintegrating agents, dispersing agents, sur-
factants, lubricants, colorants, diluents, solubilizers, moist-
ening agents, plasticizers, stabilizers, penetration enhancers,
wetting agents, anti-foaming agents, antioxidants, preserva-
tives, or one or more combination thereof. The pharmaceu-
tical composition facilitates administration of the compound
to a mammal.

A therapeutically effective amount can vary widely
depending on the severity of the disease, the age and relative
health of the subject, the potency of the compound used and
other factors. The compounds can be used singly or in
combination with one or more therapeutic agents as com-
ponents of mixtures.

The pharmaceutical formulations described herein are
administered to a subject by appropriate administration
routes, including but not limited to, oral, parenteral (e.g.,
intravenous, subcutaneous, intramuscular), intranasal, buc-
cal, topical, rectal, or transdermal administration routes. The
pharmaceutical formulations described herein include, but
are not limited to, aqueous liquid dispersions, self-emulsi-
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fying dispersions, solid solutions, liposomal dispersions,
aerosols, solid dosage forms, powders, immediate release
formulations, controlled release formulations, fast melt for-
mulations, tablets, capsules, pills, delayed release formula-
tions, extended release formulations, pulsatile release for-
mulations, multiparticulate formulations, and mixed
immediate and controlled release formulations.

Pharmaceutical compositions including a compound of
Formula I, Formula II, or Formula III, or a pharmaceutically
acceptable salt thereof, are manufactured in a conventional
manner, such as, by way of example only, by means of
conventional mixing, dissolving, granulating, dragee-mak-
ing, levigating, emulsifying, encapsulating, entrapping or
compression processes.

The pharmaceutical compositions will include at least one
compound of Formula I, Formula II, or Formula III, as an
active ingredient in free-acid or free-base form, or in a
pharmaceutically acceptable salt form. In addition, the meth-
ods and pharmaceutical compositions described herein
include the use of N-oxides (if appropriate), crystalline
forms, amorphous phases, as well as active metabolites of
these compounds having the same type of activity. In some
embodiments, compounds described herein exist in unsol-
vated form or in solvated forms with pharmaceutically
acceptable solvents such as water, ethanol, and the like. The
solvated forms of the compounds presented herein are also
considered to be disclosed herein.

The pharmaceutical compositions described herein,
which include a compound of Formula I, Formula II, or
Formula III, or a pharmaceutically acceptable salt thereof,
are formulated into any suitable dosage form, including but
not limited to, aqueous oral dispersions, liquids, gels, syr-
ups, elixirs, slurries, suspensions, solid oral dosage forms,
controlled release formulations, fast melt formulations,
effervescent formulations, lyophilized formulations, tablets,
powders, pills, dragees, capsules, delayed release formula-
tions, extended release formulations, pulsatile release for-
mulations, multiparticulate formulations, and mixed imme-
diate release and controlled release formulations.

Pharmaceutical preparations that are administered orally
include push-fit capsules made of gelatin, as well as soft,
sealed capsules made of gelatin and a plasticizer, such as
glycerol or sorbitol. The push-fit capsules contain the active
ingredients in admixture with filler such as lactose, binders
such as starches, and/or lubricants such as talc or magnesium
stearate and, optionally, stabilizers. In some embodiments,
the push-fit capsules do not include any other ingredient
besides the capsule shell and the active ingredient. In soft
capsules, the active compounds are dissolved or suspended
in suitable liquids, such as fatty oils, liquid paraffin, or liquid
polyethylene glycols. In some embodiments, stabilizers are
added.

All formulations for oral administration are in dosages
suitable for such administration.

In one aspect, solid oral dosage forms are prepared by
mixing a compound of Formula I, Formula II, or Formula
111, or a pharmaceutically acceptable salt thereof, with one or
more of the following: antioxidants, flavoring agents, and
carrier materials such as binders, suspending agents, disin-
tegration agents, filling agents, surfactants, solubilizers, sta-
bilizers, lubricants, wetting agents, and diluents.

In some embodiments, the solid dosage forms disclosed
herein are in the form of a tablet, (including a suspension
tablet, a fast-melt tablet, a bite-disintegration tablet, a rapid-
disintegration tablet, an effervescent tablet, or a caplet), a
pill, a powder, a capsule, solid dispersion, solid solution,
bioerodible dosage form, controlled release formulations,
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pulsatile release dosage forms, multiparticulate dosage
forms, beads, pellets, granules. In other embodiments, the
pharmaceutical formulation is in the form of a powder. In
still other embodiments, the pharmaceutical formulation is
in the form of a tablet. In other embodiments, pharmaceu-
tical formulation is in the form of a capsule.

In some embodiments, solid dosage forms, e.g., tablets,
effervescent tablets, and capsules, are prepared by mixing
particles of a compound of Formula I, Formula II, or
Formula III, or a pharmaceutically acceptable salt thereof,
with one or more pharmaceutical excipients to form a bulk
blend composition. The bulk blend is readily subdivided into
equally effective unit dosage forms, such as tablets, pills,
and capsules. In some embodiments, the individual unit
dosages include film coatings. These formulations are manu-
factured by conventional formulation techniques.

Conventional formulation techniques include, e.g., one or
a combination of methods: (1) dry mixing, (2) direct com-
pression, (3) milling, (4) dry or non-aqueous granulation, (5)
wet granulation, or (6) fusion. Other methods include, e.g.,
spray drying, pan coating, melt granulation, granulation,
fluidized bed spray drying or coating (e.g., wurster coating),
tangential coating, top spraying, tableting, extruding and the
like.

In some embodiments, tablets will include a film sur-
rounding the final compressed tablet. In some embodiments,
the film coating can provide a delayed release of the com-
pound of Formula I, Formula II, or Formula III, or a
pharmaceutically acceptable salt thereof, from the formula-
tion. In other embodiments, the film coating aids in patient
compliance (e.g., Opadry® coatings or sugar coating). Film
coatings including Opadry® typically range from about 1%
to about 3% of the tablet weight.

A capsule may be prepared, for example, by placing the
bulk blend of the formulation of the compound described
above, inside of a capsule. In some embodiments, the
formulations (non-aqueous suspensions and solutions) are
placed in a soft gelatin capsule. In other embodiments, the
formulations are placed in standard gelatin capsules or
non-gelatin capsules such as capsules comprising HPMC. In
other embodiments, the formulation is placed in a sprinkle
capsule, wherein the capsule is swallowed whole or the
capsule is opened and the contents sprinkled on food prior
to eating.

In various embodiments, the particles of the compound of
Formula I, Formula II, or Formula III, or a pharmaceutically
acceptable salt thereof, and one or more excipients are dry
blended and compressed into a mass, such as a tablet, having
a hardness sufficient to provide a pharmaceutical composi-
tion that substantially disintegrates within less than about 30
minutes, less than about 35 minutes, less than about 40
minutes, less than about 45 minutes, less than about 50
minutes, less than about 55 minutes, or less than about 60
minutes, after oral administration, thereby releasing the
formulation into the gastrointestinal fluid.

In still other embodiments, effervescent powders are also
prepared. Effervescent salts have been used to disperse
medicines in water for oral administration.

In some embodiments, the pharmaceutical solid oral
dosage forms are formulated to provide a controlled release
of the active compound. Controlled release refers to the
release of the active compound from a dosage form in which
it is incorporated according to a desired profile over an
extended period of time. Controlled release profiles include,
for example, sustained release, prolonged release, pulsatile
release, and delayed release profiles. In contrast to imme-
diate release compositions, controlled release compositions
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allow delivery of an agent to a subject over an extended
period of time according to a predetermined profile. Such
release rates can provide therapeutically effective levels of
agent for an extended period of time and thereby provide a
longer period of pharmacologic response while minimizing
side effects as compared to conventional rapid release dos-
age forms. Such longer periods of response provide for
many inherent benefits that are not achieved with the cor-
responding short acting, immediate release preparations.

In some embodiments, the solid dosage forms described
herein are formulated as enteric coated delayed release oral
dosage forms, i.e., as an oral dosage form of a pharmaceu-
tical composition as described herein which utilizes an
enteric coating to affect release in the small intestine or large
intestine. In one aspect, the enteric coated dosage form is a
compressed or molded or extruded tablet/mold (coated or
uncoated) containing granules, powder, pellets, beads or
particles of the active ingredient and/or other composition
components, which are themselves coated or uncoated. In
one aspect, the enteric coated oral dosage form is in the form
of a capsule containing pellets, beads or granules.

Conventional coating techniques such as spray or pan
coating are employed to apply coatings. The coating thick-
ness must be sufficient to ensure that the oral dosage form
remains intact until the desired site of topical delivery in the
intestinal tract is reached.

In other embodiments, the formulations described herein
are delivered using a pulsatile dosage form. A pulsatile
dosage form is capable of providing one or more immediate
release pulses at predetermined time points after a controlled
lag time or at specific sites. In one embodiment, the pulsatile
dosage form includes at least two groups of particles, (i.e.
multiparticulate) each containing the formulation described
herein. The first group of particles provides a substantially
immediate dose of the active compound upon ingestion by
a mammal. The first group of particles can be either
uncoated or include a coating and/or sealant. In one aspect,
the second group of particles comprises coated particles. The
coating on the second group of particles provides a delay of
from about 2 hours to about 7 hours following ingestion
before release of the second dose. Suitable coatings for
pharmaceutical compositions are described herein or in the
art.

In some embodiments, pharmaceutical formulations are
provided that include particles of a compound of Formula I,
Formula II, or Formula III, or a pharmaceutically acceptable
salt thereof, and at least one dispersing agent or suspending
agent for oral administration to a subject. The formulations
may be a powder and/or granules for suspension, and upon
admixture with water, a substantially uniform suspension is
obtained.

In one aspect, liquid formulation dosage forms for oral
administration are in the form of aqueous suspensions
selected from the group including, but not limited to, phar-
maceutically acceptable aqueous oral dispersions, emul-
sions, solutions, elixirs, gels, and syrups. See, e.g., Singh et
al., Encyclopedia of Pharmaceutical Technology, 2nd Ed.,
pp. 754-757 (2002). In addition to the particles of the
compound of Formula I, Formula II, or Formula III, the
liquid dosage forms include additives, such as: (a) disinte-
grating agents; (b) dispersing agents; (c) wetting agents; (d)
at least one preservative, (e) viscosity enhancing agents, (f)
at least one sweetening agent, and (g) at least one flavoring
agent. In some embodiments, the aqueous dispersions can
further include a crystalline inhibitor.

Buccal formulations that include a compound of Formula
1, Formula II, or Formula 111, or a pharmaceutically accept-
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able salt thereof, are administered using a variety of formu-
lations known in the art. For example, such formulations
include, but are not limited to, U.S. Pat. Nos. 4,229,447,
4,596,795, 4,755,386, and 5,739,136. In addition, the buccal
dosage forms described herein can further include a bio-
erodible (hydrolysable) polymeric carrier that also serves to
adhere the dosage form to the buccal mucosa. For buccal or
sublingual administration, the compositions may take the
form of tablets, lozenges, or gels formulated in a conven-
tional manner.

In some embodiments, compounds of Formula I, Formula
II, or Formula III, or a pharmaceutically acceptable salt
thereof, are prepared as transdermal dosage forms. In one
embodiment, the transdermal formulations described herein
include at least three components: (1) a formulation of a
compound of Formula I, Formula II, or Formula III, or a
pharmaceutically acceptable salt thereof, (2) a penetration
enhancer; and (3) an aqueous adjuvant. In some embodi-
ments the transdermal formulations include additional com-
ponents such as, but not limited to, gelling agents, creams
and ointment bases, and the like. In some embodiments, the
transdermal formulation further includes a woven or non-
woven backing material to enhance absorption and prevent
the removal of the transdermal formulation from the skin. In
other embodiments, the transdermal formulations described
herein can maintain a saturated or supersaturated state to
promote diffusion into the skin.

In one aspect, formulations suitable for transdermal
administration of compounds described herein employ
transdermal delivery devices and transdermal delivery
patches and can be lipophilic emulsions or buffered, aqueous
solutions, dissolved and/or dispersed in a polymer or an
adhesive.

In one aspect, such patches are constructed for continu-
ous, pulsatile, or on demand delivery of pharmaceutical
agents. Still further, transdermal delivery of the compounds
described herein can be accomplished by means of ionto-
phoretic patches and the like. In one aspect, transdermal
patches provide controlled delivery of the active compound.
In one aspect, transdermal devices are in the form of a
bandage comprising a backing member, a reservoir contain-
ing the compound optionally with carriers, optionally a rate
controlling barrier to deliver the compound to the skin of the
host at a controlled and predetermined rate over a prolonged
period of time, and means to secure the device to the skin.

In one aspect, a compound of Formula I, Formula II, or
Formula III, or a pharmaceutically acceptable salt thereof, is
formulated into a pharmaceutical composition suitable for
intramuscular, subcutaneous, or intravenous injection. In
one aspect, formulations suitable for intramuscular, subcu-
taneous, or intravenous injection include physiologically
acceptable sterile aqueous or non-aqueous solutions, disper-
sions, suspensions or emulsions, and sterile powders for
reconstitution into sterile injectable solutions or dispersions.
Examples of suitable aqueous and non-aqueous carriers,
diluents, solvents, or vehicles include water, ethanol, polyols
(propyleneglycol, polyethylene-glycol, glycerol, cremophor
and the like), vegetable oils and organic esters, such as ethyl
oleate. In some embodiments, formulations suitable for
subcutaneous injection contain additives such as preserving,
wetting, emulsifying, and dispensing agents. Prolonged
absorption of the injectable pharmaceutical form can be
brought about by the use of agents delaying absorption, such
as aluminum monostearate and gelatin.

For intravenous injections, compounds described herein
are formulated in aqueous solutions, preferably in physi-
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ologically compatible buffers such as Hank’s solution, Ring-
er’s solution, or physiological saline buffer.

For transmucosal administration, penetrants appropriate
to the barrier to be permeated are used in the formulation.
Such penetrants are generally known in the art. For other
parenteral injections, appropriate formulations include aque-
ous or nonaqueous solutions, preferably with physiologi-
cally compatible buffers or excipients. Such excipients are
known.

Parenteral injections may involve bolus injection or con-
tinuous infusion. Formulations for injection may be pre-
sented in unit dosage form, e.g., in ampoules or in multi-
dose containers, with an added preservative. The
pharmaceutical composition described herein may be in a
form suitable for parenteral injection as a sterile suspen-
sions, solutions or emulsions in oily or aqueous vehicles,
and may contain formulatory agents such as suspending,
stabilizing and/or dispersing agents. In one aspect, the active
ingredient is in powder form for constitution with a suitable
vehicle, e.g., sterile pyrogen-free water, before use.

In certain embodiments, delivery systems for pharmaceu-
tical compounds may be employed, such as, for example,
liposomes and emulsions. In certain embodiments, compo-
sitions provided herein can also include an mucoadhesive
polymer, selected from among, for example, carboxymeth-
ylcellulose, carbomer (acrylic acid polymer), poly(methyl-
methacrylate), polyacrylamide, polycarbophil, acrylic acid/
butyl acrylate copolymer, sodium alginate and dextran.

In some embodiments, the compounds described herein
may be administered topically and can be formulated into a
variety of topically administrable compositions, such as
solutions, suspensions, lotions, gels, pastes, medicated
sticks, balms, creams or ointments. Such pharmaceutical
compounds can contain solubilizers, stabilizers, tonicity
enhancing agents, buffers and preservatives.

Combination Treatments

In certain instances, it is appropriate to administer at least
one compound of Formula I, Formula II, or Formula III, or
a pharmaceutically acceptable salt thereof, in combination
with one or more other therapeutic agents.

In one embodiment, the therapeutic effectiveness of one
of the compounds described herein is enhanced by admin-
istration of an adjuvant (i.e., by itself the adjuvant may have
minimal therapeutic benefit, but in combination with another
therapeutic agent, the overall therapeutic benefit to the
patient is enhanced). Or, in some embodiments, the benefit
experienced by a patient is increased by administering one
of the compounds described herein with another therapeutic
agent (which also includes a therapeutic regimen) that also
has therapeutic benefit.

In one specific embodiment, a compound of Formula I,
Formula II, or Formula III, or a pharmaceutically acceptable
salt thereof, is co-administered with a second therapeutic
agent, wherein the compound of Formula I, Formula I, or
Formula III, or a pharmaceutically acceptable salt thereof,
and the second therapeutic agent modulate different aspects
of the disease, disorder or condition being treated, thereby
providing a greater overall benefit than administration of
either therapeutic agent alone.

In any case, regardless of the disease, disorder or condi-
tion being treated, the overall benefit experienced by the
patient may simply be additive of the two therapeutic agents
or the patient may experience a synergistic benefit.

In certain embodiments, different therapeutically-effec-
tive dosages of the compounds disclosed herein will be
utilized in formulating pharmaceutical composition and/or
in treatment regimens when the compounds disclosed herein
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are administered in combination with one or more additional
agent, such as an additional therapeutically effective drug,
an adjuvant or the like.

Therapeutically-effective dosages of drugs and other
agents for use in combination treatment regimens can be
determined by means similar to those set forth hereinabove
for the actives themselves. Furthermore, the methods of
prevention/treatment described herein encompasses the use
of metronomic dosing, i.e., providing more frequent, lower
doses in order to minimize toxic side effects. In some
embodiments, a combination treatment regimen encom-
passes treatment regimens in which administration of a
compound of Formula I, Formula II, or Formula III, or a
pharmaceutically acceptable salt thereof; is initiated prior to,
during, or after treatment with a second agent, and continues
until any time during treatment with the second agent or
after termination of treatment with the second agent. It also
includes treatments in which a compound of Formula I,
Formula II, or Formula III, or a pharmaceutically acceptable
salt thereof, and the second agent being used in combination
are administered simultaneously or at different times and/or
at decreasing or increasing intervals during the treatment
period. Combination treatment further includes periodic
treatments that start and stop at various times to assist with
the clinical management of the patient.

It is understood that the dosage regimen to treat, prevent,
or ameliorate the condition(s) for which relief is sought, is
modified in accordance with a variety of factors (e.g. the
disease, disorder or condition from which the subject suffers;
the age, weight, sex, diet, and medical condition of the
subject). Thus, in some instances, the dosage regimen actu-
ally employed varies and, in some embodiments, deviates
from the dosage regimens set forth herein.

For combination therapies described herein, dosages of
the co-administered compounds vary depending on the type
of co-drug employed, on the specific drug employed, on the
disease or condition being treated and so forth. In additional
embodiments, when co-administered with one or more other
therapeutic agents, the compound provided herein is admin-
istered either simultaneously with the one or more other
therapeutic agents, or sequentially.

In combination therapies, the multiple therapeutic agents
(one of which is one of the compounds described herein) are
administered in any order or even simultaneously. If admin-
istration is simultaneous, the multiple therapeutic agents are,
by way of example only, provided in a single, unified form,
or in multiple forms (e.g., as a single pill or as two separate
pills).

The compounds of Formula I, Formula II, or Formula III,
or a pharmaceutically acceptable salt thereof, as well as
combination therapies, are administered before, during or
after the occurrence of a disease or condition, and the timing
of administering the composition containing a compound
varies. Thus, in one embodiment, the compounds described
herein are used as a prophylactic and are administered
continuously to subjects with a propensity to develop con-
ditions or diseases in order to prevent the occurrence of the
disease or condition. In another embodiment, the com-
pounds and compositions are administered to a subject
during or as soon as possible after the onset of the symp-
toms. In specific embodiments, a compound described
herein is administered as soon as is practicable after the
onset of a disease or condition is detected or suspected, and
for a length of time necessary for the treatment of the
disease. In some embodiments, the length required for
treatment varies, and the treatment length is adjusted to suit
the specific needs of each subject.
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For example, in specific embodiments, a compound
described herein or a formulation containing the compound
is administered for at least 2 weeks, about 1 month to about
5 years.

EXAMPLES

Compounds disclosed herein are made by the methods
depicted in the reaction schemes shown below. Procedures
are provided herein that, in combination with the knowledge
of the synthetic organic chemist of ordinary skill in the art,
are in some embodiments used to prepare the full range of
compounds as disclosed and claimed herein.

The starting materials and reagents used in preparing
these compounds are either available from commercial
suppliers such as Aldrich Chemical Co., (Milwaukee, Wis.),
Bachem (Torrance, Calif.), or Sigma (St. Louis, Mo.) or are
prepared by methods known to those skilled in the art
following procedures set forth in references such as Fieser
and Fieser’s Reagents for Organic Synthesis, Volumes 1-17
(John Wiley and Sons, 1991); Rodd’s Chemistry of Carbon
Compounds, Volumes 1-5 and Supplementals (Elsevier Sci-
ence Publishers, 1989); Organic Reactions, Volumes 1-40
(John Wiley and Sons, 1991), March’s Advanced Organic
Chemistry, (John Wiley and Sons, 4th Edition) and Larock’s
Comprehensive Organic Transformations (VCH Publishers
Inc., 1989). These schemes are merely illustrative of some
methods by which the compounds disclosed herein are in
some embodiments synthesized, and various modifications
to these schemes can be made and will be suggested to one
skilled in the art having referred to this disclosure. The
starting materials and the intermediates, and the final prod-
ucts of the reaction may be isolated and purified if desired
using conventional techniques, including but not limited to
filtration, distillation, crystallization, chromatography and
the like. Such materials may be characterized using conven-
tional means, including physical constants and spectral data.
Proton nuclear magnetic resonance spectra were obtained on
a Bruker 400 MHz spectrometer. Spectra are given in ppm
and coupling constants, J values, are reported in hertz (Hz).
Mass spectra analyses were performed on Agilent 6120
Mass Spectrometer in ESI or APCI mode when appropriate.
Some abbreviations used herein are as follows:

DCM: dichloromethane

DMAP: 4-dimethylaminopyridine

DMF: dimethyl formamide

DMF-DMA: N,N-dimethylformamide dimethyl acetal

EDCI: 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide

EtOAc: ethyl acetate

EtOH: ethanol

MeOH: methanol

PE: petroleum ether.

Example 1: Preparation of 2-(6-(4-Cyclopropyl-4H-
1,2,4-triazol-3-yl)pyridin-2-yl)isoindolin-1-one
(compound 1)

HzNNHZ 'Hzo

Br MeOH
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-continued

Br

Hydrazine hydrate (1.16 mg, 23.1 mmol, 10 eq) was
added to a solution of methyl 6-bromopicolinate (500 mg,
2.31 mmol, 1.0 eq) in MeOH (15 mL) at room temperature,
then the reaction was stirred for 1 hour. The reaction mixture
was concentrated under reduced pressure to give the desired
hydrazide product 1A which was used without further puri-
fication: 'H NMR (400 MHz, CDCl,) § 8.84 (s, 1H), 8.12 (d,
J=7.5 Hz, 1H), 7.71 (t, J=7.7 Hz, 1H), 7.62 (d, J=7.9 Hz,
1H), 4.10 (br s, 2H).

AN
| § DMF-DMA
Br N/ \NHz DCM, A
0
1B
AN
F §\ AN
Br N N N
! |
1C

A solution of 1B (500 mg, 2.31 mmol, 1.0 eq) and
DMF-DMA (1.38 g, 11.6 mmol, 5.0 eq) in DCM (10 mL)
was refluxed for 6 hours. After cooling, the reaction mixture
was concentrated under reduced pressure to give the desired
product 1C which was used in the subsequent step without
any further purification.

AN
| u I>_NH2
- N N\N/\N/ AcOH, 90° C.
! |
1C
Qr
N
Br N | >
N/
1D
Cyclopropylamine (396 mg, 6.93 mmol, 3.0 eq) was

added to a stirred solution of 1C (630 mg, 2.31 mmol, 1.0
equiv) in glacial acetic acid (15 ml) at room temperature.
After stirring at 90° C. for 3 hours, the reaction mixture was
allowed to cool to room temperature. The solvent was
removed under reduced pressure and the residue was puri-
fied by column chromatography (30%-100% EtOAc in PE)
to give 500 mg of 1D (>85% purity). The partially purified
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material was then used directly in the next step. "H NMR
(400 MHz, CDCl;) & 8.29 (s, 1H), 8.24 (d, J 7.7 Hz, 1H),
7.70 (t,J 7.8 Hz, 1H), 7.55 (d, J 7.9 Hz, 1H), 3.91-3.83 (m,
1H), 1.20 (q, J 6.9 Hz, 2H), 0.93 (q, T 6.6 Hz, 2H).

0
4
NH
X
| Pd,(dba);
_ N Xantphos
Br N | > Cs,CO3, Dioxane
N ¥ 100°C., 16 h
~N
1D
0
N
©i</ \_/
N
/ N
D
~
N

1

A mixture of isoindolin-1-one (150 mg, 1.13 mmol), 1D
(300 mg, 1.13 mmol), Pd,(dba); (31 mg, 0.034 mmol),
Xantphos (20 mg, 0.034 mmol) and Cs,CO; (443 mg, 1.36
mmol) in dioxane (25 ml.) was heated to 100° C. for 16
hours under a nitrogen atmosphere. The reaction mixture
was allowed to cool to room temperature, filtered and the
resulting filtrate was concentrated under reduced pressure.
The residue was purified by silica gel chromatography
(1-5% MeOH in DCM) to afford compound 1 (270 mg, 75%
yield) as an off-white solid: "H NMR (400 MHz DMSO-d,)
8 8.71 (s, 1H), 8.64 (d, J=8.4 Hz, 1H), 8.07 (1, J=8 Hz, 1H),
7.88-7.83 (m, 2H), 7.72 (d, J=8.4 Hz, 2H), 7.59-7.53 (m,
1H), 5.18 (s, 2H), 4.12-4.07 (m, 1H), 1.14-1.09 (m, 2H),
1.0-0.95 (m, 2H); ESI m/z 318.1[M+1]*.

Example 2: Preparation of 2-(6-(4-Cyclopropyl-4H-
1,2,4-triazol-3-yl)pyridin-2-y1)-N,N-dimethyl-1-
oxoisoindoline-5-carboxamide (compound 2)

O /NH
N EDCL DMAP
_—
HO. DCM/DMF
0
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-continued
O
| NH
N
P

2A

A stirred mixture of 1-oxoisoindoline-5-carboxylic acid
(200 mg, 1.13 mmol, 1.0 eq), dimethylamine hydrochloride
(138 mg, 1.69 mmol, 1.5 eq), EDCI (324 mg, 1.69 mmol, 1.5
eq), DMAP (276 mg, 2.26 mmol, 2.0 eq) in DMF (20 mL)
and DCM (20 mL) was stirred at room temperature over-
night under a nitrogen atmosphere. The reaction mixture was
concentrated under reduced pressure and purified by silica
gel chromatography (30%-100% EtOAc in PE) to give 2A
(140 mg, 61% yield): 'HNMR (400 MHz, CDCl,) 8 7.91 (d,
J=7.8 Hz, 1H), 7.55 (s, 1H), 7.50 (d, J=7.9 Hz, 1H), 6.68 (s,
1H), 4.49 (s, 2H), 3.06 (d, J=65.0 Hz, 6H).

Compound 2 was synthesized according to the procedure
for compound 1 substituting intermediate 2A in place of
isoindolin-1-one to give the product in 43% yield: ‘H NMR
(400 MHz, CDCl,) 8 8.76 (d, I=8.1 Hz, 1H), 8.37 (s, 1H),
8.03-7.89 (m, 3H), 7.63 (s, 1H), 7.54 (d, I=7.8 Hz, 1H), 5.11
(s, 2H), 4.02-3.91 (m, 1H), 3.07 (d, J=59.0 Hz, 6H), 1.14 (d,
J=6.7 Hz, 2H), 0.98 (d, J=2.8 Hz, 2H); ESI m/z 389.2[M+
17"

Compounds 3-25 in Table 2 were synthesized according

to the procedure for compound 2 substituting the appropriate
amine in place of dimethylamine.
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TABLE 2
Com-
pound Name Structure Characterization
3 2-(6-(4-cyclopropyl- (6] 'H NMR (400 MHz. DMSO-d,)

4H-1,2,4-triazol-3-
yDpyridin-2-y1)-N-
methyl-1-
oxoisoindoline-5-
carboxamide

4 2-(6-(4-cyclopropyl-
4H-1,2,4-triazol-3-
yDpyridin-2-y1)-N-
(2-methoxyethyl)-1-

oxoisoindoline-5-
carboxamide

5 N-(2-(1H-imidazol-
1-ylethyl)-2-(6-(4-
cyclopropyl-4H-
1,2,4-triazol-3-
yDpyridin-2-yl)-1-
oxoisoindoline-5-
carboxamide

6 2-(6-(4-cyclopropyl-
4H-1,2,4-triazol-3-
yDpyridin-2-yl)-5-

(1H-pyrazole-1-
carbonyl)isoindolin-
1-one

7 2-(6-(4-cyclopropyl-
4H-1,2,4-triazol-3-
yDpyridin-2-yl)-5-

(morpholine-4-
carbonyl)isoindolin-
1-one

8 N-cyclopropyl-2-(6-
(4-cyclopropyl-4H-
1,2,4-triazol-3-
yDpyridin-2-yl)-1-
oxoisoindoline-5-
carboxamide

N\N/
/

s

W
I

O
H N \ /
\/\/N\H/Qf/ N
. O N}

Q/\/ % I \N
A v
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@ =
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58.72 (s, 1H), 8.68 (d, T = 4.8
Hz, 1H), 8.64 (d, T = 8 Hz, 1H),
8.17 (s, 1H), 8.08 (t, J = & Hz,
1H), 7.99 (d, T = 8 Hz, 1M,
7.91 (d, T = 7.6 Hz, 1H), 5.23
(s, 210), 4.14-4.09 (m, 1H), 2.83
(d, T = 4.4 Hz, 2H), 1.16-1.11
(m, 2H), 1.02-0.96 (m, 2H);
ESI m/z 375.1[M + 1]*

1 NMR (400 MHz, DMSO-d,)
5 8.77 (s, 2H), 8.65 (d, T = 8
Hz, 1H), 8.19 (s, 1H), 8.11-8.07
(m, 1H), 8.01 (d, T = 7.6 Hz,
1H), 7.91 (d, T = 7.6 Hz, 2H),
5.23 (s, 2H), 4.12 (br, 1H), 3.48
(s, 410), 3.28 (s, 31), 1.14 (d,
I =6 Hz, 2H), 1.0 (s, 2H);
ESI m/z 418.9[M + 1]*

'H NMR (400 MHz, DMSO-d,)
8 9.16 (s, 1H), 8.95-8.92 (m,
1H), 8.78 (s, 1H), 8.65 (d, T =

8.4 Hz. 1H), 8.13-8.08 (m, 2H),

7.96-7.91 (m, 3H), 7.79 (s, 1H),

7.67 (s, 1H), 5.22 (s, 2H), 4.41

(s, 2H), 4.12-4.10 (m, 2H),
3.77-3.76 (m, 2H), 1.13-1.12
(m, 2H), 1.10 (s, 2H);
ESI myz 454.9 [M + 1]*

'H NMR (400 MHz, DMSO-d,)
0 8.72 (s, 1H), 8.67-8.65 (m,
2H), 8.34 (s, 1H), 8.5 (d, T =8
Hz, 1H), 8.10 (t, T = 8 Hz, 1H),
8.01 (t, J = 8 Hz, 2H), 7.92 (d,
I =7.6 Hz, 1H), 6.77-6.76 (m,
1H), 5.23 (s, 2H), 4.15-4.10 (m,
1H), 1.16-1.11 (m, 2H), 1.0-
0.96 (m, 2H);
ESImyz 412.1 [M + 1]*

'H NMR (400 MHz, DMSO-dg)
5871 (s, 1H), 8.64 (d, T = 8
Hz, 1H), 8.08 (t, T = 7.6 Hz,

1H), 7.89 (dd, T = 8 Hz, 2.4 Hz,

2H), 7.76 (s, 1H), 7.57 (d,

I =7.6 Hz, 1H), 5.21 (s. 2H),
4.12-4.06 (m, 1H), 3.66-3.58
(m, 8H), 1.14-1.09 (m, 2H),

1.0-0.96 (m, 2H);
ESI m/z 431.1 [M+ 1]*

'H NMR (400 MHz, DMSO-dg)
5871 (s, 1H), 8.68 (d, T = 4.4
Hz, 1H), 8.63 (d, T = 8.4 Hz,
1H), 8.14 (s, 1H), 8.08 (t, T = 8
Hz, 1H), 7.97 (d, ] = 8 Hz, 1H),
7.91-7.88 (m, 2H), 5.21 (s, 2H),
4.13-4.08 (m, 1H), 2.93-2.87
(m, 1H), 1.15-1.10 (m, 2H),
1.01-0.97 (m, 2H), 0.75-0.70
(m, 2H), 0.62-0.58 (m, 2H);
ESI m/z 400.2 [M + 1]*
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Com-

pound Name

Structure

Characterization

9 2-(6-(4-cyclopropyl-
4H-1,2,4-triazol-3-
yDpyridin-2-yl)-1-
oxo-N-(tetrahydro-

2H-pyran-4-
yl)isoindoline-5-
carboxamide

10 2-(6-(4-cyclopropyl-
4H-1,2,4-triazol-3-
yDpyridin-2-yl)-5-

methylpiperazine-1-
carbonyl)isoindolin-
1-one

11 2-(6-(4-cyclopropyl-
4H-1,2,4-triazol-3-
yDpyridin-2-yl)-5-

(piperidine-1-
carbonyl)isoindolin-
1-one

12 2-(6-(4-cyclopropyl-
4H-1,2,4-triazol-3-
yDpyridin-2-yl)-5-

@
hydroxypiperidine-
1-
carbonyl)isoindolin-
1-one

13 2-(6-(4-cyclopropyl-
4H-1,2,4-triazol-3-
yDpyridin-2-yl)-5-

(4-hydroxy-4-
methylpiperidine-1-
carbonyl)isoindolin-

1-one

14 2-(6-(4-cyclopropyl-
4H-1,2,4-triazol-3-
yDpyridin-2-yl)-5-
methoxypiperidine-

1-
carbonyl)isoindolin-
1-one

Y@f ®

\N —
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© /
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'H NMR (400 MHz, DMSO-dg)
5871 (s, 1H), 8.65 (d, T = 8.4
Hz, 1H), 8.57 (d, T = 7.6 Hz,
1H), 8.18 (s, 1H), 8.09 (t, T = 8
Hz, 1H), 8.01 (d, ] = 8 Hz, 1H),
7.91 (d, T = 8 Hz, 2H), 5.23 (s,
2H), 4.13-4.03 (m, 2H), 3.90
(d, T = 9.6 Hz, 2H), 3.43-3.38
(m, 2H), 1.80-1.77 (m, 2H),
1.66-1.59 (m, 2H), 1.16-1.12
(m, 2H), 1.02-0.98 (m, 2H);
ESIm/z 445.2 [M + 1]*

'H NMR (400 MHz, CDCl;) &
8.75 (d, J = 8.4 Hz, 1H), 8.24
(s, 1H), 8.00-7.92 (m, 3H), 7.62
(s, 1H), 7.53 (d, J = 8 Hz, 1H),
5.11 (s, 2H), 3.95-3.91 (m, 1H),

3.83 (br, 2H), 3.48-3.44 (m,
2H), 2.52 (br, 2H), 2.37 (d, T =
0.8 Hz, 2H), 2.34 (s, 1H), 1.15-

1.10 (m, 2H), 0.98-0.94 (m,

2H);
ESI m/z 444.1[M + 1]+

'H NMR (400 MHz, CDCl;) &
8.76 (dd, J = 0.8 Hz, 1H), 8.25
(s, 1H), 8.01-7.92 (m, 3H), 7.60
(s, 1H), 7.52-7.50 (m, 1H), 5.11
(s, 2H), 3.96-3.91 (m, 1H), 3.75
(br, 2H), 3.36 (br, 2H), 1.71 (s,
4H), 1.31 (s, 2H), 1.16-1.10 (m,
2H), 0.98-0.94 (m, 2H);
EST m/z 429.1[M + 1]*

'H NMR (400 MHz, DMSO-dg)
8871 (s, 1H), 8.64 (d, T = 8.4
Hz, 1H), 8.09 (t, T = 8 Hz, 1H),
7.89 (d, T = 8 Hz, 2H), 7.73 (s,
1H), 7.53 (s, 1H), 5.21 (s, 2H),
4.82 (d, T = 4 Hz, 1H), 4.15-
3.98 (m, 2H), 3.81-3.73 (m,
1H), 3.51-3.41 (m, 1H), 3.29-
3.20 (m, 1H), 3.19-3.06 (m,
1H), 1.88-1.68 (m, 2H), 1.47-
1.29 (m, 2H), 1.16-1.07 (m,
2H), 1.01-0.94 (m, 2H);
ESIm/z 445.1 [M + 1]*

'H NMR (400 MHz, DMSO-dg)
8871 (s, 1H), 8.64 (d, T = 8.4
Hz, 1H), 8.09 (t, ] = 8 Hz, 1H),
7.90 (dd, T = 7.6 Hz, 1.2 Hz,
1H), 7.88 (d, T = 2 Hz, 1),
7.72 (s, 1H), 7.54 (d. T = 8 Hz,
1H), 5.21 (s, 2H), 4.46 (s, 11),
4.13-4.06 (m, 2H), 1.60-1.39
(m, 5H), 1.17 (s, 3H), 1.13-1.09
(m, 2H), 1.0-0.96 (m, 2H);
ESI m/z 459.1 [M + 1]*

'H NMR (400 MHz, DMSO-dg)
0 8.71 (s, 1H), 8.64 (d, T = 8.4
Hz, 1H), 8.87 (m, 1H), 7.89 (d,
I =17.6 Hz, 2H), 7.74 (s, 1H),
7.55 (d, T = 8 He, 1H), 5.21 (s,
2H), 4.12-4.07 (m, 1H), 3.96
(br, 1H), 3.48-3.44 (m, 2H),
3.39-3.36 (m, 1H), 3.27 (s, 3H),
3.17 (br, 1H), 1.91 (s, 1H), 1.80
(s, 1H), 1.49 (s, 1H), 1.43 (s,
1H), 1.15-1.10 (m, 2H), 1.0-
0.96 (m. 2H);
ESI my/z 459.1 [M + 1]*
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Structure
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15

20

2-(6-(4-cyclopropyl-
4H-1,2,4-triazol-3-
yDpyridin-2-yl)-5-
(dimethylamino)
piperidine-1-
carbonyl)isoindolin-
1-one

5-(4-
acetylpiperazine-1-
carbonyl)-2-(6-(4-
cyclopropyl-4H-
1,2,4-triazol-3-
yDpyridin-2-
ylisoindolin-1-one

N-(1-(2-(6-(4-
cyclopropyl-4H-
1,2,4-triazol-3-
yDpyridin-2-yl)-1-
oxoisoindoline-5-
carbonyl)piperidin-
4-yl)acetamide

2-(6-(4-cyclopropyl-
4H-1,2,4-triazol-3-
yDpyridin-2-yl)-5-
(pyrrolidine-1-
carbonyl)isoindolin-
1-one

5-(azetidine-1-
carbonyl)-2-(6-(4-
cyclopropyl-4H-
1,2,4-triazol-3-
yDpyridin-2-
ylisoindolin-1-one

2-(6-(4-cyclopropyl-
4H-1,2,4-triazol-3-
yDpyridin-2-yl)-5-
(3-oxopiperazine-1-
carbonyl)isoindolin-
1-one
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'H NMR (400 MHz, DMSO-dg)
8871 (s, 1H), 8.64 (d, J = 8.4
Hz, 1H), 8.09 (t, ] = 8 Hz, 1H),
7.89 (d,J = 8 Hz, 2H), 7.73 (s,
1H), 7.54 (d, J = 8.4 Hz, 1H),
5.21 (s, 2H), 4.46 (br, 1H),
4.12-4.06 (m, 1H), 3.60-3.51
(m, 1H), 3.09-3.03 (m, 1H),
2.88-2.83 (m, 1H), 2.39-2.33
(m, 1H), 2.18 (s, 6H), 1.86-1.83
(m, 1H), 1.71-1.68 (m, 1H),
1.39-1.32 (m, 2H), 1.14-1.09
(m, 2H), 1.0-0.95 (m, 2H);
ESI m/z 4722 [M + 1]*

'H NMR (400 MHz, DMSO-d,)
0 8.71 (s, 1H), 8.64 (d, T = 8.4
Hz, 1H), 8.09 (t, ] = 8 Hz, 1H),
7.90 (t. T = 6.8 Hz, 2H), 7.77 (s,
1H), 7.59 (d, T = 7.6 Hz, 1H),
5.22 (s, 2H), 4.12-4.06 (m, 1H),
3.69-3.37 (m, 8H), 2.04 (br,
3H), 1.14-1.09 (m, 2H), 1.00-
0.96 (m, 2H);
ESIm/z 472.1 [M + 1]*

'H NMR (400 MHz, DMSO-dg)
8871 (s, 1H), 8.64 (d, T = 8.4
Hz, 1H), 8.08 (t, T = 7.6 Hz,
1H), 7.91-7.86 (m, 3H), 7.72 (s,
1H), 7.52 (d, T = 8.4 Hz, 1H),
5.22 (s, 2H), 4.33 (br, 1H),
4.12-4.07 (m, 1H), 3.87-3.78
(m, 1H), 3.645-3.52 (m, 1),
3.16-3.00 (m, 2H), 1.80 (s, 3H),
1.29-1.24 (m, 4H), 1.14-1.09
(m, 2H), 1.00-0.96 (m, 2H);
ESI m/z 486.1 [M + 1]*

'H NMR (400 MHz, CDCl;) &
8.72 (s, 1H), 8.64 (d, T = 8.4
Hz, 1H), 8.09 (t, T = § Hz, 1H),
7.90-7.87 (m, 2H), 7.85 (s, 1H),
7.67 (d, T = 7.6 Hz, 1H), 5.21
(s, 2H), 4.11-4.07 (m, 1H), 3.50
(t, 6.4 Hz, 2H). 3.40-3.37 (m,
2H), 1.91-1.81 (m 4H), 1.12-
1.07 (m 4H), 1.0-0.96 (m, 2H);
EST m/z 415.1[M + 1]+

'H NMR (400 MHz, CDCl;) &
8.74 (d, T = 8.4 Hz, 1H), 8.25
(s, 1H), 8.0-7.91 (m, 3H), 7.87
(s, 1H), 7.70 (d, T = 7.6 Hz,
1H), 5.11 (s, 2H), 4.30 (tt, T =
7.6 Hz. 4H), 3.97-3.91 (m, 1H),
241 (m, 2H), 1.16-1.11 (m,
2H), 0.98-0.94 (m, 2H);
EST m/z 401.1[M + 1]+

'H NMR (400 MHz, DMSO-dg)
8870 (s, 1H), 8.64 (d, T = 8.4
Hz, 1H), 8.14-8.07 (m, 2H),
7.90 (t, J = 8 Hz, 2H), 7.80 (s,
1H), 7.61 (d, T = 8 Hz, 1),
5.22 (s, 2H), 4.14-4.06 (m, 2H),
3.86 (m, 2H), 3.50 (s, 1H), 3.25
(s, 2H), 1.13-1.09 (m, 2H),
1.00-0.96 (m, 2H);

ESI m/z 444.0 [M + 1]*
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21

22

23

24

25

5-((1R,5S)-8-oxa-3-
azabicyclo[3.2.1]
octane-3-carbonyl)-
2.
(6-(4-cyclopropyl-
4H-1,2,4-triazol-3-
yDpyridin-2-
ylisoindolin-1-one

(R)-2-(6-(4-
cyclopropyl-4H-
1,2,4-triazol-3-
yDpyridin-2-yl)-5-
methoxypyrrolidine-
1-
carbonyl)isoindolin-
1-one

methyl 1-(2-(6-(4-
cyclopropyl-4H-
1,2,4-triazol-3-
yDpyridin-2-yl)-1-
oxoisoindoline-5-
carbonyl)piperidine-
4-carboxylate

2-(6-(4-cyclopropyl-
4H-1,2 4-triazole-3-
yDpyridin-2-yl)-5-
(thiomorpholine-4-
carbonyl)isoindolin-
1-one

2-(6-(4-cyclopropyl-
4H-1,2,4-triazol-3-
yDpyridin-2-yl)-5-
(methylthio)
piperidine-1-
carbonyl)isoindolin-
1-one
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'H NMR (400 MHz, CDCl;) &
8.75 (d, T = 8 Hz, 1H), 8.26 (s,
1H), 8.0-7.92 (m, 3H), 7.61 (s,
1H), 7.50 (d, J = 7.6 Hz, 1H),
5.11 (s, 1H), 4.48-4.41 (m, 2H),
4.26 (s, 1H), 3.96-3.91 (m, 1H),
3.52-3.48 (m, 1H), 3.30 (d, T =
12.4 Hz, 1H), 3.18 (d, T = 12.8
Hz, 1H), 1.98 (s, 3H), 1.68 (s,
1H), 1.13 (d, T = 7.2 Hz, 1H),
0.97 (s, 2H);
EST m/z 457.1[M + 1]+

1 NMR (400 MHz, DMSO-d,)
8872 (s, 1H), 8.64 (d, T = 8.4
Hz, 1H), 8.11-8.07 (m, 1H),
7.90-7.87 (m, 3H), 7.67 (d, T =
8 Hz, 1H), 5.22 (s, 2H), 4.12-
3.95 (m, 2H), 3.59 (s, 2H), 3.36
(s, 3H), 3.28 (s, 2H), 3.17 (s,
1H), 2.02-1.92 (m, 2H), 1.13
(d, T = 6.4 Hz, 2H), 0.99 (s,

ESIm/z 445.1 [M + 1]*

'H NMR (400 MHz, CDCl;) &
8.78 (d, T = 8 Hz, 1H), 8.43 (s,
1H), 8.02-7.93 (m, 3H), 7.61 (s,
1H), 7.52 (d, J = 8 Hz, 1H),
5.12 (s, 2H), 4.55 (s, 1H), 4.01-
3.92 (m, 1H), 3.72 (s, 2H),
3.11-2.82 (s, 3H), 2.67-2.60 (m,
1H), 2.11-1.73 (m, 4H), 1.22-
1.16 (m, 2H), 1.01 (s, 2H);
EST m/z 487.1[M + 1]+

'H NMR (400 MHz, DMSO-d,)
58.70 (s, 1H), 8.64 (d, T = 8.4
Hz, 1H), 8.09 (t, T = 8 Hz, 1),
7.91-7.89 (m, 2H), 7.75 (s, 1H),
757 d, T = 7.6 Hz, 1H), 5.22
(s, 2H), 4.13-4.06 (m, 1H),
3.97-3.85 (m, 2H), 3.61-3.50
(m, 2H), 2.70-2.62 (m, 4H),
1.14-1.09 (m, 2H), 1.00-0.96
(m, 2H);
ESI m/z 447.0 [M + 1]*

'H NMR (400 MHz, CDCl;) &
7.50 (d, ] = 8 Hz, 1H), 8.25 (s,
1H), 8.01-7.94 (m, 3H), 7.60 (s,
1H), 7.51 (d, J = 7.6 Hz, 1H),
5.11 (s, 2H), 4.48 (br, 1H). 3.94
(t, 6.8 Hz, 1H), 3.67 (br, 1H),
3.17 (t, T = 10.8 Hz, 2H), 2.88-

2.83 (m, 1H), 2.13-1.95 (m,
5H), 1.68-1.54 (m, 2H), 1.16-

1.12 (m, 2H), 0.99-0.95 (m,

2H);
ESI m/z 475.0[M + 1]*
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Example 3: Preparation of 6-chloro-2-(6-(4-cyclo-
propyl-4H-1,2,4-triazol-3-yl)pyridin-2-y1)-5-(mor-
pholine-4-carbonyl)isoindolin-1-one (compound 26)

o
o
o

Brz, pyridine
DCM -12°C.

Zn(CN),
Pd(PPh3)4

DMF 120° C.

Me  Raney Ni, TEA
— .

MeOH, dioxane
80°C.,20 h

NaNO,, CuCl
—_—
HCL, 65° C.

Meow‘:©\%/

N
0 Br N | >
al No 4
N
NH D
MeO
Xantphos, Pd,(dba);
Cs,CO,;, dioxane
¢}

100°C., 16 h

O
Cl
N
MeO \ / J> HCI, dioxane
85° C,16h
¢}
N\ /
3E

10

20

25

30

35

40

55

65

-continued
cl
N
HO \ / J> morpholine, DIEA
THATU ACN
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N /
N

O
al _
Q=Y p
o N
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26

Bromine (7.43 mL, 0.14 mol) was added dropwise to a
-12° C. suspension of dimethyl 2-aminoterephthalate (25.0
g, 0.12 mol) and pyridine (19 ml, 0.24 mol) in dichlo-
romethane (500 mL) over 1 hour. After the addition, the
reaction mixture was allowed to warm to ambient tempera-
ture and stirred overnight. The mixture was concentrated and
the residue was recrystallized from 95% ethanol to give
compound 3A (20 g, 58% vield) as a yellow solid: ‘H NMR
(400 MHz, CDCl,) d 8.09 (s, 1H), 7.05 (s, 1H), 3.90 (d, J
10.8 Hz, 6H), 1.59 (s, 2H); ESI m/z 289.2, 291.2 [M+1]".

A mixture of 3A (20.0 g, 69.4 mmol), zinc (II) cyanide
(9.37 g, 83.3 mmol) and tetrakis(triphenylphosphine)palla-
dium(0) (4.0 g, 3.47 mmol) was suspended in DMF (200
ml.) and the reaction mixture was degassed and purged with
argon. The reaction mixture was heated at 120° C. for 1 hour
and then concentrated under vacuum. The residue was
triturated with hot water (200 mL) and the product was
collected by filtration to give intermediate 3B (11.2 g, 70%
yield) as a yellow solid: 'H NMR (400 MHz, CDCI,) 8 8.11
(s, 1H), 7.63 (s, 2H), 7.52 (s, 1H), 3.88 (s, 3H), 3.84 (s, 3H);
ESI m/z 235.2 [M+1]*.

Raney Ni (1 g) was added to a mixture of 3B (4 g, 17.1
mmol) in MeOH (150 mL), TEA (20 mL) and dioxane (100
mL). The reaction mixture was stirred under 0.5 MPa of H,
at 80° C. for 20 hours. The reaction mixture was filtered and
the filtrate was concentrated under vacuum. The product was
purified by flash chromatography on silica gel (1-2% MeOH
in DCM) to give 3C (2.9 g, 82% yield) as a yellow solid: 'H
NMR (400 MHz, DMSO-dy) 8 8.61 (s, 1H), 7.87 (s, 1H),
7.07 (s, 1H), 6.78 (s, 2H), 4.21 (s, 2H), 3.82 (s, 3H); ESI nv/z
207.3 [M+H]*.

A solution of sodium nitrite (1.94 g, 28.1 mmol) in water
(40 mL) was added to a suspension of 3C (2.9 g, 14.06
mmol) in conc. HC1 (100 mL) at 0° C. After stirring at 0° C.
for 10 minutes, copper(I) chloride (2.88 g, 28.1 mmol) in
conc. HCI (100 mL) was added and the reaction mixture was
stirred at 65° C. for 1 hour. The reaction mixture was cooled
to room temperature, diluted with water (100 mL) and the
mixture was extracted with ethyl acetate (3x200 mL). The
combined organic fractions were washed with brine (20
ml), dried with sodium sulfate and concentrated under
vacuum. The residue was purified by chromatography on
silica gel (3% MeOH in DCM) to give 3D (723 mg, 23%
yield) as a yellow solid: 'H NMR (400 MHz, CDCl,) 8 7.94
(s, 1H), 7.89 (s, 1H), 4.48 (s, 2H), 3.98 (s, 3H); ESI m/z
226.0, 228.0 [M+H]".
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A mixture of 3D (400 mg, 1.77 mmol), intermediate 1D
(470 mg, 1.77 mmol), cesium carbonate (1.15 g, 3.54
mmol), Xantphos (1.02 g, 0.09 mmol) and Pd,(dba), (49 mg,
0.05 mmol) in dioxane (40 ml) was stirred at 100° C.
overnight under a nitrogen atmosphere. The mixture was
concentrated under reduced pressure and purified by chro-
matography on silica gel (0.5%-1.5% MeOH in DCM) to
give 3E (354 mg, 49% yield) as a white solid: ESTm/z 410.1,
412.1 [M+H]*.

A suspension of 3E (150 mg, 0.37 mmol) in HCI (6M, 10
ml) and dioxane (10 mL) was stirred at 85° C. overnight.
The reaction mixture was concentrated under reduced pres-
sure to give carboxylate 3F (120 mg, 83% yield) as a yellow
solid: 'H NMR (400 MHz, DMSO-d,) & 8.72 (dd, J=7.6 Hz,
1.2 Hz), 8.25 (s, 1H), 8.03-8.01 (m, 2H), 7.97 (s, 1H), 5.10
(s, 2H), 3.94-3.88 (m, 1H), 1.12 (q, J=6.4 Hz, 2H), 0.99-0.95
(m, 2H); ESI m/z 396.0, 397.0 [M+H]".

A mixture of 3F (60 mg, 0.15 mmol), morpholine (26 mg,
0.30 mmol), HATU (86 mg, 0.23 mmol) and DIEA (1 mL)
in ACN (6 mL) was stirred at room temperature overnight.
The reaction mixture was concentrated under vacuum and
purified by chromatography on silica gel (1-2% MeOH in
DCM) to give compound 25 (45 mg, 64% yield) as a white
solid: 'H NMR (400 MHz, DMSO-d,) & 8.71 (s, 1H), 8.61
(d, I=8 Hz, 1H), 8.10 (t, J=8 Hz, 1H), 7.96 (s, 1H), 7.91 (d,
J=6.8 Hz, 1H), 7.78 (s, 1H), 5.25-5.15 (m, 2H), 4.10-4.05
(m, 1H), 3.68 (s, 4H), 3.57-3.54 (m, 2H), 3.19-3.16 (m, 2H),
1.12-1.11 (m, 2H), 0.99-0.98 (m, 2H); ESI nv/z 465.0, 466.0

[M+H]*.
Example 4: Preparation of 6-chloro-2-(6-(4-cyclo-
propyl-4H-1,2,4-triazol-3-yl)pyridin-2-y1)-5-(mor-
pholine-4-carbonyl)isoindolin-1-one (compound 27)
(6]
O
\
o/ NN
NH
Pd(dppf)Cl>
Br Cs,CO3
dioxane/water
(0]
NH
NN
4A

A mixture of compound 5-bromoisoindolin-1-one (200
mg, 0.94 mmol, 1.0 eq), 1-methyl-3-(4,4,5,5-tetramethyl-1,
3,2-dioxaborolan-2-yl)-1H-pyrazole (215 mg, 1.04 mmol,
1.1 eq), cesium carbonate (922 mg, 2.83 mmol, 1.2 eq), and
Pd(dppf)CL, (21 mg, 0.03 mmol) in 1,4-dioxane (15 mL.) and
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water (2 mL) was stirred at 100° C. for 16 hours under a
nitrogen atmosphere. After cooling to room temperature, the
reaction mixture was filtered and the filtrate was concen-
trated under reduced pressure. The residue was purified by
silica gel chromatography (30%-100% EtOAc in PE) to give
4A (120 mg, 60% yield): '"H NMR (400 MHz, CDCl,) 8 7.96
(s, 1H), 7.89 (d, J 0.8 Hz, 2H), 7.43 (d, J 2.2 Hz, 1H), 6.62
(d, J 2.3 Hz, 1H), 6.36 (s, 1H), 4.48 (s, 2H), 3.99 (s, 3H).

(0]
NH
/ +
NN
4A
J Pd,(dba);
Xa.ntphos
C82CO3, Dioxane
100°C., 16 h

1D

N

\N/)>

Va
~N
N

27

A mixture of compound 4A (81 mg, 0.38 mmol, 1.0 eq),
compound 1D (78 mg, 0.38 mmol, 1.0 eq), cesium carbonate
(148 mg, 0.46 mmol, 1.2 eq), Pd,(dba); (10 mg, 0.01 mmol),
X-Phos (5 mg, 0.01 mmol) in 1,4-dioxane (10 mL) was
stirred at 100° C. for 16 hours under a nitrogen atmosphere.
The reaction mixture was allowed to cool to room tempera-
ture, filtered and the resulting filtrate was concentrated under
reduced pressure. The residue was purified by silica gel
chromatography (1%-5% MeOH in DCM) and the residue
was stirred in diethyl ether (20 mL) for 1 hour. The solid was
filtered off to give 27 (58 mg, 39% yield): 'H NMR (400
MHz, CDCl;) & 8.77 (d, J=8.3 Hz, 1H), 831 (s, 1H),
8.05-7.86 (m, 5H), 7.43 (d,J 2.1 Hz, 1H), 6.64 (d, ] 2.2 Hz,
1H), 5.09 (s, 2H), 3.99 (s, 4H), 1.16 (d, J 6.8 Hz, 2H), 1.00
(d, J 3.7 Hz, 2H); ESI nm/z 398.1[M+1]".

Compounds 28-30 in Table 3 were synthesized according
to the procedure for compound 27 substituting the appro-
priate boronate in place of 1-methyl-3-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-1H-pyrazole.
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TABLE 3
Compound Name Structure Characterization
28 2-(6-(4-cyclopropyl- (0] 'H NMR (400 MHz, DMSO-dg)
4H-1,2,4-triazol-3- 6 13.12 (s, 1H), 8.71 (s, 1H),
yDpyridin-2-yl)-5- 8.66 (d, J = 5.2 Hz, 1H), 8.18-
(1H-pyrazol-3- N 7.87 (m, 6H), 6.88 (s, 1H), 5.22

yl)isoindolin-1-one

29 2-(6-(4-cyclopropyl-
4H-1,2,4-triazol-3-
yDpyridin-2-yl)-5-

(1-methyl-1H-
pyrazol-5-
yl)isoindolin-1-one

/N\

30 2-(6-(4-cyclopropyl-
4H-1,2,4-triazol-3-
yDpyridin-2-yl)-5-

(1-methyl-1H-
imidazol-4-

yl)isoindolin-1-one S

—N,
\=N

\N/ %

\N/ }

\ / }

(s, 2H), 4.13 (s, 1H), 1.14 (d,
J = 6 Hz, 4H);
ESI m/z 384.1 [M + 11+

N A
SN

'H NMR (400 MHz, CDCl;) &
8.77 (dd, J = 8.4 Hz, 0.4 Hz,
1H), 8.24 (s, 1H), 8.04 (d, T = 8
Hz, 1H), 7.98 (m, 1H), 7.95 (d,
J = 8 Hz, 1H), 7.60-7.58 (m,
2H), 7.56 (d, J = 2 Hz, 1H),
6.40 (d, J = 2 Hz, 1H), 5.14 (s,
2H), 3.95 (s, 4H), 1.16-1.11 (m,
2H), 0.99-0.95 (m, 2H);

N A ESI m/z 398.2[M + 1]*
N

'H NMR (400 MHz, DMSO-dg)
8 9.08 (s, 11), 8.81 (s, 1H),
8.62 (d, ] = 8.4 Hz, 1H), 8.24
(s, 1H), 8.08-8.05 (m, 2H),
7.94-7.88 (m, 3H), 5.19 (s, 2H),
5.23 (s, 2H), 4.10-4.09 (m, 4H),
1.14-1.12 (m 2H), 1.03 (br,

ESI m/z 397 9 M + 1]*
N\ /
N

Example 5: Preparation of 5-amino-2-(6-(4-cyclo-
propyl-4H-1,2,4-triazol-3-yl)pyridin-2-yl)isoindolin-
1-one (compound 31)

(0]
NH
J Pd,(dba)s;
Xa.ntphos
C82CO3, Dioxane
100°C.,, 16 h
1D

N\/Pﬂo

Pd,(dba);, Xantphos
Cs,C0O3, Dioxane
100°C.,, 16 h

N /
N

S5A
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-continued
O
N
\_/
HN N
N
I
Y
\N
31

A mixture of 5-bromoisoindolin-1-one (636 mg, 3.0
mmol), 1D (800 mg, 3.0 mmol), Pd,(dba); (82 mg, 0.09
mmol), Xantphos (52 mg, 0.09 mmol) and Cs,CO; (1.17 g,
3.6 mmol) in dioxane (60 mL) was heated to 100° C. for 4
h. After that time, the mixture was allowed to cool to room
temperature and filtered. The filtrate was concentrated under
vacuum and purified by column chromatography on silica
gel (1%-10% EtOAc in pet. ether) to afford SA (400 mg,
34%) as a yellow solid: '"H NMR (400 MHz, DMSO-d,) §
8.71 (s, 1H), 8.61 (d, J=8.4 Hz, 1H), 8.07 (t, ]I=8.4 Hz, 1H),
8.0 (d, I=7.6 Hz, 1H), 7.89 (d, I=8 Hz, 1H), 7.76 (d, J=3.2
Hz, 2H), 5.17 (s, 2H), 4.11-4.04 (m, 1H), 1.14-1.11 (m, 2H),
1.0-0.95 (m, 2H); ESI m/z 396.1, 398.1 [M+1]*.

A mixture of SA (400 mg, 1.01 mmol), diphenylmethan-
imine (550 mg, 3.03 mmol), Pd,(dba); (28 mg, 0.03 mmol),
Xantphos (29 mg, 0.05 mmol) and Cs,CO; (987 mg, 3.03
mmol) in dioxane (40 mL) was heated to 100° C. for 16 h.
After cooling to room temperature, HCI (1.0 M, 50 mL.) was
added and the mixture was stirred at room temperature for
4 h, After that time, the mixture was extracted with ethyl
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acetate. The aqueous phase was neutralized with a saturated
solution of sodium bicarbonate and extracted with ethyl
acetate. The organic layer was dried with sodium sulfate,
concentrated under vacuum and purified by column chro-
matography on silica gel (2%-50% EtOAc in pet. ether) to
give compound 31 (30 mg, 9% yield) as a white solid: 'H
NMR (400 MHz, DMSO-d,) 0 8.72 (s, 1H), 8.61 (d, ]=8.4
Hz, 1H), 7.99 (t, J=8 Hz, 1H), 7.78 (d, J=7.6 Hz, 1H), 7.48
(d, JI=8.4 Hz, 1H), 6.71-6.67 (m, 2H), 4.97 (s, 2H), 4.12-4.07
(m, 1H), 1.12-1.07 (m, 2H), 0.98-0.94 (m, 2H); ESI nv/z
333.2 [M+1]".

Example 6: Preparation of N-(2-(6-(4-cyclopropyl-
4H-1,2.4-triazol-3-yl)pyridin-2-yl)-1-oxoisoindolin-
5-yDacetamide (compound 32)

(6]
\ PS
N NH,
N Pd,(dba)3, Xantphos
Cs,CO3, Dioxane
N 2 3>
\N/ 130° C., MW, 1h
S5A
(0]
o —
N
N N
H
N
N Z
\N
32
A mixture of SA (100 mg, 0.25 mmol), acetamide (45 mg,

0.76 mmol), Pd,(dba), (7 mg, 0.0076 mmol), Xantphos (8
mg, 0.013 mmol) and Cs,CO; (100 mg, 0.31 mmol) in
dioxane (5 ml) was heated to 130° C. for 1 h in the
microwave. After cooling, the reaction mixture was concen-
trated under reduced pressure and purified by column chro-
matography on silica gel (1%-5% MeOH in DCM) to afford
compound 32 (5 mg, 5%) as a white solid: '"H NMR (400
MHz, DMSO-d) § 10.37 (s, 1H), 8.71 (s, 1H), 8.63 (d, J=8
Hz, 1H), 8.72 (s, 1H), 8.07-8.03 (m, 1H), 7.85 (d, J=6.8 Hz,
1H),7.77 (d, I=8 Hz, 1H), 7.53 (d, I=8 Hz, 1H), 5.14 (s, 2H),

4.13 (br, 1H), 2.12 (s, 3H), 1.12-1.11 (m, 2H), 0.95 (s, 2H);
ESI m/z 375.2 [M+1]*.
33
O
O
N
QXL @f 4 b
N N
H
N
N Z#
\N

N-(2-(6-(4-Cyclopropyl-4H-1,2,4-triazol-3-yl)pyridin-2-
yD)-1-oxoisoindolin-5-y1)-1-phenylcyclopropane-1-carbox-
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amide (compound 33) was prepared according to the pro-
cedure for compound 32 substituting 1-phenylcyclopropane-
1-carboxamide in place of acetamide. 'H NMR (400 MHz,
DMSO-dy) 8 9.49 (s, 1H), 8.70 (s, 1H), 8.61 (d, I=8.4 Hz,
1H), 8.08-8.02 (m, 2H), 7.86 (d, J=7.6 Hz, 1H), 7.73 (d,
J=8.4 Hz, 1H), 7.62 (dd, J=7.6 Hz, 6.8 Hz, 1H), 7.43-7.36
(m, 4H), 7.32-7.28 (m, 1H), 5.11 (s, 2H), 4.14-4.09 (m, 1H),
1.50-1.48 (m, 2H), 1.19-1.16 (m, 2H), 1.14-1.09 (m, 2H),
1.0-0.95 (m, 2H); ESI m/z 477.1 [M+1]".

Example 7: Preparation of N-(2-(6-(4-cyclopropyl-
4H-1,2,4-triazol-3-yl)pyridin-2-yl)-1-oxoisoindolin-
5-yDacetamide (compound 34)

O
Methy! iodide
B — e
NH K,CO3, DMF
HN
O
NH
\N
TA
O
NH
+
\T
J Pd,(dba);
Xa.ntphos
CSZCO3, Dioxane

100°C., 16 h

N
~ \_/ )>
N

N A
Y

34

A stirred mixture of 7A (250 mg, 1.42 mmol), 1D (376
mg, 1.42 mmol), Pd,(dba); (91 mg, 0.099 mmol), Cs,CO,
(1.39 g, 4.26 mmol) and Xantphos (82 mg, 0.142 mmol) in
1,4-dioxane (30 mL) was heated to 100° C. overnight. The
reaction mixture was allowed to cool to room temperature
and filtered. The resulting filtrate was concentrated under
reduced pressure and the residue was purified by silica
column chromatography (1%-5% MeOH in DCM) to give
compound 34 (60 mg, 12% yield) as a white solid: 'H NMR
(400 MHz, CDCl,) d 8.69 (s, 1H), 8.61 (d, J=8.4 Hz, 1H),
8.0 (t, I=7.6 Hz, 1H), 7.80 (d, J=7.6 Hz, 1H), 7.60 (d, J=8.8
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Hz, 1H), 6.88 (s, 1H), 6.84 (dd, J=8.4 Hz, 2.0 Hz, 1H), 5.02
(s, 2H), 4.11-4.07 (m, 1H), 3.05 (s, 6H), 1.14-1.09 (m, 2H),
1.0-0.97 (m, 2H); BSI m/z 361.0 [M+1]*.

Example 8: Preparation of 2-(6-(4-cyclopropyl-4H-
1,2,4-triazol-3-yl)pyridin-2-y1)-5-(ethylamino)isoin-
dolin-1-one (compound 35)

\
/©i/{ N /\NH2
sz(dba)3, Xantphos
Cs,CO3, Dioxane
\

130° C., MW, 30 min

\N/)>

Vi
~N
N

35

A mixture of SA (400 mg, 1.0 mmol), ethylamine in THF
(2.0M, 8 mL.), Pd,(dba); (27 mg, 0.03 mmol), Xantphos (29
mg, 0.05 mmol) and Cs,CO; (391 mg, 1.2 mmol) in dioxane
(4 mL)) was heated to 130° C. for 30 min in the microwave.
After cooling, the reaction mixture was concentrated under
reduced pressure and purified by column chromatography on
silica gel (1%-10% MeOH in DCM) to afford compound 35
(50 mg, 14%) as a white solid: "H NMR (400 MHz, CDCl,)
d 8.66 (dd, J=7.6 Hz, 1.2 Hz, 1H), 8.15 (s, 1H), 7.84-7.71
(m, 2H), 7.63 (d, J=8.4 Hz, 1H), 7.19 (s, 1H), 6.58 (dd, J=8.4
Hz, 2 Hz, 1H), 6.52 (s, 1H), 4.86 (s, 2H), 3.91-3.86 (m, 1H),
3.21-3.15 (m, 2H), 1.24 (t, J=7.2 Hz, 3H), 1.08-1.03 (m,
2H), 0.90-0.86 (m, 2H); ESI m/z 361.1 [M+1]".

Example 9: Preparation of 2-(6-(4-cyclopropyl-4H-
1,2,4-triazol-3-yl)pyridin-2-y1)-6-(1-methyl-1H-imi-
dazol-5-yl)isoindolin-1-one (compound 36)

Br N

_—
Pd(dppf)Cl,, Cs,CO3
dioxane/H,O

Oy

N

/

NH

9A
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-continued
N
g
N +
/ NH

Pd,(dba);
Xa.ntphos

P

DYN/
Ao _
/ N\N/P

Va
N
N

C82CO3, Dioxane
100°C., 16 h

36

A mixture of 6-bromoisoindolin-1-one (287 mg, 1.35
mmol), 1-methyl-5-(tributylstannyl)-1H-imidazole (500 mg,
1.35 mmol), Pd(dppf)Cl, (33 mg, 0.041 mmol) and Cs,CO;
(1.32 g, 4.05 mmol) in dioxane (50 mL) and water (8 mL)
was heated to 100° C. overnight. After cooling, the mixture
was concentrated under vacuum and purified by column
chromatography on silica gel ((1%-3% MeOH in DCM) to
afford 9A (220 mg, 76% yield) as a brown solid: *H NMR
(400 MHz, DMSO-d,) 8 8.66 (s, 1H), 7.76-7.15 (m, 4H),
7.15 (s, 1H), 4.43 (s, 2H), 3.72 (s, 3H); ESI m/z 214.1
[M+17*.

A stirred mixture of 9A (220 mg, 1.03 mmol), 1D (273
mg, 1.03 mmol), Pd,(dba), (28 mg, 0.03 mmol), Cs,CO,
(404 mg, 1.24 mmol) and Xantphos (18 mg, 0.03 mmol) in
dioxane (50 mL) was heated to 100° C. overnight. The
reaction mixture was allowed to cool to room temperature
and filtered. The resulting filtrate was concentrated under
reduced pressure and the residue was purified by silica
column chromatography (1%-3% MeOH in DCM) to give
compound 36 (100 mg, 24% yield) as a light yellow solid:
1H NMR (400 MHz, DMSO-d,) 8 8.73 (s, 1H), 8.66 (d,
J=8.4 Hz, 1H), 8.08 (t, =8 Hz, 1H), 7.90-7.80 (m, 5H), 7.24
(s, 1H), 5.23 (s, 2H), 4.14-4.08 (m, 1H), 3.76 (s, 3H),
1.16-1.11 (m, 2H), 1.0-0.97 (m, 2H); ESIm/z 398.2 [M+1]".

Example 10: Preparation of 2-(6-(4-cyclopropyl-

4H-1,2,4-triazol-3-yl)pyridin-2-y1)-6-(1H-imidazol-
1-yDisoindolin-1-one (compound 37)

Br.

NH
Cul, L-proline, K,CO;3,

NMP, 200° C., MW, 1 h
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-continued
N S %\ o
NH N

EAWARN
N,

NH +

10A 15 6-(1H-Benzo[d]imidazol-1-y1)-2-(6-(4-cyclopropyl-4H-

1,2,4-triazol-3-yl)pyridin-2-yl)isoindolin-1-one (compound
38) was prepared according to the procedure for compound
37 substituting 1H-benzimidazole in place of 1H-imidazole.
'H NMR (400 MHz, DMSO-d,) & 8.72-8.66 (m, 3H),
8.13-8.05 (m, 3H), 7.98 (d, J=8 Hz, 1H), 7.92 (d, I=7.6 Hz,

N 1H), 7.81 (d, =72 Hz, 1H), 7.66 (d, J=7.6 Hz, 1H),
| Paly(dba)s 7.40-7.33 (m, 2H), 5.30 (s, 2H), 4.16-4.10 (m, 1H), 1.17-
_ N Xantphos 1.12 (m, 2H), 1.02-0.98 (m, 2H); EST m/z 434.0 [M+H]".
Br N | > - 25
1/

Cs,CO3, Dioxane
100°C., 16 1 Example 11: Preparation of 2-(6-(4-cyclopropyl-
4H-1,2,4-triazol-3-yl)pyridin-2-y1)-6-(1-methyl-1H-

1D pyrazol-3-yl)isoindolin-1-one (compound 39)

30

(@]
N 35 B \
\I o T O/ N /N\
\ N NH
— Pd(dppf)Cls, Cs>CO3
N \ Dioxane/H,O
\_/

100°C., 16 h
40
N \

P i
N @]
N \

37 45 NH

A mixture of 6-bromoisoindolin-l-one (1.0 g, 4.72 1A
mmol), 1H-imidazole (1.28 g, 18.87 mmol), Cul (179 mg, \
0.94 mmol), L-proline (108 mg, 0.94 mmol) and K,CO; 50

(1.30 g, 9.44 mmol) in NMP (6 mL.) was heated to 200° C. N~y o

for 1 h in the microwave. The mixture was poured into water \ |

and extracted with EtOAc (3x100 mL). The organic layer 4
was washed with water and dried with sodium sulfate and NH

concentrated. The residue was purified by silica gel column 55
(2%-7% MeOH in DCM) to give 10A (150 mg, 16% yield)
as a yellow solid: '"H NMR (400 MHz, DMSO-d,) & 8.75

11A
(br, 1H), 8.38 (s, 1H), 7.92-7.88 (m, 3H), 7.71 (d, J=8.4 Hz, ~
1H), 7.12 (s, 1H), 4.42 (s, 2H); ESI m/z 200.1 [M+1]". 6 | Pdy(dba)s
Compound 37 was synthesized according to the procedure s N/ N Xantphos
r |
)

for compound 36 substituting intermediate 10A for 9A. 'H Cs,C03, Dioxane
NMR (400 MHz, DMSO-d,) & 9.76 (s, 1H), 8.76 (s, 1H), 100°C., 16 h
8.64 (d, J=8 Hz, 1H), 8.40 (s, 1H), 8.29 (d, =2 Hz, 1H),

8.15-8.07 (m, 2H), 8.97 (d, J=8 Hz, 1H), 7.90 (d, J=7.2 Hz, 5 1D

2H), 5.27 (s, 2H), 4.13-4.08 (m, 1H), 1.16-1.11 (m, 2H),

1.01-0.97 (m, 2H); ESI nv/z 384.2 [M+1]".
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\N\
N O
\
N
\_/ )>
N
/
I
39

A mixture of 6-bromoisoindolin-1-one (509 mg, 2.4
mmol), 1-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-yl)-1H-pyrazole (500 mg, 2.4 mmol), Pd(dppD)Cl, (59
mg, 0.072 mmol) and Cs,CO; (2.3 g, 7.2 mmol) in dioxane
(50 mL) and water (8 mL) was heated to 100° C. overnight.

10

15

120

After that time, the mixture was cooled to room temperature
and filtered. The filtrate was concentrated under reduced
pressure and purified by column chromatography on silica
gel (1%-3% MeOH in DCM) to give 11A (390 mg, 76%
yield) as a yellow solid: 'H NMR (400 MHz, DMSO-d,) &
8.57 (s, 1H), 8.03-8.01 (m, 2H), 7.75 (d, J=2.4 Hz, 1H), 7.58
(d, J=8 Hz, 1H), 8.79 (d, J=2.4 Hz, 1H), 4.38 (s, 2H), 3.90
(s, 3H); ESI m/z 214.1 [M+H]".

Compound 39 was synthesized according to the procedure
for compound 36 substituting intermediate 11A for 9A. 'H
NMR (400 MHz, DMSO-d,) 8 8.71 (s, 1H), 8.65 (d, J=7.6
Hz, 1H), 8.17 (s, 1H), 8.14 (d, J=8 Hz, 1H), 8.07 (t, J=8 Hz,
1H), 7.88 (d, J=7.2 Hz, 1H), 7.76 (d, J=1.2 Hz, 1H), 7.71 (d,
J=7.6 Hz, 1H), 6.85 (d, J=2 Hz, 1H), 5.17 (s, 2H), 4.13-4.08
(m, 1H), 3.91 (s, 3H), 1.16-1.11 (m, 2H), 1.02-0.96 (m, 2H);
ESI m/z 398.2 [M+1]*.

Compounds 40-55 in Table 4 were synthesized according
to the procedure for compound 39 substituting the appro-
priate boronate in place of 1-methyl-3-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-1H-pyrazole.

TABLE 4

Compound Name

Structure

Characterization

40 2-(6-(4-cyclopropyl-
4H-1,2 4-triazol-3-
yDpyridin-2-yl)-6-

(pyridin-3-
yl)isoindolin-1-one

41 2-(6-(4-cyclopropyl-
4H-1,2 4-triazol-3-
yDpyridin-2-yl)-6-
(4-methylpyridin-3-
yl)isoindolin-1-one

42

N
=z
O
\ —
N
\_/
N
N
Z
O
\ —
N
\ _/
N
2-(6-(4-cyclopropyl- N
4H-1,2 A-triazol-3- =
yDpyridin-2-y1)-6- O
(6-methylpyridin-3- N
yl)isoindolin-1-one
N
\_/
N

I NMR (400 MHz, DMSO-dg)
89.0 (s, 1H), 8.72 (s, 1H), 8.68
(d, T = 8.4 Hz, 1H), 8.63 (d, T =
4 Hz, 1H), 8.22 (d, T = 8 Hz,
1H), 8.15 (s, 1H), 8.12-8.08 (m,
2H), 7.91-7.85 (m, 2H), 7.55-
7.53 (m, 1H), 5.25 (s, 2H),
4.15-4.09 (m, 1H), 1.16-1.11
(m, 2H), 1.01-0.96 (m, 2H);
ESI m/z 395.2 [M + 1]*

A
P!

I NMR (400 MHz, DMSO-dy)
58.71 (s, 1H), 8.65 (d, T = 8.4
Hz, 1H), 8.48 (d, T = 5.2 Hz,
1H), 8.4.1 (s, 1H), 8.10-8.06 (m,
1H), 7.89 (d, T =7.6 Hz, 1H),
7.84-7.81 (m, 2H), 7.75 (dd, T =
7.6 Hz, 0.8 Hz, 1H), 7.37 (d,
7 =52 Hz 1H), 5.25 (s, 2H),
4.14-4.09 (m, 1H), 2.29 (s, 3H),
1.16-1.11 (m, 2H), 1.00-0.96
(m, 2H);
ESI m/z 409.2 [M + 1]+

A
P!

'H NMR (400 MHz, CDCl5) &
9.18 (s. 1H), 8.81 (dd, T = 6.4
Hz, 2.8 Hz, 1H), 8.42-8.39 (m,
2H), 8.18 (s, 1H), 8.00-7.92 (m,
3H), 7.75-7.68 (m, 2H), 5.18 (s,
2H), 4.01-3.96 (m, 1H), 2.89 (s,
3H), 1.23-1.18 (m, 2H), 1.04-
1.0 (m, 2H);
EST m/z 409.1 [M + 1]

P
‘P!
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Compound

Name

Characterization

43

a4

45

46

a7

2-(6-(4-cyclopropyl-
4H-1,2 4-triazol-3-
yDpyridin-2-yl)-6-
(pyrimidin-5-
yDisooindolin-1-one

2-(6-(4-cyclopropyl-
4H-1,2 4-triazol-3-
yDpyridin-2-yl)-6-
(2-methylpyrimidin-
5-yl)isoindolin-1-
one

2-(6-(4-cyclopropyl-
4H-1,2 4-triazol-3-
yDpyridin-2-yl)-6-
(6-methoxypyridin-
3-yl)isoindolin-1-
one

2-(6-(4-cyclopropyl-
4H-1,2 4-triazol-3-
yDpyridin-2-yl)-6-
(6-
cyclopropylpyridin-
3-yl)isoindolin-1-
one

6-(1-cyclopropyl-
1H-pyrazol-4-yl)-2-
(6-(4-cyclopropyl-
4H-1,2 4-triazol-3-
yD)pyridin-2-
yl)isoindolin-1-one

Oof -
O,
g
O,

g

N

N
/\
>
/

L
\N/

WP
\N

~2
L)

O s
p!

O .
p!

'H NMR (400 MHz, CDCl;) &
8.27 (s, 1H), 9.03 (s, 1H), 8.78
(dd, T = 8 Hz, 1.2 Hz, 1H), 7.72
(d, J = 8 Hz, 1H), 5.17 (s, 2H),
3.98-3.93 (m, 1H), 1.18-1.13
(m, 2H), 1.0-0.96 (m, 2H);
ESI m/z 396.1 [M + 1]*

'H NMR (400 MHz, CDCl;) &
8.93 (s, 2H), 8.78 (d, J = 8 Hz,
1H), 8.25 (s, 1H), 8.16 (s, 1H),
8.01-7.93 (m, 2H), 7.84 (dd, J =
7.6 Hz, 1.2 Hz, 1H), 7.70 (d,
J = 7.6 Hz, 1H), 5.16 (s, 2H),
3.98-3.93 (m, 1H), 2.82 (s, 3H),
1.18-1.13 (m, 2H), 1.0-0.96 (m,
2H);
ESI m/z 410.1 [M + 1]*

'H NMR (400 MHz, CDCl;) &
8.78 (d, T = 8 Hz, 1H), 8.45 (s,
1H), 8.25 (s, 1H), 8.10 (s, 1H),
8.0-7.87(m, 2H), 7.86 (d, T = 8
Hz, 1H), 7.80 (d, J = 7.2 Hz,

1H), 7.62 (d, J = 7.6 Hz, 1H),
6.87 (d, T = 8.4 Hz, 1H), 5.12
(s, 2H), 4.0 (s, 3H), 4.0-3.92

(m, 1H), 1.16-1.14 (m, 2H),

1.0-0.96 (m, 2H);
ESI m/z 425.0 [M + 1]*

'H NMR (400 MHz, DMSO-dg)
5878 (d, T = 1.2 Hz, 1H), 8.71
(s, 1H), 8.65 (d, T = 7.6, 1),
8.08 (t, T = 8 Hz, 2H), 8.04-
8.01 (m, 2H), 7.89 (d, T = 7.6
Hz, 1H), 7.81 (d. T = 8 Hz, 1H),
7.40 (d, T = 8.4 Hz, 1H), 5.20
(s, 2H), 4.11 (m, 1H), 2.19-2.13
(m, 1H), 1.16-1.11 (m, 2H),
1.0-0.96 (m, 6H);

ESI m/z 435.1 [M + 1]*

'H NMR (400 MHz, CDCl;) &
8.76 (d, ] = 8.4 Hz, 1H), 8.23
(s, 1H), 8.0-7.98 (m, 2H), 7.91
(t, 8.4 Hz, 1H), 7.81 (d, T = 6
Hz, 2H), 7.73 (dd, J = 8 Hz, 1.6
Hz, 1H), 7.51 (d, J = 8 Hz, 1H),
5.06 (s, 2H), 3.97-3.94 (m, 1H),
3.68-3.63 (m, 1H), 1.21-1.05
(m, 6H), 0.98-0.94 (m, 2H);
ESI m/z 424.1 [M + 1]*
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Compound

Name

Structure

Characterization

48

49

50

51

52

2-(6-(4-cyclopropyl-
4H-1,2 4-triazol-3-
yDpyridin-2-yl)-6-
(4-fluoropyridin-3-
yl)isoindolin-1-one

6-(4-chloropyridin-
3-y1)-2-(6-(4-
cyclopropyl-4H-
1,2 4-triazol-3-
yD)pyridin-2-
yl)isoindolin-1-one

2-(6-(4-cyclopropyl-
4H-1,2 4-triazol-3-
yDpyridin-2-yl)-6-
(pyridin-4-
yl)isoindolin-1-one

2-(6-(4-cyclopropyl-
4H-1,2 4-triazol-3-
yDpyridin-2-yl)-6-
(2-methylthiazol-5-
yl)isoindolin-1-one

2-(6-(4-cyclopropyl-
4H-1,2 4-triazol-3-
yDpyridin-2-yl)-6-
(2-methylpyridin-3-
yl)isoindolin-1-one

N
4
0
x
N
F
N
=
0
x
N
al

\

N

\

N

/
{2
/
{2
NZ o
x —
N \N /
{0
_</S | 0 _
N \N /
/

LA
\N/

/N o
x —
N \N /
/

N

7
Y

Ve
P
P

P

A
)

'H NMR (400 MHz, CDCl;) &
8.76 (t, T = 8 Hz, 2H), 8.63-
8.60 (m, 1H), 8.25 (s, 1H), 8.14
(s, 1H), 8.00-7.92 (m, 2H), 7.82
(d, T =8 Hz, 1H), 7.68 (d, T = 8
Hz, 1H), 7.20-7.16 (m, 1H),
5.51 (s, 2H), 3.99-3.93 (m, 1H),
1.17-1.12 (m,. 2H), 1.00-0.95
(m, 2H);

ESI m/z 413.0 [M + H]*"

'H NMR (400 MHz, CDCl;) &
8.77 (d, ] = 8.4 Hz, 1H), 8.60
(s, 1 H), 8.54 (d, J = 5.2 Hz,
1H), 8.25 (s, 1H), 8.05 (s, 1H),
8.0-7.94 (m, 2H), 7.74-7.66 (m,
2H), 7.48 (d, J = 5.2 Hz, 1H),
5.16 (s, 2H), 3.98-3.95 (m, 1H),
1.18-1.11 (m, 2H), 1.01-0.93
(m, 2H);
ESI m/z 429.0 [M + 1]*

'H NMR (400 MHz, CDCl;) &
8.79 (dd, J = 8 Hz, 0.8 Hz, 1H),
8.73-8.72 (m, 2H), 8.25 (s, 1H),
8.24 (d, T = 0.6 Hz, 1H), 8.01-
7.91 (m, 3H), 7.68 (d, T = 8 Hz,
2H), 7.59-7.58 (m. 2H), 5.16 (s,
2H), 3.99-3.93 (m, 1H), 1.18-
1.23 (m, 2H), 1.0-0.98 (m, 2H);
ESI m/z 395.0 [M + 1]*

'H NMR (400 MHz, CDCl;) &
8.76 (d, T = 8.4 Hz, 1H), 8.25
(s, 1H), 8.07 (s, 1H), 8.00-7.90
(m, 3H), 7.79 (dd, T = 8 Hz, 1.2
Hz, 1H), 7.57 (d, J = 8§ Hz, 1H),
5.10 (s, 2H), 3.98-3.92 (m, 1H),
2.76 (s, 3H), 1.14 (q, T = 6.8
Hz, 2H), 0.99-0.95 (m, 2H);
ESI m/z 415.0 [M + 1]*

'H NMR (400 MHz, DMSO-dg)
88.71 (s, 1H), 8.65 (d, T = 8.4
Hz, 1H), 8.50 (dd, T = 4.8 Hz,
1.2 Hz, 1H), 8.09 (t, ] = 8 Hz,
1H), 7.89 (d, T = 7.2 Hz, 1),

7.83-7.80 (m, 2H), 7.75 (dd, T =

8 Hz, 1.6 Hz, 1H), 7.69 (dd, T =
7.6 Hz, 1.2 Hz, 1H), 7.34 (dd,

I =7.6 Hz, 4.8 Hz, 1H), 5.25 (5,

2H), 4.14-4.08 (m, 1H), 2.45 (s,
3H), 1.13 (q, J = 5.6 Hz, 2H),

0.98-0.96 (m. 2H);
ESI m/z 409.1 [M + 1]*
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Compound Name

Structure

Characterization

53 2-(6-(4-cyclopropyl-
4H-1,2 4-triazol-3-
yDpyridin-2-yl)-6-
(2-fluoropyridin-3-
yl)isoindolin-1-one

54 2-(6-(4-cyclopropyl-
4H-1,2 4-triazol-3-
yDpyridin-2-yl)-6-

(5-methylpyridin-3-
yl)isoindolin-1-one

55 2-(6-(4-cyclopropyl-
4H-1,2 4-triazol-3-
yDpyridin-2-yl)-6-
(5-fluoropyridin-3-
yl)isoindolin-1-one

N F )
AN —
N \N /
/

N.
“
O
A
N
N.
=z
O
QJ\@;{ _
N
\N/
/

W2
\N

\_/
/

N
L)
\N

WP
\N

F

F

F

'H NMR (400 MHz, DMSO-dg)
88.71 (s, 1H), 8.65 (d, T = 8.4
Hz, 1H), 8.50 (dd, T = 4.8 Hz,
1.2 Hz, 1H), 8.09 (t, ] = 8 Hz,
1H), 7.89 (d, T = 7.2 Hz, 1),

7.83-7.80 (m, 2H), 7.75 (dd,

T=8Hz 1.6 Hz 1H), 7.69 (dd,

I =7.6 Hz, 1.2 Hz, 1H), 7.34 (dd,

I =7.6 Hz, 4.8 Hz, 1H), 5.25 (5,

2H), 4.14-4.08 (m, 1H), 2.45 (s,
3H), 1.13 (dd, T = 12.8 Hz, 7.2

Hz, 2H), 0.98-0.96 (m, 2H);
ESI m/z 413.0 [M + 1]*

'H NMR (400 MHz, CDCl;) &
8.78 (d, T = 8 Hz, 1H), 8.71 (d,
T = 1.6 Hz, 1H), 8.48 (s, 1H),

8.25 (s, 1H), 8.15 (s, 1H), 8.00-
7.91 (m, 2H), 7.86 (dd, J = 8

Hz, 1.6 Hz, 1H), 7.76 (s, 1H),
7.65 (d, J = 8 Hz, 1H), 5.14 (s,
2H), 4.00-3.94 (m, 1H), 2.44 (s,
3H), 1.15 (q, T = 6.4 Hz, 1H),

1.00-0.95 (m, 2H);
ESI m/z 409.1 [M + 1]*

'H NMR (400 MHz, CDCl;) &
8.79 (m, 1H), 8.53 (d, T = 2.4
Hz, 1H), 8.25 (s, 1H), 8.17 (d,
T = 0.8 Hz, 1H), 8.01-7.93 (m,
2H), 7.86 (dd, T = 8 Hz, 1.6 Hz
1H), 7.70-7.66 (m, 2H), 5.16 (s,
2H), 3.99-3.93 (m, 1H), 7.15
(q, T = 6.8 Hz, 2H), 1.00-0.96
(m, 2H);
ESI m/z 413.0 [M + 1]*

Example 12: Preparation of 2-(6-(4-cyclopropyl-
4H-1,2,4-triazol-3-yl)pyridin-2-y1)-6-(2-cyclopropy-
Ipyrimidin-5-yl)isoindolin-1-one (compound 56)

I N
L
N\ Br

D—MgBr
_—m

Pd(PPhy),, THF

0 0
B—B
N
= 0 0
Naw Pd(dppf)Cls, KOAc
Br dioxane, 90° C.
12A

45

50

55

60

65

12C
/(I/ ?
F N
Br N
)

1D

-continued

N
Aﬁ |
N\ B/O
\
0

12B

[0}
Br.
NH
Pd(dppf)Cl,, Cs,CO3

Dioxane/H,0O
100°C.,,16h

NH

Pd,(dba);
Xantphos

_—_—
Cs,C0O3, Dioxane
100°C.,16 h
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56

5-Bromo-2-iodo-pyrimidine (5.0 g, 17.6 mmol) and
Pd(PPh,), (1.02 g, 0.88 mmol) were suspended in THF (80
mL), and cyclopropylmagnesium bromide (1.0 M in THF,
35 ml, 35 mmol) was added dropwise under a nitrogen
atmosphere. After stirring at 70° C. for 2 h, the reaction was
diluted with water (20 ml). The mixture was extracted with
ethyl acetate (100 m[.x3) and the combined organic frac-
tions were dried over sodium sulfate. The solvent was
removed under reduced pressure and the residue was puri-
fied by silica gel column chromatography (1:50 ethyl
acetate/pet. ether) to obtain 12A (0.8 g, 23% yield): "H NMR
(400 MHz, CDCl;) d 8.53 (s, 2H), 2.18-2.13 (m, 1H),
1.06-1.04 (m, 4H); EST m/z 199.1, 201.1 [M+1]".

A mixture of 12A (0.8 g, 4.02 mmol), Pd(dppH)Cl, (147
mg, 0.20 mmol), KOAc (592 mg, 6.03 mmol) and bis
(pinacolato)diboron (1.16 g, 4.82 mmol) in dioxane (20 m[.)
was heated to 90° C. overnight. After cooling, the reaction
mixture was concentrated and the residue was purified by
silica gel column chromatography (1/50 to 1/10 ethyl
acetate/pet. ether) to give 12B (0.38 g, 39% vyield) as a
yellow solid: ESI m/z 247.1 [M+H]™".

Compound 56 was synthesized according to the procedure
for compound 39 substituting intermediate 12B in place of
1-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-
1H-pyrazole. "H NMR (400 MHz, CDCL,) & 8.83 (s, 2H),
8.77 (d, J=8 Hz, 1H), 8.25 (s, 1H), 8.12 (s, 1H), 8.0-7.92 (m,
1H), 7.80 (dd, J=8 Hz, 1.6 Hz, 1H), 7.68 (d, J=7.6 Hz, 1H),
5.14 (s, 2H), 3.98-3.93 (m, 1H), 1.23-1.19 (m, 2H), 1.17-
1.13 (m, 4H), 0.99-0.95 (m, 2H); ESI m/z 436.1 [M+1]".

Example 13: Preparation of 2-(6-(4-cyclopropyl-

4H-1,2,4-triazol-3-yl)pyridin-2-yl)-6-(1-methyl-1H-
imidazol-2-yl)isoindolin-1-one (compound 57)

o N,/
/ \
Br o 0
NH
Pd(dppf)Cl,, KOAc
dioxane, 70° C.

(i P N Br
B
ol /
NH Pd(PPhy),, K,CO5
H,0, EtOH, dioxane
13A 100° C., overnight

10

15

40

45

50

55

60

65
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13B Pd,(dba)s, Xantphos
Cs,C0O;3, dioxane
100°C., 16 h
i
| 0
/ -
A
\_ 7/
N
4 B
A
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57

A mixture of 6-bromoisoindolin-1-one (2.0 g, 9.44
mmol), bis(pinacolato)diboron (2.41 g, 9.7 mmol), KOAc
(1.86 g, 18.66 mmol) and Pd(dppf),Cl, (0.39 g, 0.49 mmol)
in dioxane (50 mL) was stirred at 100° C. overnight under
a nitrogen atmosphere. The mixture was poured into water
and extracted with EtOAc (100 m[.x3). The combined
organic fractions were washed with brine, dried over sodium
sulfate and concentrated under vacuum. The residue was
purified by chromatography on silica gel (1/10 to 1/5 EtOAc
in pet. ether) to give compound 13 A (600 mg, 25% yield) as
a white solid. ESI m/z 260.0 [M+1]*.

A mixture of 13A (321 mg, 1.98 mmol), 2-bromo-1-
methyl-1H-imidazole (626 mg, 2.41 mmol), K,CO; (1.10 g,
7.92 mmol) and Pd(PPh,), (114 mg, 0.098 mmol) in dioxane
(20 mL), ethanol (10 mL) and water (10 mL) was stirred at
100° C. overnight under a nitrogen atmosphere. The mixture
was poured into water and extracted with EtOAc (100
ml.x3). The combined organic fractions were washed with
brine, dried over sodium sulfate and concentrated under
vacuum. The residue was purified by chromatography on
silica gel (1%-2% MeOH in DCM) to give compound 13B
(200 mg, 47% yield) as a yellow solid. ESI m/z 214.0
[M+17*.

A mixture of 13B (200 mg, 0.82 mmol), intermediate 1D
(212 mg, 0.82 mmol), Cs,CO; (834 mg, 2.56 mmol), Xant-
phos (30 mg, 0.041 mmol) and Pd(dba); (30 mg, 0.024
mmol) in dioxane (20 mL) was stirred at 100° C. overnight
under a nitrogen atmosphere. The reaction mixture was
concentrated under vacuum and purified by chromatography
on silica gel (1%-3% MeOH in DCM) to give compound 57
(60 mg, 19% yield) as a white solid: "H NMR (400 MHz,
CDCl,) 8 8.77 (d, I=8.4 Hz, 1H), 8.25 (s, 1H), 8.12 (s, 1H),
8.08 (d, I=8 Hz, 1H), 8.01-7.92 (m, 2H), 7.66 (d, J=8 Hz,
1H), 7.17 (s, 1H), 7.03 (s, 1H), 5.14 (s, 2H), 3.99-3.93 (m,
1H), 3.84 (s, 3H), 1.15 (q, J 6.8 Hz, 2H), 0.99-0.95 (m, 2H);
ESI m/z 398.1 [M+1]*.

Compounds 58-60 in Table 5 were synthesized according
to the procedure for compound 57 substituting the appro-
priate heteroaryl halide in place of 2-bromo-1-methyl-1H-
imidazole.
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TABLE 5
Compound Name Structure Characterization

58 2-(6-(4-cyclopropyl- F 'H NMR (400 MHz, CDCl;) &
4H-1,2,4-triazol-3- N o 8.78 (d, T = 8 Hz, 1H), 8.72 (d,
yDpyridin-2-yl)-6- | J =5.2 Hz, 1H), 8.49 (s, 1H),

(pyridin-2- — 8.41 (dd, J = 8 Hz, 2.4 Hz, 1H),
yl)isoindolin-1-one 8.24 (s, 1H), 7.99 (d, T = 6.4
N \ / Hz, 1H), 7.95-7.91 (m, 1H),
N 7.85-7.81 (m, 2H), 7.65 (d, T =
8 Hz, 1H), 7.31-7.28 (m, 1H),
N 5.13 (s, 2H), 4.0-3.94 (m, 1H),
/ ) 1.18-1.13 (m, 2H), 1.0-1.95 (m,
N 2H);
\N/ ESI m/z 395.0 [M + 1]*

59 2-(6-(4-cyclopropyl- N\ 'H NMR (400 MHz, CDCl3) &
4H-1,2,4-triazol-3- Z N 9.23 (dd, J = 4.8 Hz, 1.2 Hz,
yDpyridin-2-yl)-6- | Y 1H), 8.80 (d, J = 8.8 Hz, 1H),

ridazin-3- . =8Hz, 1.6 Hz
(pyridazin-3 g 8.63 (dd, T = 8 Hz, 1.6 Hz, 1H),

yl)isoindolin-1-one

60 2-(6-(4-cyclopropyl-
4H-1,2,4-triazol-3-
yDpyridin-2-yl)-6-

cyclopropylpyrazin-
2-yll)isoindolin-1-
one

N
=
[@]
AQ
N
N

~<2Q
L)

\N / }
p!

8.50 (s, 1), 8.26 (s, 1H), 8.02-
7.93 (m, 3H), 7.74 (d, T = 8 Hz,
1H), 7.63 (m, 1H), 5.18 (s, 2H),
4.01-3.94 (m, 1H), 1.17-1.12
(m, 2H), 1.01-0.95 (m, 2H);
ESI m/z 396.0 [M + 1]*

'H NMR (400 MHz, CDCl;) &
8.90 (s, 1H), 8.76 (d, T = 8 Hz,
1H), 8.54 (s, 1H), 8.49 (s, 1H),
8.30 (d, J = 8 Hz, 1H), 8.24 (s,
1H), 7.99-7.90 (m, 2H), 7.65
(d, J = 8 Hz, 1H), 5.12 (s, 2H),
3.99-3.93 (m, 1H), 2.14-2.11
(m 1H), 1.17-1.08 (m, 6H),
0.99-0.95 (m, 2H);
ESI m/z 436.1 [M + 1]*

Example 14: Preparation of 2-(6-(4-cyclopropyl-

4H-1,2,4-triazol-3-yl)pyridin-2-y1)-6-(6-cyclopropy-

40

Ipyridazin-3-yl)isoindolin-1-one (compound 61)
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A mixture of 13A (2.2 g, 8.4 mmol), 3,6-dibro-
mopyridazine (2 g, 8.4 mmol), Pd(dppf),Cl, (307 mg, 0.4
mmol) and K,CO; (3.5 g, 25 mmol) in dioxane (100 mL)

and water (10 mL) was heated to 100° C. for 5 h under a
nitrogen atmosphere. After cooling, the mixture was poured
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into water and extracted with EtOAc (150 ml.x3). The
combined organic layers were washed with water and brine
and dried with sodium sulfate. The solvent was evaporated
and the residue was purified by column chromatography on
silica gel (1%-2% MeOH in DCM) to afford compound 14A
(660 mg, 28% yield) as an off-white solid. ESI m/z 291.9,
289.9 [M+1]".

A mixture of 14A (370 mg, 1.3 mmol) cyclopropylboronic
acid (329 mg, 3.8 mmol), palladium diacetate (29 mg, 0.10
mmol), K,CO; (1.1 g, 7.7 mmol) and tricyclohexylphos-
phine (72 mg, 0.3 mmol) in dioxane (17 mL) and water (2
ml.) was heated to 100° C. for 8 hours under nitrogen. The
reaction mixture was concentrated under vacuum and the
residue was purified by column chromatography on silica
gel (1%-2% MeOH in DCM) to give 14B (125 mg, 39%
yield) as a white solid. ESI m/z 252.1 [M+1]*.

A mixture of 14B (125 mg, 0.5 mmol), 1D (158 mg, 0.6
mmol), Pd,(dba); (23 mg, 0.02 mmol), Xantphos (20 mg,
0.03 mmol) and Cs,CO; (486 mg, 1.5 mmol) in dioxane (25
ml.) was heated to 100° C. overnight under nitrogen. The
reaction mixture was concentrated under vacuum and the
residue was purified by column chromatography on silica
gel (1%-2% MeOH in DCM) to afford compound 61 (12 mg,
5% yield) as a yellow solid: *H NMR (400 MHz, CDCL,) §
8.59 (dd, J=7.6 Hz, 1.6 Hz 1H), 8.44 (s, 1H), 8.25 (s, 1H),
8.01-7.92 (m, 2H), 7.84 (d, J=8.8 Hz, 1H), 7.69 (d, J=8 Hz,
1H), 7.38 (d, J=8.8 Hz, 1H), 5.15 (s, 2H), 4.00-3.94 (m, 1H),
2.25-2.18 (m, 1H), 1.31-1.29 (m, 2H), 1.21-1.15 (m, 4H),
1.00-0.95 (m, 2H); ESI m/z 436.1 [M+1]".

Example 15: Preparation of 6-(4-cyclopropyl-1H-1,
2,3-triazol-1-yl)-2-(6-(4-cyclopropyl-4H-1,2,4-tri-
azol-3-yl)pyridin-2-yl)isoindolin-1-one (compound
62)
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62

A mixture of 6-bromoisoindolin-1-one (5 g, 23.6 mmol),
sodium azide (3.07 g, 47.2 mmol), sodium ascorbate (234
mg, 1.18 mmol), Cul (450 mg, 2.36 mmol) and trans-N,N-
dimethyl-1,2-diaminocyclohexane (504 mg, 3.54 mmol) in
ethanol (35 mL) and water (15 mL) was stirred at reflux for
5.5 h under nitrogen. The reaction mixture was allowed to
cool to room temperature and extracted with EtOAc (100
ml.x3). The combined organic fractions were washed with
brine and dried with anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure and the residue was
purified by chromatography on silica gel (10-50% EtOAc in
pet. ether) to give 15A (1.2 g, 29% yield) as an off-white
solid. ESI m/z 175.0 [M+1]".

A mixture of 15A (100 mg, 0.57 mmol), sodium ascorbate
(12 mg, 0.06 mmol), ethynylcyclopropane (46 mg, 0.69
mmol), CuSO,.5H,0 (11 mg, 0.06 mmol) in 3 mL of' a 1:1
solution of t-BuOH/H,O was stirred at room temperature
overnight. The mixture was concentrated under vacuum and
the residue was purified by silica gel column chromatogra-
phy (1%-50% EtOAc in pet. ether) to afford 15B (30 mg,
22% vyield) as an off-white solid: '"H NMR (400 MHz,
DMSO-dy) 6 8.77 (br, 1H), 8.68 (s, 1H), 8.13-8.08 (m, 2H),
7.77 (d, J=8.4 Hz, 1H), 4.45 (s, 2H), 2.06-2.0 (m, 1H),
1.0-0.95 (m, 2H), 0.83-0.80 (m, 2H); ESI m/z 241.0 [M+1]*.

A mixture of 15B (240 mg, 1.0 mmol), 1D (265 mg, 1.0
mmol), Pd,(dba); (28 mg, 0.03 mmol), Xantphos (29 mg,
0.05 mmol) and K,CO; (276 mg, 2.0 mmol) in dioxane (45
ml) was heated to 100° C. overnight under a nitrogen
atmosphere. The mixture was allowed to cool to room
temperature and filtered. The filtrate was concentrated under
reduced pressure and the residue was purified by column
chromatography on silica gel (1%-5% MeOH in DCM) to
give compound 62 (100 mg, 23% vield) as a white solid: 'H
NMR (400 MHz, DMSO-d,) & 8.76 (s, 1H), 8.72 (s, 1H),
8.66 (d, J=8.4 Hz, 1H), 8.26-8.25 (m, 2H), 8.11 (t, J=8 Hz,
1H), 7.93-7.90 (m, 2H), 5.26 (s, 2H), 4.14-4.08 (m, 1H),
2.08-2.01 (m, 1H), 1.18-1.13 (m, 2H), 1.0-0.98 (m, 4H),
0.85-0.82 (m, 2H); ESI m/z 425.1 [M+1]*.

Example 16: Preparation of 2-(6-(4-cyclopropyl-
4H-1,2,4-triazol-3-yl)pyridin-2-yl)-5-fluoro-6-(pyri-
din-3-yl)isoindolin-1-one (compound 63)
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H,50,
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OH



US 10,150,755 B2

-continued
(¢]
ON H,S04
OH .
methanol
75°C.
F Br
16A
(¢]
Fe metal
ON o AcOH
_—
EtOH, water
110° C.
F Br
16B
(¢]
TN o CuCN
DMF
160° C.
F Br
16C
(¢]
H,
N o Ve Raney Ni
R —
MeOH, water
50°C.
F CN
16D
0]
NaNO,
N H>S0,
e —
NH CuBr, HBr
60° C.
F
16E
N
O @\
x
j&NH o
Pd(dppf)Cl,, K,CO3
16F Dioxane/H,O
100° C.
/N | I 7;
7 Z N,
Br N
NH N—y
F 1D
Pd,(dba);, Xantphos
16G Cs,CO3, dioxane

100° C.

O

AN

E/ \>Z

Q b
N/N/j

10

15

20

25

30

35

40

50

55

65

134

Fuming nitric acid (8 mL) was added dropwise to a
mixture of 2-bromo-4-fluorobenzoic acid (20 g, 91.2 mmol)
in concentrated sulfuric acid (68 mL) at 0° C. After stirring
at room temperature for 3 h, the mixture was poured into ice
water and stirred rapidly for 1 hour. The solid was collected
by filtration, washed with water and dried to give compound
16A (17.59 g, 73% vyield) as a white solid: *H NMR (400
MHz, CDCl,) § 8.81 (d, I=8 Hz, 1H), 7.73 (d, J=10 Hz, 1H).

A mixture of 16A (11.5 g, 43.7 mmol) in methanol (230
ml) and H,S0, (1.7 mL) was heated to 75° C. overnight.
The reaction mixture was taken up in ethyl acetate and
washed with saturated sodium bicarbonate. The organic
fraction was dried over anhydrous sodium sulfate, concen-
trated and purified by column chromatography (1/30 to 1/5
EtOAc in pet. ether) to give the compound 16B (3.5 g, 29%
yield) as a white solid: "H NMR (400 MHz, CDCL,) § 8.63
(d, J=7.6 Hz, 1H), 7.67 (d, J=10 Hz, 1H), 3.98 (s, 3H).

A mixture of 16B (10 g, 36.1 mmol) and Fe (10.1 g, 180.5
mmol) in acetic acid (10 mL), EtOH (240 m[.) and water (60
ml.) was heated to 110° C. for 5 h. After cooling to room
temperature, the reaction mixture was filtered. The filtrate
was poured into water and extracted with EtOAc (3x300
ml). The combined organic fractions were washed with
water and brine and dried with sodium sulfate. The solvent
was removed under vacuum and the residue was purified by
silica column chromatography (1/10 to 1/2 EtOAc in pet.
ether) to afford 16C (7.5 g, 84% yield) as an off-white solid:
ESI m/z 248.0, 250.0 [M+H]".

A mixture of 16C (8.5 g, 34.4 mmol), and CuCN (4.6 g,
51.6 mmol) in DMF (120 mL) was heated to 160° C. for 1
h under nitrogen. After cooling to room temperature, the
mixture was partitioned between EtOAc and water. The
organic layer was washed with water and brine and dried
with sodium acetate. The solvent was evaporated and the
residue was purified by column chromatography on silica
gel (1/100 to 1/1 EtOAc in pet. ether) to give 16D (4.0 g,
60% yield) as a brown solid: "H NMR (400 MHz, DMSO-
dg) 8 7.66 (d, I=11.6, 1H), 7.45 (d, J=8 Hz, 1H), 6.53 (s, 2H),
3.86 (s, 3H); ESI m/z 195.0 [M+H]".

A mixture of 16D (2.0 g, 10.2 mmol) and Raney Nickel
(1.0 g) in water (15 mL) and methanol (70 mL) was heated
to 50° C.under 1 atm of H, for 8 h. The reaction mixture was
filtered and the filtrate was poured into water and extracted
with EtOAc (50 mLx3). The combined organic fractions
were washed with brine and dried with sodium sulfate. The
solvent was evaporated and the residue was purified by
column chromatography (1/4 to 1/1 EtOAc in pet. ether) to
afford compound 16E (1.1 g, 65% yield) as a white solid:
ESI m/z 167.1 [M+H]".

A solution of NaNO, (126 mg, 1.8 mmol) in water (2 mL)
was added dropwise to a mixture of 16E (200 mg, 1.2 mmol)
in water (8 mL) and H,SO, (3 mL) at 0° C. After the
addition, the mixture was stirred at 0° C. for 1 hour. Then
CuBr (516 mg, 3.6 mmol) in HBr (25 mL) was added
dropwise to the reaction mixture. The reaction was then
heated to 60° C. for 5 h. The resulting mixture was poured
into water and extracted with EtOAc (3x50 mL). The
combined organic fractions were washed with water and
brine and dried over sodium sulfate. The solvent was con-
centrated under reduced pressure and the residue was puri-
fied by column chromatography (1%-2.5% MeOH in DCM)
to give 16F (130 mg, 47% yield) as a white powder: ESI m/z
231.9, 229.9 [M+H]*.

A mixture of 16F (260 mg, 1.1 mmol), pyridin-3-ylbo-
ronic acid (139 mg, 1.1 mmol), Pd(dppf),C, (25 mg, 0.03
mmol) and K,CO; (469 mg, 3.4 mmol) in dioxane (25 mL)
and water (2.5 mL) was heated to 100° C. overnight under
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nitrogen. The resulting mixture was concentrated under
reduced pressure and purified by column chromatography on
silica gel (1%-2% MeOH in DCM) to afford compound 16G
(110 mg, 43% yield) as a white solid: ESI m/z 229.0
[M+H]".

A mixture of 16G (110 mg, 0.48 mmol), 1D (153 mg, 0.6
mmol), Pd,(dba); (22 mg, 0.02 mmol), Xantphos (20 mg,
0.03 mmol) and Cs,CO; (471 mg, 1.4 mmol) in dioxane (20
ml.) was heated to 100° C. overnight under nitrogen. The
reaction mixture was concentrated and purified by column
chromatography on silica gel (1%-2% MeOH in DCM) to
afford compound 63 (35 mg, 18% yield) as a white solid: ‘H
NMR (400 MHz, CDCl,) 3 8.85 (s, 1H), 8.75 (dd, J=8.4 Hz,
1.2 Hz, 1H), 8.68 (s, 1H), 8.25 (s, 1H), 8.05 (d, J=7.2 Hz,
1H), 8.01-7.90 (m, 3H), 7.45-7.38 (m, 2H), 5.13 (s, 2H),
3.97-391 (s, 1H), 1.17-1.12 (m, 2H); ESI m/z 413.1
[M+H]™".

Example 17: Preparation of 2-(6-(4-cyclopropyl-
4H-1,2.4-triazol-3-yl)pyridin-2-yl)-5-methyl-6-(pyri-
din-3-yl)isoindolin-1-one (compound 64)
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Bromine (23 g, 144 mmol) was added dropwise to a
suspension of 3-methoxy-4-methylbenzoic acid (20 g, 120
mmol) in acetic acid (153 mL) and water (153 mL.) at room
temperature. The reaction mixture was heated to 60° C. for
2 h. After cooling to room temperature, the reaction mixture
was filtered and rinsed with cold water (400 mL) to afford
product 17A (28 g, 95% vyield) as a white solid: "H NMR
(400 MHz, DMSO-d) 8 13.26 (br, 1H), 7.48 (s, 1H), 7.28
(s, 1H), 3.82 (s, 3H), 2.16 (s, 3H); ESI m/z 268.9, 266.9
[M+Na].

A mixture of 17A (30 g, 122.4 mmol) in methanol (600
ml) and H,SO, (3 mL) was heated to 75° C. overnight. The
reaction mixture was taken up in ethyl acetate and washed
with saturated sodium bicarbonate. The organic fraction was
dried over anhydrous sodium sulfate and concentrated under
reduced pressure to give 17B (20 g, 59% yield) as a white
solid: 'H NMR (400 MHz, DMSO-d,) § 7.52 (d, 0.8 Hz,
1H), 7.29 (s, 1H), 3.84 (s, 3H), 3.82 (s, 3H), 2.17 (s, 3H);
ESI m/z 282.9, 280.9 [M+Na]*.

A mixture of 17B (9.6 g, 37.1 mmol) and CuCN (5 g, 55.8
mmol) in DMF (120 mL) was heated to 155° C. for 2 hours
under nitrogen. After cooling to room temperature, the
mixture was partitioned between EtOAc and water. The
organic layer was washed with water and brine and dried
with sodium acetate. The solvent was evaporated and the
residue was purified by column chromatography on silica
gel (1/100 to 1/1 EtOAc in pet. ether) to give 17C (6 g, 67%
yield) as an off-white solid: ESI nv/z 206.0 [M+H]".

A mixture of 17C (4.5 g, 21.9 mmol), Raney Nickel (1 g)
in Et;N (25 mL), THF (45 mL) and methanol (100 mL) was
shaken under a hydrogen atmosphere of 55 psi at room
temperature overnight. The reaction mixture was filtered and
the filtrate was concentrated under reduced pressure. The
residue was purified by column chromatography on silica
gel (1/10 to 1/1 EtOAc in pet. ether) to afford compound
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17D (2.9 g, 74% yield) as an off-white solid: "H NMR (400
MHz, DMSO-dy) & 8.39 (s, 1H), 7.32 (s, 1H), 7.13 (s, 1H),
4.24 (s, 2H), 3.84 (s, 3H), 2.23 (s, 3H); ESI m/z 178.0
[M+H]™".

A mixture of 17D (1.85 g, 10.4 mmol) and AICl; (4.2 g,
31.3 mmol) in DCM (80 ml.) was stirred at room tempera-
ture for 5 min under nitrogen. Ethanethiol (1.9 g, 31.3 mmol)
was added and the reaction mixture was stirred for 3 h at
room temperature. A precipitate formed as the mixture was
poured into water. The solid was collected by filtration,
washed with water and dried under vacuum. The product
was further purified by column chromatography (2%-10%
MeOH in DCM) to give 17E (1.35 g, 80%) as a white solid:
'HNMR (400 MHz, DMSO-d,) 8 9.70 (s, 1H), 8.31 (s, 1H),
7.23 (s, 1H), 7.04 (s, 1H), 4.19 (s, 2H), 2.19 (s, 3H); ESI nv/z
164.0 [M+H].

Trifluoromethanesulfonyl chloride (1.2 g, 7.4 mmol) was
added dropwise to a mixture of 17E (600 mg, 3.7 mmol),
triethylamine (2.2 g, 22.1 mmol) and DMAP (449 mg, 3.7
mmol) in DMF (20 mL) at 0° C. over a period of 10 min. The
reaction mixture was warmed to room temperature and
stirred for 3 hours under a nitrogen atmosphere. The result-
ing mixture was poured into water and extracted with EtOAc
(100 mL.x3). The organic fractions were washed with water
and brine and dried over sodium sulfate. The solvent was
removed under vacuum and the residue was purified by
column chromatography on silica gel (1%-2% MeOH in
DCM) to afford 17F (600 mg, 55%) as a white solid: ‘H
NMR (400 MHz, DMSO-dy) & 8.79 (s, 1H), 7.70 (s, 1H),
7.56 (s, 1H), 4.40 (s, 2H), 2.43 (s, 3H); ESI m/z 295.9
[M+H]".

A mixture of 17F (400 mg, 1.4 mmol), pyridin-3-ylbo-
ronic acid (217 mg, 1.8 mmol), Pd(dppf),Cl, (50 mg, 0.06
mmol) and K,CO, (562 mg, 4.1 mmol) in dioxane (35 mL)
and water (5 mL) was heated to 100° C. overnight under
nitrogen. The resulting mixture was concentrated under
reduced pressure and purified by column chromatography on
silica gel (1%-3% MeOH in DCM) to afford compound 17G
(210 mg, 70%) as a white solid: ESI m/z 225.0 [M+H]".

A mixture of 17G (210 mg, 0.9 mmol), 1D (248 mg, 0.9
mmol), Pd,(dba); (43 mg, 0.05 mmol), Xantphos (38 mg,
0.07 mmol) and Cs,CO; (915 mg, 2.8 mmol) in dioxane (25
ml.) was heated to 100° C. overnight under nitrogen. The
reaction mixture was concentrated and purified by column
chromatography on silica gel (1%-3% MeOH in DCM) to
give compound 64 (95 mg, 25% yield) as a white solid: ‘H
NMR (400 MHz, DMSO-d,) 8 8.71 (s, 1H), 8.64-8.62 (m,
3H), 8.07 (t,J=7.6 Hz, 1H), 7.89-7.86 (m, 2H), 7.70 (s, 1H),
7.64 (s, 1H), 7.52 (dd, 7.6 Hz, 4.8 Hz, 1H), 5.20 (s, 2H),
4.14-4.08 (m, 1H), 2.35 (s, 3H), 1.15-1.10 (m, 2H), 1.01-
0.97 (m, 2H); ESI nmv/z 409.0 [M+H]".

Example 18: Preparation of 5-chloro-2-(6-(4-cyclo-

propyl-4H-1,2,4-triazol-3-yl)pyridin-2-y1)-6-(pyri-
din-3-yl)isoindolin-1-one (compound 65)
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To a mixture of methyl 4-amino-2-methylbenzoate (15.0
g, 85.86 mmol) in DMF (80 ml.) was added sodium perio-
date (7.36 g, 34.42 mmol) and iodine (17.6 g, 68.84 mmol).
The reaction mixture was stirred at 50° C. for 3 hours. The
mixture was poured into a solution of NaHSO; (2.6 g) in
water (200 mL). After stirring for 3 h, the mixture was
extracted with DCM (300 mI.x3). The organic layer was
dried over sodium sulfate, concentrated under reduced pres-
sure and purified by chromatography on silica gel (2%-30%
EtOAc in pet. ether) to give 18A (16.15 g, 65% yield) as a
yellow solid: '"H NMR (400 MHz, CDCL,) § 8.20 (s, 1H),
6.47 (s, 1H), 3.75 (s, 3H), 2.42 (s, 3H); ESI m/z 292.0
[M+H]".

A solution of NaNO, (5.33 g, 77.25 mmol) in water (150
ml) was added dropwise to a solution of 18A (15.0 g, 51.53
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mmol) in conc. HC1 (150 mL) at -5° C. over a period of 20
min. The reaction mixture was stirred at =5° C. for 1 hour,
then a solution of CuCl (7.72 g, 0.078 mmol) in conc. HCI
(150 mL) was added. The reaction mixture was stirred at 60°
C. for 4 hours. After cooling, the resulting mixture was
extracted with EtOAc (400 mLx3). The combined organic
fractions were washed with water and brine and dried over
sodium sulfate. The solvent was concentrated under reduced
pressure and the residue was purified by chromatography on
silica gel (4% EtOAc in pet. ether) to provide 18B (9.69 g,
60% yield) as yellow oil: ESI m/z 311, 313.0 [M+H]*.

A mixture of 18B (5.0 g, 16.10 mmol) AIBN (530 mg,
3.23 mmol) and NBS (5.73 g, 32.19 mmol) in ACN (80 mL)
was stirred at 90° C. overnight. The reaction mixture was
concentrated and the residue was purified by chromatogra-
phy on silica gel (1% EtOAc in pet. ether) to give 18C (4.43
g, 71% vyield) as yellow oil: ESI m/z 391.2 [M+H]*.

A solution of 18C (5 g, 12.84 mmol) in NH;/MeOH (7.0
M, 100 mL) was stirred in a sealed tube at 100° C. for 2 h.
The mixture was concentrated under reduced pressure and
purified by chromatography on silica gel (2%-50% EtOAc in
pet. ether) to afford 18D (3 g, 80% yield) as an off-white
solid: ESI m/z 293.8, 295.8 [M+H]*.

A mixture of 18D (3.0 g, 10.22 mmol), pyridin-3-ylbo-
ronic acid (1.5 g, 12.27 mmol), K,CO; (4.24 g, 30.66 mmol)
and Pd(dpp1),Cl, (0.37 g, 0.51 mmol) in dioxane (160 mL.)
and H,O (40 mL) was stirred at 90° C. for 10 hours under
nitrogen. The mixture was poured into water and extracted
with EtOAc (100 mLx3). The combined organic fractions
were washed with water and brine and dried over sodium
sulfate. The solvent was removed under reduced pressure
and the residue was purified by chromatography on silica gel
(1%-2% MeOH in DCM) to provide compound 18E (1.0 g,
41% yield) as a yellow solid: "H NMR (400 MHz, CDCl,)
d 8.71 (d, J=1.6 Hz, 1H), 8.67 (dd, J=7.6 Hz, 1.2 Hz, 1H),
7.85 (s, 1H), 7.79 (tt, J=1.6 Hz, 1H), 7.65 (s, 1H), 7.42-7.39
(m, 1H), 6.96 (s, 1H), 4.52 (s, 2H); ESI m/z 245.0, 247.0
[M+H]".

A mixture of 18E (200 mg, 0.82 mmol), 1D (217 mg, 0.82
mmol), Cs,CO; (533 mg, 1.64 mmol), Xantphos (24 mg,
0.041 mmol) and Pd(dba), (22 mg, 0.025 mmol) in dioxane
(40 mL) was stirred at 90° C. overnight under a nitrogen
atmosphere. The reaction mixture was concentrated under
reduced pressure and purified by chromatography on silica
gel (1%-2% MeOH in DCM) to give compound 65 (70 mg,
20% yield) as a white solid: "H NMR (400 MHz, DMSO-d,)
d 8.72-8.62 (m, 4H), 8.10 (t, J=8.4 Hz, 1H), 8.03 (s, 1H),
7.97-7.90 (m, 2H), 7.87 (s, 1H), 7.57-7.54 (m, 1H), 5.24 (s,
2H), 4.12-4.07 (m, 1H), 1.16-1.11 (m, 2H), 1.02-0.98 (m,
2H); ESI m/z 429.0, 431.0 [M+H]".

Example 19: Preparation of 2-(6-(4-cyclopropyl-
4H-1,2,4-triazol-3-yl)pyridin-2-yl)-5-methoxy-6-
(pyridin-3-yl)isoindolin-1-one (compound 66)
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Bromine (14.3 g, 90.3 mmol) was added dropwise at 5° C.
to a mixture of 4-methoxy-2-methylbenzoic acid (15 g, 90.3
mmol), Fe (3.51 g, 62.8 mmol) in chloroform (90 mL). The
reaction mixture was warmed to room temperature and
stirred overnight. The reaction mixture was diluted with
chloroform (600 mL.) and washed with 10% sodium hydro-
gen sulfate (200 mI.x2) and brine. The organic fraction was
dried with sodium sulfate and solvent was removed under
reduced pressure. The residue was purified by chromatog-
raphy on silica gel (1%-10% EtOAc in pet. ether) to afford
19A (4 g, 18% yield) as a yellow solid: ESI m/z 266.9,
268.9[M+Na]*.

Thionyl chloride (11.4 ml.) was slowly added to a solu-
tion of 19A (4 g, 16.3 mmol) in methanol (30 mL). The
mixture was refluxed for 3 h then cooled to room tempera-
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ture. After the bulk of solvent was evaporated, the residue
was diluted with water and extracted with EtOAc (100
ml.x3). The combined organic fractions were dried over
sulfate and concentrated under vacuum. The residue was
purified by silica gel column chromatography (1%-5%
EtOAc in pet. ether) to afford 19B (3.0 g, 71% yield) as a
white solid: ESI m/z 258.9, 260.9[M+H]".

A mixture of 19B (2.8 g, 10.8 mmol), NBS (2.02 g, 11.3
mmol) and AIBN (177 mg, 1.08 mmol) in CCl, (50 mL) was
heated to 90° C. for 4 h. After that time, the mixture was
cooled to room temperature and concentrated under reduced
pressure. The residue was purified by column chromatog-
raphy (1%-5% EtOAc in pet. ether) to give the 19C (3.1 g,
86% yield) as a white solid: ESI m/z 338.8, 340.8 [M+H]".

A mixture of 19C (2.8 g, 8.28 mmol) in NH;/MeOH (7.0
M, 30 mL) was heated to 120° C. for 2 h in a sealed tube.
After that time, the mixture was cooled to room temperature
and concentrated under reduced pressure. The residue was
purified by column chromatography (1%-50% EtOAc in pet.
ether) to provide 19D (1.4 g, 65% yield) as a yellow solid:
'"HNMR (400 MHz, DMSO-dy) 8 8.47 (s, 1H), 7.77 (s, 1H),
7.33 (s, 1H), 4.31 (s, 2H), 3.92 (s, 3H); ESIm/z 241.9, 243.9
[M+H]™".

A mixture of 19D (700 mg, 2.9 mmol), Pd(dppf)Cl, (110
mg, 0.15 mmol), K,CO; (1.2 g, 8.7 mmol) and 3-pyridyl-
boronic acid (355 mg, 2.9 mmol) in dioxane (40 mL) and
water (5 mL) was heated to 100° C. overnight. The mixture
was poured into water and extracted with EtOAc (50 mLx3).
The combined organic fractions were washed with brine and
dried over sodium sulfate.

The solvent was removed under vacuum and the residue
was purified by column chromatography on silica gel (1%-
2% MeOH in DCM) to give 19E (270 mg, 38% yield) as a
brown solid: 'H NMR (400 MHz, DMSO-d,) 8 8.69 (s, 1H),
8.55 (d, J=4 Hz, 1H), 8.41 (s, 1H), 7.91 (d, J=7.6 Hz, 1H),
7.55 (s, 1H), 7.47-7.44 (m, 1H), 7.35 (s, 1H), 4.39 (s, 2H),
3.86 (s, 3H); ESI m/z 241.0 [M+H]*.

A mixture of 19E (258 mg, 1.08 mmol), 1D (285 mg, 1.08
mmol), Pd,(dba); (31 mg, 0.03 mmol), Xantphos (32 mg,
0.05 mmol) and Cs,CO; (420 mg, 1.29 mmol) in dioxane
(45 mL) was heated to 100° C. overnight under a nitrogen
atmosphere. After that time, the mixture was cooled to room
temperature and filtered. The filtrate was concentrated under
reduced pressure and the residue was purified by column
chromatography on silica gel (1%-5% MeOH in DCM) to
afford compound 66 (260 mg, 57% yield) as a white solid:
'H NMR (400 MHz, DMSO-dy) 8 8.72 (br, 1H), 8.71 (s,
1H), 8.63 (d, J=8.4 Hz, 1H), 8.57 (d, J=4 Hz, 1H), 8.06 (t,
J=7.6 Hz, 1H), 7.95 (tt, J=1.6 Hz, 1H), 7.87 (d, J=7.6 Hz,
1H), 7.73 (s, 1H), 7.50-7.46 (m, 2H), 5.19 (s, 2H), 4.14-4.09
(m, 1H), 3.92 (s, 3H), 1.17-1.12 (m, 2H), 1.03-0.99 (m, 2H);
ESI m/z 425.1 [M+H]".

Example 20: Preparation of 2-(6-(4-cyclopropyl-
4H-1,2 4-triazol-3-yl)pyridin-2-y1)-5-(dimethyl-
amino)-6-(pyridin-3-yl)isoindolin-1-one (compound

67)
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N
0 =
Br: \ |
NH B(OH),
\N Pd(dppf)Cls, K»CO;3

dioxane, H,O
100°C.,, 16 h

/(1(

Z N,

0 Br N \ }
-~N

N
1D

20A

Pd,(dba);, Xantphos
Cs,CO3, dioxane

100°C., 16 h
20B
N
N
\
e N / P
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)
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A mixture of 7A (425 mg, 2.41 mmol) and NBS (429 mg,
2.41 mmol) in DMF (15 mL) was stirred at RT overnight.
The mixture was poured into water and extracted with
EtOAc (3x80 mL). The combined organic fractions were
washed with water and brine and dried over sodium sulfate.
The solvent was concentrated under vacuum and the residue
was purified by column chromatography on silica gel (1%-
2% MeOH in DCM) to give 20A (200 mg, 33% yield) as a
yellow solid: 'H NMR (400 MHz, DMSO-d) 8 8.54 (s, 1H),
7.60 (d, J=8.4 Hz, 1H), 7.23 (d, J=8.4 Hz, 1H), 4.24 (s, 2H),
2.81 (s, 6H); ESI m/z 254.9, 256.9 [M+H]".

A mixture of 20A (250 mg, 1.0 mmol) pyridin-3-ylbo-
ronic acid (181 mg, 1.5 mmol), Pd(dppf),C, (36 mg, 0.05
mmol) and K,CO; (406 mg, 3.0 mmol) in dioxane (20 mL),
methanol (1 mL) and water (1 mL) was heated to 100° C.
overnight under a nitrogen atmosphere. The reaction mix-
ture was concentrated under vacuum and the residue was
purified by column chromatography (1%-2% MeOH in
DCM) to afford 20B (160 mg, 64% yield) as a brown solid:
ESI m/z 254.0 [M+H]".

A mixture of 20B (160 mg, 0.6 mmol), 1D (167 mg, 0.6
mmol), Pd,(dba); (29 mg, 0.03 mmol), Xantphos (26 mg,
0.04 mmol) and Cs,CO; (617 mg, 1.9 mmol) in dioxane (20
ml.) was heated to 100° C. overnight. The reaction mixture
was concentrated under vacuum and the residue was purified
by column chromatography (1%-2% MeOH in DCM) to
provide compound 67 (110 mg, 40% yield) as a yellow solid:
'"H NMR (400 MHz, DMSO-d,) 8 8.67 (d, J=2.8 Hz, 1H),
8.63-8.60 (m, 2H), 8.56 (d, J=8.4 Hz, 1H), 8.01 (t, J=8 Hz,
1H), 7.95-7.92 (m, 1H), 7.87 (d, J=7.6 Hz, 1H), 7.76 (d,
J=8.4 Hz, 1H), 7.52 (dd, J=7.6 Hz, 2.4 Hz, 1H), 7.22 (d,
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J=8.4 Hz, 1H), 4.86 (s, 2H), 3.88-3.82 (m, 1H), 2.62 (s, 6H),
0.96-0.95 (m, 2H), 0.77 (q. J=6 Hz, 2H); BSI m/z 438.0
[M+H]*.

Example 21: Preparation of 2-(6-(4-cyclopropyl-

4H-1,2 4-triazol-3-yl)pyridin-2-yl)-5-isopropoxy-6-
(pyridin-3-yl)isoindolin-1-one (compound 68)

Pyridine
N hydrochloride

—_—
185°C.,4h

66

N

p >‘Br
CsZCO3,DMF
55°C.,14h

HO

\ /
//P

68

A mixture of compound 66 (250 mg, 0.59 mmol) and
pyridine hydrochloride was heated at 185° C. for 4 h. After
cooling to room temperature, the mixture was dissolved into
water and extracted with EtOAc (50 mLx3). The combined
organic fractions were washed with brine and dried with
sodium sulfate. The solvent was concentrated under vacuum
and the residue was purified by silica gel column chroma-
tography (1%-5% MeOH in DCM) to afford 21A (130 mg,
54% yield) as a yellow solid: 'H NMR (400 MHz, DMSO-
dg) 8 11.73 (s, 1H), 9.19 (s, 1H), 9.15 (s, 1H), 8.94 (d, I=5.2
Hz, 1H), 8.89 (d, J=5.2 Hz, 1H), 8.85 (d, J=8.4 Hz, 1H), 8.68
(d, J=8.4 Hz, 1H), 7.99 (s, 1H), 7.88 (d, J=7.6 Hz, 1H), 7.32
(s, 1H), 7.20 (s, 1H), 5.17 (s, 2H), 4.21-4.14 (m, 1H),
1.18-1.34 (m, 2H), 1.05-1.01 (m, 2H); ESI m/z 411.0
[M+H]".

A mixture of 21 A (100 mg, 0.24 mmol), 2-bromopropane
(90 mg, 0.73 mmol) and Cs,CO; (238 mg, 0.73 mmol) in
DMF (8 mL) was heated at 55° C. for 14 h. The mixture was
poured into water and extracted with EtOAc (50 mL.x3 The
combined organic fractions were washed with brine and
dried with sodium sulfate. The solvent was concentrated
under vacuum and the residue was purified by silica gel
column chromatography (1%-5% MeOH in DCM) to pro-
vide compound 68 (25 mg, 23% yield) as a yellow solid: 'H
NMR (400 MHz, CDCl,) d 8.82 (s, 1H), 8.75 (d, J=7.6 Hz,
1H), 8.59 (d, J=3.6 Hz, 1H), 8.25 (s, 1H), 7.96-7.87 (m, 4H),
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7.40-7.37 (m, 1H), 7.10 (s, 1H), 5.08 (s, 2H), 4.74-4.68 (m,
1H), 3.96-3.94 (m, 1H), 1.36 (d, J=5.6 Hz, 6H), 1.17-1.12
(m, 2H), 1.0-0.95 (m, 2H); ESI m/z 453.1 [M+H]*.

A\

5-(Cyclopentyloxy)-2-(6-(4-cyclopropyl-4H-1,2 4-tri-
azol-3-yDpyridin-2-y1)-6-(pyridin-3-yl)isoindolin-1-one
(compound 69) was prepared according to the procedure for
compound 68 substituting bromocyclopentane in place of
2-bromopropane. 'H NMR (400 MHz, CDCl,) & 8.79 (s,
1H), 8.75 (d, J=8 Hz, 1H), 8.59 (d, J=1.6 Hz, 1H), 8.25 (s,
1H), 7.95-7.15 (m, 4H), 7.40-7.36 (m, 1H), 7.09 (s, 1H),
5.07 (s, 2H), 4.91 (br, 1H), 3.97-3.94 (m, 1H), 1.95-1.89 (m,
4H), 1.73-1.64 (m, 4H), 1.17-1.14 (m, 2H), 0.97-0.95 (m,
2H); ESI m/z 479.1 [M+H]".

Example 22: Preparation of 2-(6-(4-cyclopropyl-
4H-1,2.4-triazol-3-yl)pyridin-2-yl)-5-isopropoxy-6-
(pyridin-3-yl)isoindolin-1-one (compound 70)

@]
N NaNO;
H,S0,
o NH  CuBr, HBr
- 60°C.,5h
(@]
3C
N
EJ\
~x B(OH),
(0]
~ Pd(dppf)Cly, K,CO3
dioxane, H,O
100°C., 16 h
2A
/N ?:
(@]
N
o NH N\N
s
0 Pd;>(dba);, Xantphos
Cs,C0O;3, dioxane
22B

100°C., 16 h
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A solution of NaNO, (953 mg, 11 mmol) in water (15 mL)
was added dropwise to a mixture of 3C (1.5 g, 7.3 mmol) in
water (55 mL) and H,SO, (20 mL) at 0° C. over a period of
10 min. After stirring at 0° C. for 1 hour, CuBr (3.1 g, 22
mmol) in HBr (150 mL) was added dropwise to the reaction
mixture for 10 min, then the reaction was heated to 60° C.
for 5 h. After cooling, the reaction mixture was poured into
water, neutralized with NaHCO,;, and extracted with EtOAc
(3x300 mL). The combined organic fractions were washed
with brine and dried with sodium sulfate. The solvent was
evaporated and the residue was purified by column chroma-
tography on silica gel (1% MeOH in DCM) to give bromide
22A (400 mg, 18% yield) as a yellow powder: *H NMR (400
MHz, CDCl,) 8 7.98 (s, 1H), 7.91 (s, 1H), 4.48 (s, 2H), 3.98
(s, 3H); ESI m/z 271.9, 269.9 [M+H]".

A mixture of 22A (300 mg, 1.1 mmol), pyridin-3-ylbo-
ronic acid (273 mg, 2.2 mmol), Pd(dppf),C, (41 mg, 0.06
mmol) and K,CO; (461 mg, 3.3 mmol) in dioxane (20 mL),
methanol (1 mL) and water (1 mL) was heated to 100° C.
overnight. The resulting mixture was concentrated and puri-
fied by column chromatography on silica gel (1%-2%
MeOH in DCM) to afford 22B (200 mg, 67% yield) as a pink
solid: ESI m/z 269.0 [M+H]".

A mixture of 22B (200 mg, 0.75 mmol), 1D (198 mg, 0.75
mmol), Pd,(dba); (34 mg, 0.04 mmol), Xantphos (30 mg,
0.05 mmol) and Cs,CO; (729 mg, 2.2 mmol) in dioxane (20
ml) was heated to 100° C. overnight. The mixture was
concentrated and purified by column chromatography on
silica gel (1%-2% MeOH in DCM) to provide compound 70
(90 mg, 27% yield) as a yellow solid: '"H NMR (400 MHz,
DMSO-dy) 8 8.73 (s, 1H), 8.65-8.58 (m, 3H), 8.24 (s, 1H),
8.10 (1, J=7.6 Hz, 1H), 7.93 (d, J=7.6 Hz, 1H), 7.86-7.83 (m,
2H), 7.51 (dd, J=7.6 Hz, 2.4 Hz, 1H), 5.29 (s, 2H), 4.15-4.09
(m, 2H), 3.68 (s, 3H), 1.15 (q, J=6 Hz, 2H), 1.01-0.97 (m,
2H); ESI m/z 453.0 [M+H]".

Example 23: Preparation of 2-(6-(4-cyclopropyl-
4H-1,2,4-triazol-3-yl)pyridin-2-yl)-6-(pyridin-3-y1)-
5-(pyrrolidine-1-carbonyl)isoindolin-1-one (com-
pound 71)

N 6M HCI
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A mixture of compound 70 (100 mg, 0.2 mmol) in 6M
HCl (8 mL) and dioxane (7 mL) was heated to 95° C.
overnight. The reaction mixture was concentrated under
reduced pressure to give 23A (90 mg, 93% yield) as a yellow
solid: ESI m/z 439.0 [M+H]".

A mixture of 23 A (90 mg, 0.2 mmol), pyrrolidine (44 mg,
0.6 mmol), HATU (156 mg, 0.4 mmol) and DIEA (159 mg,
1.2 mmol) in ACN (10 mL) was stirred at room temperature
overnight. The reaction mixture was concentrated under
reduced pressure and purified by column chromatography
(1%-2% MeOH in DCM) to afford compound 71 (88 mg,
87% yield) as a white solid: 'H NMR (400 MHz, DMSO-dy)
d 8.72 (s, 1H), 8.68-8.62 (m, 3H), 8.10 (t, J=8 Hz, 1H),
7.93-7.89 (m, 3H), 7.81 (s, 1H), 7.50 (dd, J=7.6 Hz, 4.8 Hz,
1H), 5.27 (s, 2H), 4.13-4.08 (m, 1H), 3.30-3.27 (m, 2H),
2.87 (s, 2H), 1.68-1.62 (m, 2H), 1.55-1.52 (m, 2H), 1.16-
1.11 (m, 2H), 1.02-0.98 (m, 2H); ESI m/z 492.1 [M+H]".

Example 24: Preparation of methyl 2-(6-(4-cyclo-
propyl-4H-1,2 4-triazol-3-yl)pyridin-2-yl)-3-0x-
oisoindoline-5-carboxylate (compound 72)

0]
Br carbon monoxide
NH Pd(OAc),, Xantphos
TEA, methanol
70°C.,16h
o
(0] Z N,
O Br N 1 >
o N—y
NH 1D

Pd;(dba)s, Xantphos
Cs,CO;3, dioxane
100°C.,16h

T2A
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72

A mixture of 6-bromoisoindolin-1-one (5.0 g, 23.58
mmol), Pd(AcO), (528 mg, 2.30 mmol), Xantphos (1.36 g,
2.36 mmol) and TEA (1.19 g, 117.9 mmol) in methanol (100
ml.) was heated to 70° C. under 1 atm of CO (gas) overnight.
The reaction mixture was filtered and the filtrate was con-
centrated under vacuum. The residue was purified by silica
column chromatography (1%-2% MeOH in DCM) to give
72A (500 mg, 11% yield) as a white solid: ESI m/z 192.1
[M+H]™".

A stirred mixture of 72A (66 mg, 0.35 mmol), 1D (80 mg,
0.30 mmol), Pd,(dba); (28 mg, 0.03 mmol), Cs,CO; (196
mg, 0.60 mmol) and Xantphos (20 mg, 0.03 mmol) in
1,4-dioxane (5 mL) was heated to 100° C. overnight under
a nitrogen atmosphere. The reaction mixture was allowed to
cool to room temperature and filtered. The filtrate was
concentrated under reduced pressure and the residue was
purified by silica column chromatography (1%-2% MeOH
in DCM) to provide compound 72 (50 mg, 44% yield) as a
white solid: 'H NMR (400 MHz, CDCl,) & 8.76 (d, J=8.4
Hz, 1H), 8.62 (s, 1H), 8.34 (d, J=7.6 Hz, 1H), 8.26 (br, 1H),
8.01-7.92 (m, 2H), 7.64 (d, J=8 Hz, 1H), 5.14 (s, 2H), 3.98
(s, 3H), 3.96-3.90 (m, 3H), 1.15-1.13 (m, 2H), 1.0-0.95 (m,
2H); ESI m/z 376.1 [M+H]".

Example 25: Preparation of 2-(6-(4-cyclopropyl-
4H-1,2 4-triazol-3-yl)pyridin-2-yl)-3-oxoisoindoline-
5-carboxylic acid (compound 73)

N \ / ,: _6MHCI
dloxa.ne
90°C

/ 16h
\ /
N
\
=
N
N/
N\,
N
73

A suspension of compound 72 (100 mg, 0.26 mmol) in
dioxane (5 mL) and HCI (6M, 5 mL) was heated to 90° C.
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overnight. The solvent was concentrated and the addition of
water (5 mL) caused a precipitate to form. The solid was
collected by filtration and dried to give compound 73 (70
mg, 73% yield) as a white solid: 'H NMR (400 MHz,
DMSO-dy) 8 9.01 (s, 1H), 8.67 (d, J=8.4 Hz, 1H), 8.28-8.25
(m, 2H), 8.10 (t, J=8 Hz, 1H), 7.91 (d, J=7.2 Hz, 1H), 7.85
(d, I=7.6 Hz, 1H), 5.25 (s, 2H), 4.16-4.10 (m, 1H), 1.17-1.12
(m, 2H), 1.01-1.0 (m, 2H); ESI m/z 362.1 [M+H]*.

Example 26: Preparation of 2-(6-(4-cyclopropyl-
4H-1,2 4-triazol-3-yl)pyridin-2-y1)-N,N-dimethyl-3-
oxoisoindoline-5-carboxamide (compound 74)

—>

DIPEA,

\ /
HATU

/ ACN
RT,2h

~
N\

\_/ D
N/ \
AN

=
N
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A mixture of compound 73 (80 mg, 0.22 mmol), dimeth-
ylamine hydrochloride (36 mg, 0.44 mmol), HATU (167 mg,
0.44 mg) and triethylamine (111 mg, 1.10 mmol) in MeCN
(6 mL) was stirred at room temperature for 2 h. The solid
was collected by filtration, washed with water and dried to
provide compound 74 (30 mg, 35% yield) as a white solid:
'H NMR (400 MHz, DMSO-dy) 8 8.71 (s, 1H), 8.64 (d,
J=8.4 Hz, 1H), 8.09 (t, J=8 Hz, 1H), 7.89 (d, J=7.6 Hz, 1H),
7.82 (s, 1H), 7.77 (q, I=7.6 Hz, 2H), 5.22 (s, 2H), 3.0 (d,
J=7.2 Hz, 1H), 1.14-1.09 (m, 2H), 0.99-0.95 (m, 2H); ESI
m/z 389.2 [M+H]".

Example 27: Preparation of N-(2-(6-(4-cyclopropyl-
4H-1,2 4-triazol-3-yl)pyridin-2-yl)-6-fluoro-3-ox-
oisoindolin-5-yl)cyclopropanecarboxamide (com-

pound 75)
(€]
(0]
H,N cl
NH
NaHCO;
F DCM, THF
0°C.

16E
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To a mixture of 16E (200 mg, 1.2 mmol) and NaHCO,
(1.0 g, 12.0 mmol) in DCM (15 mL) and THF (15 mL) was
added cyclopropanecarbonyl chloride (377 mg, 3.6 mmol) in
three portions at 0° C. After stirring at room temperature for
4 h, the mixture was poured into water and extracted with
EtOAc (50 mL.x3). The combined organic fractions were
washed with water and brine and dried over sodium sulfate.
The solvent was removed under vacuum and the residue was
purified by column chromatography on silica gel (1%-2%
MeOH in DCM) to afford 75A (70 mg, 25% yield) as an
off-white solid: ESI m/z 235.0 [M+H]".

A mixture of 75A (70 mg, 0.3 mmol), 1D (79 mg, 0.3
mmol), Pd,(dba), (14 mg, 0.015 mmol), Xantphos (12 mg,
0.02 mmol), and Cs,CO; (195 mg, 0.6 mmol) in dioxane (15
ml.) was heated to 100° C. overnight. The reaction mixture
was allowed to cool to room temperature and filtered. The
filtrate was concentrated under reduced pressure and the
residue was purified by silica column chromatography (1%-
2% MeOH in DCM) to provide compound 75 (20 mg, 20%
yield) as a yellow powder: "H NMR (400 MHz, CDCl,) &
8.76 (dd, J=0.8 Hz, 1H), 8.25 (s, 1H), 8.01-7.92 (m, 3H),
7.60 (s, 1H), 7.52-7.50 (m, 1H), 5.11 (s, 2H), 3.96-3.91 (m,
1H), 3.75 (br, 2H), 3.36 (br, 2H), 1.71 (s, 4H), 1.31 (s, 2H),
1.16-1.10 (m, 2H), 0.98-0.94 (m, 2H); ESI m/z 429.1
[M+H]™".

Example 28: Preparation of 2-(6-(6,7-dihydro-SH-
pyrrolo[2,1-c][1,2,4]triazol-3-y])pyridin-2-yl)isoin-
dolin-1-one (compound 76)

\ <j\
it N OMe
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sz(dba)3, Xantphos
Cs,CO;3, dioxane

C&QQ

A mixture of 1B (2.1 g, 10 mmol), 5-methoxy-3,4-
dihydro-2H-pyrrole (1.49 g, 15 mmol) and acetic acid (5
drops) in methanol (12 mL) was heated by microwave at
100° C. for 2 hours. The mixture was concentrated and the
residue was purified by column chromatography on silica
gel (EtOAc/Pet. Ether, 1/4 to 4/1, v/v) to give 76A (2 g, 76%
yield) as a white solid: ESI m/z 266.9, 264.9 [M+H]™".

A mixture of 76A (500 mg, 1.89 mmol), isoindolin-1-one
(504 mg, 3.79 mmol), Pd,(dba); (52 mg, 0.06 mmol),
Xantphos (55 mg, 0.10 mmol) and Cs,CO; (2.47 g, 7.57
mmol) in dioxane (20 ml) was heated to 100° C. overnight.
The reaction mixture was concentrated under vacuum and
the residue was purified by column chromatography on
silica gel (1%-5% MeOH in DCM) to afford compound 76
(50 mg, 8% vyield) as a white solid: 'H NMR (400 MHz,
CDCl,) 0 8.67 (d, J=8.4 Hz, 1H), 8.05 (d, J=7.6 Hz, 1H),
7.94 (d, J=7.6 Hz, 1H), 7.85 (t, J=8 Hz, 1H), 7.66-7.51 (m,
3H), 5.08 (s, 2H), 4.51 (1, J=7.2 Hz, 2H), 3.05 (t, J=8 Hz,
2H), 2.92-2.85 (m, 2H); ESI m/z 318.0 [M+H]".

2-(6-(5,6,7,8-Tetrahydro-[1,2,4]triazolo[4,3-a|pyridin-3-
yDpyridin-2-yl)isoindolin-1-one (compound 77) was pre-
pared according to the procedure for compound 76 substi-
tuting 6-methoxy-2,3,4,5-tetrahydropyridine in place of
5-methoxy-3,4-dihydro-2H-pyrrole. 'H NMR (400 MHz,
DMSO-d,) 3 8.55 (d, I=8 Hz, 1H), 8.00 (t, J=8 Hz, 1H), 7.90
(d, I=7.6 Hz, 1H), 7.83 (d, J=7.6 Hz, 1H), 7.73-7.70 (m, 2H),
7.58-7.54 (m, 1H), 5.15 (s, 2H), 4.53 (t, J=6 Hz, 2H),
2.96-2.93 (m, 2H), 2.02-1.99 (m, 2H), 1.92-1.89 (m, 2H);,
ESI m/z 332.1 [M+H]".

Example 29: Preparation of 2-(6-(5-methyl-6,7-
dihydro-5H-pyrrolo[2,1-c][1,2,4]triazol-3-y])pyri-
din-2-yl)isoindolin-1-one (compound 78)

dimethyl sulfate

NH “gpec, 16h
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A mixture of 5-methylpyrrolidin-2-one (3.0 g, 30.3 mmol)
and dimethyl sulfate (5.2 g, 31.8 mmol) was heated at 60°
C. for 16 h. The reaction mixture was then cooled and added
to a saturated aqueous solution of potassium carbonate (30
mL). The mixture was extracted with ether and the organic
layer was dried over sodium sulfate. The solvent was
evaporated to afford the 78 A (860 mg, 25% yield) as a brown
oil.

A mixture of 78A (100 mg, 0.57 mmol) and 1B (1.09 mg,
5.1 mmol) in methanol (10 mL) and acetic acid (8 drops)
was heated at 120° C. by microwave for 2 h. The mixture
was then cooled and concentrated under vacuum. The resi-
due was purified by silica gel column chromatography
(1%-50% EtOAc in pet. ether) to give 78B (125 mg, 9%
yield) as a yellow oil: EST m/z 279.0, 280.9 [M+H]".

A mixture of 78B (125 mg, 0.45 mmol), isoindolin-1-one
(60 mg, 0.45 mmol), Pd,(dba); (13 mg, 0.014 mmol),
Xantphos (14 mg, 0.023 mmol) and Cs,CO; (176 mg, 0.54
mmol) in dioxane (45 ml) was heated to 100° C. overnight.
After that time, the mixture was cooled to room temperature
and filtered. The filtrate was concentrated under reduced
pressure and purified by column chromatography on silica
gel (1%-50% EtOAc in pet. ether) to provide compound 78
(50 mg, 34% yield) as a light yellow solid: '"H NMR (400
MHz, DMSO-d,) 8 8.59 (d, J=7.2 Hz, 1H), 8.02 (d, J=7.2
Hz, 1H), 7.94 (d, J=4.2 Hz, 1H), 7.85 (d, J=5.6 Hz, 1H), 7.75
(d, J=11.2 Hz, 2H), 7.58 (s, 1H), 5.29-5.08 (m, 3H), 3.04 (br,
2H), 2.91 (d, J=4 Hz, 1H), 2.40 (s, 1H), 1.49 (s, 3H); ESInv/z
332.1 [M+H]*.
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Example 30: Preparation of (R)-2-(6-(5-(hydroxym-
ethyl)-6,7-dihydro-5H-pyrrolo[2,1-c][1,2,4]triazol-3-
yDpyridin-2-yl)isoindolin-1-one (compound 79)
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tert-Butylchlorodiphenylsilane (25.8 g, 93.83 mmol) was
added to a solution of (R)-5-(hydroxymethyl)pyrrolidin-2-
one (9 g, 78.19 mmol) and 1H-imidazole (6.4 g, 93.83
mmol) in DMF (180 mL). After stirring at room temperature
overnight, the reaction mixture was poured into water and
extracted with EtOAc. The organic fraction was washed
with water and brine and dried over sodium sulfate. The
solvent was concentrated under vacuum and the residue was
purified by chromatography on silica gel (1%-2% MeOH in
DCM) to afford silyl ether 79A (22 g, 80% yield) as a
colorless oil: "H NMR (400 MHz, CDCl,) & 7.65-7.62 (m,
4H), 7.46-7.37 (m, 6H), 5.86 (br, 1H), 3.84-3.77 (m, 1H),
3.64-3.61 (m, 1H), 3.53-3.49 (m, 1H), 2.35-2.31 (m, 2H),
2.18-2.11 (m, 1H), 1.76-1.61 (m, 2H), 1.05 (s, 9H); ESI n/z
354.1 [M+H]*.

A mixture of 79A (22.0 g, 62.27 mmol) and dimethyl
sulfate (7.85 g, 7.93 mmol) in benzene (73 ml.) was heated
to 60° C. for 18 h. The mixture was cooled to room
temperature and the reaction mixture was stirred with
hexane (73 mL). The upper layer was removed and then the
reaction mixture was stirred with ether (140 mL). After
removing the ether layer, the residual oil was diluted with
DCM (100 mL) and washed with aqueous NaOH (1 M, 2x50
ml) and brine. The organic layer was dried over sodium
sulfate and concentrated under reduced pressure to give 79B
(15 g, 62% yield) as yellow oil: 'H NMR (400 MHz,
DMSO-dy) 8 7.64-7.60 (m, 5H), 7.50-7.44 (m, 5H), 4.18 (s,
2H), 3.76 (1, J=4.4 Hz, 2H), 3.59 (s, 1H), 3.04 (t, ]=8.4 Hz,
2H), 1.03 (s, 3H), 1.00 (s, 9H); ESI m/z 368.1 [M+H]".

A mixture of 79B (12.3 g, 33.3 mmol), 1B (6.0 g, 27.8
mmol) and triethylamine (10 mL) in methanol (300 mL) was
stirred at 80° C. overnight. The mixture was concentrated
under vacuum and purified by chromatography on silica gel
(1%-3% MeOH in DCM) to afford 79C as yellow solid (12
g, 81% yield): ESI m/z 551.0, 553.0 [M+H]".

A solution of 79C (9.0 g, 16.3 mmol) in AcOH (300 mL)
was stirred at 120° C. overnight. The mixture was concen-
trated under vacuum and purified by chromatography on
silica gel (1%-2% MeOH in DCM) to provide triazole 79D
(6.8 g, 60% vyield) as yellow oil: 'H NMR (400 MHz,
CDCl,) 6 8.14 (d, J=8 Hz, 1H), 7.56-7.52 (m, 2H), 7.46 (d,
J=6.4 Hz, 2H), 7.33-7.25 (m, 3H), 7.20 (d, J=7.2 Hz, 2H),
7.14 (t, J=7.2 Hz, 1H), 7.03 (t, J=8 Hz, 2H), 4.15 (dd, J=2.8
Hz, 1H), 3.84 (dd, J=2.6 Hz, 1H), 2.96-2.86 (m, 2H); ESI
m/z 533.0, 535.0 [M+H]".

A stirred mixture of 79D (4.6 g, 8.64 mmol), isoindolin-
1-one (1.15 g, 8.64 mmol), Pd,(dba); (791 mg, 0.864 mmol),
Cs,CO; (8.44 g, 25.92 mmol) and Xantphos (700 mg, 1.21
mmol) in 1,4-dioxane (150 mlL) was heated to 100° C.
overnight. The reaction mixture was allowed to cool to room
temperature and filtered. The filtrate was concentrated under
reduced pressure and the residue was purified by silica
column chromatography (1%-5% MeOH in DCM) to give
79E (2.6 g, 56% yield) as a white solid: 'H NMR (400 MHz,
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DMSO-d,) d 8.54 (d, J=8 Hz, 1H), 8.05 (t, J=7.6 Hz, 1H),
7.99 (d, I=6.8 Hz, 1H), 7.79 (d, J=7.6 Hz, 1H), 7.66 (t, I=7.2
Hz, 1H), 7.57-7.48 (m, 3H), 7.22 (t, J=7.6 Hz, 1H), 7.13-
7.04 (m, 4H), 5.19 (d, J=7.2 Hz, 1H), 5.03 (d, J=17.6 Hz,
1H), 4.56 (d, I=17.6 Hz, 1H), 4.11 (dd, J=10.4 Hz, 3 Hz,
1H), 3.95 (d, J=9.2 Hz, 1H), 3.12-2.93 (m, 3H), 2.81-2.75
(m, 1H), 0.80 (s, 9H); ESI m/z 586.1 [M+H]".

TBAF (1.0 M in THF, 3 mL, 3.0 mmol) was added
dropwise to a solution of 79E (600 mg, 1.02 mmol) in THF
(15 mL) at room temperature. After stirring at room tem-
perature overnight, the mixture was concentrated and puri-
fied by silica gel chromatography (1%-5% MeOH in DCM)
to provide compound 79 (260 mg, 73% yield) as a white
solid: *H NMR (400 MHz, CDCL,) & 8.58 (d, 1=8.4 Hz, 1H),
8.03 (t, J=8 Hz, 1H), 7.94 (d, J=7.2 Hz, 1H), 7.85 (d, J=8.4
Hz, 1H), 7.74 (d, J=4 Hz, 2H), 7.59-7.55 (m, 1H), 5.21 (d,
J=17.6 Hz, 1H), 5.07-5.02 (m, 3H), 3.82-3.80 (m, 2H),
3.82-2.80 (m, 3H), 2.74-2.67 (m, 1H); ESI m/z 348.0
[M+H]".

Example 31: Preparation of (S)-2-(6-(5-methyl-6,7-
dihydro-5H-pyrrolo[2,1-c][1,2,4]triazol-3-y])pyri-
din-2-yl)isoindolin-1-one (compound 80)
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Sodium t-butoxide (415 mg, 4.32 mmol) was added in
portions to a solution of compound 79 (600 mg, 1.73 mmol)
in DMF (20 mL) at room temperature. After 30 min,
4-toluenesulfonyl chloride (660 mg, 3.46 mmol) was added
and the reaction mixture was stirred at room temperature
overnight. The mixture was poured into water and extracted
with EtOAc (3x100 mL). The combined organic fractions
were washed with water and brine and dried over sodium
sulfate. The solvent was removed under vacuum and the
residue was purified by silica gel chromatography (3%
MeOH in DCM) to give 80A (260 mg, 30% yield) as a white
solid: '"H NMR (400 MHz, DMSO-d,) & 8.55 (d, 1=8.4 Hz,
1H), 8.01 (t, J=8.4 Hz, 1H), 7.86 (d, J=7.6 Hz, 1H),
7.80-7.71 (m, 3H), 7.59 (t,J=7.2 Hz, 1H), 7.42 (d, ]=8.4 Hz,
2H), 7.13 (d, =8 Hz, 2H), 5.27 (d, J=8 Hz, 1H), 5.11 (d,
J=17.6 Hz, 1H), 4.79 (d, J=17.6 Hz, 1H), 4.61-4.52 (m, 2H),
3.10-2.99 (m, 1H), 2.92-2.89 (m, 2H), 2.62-2.68 (m, 1H),
2.27 (s, 3H); ESI m/z 502.0 [M+H]".

A mixture of 80A (200 mg, 0.40 mmol) and LiBr (695 mg,
0.80 mmol) in acetone (50 ml.) was heated to 80° C.
overnight. After cooling, the reaction mixture was concen-
trated and purified by silica gel chromatography (1% MeOH
in DCM) to afford bromide 80B (140 mg, 85% yield) as a
white solid: '"H NMR (400 MHz, DMSO-d,) 8 8.62 (d, J=8.4
Hz, 1H), 8.06 (t, J=7.6 Hz, 1H), 7.97 (d. J=7.6 Hz, 1H), 7.86
(d, J=7.6 Hz, 1H), 7.77-7.71 (m, 2H), 7.58 (t, JI=7.2 Hz, 1H),
5.41 (s, 1H), 5.29-5.13 (m, 2H), 4.14-4.04 (m, 2H), 3.16-
3.04 (m, 2H), 2.95-2.87 (m, 1H), 2.71-2.64 (m, 1H); ESInv/z
409.9, 411.9 [M+H]".

A mixture of 80B (100 mg, 0.24 mmol) and Pd/C (wet,
10%, 100 mg) in triethylamine (10 mL) and methanol (30
ml) was stirred at 30° C. under 0.5 Mpa of H, overnight.
The mixture was filtered and the filtrate was concentrated
under vacuum. The residue was purified by silica gel chro-
matography (3% MeOH in DCM) to provide compound 80
(40 mg, 50% yield) as a white solid: 'H NMR (400 MHz,
CDCl,) 6 8.70 (d, J=8.4 Hz, 1H), 8.11 (d, J=7.6 Hz, 1H),
7.96 (d, J=7.6 Hz, 1H), 7.89 (t, 8 Hz, 1H), 7.66 (t, 7.2 Hz,
7.2 Hz, 1H), 7.59-7.52 (m, 2H), 5.15-5.04 (m, 3H), 3.11-
3.03 (m, 3H), 2.51-2.44 (m, 1H), 1.55 (d, I=6.8 Hz, 3H); ESI
m/z 332.0 [M+H]".

81

(S)-2-(6-(5-(Hydroxymethyl)-6,7-dihydro-5H-pyrrolo[2,
1-¢c][1,2,4]triazol-3-y])pyridin-2-yl)isoindolin-1-one (com-
pound 81) was prepared according to the procedure for
compound 79 substituting (S)-5-(hydroxymethyl)pyrrolidin-
2-one in place of (R)-5-(hydroxymethyl)pyrrolidin-2-one.
'HNMR (400 MHz, DMSO-d,) 8 8.59 (d, J=8 Hz, 1H), 8.03
(t, J=8 Hz, 1H), 7.94 (d, J=7.6 Hz, 1H), 7.85 (d, J 7.6 Hz,
1H), 7.74 (d, J=4 Hz, 2H), 7.59-7.55 (m, 1H), 5.21 (d, J=18
Hz, 1H), 5.07-5.03 (m, 3H), 3.83-3.82 (m, 2H), 2.98-2.82
(m, 3H), 2.73-2.67 (m, 1H); ESI m/z 348.0 [M+H]".
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(R)-2-(6-(5-methyl-6,7-dihydro-SH-pyrrolo[2,1-c][1,2,4]
triazol-3-yl)pyridin-2-yl)isoindolin-1-one (compound 82)
was prepared according to the procedure for compound 80
substituting compound 81 in place of compound 79. 'H
NMR (400 MHz, DMSO-dy) § 8.60 (d, J=8.4 Hz, 1H), 8.04
(t, J=8 Hz, 1H), 7.85 (d, J=7.6 Hz, 1H), 7.79-7.72 (m, 2H),
7.58 (t,1=7.2 Hz, 1H), 5.28 (d, J=17.6 Hz, 1H), 5.12 (t, ]=6.8
Hz, 1H), 5.11 (d, J=17.6 Hz, 1H), 3.09-2.87 (m, 3H),
2.42-2.37 (m, 1H), 1.48 (d, J=6.4 Hz, 3H); ESI m/z 332.0
[M+H]".

Example 32: Preparation of 2-(6-(5-cyclopropyl-
1H-1,2,3-triazol-1-yl)pyridin-2-yl)isoindolin-1-one
(compound 83)

AN
NaNO,
_—
P _NH, HCLEz0
Br N N RT, 16 h
H
AN
B N/ N
_—
g 3 ZnEBu, THF
83A RT,16h

O
sz(dba)g, Xantphos

Cs,CO;3, dioxane
100°C.,4h

E%QB%

\

ol (st

A mixture of 2-bromo-6-hydrazinylpyridine (10 g, 53.2
mmol), NaNO, (4.1 g, 58.5 mmol) in conc. HCI (20 mL),
H,O (70 mL) and ether (32 mL) was stirred at room
temperature overnight. The reaction mixture was extracted
with ether and the organic fractions were washed with brine
and dried over sodium sulfate. The solvent was evaporated
and the residue was purified by column chromatography on
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silica gel (1%-5% EtOAc in pet. ether) to afford 83A (4.2 g,
40% yield) as a yellow solid: 'H NMR (400 MHz, DMSO-
dg) 8 7.76 (t, J=8 Hz, 1H), 7.46 (d, J=7.6 Hz, 1H), 7.01 (d,
J=8 Hz, 1H); ESI m/z 199.9, 201.9 [M+H]".

A mixture of 83A (500 mg, 2.51 mmol), ZnEt, in THF
(1.0 M, 3.8 mL)), ethynylcyclopropane (200 mg, 3.02 mmol)
and 1-methyl-1H-imidazole (21 mg, 0.25 mmol) was stirred
at room temperature overnight under nitrogen. The mixture
was poured into water and extracted with EtOAc (100
ml.x3). The combined organic fractions were washed with
water and brine and dried over sodium sulfate. The solvent
was removed under vacuum and the residue was purified by
column chromatography on silica gel (1%-10% EtOAc in
pet. ether) to give the 83B (200 mg, 30% yield) as a yellow
solid: 'H NMR (400 MHz, DMSO-d,) § 8.09 (t, J=8 Hz,
1H), 8.00 (d, J=7.2 Hz, 1H), 7.86 (d, J=8 Hz, 1H), 7.64 (s,
1H), 2.40-2.33 (m, 1H), 1.07-1.02 (m, 2H), 0.81-0.77 (m,
2H); ESI m/z 265.0, 267.0 [M+H]*.

A mixture of 83B (200 mg, 0.8 mmol), isoindolin-1-one
(107 mg, 0.8 mmol), Pd,(dba); (22 mg, 0.024 mmol),
Xantphos (23 mg, 0.04 mmol) and Cs,CO; (313 mg, 0.96
mmol) in dioxane (50 ml) was heated to 100° C. for 4 h.
After cooling to room temperature, the reaction mixture was
filtered. The filtrate was concentrated and the residue was
purified by column chromatography on silica gel (1%-5%
EtOAc in pet. ether) to provide compound 83 (180 mg, 31%
yield) as an off-white solid: 'H NMR (400 MHz, DMSO-d,)
8 8.66 (d, I=8.4 Hz, 1H), 8.19 (t, =8 Hz, 1H), 7.85 (d, J=7.6
Hz, 1H), 7.73-7.69 (m, 3H), 7.63 (s, 1H), 7.59-7.55 (m, 1H),
5.14 (s, 2H), 2.62-2.56 (m, 1H), 1.13-1.09 (m, 2H), 0.83-
0.79 (m, 2H); ESI nmv/z 318.0 [M+H]*.

Example 33: Preparation of 2-(6-(1H-1,2,3-triazol-
1-yDpyridin-2-yl)isoindolin-1-one

(compound 84)
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-continued
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A mixture of 83A (600 mg, 3.02 mmol) and ethynyltrim-
ethylsilane (890 mg, 9.06 mmol) in toluene (20 mL) was
heated to 110° C. overnight in a sealed tube. After cooling,
the mixture was concentrated under vacuum and the residue
was purified by column chromatography on silica gel (1%-
5% EtOAc in pet. ether) to give 84A (600 mg, 58% yield)
as a white solid: ESI m/z 298.9, 296.9 [M+H]".

TBAF (1.0 M in THF, 3.1 mL, 3.03 mmol) was added to
a solution of 84A (300 mg, 1.01 mmol) in THF (2 mL). After
stirring at room temperature overnight the reaction mixture
was diluted with water and extracted with EtOAc. The
combined organic fractions were washed with brine, dried
over sodium sulfate and evaporated. The residue was puri-
fied by flash chromatography (10%-30% EtOAc in pet.
ether) to afford 84B as a white solid: '"H NMR (400 MHz,
DMSO-d,) d 8.83 (s, 1H), 8.15 (d, J=8 Hz, 1H), 8.08-8.04
(m, 1H), 8.01 (s, 1H), 7.81 (d, J=8 Hz, 1H); ESI m/z 224.9,
226.9 [M+H]*.

A mixture of 84B (225 mg, 1.0 mmol), isoindolin-1-one
(133.1 mg, 1.0 mmol), Pd,(dba); (28 mg, 0.03 mmol),
Xantphos (29 mg, 0.05 mmol) and Cs,CO; (391 mg, 1.2
mmol) in dioxane (45 ml.) was heated to 100° C. overnight.
After cooling to room temperature, the reaction mixture was
filtered. The filtrate was concentrated under vacuum and the
residue was purified by column chromatography on silica
gel (1%-30% EtOAc in pet. ether) to provide compound 84
(170 mg, 61% yield) as a white solid: "H NMR (400 MHz,
CDCl,) 9 8.72 (dd, J=7.6 Hz, 6.4 Hz, 1H), 8.57 (d, J=1.2 Hz,
1H), 8.01-7.94 (m, 3H), 7.86 (d, J=0.8 Hz, 1H), 7.69-7.65
(m, 1H), 7.59-7.52 (m, 2H), 5.14 (s, 2H); ESI m/z 278.0
[M+H]".

Example 34: Preparation of 2-(6-(4-isopropyl-4H-1,

2,4-triazol-3-yl)pyridin-2-y1)-6-(pyridin-3-yl)isoin-
dolin-1-one (compound 85)

>—NH2
al —_—

acetic acid
| 90°C., 16 h

85A
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A mixture of 1C (2.1 g, 7.75 mmol), propan-2-amine
hydrochloride (3.71 g, 38.8 mmol) and DIPEA (5.0 g, 38.8
mmol) in acetonitrile (32 ml) and acetic acid (8 mL) was
heated to 90° C. overnight. After cooling, the reaction
mixture was concentrated under vacuum and purified by
column chromatography on silica gel (1%-50% EtOAc in
pet. ether) to give triazole 85A (1.7 g, 82% yield) as a white
solid: 'H NMR (400 MHz, DMSO-d) § 8.92 (s, 1), 8.15 (d,
J=8 Hz, 1H), 7.96-7.92 (m, 1H), 7.77 (d, J=8 Hz, 1H),
5.34-5.24 (m, 1H), 1.48 (d, J=6.8 Hz, 6H); ESI m/z 266.9,
268.9 [M+H]*.

A mixture of 6-bromoisoindolin-l-one (1.0 g, 4.72
mmol), Pd(dppf)Cl, (104 mg, 0.14 mmol), K,CO, (1.96 g,
14.2 mmol) and 3-pyridylboronic acid (580 mg, 4.72 mmol)
in dioxane (45 mL) and water (5 mL) was heated to 100° C.
overnight. After cooling, the mixture was poured into water
and extracted with EtOAc (3x100 ml). The combined
organic fractions were washed with brine and dried over
sodium sulfate. The solvent was evaporated and the residue
was purified by column chromatography on silica gel (1%-
50% EtOAc in pet. ether) to afford 85B (500 mg, 50% yield)
as an off-white solid: 'H NMR (400 MHz, DMSO-d,) 8 8.94
(d, J=2 Hz, 1H), 8.67 (s, 1H), 8.60 (dd, J=4.8 Hz, 1.2 Hz,
1H), 8.16-8.13 (m, 1H), 7.96-7.94 (m, 2H), 7.71 (d, J=8.8
Hz, 1H), 7.52-7.49 (m, 1H), 4.44 (s, 2H); ESI m/z 211.0
[M+H]".

A mixture of 85B (210 mg, 1.0 mmol), 85A (267 mg, 1.0
mmol), Pd,(dba); (28 mg, 0.03 mmol), Xantphos (29 mg,
0.05 mmol) and Cs,CO; (391 mg, 1.2 mmol) in dioxane (45
ml.) was heated to 100° C. overnight. After cooling to room
temperature, the reaction was filtered. The filtrate was con-
centrated under reduced pressure and purified by column
chromatography on silica gel (1%-5% MeOH in EtOAc) to
provide compound 85 (220 mg, 55% yield) as a white solid:
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'H NMR (400 MHz, DMSO-d,) 8 9.0 (s, 1H), 8.93 (s, 1H),
8.66-8.61 (m, 2H), 8.19 (d, J=8 Hz, 1H), 8.13 (s, 1H),
8.10-8.06 (m, 2H), 7.92 (d, J=7.6 Hz, 1H), 7.87 (d, J=8 Hz,
1H), 7.54-7.51 (m, 1H), 5.57-5.51 (m, 1H), 5.21 (s, 2H),
1.59 (d, =6.8 Hz, 6H); BSI mv/z 397.0 [M+H]*.

Example 35: Preparation of 2-(4-(4-cyclopropyl-
4H-1,2 4-triazol-3-yl)pyrimidin-2-yl)isoindolin-1-
one (compound 86)
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cl /j\( “Pdy(dba)y, Xantphos
Cs,C0O;3, dioxane
100°C., 16 h
86C
O
N—
N
<\ /
N

{2

86

A mixture of methyl 2-chloropyrimidine-4-carboxylate
(2.8 g, 16.2 mmol) and hydrazine hydrate (0.80 g, 16.2
mmol) in methanol (50 mL.) was stirred at 0° C. for 1 hour.
The solid was collected by filtration and washed with hexane
to give 86A (1.71 g, 61% yield) as a yellow solid: ESI m/z
173.0 [M+H]*.

A mixture of 86A (1.5 g, 8.70 mmol) and DMF-DMA (5.1
g, 43.4 mmol) in DCM (100 mL) was heated to reflux for 4
hours. The mixture was concentrated under vacuum and
triturated with pet. ether to afford 86B (1.9 g, 96% yield) as
a yellow solid: ESI m/z 228.1 [M+H]*. Cyclopropylamine
(1.44 g, 25.2 mmol) was added to a solution of 86B (1.9 g,
8.40 mmol) in acetic acid (60 mL). The reaction mixture was
stirred at 90° C. for 3 hours. The mixture was concentrated
under reduced pressure and purified by chromatography on
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silica gel (1%-3% MeOH in DCM) to give 86C (1.2 g, 65%
yield) as a yellow solid: ESI m/z 222.1 [M+H]".

A mixture of 86C (150 mg, 0.68 mmol), isoindolin-1-one
(90 mg, 0.68 mmol), Cs,CO; (265 mg, 0.82 mmol), Xant-
phos (19 mg, 0.034 mmol) and Pd(dba); (18 mg, 0.02 mmol)
in dioxane (8 mL) was stirred at 100° C. overnight under a
nitrogen atmosphere. The mixture was poured into water and
extracted with EtOAc (100 mLx3). The combined organic
fractions were dried over sodium sulfate, concentrated under
reduced pressure and purified by chromatography on silica
gel (1%-3% MeOH in DCM) to provide compound 86 (15
mg, 7% yield) as a white solid: 'H NMR (400 MHz,
DMSO-d,) d 8.94 (d, J=5.2 Hz, 1H), 8.80 (s, 1H), 7.91 (d,
J=4.8 Hz, 1H), 7.84 (d, J=8 Hz, 1H), 7.74-7.72 (m, 2H),
7.58-7.54 (m, 1H), 5.18 (s, 2H), 4.65-4.62 (m, 1H), 1.14-
1.11 (m, 2H), 1.08-1.06 (m, 2H); EST m/z 319.1 [M+H]".

Example 36: Preparation of 2-(6-(4-cyclopropyl-
4H-1,2 4-triazol-3-yl)pyridin-2-yl)-1,2-dihydro-3H-
indazol-3-one (compound 87)

p- TsOH THF
RT,16h
2 /Ej\(
&NH N\N
N 1D
o Pd,(dba);, Xantphos
Cs>CO3, dioxane
100°C.,16 h
87A
(0]
N
/ \ /
N AMHCI
THF
RT,16h

g/N \N/ N}

N #
\N
87
A mixture of 3,4-dihydro-2H-pyran (2.1 g, 24.6 mmol),

1H-indazol-3(2H)-one (3 g, 22.4 mmol), toluene-4-sulfonic
acid (775 mg, 4.5 mmol) in THF (25 mL) was stirred at RT
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overnight. The mixture was concentrated under vacuum and
purified by silica gel column chromatography (1%-5%
EtOAc in pet. ether) to afford 87A (2 g, 41% yield) as a
white solid: "H NMR (400 MHz, DMSO-d) 8 10.79 (s, 1H),
7.62 (d, I=8 Hz, 1H), 7.52 (d, J=8.4 Hz, 1H), 7.36 (t, I=7.6
Hz, 1H), 7.07-7.03 (m, 1H), 5.58 (dd, J=10 Hz, 1 Hz, 1H),
3.87-3.84 (m, 1H), 3.69-3.62 (m, 1H), 2.34-2.24 (m, 1H),
2.01-1.98 (m, 1H), 1.91-1.87 (m, 1H), 1.76-1.65 (m, 1H),
1.55-1.48 (m, 2H); EST m/z 219.1 [M+H]".

A mixture of 87A (550 mg, 2.52 mmol), 1D (668 mg, 2.52
mmol) Pd,(dba); (74 mg, 0.08 mmol), Xantphos (75 mg,
0.13 mmol) and Cs,CO; (985 mg, 3.0 mmol) in dioxane (50
ml.) was heated to 100° C. overnight. After cooling to room
temperature, the reaction mixture was filtered. The filtrate
was concentrated under reduced pressure and purified by
column chromatography (1%-50% EtOAc in pet. ether) to
give 87B (600 mg, 60% yield) as a yellow solid: ESI m/z
403.1 [M+H]".

A mixture of 87B (600 mg, 1.49 mmol) and HCI (1.0 M,
20 mL) in THF (10 mL) was stirred at room temperature
overnight. The mixture was poured into water and extracted
with EtOAc (100 mLx3). The combined organic fractions
were washed with water and brine and dried over sodium
sulfate. The solvent was removed under vacuum and the
residue was purified by column chromatography on silica
gel (1%-5% MeOH in DCM) to provide compound 87 (230
mg, 48% yield) as a white solid: 'H NMR (400 MHz,
DMSO-d,) 6 12.69 (s, 1H), 8.42 (s, 1H), 8.13-8.09 (m, 1H),
7.91 (d, J=7.2 Hz, 1H), 7.51 (d, J=8.4 Hz, 1H), 7.44-7.36 (m,
3H), 7.06 (t, J=7.2 Hz, 1H), 2.85-2.79 (m, 1H), 0.65-0.60
(m, 2H), 0.15-0.10 (m, 2H); ESI m/z 319.0 [M+H]*.

Example 37: Preparation of 2-(6-(4-cyclopropyl-
4H-1,2 4-triazol-3-yl)pyridin-2-yl)-1-methyl-1,2-
dihydro-3H-indazol-3-one (compound 88)

L)

(A

NG A
SN

iodomethane

—_—
Cs,CO;3, DMF
RT,2h

88

To a mixture of compound 87 (100 mg, 0.31 mmol) and
Cs,CO; (206 mg, 0.63 mmol) in DMF (10 mL) was added
iodomethane (67 mg, 0.47 mmol). After stirring at room
temperature for 2 h, the mixture was poured into water and
extracted with EtOAc (50 mLx3), the organic layer was
washed with water and brine, dried over Na,SO,, filtered,
concentrated and purified by silica gel column chromatog-
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raphy (MeOH/DCM=1/100 to 1/30, v/v) and Prep-TLC
(MeOH/DCM=1/15, v/v) to afford the product (13 mg, 13%
yield) as a white solid: *"H NMR (400 MHz, DMSO-d,) &
8.43 (s, 1H), 8.11 (t, J=8 Hz, 1H), 7.91 (d, J=7.6 Hz, 1H),
7.64 (d, J=8.8 Hz, 1H), 7.45-7.38 (m, 3H), 7.11-7.07 (m,
1H), 3.97 (s, 3H), 2.87-2.81 (m, 1H), 0.66-0.62 (m, 2H),
0.17-0.12 (m, 2H); ESI m/z 333.0 [M+H]".

Example 38: Preparation of 2-(6-(4-cyclopropyl-

4H-1,2.4-triazol-3-yl)pyridin-2-yl)benzo[ d]isothi-
azol-3(2H)-one (compound 89)

ol
Br N I\\I >

(0] ~—~N
1D
NH Pd;(dba)sz, Xantphos
/ Cs,CO3, dioxane
S
100°C.,, 16 h

0 s
g

LA
\N/

89

A stirred mixture of benzo[d]isothiazol-3(2H)-one (113
mg, 0.75 mmol), 1D (200 mg, 0.75 mmol), Pd,(dba), (34
mg, 0.0375 mmol), Cs,CO; (733 mg, 2.25 mmol) and
Xantphos (30 mg, 0.0525 mmol) in 1,4-dioxane (20 mL)
was heated to 100° C. overnight. The reaction mixture was
allowed to cool to room temperature and filtered. The filtrate
was concentrated under reduced pressure and the residue
was purified by silica column chromatography (1%-5%
MeOH in DCM) to afford compound 89 (20 mg, 8% yield)
as a yellow solid: '"H NMR (400 MHz, CDCL,) 8 8.86 (d,
J=8.4 Hz, 1H), 8.27 (s, 1H), 8.10 (dd, J=7.6 Hz, 3.2 Hz, 1H),
7.97 (t,J=8 Hz, 1H), 7.68 (t, J=7.6 Hz, 1H), 7.57 (d, J=8 Hz,
1H), 7.44 (t,J=7.6 Hz, 1H), 4.16-4.11 (m, 1H), 1.28-1.23 (m,
2H), 0.96-0.92 (m, 2H); ESI m/z 336.0 [M+H]".

Example 39: ASK1 Kinase Assay

The ASK1 enzymatic assay was run following Promega
ASK1 Kinase Enzyme System (Cat #V3881). The kit pro-
vides the protocol, enzymes and all reagents necessary to run
an assay. Firstly, the compounds, enzyme, substrate and ATP
were diluted in provided assay buffer. The final concentra-
tion of the enzyme was 50 nM, substrate (Myelin basic
protein) 1 pug/ml and ATP 10 pM. The compound and the
enzyme were pre-incubated in a 384 well white solid bottom
plate (Greiner, Cat#784075) for 10 minutes. After incuba-
tion, the substrate and ATP were added and incubated for
further 60 minutes. After 60 minutes, ADP-Glo™ was added
and plate was incubated for another 40 minutes. After 40
minutes, Kinase Detection Reagent was added and the plate
was incubated for 45 minutes. After 45 minutes, plate was
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read on Perkin Flmer EnVision using luminescence read (0.5
seconds/well). IC50 data for compounds are shown in Table
6.

Example 40: Inhibition of LPS-induced TNFalpha
in Human PBMCs

Cryopreserved human PBMCs were obtained from All-
Cells (cat# PBO03F). After thawing/dilution protocols using
RPMI medium supplemented with 5% FBS (heat inacti-
vated), 100 ul/well of 1x10° cells/ml were plated into 96
well tissue culture plates (Corning). Cells were then pre-
incubated for 1 hr at 37° C. in humidified 5% CO2 and 95%
air with test compounds diluted in DMSO (final DMSO
concentration 0.3%). Each compound was tested at 10
concentrations in duplicate wells. After the pre-incubation,
100 ng/ml LPS (£. Coli; Sigma) in RPMI media with 5%
FBS was added for a 6 hr incubation at 37° C. in humidified
5% CO2 and 95% air. Controls on each plate included cells
and LPS only, cells and media only (no LPS), and media
only. After the 6 hr incubation, plates were centrifuged and
the supernatants transferred to a new plate and frozen for
subsequent TNFalpha analysis. Human TNFalpha was ana-
lyzed by ELISA according to the manufacturer’s instructions
(BD Sciences, BD OptEIA™ Cat#550610) and analyzed on
a SpectraMax M series (Molecular Devices) microplate
reader at OD 450 nm. IC50s were calculated using XLFit4
curve fitting software (IDBS) and a 4-parameter one-site
sigmoid dose response fit. IC50 data for compounds are
shown in Table 6.

Example 41: MYLK/MLCK Assay

MYLK dissociation constants (Kd) for compounds were
determined using the DiscoverX KdELECT platform. The
MYLK kinase (accession number NP_444254.3) was
labeled with a DNA tag for subsequent qPCR readout while
a known active site binding ligand (staurosporine) was
immobilized on a solid support (beads). Test compounds
were prepared as 111X stocks in 100% DMSO and Kds were
determined using an 11-point 3-fold compound dilution
series with three DMSO control points. The compounds
were then diluted directly into the assays such that the final
concentration of DMSO was 0.9%. The assay plates were
incubated at room temperature with shaking for 1 hour to
equilibrate. The affinity beads were washed (Ix PBS, 0.05%
Tween 20) to remove unbound kinase and quantify MYLK
captured on solid support by qPCR. The Kd was determined
by measuring the amount of MYLK captured on the solid
support as a function of the test compound concentration.
The Kd values were calculated by fitting dose-response
curves to the Hill binding equation using the Levenberg-
Marquardt algorithm. The Kd data for compounds are shown
in Table 6.

For the myosin light chain kinase (MLCK) IC50 deter-
minations, the Reaction Biology Corporation radioactive
kinase platform (CAT#: MLCK) was utilized. The MLCK
peptide substrate (KKLNRTLSFAEPG, 20 uM) was freshly
prepared in base reaction buffer (20 mM Hepes (pH 7.5), 10
mM MgCl12, 1 mM EGTA, 0.02% Brij35, 0.02 mg/ml BSA,
0.1 mM Na3V04, 2 mM DTT, 1% DMSO) with 1 uM
calmodulin and 30 uM ATP (Km). Test compounds were
tested in 10-dose IC50 mode with a 3-fold serial dilution
starting at 60 uM. The control compound, staurosporine, was
tested in 10-dose IC50 mode with 4-fold serial dilution
starting at 20 uM.
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Compounds were incubated for 20 minutes with the
peptide substrate and the MLLCK kinase enzyme (UniProtKB
Q15746 (MYLK_HUMAN)) prior to the addition of **P-
ATP (specific activity 10 pCi/ul), to initiate the reaction,
resulting in **P-Substrate+ADP. After 2 hr incubation at
room temperature the reactions are spotted onto P81 ion
exchange paper and the kinase activity detected by a filter-
binding method. IC50 values and curve fits were obtained
using Prism GraphPad Software. IC50 data for compounds
are shown in Table 6.

Example 42: hERG QPatchHTX Assay

The hERG QPatchHTX assay was conducted at room
temperature. The whole-cell protocols, voltage protocols
and application protocols were established with QPatch
Assay Software 5.2 (Sophion Bioscience). Chinese hamster
ovary (CHO) cells stably expressing hERG potassium chan-
nels (Aviva Bioscience) were cultured at more than 75%
confluent. Cells were harvested using TrypLE and resus-
pended in the extracellular solution at the room temperature.

Test compounds described herein, commercial compound
(GS-4997 and positive control Amitriptyline were dissolved
in 100% DMSO to obtain stock solutions and were further
diluted into extracellular solution to achieve final concen-
trations for testing. Visual check for precipitation was con-
ducted before testing. Final DMSO concentration in extra-
cellular solution was not more than 0.30% for the test
compounds and Amitriptyline (positive) control. Three addi-
tions of 5 1 of the vehicle were applied, followed by 30 runs
of'voltage protocol for a baseline period. Then the ascending
doses of each compound were added with three repetitions
(5 1*¥3). The exposure of test compound at each concentra-
tion was no less than 5 minutes. The recording for the whole
process had to pass the quality control or the well was
abandoned and the compound was retested, all automatically
set by QPatch Assay Software. Two concentrations (10 M
and 30 uM) were tested for each compound. Minimum 2
replicates per concentration were obtained.

Voltage command protocol: From this holding potential of
-80 mV, the voltage was first stepped to =50 mV for 80 ms
for leak subtraction, and then stepped to +20 mV for 4800
ms to open hERG channels. After that, the voltage was
stepped back down to -50 mV for 5000 ms, causing a
“rebound” or tail current, which was measured and collected
for data analysis. Finally, the voltage was stepped back to the
holding potential (-80 mV, 3100 ms). This voltage com-
mand protocol was repeated every 15000 msec. This com-
mand protocol was performed continuously during the test
(vehicle control and test compounds described herein).

Compound 2 and Compound 27 did not have a significant
effect on hERG current up to 30 uM (FIG. 1). In contrast, the
ASK1 inhibitor GS-4997 and the positive control compound
both had significant effect on hERG current. Activity data

for compounds are shown in Table 6.
TABLE 6
ASK1 Kinase TNFa MYLK/MLCK  hERG
Avg Inhibition Kinase Inhibition
Compound ICso ICsq ICs50 or Ky at 10 pM
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TABLE 6-continued
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TABLE 6-continued
ASK1 Kinase TNFa MYLK/MLCK  hERG
Avg Inhibition Kinase Inhibition
Compound ICso ICsq ICs50 or Ky at 10 pM
83 +++
84 ++
85 +++
86 +
87 +
88 +
89 +

For ASK1 Kinase Assay: +++ = IC5y < 200 nM; ++ = ICs4 200 nM-<1 uM; + =1Cs, 1-10

For TNFa Inhibition Assay: +++ = [Cgo < 2 uM; ++ = IC54 2-10 uM; + = IC5, > 10 nM.

For MYLK/MLCK Kinase Assay: +++ = Kd or ICs5p < 1 uM; ++ = Kd or [Csq 1-10 pM;
+ =Kd or ICs0 > 10 pM.

For hERG Inhibition Assay: +++ >20% inhibition: ++ = 10-20% inhibition: + = <%10
inhibition.

Example 43: Clinical Trial of ASK1 Inhibitors in
Human NASH

Patient Selection/Management

Patient inclusion criteria are: age 18-75, greater than 60
U/L serum alanine transaminase (ALT), ultrasound-docu-
mented fatty liver, biopsy-consistent NASH without cirrho-
sis, platelet count >75,000/mm?>, absolute neutrophil count
>1500/mm°, hemoglobin >11.0 g/dL, and creatinine clear-
ance >70 mL/min as calculated with the Cockcroft-Gault
equation.

Histological criteria used for NASH in biopsy analysis
are: steatosis (>5% of hepatocytes containing liver fat),
hepatocyte ballooning, and lobular inflammation, regardless
of the amount of fibrosis.

Patients are required to have a stable weight (within 4%)
before screening, and to maintain their existing diets and
physical activity levels over the course of the study.

Patient exclusion criteria are: any other cause of liver
disease (e.g., viral hepatitis, autoimmune hepatitis,
hemochromatosis, and others), hepatocellular carcinoma
(HCC), daily alcohol consumption higher than 30 g in males
and 20 g in females, or drug-induced/secondary NASH.
Cohort Design/Drug Administration

The study is randomized, double-blind, parallel-group,
and placebo-controlled. Patients successfully meeting selec-
tion criteria are stratified by comorbid conditions that may
exacerbate liver injury (e.g. type-2 diabetes). After stratifi-
cation, subjects are randomly assigned to one of five parallel
treatment groups: placebo or 4 escalating doses of any of the
ASK-1 inhibitors of Formula I, Formula II, or Formula III
described herein. The inhibitor is administered orally once
daily for 4 weeks. On completion of treatment, subjects are
followed for 4 weeks.

Measures of Drug Efficacy

Serum ALT and AST (liver function markers) are mea-
sured from weekly blood samples collected during the
treatment and follow-up periods. Normal levels are defined
as 43 U/L ALT and 36 U/L AST for males, and 34 U/L ALT
and 34 U/L AST for females.

Cytokeratin-18 fragments (resulting from caspase-3
cleavage and apoptotic activity, liver damage markers) are
measured using ELISA from blood samples collected at
week 2 and week 4 of the treatment period.

Concentrations of ASK-1 inhibitors are determined in
plasma by using a validated bioanalytical assay to assess
drug concentration. Steady state analysis of pharmacokinetic
parameters (e.g. (C,,,.), ime of C,,,. (T,,..), half-life (T, ),
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and area under the plasma concentration versus time curve
over the dosing interval (AUC, _ )) occurs between weeks 2
and 4.

Safety Analysis

Safety monitoring includes clinical laboratory tests,
physical examinations, vital signs measurements, 12-lead
electrocardiograms, and documentation of adverse events
(AEs).

Efficacy Endpoints

Absolute and percent change from baseline in ALT levels,
AST levels, and CK-18 fragment levels at week 4 are
assessed by an analysis of covariance (ANCOVA) model
with adjustment for baseline values.

Plasma concentration-time data for each subject are ana-
lyzed using standard noncompartmental methods to com-
pute pharmacokinetic parameters. Exposure/response rela-
tionships for ASK-1 inhibitors are determined by fitting
C,,. or AUC,,  to time-weighted absolute changes in CK-18
fragment, AST, or ALT levels.

The examples and embodiments described herein are for
illustrative purposes only and various modifications or
changes suggested to persons skilled in the art to be included
within the spirit and purview of this application and scope of
the appended claims.

tau.

What is claimed is:
1. A compound of Formula II, or a pharmaceutically
acceptable salt or solvate thereof:

Formula IT
O
. ;
/ N\t
_|_
®R?),
wherein
is
R'is
Y
)
N—N
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Z is CR®),;

each R” is independently selected from a group consisting
of halogen and C,_salkyl;

R* is selected from a group consisting of halogen,
—N(R®),, —C(=0)OR®, —C(=0O)N(R?,, —NR°C
(=O0)N(RS),, and C,_jheteroaryl selected from pyridi-
nyl, imidazolyl, pyrimidinyl, pyrazolyl, triazolyl,
pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl, thiaz-
olyl, oxazolyl, isothiazolyl, pyrrolyl, pyridazinyl, tri-
azinyl, oxadiazolyl, thiadiazolyl, and furazanyl;
wherein the C, gheteroaryl is optionally substituted
with one, two, or three substituents selected from the
group consisting of halo, C, salkyl, C, chaloalkyl, and
C, scycloalkyl;

each RS is independently selected from the group consist-
ing of hydrogen, C,-Cqalkyl, —C,-C,alkyl-O—C;-
Cgalkyl, —C,-Cgalkyl-pyrazole, and C;-Cgcycloalkyl;
or two R® on the same heteroatom are taken together
with that heteroatom to which they are attached to form
a C,gheterocycle or a C, gheteroaryl selected from
imidazolyl, pyrazolyl, and pyrrolyl, wherein the
C,_sheterocycle or C, gheteroaryl are optionally sub-
stituted with one, two, or three substituents selected
from the group consisting of halo, —OR®, —N(R?),,
—C, qalkyl, —C(=O0R", —C(=0)OR", and
—N(RC(=0)R™;

R? is selected from the group consisting of hydrogen and
C,-Cgalkyl;

each R® is hydrogen;

each R'? is independently selected from the group con-
sisting of hydrogen and C,-Cgalkyl;

each R' is independently selected from the group con-
sisting of C,-Calkyl;

nis 0, 1, or 2; and

pis O.

2. The compound of claim 1, or a pharmaceutically

acceptable salt or solvate thereof, wherein n is 1.

3. The compound of claim 2, or a pharmaceutically

acceptable salt or solvate thereof, wherein

R*® is —C(=O)N(R®), and each R® is independently
selected from the group consisting of hydrogen,
C,-Cqalkyl, —C, salkyl-O—C,-Csalkyl, —C;-
Cgalkyl-pyrazole, and C;-Cgeycloalkyl.

4. The compound of claim 2, or a pharmaceutically

acceptable salt or solvate thereof, wherein

R?® is —C(=0)N(R?®), and two R® on the same heteroa-
tom are taken together with that heteroatom to which
they are attached to form a C, gheterocycle or a
C,_gheteroaryl selected from imidazolyl, pyrazolyl, and
pyrrolyl, wherein the C, gheterocycle or C,_sheteroaryl
are optionally substituted with one substituent selected
from the group consisting of —OR?®, —SR®, —N(R?),,
—C, qalkyl, —C(=O0R", —C(=0)OR", and
—N(RC(=0)R™.

5. The compound of claim 4, or a pharmaceutically

acceptable salt or solvate thereof, wherein

R*? is
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-continued

pf{w}{

Ho\bq\”}{ /O\Oq\m/z“{,
O

6. The compound of claim 5, or a pharmaceutically
acceptable salt or solvate thereof, wherein

R* is

X pf{
@ Ofg
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7. The compound of claim 1, or a pharmaceutically
acceptable salt or

solvate thereof, wherein the compound is

(0] / NP

N\ /
N

<

15

8. The compound of claim 1, or a pharmaceutically
acceptable salt or solvate thereof, wherein the compound is

0
G\(CE@ \_¢ Do
o} / N
N\N/ 30

9. The compound of claim 1, or a pharmaceutically
acceptable salt or

solvate thereof, wherein the compound is 35
40
/ 45
\ /
50

10. The compound of claim 1, or a pharmaceutically
acceptable salt or solvate thereof, wherein the compound is

\/P

/\

65

172

11. The compound of claim 1, or a pharmaceutically

acceptable salt or

solvate thereof, wherein the compound is

| e}
(o] / NP

N\/
N

12. A compound or a pharmaceutically acceptable salt or
solvate thereof, selected from:

—d N\
a4 N_/ % |
/ NP

0
- N
N N \N / P
o} / N
@
0
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30 13. A pharmaceutical composition comprising a com-
= pound of claim 1, or a pharmaceutically acceptable salt or
| solvate thereof, and at least one pharmaceutically acceptable

N excipient.
N \ > ’ 14. A method of treating non-alcoholic steatohepatitis in
- 35 a subject in need thereof, comprising administering to the
subject a therapeutically effective amount of a compound of
claim 1, or a pharmaceutically acceptable salt or solvate

thereof.

o F ? 15. A pharmaceutical composition comprising a com-
| 40 pound of claim 12, or a pharmaceutically acceptable salt or
A N solvate thereof, and at least one pharmaceutically acceptable

N N ’ excipient.
\ > 16. A method of treating non-alcoholic steatohepatitis in
| N—y a subject in need thereof, comprising administering to the

subject a therapeutically effective amount of a compound of
claim 12, or a pharmaceutically acceptable salt or solvate
thereof.
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DATED : December 11, 2018

INVENTOR(S) : Samuel David Brown

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

Claim 1; Column 169; Line 7: delete: “Cjoheteroaryl selected from pyridinyl, imidazolyl,
pyrimidinyl” and replace with -- C;.oheteroaryl selected from pyridinyl, pyrimidinyl --

Claim 1; Column 169; Line 19: delete: “Cioheteroaryl selected from imidazolyl, pyrazolyl” and
replace with -- Csgheteroaryl wherein the heteroaryl is selected from imidazolyl, pyrazolyl --

Claim 1; Column 169; Line 34: delete: “p is 0 and replace with --pisOor 1 --

Claim 4; Column 169; Line 49: delete: “or a Cyoheteroaryl selected from imidazolyl, pyrazolyl” and
replace with -- or a Cyoheteroaryl wherein the heteroaryl is selected from imidazolyl, pyrazolyl --
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