woO 20237283256 A1 |0 0000 AP0 00 O 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

19) World Intellectual Propert 3
B organisation O O 0 I OO
International Bureau / (10) International Publication Number
(43) International Publication Date _ WO 2023/283256 Al
12 January 2023 (12.01.2023) WIPO I PCT

(51) International Patent Classification: (72) Inventors: VANDYCK, Koen; c/o Aligos Therapeutics,
A61P 31/14 (2006.01) CO7D 498/04 (2006.01) Inc., 1 Corporate Drive, 2nd Floor, South San Francis-
A61P 31/16 (2006.01) A61K 31/403 (2006.01) co, California 94080 (US). BARDIOT, Dorothée Alice
CO7D 401/12 (2006.01) A61K 31/4162 (2006.01) Marie-Eve; c/o Katholicke Universiteit Leuven, KU Leu-
CO7D 401/14 (2006.01) AG61K 31/4192 (2006.01) ven R&D, Waaistraat 6, box 5105, 3000 Leuven (BE).
CO7D 403/12 (2006.01) AG61K 31/4245 (2006.01) RABOISSON, Pierre Jean-Marie Bernard, c/o Aligos
CO7D 403/14 (2006.01) A61K 31/437 (2006.01) Therapeutics, Inc., 1 Corporate Drive, 2nd Floor, South San
CO7D 405/14 (2006.01) AG61K 31/4439 (2006.01) Francisco, California 94080 (US). BEIGELMAN, Leonid;
CO7D 413712 (2006.01) A61K 31/497 (2006.01) c/o Aligos Therapeutics, Inc., 1 Corporate Drive, 2nd Floor,
CO7D 413/14 (2006.01) A61K 31/5377 (2006.01) South San Francisco, California 94080 (US). STOYCHE-
CO7D 487/04 (2006.01) AG6IK 31/538 (2006.01) VA, Antitsa Dimitrova; c/o Aligos Therapeutics, Inc., 1
CO7D 491/048 (2006.01) A61K 31/5383 (2006.01) Corporate Drive, 2nd Floor, South San Francisco, Cal-
CO7D 491/20 (2006.01) ifornia 94080 (US). BOLAND, Sandro; c/o Katholicke
(21) International Application Number: Universiteit Leuven, KU Leuven R&D, Waaistraat 6, l.)o.x
PCT/US2022/036242 5105, 3000 Leuven (BE). MARCHAND, Arnaud Didi-
er Marie; c/o Katholicke Universiteit Leuven, KU Leuven

(22) International Filing Date: R&D, Waaistraat 6, box 5105, 3000 Leuven (BE).
06 July 2022 (06.07.2022)  (74) Agent: MILLER, Kimberly J.. Knobbe Martens Olson &
(25) Filing Language: English Bear LLP, 2040 Main Street, Fourteenth Floor, Irvine, Cal-

(26) Publication Language: English ifornia 92614 (US).

.. (81) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind gof national protection available). AE, AG, AL, AM,
63/203,135 09 July 2021 (09.07.2021) Us AO. AT. AU, AZ. BA. BB, BG, BH. BN, BR. BW, BY. BZ,
63/261,480 22 September 2021 (22.09.2021) US CA. CH. CL. CN, CO, CR, CU, CV, CZ. DE, DJ, DK, DM.,
63/264,212 17 November 2021 (17.11.2021) US DO, DZ, EC, EE, EG, ES. FI, GB, GD. GE, GH, GM, GT.,
63/265,479 15 December 2021 (15.12.2021) US HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO. JP, KE.
63/268,052 15 February 2022 (15.02.2022)  US KG, KH. KN. KP. KR. KW. KZ, LA, LC. LK. LR LS, LU,
(71) Applicants: ALIGOS THERAPEUTICS, INC. [US/US]; LY, MA, MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA,

1 Corporate Drive, 2nd Floor, South San Francisco, Califor-
nia 94080 (US). KATHOLIEKE UNIVERSITEIT LEU-
VEN [BE/BE]; KU Leuven R&D, Waaistraat 6, box 5105,
3000 Leuven (BE).

NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, TM. TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA, ZM, ZW.

(54) Title: ANTI-VIRAL COMPOUNDS

(57) Abstract: Provided herein are compounds of Formula (I), or pharmaceuti-
cally acceptable salts thereof, pharmaceutical compositions that include a com-
pound described herein (including pharmaceutically acceptable salts of a com-
pound described herein) and methods of synthesizing the same. Also provided

R s herein are methods of treating diseases and/or conditions with a compound of
//L\KR Formula (I), or a pharmaceutically acceptable salt thereof.
HN R’
Rd
Sy
,—--—J«T/’ 20
()

O

&

[Continued on next page]



WO 2023/283256 A1 | [I 10|00 00 00RO V0 O

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2023/283256 PCT/US2022/036242

ANTE-VIRAL COMPOUNDS

INCORPORATION BY REFERENCE TO ANY PRIORITY APPLICATIONS

{6801 ] Any and all applications for which a foreign or domestic priority claim is
identified, for example, in the Application Data Sheet or Request as filed with the present
application, are hereby incorporated by reference under 37 CFR 1.57, and Rules 4.1§ and
20.6, including U.S. Provisional Application Nos. 63/203,135, filed July 9, 2021,
63/261,480, filed September 22, 2021, 63/264,212, filed November 17, 2021, 63/265,479,
filed December 13, 2021 and 63/268,0352, filed February 15, 2022, each of which is

incorporated by reference in there entireties.

BACKGROUND
Tield
[0602] The present application relates to the fields of chemistry, biochemistry and

medicine. Disclosed herein are compounds of Formula (1), or pharmacestcally acceptable
salt thereof, pharmaceutical compositions that include a compound described herein
{including pharmaceutically acceptable salts of a comopound described herein) and methods
of synthesizing the same. Also disclosed herein are methods of treating diseases and/or

conditions with a compound of Formula (I}, or a pharmaceutically acceptable salt thereof.

Description

186031 A positive-sense single-stranded RNA virus {((+)ssRNA virus) is a virus
that uses positive sense, single stranded, RNA as its genetic material. Positive-sense single-
stranded RNA viruses can be enveloped or non-enveloped. Coronaviridae, Picornaviridae
and Norviruses are each a (+)ssRNA virus. Each of the aforementioned viruses are known to

infect mammals, including humans.

SUMMARY
(86064 Some embodiments disclosed herein relate to a compound of Formula (1),
or a pharmaceutically acceptable salt thereof.

[6665] Some embodiments  disclosed herein relate to a pharmaceutical
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composition that can contain an effective amount of a compound of Formula (1), or a
pharmaceutically acceptable salt thereof.

[6606] Some embodiments described herein relate to a method of treating a
coronavirus infection that can include administering to a subject identified as suffering from
the coronavirus infection an effective amount of a compound, or a pharmaceutically
acceptable salt thereof, as described herein, or a pharmaceutical composition that includes an
effective amount of a compound, or a pharmaceutically acceptable salt thereof, as described
herein. Other embodiments described herein relate to a compound, or a pharmaceutically
acceptable salt thereof, as described herein, or a pharmaceutical coraposition that includes an
effective amount of a compound, or a pharmaceutically acceptable salt thereof, as described
herem for the use of treating a coronavirus infection.

(68871 Sorme embodiments disclosed herein relate to a method of inhibiting
replication of a coronavirus that can include contacting a cell infected with the coronavirus
with an effective amount of a compound, or a pharmaceutically acceptable salt thereof, as
described herein, or a pharmaceutical composition that inclades an effective amount of a
compound, or a pharmacentically acceptable salt thereof, as described herein.  Other
embodiments described herein relate to a compound, or a pharmaceutically acceptable salt
thereof, as described herein, or a pharmaceutical composition that includes an effective
amount of a compound, or a pharmaceutically acceptable salt thereof, as described herein for
the use of inhibiting the replication a coronavirus.

[6608] Some embodiments described herein relate to a method of treating a
picornavirus infection that can include administering to a subject identified as suffering from
the picornavirus infection an effective amount of a compound, or a pharmaceutically
acceptable salt thereof, as described herein, or a pharmaceutical coraposition that includes an
effective amount of a compound, or a pharmaceutically acceptable salt thereof, as described
herein. (ther embodiments described herein relate to a compound, or a pharmaceutically
acceptable salt thereof, as described herein, or a pharmaceutical composition that includes an
effective amount of a coropound, or a pharmaceuntically acceptable salt thereof, as described
herein for the use of treating a picornavirus infection.

[8809] Some embodiments disclosed herein relate to a method of inhibiting

replication of a picornavirus that can include contacting a cell infected with the picornavirus
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with an effective amount of a compound, or a pharmaceutically acceptable salt thereof, as
described herein, or a pharmaceutical composition that includes an effective amount of a
compound, or a pharmaceutically acceptable salt thereof, as described herein.  Other
embodiments described herein relate to a compound, or a pharmaceutically acceptable salt
thereof, as described herein, or a pharmaceutical composition that includes an effective
amount of a compound, or a pharmaceutically acceptable salt thereof, as described herein for
the use of inhibiting the replication a picornavirus.

6818} Some embodiments described herein relate to a method of treating a
noroviras infection that can include administering to a subject identified as suffering from the
norovitus infection an effective amount of a compound, or a pharmacentically acceptable salt
thereof, as described herein, or a pharmacentical composition that includes an effective
amount of a compound, or a pharmaceutically acceptable salt thereof, as described herein.
Other embodiments deseribed herein relate to a compound, or a pharmaceutically acceptable
salt thereof, as described herein, or a pharmaceutical coraposition that includes an effective
amount of a compound, or a pharmaceutically acceptable salt thereof, as described herein for
the use of treating a noroviruas infection.

(8811} Some embodiments disclosed herein relate to a method of inhibiting
replication of a noroviras that can include contacting a cell infected with the norovirus with
an effective amount of a compound, or a pharmaceutically acceptable salt thereof, as
described herein, or a pharmaceutical composition that includes an effective amount of a
compound, or a pharmaceutically acceptable salt thereof, as described herein. Other
embodiments described herein relate to a compound, or a pharmaceutically acceptable salt
thereof, as described herein, or a pharmaceutical composition that includes an effective
amount of a compound, or a pharmaceutically acceptable salt thereof, as described herein for
the use of inhibiting the replication a norovirus.

[6612] These are other embodiments are described in greater detail below.

DETAILED DESCRIPTION
[0613] Coronaviridae viruses are a family of enveloped, positive-stranded, single-
stranded, spherical RNA viruses. Coronaviruses are named for the crown-like spikes on their

surface. The Corovaviridae famuly includes two sub-families, Coronaviras and Torovirus.

42
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The Coronavirss genus has a helical nucleccapsid, and Torovirus genus has a tubular
nucleccapsid.  The Coronaviridae family of viruses includes Middle East respiratory
syndrome coronavirus {MERS-CoV}, SARS and SARS-CoV-2.

[8614] Coronavirus disease 2019 {(COVID-19) (also referred to as novel
coronavirus pneumonia or 2019-nCoV acute respiratory disease) is an infectious disease
caused by the virus severe respiratory syndrome coronavirus 2 (SARS-CoV-2) (also referred
to as novel coronaviras 2019, or 2019-nCoV). The disease was first identified in December
2019 and spread globally, causing a pandemic. Syroptoms of COVID-19 inclade fever,
cough, shortness of breath, fatigue, headache, loss of smell, nasal congestion, sore throat,
coughing up sputum, pain o mouscles or joints, chills, nausea, vomiting, and diarrhea. To
severe cases, symptoms can include difficalty waking, confusion, blueish face or lips,
coughing up blood, decreased white blood cell count, and Kidney failure. Complications can
include pneumonia, viral sepsis, acute respiratory distress syndrome, and kidney failure.

[0615] COVID-19 is especially threatening to public health. The virus 15 highly
contagious, and studies currently indicate that it can be spread by asymptomatic carriers or
by those who are pre-symptomatic. Likewise, the early stage of the disease is slow-
progressing enough that carriers do not often realize they are infected, leading them to
expose pumerous others to the virus. The combination of COVID-197s ease of transmission,
its high rate of hospitalization of victims, and its death rate make the virus a substantial
public health risk, especially for countries without a healthcare system equipped to provide
supportive care to pandemic-level numbers of patients. There is not yet a vaccine or specific
antiviral treatment for COVID-19 and accordingly, there is a pressing need for treatments or
cures.

{0816} SARS-CoV-2 is not the only coronavirus that causes disease. It is a B-
coronavirus, a genus of coronaviruses that includes other human pathogens, including SARS-
CoV (the causative agent of SARS), MERS-CoV (the causative agent of MERS), and HCoV-
OC43 (a causative agent of the common cold). The infectivity of these viruses, and the
severity of the diseases they cause, varies widely. [-coronaviras can also manifest as
zoonotic infections, spread to and from humans and animals.  Additionally, non-haman
species such as camels, bats, tigers, non-huran primates, and rabbits can be susceptible to -

coronaviras. Accordingly, there is a pressing need for treatments or cures to multiple
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coronaviruses.

(86171 The present disclosure provides molecules useful against coronaviruses,
and especially SARS-CoV-2, the causative agent of COVID-1% in humans. Accordingly, the
present disclosure fuifills the need in the art for compounds that can be safely and effectively
treat or prevent coronavirus infections in humans.

[6818] Picornaviruses are a family of positive strand RNA, nonenveloped viruses.
A picornavirus has 60 identical subunits (vertices} which contain five protomers. Each
protomer 15 made up of one copy of four proteins, named VP, VP2, VP3 and VP4, There
are several gemera of picornaviruses, including, Enterovirus, Aphthovirus, Cardiovirus and
Hepatovirus.  Enteroviruses known to infect human include, but are not Hmited to,
Rhinovirus A, Rbhinovirus B, Rhinovirus €, Coxsackievirus A, Coxsackievirus B and
Poliovirus. There is no specific treatroent for a picornavirus infection.

[O619] Noroviruses are single-stranded  positive-sense RNA, non-enveloped
viruses belonging to the Caliciviridae family. Noroviruses are often spread by the fecal-oral
route, and are a common cause of gastroenteritis. Infected subjects can experience nausea,
non-bloody diarrhea, vomiting and/or abdomunal pain.  Those suffering from a norovirus
infection can become severely dehydrated and require medical attestion.  As with a
picornavirus infection, there is no specific treatment for a norovirus infection. Accordingly,
there is a need for compounds that effectively treat or prevent a picornavirus and/or a

norovirus infection.

Definitions

(66261 Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as is commonly understood by one of ordinary skill in the art. All
patents, applications, published applications and other publications referenced herein are
incorporated by reference in their entirety unless stated otherwise. In the event that there are
a plurality of definitions for a term herein, those in this section prevail unless stated
otherwise.

(66211 Whenever a group is described as being “optionally substituted” that
group roay be unsubstituted or substituted with one or more of the indicated substitueunts.

Likewise, when a group 1s described as being “unsubstituted or substituted” if substituted, the

L1
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substituent{s} may be selected from one or more of the indicated substituents. If no
substituents are indicated, i is meant that the indicated “optionally substituted” or
“substituted” group may be substituted with one or more group(s) (such as 1, 2 or 3}
individually and independently selected from deuterium, alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenvl, arvl, heteroaryl, heterocvelyl, arvl{alkyl), heteroaryl{alkyl), heterocyclyi(alkyl),
hydroxy, alkoxy, acyl, <c¢yanc, halogen, thiocarbonyl, O-carbamyl, N-carbamyl,
O-thiocarbamyl, N-thiocarbamyl, C-amido, N-amido, S-sulfonamido, N-sulfonamido,
C-carboxy, O-carboxy, C-amido(alkyl), isocyanato, thiocyanato, nitro, azido, silyl, sulfenyl,
sulfinvi, suifonyl, haloalkyl, haloalkoxy, trihalomethanesuifonyl,
trihalomethasesulfonamudo, an amino, a mono-substituted amine and a di-substituted amine.

{88221 As used herein, “C, to G 1o which “a” and “b” are integers refer to the
nurober of carbon atoms 1o an alkyl, alkeny! or alkynyl group, or the number of carhon atoms
in the ring of a cycloalkyl, cycloalkenyl, aryl, hetercaryl or heterocyclyl group. That is, the
alkyl, alkenyl, alkynyl, ring of the cycloalkyl, ring of the cycloalkenyl, ring of the aryl, ring
of the hetercaryl or ring of the heterocyclyl can contain from “a” to “b”, inclusive, carbon
atoms. Thus, for example, a “Cy to Cs alkyl” group refers to all alkyl groups having from |
to 4 carbons, that is, CHa-, CH:CHo-, CHCHCHp-, (CHapCH-, CHCHRCHCHa-,
CHCHCH(CH:)- and (CHzppC-. W no “2” and “b” are designated with regard to an alkyl,
atkenyl, alkynyl, cycloalkyl cycloalkenyl, arvl, heteroaryl or heterocyclyl group, the broadest
range described in these definitions is to be assumed.

[6623] As used herein, “alkyl” refers to a straight or branched hydrocarbon chain
that comprises a fully saturated (no double or triple bonds) hydrocarbon group. The alkyl
group may have 1 to 20 carbon atoms {whenever it appears herein, a numerical range such as
“1 to 207 refers to each integer in the given range; e.g., “l to 20 carbon atoms” means that
the alkyl group may consist of 1 carbon atom, 2 carbon atoms, 3 carbon atoms, efc., up to and
including 20 carbon atoms, although the present definition also covers the occurrence of the
term “alky!” where no numerical range is designated). The alkvl group may also be a
medium size alkyl having 1 to 10 carbon atoms. The alkyl group could also be a lower alkyl
having | to & carbon atoms. The alkyl group of the compounds may be designated as “C-Cs
alky!” or similar designations. By way of example only, “Ci-Cy alkyl” indicates that there

are one to four carbon atoms in the alkyl chain, 1.e., the alkyl chain is selected from methyl,
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ethyl, propyl, iso-propyl, n-butyl, iso-butyl, sec-buiyl and t-butyl. Typical alkyl groups
include, but are in no way limited to, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tertiary
butyi, pentyl and hexyl. The alkyl group may be substituted or unsubstituted.

{8024] As used herein, “alkeny!l” refers to an alkyl group that contains in the
straight or branched hydrocarbon chain one or more double bonds. The length of an alkenyl
can vary. For example, the alkenyl can be a Cay alkenyl, Cos alkenyl or Csg alkenyl.
Exarmnples of alkenyl groups include allenyl, vinylmethy! and ethenyl. An alkenyl group may
be unsubstituted or substituted.

[0825] As used herein, “alkynyl” refers to an alkyl group that contains in the
straight or branched hydrocarbon chain one or roore triple bonds. The length of an alkynyl
can vary. For example, the alkynyl can he a Coy alkynyl, Coe alkvnyl or Cog alkynyl
Examples of alkynyls include ethynyl and propynyl. An alkyoyl group may be unsubstitated
or substituted.

[0626] As used herein, “cycloalky!” refers to a completely satarated (no double or
triple bonds) mono- or multi- cyclic hydrocarbon ring system. When composed of two or
more rings, the rings may be joined together in a fused- or spiro-fashion. Cycloalkyl groups
can contain 3 to 10 atoms o the ring(s). 3 to & atoms in the ring{s) or 3 to 6 atoms in the
ring{(s). A cycloalkyl group may be unsubstituted or substituted. Typical cycloalkyl groups
include, but are in no way limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl and cyclooctyl.

{86271 As used herein, “cycloalkeny!” refers to a mono- or multi- cyclic
hydrocarbon ring system that contains one or more double bonds in at least one ring:
although, if there is more than one, the double bonds cannot form a fully delocalized pi-
electron system throughout all the rings {(otherwise the group would be “aryl,” as defined
herein). When composed of two or more rings, the rings may be connected together in a
fused- or spiro-fashion. A cycloalkeny! can contain 3 to 10 atoms in the ring(s) or 3 to 8
atoms in the ring(s). A cycloalkenyl group may be unsubstituted or substituted.

{0628} As used herein, “aryl” refers to a carboceyclic {all carbon) monocyclic or
roulticyclic aromatic ring system (ncluding fused ring systerms where two carbocyclic tings
share a chemical boud) that has a fully delocalized pi-electron system throughout all the

rings. The number of carbon atoros in an aryl group can vary. For example, the aryl group
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can be a Co-Cug aryl group, a Ce-Cip aryl group, or a Cs aryl group.  Examples of aryl
groups include, but are not limited to, benzene, naphthalene and azulene. An aryl group may
be substituted or unsubstituted.

{6829] As used herein, “heteroaryl” refers to a monocyclic, bicyclic and tricyclic
aromatic ring system {a ring system with fully delocalized pi-electron system) that contain(s)
one or more heteroatoms (for example, 1 to 5 heteroatoms), that is, an clement other than
carbon, including but not limited to, nitrogen, oxygen and sulfur. The number of atoms in the
ring(s) of a heteroaryl group can vary. For example, the heteroary] group can contain 4 1o 14
atorns in the ring(s), 5 to 10 atoms in the ring(s) or 5 to 6 atoms in the ring(s). Furthermore,
the term “heteroary!l” includes fused ring systems where two rings, sech as at least one aryl
ring and at least one heteroaryl ring, or at least two heteroary! rings, share at least one
chemical bond. Examples of heteroaryl tings include, but are not limited to, furan, furazan,
thiophene, benzothiophene, phthalazine, pyrrole, oxazole, benzoxazole, 1,2 3-oxadiazole,
1,2, 4-oxadiazole, thuarole, 1,2.3-thiadiavole, 1,2,4-thiadiazole, benrothiazole, nmdaroie,
benzimidazole, indole, indazole, pyrazole, benzopyrazole, isoxazole, benzoisoxazole,
isothiazole, triazole, benzotriazole, thiadiazole, tetrazole, pyridine, pyridazine, pyrimidine,
pyrazine, purine, pteridine, guinoling, isoguinoline, guinazolineg, guinoxaline, cinnoline and
triazine. A hetercaryl group may be substituted or unsubstituted.

{H838] As used herein, “heterocyclyl” refers to a monocychic, bicyclic and
tricyclic ring system wherein carbon atoms together with from 1 to 5 heteroatoms constitute
said ring system. A heterocycle may optionally contain ope or more upsaturated bonds
situated in such a way, however, that a fully delocalized pi-electron system does not occur
throughout all the rings. The number of atoms in the ring(s) of a heterocyclyl group can
vary. For example, the heterocyclyl group can contain 4 to 14 atorns in the ring(s), 5 to 10
atoms in the ring(s) or 5 to 6 atoms in the ring(s). The heteroatom(s) is an element other than
carbon including, but not limited to, oxygen, sulfur and nitrogen. A heterocycle may further
contain one or more carbonyl or thiocarbonyl functionalities, so as to make the definition
include oxo-systerns and thio-systems such as lactams, lactones, cyelic imades, cyelic
thioimides and cyclic carbamates. When composed of two or more rings, the rings may be
joined fogether in a fused fashion. Additionally, any nitrogens in a heterocyclyl may be

guaternized. Heterocyclyl groups may be unsubstituted or substitated.  Examples of such
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“heterocyclyl groups include but are not limited to, 1,3-dioxin, 1,3-dioxane, 1 4-dioxane, 1,2~
dioxolane, 1,3-dioxolane, 1,4-dioxolane, 1,3-oxathiane, 1,4-oxathiin, 1.,3-oxathiolane, 1,3-
dithiole, 1,3-dithiclane, 1.4-oxathiane, tetrahydro-1,4-thiazine, 2H-1,2-oxazine, maleinmide,
succinimide, barbituric acid, thiobarbituric acid, dioxopiperazine, hydantoin, dihydrouracil,
trioxane, hexahydro-1,3,5-triazine, imidaroline, imidazolidine, isoxazoline, isoxazolidine,
oxazoline, oxazolidine, oxazolidinone, thiazoline, thiazolidine, morpholine, oxirane,
piperidine N-Oxide, piperidine, piperazine, pyrrolidine, pyrrolidone, pyrrolidione, 4-
piperidone, pyrazoline, pyrazolidine, 2-oxopyrrolidine, tetrahydropyran, 4H-pyran,
tetrahvdrothiopyran, thiamorpholine, thiamorpholine suifoxide, thiamorpholine sulfone and
their  benzo-fused analogs (e.g., bevnzimidazohidinone, tetrahydroquinoline and 3.4-
methylenedioxyphenyl).

(6631} As wused herein, “cycloalkyl{alkyl)” refers to an cycloalkyl group
connected, as a substituent, via a lower alkylene group. The lower alkylene and cycloalkyl
group of an cycloalkyl{alkyl) may be substituted or unsubstituted. A cycloalkyl{alkyl) group
may be unsabstituted or substituted.

[6632] As used herein, “arylalkyl)” refer to an aryl group conmected, as a
substituent, via a lower alkvlene group. The lower alkylene and aryl group of an aryl{alkyl)
may be substitoted or unsubstituted. Examples inchede bot are not limited to benzyl, 2-
phenyl(alkyl}), 3-phenyl{alkyl}, and naphthyl{alkyl).

{6633] As used herein, “heteroaryi{alkyl)” refer to a heteroaryi group connected,
as a substituent, via a lower alkylene group. The lower alkylene and heteroaryl group of
heteroaryi{alkyl} may be substituted or unsubstituted. Examples include but are not limited
to  Z-thienyi{alkyl},  3-thienylalkyly, furyl(alkyl), thienyl{alkyl), pyrrolyi{alkyl),
pyridvi{alkyl}, isoxazolyl{alkyl), imidazolyl(alkyl), and their benzo-fused analogs.

{60341 A “heterocyclyl{alkyl)” refer to a heterocyclic group connected, as a
substituent, via a lower alkylene group. The lower alkvlene and heterocyclyl of a
heterocyclyl{alkyl) may bhe substituted or unsubstituted.  Hxamples include but are not
hmited  tetrahydro-2H-pyran-4-vi{methyl), piperidin-4-vi{ethyl), pipetidin-4-yvl{propy!),
tetrahydro-2H-thiopyran-4-ylHmethyl) and 1,3-thiazinan-4-yl(methy).

{0835] “Lower alkylene groups” are straight-chained -CHj- tethering groups,

forming bonds to connect molecular fragments via their terminal carbon atoms. Examples
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include but are not limited to methylene (-CHjz-), ethylene (-CH;CHb-), propylene (-
CH2CHLCH:-) and butylene (-CH:CHCH2CHp-). A lower alkylene group can be substituted
by replacing ong or more hydrogen of the lower alkyvlene group with a substituent(s) listed
under the definition of “substituted.” Further, when a lower alkylene group is substituted, the

lower alkylene can be substituted by replacing both hydrogens on the same carbon with a

N/

cycloalkyl group {e.g., (- 3

[6636] As used herein, “alkoxy” refers to the formula ~OR wherein R is an alkyl,
an alkenyl, an alkvnyl, a cycloalkyl, a cycloalkenyl, an aryl, a heteroaryl, a heterocyclyi, a
cycloatkyl{alkyl), an aryl{alkyD), a hetercaryl{alkyl) or a heterocyclyl{alkyl} is defined herein.
A non-limiting fist of alkoxys are methoxy, ethoxy, n-propoxy, 1-methylethoxy (isopropoxy),
n-butoxy, iso-butoxy, sec-butoxy, tert-butoxy, phenoxy and benzyloxy. o some jostances,
an alkoxy can be —~OR, wherein R is an unsubstituted Cig alkvl. An alkoxy may be
sabstituted or ansubstituted.

{88371 As used herein, “acyl” refers to a hydrogen, an alkyl, an alkenyl, an
alkynyl, a cycloalkyl, a cycloalkenyl, an aryl, a heteroaryl, a heterocyelyl, an aryl{alkyl}, a
heteroarvi{alkyl) or a heterocyclylalkyl} connected, as substituents, via a carbonyl group.
Examples mchide formyl, acetyl, propanoyl, benzoyl and acryl. An acyl may be substituted
or unsubstituted.

[6638] As used herein, “haloalkyl” refers to an alkyl group in which one or more
of the hydrogen atoms are replaced by a halogen (e.g., mono-haloalkyl, di-haloalkyl and tri-
haloalkyl). Such groups include but are not limited to, chloromethyl, flooromethyl,
ditfluoromethyl, trifluoromethyl, 1-chloro-2-flucromethyl and 2-fluoroisobutyl. A haloaikyl
may be substituted or unsubstituted.

{6839] As used herein, “haloalkoxy” refers to a O-alkyl group and O-monocyclic
cycloalkyl group in which one or more of the hydrogen atoms are replaced by a halogen
{e.g., mono-haloalkoxy, di- haloalkoxy and tri- haloalkoxy). Such groups include but are not
limited to, chloromethoxy, fluoromethoxy, difluoromethoxy, trifluoromethoxy, [-chloro-2-
fluoromethoxy, 2-fluoroisohutoxy, chloro-substituted  cyclopropyl,  fluoro-substituted
cyclopropyl, chloro-substitited cyclobutyl and fluoro-substituted cyclobutyl,  In some

instances, a haloalkoxy can be ~OR, wherein R is a Ciq alkyl substituted by 1, 2 or 3

10
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halogens. A haloalkoxy may be substituted or unsubstituted.

{H848] A “sulfenyl” group refers to an “-SR” group in which R can be hydrogen,
an alkyl, an alkenyi, an alkvnvi, a cyclealkyl, a cycloalkenyl, an aryl, a heteroarvl, a
heterocyclyl, an aryi(alkyi), a heteroaryl{alkyl) or a heterocycivi{alkvi). A suifenyl may be
substituted or unsubstituted.

(60411 A “sulfinyl” group refers to an “-S(=0)-R” group in which R can be the
same as defined with respect to sulfenyl. A sulfinyl may be substituted or unsubstituted.

166421 A “sulfonyl” group refers to an “SOR” group in which R can be the same
as defined with respect to sulfenyl. A sulfony! may be substituted or unsubstituted.

[0643] An “O-carboxy”™ group refers to a2 “RC=0)0-" group in which R can be
hydrogen, an alkyl, an alkenyl, an alkynyl, a cycloalkyl, a cycloalkenyl, an aryl, a heteroaryl,
a heterocyclyl, an arylalkyl), a hetercaryl{alkyl) or a heterocyclyl{alkyl), as defined herein.
An O-carboxy may be substituted or unsubstituted.

(6044 The terms “ester” and “C-carboxy” refer to a “~C{=0)0R” group in which
R can be the same as defined with respect to O-carboxy.  An ester and C-carboxy may be
substituted or unsubstituted.

[B045] A “thiocarbonyl” group refers to a “~C{=8)R” group in which R can be
the same as defined with respect to O-carboxy. A thiocarbonyl may be substituted or
unsubstituted.

)

{6846] A “trihalomethanesulfonyl” group refers to an “XaCS0»-" group wherein
each X is a halogen.

186471 A “trihalomethanesulfonamido” group refers to an “XCS{OpNERAW
group wherein each X is a halogen, and Ra is hydrogen, an alkyl, an alkenyl, an alkynyl, a
cycloatkyl, a cycloalkenyl, an arvl, a heteroaryl, a heterocyclyl, an aryvl(alkyl), a
hetercaryi(alkyl) or a heterocyclyl{alkyl}.

[6848] The term “amino” as used herein refers to a ~-NH; group.

{60491 As used herein, the termn “hydroxy” refers to a ~OH group.

[0654] A “eyano” group refers to a “—CN” groap.

(68511 The term “azido” as used herein refers to a —N3 group.

[0852] An “isocyanato” group refers to a “=NCO” group.

[0653] A “thiocyanato” group refers to a “=SCN” group.

11



WO 2023/283256 PCT/US2022/036242

{6654 ] An “isothiocyanato” group refers to an “-NCS” group.

{H055] A “mercapto’ group refers to an “-SH” group.

{6856] A “carbonyl” group refers to a -C{=0)- group.

{30571 An “S-sulfonamido” group refers to a “~SC:N(RaRpY” group in which Ra

and Rep can be independently hydrogen, an alkyl, an alkenyl, an alkynyl, a cycloalkyl, a
cycloatkenyl, an arvl, a heteroaryl, a heterocyclyl, an arvi{alkyl), a heteroarvi(alkvl) or a
heterocyclyl(alkyl). An S-sulfonamido may be substituted or unsubstituted.

[0658] An “N-sulfonamido” group refers to a “RSON(RA-" group in which R
and Ra can be independently hydrogen, an alkyl, an alkenyl, an alkynyl, a cycloalkyl, a
cycloatkenvl, an aryl, a heteroaryl, a heterocyelyl, an aryl{alkyl), a heteroaryi{alkyl) or a
heterocyclyl(alkyl). An N-sulfonamido may be substituted or unsubstituted.

[0659] An “O-carbamyl” group refers to a “~OC(=0)N(RaRp)” group in which
Ra and Rg can be independently hydrogen, an alkyl, an alkenyl, an alkynyl, a cycloalkyl, a
cycloatkenvl, an aryl, a heteroaryl, a heterocyelyl, an aryl{alkyl), a heteroaryi{alkyl) or a
heterocyelyl{alkyl). An O-carbamyl may be substituted or unsubstituted.

[6868] An “N-carbamyl” group refers to an “ROC(=0)N(RA}" group in which R
and Ra can be independently hydrogen, an alkyl, an alkenyl, an alkynyl, a cycloalkyi, a
cycloalkenyl, an aryl, a heteroaryl, a heterocyclyl, an aryl(alkyl), a heteroaryl{alkyl} or a
heterocyclyl{alkyl). An N-carbamyl may be substituted or unsubstituted.

18661} An “O-thiocarbamyl” group refers to a “~OC(=5)-N{RaRgr)" group in
which Ra and Rp can be independently hydrogen, an alkvi, an alkenyl, an alkynyl, a
cycloatkyl, a cycloalkenyl, an arvl, a heteroaryl, a heterocyclyl, an aryl{alkyl), a
hetercarvl(alkyl}) or a heterocyclyl{alkyl}. An O-thiocarbamy! may be substituted or
unsubstituted.

[8062] An “N-thiocarbamyl” group refers to an “ROC{(=85)N(Ra}-" group in
which R and Ra can be independently hydrogen, an alkyl, an alkenyl, an alkynyl, a
cycloalkyl, a cycloalkenyl, an aryl, a heteroaryl, a heterocyclyl, an arvi{alkvl), a
heteroarvl{alkyly or a heterocyelyl{alkyl).  An N-thiocarbaroyl may be substituted or
unsubstituted.

{0863] A “Cramido” group refers to a “~C{=0)N{RaRg)” group in which Ra and

Ra can he independently hydrogen, an alkyl, an alkenyl, an alkynyl, a cycloalkyl, a
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cycloatkenyl, an aryl, a hetercarvl, a heterocyclyl, an arvi{alkyi), a heteroaryi{alkyl} or a
heterocyclyi{alkyl). A C-amido may be substituted or unsubstituted.

18664} An “N-amido™ group refers to a "RCE=OIN(R A" group in which R and
Ra can be independently hydrogen, an alkyi, an alkenyi, an alkynyl, a cyclealkyl, a
cycloalkenvl, an aryl, a heteroaryl, a heterocyclyl, an aryl{alkvl), a heteroaryl{alkyl} or a
heterocyclyl{alkyl). An N-amido may be substituted or unsubstituted.

[6865] A “mono-substitated amine” refers to a “~NHRA” in which Ra can be

independently an alkyl, an alkenyl, an alkynvl, a cycleoalkyl, a cycloalkenyl, an aryl, a

T

heteroaryl, a heterocyclyi, an aryialkyl), a heteroaryi{alkyly or a heterocyclyi(alkyl). A
mono-substituted amine may be substituted or unsubstituted.  In some instances, a
mono-substituted amine can he -NHR A, wherein Ra can he an onsubstituted Ci.s alkyl or an
unsubstituted or a substituted benzyl

[B8866] A “di-subsiitated amine” refers to a “~NRARgs” in which Ra and Rg can be
independently can be independently an alkyl, an alkenyl, an alkynyl, a cycloalkyl, a
cycloalkenyl, an aryl, a hetercaryl, a heterocyelyl, an aryl{alkyly, a hetercarvi{alkyl) or 2
heterocyelyl{alkvl). A mono-substituted amine may be substituted or unsubstituted. In some
mstances, a mono-substituied amine can be —NRARy, wherein Ba and Ry can be
independently an unsubstituted Cig alkyl or an unsubstituted or a substituted benzyl.

188671 A “ketoamide” group refers to a ~C{=0)-C{=0N{RARz) group in which
Ra and Rp can be independently hydrogen, an alkyl, an alkenyl, an alkynyl, a cycloalkyl, a
cycloatkenyl, an arvl, a heteroarvi, a heterocyelyl, an aryl{alkyi), a heteroarvi{alkyvl) or a
heterocyclyl{alkyl). A ketoamide may be substituted or unsubstituted.

[8668] The term “halogen atom” or “halogen” as used herein, means any one of
the radin-stable atoms of column 7 of the Perindic Table of the Elements, such as, fluorine,
chlorine, bromine and iodine.

[086%] Where the numbers of substituents is not specified {e.g. haloalkyl), there
may be one or more substituents present. For exaraple “haloalkyl” may include one or more
of the same or different halogens. As another example, “C1-Cz alkoxyphenyl” may include
one or more of the same or different alkoxy groups containing one, two or three atoms.

[0674] As used herein, the abbreviations for any protective groups, amino acids

and other compounds, are, unless indicated otherwise, in accord with their common usage,
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recognized abbreviations, or the JUPAC-HUB Commission on Biochemical Nomenclature
{See, Biochem. 11:942-944 (19723

{6871] The term “pharmaceutically acceptable salt” refers to a salt 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,
the salt is an acid addition salt of the compound. Pharmaceutical salts can be obtained by
reacting a compound with inorganic acids such as hydrohalic acid {(e.g., hydrochloric acid or
hydrobromic acid), sulfuric acid, nitric acid and phosphoric acid. Pharmaceutical salts can
also be obtained by reacting a compound with an organic acid such as aliphatic or aromatic
carboxylic or sulfonic acids, for example formic, acetic, succinic, lactic, malic, tartaric, citric,
ascorbic, nicotinic, wmethanesulfonic, ethanesulfonic, p-toluenesulfonic, salicvlic or
naphthalenesulfonic acid. Pharmaceutical salts can also be obtained by reacting a corapound
with a base to forrn a salf such as an aromoninm salf, an alkall metal salf, such as a sodivm or
a potassium salt, an alkaline earth metal salt, such as a calcium or 2 magnesiom salt, a salt of
organic bases such as dicyclohexylamine, N-methyl-D-glucamine,
tris{hydroxymethyDmwethylamine, Ci-Cy  alkylamine, cyclohexylamine, triethanolamine,
ethylenediamine, and salts with amino acids such as arginine and lysine.

166721 Terms and phrases used in this application, and variations thereof,
especially in the appended claims, unless otherwise expressly stated, should be construed as
open ended as opposed to himiting. As examples of the foregoing, the term ‘including’
should be read to mean ‘including, without Himitation,” ‘including but not limited to,” or the
like: the term ‘comprising’ as used herein 1s synonymous with ‘including,” ‘containing,” or
‘characterized by,” and is inclusive or open-ended and does not exclude additional, unrecited
elements or method steps; the term ‘having’ should be interpreted as ‘having at least;” the
term “includes’ should be interpreted as “includes but is not limited to;” the term ‘exarople” is
used to provide exemplary instances of the item in discussion, not an exhaustive or limiting
fist thereof. In addition, the term “comprising” is to be interpreted synonymously with the
phrases "having at least” or "incloding at least”. When used in the context of a compound or
composition, the term "comprising” means that the coropound or composition includes at
least the recited features or components, but may also include additional features or

componenis.
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{6873] With respect to the use of substantially any plural and/or singular terms
herein, those having skill in the art can translate from the plural to the singular and/or from
the singular to the plural as is appropriate to the context and/or application. The various
singular/plural permutations may be expressly set forth herein for sake of clarity. The
indefinite article “a” or “an” does not exclude a plurality.

{66741 It is understood that, in any compound described herein having one or
more chiral centers, if an absolite stereochemistry 18 not expressly indicated, then each
center may independently be of (R)-configuration or (S)-configuration or a mixture thereof.
Thus, the compounds provided herein may be enantiomerically pure, enantiomerically
enriched, racemic wixture, diastereomerically pure, diastereomerically emriched, or a
sterepisorperic mixwre. In addition it s understood that, in any compound described herein
having one or more double bond(s} generating geometrical isomers that can be defined as E
or 7, each double bond may independently he H or Z a wixture thereof. Likewise, it i3
understood that, in any compound described, all tautomeric forros are also intended to be
included.

[8875] It is to be understood that where compounds disclosed herein have unfilled
valencies, then the valencies are to be filled with hydrogens or isotopes thereof, e.g.,
hydrogen-1 {protium} and hydrogen-2 (deuterium).

[8676] It is understood that the compounds described herein can be labeled
isotopically.  Substitution with isotopes such as deuterium may afford certain therapeutic
advantages resulting from greater metabolic stability, such as, for example, increased in vivo
half-life or reduced dosage requirements. Each chemical element as represented in a
compound structure may include any isotope of said element. For example, in a compound
structure a hydrogen atom may be explicitly disclosed or understood to be present in the
compound. At any position of the compound that a hydrogen atom may be present, the
hydrogen atom can be any isotope of hydrogen, including but pot limited to hydrogen-1
{protium) and hydrogen-2 {deuterium). Thus, reference herein to a compound encompasses
all potential isotopic forms anless the context clearly dictates otherwise.

106771 Where a range of values is provided, it 1s understood that the upper and
lower liroit, and each intervening value between the apper and lower liroit of the range is

encompassed within the embodiments.
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Compounds

18678} Some embodiments disclosed herein relate to a compound of Formula (1,

or a pharmaceutically acceptable salt thereof:

‘:}!\»

SN é}\/

wherein: Ring A' can be , ; =

o e

pd
.,
z..
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and , and wherein Ring A' can be optionally substituted with one or more
moicties independently selected from =0, =CH,, deuterium, halogen, hyvdroxy, an
unsubstituted Ci alloyl, an unsebstituted Ci haloalkyl, an vosubstituted Cos alkenyl and an
unsubstituted ot a substituted Cas monocyclic cycloalkyl R! can be selected from cyano, an
unsubstituted or a substituted Cos alkynyl, an onsubstitted or a sehstituted acyl, an
pnsubstitated or a substitated ketoamide, —CHOH)-(5(=01-0"), -CHORE{(P=0X0OR)
and —C(:O)CHQ—O~((P:O}(OR7)2}; each R® and each R7 can be independently hydrogen, an
unsubstituted Cig alkyl, an unsubstituted Coe alkenyl, an unsubstituted Cis haloalkyl, an
unsubstituted or a substituted aryl or an unsubstituted or a substitated aryi(Cia alkyD); R? can
be hydrogen, deuterium or halogen; R” can be an unsubstituted or a substituted monocyclic
nitrogen-containing  heterocyclyl{(Cia alkyl)y, an unsubstituted or a substituted bicyclic
nitrogen-containing heterocyclvli{Ci.4 alikyl) or an unsubstituted or a substituted monocyclic

nitrogen-containing hetercaryl{C .4 alkyl); R* can be hydrogen, deuterium or halogen; R® can
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be R H , R™ Rm, a substituted monocyclic (s cycloalkyl or a substituted 4- to
6-membered monocyclic heterocyclyl; R? and R*C can be independently selected from an
unsubstituted or a substituted Cos alkyl, an unsubstituted or a substituted Css alkenyl, an
unsubstituted or a substituted Czs alkynyl, an unsubstituted or a substituted monocyclic Csg
cycloalkyl, an unsubstituted or a substituted bicyclic Cs.s cycioalkyl, an unsubstituted or a
substituted monocyclic 4- to 6-membered heterocyclyl and an unsubstituted monocyelic Csg
cycloalkyl{CHz)—, wherein when the (o6 alkyl is substituted, the Ca.5 alkyl can be substituted
I, 2, 3 or 4 times with a substituent independently selected from halogen, cyano, an
unsubstituted or a substituted monocyclic Css cycloalkyl, an unsubstituted Ci14 alkoxy and
an unsuhstituted Ci.4 haloaltkoxy, or the Ca.s alkyl is substituted 1 to 13 times with deuterium;
wherein when the Co.s alkenyl, the Cos alkynyl, the monocyclic Cas cycloalkyl, the bicyclic
Cs.s cycloalkyl and the monocyclic 4- to 6-membered heterocyclyl are substituted, the Cos
alkenyl, the Co6 alkynyl, the monocychic Cig eycloaliyl, the bicyclic Css cycloalkyl and the
monocychic 4- to 6-membered heterocyelyl can be substituted 1, 2, 3 or 4 times with a
substituent independently selected frorn halogen, an unsehstituted Cis alkyl, an onsubstitated
Co alkenyl, an unsubstituted Cou alkynyl, an ansubstitated Cig haloalkyl, an unsubstituted
or a substituted monocyclic Cas cycloalkyl and an unsubstituted Cia alkoxy; R” can be
selected from an unsubstituted or a substituted Cre alkyl, an unsubstitated or a substituted Cy
s haloalkyl, an unsubstituted or a substituted monocyclic Cag cycloalkyl, an unsubstituted or
a substituted bicyelic Cse cycloalkyl, an unsubstituted or a substituted monocyclic hetervaryl
and an unsubstituted or a substituted monocyclic heterooyelyl, wherein the substinuted Ci
alkyl is substituted 1 or 2 times with an unsubstituted Ci.4 alkoxy, wherein the substituted
monocyclic Csg cycloalkyl is substituted 1, 2, 3 or 4 times with a substituent independently
selected from halogen, an unsubstituted i1 alkyl, an unsubstituted i alkoxy, an
unsubstituted Ci.4 haloalkyl and an unsubstituted monocyclic Csg cycloalkyl, and wherein
the substituted Ci.6 haloalkyl is substituted 1 or 2 times with an unsubstituted .4 alkoxy;
and RY can be an optionally substituted monocyclic 4- to 6-membered heterocyclyl, —
{NH)y—an optionally substituted 5- to 6-membered monocyclic heteroaryl, ~O-an optionally
substituted Cis alkyl, —~O-an optionally substituted Cas cycloalkyl and —~O-an optionally

substituted Cs.x cycloalkyl{Ciy alkyl), wherein mcan be O or 1.

[RY
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[66749] The substituent R’ can be various moieties. In some embodiments, R' can
be an unsubstituted ketoamide. In some embodiments, R' can be a substituted ketoamide.
The ketoamide can have the structure —C(=03-C(=0)NRY'R. In some embodiments, R' can
be an acyl, for example, R' can be ~C(=03H, ~C(=0)an unsubstinted i« alkyl),
—C{(=0(an unsubstitited to a substituted benzyl), —C(=0){an unsubstituted o a substituted
monocyclic heteroarvl) or —C{=0}an unsubstituted to a substituted bicyclic heteroaryl). In
some embodiments, R! can be a substituted acyl. The acyl for R! can have the structure
~C{=0NRY2. When the acyl is substituted, the possible groups that can be present on the acyl
include hydroxy, a substituted or an unsubstituted alkoxy {such as ~O—{an unsubstituted Cra
altkyl), —O—{(an unsubstituted Css cycloalkyl), a substituted or an snsubstituted phenoxy or a
substitated or an ansubstituted benzyloxy) or —O-(C=0)-(an vnsubstiteted Cis alkylD). In
some erobodiments, R can be an unsubstituted can be —~C(=0)-N-sulfonamido.

[8688] R¥ R and R? can he a variety of groups. In some ermnbodiments, Ry,
RY? and R*' can be independently selected from hydrogen, Cie alkyl, Cog alkenyl, Cos
atkynyl, Ca cycloalkylt {for example, a monocyelic sy cycloalkyl), Csae cycloalkenyl (such
as a monocychic Cap cycloalkenyl), aryl (such as phenyl or naphthyl), heteroaryl {including a
monocyclic or a bicyclic heteroaryl), heterocyclyl (for example, a monocyclic or a bicychic
heterocyclyl), aryl{aliyl) (such as benzyl), heterocaryl{alkyl) (inclading a monocyclic
heteroaryli{CH» ) and a monocyclic (heteroary{CHCH>)-) or heterccyclyl{alkyl) (such as a
monocyclic heterocyclyl{CH» ) and a monocyciic heterocyclyl{(CHCH:)-), wherein each of
the aforementioned RY', R and R* groups can be unsubstituted or substituted. In some
embodiments, R¥', R*> and R” can be independently selected from H, Cis alkyl, an
unsubstituted C1.4 haloalkyl (including ~CFs, -CCls, ~CHF», ~C{CH3)F2, ~CHCh, ~-CHoF, -
CH{CH:F, ~CH:CF:, ~CHo(Cl, ~CHCHF, -CHCH.CI, ~CH-CHxCH-F and
CH-CHCH:CL, ~Cha alky{OH) (oncluding -CH2OH, ~-CHCH>OH and ~CH(CH:)OH), ~
Crs alkyl(Cra alkoxy) (such as —~CH»O{an unsubstituted Crs alkyly and —~CHxCH-O(an
unsubstituted Cia alkyl)), ~Chie alkyl-O-(a monocyelic Cis cycloalkyly (such as ~CH2O(a

monocychic Cag cycloalkyl), —CH2CHoO(a monocyclic Cas cycloalkyl)), —Cig alkyl-O-
{(pheayl) (for example, ~CH,O(phenyl) and —-CHCH>O(pheny!)), —Ciy alkyl-O-(5- to 6-
mernbered monocyclic  heteroarvl) (such as —CHxO(5- to 6-membered ronocyclic

heteroaryl) and —CHCH»O(5- to 6-membered monocyclic hetercaryly), —Cig alkyl-0-(5- to
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6-membered monocyclic heterocyclyl) {for example, ~CH2O(5- to 6-membered monocyclic
heterocyclyl) and ~CHxCUCH-O(5- to 6-membered monocyclic heterocyelyl)y, ~Cia alkyl-O-(a
monocyclic Cas cycloalkyHCia alkyl) (such as -Cig alkyl-O-CHo-(monocyciic Ui
cycloalkyl}y and —Crg abyl-O-CH2CHo-(monocyclic Cas cycloalkyl)), ~Cia alkyl-O-(benzyl)
{for example, ~CHoO(benzyl} and —~CHyCH2O(benzyly), —Cig alkyl-O-(5- to 6-membered
monocyclic  heteroaryl{Ciy  alkyl), -Cis  alkyl-O-(5- to  6-membered monocyclic
heterocvelvi(Crg alkvly, ~Cry alkyl-O(C=0xan unsubstituted Cie alkyl) (for example, —
CHoO(C=O)an  unsubstituted  Cie  alkyl)), a monocyclic Cag cycloalkyl {(such as
cyclopropyl, cyclobutyl, cyclopentyl, cyelohexyl, cycloheptyl and cyclooctvl), a monocychic
heteroary] {such as imidazole, 1,34-oxadiazole and pyridinyl), a monocyelic heterocyclyl
{{for example, tetrahydrofuran and tetrahydropyran), a bicychic heteroaryl (for example,
benzothiazole, benzoirmidazole and benzooxazole), a bicyclic heterocyclyl, a monocychic Cas
cycloalkyl{alkyl), arvi(alkyl) (such as benzyl), heteroaryi{alkyl) (for example, a monocyclic
heteroaryl-(CHp)—, such as pyridingl<(CH2)—) and heterocyclyi(alkyl) (for example, a
monocyclic heterocyelyl<(CHz)—), wherein each of the aforementioned RY!, RY? and R*!
groups can be unsubstituted or substituted.

(8681} In some embodiments, R’ can be ~C(=(HRY?, wherein RY” can be —Cu4
alkyHOH) (such as —CHOH). In some embodiments, R' can be ~C(=0)-C=0NRY R
wherein RY' can be H: and R can be any of the moieties Hsted for R? in the previous
paragraph. In some embodiments, R' can be ~C(=0)-C(=0)NRY'R?'; wherein R can be H;
and R” can be a monocyclic (55 cycloalkyl (for example, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycioheptyl and cyclooctyl).

{8082] Prodrug-type and phosphate-containing moieties can be present at R'. In
some embodiments, R' can be ~-CH(OH)-(8(=0}2-07). In other embodiments, R' can be
CH(OH)(P=0YOR%),), wherein each R® can be independently hydrogen, an unsubstituted
Cis alkyl, an unsubstituted (o6 alkenyl, an unsubstituted Ci.s haloalkyl, an unsubstituted or a
substituted aryl or an unsubstituted or a substitwted aryl{Cia alkyly.,  In still other
emobodiments, R! can be —CEOH-O-((P=0XOR)»), wherein each R’ can be
independently hydrogen, an unsubstituted Cie alkyl, an unsubstituted Cog alkenyl, an
unsubstituted Cie haloalkyl, an unsubstituted or a sohstituted aryl or an unsubsttuted or a

sahstituted aryl(Crs alkyD). Other exaroples of R® and R groups include methyl, ethyl, o-
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propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, tert-butyl, pentyl (straight-chained and
branched), hexyl (straight-chained and branched), ethenyl, propenyi, butenyl, pentenyl,
hexenyl, chloromethyl, flucromethyl, diffuoromethyl, dichloromethyl, trifluoromethyl,
trichloromethyl, an unsubstituted or a substituted phenyl and an unsubstituted or a substituted
benzyi.

[6883] In some embodiments, R' can be cyano. In other embodiments, R! can be
an unsubstituted Cas alkynyl. In still other embodiments, R} can be a substituted Cas
alkynyl. The Cos alkynyl can have various structures. For example, the Cos alkynyl can

have the structure —{CH2):-Cos alkynyl or «(CH2)2-Cog alkynyl

"“;vm
(6684 ] As described hersin, Ring Al can be , wherein Ring A' can be
e
LN
{"\E/
optionally substituted. Tn some embodiments, Ring A’ can be an unsubstituted . In
R
SN
other embodiments, Ring A' can be a substituted . In still other embodiments, Ring
";\f\n
SN
Al can be an unsubstituted . In vyet still other embodiments, Ring A! can be a
N R
gy SN
substituted ™~ . In some embodiments, Ring A' can be an unsubstituted . In
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other embodiments, Ring A’ can be a substituted . In still other embodiments, Ring
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Al can be an unsubstituted . In yet still other embodiments, Ring A' can be a
e
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substituted . Tn some embodiments, Ring A’ can be an unsubstituted . In
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other embodiments, Ring A' can be a substimted . In still other embodiments, Ring
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A' can be an unsubstituted . In yet still other embodiments, Ring A' can be a
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substituted ; . In some embodiments, Ring A' can be an unsubstituted . In
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other embodiments, Ring A' can be a substituted In still other embodiments, Ring
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Al can be an unsubstituted . In yet still other embodiments, Ring A' can be a

e
N

substituted . Those skilled in the art understand that the nitrogen shown in each of

the ring structures for Ring A' corresponds to the ring nitrogen shown in Fornmula (1), and the
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carbon adjacent to the ring nitrogen with the ™~ corresponds to the carbon to which R% is

gon
=4

then a compound of Formula (I), or a pharmaceutically acceptable salt thereof, can have the

attached. For example, those skilled in the art understand that when Ring Alis

following structure:
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RZ
HN)<R‘!

Ok

N
N0
is
[6885] As provided herein, Ring Al can be substituted with one or more moieties

independently selected from =0, =CH:, deuterium, halogen, hydroxy, an unsubstituted Cis
alkyl, an unsubstituted Ci.4 haloalkyl, an unsubstituted Co.4 alkeny! and an unsubstituted or a
substituted Cae monocyclic cyeloalkyl. Example of suitable suhstituents that can be present
in Ring A! include halogen (such as F or C1), an unsubstituted Ciu alkyl (for example,
moethyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-hatyl, sec-butyl and tert-butyl), an
unsubstituted Crg haloalkyl (ncluding —CFs, —-CCh, -CHF,, —C{CH)¥,, CHCh, -CHoF, —
CHCHF, -CHxCFs, -CHCL  -CHCHoF, —-CHCHCL  -CHCHCHRF and -
CHoCHLCHRC), an unsubstituted Cog alkenyl (such as ethenyl, propenyl and butenyl) and an
unsehstitited or a substitnted Cis monocyelic cycloalkyl (for example, cyclopropyl,
cyclobutyl, cyclopentyl and cyclohexyl). When Ring Al is substituted by an unsubstituted or
a substituted Csg monocyclic cycloalkyl, the ansubstituted or a substituted Cyis monocyclic
cycloalkyl can replace one hydrogen. In some embodiments, an unsubstituted or a
substituted Cs.6 monocyclic cycloalkyl can replace two hydrogens of Ring A' such that the
unsubstituted or a substituted Ca.¢ monocyclic cycloalkyl is connected to Ring A' in a spiro-

fashion. Examples of an unsubstituted or a substituted Cas monocyclic cycloaikyl replacing
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two hydrogen of Ring A' includes the following: g}\ .
, wherein each can be unsubstituted or substituted as described herein. Examples of

ey
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Ring Al include, but are not limited to, the following:
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{68861 In some embodiments, R can be hydrogen. Tn other ersbodiments, R* can

be deuterinm. In still other embodiments, RY can be halogen (such as fluoro or chloro).

(66871 As provided herein R® can be a non-hydrogen substituent selected from an
unsubstituted or a substituted monocyclic nitrogen-containing heterocyclyl{Cis alkyl) and an
unsubstituted or a substituted bicyclic pitrogen-containing heterocyclylCig alkyl). In some
embodiments, R’ can be an unsubstituted monocyclic nitrogen-containing heteroaryl{(Ci .
atkyl). In other embodiments, R® can be a substituted monocyclic nitrogen-containing
heteroaryi{Cis alkyl). In still other embodiments, R? can be an unsubstituted bicyclic
nitrogen-containing heterocyclyl{(Ci4 alkyl). In yet still other embodiments, RY can be a
substituted bicyclic nitrogen-containing heterocyclyl{(Ciag alkyl). When R' is a bicyclic
nitrogen-containing heterocyclyi(Ci4 alkyl), the two rings of the bicyclic heterocyelyl can be
connected in a fused-fashion (including bridged-fashion) or a spiro-fashion. In some
embodiments, R* can be an unsubstituted monocyclic nitrogen-containing heteroaryl(Cra
alkyl). In other embodiments, R’ can be a substituted monocyclic nitrogen-containing
heteroaryli{(Cig alkyl).

{8888} Those skilled in the art understand that when two rings are connected io a

spiro-fashion, the two rings are connected by a siogle ring atom.  For examople, in the

structire rings C1 and CZ are joined in a spiro-fashion. When two rings described
herein are connected in a fused-fashion, the two rings are connected by two or more ring

atoms. In some instances, the two rings can be connected by two adjacent ring atoras. As an
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example, rings D1 and D1 are connected in a fused-fashion by two adjacent ring atoms

In sorpe instances, two rings described herein can be connected by three or

7 /

4
more atoms are shared between the two rings. The following structure: 4"~/ isan
example of two rings being connected by three or more ring atoms. When two rings are
connected by three or more ring atorns, the three or more ring atoms connecting the two rings
would be referred to by those skilied in the art as “bridging” atoms. Further, those skilled in
the art would understand based on the disclosure provided herein that two rings connected in

a “bridged” fashion is an example of two rings connected in a fused-fashion.

{60891 The number of ring atoms for a monocyclic and a bicyclic nitrogen-
containing heterocycelyli{Cis  alkyly can vary. Nou-lirniting  examples  include an

unsuhstituted or a substituted S-mermbered monocyclic nitrogen-contatning heterocyclyl{Cra
alkyl), 6-membered wonocyclic nitrogen-containing  heterocyelylCis  alkyl), an
unsuhstituted or a substituted 9-membered bicyclic nitrogen-containing heterocyciyl(Ci4
alkyl) and 10-membered bicyclic nitrogen-containing heterocyclyl{Cy.s alkyl). Examples of
suitable RY groups include the following: azepan-2-one(Ci4 alkyl), imidazolidin-2-one(C) 4
alkyl), tetrahydropyrimidin-2Z-one{Cia  alkyl), pyrrolidin-2Z-one(Cia alkyl), piperidin-2-

one{Cia alkyl), pyrazolidin-3-one{Ci4 alkyl), oxazolidin-4-one{Ci4 alkyl), 1,4-oxazepan-3-

s N O N O
% pd
(o ek (0
mt ‘m1 b omi
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. wherein each ml can be independently 1,
2, 3 or 4, {including substituted or unsubstituted versions of the aforementioned). The R3
groups provided herein can be substituted with one or more moieties independently selected
from those listed for “optionally substituted.” In some embodiments, a R® group provided
herein can be substituted with one or more moieties selected from deuterium, halogen,
hydroxy, an unsubstituted Ci4 alkyl, an unsubstituted (o alkenyl an unsubstituted Cya
atkoxy, amino, —{an unsubstituted Ci4 alkyl-O-P-(OH ) (such as ~CH2-G-P-{OH)) and —(an
unsubstituted Ci.4 alkyl}-O-P-(O{an unsubstituted Ci.4 alkyl})z (such as ~CHz2-O-P-(OCHa}2).
{3698] Non-limiting examples of R’ moieties include the following:

£.0
3 H
N ~

i
N
NH NH NH “NH B
L e e o e € e O
o o o o \ \ o
LR L M e T e © o O e

& Ead Ead
» ] ’

O
NH OXNH N NH N NH NH
“&Q 8, o ”‘&O o ”‘&0 "J\\o o
e P P , & ~ , :

26



WO 2023/283256 PCT/US2022/036242

) ) ) . . 5
16091 In some embodiments, R” cag be hydrogen. In other embodiments, R can

be deuterium. In still other embodiments, R? can be halogen (for example, fluoro or chloro).

X

[8692] As provided herein, R® can be RY ﬁ Rg, In some embodiments, R’
can be an unsubstituted Ci6 haloalkyl. For exaruple, R” can be —CFs, <CCIF, —CCh, <CHF,,
~C{CHF,, -CHChL, -CHF, -CH(CHyF, -CHCF;, —-CH({CH:)Chs, —-CHCHCFs, -
CHCH(CH)CF;, —CHCE;, —-CHCL -CHCHRF, -CHCHOL, -CHCHCHRE and -
CHCHLCHRCL  In some embodiments, R” can be —CFy. In other embodiments, R” can be a
substituted Cis haloalkyl where the Cis haloalkyl can be substituted 1 or 2 times with an
unsubstituted Cy4 alkoxy. When the Cis haloalkyl is substituted with 1 or 2 unsubstituted
Cira alkoxys, one or more hydrogens of the Cis haloalkyi can be replaced with an
unsubstituted ;.4 alkoxy (such as methoxy, ethoxy, n-propoxy, iSopopoxy, n-butoxy,
isobutoxy, sec-butoxy and tert-butoxy). Exemplary (i haloalkyls substituted with an

unsubstituted  Cia alkoxy  include ~C(OCH3)F., ~C(OCH:)Clh, -~CH(OCH»HF,

S L

b
~§
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COCHCHs)F, ~-CH{OCHz)CF;,  ~C(OCH3CH:)CF;,  ~CHCH{OCH:)YCFs,

CHoC(OCH(CH)C s, ~CH{OCH:)(CL,  ~CHCH(OCH)F, ~CHCH{OCH)CL

CHyCHCHOCH)F and ~CH2CHCH(OCH:)CL  In still other embodiments, R” can be an
unsubstituted Cis alkyl, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-
butyl, tert-butyl, pentyl (straight-chained or branched) and hexyl (straight-chained or
tranched). In yet still other embodiments, R” can be a Cis alkyl substituted | or 2 times with
an unsubstitited .4 alkoxy. When the Cie alkyl is substituted with an unsubstituted Cra
alkoxy, a hydrogen of the (i alkyl can be replaced with an ansubstituted Cra alkoxy such
as those described herein. A non-limiting list of Cie alkyls substituted 1 or 2 times with an
unsehstituted Cig alkoxy include —CH(OCHs), —CH(OCH:),, —CHCH(OCH:) and —
CICH3n{OCH;). In some embodiments, R” can be an ansubstitated or a sobstituted
monocychic heteroaryl. A varlety of an unsabstituted or a substituted monocychic heteroaryls
can be present for R°. For exarmple, the heteroaryl can be a 3- or 6-membered heteroaryl that
includes 1, 2 or 3 heteroatoms selected from nitrogen (N), oxygen () and sulfur (5).
Hxemplary heteroaryls for an unsubstituted or a substituted monocyclic heteroary! include,
but are not limited to, furane, isoxazole, isothiazole pyridine, pyridazineg, pyrimidine and
pyrazine. In yet still other embodiments, R’ can be an unsubstitated or a substituted
monocyclic heterocyelyl. A non-limiting list of monocyclic heterocycelyls for R” include
oxetane, tetrahydrofuran, tetrahydrothiophene, pyrrolidine, tetrahvdropyran,
tetrahvdrothiopyran, piperidine and morpholine. Various substituents can be present on a

s

substituted heteroaryl and/or a substituted heterocyciyl of R”. For example, the heteroaryl
can be substituted 1, 2 or 3 times with a moiety selected from halogen, an unsubstituted Cie
alkyl, an unsubstituted Cis haloalkyl and an unsubstituted Cis alkoxy. Suitable halogens,
unsubstituted Cis alkyls, unsubstituted Cis haloalkyls and unsubstituted Crs alkoxys are
described herein.

[6893] In some embodiments, R’ can be an unsubstituted monocyclic Cis
cycloatkyl, such as cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl  In other
erubodiments, R? can be a halogen-substituted monocyelic Cae cycloalkyl  In still other
embodiments, R’ can be a monocyclic Cig cycloalkyl substituted with an unsubstituted Cya
atkyl. Tu yet still other embodiments, R” can be a monocyclic Cas cycloalkyl sobstituted

with an unsubstituted Ciq alkoxy. In some ermmbodiments, R” can be a monocyclic Cis
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cycloalkyl substituted with an unsubstituted Co.4 alkenyl. In other embodiments, R” can be a
monocyclic Cse cycloalkyl substituted with an unsubstituted Cyg haloalkyl. In still other
embodiments, R’ can be a monocyclic Cas cycloalkyl substituted with an unsubstituted
monocyclic Cas cycloalkyl, such as cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl. In
some embodiments, R’ can be an unsubstitmted bicyclic Cse cycloalkyl. In other
embodiments, R” can be a substituted bicyclic Css cycloalkyl. The two rings of a bicyclic
Css cycloalkyl can be connected in a spiro-fashion or a fused-fashion. In some
embodiments, R® can be a halogen-substituted hicyclic Cse cycloalkyl  In still other
embodiments, R® can be a bicyclic Cse cycloalkyl substituted with an unsubstituted Cis
atkyl. In yet still other embodiments, R” can be a bicyclic Csa cycloalkyl substituted with an
unsubstituted Cig alkoxy. In some embodiments, R can be a hicyclic Css cycloaikyl
substituted with an unsubstitnted Cou alkenyl. In other embodirnents, R” can be a bicyclic
Uss cyeloalkyl substituted with an unsshstituted Cig haloalkyl To still other embodiments,
R’ can be a bicyclic Cse cycloalkyl substituted with an ensubstituted monocyclic Cis
cycloalkyl (including cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl). A non-liming
fist  of  bicychic Css  cycloalkyls  inchide  spirof2.2]pentane, spiro{2.3thexane,
bicyclof1.1.1}pentane and bicyclo|2.1.1 thexane.

(6694 ] Suitable halogen-substituted monocyclic Uss cycloalkyls include halogen-
substituted cyclopropyl, halogen-substituted cyclobutyl, halogen-substituted cyclopentyl and
halogen-substituted cyclohexyl. Additional monocyclic Cas cycloalkyls include cyclopropyl
substituted with an unsubstituted Ci4 alkyl, an unsubstituted Cyi4 alkoxy, an unsubstituted
Cza alkenyl, an unsubstituted Cis haloalkyl andfor an unsubstiuted monocyclic s
cycloalkyl, cyclobutyl substituted with an unsubstituted Cig alkyl, an unsubstituted Cia
alkoxy, an unsubstituted Co4 alkenyl, an unsubstituted 1.4 haloalkyl and/or an unsubstituted
monocyclic Cag cycloalkyl, cyclopentyl substituted with an unsubstituted Cia alkyl, an
unsubstituted Cias alkoxy, an unsubstituted (o alkenyl, an unsubstituted Ciy haloalkyl
and/or an unsubstituted monocyclic Cse cycloalkyl and cyclohexyl substituted with an
unsubstituted Cra alkyl, an unsubstituted Cig alkoxy, an unsubstituted Cog alkenyl, an
unsehstituted Cis haloalkyl and/or an unsubsttuted monocyclic Cag cycloalkyl. The nomber
halogens on a halogen-substituted monocyclic Cie coycloalkyl and/or a bicyclic Css

cycloatkyl, the nuraber of unsubstituted Cr4 alkyls on a monocyclic Cas cycloalkyl andior a
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bicyclic Cs.s cycloalkyl, the number of unsubstituted Ci4 alkoxys on a monocyelic Cis
cycloalkyl andfor a bicyclic CUs.g cycloalkyl, the number of unsubstituted Coy4 alkenyls on a
monocyclic Cag cycloalkyl and/or a bicyclic Cs.g cycloalkyl, the number of unsubstituted Cy.
4 haloalkyls on a monocyclic (Uss cycloalkyl and/or a bicyclic Us.s cycloalkyl and the number
of unsubstituted monocyclic Cie cycloalkyls on a monocyclic Cse cycloalkyl and/or a
bicyclic Cs.s cycloalkyl can vary. For example, 1, 2, 3 or 4 halogens can be present on a
halogen-substituted monocychic Cag cycloalkyl, 1, 2, 3 or 4 unsubstituted Ci4 alkyls can be
present on a monocychic Cae cycloalkyl substiteted with an unsehstituted Crs altkyl, 1, 2, 3 or
4 unsubstituted Ci4 alkoxys can be present on a monocyclic Cig cycloalkyl substituted with
an unsubstituted Ciog alkoxy, 1, 2, 3 or 4 unsubstituted Coy alkenyls can be present on a
monocychic Cis cycloalkyl substinited with an unsubstinted Cou alkenvl, |, 2, 3 or 4
unsuhstituted Ci4 haloalkyls can be present on a monocyclic Cas cycloalkyl substituted with
an unsshstituted Gy haloalkyl, 1 or 2 unsubstitated monocychice Cas cyeloaltkyls can be
present on a monocyclic Cag cycloatkyl, 1, 2, 3 or 4 halogens can be present on a halogen-
substitated bicyclic Csg cycloalkyl, 1, 2, 3 or 4 unsubstituted Ci4 alkyls can be present on a
bicyclic Cs.s cycloalkyl substituted with an unsubstituted Cia alkyl, 1, 2, 3 or 4 unsubstituted
.2 alkoxys can be present on a bicyclic Usg cycloalkyl substituted with an unsubstituted Co.
4 alkoxy, 1, 2, 3 or 4 unsubstituted 2.4 alkenyls can be present on a bicyclic Cs cycloalkyl
substituted with an unsubstituted Cog alkenyl, 1, 2, 3 or 4 unsubstituted Cy.4 haloalkyls can
be present on a bicyclic Usg cycloalkyl substituted with an unsubstituted Ci 4 haloalkyl and |
or 2 unsubstituted monocyclic Cse cycloalkyls can be present on a bicyclic Csg cycloalkyl.
In some embodiments, a monocyclic Cas cycloalkyl can be substituted with 1 or more
substituents {(such as 1, 2, 3 or 4 substituents) selected from halogen, an unsubstituted Cia
alkyl, an unsubstituted Cig alkoxy, an unsubstituted Cz.4 alkenyl, and an unsubstituted Cia
haloalkyl. In other embodiments, a bicyclic Cs.g cycloalkyl can be substituted with 1 or more
substituents (such as 1, 2, 3 or 4 substituents} selected from halogen, an unsubstituted Cia
alkyl, an unsubstituted Ci.4 alkoxy an unsubstituted Co4 alkenyl, and an unsubstituted Ci4
haloalkyl. Suitable halogens that can be present on a substitated monocyclic Csg cycloalkyl
inchude, but are not limited to, fluove (F) and chloro (Cl). Examples of unsubstituted T
haloalkyls include, but are not limited to, —CFa, —~C(ls, -CHV,, -C{CHz)F,, -CHCl, -CHoF,
~CH{CH»¥F, -CHOFK, -CHXCL -CHXCHF, -CHCHRCL, -CHCHCHF and -
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[8695] In some embodiments, RS can be R Rm, wherein R' can be
independently selected from an unsubstituted or a substituted Czs alkyl, an unsubstituted or a
substituted Cas alkenyl, an unsubstituted or a substituted Co alkynyl, an unsubstituted or a
substituted monocyclic Cas cycloalkyl, an unsubstituted or a substituted hicyclic Uss
cyclealkyl and an unsubstituted or a substituted monocyclic 4- o 6-membered heterocyclyl,
wherein when the Cog alkyl 18 substituted, the Cos alkyl can be substituted 1, 2, 3 or 4 times
with a substituent independently selected from halogen and an unsubstituted Ciy alkoxy;
wherein when the o alkenyl, the Coe alkynyl, the monocyclic Css eycloalkyl, the bicyclic
Us.g cycloalkyl and the monocyclic 4- to G6-membered heterocyclyl are substituted, the Cas
alkenvl, the Cre alkynyl, the monocyclic Cas cycloalkyl, the bicyelic Csz eycloalky! and the
monocychic 4- to 6-membered heterocyclyl can be substituted 1, 2, 3 or 4 tioes with a
substituent independently selected from halogen, an nnsubstituted Ci4 alkyl, an unsubstituted
Coa alkenyl, an onsubstitated Cog alkynyl, an unsabstituted Cys haloalkyl and an
onsubstituted 14 alkoxy: and RY can be —(NH)n—an optionally substituted 5- to 6-
membered monocyclic heteroaryl, wherein m can be 0 or 1. Tn some embodiments, R can
be an optionally substitoted mwonocychic 4- to 6-membered heterocyclyl.  Examples of
heterocyclyls for RY!Y include optionally substituted 4- to é-membered monocyclic
heterocyclyls that include 1, 2 or 3 hetervatoms independently selected from N (nitrogen), O
{(oxygen) and S {sulfur). A non-limiting list of heterocyclyl for RY include the following:
azetidine, pyrrolidine and piperidine. In other embodiments, m can be 0; and R*! can be an
unsubstituted 35- to 6-membered monocyclic heteroaryl. In other embodiments, m can be §;
and R can be a substituted 5- to H-membered monocyclic heteroaryl. In still other
embodiment, m can be [; and R' can be an —(NHj}-unsubstituted 5- to 6-membered
monocyclic heteroarvl. In other embodiments, m can be 1; and RY can be a ~(NH)-
substituted 5- to 6-membered monocyclic heteroaryl,  An example of a 5- to 6-membered
monocyclic heteroaryl that can be present for R'! include a 5- to 6-membered monocyclic
heteroaryl that includes 1, 2 or 3 heteroatoms independently selected from N {(nitrogen), O
{oxygen) and § (sulfur). Examples of suitable 5- to 6-membered monocyclic heteroaryls

include, but are not Hmited to, imidazole, pyrazole, oxazole, thiazole, 1,2,3-tnazole, 1,2,4-
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triazole, 1,3.4-oxadiazole and 1,3,4-thiadiarole. In still other embodiments, R" can be O
an optionally substituted Cis alkyl. In yet still other embodiments, R!' can be ~O-an
optionally substituted Csx cycloalkyl. In some embodiments, RY can be ~O-an optionally
substituted Cas cycloalkyl{Crq alkvl). The cycloalkyl of —~O-an optionally substituted Cas
cycloalkyl and ~O-an optionally substituted Cas cycloalkyl{(Cis alkyl) can be a monocyclic

(a6 cycloalkyl or a bicyclic Cap cycloalkyl. The Ciy alkyi of ~O-an optionally substituted

described herein, R can be substituted. Exemplary groups that can be present on R
include halogen, an unsubstituted Ciq alkyl, an uvosubstituted Cia alkoxy and an
unsubstituted Crs haloalkyl,

[8896] The R¥ and/or RO moieties can be a substituted ot an onsubstitated version
of a Coe alkyl, a Cos alkenyl, a Cos alkynyl, a monocyclic Cas cycloalkyl, a bicyche Csg
cycloalkyl or a monocyclic 4- to -muembered heterocyelyl In some embodiments, R andfor
R can be an unsubstituted Cae alkyl. In other embodiments, RS and/or RY can be a
substituted Cos alkyl. Exemplary Coe alkyls include methyl, ethyl, n-propyl, isopropyl, n-
butyi, isobutyl, sec-butyl, tert-butyl, pentyl (straight-chained and branched) and hexyl
(straight-chained and branched). In some embodiments, RS andfor R can be an
unsubstituted Crs alkenyl. In other embodiments, R andfor R™ can be a substituted o
atkenyl. In still other embodiments, R® and/or R' can be an unsubstituted Co.6 alkynyl. In
yet still other embodiments, R® and/or R'% can be a substituted Cos alkynyl.

(686971 Cyclic moieties, including monocyclic and bicyclic moieties, can also be
present for RY and/or R, In some embodiments, R® and/for R can be an unsubstituted
monocyclic Cas cycloalkyl. In some embodiments, R® and/or R can be a substituted
monocyclic Crs cycloalkyl.  For example, RY and/or R' can be a substituted or an
unsubstituted cyclopropyl, a substituted or an unsubstituted cyclobutyl, a substituted or an
unsubstituted cyclopentyl or a substituted or an unsubstituted cyclohexyl. In some
embodiments, R® and/or R'® can be an unsubstituted bicyclic Css cycloalkyl. In other
ermbodiments, R® and/or R1% can be an unsubstituted hicycle Css cycloalkyl. The two rings
of the bicyelic Csg cycloalkyl can joined in a fused or a spiro-fashion. Examples of rings
connected in a fused and a spiro-fashion are provided herein. In some embodiments, RS

and/or R'C can be an unsubstituted or a substituted bicyclo[i.1. Upestyl. T stll other
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embodiments, R® andfor R'® can be an unsubstituted monocyclic 4- to 6-membered
heterocyclyl.  In vet still other embodiments, R® and/or RY can be an unsubstituted
monocyclic 4- to 6-membered heterocyclyl.  The number of heteroatoms present in a
monocyclic 4- to 6-membered heterocyclyl for R® and/or R’ can vary. Suitable heteroatoms
include, but are not limited to, O (oxygen), 5 (sulfur) and N (nitrogen). Examples of
monocychic 4- to 6-membered heterocyelyls are oxetane, thietane, azetidine, pyrrolidine,
tetrahvdrofuran, tetrahydrothiophene, tetrahydropyran, tetrahydrothiopyran and piperidine
(ucluding unsubstituted or sebstituted versions of each of the aforementioned). In some
embodiments, R® and/or RY” can be an unsubstituted monocyclic Cas cycloalky{(CH2)—.
Various monocyclic Cie cvcloalkyl are described herein. As examples, R® and/or R'® can be
selected  from  cyclopropyl{CHo -, coyclobutyi{CH)—, cvelopentyl{CH2)—  and
cyclohexyH{CHy)—.

{8898 As described herein, R® andfor R can be sabstituted.  In sowe
embodiments, when R® and/or R is a Coy alkyl that is substituted, the Cag alkyl can be
substituted 1, 2, 3 or 4 times with a substituent independently selected from halogen, cyano,
an unsubstituted or a substituted monocyclic Cag cycloalkyl, an unsubstituted Cya alkoxy
and an unsubstituted Cy4 haloalkoxy. In some embodiments, R® and/or RY can be a Cos
alkyl that is substituted [ to 13 times with deaterium. In some embodiments, R® and/or R
can be a (re alkyl that is substituted 1 to & times with deuterium, 1 to & times with
deuterium, 1 to § times with deuterium or 1 to 3 times with deutertum. Each halogen can be
independently F (fluoro) or (i (chloro). Exemplary unsubstituted and substituted monocyclic
Cas cycloalkyls that can be present on a substituted Coe alkyl for RY and/or R include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and halogen-substituted monocyclic Cas
cycloalkyls. Suitable unsubstituted Cyu alkoxys that can be substituted on a Caos alkyl of R®
and/or RY include methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy
and tert-butoxy. Examples of an unsubstituted C;.4 haloalkoxy can be substituted on a Cos
atkyl of R® and/or RY include ~OCl, ~OCFs, ~-OCH:Cl, ~OCH:F, ~-OCHCY and ~QCHF-.
In some embodiments, when R® and/or R1% is a substituted Cos alkenyl, a substituted Co
alkynyl, a substituted monocyclic Cie cycloalkyl, a substituted bicyclic Csg cycloalkyl or a
substituted monocyclic 4- to &-membered heterocyclyl, each of the aforersentioned can be

sabstituted 1, 2, 3 or 4 times with a sabstituents independently selected from halogen, ao
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unsubstituted .4 alkyl, an unsubstituted o4 alkenyl, an unsubstituted Co4 alkynyl, an
unsubstituted Cy.4 haloalkyl, an unsubstituted or a substituted monocyclic Cas cycloalkyl and
an unsubstituted Ci4 alkoxy. Examples of unsubstituted Ciq alkyls, an unsubstituted Cos
atkenvl and an unsubstituted o2 alkynyl that can be substituted on a substituted Co5 alkenyl,
a substituted Co.s alkynyl, a substituted monocyclic Cs.e cycloalkyi, a substituted bicyclic Cs.g
cycloatkyl or a substituted monocychic 4- to 6-membered heterocyclyl include methyl, ethyl,
n-propyl, isopropyl, n-butyl, iso-butyl, sec-butyl, tert-butyl, ethenyl, propenyl, butenyl,
ethynyl, propyoyl and butyoyl. Suitable halogens and unsabstituted Ciy alkoxys that can be
present on a substituted Cos alkenyl, a substituted Coe alkyuyl, a substituted monocyclic Csg
cycloatkyl, a substituted bicyclic s cycloalkyl or a substituted monocyclic 4- to 6-
mernbered heterocyclyl are described herein, such as in this paragraph. Now-limating list of
unsehstituted and sebstituted monocyelic Cas cycloalkyls include cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl and halogen-substituted monocyelic Cse cycloalkyls. Examples of
unsehstituted Ci.s haloalkyls that can be present on a substituied Cos alkenyl, a substituted
Cog alkynyl, a substitoted monocyclic Cag cycloalkyl, a substituted bicyclic Css cycloalkyl
or a substituted monocyclic 4- to 6-membered heterocyclyl include, but are not limited to, —
Chs, —CCl, —CHF,, -C(CHyF,, -CHCh, -CHF, -CH(CHy)F, -CHxCl:, —CH(CL, -
CHCHRF, ~CH2CHRCL, —-CHCHCHoF and —~CHCHCHRCL
{5899] Exemplary R® groups include the following:
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[61660] As described herein, in some embodiments, R can be a substituted

monocyclic Usg cycloalkyl, such as cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl. In
other embodiments, R can be a substituted 4- to 6-membered monocyciic heterocyclyl. For
example, R® can be a substituted 4- to 6-membered monocyclic heterocyclyl that includes 1,
2 or 3 heteroatoms selected from N (nitrogen), O (oxygen)} and S (sulfur). The substituted
monocyclic Cas cyveloalkyl and/or the substituted 4- to 6-membered monocyclic heterocyclyl
can be substituted 1, 2 or 3 times with a moiety selected from deuterium, halogen, an
unsubstituted Ci.s alkyl, an unsubstituted Ci6 haloalkyl and an unsubstituted Cis alkoxy.
(6161} Further, when R® is a monocyclic Cig cycloalkyl or a 4- to 6-membered
monocychic heterocyclyl, the monocyclic Css cycloalkyl or the 4- o 6-membered
monocychic heterocyelyl can be suhstituted in a spiro-fashion by an snsubstituted or a
substituted bicyclic cycloalkeny] or an ansubstiteted or a substtuted bicyelic heterocyclyl.
The bicyclic cycloalkenyl can be an unsubstituted or a substitoted 8- o 10-membered

hicyclic cycloalkenyl.  An unsubstituted or a substituted hicychic heterocyclyl can be an
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unsubstituted or a substituted 8- to 10-membered bicyclic heterocyclyl, for example, an
unsubstituted or a substituted 8- to 13-membered bicyclic heterocyclyl that includes 1, 2 or 3
heteroatoms in the rings selected from N (nitrogen), O {oxygen) and S (sulfur). In some
embodiments, the bicyclic cycloalkenyl and/or the bicyclic hetemcyclyi can be substituted
one or more times {such as i, 2, 3 or 4 times) with a moiety independently selected from
halogen, an unsubstituted Ci.4 alkyl, an unsubstituted Ci¢ haloalkvl (such as ~CFi, ~CCl, -
CHF;, ~C(CH3)F,, ~-CHClL, -CH.F, -CH(CH3)F, ~CHX(CF;, -CHx, ~CHCHoF,

CHoCHCLL —CHCHRCHRF, -CH2CHCHLCD and an unsubstituted Cog alkoxy. Examples
of R® as a monocyclic Cis cycloalkyl or a 4- to 6-membered monocyclic heterocyclyl
substituted in a spiro-fashion by an unsubstituted or a substitated bicychc cycloalkenyl or an

unsubstitated or a substituted bicyche heterocycelyl include the following:

and T~

16182} Inn some embodiments, a compound of Formula (I), or a p‘narmaeeuticaﬂv
f\.-;,._“
\\r—fN
acceptable salt thereof, can be where: Ring A' can be , and

wherein Ring A' can be optionally substituted with one or more moieties independently
selected from halogen, an unsubstituted Ci4 alkyl, an unsubstituted ;.1 halealkyl, an
unsubstituted o1 alkenyl and an unsubstituted or a substituted Ca.5 monocyclic cycloalkyl;
R' can be sclected from cyano, an unsubstituted or a substituted Cos alkynyl, an
unsubstituted or a substituted acyl, an unsubstituted or a substituted ketoarmide, ~CH(OH)-
(8(=0p-0"), ~CHOHX(P=0)}OR®%)) and ~C(=0)CH2-O-((P=0)OR")); each R® and each
R’ can be independently hydrogen, an unsubstituted Cis alkyl, an unsubstituted Cos alkenyl,

an unsubstitited Crs haloalkyl, an unsubstituted or a substituted aryl or an unsubstitited or a

(e
~d
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substituted aryl(Ci4 alkyl); R? can be hydrogen, deuterium or halogen: R® can be an
unsubstituted or a substituted monocyclic nitrogen-containing heterocyclyl{Crg alkvl) or an
unsubstituted or a substituted bicyclic nitrogen-containing heterocyclyi{C.4 altkyl): R* can be

3 wwhane

hydrogen, deuterium or halogen; R® can be R H . RY can be selected from an
unsubstituted or a substituted Cos alkyl, an unsubstituted or a substituted Css alkenyl, an
unsubstituted or a substituted Czs alkynyl, an unsubstituted or a substituted monocyclic Csg
cycloalkyl, an unsubstituted or a substituted bicyclic Cs.g cycloalkyl and an unsubstituted or a
substituted monocyclic 4- to 6-membered heterocyclyl, wherein when the Cos alkyl is
substituted, the {2 alkyl can be substituted 1, 2, 3 or 4 times with a substituent
independently selected from halogen and an unsubstituted Ci4 alkoxy; wherein when the (o
altkenyl, the Cue alkynyl, the monocyclic Cse cvcloalkyl, the bicyclic Css cycloalkyl and the
monocychc 4- to 6-membered heterocyclyl are substituied, the (o alkenyl, the Cas alkynyl,
the monocychic Cag eycloalkyl, the bicvelic Cse eycloalkyl and the monocyclic 4- 10 6-
mernbered heterocyclyl can be substituted 1, 2, 3 or 4 times with a substituent independeuntly
selected from halogen, an unsubstituted €4 alkyl and an unsubstituted Ci alkoxy; and R®
can be selected {rom an unsubstituted Cig alkyl, an unsubstituted Cie haloalkyl and an
unsubstituted to a substituted monocyclic Cag cycloalkyl, wherein the substituted monocyclic
Cag cycloalkyl is substituted 1, 2, 3 or 4 times with a substiteent independently selected from
halogen, an vnsubstituted (.2 alkyl and an unsubstituted €4 haloalkyl

[681463] In some embodiments, a compound of Formula (1), or a pharmaceutically

ATV Ay "‘?ﬂ\n

AN AN

i,

acceptable salt thereof, can be where: Ring A' can be K\) , , ,
g

S
e S LN M
AN, T LN

s and

3 b

, and wherein Ring Al can be optionally
substitated with one or more moieties independently selected from halogen, an unsubstituted

Cia alkyl, an unsubstituted Ci4 haloalkyl, an unsubstituted Coq alkenyl and an unsubstituted
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or a substituted (5.6 monocyclic cycloalkyl; R can be selected from cyano, an unsubstituted
or a substituted Co.s alkynyl, an unsubstituted or a substituted acyl, an unsubstituted or a
substituted ketoamide, ~CH(OHS8(=012-07, ~CHOHN(P=0XOR®:) and ~C(=01CH-O-
{{P=0X}OR)2); each R® and each R’ can be independently hydrogen, an unsubstituted Cis
alkyl, an unsubstituted Co alkenyl, an unsubstituted Cig haloalkyl, an unsubstituted or a
substituted aryl or an unsubstituted or a substituted aryl(Ci alkyl); R* can be hydrogen,
deuterium or halogen; R® can be an unsubstituted or a substituted monocyclic nitrogen-
containing heterocyelvl(Ci4 alkyl) or an unsubstituted or a substituted bicyclic nitrogen-

containing heterocyclyi(Cia alkyl); R* can be hydrogen, deuterium or halogen; R can be

ﬁ , a substituted monocychic Cas cycloalkyl or a substituted 4- to 6-membered
monocyclic heterocyclyl; R® can be selected from an unsubstituted or a substituted Co.¢ alkyl,
an unsubstituted or a substituted Cos alkenyl, an unsubstituted or a substituted Cos alkynyi,
an unsubstitated or a substituted mwonocyclic Cae cycloalkyl, an unsubstituted or a substitated
hicyclic Cs.g eycloalkyl and an unsubstituted or a substituted monocychie 4- to 6-membered
heterocyclyl, wherein when the Cog alkyl 1s substituted, the Cos alkyl can be substituted 1, 2,
3 or 4 times with a substituent independently selected froro halogen and an unsabstituted Cia
alkoxy; wherein when the Cos alkenyl, the Cog alkynyl, the monocyclic Cag cycloalkyl, the
bicyclic Cs.e cycloalkyl and the monocyclic 4- to 6-membered heterocyelyl are substitated,
the Crg alkenyl, the Cog alkynyl, the monocyclic Cas cycloalioyl, the bicyclic Csg cycloalkyl
and the monocyclic 4- to 6-membered heterocyclyl can be substituted 1, 2, 3 or 4 times with
a substituent independently selected from halogen, an unsubstituted Cis alkyl, aw
unsubstituted €4 haloalkyl and an unsubstituted C;.4 alkoxy; and R” can be selected from an
unsubstituted or a substituted Ci.s alkyl, an unsubstituted {16 haloalkyl, an unsubstituted or a
substituted monocychic Cse cycloalkyl, an unsubstituted or a substituted monocyclic
heteroaryl and an unsubstituted or a substituted monocyclic heterocyclyl, wherein the
substituted monocyclic Cse cycloalkyl is substituted 1, 2, 3 or 4 times with a substituent
independently selected from halogen, an unsubstituted Cia alkyl and an unsubstituted Cra
haloalkyl.

18104} In some embodiments, a compound of Formuila (1), or a pharmaceutically
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acceptable salt thereof, can be where: Ring A! can be == , ,
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optionally substituted with one or more moteties imdependently selected from deuterium,

and , and wherein Ring A' can be
halogen, an unsubstituted Ci4 alkyl, an unsubstituted Ci4 haloalkyl, an unsubstituted Cou
atkenyl and an unsubstituted or a substituted Ca.s monoeyclic cycloalkyl; R' can be selected
from cyano, an unsubstituted or a substituted (o5 alkynyl, an unsubstituted or a substituted
acyl, an unsubstituted or a substituted ketoamide, ~CH(OH)-(8(=0)-O),

CHOHX(P=OXOR®2) and ~C(=0YH2-O-((P=OYOR"),); each R® and each R’ can be
independently hydrogen, an unsubstituted Cie alkyl, an unsubstituted Cas alkenyl, an
unsubstituted Ci¢ haloalkyl, an unsubstituted or a substituted arvl or an unsubstituted or a
substituted arylCiq alkyl); R? can be hydrogen, deuterium or halogen; R’ can be an
unsubstituted or a substituted monocyclic nitrogen-containing heterocyclyl{Crs alkyly, an
unsubstituted or a substituted bicychc nitrogen-containing heterocyclyl{Ciy alkyl), an
unsubstituted or a substituted monocyclic nitrogen-containing heteroaryl{(Cya alkyl)y, R* can

Ao

be hydrogen, deuterium or halogen; and R® can be RM Rw; R can be selected from an
unsubstituted or a sohstituted Cos alkyl, an unsobstituted or a substituted Cos alkenyl, an
unsubstituted or a substituted Crs alkyoyl, an ansubstituted or a substituted monocyclic Casg
cycloalkyl, an unsubstituted or a substituted bicyche Csg eycloalkyl and an unsubstinted or a
substituted monocyclic 4- to 6-membered heterocyclyl, wherein when the Cos alkyl is
substituted, the (s alkyl can be substituted 1, 2, 3 or 4 times with a substituent
independently selected from halogen and an unsubstituted Ci4 alkoxy; wherein when the Cog
alkenyl, the Czs alkynyl, the monocyclic Css cycloalkyl, the bicyelic Cs.s cycloalkyl and the
monocyclic 4- to 6-membered heterocyelyl are substituted, the Cog alkenyl, the Cos alkynyl,
the monocyclic Cag cycloalkyl, the bicyclic Css cycloalkyl and the monocyclic 4- to 6-

membered heterocyclyl can be substituted 1, 2, 3 or 4 times with a substituent independently
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selected from halogen, an unsubstituted Cig alkyl, an unsubstituted .4 alkenyl, an
unsubstituted Co.q alkynyi, an unsubstituted Ci4 haloalkyl and an unsubstituted Ciaq alkoxy;
and RY can be an optionally substituted monocyclic 4- to 6-membered heterocyclyl, —
{(NH)y—an optionally substituted 5- to 6-membered monocyclic hetercaryl, ~O-an optionally
substituted Cis alkyl, —~O-an optionally substituted Cas cycloalkyl and —~O-an optionally
substituted Cs.x cycloalkyl{Ciy alkyl), wherein mcan be O or 1.

18165} In some embodiments, a compound of Formuila (1), or a pharmaceutically

e o TP o T
PN N SN

acceptable salt thereof, can be where: Ring A' can be

wf‘&?'“;‘
s T

, , and , and wherein Ring Al can be
optionally substituted with one or more moieties independently selected from deuterium,
halogen, an ansubstituted Ciy alkyl, an ansubstituted Ciy haloalkyl, an vosubstituted Cog
alkeny! and an unsubstituted or a substituted Cas monocyclic cycloalkyl; RY can be selected
frorn cyano, an unsubstituted or a sohstituted Cos alkynyl, an unsubstituted or a substituted
acyl, an unsubstitted or a  substituted  Ketoamide, -CH(OH)-(S(=0)-0),
CHOHN(P=0)}OR%)) and —C{=0)CH-O-((P=0OYOR ), each R® and each R’ can bhe
independently hydrogen, an unsubstituted €y alkyl, an unsubstitited Cos alkenyl, an
unsehstituted Cis haloalkyl, an unsobstituted or a substituted aryl or an onsubstituted or a
substitoted aryl(Cia alkyl); R? can be hydrogen, deuterium or halogen; R’ can be an
unsubstituted or a substituted monocyclic nitrogen-containing heterocyclyl(Cys alkyl), an
unsubstituted or a substituted bicyclic nitrogen-containing heterocyclyl{Cia alkyh or an
unsubstituted or a substitated monocyclic nitrogen-containing heteroary{Cr4 alkyl); R can
O endaee ,
A A, T
. 5 R® NTTR® g0 o
be hydrogen, deuteriumy or halogen; R° can be H , RTYORY g qubstituted
monocyclic Csg cycloalkyl or a substituted 4- to 6-membered monocyclic heterocyelyl; R®

and R can be independently selected from an unsubstituted or a substituted Cas alkyl, an
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unsubstituted or a substituted (o6 alkenyl, an unsubstituted or a substituted Cz.6 alkynyl, an
unsubstituted or a substituted monocyclic Cs¢ cycloalkyl, an unsubstituted or a substituted
bicyclic Cs.g cycloalkyl and an unsubstituted or a substituted monocyclic 4- to 6-membered
heterocyclyl, wherein when the U6 alkyl is substituted, the 26 alkyl can be substituted 1, 2,
3 or 4 times with a substituent independently selected from halogen, cvano, an unsubstituted
or a substituted monocychic Cae cycloalkyl and an unsubstituted Cry alkoxy; wherein when
the Co.s alkenyl, the Coe alkynyl, the monocyclic Cas cycloalkyl, the bicychic Us.g eycloalkyl
and the monocyclic 4- to 6-membered heterocyelyl are substituted, the Cas alkenyl, the Cos
alkynvl, the monocyclic Cse cycloalkyl, the bicychic Uss cycloalkyl and the monocychic 4- to
G-roembered heterocyelyl can be substituted 1, 2, 3 or 4 timmes with a substituent
independently selected fromn halogen, an unsobstituted Ciy alkyl, an unsubstituted Cos
alkenyl, an unsohstituted Crs alkynyl, an ansubstituted Ci4 haloalkyl, an unsubstituted or a
substitoted monocyclic Cas cycloalkyl and an ansubstituted Crs alkoxy; R can be selected
froro an unsubstituted Cie alkyl, an unsubstituted Cig haloalkyl, an uosubstiteted or a
substitated monocyclic Cie cycloalkyl, an unsubstituted or a substituted bicyclic Csg
cycloalkyl, an unsubstituted or a substiteted monocyclic heteroaryl and an unsubstitated or a
substituted monocyclic heterocyelyl, wherein the substituted monocyclic Cae cycloalkyl is
substituted 1, 2, 3 or 4 times with a substituent independently selected from halogen, an
unsubstituted Cy.: alkyl, an unsubstituted C1.4 haloalkyl and an unsubstituted monocyclic Cas
cycloalkyl; and R'' can be an optionally substituted monocyclic 4- to 6-membered
heterocyclyi, ~(NHin-an optionally substituted 5- to 6-membered monocyclic heteroaryl, -
O--an optionally substituted Ci6 alkyl, ~O-an optionally substituted Cig cycloalkyl and -0
an optionally substituted Cag cycloalkyvi{(Ci4 alkyl), wherein m can be § or 1.

18166} In some embodiments, a compound of Formuila (1), or a pharmaceutically

e TR TP
PN N SN

acceptable salt thereof, can be where: Ring Al can be , , o

‘é)‘-?& and
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optionally substituted with one or more moieties independently selected from deuterium,
halogen, an unsubstituted Ciy alkyl, an unsubstituted €4 haloalkyl, an unsubstituted Cos
alkenyl and an unsubstituted or a substituted Cas monocyclic cycloalkyl; R' can be selected
from cyano, an unsubstituted or a substituted Czs alkynyl, an unsubstituted or a substituted
acyl, an unsubstitited or a substituted Ketoamide, ~CH(OH-S(=0)0-0),

CHOHX(P=0)}OR%)) and ~C(=0)CH-O-((P=0)}OR)); each R® and each R’ can be
independently hydrogen, an unsubstituted Cie alkyl, an unsubstituted Coe alkenyl, an
unsehstituted Cie haloalkyl, an unsubstituted or a substituted aryl or an unsubstituted or 4
substituted ary}(Cia alkyl): R? can be hydrogen, deuterium or halogen; R® can be an
unsuhstituted or a substituted monocyclic nitrogen-containing heterocyelyl(Cys alkyl), an
unsubstitated or a sabstituted bhicyclic nitrogen-containing heterocyclyl(Ciq alkyly or an
unsobstituted or a substituted monocyclic nitrogen-containing heteroary{Cra alkyl); R can

O b .

KA. T
) 5 o N7 RE R TR .

be hydrogen, deuteriura or halogen; R° can be H , R R™ a substituted
monocychic Cis cycloalkyl or a substituted 4- to 6-membered monocyclic heterocyclyl; RS
and R'® can be independently selected from an vusubstituted or a substituted Coe alkyl, an
unsubstitated or a substituted Coe alkenyl, an ansubstitated or a substituted Cos alkynyl, an
unsehstitited or a sabstituted monocyclic Cas cycloalkyl, an unspbstituted or a substituted
hicyclic CUss cycloalkyl, an unsubstinted or a substituted monocychic 4- to 6-membered
heterocyclyl and an ansubstituted monocyclic Cig cycloalkyl{CHz)—, wherein when the Cog
atkyl is substituted, the o alkyl can be substitted 1, 2, 3 or 4 times with a substituent
independently selected from halogen, cyano, an unsubstituted or a substituted monocyclic Cs.
¢ cycloalkyl and an unsubstituted Cis alkoxy; wherein when the (Crs alkenyl, the Cos
alkynyl, the monocyclic Cse cycloalkyl, the bicyclic Usx cycloalkyl and the monocyclic 4- to
6-membered heterocyclyl are substituted, the Cog alkenyl, the Cog alkynyl, the monocyclic
Cas cycloalkyl, the bicychic sy cycloalkyl and the monocyclic 4- to 6-membered
heterocyclyl can be substituted 1, 2, 3 or 4 umes with a substituent independently selected
from halogen, an unsubstituted Ci4 alkyi, an unsubstituted Co4 alkenyl, an unsubstituted Cos
alkynyl, an unsubstituted 14 haloalkyl, an unsubstituted or a substituted monocyclic Cas
cycloalkyl and an unsubstituted Cia alkoxy: R can be selected from an unsubstituted or a

substituted Cis alkyl, an unsubstituted or a substituted Cys haloalkyl, an unsubstituted or a
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substituted monocyclic Cas cycloalkyl, an unsubstituted or a substituted bicyclic Cse
cycloalkyl, an unsubstituted or a substituted monocyclic heteroaryl and an unsubstituted or a
substituted monocyclic heterocyclyl, wherein the substituted Ci¢ alkyl is substituted 1 or 2
times with an unsubstituted Ci4 alkoxy, wherein the substituted monocyclic Cae cycloalkyl
is substituted 1, 2, 3 or 4 times with a substituent independently selected from halogen, an
unsubstituted Cy.1 alkyl, an vosubstituted Ci4 haloalkyl and an unsubstituted monocyclic Cas
cycloalkyl, and wherein the substituted Cis haloalkyl is substituted 1 or 2 times with an
unsubstituted Cia alkoxy; and R can be an optionally sohstituted monocyclic 4- to 6-
membered heterocyclyl, ~(NHjw—an optionally substituted 5- to 6-membered monocyclic
heteroaryl, —O-an optiopally substituted Cie alkyl, —O-an optionally substituted Cig

cycloalkyl and —O-an optionally substituted Cag cycloalkyl{Ciy alkyl), wherein m can be O

or 1.
[0167] Examples of compounds of Formula (1}, include the following:
FC
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and , or a pharmaceutically

acceptable salt of any of the foregoing.

[8108] Additional examples of compounds of Formula (1), include the following:
G FaC
NH 3
O\\NH e SN NGV
HN -
- O
N
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and , or a pharmaceutically
acceptable salt of any of the foregoing.

(81091 Further examples of compounds of Formuala (1), include the following:
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and , or a pharmaceutically acceptable
salt of any of the foregoing.

“’?nn

N

_;'{”"‘"

16118} In some embodiments, Riog Al can be - and R® can be

e
SN

3 whnns
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H Ny

. . ,
In some embodiments, Ring Al can be - R can be cyano; R- can

be hydrogen; R can be an unsubstituted or a substituted monocyclic nitrogen-containing

(;3 wxj\.w
. RS?/Q\N/\RE*
heterocyclyl{Ci.4 alkyl); R* can be hydrogen; and R® can be H . In some
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] 2 3
= ; B! can be cyano; R® can be hydrogen; R® can be an

embodiments, Ring A' can be
unsubstituted or a substituted monocyclic nitrogen-containing heterocyelyi(Ciy alkyl); R?

ANy

can be hydrogen; R can be H : R® can be an ansubstitated Cog atkyl; and R” can
BT PN

AN

be , an unsubstituted Cy¢ haloalkyl. In some embodiments, Ring Al can be cand R
Vi

N

can be H . In some embodiments, Ring A' can be - : R' can be cyano:

1 . . . .
R? can be hydrogen; R’ can be an unsubstituted or a substituted monocyclc nitrogen-

97 TNT TR®
containing heterocyelyl{Cyu alkyl); R? can be hydrogen; and R® can be H In
"‘;\m
é{\/i\j
. Ty o2 1 32 133
some embodiments, Ring Al can be ; R can be cyano: R™ can be hydrogen: R can

be an unsubstituted or a substituted monocyclic nitrogen-containing heterocyclyHCi4 alkyly;

O
4 5 R NTORY g : 9
R" can be hydrogen; R” can be H ; R® can be an unsubstituted Cog alkyl and R

MEATVS

EQRY

can be an unsubstituted Cye haloalkyl. In some embodiments, Ring A' cannot be
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In some emnbodiments, Ring A' cannot be

Synthesis

{6111} Compounds of Formula (§) along with those described herein may be
prepared in various ways. General synthetic routes for preparing compounds of Formula (I}
are shown and described herein along with some examples of starting materials used to
synthesize compounds described herein.  Additionally, for the purpose of the general
synthetic routes, the structures depicted are appropriately protected, as known by one skilled
in the art and the generic structures are meant to include these protecting groups. The routes
shown and described herein are illustrative only and are not intended, nor are they to be
construed, to limit the scope of the claims in any manner whatsoever. Those skilled in the art
will be able to recognize modifications of the disclosed syntheses and to devise alternate
routes based on the disclosures herein; all such modifications and alternate routes are within

the scope of the claims.

Scheme A
R,
L R2
i Ak R e R
N 0" o Q1 P RO
oAk RTTOH RO R HaN™ TR ~Y o
4 TS0 s ﬁ’ O A Q\!
R /g A2 Al Al N .
- , e LN\F‘; 5 T =0
A1 A3 A A-8
{0112} Scheme A describes the synthesis of compounds of general Formula (A-

&). An amino ester of general Formula (A-1) (Alk represents alkyl} with an acid of general
Formula {A-2), either by activating the carboxylic acid by converting it to an acid chloride,
followed by reaction with the amino acid in the presence of a hase, or by activation of the
acid with a coupling reagent (such as HATL)) followed by coupling with the amino ester in
the presence of a base (such as DIPEA), resulting 1o a compound of general Formula (A-3).

The ester functionality of general Formula (A-3) can be hydrolyzed, for example, under basic

~d
G



WO 2023/283256 PCT/US2022/036242

conditions of -0OAlk is -OMe, using LiOH in MeOH, providing in a compound of general
Formula (A-4). Further coupling of the carboxylic acid of general Formula (A-4) with an
amine of general Formula {A-3) can provide a compound of general Formula {A-6). For the
purpose of the generic synthesis, R! may be a latent functionality, converted to a

functionality as described herein for R’

Scheme Al
O‘\\\-E.f(:}”
PN R oy e Ok . OH
A 4 R4
o™ At RoA ) o Y o
oA Gy e S oy
n N N e I ML 0 \iﬁ
A
o\ Y T P
A4 p(.‘.A'INH RB F)GA1NH/ RS NH:{ R
T ' Al-4
A4-2 A1-3
fj\ i OF
P o /i*o
ALl
J O
Q
X
Fue” NHT RS
At1-8
i OH
@*@
e N fO
3.1
RQ)X\NH R?
Al-8
8113 Alternatively, as described in Scherne Al a sub-group of amino acids of
183113} Alt tivel i bed in Sch Al b-group of is of

general Formula (A1-5) can be prepared as described in Scheme Al A protected (PG
amino acid of general Formula (Al-1) can be coupled with an aminoester of general Formula
{A-1) under known anmide formation conditions, for example, HATU and iProNEtL. The ester
of a compound of Formula (Al-2) can be deprotected, for example, by using LiOH in
THF/HO, resulting in the acid of general Formula (A1-3). The protecting group PG can
be reroved, for example, by treatment with TFA in case PG being Boc, resulting in a

compound of general Formula (Al-4). This compound can be converted to a compound of

~
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general Formula (A1-5) (for example, by treatment with ethyl 2,2,2-trifluocroacetate in the
presence of triethylamine} or alternatively, a compound of general Formula (Al-6) (for
example, by treatment of a compound of general Formula {A1-4) with an alkyl trihaloacetate,
{such as ethyi 2,2-dichloro-2-fluorcacetate, methyl 2-chlore-2,2-difluoroacetate or ethyl 2-
chloro-2,2-difluoroacetate) in the presence of a base like triethylamine (and optionally an
additive like and N-methyhimidazole), or an alkyl 2,2,3,3 3-pentaflucropropancate (such as
methyl or ethyl 2,2,3,3,3-pentafluoropropancate) in the presence of a base (for example,
triethylamine and an additive, for example, N-methylimidazole)).

{0114] General methodology for the synthesis of amino acids of general Formula
{A1-1), or precursors that could be converted to an aromno acid of general Formula (AL-1) by

one skilled in the art, are described in the literature, and inclade the following examples:
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16115} In Scheme B, a carboxylic acid of general Formula (A-4) can be coupled
with an amino acid of general Formula (B-1), for example, under the influence of a coupling
reagent {such as T3P} and a base (for example, DIPEA). The obtained compound of general
Formula (B-2) can be oxidized, providing in a compound of general Formula {(B-3). In

Scheme B, RY! can be part of the ketoamide described herein with respect to RL

Scheme B1
R R: o gy
)\/i R’ u re T g N )L\N’
OH NH; ¥ N iNi;i’ ¥ N7 : R oM H
SR LN LR
Al © 8-1 X AR -0
N 1 o .
“piE PGE R®
811 81-2 B.2
{6116] Alternatively, as depicted in Scheme Bl, an amino acid of general

Formula (B1-1) (with PG"' a protecting group of the nitrogen, for example, -Boc) can be
coupled with a compound of general Formula (B-1), similar as described for the conversion
of a compound of general Formula (A-4) to a compound of general Formula (B-2). The
protecting group can be removed, for example, by treatment with an acid in case of PGP
being Boc, followed by coupling with a compound of general Formula (A-2), resulting in the

formation of a compound of general formula (B-2).
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Scheme B2
Ry
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868171 As described herein, R' can be a substituted acyl, where the possible

groups that can be present on the acyl inchude hydroxy, a substituted or an unsubstitated
alkoxy (for example, —O—{an unsubstituted Cia alkyl) and —O—(an unsubstituted Cig
cycloalkylyy, an unsubstituted Ty alkyl (such as a heteroaryl sohstiuted with an
unsubstituted Ty alkyl), a substituted or an unsubstitoted phenoxy or a substituted or an
unsubstituted benzyloxy). In Scheme B2, R can represent any of the aforementioned
moieties that can be present on a substituted acyl for R'. Compounds of general Formulae
{(B2-2) and (B2-3) can be prepared as described in Scheme B2, An amino-ketone compound
of general Formula (B2-1) can be coupled to a carboxylic acid of general Formula (A-4) or
(B1-1) under typical amide coupling conditions. A compound of general Formula (B2-2) can
be optionally further converted in a hydroxyketone of general Formula (B2-3), for example,
in case where R represents a benzyl group, by catalytic hydrogenolysis. The PGP of a
compound of general Fornula (B2-4) can be deprotected (for example in the case wherein
PGP s a Boe-group, by treatment with HCl in EO). The amine can then be coupled with a
carboxylic acid of general Formula (A-2) under typical amide bound formation conditions, to

provide a compound of general Formulda (B2-2).

~
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[8118] Similar as described in Scheme B2 for a compound of Formula {(B2-2},

using an amide of general Formula (B3-1) in place of a compound of general Formula (B2-

1). a compound of general Formula (B3-2) can be obtained. Conversion of a compound of

general Formula (B3-2) to a compound

of general Formula B3-3 can, for example, occur

under the influence of trifluorcacetic anhydride (TFAA) and pyridine in CH:Cly, or by

application of the Burgess reagent.

Scheme B4
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[011%] For the purpose of the generic synthesis the transformations described in

Scheme B3 include transformations as described in Scheme B4, where a compound of
general Formula (A1-3) can be coupled with amine of general Formula (B3-1), resulting in a
compound of general Formula (B4-1), where PG®! can be a protecting group which can bhe
removed (for example, in case PG is Boc, by treatment with HCl or TFA). The compound
of geveral Formula (B4-2) can be converted 1n a corapound of general Formula (B4-3) (for
example, by treatment with an alkyl tihaloacetate, such as ethyl 2,2-dichloro-2-fluoroacetate,
roethyl  2-chlore-2,2-difluoroacetate  ethyl  2-chlore-2,2-difluoroacetate or ethyl 2.2.2-
trifluorcacetate, in the presence of a base (such as triethylamine and optionally an additive,
for example, N-methylimidazole), or an alkyl 2,2.3,3,3-pentafluoropropancate (such as
methyl or ethyl 2,2,3,3,3-pentafluoropropanoate} 1o the presence of a base {({for example,
tricthylamine and an additive, for example, N-methylimidarzole); or a carboxylic acid in the
presence of a coupling reagent (such as EDC or HATU) and a base {such as NE). The
compound of general Formula (B4-3) can be converted to a compound of general Formula
{B4-4), similar as outlined for the conversion of a compound of general Formula (B3-2)to a
compound of general Formula (B3-3). Alternatively, a compound of general Formula (B4-2)
can be converted to a compound of general Formula (B4-4) (for example, by treatment with

T3P and pyridine in the presence of potassiuvm 2,2,3,3,3-pentatluoropropanoate for -Rs being



WO 2023/283256 PCT/US2022/036242

-CF(CF1). A compound of general Formula (B4-1) can be obtained by deprotection of PG®!

of a compound of general Formula (B3-4), followed by coupling with a compound of general

Formula {A1-1).

Scheme C
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(61261 A compound of general Formula (B-1) can be prepared as outlined in
{ g prep

Scheme C. An aldehyde of general Formula (C-1) (PG' can be a nitrogen protecting group,
for example -Boc) and an isonitrile of general Formula (C-2), in the presence of a carboxylic
acid (for example, benzoic acid), can be condensed in a Passerini-like reaction towards a
compound of general Formula (C-3). After hydrolysis, a compound of general Formula {(C-
4) can be obtained. The PG can be removed, for example, by treatment with HCl when PG

can be Boc.

Scheme C1
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{6121} An amino ketone of general Formula (B2-1), can be prepared as outline in

Scheme C1. A protected amino acid of general Formula {(C1-1) can be converted to its
corresponding Weinreb amide under typical amide coupling conditions. Addition of an

organometallic reagent to the Weinreb amide, followed by work-up, can result in a ketone of

&0
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general Formula (Ci-3). An example, wherein R can be benzyl, is the formation of an
organometallic reagent by mixing Mg, HgCl and benzylchloromethyl ether, followed by
addition to a Weinreb amide of general Formula (C1-2), followed by work-up with saturated
ammonium chloride. The protecting group (PG') can be removed (for example, when PG'is
Boc, the protecting group can be removed using HCH resulting in the formation of an amino
ketone of general Formula (B2-1). When HCI is used for the deprotection, a compound of
general Formula (B2-1) can be obtained as a HCI salt. Examples of a compound of general
Formula (C1-1) are (8)-2-{(tert-butoxycarbony aming)-3-((8)-2-oxopiperidin-3-yDpropanoic

acid and (S)-2-{(tert-hutoxycarbonyamino}-3-((S)-2-oxopyrrolidin-3-yUpropanoic acid.

Scheme D
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[6122] Other conversions for R described herein are shown in Schemes D1 and

D2. In Schemes D1 and D2, PG represents an appropriate protecting group, and R and RY!

are part of the ketoamide described herein with respect to R°.
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(8123} A method for preparing a sub-group of amino acids of general Formula

(E-8) are provided in Scheme E. A lactam of general Formula (E-1) can be protected with a
suitable protecting group, PGY. An example of such a PG® group is a Boc-group. For the
purpose of the Scheme E, this protecting group can be rempoved at any relevant stage; and
therefore, PGP present hydrogen for any of compounds of general Formulae (B-4), (B-5), (B-
&), (E-7), (E-8) and (E-9). The lactam of general Formula (E-2) can be reacted with an
aldehyde of general Formula (E-3} (8§ or R-gamer’s aldehvde). The alcohol of general
Formula (E-4) can be eliminated to provide an alkene compound of general Formula (E-5)
(for example, by sequential conversion of the hydroxy to a corresponding mesylate, foliowed
by elimination under basic conditions). The double bond can be reduced (for example, by
hydrogenation, under influence of a homogeneous or a heterogenous catalyst, optionally
diastereoselective} to provide a compound of general Formula (E-6). Removal of the
acetonide in a compound of general Formula (BE-6) to the Boc-protected amino alcohol of
general Formula (E-7) can be followed by the oxidation to the carboxvlic acid of general
Formula (E-8). Altlernatively, the acetonide can be deprotected 1n a compound of general
Formula (E-3) to obtain a compound of general Formula (E-9). Reduction of the double

bond of a compound of general Formla (E-9) (for example, by hydrogenation under
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influence of a homogeneous or a heterogenous catalyst, optionally diastereoselective) can be
used to obtain a compound of general Formula (E-7). A compound of general Formula (E-4)
can be deoxygenated, for example, by a Barton-type deoxygenation, to provide a compound

of general Formula (E-6).

Scheme F
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{6124} Compounds of Formula (1) can include a prodrug moiety. A method for

including a prodrug moiety 18 depicted in Scheme F. For example an aldehvde of general
Formula (F-1) can be transformed into the corresponding bisulfite adduct of general Formula
(F-2), by treatment with NaHSOs:. A hydroxyketone of general Formula (F-3), can be
transformed o the corresponding phosphate of general Formula (F-3), for example, by
treatment with di-tert-butyl N N-dipropan-2-yiphosphoramidite and tetrazole followed by
oxidation with HyOs, that can provide a compound of general Formula (F-4). A compound
of general Formula (F-4) can be deprotected (for example by treatment with TFA) to provide
a compound of general Formula (F-3).

(8125} As shown in Scheme G, the synthesis of an amino ester of general
Formula (G2} can be accomplished via a Diels-Alder reaction, such as described in Arakawa

et al., Chemical & Pharmaceutical Bulletin (23003) S1(R), 1015-1020 (-PGqs can be —Br and
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~PGa can be ~-CHs). Also described herein in the synthesis of intermediates, is the use of —
PGar is ~Boc and -PGgz 15 ~t-Butyl or Me. A compound of general Formula (G2) can be
deprotected using methods known to those skilled in the art and depending on the protecting
group used for PGo:r and PGer. Alternatively, a compound of general Formula (G2) can be
converted to a compound of general Formula ((G3), by hydrogenation of the double bond, or
to a compound of general Formula (G4}, by cyclopropanation of the double bond. The
cyclopropanation c¢an, for example, be performed by application of a Stmmons-smith
cyclopropanation, by treatment with CHaN» in the presence of PAOAc), or other methods
described known to those skilied in the art.  Alternatively, deuterated intermediates can be

used.

Scheme G
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16126} {Other intermediates are described in Scheme H.  The intermediate of

general Formula (G2), can be selectively hydroxylated, for example, by hydrosilylation with
trichlorosilane in the presence of a chiral Pd-catalyst, foliowed by SiCl/OH exchange (for
example, Breuning et al, Beilstein Jowrnal of Organic Chemistry (2009) 5(8131-5).
Oxidation of the alcohol of general Formula (H1) can provide a ketone of general Formula
{H2). The ketone of general Formula (HZ) can be converted to an alkene of general Formula
(H3), for example, by using a Wiitig or a Tebbe reagent. Transformation of the double bond
towards the cyclopropyl can be done by treatment with CHoMNz in the presence of Pd{GAc),,
or other methods described in the literature and known to those skilled in the ant, and can
result in a compound of general Formula (H4). A similar approach can be done with the

somer of a compound of general Formuda (H1), a compound of general Formula (HS) can be
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obtained by using an enantiomeric chiral Pd-catalyst. A compound of general Formula (HS)
can then be converted to a compound of general Formula (H6), similar as outlined for the
conversion of a compound of general Formula (H1) 10 a compound of general Formula (H4).
Alternatively, the ketone of compound of general Formula (H2) can be converted to a
compound of general Formula (H2"} by fluorination, for example by application of a DAST
reagent. The isomeric compound of general Formula (H7) can be obtained starting from a
related isomer. The alcohols of general Formulae (H1) and (HS) can be converted to the
related fluoro derivatives of general Formulae (HU) and (HS'), by treatroent with a

fluorination reagent like DAST (Diethylaminosulfur trifluoride).

Scheme 1
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(61271 (Other compounds of general Formulae (1), (12) (Johnson et al., Synthetic
Comumunications (Z011) 41{1R)2769-2793), (I3), (4), (I5), 46), (IN), &), (I, (14, (11 1)
and (112} as depicted in Scheme I can be obtained by methods described in lterature {for
example, de Graaff et al., Org. Biomol. Chem. (2013) 13:10108-10112; and Johuson et al,,

Synthetic Communications (2011) 41{(18):2768-2793) and/or by applying methodologies as
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described herein. Compounds general Formulae (113, (12), (13), (34), (15), (63, (173, (I8}, (39),
(11, (11 and (112) can be used to obtain compounds of Formula (I}, along with

pharmaceutically acceptable salts, using similar methods as described herein.

Scheme 1A
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{0128} As an example, as depicted in Scheme 1A, a compound of Formula (IA1)
{(Rulifek et al., J. Org. Chemu. (2003) 70(16):6295-6302) can be hydrogenated to a coropound
of Formula (JA2). After reduction of a compound of Formoula (1A2), (for example, with
LiATH. (Johnson et al., Synthetic Communications {2011) 41(18):2769-2793), can result in a
compound of Formuda (JA3). A compound of Formula (IA3) can be oxidized using IBX (de
Graaft et al, Org. Biomol. Chem. (2015) 13:10108-10112) followed by introduction of
pifrite (Lin et al., Org. Process Res. Dev. (2016) 20(2):320-324) to provide a compound of
Formula (JA4). The nitrile can next be converted 0 a carboxylic acid or ester of a compound
of Formula (1AS). In the above scheme, racemic material can be obtained upon nitrile
introduction from a compound of Formmia (dA3) to a compound of Formula (1A4d).

Alternatively, achiral method can be used to provide enanticenriched compound(s).

Scheme §
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181291 An intermediate, a compound of Formula (J1) (Moody et al, |, Chem.
Soc., Perkin Trans. 1 (1997) 23:3519-3530), can be used to prepare aminc acids of general

Formulae (J2) and (J3) using similar procedures as described for Scheme H.

Pharmaceutical Compositions

[8138] Some embodiments described herein relate to a pharmaceutical
composition, that can include an effective amount of a compound described herein {(e.g., a
compound, or a pharmaceutically acceptable salt thereof, as described herein) and a
pharmaceutically acceptable carrier, excipient or combination thereof. A pharmaceutical
composition described herein is suitable for human and/or veterinary applications.

188311 As used herein, a “carrier” refers to a compound that faciluates the
incorporation of a compound 1nto cells or tissues. For example, without Hmitation, dirnethyl
suifoxide (DMSQO) is a comunonly utilized carrier that facilitates the uptake of many organic
compounds into cells or tssues of a subject.

(88132} As used herein, a “diluent” refers (o an ingredient in a pharmaceutical
composition that lacks pharmacological activity but may be pharmacestically necessary or
desirable. For example, a diluent may be used to increase the bulk of a potent drug whose
mass is too small for manufactore and/or admimstration. It may also be a hquid for the
dissolution of a drug to be administered by injection, ingestion or inhalation. A common
form of diluent in the art is a buffered agueous solution such as, without limitation,
phosphate buffered saline that mimics the compaosition of human blood.

[6133] As used herein, an “excipient” refers to an inert substance that is added o
a pharmaceutical composition to provide, without lhimitation, bulk, consistency, stability,
binding ability, lubrication, disintegrating ability etc., to the composition. A “diluent” is a
type of excipient.

{0134} Proper formulation is dependent upon the route of administration chosen.
Techniques for formudation and administration of the compounds described herein are known
to those skilled 1o the art. Multiple technigues of administering a compound exist in the art
including, but vot hmited to, oral, rectal, topical, aerosol, injection, inhalation and parenteral
delivery, mcluding intramuscular, subcutaneous, intravenous, inframedullary injections,

intrathecal, divect intraventricular, intraperitoneal, intranasal and infraccular injections.

o]
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Pharmaceutical compositions will generally be tailored to the specific intended route of
administration.

{6135] One may also administer the compound in a local rather than systemic
manner, for example, via injection of the compound directly into the infected area, often in a
depot or sustained release formulation. Furthermore, one may administer the compound in a
targeted drug delivery system, for example, in a liposome coated with a tissue-specific
antibody. The liposomes may be targeted to and taken up selectively by the organ.

[8136] The pharmaceutical compositions disclosed herein may be manufactured
in a manner that is itself known, eg., by means of conventional mixing, dissolving,
granulating, dragee-making, levigating, eroulsifying, encapsulating, entrapping or tableting
processes.  As described herein, compounds used in a pharmaceutical composition may be

provided as salts with pharmaceutically compatible counterions.

Methods of Use

(8137} Some embodiments described herein relate to a method of treating a
coronavirus infection that can include administering to a subject identified as suffering from
the coronavirus infection an effective amount of a compound, or a pharmaceuntically
acceptable salt thereof, as described herein, or a pharmaceutical composition that includes an
effective amount of a compound, or a pharmaceutically acceptable salt thereof, as described
herein.  Other embodiments described herein relate to using a compound, or a
pharmaceuticaily acceptable salt thereof, as described herein in the manufacture of a
medicament for freating a coronavirus infection. Still other embodiments described herein
relate to the use of a compound, or a pharmaceutically acceptable salt thereof, as described
herein or a pharmaceutical composition that includes a compound, or a pharmaceutically
acceptable salt thereof, as described herein for treating a coronavirus infection.

[6138] Some embodiments disclosed herein relate to a method of treating a
coronavirus infection that can include contacting a cell infected with the coronavirus with an
effective amount of a coropound, or a pharmaceuntically acceptable salt thereof, as described
herein, or a pharmaceutical composition that includes an effective amount of a compound, or
a pharmaceutically acceptable salt thereof, as described herein.  Other embodiments

described herein relate to using a compound, or a pharmaceustically acceptable salt thereof, as

]
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described herein in the manmufacture of a medicament for treating a coronavirus infection.
Still other embodiments described herein relate to the use of a compound, or a
pharmaceutically acceptable salt thereof, as described herein described herein, or a
pharmaceutical composition that includes an effective amount of a compound, or a
pharmaceutically acceptable salt thereof, as described herein for treating a coronavirus
infection.

16139} Some embodiments disclosed herein relate to a method of inhibiting
replication of a coronavirus that can inclade contacting a cell infected with the coronavirus
with an effective amount of a compound, or a pharmaceutically acceptable salt thereof, as
described herein, or a pharmaceutical composition that inchudes an effective amount of a
compound, or a pharmaceutically acceptable salt thereof, as described herein.  Other
embodiments described herein relate to using a compound, or a pharmaceutically acceptable
salt thereof, as described herein jo the magufacture of a medicament for inhubiting replication
of a coronavirus. Stll other embodiments described herein relate to the use of a compound,
or a pharmaceustically acceptable salt thereof, as described herein, or a pharmaceutical
composition that includes an effective amount of a compound, or a pharmaceutically
acceptable salt thereof, as described herein, for inhibiting replication of a coronavirus.

16148} In some embodiments, the coronavires can be an g-coronavirs or a -
coronavirus. A compound described herein may be effective against one or morg variants of
a coronavirus. Exampies of variants include, but are not limited, to alpha-variant (B.1.1.7},
beta-variant (B.1.351), gamma vanant {(P.1) and delta-variant (B.1.617.2). In some
embodiments, the coronavirus can be selected from CoV 229E, CoV NL63, CoV OC43, CoV
HKUL, Middle East Respiratory Syandrome (MERS)-CoV, Severe Acute Respiratory
Syndrome (SARSHCoV, and SARS-CoV-2.

(8141} Some embodiments described herein relate to a method of treating a
picornavirus infection that can include administering to a subject identified as suffering from
the picornavirus infection an effective amount of a compound, or a pharmaceutically
acceptable salt thereof, as described herein, or a pharmaceutical coroposition that inchudes an
effective amount of a compound, or a pharmaceutically acceptable salt thereof, as described
herein.  Other emwbodiments described herein relate to uwsing a compound, or a

pharmaceutically acceptable salt thereof, as described herein in the manufacture of a
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medicament for treating a picornavirus infection. Still other embodiments described herein
relate to the use of a compound, or a pharmaceutically acceptable salt thereof, as described
herein or a pharmaceutical composition that includes a compound, or a pharmaceuticaily
acceptable salt thereof, as described herein for treating a picornavirus infection.

16142} Some embodiments disclosed herein relate o a method of treating a
picornavirus infection that can include contacting a cell infected with the picornavirus with
an effective amount of a compound, or a pharmaceutically acceptable salt thereof, as
described herein, or a pharmaceutical composition that inchudes an effective amount of a
compound, or a pharmaceutically acceptable salt thereof, as described herein.  Other
embodiments described herein relate to using a compound, or a pharmaceutically acceptable
salt thereof, as described herein in the manufacture of a medicament for treating a
picornavirus infection.  Still other embodiments described herein relate to the use of 4
compound, or a pharmacentically acceptable salt theveof, as described herein described
herein, or a pharmaceutical composition that includes an effective amount of a compound, or
a pharmaceutically acceptable salt thereof, as described herein for treating a picornavirus
infection.

(68843} Some embodiments disclosed herein relate to a method of inhibiting
replication of a picornavirus that can include contacting a cell infected with the picornavirus
with an effective amount of a compound, or a pharmaceutically acceptable salt thereof, as
described herein, or a pharmaceutical composition that includes an effective amount of a
compound, or a pharmaceutically acceptable salt thereof, as described herein. Other
embodiments described herein relate to using a compound, or a pharmaceutically acceptable
salt thereof, as described herein in the manufacture of a medicament for inhibiting replication
of a picornavirgs. Still other embodiments described herein relate to the use of a compound,
or a pharmaceutically acceptable salt thereof, as described herein, or a pharmaceutical
composition that includes an effective amount of a compound, or a pharmaceutically
acceptable salt thereof, as described herein, for inhibiting replication of a picornavirus.

{68844} In some embodimoents, the picotoavirus can be a rhinovitus, including
rhinovires &, B and/or C. In some embodiments, a corapound described herein, including a
compound of Fornuila (1), or a pharmaceutically acceptable salt thereot, can be used to treat

one or serotypes of a rhinovirus.

91



WO 2023/283256 PCT/US2022/036242

[6145] Some embodiments described herein relate to a method of treating a
noroviras infection that can include administering to a subject identified as suffering from the
norovirus infection an effective amount of a compound, or a pharmaceutically acceptable salt
thereof, as described herein, or a pharmaceutical compeosition that includes an effective
amount of a compound, or a pharmaceutically acceptable salt thereof, as described herein.
Other embodiments described herein relate to using a compound, or a pharmaceutically
acceptable salt thereof, as described herein in the manufacture of a medicament for {reating a
norovitus infection. Sl other embodiments described herein relate to the use of a
compound, or a pharmaceutically acceptable salt thereof, as described herein or a
pharmaceutical composition that includes a compound, or a pharmaceutically acceptable salt
thereof, as described herein for treating a norovirus infection.

(6146} Soroe embodiments disclosed heremn relate to a method of treating a
norovirus infection that can include contacting a cell infected with the norovirus with an
effective amount of a compound, or a pharmaceutically acceptable salt thereof, as described
herein, or a pharmaceutical composition that includes an effective amount of a compound, or
a4 pharmaceutically acceptable salt thereof, as described herein.  Other embodiments
described herein relate to using a compound, or a pharmaceutically acceptable salt thereof, as
described herein 1o the manufacture of a mwedicament {or treating a norovirus infection. Still
other embodiments described herein relate to the use of a compound, or a pharmaceuticaily
acceptable salt thereof, as described herein described herein, or a pharmaceutical
composition that includes an effective amount of a compound, or a pharmaceutically
acceptable salt thereof, as described herein for treating a norovirus infection.

[68147] Some embodiments disclosed herein relate to a method of inhibiting
rephication of a norovirus that can include contacting a cell infected with the norovirus with
an effective amount of a compound, or a pharmaceutically acceptable salt thereof, as
described herein, or a pharmaceutical composition that includes an effective amount of a
compound, or a pharmaceutically acceptable salt thereof, as described herein.  Other
emnbodiments described herein relate to using a compound, or a pharmaceutically acceptable
salt thereof, as described herein in the manafactere of a medicament for inhibiting replication
of a norovirus. Stll other embodiments described herein relate to the use of a compound, or

a pharmaceutically acceptable salt thereof, as described herein, or a pharmacentcal
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composition that includes an effective amount of a compound, or a pharmaceutically
acceptable salt thereof, as described herein, for inhibiting replication of a norovirus.

[6148] Some embodiments disclosed herein relate to a method of treating a
respiratory condition that is developed because of a coronavirus and/or a picornavirus
infection that can include administering to a subject suffering from the respiratory condition
and/or contacting a cell infected with the coronavirus and/or the picornavirus in a subject
suffering from the respiratory condition with an effective amount of a compound, or a
pharmaceutically acceptable salt thereof, as described herein, or a pharmaceutical
composition that includes an effective amount of a compound, or a pharmaceuticaily
acceptable salt thereof, as described herein. Other embodiments described herein relate to
using a compound, or a pharmaceutically acceptable salt thereof, as described hevein in the
rmanufacture of a2 medicarnent for treating a respiratory condition due to a coronavirus
infection and/or a picornavitus infection with an effective amount of the compound, or a
pharmaceutically acceptable salt thereof. Sl other embodiments described herein velate to
the use of a compound, or a pharmaceutically acceptable salt thereof, as described herein, or
a4 pharmaceutical composition that includes an effective amount of a compound, or a
pharmaceutically acceptable salt thereof, as described herein for treating a respiratory
condition due to a coronavirus infection and/or a picornavirus infection.

{§149] A subject infected with a coronavirus can be asymptotic. A coronavirus
infection can manifest itself via one or more symptoms. Examples of symptoms include, but
are not limited to, coughing, sore throat, runny nose, sneezing, headache, fever, shortness of
breath, myalgia, abdominal pain, fatigue, difficulty breathing, persistent chest pain or
pressure, difficulty waking, loss of smell and taste, muscle or joint pain, chills, nausea or
vomiting, nasal congestion, diarrhea, haemoptysis, conjunctival congestion, sputum
production, chest tightness and/or palpitations. A coronavirus infection can cause
complications. A non-limiting list of complications include, but are not limited to, sinusitis,
otitis media, pneumonia, acute respiratory distress syndrome, disseminated intravascular
coagulation, pericarditis and/or kidney failure.

(8158} As with a coronaviras, a subject infected with a picornavirus can be
asymptotic.  Alternatively, a subject can exhibit one or more of syrmaptoms. Examples of

symptorns of a picornavitus infection jnclude, but are not imited to, aseptic meningitis, rash,
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conjunctivitis, runny nose a headache a cough a fever a sore throat, chest and/or abdominal
pain and paralysis. As provided herein, subjects infected with a norovirus can exhibit one or
more the symptoms including, but not limited to, nausea, non-bloody diarrhea, vomiting and
abdominal pain. An example of a complication that can be atiributed t0 a norovirus infection
is dehydration, including severe dehydration.

(8151} Various indicators for determining the effectiveness of a method for
treating a coromavirus, picorpavirus and/or norovirus infection are also known to those
skilled 1o the art. BExamples of suitable indicators include, but are not hmited to, a reduction
in viral load indicated by reduction in coronavirus (or load} (e.g., reduction <10° copies/mL
in serum), a redaction in plasma viral load, 4 reduction in viral rephication, a reduction 1n
time to seroconversion {virus undetectable in patient serurn), an increase in the rate of
sustained viral response to therapy a reduction of morbidity or mortality in clinical outcomes,
reduction in the need for a venttlator and/or total tme on 3 ventilator, reduction in
hospitalization rates and/or reduction i time in an ICU (ntensive care unit) and/or hospital.

e

[8552) As used herein, the terms “treat,” “treating,

KA EE TS

treatment,” “therapeutic,”
and “therapy” do not necessarily mean total cure or abolition of the disease or condition. Any
alleviation of any undesired signs or symptoms of a disease or condition, to any extent can be
considered treatment and/or therapy. Furthermore, treatment may include acts that may
worsen the subject’s overall feeling of well-being or appearance.

[6153] As used herein, a “subject” refers to an animal that is the object of
treatment, observation or experiment. “Amimal” includes cold- and warm-blooded
vertebrates and invertebrates such as fish, shellfish, reptiles and, in particular, mammals.
“Mammal” includes, without Hmitation, mice, rats, rabbits, guinea pigs, dogs, cats, sheep,
goats, cows, horses, camels, non-human primates, such as monkeys, chimpanzees, and apes,
and, in particular, humans. In some embodiments, the subject can be human, for example, a
human subject that is 60 years old or older.

[8154] The term “effective amount” is used to indicate an amount of an active
compound, or pharmaceutical agent, that elicits the hiological or medicinal response
indicated. For example, an effective amount of compound can he the amount needed to
alleviate or ameliorate symptoms of disease or prolong the survival of the sabject being

treated.  This response 1oay occur in a tissue, systerm, amimal or human and includes
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alleviation of the signs or symptoms of the disease being treated. Determination of an
effective amount is well within the capability of those skilled in the art, in view of the
disclosure provided herein. The effective amount of the compounds disciosed herein required
as a dose will depend on the route of administration, the type of animal, including human,
being treated, and the physical characteristics of the specific animal under consideration.
The dose can be tailored to achieve a desired effect, but will depend on such factors as
weight, diet, concurrent medication and other factors which those skilled in the medical arts
will recognize.

{0155] In some embodiments, the subject can be asymptomatic, for example, the
subject can be fofected with coromavirus buf does not exhibit any symptoms of the viral
infection. In some embodiments, the subject can be have a pre-existing condition, such as
asthma, hypertension, imyounocompromused subjects (such as subjects with cancer, HIV
and/or genetic iromune deficiencies, bone marrow transplant subjects, solid organ transplant
subjects, subjects who have had stern cells for cancer treatment and/or subjects who use oral
or intravenous corticosteroids or other medicines called immunosuppressants), Hver disease,
subjects at risk {or severe illness, chronic kidney disease being treated with dialysis, chronic
fang disease, diabetes, hemoglobin disorders, serious heart conditions (for example, heart
failure, coronary artery disease, congenital heart disease, cardiomyopathies, and pulmonary
hypertension}, severe obesity (such as subjects with a body mass index (BMI) of 40 or
above) and people who live in a nursing home or long-term care facility . Additional
examples and/or further information is provided by the ChC
(https:/fwww.cde.gov/coronavirus/2819-ncov/need-extra-precautions/groups-at-higher-
risk.htmd).

[6156] A compound described herein, including a compound of Formula (1), or a
pharmaceutically acceptable salt thereof, can be administered after a subject is infected with
a coronavirus. In addition and/or alternatively, a compound described herein, including a
compound of Formula (I}, or a pharmaceutically acceptable salt thereof, can be administered
prophylactically.

(8187} Exaroples of agents that have been used to treat a coronavirus infection
include Remdesivit. However, there can be drawbacks associated with compounds being

used to freat a coronaviras including, but not hmited fo, one or more adverse side effects, the
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need for subcutaneous adminmistration and/or high cost. Potential advantages of a compound
of Formula (1}, or a pharmaceutically acceptable salt thereof, can be less adverse side effects,
delay in the onset of an adverse side effect and/or reduction in the severity of an adverse side
effect.

[6158] A coronavirus infection can be treated by inhibiting certain mechanisms.
In some embodiments, a compound described herein (such as a compound of Formula (1), or
a pharmaceutically acceptable salt thereof) can be selective for a coronavirus protease. For
example, a compound of Formula (1}, or a pharmaceutically acceptable salt thereof, can be
selective for a coronavirus protease compared to a host protease, for example, one or more
host proteases selected frorn Cathepsin L, Cathepsin B, Cathepsin D, Cathepsin K, Leukocyte
Hlastase, Chymotrypsin, Trypsin, Throrobin, Pepsin, Caspase 2, Elastase and Calpain. In
some embodiments, the selectivity for a coronmavirus protease over a host protease (such as
those described herein) can be > 2-fold.  In some embodiments, the selectivity for a
coronavirus protease over a host protease {such as those described herein) can he > 10-{old.
In some embodiments, the selectivity for a corgnavirus protease over a host protease (such as
those described herein) can be > 180-fold.

[8159] Stadies have shown that the entry of SARS-CoV-2 into the target cells 1s a
process that can be mediated by multiple proteases including cysteine cathepsins L and/or
transmembrane protease serine 2 (TMPRSS2) (Shang et al,, PNAS (2020) 117:11727, and
Hoffmann et al., Cell (2020) 181:271-280). The cathepsin L inhibitor Ki17777, which lacks
an inhibitory effect on the 3CLpro, can result in potent inhibition of SARS-CoV-2 in
VeroE6, AS49-ACE2  andfor Hela-ACEZ (Mellott et  al, bioRxiv (2020;
2020.2010.2023.347534). It has also been shown that the potent antiviral effect of K117777
is abolished when TMPRSS2 was expressed in AS549-ACE2 (Steuten et al., bioRxiv (2020}
2020.2011.2021.392753). Off target activity of 3CLpro inhibitors, for example, on cathepsin
L, may lead to an inaccurate assessment of the 3CLpro component of a compound’s cellular
potency. As an example, a compound described herein {such as a compound of Formula (3},
or a pharroaceutically acceptable salt thereof) can have greater selectivity for a coronavirus
protease over a host protease, such as cathepsin L. The selectivity can be determined by
those skilled in the art, for example, using 1Cso and/or Ki values. In sorne ermnbodiments, a

compound described herein does not sigmficantly inhibit cathepsin L (for example, ICs >
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10000 oM or »3.3 uM), but inhibits a coronavirus protease (for example, SARS-Cov-2
3Clpro).

[8168] A drawback with anti-viral treatment can be the development of
resistance, including cross-resistance. Resistance can be a cause for treatment failure. The
term “resistance” as used herein refers to a viral strain displaying a delaved, lessened and/or
null response to an anti-viral agent. In some embodiments, a compound, or a
pharmaceutically acceptable salt thereot, as described herein can be provided to a subject
infected with a coronavirus strain that is resistant to one or more other anti-viral agents. In
some embodiments, development of coronavirus resistant strains is delayed when a subject is
treated with a compound, or a8 pharmaceutically acceptable salt thereof, as described herein
compared to the development of a coronavirus resistant strain when treated with one or more

other anti-viral agents.

Combination Therapies

{8161} In some embodiments, a compound, or a pharmaceutically acceptable salt
thercot, as described herein can be used in combination with one or more additional ageni(s)
for treating and/or inhibiting replication a coronavirus. Additional agents mclude, but are not
himited to, an ACE inhibitor, an anticoagulant, an anti-inflammatory, an ARB, an ASQ, a
Covid-19 convalescent plasma, an entry inhibitor, an Ho pump antagonist, an H-conducting
channel, an HIV protease inhibitor, an HMG-CoA reductase inhibitor, an imumune globulin,
an  tmmunosuppressant, an  immunotherapeutic  agent, a wonoclonal  antibody, a
peuraminidase inhibitor, a nucleoside inhibitor, a nucleoside analog inhibitor, a polyrerase
inhibitor, a protease inhibitor, an siRNA, a statin, a tissue plasminogen activator, ag
antibiotic, ag antimicrobial and a vaccine. Examples of additional agents include Ascorbic
acid, Anakin, Azithromycin, Baloxavir, Baricitinib, Chloroguine Phosphate, Colchicine, a
corticosteroid, Epoprostencl, Famotidine, Favipiravir, an IGIV, an interferon (for example,
recombinant interferon alpha 2Zb, IFN-g and/or PEG-IFN-0-2a), an 1VIG, Ivermectin, y-
globulin, lopinavir, Methylprednisolone, Molnupiravir (MK-4482 or EIDD-2801),
Niclosamide, Nitaroxamde, Nitric oxide, (seltamivir, Peramivir, RANTES, ribavirin,
Remdesivir, Ruxoliinib, Sarilumab, Siltuximab, Sirolimus, a  statin, Tacrolimus,

Tociizumab, Umifesovir, Zanamivir, Casinivimab, imdevimab, bamlanivimab, etesevimab
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and AT-527 (Good et al., Antimicrobial Agents and Chemotherapy (2021) 65(4):e02479-20)
{8162] In some embodiments, a compound, or a pharmaceutically acceptable salt
thereof, as described herein can be administered with opne or more additional agent(s)
together in a single pharmaceutical composition. In some embodiments, a compound, or a
pharmaceutically acceptable salt thereof, can be administered with one or more additional
agent(s) as two or more separate pharmaceutical compositions. Further, the order of
administration of a compound, or a pharmaceutically acceptable salt thereof, as described

herein with one or more additional agent{s) can vary.

EXAMPLES
{8163} Additional embodiments are disclosed in further detail in the following

examples, which are not in any way intended to Hmit the scope of the clairos.

COMPOUNDS
{0164] Compounds of Formula (1), along with pharmaceutically acceptable salis
thereof, can be prepared in various ways, including those synthetic schemes shown and
described herein, are provided below. Those skilled in the art will be able to recognize
modifications of the disclosed syntheses and to devise routes based on the disclosures herein;

all such modifications and alternate routes are within the scope of the claims.

Synthesis of Intermediates
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{0165] To a solution of [,2-di-tert-butyl (254R)-4-hydroxypyrrolidine-1.,2-
dicarboxylate (15 g, 52.2 mmol, 1.0 eq.) in DCM (250 mL) was added triethylamine (9.51 g,
93.9 mmol, 1.8 egq.) and DMAP (1.91 g, 157 mmol, 0.3 eq.). MsCl{(8.87 g, 78.3 mumol, 1.5
eq.) was added dropwise at 0 °C. The mixture was stirred at room temperature (1t} for 2 h,
and the reaction was guenched with water (100 mL). The solution was extracted with DCM
(3 x 150 mL). The organic layers were combined, washed with brine (100 mL), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue was
chromatographed on a silica gel coluwmn with EAPE (1110) to provide 12-di-tert-butyl
(25,4R-4-(methanesulfonyloxyjpyrrolidine-1,2-dicarboxylate (17.8 g, 8§89%) as a colorless
oil. LOC-MS (ESL mifz): 366 IM+H].

[6166] To a solution of {,2-di-tert-butyl (25,4R -4~
{roethavesulfonyloxy)pyrrolidine-1,2-dicarboxylate {17.8 g, 48.7 nmuunol, 1.0 eq.) in MeOH
(400 mwl) was added (phenyldiselanybbenzene (9.12 g, 29.2 muunol, 0.6 eq.).  Sodium
borohydride (2.4 g, 63.3 mmol, 1.3 eq.) was added at § °C 1o several portions. The mixture
was refluxed overnight and then concentrated under reduced pressure. Water (100 mL) was
added, and the mixture was extracted with EA (3 x 150 mL). The organic layers were
combined, washed with brine {100 wml), dried over ashydrous sodium sulfate, filtered and
concentrated under reduced pressure. The residue was chromatographed on a silica gel
colunm with EA:PE (1:5} to provide 1,2-di-tert-butyl (25,45)-4-(phenylselanyl}pyrrolidine-
1,2-dicarboxylate (7.5 g, 32%) as a colorless oif. LC-MS (ESL, s/z): 428 [M+H]"

{8167] To a solution of 1,2-di-tert-butyl (25,45)-4-(phenylselanyDpyirolidine-
i,2-dicarboxylate (7.5 g, 17.6 mumol, 1.0 eq.) in DCM (100 mL) was added pyridine (2.4 mi,
3005 mumol, 1.7 eq.) and 30% aqueocus HoOn (5.6 mL, 71.6 mumnol, 4.0 eq.). The mixture was
stirred at 1t for 12 h, and the reaction was quenched with water (20 mbL). The solution was
extracted with DCM (3 x 150 ml). The organic layers were combined, washed with 1 M
citric acid {80 mbL), sat. ag. NaxSOs; (100 wl) and brine (100 mL), dried over anhvdrous
sodium sulfate, filtered and concentrated under reduced pressure.  The rvesidue was
chromatographed on a silica gel colomn with EAPE (1:9) to provide 1.2-di-tert-butyl (25)-
2,5-dihydropyrrole-1,2-dicarboxylate (2.8 ¢, 33%) as a colorless oil. 'H NMR (300 MHz,
DMSG-ds) 6 6.02-6.09 (m, 1H), 5.76-5.83 (m, 1H), 4.72-4.78 (m, 1H), 4.05-4.09 (m, 2H),
FA7-1.42 (m, 18H). LO-MS (ESY, m/izy: 270 [M+HY
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{0168] A solution of I,2-di-tert-butyl (28)-2,5-dihydropyrrole-1,2-dicarboxylate
(2.8 g, 104 mmol, 1.0 eq.) in dicyclopentadiens (60 mbL) was stirred at 170 °C for 4% h under
nitrogen and then resolved with DCM (200 mbL). After removal of the solvent, the residue
was chromatographed on a silica gel column with EA:PE (1.9) to provide the product {2.5 g,
crude) as a yellow oil. The crude oil was chromatographed on a CI8 column with
H-OoMeCN (2:1) to provide di-tert-butyl (15,3aR45,7R,7a8)-1,3,3a,4,7,7Ta-hexahydro-2H-
4,7-methanoiscindole-1,2-dicarboxylate (690 mg, 19%) as a white solid. 'H NMR (300
MHz, DMSO-ds) 8 6.14-6.21 (m, 2H), 3.55-3.60 (m, 1H), 3.23-3.27 (m, 1H), 2.95-3.02 (m,
2H), 2.74-2.87 (m, 3H), 1.24-1.48 (m, 20H). LC-MS (ESY, m/z): 270 [M+H]".

[8169] To a solution of i-tert-butyl {(15,3aR 45,7R,7a8)-1,3,3a,4,7, Ta-hexahydro-
2H-47-methanoisoindole-1,2-dicarboxylate (690 mg, 2.1 mmol, 1.0 eq.) in dioxane (10 b}
was added hydrochloric acid (10 i, 9M). The mixture was stirred at rt overnight and then
concentrated  under reduced pressure to  provide {(15,3aR . 458,7R)7a8)-2,3,3a.4,7,7a-
hexahydro- 1H-4,7-methanotsoindole- L-carboxylic acid (320 myg, crude) as a black solid.
LOC-MS (ESL m/z); 180 IM+H]"

16178} To a solution of (15,3aR,45,7R,728)-2,3,3a,4,7, 7a-hexahydro-1H-4,7-
methanoisoindole-1-carboxvylic acid (320 mg, 1.79 mmol, 1.0 eq.) in DCM (8 ml) was added
di-tert-butyl dicarbonate (429 mg, 1.97 mmol, 1.1 eq.) and triethylamine (542 mg, 5.34
mmol, 3.0 eq.). The mixture was stirred at rt for 3 h and then concentrated under reduced
pressure to provide (15,3aR 48,7R,7a8)-2-(tert-butoxycarbonyl)-2.3,3a,4,7,7a-hexahydro-
1H-4,7-methanoisoindole-i-carboxylic acid (430 mg, crude) as a brown solid. LC-MS (ES],
m/zy 280 M+ HT

H

Ox N QY
D NHs, MeOH
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(81711 A mixtere of wethyl (285)-2-[{tert-butoxycarbonybamine}-3-[{35)-2-
oxopyrrolidin-3-ylipropanoate (10.0 g, 34.9 mmol, 1.00 eq.) in ammonia (130 ml, 7 M in
MeOH) was stirred overmight at 80 “C and concentrated under reduced pressure to afford
tert-butyl N-[{15)-1-carbamoyl-2-{{35)-2-oxopyrrolidin-3-yljethyljcarbamate (10.0 g, crude)
as a light brown solid. "H NMR (400 MHz, DMSO-ds) § 7.65 (s, 1H), 7.29 (s, 1H), 7.01 ¢,
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1H), 6.88-6.95 (m, 1H), 3.84-4.15 (m, 1H), 3.09-3.21 (m, 2H), 2.08-2.26 (m, 2H), 1.84-1.96
(m, 1H), 1.60-1.74 (m, 1H), 1.44-1.54 (m, 1H), 1.38 (s, OH). LC-MS (BSL m/z): 272
VHT

(8]
-NH G N
HCI, ether
N rt, 2h NH HATU, DIEA DMF
HNT Sy HoN 2 .2h
Boo 0O
H
O N "
ON
NH,
\ ) N+,
O HCI, ether a
rt, 2h G

(68172} A solution of tert-butyl ((§)-i-amino-1-0x0-3-({5)}-2-oxopyrrolidin-3-
yhpropan-2-yvhcarbamate (710 mg, 2.62 mmol, 1.0 eq.) in hydrochloric acid in ether (12 mL,
2 mol/L) was stirred at 1t for 2 h and concentrated under reduced pressure to provide (8)-2-
amino-3-({(8)-2-oxopyrrolidin-3-ylpropenamide (300 mg, crude)} as a white solid. LC-MS
(ESE, w2y 172 [M+HT

16173} To a solaion  of  {15,3aR,458,7R,7a8)-2-(tert-butoxycarbonyl)-
2,3,3a,4,7 Ta-hexahydro-1H-4,7-roethanoisoindole-1-carboxylic acid (979 myg, 3.5 wmol, 1.2
eq.y in DMF (2 mL) was added NNN,N'-Tetramethyl-O-(7-azabenzotriazol- -y hroniom
hexafluorophosphate (1.44 g, 3.8 muuol, 1.3 eq.) and N N-diisopropylethylamine (2.64 g,
20.4 wmol, 7.0 eq.). The mixture was stirred at 0 °C for 30 min and then (8)-2-amino-3-((8)-
2-oxopyrrolidin-3-ylpropanamide (300 wg, 2.92 mmol, 1.0 eq.) was added. The mixture
was stirred at vt for 2 h, and the reaction was guenched with water (§ ml). The mixtore was
extracted with EA (3 x 10 mL). The organic layers were combined, washed with brine (3 x
13 ml), dried over anhydrous sodium sulfate, filtered and concentrated under reduced

pressure. The residue was chromatographed on a C1E column with water:MeCN (2:1) o
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provide tert-butyl  (15,3aR 45,7R.7a53-1-({(8)-1-amino-1-ox0-3-((85)-2-oxopyrrolidin-3-
ylipropan-2-ylcarbamoyi}-1,3,3a,4,7,7a-hexahydro-2H-4,7-methanoiscindole-2-carboxylate
(1.05 g. 75%) as a brown yellow solid. LC-MS (ES, m/z): 433 [M+H]".

[6174] A solution of tert-butyl (15,3aR 458,7R,7a83-1-(((8)-1-amino-1-0x0-3-({5)-
2-oxopyrrolidin-3-ylipropan-2-yhcarbamoyli)-1,3,3a,4,7, 7a-hexahydro-2H-4,7-
methanoiscindole-2-carboxylate (300 mg, 0.6% mmol, 1.0 eq.) in hydrochloric acid in ether
{3 ml, 2 mo¥/L) was stitred at vt for 2 h and then concentrated under reduced pressure to
provide  (185,3aR45,7R,7a5)-N-{(8)-1-amino- 1 -0x0-3-((5)-2-oxopyrrolidin-3-yhpropag-2-
y13-2,3.33,4.7,7a-hexahydro-1 H-4,7-methanoisoindole-1 -carboxamide (200 mg, crude) as a
white solid. LC-MS (ESE m/z): 333 [M+H]".

a FyC

HC P
Hng_/<O i})\o’”\ HN % TFA DCM ™ 0
N/ F k‘( t, 1h RS
!/< O BN, MeOH >‘x 5\4 >\‘ \\gH
\

F4C
¢

30 °C, &h

[6175] To a stirred mixture of tert-butyl (238)-2-amino-3,3-dimethylbutanoate
hydrochloride (6.00 g, 26.8 mmol, 1.0 eq.) and ethyl 2,2 2-mifluoroacetate (7.62 g, 53.6
munol, 2.0 eq.) in MeOH (100 ml.) was added triethylamioe (5.43 g, 533.7 mmol, 2.0 eq) at O
“C. The mixtare was stirred for 5 h at 30 °C and then concentrated under reduced pressure {o
afford the crude prodoct. The crude product was diluted with DCM (150 mL) and made into
a sharry with 100 ~ 200 silica gel mesh (15 g), and the shurry was loaded to a columm
chromatography after removing the DCM. The sample was purified by column
chromatography (Column size 6 X 24 cm, column volume: 600 ml, silica gel size (100 ~ 200
mesh) quantity: 330 g) and eluted with MeOH:DCM (0% ~ 10% over 30 min). The collected
fractions: 0% MeOH:DUM fractions were chosen as the pure fractions. and those fractions
were combined and concentrated under reduced pressure to provide tert-butyl (25)-3,3-
dimethyl-2-(2,2 2-trifluoroacetamidoibutancate {7.20 g, 90%) as a white solid. 'H NMR
(300 MHz, CDClz) § 6.78-6.90 {m, 1H), 4.32-4.38 (m, 1H), 1.50 (s, 9H), 1.01 (s, OH). LC-
MS (ES], m/z)y 282 [M-HT

[8176] To a mixture of tert-butyl (253-3,3-dimethyl-2-(2,2,2-
trifluorcacetamidotbutanoate (1.03 g, 3.64 mmol, 1.0 eq) in DCM (5 mL) was added

triffucroacetic acid {5 mbL). The mixture was stirred for 1 h at 1t and then concentrated under
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reduced pressure to {25)-3,3-dimethyl-2-(2,2,2-trifluorcacetamido)butanoic acid {826 mg,

crude) as a yellow oil. LC-MS (ESE mi/z): 226 [M-H]J.

Nov, [}
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183771 To a soletion of 1,2-di-tert-butyl (28)-5-oxopyrrohidine-1,2-dicarboxylate
1, 2-di-tert-butyl  (2S)-5-oxopyrrolidine-{,2-dicarboxylate (30 g, 175 mwwol, 1.0 eq.) in
toluene (300 mL) was added [tert-butoxy{dimethvlaminomethyl]dimethylamine (36.7 g, 210
mmol, 1.2 eq.). The mixture was stirred at 115 °C for 3 h under nitrogen and concentrated
under reduced pressure to provide di-tert-butyl (8,7)-4-{{dimethyvlamino)ymethylene)-3-
oxopyrrolidine-1,2-dicarboxylate (46g, crude) as an orange oil. LC-MS (ESL m/z) 341
IM+HT

[6178] To a solution of di-tert-butyl  (§,2)-4-((dimethylaminoymethylene)-5-
oxopyrrolidine- 1, 2-dicarboxylate (46 g, 135 mmol 1.0 eq.) in THF (900 ml}) was
added DIBAL-H (203 mi., IM in toluene, 203 mmol, 1.5 eq.) dropwise at -78 °C under Na.
The mixture was stirred at

-78 °C for 2 h, and was then poured into hydrochloric acid (800 ml, 2 mo¥/L) slowly at 0 °C.
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The solution was extracted with EA (3 x 600 mL). The organic lavers were combined, dried
over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The
residue was chromatographed on a silica gel columm with EAPE (1:5) to provide di-tert-
butyl {S)-4-methylene-5-oxopyrrolidine-1,2-dicarboxylate {16 mg, 36%) as a colorless oil.
'H NMR (300 MHz, DMSO-de) 5 5.98-6.00(m, 1H), 5.58-5.59 (m, 1H), 4.50-4.54 {m, 1H),
3.04-3.34 (m, 1H), 2.57-2.64 (m, 1H), 1.36-1.44 (mn, 18H). LC-MS (ESE m/z): 298 [M+HT"

[017%] To a solution of di-tert-butyl  (§)-4-methyiene-5-oxopyrrolidine-1,2-
dicarboxvlate {12 g, 40.4 mmol, 1.0 eq.) in THF (200 ml) was added methoxyhithium (22
mb, 2.2M in methanol, 48.4 mumol, 1.2 eq.} at -40 “C under Ny, The mixture was stirred at -
44 °C for 30 min. The reaction quenched with sat. ag. sodium chloride (100 ml). The
solution was extracted with EA (3 x 100 ml.). The organic layers were comnbined, dried over
avhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue was
chromatographed on a silica gel column with EAPE (1:4) to provide -{tert-butyl) S-methyl
{(5)-2~({tert-butoxycarbonyhamino))-4-roethylenepentanedioate (12 ¢, 81%) as a colorless
viscous oil. LC-MS (ES], m/z): 330 [M+H].

[6184] To a solution of I-(tert-basty ) S-methyl (8)-2-{{tert-
butoxycarbonylamino)-4-methylenepentanedioate {7 g, 21 mmol, 1.0 eq.) in MeCN (70 ml.)
and DMSO (70 ml) was added 2H-pyrazol-3-amine (2.1 g, 25.5 mmwol, 1.2 eq.), KoC0s
(2.94 mg, 21 mmol, 1.0 eq.). The mixture was stirred at 60 °C overnight and then
concentrated uvnder reduced pressure. The residue was chromatographed on a Cl¥ column
with MeCN:H»(3 (3.2) to provide tert-butyl (25)-2-{{tert-butoxycarbonyljamino}-3-(5-oxo-
4,5,6,7-tetrahydropyrarolof i, 5-afpyrimidin-6-ylipropanocate (1.7 g, 19%) as a brown yellow
oil. 'H NMR (300 MHz, DMSO-ds) 8 10.76 (s, 1H), 7.18-7.27 (m, 2H), 5.56-5.57 (m, 1H),
4.26-4.36 (m, 1H), 3.89-4.13 (m, 1H), 2.75-2.7% {m, 1H), 2.106-2.25 (m, iH), 1.61-1.80 {m,
1HD, 1.27-1.53 (m, 18H). LC-MS (ESL m/7): 381 [M<+HJ

{8181} To a solution of tert-butyl (28)-2-((tert-butoxycarbonyhamino)-3-(5-oxo-
4,3,6,7-tetrahydropyrazolof 1, 5-ajpyrimidin-6-yDpropancate (800 mg, 3.55 mmol, 1.0 eq.} in
dioxane (8 L) was added hydrochloric acid (8 mL, 9M). The mixture was stitred at 1t for 2
h and then concentrated under reduced pressure to provide (25)-2-amino-3-(5-0x0-4,5,6,7-
tetrahydropyrazolo[ 1, 5-alpyrimidin-6-yDpropanoic acid (400 mg, crude) as an off-white

serpi-solid. LO-MS (ESL, w2y 225 IM+H]
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18182} To a solution of (28)-Z2-amino-3-(5-0x0-4,5,6,7-tetrahydropyrazolof 1,5-
ajpyrimidin-6-yl)propanoic acid (400 mg, 1.78 mmol, 1.0 eq.) in BCM (6 mL} was added di-
tert-butyl dicarbonate (430 mg, 1.96 mmol, 1.1 eq.) and triethylamine (180 mg, 5.36 mmol,
3.0 eq.). The mixture was stirred at rt for 3 h and then concentrated under reduced pressure
o provide  (285)-2-({tert-butoxycarbonylamino-3-(5-0x0-4,5,6,7-tetrahydropyrazolof §,5-
ajpyrimidin-6-yhpropanocic acid (530 mg, crude) as a brown yellow semi-solid. LC-MS
(BSY, m/7): 325 [M+H]™

(83183} To a solution of (28)-2-((tert-butoxycarbonyhamine)-3-(5-0x0-4,5,6,7-
tetrahvdropyrazolol |, 5-ajpyrimidin-6-yDpropanoic acid (330 myg, 1.63 mmol, 1.0 eq.) in
DMF (8 mL) was added NN,N N-tetramethylchloroformamidiniurn hexafluorophosphate
(350 mg, 1.96 mmol, 1.2 eq.), NMI (671 mg, 8.17 nuuol, 5.0 eq.) and NH;3 in dioxane (40
b, 10.0 eq., 0.4 mol/L). The mixture was stivred at 1t for 2 h and then chromatographed on
a C18 coluron with MeCNH2O (1:4) to provide tert-butyl {((25)-1-amino-1-0x0-3-(5-0x0-
4,5,6,7-tetrahydropyrazolof L, 3-alpyrimidin-6-yhpropan-2-yDcarbaroate (280 mg, 48%) as a
brown vellow otd. LC-MS (ESI, m/2): 324 IM+HJ™.

(81841 To a soluton of tert-botyl ((25)-1-amino-1-ox0-3-(8-0x0-4,5,6,7-
tetrahydropyrazolo{ 1,5-alpyrimidin-6-yDpropag-2-yhcarbamate (280 mg, 0.87 mmol, 1.0
eq.} 1o hydrochloric acid (4 ml, 2 mol/L in dioxane) was stirred at 1t for 2 h and then
concentrated under reduced pressure to  provide {(28)-2-amino-3-{5-0x0-4,5,6,7-
tetrahydropyrazolol |, 5-ajpyrimidin-6-yvhpropanamide (180 mg, crude) as an off-white semi-

solid. LC-MS (BSI, m/z): 224 [M+H]".

{83-3-((R*)- 1 -{tert-butoxycarbonyh)-5,5-dimethyl-2-oxopyrrolidin-3-v1)-2-({tert-
butoxycarbonyljaminopropanoic acid

==
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The chiral center noted with “*” is tentatively assigned.

{0185] A 100 mb round-bottom flask was charged with 3,5-dimethylpyrrolidin-2-
one (3.5 g, 30.9 mmol, 1.0 eq.), DCM (50 mL), di-tert-butyl dicarbonate (10.8 g, 4%.5 mmol,
1.6 eq.), triethylamine (6.24 ¢, 61.8 mmol, 2.0 eq.) and DMAP (038 ¢, 3.09 mmol, 0.1 eq.).
The solution was stitred overnight at 40 °C, and the reaction was quenched with water (130
mb.). The solution was extracted with EA (5 x 300 ). The organic layers were combined,
washed with brine (2 x 100 ml), dried over anhydrous sodiom sulfate, filieved and
concentrated under reduced pressure.  The residue was chromatographed on a silica gel
column with BEAPEH (13:87) to provide tert-butyl 2.2-dimethyl-5-oxopyreoliding-1-

carboxylate (4.0 g, 58%) as a white solid. LC-MS (ESE m/iz): 214 [M+HT".

16186} A 130 mL round-botior flask was charged with tert-butyl 2,2-dimethyl-5-
oxopyrrolidine-1-carboxylate (3.6 g, 16.9 omol, 1.00 eq.) and THF (60 mL). The solution
was cooled to -78 °C and LiHMDS (202 mb, iIM in THF, 20.2 mimol, 1.2 eg.) was added.
The mixture was stirred for | h at -78 °C, and a solution of tert-butyl (4R)-4-formyi-2,2-
dimethyi-1,3-oxazolidine-3-carboxylate (5.81 g, 25.3 mmol, 1.5 eq.} in THF (10 mL) was
added under Ar. Stirring was continued at -78 °C for | h. The reaction was guenched with a

sat. ammonium chioride solution (50 mlL). The solution was extracted with dichloromethane
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(3 x 150 mL). The organic layers were combined, washed with brine (2 x 50 mL), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue was
chromatographed on a silica gel column with EAPE (1:4) to provide tert-butyl (4R)-4-{[1-
(tert-butoxycarbonyl}-3,5-dimethyl-2-oxopyrrolidin-3-yij(hydroxyymethyl}-2,2-dimethyl-
1,3-oxazolidine-3-carboxyvlate (7.2 g, 89%) as a colorless oil.  LC-MS (ESY, m/fz) 443
IMAHTT.

{8187} A 10 mb round-bottom flask was charged with tert-butyl (4R»4-{{}-
{tert-butoxycarbonyl}-5,5-dimethyl-2-oxopyrrolidin-3-ylj(hydroxy poethyl }-2,2-dimethyl-
1,3-oxazolidine-3-carboxyvlate {1 g, 2.26 mmol, 1.00 eq.), DCM (10 mL), triethylamine (1.14
g, 113 mmol, 3.0 eq.) and MsCl (031 g, 4.52 womol, 2.0 eq.). The mixture was stirred
overnight at rt, and the reaction was quenched with water (30 ml). The solution was
extracted with dichloromethane (4 x 530 wl). The organic layers were combined, washed
with brine (3 x 20 ml), dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure to provide tert-butyl (4R)-4-{{1-(tert-butoxycarbonyl)-3,5-dimethyl-2-
oxopyrrolidin-3-yi{{methanesulfonyloxyymethyl }-2,2-dimethyi-1,3-oxazolidine-3-
carboxylate (960 mg, crude) as a yellow oil. LC-MS (ES], mi/z): 521 [M+H].

{6188} A 160 ml round-bottom flask was charged with tert-butyl (dR)-4-{{1-
(tert-butoxycarbonyl}-5,5-dimethyi-2-oxopyrrolidin-3-yl}j(methanesulfonyloxy)methyl }-2,2-
dimethyi-1,3-oxarolidine-3-carboxylate (300 mg, 1.73 mmol, 1.0 eq.}, DCM (20 mL} and
DBU (1.32 g, .64 mmol, 5.0 eq.). The mixture was stirred overnight at rt, and the reaction
was quenched with water (30 mL). The solution was extracted with dichloromethane (3 x 80
mb). The organic layers were combined, washed with brine (2 x 30 mL), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue was
chromatographed on a silica gel column with EAPE (1:4) to provide tert-butyl (45)-4-{{1-
{tert-butoxycarbonyl}-5,5-dimethyl-2-oxopyrrolidin-3-vlidene jmethvl}-2,2-dimethyl-1,3-
oxazolidine-3-carboxylate (635 mg, 82%) as a colorless oil.  LC-MS (ESL m/z) 425
IMAHTT.

[918%9] A 250 ml round-bottom flask was charged with tert-butyl (45)-4-{f1-
{tert-butoxycarbonyl}-5,5-dimethyil-2-oxopyrrolidin-3-yhidene Jroethyl } -2, 2-dimethyl-1,3-
oxazolidine-3-carboxylate (4.4 g, 104 mmol, 1.0 eq.), BA (30 ml) and 10% palladiam on

activated carbon (5.51 g). The contents of the flask were placed under an atmosphere of
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hydrogen (3 atm). The mixture was stirred overnight at rt. The solids were filtered off. The
organic laver was concentrated under reduced pressure to provide tert-butyl (45)-4-{{1-(tert-
butoxycarbonyi}-3,5-dimethyl-2-oxopyrrolidin-3-yljmethyl}-2,2-dimethyl-1,3-oxazolidine-
3-carboxylate (4.3 g, 78%) as a colorless oil. LC-MS (ES], m/z): 427 {M+H]"

[0194] Tert-butyl (45)-4-{(1-(tert-butoxycarbonyl)-5,5-dimethyl-2-oxopyrrolidin-
3-yhmethyl)-2,2-dimethvioxazolidine-3-carboxylate (3.6g) was purified by prep-SFC using
the following gradient conditions: Column: Lux Sum Cellulose-2, 3*25 cm, 5 pm; Mobile
Phase A: CO», Mobhile Phase B: IPA{0.5% ZM NH3;-MeOH);, Flow rate: 60 mL/ming
Gradient: isocratic 10% B; Column Temperature(°C). 35; Back Pressure(bar): 100; Wave
Length: 220 wo; RTL (min): 4.81; RT2{min); 6.43; Sample Solvent: MeOH--Preparative;
Injection Volume: 1.5 ml; Number Of Runs: 27, Purification resulted m tert-butyl (5)-4-
{{({8%)- 1 -(tert-butoxycarbonyl)-5,5-dimethyl-2-oxopyrrolidin-3-ybmethyl-2,2-
dimethyloxazolidive-3-carboxylate (990 myg) as an oft-white solid (Lux Celloluse-2 4.6%50

mm, 3 pum, 35 °C. Co-Solvent ; IPA (0.1%DEA), 10% to 50% in 2.0 min, hold 1.0 min at
30%). Ru 0.969 min), and tert-hutyl (83-4-(((R¥)-I-(tert-butoxycarbonyl)-5,5-dimethyl-2-
oxopyrrolidin-3-ylmethyl)-2, 2-dimethyloxazolidine-3-carboxyvlate (1.6 g) as an off-white
solid Lux Celloluse-2 4.6%50 mum, 3 um, 35 °C. Co-Solvent : IPA (0. 17%DEA), 10% to 50%

in 2.0 min, hold 1.0 min at 50%): Re: 1.411 min).

{9191} A 40 mb vial was charged with tert-butyl  (S)»-4-(((R*)-1-{tert-
butoxycarbonyl)-5,5-dimethyl-2-oxopyrrolidin-3-yDmethyl)-2, 2-dimethyloxazolidine-3-
carboxylate (1.6 g, 3.75 mmol, 1.0 eq.), para-toluene sulfonate (64.6 mg, 8.375 mmol, 0.1
eq.) and MeOH (20 wl). The mixture was stitred overnight at 1. The reaction was
gquenched with water (20 mL). The solution was extracted with EA (3 x 30 mL). The
organic layers were combined, washed with brise (80 ml), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure (o provide tert-butyl{§)-4-((8)-2-
{(tert-butoxycarbonylamine)-3-hydroxypropyl)-2,2-dimethyl-5-oxopyrrolidine-1 -
carboxylate (1.47 g, crude) as an off-white semi-solid. LC-MS (ESI, m/2): 387 [M+HJ™

181921 To a solution of tert-butyl (8)-4-((R*3-2-({tert-butoxycarbonyl)amino)-3-
hydroxypropyi)-2,2-dimethyl-5-oxopyrrolidine-1 -carboxylate (1.7 g, 4.40 mmol, 1.0 eq.) in
acetone (22 mi) was added 5% sodium bicarbonate solution (22 mbL, 13.1 mumol, 3.0 eq.) and

2,2,6,6-Tetramethylpiperidinooxy (.14 g, 0.88 mmol, 0.2 eq.). Chlorosylsodium (1.15 g,
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15.4 mmol, 3.5 eq.) was added dropwise at 0 °C. The mixture was stirred at 1t overnight, and
the reaction was guenched with water (20 mL). The scolution was washed with EtZ0 (2 x 20
mb.). The pH value of the aqueous solution was adjusted to 2 with concentrated hydrochioric
acid (1 molL). The solution was extracted with EtOAc (3 x 50 mbL}. The organic layers
were combined, washed with brine (50 mL)}, dried over anhydrous sodium sulfate, filtered
and concentrated under reduced pressure to provide (83-3-((R*)-1-{tert-butoxycarbonyi}-5,5-
dimethyl-2-oxopyrrolidin-3-y1-2-((tert-butox ycarbonyhaminoypropanocic acid (1.2 g, 61%)

as a white solid.

tert-huty] ({(8)-I-hydroxy-3-((8%)-5-oxo-4-azaspiro| 2.4 heptan-6-yDpropan-2-yDearbamate
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The absolute configuration of the chiral center noted with *“*” is tentatively assigned.
{9193] To a solution of methyl 3-cyanopropanoate (10 g, 8R.4 mmol, 1.0 eq.) in
B0 (100 mL) was added TIH(OP (5.03 g, 17.7 mumol, 0.2 eq.). BEtMgBr (194 ml, IM in
THEF, 194 mmol, 2.2 eq.} was then added dropwise under N>, The mixture was stirred at 1t

for Zh, and the reaction was quenched with water (20 wl). The mixture was extracted with
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EA (3 x 60 mL). The organic layers were combined, washed with brine (50 mL), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue was
chromatographed on a silica gel column with PEMeOH (12:1) to provide 4-
azaspiro{2.4|heptan-5-one (8.5 g, 69%) as a colorless oil. LC-MS (ESL m/7): 112 [M+H]™

[0194] A 250 mL round-bottom flask was charged with 4-azaspirof2.4 jheptan-5-
one (8.5 g, 76.5 mmol, 1.0 eq) , DCM (100 mL), di-tert-butyl dicarbonate (26.7 g, 122
mmol, 1.6 eq.) , tricthylamine (0.77 g, 7.65 mumol, 0.1 eg.) and DMAP {0.93 g, 7.65 mmol,
0.1 eq.). The solution was stirred overnight at 40 °C, and the reaction was quenched with
water (70 mb). The solution was extracted with DCM (3 x 100 mL). The organic layers
were combined, washed with brine (80 ml), dried over anhvdrous sodiom sulfate, filtered
and concentrated under reduced pressure. The residue was chromatographed on a silica gel
column with EAPE (1:12) to provide tert-butyl 5-oxo-4-azaspiro[ 2.4 theptane-4-carboxylate
(11 g, S8%) as a white solid. LC-MS (ESL m/z): 212 [M+HJ.

(68195} A 500 mwl round-bottom flask was charged with tert-butyl 3-oxo-4-
azaspiro]2.4theptane-4-carboxylate (11 g, 532.1 mmol, 1.0 eq.) and THF (150 mi). The
solution was cooled to -78 “C and LiHMDS (62.5 mL, 1M v THF, 62.5 mmol, 1.2 eq.} was
added. The mixture was stirred for | h at -78 °C and a solution of tert-buty! (4R )}-4-formyl-
2.2-dimethvl-1,3-oxazohdine-3-carboxylate (17.9 g, 78.1 mmol, 1.5 eq.) in THF (30 mL)}
under Ar was added. Stirring was continued at -78 °C for 1h. The reaction was guenched
with sat. anmymonium chloride solution (100 mL). The solution was extracted with EA (3 x
200 mb). The organic lavers were combined, washed with brine (200 mbL), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue was
chromatographed on a silica gel column with EA:PE (1:8) to provide tert-butyl (4R}-4-({4-
{tert-butoxycarbonyl}-3-oxo-4-azaspirol 2.4 fheptan-6-vhhydroxy ymethyi)-2,2-
dimethyloxazolidine-3-carboxylate (19.7 g, 69%) as a colorless oil. LC-MS (ES], m/z): 441
IM+HT™

(8196} A 500 mbL round-bottom flask was charged with tert-butyl (4R)-4-({(4-
{tert-butoxyearbonyl}-5-oxo-4-azaspirof 2 4 Jheptan-6-vhithydroxyimethyi)-2,2-
dimethyloxazohdine-3-carboxylate (197 g, 447 mmol, 1.0 eq), DCM (250 mwl),
triethylamine (27.2 g, 268 muool, 6.0 eq.) and MsCl (205 g, 179 mmol, 4.0 eq.). The

roixture was stirred overnight at 1t, and the reaction was quenched with water (100 ul). The
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solution was extracted with DCM (4 x 150 mL). The organic layers were combined, washed
with brine (100 mL}, dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure to  provide tert-butyl  (AR)-4-({4-(tert-butoxycarbonyl)-5-oxo-4-
azaspiro{2.4 theptan-6-yh{{methylsulfonylloxyymethyl}-2, 2-dimethyloxazolidine-3-
carboxylate (22 g, crude) as an orange oil. LC-MS (ESL m/z): 519 [M+H]™

(8197} A 500 mL round-bottom flask was charged with tert-butyl (4R)-4-((4-
{tert-butnxycarbonyl}-3-oxo-4-azaspiro{ 2.4 fheptan-6-vH{{methylsulfonvhoxy)ymethyl)-2,2-
dimethyloxazohidine-3-carboxylate (22 g, 42.4 mmol, 1.0 eq.), DCM (200 ml) and DBU
(14.2 g, 93.3 mmol, 2.2 eq.). The mixture was stirred overnight at rt, and the reaction was
guenched with water (80 mL). The solution was extracted with DCM (3 x 100 mL). The
organic layers were combined, washed with brine (80 ml), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure. The residue was chromatographed
on a silica gel colwon with BAPE (1:12) w0 provide tert-butyl 6-{{{45)-3-(tert-
butoxycarhonyl)-2,2-dimethyl-1,3-oxazolidin-4-yljmethylidene }-3-oxo0-4-
azaspiro]2.4iheptane-4-carboxylate (11.3 g,57%) as a colorless oil. LC-MS (ESE m/iz): 423
IM+HT™

[8198] A 250 wl  vial was charged with tert-butyl  6-{{{(45)-3-(tert-
butoxycarbonyl)-2, 2-dimethyl-1,3-oxazolidin-4-ylimethylidene } -5-oxo-4-
azaspiro{2.4theptane-4-carboxylate (11.3 g, 26.7 mumol, 1.0 eq.}, 4-methylbenzenesulfonic
acid (5.53 g, 32.1 mmol, 1.2 eq.) and MeOH (120 mL). The mixture was stirred overnight at
rt, and then concentrated under reduced pressure to provide O-[{Z25)-2-amino-3-
hydroxypropylidene]-4-azaspiro{2.4jheptan-5-one (5.8 g, crude) as an orange oil. LC-MS
(ESL m/z): 183 IM+HT

[019%] To a solution  of  6-{{285)-2-amino-3-hydroxypropylidene }-4-
azaspirof{2.4theptan-S-one (5.8 g, 31.829 mmol, 1.00 eq.) in DCM (90 ml) was added
tricthylamine (25.8 g, 255 munol, 8.0 eq.) and di-tert-butyl dicarbonate (20.8 g, 95.5 mmol,
3.0 eq.). The muxture was stirred at 1t overnight, and the reaction was guenched with water
(30 mL). The mixture was extracted with CDCliisopropyl aleohol = 3:1 (3 x 50 ml.). The
orgapic layers were combined, dried over anhydrous sodiura sulfate, filtered and
concentrated under reduced pressure.  The residue was chromatographed on a silica gel

colamn with MeOH:DCM (1:25) to provide tert-butyl N-[{25)-1-hydroxy-3-[{6E)-5-ox0-4-
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azaspiro}2.4lheptan-6-ylidenejpropan-2-yljcarbamate (3.9 g, 39%) as a brown yellow solid.
LCMS (ESI, m/z): 283 [M+H|™

182001 To a solution of  tert-butyl  N-{(25)-1-hydroxy-3-[5-oxo-4-
azaspiro{2.4 heptan-6-vlidene|propan-2-yljcarbamate (3.9 g, 13.8 mmol, 1.0 eq.) in THF (30
mb.) and MeOH (90 mL) was added NiChe6H>0 (23 g, 96.7 mmol, 7.0 eq.). NaBH; (1l g,
290 mmol, 21.0 eq.) was added in several portions at 0°C. The mixture was stirred at 1t
overnight, and the reaction was guenched with water (30 mb). The mixture was extracted
with CDClsiisopropyt alecohol = 3:1 (3 x 60 ml.). The organic layers were combined, dried
over anhydrous sodiumn sulfate, fillered and concentrated under reduced pressure.  The
residue was chromatographed on a C18 column with MeCNHO (4: 1) to provide tert-butyl
N-{(25)-1-hydroxy-3-{5-ox0-4-azaspiro{ 2.4 Jheptan-6-yl }propan-2-yljcarbamate . (1.7 g,
39%) as a brown yellow solid. LCMS (ESL, »/z): 285 [M+HT"

{9201} Tert-butyl N-{(25)-1-hydroxy-3-{5-ox0-4-azaspiro[ 2.4 Jheptan-6-
viipropan-2-yljcarbamate (1.7 g) was purified by SFC using the following gradient
conditions: Column: NB-Lux Sum i-Celludose-5, 2.12%25 cm, 5 b m; Mobile Phase A: COy,
Mobile Phase B: MeOH(0.1% 2ZM NH:-MeQOH): Flow rate: 100 mi./min; Gradient: isocratic
25% B; Column Temperature{'C): 35: Back Pressure(bar): 100; Wave Length: 220 nm; RT1
(min): 3.37; RT2(mun): 4.02; Sample Solvent: MeOH--Preparative; Injection Volume: 1 ml;
Number Of Runs: 40, Purification resulted in 590 mg of first eluding tert-butyl ((S)-1-
hydroxy-3-((R*)-5-0x0-4-azaspirof 2.4 theptan-6-yDpropan-2-yhcarbarnate as a brown yellow
solid  and 640 wmyg of last eluding  tert-butyl  {(8)-L-hydroxy-3-((8%)-5-ox0-4-

azaspirol 2.4 heptan-6-yvDpropan-2-ylcarbamate as a brown yellow solid.
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(35)-3-amino-N-cyclopropyl-2-hydroxy-4-({(5)-2-oxopyrrolidin-3-yl jbutanamide
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162621 To a stirred mixture of methyl (25)-2-[(tert-butoxycarbonyhamino}-3-

{(35)-2-oxopyrrolidin-3-yijpropanocate (3.0 g, 10.5 mmol, 1.0 eq.) in tetrahvdrofuran (50 mb)
was added lithinm borohydride (26.2 rol,, 32.4 mmol, 5.0 eq.) dropwise at § °C. The mixture
was stirred for | b at § °C and then concentrated under reduced pressure. The mixture was
diluted with water (20 b)), and then exiracted with isopropanol:michloromethane (1,3, 4 x
50 ml). The organic layers were combined, dried over anhydrous sodinm sulfate, filtered
and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography, eloted with dichloromethane:methanol (19:1) to atford tert-butyl N-[{(25)-1-
hydroxy-3-[(35)-2-oxopyrrolidin-3-ylipropan-2-yljcarbamate {2.6 g, crude) as a white solid.
The crude product was precipitated by the addition of PE:EA (4:1, 48 mL} to afford tert-butyl
N-{{(25)-1-hydroxy-3-[(35)-2-oxopyrrolidin-3-ylipropan-2-yljcarbamate (2.4 g, 79%) as a
white solid. LC-MS (ES], m/z): 259 [M+H]".

[6263] To a stirred mixture of tert-butyl  N-[(285)-1-hydroxy-3-{(35)-2-
oxopyrrolidin-3-yljpropan-2-yijcarbamate (2.4 g, .29 mumol, 1.0 eq.) in dimethyl sulfoxide
{40 mbL) was added 2-iodoxybenzoic acid (7.80 g, 27.8 mmol, 3.0 eq.} in portions at rt. The
mixture was stirred for 3 h at rt, and then basified to pH = 8 with sat. sodium bicarbonate
{aq.}. The mixture was diluted with water (20 mbL) and extracted with EA (4 x 200 mL). The
organic layers were combined, washed with brine (3 x 100 ml}, dried over ashydrous
sodium suifate, filtered and concentrated under reduced pressure to afford tert-butyl N-[(25)-

{-0x0-3-{(35)-2-oxopyrrolidin-3-yijpropan-2-yljcarbamate (1.5 g, 63%) as a yellow solid.
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LC-MS (ESE m/z): 257 [M+H[".

[6204] To a stirred mixture of tert-butyl N-{{Z8}-1-0x0-3-{{35)-2-0xopyrrolidin-
3-yljpropan-2-vifcarbamate (200 mg, 3.51 mumol, 1.0 eq.) in dichloromethane (10 mL) were
added isocyanocyclopropane (471 mg, 7.02 mmol, 2.0 eq.} and acetic acid (633 mg, 105
mmol, 3.0 eq.) dropwise at 0 °C. The mixture was stirred for 5 h at rt and then concentrated
under reduced pressure. The residue was purified by silica gel column chromatography,
eluted with dichloromethane;methanol (49:1) to afford (28)-2-[{tert-butoxycarbonyhamino}-
-{cyclopropylcarbamoy}-3-[(35)-2-oxopyrrolidin-3-yipropyl acetate (820 mg, 35%) a5 a
yellow solid. LC-MS (ES, myz): 384 [M+H]™

(82057 To a stirred  wmixture  of  (28)-2-[{tert-butoxyearbonyDamino}-1-
{cyclopropylcarbamoyi)-3-[(3S)-2-oxopyrrohidin-3-vijpropyl acetate (810 mg, 2.11 mmol,
1.0 eq.) 1o tetrahydroforan (8 ml) was added lithium hydroxade (253 mg, 10.5 mumol, 5.0 eq,,
i water 8 mL} at § °C. The mixture was stirred for 1 h at § °C. The nuxture was acidified to
pH = 6 with hydrochloric acid (2M). The maxtare was extracted with EA (4 x 60 ml). The
organic layers were combined, dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to afford tert-butyl N-[{28)-1-{cyclopropylcarbamoyl}-
{-hydroxy-3-{(35)-2-oxopyrrolidin-3-ylpropan-2-yljcarbamate (680 mg, 94%) as a vellow
solid. LOMS (EST, m/z): 342 [M+H]"

{8286] To a stirred mixture of tert-butyl N-[(25)-1-{cyclopropylcarbamoyl}-1-
hydroxy-3-{{3S)-2-oxopyrrolidin-3-yljpropan-2-yljcarbamate {400 mg, 1.17 mmol, 1.0 eq.}
in dichloromethane (6 mbL) was added trifluorcacetic acid (2 ml) dropwise at rt. The
mixture was stirred for 1 h at vt and then concentrated under reduced pressure to afford {35)-
3-amino-N-cyclopropyl-2-hydroxy-4-{{38)-2-oxopyrrolidin-3-yifbutanamide (290 mg, crude)

as a brown solid. LC-MS (ES], m/z): 242 [M+H]}".
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tert-butyl {15,3aR,45,7R,7a8)}-1-{{{25)-4-(cyclopropylamino}-3-hydroxy-4-oxo-1-({(53-2-
gxopyrrolidin-3-yhibutan-2-ylcarbamoyl)-1,3,3a,4,7, 7a-hexahydro-2H-4,7 -
methanoiscindole-2-carboxylate

Boc f!J
) NP U
O o
HN ‘4 HMN~” Hire I Boo
- 7 h 1 f}
Q\‘:‘f{ﬁ) i) <\ A '”i\\"’ AN “\ /U\
A
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D DT 0o
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[8287] A sohution of tert-batyl ((25)-4-(cyclopropylaminoe)-3-hydroxy-4-0x0-1-
{{(8)-2-oxopyrrolidin-3-yhbutan-2-yhcarbamate (800 mg, 2.34 muyuol, 1.0 eq.) in hydrochloric
acid {14 mi, 4 M in dioxane) was stivred at 11 for 2 h and then concentrated under reduced
pressure  to provide  (35)-3-amino-N-cyclopropyl-2-hydroxy-4-({8)-2-oxopyrrolidin-3-
yitbutanamide (550 mg, crude) as an off-white solid. LC-MS (ESL m/7): 242 [M+H]"

18208} To a sohuion of  {15,3aR,458,7R,7a8)-2-(tert-butoxycarbonyl}-

2,3,33,4,7,7a-hexahydro-1H-4,7-methanoisoindole-i-carboxylic acid (700 mg, 2.5 mmol, 1.1
eq.} in DMF {8 mlL) were added NN, N N'-Tetramethyl-0O-(7-azabenzotriazol- 1 -yl uronium
hexaftuorophospate (1.13 g, 2.96 munol, 1.3 eq.) and N,N-diisopropylethylamine (2.06 g, 16
mmol, 7.0 eq.). The mixture was stirred at § °C for 30 min and (35)-3-amino-N-cyclopropyl-
2-hydroxy-4-((S)-2-oxopyrrolidin-3-yhbutanamude (550 mg, 2.28 mmol, 1.0 eq.) was added.
The mixture was stirred at vt for 2 h, and the reaction was guenched with water (10 mb). The
mixture was extracted with EA (3 x 20 mL). The organic layers were combined, washed
with brine (3 x 10 ml), dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure.  The residue was chromatographed on a silica gel column with
MeOH:DCM (1:12) (o provide tert-butyl {(15,3aR 45, 7R,7a8)-1-({({25)-4-
{cyclopropylamino)-3-hydroxy-4-oxo-1-({8)-2-oxopyrrolidin-3-yhbutan-2-vhcarbamoyl)-
1,3,33,4,7, Ta-hexahydro-2H-4,7-methanoisoindole-2-carboxylate (9300 mg, 70%) as a brown

yeliow solid. LC-MS (ESI, m/z): 503 [M+H]™
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EXAMPLE 1
Compound 1

HATU, DIEA, DMF
rt, 2h

TFFA, py, DCM . {9 o iy
NG
H N

[6209] To a solution of tert-butyl {25)-3,3-dimethy}-2-(2,2,2-
trifluoroacetamidoibutancate (118 mg, 0.42 mmol, 1.2 eg.) in DMF (2 mbL) was added
NLN,N' N'-Tetramethyl-0O-(7-azabenzotriazol- I -yDuronium  hexafluorophospate (171 mg,
0.45 mmol, 1.3 eq.) and N, N-ditsopropylethylamine (313 mg, 2.42 mmol, 7.0 eq.). The
mixture was stirred at O °C for 30 min and then {15,3aR 45,7R,7a83-N-({8}-1-amino-1-0xo0-
3-((S)-2-oxopyrrolidin-3-yUpropan-2-vi)-2,3.3a,4,7, 7a-hexahydro-1H-4,7-methanoiscindole-
I-carboxamide (115 mg, 0.35 mmol, 1.0 eq.) was added. The mixture was stirred at rt for 2
h, and the reaction was guenched with water (3 mb). The mixture was extracted with EA (3
x 3 mbL). The organic layers were combined, washed with brine (3 x 5 mL), dried over
anhydrous sodiom sulfate, filtered and concentrated under reduced pressure. The residue was
chromatographed on a C1R column with watet:MeUN (2:1) to provide (15,3aR 45,7R,7aS5)-
N-((8)-1-amino- | -oxo-3-{{8)-2-oxopyrrolidin-3-yDpropan-2-y1-2-((S)-3,3-dimethyl-2-

(2,2, 2-mfluoroacetamido)butanoyi}-2,3,32,4,7, 7a-hexahydro- 1 H-4,7-methanoisoindole- 1 -
carboxamide (150 g, vield 72%) as a brown yellow solid. LC-MS (ESI, m/z): 542 [M+H]"

(82161 To a solution of (15,3aR45,7R,7aS»N-{(8)1-amino-1-0%x0-3-((§)-2-
oxopyrrotidin-3-yhpropan-2-yH-2-((S)-3,3-dimethyl-2-(2,2 2-tritfluoroacetamido ybutanoyl)-

2.3,3a4,7 7a-hexahydro-1H-4,7-moethanoisoindole-1-carboxamide (120 mg, 0.22 mmol, 1.0
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eq.) in DCM (3 mb) was added TFAA (88.4 mg, 0.42 mmol, 1.9 eq.) and pyridine (61.3mg,
(.78 mmol, 3.5 eq.}). The mixture was stirred at § °C for 4 h, and the reaction was guenched
with water (4 mL). The mixture was extracted with DCM (3 x 5 mL). The organic lavers
were combined, dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure. The residue was purified by Prep-HPLC (Column: XBridge Shield RPi8
OBD Column, 19%130 mm, Sum; Mobile Phase A; Water (0.05% TFA), Mohile Phase B
ACN; Flow rate: 25 mU/min; Gradient: 30% B t©0 50% B in 7 min, 50% B; Wave Length:
254 nm; RTL (min): 5.55) to provide (15,3aR45,7R,7aS8)-N-{{8)-l-cvano-2-{({(8)-2-
oxopyrrolidin-3-yhethyD-2-((8)-3,3-dimethyl-2-(2,2, 2-trifluoroacetamido yhutanoyl)-
2,3,3a.4,7 Ta-hexahydro-1H-4,7-methanoisoindole-1 ~carboxamide (1) (533.2 myg, yield 45%)
as a white solid. 'H NMR (400 MHz, DMSO-ds, 80 °C) § 8.66-8.95 (m, 2H), 7.28-7.37 (m,
tH), 5.96-6.23 (m, 2H), 4.87-4.93 (m, 1H), 4.41-4.68 (m, 1H), 3.86-4.17 (m, 1H), 3.58-3.71
(m, 1H), 3.20-3.531 (m, 2H), 2.83-3.06 (m, 4H), 2.59-2.79 (m, iH), 2.29-2.38 {(m, 1H), 2.03-
2.28 (my, 2HD, 1.61-1.84 (my, 2HD, 1.31-1.42 (my, 2HD, 8.78-0.90 (m, 9H). LC-MS (ESL m/f%2):
324 IM+H]J".

EXAMPLE 2
Compound 2

Eii‘aoc ? BO?\; %J}\ Boii ?
i Vs oY -
N »“L\Q CHoN,, PA(OAC), U7 LiOH, MeOH, H,0 g IH
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{82311 To a solation of  4d-ert-butyl  3-methyl  (1R.25,35,6R,75)-4-
azatricyclo{3.2.1.0M 2,6} jdec-B-ene-3 4-dicarboxylate (300 myg, 1.02 mwol, 1.0 eq.) in EO
{2.5 mL} at -30°C was added diazomethane {30 ml, 30.0 eq.) and palladivm(Il) acetate (43.9
mg, 0.205 mmol, 8.2 eq.). The mixture was stirred for 1 h at vt and then filtered. The filter
cake was washed with diethyl ether (3 x 530 ml). The filtrate was concentrated under
reduced pressure to afford the crude product. The crude product was chromatographed on a
stlica gel column with ethyl acetate (EA):petroleum ether (PE) (1:8) to provide 4-tert-butyi 3-
methyl (IR ,25,35.6R,75,85,10R)-4-azatetracyclo]5.3.1.0°{2,6 }.07{ 8,10} jundecane-3,4-
dicarboxylate (200 mg, 58%) as a light vellow solid. 'H NMR (400 MHz, DMSO-ds) 8 4.25-
4.50 (m, 1H), 3.53-3.72 (m, 4H), 3.22-3.30 {m, 1H), 2.52-2.64 (m, 2H), 2.22-2.42 {(m, 2H),
1.21-1.47 (m, 9H), 1.03-1.16 (m, 1H), 0.70-0.95 (m, 3H), 0.39-0.54 (m, 1H), -0.05-0.05 (m,
tH). LC-MS (ESE, m/7) 208 [M+H-Boc]".

[6212] To a stirred mixture of 4-tert-butyl 3-methyl (1R,25,35,6R, 75,85, 10R)-4-
azatetracyclo{5.3.1.00 2,6 1.0M &, 10} jundecane-3,4-dicarboxylate (245 mg, 0.797 mmol, 1.0
eq.) 1o MeOH (3 mL) and H2O (3 ml) were added lithium hydroxide (95.4 mg, 3.98 romol,
5.0 eq.). The mixture was stitred for 2 h at rt. The mixture was acidified to pH 4 with
hydrochioric acid (1M) and then extracted with ethyl acetate (3 x 10 mwl). The mixture was

concentrated  onder  reduced pressure  to  afford  {(IR28,38,6R,75,85,10R)-4-(tert-
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butoxycarbonyl)-4-azatetracyclo] 5.3.1.04{2,61.00{ 8,10} jundecane-3-carboxylic  acid (200
mg, 5%} as a light yellow solid. 'H NMR (400 MHz, DMSO-ds) 5 12.57 (s, 1H), 4.17-4.39
(m, 1H), 3.47-3.76 (m, 1H), 3.12-3.31 {m, tH)}, 2.51-2.5% (m, 2H), 2.20-2.44 {m, 2H), 1.27-
1.49 (m, O9H), 1.05-1.22 (m, 1H), 8.69-0.93 (m, 3H), 0.40-0.51 (m, 1H}, -0.06-0.00 {m, 1H).
LC-MS (ESI, s/7): 238 {M+H-56]".

(68213} To a stirred mixture of (1R,28,35,6R,75,85,10R )-4-(tert-butoxycarbonyl)-
d-azatetracyclo{3.3.1.002,6}1.00{8,10 jundecane-3-carboxylic acid (200 mg, 0.682 mmol,
1.0 eqy i DMFEF (2 wl) was added o-(7-Azabenzomazol-1-yh-NNN N'-
tetramethyluronium hexafluorophosphate (311 mg, 0.818 mmol, 1.2 eq.) and N-ethyl-N-
isopropylpropan-2-amine (328 mg, 4.09 mmmol, 6.0 eq.) at rt. The mixture was stirred for 10
min at 0 °C and then (25)-2-amino-3-[(35}-2-oxopyrrolidin-3-ylipropanamide hydrochloride
(141 mg, 0.682 mmol, 1.0 eq.) was added. The mixture was stired for | h at rt. The mixture
was purified by C18 column with CHsCN:Water (0.05% FA). The coropound fraction was
concentrated under reduced pressure to provide tert-butyl (1R,25.35,6R,78,85,10R)-3-
{IAS)-T-carbamoyl-2-[{38)-2-oxopyrrolidin-3-yilethyljcarbamoyl }-4-
azatetracyclo{5.3.1.0% 2,6 1.0ME, 10 H lundecane-4-carboxvlate (200 mg, 35%) as a white
solid. LC-MS (ESI, vy 447 [M+HT.

16214} To a stirred mixture of tert-butyl (1R,25,35,6R,7S5,85,10R}-3-{[{15)-1-
carbamoyi-2-{(35})-2-oxopyrrolidin-3-yljethyljcarbamoyl | -4~
azatetracyclo{5.3.1.07M 2,6 1.0 &, 10 jundecane-4-carboxylate (200 mg, (.448 mmol, 1.0 eq.)
in DCM {1 mL) was added hydrochloric acid (3 mb, ZM in EO) at rt. The mixture was
stirred for 1 h at vt and then concentrated under reduced pressure to afford (25)-2-
[{IR,25,35,6R,75.858,10R )-4-azatetracyclo{5.3.1.07{ 2,6} .0~ 8,10} lundecan-3-
ylformamido]-3-[(3S)-2-oxopyrrolidin-3-yiipropanamide hydrochloride (200 mg, crude) as a
white solid. LC-MS (ESL m/Z): 347 [ M+H]".

16215} To a stirred mixire of (28)-3.3-dimethyl-2-(2,2,2-
trifluoroacetamidojbutanoic acid (101 mg, 0.446 mmol, 1.1 eq.) in DMF (2 mL) was added
o-{7-Azabenzotriazol-1-yU-N NN N'-tetramethyluroniwrn - hexafluorophosphate (184 g,
0.486 muyool, 1.2 eq.) and N-ethyl-N-isopropylpropan-2-amine (314 mg, 2.43 muunol, 6.0 eq.).
The muxtore was stirred for 10 min at 9 °C, and then (25)-2-[(1R,25,35,6R, 75,85, 10R }-4-

azatetracyclof5.3.1.07 2,6 1.0M 8,10} hundecan-3-yHormamido}-3-[(35)-2-oxopyrrohidin-3-
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ylipropanamide hydrochloride (135 mg, 0.405 mmol, 1.0 eq.) was added. The mixture was
stirred for 1 h at rt. The mixture was purified by C18 column with CHiCN:Water (0.05%
FA). The compound fraction was concentrated under reduced pressure to provide (25)-2-
{HIR,28,35,6R,78,85,10R)-4-{{25)-3,3-dimethvi-2-(2,2 2-trifluoroacetamido)butanoyii-4-
azatetracyclol5.3.1.0M 2,61.00M &, 10 H undecan-3-viformamido } -3-[(35)-2-oxopyrrolidin-3-
vijpropanamide (170 mg, 67%) as a white solid. LC-MS (ESL, m/7): 556 [M+H]".

[6216] To a stirred mixture of (285)-2-{I(1R,25,35,6R,75,85,10R)-4-[{258)-3,3-
dimethyl-2-(2,2 2-trifluorcacetamido)butanoyl}-4-
azatetracyclol5.3.1.0M 2,61.00M &, 10 H undecan-3-viformamido } -3-[(35)-2-oxopyrrolidin-3-
yijpropanamide (100 mg, 0.180 wmol, 1.0 eq.) in DCM (2 ml} was added trifluoroacetic
anhydride (75.6 wmg, 0.360 muool, 2.0 eq.) and pyridine (49.8 wmg, 0.630 nuool, 3.5 eq.)
dropwise at 1i. The mixture was stirred for 2 h at rt. The reaction was quenched with water
(10 mL). The roixture was extracted with dichloromethane (3 x 10 ml). The organic layers
were combined, washed with brine (2 x 10 ml), dned over ashydrous sodiom sulfate,
filtered and concentrated under reduced pressure to afford the crude product. The crude
product was purified by Prep-HPLC with the following conditions {Column: Xselect Peptide
CSH C18 19%150mm Sum, 1; Mobile Phase A: Water (.1% FA}, Mobile Phase B: ACN;
Flow rate: 25 mb/min; Gradient: 349% B 10 48% B in 10 nun, 48% B; Wave Length: 254 nmy;
Rl {(min) 898y to afford (IR2535.6R,75 85 10R-N-[{18)-1-cyanc-2-{(35})-2-
oxopyrrolidin-3-vijethyl}-4-{{25)-3,3-dimethyi-2-(2 2 2 -triflucroacetamidoybutanoyij-4-
azatetracyclo{5.3.1.07 2,61 .07 {8,10} jundecane-3-carboxamide (9.6 mg, %%) as a white
solid. 'H NMR (400 MHz, 80 °C, DMSO-ds) § 8.47-9.13 {m, 2H), 7.33-7.62 (m, 1H), 4.82-
4.95 {m, IH), 4.56-4.75 (m, 2H), 3.90-4.04 (m,1H), 3.57-3.70 (m, 1H}, 3.08-3.20 (m, 2H),
2.59-2.72 {(m, 1H), 2.24-2.45 (m, 4H), 2.05-2.20 {m, 2H), 1.60-1.84 (m, 2H), 0.91-1.11 {m,
9H), 0.85-0.91 {(m, 1H), 0.75-0.84 (1, 2H}, 0.56-0.65 (m, 1H}, 0.38-0.51 (m, 1H), -0.30-0.00
{m,iH).
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EXAMPLE 3
Compound 3

EtsN, MeOH
it, overnight

FC

3

O
.\KQ{\@H

HATU, DIEA, DMF
rt, 1h

2

Pyridine, TFAA, DCM o{{ Q L
— e
t, 3h 7\ CJH e E

18217} To a stirred mixture of (28,3R)-Z-amino-3-(tert-butoxyibutancic acid
(1.00 g, 571 mmol, 1.0 eq.) in methanol (15 mbL) was added ethyl 2.2,2-triflucroacetate
(0.970 g, 6.84 mmol, 1.2 eq.) and triethylamine (1.73 g, 17.1 mimol, 3.0 eq.). The mixture
was stirred for overnight at rt. The reaction was quenched with water (30 mb). The mixture
was adjusted to pH 5~6 with hydrochloric acid (1 M) and then extracted with BtOAc (3 x 50
mbL). The organic layers were combined, washed with brine (2 x 50 mlL), dried over
anhydrous sodium sulfate, filtered and concentrated wnder reduced pressurve to afford
{25,3R)-3-(tert-butoxy }-2-(2,2, 2-trifluoroacetamidobutanoic acid (1.58 g, crude) as a light
brown solid. LC-MS (ESL wm/z): 270 [M-HT.

16218} To a stivred mixture of tert-butyl (1R,28,35,6R,78)-3-{{{18}-T-carbamoyl-
2-1{38)-2-oxopyrrolidin-3-yljethylcarbamoyl }-4-azatrievelo]5.2.1.07M 2 6] Jdec-B-ene-4-
carboxylate (120 wg, 8.277 mmol, 1.0 eq.) in DCM (3 mL) was added trifluoroacetic acid (1
mb). The mixture was stirred for 1 h at 1t and then concentrated under reduced pressure to
afford  {(253-2-[(1R,28,38,6R,7S)-d-azatricyclo{5.2.1.0M 2,6} Jdec-8-en-3-ylformamido]-3-

{(3S)-2-oxopyrrolidin-3-yljpropanamide (92.0 mg, crude) as a brown oil. LC-MS (ESI, »e/2):
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333 {M+H]".

[6219] To a stirred mixture of (25»-2-[{1R,28,35,6R,75)-4-
azatricyciof5.2.1.0M 2,61 Jdec-8-en-3-yiformamide -3-[(35)-2-oxopyrrolidin-3-
viljpropanamide (92.0 mg, 0277 mmol. 1.0 eq), (253R}-3-(tert-butoxy}-2-(2,2,2-
trifluorcacetamidobutanoic acid (75.1 mg, 0.277 mmol, 1.0 eq.} and o-(7-azabenzotriazol-1-
yvI-N,N, N N tetramethyluronium hexafluorophosphate (126 mg, 0.332 mmol, 1.2 eq.) in
DMF (4 mbL) was added N-ethyl-N-isopropylpropan-2-amine (286 myg, 2.21 mmol, 8.0 eq.} at
0 °C. The mixtore was stirred for 1 h at vt. The reaction was guenched with water (10 L),
The mixture was extracted with EtOAc (3 x 10 mL). The organic layers were combined,
washed with brine (2 x 10 mL), dried over anhydrous sodium sulfate, filtered and
concentrated under redoced pressure 1o afford the crude product. The crude product was
chromatographed on a sihica gel coluomn with MeOH:DCM (1:12) to provide the desired
product. The crude product was purified by C18 colurmnn with CHsCN:Water (8.05% TFA),
the fraction was concentrated under reduced pressure to provide (25)-2-{[{1R,25,35,6R,75)-
4-1(28,3R)-3-(tert-butoxy)-2-(2,2, 2-trifluoroacetamido)butanoyii-4-
azatricycio]5.2.1.0M 2,6} Jdec-8-en-3-vi formamido | -3-[(38)-2-oxopyrrolidin-3-
vijpropanamide (61.0 mg, crude) as a Hght yellow solid. LC-MS (ES, m/z): 586 [M+H]".

162281 To a stirred mixture of (25)3-2-{{{I1R28,35,6R,75)-4-[(25,3R)-3-{tert-
butoxy}-2-(2,2,2-trifluoroacetamido ybutanoyl}-4-azatricyclof5.2.1.0M 2,6 | Jdec-8-en-3-
yliformamido }-3-{{35)-2-oxopyrrolidin-3-viipropanamide (60.0 mg, 0.102 mmol, 1.0 eq.) in
DCM (2 mbL) were added pyndine (32.4 mg, 0.408 mmol, 4.0. eq.) and wifluoroacetic
anhydride (43.1 mg, 0.204 mmol, 2.0 eq.). The mixture was stirred for 3 h at rt. The
reaction was quenched with water (10 mL). The mixture was extracted with EtOAc (3 x 10
mkb). The organic layers were combined, washed with brine (2 x 10 mlL), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford the
crude product. The crude product was purified by preparative HPLC (Column: XBridge Prep
Phenyl OBD Column, 19%250 mm, Sum; Mobile Phase A: Water (0.05% TFA), Mobile
Phase B: ACN, Flow rate: 25 mb/mn; Gradient: 40% B 1o 56% B n 10 mun, 56% B, Wave
Length: 254 nm; RTH (min): 8.22) to provide (1R,25,35,6R,75)-4-[(28,3R)-3-{tert-butoxy)-
2-(2,2,2-trifluorcacetamidoybutanoyl]-N-[{(138)-1 -cyano-2-[(35)-2-oxopyrrolidin-3-yljethyl}-

4-azatricyclof3.2.1.0M 2,6} {dec-B-ene-3-carhoxamide (1.7 mg, 2%). LC-MS (ESL m/z): 512
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EXAMPLE 4
Compound 4
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(82211 To a stirred mixture of tert-butyl (1R,28,35,6R,75)-3-{[{1S)-1-carbamoyl-
2-1(38)-2-oxopyrrolidin-3-yvljethylicarbamoyl }-4-azatricyclo[5.2. 1.04 2,6 } {dec-B-ene-4-
carboxylate (500 mg, 1.15 mmol, 1.0 eq.) in DCM (6 ml) was added orifluorcacetic acid (2

mb). The mixture was stirred for 1 h at 1t and then concentrated under reduced pressure to
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afford  {(253-2-[(1R,28,38,6R,7S)-d-azatricyclo{5.2.1.0M 2,6} Jdec-8-en-3-ylformamido]-3-
{(3S)-2-oxopyrrolidin-3-yljpropanamide (380 mg, crude} as a yellow oil. LC-MS (ESI, m/27):
333 (M+H]".

(62221 To a stirred mixture of (25»-2-[{1R,28,35,6R,75)-4-
azatricyciof5.2.1.0M 2,63 Jdec-8-en-3-yliformamido }-3-H35)-2-oxopyrrohidin-3-
vijpropanamide (76.0 mg, 0.229 mmol, 1.0 eq.), (25)-2-{(tert-butoxycarbonylyamino}-3,3-
dimethyibutanoic acid (52.9 mg, 0.229 mmol, 1.0 eq.) and o-(7-azabenzotriazol-1-yl)-
NN N, N -tetramethyluroniurn hexafluorophosphate (104 mg, 0.273 nuuol, 1.2 eq.) in DMF
(2 mbL) were added N-ethyl-N-isopropylpropan-2-amine (236 mg, 1.83 mmol, 8.0 eq.) at
“C. The mixture was stirred for 1 b at vt. The crude product was purified hy C18 column
with CH:CN:Water (0.05% TFA). The compound fraction was concentrated snder reduced
pressure to provide tert-butyl N-[(28)-1-[(1R,25,35 6R,78)-3-{[{(15)-1-carbamoyl-2-[(35)-2-
oxopyrrolidin-3-ylethyljcarbarooyl }-4-azatricyclo{5.2.1 . 0M 2,6 Jdec-8-en-4-v1]-3,3-
dimethyi-1-oxobutan-2-yljcarbamate (103 mg, 78%) as a white solid. LC-MS (ESI, m/2):
346 [M+H]J".

(82231 To a stivved mixtore of tert-butyl N-{(25)-1-{(IR,28,3S,6R,78)-3-{[{(15)-1-
carbamoyi-2-{(35)-2-oxopyrrolidin-3-vllethyljcarbamoyl }-4-azatricyclo]5.2.1 .0~ 2,6 } idec-
8-gn-4-yij-3,3-dimethyl-1-oxobutan-2-yljcarbamate (100 mg, 0.183 mmol, 1.0 eq.) in DCM
{3 ml) was added trifluoroacetic acid (1 ml.). The mixture was stirred for 1 h at 1t and then
concentrated under reduced pressure to afford (253-2-{{{1R,25,35,6R,75)-4-{(258)-2-amino-
3,3-dimethylbutanoyl}-d-azatricyclo{ 5.2.1 00 2,6} Jdec-8-en-3-yiformamido } - 3-[(35)-2-
oxopyrrolidin-3-yljpropanamide (81.0 mg, crude) as a yellow oil. LU-MS (ESI m/z) 446
{M+H]™.

18224} To a stirred mixture of (25)-2-{[(1R,25,35,6R,75)-4-1(28)-2-amino-3,3-
dimethylbutanoyl]-4-azatricyclo]5.2.1.0M 2,6 [dec-B-en-3-yi{formamido } - 3-[(35-2-
oxopyrrolidin-3-ylipropanamide (81.5 mg, 0.183 mmol, 1.0 eq.}, o-(7-azabenzotriazol-1-y1)-
NN N, N'-tetramethviuronium hexaftuorophosphate (83.5 mg, 0.220 munol, 1.2 eq.) and 5-
methyl-1,2-oxazole-3-carboxylic acid (23.3 mg, 4.183 nuvol, 1.0 eq.) in DMF (3 ml) were
added N-ethyl-N-isopropylpropan-2-aroine {189 mg, 1.46 mmol, 8.0 eq.). The mixture was
stirred for 1 h at tt. The crude product was purified by C18 column with CHaCN: Water

{0.05% TFA). The compound fraction was concentrated under reduced pressure to provide
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N-[253-1-[(IR.28,35,6R,75)-3-{ {[{(18)-1 -carbamoy-2-1(38)-2-oxopyrrolidin-3-
vijethvlicarbamoyl }-4-azatricycle{5.2.1.00M 2,6} |[dec-8-en-4-y1}-3,3-dimethyi- 1 -oxobutan-2-
yl}-5-methyl-1,2-oxazole-3-carboxamide (74 mg, 62%) as a white solid. LC-MS (ES], m/2):
554 [M+H|".

[8225] To a stired muxture of N-[(25)-1-[(1R25,38,6R,75)-3-{[{15)-1-
carbamoyi-2-[(35)-2-oxopyrrolidin-3-yljethyljcarbamovl-4-azatricyclo{5.2.1 .07 { 2,6 } idec-
§-en-4-yij-3,3-dimethyl-1-oxobutan-2-vl}-5-methyl-1,2-oxazole-3-carboxamide (700 mg,
0.126 mmol, 1.0 eq.)y in DOM (2 k) were added pyridive (39.9 mg, 0.504 mwol, 4.0 eq.)
and trifluoroacetic anhydride (53.0 mg, 0.252 mimol, 2.0 2g.). The mixture was stirred for 3
h at vt. The reaction was quenched with water (10 mL). The mixture was extracted with
EtOAc (3 x 10 ml). The organic layers were combined, washed with brine (2 x 10 ml),
dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure to
afford the crude product. The crude product was purified by prep-HPLC (Column: XBridge
Shield RPIR OBD Column, 19%250 mm, 10um; Mobhile Phase A: Water (0.1%FA), Mobile
Phase B: ACN,; Flow rate: 25 wl/min; Gradient: 35% B 1o 65% B n 7 min, 65% B; Wave
Length: 254 wm; RTL (min): 5) to provide (1R28,35,6R,7S)-N-{(15)-1-cvano-2-[{35)-2-
oxopyrrolidin-3-yiethyl[-4-1(25)-3,3-dimethyi-2-[(S-methyl-1,2-oxarzol-3-
yormamidojbutanoyl-4-azatricyclof3.2.1.0M 2,6} Jdec-B-ene-3-carboxamude  (7.70 mg,

11%) as a white solid. LC-MS (ES], m/z): 337 [M+H]".

EXAMPLE 5
Compound 5
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(8226} To a solution of picolinic acid (110 mg, 0.894 mmol, 1.0 eq.) in
dimethylformamide (2 mbL) was  added  o-(7-azabenzotmazol-1-yD-N NN N'-
tetramethyluronivim hexafluorophosphate (408 mg, 147 wmmol, 1.2 eq.) and N-ethyl-N-
isopropylpropan-Z-amine {924 mg, 7.15 mmol, 8.0 eq.} 0 °C. After 8.5 h, tert-butyl (25)-2-
amino-3,3-dimethylbutancate hydrochloride (200 mg, .894 mumol, 1.0 eq.) was added. The
mixture was stirred for 1 h at rt. The reaction was gquenched with water (10 mbL}). The
mixture was extracted with ethyl acetate (3 x 20 mLl). The organic layers were combined,
washed with brine (2 x 20 mbL), dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to afford then crude product. The crude product was
purified by silica gel column chromatography to afford tert-butyl (25)-3,3-dimethyl-2-
{pyridin-2-viformamido)butanocate (88 mg, 33%). 'H NMR (400 MHz, DMSO-ds) § 8.67-
8.73 {m, 1H), R.40-8.530 (m, 1H}, 8.00-8.10 (u, 2H), 7.62-7.69 {m, 1H}, 4.26-4.33 {m, 1H),
L.44 (s, 9H), 100 (s, 9H). LOMS (ESI, m/z): 293 [M+H}"

{9227} To a  solwtion of tert-butyl  (25)-3,3-dimethyl-2-(pyridin-2-
yiformamidoibutanoate (8R.0 mg, 0.291 mmol, 1.0 eq) in DCM (2 mwl) was added
triflaoroacetic acid (0.7 mL). The mixture was stirred for 4 h at it and then concentrated

under reduced pressure to afford the crude product. LCMS (EST, m/2): 237 [M+HI
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18228} To a solution of (15,3aR45,7R,7a5-N-{(5)-1-amino-1-0x0-3-((§)-2-
oxopyrrolidin-3-yhpropan-2-v1)-2,3,33,4,7, 7a-hexahydro- 1 H-4,7-methanoiscindole- 1 -
carboxamide {100 mg, 0.301 mmol, 1 eq.) in DMF (4 mL} was added (25)-3,3-dimethyl-2-
{pyridin-2-yHormamido)butanoic acid (78.8 mg, 0.301 mmol, 1.0 eq.), o-(7-azabenzotriazol-
F-yl-MNONGN N -tetramethyluronium hexafluorophosphate {(137.3 mg, 0.361 mmol, 1.2 eq.)
and N-ethyl-N-isopropylpropan-2-amine (233 mg, 2.41 mmol, 8.0 eq.} stirred at O °C. The
mixture was stirred for 1 h at rt.  The mixture was purified by Cl8 column with
CHsCN:Water (0.05% FA).  The compound fraction was concentrated under redoced
pressure o afford N-ES1-HIR,28,385,6R,753-3- {[{18)- 1 -carbamoy]-2-{(38)-2-
oxopyrrolidin-3-vijethyljcarbamovi }-d-azatricyelo{3.2. 1.0M 2,6 H [dec-B-en-4-y1]-3,3-
dimethyl-1-oxobutan-2-ylipyridine-2-carhoxamide (50.0 mg, crude).

(62291 To a stirred mixture of N-{@QS5)-1-[(1R,2S8,35,6R,75)-3-{[{185)-1-
carbamoyl-2-{(35)-2-oxopyrrohidin-3-ylethyljcarbamoyl }-d-azatricyclof3.2.1 .00 2,6 } ldec-
B-en-4-yi}-3,3-diroethyl- l-oxobutan-2-ylpyridine-2-carboxarnide (25.0 mg, 0.045 womol, 1.0
eq.) in BPCM (2 ml) was added trifluoroacetic anhydride (8.81 mg, (.090 mmol, 2.0 eq.} and
pyridine (12.5 myg, 0.158 mmol, 3.5 eq.) dropwise at rt. The mixture was stirred {for 2 h at rt.
The reaction was quenched with water (I} mbL). The mixture was extracted with ethyl
acetate (3 x 10 mbl). The organic layers were combined, washed with brine (2 x 10 ml.),
dried over anhvdrous sodium sulfate, filtered and concentrated under reduced pressure to
afford the crude product. The crude product (25 myg) was purified by prep-HPLC with the
following conditions (Column: Kinetex EVO (18, 21.2%250mm, S5um; Mobile Phase A:
Water {3.1%FA), Mobile Phase B: ACN; Flow rate: 25 mb/nun; Gradient: 35% Bto 62% B
in 7 min, 62% B; Wave Length: 254 nm; RT1 (min): 5} to afford (I1R,25,35,6R,75)-N-{(15)-
f-cyano-2-{(35)-2-oxopyrrolidin-3-vijethyil-4-{{25)-3.3-dimethyl-2-{pyridin-2-
yiformamidotbutanovif-4-azatricyclol5.2.1.002,6 } {dec-8-ene-3-carboxamide (3.2 mg, 12%)

as a hight vellow solid. LCMS (ESI, mv/z): 533 IM+H]".
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[68238] To a mixture of pyrazinoie acid (168 mg, 1.34 mmol, L0 eq), o-(7-
P £ 1

azabenzotriazol-1-yh-N, N, N N'-tetramethyluronivm hexafluorophosphate (612 mg, 1.61
munol, 1.2 eq.) and N-ethyl-N-isopropylpropan-2-amine (1.04 g, §.05 romol, 6.0 eq.) in N,N-
dimethylformamide (3 mb) was stired for 20 min. Tert-batyl (28)-2-amino-3,3-
dirnethyibutanoate hydrochloride (300 mg, 1.34 mmol, 1.0 eq.) was added at 0 °C. The
mixtare was stitred for 1 h at rt, and the reaction quenched with water (2 mb). The mixture
was extracted with ethyl acetate (3 x 20 mL). The organic layers were combined, washed
with brine (2 x 20 mL)}, dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure (o afford the crude product.  The crude product was diluted with
dichloromethane (10 mL) and made into a slurry with 100 ~ 200 silica gel mesh {1 g). The

sturry was loaded to a column after removing the dichloromethane. The sample was purified
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by column chromatography (Column size 4 x 24 cm, column volume: 200 mb, silica gel size
{100 ~ 200 mesh) and eluted with EA:PH (0% ~ 40% over 30 min). The collected fractions:
23%-26% EAPE fractions were chosen as the pure fractions. Those fractions were
combined and concentrated under reduced pressure to provide tert-butyl (25)-3,3-dimethyl-2-
(pyrazin-2-yHformamidobutancate (300 mg, 76%) as a light vellow solid. 'H NMR (300
MHz, DMSO-ds) 8 9.21 (br, 1H), 8.91-8.95 (m, 1H), 8.75-8.82 (m, 1H), 8.29-8.33 (m, 1H),
4.31-4.34 (m, 1H), 1.45 (s, 9H), 1.01 (s, OH). LC-MS (ES], mv/7): 294 [M+H]".

(6231} To a  mixture of  tert-butyl  (285)-3,3-dimethyl-2-(pyrazin-2-
ylformamidoj)butanoate (87.9 mg, 0.300 mmol, 1.0 eq.) in dichloromethane (I mbL) was
added triflucrcacetic acid (0.5 mwl.). The mixture was stirred for | h at it and then
concentrated  under  redoced  pressure  to afford  (25)-3.3-divoethyl-2-{pyrazin-2-
yiformamidolbutanoic acid (80.0 wmyg, crude) as a yellow ol LC-MS (ESI, m/z) 238
IM+HT

16232} To a mixture of (28)-3,3-dimethyl-2-(pyrazin-2-ylformamido) butanoic
acid (71.1 mg, 030 wmmol, 1.0 eq.), and (285)-2-[(1R,28,358,6R,75)-4-azatricyclo
152.1.002,611  dec-8-en-3-ylformamido]-3-[(35)-2-oxopyrrolidin-3-ylpropanamide  (89.6
mg, 0.30 mmol, 1.0 eq.) in DMF (3 mL) was added N-sthyl-N-isopropyipropan-2-amine
(348 mg, 2.70 mmol, 8.0 eq.) at § “C. The mixture was stirred for 1 h at rt. The crude
product was purified by C18 column with CHaCN:Water (0.05% NH4HCGs5).  The
compound fraction was concentrated under reduced pressure to provide (1R, 25,35,6R,75)-N-
{18)-1-cyane-2-{{35)-2-oxopyrrolidin-3-vi} ethyi}-4-{(25)-3,3-dimethyl-2-(pyrazin-2-
ylformamidojbutanoylf-4-azatricyclo{5.2.1.08{ 2,6 } Jdec-8-ene-3-carboxamide  (70.0 mg,
43%) as a yellow solid. LC-MS (ESE m/z): 552 [M+HT™

18233} To a mixture of N-{{(28)-1-[(1R,25,35,6R,75)-3-1{{(15)-1 -cartbamoyl-2-
[(35)-2-oxopyrrolidin-3-ylethylicarbamoyl} -d-azatricyclof5.2.1.0M 2,6 1 ldec-8-en-4-v1}-3,3-
dimethyi-1-oxobutan-2-ylipyrazine-2-carboxamide (55.0 mg, 0.100 mmol, 1.0 eq) in
dichloromethane (1 ml} was added pyridine (315 mg, 0400 mmol, 4.0 eq.) and
trifluoroacetic anhydride (41.9 mg, 0.200 wmmol, 2.0 eq.). The nuxture was stirred for
overoight at rt. The reaction was guenched with water (5§ mwl). The mixtore was extracted
with ethyl acetate (3 x 10 mL). The organic layers were combined, washed with brine (2 x

10 ml), dried over avhydrous sodium sulfate, filtered and concentrated under reduced
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pressure to afford the crude product. The crude product was purified by prep-HPLC
{(Column: XBridge Prep C18 OBD Column, 19%150 mm, Sum; Mobile Phase A: Water
{0.1% FA), Mobile Phase B: MeQOH--HPLC; Flow rate: 25 mL/min; Gradient: 43% B to 53%
B in 12 min, 53% B; Wave Length: 254 nm; RT1 (min}: 11} to provide (1R,25,35,6R,75)-N-
[I8)Y-1-cyano-2-{(35)-2-oxopyrrolidin-3-yiethyli-4-[(25)-3,3 -dimethyi-—Z—(pyrazin -2-

yviformamidotbutanovif-4-azatricyclo]5.2.1.0° 2,6 } {dec-8-ene-3-carboxamide (3.0 mg, 5%)

as an off-white solid. LC-MS (ESI, m/z): 534 [M+H]J".

EXAMPLE 7
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{9234] To a wmixture of 4-roethoxyaniline (5.0 g, 364 mmol, 1.0 eq) and

roagnesium sulfate (24.4 g, 202 muwool, 5.0 eq.) in DCM (100 b)) was added methyl 2-
hydroxy-2-methoxyacetate {4.88 g, 40.5 mmol, 1.0 eq.). The mixture was stirred for 3h at 1t
and filtered. The filter cake was washed with dichloromethane (3 x 100 mlL). The filtrate
was  concentrated  under  reduced  pressure  to afford methyl  (27)-2-{{4-
methoxyphenyliiminojacetate (8 g, crude) as a brown vellow oil. 'H NMR (400 MHz,
CDCLay 0 7.95 (5, 1H), 7.33-7.43 (m, 2H), 6.85-6.9% (m, 2H), 3.94 (s, 3H), 3.83 (s, 3H). 1LC-
MS {EST, m/z): 194 [M+H]

[6235] To a stirred mixture of powdered molecular sieves (§ A, 4¢), sulfamide
(.20 g, 2.07 mumol, 0.05 eq.) and N, N-dimethyipyridin-4-amine (0.25 g, 2.07 mmol, 0.05
eq.) in DCM {40 ml) was added methyl (27)-2-[{4-methoxyphenyliminojacetate (8.00 g,
41.4 mmol, 1.0 eq.) and isobutyraldehyde (3.58 g, 49.6 mmol, 1.2 eq.) at rt. The mixture was
stirred for overnight at rt. The reaction was quenched with water (150 mb). The mixture
was extracted with ethyl acetate (3 x 150 mL). The organic layers were combined, washed
with brine (2 x 150 mb), dried over anhydrous sodium sulfate, filtered and concentrated
under reduced pressure to afford the crude product. The crude product was chromatographed
on a siica gel colomn with EAPE (1:4) to provide methyl {(25)-2-[(4-
methoxyphenylarninol-3,3-dirnethyl-d-oxobutanoate (4.5 g, 36 %) as a light yellow oil. 'H
NMR (400 MHz, DMSO-de) 6 9.58 (s, 1H), 6.73 {(m, 4H), 5.42(d, J= 8.0 Hz, 1H), 444 (4,7
= §.0 Hz, 1H), 3.65 (s, 3H), 3.61 (s, 3H), 0.85-1.34 (o, 6H). LC-MS (ESI, m2) 266
IMHT

{4236] To a stirred mixture of methyl (25)-2-{(4-methoxyphenyhamino]-3,3-
dimethyl-4-oxobutanoate (4.5 g, 16.9 muvol, 1.0 eq.) and potassium carbonate (4.69 g, 33.9
mmol, 2.0 eq.) in MeOH (80 mL) was added dimethyl {1-diazo-2-oxopropyDphosphonate

{4.24 g, 22.0 amol, 1.3 eq.) dropwise at 1t under No. The mixture was stivred for 2 h at 1t
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The reaction was guenched with water (200 mL). The mixture was extracted with ethyl
acetate {3 x 200 mL). The organic layers were combined, washed with brine (2 x 200 mL},
dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure to
afford the crude product. The crude product was chromatographed on a silica gel column
with EA:PE (1.9} to provide methyl (258-2-[{(4-methoxyphenylamino}-3,3-dimethylpent-4-
ynoate (1.70 g, 36 %) as a yellow oil. 'H NMR (400 MHz, DMSGC-ds) & 6.65-6.76 (m, 4H),
5.05(d, /=12.0Hz, 1H), 392 (d, /=120 Hz, 1H), 3.61-3.64 (m, 6H), 3.09 (s, 1H), 1.34 (s,
3H), 1.29 (s, 3H). LC-MS (ESL m/z) 262 [M+H]

18237} To a stimed mixture of methyl (28)-2-1(4d-methoxyphenyhaminol-3,3-
dimethylpent-4-ynoate (1.14 g, 4.36 mmol, 1.0 eq) in CHCN (9 wb) and HaO (3 wmb) were
added ceric ammoniuro nitrate (12.0 g, 21.8 muwool, 5.0 eq.) at vt. The mixture was stitred for
2 hatrt. THF (10 o)) was added, followed by trimethylaroine and di-tert-buty] dicarbonate
(548 g, 25.1 mamol, 6.0 eq.). The mixture was stirred for 4 b at rt and then diluted with water
(50 mL). The mixture was extracted with ethyl acetate (3 x 30 ml.). The organic layers were
combined, washed with brine (2 x 50 mL), dried over anhydrous sodivm sulfate, filtered and
concentrated under reduced pressure to afford the crade product. The crude product was
chromatographed on a stlica gel column with EAPE (1:9) to provide methyl (28)-2-[{tert-
butoxycarbonyhamino]-3,3-dimethyipent-4-ynoate (300 mg, 63 %) as a yellow oil. 'H NMR
(400 MHz, DMSO-ds) 6 701 {d, J = 12.0 Hz, 1H), 4.11 {d, /= 12.0 Hz, 1H), 3.65 (s, 3H},
3.06 (s, 1H), 1.39 (s, 9H), 1.21-1.23 (m, 6H). LC-MS (ESL m/2): 156 [M+H-Bocl™.

168238} To a stitred mixture of methyl (28)-2-[{tert-butoxycarbonyhamine]-3,3-
dimethyipent-4-ynoate (800 mg, 3.13 mmol, 1.0 eq.} in THF (6 mL) and H:0 (2 ml) was
added lithium hydroxide (375 mg, 15.6 mumol, 5.0 eq.} at rt . The mixture was stirred for 1 h
at 60 “C. The mixture was acidified to pH 3 with hydrochloric acid (1M). The agueous layer
was extracted with ethyl acetate {3 x 20 mL). The mixture was concenirated under reduced
pressure to afford (285)-2-[(tert-butoxycarbonylamino}-3,3-dimethylpent-4-ynoic acid (700
mg, 92%) as a light orange solid. 'H NMR (400 MHz, DMSO-ds) § 12.76 (s, 18), 6.69 (d, J
= 8.0 He, 1H), 4.00{d, J =80 Hz, 1H), 3.03 (s, 1H), 1.40 (5, 9H), 1.17-1.24 (m, 6H). LC-
MS (ESL, m/z): 142 [M-100+H]

[8239] To a stired wmixture of  (28)-2-[{tert-hatoxycarbonyhamino]-3,3-

dimethylpent-4-ynoic acid (400 wmg, 1.65 mumol, 1.0 eq) v DCM (3 ml) was added
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trifluoroacetic acid (1 mL) at 1. The mixture was stirred for 1 h at rt and then concentrated
under reduced pressure to afford (25)-Z-amino-3,3-dimethylpent-4-ynoic acid (300 mg,
crude) as a brown yellow oil. LC-MS (ES, m/2): 142 [M+H™

{§248] To a stirred mixtare of (28)-2-amino-3,3-dimethyipent-4-ynoic acid (234
mg, 1.65 mmol, 1.0 eq.) and triethylamine (670 mg, 6.63 mmol, 4.0 eq.} in MeCOH (3 mbL}
was added ethyl 2,2, 2-trifluorcacetate (471 mg, 3.31 munol, 2.0 eq.). The mixture was stirred
for 2 h at 1t and then acidified to pH 4 with hydrochloric acid (1M). The mixture was
extracted with ethyl acetate (3 x 20mb.). The combined organic layers were concentrated
under reduced pressure to afford (25)-3,3-dimethyl-2-(2,2,2-trifluorcacetamidoypent-4-ynoic
acid (300 rog, 76 %) as a light vellow oil. 'H NMR (400 MHz, DMSO-ds) & 13.28 (s, 1H),
9.67 (d, J=80Hz H), 445(d, J =80 Hz, 1H), 3.09 (s, 1H), 1.25-1.41 (m, 6H). LC-MS
(BESE, m/7): 236 [M-HY}.

{82411 To a stirred mixiure of (25)-3,3-dimethyl-2-(2,2.2-
trifluoroacetamidoypent-4-yooic acid (71.3 mg, 0.300 wmmol, 1.0 eq.) in DMF (2 ml) was
added o-(7-Azabenzotriazol-1-yD-N, N N N'-tetramethyhironium hexaflvorophosphate (137
mg, 8.361 mmol, 1.2 eq.) and N-ethyl-N-isopropylpropan-2-amsine (232 mg, 1.80 mmol, 6.0
eq.} at rt. The mixture was stirred for 10 min O °C and (25)-2-[{1R,2S,3S,6R,75)-4-
azatricyciof5.2.1.0M 2,6} Jdec-B-en-3-ylitormamido }-3-1(35)-2-oxopyrrohidin-3-
vljpropanamide hydrochloride (110 mg, 0.300 mumol, 1.0 eq.) was added. The mixture was
stirred for another 1 h at rt. The mixture was purified by C1& column with CH;UN:Water
{(.05% FA). The compound fraction was concentrated under reduced pressure to provide
(25)-2-1H1R,25,35,6R,783-4-1(25)-3,3-dimethyl-2-(2,2, 2-rifluoroacetamidopent-4-ynoyl -
4-azatricycio[5.2.1.0 2,6} {dec-8-en-3-yl{formamido }-3-[(38}-2-oxopyrrohidin-3-
ylipropanamide (120 mg, 51 %) as a Hight yellow solid. LC-MS (ESL m/z): 552 {M+H]™".

(8242} To a stirred mixture of (283-2-{[{1K,25,35,06R,75)-4-{(25)-3,3-dimethyl-2-
(2,2,2-trifluorcacetamidopent-4-ynoyl}-4-azatricyclo{5.2.1.0%{ 2,6 } idec-8-en-3-
vijformamido}-3-{{35)-2-oxopyrrolidin-3-ylipropanamide (120 mg, 0.218 mmol, 1.0 eq.) in
DCM (2 wl) was added pyridive (60.2 mg, 0.763 munol, 3.5 eq) and trifluoroacetic
ashydride (91.3 mg, 0.436 wmmol, 2.0 eq.) at vt. The mixture was stitred {or 2 h at 1. The
reaction was guenched with water (10 ml.). The mixture was extracted with ethyl acetate (3

x 10 ml). The organic layers were cornbined, washed with brine (2 x 10 ml), dried over
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anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford then
crude product. The crude product was purified by prep-HPLC with the following conditions
(Column: XBridge Shield RPIE OBD Colunmm, 19%250 mm, 10pm; Mobile Phase A: Water
{(1.1% FA), Mobile Phase B: ACN; Flow rate: 25 mbL/min; Gradient: 40% B o 70% B in 7
min, 70% B; Wave Length: 254 am; RT1 {min): 5;) to afford (1R.25,35,6R,75)-N-{(18)-1-
cyano-2-1(35)-2-oxopyrrolidin-3-yljethyli-4-[(25)-3,3-dimethyl-2-(2,2,2-
triffuoroacetamidopent-4-vnovi-4-azatricyelo} 5.2.1.00{ 2,6} Jdec-8-ene-3-carboxamide

{14.9 mg, 12 %) as a white solid. 'H NMR (400 MHz, 80 °C, DMSO-ds) & 8.46-9.16 (m,
2HY, 7.27-7.52 (m, 1H), 5.83-6.25 (m, 2H), 478-4.93 (mm, 1H), 4.62-4.75 (m, 1H), 3.89-4.09
(o, THED, 3.35-3.76 (m, TH), 3.33-3.47 (m, 1H), 3.089-3.21 (m, 2H), 2.79-3.02 (m, 4H), 2.65-
278 (m, 1HY, 2.27-2.41 (m, 1HD), 1.98-2.25 (m, 2H), 1.61-1.91 (m, 2H), 1.32-1.45 {m, 2H),
LO7-1.31 {m, 6H).

EXAMPLE &
Compound 8

9 @ NS (S)-(-Pr)-pybox
= E & =4 l athyl diazoacelate
e i-BuQK, THF [% . o .
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Hinl - O
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Chiral centers noted with a * are tentatively assigned

16243] To a mixtare of methyliriphenylphosphanium bromide (68.4 ¢, 191 romol,
1.4 eq.) 1o tetrahydroturan (100 mL) was added I-tetralone (20.0 g, 136 mmol, 1.0 eq) at O
“C. After stirred for 0.5 b at 0 °C, methyltriphenyiphosphanium bromide (68.4 g, 191 mwmol,
{.4 eq.) was added. The mixture was stitred for overnight at tt, and then filtered. The filtrate
was concentrated vnder reduced pressare to afford the crude product. The crude prodact was
diluted with dichloromethane (100 ml) and made into a slorry with 100~200 silica gel mesh
(60 g). The mixture was loaded to a column after removing the dichloromethane. The
sample was purified by colamn chromatography {Column size 6 x 24 cm, column volume:
600 wl., silica gel size (100 ~ 200 mesh) and eluted with PE (8 %~10% over 30 min). The
collected fractions; (% PE fractions were chosen as the puare fractions. Those fractions were
combined and concenirated under reduced pressure to provide I-methylidene-3,4-dihydro-
ZH-naphthalene (12.0 g, 60%) as a light yellow oil. LC-MS (ES], m/z): 145 [M+HT"

{6244 ] To a stirred mixture of 1-methylidene-3,4-dihydro-2H-naphthalene (1.00
g, 6930 mmol, 1.0 eq.), [Ru(p-cymene)Cla}z (212 mg, $.350 mmol, 0.05 eq.} and (8)-(-Pr)-
Pybox (209 mg, 0.690 mmol, 0.1 eq.) in tetrahydrofuran (80 ml) was added ethyl 2-
diazoacetate (1.18 g, 10.4 mumnol, 1.5 eq.) in portions over 8 h at 60 °C under nitrogen. The
reaction was quenched with water (20 mbL). The mixture was extracted with ethyl acetate (3
x 100 ml.). The organic layers were cormbined, washed with brine (2 x 100 L), dried over
anhydrous sodivm sulfate, filtered and concentrated under reduced pressure to afford the
crude product. The sarople was purified by colomn chromatography (Coluemn size 6 x 24
¢, coluron voharoe: 600 wl, silica gel size (100 ~ 200 mesh) and eluted with EAPE (0
%~10% over 30 min). The collected fractions: 5~8 % PE fractions were chosen as pure
fractions. Those fractions were combined and concentrated under reduced pressure to
provide the crude product. The crude product was purified by TLC (Mobile phase: EAPE

=1:40; Ry = (0.4 detection: UVY) o provide ethyl (IR*3R*1-3 4-dihydro-2'H-

[
2
L1
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spirolcyclopropane-1,1-naphthalene}-3-carboxylate as a light vellow oil. 'H NMR (300
MHz, DMSO-ds) 6 7.01-7.13 (m, 3H), 6.81-0.86 (m, 1H), 4.02-4.19 {m, 2H), 2.80-2.84 (m,
2H), 1.76-1.93 (m, 4H), 1.52-1.71 (m, 2H), 1.34-1.43 (m, 1H), 1.16-1.24 (m, 3H). LC-MS
(ESL m/zy: 231 IM+HT

16245} To a stirred solution  of ethyl (IR,3R)-3'.4'-dihydro-2'H-
spiro{cyclopropane- 1,1 -naphthalene}-3-carboxylate (380 mg, 1.65 mmol, 1.0 eq.) in ethanol
(4 mL} were added sodium hydroxide (461 mg, 11.5 mumol, 7.0 eq., in water 4 mL). The
roixture was stirred for overnight at 6. The muxture was concentrated under reduced pressure
to remove the ethanol. The mixture was adjusted to pH 5 with hydrochloric acid (2 M) and
then extracted with ethyl acetate (3 x 30 mL). The organic layers were combined, washed
with brine (2 x 20 ml.), dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure to provide (1R, 3R}-3". 4 -dihydro-2'H-spivofcyelopropane- L 1 -naphthalene]-
3-carboxylic acid (240 wg, 71%) as an off-white solid. "H NMR (300 MHz, DMSO-ds)
6 12.24 by, 1H), 6.89-7.21 (m, 4H), 2.72-2.91 (m, 2H), 1.51-1.89 (m, 6H), 1.26-1.45 (m,
H). LC-MS (ESI m/z)y: 203 IM+HT

16246} To a wmixtwre of (IR3R)-3 4'-dihydro-2'H-spiro[cyclopropane-1,1'-
paphthalene}-3-carboxylic acid (71.2 myg, 0.352 mmol, 1.0 eq.) n N, N-dimethylformamide
3 i) was added o-{7-azabenzotriazol-1-y-N,N N N'-tetramethyloronium
hexaftuorophosphate (24.74 mg, 0.065 mmol, 1.2 eq.} and N-ethyl-N-isopropylpropan-2-
amine (273 mg, 2.11 mmol, 6.0 eq.) at § °C. The mixture was stirred for 20 min at § °C, and
then (25)3-2-1(1R,25,35,6R,75)-4-azatricyclo]5.2.1.0% 2,6} jdec-8-en-3-yliformamido}-3-
{(35)-2-oxopyrrolidin-3-yijpropanamide hydrochloride (130 mg, 0.352 mmol, 1.0 eq.) was
added at 0 °C. The mixture was stirred for | h rt. The crude product was purified by CI1§
column with CH3CN:Water (TFA 0.05%). The compound fraction was concentrated under
reduced pressure to provide (2532-{{I(IR2ZS5356R,75)-4-{{(1R3KR}-3" 4 -dihydro-2'H-
spiro{cyclopropane-1,1-naphthalen}-3-yljcarbonyl}-4-azatricyclof3.2. 104 2,6 } [dec-8-en-3-
vijformamido}-3-{{35)-2-oxopyrrolidin-3-ylipropenamide (70 mg, 43%) as a yellow solid.
LOC-MS (BSL mv/z): 517 [(M+HM-.

(62471 To a mixture of (2583-2-{I(1R,28,35,6R,75)-4-{[{15,35)-3" 4 -dihydro-2’H-
spirolcyclopropane- 1, U-naphthalen}-3-yljcarbonyl}-4-azatricyclof3.2.1.0MN 2,6 } {dec-B-en-3-

yijformamido }-3-[(38)-2-oxopyrrolidin-3-ylipropanamide (70.0 mg, 0.135 omol, 1.0 eq.) 1o
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dichloromethane (I ml)} was added pyridine (375 mg, 0473 mmol, 3.5 eq) and
triflucroacetic anhydride (56.9 mg, 0.270 mmol, 2.0 eq.). The mixture was stirred for
overnight at rt. The reaction was quenched with water (5 mL). The mixture was extracted
with ethyl acetate (3 x 10 mL). The organic lavers were combined, washed with brine (2 x
10 mbl), dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure to afford the crude product. The crude product was purified by prep-HPLC
(Column: XSelect CSH Prep Ci8 OBD Column, 19%150 mm, Spm; Mobile Phase A: Water
{(0.19 FA), Mobile Phase B: ACN; Flow rate; 25 ml/min: Gradient: 41% Bio 61% B in 7
min, 619% B: Wave Length: 254 nmy; RT1 (min): 5.47) to provide (1R,25,35,6R,75)-N-{{15}-
I-cyvano-2-{(35)-2-oxopyrrolidin-3-ylethyl]-4- { [{ IR, 3R)-3" 4" -dihydro-2'H-
spirolcyclopropane-1, U-naphthalen}-3-yicarbonyl | -d-azatricyclo3.2. 1.0M 2,6 } [dec-B-ene-

3-carboxamide (17 myg, 25%) as an white sohid. LC-MS (ES, m/Z7): 499 [M+-HT.
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[68248] To a solution of (28)-2-amino-3-(5-ox0-4,5,6,7-tetrahvdropyrazolo{ 1,5-
alpyrimidin-6-yhpropanamide(28)-2-amino-3- {5-ox0-4H,6H,7H-pyrazolo{1,5-ajpyrimidin-
G-yl tpropanamide (70 mg, 0.31 mmol, 1.0 eq.) i DMF (2 ml) was added N,NNN-

tetramethylchloroformamudinium hexafluorophosphate (106 myg, 0.38 mmol, 1.2 eq.), NMI
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(133 mg, 2.2 mmol, 7.0 eq.) and (25)-2Z-amino-3-(5-0x0-4,5,6,7-tetrahydropyrazolof 1,5~
ajpyrimidin-6-yl)propanamide (134 mg, (.35 mmol, 1.1 eq.). The mixture was stirred at §
°C for 2 h and then chromatographed on a C18 column with MeCN:H( (3:7) to provide
{15,3aR 48, 7R,7a8)-N-({25)-1 -aminc- 1 -ox0-3-(5-0x0-4,5,6,7-tetrahvdropyrazolof 1 5~
alpyrimidin-G-yhpropan-2-y1)-2-((83-3,3-dimethyl-2-(2.2,2-triflucrcacetamidoybutanoy -
2,3,38,4,7 7a-hexahydro-1H-4,7-methanociscindole- 1 -carboxamide (75 mg, 36%) as a brown
yvellow semi-solid. LC-MS (ESY, m/7): 594 [M+H]T.

(6249} To a solation of {(15,3aR,45,7R,7a8)-N-((2S8)-1-amino-1-0x0-3-(5-o%x0-
4,5,6,7-tetrahvdropyrazolof 1, 5-alpyrimidin-6-ypropan-2-y13-2-({5)-3,3-dimethyl-2-(2,2,2~
trifluoroacetamidobutanoyiy-2,3,3a,4,7, 7Ta-hexahydro- 1 H-4,7-methanoisoindole- 1 -
carboxamide (75 mg, 0.13 muyool, 1.0 eq.) in DCM (2 ml) was added pyridine (70 myg, 0.88
romol, 7.0 eq.) and TFAA (106 mg, 0.5 mmol, 4.0 eq.) at 0 °C. The mixture was stirred at §
°C for 2 h. The reaction was quenched with water (2 mL). The mixture was exiracted with
DOM (3 x 3 ml). The organic layers were combined, dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure. The residue was purified by prep-HPLC
{Cohmmn: YMC-Actus Triart C18, 30%150 wim, Sum; Mobile Phase A: Water ((.1% FA),
Mobile Phase B: ACN; Flow rate: 60 mi/min; Gradient: 37% B t0 67% B in 7 min, 67% B:
Wave Length: 254 nm; RT1 (min): 5.23) to provide (15,3aR 45,7R,7a8)-N-({18)-1-cyano-2-
(5-ox0-4,5,6,7-tetrahydropyrazole{ 1,5-a]pyrimidin-6-ylethyl }-2-((5)-3,3-dimethyl-2-(2,2,2-
trifluorcacetamidolbutanoyiy-2,3,3a,4,7, 7a-hexahydro-1 H-4,7-methanoiscindole- 1 -

carboxamide (4.5 mg, 6%} as a white solid. LC-MS (ES], m/z): 576 (M+H]".

EXAMPLE 10
Compound 10

HO, MsC,
’O«coame MsCl EtsN, DMAF, BOM D—acoow;e (Ph8e),, NaBH,, MeOH
N 0°C, 2h N 70°C, overnight
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T\,-«Loow@e 2 By N
N

i\g it, 5h 170°C, overnight

Boc Boo
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{62561 To a mixture of 1-tert-butyl 2-methyl (25,4R)-4-hydroxypyrrolidine-1,2-
dicarboxylate (30.0 ¢, 122 mmol, 1.0 eq.), triethylamine {(22.3 g, 220 mmol, 1.8 eq.) and
N, N-diroethylpyridin-4-amine (4.48 g, 36.7 mmol, 0.3 eq) in DCM (5300 mi.) was added
dropwise methanesulfonyl chloride (21.0 g, 183 mmol, 1.5 eq.) at O °C. The mixiure was
stirved for 2 h at O °C. The reaction was quenched with water (300 mi). The mixture was
extracted with DCM (3 x 300 ml). The organic layers were combined, washed with brine (2
x 500 mwl), dned over anhvdrous sodiom sulfate, filtered and concentrated ander reduced
pressure to afford the crude product. The crude product was chromatographed on a silica gel

column with  EtOAcPE  (I:1) to  provide I-tert-butyl  Z-methyl  (25,4R})}-4-
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{methanesulfonyloxy)pyrrolidine-1,2-dicarboxylate (35.0 g, 85%) as a light yellow solid.
LC-MS (ESL m/z): 224 iM+H-Boc]™.

{6251} To a mixture of 1-tert-butyl 2-methyl (25,4R)-4-
{methanesulfonyloxypyrrolidine-1,2-dicarboxylate  (25.0 g, 773 mmol, 1.0 eg)
and dipheny! diselenide (24.1 ¢, 77.3 mmol, 1.0 eq.) in MeOH (600 mL) was added sodium
borohydride (3.80 g, 100 mmol, 1.3 eq.} at § "C. The mixture was stirred overnight at 70 °C
and then concentrated under reduced pressure to remove the MeOH. Water (600 mL) was
added, and the mixture was extracted with EtOAc (3 x 600 ml). The organic layers were
combined, washed with brine (600 ml), dried over anhvdrous sodium sulfate, filtered and
concentrated ander reduced pressure to afford the crade product. The crude product was
chromatographed oun a silica gel column with EtOAc:PE (1:8) to provide I-tert-butyl 2-
roethyl (28,48)-4-(phenyiselanyDpyrrolidine-1,2-dicarboxylate (26.8 g, 84%) as a vellow oil.
LC-MS (ESL m/z): 286 [M-100+H}".

(62521 To a mixture of I-tert-huty] 2-methyl (25,485)-4-
{phenvlselanylpyrrolidine-1,2-dicarboxylate (26.8 g, 69.7 mmol, 1.0 eq.) and pyridine (9.38
g, HiI& mmol, 1.7 eq.} in DCM (300 wl.) was added hydrogen peroxide (31.6 ml, 279 mmol,
4.0 eq., 30% in water). The mixture was stirred for 5 h at rt. The reaction was guenched
with water (500 mL). The mixture was extracted with DCM (3 x 400 mL). The organic
layers were combined, washed with citric acid (5300 mL, 1 M), saturated aqueous sodium
sulfite (500 ml), washed with brine (500 mbl), dried over anhydrous sodium sulfate, filtered
and concentrated under reduced pressure to afford the crude product. The crude product was
chromatographed on a silica gel column with EtOAcC:PE (1:5) to provide 1-tert-butyl 2-
methyl (28)-2,5-dihydropyrrole-1,2-dicarboxylate (10.5 g, 62%) as a yellow oil. 'H NMR
(300 MHz, CDCl3) 8 5.91-5.04 {m, 1H), 5.67-5.79 (m, 1H), 4.92-3.09 (m, 1H), 4.17-4.35 (m,
2H), 3.71-3.779 (m, 3H), 1.42-1.52 (m, 9H). LC-MS (ESL, m/2): 128 [M+H-Bocl™.

{0253] A muxture  of l-ert-butyl  Z-methyl  (28)-2,5-dihydropyrrole-1,2-
dicarboxylate (3.68 g, 162 mmol, 1.0 eq.) in dicyclopentadiene (40 ml) was stirred
overnight at 170 °C. The mixture was dilated with DCM (300 mL) and made into a slurry
with 100~200 silica gel mesh (50 g). The mixture was loaded to a column. After removed
the DCM under reduced pressure, the sample was purified by column chromatography

{Column size 6 X 24 ¢, column volure: 600 ml, silica gel size (100 ~ 200 mesh) guantity:
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333 g) and eluted with EtOAcPE (0%~50% over 30 min). The collected fractions: 19%-
25% EtOACPE fractions were chosen as pure fractions. Those fractions were combined and
concentrated under reduced pressure to afford the crude product (2.5 g). The crude product
was purified by C18 column with CHxCN:Water (8.05% TFA). The compound fraction was
concentrated under reduced pressure to provide 4-tert-butyl 3-methyl (1R, 25,35,6R,75)-4-
azatricyclo{5.2.1.07 2,6} jdec-8-ene-3 4-dicarboxylate (1.70 g, 32%) as a yellow oil. 'H
NMR (300 MHz, CDCla) 6 6.12-6.30 (m, 2H), 3.78-3.98 (m, 1H), 3.72 (s, 3H), 3.38-3.51 (m,
tH), 3.04-3.21 (m, 2H), 2.77-2.96 (m, 3H), 1.50-1.58 (m, 1H), 1.32-1.46 (m, 10H). LC-MS
(BS], m/7): 194 [M+H-Boc]™

(6254} A mixiure of 4-tert-hutyl 3-methyl (1R,25,35,6R,78)-4-
azatricyciof$.2.1.0M 2,61 Jdec-8-ene-3 4-dicarboxylate (300 mg, 1.70 nuvol, 1.0 eqg.) in
hydrogen chloride (10 wol, 2 M in EtO) was stired for 2 h at vt.  The mixture was
concentrated  wnder  veduced  pressure  to afford  methyl  (1R,28,35,6R,75)-4-
azatricycio]3.2. 1.0M 2,6} ldec-8-ene-3-carboxylate  hydrochloride (391 mg, corude) as a
yeliow oil. LO-MS (ESI, w/z): 194 [M+HIT

[6255] To a mixture of methyl (1R,25,35,6R,78)-4-
azatricyclo}5.2.1.0M 2,6 }idec-8-ene-3-carboxylate hydrochloride (391 mg, .70 mmol, 1.0
eq.), {28)-2-[{tert-butoxycarbonybamino]-3,3-dimethylbutanoic acid (394 mg, 1.70 mmol,
1.0 eq.) and o-(7-azabenzotriazol-1-y1)-N,N,N',N'-tetramethyluronium hexafluorophosphate
(777 mg, 2.04 mmol, 1.2 eq.) in DMF (10 mL) was added N-ethyl-N-isopropylpropan-2-
amine (1.32 g, 18.2mmol, 6.0 eq.} at § °C. The mixture was stirred for 1 h at rt. The reaction
was quenched with water (20 mL). The mixture was extracted with EtOAc (3 x 20 mL}. The
organic lavers were combined, washed with brine (2 x 20 mL), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure to afford the crude product. The
crude product was chromatographed on a silica gel column with EtOAc:PE (8:92) to provide
methyl (1R,25,35,6R,75)-4-[(25)-2-{{tert-butoxycarbonyhamino]-3,3-dimethyibutanoyl}-4-
azatricyclo{5.2. 1.0 2,6 } {dec-8-ene-3-carboxylate (490 mg, 69%) as an off-white semi-solid.
'"H NMR (300 MHz, CDCL) § 6.03-6.27 (m, 2H), 5.11-5.26 (m, 1H), 4.18-4.36 (m, 2H),
3.72-3.78 (m, 3H), 3.54-3.70 (m, 2H), 2.97-3.14 (m, 2HD, 2.86-2.94 (u, 2H), 1.49-1.54 (m,
1HD, 141-1.48 (m, 8H), 1.33-1.3% (m, 1H), 8.92-1.08 (m, SH). LC-MS (ES] m/iz): 407
IM+H]
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182561 To a mixture of methyl {(1R,25,35,6R,75)-4-[(25)-2-{{tert-
butoxycarbonyhamino]-3,3-dimethyibutanovli-4-azatricyelo]5.2.1.0M 2,6} jdec-8-ene-3-
carboxylate (490 mg, 1.205 mmel, 1.0 eq.} in THF {5 mL)water (8 mb) was added lithium
hydroxide (144 mg, 6.03 mmol, 5.0 eq.). The mixture was stirred for 3 h at rt. The mixture
was concentrated under reduced pressure to removed then THF and the pH was adjusted to 5
with hydrochloric acid (2 M), The mixture was extracted with BEtQAc (3 x 10 mL). The
organic layers were combined, washed with brine (2 x 10 mL), dried over anhydrous sodivm
sulfate, filtered and concentrated under reduced pressure to provide (1R,25,35,6R,75)-4-
[028)-2-[{tert-butoxycarbonyliamino}-3,3-dimethylbutanoyi]-4-
azatricyclo{3.2.1.00 2,6} Jdec-8-ene-3-carboxylic acid (465 mg, 97%) as a white solid. 'H
NMR (300 MHz, CDCh) 8 6.04-6.30 (m, 2H), 5.21-5.29 (v, 1H), 4.22-4.32 (m, 2H), 3.52-
379 (m, 2H), 3.06-3.24 (m, 2H), 2.91-3.04 (o, 2H), 1L.31-1.56 (o, 1H), 1.37-1.47 (m, 10H),
(.95-1.00 (m, 9H). LC-MS (ES], mv/z): 393 [M+H]"

(825871 To a mixtore of {(1R,25,35,6R,785)-4-1(258)-2-[{tert-
butoxycarbonyDaming|-3,3-dimethyibutanoyli-4-azatricyelo]5.2.1.0M 2,6  Jdec-&-ene-3-
carboxylic acid (465 mg, 1.18 mmol, L.O0eq.) in DCM (15 ml) was added trifluoroacetic acid
(3 ml.). The mixture was stirred for 1 b at it and then concentrated under reduced pressure to
afford (1R,28,38,6R,75)3-4-[(28)-2-amino-3,3-dimethylbutanoyl}-4-
azatricyclo{5.2.1.0" 2,6 }idec-8-ene-3-carboxylic acid (346 mg, crude) as a dark blue semi-
solid. LC-MS (ESL, m/c): 293 [M+H]™.

[6258] To a mixture of (1R,25,35,6R,785)-4-[(25)-2-amino-3,3-
dimethyibutanoyl}-4-azatricyclo{5.2.1.07{ 2,6} Jdec-8-ene-3-carboxylic acid (346 mg, 1.i8
mmol, 1.0 eq.) in MeUOH (10 mL) was added triethylamine (1.44 ¢, 14.2 mimol, 12.0 eq.) and
ethyl 2,2 2-triftuoroacetate (1.01 g, 7.10 mumnol, 6.0 eq.). The mixture was stirred overnight at
rt and concentrated under reduced pressure to remove then MeOH. The crude product was
purified by CI8 column with CH:CN:Water (0.03% TFA). The compound fraction was
concentrated under reduced pressure to provide (1R,25,35,6R,75)-4-{(25)-3,3-dimethyl-2-
(2,2, 2-trifluoroacetamido)butanoyl}-4-azatricyclof 5.2.1.00{2,6 } idec-8-ene-3-carboxylic acid
(310 mg, 65%) as a vellow solid. 'H NMR (300 MHz, DMSO-ds) 8 12.22-13.12 (m, 1H),
§.96-9.49 (m, 1H), 5.88-6.24 (m, 2H), 4.24-4.60 (1o, 1H), 3.94-4.05 (m, 1H), 3.43-3.58 (i,
2H), 2.67-3.04 (m, 4H), 1.30-1.44 (o, 2H), 0.76-1.05 (m, 9H). LC-MS (ESIL m/): 389
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IM+HTT

[68259] To a wmuxture of (1R25,385,6R,75)-4-[(25)-3,3-dimethyl-2-(2,2,2-
trifinorcacetamidolbutanovij-4-azatricyclof5.2.1.04{ 2,6} jdec-8-ene-3-carboxylic acid (102
mg, 0.263 mmol, 1.0 eq.) and o-{7-azabenzotriazol-1-y1}-N,N,N' | N'-tetramethyluronium
hexafluorophosphate (120 mg, 0.316 mmol, 1.2 eq.) in DMF (2 ml) was added N-ethyl-N-
sopropylpropan-2-amine (204 mg, 1.58 mmol, 6.0 eq.) at § "C. After stirred for 15 min at 0
°C, (35)-3-amino-N-cyclopropyl-2-hydroxy-4-{{35}-2-oxopyrrolidin-3-vi jbutanamide
hydrochloride (73.0 mg, 0.263 munol, 1.0 eq.) was added. The roixture was stirred for L h at
rt. The reaction was guenched with water (10 mL). The mixture was extracted with BEtJAc
(3 x 10 ml). The organic layers were combined, washed with brine (2 x 10 ok}, dried over
anhydrous sodiam sulfate, filtered and concentrated under reduced pressure to afford then
crude product. The crude product was chromatographed on a silica gel column with
MeOH:DCM  (7:93) to provide (38)-N-cyclopropyl-3-{{{1R,25,35,6R,75)-4-[(25)-3,3-
dimethyl-2-(2,2 2-trifluoroacetamidobutanovl}-4-azatricyclo{5.2.1.0M 2,6 } |dec-8-en-3-
vijformamido }-2-hydroxy-4-[{3S)-2-oxopyrrolidin-3-yiibutanamide (120 mg, 68%) as a
light vellow solid. LC-MS (ES], m/z): 612 [M+H{".

{82681 To a mixture of (38)-N-cyclopropyvl-3-{{{1R,25,35,6R,75)-4-[(25})-3,3-
dimethyl-2-(2,2 2-triflucroacetamidobutanoyl}-4-azatricyclo{5.2.1 .07 2,6 } Jdec-8-en-3-
vijformamido }-2-hydroxy-4-{(35)-2-oxopyrrolidin-3-yljbutanamide (120 mg, 0.196 mmol,
1.0 eq.y in PMSO (3 mbL) was added 2-todoxybenzoic acid (165 mg, 0.588 mmol, 3.0 eg.).
The mixture was stirred for 3 h at rt.  The reaction was quenched with sat. sodium
bicarbonate (10 mL). The mixture was extracted with EtOAc (3 x 20 mL). The organic
layers were combined, washed with brine (2 x 18 mL), dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure to afford the crude product. The crude
product was chromatographed on a silica gel column with MeOH:DCM (4:96) to provide N-
cyclopropyl-3-{I{1R,25,35,6R,75)-4-[{28)-3,3-dimethy}-2-(2,2 2~
triffuoroacetamidojbutanovi}-d-azatricyclo[5.2.1.00M 2 6 1 Jdec-8-en-3-vilformamido |- 2-0x0-
4-1(38)-2-oxopyrrolidin-3-yllbatanamide (31.8 mg, 24%) as a white solid. LC-MS (ES],

m/z): 610 IM+HT
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EXAMPLE 11
Compound 11

HATU, ProNEt, DMF

9°C, 1h
L
iBX, DMSO L

rt, overnight

18261} A mixture of tert-butyl (1R, 28,38,6R,75)-3-{[{28)-1~
{cyclopropylcarbamoyl}- 1 -hydroxy-3-{{35}-2-0xopyrrolidin-3-yijpropan-2-yljcarbamoyl } -4~
azatricyclo{5.2.1.0M 2,6 } idec-8-ene-4-carboxylate (130 mg, 0.298 mmol, 1.0 eg.) in
hydrogen chloride (2 mb, 2 M in EtO) was stirred for 1 h at 1. The mixture was
concentrated  under reduced pressure  to  afford  (18,3aR45,7R.7a5)-N-((28)-4-
{cyclopropylamino }-3-hydroxy-4-oxo-1-({8}-2-oxopyrrolidin-3-yibutan-2-vi)-2,3.3a,4,7 7a-
hexahydro-1H-4,7-methanoisoindole- 1 -carboxamide hydrochloride (130 mg, crude) as a
yellow oil. LC-MS (ESL m/z): 403 [M+HT

{0262] To a mixture of (IR3R}-3.4-dihydro-2'H-spiro[cyclopropane-1,1'-
naphthalene}-3-carboxylic acid (76.03 mg, 0.376 munol, 1.1 eq.) in N N-dimethylformamide
3 mk) was added o-{7-azabenzotriazol- 1-y1-N NN N'-tetramnethy hironium
hexafluorophosphate(155 mg, 0.410 mumol, 1.2 eq.) and N-ethyl-N-isopropyipropan-2-amine

(263 mg, 2.05 wmol, 6.0 eq.) at 8 “C. The mixture was stirred for 20 win at 0 °C, and then
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{(15,3aR 48,7R 728 }-N-{({25)-4-(cvclopropylamino}-3-hydrox y-4-oxo-1-({8)-2-oxopyrrolidin-
3-yhbutan-2-yH-2,3,3a,4,7, 7a-hexahydro-1H-4,7-methanciscindole- I -carboxamide
hydrochloride {150 mg, 0.342 mmol, 1.0 eq.) was added at 8§ °C. The mixture was stirred for
1 b at rt. The reaction was guenched with water (10 mL). The mixture was extracted with
ethyl acetate (3 x 20 mL). The residue was purified by TLC (dichloromethane:methanol,
12:1) to afford (15,3aR 45,7R,7a8)-N-({25)-4-(cyclopropylamino}-3-hydroxy-4-oxo-1-({5)-
2-oxopyrrolidin-3-yibutan-2-yH-2-((1R,2R)-3",4"-dihydro-2'H-spirofcyclopropane-1,1'-
naphthalene}-2-carbony!}-2,3,3a,4,7,7a-hexahydro- 1 H-4,7-methanoisoindole- 1 -carboxamide
(80 mg, 40%) as a yellow solid. LC-MS (ES], m/z): 587 [M+H]".

[6263] To a stirred mixture of {15,3aR 45, 7R, 7a8)-N~{(25)-4-
{cyclopropylamino)-3-hydroxy-4-oxo-1 -({S)-2-oxopyrrohdin-3-yDhbutan-2-yH-2-((1 R, 2R}~
3’ 4'-dihydro-2'H-spirofcyclopropane-1, | -naphthalene]-2-carbony)-2,3,3a,4,7, 7a-hexahvdro-
tH-4,7-methanoisoindole- 1-carboxarnide (80.0 g, 0.136 muool, 1.0 eq.) in DMSO (2 wml)
was added 2-iodoxybenzoic acid (114 mg, 0.408 nuool, 3.0 eq.). The roixture was stirred for
overnight at rt. The reaction was quenched with sat. sodium bicarbonate (10 ml.). The
mixture was extracted with EtOAc (3 x 20 mL). The organic layers were combined, washed
with brine (2 x 10 mlL), dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure to afford the crode product. The crude product was chromatographed on a
silica gel column with dichloromethane:methanol (84:6) to provide (15,3aR,45,7R,7a5)-N-
{d-{cyclopropylamino)-3,4-dioxo-1-{(8)-2-oxopyrrolidin-3-yDbutan-2-yD-2-((1R 2R)-3' 4"~
dihydro-2'H-spiroicyclopropane-1,1-naphthalene}-2-carbonyl)-2,3,3a,4,7,7a-hexahydro-1H-

4,7-methanoisoindole- 1 -carboxamide as a white solid. LC-MS (ESI, m/7): 385 [M~+H]".
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EXAMPLE 12
Compound 12

Fal _
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[8264] To a mixtare of (18,3aR.45,7R,7a5)-N-({8)-1-amino-1-ox0-3-({5)-2-
oxopyrrolidin-3-yhpropan-2-y1-2-((5)-3,3-dimethy1-2-(2,2, 2-trifluoroacetamido}butanoyl)-
2,3,3a,4,7, 7a-hexahydro-1H-4,7-methanoisoindole-1-carboxamide (95.0 mg, 0.175 mmol,
1.0 eq.) in EtOAc (3 mbL) was added 10% palladium on activated carbon (90.0 mg). The
mixture was stirred for 3 h at 1t under hydrogen. The mixmre was filtered through a celite
pad. The filtrate was concentrated under reduced pressure to afford (15,3aR,4R,75,7a8)-N-
{{S-1-amino-1-0x0-3-({5)-2-0xopyrrolidin-3-ylipropan-2-y1}-2-({5)-3,3-dimethyl-2-(2,2,2-
trifluoroacetamidotbutanoyhoctahydro-1H-4,7-methanoisoindole- 1 -carboxamide (75.0 mg,
crude) as an off-white solid. LC-MS (ESL, m/%7): 544 [M+H]"

18265} To a mixture of (15,3aR,4R.75,7a5)-N-{{8)-1-amino-1-0x0-3-((8)-2-
oxopyrrohidin-3-yhpropan-2-yH-2-({(8)-3,3-dimethyl-2-(2,2,2-
trifluoroacetamido)butanoyhoctahydro-1H-4,7-methanoisoindole- L -carboxarnide  (75.0 g,
0.138 munol, 1.0 eq.) in DCM (2 ml) was added pyridine (76 mg, 0.966 wamol, 7.0 eq.) and
trifluoroacetic anhydride (116 mg, 0.552 mmol, 4.0 eq.). The mixture was stirred for 2 h at
rt. The reaction was guenched with water (5 rol). The mixture was extracted with DCM (3
x 5 mL). The organic layers were combined, washed with brine (2 x 3 ml), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford the
crude product. The crude product was purified by prep-HPLC (Colummn: X8elect CSH Prep
CI8 OBD Column, 19 x 150 mam, 5 um; Mobile Phase A: Water (8.1% FA), Mohile Phase

146



WO 2023/283256 PCT/US2022/036242

B: ACN; Flow rate: 25 mb/min; Gradient: 36% B t0 56% B in 7 min, 56% B; Wave Length:
254 wm; RT: 618 min) to provide (18,3aR4R,75,7a8)-N-((8)-i-cyano-2-((5)-2-
oxopyrrolidin-3-yhethy)-2-((5}-3,3-dimethyi-2-(2,2,2-
tritlucroacetamidojbutanoyljoctahydro-1H-4,7-methanoiscindole-1-carboxamide(19.6  mg,
26%) as a white solid. 'H NMR (400 MHz, 80 °C, DMSO-ds) § 8.85-9.20 (m, 1H), §.60-
884 (m, tH), 7.35-7.55 (m, 1H), 4.80-4.98 (m, 1H), 4.59-4.75 (m, 1H), 4.30-4.58 (m,
tH), 3.76-3.85 (m, 1H), 3.45-3.75 (m, 1H), 3.10-3.25 (m, 2H), 2.55-2.70 (m, 1H), 2.30-2.54
{ra, 3H), 2.05-2.29 (m, 3H), 1.62-1.88 {m, 2H), 1.40-1.60 (m, 2H), 1.053-1.39 (m, 4H), 0.95-
1.04 (m, OH). LC-MS (ESE m/7): 526 [M+H]".

EXAMPLE 13
Compound 13

NS
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18266} To a stivred mixture of tert-butyl (1R,25,35,6R,78)-3-{{(15)-}-carbamovl-
2-1(358)-2-oxopyrrolidin-3-vljethylicarbamoyl}-d-azatricyclof5.2.1.0M 2,6 1 Jdec-8-ene-4-
carboxylate (230 mg, 0.578 nuvol, 1.0 eq.) in ethyl acetate (3 1ol.) was added 10% palladium

on activated carbon (120 mg) at 11. The mixture was stirred for 1.5 h ander hydrogen. The
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mixture was filtered, and the filter cake was washed with ethyl acetate (3 x 10 mbL). The
filtrate was concenirated under reduced pressure to afford tert-butyl (15,25,35,6R,7R}-3-
{L(18)-1-carbamoyl-2-{(35)-2-oxopyrrolidin-3-yijethyljcarbamoyl} -4~
azatricyclo{5.2.1.0M 2,6 } {decane-4-carboxylate (200 mg, 75%) as a white solid. LC-MS
(BEST, mv/z): 435 [M+H}*.

(8267} To a stirred mixture of tert-butyl (15,25,35,6R,7R)-3-{{{15)-1-carbamoyl-
2-1(35)-2-oxopyrrolidin-3-yljethvlicarbamoyl } -4-azatricyelo} 5.2.1.00{2,6 } [decane-4-
carboxylate (200 rog, 0.460 mumol, 1.0 eq.) in DCM (2 ml.) was added hydrogen chloride (6
mb, 2M in EO) at rt. The mixture was stirred for 1 h at rt and then concentrated under
reduced pressure to afford (285)-2-[(18,25,35,6R,7R)-d-azatricyclo]5.2.1 .0~ 2,6} ldecan-3-
ylformamido]-3-[(3S)-2-oxopyrrohdin-3-ylpropanamide hydrochloride (180 mg, crude) as a
fight vellow solid. LC-MS (ES], m/z): 335 [M+H]".

[6268] To a stirred mixure of (28)-3,3-dimethyl-2-(2,2,2-
trifluoroacetamidoybutanoic acid (124 mg, 0.550 mwmwol, 1.2 eq.) in DMF (2 mb) was added
o-{7-Azabenzotriazol-1-y1)-NN N N'-tetramethylaronium  hexafluorophosphate (209 mg,
0.550 mmol, 1.2 eq.} and N-ethyl-N-isopropylpropan-2-amine (355 myg, 2.74 mmol, 6.0 eq.}
at vt.  The mixture was stired for 10 min at v, and 285)-2-[{15,25,35,6R,7R}-4-
azatricycio]5.2.1.0M 2,6} Jdecan-3-ylformamido]-3-[(38)-2-oxopyrrolidin-3-ylipropananide
hydrochloride (170 mg, 0.458 mumol, 1.0 eq.) was added. The mixture was stirred for 2 h at
rt. The reaction was quenched with water (10 mL). The mixture was extracted with ethyl
acetate (3 x 10 mL}). The organic layers were combined, washed with brine (2 x 10 mbL},
dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure to
afford the crude product. The crude product was chromatographed on a silica gel column
with MeOH:DCM (1:15) to provide (28)-2-{[{15,28,35,6R,7R)-4-[(25)-3,3-dimethyl-2-
(2,2, 2-rifluoroacetamidojbutanoyll-4-azatricyclo[5.2. 1.0 2 6} ldecan-3-vifformamido | -3-
1(35)-2-oxopyrrolidin-3-ylpropanamide (135 mg, 54%) as a light yellow solid. LC-MS
(ESE m/z): 553 [M+HT

[826%9] To a stivred mixture of (28)-2-{[(15,25,35,6R,7R-4-[{28)-3,3-dimethyl-
2-(2,2 2-tmifluoroacetamido)pent-4-ynoyl|-d-azatricyclo]5.2. 1.0M 2,6 } Jdecan-3-
yliformamido }-3-[{35)-2-oxopyrrolidin-3-ylipropanamide (135 mg, 0.244 ramol, 1.0 eq.) in

DCM (2 rol)) was added trifluoroacetic anhydride (102 rog, 0.488 mmol, 2.0 eq.) and
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pyridine (67.5 mg, 0.854 mmol, 3.5 eq.). The mixture was stirred for 2 h at rt. The reaction
was quenched with water (10 ml). The mixture was exiracted with dichloromethane (3 x 10
mb). The organic layers were combined, washed with brine (2 x 10 mL), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford the
crude product. The crude product was purified by prep-HPLC with the following conditions
{Column: XBridge Prep C18 OBD Column, 19%150 mumn, Sum; Mobile Phase A: Water
{0.1% FA), Mobile Phase B: ACN; Flow rate: 25 mL/min; Gradient: 40% B to 70% B in 7
roin, 70% B Wave Length: 254 nivg RTH Gming: §) to afford (15,25,35,6R,7TR)-N-[{(15)-1-
cyano-2-1(38)-2-oxopyrrolidin-3-vijethyli-4-{(25)-3,3-dimnethyl-2 (2,22
trifluoroacetamido)pent-d-ynoyl-4-azatricyclo[ 5.2.1.07{ 2,6 | ldecane-3-carboxamide {188

mg, 14%) as a white solid. LC-MS (ES], m/2): S36 [M+H]"

EXAMPLE 14
Compound 14

o
0 ~NH
%*NH}? NAIOs, RuCly Y <7 HOBT EDCI, NHaH0
ACN,CCly HO THE
Boc., A OH f, 2h SO0 it, 2h
H
F3C
’/N:
HN %
O N OnNH L\{ '“
7 ! 7
x\w)i, HCH, Et,0
Ammmrnan s sasae—a——————————-
HC
Boc., UNHS it, Bk NH
Y HaNT Y ’5
G O =
HATU, DIEA, DMF
i, 1h
O%nNH
7
TFAA, pyridineg, DCM
1, 2h o
N
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182761 To a solution of tert-butyl  ((S)-1-hydroxy-3-{{R)-5-ox0-4-
azaspiro{2.4 fheptan-6-yhpropan-2-ylicarbamate (400 mg, 1.41 mmol, 1.0 eg.) in CCL (6
mb.) and acetonitrile (6 mL) were added sodium periodate (1.52 g, 7.13 mmol, 507 eq., in 9
mb water) and trichlororuthenium (35.0 mg, 0.169 mmol, .12 eq.) at § °C. The mixture was
stirred for 2 h at 1t and then filtered through celite. The filtrate was extracted with DCM (3 x
50 mL). The organic layers were combined, washed with brine (2 x 30 ml), dried over
anhydrous sodivm sulfate, filtered and concentrated under reduced pressure to afford the
crude product. The crude product was purified by CL8 column with CHaCN:Water (0.05%
THA). The desired fraction was concentrated under reduced pressure (o provide (8)-2-({tert-
butoxycarbonyDamino)-3-((R)-5-ox0-4-azaspivo[ 2.4 theptan-6-yDpropanoic  acid (240 mg,
57%) as a white solid. LC-MS (ESE ovz): 299 [M+HI"

{82711 To a solution of (5)-2-({tert-butoxycarbonyhamino}-3-((R)-5-oxo0-4-
azaspito]2.4}heptan-6-yDpropanoic acid (130 mg, 0.436 mmol, 1.0 eq.) o THF (3 mb) was
added 1-hydroxyhenzotriazole (177 mg, 1.31 muvol, 3.0 eq.) and 1-3-dimethylaminopropyl)-
3-ethylcarbodiimide hydrochloride (184 mg, $.9539 mmol, 2.2 eq.} stirred at § °C.  After
stirred for 1 h, ammonium hydroxide (2.6 mL) was added. The mixture was stivred for 2 h at
1t and then concentrated under redoced pressure to afford the crude product. The crude
product was purified by CI8 column with CH3UCN:Water (0.05% FA). The desired fraction
was concentrated under reduced pressure (o provide tert-butyl ((§)-1-amino-1-0x0-3-({R}-3-
oxo-4-azaspirof 2.4 lheptan-6-ylipropan-2-yljcarbamate (&0 mg, 61%) as a white solid. 'H
NMR (400 MHz, CDCh) 6 7.11-7.6 {m, iH), 6.47-6.51 (m, 1H), 6.03 (br, 1 H}, 5.85 (m, 1H},
4.36-4.42 {m, 1H), 2.78-2.85 (m, 1H), 2.26-2.34 (m, 1H), 2.13-2.21 (m, 1H), 1.89-2.04 {(m,
2H), 1.43-1.51 (m, 9H), 0.77-0.98 (m, 2H), 0.67-0.75 (m, 2H). LC-MS (ES], m/z): 29¥
IM+H]

(8272} A mixture of tert-hutyl {(5)-1-amino-1-0x0-3-((R}-5-0x0-4-
azaspiro}2.4lheptan-6-ylpropan-2-yhcarbamate (80.0 mg, 0.269 mmol, 1.0 eq.) in hydrogen
chloride (3 mL., 2 M in diethyl ether) was stitred for 5 h at vt and then concentrated under
reduced pressure to afford (8)-2-amino-3-{{(R)-5-ox0-4-azaspirof 2.4 jheptan-6-
ypropanamide hydrochloride (60 rog, crude) as a yvellow sohid. LOC-MS (ESI, m/z): 198
IM+HT

(6273} To a wmixture of  (R25,38,6R,75)-4-[(25)-3,3-dimethyl-2-(2,2,2-
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trifinorcacetamidolbutanovij-4-azatricyclof5.2.1.04{ 2,6} jdec-8-ene-3-carboxylic acid (110
mg, (.283 mmol, 1.1 eq.) in dimethylformamide (2 mL} were added o-(7-azabenzotriazol-1-
y1-NON N N'-tetramethyluronium hexafluorophosphate (117 mg, 0.308 mmol, 1.2 eq.} and
N-ethyl-N-isopropylpropan-2-amine {199 mg, 1.54 mmol, 6.0 eq.) at § °C. After stirred 20
min, {S)-Z-amino-3-({R}-5-0x0-4-azaspirol 2.4 theptan-6-ylipropanamide hydrochloride (60.0
mg, 0.257 mmol, 1.0 eq.) was added. The mixture was stirred for 1 h at rt.  The reaction was
guenched with water (5 mL). The mixture was purified by C18 column with CHaCN:Water
{0.03% TFA). The desired fraction was concentrated under reduced pressure to
{15,3aR 487R . 7a8)-N-({8)-1-amino- 1 -0x0-3-((R)-5-ox0-4-azaspiro] 2.4 Jheptan-6-yiypropan-
2-y1-2-((8)-3,3-dimethyl-2-(2,2, 2-trifluoroacetamidoybutanoyl)-2,3,3a,4,7, 7a-hexahydro-1H-
4, 7-methanoisoindole- 1 -carboxamide (65 g, 44%) as a white solid. LC-MS (ESY, m/7Z): 568
IM+H]

18274} To a mixture of (1S,3aR,45,7R,7a5)-N-{((8)-1-amino-1-0x0-3-({R)-5-0x0-
4-azaspiro[ 2.4 fheptan-6-yhpropan-2-y1)-2-((8)-3,3-dimethyl-2-(2,2,2-
triffuorcacetamidolbutanovl-2,3,3a.4,7 Ta-hexahydro- 1 H-4,7-methanoisoindole-1 -
carboxamide (60.0 mg, 0.106 mumol, 1.0 eq.} in DCM (2 mbL) were added pyridine (41.8 mg,
{1L.530 mmol, 5.0 eq.) and rifluoroacetic anhydride (51.1 mg, 0.244 mmol, 2.3 eq.). The
mixtare was stivred 2 h at rt. The reaction was guenched with water (10 wmL). The mixture
was extracted with DCM (3 x 30 mL). The organic layers were combined, washed with brine
{2 x 20 mbL), dried over anhvydrous sodium sulfate, filtered and concentrated under reduced
pressure to afford the crude product. The crude product was purified by prep-HPLC (
Column: XBridge Shield RP18 OBD Column, 197250 mm, 10pm; Mobile Phase A: Water
{L1%FA), Mobile Phase B: ACN; Flow rate: 25 mL/min; Gradient: 40% Bt 70% B in 7
min, 70% B; Wave Length: 220 nmy; RT1 (min) 5.63;) to provide (15,3aR.45,7R,7a8)-N-
{8)-1-cvano-2-((R)-5-oxo-4d-azaspiro[ 2 4 theptan-6-vhethyl)-2-((5)-3,3-dimethyl-2-(2,2,2-
triffuoroacetamido)butanoviy-2,3,3a,4,7 Ta-hexahydro-1H-4,7-methanoisoindole- 1 -
carboxamide (27.5 mg, 47% } as a white solid. 'H NMR (400 MHz, 80 °C, DMSO-ds) §
§.75-8.81 (m, 1H), 8.67-8.69 (m, IH), 7.50-7.57 (o, 1H), 5.93-6.16 {(m, 2H), 4.84-4.89 (1,
1H), 4.44-4.64 (m, 1H), 3.98-4.12 (m, 1H), 3.58-3.66 (m, 1H), 3.37-3.47 (m, 1H), 3.07-3.17
(m, 1H), 2.79-2.93 (m, 2H), 2.63-2.73 (m, 1H), 2.54-2.63 (m, iH), 2.12-2.29 (m, 1H), 1.74-
1.99 (m, 3H), 1.32-1.42 (m, 2H), 0.88-0.84 (m, 9H), 0.71-0.77 (m, 1H), 0.48-8.62 (m, 3H).
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LC-MS (ESE mv/z): 550 [M+H}"

EXAMPLE 15
Compound 15

Fal “UNNH
HN @
) O ~
PAIC, Hy, EA A HCH
e NHZ
HoN
rt, 2h i
¢
HATU, DIEA DMF
i, th
G ~NH

TFAA, pyridine, DCM

rt, 2h

[8275] To a mixture of (15,3aR4577R,7a8)-2-({5)-3,3-dimethyl-2-(2,2,2-
triffuoroacetamido)butanoviy-2,3,3a,4,7 Ta-hexahydro-1H-4,7-methanoisoindole- 1 -
carboxylic acid (500 mg, 1.2% mmol, 1.0 eq.) in ethyl acetate (10 mL) was added 10%
palladiuro on activated carbon (120 mg). The mixture was stirred for overnmight at tt under
hydrogen. The mixtore was filtered through a celite pad and then washed with ethyl acetate
(150 ml). The filtrate was concentrated wunder reduced pressure to  afford
{15,3aR 4R ,75,7a8)-2-((5)-3,3-dimethy]-2-(2,2, 2-trifluoroacetamidoybatanoyDoctahydro-
tH-4,7-methanoisoindole-1-carboxylic acid (460 mg, crude) as an off white solid. LC-MS
(ESL, m/z7): 391 [M+HT

{8276} To a mxwre  of  (183aR4R,)75,7a8)-2-((8)-3,3-dimethyl-2-(2,2,2-
trifluoroacetamidobutanoyloctahydro- 1 H-4,7 -methanoisoindole- 1 -carboxylic acid {184 mg,
0.471 mmol, 1.1 eq.) in dimethylormamide (3 wl) was added o-(7-azabenzotriazol-1-yi)-
NN N N -tetramethyhuronium bexafluorophosphate (195 mg, 8.514 mmol, 1.2 eq.) and N-
ethyl-N-isopropylpropan-Z2-amine {332 mg, 2.57 mmol, 6.0 eq.) at § °C.  After stirred 20

min, {(5)-2-amino-3-({R)-5-oxo-4-azaspiro{2.4 theptan-6-yl)propanamide hydrochloride (100
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mg, 0.428 mmol, 1.0 eq.) was added. The mixture was stirred for 1 h at rt. The reaction was
quenched with water (5 mL). The mixture was purified by C1& column with CH3;UN:Water
(8.05% TFA). The desired fraction was concentrated under reduced pressure to provide
{15,3aR 4R, 75,7a85)-N-((5)-1-amino-1-0x0-3-((R)-5-0x0-4-azaspiro{ 2.4 heptan-6-viypropan-
2-y13-2-((8)-3,3-dimethyl-2-(2,2 2-trifluoroacetamido)butanovhoctahydro- 1H-4,7 -
methanoiscindole-1-carboxamide (140 mg, 57%) as a white solid. LC-MS (ES], mvz): 370
IM+HT™

(82771 To a mixture of (15,3aR,4R,75,7a5)-N-{({5)- 1 -amino-1 -0x0-3-({R }-5-0%x0-
4-azaspiro|2.4}heptan-6-vhpropan-2-v1)-2-((8)-3,3-dimethvi-2-(2,2 2~
trifluoroacetamidoybutanoyboctahydro- 1 H-4,7 -methanoisoindole-1 -catboxamide (140 mg,
0.246 mmol, 1.0 eq.) 10 DCM (3 md) was added pyridine (77.8 mg, 0.984 nuvol, 4.0 eq.) and
trifluoroacetic anhydride (92.9 rag, 0.443 mmol, 1.8 eq.). The mikture was stirred 2 h at tt.
The reaction was quenched with water (10 mi). The mixture was extracted with BCM (3 x
50 mL). The organic layers were combined, washed with brine (2 x 20 mL), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford the
crude product. The crude product was chromatographed on a silica gel column with EA:PE
(63%-72%) to provide {15,3aR 4R,78,7a8)-N-({8}-1-cyang-2-((R)-5-0x0-4-
azaspiro{2.4theptan-6-yhethyl)-2-{((5§)-3,3-dimethyl-2-(2,2,2-
tritflucroacetamidojbutanoyljoctahydro-1H-4, 7-methanoiscindole-1-carboxamide {(47.6 mg,
33%) as a white solid. 'H NMR (400 MHz, &0 °C, DMSO-ds) § 8.94-8.98 (m, 1H), £.57-
8.75 (m, 1H), 7.51-7.59 {(m, 1H), 4.83-4.90 (m, 1H}, 4.56-4.68 {(m, 1H), 4.46-4.48 (m, 1H},
3.70-3.79 (m, 1H), 3.57-3.65 (m, 1H), 2.49-2.68 {m, 2H), 2.31-2.42 {(m, 2H), 2.12-2.22 {m,
2H), 1.89-2.01 {m, 2H), 1.79-1.80 {m, 1H)}, 1.35-1.49 (m, 2H), 1.19-1.32 {m, 3H), 1.06-1.14
(m, {H), 0.93-0.97 (m, #H), 0.72-0.75 (m, 1H}, 4.49-0.62 (m, 3H). LC-MS (ES], mv/z): 552
IM+H]T

[
%
42
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EXAMPLE 16
Compound 16

LBoo
"5 9
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4 H
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FaC H
FaG o o - O, N
J=0 Y a2
HIN 5 \/l - o
o | ¢ -
\‘\é’ o pyriding, TFAA, DCM \{ ﬁ\
, TN N NH: N oy e
HATU, ProNEl DMF P N :\h o2 ft, 2h MR
0°C, 2h R O
18
162781 To a mixture of (15,3aR 4S,7R,7a5)-2-((8)-2-({tert-

butoxycarbonyDaming)-3,3-dimethylbutanovi-2,3,3a,4,7, Ta-hexahydro-1H-4.7-
methanoisoindole-1-carboxylic acid 2.00 g, 5.09 mmol, 1.0 eq.) i DCM (30 mL) was added
triffuorcacetic acid (10 ml). The wmixture was stirred for 1 h at 1t and then concentrated
under reduced pressure  to afford product  (185,3aR.48,7R.7a8)-2-{(5)-2-amino-3,3-
dimethylbutanoyi}-2,3,3a,4,7,7a-hexahydro- 1 H-4, 7-methanoiscindole- 1 -carboxylic acid
(1.40 g, crude) as a solid. LC-MS (ESE m/2z): 293 [M+HI™

[6279] To a stirred mixture of  (15,3aR48,7R,7a853-2-((5)-2-amino-3,3-
dimethyibutanoyl}-2,3,3a,4,7,7a-hexahydro- 1 H-4,7-methanoisoindole- 1 -carboxyiic acid
{(1.49 g, 5.09 mmol, 1.0 eq.) in MeOH (10 mL) was added triethylamine (6.1% g, 61.1 mmol,
12.0 eq.) and ethyl 2,2,2-triflucrcacetate (4.34 g, 30.5 mmol, 6.0 eq.). The mixture was

stirred overnight at rt and then concentrated under reduced pressure to remove the MeOH.
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The crude product was purified by Cl1E column with CH:CN/Water (8.05% TFA). The
desired fraction was concentrated under reduced pressure to provide (15,3aR,45,7R,7a5)-2-
{(5)-3,3-dimethyl-2-(2,2,2-trifluorcacetamidolbutanoyh)-2,3,3a,4,7, 7a-hexahydro-1H-4,7-
methanoiscindole-1-carboxylic acid (1.17 g, 59%) as a yellow solid. LC-MS (ES], m/z): 389
IM+H]

(82801 A mixture of methyl (8)-2-((tert-butoxycarbonyDamino)}-3-({S)-2-
oxopiperidin-3-yhpropanoate (1.0 g, 3.32 mmol, 1.0 eq.) in ammonia (20 ml, 7 M in
MeOH) was stirred overnight at 80 °C. The mixture was concentrated under redoced
pressure to afford tert-butyl ({{5)-1-amino-l-oxo-3-({5})-2-oxopiperidin-3-ylpropan-2-
yicarbarnate (1.01 g, crude) as a light brown solid. 'H NMR (400 MHz, DMSO-ds) § 7.36-
7.65{m, IH), 7.14-735(m, 1H), 6.44-712 (m, 2H), 3.74-4.22(m, 1H), 2.91-3.30 (m,
IH), 1.99-2.40 (m, 2H), 1453-1.94 (m, 4H), 0.94-1.44 (m, 10H). LC-MS (ESL m/7): 286
IM+HT

(62811 A mixture of tert-butyl {((8)-1-amino-1-0x0-3-({8)-2-oxopiperidin-3-
yhpropan-2-yhcarbamate (120 mg, 0.421 mmol, 1.0 eq.) in hydrogen chloride (3 mL, 2 M in
Bt} was stirred for 1 h at rt. The mixture was concentrated under reduced pressure (o
afford (28)-2-amino-3-[(3S)-2-oxopiperidin-3-yljpropasamide hydrochloride (R80.0 wg,
crude) as a yellow oil. LC-MS (ESI, w/z): 186 [M+H

[64282] To a mxture of (18,3aR48,7R,7a8)-2-{{5)-3,3-dimethy]-2-(2,2,2-
trifluorcacetamidolbutanoviy-2,3,3a,4,7, 7a-hexahydro-1 H-4,7-methanoiscindole- 1 -
carboxylic acid (162 mg, 8.420 mmol, 1.0 eq.} in N N-dimethyHormamide (3 mL)} was added
o-(7-azabenzotriazol-1-y1-N, N, N N'-tetramethyluroniuvm  hexafluorophosphate (181 mg,
(1.504 mmol, 1.2 eq.} and N-ethyl-N-isopropylpropan-2-amine (325 mg, 2.52 mmol, 6.0 eq.)
at O °C. The muxture was stired for 20 min at O °C, then (25)-2-amino-3-[{38)-2-
oxopiperidin-3-yljpropanamide hydrochloride (93.0 mg, 0.420 munol, 1.0 eq.) was added at 0
°C. The mixture was stirred for 2 h at rt. The reaction was quenched with water (30 mL).
The mixture was extracted with EtOAc (3 x 30 mL). The organic layers were combined,
washed with brine (2 x 30 ml), dried over anmhydrous sodinm sulfate, filtered and
concentrated ander reduced pressure to afford the crade product. The crude product was
chromatographed on a silica gel column with MeOH:DCM  (6:94) to provide

{15,3aR 45,7R,7a8)-N-({S)- 1 -amino- 1 -0x0-3-((8)-2-oxopiperidin-3-yDpropan-2-y1-2-((S)-

famt
(¥
L1
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3,3-dimethyl-2-(2,2,2-trifluorcacetamido Ybutanoyl}-2,3,3a,4,7, 7a-hexahydro- 1H-4,7-
methanoisoindole-1-carboxamide (160 mg, 68%) as a light yellow solid. LT-MS (ESL, m/7):
556 [M+H]".

168283} To a mixture of {15,3aR.48,7R,7a5)-N-{{8}-1-amino-1-ox0-3-({8}-2-
oxopiperidin-3-ylpropan-2-vi-2-((S)-3,3-dimethvl-2-(2,2,2-trifluoroacetamidojbutanoyl)-
2,3,3a,4,7, 7a-hexahydro-1H-4,7-methanoisoindole-1 -carboxamide (160 mg, 0.288 mmol, 1.0
eg.) in DCM (3 ml} was added pyridine (91.1 mg, 1.15 mmol, 4.0 eq.) and trifluorcacetic
ashydride (120 mg, 0.576 mmol, 2.0 eq.). The mixture was stivred for 2 h at vt. The reaction
was quenched with water (5 L), The mixture was extracted with EtOAc (3 x 10 mL). The
organic layers were combined, washed with brine (2 x 10 ml), dried over anhydrous sodium
sulfate, fBltered and concentrated under redaced pressure to afford the crade product. The
crude product was purified by prep-HPLC {Columun: XBridge Shield RPIR OBD Column,
{9250 muo, 10um; Mobile Phase A: Water (0.1% FA), Mohile Phase B: ACN; Flow rate: 25
ol /roin: Gradient: 35% B to 55% B in 10 man, 55% B; Wave Leogth: 254 om; RT1 (min:
8.15) to provide (153aR48,7R,7a8)-N-{{8)-1-cyano-2-({8)-2-oxopiperidin-3-yvhethyi)-2-
{(5)-3,3-dimethyl-2-(2,2 2-trifluoroacetamidobutanoy-2,3,3a,4,7, Ta-hexahvdro-1H-4.7-
methanoisoindole-1-carboxamide {38.5 wmg, 25%) as an off-white sohid. "H NMR (400 MHz,
83 °C, DMSO-ds) & 8.75-8.95 (m, 1H), 8.60-8.73 (m, 1H), 7.15-7.40 (m, 1H), 5.90-6.30 (m,
2H), 4.65-5.10 (m, 1H), 440-4.60 (m, 1H), 3.90-4.25 (m, 1H), 3.55-3.75 (m, iH), 3.35-
350 (m, 1H), 3.10-3.20 (m, 2H), 3.00-3.05 (m, 1H), 2.85-3.00 (m, 2H), 2.65-2.80(m,
tH), 2.20-2.50 (m, 2H), 1.76-1.95 (m, 3H), 1.50-1.70 (m, 1H), 1.30-1.50 {m, 3H), 0.80-1.05
(m, OH}). LC-MS (ESL, m/7): 538 [M+H]"™

EXAMPLE 17
Compounds 17a and 17b

SFC separation

Bog, NH, Boc, NH,

Tz
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rt, 2h TCFH, NMIi, DMF
i, 2h
H
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N N NH TFAA, Py, DCM
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i H G°C, 4h

I

The chiral centers noted with are tentatively assigned

(68284} Tert-butyl  {((28)-1-amino-1-0x0-3-(5-ox0-4,5,6,7 -tetrahydropyrazolo] 1,5-
ajpyrimidin-6-yhpropan-2-yhcarbamate (290 mg) was puritied by SFC using the following
gradient conditions: Column: OptiChiral-(C8-5, 325 cm, Sum; Mobile Phase A: CO», Mobile
Phase B: IPA{(.5% 2M NH3:-MeQOH): Flow rate: 100 mi/min; Gradient: isocratic 35% B;
Colamn Temperature(°C): 35; Back Pressure(bar)y: 100; Wave Length: 220 wr; RTH {mun):
3.3; RT2(min): 3.85; Sample Solvent: MeOH----- Preparative; Injection Volume: 4.8 mi;
Purification resulted in tert-butyl {{28)-1-amino-1-0x0-3-(5-0x0-4,5,6,7-
tetrahydropyrazolol |, 5-ajpyrimidin-6-vhpropan-2-ylicarbamate (218 mg) as an off-white
solid, which was purified by SFC using the following gradient conditions: Colunmn: Lux 5um
Celulose-4, 3%25 cm, Sum: Mobile Phase A: CO», Mobile Phase B: IPA{.5% 2M NHz-
MeOH); Flow rate: 100 ml/min; Gradient: isocratic 40% B: Column Temperature(°C): 35;
Back Pressure(bar)y: 100; Wave Length: 220 nm; RT1 (min): 2.87; RT2{(min): 4.33; Sample
Solvent: MeOH-Preparative; Injection Volume: 4.8 mi; Number Of Runs: 4. Purification
resulted in  a  mixture  of  tertbuyl  ((S)-1-amino-1-ox0-3-((R*3-5-0%0-4,5,6,7-
tetrahydropyrazolo{1,5-ajpyrimidin-6-ypropan-2-ylcarbamate (80 mg) as an off-white

solid. 'H NMR (300 MHz, DMSO-ds) § 10.78 (s, 1H), 7.29-7.32 (m, 2H), 6.96-7.06 (m,
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2H), 5.58-5.60 (m, 1H), 4.31-4.37 (m, 1H), 3.95-4.03 (m, 2H), 2.69-2.80 (m, 1H), 2.09-2.19
{m, 1H), 1.69-1.77 {m, 1H), 1.24-1.37 (m, 9H). LC-MS (ES m/z): 324 [M+H["

[6285] And tert-butyi {{8)-1-amino-1-0x0-3-{{8)-5-0%0-4,5,6,7-
tetrahydropyrazole{1,5-ajpyrimidin-6-ylpropan-2-yljcarbamate (90 mg} as an off-white
solid. 'H NMR (300 MHz, DMSO-ds) § 10.76 (s, 1H), 7.29-7.33 {(m, 2H), 6.95-7.06 (m ,
2H), 5.58-5.59 {m, 1H}, 4.40-4.44 (m, 1H), 3.93-4.07 (m, 2H), 2.75-2.81 {(m, 1H), 2.21-2.25
(m, 1H), 1.51-1.61 (m, 1H), 1.20-1.24 (m, 9H). LC-MS (ESY, m/z): 324 [M+H]"

(8286} A solution of tert-butyl  ((8)-l-amino-1-0x0-3-((R*}-5-0x0-4,5,6,7-
tetrahydropyrazolol |, 5-alpyrimidin-6-yhpropan-2-yhicarbamate (70 mg, 0.216 mmol, 1.0
eq.} in hydrochloric acid (2 ml, 4M in dioxane) was stirred at 1t for 2 h and then
concentrated  under reduced pressure o provide (8)-Z-amino-3-{{R}-5-0x0-4,5,6,7-
tetrahydropyrazolol 1, 5-alpyrimidin-6-yUpropanaroide (40 mg, crude) as a white sohd. LC-
MS (EST, m/7): 224 [M+H]".

(62871 To a solution of (53-2-amuno-3-({R*)-5-0%0-4,5,6,7-
tetrahydropyrazolo{1,5-alpyrimidin-6-ypropasamide (40 g, (.18 mmol, 1.0 eq.) in DMF
{1 ml) Was added (18,3aR 4R ,78,7aS)-2-((5)-3,3-dimethyi-2-{2,2 2-
trifleoroacetamido)butanoyhoctahydro-1H-4,7-methanoisoindole- [ -carboxvlic acid (77 mg,
0.2 myool, 1.1 eq.), NN N N-tetramethylchloroformamidinium hexafluorophosphate (66 mg,
(1.24 mmol, 1.3 eq.) and NMI (74 mg, 0.9 munol, 5.0 eq.). The muxtare was stirred at vt for 2
h. The residue was chromatographed on a C18 columm with water:MeCN (3:1) to provide
{15,3aR 4R,78,7a85)-N-({5)-1-amino-1-0x0-3-((R)-5-0x0-4,5,6,7-tetrahvdropyrazolof 1,5~
ajpyrimidin-G-yhpropan-2-y1)-2-((8)-3,3-dimethy}-2-(2,2,2-
tritflucroacetamidojbutanoyljoctahydro-1H-4,7-methanoiscindole-1-carboxamide (530 mg,
42%?) as an off-white solid. LC-MS (ESI, a/7): 596 [M+H]".

{8288} To a solation of (15,3aR,4R,75,7a5)-N-((8)-1-amino-1-0x0-3-((R*)-3-
0x0-4,5,6,7-tetrahydropyrazoiol |, 5-ajpyrimidin-6-yDpropan-2-y13-2-((5)-3,3-dimethyl-2-
(2,2, 2-rifluoroacetamidojbutanoyloctahydro-1H-4,7-methanoiscindole-1-carboxamide (50
mg, 0.08 mmol, 1.0 eq.) in DCM (3 mb) was added TFAA (35 mg, 0.17 mmol, 2.0 eq.) and
pyridine (23 mg, 0.2% mmol, 3.5 eq.). The mixture was stirred at 1t for 2 h. The reaction was
quenched with water (3 ml.). The mixtare was extracted with DCM (3 x 3 rol.). The organic

layers were combined, dried over anhydrous sodium sulfate, filtered and concentrated under
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reduced pressure. The residue was purified by prep-HPLC (Column: XBridge Shield RP18
OBD Column, 30%150 mm, Sum; Mobile Phase A: Water (0.1%FA), Mobile Phase B: ACN;
Flow rate: 60 mi/min; Gradient: 37% B to 52% B in 7 min, 52% B; Wave Length: 254 am;
RT1 (min) 5.23) to provide (15,3aR4R.75,7a5)3-N-((§)-1-cyano-2-({(R*)-5-ox0-4,5,6,7-
tetrahydropyrazolol L, 5-ajpyrimidin-6-yhethy}-2-((8)-3.3-dimethyl-2-(2,2,2-
trifluoroacetamidojbutanoyljoctahydro- 1 H-4, 7-methanoiscindole-1-carboxamide (5.1 mg.
10%) as a white solid. 'H NMR (400 MHz, DMSO-de, 80 °C) § 10.66 (br, 1H), 8.39-9.09
(ra, 2H), 7.24-7.26 (m, 1H), 5.56-3.57 (1, 1H), 4.93-5.10 (m, 1H), 4.61-471 (m, 1H), 4.32-
4.59 (m, 2H), 3.98-4.06 (m, 1H), 3.78-3.82 (m, 1H), 3.58-3.64 (m, 1H), 2.81-2.92 (m, 1H),
2.58-2.69 (m, 1H), 2.41-2.48 (m, ZH), 2.32-2.36 (m, 1H), 2.21-2.23 (m, 1H), 1.92-2.02 (m,
FH), 1.41-1.53 (m, 2H), 118-1.32 (m, 3H), 1.08-1.14 (ru, 1H), 0.82-0.95 (m, 9H). LC-MS
(ESL m/z): 578 [M+HT.

N2 e
{O28%] Compound 17b was prepared similarly as described for 173, using tert-
batyl {(S§)-1-amino-1-0x0-3-{{5%}-5-0x0-4,5,6,7-tetrahydropyrazolo} 1, 5-ajpyrinmidin-6-

yhpropan-2-vhcarbamate in place of tert-butyl ((8)-I-amino-1-oxo-3-{{R*¥-5-0x0-4,5,6,7-
tetrahydropyrazolo{1,5-ajpyrimidin-6-ylpropan-2-yi)carbamate. 'H NMR (400 MHz,
DMSO-de, 80 °Cy ¢ 10.61 (br, 1H), B.81-8.95 (m, 1H), &67-8.69 (m , 1H), 7.24-7.26 (m,
tH), 5.56-5.58 {m, 1H), 5.09-5.11 {(m, 1H), 4.62-4.73 (m, 1H), 4.31-4.52 {(m, 2H}, 3.91-4.05
(m, 1H), 3.71-3.83 (m, [H), 3.53-3.66 (m, 1H), 2.81-2.96 (m, 1H), 2.62-2.69 (m, 1H), 2.44-
2.51 (m, 2H), 2.32-2.37 {m, 1H), 2.18-2.26 (m, 1H}, 1.84-2.05 (m, 1H), 1.38-1.36 (m, 2H},
119-1.36 (my, 3H), 1.04-1.17 (m, 1H), 0.82-1.11 (m, 9H). LC-MS (ESE, m/7): 578 [M+H]".
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EXAMPLE I8
Compound 18

FC o Fa
NH P
HIN P HN
""I\‘ NH, PA/C, H,, EA “"“1\\
|
o 1, 1h ”

Pyriding, TFAA, DCM

it, 2h

18

[8294a] To a stirred mixture of (28)-2-[(UR2'S 3'8,6'R,7'S5)-4"-{{25})-3,3-dirnethyl-

2-(2,2,2-wrifluoroacetamidodbutanoyl}-4'-azaspirol{cyclopropane-1,10'-
tricyclois.2.1.0M 2 61 ldecan}-§'-en-3-viformamido}-3-[(35)-2-oxopyrrolidin-3-
yllpropanamide (250 mg, 0.440 mmol, 1.0 eq.) in BtOAc (4 rol) was added 10% palladium
on activated carbon (100 mg). The mixture was stitred for 1 h at tt under hydrogen. The
nuxture was filtered through a celite pad. The filtrate was concentrated under reduced
pressure 0 provide I8-2-[(VR2'S3'S,6'R,7S-4-[(25)-3,3-dimethy]l-2-(2,2,2-
trifluoroacetamidolbutanoyl]-4'-azaspirofcyclopropane-1, 10 -tricyclo{3.2.1.0M 2,6 } decan]-
3'-yHormamido]-3-[(35)-2-oxopyrrolidin-3-yljpropagamide (235 mg, 91%) as an off-white
sofid. LC-MS (ESL, m/z): 370 [M+HT".

(82611 To a stirred mixture of 283-2-[(1I'R.2'S,3'8,6'R, 78341 (25)-3,3-dimethyl-
2-(2,2 2-trifhuoroacetamidobutanoyvl}-4'-azaspiro{cyclopropane-1, 1('-
tricyclof3.2.1.04 2,6} [decan]-3'-ylformamido]-3-[(35)-2-oxopyrrolidin-3-ylipropanamide
(230 mg, 0.404 mmol, 1.0 eq.) in DCM (5 mL) was added pyridine (111 mg, 1.41 mmol, 3.5
eq.) and trifluorcacetic anhydride (152 mg, §.727 mmol, 1.8 eq.). The mixture was stirred

for 1 h at rt. The reaction was quenched with water (20 mL). The mixture was extracted
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with EtOAc (3 x 20 mL). The organic layers were combined, washed with brine (2 x 20
mb), dried over anhydrous sodium suifate, filtered and concentrated under reduced pressure
t¢ afford the crude product. The crude product was purified by prep-HPLC (Column:
Kinetex EVO C18, 21.2%250mm, Sum; Mobile Phase A; Water (0.19%FA), Mobile Phase B:
ACN; Flow rate: 25 mbL/min; Gradient: 40% B to 63% B in 10 min, 63% B: Wave Length:
254 nm; RT1 (min) 7.45) to provide (I'R,2'S3S6'R,7SI-N-[(158)-1-cyano-2-{(38)-2-
oxopyrrolidin-3-vijethyl]-4'-{{25)-3,3-dimethyl-2-(2 2,2 -trifluoroacetamido thutanoyl{-4'-
azaspirofcyclopropane- 1, 10 -tricyclo[5.2.1.0M 2,6 } Jdecane]-3 -carboxamide (44.3 wmg, 19%)
as a white solid. 'H NMR (400 MHz, 80°C, DMSO-ds) § 8.91-9.01 (m, 1H), 8.65-8.83 (m,
tH), 7.38-7.53 (m, 1H), 4.81-4.98 (m, 1H), 4.60-4.75 (m, 1H), 4.50-4.58 (m, 1H), 3.79-3.88
(m, 1H), 3.63-3.78 (m, 1H), 3.09-3.23 (m, 2H), 2.72-2.95 (m, iH), 2.60-2.68 (m, 1H), 2.30-
241 (m, 1H), 2.09-2.29 (m, 2H), 1.62-1.86 (m, 2H), L.57-1.61 (o, 1H), 1.31-1.56 (m, 4H),
FZ2-1.30 (m, TH), 0.89-1.09 (1, 9H), 0.50-0.60 (m, 2H), 0.36-0.49 (m, 2H). LC-MS (ES],
a7y 532 [M+HI

EXAMPLE 19
Compound 19

i
= RN
O JH ﬁ |
v ©

HATU, DIEA, DMF

0°C, 2h
pyridine, TFAA, DCM HN o
\\N%‘. ({-_} /\W)
rt’ 2h ) i Y N \‘\El\ -

(62921 To a mixture of furan-2-carboxyhic acid (30.9 mg, 0.276 mumwol, 1.0 eq.) in
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N, N-dimethylformamide (3 mb)} was added o-(7-azabenrotriazol-1-yvH-NN,NN'-
tetramethyluronium hexafluorophosphate (125 mg, 0331 mmol, 1.2 eq.) and N-ethyl-N-
isopropylpropan-Z-amine (213 mg, 1.65 mmol, 6.0 eq.) at § °C. The mixture was stirred for
20 min at § °C, then (15,3aR 485,7R.7a5)-N-({(§)-1-amino-1-0x0-3-({5}-2-o0xopyrrolidin-3-
yhpropan-2-v1)-2-{{5)-2-amino-3,3-dimethylbutanoyl)-2,3,3a,4,7, 7a-hexahydro-1H-4,7-
methanoiscindole-1-carboxamide hydrochloride (133 mg, 0.276 mumol, 1.0 eq.) was added at
0 °C. The mixture was stirred for 2 h at rt. The reaction was quenched with water (30 mb).
The mixture was extracted with EtOAc (3 x 30 mL). The organic layers were combined,
washed with brine (2 x 30 mlL), dried over anhvdrous sedium sulfate, filtered and
concentrated ander reduced pressure to afford the crade product. The crude product was
chromatographed on a silica gel column with MeOH:DCM  (7:93) to provide
{15,3aR 45,7TR 7a8)-N-(8)-T-amino- 1 -0x0-3-((8)-Z-oxopyrrohidin-3-yvDpropan-2-y - 2-((8)-
2-(furan-2-carboxamido)-3,3-dimethythutanoy!)-2,3,3a,4,7, 7a-hexahydro- 1 H-4,7-
roethanoisoindole-1-carboxamide (120 g, 81%) as a hight yellow solid. LC-MS (ESY, m/2):
340 [M+HT.

(82631 To a mixture of (15,3aR,45,7R,7aS8»N-{(S)-L-amino-1-0x0-3-((§)-2-
oxopyrrolidin-3-yhpropan-2-yD-2-((8)-2-(furan- 2-carboxamido)}-3,3-dimethyibutanoyl}-
2.3,3a4,7 7a-hexahydro-1 H-4,7-muethanoisoindole-1-carboxamide (120 mg, .222 wmmol, 1.0
eq.) in dichloromethane (3 mb) was added pyridine {123 mg, 1.55 mmol, 7.0 eq.) and
trifluoroacetic anhydride (140 mg, (.666 mmol, 3.0 eq.). The mixture was stirred for 2 h at
rt. The reaction was guenched with water {5 mbL). The mixture was extracted with EtOAc (3
x 10 mbL). The organic layers were combined, washed with brine (2 x 10 mL), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford the
crude product. The crude product was purified by prep-HPLC (Column: XBridge Prep
Phenyl OBD Column, 19%250 mm, 5um; Mobile Phase A: Water (0.1% FA), Mobile Phase
B: ACN; Flow rate: 60 mb/min; Gradient: 35% B t0 65% B in 7 min, 65% B; Wave Length:
254 nm; RTI (miny 6y to provide (153aR485,7R,7a85)-N-((8)-1-cyano-2-({8)-2-
oxopyrrolidin-3-yhethyD-2-((8)-2-(foran-2-carboxamido)-3,3-dimethylbutanoyl)-
2,3,3a,4,7 Ta-hexahydro-1H-4,7-roethanoisoindole-1 -carboxamide (17.4 mg, 15%) as an off-

white solid. LC-MS (ESL w/z): 522 [M+H]".
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EXAMPLE 20
Compound 20

—-‘7
Fao

HOO

HATU, ProNEt DMF
it th

i
o
NH
HN 3
O
oyridine, TEAA, D \““*( /\")
it, 1h NN JJ\ k
s

&%H Ny

26

O

[9294] To a mixture of I-(mfluoromethyleyclopropane-1-carboxylic acid (43.0
mg, 0.274 mmol, 1.0 eq.) and o-(7-azabenzotriazol-1-y[-NN,N N'-tetramethyluronium
hexaftuorophosphate (125 mg, 0.329 mmol, 1.2 eq.) in DMF (3 ml) was added N-ethyl-N-
isopropylpropan-2Z-amine (212 mg, 1.64 mwol, 6.0 eq.y at 8 “C. After stirring for 15 wmin at O
°C, (283-2-{[{1R,25,35,6R,75)-4-[(25)-2-amino-3,3-dimethyibutanoyl]-4-
azatricycio]5.2.1.0M 2,6} Jdec-8-en-3-yvi formamido | -3-[(38)-2-oxopyrrolidin-3-
vlipropanamide hydrochloride (132 mg, 0.274 wimol, 1.0 eq.) was added. The mixture was
stirred for | h at rt. The mixture was purified by CI8 column with CHaCN:Water (3.05%
THA). The desired fraction was concentrated under reduced pressure to provide N-{(Z5})-1-
IR,28,35,6R,75)-3-1{{15)-1-carbamoyl-2-{(38)-2-oxopyrrolidin-3-yijethyljcarbamoyi}-4-
azatricyclo{5.2. 1.0M 2,6 }idec-8-en-4-y1}-3,3-dimethyi-1-oxobutan-2-y1-1-
(trifluoromethyiicyclopropane- I -carboxamide (130 mg, 78%) as a light vellow solid. LC-
MS (ESY, m/z7): 582 [M+HJ"

[8285] To a mixture of N-{{(28)-1-[(1R,25,35,6R,75)-3-1{{(18)-1 -cartbamoyl-2-
[(35)-2-oxopyrrolidin-3-ylethylicarbamoyl} -d-azatricyclof5.2.1.0M 2,6 1 ldec-8-en-4-v1}-3,3-
diruethyi-1-oxobutan-2-yli- | -(trifluoromethyheyclopropane- | -carboxarmide (130 mg, 0.224

romol, 1.0 eq.) 1o DCM (2 wl) was added pyridive (71.0 mg, 0.896 mmol, 4.0 eqg.) and
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trifluoroacetic anhydride (5.0 mg, 4.403 mmol, 1.8 eq.). The mixwre was stirred for I h at
rt. The reaction was guenched with water {10 mL). The mixture was extracted with DCM (3
x 10 mbL). The organic layers were combined, washed with brine (2 x 10 mL), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford the
crude product. The crude product was purified by prep-HPLC (Column: XBridge Shield
RP18 OBD Column, 30 x 150 mm, 5 um; Mobile Phase A Water (0.1%FA), Mobile Phase
B: ACN; Flow rate: 60 mL/min;, Gradient: 28% B to 533% B in 10 min, 53% B; Wave
Length: 254 wm; RT: 7.47 min) to provide (1R,28,38,6R,75)-N-[(15)--cvano-2-[(38)-2-
oxopyrrolidin-3-vljethyl]-4-1{25)-3,3-dimethyl-2-{} i-
{trifluoromethyheyclopropylformamido butanoyli-4-azatricyeln5.2.1.0° 2,6 } Jdec-8-ene-3-
carboxamide (55.9 mg, 44%) as a white sohd. 'H NMR (400 MHz, 80 °C, DMSO-ds) &
R.60-8.80 (m, 1H), 7.35- 7.55 (m, 1H), 6.538-7.00 (m, 1H), 5.98-6.20 (m, 2H), 4.70-4.98 (m,
LHD, 4.46-4.55 (m, 1H), 4.00-4.15 ¢m, 1H), 3.55-3.65 ¢m, 1H), 3.35-3.54 (m, 1H), 3.10-3.25
{ra, 2H), 3.00-3.09 (o, 1H), 2.80-2.98 (m, ZH), 2.68-2.79 (mu, 1H), 2.30-2.42 (m, 1H), 2.08-
2.28 {m, 2H), 1.62-1.89 (m, ZH), 1.30-1.48 {m, 3H), 1.10-1.29 (m, 3H), 0.83-0.98 {m, 9H).
LC-MS (EST, nvz): 564 [M+HT™.

EXAMPLE 21
Compound 21

Q
1 HN \O §"NH
. o
Ho . "\\6 ¥ ~

HATH DIEA DME WH i
HATU, DIEA, DMF le i &
it, Th e
Ay
TEAA, pyridine iii
¥
ot N .

BCM Y,
rt, Zh
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{6296] To a stirred mixture of cyclopropanecarboxylic acid (27.5 mg, 0.319
mmol, 1.1 eq) in DMF (2 ml) was added o-(7-Azabenzotriazol-1-vii-NNN N-
tetramethyhwronium hexafluorophosphate (132 myg, 0.348 mmol, 1.2 eq.) and N-ethyl-N-
isopropylpropan-2-amine (225 mg, 1.74 mmol, 6.0 eq.). The mixture was stirred for 10 min
at 0 °C. (283-2-H{1R,28,35,6R,75)-4-{(25)-2-amino-3,3-dimethvibutanoyl]-4-
azatricycio]5.2.1.00M 2,6} {dec-8-en-3-yi[formamido }-3-[ (38 }-2-oxopyrrolidin- 3-
ylipropanamide hydrochloride (140 mg, 0.290 mmol, 1.0 eq.) was added. The mixture was
stirved for 1 h at rt, and then purified by CI8 column with CH3CN:Water (0.03% FA). The
desired fraction was concentrated under reduced pressure to provide N-{(28)-1-
IR,28,35,6R,75)-3-{ [{15)-1-carbamoyl-2-[(38}-2-oxopyrrolidin-3-yijethyljcarbamoyi }-4-
azatricyciof$.2.1.0M 2,6 V idec-8-en-4-yv1}-3,3-dimethyl- | -oxobutan-2-
vijcyclopropanecarboxamide (100 rog, 60%) as a white solid. LC-MS (ESL m/2z) 314
IM+HT

(82871 To a stirred mixture of N-{@QS5)-1-[(1R,2S8,35,6R,75)-3-{[{185)-1-
carbamoyi-2-{(35)-2-oxopyrrolidin-3-vllethyljcarbamoyl }-4-azatricyclo]5.2.1 .0~ 2,6 } idec-
8-gu-4-yii-3,3-dimethyl- l-oxobutan-2-ylcyclopropanecarboxamide (100 wg, 0.195 mwmol,
.0 eq.) in DCM (2 ml) was added mifluorcacetic anhydride (81.7 wmg, 0.390 muuol, 2.0 eq.)
and pyridine (533.9 mg, 0.682 mmol, 3.5 eq.). The mixture was stirred for 2 h at rt. The
reaction was quenched with water (10 ml). The mixture was extracted with ethyl acetate (3
x 10 mbL). The organic layers were combined, washed with brine (2 x 10 mL), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford the
crude product. The crude product was purified by prep-HPLC with the following conditions
{Column: XBridge Prep Phenyl OBD Column, 19%250 mm, Sum; Mobile Phase A: Water
(0.1%FA), Mobile Phase B: ACN,; Flow rate: 25 mbL/min; Gradient: 32% B 1o 62% B in 7
min, 62% B; Wave Length: 254 nm; RTH (min): 6) to afford (1R,25,35,6R,75)-N-[{15)-1-
cyano-Z-{{35)-2-oxopyrrolidin-3-vijethvi]-4-{(25)-2-{cyclopropyformamido)-3,3-
dimethyibutanoyl}-4-azatricyclo]5.2. 1.0 2,6 } J|dec-8-ene-3-carboxamide (16.5 mg, 16%) as
a white solid. 'H NMR (400 MHz, 80 °C, DMSO-ds) & 8.55-8.80 (m, 1H), 7.70-7.85 (m,
tH), 7.30-7.55 (m, 1H), 3.91-6.20 (m, 2H), 4.81-4.98 (m, 1 H), 4.40-4.52 (m, iH), 3.91-4.10
(m, 1H), 3.42-3.62 (m, 2H), 3.08-3.20 (m, 2H}y , 2.97-3.02 (m, 1H), 2.81-2.95 {u, ZH), 2.63-
273 (m, 1H), 2.26-2.41 {m, 1H), 2.05-2.22 {(m, 2H}, 1.60-1.86 (m, 3H), 1.28-1.41 (m, 2H),
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0.78-0.96 (m, 9H), 0.66-0.74 (m, LH), 0.53-0.66 (m, 3H). LC-MS (ESL m/2): 496 [M+HT".

EXAMPLE 22
Compound 22

JBoc
HN

0

0 a K{ o
y-NH Ny-NH —— N
i i ‘

HCH ELO

' He
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NY HOI HaN Sy 2
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0°C, 2h
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rt, th oH
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/go k{(@ o f\) TRAA, pyridine, DGM

HO .
NN ‘\,JJ\N,L(NHZ i, 20
H iy \\H i
HATY, 'ProNEL DMF H“.j\ Ho&
0°C, 2h _
52
R o
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(82681 A mixture of tert-butyl ((8)-1-amino-1-oxo-3-((8)-2-oxopyrrolidin-3-

yhpropan-2-yhcarbamate (1.04 g, 3.83 mmol, 1.0 eq.) in hydrogen chloride (10 ml, 2 M in
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Ei(3) was stirred for 1 h at 1t. The mixture was concentrated under reduced pressure to
afford (5)-2-amino-3-({S}-2-o0xopyrrolidin-3-yipropanamide hydrochloride (0.630 g, crude)
as a yellow oil. LC-MS (ESL mv7): 172 [M+HI

162991 To a mixture of (18,3aR 48,7R,7a8)-2-{((8-2-{{tert-
butoxyearbonyllaminoe}-3,3-dimethylbutanovi}-2,3,3a,4,7,7a-hexahvdro-1H-4,7-
methanoiscindole-1-carboxylic acid (1.50 g, 3.82 mmol, 1.0 eq.) in N.N-dimethylformamide
{15 ml.) was added o-{7-azabenzotriazol- 1-y1)-N,N,N' N'-tetramethyluroniam
hexafluorophosphate (1.74 g, 4.58 muool, 1.2 eq.) and N-ethyl-N-isopropylpropan-2-amine
(3.95 g, 30.5 munol, 8.0 eq.) at 0 °C. The mixture was stirred for 20 min at 0 °C. (8)-2-
amino-3-({S)-2-oxopyrrolidin-3-yhpropanamide hydrochloride (650 mg, 3.82 mmol, 1.0 eq.)
was added at § “C. The muxtare was stirred for 2 h at ©t. The reaction was guenched with
water (30 rol). The mixture was extracted with EtOAc (3 x 80 ml.). The organic layers
were cornbined, washed with brine (2 x R0 ml), dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure o afford the crude product. The crude
product was chromatographed on a silica gel column with MeOH:DCM (7:93) to provide
tert-bugyl {(5)-1-((18,3aR 458,7R,7a5)- 1-({((5)- 1-amino-1-oxo-3-((8)-2-oxopyrrolidin-3-
yhipropan-2-yhcarbamoyiy-1,3,3a,4,7, 7a-hexahvdro-2H-4,7-methanoisoindol-2-v1)-3,3-
dimethyi-1-oxobutan-2-ylcarbamate (1.46 g, 70%) as a hight yellow sohid. LC-MS (ES],
w7y 546 [M+H].

193061 A mixture of tert-butyl ((83-1-((15,3aR 457R,7a8)-1-({((§)-1-amino-1-
oxo-3-({8)-2-oxopyrrolidin-3-yhpropan-2-ylcarbamoyl}-1,3,3a,4,7, 7a-hexahydro-2H-4,7-
methanoisoindol-2-y1)-3,3-dimethyl-1-oxobutan-2-ylicarbamate (150 mg, 0.275 mmol, 1.0
eq.) in hydrogen chloride (ZmlL, 2 M in Et2O} was stirred for 1 h at rt. The mixture was
concentrated under reduced pressure to afford (15,3aR 45,7R,7a5)-N-({(5)-1-amino-1-ox0-3-
{{S)-2-oxopyrrolidin-3-ypropan-2-y1)-2-(($)-Z-amino-3,3-dimethylbutanoyi}-2,3,3a,4,7,7a-
hexahydro-1H-4,7-methancisoindole-1-carboxamide hydrochloride (133 mg, crude) as a
yellow oil. LC-MS (ESL m/z): 446 [M+HT

1838611 To a mixture of (R)-tetrahydrofuran-2-carboxylic acid (32.0 mg, 0.276
omol, 1.0 eq) in N N-dimethylformamide (3 ml) was added o-(7-azabenzotriazol-1-y1)-
NONLN N -tetramethyluronium hexafluorophosphate (125 mg, 0331 mmol, 1.2 eg.) and N-

ethyl-N-isopropylpropan-2-amine (213 wg, 1.65 mmol, 6.0 eq.) at 0 °C. The mixture was
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stirred  for 20 min at O °C. {(15,3aR,48,7R,7a8)-N-({(8)-1-amino-1-0x0-3-{({8}-2-
oxopyrrolidin-3-yhpropan-2-yH-2-((S)-2-amino-3,3-dimethyibutanoyl)-2,3,3a,4.7, 7a-
hexahydro-1H-4,7-methanciscindole-1-carboxamide hydrochloride (133 mg, 0.276 mmol,
1.0 eq.} was added at 8§ °C. The mixture was stirred for 2 h at & °C. The reaction was
gquenched with water (30 mL). The mixture was purified by C18 column with CHaCN:Water
{0.05% TFA). The desired fraction was concentrated vnder reduced pressure to provide
{15,3aR 487TR [ 7a8)-N-({8)-1-amino-1 -ox0-3-({5}-2-0xopyrrolidin- 3-yvhpropan-2-y13-2-({S)-
3,3-dimethyl-2-((R)-tetrahvdrofuran-2-carboxamido)butanoyl)-2,3,3a,4,7, Ta-hexahydro- 1 H-
4,7-methanoisoindole-1-carboxamide (80 mg, 54%) as a light vellow solid. LC-MS (ES],
/7y 544 [M+HI

{63621 To a muxtore of (18,3aR.45,7R,7a5-N-({8)-1-amino-1-ox0-3-((8)-2-
oxopyrrohidin-3-yhpropan-2-yD-2-((5)-3,3-dimethy-2-((R)-tetrahydrofuran-2-
carboxamidoybotanoyl}-2,3,3a,4,7, 7a-hexahvdro- 1 H-4,7-methanoisoindole- L -carboxamide
(50.0 mg, 0.092 mmol, 1.0 eq.) in DCM (2 ml) was added pynidine (50.9 mg, $.644 mmol,
7.0 eq.) and trifluoroacetic anhydride (57.9 mg, 0.276 mmol, 3.0 eq.). The mixture was
stirred for 2 b at vt. The reaction was quenched with water (5 mL). The mixture was
extracted with EtOAc (3 x 10 mL). The organic layers were combined, washed with brine (2
x 10 mL), dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure to afford the crude product. The crude product was purified by prep-HPLC
(Column: XBridge Shield RPIS OBD Column, 197250 mum, 10pum; Mobile Phase A: Water
{(0.1% FA), Mobile Phase B: ACN: Flow rate: 25 mbi/min; Gradient: 30% B t0 47% B in 10
min, 47% B; Wave Length: 254 nm; RTI (min): 3.87) to provide (15,3aR.45,7R,7a5)-N-
{{S3-1-cvano-2-({8)-2-oxopyrrolidin-3-vhethyD)-2-({5)-3,3-dimethyl-2-{{R)-tetrahydrofuran-
2-carboxamidojbutanoyiy-2,3,3a,4,7, 7a-hexahydro-1 H-4,7-methanoisoindole- 1 -carboxamide
(13.9 mg, 28%) as an off-white solid. 'H NMR (400 MHz, 80 °C, DMSO-ds) § 8.60-
8.90 (m, 1H), 7.35-7.60 (m, IH), 6.80-7.20 {m, 1H), 5.80-6.20 (m, 2H), 4.65-5.00 {(m, 1H),
4.30-4.50 (m, 1H), 4.15-4.30 (m, 1H), 3.95-4.05 (m, 1H), 3.70-3.50 (m, 2H), 3.50-3.65 (m,
FH), 3.30-3.55 (m, 1H), 3.10-3.25 (m, 2H), 2.90-3.05 (v, 1H), 2.65-2.80 (m, 3H), 2.25-
2.45 {m, 1HD), 2.05-2.25 {(m, 38, 1.63-1.95 {m, 5H), 1.30-1.50 (o, ZH), 80.65-1.10 (m, 9H).
LC-MS (ESI, m/z): 526 IM+-H]™
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EXAMPLE 23
Compound 23
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(63831 To a stired mixture of 4-tert-butyl 3-methyl (1R25,35,6R,75)-4-
azatricyclo{5.2.1.0M 2,6 } {dec-8-ene-3 4-dicarboxylate {1 g, 3.40 mmol, 1.0 eq.) in toluene (4
) was added sodium {luoride (534.0 mg, 1.19 muol, 8.35 eq.). Trimethylsilyl 2,2-
difluoro-2-sulfeacetate (4.27 g, 17.0 mmol, 5.0 eq.) was added slowly for 2 b at 115°C under
nitrogen. The reaction was quenched with water (30 mL). The mixture was extracted with
ethyl acetate (3 x 30 wl.)> The organic layers were combined, washed with brine (2 x 30
mb.), dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure
to afford the crude product. The crude product was purified by C18 column with
CHsUN: Water (8.05% FA). The desired fraction was concentrated under reduced pressure to
provide 4-tert-butyl 3-methyl (15,25,35,6R,7R,8R, 105}-9,9-difluoro-4-

azatetracyclo{5.3.1.07M 2,61 .0M &, 10} jundecane-3,4-dicarboxylate (180 mg, 13%) as a light
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yellow oil. LC-MS (ESL, #v/7): 288 {M-56+HT.

[6304] To a stirred mixture of 4-tert-butyl 3-methyi (15,28,35,6R, 7R ER, 105}
9,9-difluoro-4-azatetracyclof5.3.1.00{2,6}.07{ 8,10  jundecane-3 4-dicarboxylate (180 mg,
(1.524 mmol, 1.0 eq.) in THF (3 mb) and H>O (1 mL} was added lithium hydroxide (37.6 mg,
1.57 mmol, 3.0 eq.) at rt. The mixture was stirred for 1 h at rt. The mixture was acidified to
pH=4 with hydrochloric acid (ZM) and then extracted with ethyl acetate (3 x 10 mbL). The
combined organic layers were dried over anhydrous sodium sulfate.  After filtration, the
filtrate was concentrated under reduced pressure to afford (15,28,35,6R,7R,8R, 1058)-4-(tert-
butoxyearbonyl}-9,9-difluoro-4-azatetracyclo{5.3.1.0M 2,61.07{ 8,10} jundecane-3-carboxylic
acid (150 mg, crude) as a hight yellow otl. LC-MS (ESI, m/7): 328 [M-HJ.

[68345] To a strred mixtare of (15,25,35,6R,7R,8R, 108)-4-(tert-butoxycarbonyl)-
9,9-difluoro-4-azatetracyclof5.3.1.0°M 2,6 1.OME 10 lundecane-3-catboxylic acid (150 mg,
(455 mwmol, 1.0 eq) and o-(7-Azabenzotriazol-1-y1)-N NN N'-tetramethyhronium
hexafluorophosphate (207 mg, 0.546 mmol, 1.2 eq.) in DMF (3 ml.) was added N-ethyl-N-
sopropylpropan-2-amine (353 mg, 2.73 mmol, 6.0 eq.). The mixture was stirred for 10 min
at § °C. (28)-2-amino-3-[(35)-2-oxopyrrohidin-3-vljpropanamide hydrochloride {104 mg,
.501 mmol, 1.1 eq.) was added. The mixture was stivred for 1 h at vt The mixture was
purified by CI8 cohmmn with CHaCN:Water (8.05% FA). The desired fraction was
concentrated under reduced pressure to provide tert-butyl (1§8,25,35,6R, 7R 8RR, 105)-3-
{1(18)-1-carbamoyl-2-[{35)-2-oxopyrrolidin-3-yijethyijcarbamoyl }-9,9-difluoro-4-
azatetracyclo{5.3.1.07{2,6}.07{8,10} jundecane-4-carboxylate {160 mg, 65%) as a white
solid. LC-MS (ESI, m/z): 483 [M+H]".

1830661 To a stirred mixture of tert-butyl (18.28,38,6R,7R 8RR, 1083-3-{[{15)-1-
carbamoyi-2-{{35}-2-oxopyrrolidin-3-yliethyljcarbamoyl } -9, 9-diflucro-4-
azatetracyclo{5.3.1.0%{2,6}1.04{8,10} jundecane-4-carboxylate {160 mg, 0.332 mmol, 1.0 eg.}
in DCM (1 mbL) were added hydrogen chioride (5 mL, 2M in En(Q). The mixture was stirred
for 1 h at 1t and then concenirated under reduced pressure to afford (28)-2-
{1(15,25,38,6R,7R,8R, 135)-9,9-difluoro-4-azatetracyclo[5.3.1.0M 2,6 1.0M{ R, 10 undecan-3-
yijformarido }-3-[(35)-2-0xopyrrolidin-3-yljpropanarnide hydrochloride (140 mg, crude) as
a white solid. LC-MS (ESL, »/2): 383 [M+H]".

(683871 To a stirred mxture of (25)-3,3-dimethyl-2-(2,2,2-
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trifluoroacetamidobutanocic acid (3.5 mg, 0.367 mmol, 1.1 eq.) and o-(7-Azabenzotriazol-
-y3-NONO N N'-tetramethyluronium hexafluorophosphate (152 mg, 0.401 mmol, 1.2 eq.) in
DMF (2 mL) was added N-ethyl-N-isopropylpropan-2-amine (259 mg, 2.00 mumol, 6.0 eq.).
The mixture was stirred for 10 min at § °C. (253-2-{{{(15,25,35,6R,7R 8K, 108)-9 9-difluoro-
d-azatetracycio]5.3. 1.OMN 2,6 1.0M 8,10 jundecan-3-yl{formamido }-3-1(35)-2-oxopyrrolidin-
3-yljpropanamide hydrochloride (140 mg, 0.334 mmol, 1.0 eq.) was added. The mixture was
stirred for 1 h at rt. The crude product was purified by C18 column with CH3UN:Water
{0.053% FA). The desired fraction was concentrated under reduced pressure to provide (25)-
2-{HES, 28,35 6K, 7R 8RLTO8)-4-{(25)-3,3-dimethyl-2-(2,2, 2-trifluorcacetamidodbutanoyl -
9. 9-difhuoro-4-azatetracyclo[3.3.1.0M 2,6 1.0 §, 10} undecan-3-yi fformamido }-3-[(38)-2-
oxopyrrolidin-3-yipropanamide (140 mg, 63%) as a light yellow solid. LC-MS (ESI, m/z):
592 [M+HJ"

{8368} To a stirred mixiure of (2S)-2-{1(15,25,35,6R, 7R, B8R, 105)-4-[{(25)-3,3-
dimethyl-2-(2,2 2-trifluoroacetamido)butanoyl}-9,9-difluoro-4-
aratetracyclof5.3.1.0M 2,61 .04 8,10} lundecan-3-ylformamido } -3-{(38)-2-oxopyrrolidin-3-
yvijpropanamide (140 mg, 0.237 mmol, 1.0 eq.) 1 DCM (2 mL) was added pyrnidine (65.5
mg, (.829 mmol, 3.5 eq.) and rifluoroacetic anhydride (99.4 mg, 0.474 wumol, 2.8 eq.). The
mixture was stirred for 2 b at v, The reaction was quenched with water (10 mL). The
mixture was extracted with PCM (3 x 10 mL). The organic layers were combined, washed
with brine (Z x 10 mL)}, dried over anhydrous sodium suifate, filtered and concentrated under
reduced pressure to afford the crude product. The crude product was purified by prep-HPLC
with the following conditions {Column: XBridge Prep Phenyl OBD Column, 19%250 mm,
Sum; Mobile Phase A: Water {(0.1%FA), Mobile Phase B: ACN; Flow rate: 25 mb/min;
Gradient: 43% B t0 73% B in 7 min, 73% B; Wave Length: 254 nm; RT1 {(min): 3;) to afford
{15,25,35,6R TR &R, L0S)-N-[{(18)-1-cyano-2-{ (38 -2-oxopyrrolidin-3-yviethyi]-4-[(253-3,3-
dimethyl-2-(2,2, 2-trifluorcacetamidobutanoyi]-9,9-difluoro-4-
azatetracyclo{5.3.1.0%{2,6}.00{8,10} jundecane-3-carboxamide (30.5 mg, 21%) as a white
solid. 'H NMR (400 MHz, 80°C, DMSO-ds) & 8.91-9.20 (m, 1H), 8.55-8.87 (m, 1H}, 7.35-
755 (m, 1H), 4.81-4.96 (m, 1H), 4.55-4.73 (m, 2H), 3.91-4.10 (m, 1H), 3.58-3.74 (m, 1H},
3.08-3.20 (m, 2H), 2.73 -2.82 (m, 2H), 2.62-2.72 (w, 1H), 2.50-2.60 (yo, 1H), 2.26-2.38 (m,
tH), 2.07-2.20 (m, 2H), 1.62-1.87 (m, 3H), 1.45-1.57 (m, 1H), 1.26-1.37 (m, 1H), 1.09-1.23
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(rm, 1H), 0.84-1.03 (m, 9H). LC-MS (BSL, mv7): 574 [M+H]™

EXAMPLE 24
Compound 24
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[6309] To a mixtre of amivo(l-methylcyclopropylacetic acid hydrochloride
(300 mg, 1.81 mmol, 1.0 eq.) o MeOH (§ ml) was added triethylamine (733 mg, 7.24
mmol, 4.0 eq.) and ethyl 2,2, 2-tmfluoroacetate (309 myg, 2.17 mmol, 1.2 eg.). The mixture
was stirred overnight at rt. The mixture was concentrated under reduced pressure to afford a
residue.  The residue was diluted with water (10 ml). The pH was adjusted to 6 with
hydrochloric acid (1 M). The mixtore was extracted with EtOAc (3 x 10 mL). The organic
layers were combined, washed with brine (2 x 10 ml.), dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure o provide (I-methylcyclopropyi}2,2,2-
trifluoroacetamido)acetic acid (380 mg, 88%) as a white solid. 'H NMR (400 MHz, DMSO-
dey 6 12.95 (br, 1H), 9.76 (d, /= 7.3 Hz, 1H), 3.78 (4, J = 7.3 Hz, 1H), 1.07 (s, 3H), 0.69-
0.77 {m, 1H), 0.49-0.57 {m, 1H), 0.41-0.48 (m, 1H), 0.31-038 (m, 1H). LC-MS (ESE m/2):
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226 {M+H]".

{6318] To a mixture of (I-methyleyclopropyl} 2,2, 2-trifluoroacetamidolacetic
acid (780 wmg, 0347 mmol, 1.0 eq) and o-{(7-azabenrotriazol-1-yhH-N,NN'N'-
tetramethyluronium hexafluorophosphate (158 mg, 0.416 mmol, 1.2 eq.) in DMF (3 mL) was
added N-ethyl-N-isopropylpropan-2-amine (269 mg, 2.08 mmol, 6.0 eq.) at 0 "C. After
stirred for 15 min at 0 °C, (25)-2-[{1R,25,35,6R,75-4-azatricyclo{3.2.1.0M 2,6 } {dec-&-en-3-
yliformamido]-3-[(35)-2-oxopyrrolidin-3-yijpropanamide hydrochloride (128 mg, 0.347
romol, 1.0 eq.) was added. The mixture was stirred for 1 b at rt. The mixture was purified by
C18 column with CHsCN:Water (0.05% TFA). The desired fraction was concentrated under
reduced pressure to provide (28)-2-{[(1R,25,35,6R,75)-4-[2-(1 -methylcyclopropyl)-2-(2,2,2-
trifluoroacetamidolacetyl]-4-azatricyelof 5.2.1.0M 2,6  dee-8-en-3-vijformamido } - 3-[{35)-2-
oxopyrrolidin-3-vijpropanamide (110 mg, 30%) as an off-white sohd. LC-MS (ESI, m/2):
340 [M+H]".

83111 To a mixtare of (28)-2-1{(1R,28,38,6R,75)-4-[2-(1 -methylcyclopropyl)-2-
(2,2 2-triflucroacetamidoacetyl-4-azatricyclo|5.2.1.00 2,6 H{dec-8-en-3-yl fformamido }-3-
1(35)-2-oxopyrrolidin-3-yljpropanamide (110 myg, 0.204 mmol, 1.0 eq.} in DCM (2 mL) was
added pyridine {63.0 mg, 8.816 myol, 4.0 eq.) and trifluoroacetic anhydride (77.0 mg, 0.367
mmol, 1.8 eq.). The mixture was stirred for 1 h at rt. The reaction was guenched with water
(10 mL). The mixture was extracted with DCM (3 x 10 mbL). The organic layers were
combined, washed with brine (2 x 10 ml)}, dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to afford the crude product. The crude product was
purified by prep-HPLC (Column: YMC-Actus Triart C18 ExRS, 20 x 250 num, 5 um; Mobile
Phase A: Water {0.19%:FA), Mohile Phase B: ACN; Flow rate: 25 mL/min; Gradient: 3% B
to 59% B in 10 min, 59% B; Wave Length: 254 nm; RT: 7.47 min} to provide
{IR28,35,6R,78-N-[{15)-1-cyano-2-{(38)-2-oxopyrrolidin-3-yliethvi]-4-{2-(i-
methyleyclopropyly-2-(2,2,2-trifluorcacetamido)acetyl}-4-azatricyclo{5.2.1 02,6 } Jdec-§-
ene-3-carboxamide (22.1 mg, 20%) as a white solid. 'H NMR (400 MHz, 80 °C, DMSO-ds)
S 8.85-9.10 (m, 1H), 8.65-8.80 (m, 1H), 7.34-7.55 (yn, 1H), 6.12-6.30 (m, 1H), 5.95-6.10 (m,
tH), 4.76-4.95 (m, 1H), 4.35-4.45 (m, 1H), 3.95-4.12 (m, 1H), 3.56-3.70 (m, 1H), 3.30-3.45
{my, THD, 3.10-3.25 (m, 2HD, 2.83-3.05 (m, 3H), 2.63-2.75 (m, 1H), 2.30-2.40 {m, 1H}, 1.9%-
2.28 (m, 2H), 1.60-1.90 (o, 2H), 1.35-1.46 (m, 2H), 0.95-1.10 (o, 3H), 0.63-0.80 (m, 2H),
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0.20-0.55 (m, 2H). LC-MS (ESL m/z): 522 [M+HJ"
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163121 The tricyclo}5.2.1.04{2,6} |deca-3,8-diene (110 g, 832 mmol, 1.0 eq.) was
stirred at 210 °C. The cyclopentadiene was distillation at 37°C-43°C. The fraction was
collected to provide the product (46 g, 83%) as a colorless lguid. 'H NMR (400 MHz,
DMSO-de) & 6.60-6.69 (m, 2H), 4.43-6.56 (m, ZH), 3.04-3.05 (m, 2H).

{0313} To a stirred mixture of cyclopentadiene (42.0 g, 635 nunol, 1.0 eq.) and
iomal (0.130 g, 0.572 mmol, 0.0009 eq.) in ethylene dichloride (62.8 g, 635 mmol, 1.0 eq.).
After stirred for 20 min, sodium hydroxide (139 g, 3462 mmol, 545 eq.) and
benzyltriethylazaniom chloride (1.30 g, 5.72 muool, 0.009 eq.) were added. The mixture was
stirred for 1 h at 1. The reaction was quenched with water (50 mb). The mixture was
extracted with EtOAc (3 x 50 mL). The organic layers were corabined, washed with brine (2
x S0 wl.), dred over anhydrous sodiom sulfate, filtered and concentrated under reduced
pressure to afford the crude product.  The crude product was stirred at 130 °C.
Spiro{2.4}hepta-4,6-diene was distillation at 60°C ~ 65°C under 0.7MPa. The desired
fraction was collected to provide spiro[2 4}hepta-4,6-diene (10 g, 14%) as a colorless hquid.
H NMR (400 MHz, DMSO-de) § 6.47-6.69 (m, 2H), 6.14- 6.24 (m, 2H), 1.71-1.72 (e, 4H).

{6314} To a stisred mixtare of I-tert-butyl 2-methyl (2R)-2,5-dihydropyrrole-1,2-
dicarboxylate (6.00 g, 26,4 mmol, 1.0 eq.) in xylene (6 mL} was added spiro[2.4}hepta-4,6-
diene (4.87 g, 52.8 wmol, 1.0 eq.). The mixture was stirred for 2 d at 140 °C and then
concentrated under reduced pressure. The crude product was chromatographed on a silica
gel column with EAPE (30:70) to provide the crude product. The crude product was
purified by C18 column with CHCN:Water (0.05% TFA). The desired fraction was
concentrated under reduced pressure to provide 4'-tert-butyl 3-methyl (1'R,2'85,3'5,6 R,7'S)-
4'-azaspiro{cyclopropane-1, 10 -tricyclof5.2.1.00 2,6 } Jdecan]|-§8'-ene-3' 4'-dicarboxylate {1.9¥
g, 23%) as a yellow oil. 'H NMR (400 MHz, DMSO-de) § 6.03-6.36 (m, 2H), 3.70-3.89 (m,
1H), 3.55-3.69 (m, 3H), 3.22-3.37 (m, 1H), 2.70-3.10 (m, 3H), 2.33-2.42 (m, 1H), 2.22-2.29
(m, 1H), 1.08-1.53 (m, 9H), 0.22-0.48 {(m, 4H). LC-MS (ESL m/z): 220 [M+H-Bocl™.

[8315] To a stirred mixture of 4'-tert-butyl 3-methyl (1'R,2'S,3'S,6'R,7'S5)-4-
azaspitofcyclopropane- 1, 1 -tricyclof5.2.1.00{2,6 } Jdecan}-8'-ene-3' 4'-dicarboxylate (1.00 g,
343 munol, 1.0 eq.) in THF (10 mL) was added hthinm hydroxide (300 mg, 12.5 mmol, 4.0
eq., in water 10 yol.). The mixture was stitred for 2 h at tt. The pH was adjusted to 6 with

hydrochloric acid (2 M). The mixture was extracted with EtOAc (3 x 30 ml). The organic
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layers were combined, washed with brine (2 x 30 ml.), dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure to provide (I'R,.2'58,3'5,6'R,7'8)-4"-(tert-
butoxycarbonyl-4'-azaspiroicyclopropane-1,10'-tricycle{5.2.1.0M 2,6} Jdecan}-8'-ene-3'-
carboxylic acid (917 mg, 89%) as a light yellow oil. LC-MS (ESL m/z): 250 {M+H-56]".

18316} To a stirred mixoure of  (28)-Z-amino-3-[(385)-2-oxopyrrolidin-3-
vijpropanamide (300 mg, 2.92 mmol, 1.0 eq.) and o-(7-azabenzotriazol-1-yD-N NN N
tetramethyluronium hexaflucrophosphate (1.33 ¢, 3.51 mmol, 1.2 eq.) in DMF (10 mL) was
added N-ethyl-N-isopropylpropan-2-amine (3.02 g, 23.4 romol, 8.0 eq.) at 0 °C. After stirred
for 20 min at § °C, (Z5)-2-amino-3-[(35)-2-0xopyrrolidin-3-vl{propanamide (500 mg, 2.92
romol, 1.0 eq.) was added. The muxture was stirred for 1 h at vt. The reaction was quenched
with water (30 ml.). The mixture was extracted with BtOAc¢ (3 x 30 o). The organic layers
were combined, washed with brine (2 x 30 ml), dned over ashydrous sodiom sulfate,
filtered and concentrated under reduced pressure to afford the comde product. The crude
product was chromatographed on a silica gel column with MeOH:DCM (1:11) to provide
tert-butyl (I'R,28,38,6'R,7'8)-3-{{(15)-1 -carbamoyl-2-[{38)-2-oxopyrrolidin-3-
ylethyllcarbamoyl }-4'-azaspivofcyelopropane- 10 -tricyelo[5.2.1.00 2,6 } Jdecan}-B-ene-4'-
carboxylate (758 mg, 55%) as a vellow solid. LC-MS (ESI, w/7): 359 [M-H-Boc]™.

163171 To a stirred mixture of tert-butyl (FR,2'8,3'8,6'R,78-3-{[{18)-1-
carbamoyl-2-{(35)-2-oxopyrrolidin-3-yliethyljcarbamoyl } -4 "-azaspiro{cyclopropane- 1,10~
tricyciof5.2.1.0°{2,6} [decani-8'-ene-4'-carboxylate (750 mg, 1.63 mmol, 1.0 eq.) in DCM
{10 mb) was added rifluoroacetic acid (3 mL). The mixture was stirred for 1 h at 1t and then
concentrated  under reduced pressure to  afford Q5 Z-[H{IR2'8,38.6R,7S)4'-
azaspirofcyclopropane-1, 10 -tricyclo}5.2.1.0M 2,6} jdecan}-8'-en-3-ylformamido]-3-[(35)-2-
oxopyrrolidin-3-ylipropanamide (586 mg, crude) as a brown oil. LC-MS (ES], m/z): 359
IM+H]T

16318} To a stirred mixire of (28)-3.3-dimethyl-2-(2,2,2-
triffuoroacetamidojbutanoic acid (371 myg, 1.63 muool, 1.0 eq.} and o-(7-azabenzotriazol-1-
yU-NNGN N -tetramethyloroniumn hexafluorophosphate (746 mg, 1.96 mmol, 1.2 eg.) in
DMF (10 mL) was added N-ethyl-N-isopropylpropan-2-aroine (1.69 g, 13.1 muool, 8.0 eq.) at
g °C. After  stirred for 20 wmin o at §  °C, CS)»2-[(TRIJ,3I86RT7TE-4-

azaspirofcyclopropane-1, [0 -tricyclof 5.2.1.0M 2,6} Jdecan}-§'-en-3-ylformamido]-3-[(38)-2-
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oxopyrrolidin-3-yljpropanamide (386 mg, 1.63 mmol, 1.0 eg.) was added. The mixture was
stirred for 1 h at rt. The reaction was quenched with water (15 mL}. The mixture was
extracted with EtOAc (3 x 15 mL). The organic layers were combined, washed with brine (2
x 15 mbL), dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure to afford then crude product. The crude product was chromatographed on a silica
gel column with MeOH:DCM (1:13) to provide (25)-2-[(I'R.2'S,3'S,6'R,75)-4"-[(25)-3,3-
dimethyi-2-(2,2,2-trifluoroacetamidobutanoylf-4'-azaspiro{cyclopropane-1,10'-
tricyclof3.2.1.0M 2,6} ldecani-§'-en-3-ylH{ormarmido]-3-[(35)-2-oxopyrrolidin-3-
yllpropanamide (667 mg, 70%) as a vellow solid. LC-MS (ES], m/z): 568 [M+H]"

(6319} To a stirred mixture of (28)-2-[{1U'R,2'S,3'8,6'R,7'S)-4"-{{25)-3,3-dirnethyl-
2-(2,2,2-trifhuorcacetamidobutanoyl]-4-azaspiro{cyclopropane-1, 1~
tricyclof3.2.1.0M 2,6} ldecani-§'-en-3-ylH{ormarmido]-3-[(35)-2-oxopyrrolidin-3-
yllpropanamide (150 mg, 0.264 ounol, 1.0 eq.) in DOM {4 ml) were added pyridine (73.2
rog, 0.924 muool, 3.5 eq.) and uifluoroacetic anhydnide (99.9 g, 0.475 mmol, 1.8 eq.). The
mixture was stirred for 2 h at rt.  The reaction was guenched with water (20 wmL). The
mixture was extracted with EtOAc (3 x 20 mL). The organic layers were combined, washed
with brine (2 x 20 mlL), dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure to afford then crude product. The crade product was purified by prep-
HPLC (Colunm: XBridge Shield RP18 OBD Column, 30%150 mm, Sum; Mobile Phase A:
Water {3.1%FA), Mobile Phase B: ACN: Flow rate: 60 mb/nun; Gradient: 249% B to 46% B
in 10 min, 46% B to 46% B in 11 min, 46% B; Wave Length: 254 nm; RT1 (min): 10.45) to
provide (1I'R,2'§,3'S,6'R,7'8)-N-[(15)-1-cyvano-2-{(38)-2-oxopyrrolidin-3-vijethyl|-4-[{25 -
3,3-dimethyl-2-(2,2, 2-trifluoroacetamido}butanoyl|-4'-azaspiro{cyclopropane- 1,1~
tricyclo{5.2.1.0{2,6} Idecan]-8-ene-3'-carboxamide (43.4 mg, 29%) as a white solid. 'H
NMR (400 MHz, 80°C, DMSO-ds) § 8.75-9.00 (m, 1H), 8.60-8.74 (m, 1H), 7.32-7.59 (m,
tH), 6.00-6.30 (m, 2H), 4.80-5.00 (m, 1H), 4.45-4.70 (m, 1H), 4.00-4.29 (m, 1H), 3.60-3.98
{m, 1H}, 3.36-3.53 {m, 1H), 3.10-3.30 (m, 2H), 2.75-3.02 (m, 2H), 2.40-2.48 (m, 1H), 2.25-
2.39 (m, 2H), 2.00-2.24 (m, 2H), 1.60-1.90 (u, 2H), 0.83-1.05 (m, 9H), 0.30-0.45 (m, 4H).
LOC-MS (ESL, w/z): 350 [M+H}"
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EXAMPLE 26
Compound 26
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18326} To a mixtare of (15,3R)-3-((tert-butoxycarbonyhamino)cyclopentane-1-

carboxylic acid (35.0 g, 109 wmmol, 1.0 eq.) and potassium carbonate (31.7 g,

334G

et o

mmol, 1

3

eq.) 1o DMF (250 ml) was added benzyl bromide (31.3 g, 183 mmol, 1.2 eq.) at rt. The

roixture was stirred 2 h at vt. The mixture was filtered through a celite pad and washed with

ethyl acetate (3 x 100 mL). The filtrate was quenched with water (200 mlL). The mixture

was extracted with ethyl acetate (3 x 500 ml.). The organic layers were combined, washed

with brine (2 x 300 mbl), dried over anhydrous sodinm sulfate, filtered and concentrated

under reduced pressure to afford the crude product. The crude produoct was chromatographed
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on a silica gel column with EAPE (25%-30%) to provide benzyl (18.3R)-3-{{tert-
butoxycarbonylaminojcyclopentane- 1 -carboxylate (40.0 g, 85%) as a white solid. LC-MS
(ESL, m/7y: 320 IM+HT.

18321} To a mixture of benzyi {15,3R})-3-{{tert-
butoxycarbonyhamino)cyclopentane-1-carboxylate (40.0 g, 125 mmol, 1.0 eq.) in 1.4~
dioxane (200 ml} was added hydrogen chioride (400 ml, 4 M in 1,4-dioxane) at rt. The
mixture was stitred 2 h at rt and then concentrated under reduced pressure to provide benzyl
{(15,3R)-3-aminocyclopentane- | -carboxylate hydrochloride (25.1 g, crude) as a white solid.
'H NMR (300 MHz, DMSO-ds) 8 8.26 (br, 3H), 7.31-7.42 (m, 5H), 5.12 (s, 2H), 3.42-3.53
o, THD, 2.80-2.958 Gm, 1HY, 2.23-2.33 (my, 1H), 1.60-1.99 (m, SH). LC-MS (ESY w2 220
IM+H]

16322} To a wmixture of beonzyl (15,3R)-3-aminocyclopentane-|-carboxylate
hydrochloride (251 g, 978 wnunol, 1.0 eg) in DCM (400 mb) was added
diphenylmethanimine (195 g, 108 ramol, 1.1 eq.). The mixture was stitred for overnight at
rt. The mixture was filtered throogh a celite pad and washed with DCM (3 x 100 mL). The
mixtare was concentrated under reduced pressure to afford then crude product. The crude
product was chromatographed on a silica gel column with EAPE (11%-13%) o provide
benzyl {15,3R)-3-({diphenyimethylene)amino)cyclopentane-1-carboxyiate (33.0 g, crude) as
a vellow oil. LOC-MS (ESI, m/7): 384 [M+HJ™.

16323] To a mixture of benzyl {(18,3R)-3-
{{diphenylmethylenejamino)cyclopentane-1-carboxylate (33.0 g, 6.2 mumol, 1.0 eq.} in THF
(400 mL) was added dropwise lithium diisopropylamide (56.1 mi, 112 mmeol, 1.3 eg,2 M in
THF) at -78 °C under nitrogen. After stirred for 1 h at -78 °C, methyl 2-bromoacetate (264 g,
172 mumol, 2.5 eq.) was added. The mixture was stirred for | h at -78 °C. The mixture was
warmed to 0 °C and stirred for 2 h at § °C under nitrogen. The reaction was quenched with
water (200 mL). The mixture was extracted with ethyl acetate (3 x 300 mb). The organic
layers were combined, washed with brine (2 x 200 mb), dried over anhydrous sodium
sulfate, fBltered and concentrated under redaced pressure to afford the crade product. The
crude product was chromatographed on a sibica gel column with BAPE (12%-15%) to
provide henzyl (15,3R)-3-({(diphenylmethylene)amino)- 1 -(Z-roethoxy-2-

oxoethylicyclopentane-1-carboxylate (10.7 g, crude) as a yellow oil. LC-MS (ESI, m/7): 456
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IM+HTT

18324} To a mixture of benzyl (18,3R)-3-((diphenyimethvienejamino}-1-(2-
methoxy-2-oxoethylcyclopentane-1-carboxylate (18.7 g, 23.5 mumol, 1.0 eq.) in MeOGH (150
mb} was added 10% palladium on activated carbon (3.5 g}, The mixture was stirred
overnight at rt under hydrogen and then filtered. The filter cake was washed with MeOH (3
x 130 mb). The filtrate was concentrated under reduced pressure to afford (15,3R)-3-amino-
{-(2-methoxy-2-oxoethyljcyclopentane-1-carboxylic acid (4.5 g, crude) as a yellow solid.
LC-MS (ESL 223202 [M+-H]

{0325} To a mixtare of (18,3R)-3-amino-1-(2-methoxy-2-oxoethyljcyclopentane-
t-carboxylic acid (4.5 g, 22.4 mumol, 1.0 eq.) 1n DCM (50 ml) was added thionyl chloride
(4.26 g, 35.8 mumol, 1.6 eq.). The omixture was stirred 3 h at 40 °C. The reaction was
guenched with water (20 mi). The mixture was extracted with DCM (3 x 100 mL). The
organic layers were combined, washed with brine (2 x 50 mul)), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure to afford the crude product. The
crude product was chromatographed on a stlica gel column with EA PE (70%-83%) o
provide methyl 2-((1R,45)-3-0x0-2-azabicyclof2.2.1 theptan-4-yhacetate (400 mg, 9%) as a
veliow oil. 'H NMR (400 MHz, CDCL) 8 5.99 (br, 1H), 3.89-3.90 (m, 1H), 3.71 (s, 3H),
2.86-2.91 {m, 1H), 2.68-2.72 (m, 1H), 2.05-2.08 (m, 1H), 1.92-1.99 (m, 1H), 1.82-1.88 (m,
tH), 1.65-1.73 (m, 1H), 1.60-1.63 (m, iH), 1.51-1.589 (m, 1H). LC-MS (ES], m/7Z) 184
IM+HTT

183261 To a mixture of methyl 2-{({1R 45)-3-ox0-2-azabicycloi2.2.1jheptan-4-
ylyacetate (400 mg, 2.18 mmol, 1.0 eq.) in THF (5 mL} was added lithium borohydride (4.4
mkb., 873 mmol, 4.0 eq., 2 M in THF) at § °C. The mixture was stirred for 4 h at rt. The
reaction was guenched with water (10 mL). The mixture was extracted with ethyl acetate (6
x 50 mbL). The organic layers were combined, washed with brine (2 x 20 ml), dried over
anhydrous sodivm sulfate, filtered and concentrated under reduced pressure to afford the
crude product. The crude product was chromatographed on a silica gel column with
MeOH :DCM (2%-4%) to provide (1R,45)-4-(2-hydroxyethy!)-2-azabicyclof2.2. 1 theptan-3-
one (240 myg, 70%) as a light yellow oil. 'H NMR (400 MHz, CDCls) 8§ 6.13 (br, 1H), 3.92
(s, 1H), 3.75-3.86 (zo, 2H), 3.11 (br, 1H), 2.06-2.14 (m, 1H), 1.92-2.03 (m, 3H), 1.65-1.77
{(ro, 3H), 1.41-1.44 (o, 1H). LC-MS (ESL, mv/2): 156 [IM+H]
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1983271 To a mixture of (1R 45)-4-(2-hydroxyethyl}-2-azabicyclof2.2.1 jheptan-3-
one (120 mg, 0.773 mmol, 1.0 eq.) in DMSO (2 mbL} was added 2-iodoxybenzoic acid (650
mg, 2.31 mmol, 3.0 eq.). The mixture was stirred for overnight at rt. The reaction was
quenched with saturated aqueous sodium bicarbonate (10 mL). The mixture was extracted
with ethyl acetate (5 x 30 mL). The organic layers were combined, washed with brine (2 x
20 mi), saturated agueous sodium bicarbonate (2 x 20 mb), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure to afford 2-((1R,45)-3-ox0-2-
azabicyclof2. 2. Jheptan-4-yhacetaldehyde (80.0 mg, crude) as a yellow o, LC-MS (ESL,
m/z): 154 [M+HJ".

{83281 To a  solution of 2 ((1R48)-3-oxo-2-azabicyclof2.2.1 Jheptan-4-
ylhacetaldehyde (80.0 mg, 0.522 mmol, 1.0 eq.) in CH3OH (2 ml) was added amyooniom
chloride (83.8 mg, 1.57 mmol, 3.0 eq.). After surred 2 h at tt, 2yapkali (44.1 mg, 0.679
mmol, 1.3 eq.) was added. The mixwure was stivred for 2 d at rt. The mixture was filtered
through a celite pad and washed with CH30H (3 x 20 ml) and DCM (3 x 20 ml). The
filtrate was concentrated under reduced pressure to afford Z-amino-3-{{1R 4R)-3-0x0-2-
azabicyclof2.2.1 Jheptan-4-ylipropanenitrile (80.0 g, crude) as a yellow oil. LC-MS (ES],
m/zy 180 [M+HT.

(83291 To a mixture of Z-amino-3-{({1R,4R)-3-0x0-2-azabicyclof2.2.1 theptan-4-
yiypropanenitrile (80.0 mg, .446 mmol, 1.0 eq.), (1R,25,35,6R,75)-4-1{25)-3,3-dimethyl-2-
(2,2, 2-rifluoroacetamido)butanoyij-4-azatricyclo[ 5.2.1.0{2,6} idec-8-ene-3-carboxylic acid
(191 mg, 0491 mmol, .1 eg) and NNNN-tetramethylchloroformamidinium
hexafluorophosphate (150 mg, 0.535 mmol, 1.2 eq.) in acetonitrile (3 ml)} was added 1-
methyl-1H-imidazole {367 mg, 4.46 mmol, 10.8 eq.) at (¢ °C. The mixture was stirred for 1 h
at rt. The reaction was quenched with water (10 mb). The mixture was extracted with ethyl
acetate (3 x 30 mL). The organic layers were combined, washed with brine (2 x 10 mbL),
dried over ashydrous sodium sulfate, filtered and concentrated under reduced pressure o
afford the crude product. The crude product was chromatographed on a silica gel column
with HEAPE (78%-85%) to provide the crade product. The crade product was purified by
prep-HPLC (Columun: XBridge Shield RPIS OBD Column, 19%230 oy, 10um; Mobile
Phase A: Water (10 mmol/L NHAHCO:), Mobile Phase B: ACN,; Flow rate: 25 wl/min;

Gradient: 35% B to 353% B in 10 rin, 55% B; Wave Length: 220 om; RTH (min): 8.48;) to
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provide (15,3aR 45,7R 7a8)-N-(1-cyano-2-((1 R 48)-3-0x0-2-azabicyclof 2.2 1 theptan-4-
vhethy}-2-{{5}-3,3-dimethyl-2-(2,2 2-triffluorcacetamidojbutanoyi-2,3,3a,4,7, 7a-hexahydro-
{H-4,7-methanoisoindole-1-carboxamide (17.4 mg, 7%) as a white solid. 'H NMR (400
MHz, 80 °C, DMSO-ds) 0 8.53-8.94 (m, 2H), 7.47 (s, 1H), 5.93-6.16 {m, 2H}, 4.71-4.88 (m,
1H), 4.46 (s, 1H), 3.99-4.15 (m, 1H), 3.66-3.77 (m, 1H), 3.56-3.67 (m, 1H), 3.40-3.44 (m,
1H), 2.97-3.02 (m, 1H), 2.78-2.95 (m, 2H), 2.63-2.75 (m, 1H), 2.05-2.29 (m, 2H), 1.60-1.85
(m, 3H), 1.21-1.51 {(m, SH), 0.85-0.96 (m, 9H). LC-MS (EST, m/z): 550 [M+H]".

EXAMPLE 27
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16338} To a mixture of (5)-2,4,6-trimethylbenzenesulfinamide (400 mg, 2.18
mmol, 1.0 eq.) and magnesium suifate (1.31 g, 10.9 mmol, 5.0 eq.) in DCM (12 mbL) was
added pyrrolidine (16.0 mg, 0.218 mmol, 0.1 eq.) and ethy! glyoxylate (1.34 g, 6.35 mmol,
3.0 eq., 50% in toluene). The mixture was stirred overnight at 1t and then filtered. The
filtrate  was  concentrated under reduced pressure to  afford ethyl 2-{{{5)-2,4,6-
trimethythenzenesulfinylfimino facetate (384 mg, crude) as a light yellow oil. LO-MS (ES],
m/zy 268 [M+H].

(83311 To a mixture of bicyclofl.1.1jpentane-1-carboxylic acid (300 myg, 2.68
mmol, 1.0 eq.), 4,5,6,7-tetrachloro-2-hydroxyisoindole-1,3-dione (835 mg, 2.68 mmol, 1.0
eq.) and N N-dimethylpyridin-4-amine (33.0 mg, 0.268 mmol, 0.1 eq.) in DCM (20 mbL) was
added N,N'-diisopropylcarbodiimide (371 mg, 2.94 muuol, 1.1 eg.). The mixture was stirred
for 1 h at rt. The muxtare was chromatographed oun a silica gel column with EtOAcPE
(15:85) to provide 4.5,6,7-tetrachioro-1,3-dioxoisoindol-2-yl  bicycio{l.1.1]pentane-1-
carboxylate (340 mg, 47%) as a hight vellow sohid. H NMR (300 MHz, DMSO-ds) 8 2.60
(s, 1H), 2.30 {m, 6H).

163321 To a mixture of 4,5,6,7-tetrachloro-1,3-dioxoiscindol-2-yi
bicyclofi.1.1jpentane-1-carboxylate (540 mg, 1.38 mmol, 1.0 eq.), ethyl 2-{{{5)-2.4,6-

trimethylbenzenesulfinyl}imino acetate (585 mg, 2.19 munol, 1.6 eq.) and Nickel(ll} acetate
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tetrahydrate (85.0 mg, (.342 mmol, 8.25 eq.) in 1-methyi-2-pyrrolidinone (10 mL) was added
zing (268 mg, 4.10 mmol, 3.0 eq.}. The mixture was stirred overnight at rt under nitrogen.
The reaction was guenched with water (30 mL). The mixture was extracted with EtOGAc (3 x
30 mL). The organic layers were combined, washed with brine (2 x 30 ml), dried over
anhydrous sodivm sulfate, filtered and concentrated under reduced pressure to afford the
crude product. The crude product was purified by TLC (Mobile phase: BtOAc:PE =15, Rf =
(.5; detection: UVY) to provide ethyl (25)-2-{bicycloll.}.1]pentan-1-y1}-2-{{(5)-2,4,6-
trimethythenzenesalfinyijamino facetate (200 mg, 35%) as a light yellow oil. LO-MS (ES],
m/z): 336 [M+HJ".

{83331 To a mixture of ethyl (28)-2-{bicyclofl. 1.1 pentan-1-y1}-2-{{(5)-2.4,6-
trinethylbenzenesulfinyljamino facetate (200 mg, 0.596 mumol, | eq.) 1o MeOH (2 ml) was
added hydrogen chloride (0.60 md., 2.38 nuunol, 4.0 eq., 4 M in EtOH). The mixture was
stirred for 1 h at & and then concentrated under reduced pressure to afford ethyl (235)-2-
amino-2-{bicyclof L. 1.1 ]pentan-1-yliacetate hydrochloride (120 mg, crude) as a yellow oil.
LOC-MS (ESL m/z): 170 IM+H]™

(83341 To a mixture of ethyl (2S)-2-amino-2-{bicyclo[1.1.1]pentan-1-vl }acetate
hydrochloride (120 mg, (.583 mmol, 1.0 eq.) in BCM (3 ml) was added triethylamine (295
mg, 2.91 mmol, 5.0 eq.) and di-tert-butyl dicarbonate (133 mg, 0.700 mmol, 1.2 eg.). The
mixture was stirred for 2 h at 1t and then concentrated under reduced pressure to remove the
DCM.  The residue was purified by CIS column with CHaCN:Water (0.05% TFA). The
desired {raction was concentrated under reduced pressure to provide ethyl (258)-2-
{bicyclofi.1.1]}pentan-1-yi}-2-[(tert-butoxycarbonylaminojacetate (120 mg, crude) as a
yellow oil. LC-MS (ESL m/z): 214 [M-56+H]

18335} To a wuxture ofethyl  (25)-2-Ihicyclof 1.1, pentan-1-y1}-2-[{tert-
butoxycarbonylaminojacetate (120 mg, 0.446 mmol, 1.0 eq.) in THF (1.5 mL):water (1.5
mb.) was added lithium hydroxide (54.0 mg, 2.23 munol, 5.0 eq.). The mixture was stirred
for 2 h at rt and then concentrated under reduced pressure to remove the THF. The pH was
adjusted to 6 with hydrochloric acid (1 M), The muxture was extracted with BtOAc (3 x 3
ol.).  The orgamic layers were combined, washed with brine (2 x 2 ml), dried over
anhydrous sodiom sulfate, fillered and concentrated under reduced pressure to afford (8)-

bicyclof .1, Upentan-1-vl{{tert-butoxycarbonyDarainojacetic  acid (100 wmyg, crude)as a
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yellow oil. LC-MS (ESL #v/z): 186 [M-56+H]T.

18336} A nuxture of {8)-bicyclof1.1.1 jpentan-1-yi|{tert-
butoxycarbonyiamincjacetic acid (100 mg, 0.414 mmol, 1.0 eq.) in hydrogen chloride (2
mbl, 2 M in E0O) was stirred for 1 b at rt. The mixture was concentrated under reduced
pressure to afford (S)-amino(bicyclo{l.l.1]pentan-1-yhacetic acid hydrochloride (73 mg,
crude) as an off-white solid. LC-MS (ESL, m/7): 142 [M+H]"

18337} To a mixture of (S)-amino(bicyclo{l. . pentan-1-vljacetic  acid
hydrochlonide (73 mg, 0.411 munol, 1.0 eq.) in MeOH (2 mL) was added tiethvlamine (166
mg, 1.64 mmol, 4.0 eq.) and ethyl 2,2,2-trifluoroacetate (117 mg, 0.822 mmol, 2.0 eq.). The
roixture was stitred overnight at rt, and then councentrated under reduced pressure to remove
the MeOH. The mixture was diluted with water (5 L) and the pH was adjusted to 6 with
hydrochloric acid {1 M), The mixture was extracted with EtOAc (3 x § mL). The organic
layers were combined, washed with brine (2 x 5 mbL), dried over anhvdrous sodiurn sulfate,
filtered and concentrated under reduced pressure o afford the crude product. The crude
product was purified by C1E colurmn with CHzCN:Water (0.05% FA). The desired fraction
was concentrated under reduced pressure to provide (S)-bicyclof!l.l.lipentan-1-yi(2,2,2-
trifluoroacetamido)acetic acid (40 mg, 37%)as a yellow oil 'H NMR {400 MHz,
Chloroform-d) § 6.65-6.87 (m, 1H), 4.70-4.77 (m, 1H), 2.61 (s, 1H), 1.79-1.94 {m, 6H). LC-
MBS (ESL, m/z): 236 [M-HT.

18338} To a mixture of (253-2-[(1R,25,35,6R,75)-4-
azatricycio}5.2.1.0% 2,6 1 jdec-8-en-3-yiformamido |-3-[{35 }-2-oxopyrrohidin-3-
ylipropanamide hydrochloride (62.0 mg, 0.168 mmol, 1.0 eq.}, (S)-bicyclofi.1.1]pentan-1-
vi(2,2,2-trifluorcacetamidojacetic acid (40.0 mg, 0.168 mmol, 1.0 eq.) and NN N N'-
Tetramethylchloroformamidinium  hexafluorophosphate (61.0 mg, 0.218 mmol, 1.3 eq.)
in MeCN (2 mL) was added N-methylimidazole (138 mg, 1.68 mmol, 10.0 eq.). The mixture
was stirred for 1 h at rt and then purified by C18 columnn with CHaCN:Water (0.05% FA).
The desired fraction was concentrated under reduced pressure to provide (25)-2-
{HOIRZS,35,6R,75)-4-[(25)-2- {bicyclof 1. L.l jpentan- 1-y1}-2-(2,2,2-
trifluoroacetamidojacetyll-d-azatricyclof5.2.1. 0/ 2,6} ldec-B-en-3-yliformamido }-3-{(35)-2-
oxopyrrolidin-3-ylipropanamide (60.0 rog, 54%) as a yellow solid. LC-MS (ES], m/7); 552
IM+H]
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18339} To a mixeure of (283-2-T{{1R,28,35,6R,78)-4-[(25)-2~-
{bicyclofi.1.1jpentan-1-yi}-2-(2,2 2-triflucroacetamidoacetyl j-4-
azatricycio]5.2.1.0M 2,6} Jdec-8-en-3-yi [formamido }-3-[(38)-2-oxopyrrolidin-3-
yljpropanamide (60.0 mg, 8.109 mmol, 1.0 eq.} in DCM (1 mL)} were added pyridine (35.0
mg, 0.436 mmol, 4.0 eq.) and trifluorcacetic anhydride (41.0 mg, 0.196 mmol, 1.8 eq.). The
mixture was stirred for 1 h at rt. The reaction was quenched with water {5 mbL). The mixture
was extracted with DCM (3 x 5 mL}). The organic layers were combined, washed with brine
{Z x 5 wl), dred over anhydrous sodiurn sulfate, filtered and concentrated under redaced
pressure to afford the crude product. The crude product was purified by prep-HPLC
{Column: XBridge Shield RP18 OBD Column, 19 x 230 yom, 10 poy, Mobile Phase A Water
{0.1%FA), Mobile Phase B: ACN; Flow rate: 25 ml/min;, Gradient: 38% B o 68% B in 7
roin, 68% B; Wave Length: 220 vm; RT: 5.28 min) to provide (1R, 25,35,6R,78)-4-[(25)-2-
{hicyclofi. 1. 1]pentan-1-y1}-2-(2,2 2-nflucroacetanmidoyacetyl}-N-[(18)-1 -cyano-2-{{(35)-2-
oxopyrrohidin-3-yljethyl}-4-azatricyclo[5.2.1.0M 2,6 } Jdec-8-ene-3-carhoxamide (6.2 mg,

10%) as a white solid. LC-MS (EST, m/z): 534 [M+H]™

EXAMPLE 28
Compound 28
o O
7N PPhaCH:Br 7N CAN, CH;CN N Boc
= == s
N NaHMDS, toluene o Boc , TEA W 7<\(
\ ‘\<\‘(
s s
Boc HLN O
LIOH, THF, Hy0 \ N L NP _ES o ™
80 °C. 2h L7<\/( i, 1h \ﬁ< bu EtN, MeOH
GOH / rt, Zh
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YNH

J NH, FQ(/L O

F;;C \?(‘ N = :‘Q %»—NH
HN o W \{{ C-}
N A N “\\Q\N N

HATU, DIEA, DMF

H N
0°C, 1h k;_:j

TFAA, pyridine, DCM
rt, 2h

193461 To a selution of methyl (8)-2-({(4-methoxyphenylamino)-3,3-dimethyl-4-
oxobutanoate (5.17 g, 186 mmol, 1.1 eq) in toluene was added sodium
bis(trimethyisiiyliamide (3.42 g, 18.6 mmol, 1.1 eq.) at °C. The mixture was stirred for 30
min at rt. After cooling to 0°C, a sclution of methyl (25)-2-{{4-methoxyphenyviaminc]-3,3-
dimethyi-4-oxobutanoate (4.50 g, 16.9 mumol, 1.0 eq.) in toluene (50 mbL)} was added. The
mixture was stirred for 30 min at 0°C and then poured into ice-cold water (50 mL). The
mixture was extracted with ethyl acetate (3 x 80 mL). The organic phases were combined,
washed with brine (30 mL)}, dried over anhydrous sodium sulfate, filtered and concentrated
under reduced pressure 1o afford the crude product. The cruade product was chromatographed
on a silica gel column with EA:PE (6:94) to provide the crude product. The crude product
was purified by CI§ column with CHaCN:Water (0.05% FA). The desired fraction was
concentrated vonder reduced pressare to provide rmethyl (5)-2-({4-methoxyphenylhamino)-3,3-
dirnethyipent-4-enoate (600 mg, crude) as a brown oil. 'H NMR (400 MHz, DMSO-da) &
6.26 -7.33 (m, 4H), 5.64-6.16 {(m, 1H), 4.76-5.27 {m, 2H), 3.72-3.87 (m, 1H), 3.37 -3.71 {m,
6H), 0.47-1.43 (m, 6H). LC-MS (ES], m/2): 264 [M+H["

16341} To a stirred mixture of methyl (8)-2-({(d-methoxyphenyhamino)-3,3-

dimethyipent-4-enoate (0.460 g, 1.75 mmol, 1.0 eq.) in CHaCN (2.4 wl) and HO (0.8 b))
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were added ceric ammonivm npitrate {(4.80 g, 8.73 mmol, 5.0 eq.) at rt. The mixture was
stirred for 2 h at rt and THF (2.5 mL), trimethyiamine (basified to pH=&), di-tert-butyl
dicarbonate (2.28 g, 10.4 mumol, 6.0 eq.) were added. The mixture was stirred for 2 h at rt.
The reaction was quenched with water (30 mbL). The mixture was extracted with ethyl
acetate (3 x 50 mbL). The organic lavers were combined, washed with brine (2 x 50 mL),
dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure to
afford the crude product. The crude product was chromatographed on a silica gel column
with EAPE (10:20) to provide methyl (3)-2-((tert-butoxycarbonyhamino)-3,3-dimethylpent-
4-enoate (195 mg, 43%) as a vellow oil. 'H NMR (400 MHz, DMSO-dq) § 6.75-7.25 (m,
tH), 5.52-6.16 (m, 1H}, 4.68-5.20 (m, 2H), 3.80-4.10 (m, 1H), 3.43-3.70 (m, 3H), 1.13-1.73
{m, 9H), 0.64-1.10 (m, 6H). LC-MS (BESY, m/2): 202 [M-56+H]".

(63421 To a stirred mixture of mwethyl (8)-2-({tert-butoxycarbonyDamino)-3,3-
dimethylpent-4-enoate (1935 mg, 0.738 mmol, 1.0 eq.) in THF (3 mbL) and H2O (1 mL) was
added hthium hydroxide (90.7 mg, 3.79 ool 5.0 eq.) at rt. The mixture was stitred for 2 h
at 60 °C and then acidified to pH=3 with hydrochloric acid (1M). The mixture was extracted
with ethyl acetate (3 x 20 ml.). The organic layers were combined, washed with brine (2 x
2( ml), dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure to afford (28)-2-{(tert-batoxyearbonyamine]-3,3-dimethylpent-d-enoic acid (160
mg, 86%, crude) as a light orange solid. LC-MS (ESL, m/z) 188 IM-56+H[".

19343} To a stirred wmixture of (25)-2-[{tert-butoxyecarbonyljamino]-3,3-
dimethyipent-4-enoic acid (160 mg, 0.658 mmol, 1.0 eq) in DCM (3 ml} was added
trifluoroacetic acid (I mL) at rt. The mixture was stirred for 1 h at rt and then concentrated
under reduced pressure to (25)-2-amino-3,3-dimethylpent-4-encic acid (200.0 mg, crude) as
a brown yellow oil. LC-MS (ESE, n/z): 144 [M+H]

(68344} To a stirred mixture of (28)-2-amino-3,3-dimethylpent-4-enoic acid (200
mg, 1.39 mmol, 1.0 eq.) and triethylamine (565 mg, 5.58 mmol, 4.0 eq.} in MeCOH (3 mbL}
was added ethyl 2.2, 2-trifluorcacetate (396 mg, 2.7% numnol, 2.0 eq.). The mixture was stirred
for 2 h at rt and then acidified to pH=4 with hydrochloric acid (1M). The muxture was
extracted with ethyl acetate (3 x 10 ml). The combined organic layers were concentrated
under reduced pressure to afford (25)-3,3-dimethyi-2-(2,2 2-trifluoroacetamido)pent-4-enoic

acid (100 mg, 29%) as a light yellow oil. 'H NMR (400 MHz, DMSO-de) § 9.19-9.65 (m,
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IH), 53.76-6.11 {m, 1H), 4.69-5.29 (m, 2H), 4.13-4.51 {m, iH), 1.08-1.26 (m, 6H). LC-MS
(ESL m/z): 240 IM+HT

18345} To a mixture of(25)-3,3-dimethyl-2-(2,2,2-trifluorcacetamido)pent-4-
enoic acid (107 mg, 8.451 mumol, 1.0 eq.) in N N-dimethyiformamide (2mb) was added o-(7-
azabenzotriazol- [-yh-N,N,N' N'-tetramethyluroniom  hexafluorophosphate (205 mg, 0.541
mmol, 1.2 eq.) and N-ethyl-N-isopropylpropan-2Z-amine (349 mg, 2.70 mmol, 6.0 eq.) at 0
°C. The mixture was stirred for 20 min at 0 °C, and then{25)-2-[(1R,25,35,6R,75)-4-
azatricycio]3.2.1.00M 2,6} [dec-B-en-3-yitormamido |-3-1{(35)-2-oxopyrrobidin-3-
yllpropanamide (150 mg, 0.451 mmol, 1.0 eq.) was added at O °C. The mixiure was stirred
for 2 h at rt. The reaction was quenched with water (20 wl). The mixture was extracted
with BtOAc (3 x 30 mb). The organic layers were corabined, washed with brine (2 x 30
rol), dried over ashydrous sodium sulfate, filtered and concentrated vonder reduced pressure
to afford the crude product. The mixture was purified by CI8 coluomn with CH3CN:Water
{0.053% FA). The desired fraction was concentrated under reduced pressure to provide (25)-
2-{HIR,28,35,6R,783-4-1(25)-3, 3-dimethyl-2-(2,2,2-mflsoroacetamidojpent-d-enoyi}-4-
azatricycio]5.2.1.0M 2,6} Jdec-8-en-3-vi formamido | -3-[(38)-2-oxopyrrolidin-3-
vijpropanamide (100 mg, 40%) as a light yellow solid. LC-MS (ESE, m/z): 554 [M+H]"

16348} To a mixtare of (28)-2-{{(1R,25,38,6R,7S}-4-[(25)-3,3-dimethyl-2-(2,2,2-
triffucroacetamido)pent-d-enoyl}-d-azatricyclo{5.2.1.0M 2,6} idec-8-en-3-yl fformamido } -3-
{(35)-2-oxopyrrolidin-3-yljpropanamide (100 mg, 0.181 mmol, 1.8 eq.} in DCM (2 mbL} was
added pyridine (57.1 mg, 8.724 mmol, 4.0 eq.) and trifluorcacetic anhydride {(08.2 mg, 0.326
mimol, 1.8 eq.). The mixture was stirred for 2 h at rt. The reaction was guenched with water
(5 mbL). The mixture was extracted with EtOAc {3 x 10 mbL). The organic lavers were
combined, washed with brine (2 x 10 ml), dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to afford the crude product. The crude product was
purified by prep-HPLC (Column: XBridge Shield RP18 OBD Column, 19%250 mm, [Oum;
Mobile Phase A: Water (0.1% FA), Mobile Phase B: ACN; Flow rate: 25 mbL/min; Gradient:
30% B to 47% B in 10 min, 47% B; Wave Length: 254 nmmy RT1 (min): 5.97) to provide
{IR,28,35,6R,78)-N-[{(15)-1-cyano-2-{(35)-2-oxopyrrolidin-3-yljethyl]-4-[{25)-3,3-
dimethyl-2-(2,2 2-trifluoroacetamidoipent-4-enoyl -d-azatricyclof5.2.1.07{ 2,6 } ldec-8B-ene-3-

carboxamide (9.3 mg, 10%) as an white solid. 'H NMR (400 MHz, 80°C, DMSO-da) § 8.40-
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9.00 (m, 2H), 7.30-7.62 (m, 1H), 5.75-6.30 (m, 3H), 4.80-5.10 (m, 3H), 4.45-4.75 (m, 1H),
3.85-4.40 (m, 1H), 3.60-3.80 (m, 1HD), 3.30-3.58 (m, 1H), 3.10-3.28 (m, 3H), 2.55-3.00 (m,

3H), 2.00-2.45 (m, 3H), 1.60-1.95 (m, 2H), 1.15-1.50 (m, 2H), 0.80-1.10 (m, 6H). LC-MS
(ESE m/2): 536 IM+HT.

EXAMPLE 29
Compound 29

HoN
O\/D \i/j
J\ﬂ/ (HO)B" HCI, dioxane
/\\ . L
\i [RhCHCOD),, KOH  Beodl \l< i, overnight

dioxang, H,0
115°C, 2h

8,0, EtN, MeOH
Ny i, 3h -

:E

NHa, TCFH, N, DMF

rt, overnight

i, 2h

N
e CN
/KH . P &‘ b H
r.2h M

183471 To a solution of I-{tert-butyl) S-methyl (83-2-({tert-
butoxycarbonyijamino)-4-methylenepentanedioate (2 g, 6.07 mmol, 1.0 eq.) in dioxans (30

mb} was added 2-aminophenylboronic acid (1.66 g, 12.1 mmol, 2.0 eq.), Chioro(l,5-
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cyclooctadieneyrhodium(ly dimer (89.8 mg, .18 mmol, 0.03 eq.), potassium hydroxide
sofution (0.6 mbL, 1.52 mimol, .25 eq.), was stivred at 115 °C for 2 h under N2, The reaction
was quenched with water (20 mL). The mixture was extracted with EA (3 x 30 mL). The
organic layers were combined, washed with brine (50 mlL), dried over aphydrous sodium
suifate, filtered and concentrated under reduced pressure. The residue was chromatographed
on a siica gel column with EAPE (1:4) to provide tert-butyl (285)3-2-({tert-
butoxycarbonyhamino)-3-(2-ox0-1,2.3,4-tetrahydroquinolin-3-yhpropancate (1.5 g, 57%) as
a white solid. 'H NMR (300 MHz, DMSO-ds) 8 10.13 (s, 1H), 7.01-7.24 (o, 3H), 6.82-6.92
{1, 2H), 3.86-4.12{m, 1H), 2.86-2.95 (m, 1H)}, 2.59-2.71 {m, 1H), 2.38-2.49 (m, 1H), 2.07-
248 {my, 1H), 1.54-1.69 (i, 1H), 1.35-1.44 (m, 18H). LC-MS (ESL m/2): 391 [M+HI

{8348} To a solution of tert-baty] (25)-2-((tert-butoxycarbonyDamino}-3-{2-0x0-
1,2,3 4-tetrahydroquinolin-3-yDpropanoate (1.3 g, 3.33 mmol, 1.0 eq.) in dioxane (15 mbl)
was added hydrochloric acid (15 mb, 9 mol/L. in dioxane). The mixture was stitred at vt
overnight and then concentrated under reduced pressure to provide (25)-2-amino-3-(2-oxo-
1,23 4-tetrahydroguinolin-3-yhpropanoic acid (700 mg, crude) as a white solid. LC-MS
(ESL, m/z): 235 [M+HT™.

(68349} To a solotion of (28)-2-amino-3-2-0x0-1,2,3 d-tetrabydrogquinolin-3-
yhpropanoic acid (700 mg, 2.99 mumol, L0 eq) in MeOH (10 ml) was added di-tert-batyl
dicarbonate (717 mg, 3.2% mmol, 1.1 eq.} and triethylamine (907 mg, 8.96 mmol, 3.0 eq.).
The mixture was stirred at 1t for 3 h and then concentrated under reduced pressure to provide
(25)-2-((tert-butoxycarbonyhamino)-3-(2-0x0-1,2,3,4-tetrahydroguinolin-3-ylpropanocic
acid (800 mg, crude) as an off-white solid. LC-MS (ESL m/z): 335 [IM+HI

{83501 To a solution of (28)-2-((tert-butoxycarbonyhamino)-3-(2-ox0-1,2,3 4-
tetrahydroguinolin-3-yhpropanoic acid (800 mg, 2.39 nunol, 1.0 eq.) in DMF (10 ml) was
added N,N N N-tetramethyvichloroformamidiniom hexafleorophosphate (4.03 g, 14.4 mmol,
6.0 eq), NMI(4.91 g, 59.8 mmol, 25.0 eq.), NHa (120 mi, 0.4 mol/L in dioxane, 47.8 mimol,
20.0 eq.y. The mixture was stirred at 1t overnight and then chromatographed on a Ci¥
colurnn with MeUN:HO (1:4) to provide tert-hutyl ({(28)-1-amino-1-0x0-3-(2-0x0-1,2,3,4-
tetrahydroquinolin-3-ylpropan-2-ycarbarnate (600 rog, 68%) as a brown vellow solid. 'H
NMR (400 MHz, DMSO-ds) 6 10.12-10.14 (m, 1H), 7.12-7.24 (m, 3H), 6.84-7.01 (m, 4H),
4.01-4.11 (m, 1HD), 2.88-3.18 (m, 1H), 2.63-2.72 (m, 1H), 2.41-2.45 (u, 1H), 2.05-2.18 (m,
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1H), 1.49-1.67 {(m, 1H), 1.36-1.48 {m, 9H). LC-MS (ES], m/7): 334 [M+H]".

{8351} A solution  of  tert-butyl  {(28)-1-amino-i-ox0-3-{2-ox0-1,2,3.4-
tetrahydroquinclin-3-ylpropan-2-yhearbamate (1530 mg, 0,450 mmol, 1 eq.) in hydrochloric
acid (3 ml, 4M in dioxane) was stirred at rt for 2 h and then concentrated under reduced
pressure to  provide (285)-2-amino-3-(2-ox0-1.2,3 4-tetrahydroguinolin-3-ylpropenamide
{100 mg, crude) as an off-white solid. LC-MS (ESE, m/z): 234 [M+H]"

16352} To a solution of (25)-2-amino-3-(2-ox0-1,2,3 4-tetrahydroquinohin-3-
yhpropanamide {100 mg, 043 mmol, 1.0 eq) in DMF (3 wl) were added
{15,3aR 48,7R . 7a8)-2-((5)-3,3-dimethyl-2-(2,2, 2-rifluoroacetamidotbutanoyl)-2,3,3a,4,7 7a-
hexahydro-1H-4,7-methanoisoindole-1-carhoxylic acid (183 mg, 0.47 mmol, 1.1 eq),
NONLN, N-tetramethylchloroformamadiniom hexafluorophosphate (136 mg, 0.56 mmol, 1.3
eq.) and NMI (176 mg, 2.15 mmol, 5.0 eq.). The mixture was stitved at vt for 2 h and then
chromatographed on a C18 colummn with water:MeCN (3:1) to provide (18,3aR 48,7R,7a5)-
N-((25)-T-amino-1-0x0-3-(2-0x0-1,2,3 4-tetrahydroguinohin-3-yUpropan-2-yH-2-((5)-3,3-
dimethy]l-2-(2,2 2-trifluoroacetamidobutanoyi)-2,3,34,4,7, 7a-hexahydro- 1 H-4,7-
methanoisoindole-1-carboxamide (200 wg, 70%) as an off-white solid. LC-MS (ES], m/2):
604 [M+H]J".

16353} To a solation of {15,3aR,45,7R,7a85)-N~{({2S8)-1-amino-1-0x0-3-(2-0%x0-
1,2,3,4-tetrahydroguinoiin-3-yhpropan-2-y13-2-((§)-3,3-dimethyi-2-(2,2,2-
trifluorcacetamidolbutanoyiy-2,3,3a,4,7, 7a-hexahydro-1 H-4,7-methanoiscindole- 1 -
carboxamide (90 mg, 0.15 mmol, 1.0 eq.) in DCM (30 mL) was added pyridine (71 mg, (.89
nunol, 6.0 eq.) and TFAA (94 mg, 0.45 mmol, 3.0 eq.). The mixture was stirred at 1t for 2 h.
The reaction was guenched with water (3 mL). The mixture was extracted with DCM 3 x 5
mb.). The organic layers were combined, dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The residue was purified by prep-HPLC (Colunmm;
XBridge Shield RP18 OBD Column, 307150 mum, Spum; Mobile Phase A Water (0.1%FA),
Mobile Phase B: ACN; Flow rate: 60 mb/min; Gradient: 45% B to 753% B in 7 min, 75% B;
Wave Length: 254 nro; RTH (min): 5.88) to provide (135,3aR,45,7R,7a8)-N-{{(15)-1 -cyano-2-
{Z2-0%0-1,2,3 d-tetrahydroguinolin-3-yhethyl)-2-((S)-3,3-dirpethy}-2-(2,2 2~
trifluoroacetamidoYbutanoyl)-2.3,34.4,7 7a-hexahydro- 1 H-4, 7-moethanoisoindole- 1 -

~3

carhoxamide (24.7 mg, 28%) as a white solid. 'H NMR (400 MHz, DMSO-ds, 80 °C) &
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9.86-10.07 (m, 1H), 8.29-8.84 (m, 2H), 6.81-7.24 (m, 4H), 5.98-6.18 {m, ZH), 4.90-5.13 {(m,
1H), 4.39-4.52 (m, 1H}, 3.98-4.18 {m, 1H), 3.17-3.68 (m, 2H), 3.01-3.03 (m, 1H), 2.88-2.9¢
(m, 3H), 2.68-2.81 (m, 2H)}, 2.50-2.52 (m, 1H), 2.29-2.43 (m, 1H}, 1.82-1.97 (m, 1H), 1.38-
147 (m, 2H), 0.51-1.04 (m, 9H). LC-MS (ESL m/2): 586 IM+HT

EXAMPLE 30
Compound 30

- NH
\\{Q o //\"‘&s) ng HN QO ?L;)
R NN VIR N v /=0 I
} “‘? b N 2 HO N N\_\\\ka JNH
TR o HATU, DIEA, DMF i lHn I
ks 0°C, Zh HETTTN >
)
<

pyriding, TFAA, DCM

- \\‘.\{ o //L"w/}
it, 3h r‘{\ N .\\‘! Nj\\

{6354] To a mixture of {-fluorocyclopropane-1-carboxylic acid (25.9 mg, 0.249
mmol, 1.0 eq) in N N-dimethylformamide (3 ml) was added o-(7-azabenzotriazol-1-y1)-
NN N N ~tetramethyluronium hexafluorophosphate (113 mg, 8.299 mumol, 1.2 eq.) and N-
ethyl-N-isopropylpropan-Z2-amine (193 mg, 1.49 mmol, 6.0 eq.) at § °C. The mixture was
stirred for 20 min at O °C, and then (28)-2-[{(1R,25.38,6R,75)-4-[(28})-2-amino-3,3-
dimethylbutanoyl]-4-azatricyclo]5.2.1.0M 2,6 [dec-B-en-3-yi{formamido } - 3-[(35-2-
oxopyrrolidin-3-ylipropanamide hydrochloride (120 mg, 0.249 mmol, 1.0 eq.) was added at 0
“C. The mixture was stirted for 2 h at rt and then purified by Cl¥ column with
CH3ON: Water (0.05% FA). The desired fraction was concentrated under reduced pressure to
provide N-{ES-1-HIR,28,38,6R,75)-3-{[(18)- I -carbamoy!-2-[{38)-2-oxopyrrolidin-3-
yljethyljcarbamoyi } -4-azatricyclo{3.2.1.00 2,6} {dec-8-en-4-y1}-3,3-dimethyi-1-oxobutan-2-
yi}- I-fluorocyclopropane- | -carboxamide (70.0 mg, 52%) as a light yellow solid. LC-MS

(BST, m/7): 532 [M+HT
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183551 To a mixture of N-[{28)-1-[(1R,28,35,6R,75)-3-{{{18})-1-carbamoyl-2-
1(38)-2-oxopyrrolidin-3-yijethyijcarbamoyl } -4-azatricyclof5.2.1.0M 2,6 } [dec-8-en-4-y1}-3,3-
dimethyi-1-oxcbutan-2-yli- I -fluorocyclopropane- i -carboxamide (70.0 mg, ¢.132 mmol, 1.0
eq.) in DCM (2 mb) was added pyridine (41.7 mg, 0.528 mumol, 4.0 eq.) and trifluoroacetic
anhvdride (49.8 mg, 0.238 mmol, 1.8 eq.). The mixture was stirred for 3 h at rt. The
reaction was guenched with water (5 mbL). The mixture was extracted with EtQOAc (3 x 10
mkb). The organic layers were combined, washed with brine (2 x 10 mlL), dried over
avhydrous sodium sulfate, filiered and concentrated under reduced pressure to afford the
crude product. The crude product was purified by prep-HPLC (Column: XBridge Shield
RPI8 OBRD Colamn, 19%230 wom, 10um; Mobile Phase A: Water (0.1%FA), Mobile Phase
B: ACN; Flow rate: 25 mb/min; Gradient: 38% B to 68% B in 7 min, 68% B; Wave Length:
254 om; RTE (min): 4.48) to provide (1R,2853856R,75)-N-{(15})-1-cvano-2-[{38)-2-
oxopyrrolidin-3-yiethyl|-4-[(25)-2-{(1 -flaorocyclopropyDformarnide}-3,3-
dimethylbutanoyl]-4-azatricyclo]3.2.1.0M 2,6 } {dec-8-e¢ne-3-carboxarmide (29.2 mg, 42%) as
a white solid. "H NMR (400 MHz, 80 °C, DMSO-ds) § §.60-8.90 (m, [H), 7.30-7.60 (m,
tH), 6.90-7.20 (m, 1H), 5.90-6.40 (o, 2H), 4.80-5.00 (m, 1H), 4.40-4.65 (m, 1H), 4.00-
425 (m, 1H), 3.55-3.80 (mu, 1H), 3.35-3.55 (m, HH), 3.1G-3.25 (m, 2H), 2.90-3.00 (m, 2H),
3.70-2.90 (m, 1k, 2.30-2.45 Gu, 1HD), 2.05-2.30 (m, 2H), 1.60-1.95 (m, 2H), 1.30-1.60 (m,
3HG, 1.00-1.30 (m, 4H), 8.70-1.00 (m, 9H). LC-MS (ESL, nv/z): 514 [M+H]™

EXAMPLE 31
Compound 31
FaG H
N
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0
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[8356] A 50 mb round-bottom flask was charged with (15,3aR.45,7R,7aS)-N-
{{Z58)-1-amino-1-ox0-3-(Z-0x0-1,2,3 4-tetrahvdroquinclin-3-yhpropan-2-v13-2-((83-3,3-
dimethyl-2-(2,2 2-trifluoroacetamidobutanoyi)-2,3,3a,4,7  7a-hexahydro- 1 H-4,7-
roethanoisoindole-1-carboxamide (100 mg, .17 muyool, 1.0 eq.), ethyl acetate (5 ml.), 10%
palladiuro on activated carbon (30 mg). The contents of the flask were placed under an
atmosphere of hydrogen (3 atm). The mixture was stirred at 1t for 2 h. The solids were
filtered out. The organic layer was concentrated under reduced pressure to provide
(15,3aR,4R,75,7aS)-N-{{28}-1-amino- 1 -0x0-3-(2-0x0-1,2,3 4-tetrahydroguinohin-3-
yhpropan-2-y1-2-((5)-3,3-dimethyl-2-(2,2, 2-trifluoroacetamidoybutanoyboctahydro-1H-4,7-
methanoisoindole-1-carboxamide (50 wg, 45%) as a white solid. LL-MS (ES], s/ 606
IM+HT

1635871} To a solation of {15,3aR,4R,75,7a85)-N~{{(28)-1-amino-1-0x0-3-(2-0%x0-
1,2,3,4-tetrahydroguinoiin-3-yhpropan-2-y13-2-((§)-3,3-dimethyi-2-(2,2,2-
trifluoroacetamidobutancyljoctahydro-1H-4,7 -methanoisoindole-1-carboxamide (45 mg,
.07 mmol, 1.0 eq.) in DCM (2 mbL) was added TFAA (31 mg, .15 mmol, 2.0 eq.) and
pyridine (24 mg, .3 munol, 4.0 eq.). The mixture was stirred at 1t for 2 h. The reaction was
quenched with water {3 mL). The mixture was extracted with DUCM (3 x 5 mbL). The organic
layers were combined, dried over anhvdrous sodium sulfate, filtered and concentrated under
reduced pressure. The residue was purified by prep-HPLC (Column: XBridge Shield RP1Ig
OBD Column, 19%250 mm, 10um; Mobile Phase A: Water (0.1%FA), Mobile Phase B;
ACN; Flow rate: 25 mi/min; Gradient: 48% B to 78% B in 7 min, 78% B; Wave Length:
254 nm; RTL (min) 5.67) to provide (183aR4R78,7a8)-N-((15)-1-cyano-2-(Z-0x0-
1,2,3 4-tetrahydroquinolin-3-yhethy-2-((8)-3,3-dimnethy]-2-(2,2,2-
trifluoroacetamido)butanoyhoctahydro-1H-4,7-methanoisoindole- L-carboxarnide  (24.1 g,

55%) as a white solid. "H NMR (400 MHz, DMSO-ds, 80 °C) & 9.96-10.00 (m, 1H), 8.83-

195



WO 2023/283256 PCT/US2022/036242

9.01 (m, 1H), 8.64-8.66 (m , 1), 7.10-7.16 (m, 2H), 6.84-6.90 (m, 2H), 4.93-5.08 (m, 1H),

4.61-4.72 (m, 1H), 446-4.56 (m, 1H), 3.75-3.81 (m, 1H), 3.58-3.64 (m, 1H), 2.93-3.07 {(m,
1H), 2.51-2.80 (m, 3H), 2.30-2.48 (m , 3H), 2.10-2.22 (m, 1H), 1.82-1.94 (m, 1H), 1.37-1.55
{m, ZH), 1.19-1.34 (m, 3H), 1.03-1.17 (m, 1H), 0.85-0.99 (m, 9H). LC-MS (ESL n7): 588

IMHT
BXAMPLE 32
Compound 32
H H
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{6358} To a mixture of (1R.2535,6KR,753-4-[(25)-3,3-dimethyl-2-(2,2,2-

trifluoroacetamidobutanoyi}-d-azatricyclo[5.2.1.0M 2.6 | Jdec-8-ene-3-carboxylic acid (200

mg, 0.515 mmol, 1.0 eq.} in EtOAc (5 ml) was added 10% palladium on activated carbon

(80 mg). The mixture was stirred for 3 h at ot under deuteriom. The mixture was filtered.

The filivate was concentrated onder reduced pressure to provide (15,3aR 4R, 55,6R,75,7a8)-

2-((8)-3,3-dimethyl-2-(2,2, 2-tmifluoroacetamidoybutanoyDoctahydro- 1H-4,7-
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methanoisoindole- 1 -carboxylic-5,6-d> acid (190 mg, 91%) as an off-white solid. 'H NMR
(400 MHz, DMSO-ds) & 12.73 (br, 1H), 9.14-9.61 {m, 1H), 4.69-4.84 (m, 1H), 4.41-4.59 (m,
IH), 3.76-3.88 (m, 1H)}, 3.43-3.67 (m, 1H), 2.53-2.82 {m, 2H), 2.26-2.41 {m, iH), 2.13-2.24
(m, 1H), 1.35-1.54 (m, 2H), 1.15-1.31 (m, 2H), 0.93-1.06 (m, 9H). LC-MS (ES], m/z): 383
IM+H]

[8359] To a mixture of {15,3aR 4R, 558,6R,75,7a8)-2-({5)-3,3-dimethyl-2-(2,2,2-
triffuoroacetamido)butanoyhoctahydro-1H-4,7-methancisoindole- | -carboxylic-5,6-d»  acid
{144 mg, 0.366 romol, 1.0 eq.) and o-(T-azabenzotriazol-1-y1-N NN N -tetramethyloronium
hexafluorophosphate (167 mg, 0.439 mmol, 1.2 eq.) in DMF (3 mbL) was added N-ethyl-N-
isopropylpropan-2-amine (284 mg, 2.20 mmol, 6.0 eq.) at 0 “C. After stirred for {5 min at 0
°C, (25)-2-armno-3-{(35)-2-oxopyrrolidin-3-yijpropanaroide hydrochloride (76.0 g, .366
romol, 1.0 eq.) was added. The mixture was stirred for 1 b at rt. The mixture was purified by
C18 column with CHaCN:Water (0.05% TFA). The desived fraction was concentrated under
reduced pressure to provide (15,3aR 4R 55,6R,75,7a8)-N-{((S)-1-amino-1-0x0-3-((8)-2-
oxopyrrolidin-3-yhpropan-2-yH-2-((S)-3,3-dimethyl-2-(2,2,2-
trifluoroacetamidobutanoyboctahydro- 1 H-4,7 -methanoisoindole-5,6-ds- L -carboxamide (160
mg, 75%) as a light vellow solid. LC-MS (ES], /) 546 [M+H]™

168368] To a mixture of {18,3aR 4R, 58,6R,78,7a8)-N-{{S)-1 -amino-1-0x0-3-({8)-
Z2-oxopyrrolidin-3-ylpropan-2-y1)-2-((83-3.3-dimethyl-2-(2,2,2-
trifinorcacetamidolbutanoyijoctahyvdro-1 H-4,7-methanoisoindole-5,6-d:- 1 -carboxamide (160
mg, (1.293 mmol, 1.0 eq.) in DCM (5 mbL} was added pyridine (139 mg, 1.76 mmol, 6.0 eq.)
and triffuorcacetic anhydride (136 mg, 0.645 mmol, 2.2 eq.). The mixture was stirred for 1 h
at rt. The reaction was quenched with water (20 mL}. The mixture was extracted with DCM
{3 x 20 mL}. The organic layers were combined, washed with brine (2 x 20 mb), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford then
crude product. The crude product was purified by prep-HPLC (Column: XBridge Prep
Phenvl OBD Column, 19 x 250 mun, Sum; Mobile Phase A: Water (3.05%FA), Mobile Phase
B: ACN; Flow rate: 25 mb/min; Gradient: 42% B to 72% B in 7 min, 72% B; Wave Length:
254 wm; RT: 5 min) to provide (183aR 4R 55,6R)7S,7a8)-N-{{(8)--cyano-2-{({(8§)-2-
oxopyrrolidin-3-yhethyD-2-((8)-3,3-dimethyi-2-(2,2,2-

trifluoroacetamidoybutanoyDoctahydro- 1 H-4, 7-methanoisoindole-5,6-d%- L -carboxamide
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(454 mg, 28%) as a white solid. 'H NMR (400 MHz, 80 °C, DMSO-de) 6 8.85-9.10 (im,
LH), 8.56-8.80 (m, 1H), 7.32-7.60 (m, 1H), 4.80-4.95 (m, 1H), 4.60-4.75 (m, 1H), 4.45-4.58
(m, 1H), 3.75-3.88 (m, 1H)}, 3.55-3.73 (m, 1H), 3.10-3.22 (m, 2H), 2.50-2.70 (m, 1H), 2.25-
248 (m, 3H}, 2.06-2.24 {(m, 3H), 1.60-1.90 {(m, 2H), 1.35-1.58 {m, ZH), 1.20-1.34 (m, 1H},
LOS-1.19 (m, 1H), 0.78-1.04 (m, 9H). LC-MS (ES], m/7): 528 [M+H]".

EXAMPLE 33

Compound 33
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{6361] To a mixture of (R)-2,2-difluorocyclopropane-1-carboxylic acid (49.1 mg,
0.403 mmol, 1.0 eq.) in N,N-dimethylformamide (3mbL) was added o-(7-azabenzotriazol-1-
y1-NONGN N -tetramethyluronium hexafluorophosphate (183 mg, 0.484 mumol, 1.2 eq.) and
N-ethyl-N-isopropylpropan-2-amine (312 mg, 2.41 mmol, 6.0 eq.) at 0 “C. The mixture was
stired for 20 min at O °C, then (2832-1[(1K,2538,6R,75)-4-[(25)-2-amino-3,3-
dimethylbutanoyl]-4-azatricyclo]5.2.1.0M 2,6 [dec-B-en-3-yi{formamido } - 3-[(35-2-
oxopyrrolidin-3-ylipropanamide hydrochloride (194 mg, 0.403 mrool, 1.0 eq.) was added at 0
“C for 2 h at . The mixture was purified by C18 column with CH3CMN:Water (0.053% FA).
The desired fraction was concentrated under reduced pressure o provide
{15,3aR 45,7TR 7a8)-N-(8)-T-amino- 1 -0x0-3-((8)-Z-oxopyrrohidin-3-yvDpropan-2-y - 2-((8)-

2-((R)-2,2-difluorocyclopropane- | -carboxarnido’-3,3-dimethylbutanoyl)-2,3,3a.4,7 7a-
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hexahydro-1H-4,7-methancisoindole-1 -carboxamide (160 mg, 72%) as a light yellow solid.
LC-MS (ESL m/z) 550 IM+H]™

18362} To a mixture of (15,3aR,45,7R.7a8)-N-{((8)-1-amino-1-0x0-3-((§)-2-
oxopyrrolidin-3-yhpropan-2-yH-2-((S3-2-((R)-2.2-diflvorocyclopropane- | -carboxamido -
3,3-dimethylbutanovi)-2,3,3a,4,7 7a-hexahydro-1 H-4,7-methanoiscindole- 1 -carboxamide
(160 mg, 0.291 mmol, 1.0 eq.} in DCM (2 mb) was added pyridine (92.1 mg, 1.16 mmol, 4.6
eq.y and trifluoroacetic anhydride (110 mg, 0.524 mmol, 1.8 eq.). The mixture was stirred
for 2 h at rt. The reaction was quenched with water (3 mL). The mixture was extracted with
BtOAc (3 x 10 mL). The organic layers were combined, washed with brine (2 x 10 mL)},
dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure to
afford the crude product. The crude product was purified by prep-HPLC (Column: XBridge
Prep OBD Ci8 Column, 19%250 mun, Sum; Mobile Phase A Water (0.1%FA), Mobile Phase
B: ACN; Flow rate: 25 mb/min; Gradient: 38% B to 68% B in 7 min, 68% B; Wave Length:
254 nwm; RTL (mun)y: 4.95) to provide (15,3aR,45,7R,7a8)-N-{(8)--cyano-2-{({(8)-2-
oxopyrrotidin-3-yhethyl)-2-((5)-2-((R)-2,2-diflusrocyclopropane- 1 -carboxamido)-3,.
dimethylbutanoy!}-2,3,3a,4,7, 7a-hexahydro- 1 H-4, 7-methanoisoindole- 1 -carboxamide  (47.0
mg, 30%) as a white solid. "H NMR (400 MHz, 80 °C, DMSO-ds) § 8.55-8.75 (m, 1H),
B.05-8.30 (m, 1HD, 7.30-7.60 (m, 1H), 53.80-6.30 (m, 2H), 4.80-5.00 (m, 1H), 4.40-4.60 (m,
THY, 380-4.15(m, 1H), 3.45-3.75 (m, 2H), 3.05-3.30 (m, 2H), 2.95-3.00 (m, 1H), 2.45-
295 (m, 3H), 2.60-2.85 {(m, 1H), 2.30-2.50 (m, 1H), 2.05-2.30 (m, 2H), 1.80-2.00 (m, 1H),
1.60-1.80 {m, 3H), 1.30-1.50 (m, 2H), 0.80-1.00 (m, oH). LC-MS (ES], m/z): 532 [M+H]".

EXAMPLE 34
Compound 34
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Pyridine, TFAA, DOM p o)
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19363} To a stirred mixture of tert-butyl N-{(25)-1-{(IR,28,35,6R,78)-3-{[{15)-1-
carbamoyl-2-{(35)-2-oxopyrrolidin-3-ylethyljcarbamoyl }-4-azatricyclof5.2.1 .07 2,6 } idec-
8-en-4-yij-3,3-dimethyl-1-oxobutan-2-yljcarbamate (220 mg, 8.403 mmol, 1.0 eq.) in DCM
{&» mL) were added trifluoroacetic acid (2 mL). The mixture was stirred for 1 h at 1t and then
concentrated under reduced pressure to afford (25)-2-{1{1R,25,35,6R,75)-4-{(25)-2-amino-
3, 3-dimethylhutanovl}-4-azatricyclo{5.2.1 02,6} Jdec-8-en-3-yijformamido | -3-[(35)-2-
oxopyrrolidin-3-ylipropanamide (179 mg, crude) as a brown oil. LC-MS (BSI, m/7): 379
IM+H]T

{0364] To a stivred mixture of spiro[2.2]pentane-i-carboxylic acid (47.3 g,
0422 mmol, 1.05 eq) and o-(7-azabenzotriazol-1-yD-N,N,N' N'-tetramethyloronium
hexafluorophosphate (183 mg, 0.482 mmol, 1.2 eq.) in DMF (5 k) were added N-ethyl-N-
isopropylpropan-2-amine (413 mg, 3.21 mmol, 8.0 eq.) at 0 “C. After stirred for 20 min at 0
°C, (283-2-{[{1R,25,35,6R,75)-4-[(25)-2-amino-3,3-dimethyibutanoyl]-4-
azatricycio]5.2.1.0M 2,6} Jdec-8-en-3-vi formamido | -3-[(38)-2-oxopyrrolidin-3-
vi}propanamide (179 mg, 8.402 mmol, 1.0 eq.) was added. The mixture was stirred for 1 h at
rt. The crude product was purified by C18 column with CHaCN:Water (8.05% TFA). The
desired fraction was concentrated under reduced pressure to provide N-{(28})-1-
IR,28,35,6R,75)-3-1{{15)-1-carbamoyl-2-{(38)-2-oxopyrrolidin-3-yijethyljcarbamoyi}-4-
azatricyciof5.2.1.0% 2,6 1 jdec-8-en-4-y1}-3,3-dimethyl- 1 -oxobutan-2-yljspiro] 2.2 jpentane-1 -
carboxamide (145 mg, 65%) as a yellow solid. LC-MS (ESI, m/z): 540 [M+H]"

{83651 To a stired mixture of N-{ES8-1-{(AR25,35,6R.75%-3-{{(15)1-
carbamoyl-2-{{35}-2-oxopyrrolidin-3-ylethyljcarbamovl }-4-azatricyclof5.2.1.0 2,6 Hidec-
&-en-4-yi}j-3,3-dimethyl- l-oxobutan-2-ylspiro{2.2Jpentane- 1 -carboxamide (120 mg, 0.222

mmol, 1.0 eq.) in DCM (4 mbL) was added pyridine (66.8 mg, 0.844 mumol, 3.8 eq.) and
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trifluoroacetic anhydride (38.8 mg, $.400 mmol, 1.8 eq.) . The mixwre was stirred for I h at
rt. The reaction was guenched with water {10 mL). The mixture was extracted with EtOAc
(3 x 18 mL). The organic layers were combined, washed with brine (2 x 10 mlL), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford then
crude product. The crude product was purified by prep-HPLC (Column: XBridge Prep OBD
C18 Column, 197250 mm, Sum; Mobile Phase A: Water (0.1%FA), Mobile Phase B; ACN;
Flow rate: 25 mU/min: Gradient: 38% B to 68% B in 7 min, 68% B: Wave Length: 254 nm;
RTI (winy 4.78 ) to provide (1R, 25,35,6R,78)-N-{(18)-1-cyano-2-[{35)-2-oxopyrrolidin-3-
yljethyl}-4-[(25)-3,3-dimethyl-2-{ spiro[ 2.2 Jpentan- 1 -y formamido Y butanoyl]-4-
azatricyclo{3.2.1.00 2,6} Jdec-8-ene-3-carhoxarmide (34.8 myg, 29%) as a white solid. 'H
NMR (400 MHz, 80°C, DMSO-ds) 6 8.50-8.83 (m, tH), 7.28-7.70 (m, 2H), 5.84-6.25 (w,
IH), 4.65-5.00 (m, 1H), 4.25-4.64 (m, 1H), 3.81-4.24 (m, i1H), 3.40-3.80 (m, 2H), 3.10-3.39
(m, 2H), 2.97-3.05 (m, 1H), 2.80-2.96 (m, 2H), 2.62-2.79 (m, 1H), 2.44-2.23 (m, 1H), 2.00-
2.43 (m, 3H), 1.61-1.90 ¢m, 2H), 1.34-1.50 (m, 2H), L.O0G-1.33 Gu, 2H), 0.70-0.89 (m, 12H},
(.47-0.69 (m, 1H). LC-MS (ES], p/z): S22 [M+H]"

EXAMPLE 33
Compound 35
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[8366] To a mixture of [1,1-bi(cyclopropane}]-1-carboxylic acid (47.0 mg, 0.367

mimol, 1.0 eq.} and o-(7-azabenzotriazol-1-y1-N,N,N' N'-tetramethyluronium
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hexafluorophosphate (168 mg, 0.440 mmol, 1.2 eq.) in DMF (3 mbL) was added N-ethyl-N-
isopropylpropan-2-amine (285 mg, 2.20 mumol, 6.0 eq.) at O “C. After stirred for 15 min at
0 °C, (25)-2-{{{1R,28,35,6R 75)-4-{(28)-2-amino-3,3-dimethylbutanoyi|-4-
azatricycio}5.2.1.0% 2,6} Jdec-8-en-3-yi{formamido }-3-[(35}-2-oxopyrrolidin-3-
ylipropanamide hydrochloride (177 mg, 0.367 mmol, 1.0 eq.) was added. The resulting was
stirred for | h at rt. The mixture was purified by C18 column with CH:CN :Water (0.05%
THA). The desired fraction was concentrated under reduced pressure to provide N-{(28)-1-
IR,28,35,6R,75)-3-{ [{15)-1-carbamoyl-2-[(38}-2-oxopyrrolidin-3-yijethyljcarbamoyi }-4-
azatricyciof$.2.1.0M 2,6} Jdec-8-en-4-y1}-3,3-dimethyl- 1 -oxobutan-2-vi}-{1,1'-
bi(cyclopropane)}- 1 -carboxamide (180 mg, §1%) as an off-white sohd. LC-MS {ES], m/2):
354 [M+HJ".

(83671 To a puxture of N-[(28)-I-J(1R,28,35,6R,75)-3-{{{18)-1-carhamoyl-2-
1(3S)-2-oxopyrrolidin-3-yljethylicarbamoyl } -4-azatricyelof5.2. .00 2,6 }H dec-R-en-4-y1}-3,3-
dimethyi-1-oxobutan-2-yli-{ 1, '-bi{cyclopropane}}- 1 -carboxamide (180 mg, 0.325 amol, 1.0
eq.) in DCM (3 ml) were added pyridine (103 mg, 1.30 mmol, 4.0 eq.) and wifluoroacetic
aphydride (123 mg, 0.585 mmol, 1.8 eq.). The mixtare was stirred for | h at rt. The reaction
was quenched with water (20 mL). The mixture was extracted with BCM (3 x 20 mL). The
organic layers were combined, washed with brine (2 x 20 ml), dried over ashydrous sodium
suifate, filtered and concentrated under reduced pressure to afford the crude product. The
crude product was purified by prep-HPLC (Column: XBridge Prep OBD C18 Colunm, 19 x
250 mm, Sum; Mobile Phase A Water (0.1%FA), Mobile Phase B: ACN; Flow rate: 25
mb./min; Gradient: 40% B t0 70% B in 7 min, 70% B; Wave Length: 254 nm; RT: 5.32 min}
18] provide {IR,25,35 6R.783-4-{(28)-2-{{1,1"-bi{cyclopropane)}- 1 -yHormamido }-3,3-
dimethylbutanoyl]-N-{(18}-1-cyano-2-{(35)-2-oxopvrrolidin-3-yijethyi]-4-
azatricyclo{5.2.1.00 2,6} Jdec-8-ene-3-carboxamide (2.4 mg, 35%)as a white solid. 'H
NMR (400 MHz, 80°C, DMSO-ds) & 8.60-8.85 {m, 1H), 7.32-7.60 (m, 1H), 6.84-7.13 (m,
1H), 5.90-6.20 (m, 2H), 4.60-4.98 (m, 1H), 4.40-4.53 (m, 1H), 3.96-4.20 (m, 1H), 3.55-3.77
(m, 1H), 3.38-3.534 (m, 1H), 3.10-3.25 (m, 2H), 3.00-3.05 (m, iH), 2.78-2.99 (m, ZH), 2.60-
277 (m, 1H), 2.30-2.42 {m, 1H), 2.05-2.29 {(m, 2H)}, 1.63-1.89 {(m, Z2H), 1.30-1.45 (m, 2H),
LE5-1.28 (my, THD, 0.85-1.10 (my, 10HD, 0.70-0.84 (m, 1H), 0.32-0.65 (m, 4H), 0.05-0.20 (i,
2H). LC-MS (BS], m/z): 536 [M+H]"
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EXAMPLE 36
Compound 36

e

HO

HATU, DIEA, DMF
0°C, 1h

py, TEAA DCM

rt, 3h

[6368] To a stirred mixture of oxetane-3-carboxylic acid (40.7 mg, 0.399 mmol,
1.1 eq.}, o-(7-azabenzotriazol-1-y1}-IN,N,N' N'-tetramethyiuronivm hexafluorophosphate (165
mg, 0.436 wmol, 1.2 eq.) in DMF (4 ml) was added N-ethyl-N-isopropylpropan-2-amine
{281 mg, 2.17 romol, 6.0 eq.). The mixture was stirred for 10 min at 0°C, and (285)-2-
{IOIR,25,35,6R,78)-4-[{(25)-2-amuno-3,3-dimethyibutanoyl]-4-
azatricycio]3.2.1.00M 2,6} [dec-8-en-3-yi [formamido }-3-[(38)-2-oxopyrrolidin-3-
vlipropanamide hydrochloride (175 mg, 0.363 wmol, 1.0 eq.) was added. The mixture was
stirred for 1 h at rt. The mixture was purified by CI8 column with CHsCN:Water (3.05%
FA). The desired fraction was concentrated under redaced pressure to provide N-[(25)-1-
IR,28,38,6R,75)-3-{[{15)- 1 -carbamoyl-2-{(38)-2-oxopyrrolidin-3-yiethyljcarbamoyi}-4-
aratricyclof5.2.1.0M 2,6 1 Jdec-8-en-4-v1}-3,3-dimethyl- 1 -oxobutan-2-vljoxetane-3-
carboxamide (170 mg, &3 %) as an off-white solid. LC-MS (ESL, m/2) 330 [M+H]".

183691 To a stired mixture of N-{ES8-1-{(AR25,35,6R.75%-3-{{(15)1-
carbamoyi-2-{{38})-2-oxopyrrolidin-3-vilethyljcarbamoyl }-4-azatricyclo]5.2.1.0"{ 2,6 } idec-
g-en-4-yij-3,3-dimethyl- 1-oxcbutan-2-yljoxetane-3-carboxamide (170 mg, 0.321 mmol, 1.0

eq.) in DCM (3 mbl) was added pyridine (101 mg, 1.28 mmol, 4.0 eq.) and trifluorcacetic
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anhydride (155 mg, 0.738 mumol, 2.3 eq.). The mixture was stirred for 2 h at rt. The reaction
was quenched with water (10 mL). The mixture was extracted with EtOAc 3 x 10 mbL). The
organic layers were combined, washed with brine (2 x 10 mL), dried over anhydrous sodium
suifate, filtered and concentrated under reduced pressure to afford the crude product. The
crude product was purified by prep-HPLC with the following conditions (Column: XBridge
Prep Phenyl GBD Column, 19%250 mm, Sum; Mohile Phase A Water (0.1%FA), Mobile
Phase B: ACN; Flow rate: 25 mb/min; Gradient: 30% B 10 60% B in 7 min, 60% B; Wave
Length: 254 nm; RT1 (min) 6) to afford (1R,28,35,6R,78)-N-[{15)-1-cyano-2-[{38)-2-
oxopyrrolidin-3-yljethyl]-4-{(25)-3,3-dimethyl-2-(oxetan-3-ylformamido)butanoyij-4-
azatricyclo{5.2.1.0M 2,6} Jdec-B-ene-3-carboxarnide (54.2 mg, 32 %) as a white sohd. 'H
NMR (400 MHz, 80°C, DMSO-ds) 6 8.57-8.65 (m, tH), 7.58-7.65 (m, 1H), 7.30-7.55 (u,
tH), 6.09-6.14 (m, 1H), 3.90-5.96 (m, 1H), 4.83-4.92 (m, 1H), 4.53-4.75 (m, 3H), 4.44-4.52
(m, 2H), 3.92-4.20 (m, 1H), 3.75-3.92 (m, 1H), 3.58-3.67 (m, iH), 3.50-3.58 (m, 1H), 3.07-
321 (m, 2H), 2.97-3.02 (m, 1H), 2.83-2.97 (m, 2H), 2.64-2.83 (m, 1H), 2.26-2.40 (m, 1H),
2.04-2.19 {(m, 2H), 1.60-1.81 (m, 2H), 1.33-1.42 {m, 2H), 0.80-0.90 (m, 9H). LC-MS (ES],
m/zy 512 [M+HT

EXAMPLE 37
Compound 37

o Cif'* CH
\ |
H> M rJ

TMEN,, AcOH, DBU

0 g /L ) i
NaH, THF DCM, 1, overnight ;
"'\0 A i, overnight <\E}\i o ? <\ NG
Y B §o
N
N N
‘N’. N:I \F Ou -~
toluene 3 LIOH, THE, H,O N TN
130 °C, overnight T————— ! -
£, 2h HOBt, EDCI, NMM, DCM
N e} rt, 2h
HOT YO
O
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N MNey
N ] N ]
F comar” N—
LAH, THE N Y NH,Cl KON, MeOH )
Rt

g°C, 2h rt, 2days

TCFH, Ni\”ii“!" MeCN
I, '

{4376] To a mixture of diethyl 2-ox0-2-(2-oxopyrrolidin- i -yhethylphosphonate
{Gansauer et al, Ang. Chero. Int. Ed. (2009) 48(47), 8882-88R83, SRRR2/1-58882/32; 5.29 g,
20.1 manol, 1.1 eq.) in THF (50 mL) was added sodium hydride (804 myg, 20.1 romol, 1.1
ed., 60% 1n mineral o1y at § °C. After stirred for 20 min at 0 °C, a mixtere of pent-4-ynal
(1.50 g, 183 mmol, 1.0 eq.) in DCM (5 ml.) was added. The mixture was stirred overnight
at rt. The reaction was quenched with saturated aguecus ammonmium chloride (100 mL). The
mixture was extracted with DCM (3 x 100 mL). The organic layers were combined, washed
with brine (2 x 100 mL), dried over anhydrous sodium sulfate, filtered and concentrated
under reduced pressure to afford the crude product. The crude product was diluted with
DCM (60 mb) and made into a slurry with 100-~200 silica gel mesh (3 g). The slurry was
loaded onto a column after removing the DCM. The sample was purified by column
chromatography (Column size 5 x 24 cm, column volume: 300 mL, silica gel size (100 ~ 200
mesh) quantity: 120 g) and eluted with EtOAc/PE(D%~50% over 30 min). The collected
fractions: 33%-35% EtOAC/PE fractions were chosen as the pure fractions. Those fractions
were combined and concentrated under reduced pressure to provide 1-{(2E)-hept-2-en-6-
ynoyllpyrrolidin-2-one (2.00 g, 55%) as a light yellow oil. "H NMR (300 MHz, CDCla-d) 8
7.28-7.37 {(m, 1H), 7.06-7.19 {m, 1H), 3.80-3.91 (m, 2H), 2.57-2.67 {m, 2H), 2.45-2.36 {(m,
2H), 2.32-2.42 (m, 2H), 1.95-2.14 (m, 3H). LC-MS (ES], m/7): 192 {M+H}"

(8371} To a mixture of trirnethylsilyl azide (6.02 g, 532.3 mmol, 5.0 eg.) in DCM
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(50 mL) was added acetic acid (3.14 g, 52.3 mmol, 5.0 eq.). The mixture was stirred for 20
min at rt, and 1-[{2ZE}-hept-2-en-6-ynovijpyrrolidin-2-one (2.00 g, 10.5 mmol, 1.0 eg.) and
1,8-diazabicyclof5.4.0fundec-7-ene (318 mg, 2.09 mmol, 0.2 eq.) in DCM (50 mbL} were
added. The mixture was stired overnight at rt. The reaction guenched with saturated
agqueous sodium bicarbonate (100 mL). The nuxture was extracted with DCM (3 x 100 mL).
The organic lavers were combined, washed with brine (2 x 100 mL), dried over anhydrous
sodium suifate, filtered and concentrated under reduced pressure (o afford the crude product.
The crade product was diduted with DCM (60 ml.) and made into a shurry with 100 ~ 200
silica gel mesh (5 gb. The shurry was loaded to a column after removing the DCM. The
sarople was purified by coluron chromatography (Colomn size 5 x 24 om, colurnn volume:
300 vol., silica gel size (100~200 mesh) quantity: 120 g) and eloted with EtOAC/PE
{(3%~530% over 30 min). The collected fracuons: 33%-33% EtOAC/PE fractions were chosen
as the pure fractions. Those fractions were combined and concentrated under reduced
pressure (o provide 1-(3-azidohept-G-ynoyhpyrrohidin-2-one (2.4 g, 96%) as a light yellow
oil. 'H NMR (300 MHz, CDCla-d) 6 4.05-4.22 (m, 1H), 3.78-3.96 {m, 2H), 3.15-3.28 (m,
tH), 2.88-3.10 (m, 1H), 2.55-2.66 (m, 2H), 2.31-2.46 (m, 2H), 1.93-2.17 (m, 3H), 1.64-1.85
{m, 2H). LC-MS (ESI, m/z): 235 [M+H].

{63721 A solution of 1-(3-azidohept-6-ynoyhpyrrolidin-2-one (2.40 g, 18.2 mmol,
1.0 CDCls) intoluene (20 mbl) was stirred overnight at 130 °C.  The mixture was
concentrated under reduced pressure to afford the crude product. The crude product was
diluted with DCM (30 mbL} and made into a slurry with 100~200 silica gel mesh (5 g). The
slurry was loaded to a column after removing the DCM. The sample was purified by column
chromatography (Column size 5 x 24 cm, column volume: 300 mL, silica gel size (100 ~ 200
mesh) quantity: 120 ¢) and eluted with MeOH:DCM (0%~5% over 20 min). The collected
fractions: 2%-3% MeUOH:DCM fractions were chosen as the pure fractions. Those fractions
were combined and concentrated under reduced pressure to provide 1-(2-{4H,5H,6H-
pyrrofof 1,2-¢]{1,2, 3triazol-6-yl facetypyrrolidin-2-one (2.20 g, 73%)as a brown semi
solid. 'H NMR (300 MHz, CDCls-d) § 7.38 (s, 1H), 5.00-5.11 (o, 1H), 3.78-3.91 (m, 3H),
3.28-3.40 (m, 1H), 3.04-3.17 {(m, 1H), 2.87-2.99 (m, 2H), 2.57-2.64 (m, 2H), 2.44-2.535 (m,
{HD), 2.02-2.13 (m, 2H). LC-MS (ES], m/f): 235 [M+HI"

(83731 To a ouxtwre  of 1-(2-{4H,5H,6H-pyrrolo]1,2-¢c}{ 1,2,3]iriaz0]-6-
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yliacetyllpyrrolidin-2-one (1.00 g, 4.27 mumol, 1.0 eq.} in THF (5 mbL):water (5 mL) was
added lithium hydroxide (307 mg, 12.8 mmol, 3.0 eq.). The mixture was stirred for 2 h at rt.
The mixture was concentrated under reduced pressure to remove the THF and adjusted to pH
= & with HCI (2 M). The mixture was extracted with EtOAc (5 x 20 mL}. The organic
layers were combined, washed with brine (2 x 10 mbL), dried over anhvdrous sodium sulfate,
filtered and concentrated under reduced pressure to afford 4H,5H,6H-pyrrolo{l,2-
cl{1,2.3triazol-6-ylacetic acid (600 mg, crude) as a yellow semi-solid. LC-MS (ESI, mv/z):
168 [M+H]"

16374} To a mixture of 4H,5H,6H-pyrrolofl,2-c}{1,2,3 triazol-6-yiacetic acid
(600 mg, 3.59 nunol, 1.0 eq.) in DCM (15 ml) were added N,O-dimethylhydroxylamine
hydrochloride (350 rog, 3.59 munol, 1.0 eq.), -hydroxybenzotriazole (485 mg, 3.59 mmol,
1O eq.), -3-dimethylaminopropyl)-3-ethylcarbodiiroide hydrochloride (757 mg, 3.95
munol, 1.1 eq.) and N-moethyhmorphline (1.09 g, 10.77 mmol, 3.0 eq.) at rt. The maxture was
stitved for 2 h at tt. The reaction was quenched with water (30 wbL). The mixture was
extracted with DCM (4 x 30 mL). The organic layers were combined, washed with brine (30
ml.), dried over anhydrous sodiom salfate, filtered and concentrated under reduced pressure
to afford the crude product. The crude prodact was diluted with DCM (30 ml) and made
into a slarry with 100~200 silica gel mesh (3 g). The slurry was loaded to a column after
removing the DCM. The sample was purified by column chromatography (Column size 5 x
24 ¢m, column volume: 300 mb, silica gel size (100 ~ 200 mesh) guantity: 120 g} and eluted
with MeOH:DCM (0%~10% over 20 min). The collected fractions: 3% MeOH:DCM
fractions were chosen as the pure fractions. Those fractions were combined and concentrated
under reduced pressure to provide N-methoxy-N-methyi-2-{4H,5H,6H-pyrrole{l,2-
c}{1,2,3}triazol-6-v1 acetamide (340 mg, 40%) as a vellow oil. 'H NMR (300 MHz, CDCh-
d) 8743 (s, 1H), 4.91-5.05 (m, 1H}, 3.70 (s, 3H), 3.46-3.56 (m, 1H), 3.22 (s, 3H}, 3.08-3.20
(m, 1H), 2.80-2.98 (m, 3H), 2.45-2.59 (m, {H). LC-MS (ESL m/2): 211 [M+H}".

(8375} To a  mixture  of Nemethoxy-N-methyl-2-{4H,5H,6H-pyrrolo{1,2-
cl{1,2,3lmazol-6-ylacetammide (300 mg, 1.43 mmol, 1.0 eq.) in THF (6 ml) was added
dropwise lithivm aluminem hydride (0.68 ml, 1.71 wamol, 1.2 eq., 2.5 M in THF) at 0 °C
ender nitrogen. The mixture was stirred for 2 h at 0 °C. The reaction was quenched with

saturated  agueous ammoniom chlonde (20 mwl). The mixture was extracted with
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chloroform:isopropyl alcohol (5/1, 4 x 20 mL). The organic layers were combined, washed
with brine (2 x 20 mL), dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure to afford 2-{4H,5H,6H-pyrrolo{1,2-¢}i1,2,3jtriazol-6-yl } acetaldehyde (216
mg, crude) as a yelow oil. LC-MS (ES], m/z): 152 [M+H]".

18376} To a mixture of 2-14H,5H,6H-pyrrolol1,2-¢c}{1,2,3 jtrazol-6-
vitacetaldehyde (216 mg, 1.43 mmol, 1.0 eq.) in MeOH (5 ml) was added ammonium
chioride (153 mg, 2.86 mmol, 2.0 eq.). After being stirred for 2 h at #t, potassium cyanide
{140 mg, 2.14 mmol, 1.5 eq.) was added. The maxture was stirred for 2 days at 11, and then

filtered. The filirate was concentrated under reduced pressure to remove the MeOH. The

residue was diluted with DCM (5 ml) and filtered. The filtrate was concentrated under
reduced pressure o provid 2-amino-3- {4H,5H,6H-pyrrolo1,2-c}i1,2,3 {triazol-6-

yi}propanenitrile (190 mg, crude) as a yellow oil. LC-MS (EST, m/z): 178 [M+H}"

{83771 To a  wixtwe  of (1R,25,35,6R,75)-4-[(28)-3,3-dimethyl-2-(2,2,2-
trifluoroacetamidobutanoyi}-4-azatricyclof5.2.1. 07 2 6 | ldec-B-ene-3-carboxylic acid (416
mg, .07 wmmol, 1.0 eq), Z-amino-3-{4H5H,6H-pyrrolo[l,2-cl{1,2,3}triazol-6-
y1} propanenitrile {190 mg, 1.07 mmol, 1.G eq.) and N,NN' N'-
Tetramethylchloroformamidinium  hexafluorophosphate (391 mg, 1.39 mmol, 1.3 eq.)
in acetonitrile (10 ml) was added N-methylimidazole {880 wmyg, 10.7 mmol, 18.0 eq.). The
mixture was stirred for 1 h at rt. The reaction was guenched with water (30 mL). The
mixture was extracted with EtOAc (3 x 30 mL). The organic layers were combined, washed
with brine (2 x 30 mL), dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure to remove then Et{3Ac. The residue was chromatographed on a silica gel
colunmm with MeOH:DCM (8/92) to afford the crude product. The crude product was
purified by preparative HPLC (Column: Xselect CSH Ci8 OBD Column 30 x 150mm Sum,
n; Mobile Phase A Water (0.1%FA), Mobile Phase B: ACN; Flow rate: 60 mbi/min;
Gradient: 25% B to 45% B in 8 min, 45% B; Wave Length: 254/220 nm; RT: 6.7 min) to
provide (1R,285,35,6R,75-N-{1-cyano-2- {4H,5H 6H-pyrrolol |, 2-cH{ 1,2 3]triazol-6-
yitethyD-4-[(28)-3,3-dimethyl-2-(2,2,2-trifluoroacetamido)butanoyl-4-
azatricyclo{5.2.1.0M 2,6} idec-8-¢une-3-carboxamide (56.0 mg, 9%) as a white solid. LC-MS

(BST, m/7): 548 [M+HT
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EXAMPLE 38
Compound 38

o ethyl diazoacelats, COOEL
i Rh,{OAC),4 A
/’T\’> DCM/ THF |
Q/’ it =
{*i-}

F wCOCH

COOH {(+}-enantiomer
SFC saparation

aqg. 10% NaQH
EtOH

rt

Soas COHOH
Ry

{-}-enantiomer

EDCHCI, HOAL, TEA
DME

0°Ciort

TFAA, pyndine o N,
DMF \"\H NoOCN
t H

The chiral centers noted with “*” are tentatively assigned.
[68378] To a suspension of 2,3-dihydro-1H-inden-1-one (4.0 g, 36.3 mmol, 1 eq.}
and methyltiriphenylphosphonium bromide (16.2 g, 45.4 mimol, 2 eq.) in THF (52 mL) was
added dropwise a solution of {BudK (6.8 g, 60.5 mmol, 2 eq.} in THF (27 mlL} over a period

of 2 h. The mixture was stirred at rt for 3 h and was concentrated under reduced pressure.
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The residue was taken up in hexane. The mixture was filtered through a silica-gel plug and
rinsed with hexane to get l-methylene-2,3-dihydro-1H-indene (2.8 g, 71%) as a colorless
liguid.

[6379] To a solution of 1-methylene-2,3-dihydro-IH-indene (2 g, 15.4 mmol, 1
eq.) and Rhz(OAcH (6% mg, 0.153 munol, 0.01 eq.) in DCM (6 mb) was added a solution of
ethyl diazoacetate {4.05 mL, 3854 mmol, 2.5 eq.) in THF (4 mbL) over a period of 1 h. The
mixture was stirred at rt for 1 h and then concentrated under reduced pressure. The residue
was purified by flash chromatography on silica gel using a gradient of EA (0 to 2%) in PE
and by prep-HPLC (Column; KROMOSIL-C1Eg, 25x150mm 7um; Mobile Phase A: 10 mM
NHHCG: in water, Mobile Phase B: ACN; Flow rate:22 mb/min; Isocratic elnent: 709%8)
to afford trans ethyl 2, 3-dihydrospivo[cyclopropane-1,1'-indene}-2-carboxylate (650 mg,
19%) as an off-white solid. 'H NMR (400 MHz, DMSO-ds) 8§ 7.18-7.24 (m, 1H), 7.11-7.17
(m, 2H), 6.85-6.92 (m, 1H), 4.10 {g, 2H), 2.85-3.02 {(m, 2H), 2.13 (1, ZH), 2.03 (1, tH), 1 .45-
1.32 {m, 2H), 118 (¢, 3H). LC-MS (ESI, m/z): 217 IM+HT.

(386} 250 mg of cis ethyl 2'3-dihvdrospirofcyclopropane-1, '-indene]-2-
carboxylate was also obtained.

{8381} To a solution of trans ethyl 2'3'-dihydrospiro[cyclopropane-1,'-indene}-
2-carboxylate (350 wg, 1.62 mmwol, 1 eq.} in BEtOH (3.7 wml) was added 10% NaOH agqueous
sofution (2.7 mL, 6.17 mmol, 4 eq.). The mixture was stirred at vt for 18 h. The mixture was
diluted with water {10 mL) and extracted with E0 (3 x 5 mL). The aqueous phase was
acidified with 1M H{] and extracted with EA (3 x 10 mL). The organic phases were
combined, dried over NaxS50;, filtered and concentrated under reduced pressure to afford
trans 2',3-dihydrospirofcyclopropane-1,1'-indene]-2-carboxylic acid (300 mg, 98%) as a
white solid.

{63821 trans 2',3'-Dihydrospiro{cyclopropane-1,1-indene}-2-carboxylic acid (450
mg) was purified by prep-SFC using the following conditions: Colomn: Chiralpak AD-H,
4.6%25 cm, 5 pon, Mobile Phase A: CO», Mobile Phase B: MeOH: Flow rate: 60 g/min;
Gradient: isocratic 15% B; Colomn Temperatare: 30°C; Back Pressure: 100 bar. Purification
resulted 1w (1S5%.25%)-2' 3 -dihydrospiro{cyclopropane- |, U-indene}-2-carboxylic acid (210
mg)y and (IR¥2R*)-2'3-dihydrospiro{cyclopropane- 1,1 -indene}-2-carboxylic acid (180

mg).
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{6383] (15%,25%)-2",3-Dihydrospiro|cyclopropane-1,1-indene}-2-carboxylic
acid: "H NMR (400 MHz, DMSO-ds) 8§ 11.99 (brs, 1H), 7.18-7.25 (m, 1H), 7.10-7.17 (m,
2H), 6.82-6.88 (m, 1H), 2.88-3.20 (m, 2H), 2.08-2.22 (m, 2H), 1.88-1.95 (m, 1H), 1.38-1.48
(m, ZH). [a]Pp +444.3° (¢ 0.1, MeCOH). SFC: Chiralpak 13, 4.6%150 mm, 5 um, 30 °C, co-
Solvent : MeOH, hold 7 min at 10%, Rt: 2.21 min.

[6384] (ITR* 2R*3-2' 3 -Dihvdrospiro[cyclopropane-1,1-indene}-2-carboxylic
acid: 'H NMR (500 MHz, DMSO-de) 8 12.10 (brs, 1H), 7.18-7.24 (m, 1H), 7.10-7.17 (m,
IH), 6.82-6.87 (m, 1H}, 2.90-3.00 (m, ZH), 2.10-2.22 (m, 2H), 1.90-1.94 (m, iH), 1.38-1.45
(m, 2H). [a}"p: -335.9° (¢ 0.1, MeOH). SFC: Chiralpak IG, 4.6%150 mm, 5 wm, 30 °C, co-
Solvent : MeOH, hold 7 run at 10%, Ry 2.89 min.

[6385] To a solution of (18,3aR45,7R,7a5-N-((8)-1-amino-1-ox0-3-((8)-2-
oxopyrrolidin-3-yhpropan-2-91)-2,3,3a,4,7, 7Ta-hexahydro- 1 H-4, 7-methanoisoindole- 1 -
carboxamide hydrochloride (120 mg, 0.325 umol, 1.0 eq.) in DMF (1.0 ol cooled at 0 °C
were added (1R*2ZR*)-2'3-dihydrospiroicyclopropane- 1,1 '-indene}-2-carboxvlic acid (61
mg, 0.324 mmol, 1.0 eq.), EDCHCE (122 myg, 0.637 mol, 2.0 eq.), HOAt (43 mg, (.320
mmol, 1.0 eq.} and NEt (3.170 ml, 1.28 mymol, 3.0 eq.). The mixture was stirred at vt for 16
h. The mixture was diluted with water {5 mL) and extracted with EA (3 x 10 mL). The
organic phases were combined, dried over NaxSQy, filtered and concentrated under reduced
pressure.  The residue was purified by flash chromatography on silica gel (12 g column)
using a gradient of MeOH (1 o 10%) in DCM to afford (15,3aR,45,7R.7aS)-N-({S§)-1-
amine-1-0x0-3-((8)-2-oxopyrrolidin-3-yDpropan-2-yH-2-(( 1 R* 2R*).2' 3'-
dihydrospirofcyclopropane-1,1-indene]-2-carbonyi}-2,3,3a,4,7, 7a-hexahydro- 1 H-4,7 -
methanoisoindole-1-carboxamide (100 mg, 61%) as a white solid. LC-MS (ES], m/7): 503
IM+H]

{8386} To a solution of (15,3aR.45,7R,7aS5)-N-{((5)-1-amino-1-0x0-3-({(8)-2-
oxopyrrolidin-3-vhpropan-2-v-2-((1R* 2R *3-.2', 3'-dihvdrospiro{cyclopropane- 1,1 -indene -
2-carbonyl}-2,3,3a,4,7,7a-hexahydro-1H-4,7-methanoisoindole- | -carboxamide (80 mg, 0.15%
mmol, 1.0 eq.) in DMF (0.8 mL) were added pyridine (0.038 mwl., 0.470 nuool, 3.0 eq.) and
THAA (0.040 wl; 0.318 mumol, 2.0 eq.). The mixture was stirred at vt for § h. The mixwre
was diduted with water (10 ml) and extracted with EA (3x 10 rol.). The organic phases were

combined, washed with brine (2 x 10 ml), dned over NaxSQy4, filtered and concentrated
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under reduced pressure. The residue was purified by flash chromatography on Cl8 gel (12 g
colunm} using (.81% ammonium bicarbonate/ ACN and by flash chromatography on silica
gel (12 g column} using a gradient of MeOH (1 to 10%) in DCM to afford
{15,3aR 48 .7R,7a8)-N-({5)-1 -cyano-2-((5)-2-oxopyvrrolidin-3-yDethyl}- 2-((1 R* 2R*)-2' 3"~
dihydrospirofcyclopropane-1,-indenel-2-carbonyi}-2.3,3a,4,7, 7a-hexahydro- 1 H-4,7-
methanoisoindole-1-carboxamide (25 mg, 35%) as a white solid. 'H NMR (400 MHz, 360K,
DMSG-ds) 6 8.25-8.35 (m, 1H), 7.00-7.42 (m, 4H), 6.70-6.88 (m, 1H), 5.85-6.22 {(m, 2H),
4.25-4.95 (m, 1H), 3.98-4.12 (m, 1H), 3.31-3.67 (m, 1H), 3.00-3.22 Gu, 4H), 2.78-2.93 (m,
SH), 2.30-2.42 (m, 1H), 1.94-2.22 (m, 4H), 1.68-1.90 (m, 2H), 1.20-1.55 {(m, 53H). LCMS
{(ES], m/z): 485 [M+H}"

EXAMPLE 39
Compound 39
>
o N
?-.

Eth, MeOH
tf, ovarnight

Gl
F

P o
oy, TEAA, DCM ﬂ_ R

N
i, 1h T

{8387} To a mixtare of (253-2-{[{IR,25,35,6R,75)-4-1(25)-2-amino-3,3-
dimethylbutanoyl]-4-azatmicyclo{3.2.1.0M 2,6 } Jdec-B-en-3-yl {formamido } - 3-[(35)-2-
oxopyrrolidin-3-ylipropanamide hydrochloride (177 g, 0.367 muyool, 1.0 eq.) in MeQOH (&
ol was added triethylaroine (446 mg, 4.40 wmol, 12.0 eq and ethyl 2-chioro-2,2-
difluoroacetate {382 mg, 3.67 mmol, 18.0 eq.). The mixture was stirred overnight at rt, and

then concentrated under reduced pressare 1o remove the MeOH. The mixtare was ditated
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with water (20 mL) and the pH was adjusted to 6 with hydrochloric acid (1 M). The mixture
was extracted with EtOAc (3 x 20 mi). The organic lavers were combined, washed with
brine {2 x 20 ml.), dried over anhydrous sodium suifate, filtered and concentrated under
reduced  pressure  to  provide  (283-2-{{(1R,25,35,06R,)75)-4-{{25)-2-(2-chicro-2,2-
diflucroacetamido)-3,3-dimethylbutanoyli-d-azatricycle[3.2.1.0M 2,6 | {dec-¥-en-3-
vijformamido}-3-[{35)-2-oxopyrrolidin-3-yljpropanamide (180 mg, 80%) as a light yellow
sofid. LC-MS (ESL, m/z): 558 [M+HT".

(83881 To a mixtuwre of (253-2-{1R,25,35,6R,7S)-4-[{25)-2-(2-chloro-2,2-
diflucroacetamido)-3,3-dimethylbutanoyli-d-azatricycle[3.2.1.0M 2,6 | {dec-¥-en-3-
yijformarmido }-3-[{38)-2-oxopyrrolidin-3-yHpropanarmide (180 mg, 0.323 nmuvol, 1.0 eq.) 1o
DCM (3 ml) was added pyridioe {102 mg, 1.29 romol, 4.0 eq.) and trifluoroacetic anhydride
(122 mg, 0.581 mwomol, 1.8 eq.). The mixture was stured for 1 h at «t. The reaction was
quenched with water (20 ml.). The mixture was extracted with DCM (3 x 20 mL). The
organic layers were combined, washed with brine (2 x 20 ml), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure to afford the crade product. The
crude product was purified by prep-HPLC (Column: XBridge Shield RPIB OBD Column, 19
x 250 mm, 10um; Mobile Phase A: Water (0.1 %FA), Mobile Phase B: ACN; Flow rate: 25
b /min; Gradient: 40% B to 70% B 1w 7 win, 70% B; Wave Length: 254 nm; RT: 5.4 min;)
o provide {(1R,28,38,6R,75)-4-1(28)-2-(2-chloro-2,2-diflucroacetamido)-3,3-
dimethyibutanoyl]-N-{(18)-1-cyano-2-{(35)-2-oxopyrrolidin-3-yljethvi|-4-
azatricyclo{5.2.1.0"{ 2,6} dec-8-ene-3-carboxamide (41.2 mg, 23%) as a white solid. 'H
NMR (400 MHz, 80 °C, DMSO-ds) 6 8.65-8.90 (m, 1H), 8.40-8.64 (m, 1H), 7.30-7.62 (m,
tH}, 5.95-6.25 (m, 2H), 4.83-5.01 (m, 1H), 4.40-4.75 (m, 1H), 3.95-4.20 {(m, 1H}, 3.56-3.75
(m, 1H), 3.32-3.55 (m, IH), 3.06-3.30 (m, 2H), 3.01-3.05 (m, iH), 2.80-3.00 (m, 2H}, 2.60-
2779 (m, 1H), 2.21-2.40 (m, 1H), 2.00-2.20 (m, ZH), 1.60-1.95 (m, 2H), 1.30-1.48 (m, ZH),
0.72-1.10 (m, 9H). LC-MS (BSL, m/z): 540 [M+HT"
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EXAMPLE 40
Compound 40
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[6389] To a muxture of tert-butyl (IR,28,38,6R,75)-3-{{{15})-1-carbamoyl-2-
{(3S)-2-oxopyrrolidin-3-yljethyljcarbamoyl }-4-azatricyclo{5.2.1.00 2,6} jdec-8-ene-4-

carboxylate (250 mg, 0.578 mmol, 1.0 eq.) in EtOAc (§ ml.) was added 10% palladium on
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activated carbon (120 mg). The mixture was stirred for 3 h at 1t under hydrogen and then
filtered. The filtrate was concentrated under reduced pressure to provide tert-butyl
{15,25,38,6R,7R)-3-1{{(18)- 1 -carbamoyl-2-[(35)-2-oxopyrrolidin-3-yljethyljcarbamoyi } -4-
azatricyclo{5.2.1.0M 2,6 } {decane-4-carboxylate (200 mg, 75%) as an off-white sohid. LC-
MS (ESL, m/7): 435 [M+H}

(8380} A mixture of tert-butyl (I1R,25,35,6R,75)-3-{{(15)-1-catbamoyl-2-[(35)-
2-oxopyrrohidin-3-yljethylicarbamoyl}-4-azatricyclo[5.2.1.0M 2,6 Jdec-8-ene-4-carboxylate
(200 mg, 0.462 mmol, 1.0 eq.) in hydrogen chlonide (§ mlL, 2M 1o BEtO) was stured for 2 b at
Tt The muxture was concentrated under reduced pressure (o afford (25)-2-
LES,25,35,6R, 7R -4-azatnicyeln5.2.1.078 2,6 H ldecan-3-yiformamido}-3-[(38)-2-
oxopyrrolidin-3-ylipropanamuade hydrochloride (170 mg, crude) as an off-white solid. LC-
MS (ESY, m/z): 335 [M+H]".

{83911 To a mixture of (28)-2-[{(tert-buatoxycarbonyhamino]-3,3-
dimethylbutanoic acid (106 mg, 0.458 mmol, 1.0 eq.) and o-(7-azabeunzotriazol-1-yi)-
NLNON N'-tetramethyluronivm hexafluoorophosphate (209 mg, .550 mmol, 1.2 eq.) in DMF
(3 ml) was added N-ethyl-N-isopropylpropan-2-amine (355 mg, 2.75 wmmol, 6.0 eq.y at § °C.
After stirred for 15 min at 0 °C, (25)2-{(15,28,35,6R,7TR)-4-
azatricycio]5.2.1.0M 2,6} Jdecan-3-ylformamido]-3-[(38)-2-oxopyrrolidin-3-ylipropananide
hydrochloride (170 mg, 0.458 mumol, 1.0 eq.) was added. The mixture was stirred for | h at
rt. The mixture was purified by C18 column with CH:CN:Water (0.05% TFA). The desired
fraction was concentrated under reduced pressure to provide tert-butyi N-{(Z5)-i-
F18,25,35,6R,7R)-3-{{{15)-1-carbamoyl-2-{(38)-2-oxopyrrolidin-3-yijethyljcarbamoyi}-4-
azatricyclo{5.2.1.0% 2,6 } {decan-4-yi]-3,3-dimethyl-1-oxobutan-2-yljcarbamate (155 mg,
59%) as a light yellow solid. LC-MS (ESL, m/z): 548 {M+H]}".

(8392} A mixture  of tert-butyl  N-[(285)-1-[(15,25,35,6R,7R-3-{[{185)-1-
carbamoyi-2-{{35}-2-oxopyrrolidin-3-ylethyljcarbamoyl }-4-
azatricyclo{5.2.1.00 2,6} {decan-4-y1}-3,3-dimethyl-1-oxobutan-2-yljcarbamate (155 mg,
0.283 mmol, 1.0 eq.) in hydrogen chloride (5 ml, 2 M in ExO) was stitred for 2 h at rt. The
mixture was concentrated under veduced presswre to afford (25)-2-{[(15,25,35,6R,7R)-4-
[(28)-2-amino-3,3-dimethylbutanoyl]-4-azatricyclo{5.2. 1.0/ 2,6 } Jdecan-3-yl{{ormarmdo } -3-

1{(35)-2-oxopyrrolidin-3-ylpropanamide hydrochlonide (137 mg, crude) as an off-white solid.
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LC-MS (ESL m/z) 448 [M+H]"

18393} To a mixture of (28)3-2-{}](18,25,35,6R,7R-4-1(25)-2-aminc-3,3-
dimethyibutanoyl]-d-azatricycle{5.2.1.00 2,6 } idecan-3-yi{formamido } -3-[(35)-2-
oxopyrrolidin-3-yijpropanamide hydrochloride (137 mg, 0.283 mmol, 1.0 eq.} in MeOH (3
mb) was added triethylamine (344 mg, 340 mmol, 12.0 eq. and ethyl 2-chioro-2.2-
diflaoroacetate (449 mg, 2.83 mumnol, 10.0 eq.). The mixture was stirred overnight at rt. The
mixture was concentrated under reduced pressure to remove MeQOH. The mixture was
diluted with water (20 ml) and the pH was adjusted to 6 with hydrochloric acid (1 M). The
mixture was extracted with EtOAc (3 x 20 mL). The organic layers were combined, washed
with brine (2 x 20 mL), dried over anhydrous sodiurn sulfate, filtered and concentrated under
reduaced  pressure  to provide  (28)-2-{[(15,25,35,6R,TR)-4-{(25)-2-(2-chloro-2,2-
diflnoroacetarnido)-3,3-dimethylbutanoyli-4-azatricyclo[5.2. 1.0 2,6} [decan-3-
yliformamido }-3-[{35)-2-oxopyrrolidin-3-yljpropanamide (100 mg, 37%) as a yellow sohid.
LC-MS (ESL m/z): 560 [IM+H]™

(68394} To a mixture  of 25-2-{[{15,25,385,6R,7R-4-{{253-2-(2-chlore-2,2-
difluoroacetamido)-3,3-dimethylbutanoyli-d-azatricyclo[5.2.1.0M 2,6} Jdecan-3-
viiformamido }-3-[{35)-2-oxopyrrolidin-3-ylipropanamide (100 mg, 0.179 mmol, 1.0 eq.) in
DCM (3 ml) was added pyndine (36.80 mg, 0.716 wmmol, 4.0 eq.) and trifluoroacetic
anhydride (6.0 mg, 0.322 mmol, 1.8 eq.}. The mixture was stirred for | h at rt. The
reaction was guenched with water (10 mL). The mixture was extracted with DCM (3 x 1§
mbLj). The organic layers were combined, washed with brine (2 x 10 mlL), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford the
crude product. The crude product was purified by prep-HPLC (Column: XBridge Shield
RP1E OBD Column, 19 x 250 mun, 10 um; Mobile Phase A: Water ((.1%FA), Mohile Phase
B: ACN; Flow rate: 25 mbL/min; Gradient: 40% B to 70% B in 7 min, 70% B Wave Length:
254 nm; RT: 543 miny to provide (15,253856R,7R}-4-[(25)-2-(2-chioro-2,2-
difluorocacetamido)-3,3-dimethylbutanoy-N-[(15)-1-cvano-2-{{35)-2-oxopyrrolidin-3-
yljethyl}-4-azatricyclo{5.2.1.0% 2,6 } Jdecane-3-carboxamide (25.2 mg, 25%) as a white sohid.
'H NMR (400 MHz, 80 °C, DMSO-ds) & 8.55-8.80 (i, 2H), 7.35-7.60 (1, 1H), 4.80-4.95
(m, 1H), 4.60-4.75 (m, 1H), 4.40-4.55 (m, 1H), 3.75-3.90 (m, 1H), 3.50-3.74 (m, 1H), 3.10-
340 (m, 2H), 2.60-2.73 (m, 1H), 2.36-2.44 (m, 1H), 2.26-2.35 (m, 2H), 2.17-2.22 (m, 1H),
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2.00-2.16 {(m, ZH), 1.61-1.89 (m, 2H), 1.40-1.60 (m, ZH), 1.20-1.38 {m, 3H), 1.05-1.19 {(m,
TH), 0.76-1.04 (m, 9H). LC-MS (BSL m/z): 542 [M+H].

EXAMPLE 41
Compound 41

[6395] Compound 41 was prepared simtlarly as described for compound 33,
using  {S)-2,2-difluorocyclopropane-f-carboxylic  acid in place of (R}-2.2-
difluorocyclopropane-1-carboxylic acid. 'H NMR (400 MHz, 80 °C, DMSO-ds) § 8.55-
S8.80 (m, 1H), 7.80-8.20 (m, 1H), 7.30-7.60 {(m, 1H), 5.85-6.30 (m, 2H), 4.70-53.00 {m, 1H),
4.40-4.60 (m, 1H), 3.90-4.25 (m, 1H), 3.30-3.70 (m, 2H), 3.10-3.25 (m, 2H), 2.95-3.05 (m,
[H), 2.85-2.95 (m, 2H), 2.60-2.85 (m, ZH), 2.30-2.50 (m, 1H), 2.05-2.30 (m, 2H), 1.60-2.00
(m, 4H), 1.30-1.50 (m, 2H), 0.80-1.00 (m, 9H). LC-MS (ES], m/z): 5332 [M+HI".

EXAMPLE 42
Compound 42

G
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[6396] To a solution of diisopropylamine (3.0 g, 37.7 mmol, 2.2 egq.) in THF (30
mb.) cooled to -78°C were added 1.6M nBuli in hexanes (23 mi, 37.7 mmol, 2.2 eq.} and 2-
bromo-3,3,3-trifluoroprop-1-ene (3.0 g, 17.1 mmol, 1.0 eq.). The mixture was stirred at -
78°C for 30 min and 0.5M ZnCly in THF (37 ml, 18.5 mmol, 1.1 eq.). The mixture was
warmned to 1t over | h. The solution of 3,3,3-trifluoroprop-I-yne in THF was used as such
directly in the next step.

(8397} To a mixture of methyl (8)-2-azido-3,3-dimethylbutanoate (1.5 g, 8.77
mmol, 1.0 eq.) and a solution of 3,3,3-triflucroprop-t-yne in THF (17.1 mmol, 2.0 eq.) in n-
BuOH (13.5 mb) and water {1.5 ml) were added copper sulfate (69 myg, 0.043 mumol, 0.05
eq.)y and sodium ascorbate (260 mg, 1.31 mmol, 0.15 eq.). The mixture was stirred at ot
overnight. Water (30 ml) was added. The resulting precipitate was filtered and washed with
water and diethy! ether. The phases of the filtrate were separated. The organic phase was
washed with water (3 x 10 ml) and brine {1 x 10 ml), doed over NaxSQhs, filiered and
concentrated under reduced pressure. The residue was purified by flash chromatography on
silica gel using a gradient of EA (§ to 10%) in hexane to afford methyl (5)-3,3-dimethyl-2-
{(4-(trifluoromethyl}-1H-1,2,3-triazol- L-yDibtancate (600 myg, 21%) as a pale yellow liquid.

'H NMR (500 MHz, CDCL) 8 8.41 (s, TH), 5.37 (s, TH), 3.83 (s, 3H), 1.03 (5, 9H).
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183981 A mixture of {8)-3,3-dimethyl-2-(4-{triflucromethyl}-1H-1,2,3-triazol- 1~
yiybutanoate (600 mg, 2.26 mmol, 1.0 eq.} and 2M HCI (4.0 mL, 8.00 mmol) was heated at
100°C for 48 h. After cooling to rt, the mixture was extracted with EtOAc (2 x 58 mL). The
organic phases were combined, dried over NaxSQOs, filtered and concentrated under reduced
pressure. The residue was triturated with 5% diethyl ether in pentane to afford (5)-3,3-
dimethyi-2-(4-(trifluoromethyl)-1H-1,2, 3-triazol-1-yhbutanoic acid (0.720 g, 83%) as a
white solid.

[6399] To a solution of (15,3aR45,7R,7a85)-N-({(8)-1-amino-1-ox0-3-((8}-2-
oxopyrrolidin-3-ylipropan-2-y13-2,3,3a,4,7, 7a-hexahvdro- 1 H-4,7-methanoisoindole- | -
carboxamude hydrochloride (100 rog, 0.271 mmol, 1.0 eq.) in DMF (1.0 mb) cooled at 0 °C
were added (8)-3,3-dimethyl-2-(4-(iflaoromethyl-1H-1,2,3-triazol- [ -yDbutanoic acid (82
rag, 0.326 womol, 1.2 eq.), EDCsHCI (104 myg, 0.543 mmol, 2.0 eq.), HOAt (37 mg, 0.271
mmol, 1.0 eq.) and NEiz (0,151 ml, 1.09 mmol, 4.0 eq.). The mixture was stirred at vt for 16
h. The mixture was diluted with water {3 ml) and extuacted with EA (3 x 10 mbL). The
organic phases were combined, dried over NaxSQOs, filtered and concentrated under reduced
pressure.  The residue was purified by tlash chromatography on silica gel (12 g colurn)
using a gradient of MeOH (I to 10%) in DCM to afford (15,3aR,48,7R,7a85)-N-({85)-1-
amino-1-oxo-3-{({S)-2-oxopyrrolidin-3-ylipropan-2-y1)-2-(3,3-dimethyl-2-(4-
{tritfluoromethyl}-1H-1,2,3-triazol- 1 -yhbutanoyl-2.3,3a,4,7, 7a-hexahydro-1H-4,7 -
methanoisoindole-1-carboxamide (100 mg, 60%) as a white solid. LC-MS (ES], m/z): 566
{M+H]™.

184001 To a solution of (15,3aR45,7R,7a5-N-{(5)-1-amino-1-0x0-3-((§)-2-
oxopyrrolidin-3-yDpropan-2-y1H-2-(3,3-dimethyl-2-(4-(trifluoromethyl}- 1 H-1,2,3-triazol-1-
ylybutanoyl)-2,3,3a,4,7,7a-hexahydro-1H-4,7-methanoisoindole- L -carboxamide (70 mg,
0.123 manol, 1.0 eq.) in DMF (0.7 mL) were added pyridine (0.030 mL., 0.371 mmol, 3.0 eq.)
and TFAA (0.034 mb; 0.247 mmol, 2.0 eq.}. The mixture was stivred at rt for 1 h. The
mixture was diluted with water (10 ml) and extracted with EA (3 x 10 mL}. The organic
phases were combined, washed with brine (2 x 10 ml), dred over NaxSOy, filtered and
concentrated under reduced pressure. The residue was purified by prep-HPLC (Colummn: X-
SELECT-CI18, 19x1530mm Sumy; Mobile Phase A: 10mM Ammonium bicarbonate n water,

Mohile Phase B: ACN; Flow rate: 17 mL/moin; gradient: 20% B to 70% B in 8 vun) to afford
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{(15,3aR 48,7R 7a83-N-{({5})-1-cyano-2-{{5)-2-oxopyrrolidin-3-yhethyl}-2-(3,3-dimethyl-2-
{4-(riftuoromethyi}-1H-1,2,3-triazol- 1 -ylibtanoyl)-2,3,3a.4,7, 7a-hexahydro-1H-4,7-
methanoisoindole-1-carboxamide (33 mg, 47%) as a white solid. 'H NMR (400 MHz, 362K,
DMSO-de) & 8.42-8.76 (m, 2H), 7.34 (m, 1H), 6.16-6.30 (m, 1H), 5.61-5.83 (m, 1H), 544
{m, 1H}, 4.90-5.01 (m, 1H), 4.01 (m, 1H), 3.75 (m, 1H), 3.40-3.53 (m, 1H), 3.07-3.24 {m,
44, 2.87 (m, 1H), 2.73-2.85 {m, 1H), 2.37 (m, 1H), 2.03-2.19 (m, 2H), 1.55-1.84 (m, 2ZH),
1.35-1.44 (m, ZH), 0.94 (s, 9H). LCMS (ESL myv/z): 546 [M-H].

EXAMPLE 43
Compound 43

o triphosgene, O Q
) !\ satNaHCQOs o,
HalNo o Dom -

{3

N B —
AN 0°C i
A {
" LIOH Q’“’N
ocl, N THE RO N
""""""""""""" > LS il 0
o 4 i
30 W (S}
0 OH
{
A
S :
oy o
0 g { N a
y-NH 7{ - N —NH
0
Y ﬁi Ij\’) EDC HCI, HOAL W ? J:)\)
N o =1 (N F ) -
SN oons, N DY Ny ™™ conn,
~H H < <{ . >
H%ll . o’

i N
o~ QO
,fj\ ~NH
HN N
pyridine, TFAA =z O A 1\&)
DMF Lo
\ N\\]"\ LN/ ON
it H H
HOTTTN
WSS 43
{481} To a solution of methyl (5)-2-amino-3,3-dimethylbutanocate hydrochloride

(1.0 g, 690 munol, 1.0 eq.) in a mixture of sat. NaHCO3 (43 ml) and DCM (22 mL) cooled
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at 3 °C was added triphosgene (818 mg, 2.76 mmol, (.4 eq.}). The mixture was stirred at { °C
for 2 h. The mixture was diluted with DCM (10 mb) and washed with brine (18 mL). The
phases were separated. The organic phase was washed with brine (18 mlL), dried over
Nax50;, filtered and concentrated under reduced pressure to afford methyl (8)-2-isocyanato-
3,3-dimethylbutanocate as a pale yellow liquid, which was used in the next step without
further purification.

[0402] To a solution of methyl (5)2-isocyanatn-3,3-dimethylbutancate (6.90
romol, 1.0 eq.) in dioxane (10 mL) was added acetohydrazide (649 mg, 8.77 mmol, 1.5 eq.).
The mixtare was stirred at 11 for 2 h and then concentrated under reduced pressure. The
residue was purified by flash chromatography on silica gel (24 g colomn) using a gradient of
EA {40 to 60%) in PE to afford methyl (8)3-2-(2-acetylhydrazine-1-carboxamido)-3,3-
dimethyibutanoate (1.0 g, 39% over two steps) as an off-white sohd. 'H NMR (500 MHz,
DMSG-ds) 6 9.56 (s, 1H), 7.86 (s, 1H), 6.54 (d, 1H), 4.02 (4, 1H), 3.63 (s, 3H), 1.80 (s, 3H),
0.90 (s, 9H).

(84631 A solution  of wethyl  (8)-2-(2-acetythydrazine- -carboxamido)-3,3-
dimethyibutanoate (1.0 g, 4.08 mmol, 1.0 eq.) in POCl (4 mul) was heated at 830°C for 2 h.
After cooling to rt, the mixture was poured into ice/water (20 ml.), basified with NaHCGOs
until pH=8 and extracted with EA (2 x 20 ml). The organic phases were combined, dried
over NaSO, filtered and concentrated under reduced pressure. The residue was purified by
flash chromatography on silica gel (24 g column) using a gradient of EA (20 to 40%) in PE
to afford methyl (8)-3,3-dimethyl-2-({5-methyl-1,3,4-oxadiazol-2-yhaminojbutanoate (800
myg, 90%) as an off-white solid. H NMR (400 MHz, DMSO-de) § 7.78 (4, TH), 3.91 (4, 1HD),
3.63 (s, 3H), 2.29 (s, 3H), (.98 (5, 9H).

18404} To a solution of methyl (5)-3,3-dimethyl-2-((5-methyl-1,3 4-oxadiazol-2-
yviyamino)butanoate (200 mg, 0.881 mmol, 1.0 eq.) in THF (I mb) and water (1 mL) was
added LiOH (42 mg, 1.76 munol, 2.0 eq.). The mixture was stirred at t for 2 h. The mixture
was diluted with water (5 mbL), acidified with sat. citric acid and extracted with EA (2 x 20
mL). The organic phases were corabined, dried over Nax5Qu, filtered and concentrated under
reduced pressure 78] afford {8)-3,3-dirnethyl-2-{(5-methyi-1,3,4-oxadiazol-2-
yhaminoibutanoic actd (170 mg, 91%) as an off-white solid. LOC-MS (BESIL, w/2): 214

[M+HT".
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184051 To a solution of (15,3aR45,7R,7a5-N-{(5)-1-amino-1-0x0-3-((§)-2-
oxopyrrolidin-3-yhpropan-2-v1)-2,3,33,4,7, 7a-hexahydro- 1 H-4,7-methanoiscindole- 1 -
carboxamide hydrochloride (100 mg, 0.272 mmol, 1.0 eq.} in DMF (1.0 mi) cooled at 0 °C
were added (5)-3,3-dimethyl-2-((5-methyl-1,3,4-oxadiarol-2-yDaminobutanoic acid (70 mg,
0.326 mmol, 1.2 eq.), EDC-HCI (103 mg, 0.544 mumol, 2.0 eq.}, HOAt (37 mg, 0.272 mmol,
1.0 eg.) and NEG (0,110 mb, 0.816 mmol, 3.0 eq.). The mixture was stirred at 1t for 16 h
The mixture was diluted with water (§ mL) and extracted with EA (2 x 5 mL). The organic
phases were combined, washed with brine (2 x 5 ml), dried over NaxSO4, filtered and
concentrated under reduced pressure. The residue was purified by flash chromatography on
sifica gel (12 g colwnn) wsing a gradient of MeOH (1 to 10%) 1w DCM to afford
{15,3aR 48, 7R [ 7a8)-N-{{8)-1 -arnino- | -ox0-3-({8)-2-oxopyrrolidin-3-yDpropan-2-y1}-2-({8)-
3,3-dimethyl-2-((5-methyl-1,3 4-oxadiazol-2-yhamino)butanoyl}-2,3,3a,4,7, 7a-hexahydro-
FH-4,7-methanoisoindole- 1-carboxamide (70 rog, 49%) as an off-white solid. LC-MS (ESI,
a7y 528 [M+HI

[8486] To a solution of (18,3aR.45,7R,7a5)-N-({8)-1-amino-1-0x0-3-({8)-2-
oxopyrrolidin-3-ylpropan-2-y1-2-((58)-3,3-dimethy1-2-({5-methyl-1,3,4-oxadiazol-2-
yhaminojbutanoyiy-2,3,3a,4,7, 7a-hexahydro- 1 H-4,7-methanoisoindole-1-carboxamide (70
mg, 8.132 mmol, 1.0 eq.) in BMF (0.7 mL) were added pyridine (8.030 mL, 8.398 momol, 3.0
eq.; and TFAA (0.030 mbL; 0.260 mmol, 2.0 eq.). The mixture was stirred at 1t for 30 min.
The mixture was diluted with water (5 mL} and extracted with EA (2 x 18 mL). The organic
phases were combined, washed with brine (2 x 10 ml), dried over NaxSQq, filtered and
concentrated under reduced pressure. The residue was purified by prep-HPLC {Column: X-
SELECT-CI8, 19x150mm 5Sum; Mobile Phase A: 10mM Ammonium bicarbonate, Mobile
Phase B: ACN; Flow rate; 17 ml/min; gradient: 10% B to 60% B in 8 min) to afford
{15,3aR 45,7R [ 7a8)-N-({S)-1-cyano-2-((5)-2-oxopyrrolidin-3-yDethvl}-2-((5)-3,3-dimethyl-
2-{(5-methyl-1,3 4-oxadigzol-2-vhaminobutanoviy-2,3,34,4,7, 7a-hexahydro- 1 H-4,7-
methanoiscindole-1-carboxamide (35 mg, 52%) as a white solid. 'H NMR (500 MHz, 363K,
DMSO-de) 3 R.60 (br. s, 1H), 7.32 (s, 1H), 6.93 (br. 5., 1H), 6.08 {m, 1H), 5.81 (m, 1H), 4.90
o, THS, 412 (5, 1H), 3.98 (my, 1H), 3.66 (m, 2H), 3.08-3.20 (m, 3H), 2.88 (m, 2H), 2.71 (m,
FH), 2.36 (m, 1HD), 2.28 (s, 3H), 215 (m, 2H), 1.69-1.79 (m, 2H), 1.39 (s, 2H), 0.94 (s, OH).
LOMS (ESI, m/z): 308 [M-HT.
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EXAMPLE 44
Compound 44
& cl
\,rr:« N o\’q}jy»NH
o -
/\{/ N /WQ o
i i i
AN N\ﬁ_,\\h\ NH,
© HATU, DIEA, DMF - H ]
t, 2h HE X 0
TR
10}
T N G}”NH
.
v O
TFFA, py, DOM Ci/ ! ”\
ft, 4 Moo ™S
L, 40 | H N

{04471 To a solution of 4,6-dichloro-1H-indole-2-carboxylic acid (83 mg, .36
romol, 1.2 eq.y in DMF (2 mwl) were added NN, N’ N'-Tetramethyl-O-(7-azabenzotriazol-1-
yhuroniurn  hexafluorophospate (149 mg, 0.3% wmwmel, 13 eq) and NN-
ditsopropylethylamine (272 mg, 2.1 nuool, 7.0 eq.}. The mixture was stirred at O °C for 30
min and (15,3aR,4S5,7R,7aS)-N-((S)-1-amino-1-0x0-3-({8)-2-oxopyrrolidin-3-yhpropan-2-
v1}-2.3,3a,4,7, Ta-hexahydro- | H-4,7-methanoisoindole- 1 -carboxamide (100 mg, 0.30 mmol,
1.0 eq.y was added. The mixture was stitred at ¢t for 2 h. The reaction was guenched with
water (3 1ol The mixture was extracted with EA (3 x 5 ml). The organic layers were
combined, washed with brine (3 x § mbL}, dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The residue was chromatographed on a {18 colummn
with water:MeCN (2:1) to provide (18,3aR,48,7R,7a5)-N-({8)-1-amino-1-ox0-3-((5)-2-
oxopyrrohidin-3-yhpropan-2-y1)-2-(4,6-dichloro- 1 H-indole-2-carbonyl}-2,3,34.4,7, 7a-
hexahydro-1H-4,7-methanoisoindole- 1 -carboxamide (70 mg, 40%) as a brown yeliow solid.
LC-MS (ESL m/z): 544 [M+H]

{84081 To a solution of (15,3aR.48,7R,7a5)-N-{{8}-1-amino-1-ox0-3-({8}-2-

oxopyrrolidin-3-ylipropan-2-yi-2-(4,6-dichloro-1 H-indole-2-carbonyl)-2,3,3a,4,7,7a-
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hexahydro-1H-4,7-methancisoindole- I -carboxamide (70 mg, 0.13 mmol, 1.0 eq.} in DCM (1
mb} were added TFAA (37.8 mg, (.18 mmol, 1.4 eq.) and pyridine (35.6 mg, 0.45 mmol, 3.5
eq.}. The mixture was stirred at 1t for 4 h. The reaction was guenched with water (2 mbL).
The mixture was extracted with DCM (3 x 3 mL). The organic layers were combined, dried
over anhydrous sodiumn sulfate, fillered and concentrated under reduced pressure. The
residue was purified by Pre-HPLC (Column: XBridge Shield RP18 OBD Column, 30%150
i, Sum; Mobile Phase A Water (0.19%FA), Mobile Phase B: ACN; Flow rate: 60 mL/min;
Gradient: 40% B to 70% B in 7 min, 70% B; Wave Length: 254 nm; RT1 (min) 5.2;) to
provide {15,3aR 45,7R,7a8)-N-({8)-1-cyano-2-((5)-2-oxopyrrolidin-3-vhethyl)-2-(4,6-
dichloro-1H-indole-2-carbonyl}-2,3,3a,4,7, 7a-hexahydro- 1 H-4,7-methanoisoindole- | -
carboxamide (18.3 mg, 27%) as a white solid. 'H NMR (400 MHz, DMSO-des, 80 °C) §
FLTE (br, 1H), 8.72-9.00 (m, 1H), 7.44-7.532 (m, 2H), 7.34 (s, 1H), 6.59-6.90 (m, 1H), 6.05-
6.25 {m, 2H), 4.80-5.05 (m, 1H), 4.30-4.61 (m, 1H), 3.85-4.05 (m, 1H), 3.63-3.65 (m, 1H),
3.01-3.10 (m, 3H), 2.79-2.96 (m, 3H), 2.01-2.50 (m, 3H), 1.56-1.96 (m, 2H), 1.44 (s, 2H).
LOC-MS (ESL m/z): 526 IM+H]"

EXAMPLE 45
Compound 45
H H
N Q;I\ﬂ./N Cl
{
=N,
0 o G fNH
HooR N A0
PA Ho L, ,U\N/A L Pt
f N el dioxans [ H % OH
OH H HCH, dioxane e H O H
ft, 2h N HATU, DIEA, DMF
~ it, 2h
C H
H Ci
% N

L /,ﬁ ’)°" 2h
On H ””\>'
PN

[84809] A solution of tert-butyl {15,3aR 45, 7R, 7a8)-1-(({(25)-4-

’ O
f G:YN{\) I - \7
[ rNH / {
S\/{ A ‘ _DMPDCM %N/ (:~
Q i ‘ ’ ’ /\\
5l N'

{cyclopropylamino)-3-hydroxy-4-oxo-1-({8)-2-oxopyrrolidin-3-yhbutan-2-vhcarbamoyl)-
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1,3,3a,4,7,7a-hexahydro-2H-4,7-methanoisoindole-2-carboxylate (400 mg, 0.8 mmol, 1.0
eq.} in hydrochloric acid (8 ml., 4M in dioxape) was stirred at 1t for 2 h and then
concentrated under reduced pressure o provide (18,3aR.45,7R,7a85)-N-((28)-4-
{cyclopropylamino)-3-hydroxy-4-ox0-1-({S)-2-0xopyrrolidin-3-yitbutan-2-vi}-2,3,3a,4,7,7a-
hexahydro-1H-4,7-methanoisoindole- | -carboxamide (300 mg, crude) as an off-white solid.
LC-MS (ESL m/z) 403 IM+H]

18416} To a solution of 4,7-dichloro-1H-henzoldjimidazole-2-carboxylic acid (63
og, 0.27 wmol, L1 eqy in DMF (2 mb) were added NNN N-Tetramethyl-O-(7-
azabenzotriazol- | -yhuroninm hexafluorophospate (123 mg, 0.32 mmol, 1.3 eq.) and NN-
ditsopropylethylamine (225 mg, 1.74 nunol, 7.0 eq.). The mixture was stured at 0 °C for 30
pin and  {(15,3aR 45,7R,7a8)-N-{(258)-4-{cyclopropylamino)-3-hydroxy-4-oxo- 1 -{({8)-2-
oxopyrrohidin-3-yhbutan-2-y1)-2,3,3a,4,7, 7Ta-hexahydro- | H-4,7-methanoisoindole- -
carboxamide (100 mg, 0.25 womol, 1.0 eq.) was added. The mixture was stirred at tt for 2 h.
The reaction was quenched with water (3 mL). The mixture was extracted with BEA (3 x 5
mb). The organic lavers were combined, washed with brine (3 x 5 ml), dried over
anhydrous sodium sulfate, {iltered and concentrated under reduced pressure. The residue was
chromatographed on a silica gel column with MeOH:DCM (1:12) to provide
{(15,3aR 45,7R,7aS)-N-{{28}-4-{cyclopropylamino)-3-hydroxy-4-oxo- 1-{((5)-2-oxopyrrolidin-
3-yhbutan-2-v1)-2-(4,7-dichloro- 1 H-benzol{djimidazole-2-carbonyl)-2,3,3a,4,7.7a-
hexahydro-1H-4,7-methancisoindole-1 -carboxamide (80 mg, 47%) as a white solid. LC-MS
(ESL m/z): 615 IM+HT

18411} To a sohution of (18,3aR,45,7R,7a8)-N-{((Z5)-4-i{cyclopropyvlamino)-3-
hydroxy-4-oxo-1-({(5)-2-oxopyrrolidin-3-ylbutan-2-yi}-2-(4,7-dichloro- 1 H-
benzofdlimidazole-2-carbonyly-2,3,3a,4,7, 7a-hexahydro-1H-4,7-methanoisoindole- 1 -
carboxamide (80 mg, .13 mmol, 1.0 eq.) in DCM (2 mL) was added DMP (165 mg, 0.39
mmol, 3.0 eq.) at 0 °C under N2, The mixture was stirred at 0 °C for 2 h. The reaction was
quenched with sodium thiosulfate solution (2 mb) and sodium bicarbonate solution (2 mb).
The mixture was extracted with DCM (3 x 5 mul)). The organic layers were combined, dried
over aphydrous sodinm sulfate, filtered and concentrated under reduced pressure. The
residae was purified by prep-TLC o provide (15,3aR 45,7R,7a8)-N-(4-{cyclopropylamino}-

3 4-dioxo-1-((S)-2-oxopyrrolidin-3-yhbutan-2-y1)-2-(4,7-dichloro- 1 H-benzoldjinudazole-2-
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carbonyi)-2,3,3a,4,7,7a-hexahydro- 1 H-4,7-methanoisoindole- 1 -carboxamide (30.4 mg, 38%)

as a white solid. LC-MS (ESI, m/2): 613 [M+H]".

EXAMPLE 46
Compound 46

H
Ci
N
N\ O
/ NH %
3.0
~ @] O
cl n AL A
HATU, DIEA, DMF N N
i, 2h He = NoH OH H
l‘ ij”::"
IBX, DMSO
______________________________ -
rt, overnight
164121 To a solution of 4,6-dichloro-1H-indole-2-carboxylic acid {126 mg, 0.55

mmol, 1.1 eq.) in DMF (3 mL) were added N,N,N' N'-Tetramethyl-O-(7-azabenzotriazol-1-
yhuronium  hexafluorophospate (246 mg, 0.65 mmol, 13 eq) and NN-
ditsopropylethylamine (450 mg, 3.48 mmol, 7.0 eq.). The mixture was stirred at 0° C for 30
min  and  {15,3aR . 45,7R,7a8)-N-({(25)-4-{cyclopropylamine)-3-hydroxy-4-oxo- 1 -((8)-2-
oxopyrrolidin-3-yhbutan-2-v1)-2,3,3a,4,7,7a-hexahydro- 1 H-4,7 -methanoisoindole- 1 -
carboxamide (200 mg, 0.5 mmol, 1.0 eq.) was added. The mixture was stirred at 1t for 2 h.
The reaction was quenched with water (3 mL). The mixture was extracted with BEA (3 x 5
mL).  The orgamc layers were combined, washed with brine (3 x 5 ml), dried over
avhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue was
chromatographed on a silica gel column with MeOH:DCM  (1:12) to provide
{(15,3aR,45,7R,7a85)-N~{(2S-4-(cyclopropylamino)-3-hydroxy-4-oxo- 1-{((5)-2-oxopyrrolidin-
3-yhbutan-2-y1)-2-(4,6-dichloro- 1 H-indole-2-carbony1}-2,3,32,4,7, 7a-hexahydro- 1 H-4,7-
methanoisoindole-1-carboxamide (70 mg, 20%) as a white solid. LC-MS (ES], »v/7): 614

IM-HT
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18413} To a sohution of (18,3aR,45,7R,7a8)-N-{((Z5)-4-i{cyclopropyvlamino)-3-
hydroxy-4-oxo-1-({(5)-2-oxopyrrolidin-3-ylbutan-2-y1}-2-(4,6-dichioro- 1 H-indole-2-
carbonyi}-2,3,3a,4,7,7a-hexahydro- 1 H-4,7-methanoisoindole-1-carboxamide (70 mg, 0.11
mmol, 1.0 eq.) in DMSO (3 mL) was added IBX (96 mg, 0.34 munol, 3.0 eq.). The mixture
was stirred at rt overnight. The reaction was quenched with water (3 mbL). The mixture was
extracted with EA (3 x 5§ mb). The organic layers were combined, dried over anhydrous
sodivm sulfate, filtered and concentrated under reduced pressure. The residue was purified
by prep-TLL to provide {(15,3aR 45,7R,7a8)-N-(4-(cyclopropylamino)-3,4-dioxgo-1-{({5)-2-
oxopyrrolidin-3-yhbutan-2-vD)-2-(4,6-dichlore-1 H-indole-2-carbonyl)-2,3,3a,4,7, 7a-
hexahydro- 1 H-4,7-methanotsoindole- L -carboxamide (26.5 mg, 37%) as a white solid. LC-

M3 (ESL mfz): 612 [M+H]".

EXAMPLE 47
Compound 47

HC O

%T/NH
<
-
NHy HO}: ©

e
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0°C, th

N
. )\\o OY'NH

HN
pyridine, TFAA DCM ‘L%C’ o

ri, 3h NS “
Y
Ho
e/
47
{8414 To a mixture of 1-methylcyclopropane-1-carboxylic acid (36.3 mg, $.363

mmol, 1.1 eqg.) in N N-dimethyliformamide (3ml) were added o-(7-azabenzotriazol-1-y1}-
NLN,N' N'-tetramethyluronivm hexaftuorophosphate (163 mg, (.429 mmol, 1.3 eq.) and N-
ethyl-N-isopropylpropan-2-amine (341 mg, 2.64 mmol, 8.0 eq.} at § °C. The mixture was
stirred for 20 min at O °C, and then (285)-2-{{(iR,25,35,6KR,75)-4-[(25)-2-amino-3,3-

dimethylbutanoyl]-4-azatricyclo{5.2.1.0M 2,6} Jdec-§8-en-3-yljformamido }-3-[(35)-2-
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oxopyrrolidin-3-yljpropanamide (140 mg, 0.314 mmol, 1.0 eq.) was added at 0 °C. The
mixture was stirred for 1 h at rt.  The mixture was purified by CI8 column with
CHsUN: Water (8.05% FA). The desired fraction was concentrated under reduced pressure to
provide N-{(Z83-1-H1R,258,35,6R,75)-3-{[{(15}- 1 -carbamoy]-2-[(38}-2-oxopyrrolidin-3-
yljethyljcarbamoyi } -4-azatricyclo{3.2.1.00 2,6} {dec-8-en-4-y1}-3,3-dimethyi-1-oxobutan-2-
vij- l-methylcyclopropane-1-carboxamide (160 mg, 91%) as a light vellow solid. LC-MS
(ESY, m/7): 528 [M+H]".

(84157 To a puxture of N-[(28)-1-[(1R,28,35,6R,75)-3-{{{15)-1-carhamoyl-2-
1(3S)-2-oxopyrrolidin-3-yljethylicarbamoyl } -4-azatricyclo[5.2.1.07 2,6 } {dec-8-en-4-y1}-3,3-
dimethyi-1-oxobutan-2-yli- L-methyleyclopropane- L-carboxamide (160 mg, 0.303 munol, 1.0
eq.y in DCM (2 L) were added pyridine (95.6 g, 1.21 mmol, 4.0 eq.) and trifluoroacetic
ashydride (114 mg, 0.545 mmol, 1.8 eq.). The mixture was stivred for 3 h at vt. The reaction
was quenched with water (5 moll). The mixture was extracted with EtOAc (3 x 10 mL). The
organic layers were combined, washed with brine (2 x 10 ml), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure to afford the crade product. The
crude product was purified by prep-HPLC (Column: XSelect CSH Prep CI8 OBD Column,
19250 mm, Sum; Mobile Phase A: Water {(3.1%FA)}, Mobile Phase B: ACN; Flow rate: 25
mb./min; Gradient: 37% B to 67% B in 7 min, 67% B; Wave Length: 254 nm; RT1 {(min);
5.15) to provide (1R, 25,35,6R,78)-N-{{15)-1-cyano-2-[(35})-2-oxopyrrolidin-3-vijethyl]-4-
125)-3,3-dimethyi-2-{{ 1 -methylcyclopropylformamido Jbutanoyi]-4-
azatricyclo{5.2.1.0"{2,6 } Jdec-8-ene-3-carboxamide (27.9 mg, 16%) as a white solid. 'H
NMR (400 MHz, 80 °C, DMSO-ds) & 8.55-8.85 (m, 1H}, 7.30-7.60 (m, 1H), 6.35-0.60 (m,
tH), 5.80-0.30 (m, 2H), 4.60-5.00 (m, 1H), 4.40-4.55 (m, 1H), 3.95-420(m, 1H), 3.55-
3.70 (m, 1H), 3.35-3.55 (m, 1H), 3.15-3.30 (m, 1H), 3.05-3.15 (m, 2H), 2.80-3.00 (m, 2H),
2.60-2.80 (m, 1H), 2.25-2.45 (m, iH), 2.05-2.25 (m, 2H), 1.60-1.95 (m, 2H), 1.35-1.50 (m,
2H), 115-1.35 (m, 3H), 0.75-110 (m, 1iH), 0.40-0.75 (m, 2H). LC-MS (ES], m/z): 510
IM+H]T

228



WO 2023/283256 PCT/US2022/036242

EXAMPLE 48
Compound 48

0 F-u! H
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N ~\\\ N TE/ 7{‘ - \h\~ N 2
O

, L EtN, MeOH N
$ Ve i 0
e rt, overnight g_,,

pyridine, TFAA, DCM
it ih

{8416} To a mixture  of (2832-{[(IR,25,35,6R,75)-4-1(28)-2-amino-3,3-
dimethylbutanoyl]-4-azatricyclo]5.2.1.0M 2,6 [dec-B-en-3-yl{formamido } - 3-[(35-2-
oxopyrrolidin-3-ylipropanamide hydrochloride {177 mg, 0.367 mmol, 1.0 eq.) in MeOH (3
ol was added tricthylamine (446 mg, 4.40 munol, 12.0 eq.) and ethyl 22-dichloro-2-
fluoroacetate (643 mg, 3.67 nuool, 10.0 eq.). The mixture was stirred overnight at rt. The
ixture was concentrated under reduced pressure to remove MeOH. The mixture was
diluted with water (10 mwl) and adjusted to pH = 6 with hydrochloric acid (I M). The
resulting mixture was extracted with EtOAc (3 x 10 ml). The organic layers were
combined, washed with brine (2 x 1 mL), dried over anhydrous sodivm sulfate, filtered and
concentrated under reduced pressure to afford the crade product. The crude product was
triturated with ELO {5 mL) to provide (28)-2-{1{1R,25,35,6R,75)-4-[(25)-2-(2,2-dichloro-2-
fhiorpacetamido)-3,3-dimethvlbotanoyl}-4-aratricyclo|5.2.1 .07 {2,6 } Jdec-8-en-3-
vijformamido }-3-[{35)-2-oxopyrrolidin-3-yljpropanamide (75.0 mg, 33%) as an off-white
solid. LC-MS (ESE m/2): ST4[M+HI™

{84171 To a mixture of (25)-2-{[{1R,25.35,6R,75)-4-1(25)-2-{2,2-dichloro-2-
fluorcacetamido)-3,3-dimethylbutanoylj-4-azatricyclo|5.2.1.07{2,6 } jdec-8-en-3-
vijformamido }-3-[{35)-2-0xopyrrolidin-3-ylipropanamide (75.0 mg, 0.131 mmol, 1.0 eq.} in

DCM (1 mbL) were added pyridine (41.0 mg, 4.524 mmol, 4.0 eq.} and triflucroacetic
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anhydride (49.0 mg, 0.236 mmol, 1.8 eq.). The mixture was stirred for 1 h at rt. The
reaction was quenched with water (5 mL). The mixture was extracted with DCM (3 x 5 mL).
The organic layers were combined, washed with brine (2 x 5 mL), dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure to afford the crude product.
The crude product was purified by prep-HPLC (Column: Kinetex EVO C18, 21.2 x 250 mum,
Sum; Mobile Phase A: Water (0.1%FA), Mobile Phase B: ACN; Flow rate: 25 mb/min;
Gradient: 40% B to 70% B in 7 mun, 70% B; Wave Length: 254 om; RT: 5.55 min) to
provide  {IR,2838,6R,75)-N-{{(15})-1-cvano-2-[{35)-2-oxopyrrolidin-3-yljethyi}-4-[(25)-2-
(2,2-dichloro-2-fluorpacetamido}-3,3-dimethvlbutanoyl]-4-azatricyclo{5.2.1.00 2,6 } idec-8-
ene-3-carboxamide (28.3 mg, 37%) as a white solid. 'H NMR (400 MHz, 80 °C, DMSQ-ds)
3 R.60-8.90 (m, 1H), 7.90-8.20 (m, 1H), 7.30-7.62 (o, 1H), 5.90-6.25 (m, 2H), 4.65-5.00 (1,
tH), 4.40-4.52 (m, 1H), 3.95-4.23 (m, 1H), 3.56-3.75 (m, 1H), 3.35-3.535 (m, iH), 3.08-3.30
(m, 2H), 2.98-3.05 (m, 1H), 2.78-2.97 (m, 2H), 2.63-2.77 (m, iH), 2.30-2.45 (m, 1H), 2.05-
2.29 (my, 2HD, 1.62-1.93 (my, 2HD, 1.30-1.530 (my, 2HD, 8.73-1.15 (my, OH). LC-MS (ESL m/f2):
356 [M+H]".

EXAMPLE 49
Compound 49
i H Q‘\\,WN\H
o Owé} /N“NHZ va HCI, dioxane
>J\0/ELN”E\\J\{(O\ KOH, PrOH Boc. . O+/ t, overnight
H & 50 °C, 36h Hobo|
OYN\H OoyNH
o, N BocyO, TEA N HOBT, EDCH NMM
HOH DCM DCM
HoN \ OH i, 2h BOC\N LOH rt, 2h
i H !
o ¢
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O O S
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ri, th
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HN [ N— N
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(8418} To a mixture of 1-{tert-butyh S-methyl (53-2-((text-
butoxycarbonylamino)-4-methylenepentanedioate (5.0 g, 15.2 mmol, 1.0 eq.) in 'PrOH (50
mlb.) were added methyl hydrazine (3.50 g, 75.9 mmol, 5.0 eq.) and potassium hydroxide
(42.6 mg, 0.759 mrool, .05 eq.) at rt. The muxture was stirred for 36 h at 50 °C and then
concentrated ander reduced pressure to afford the crade product. The crude product was
chromatographed on a silica gel coluron with EAPE (90%-100%) to provide the crude
product. The crude product was separated by prep-achiral-SFC-HPLC columun (Columuy
GreenSep Basic, 3%15 om, 5§ pm; Mobile Phase A: COy, Mobile Phase B: MeOH (0.1% 2M
NH:-MeOH); Flow rate: 75 mbL/min; Gradient: isocratic 13% B; Column Temperature(°C);
35; Back Pressuretbary: 100; Wave Length: 228 wm; RTU (min): 1.56; RTZ2(min): 3.85;
Saruple Solvent: MeOH--HPLC; Injection Volume: 1.5 ml; ) to provide tert-buty] {S)-2-
{(tert-butoxycarbonyDamino)-3-(- 1 -methyl-3-oxopyrazolidin-4-yDpropanoate (1.75 g, 33%)
as white solid. "H NMR (400 MHz, CDClz) § 5.31-5.58% (m, 1H), 4.13-4.25 (m, 1H), 3.40-
3.65 (m, 1H), 2.85-2.99 (m, 2H), 2.66-2.67 (m, 3H), 2.02-2.38 (m, 1H), 1.75-1.93 {m, 1H),
1.46-1.51 (m, 18H). LC-MS (ESE, nv/z): 344 [M+H]"

[6419] To a solution of tert-butyl (S)-2-({tert-butoxycarbonyljamino}-3-(1-

methyl-3-oxopyrazolidin-4-yhpropanoate (800 mg, 2.33 mmol, 1.0 eq.) in 1, 4-dioxane (8
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mb.) was added hydrogen chloride (8 mb, ¢ M in H>3). The mixture was stirred for
overnight at 1t and then concentrated under reduced pressure to afford (S)-2-amino-3-(1-
methyl-3-oxopyrazolidin-4-yhpropanoic acid hydrochloride (500 mg, crude) as a yellow
solid. LC-MS (ESL nv/z): 188 [M+H{".

[0428] To a solution of  (§)Z-amino-3-(1-methyl-3-oxopyrazolidin-4-
vipropanoic acid hydrochloride (500 mg, 2.23 mmol, 1.0 eq.) in DCM (10 mL) were added
di-tert-butyl dicarbonate (537 mg. 2.46 mmol, 1.1 eq.) and triethylamine (679 mg, 6.71
romol, 3.0 eq.). The mixture was stivred for 2 h at vt. The reaction was quenched with water
{10 mbl). The mixture was concentrated under reduced pressure to remove DUM and
adjusted to pH = 6 with HCI (1 M). The mixture was extracted with CHCh:/PrOH (4:1) 3 x
100 ml). The organic layers were cornbined, dried over anhydrous sodiom sulfate, filtered
and concentrated under reduced pressure to afford (8)-2-{{tert-butoxycarbonybamino)-3-(1-
methyl-3-oxopyrazolidin-4-yDpropanoic acid (400 mg, crude) as a yellow solid. LO-MS
(ESE, m/z): 288 [M+HT".

{64251 To a mixture of (8)-2-({tert-butoxycarbonyDamino}-3-((R)-1-methyl-3-
oxopyrazolidin-4-yDpropanoic acid (400 mg, 1.39 mmol, 1.0 eq.) in DCM (8 mL) was added
{-hydroxybenzotriazole (225 mg, 1.67 mmol, 1.2 eq.), 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (294 mg, 1.53 wmol, 1.1 eq.), ammonia (0.04 ml, 0.280
mmol, 2.0 eq., 7 M in MeOH) and N-methyimorphline (422 mg, 4.18 mmol, 3.0 eq.) stirred
at ¢ °C. The mixture was stirred for 2 b at rt. The reaction was guenched with water (10
mL). The mixture was extracted with CHCl:'PrOH (4:1) (5 x 100 mL). The organic layers
were combined, dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure to afford the crude product. The crude product was chromatographed on a
silica gel column with MeOH:DCM (12%) to provide tert-buty! ((S)-1-amino-3-(1-methyl-3-
oxopyrazolidin-4-yl)-1-oxopropan-2-ylcarbamate (110 mg, crude) as a yelow solid. 'H
NMR (400 MHz, CDCl) 8 6.87-6.99 (m, 2H), 5.85-5.99 {(m, 2H), 4.36-4.42 (m, 1H), 3.38-
3.56 (m, 1H), 2.84-3.14 (m, 2H), 2.64-2.68 (m, 3H), 1.94-2.16 {m, 2H), 1.45-1.48 (m, 9H).
LOC-MS (EST, m/z): 287IM+H["

164221 A mixture of tert-butyl ((S)-i-amino-3-(1-methyl-3-oxopyrazolidin-4-y1)-
-oxopropan-2-yhearbamate (110 mg, 0.384 mmol, 1.0 eq.) 1o hydrogen chloride 3 wl, 2 M

in diethyl ethery was stirred for 3 h at rt and then concentrated under reduced pressure to
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afford (S)-Z-amino-3-({(R)-1-methyl-3-oxopyrazolidin-4-ylpropanamide hydrochloride (70
mg, crude) as a yelow solid. LC-MS (ESL m/2z): 187 [M+HI

[6423] To a mixture of (18,2835,6R7R)-4-[(25)-3,3-dimethyl-2-(2,2,2-
tritflucroacetamidojbutanoyl}-4-azatricyclo{5.2.1.07{ 2,6} Jdecane-3-carboxylic acid (129 mg,
(.330 mmol, 1.1 eq.) in dimethylformamide (3 mi) were added o-(7-azabenzotriazol-1-yl}-
NN, N, N'-tetramethviuronium hexaftuorophosphate (137 mg, 0.360 mmol, 1.2 eq.) and N-
ethyl-N-isopropylpropan-2-amine (232 mg, 1.80 mmol, 6.0 eq.) at § °C. After stirred 20
roin, (5)-2-amino-3-(1-methyl-3-oxopyrazohdin-4-yUpropanamide hydrochloride (70 mg,
0.300 mumol, 1.0 eq.} was added. The mixture was stirred for | h at rt. The reaction was
quenched with water (6 ml). The mixture was purified by C18 coluron with CHaCN/Water
{(0.05% TFA)  The fraction was concentrated under reduced pressure to provide
{(15,3aR,45,7R,7aS)-N-({S)- L -amino-3-{ | -methyl-3-oxopyrazolidin-4-yD- L-oxopropan-2-y1)-
2-((8)-3,3-dimethyl-2-(2,2 2-triftuorocacetanudo)butanovl)-2,3,34.4,7 7a-hexahydro-1H-4,7-
roethanoisoindole-1-catboxamide (30.0 mg, 29%) as a white sohd. LC-MS (ESY, w/z): 557
[M+H]

16424} To a mixture of (15.3aR48,7R,7a5)-N-{((5)-1-amino-3-(1 -methyl-3-
oxopyrazolidin-4-vl)-1-oxopropan-2-y1)-2-((5)-3,3-dimethyl-2-(2,2,2-
trifluoroacetamidolbutanoyiy-2,3,3a,4,7, Ta-hexahydro-1 H-4, 7-methanoisoindole- 1 -
carboxamide (50.0 mg, 8.090 mmol, 1.0 eq.) in DCM (2 ml) were added pyridine (28.4 mg,

Ay
I
I

0.360 mmol, 4.0 eq.) and triflucroacetic anhydride (32.1 mg, 0.153 mmol, 1.7 eq.). The
mixture was stirred 2 h at rt. The reaction was quenched with water (10 mL). The mixture
was extracted with DCM (3 x 50 mbL). The organic layers were combined, washed with brine
{2 x 20 mL), dried over anhvdrous sodium sulfate, filtered and concentrated under reduced
pressure to afford the crude product. The crude product was purified by prep-HPLC
{Column: XSelect CSH Prep C18 OBD Column, 19%230 mun, Spm; Mobile Phase A: Water
(0.1%FA), Mobile Phase B: ACN,; Flow rate: 25 mbL/min; Gradient: 39% B 1o 69% B in 7
min, 69% B; Wave Length: 254 nm; RT1 (min): 5.18;) to provide (15,3aR 457R,7a5)-N-
((S)-1-cyano-2-(1-methyl-3-oxopyrazolidin-4-yDethyh-2-((8)-3,3-dimethyl-2-(2,2,2-
trifluoroacetamidobutanoyiy-2,3,3a,4,7, 7Ta-hexahydro- 1 H-4,7-methanoisoindole- 1 -

carboxamide {(12.6 mg, 25% ) as an off-white solid. LC-MS (ES], w/z): 539 [M+H]".
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EXAMPLE 50

Compound 50
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{84251 To 4 mixiure of 1,5-dimethyl {(25)-2-{{tert-

butoxycarbonylaminofpentanedioate {(60.0 g, 217 mmol, 1.0 eq.) in THF {880 wl) was
added Hithium bis{irimethylsilyDanide (80.2 g, 479 mimol, 2.2 eq.) at -78 °C under nitrogen
atmosphere. After stirred for th at -78 °C, 2-bromwoacetonitrile (28.7 g, 239 mmol, 1.1 eq.}
was added. The mixture was stirred for Zh at -78 °C under nitrogen. The reaction was
gquenched with methanol (200 mL) and hydrochloric acid (300 mi., 2M). The mixture was
extracted with ethyl acetate (3 x 250 mbL). The organic layers were combined, washed with
brine {2 x 250 ml.), dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure to afford the crude product. The crude product was chromatographed on a
silica gel column with EAPE (1:1) to provide [.5-dimethyl (Z54R)-2-{(tert-
butoxycarbonyamino}-4-(cvanomethybpentanedioate (41.4 g, 57%) as a yellow oil. LC-
MS (ESL, m/7) 315 [M+H]

(84261 To a stirred nuxture of 1,5-dimethyl (28, 4Ry-2-{{tert-
butoxycarbonyhamino-4-{cyanomethylpentanedicate (1.50 ¢, 4.77 mmol, L0 eq.) and
cobalt(Il) chlonide (1.24 g, 9534 momol, 2.0 eq) v DO (153 mwl) was added sodium

borodeuteride (2.00 g, 47.7 mmol, 10 eq.). The mixtare was stivred for | h at rt. The
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reaction was quenched with water (30 mL). The mixture was extracted with EtOAc (3 x 30
mbLj). The organic layers were combined, washed with brine (2 x 30 mlL), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford the
crude product. The crude product was chromatographed on a silica gel column with
MeOH.DCM  (1:20) to provide wmethyl  (5)-2-({tert-butoxycarbonyhamino}-3-((8)-2-
oxopyrrolidin-3-yi-5,5-d2)propanocate {190 mg, 13%) as yellow solid. 'H NMR (400 MHz,
DMSG-de) 6 7.53-7.73 (m, 1H), 7.28-7.49 (m, 1H), 3.96-4.11 (m, 1H), 3.54-3.71 {m, 3H),
2.20-2.32 (m, 1H), 2.07-2.18 (m, 1H), 1.91-2.06 (m, 1H), 1.50-1.70 (u, 2H), 1.30-1.44 (m,
9H). LC-MS (ESL m/7): 189 {M-Boc+H]".

(84271 Methyl  (8)-2-({tert-butoxycarbonylamino)-3-({8)-2-oxopyrrolidin-3-yi-
3,5-d2ypropanocate (190 rog, 0.65% mmol, 1.0 eq.) was stirred with NHz in MeOH (10 ml., 7
M NHsz 1o MeOH). The mixtere was stirred overoight at 80°C and then coucentrated under
reduced pressure to afford tert-butyl {((8)-1-amino-1-ox0-3-({(8)-2-oxopyrrolidin-3-yi-5,5-
d2ypropan-2-yDcarbamate (140 myg, crade) as a brown oil. LC-MS (ESI, m/z): 274 [M+HY

{84281 To a stirred mixtwre of  tert-butyl  ((8)-1-amino-1-ox0-3-({8)-2-
oxopyrrolidin-3-y1-5,5-d2ypropan-2-yhearbamate (140 mg, 0.512 mumol, 1.0 eq.) in DCM (4
mL) was added trifluorcacetic acid (1.5 mL). The mixture was stivred for § b at rt and then
concentrated onder reduced pressure to afford (8)-2-amino-3-((8)-2-oxopyrrohidin-3-y1-5,5-
d2)propanamide (88 mg, crude) as a brown oil. LC-MS (ES], sz 174 (M+H]

[6429] To a stirred mixture of (1R,25,35,6R,75)-4-[{28)-3,3-dimethyil-2-(2,2,2-
triffucroacetamidojbutanovlj-d-azatricyclof{5.2.1.0M{ 2,6 } {dec-8-ene-3-carboxylic acid (217
mg, 0.559 mmol, 1.1 eq.) and o-(7-azabenzotriazol-1-y1)-N,N,N',N'-tetramethyluroninm
hexaftuorophosphate (231 mg, 0.610 mmol, 1.2 eq.) in DMF (3 mbL) was added N-ethyl-N-
isopropylpropan-2-amine (525 mg, 4.06 mmol, 8.0 eq.) at 0°C. After stirred for 20 min at 0
*C, {8)-2-amino-3-({S)-2-oxopyrrolidin-3-y1-5,5-d2 ypropanamide (88.0 mg, 0.508 mmol, 1.0
eq.) was added. The mixture was stirred for 1 h at rt. The reaction quenched with water (15
mb). The mixture was extracted with EtOAc (3 x 15 mbL). The organic layers were
combined, washed with brine (2 x 15 mL), dried over anhydrous sodinm sulfate, filtered and
concentrated ander reduced pressure to afford the crade product. The crude product was
chromatographed on a silica gel column with MeOH:DCM  (9:91) to provide

{(15,3aR,45,7R,7aS)-N-{({S)- L -amino- L-0x0-3-((S)-2-oxopyrrohdin-3-y1-5,53-dDypropan-2-y1)-

N
a2
L1



WO 2023/283256 PCT/US2022/036242

2-((8)-3,3-dimethyl-2-(2,2, 2-uifluorcacetamidoibutanovi)-2,3,32,4,7 7a-hexahydro- 1 H-4,7-
methanoisoindole-1-carboxamide (170 mg, 61%) as a white solid. LC-MS (ES], m/7): 544
IM+HT

[68434] To a stirred mixture of {15,3aR.48,7R,7a85)-N-((8)-1-amino-1-0xo-3-((8)-
2-oxopyrrolidin-3-v1-3,5-d2propan-2-y1)-2-((S)-3,3-dimethyi-2-(2,2.2-
trifluoroacetamidobutanoyiy-2,3,3a,4,7, 7a-hexahydro-1H-4,7-methanoisoindole- 1 -
carboxamide (170 myg, 0.313 mmol, 1.0 eq.) in DCM (4 mL) were added pyridine (98.9 mg,
1.23 munol, 4.0 eq.) and trifluorocacetic aphydride (111 mg, 0.532 wmmol, 1.7 eq.). The
mixture was stirred for 1 h at rt.  The reaction was quenched with water (15 mbL). The
roixture was extracted with EtOAc (3 x 15 ml). The organic layers were combined, washed
with brine (2 x 13 ml), dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure to atford the crude product. The crude product was purified by prep-HPLC
(Column: XSelect CSH Prep C18 OBD Column, 19%250 wom, Spro; Mobile Phase A: Water
{3.1%FA), Mobile Phase B: ACN; Flow rate: 25 ml/min; Gradient: 40% Bto 73% B in 7
min, 75% B, Wave Length: 254 nm; RTH (uin): 5.42) to provide (15,3aR 4S5,7R,7a8)-N-
{(5)-1-cyano-2-((8)-2-oxopyrrolidin-3-v1-5,5-d2ethy 13- 2-((8}-3,3-dimethyl- 2-(2,2.2-
triffuorcacetamidolbutanovl-2,3,3a.4,7 Ta-hexahydro- 1 H-4,7-methanoisoindole-1 -
carboxamide (58.6 myg, 35%) as a white solid. 'H NMR (400 Mz, 80°C, DMSO-ds) § 8.73-
9.09 {(m, 1H), 8.30-8.72 (m, 1H), 7.28-7.62 (m, 1H), 5.91-6.29 (m, 2H), 4.80-5.81 {m, 1H),
4.40-4.75 {m, 1H), 3.92-4.25 (m, 1H), 3.56-3.79 (m, LH), 3.30-3.55 (m, 1H), 3.00-3.05 (m,
tH), 2.89-2.99 {(m, 2H), 2.60-2.88 (m, 1H), 2.30-2.40 (m, 1H), 2.00-2.29 {(m, 2H)}, 1.60-1.93
(m, 2H), 1.19-1.53 {m, 2H), 0.70-1.15 (m, OH). LC-MS (ES], m/2): 526 [M+H]"

EXAMPLE 51
Compound 51
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{84311 To a nuxture of 1-tert-batyl S-roethyl {28y-2-{{tert-
butoxycarbonyhamino}-4-methyhdenepentanedioate (1.00 g, 3.04 ramol, 1 eq.) in DMSO (8
b )MeCN (5 ml) were added 2-amino-1,3,4-triazole (383 myg, 4.55 mmol, 1.5 eq.)
and potassium carbonate (634 mg, 4.55 mmol, 1.5 eq.). The mixtare was stirred overmight at
74 °C. The reaction was guenched with water (530 mL). The mixture was extracted with
FtOAc (3 x 58 mL). The organic lavers were combined, washed with brine (2 x 50 mL),
dried over anhydrous sodium salfate, filtered and concentrated under reduced pressure 1o
afford the crude product. The crude product was chromatographed on a silica gel column
with EtOAc:PE (7:3) to provide tert-butyl (25)-2-{(tert-butoxycarbonyhamino]-3-{5-oxo-
4H,0H,7H-{1,2 4]riazolo]1,5-alpyrimidin-6-vi | propancate (620 mg, 49 %) as a white solid.
'H NMR (400 MHz, DMSO-ds) § 11.42-11.53 (m, 1H), 7.67-7.75 (m, 1H), 7.19-7.32 (m,
1H), 4.30-4.42 (m, 1H), 3.88-4.14 (m, 2H), 2.88-3.04 (m, 1H), 2.18-2.2% (m, 1H), 1.52-1.8§
(m, 1H), 1.31-1.48 (m, 18H). LC-MS (ESY, m/7): 382 [M+H]".
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184321 To a mixture of tert-butyl (28)-2-{{tert-butoxycarbonyhamine]-3-{5-oxo-
4H,0H,7H-{1,2 4lriazolo]1,5-ajpyrimidin-6-yl  propancate (900 mg, 2.36 mmol, 1.0 eq.) in
1.4-dioxane (15 mbL)} was added hydrochioric acid (15 mL, 9 M). The mixture was stirred
overnight at st. The mixture was concentrated under reduced pressure to afford (25)-2-
amino-3-{3-oxo-4H,6H,7H-{1,2 4}triazolof 1,5-alpyrimidin-6-yi i propanoic acid
hydrochloride (616 mg, crude) as an off-white solid. LC-MS (ESY, m/7): 226 [M+H]".

18433} To mixture of (28)Z2-amino-3-{5-oxo-4H,6H,7H-{1,2,4}riazolo[1,5-
ajpyrimidin-6-yl}propanoic acid hydrochloride (616 mg, 2.35 romol, 1.0 eq.} in DCM (10
mb) were added triethylamine (1.43 g, 14.1 mmol, 6.0 eq.) and di-tert-butyl dicarbonate
(1.03 g, 471 mmol, 2.0 eq.). The mixture was stured for 2 h at rt and then concentrated
under reduced pressure to remove DOM. The residue was dihuted with water (30 moll) and
adjusted to pH = 6 with hydrochloric acid (I M),  The mixwture was extracted with
PA:chloroform (1:4, 3 x 30 ml.). The organic layers were combined, dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure to afford (25)-2-[{teri-
butoxycarbonyhDamino|-3-{5-oxo-4H,6H,7TH-[ 1,2 4jtriazolof 1, 5-ajpyrimidin-6-vl } propancic
acid {768 mg, crude) as an off-white solid. LC-MS (ESI, m/z): 270 {M-36+H]|".

(8434} To a mixture of {28)-2-[{tert-butoxycarbonybDamino}-3-{ 5-oxo-4H,6H,7H-
i1,2,4]triazolol 1, 5-alpyrimidin-6-vl }propasoic acid (384 mg, 1.18 mmol, 1.0 eq.) in DCM (5
mb} were added I[-hydroxybenrotriazole (191 mg, 142 mmol, 1.2 eq.), I-(3-
dimethylaminopropyi)-3-ethylcarbodiimide hydrochloride (249 mg, 1.30 mmol, 1.1 eq.) and
ammonia (1.69 mi., 1.8 mmel, 10.0 eq., 7 M in MeOH). The mixture was stirred for 2 h at
rt. The reaction was guenched with water (20 ml). The mixture was extracted with
PA:chloroform (1:4, 3 x 20 mbL). The organic layers were combined, washed with brine (2 x
20 ml), dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure to afford the crude product. The crude product was chromatographed on a silica gel
colurmnn with MeOH.DCM (11:89) to provide tert-butyl N-[{15}-1-carbamoyl-2-{5-oxo-
4H,6H,7H-[1,2 4]riazolo1,5-ajpyrimidin-6-yl jethyljcarbamate {(60.0 mg, 14%) as an off-
white solid. 'H NMR (400 MHz, DMSO-ds) & 11.41-11.51 (m, 1H), 7.69-7.75 (m, 1H),
7.29-7.40 (m, 1H), 7.09 (s, 1H), 6.94-7.02 (m, 1H), 4.31-4.50 (m, 1H), 3.94-4.06 (m, 2H),
2.82-2.98 (m, 1H), 2.09-2.34 (w, 1H), L.53-1.79 (u, 1H), 1.27-1.48 (m, 9H). LC-MS (ES],
m/7): 269 [M-36+H]*.
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18435} A mixture of tert-butyl N-[{15)-1-carbamovi-2-{5-ox0-4H,6H,7H-
{1,2,4]triazolol 1, 5-ajpyrimidin-6-vi}ethvijcarbamate (60.0 mg, (.185 mmol, 1.0 eq.} in
hydrogen chioride {3 mbL, 2 M in Et:0) was stirred for 1 h at rt.  The mixture was
concentrated under reduced pressure to  afford (28)-Z-amino-3-{5-0x0-4H,6H,7H-
i1,2,4ltriazolo{l,5-ajpyrimidin-6-yi | propanamide hydrochloride (48.0 mg, crude) as a white
sofid. LOC-MS (BS], m/7): 225 [M+H]T.

18436} To a mixture of (25)-Z2-amino-3-{5-oxo-4H,6H,7H-{1,2,4iriazolo[1,5-
alpyrinidin-6-yllpropanamnide  hydrochlonide (480 wmg, 0184  wmmol, 1.0
eq.), (1R,25,35,6R,753-4-[(25)-3,3-dimethyl-2-(2,2,2-trifluorcacetamidobutanovi]-4-
azatricycio]3.2.1.00 2,6} [dec-B-¢ne-3-carboxyhe acid (72.0 wmyg, 0.184 wmol, 1.0 eq)
and NN, N’ N'-Tetramethylchloroformamidinium  hexafluorophosphate  (67.0 mg, 0.239
romol, 1.3 eq.) io MeCN (3 ml) was added N-methylimidazole (151 mg, 1.84 munol, 10.0
eq.}. The mixture was stirred for 1 h at rt. The crade produact was punified by C18 column
with CHCON/Water (0.05% TVFA). The desired fraction was concentrated under reduced
pressure to provide (28)-2-{[{1R,28,3S,6R,75})-4-[(25)-3,3-dimethyl-2-(2,2,2-
trifluoroacetamidolbutanoyi-4-azatricyclof5.2.1.00 2,6 Hdec-B-en-3-ylformamido }-3-{5-
oxo-4H,6H,7TH-{1,2,4]tmazolol 1,5-alpyrimidin-6-yl }propagamide (80.0 mg, 68%) as an off-
white solid.

[8437] To a mixture of (25)-2-{{{1K,25,35,0R,75)-4-[{25)-3,3-dimethy]-2-(2,2,2-
trifilnorcacetamido)butanoyij-4-azatricyclof5.2.1.0°{ 2,6 } {dec-8-en-3-vifformamido }-3-{5-
oxo-4H,6H,7H-11,2,4]triazolo{1,5-alpyrimidin-6-yl } propanamide (0.0 mg, 0.135 mmol, 1.0
eq.) in DCM (2 mb) were added pyridine (43.0 mg, (.540 mumol, 4.0 eq.} and triflucroacetic
anhydride (42.0 mg, 0.203 mmol, 1.5 eq.}). The mixture was stirred for | h at rt. The mixture
was quenched with water (10 mL). The mixture was extracted with DCM (3 x 10 mL). The
organic layers were combined, washed with brine (2 x 10 mbL), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure to afford the crude product. The
crude product was purified by prep-HPLC (Column: XBridge Prep Phenyl OBD Column, 19
x 250 wm, Sum; Mobile Phase A; Water (0.1%FA), Mobile Phase B: ACN; Flow rate: 25

rol./roin; Gradient: 37% B to 67% B in 7 min, 67% B; Wave Length: 254 nro: RT: 5 win) to
provide (1R,28,38,6R,78)-N-[{18)-1-cyano-2-{ 5-oxo-4H,6H,7H-[ 1,2 4Jtriazolol 1, §5-

alpyrimidin-6-vijethyl}-4-{(25)-3,3-dimethyl-2-(2,2,2-trifluorcacetamido butanoyl}-4-
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azatricyclo{5.2.1.0M 2,6 } idec-8-ene-3-carboxamide (23.5 mg, 30 %) as a white solid. LC-

MS (BSL m/z): STM+HT .

EXAMPLE 52
Compound 52

Q
/ / g nNO
( B o HG  NOp 2 NalOs, Ruy, EAMHO Q  NO:
N/k\?/ . - N -
! j DIAD, PPhy, THF O 50 °C, overnight o=
Boe O 0°Clod, 2h N ~ g O
Boc O Bod S

Fe, NH,Cl MeOH, HO

HIN 'OO
\\( Cji
N ‘E
N Ny X . S
HRH HN}hO T
',"\\I O i
=/ S‘\«( o) o
I i
HATU, DIEA, DMF N {j N NHz
WS i L
‘e
Fal ;\j

{6438} Compound 52 was prepared according to the synthetic scheme described

above. To a solution of [-{tert-butyl) 2-methyl (25 4R)-4-hydroxypyrrolidine-1,2-
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dicarboxylate (20.0 g, 81.5 mmol, 1.0 eq.), o-nitrophenc! (11.3 g, 81.5 mmol, 1.0 eq.} and
triphenyiphosphine (25.7 g, 97.8 mmol, 1.2 eq.} in THF (300 mbL) was added diisopropyl
azodicarboxylate (19.8 g, 97.9 mmol, 1.2 eq.) stirred at § °C under nitrogen. The mixture
was stirred for 2 b at rt. The reaction was quenched with water (200 mL). The mixture was
extracted with ethyl acetate (3 x 300 mL). The organic layers were combined, washed with
brine {2 x 100 mL), dried over anhvdrous sodium sulfate, filtered and concentrated under
reduced pressure to afford the crude product. The crude product was chromatographed on a
silica gel coluron with EAPE (45:100) to provide 1-(tert-butyl) 2-methyl (25,45)-4-(2-
nitrophenoxy pyrrofidine-1,2-dicarboxylate (23 g, 76%) as a light yellow solid. 'H NMR
{400 MHz, Chloroform-d) & 7.83-7.87 (m, 1H), 7.49-7.587 (m, 1H), 7.05-7. 11 (m, 1H), 6.94-
6.97 (m, 1H), 4.97-5.03 (m, 1H), 4.47-4.65 (m, 1H), 3.71-3.88 (m, SH), 2.47-2.65 (m, 2H),
L41-1.52 (m, 9H). LCMS (EST, w/z): 367 [M+H].

[843%9] A solution of sodiumn periodate (21.0 g, 983 mmol, 7.2 eq.) and
ruthemium(IV)y oxide (1.03 g, 6.82 mmol, 0.3 eq.) in H2O (150 ml) was stisred for 3 min at 1t
under mitrogen.  Then -(tert-butyl) 2-methyl (28,48)-4-(2-nitrophenoxy)pyrrolidine-1,2-
dicarboxylate (53.00 g, 13.6 mwol, 1.0 eq.) in ethyl acetate (150 ml.) was added. The mixture
was stirred for overnight at 50 °C. The mixture was diluted with ethyl acetate (200 mL) and
filtered through a celite pad. The filtrate was washed with satorated agueous sodium bisulfite
(100 mL). The organic laver was washed with brine (100 mL), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure to afford the crude product. The
crude product was chromatographed on a silica gel column with EAPE (46:100) to provide
the crude product. The crude product was purified by prep-HPLC (Column: XSelect CSH
Prep Ci8 OBD Column, 5um,19%150mm; Mobile Phase A: Water (1 0mmol/L NHiHCG:),
Mobile Phase B: ACN; Flow rate: 25 mi/min; Gradient: 25% B to 70% B in 7 min; 254 nm;
Rt 530 min) to provide I-(tert-butyly Z-methyl  (25,485)-4-(2-nitrophenoxy)-3-
oxopyrrolidine-1,2-dicarboxylate (650 mg, 12%) as white solid. 'H NMR (400 MHz,
Chioroform-d) & 7.83-7.86 (m, 1H), 7.54-7.64 (m, 2H), 7.12-7.17 {(m, 1H), 4.90-4.94 (m,
FH), 4.67-4.71 (o, 1H), 3.87 (s, 3H), 2.78-2.87 {m, 1H), 2.45-2.54 (m, 1H), 1.49-1.59 {m,
9H). LCMS (BESE m/zy: 381 [M+HJ

{64461 To a solation of I-{tert-butyl) Z-roethyl (25,45)-4-(2-nitrophenoxy)-5-

oxopyrrolidine-1,2-dicarboxylate (630 mg, 1.71 mamol, 1.0 eq.) in methano! (8§ mL) and HO

241



WO 2023/283256 PCT/US2022/036242

(2 ml} was added iron (477 mg, 8.55 mmol, 5.0 eq.) and ammonium chloride (219 mg, 4.10
mmol, 2.4 eq.). The nuxture was stirred for 24 h at 70 °C. The mixture was filtered through
a celite pad and washed with methanol (3 x 50 mL). The filtrate was dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure to afford methyl (85)-2-
{{tert-butoxycarbonyDanmine)-3-{(5)-3-0x0-3 4-dihydro-2H-benzol{ b} 1 4loxazin-2-
ylipropanoate (500 mg, crude) as a yellow solid. 'H NMR (400 MHz, DMSO-ds) & 10.72-
10.77 {m, 1H), 7.25-7.49 (m, 1H), 6.70-7.00 (m, 4H), 4.44-4.74 (m, 1H), 4.03-4.30 (m, 1H),
3.51-3.70 (m, 3H), 1.98-2.22 (m, 2H), 1.25-1.57 (o, 9H). LOMS (EST, w/z): 351 [M+H]".

(6441} A mixture of methyl (8)-2-((tert-butoxycarbonylamine)-3-({8)-3-ox0-3 4~
dihydro-2H-benzolbli | 4joxazin-2-yDpropanoate (300 mg, 1.43 mmol, 1.0 eq.) in aromonia
(& mi, 7 M in methanol) was stitred for overnight at 70 °C. The roixture was concentrated
under reduced pressure to afford tert-butyl ({(8)-1-amino-1-0x0-3-({5)-3-ox0-3,4-dihydro-2H-
benzolbll 1, 4joxazin-2-yhpropan-2-yhcarbamate (460 mg, crude) as a red solid.  LOMS
(ESL w/z): 336 [M+HT.

(84421 To a mixture of tert-butyl {(§)-1-amino--ox0-3-((8§)-3-ox0-3,4-dihydro-
2H-benzoiblit.4Joxazin-2-yDpropan-2-yhcarbamate (300 mg, 0.885 mmol, 1.0 eq.) in 1,4-
dioxane {4 mL) was added hydrogen chloride (6 ml., 4 M in |, 4-dioxane). The mixture was
stirred for 3 h at 1t and then concentrated under reduced pressure to afford (§8)-2-amino-3-
{{S)-3-0x0-3.4-dihydro-2H-benzo{bl{ 1 4joxazin-2-vl)propanamide hydrochloride (250 mg,
crude) as a yellow solid. LCMS (ES], m/z): 236 [M+H]".

[68443] To a mxture of (18,3aR48,7R,7a8)-2-{{5)-3,3-dimethy]-2-(2,2,2-
trifluorcacetamidolbutanoyiy-2,3,3a,4,7, 7a-hexahydro-1 H-4,7-methanoiscindole- 1 -
carboxylic acid (357 mg, 0.920 mmol, 1.0 eq.) in dimethylformamide (10 mL) was added o-
(7-azabenzotriazol- L-yh-N,N,N' N'-tetramethyluronium hexafluorophosphate (385 mg, .01
mmol, 1.1 eq.) and N-ethyl-N-isopropyipropan-Z-amine (714 mg, 5.52 mmol, 6.0 eq.) at §
°C.  After stirred 20 min, (5)-2-amine-3-({5)-3-ox0-3,4-dithydro-2H-benzo[bii 1 4]oxazin-2-
viipropanamide hydrochloride (250 mg, 0.920 mumol, 1.0 eq.) was added. The mixture was
stirred for | h at 1t and theo purified by C18 column with CHaCN/Water (0.053% TFA). The
desired fraction was concentrated ander reduced pressure to provide (18,3aR 485, 7R,7a58)-N-
((S)-1-amino-1-0x0-3-((8)-3-0x0-3,4-dihydro-2H-benzolb] | 4joxarin-2-yDpropan-2-v1)-2-

{{(8)-3,3-dimethyl-2-(2,2, 2triffluoroacetamidobutanoyl)-2,3,3a,4,7, Ta-hexahydro- 1H-4,7 -
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methanoisoindole-1-carboxamide (430 mg, 77%) as a yellow solid. LCMS (ES], nv/z): 606
{M+H]™.

18444} To a mixture of (18,3aR 45,7R,7a8-N-({5)-1-amino-1-0x0-3-((§}-3-0x0-
3, 4-dihydro-2H-benzoib}{ | 4loxazin-2-yDpropan-2-y1-2-((8)-3,3-dimethyl-2-(2,2,2-
triffuoroacetamido)butanoviy-2,3,3a,4,7 Ta-hexahydro-1H-4,7-methanoisoindole- 1 -
carboxamide (250 mg, 0.413 mmol, 1.0 eq.) in DCM (3 mL) was added pyridine (131 mg,
1.65 mmol, 4.0 eq.) and trifluorcacetic anhydride (130 mg, 0.619 mmol, 1.5 eq.). The
roixtare was stivred | h at rt. The reaction was quenched with water (10 wl). The mixture
was extracted with DCM (3 x 50 ml). The organic layers were combined, washed with brine
{2 x 20 mL), dried over anhydrous sodinm sulfate, filtered and concentrated under reduced
pressure to afford the crude product. The crude product was purified by prep-HPLC
{Column: XBridge Shield RPI8 OBD Column, 30%150 mm, Swm; Mobile Phase A: Water
{0.1%FA), Mobile Phase B: ACN,; Flow rate: 60 ml/min; Gradient: 38% Bio S8% B in 7
roin, 38% B; Wave Lengthe 254 nm; RT1 Guin): 6.4;) to provide (15,3aR,48,7R,7a8)-N-
{S)-1-cyano-2-{{8)-3-0x0-3,4-dihydro-2H-benzol bl 1 .4 joxazin-2-yhethy1}-2-({8)-3,3-
dimethyl-2-(2,2 2-trifluoroacetamidoibutanoyi}-2,3,33,4,7, 7a-hexahydro-1H-4,7-
methanoisoindole- I -carboxamide (101.6 myg, 42%) as a white solid. 'H NMR (400 MHz, 80
°C, DMSO-ds) 0 10.55-10.56 (m, 1H), 8.70-8.93 (m, 2H), 6.86-6.99 {m, 4H), 5.95-6.16 {m,
2H), 5.04-5.06 (m, 1H), 4.44-4.82 (m, 2H), 4.01-4.16 (m, 1H), 3.62-3.70 (m, 1H), 3.40-3.49
(m, 1H), 2.95-3.05 (m, 2H), 2.82-2.94 {m, 2H), 2.75-2.80 (m, 1H), 2.20 -2.39 {(m, 1H), 1.31-
1.46 (m, 2H), 0.74-0.96 (m, 9H). LCMS (ESI, m/z): 5388 [M+HT"

EXAMPLE 53
Compound 53

~UNT TCN
.\1H H
Hi i \
ll‘i;;:!,
{6445] Compound 53 was prepared similarly as described for Compound 42 using

methyl (§}-3,3-dimethy}-2-(4-methyl-1H-1,2,3-triazol- 1 -yhbutanoate in place of methyl (5)-

243



WO 2023/283256 PCT/US2022/036242

3.3-dimethyl-2-(4-(trifflucromethyl)-1H-1,2,3-triazol-1-yhbutanoate. 'H NMR (500 MHz,
363K, DMSO-de) 8 8.62-8.78 (m, 1H}, 7.74 {m, 1H), 7.36 (br. 5., 1H), 6.21 (m, 1H}, 5.83 {(m,
IH), 5.51 (m, 1H), 5.20 (s, 1H), 492 (m, 1H), 3.97 (m, 1H), 3.74 (m, 1H), 3.07-3.24 (m, 4H),
2.89-3.09 (m, i1H), 2.83 (m, 1H), 2.73 {(m, 1H), 2.33-2.42 (m, 1H), 2.10-2.29 (m, 4H), 1.67-
1.88 (m, 2H), 1.31-1.35 (m, 2H), 0.91-0.95 (s, SH). LOMS (ESY, nv/z): 492 [M-H].

[6446] Methyl (8)-3,3-dimethyl-2-(4-methyl- 1H-1,2 3-riazol-1-yhbutanoate: To
a solution of 4-methylbenzenesulfonohydrazide (1.57 g, 8.46 mmol, 1.0 eq.) in DMSQ (4.0
ol was added 1,1-dimethoxypropan-2-one (1.0 g, 8.46 mmol, 1.0 eq.). The muxture was
stirred at vt for 1 h and then dilated with water (100 mL). The mixture was stirred vigorously
for 10 man. The precipitate was filtered and dried under high vacuum to afford N'-(1,1-
dimnethoxypropan-2-vlidene)-4-methylbenzenesulfonochydrazide (800 mg, 41%) as a white
solid.

{0447] A solution of N'-(1,1-dimethoxypropan-2-vhidene)-4-
roethylbenzenesultonohydrazide (0.800 g, 2.89 mmol, 1.0 eq), methyl (S)-Z-amino-3,3-
dimethyibutanoate (0.400 g, 2.79 mmol, 1.0 eq.) and NEts (0.428 b, 3.07 mumol, 1.1 eq.) in
MeOH (16 mb) was heated at 75 °C for I8 h. After cooling to rt, the mixture was diluted
with water (80 mbl) and extracted with EA (3 x 100 mwl). The orgasic phases were
combined, dried over Nax5Q4, filtered and concentrated under reduced pressure. The residue
was purified by flash chromatography on silica gel using 15% EA in PE as eluent to afford
methyl (5)-3,3-dimethyl-2-(4d-methyl-1H-1,2 3-triazol-1-yljbutancate (0.500 g, &4%) as a
colourless solid. 'H NMR (400 MHz, CDCl) S ppm 7.78 (s, 1H), 5.25 (s, 1H), 3.78 (s, 3H),
2.37 (s, 3H), 1.02 (s, 9H).

EXAMPLE 34
Compound 54

{8448} Compound 34 was prepared similarly as described for Compound 42 using
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(S5)-2-cyclopropoxy-3,3-dimethylbutancic  acid  in  place of (5)-3,3-dimethyl-2-(4-
{trifluoromethyl)-1H-1,2,3-triazol- 1-yDbutanoic acid. 'H NMR (500 MHz, 362K, DMSO-
dey & 8.63 (4, 1H), 7.33 {(m, 1H), 6.17 (m, 1H), 6.10 (m, 1H}, 4.90 (m, 1H}, 4.07 {m, 1H),
3.72 (s, 1H), 3.62 {(m, 1H), 3.49 (m, 1H), 3.12 (m, ZH}, 3.07 {m, 2H), 2.93-3.00 {m, 2H), 2.70
{m, 1H), 240 (m, 1H), 2.12-2.18 (m, 2H), 1.68-1.77 (m, 2H), 1.43 (m, ZH), 0.82 (s, 9H),
0.33-0.57 (m, 4H). LCMS (ES], m/z): 467 [M-HJ".

[044%] ($)-2-Cyclopropoxy-3,3-dimethylbutanoic acid: A mixture of methyl (5)-
Z-hydroxy-3,3-dimethylbutancate (2.0 g, 13.7 mmol, 1.0 eq.), chloro-1,5-cyclooctadiene
iridium{l) dimer (433 mg, 0.674 mmol, 0.05 eq.), sodium carbonate (870 mg, 8.21 mmol, 0.6
eq.) and vinyl acetate (5 mb, 54.8 womol, 4.0 eq.) in toluene (20 ml) was heated at 100 °C
for 3 h. The mixture was concentrated under redoced pressure. The residue was purified by
flash chromatography on silica gel using a gradient of BA (5 to 10%) in PE to afford methyl
(S)-3,3-dimethyl-2-(vinyloxybutanoate (900 mg, 40%) as a pale yelow liquid.

[0456] To a solution of methyl (53-3,3-dimethyl-2-(vinyloxy)butanocate (1.0 g,
5.81 mumol, 1.0 eq.) in BOCM (10 mL) cooled at 8 °C were added [ M diethy! zinc solation in
THE (14.53 ml, 14.53 mmol, 2.5 eq.) followed by ditodomethane (2.3 mlL, 29.1 mmol, 5.0
eq.). The mixture was stirred at 1t for 16 h. The reaction was quenched by the addition of
cold water (20 wl.). The muixtare was extracted with DOM (3 x 20 mL). The organic phases
were combined, washed with water (10 mL), dried over Na:SOy, filtered and concentrated
under reduced pressure. The residue was purified by flash chromatography on silica gel
using a gradient of EA (15 to 20%) in PE to afford methyl (8)-2-cyclopropoxy-3,3-
dimethyibutanoate (700 mg, 65%) as a pale yellow liguid.

{84511 To a solution of methyl (8)-2-cyclopropoxy-3,3-dimethylbutancate (400
mg, 2.15 muool, 1.0 eq.y in THF (1.3 mb), MeOH (1.3 mL) and water (1.3 mL) cooled at 0
“C was added LiOH (180 mg, 4.30 mmol, 1.5 eq.). The mixture was stirred at rt for 16 h and
then concentrated under reduced pressure. The residues were taken up with water, acidified
with sat. citric acid solution and extracted with 10% MeOH/DCM (3 x 10 mL). The organic
phases were combined, dried over Na:SOq, filtered and concentrated under reduced pressure
to afford (5)-2-cyclopropoxy-3.3-dirnethylbutancic acid (70 mg, 97%) as a pale yellow
Hquid. "H NMR (400 MHz, DMSO-de) & 12.59 (br. s, 1H), 3.46 (s, 1H), 3.26 (u, 1H), 0.87
{s, 9H), 0.57 (o, 1H), 0.31-0.50 (m, 3H).
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EXAMPLE 55
Compound 55

ethy! diazoacetate, COOMe
Rhy(OAC), /;\“52.

LIHMDS, THF ' __DCM/THF I
. i N A
-5°Ctort " ©

COOH

LiOH, H,0 {(+}-enantiomer
MaOH, DME SFC separation
ot COOH

EDC.HCL HOAL TEA
DME

0°C o1t

~NH

DMF
rt

CN

The chiral centers noted with “*” are tentatively assigned.

{64521 To a suspension of methyltriphenylphosphonium bromide (14.5 g, 405
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mmol, 1.2 eq.) in THF (80 mL) cooled at § °C was added 1M LiHMDS in THF (40.5 mi,
40.5 mmol, 1.2 eq.}. The mixture was stirred at rt for | h. After cooling to -5 °C, a solution
of chroman-4-one (5.0 g, 33.8 mmol, 1.0 eq.) in THF (10 mL) added dropwise. The mixture
was stirred at rt for 1.5 h. The reaction mass was quenched with addition of sat. NH«C1 (100
mb). The aqueous phase was extracted with EA (3 x 50 mbL). The organic phases were
combined, washed with brine, dried over Na SOy, filtered and concentrated under reduced
pressure. The residue was purified by flash chromatography on silica gel using a gradient of
BEA (20 t0 23%) in PE to afford 4-methylenechromane (3.1 g, 63%) as a colourless Hagud.

[6453] To a solution of 4-methylenechromane (2.1 g, 144 mumol, 1.0 eq.),
Rin{QAc) (64 myg, 0.142 mmol, 0.01 eq.) in DCM (B.8 mlL) was added a solution of ethyl
diazoacetate (3.8 mk, 35.9 munol, 2.5 eq.) in THF (4.2 mL) over a period of | h. The
roixtare was stivred at vt for 1 h and then concentrated under redaced pressure. The residue
was purified by flash chromatography on silica gel using a gradient of EA (3 to 5%) in PE
and by prep-HPLC (Column: X-SELECT-C18 19x250mwm, Suwn; Mobile Phase A 10 mM
NHHCOs in water, Mobile Phase B ACN; Flow rate: 17 mbLAmin; gradient: 20% B to 70%
B in & min) to afford trans ethy] spiro{chromane-4,1 -cyclopropane]-2'-carboxylate (800 mg,
24%}Y as a colourless liquid. "H NMR (400 MHz, CDCL) § 7.07-7.14 (m, 1H), 6.81-6.89 (m,
2H), 6.75-6.78 (m, 1H), 4.20-4.28 (m, 1H), 3.98-4.15 (m, 3H), L.98-2.12 {m, 3H), 1.65-1.72
{m, 1H), 1.44 (¢, 1H), LiI8 (, 3H) LC-MS (ESI w/z)y 233 [M+HJ". (cis ethyl
spiro{chromane-4,1'-cyclopropane -2'-carboxylate (500 mg) was also obtained.}

{8454 To a solution of trans ethyl spiro{chromane-4,1'-cyclopropanej-2'-
carboxylate (800 mg, 3.44 mmol, 1.0 eq.) in MeOH (3.5 mL), DME (3.5 mL) and water (1.4
mb} cooled at § °C was added LiOH (289 mg, 6.89 mumol, 2.0 eq.). The mixture was stirred
at rt for 16 h. 10% citric acid {15 mL) was added. The mixture was extracted with EA (4 x
20 ml). The organic phases were combined, dried over Na;5Qu, filtered and concentrated
under reduced pressure to afford trans spiro{chromane-4,1'-cyclopropane}-2'-carboxylic acid
{690 mg, 98%) as a white solid.

{0455} trans Spirofchromane-4,1'-cyclopropane]-2'-carboxylic acid (690 mg) was
purified by prep-SFC using the following conditions: Columun Chiraleel OJ-H, 307250 wm,
3 pm; Mobile Phase A: C(», Mobile Phase B: MeOH: Flow rate: 90 g/min: Gradient:

isocratic 20% B; Column Teroperature: 30°C; Back Pressure: 100 bar. Purification resulted
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i {2'5% AR*)-spiro{chromane-4,1 -cyclopropang]-2'-carboxylic acid (270 mg) and
(Z'R* 48%)-spirofchromane-4,1"-cyclopropane}-2'-carboxylic acid {280 mg).

{6456] (2'8* 4R *}-Spirofchromane-4,1 -cyclopropane}-2'-carboxylic  acid: H
NMR (400 MHz, DMSO-de) 6 12,41 (br. 5., 1H), 7.05-7.12 (m, 1H), 6.82-6.87 (m, 2H), 6.76
(d, 1H), 4.28-4.30 (m, 1H), 4.00-4.08 (m, [H), 1.98-2.08 {m, 3H), 1.60-1.65 (m, 1H), 1.39 (y,
tH). [P +311.7° (¢ 0.1, MeOH). SFC: Chiralcel OJ-H, 4.6%250 mm, 3 pm, 30 °C, co-
Solvent : Me(OH, hold 5 min at 20%, Rt: 1.29 min.

{04571 (2R* 45%)-Spirofchromane-4, 1 -cyclopropane]-2'-carboxylic  acid: "
NMR (400 MHz, DMSO-de) 8 12.38 (br. 5., 1H), 7.05-712 (m, 1H), 6.82-6.87 (m, ZH), 6.76
{d, 1H), 4.28-4.30 (m, 1H), 4.00-4.08 (m, 1H), 1.98-2.08 (m, 3H), 1.60-1.65 (m, 1H), 1.39 (¢,
THD). [a]®n -321.8° (¢ 0.1, MeOH). SFC: Chiralcel OJ-H, 4.6%250 rum, 3 um, 30 °C, co-
Solvent : Me(QH, hold 3 mn at 20%, Rt 1.76 mun.

{64581 To a solution of (18,3aR45,7R,7a5-N-((8)-1-amino-1-ox0-3-((8)-2-
oxopyrrolidin-3-yhpropan-2-91)-2,3,3a,4,7, 7Ta-hexahydro- 1 H-4, 7-roethavoisoindole- 1 -
carboxamide hydrochloride (120 mg, $.325 mmol, 1.0 eq.) in DMEF (1.2 mbL) cooled at § °C
were added (2'R* 45%)-spiro[chromane-4,1'-cyclopropane}-2'-carboxyhic acid {65 mg, (.318
mmol, 1.0 eq), EDC-HCI (122 mg, 0.637 mmol, 2.0 eq.), HOAt (43 mg, 0.320 mmol, 1.0
eq. and NEG (0170 mL, 1.28 mmol, 3.0 eq.). The mixture was stivred at vt for 16 h. The
mixture was diluted with water (5 mi) and extracted with EA (3 x 5 mbL). The organic
phases were combined, dried over NasSQ, filtered and concentrated under reduced pressure.
The residue was purified by flash chromatography on stlica gel using a gradient of MeQH (1
o 10%) in DCM 1o afford  (18,3aR45,7R.7a8)-N-((§)-1-amino-1-0x0-3-({5)-2-
oxopyrrolidin-3-yDpropan-2-yhH-2-({2'R* 45% }-spirof clhromane-4,1 -cyclopropane-2'-
carbony!)-2.3,3a,4,7,7a-hexahydro- I H-4,7-methanoisoindole- 1 -carboxamide {110 mg, 65%)
as an off-white solid. LC-MS (ESI, m/7): 519 [M+H]™

[845%9] To a solution of (15,3aR.485,7R,7a5-N-{(5)-1-amino-1-0x0-3-((8)-2-
oxopyrrolidin-3-yDpropan-2-yH-2-({2'R*,45% }-spirof chromane-4, 1 -cyclopropane §-2'-
carbony)-2,3,3a,4,7, 7a-hexahydro- | H-4,7-methanoisoindole- L -carboxamide (%0 mg, 0.174
romol, 1.0 eq.) in DMF (0.9 mL) were added pyrnidine (0.042 mL, 0.521 wmol, 3.0 eq.) and
TFAA (0.040 mL; 0.390 romol, 2.2 eq.). The mixture was stirred at vt for 1 h. The mixture

was diluted with water (10 b)) and extracted with EA (3 x 10 ml). The organic phases
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were combined, washed with brine (2 x 10 mL), dried over NapxSQs, filtered and concentrated
under reduced pressure. The residue was purified by flash chromatography on silica gel
using a gradient of MeOH (1 to 10%) in DCM and by flash chromatography on CI8 gel
using a gradient of ACN (30 t0 40%) in water to afford (15,3aR ,45,7R,7a8}-N-({§}-1-cyano-
2-{(8)-2-oxopyrrolidin-3-yhethyly-2-((2'R ¥ 45%)-spiro[chromane-4, 1 '-cyclopropane}-2'-
carbonyl}-2,3,3a,4,7 7a-hexahydro-1 H-4,7-methanoisoindole- 1 -carboxamide (30 mg, 34%)
as a white solid. 'H NMR (500 MHz, 365K, DMSO-dg) & 8.52 (br. 5., 1H), 7.29-7.46 (m,
tH), 6.95-7.10 (m, 1H), 6.62-6.88 (m, 3H), 6.25-6.00 (m, 2H), 4.35-4.92 (m, 1H), 4.17 (m,
tH), 3.91-4.12 (m, 2H), 3.75 (m, 1H), 3.10-3.40 (m, 4H), 2.76-2.95 (m, 3H), 2.38 (m, 1H),
1.80-2.22 {(m, 4H), 1.68-1.86 (m, 3H), 1.40 (m, 4H). LCMS (ES], mvz): 501 [M+HT

EXAMPLE 56
Compound 56

-

"~

\\Q ON-NH

Do
N\;“\\L‘N CN
Y “;

wrtd

{8468] Compound 56 was prepared similarly as described for Compound 42 using
(5)-2-{cyciopropyimethoxy}-3,3-dimethylbutancic acid in place of (5)-3,3-dimethyl-2-(4-
(triflucromethyl)-1H-1,2,3-triazrol- 1-yDbutanoic acid. 'H NMR (500 MHz, 363K, DMSO-
dey & 8.63 (br. s., 1H), 7.34-7.50 (m, 1H)}, 6.05-6.18 (m, 2H)}, 4.91 {(m, 1H), 4.00-4.12 (m,
1H), 3.67 (s, 1H), 3.59 (m, 1H), 3.47 (m, 1H), 3.05-3.25 (m, 5H), 2.90-3.00 (m, 2H), 2.71
(m, 1H), 2.40 (m, 1H), 2.17 (m, 2H), 1.68-1.84 (m, 2H), 1.43 (m, 2H), 1.00 (m, 1H), 0.90 {m,
9H}, 0.40-0.50 (m, 2H), 0.10-0.22 (m, 2H). LCMS (ESL m/z): 483 [M+H]™

(446l ] {83-2-(Cyclopropylmethoxy}-3,3-dimethylbutancic acid: To a solution of
methyl  (S)-2-hydroxy-3,3-dimethylbutancate (100 mg, 0684 mmol, 1.0 eq.) and
(bromomethyleyclopropane (0.140 ml, 1.37 momol, 2.0 eq.) 1o DMF (I ml) cooled at 0 °C
was added portion wise NaH (30 mg, 0.750 mmol, 1.1 eq.). The mixture was stirred at § °C
for 6 h. The reaction was guenched by addition of cold water (§ ml). The mixfure was

extracted with BO (3 x 10 ml). The organic phases were combined, washed with water and
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brine, dried over NaxSQy, filtered and concentrated under reduced pressure. The residue was
purified by flash chromatography on silica gel using a gradient of Etx00 (5 to 10%) in pentane
to afford methyl (8)-2-(cyclopropylmethoxy)-3,3-dimethylbutanoate (30 mg, 22%) as a
colourless higuid.

[0462] To a selution of methyl  (832-(cyclopropyimethoxy)-3,3-
dimethyibutancate (350 mg 1.75 munol, 1.0 eq.) in THF (1.5 mL), MeOH (1.5 mlL), and
water (0.4 mL)} cooled at 0 °C was added LiOH (221 mg, 5.25 mmol, 3.0 eq.). The mixture
stitred at 1t for 8 . The mixture was dituted with EA (3 ml) and water (2 mL), and then
acidified with IN HCL The phases were separated. The aqueous phase was extracted with
EA (2 x 3 ml.). The organic phase was washed with water and brine, dried over Na:SOq,
filtered and concentrated under reduced pressure to afford (5)-2-(cyclopropylmethoxy)-3,3-
dimethyibutanoic acid (100 mg, 36%) as av off-white solid. 'H NMR (500 MHz, DMSO-ds)
§ 12.43 (br. s, 1H), 3.45 (s, 1H), 3.26-3.35 (m, 1H), 3.09-3.15 (m, 1H), 0.95-1.02 (m, 1H),
0.92 (s, 9H), 0.40-0.50 (1o, 2 H), 0.12-0.22 (m, 2ZH).

EXAMPLE 57
Compound 57
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184631 To a solution of methyl  2-{{tert-butoxycarbonyiamino)-2-

{dimethoxyphosphoryliacetate 1 (1.5 g, 12.2 mmol, 1.0 eq.} in DCM (20 mL} cooled at -10
°C was added DBU (2.2 mi., 14.6 mmol, 1.2 eq.). The mixture was stirred at -18 °C for 30
min.  2-Oxo-1,2-dihydropyridine-3-carbaldehyde (4.34 g, 14.6 mmol, 1.2 eq.) was added,
and the mixture was stirred at 1t for 16 h. The mixture was diluted with water (20 mL) and
extracted with EA (2 x 20 mL}. The organic phases were combined, washed with brine (2 x
20 mbL), dried over NaxSQy, filtered and concentrated under reduced pressure. The residue
was purified by flash chromatography on silica gel using a gradient of MeOH (I to 10%) in
DCM  to  afford methyl  2-((tert-butoxycarbonyDamino)-3-(2-oxo-1,2-dihydropyridin-3-
viYacrylate (1.5 g, 42%) as an off-white solid.

[6d64d] To a solation of wmethyl 2-{{tert-butoxycarbonylDamine)-3-(2-oxo-1,2-
dihydropyridin-3-yhacrylate (1.5 g, 5.10 muool, 1.0 eq.) in MeOH (15 ml) was added 10%
PA/C (1.0 g). The mixtere was stirred for 3 h under hydrogen bladder pressure and then
filtered through celite bed. The filtrate was coocentrated under reduced pressure. The
residue was purified by flash chromatography on silica gel using a gradient of MeOH (1 to
10%) in BCM to afford methyl 2-({tert-butoxycarbonylamine)}-3-{2-oxo-1,2-dihydropyridin-
3-yDpropanoate (1.4 g, 91%) as a white solid.

{8465} Methyl  2-({tert-butoxycarbonyvlaminoe)-3-(2-oxo-1,2-dihydropyridin-3-
yvhpropanoate (1.2 g) was purnified by prep-SFC using the following conditions:  Colummn:

Chiralpak-1G, 25*%200 mm, 5 um; Mohbile Phase A: COy, Mobile Phase B: MeUOH,; Flow rate;
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100 g/min; Gradient: isocratic 15% B; Column Temperature: 30°C; Back Pressure: 110 bar.
Purification  resulted in  methyl (R*}-2-({tert-butoxycarbonyilamino)-3-(Z-oxo-1,2-
dihydropyridin-3-ylipropanoate (5300 mg) and methyl (8%)-2-{{tert-butoxycarbonyhamino}-3-
(Z-oxo-1,2-dihydropyridin-3-yDpropanoate (480 mg).

[0466] Methyl (R*)-2-((tert-butoxycarbonylamino)-3-(2-oxo-1,2-dihydropyridin-
3-yl)propanoate: 'H NMR (500 MHz, DMSO-ds) § 11.64 (s, 1H), 7.22-7.31 (m, 3H), 6.12 (¢,
tH), 4.24-4.29 (m, 1H), 3.58 (s, 3H), 2.87 (dd, 1H), 2.54-2.60 (m, 1H), 1.20-1.37 (m, OH).
[alPp: +70.2° (¢ 0.1, MeOH). SFC: Chiralpak-IG, 4.6%150 mm, 3 um, 30 °C, co-Solvent :
0.5% DEA in MeOH, hold 12 min at 20%, Rt: 1.74 min.

[0467] Methyl (§%)-2-((tert-butoxycarbonyljamino)-3-(2-oxo-1 2-dihydropyridin-
3-ylpropanoate: 'H NMR (400 MHz, DMSO-do) 8 11.63 (s, 1H), 7.22-7.31 (m, 3H), 6.12 (4,
TH), 4.24-4.29 (m, 1H), 3.58 (s, 3H), 2.87 (dd, 1H), 2.58 (44, 1H), 1.23-1.33 (u, 9H). [aPPu
-97.9% {¢ 0.1, MeQH). SFC; Chiralpak-IG, 4.6%150 mm, 3 um, 30 °C, co-Solvent : 0.5%
DEA 1o MeQOH, hold 12 muan at 20%, Rt: 3.73 min.

{84681 A solution of methyl (§%)-2-((tert-butoxycarbonyilamine)-3-(2-oxo-1,2-
dihydropyridin-3-yDpropanocate (300 wg, 1.01 mool, 1.0 eq.) in 7M NHz in MeOH (10 mL)
was stirred at 5t for 32 h in a sealed tube. The mixture was concentrated under reduced
pressure. The residue was purified by flash chromatography on silica gel using a gradient of
MeOH (1 to 10%) in DUM to afford tert-butyl (5%)-(1-amino-i-oxo-3-(2-oxo-1,2-
dihydropyridin-3-ylipropan-2-ylicarbamate (260 mg, 91%) as a white solid.

[8469] To a sohution  of tert-butyl  (8%)(1-amino-i-oxo-3-(2-oxo0-1,2-
dihydropyridin-3-ylipropan-2-yhicarbamate (260 mg, $.925 mmol, 1.0 eq.} in BCM (3 mL}
cooled at 0 °C was added 4N HCI in dioxane (0.920 mL, 3.70 mmol, 4.0 eq.). The mixture
was stirred at 1t for 2 h and then concentrated under reduced pressure to afford (58%)-2-amino-
3-{Z-ox0-1,2-dihydropyridin-3-yDpropanamide hydrochloride (150 mg, 89%) as a white
solid.

(8478} To a solution of  (15,3aR 457K, 7a8)-2-({5)-3,3-dimethyl-2-(2,2,2-
trifluoroacetamidoYbutanoyl)-2.3,34.4,7 7a-hexahydro- 1 H-4, 7-moethanoisoindole- 1 -
carboxylic acid (130 mg, 0.386 romol, 1.0 eq.) 1o DMF (1.5 wl) cooled at 0 °C were added
{($F)-Z-amino-3-(2-oxo-1,2-dihydropyridin-3-yDpropanarnide hydrochloride (100 mg, 0.463
romol, 1.2 eq.), EDCHCI (147 mg, 0.772 munol, 2.0 eq.y, HOAL (52 mg, 0.386 munol, 1.0
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eq.} and NE@z (.16 mb, 1.15 mmeol, 3.0 eq.}. The mixture was stirred at rt for 16 h. The
mixture was diluted with water (10 mb) and extracted with EA (2 x 10 mbL). The organic
phases were combined, washed with brine {2 x 10 ml), dried over NaSQy, filtered and
concentrated under reduced pressure. The residue was purified by flash chromatography on
C18 gel using 0.01% FA in ACN to afford (15,3aR,45,7R,7a8)-N-{({5*}- | -amino-1-0x0-3-(2~
oxo-1,2-dihydropyridin-3-yhpropan-2-y1)-2-((5-3,3-dimethyl-2-(2,2,2-
triffuoroacetamido)butanoviy-2,3,3a,4,7 Ta-hexahydro-1H-4,7-methanoisoindole- 1 -
carboxamide (150 mg, 70%) as a white solid. LC-MS (ESI, nvz): 352 [M+HJ.

18471} To a solution of (15,3aR 45,7R,7a5)-N-{{5%)-1-amino-1-ox0-3-(2-0x0-
1,2-dthydropyridin-3-yDpropan-2-y1-2-((8)-3,3-dimethyl-2-(2,2,2-
trifluoroacetamidoYbutanoyl)-2.3,34,4,7 7a-hexahydro- 1 H-4, 7-moethanoisoindole- 1 -
carboxamude (150 mg, 0.272 mmol, 1.0 eq.) in DMF (1.5 ml) were added pyndine (8.060
mb, 0.816 mmol, 3.0 eq.) and TFAA (0.070 wml, 8.544 womol, 2.0 eq.). The mixture was
stirred at vt for 1 h. The mixture was diluted with water (5 b)) and extracted with EA (2 x 5
mb.). The orgasic phases were combined, washed with brine (2 x 5 mL), dried over NaSQy,
filtered and concentrated under reduced pressure. The residue was purified by prep-HPLC
{Colamn: KROMOSIL-CIB, 25x150mm, 7um; Mobile Phase A: 10 mM Ammonum
bicarbonate in water, Mobile Phase B: ACN; Flow rate: 22 mL/min; gradient: 20% B 10 70%
B in & min) to afford (185,3aR.45,7R,7a8)-N-({(§%)-1-cyano-2-(2-0x0-1,2-dihvdropyridin-3-
yhethyl»-2-((5)-3,3-dimethyi-2-(2,2,2-trifluorcacetamidolbutanovi-2,3,3a,4,7, 7a-hexahydro-
1H-4,7-methanoisoindole- i -carboxamide (60 mg, 41%) as a white solid. "H ONMR (400
MHz, 363K, DMSO-ds) & 10.5 (br. s, 1H), 8.73 (br. s, 1H}, 7.38 (d, 1H), 7.30 (d, 1H), 6.14
(t, 1H), 5.99 {m, 2H}, 4.97 {m, 1H), 4.46 (m, 1H), 4.01-4.10 (m, 1H), 3.65 (m, 1H), 343 (m,
1H), 2.82-3.10 (1o, 6H), 2.65 (m, 1H), 1.37 (m, 2H), 0.94 (s, 9H). LCMS (ESL m/z), 532
{M-HT.

EXAMPLE 58
Compound S8
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164721

1,3(2H)-dione {260 mg, 1.55 mmol, 1.0 eq.) in THF (5 mL} cooled at 8 °C was added 2M
LiAlHs in THF (3.1 mb, 6.20 mmol, 4 eq.). The mixture was stirred at reflux for 16 h. After
cooling to rt, the reaction was guenched with sat. NaxS0s (10 ml). The mixture was filtered
through celite, and the solids were washed with THF {10 mL). The filtrate was concentrated

(3aR 45,7R,7a8)-octahydro-1H-4,7-

under reduced pressure

epoxyisoindole as a pale yellow viscous Hguid.

254

to afford guantitatively

To a solution of (3aR 4R,757a8)-hexahydro-1H-4,7-epoxyisoindole-
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[6473] To a solution of (3aR,45,7R,7a8})-octahydro-1H-4,7-epoxyisoindole (1.8
g, 12.9 mmol, 1.0 eq.) in DCM (20 mL) was added IBX (3.6 g, 12.9 mmol, 1.0 eq.). The
mixtare was stirred in sealed tube at 60 °C for | h. After cooling to rt, the mixture was
washed with sat. sodium dithionate (10 mbL). The phases were separated. The organic phase
was washed with sat. sodium carbonate (70 mbL) and brine (30 mL). The agueous phases
were extracted with DCM (3 x 50 mL). The organic phases were combined, dried over
NaxSQy, filtered and concentrated under reduced pressure. The residue was purified by flash
chromatography on silica gel using a gradient of MeOH (2 to 5%) in DCM to afford
(3aS,4R,78,7aR})-3a,4.5,0,7,7a-hexahydro-1H-4,7-epoxyisoindole (1.2 g, 68%) as a pale
yvellow oil.

{8474} To a solation of (3a85,4R)78,7aR)-34,4,5,6,7,7a-hexahydro-1H-4,7-
epoxyisoindole (1.2 g, 875 mmol, 1.0 eq.) in DCM (12 wl) and MeOH (1.2 ol cooled at §
°C was added TMISCN (2.7 mL, 21.9 mmol, 2.5 eq.). The mixture was stivred at vt for 16 h
and then concentrated under reduced pressure.  The residue was purified by flash
chromatography on silica gel using a gradient of MeOH (1 to 3%) 1w DCM to afford (+/-)-
{(15,3aR,45,7R,7aS)-octahydro-1H-4,7-epoxyisoindole- L -carbonitrile (800 mg, 56%) as ap
off-white solid.

18475} To a solstion  of  (+/-3-{(15,3aR48,7R,7a8)-octahydro-1H-4,7-
epoxyisoindole-1-carbonitrile (300 myg, 1.82 mmol, 1.0 eq.} in MeOH (3 mL) cooled at O °C
was added TMSCI (§.600 mL, 548 mmol, 3.0 eq.). The mixture was stirred at 60 °C for 6 h.
The mixture was concentrated under reduced pressure to afford guantitatively {(+/-)-methyl
(15,3aR,48,7R,7a8)-octahydro-1H-4,7-epoxyisoindole- 1 -carboxylate hydrochloride as a pale
yeliow solid.

(8476} To a solution of (+/-}methyl (15,3aR 45,7, 7a8)-octahydro-1H-4,7-
epoxyisoindole-1-carboxylate hydrochloride (360 mg, 1.82 mmol, 1.0 eq.} in DMF (3.6 mL)
cooled at 0°C were added (5)-2-((tert-butoxycarbonyljamino)-3,3-dimethylbutanoic acid
(506 mg, 2.19 mmol, 1.2 eq.), HATU (1.05 ¢, 2.73 mmol, 1.5 eq.) and DIPEA (1.0 mL, 5.46
mmol, 3.0 eq.). The mixture was stivred at vt for 3 h. The mixture was diluted with water (5
ol and extracted with EtOAc (2 x 10 wmb). The organic phases were combined, washed
with brine (2 x 20 ml), dred over NaySOy4, filtered and concentrated under reduced pressure.

The residue was purified by flash chromatography on silica gel using a gradient of EA (30 to

[\
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6%} in PE to afford methyl (15,3aR,45,7R,7a8)-2-((8)-2-({tert-butoxycarbonyljamino}-3,3-
dimethyibutanoyljoctahydro-1H-4,7-epoxyisoindole- 1 -carboxylate (350 mg, 530%) as a
colourless viscous liquid.

(684771 To a solation of  methyl  {(15,3aR 48,7R,7a8)-2-((5)-2-({tert-
butoxyearbonyllaminoe}-3,3-dimethylbutanovijoctahydro- 1 H-4,7-epoxyisoindole-1-
carboxylate (350 mg, 0.853 mmol, 1.0 eq.) in THF (3 mL) and water (3 mL} cooled at 0 °C
was added LiOH (53 mg, 1.28 mmol, 1.5 ¢g.). The mixture was stirred at tt for Z h and then
concentrated under reduced pressure. The residue was taken up with IN HCI and extracted
with BEA (2 x 20 mbL). The organic phases were combined, dried over NaxSQu, filtered and
concentrated  under reduced pressure o afford  (15,3aR 45,7R,)7a8)-2-((58)-2-({tert-
butoxycarbonyhamino)-3,3-dimethylbutanoyhoctahydro-1 H-4,7-epoxyisoindole- 1 -
carboxylic acid (280 mg, 82%) as an off-white solid.

{8478} To 4 solation of {185,3aR,45,7R,7a85)-2-((8)-2-{{text-
butoxycarhonylamino)-3,3-dimethylbutanoyDoctahydro-1H-4,7-epoxyisoindole-1 -
carboxylic acid (250 mg, 8.631 mmol, 1.0 eq.) in BCM (3 ml) cooled at 0°C was added
THA (0.350 mwl., 3.13 mmol, 5.0 eg.). The mixture was at 1t stivred for 2 h and then
concentrated under reduced pressure to afford (15,3aR,485,7R.728)-2-((8)-2-amino-3,3-
dimethylbutanoyhoctahydro-1H-4,7-epoxyisoindole-1-carboxylic under its acid
tritlucroacetic acid salt (250 mg) as an oil.

184791 To a solution of {18,3aR . 48,7R,7a8)-2-({5-2-amino-3,3-
dimethylbutanoyhoctahydro-1H-4,7-epoxyisoindole- 1 -carboxylic acid under its
trifluoroacetic acid salt (250 mg, 0.844 mmol, 1.0 eq.) in MeOH (2.5 mbL) were added ethyl
2,2 2-trifluoroacetate {0.300 mL, 4.22 mmol, 5.0 eq.) and NEG (3.600 mL, 4.22 mmol, 3.0
eq.). The mixture was stirred at rt for 32 h and then concentrated under reduced pressure.
The residue was purified by flash chromatography on C1§ gel using 0.01% TFA in ACN to
afford (15,3aR 48TR 7a51-2-((5)-3,3-dimethyl-2-(2,2,2-
trifluoroacetamidojbutanoyljoctahydro- 1 H-4, 7-epoxyiscindole- 1 -carboxylic  acid (90 mg,
36% over 2 steps) as a white sohid.

(84881 To a solation of (15,3aR45,7R,7a8)-2-((5)-3,3-dimethyl-2-(2,2,2-
trifluoroacetamido)butanoyhoctahydro-1H-4,7-epoxyisoindole- L -carboxylic acid (90 g,

3.229 mmol, 1.0 eq) o DMF (I mb) at 0 °C were added (S)-Z-amimo-3-((8)-2-
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oxopyrrolidin-3-ylipropanamide hydrochloride (60 mg, 8.276 mmol, 1.2 eq.), EDCeHCI (88
mg, 0.646 mmol, 2.8 eq.), HOAt (31 mg, 0.228 mmol, 1.0 eq.) and TEA (0.1 mbL, 0.717
nunol, 3.1 eq.). The mixture was stirred at 1t for 16 h. The mixture was diluted with water
(10 mL) and extracted with EA (2 x 10 mbL). The organic phases were combined, washed
with brine (2 x 10 mb}, dried over Na»5Q,, filtered and concentrated under reduced pressure.
The residue was purified by flash chromatography on C18 gel using G.01% FA in ACN to
afford (185,3aR,48,7R,7a5)-N-((5)-1-amino-1-0x0-3-({8)-2-0xopyrrolidin-3-yhpropan-2-yl}-
2-((8)-3,3-dimethyl-2-(2,2, 2-trifluoroacetamidobutanoyboctahydro- TH-4, 7 -epoxyisoindole-
{-carboxamide (73 mg, 60%) as a white solid.

(84811 To a stirred solution of (15,3aR 45, 7R, 7a5)-N-{({($)-1-amino-1 -0%0-3-({5}-
2-oxopyreolidin-3-yDpropan-2-v1-2-((5)-3,3-dimethyl-2-(2,2,2-
trifluoroacetamidoybutanoyboctahydro-1H-4,7-epoxyisoindole-1 -carboxamide (70 mg, 0.128
mmol, 1.0 eq.) in DMF (0.7 mL) were added pyridine (8.036 mwl., 0.256 nuvnol, 3.0 eq.) and
THAA (0.03 ml, 0.384 momol, 2.0 eq.). The mixtare was stirred at 7t for 2 h. The mixture
was diluted with water {5 mL) and extracted with EA (2 x 5 mL). The organic phases were
combined, washed with brine (2 x 5 mL}, dried over Na>5Q, filtered and concentrated under
reduced pressure. The residue was purified by prep-HPLC (Column: X-SELECT-CIE,
19x250mm, Sum; Mobile Phase A: 10mM Ammonium bicarbonate in water, Mobile Phase
B:  ACN; Flow rate: 17 ml/min; gradient: 0% B t© 60% B in & min) to afford
{(15,3aR 48,7R 7a83-N-{({5}-1-cyano-2-{{5)-2-oxopyrrolidin-3-yethv}-2-{{(5})-3,3-dimethyl-
2-¢2,2 2-triftuoroacetamido jbutanoyljoctahydro- 1 H-4,7-epoxyiscindole- 1 -carboxamide {25
mg, 40%}) as a white solid. 'H NMR (500 MHz, 363K, DMSO-de) § 8.60-8.90 (m, 2H), 7.30
-7.40 (m, 1H), 4.89 (m, 1H), 4.46-4.66 (m, 4H), 3.55-3.85 (m, 2H}, 3.08-3.16 (m, 2H), 2.70-
2.81 (m, 1H), 2.59 {m, 1H), 2.35 (m, 1H)}, 2.05-2.22 (m, 2H), 1.69-1.82 (m, 2ZH), 1.31-1.61
{m, 4H), 0.97 (m, 9H). LCMS (ESY, mv/z): 328 [M+H]"
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EXAMPLE 5§-1
Compound 58a

{64821 Compound 58z was prepared similarly as described for Compound 59%a
using 2-(tert-butyl) L-methyl (1R*,3aS*4R*75% 7TaR*}-octahydro-2H-4,7-epoxyiscindole-
1,2-dicarboxylate in place of 2-{tert-butyl) l-methyl (1R*3aS5% 4R*75% TaR*)-
1,3,3a,4,7, 7Ta-hexahydro-2H-4, 7-ethanoisoindole- 1, 2-dicarboxylate.  'H NMR (400 MHz,
363K, DMSO-de) 6 8.90 (br. 5., 1H), 8.51-8.74 (m, 1H), 7.40 (br. 5., 1H), 4.81-4.97 (m, 1H),
4,68 (d, 1H), 4.33-4.59 (m, 3H), 3.76 (m, 1H), 3.51-3.38 (m, 1H), 3.18 (m, 2H), 2.80 (m,
TH), 2.60 (m, 1H), 2.33 (m, 1H), 2.23 (o, 1H), 2.10 (o, TH), 1.67-1.88 (m, 2H), 1.21-1.58
{m, 4H), 0.88-1.10 (m, 9H). LCMS (ESL, ovz): 528 IM+HT.

18483} 2-{tert-Batyly  l-methyl (IR* 3a8% 4R* 75% 7aR*}-octahydro-2H-4,7-
epoxyisoindole-1,2-dicarboxylate:  To a solution of {(+/-ymethyl {185,3aR,45,7R,7a8)-
octahydro-1H-4,7-epoxgyisoindole- I -carboxylate hydrochloride (800 mg, 1.82 mmol, 1.0 eq.}
in THE (8 wmbL) and water (8 mL) cooled at 8°C were added NaHCGs (1.7 g, 20.3 mmol, 5.0
eq.) and BocO (1.3 g, 6.09 mmol, 1.5 eq.). The mixture was stirred at rt for 16 h. The
mixture was diluted with water and extracted with EA (3 x 10 ml.). The organic phases were
combined, washed with brine {2 x 20 ml), dried over NaxSQy, filtered and concentrated
under reduced pressure. The residue was purified by flash chromatography on silica gel
using a gradient of FA (1§ to 20%) in PE 1o afford (+/-}-2-(tert-butyl) 1-methyl
{15,3aR. 45, 7R, 7a8)-octahydro-2H-4,7-epoxyisoindole-1,2-dicarboxvlate (800 mg, 66% ).

18484} {(+/-)-2-(tert-Butyl})  1l-methyl (18,3aR.45,7R,7a8)-octahydro-2H-4,7-
epoxyisoindole-1,2-dicarboxylate (1.7 g} was purified by prep-SFC using the following
conditions: Column: Chiralpak IG, 30%250 mun, 5 pm; Mobile Phase A: C0O;, Mobile Phase
B: 0.5% DEA in MeOH; Flow rate: 90 g/min; Gradient: isocratic 10% B; Column
Termperature: 30°C; Back Pressure: 100 bar. Purification resulted jo 2-(tert-butyl) 1-methyl

{(IR* 3aS* 4R* 75% TaR*)-octahydro-2H-4,7-epoxyisoindole-1,2-dicarboxylate (700 rog)
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and 2-(tert-butyl} -methyl (15% 3aR* 45*% TR* 7aS*)-octahydro-2H-4,7-epoxyisoindole-1,2-
dicarboxylate (600 mg).

[6485] Z-{(tert-Butyl)  l-methyl (1R*3a85% 4R*75% 7aR*}-octahydro-2H-4,7-
epoxyisoindole-1,2-dicarboxylate: 'H NMR (400 MHz, CDCh) & 4.66 (m, 1H), 4.535 (m,
iH), 4.16-4.31 {m, 1H), 3.73 (s, 3H), 3.38-3.54 (m, ZH), 2.79 {(m. 2H), 1.61-1.6% {m, 4H).
147 (m, 9H). [o]Pp: +30.27 (¢ 0.16, CHCL). SFC: CHIRALPAK 1G, 4.6%150 num, 3 um,
Mobile Phase A: C(O», Mobile Phase B: MeOH; Flow rate: 3 g/min; Gradient: isocratic 10%
B; Column Temperature: 30°C; Back Pressure: 100 bar, Rt: 1.29 min.

[6486] 2-(tert-Butyly  f-methyl  (15%3aR* 45% 7R* TaS¥)-octahydro-2H-4,7-
epoxyisoindole-1,2-dicarboxylate:  'H NMR (400 MHz, CDCh) 8 4.66 (m, 1H), 4.55 (m,
FH), 4.16-4.31 (m, TH), 3.73 (s, 3H), 3.38-3.54 (w, 2ZH), 2.79 (m, 2H), 1.61-1.69 (o, 4H),
147 (m, 9H). [ul®n: -41.3° (¢ 0.16, CHCL). SFC: CHIRALPAK IG, 4.6%150 rom, 3 um,
Mobile Phase A; C0Os, Mobile Phase B: MeOH; Flow rate: 3 g/min; Gradient: isocratic 10%

B; Column Temperature: 30°C; Back Pressure: 100 bar, Rt: 1.65 min.

EXAMPLE 38-2
Compound 58b

{8487 ] Compound 38t was prepared similarly as described for Compound 59a
using Z-(tert-butyly I-methyl (15%3aR*45% 7R* 7a85*})-octahydro-2H-4,7-epoxyiscindole-
1,2-dicarboxylate in place of 2-{tert-butyl) l-methyl (1R*3aS5% 4R*75% TaR*)-
1.3,3a,4,7,7a-hexahvdro-2H-4,7-ethanoisoindole-1,2-dicarboxylate. H ONMR 400 MHz,
363K, DMSO-de) 6 8§.91 (br. 5., 1H), 8.50-8.74 (m, 1H), 7.37 {(br. 5., 1H), 491 (m, 1H), 4.67
(m, 1H), 4.57 (m, 1H), 4.30-4.54 (m, 2H), 3.71-3.83 (m, IH), 3.55-3.70 (m, 1H), 3.06-3.37
{ra, 2H), 2.83 (m, 1H), 2.58 (m, iH}, 2.34 (m, 1H), 2.08-2.24 (m, ZH), 1.62-1.87 (m, 2H},
1.22-1.59 (m, 4H), 0.89-1.06 (m, 9H). LCMS (ESL m/z): 528 [M+HT"
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EXAMPLE 59
Compound 59

[0488] Compound 59 was prepared similarly as described for Compound 58 using
{+/-}-methyl {(15,3aR 45,7R,728)-2,3,3a,4,7, 7a-hexahydro- 1 H-4,7 -ethanoisoindole- 1 -

carboxylate hydrochloride in place of (+/-)}-methyl {15,3aR 45,7R,7aS-octabydro-1H-4,7-
epoxyisoindole-1-carboxylate hydrochloride. 'H NMR (300 MHz, 363K, DMSO-ds) 8 8.40-
8.79 {m, 2D, 7.32-7.44 {m, 1H), 6.09-6.23 {m, 2H), 4.91 {(m, 1H), 4.51-4.70 {m, 1H}, 3.99-
418 (m, 1H}, 3.80 (m, 1H), 3.30-3.60 {(m, 1H), 3.06-3.21 (m, 2H), 2.80 (m, 1H), 2.57-2.69
(m, 2H), 2.00-2.45 (m, 4H), 1.68-1.80 (m, 2H), 1.40-1.51 (m, 2H}, 1.06-1.20 (m, 2H), 0.88-
100 (m, 9H). LCMS (ESL m/z): 538 [M+HT

[648%9] {+/-)-Methyl (15,3aR 45,7R 725)-2,3,33,4,7,7a-hexahvydro- 1 H-4,7-
ethanoisoindole-1-carboxylate  hydrochloride: To a solution of (3aR48,7R,7a8)-

2,3,3a,4,7,7a-hexahydro-1H-4,7-ethanoisoindole (1.1 g, 7.37 mmol, 1.0 eq.) in DCM (35
mb) was added IBX (2.06 g, 7.37 mumol, 1.0 eq.). The mixture was stirred in sealed tube at
60 °C for 1 h. After cooling to t, the mixture was washed with sat. sodium dithionate (40
mb.). The phases were separated. The organic phase was washed with sat. sodium carbonate
{70 mbL) and brine (30 mL). The agueous phases were extracted with DCM (3 x 100 mL).
The organic phases were corobined, dried over NaxSQ04, filtered and concentrated under
reduced pressure. The residue was purified by flash chromatography on silica gel using a
gradient of MeOH {1 to 53%) in DCM to afford (3a5,4R,75,7aR}-3a,4,7, Ta-tetrahydro-1H-
4,7-ethanoisoindole (780 mg, 71%) as a white oil.

[6494] To a solution  of  {(3aS54R,75,7aR)-3a,4,7,7a-tetrahydro-1H-4,7-
ethanoisoindole (780 mg, 531 mmol, 1.0 eq.} in BCM (8 mL) and MeQOH (0.6 mL) cooled
at 8 °C was added TMSCN (1.8 mL, 13.3 mmol, 2.5 eq.). The mixtare was stivred at 0-1G °C

for 4 h. The mixture was concentrated under redoced pressure. The residue was purified by
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flash chromatography on silica gel using a gradient of MeOH (1 to 5%) in BCM to afford
{(+/-3-(15,3aR 458,7R,7a8)-2,3,3a,4,7, 7a-hexahydro- 1 H-4,7-ethanoisoindole- 1 -carbonitrile
(550 mg, 59%) as a brown oil.

(684911 A solution of (+#/-3-{15,3aR 45,7R,7a5)-2,3.3a,4,7, 7a-hexahydro-1H-4,7-
ethanoisoindole-1-carbonitrile (550 mg, 3.16 mmol, 1.0 eq.) in 4N HCI in MeOH (5.5 mL}
was stirred for 6 h at 60 °C. The mixture was concentrated under reduced pressure to afford
{+/-}-methyl {(15,3aR 45,7R,7a8)-2,3,3a,4,7, 7a-hexahydro- 1 H-4,7-cthanoiscindole- 1 -

carboxylate hydrochloride (580 rag, 88%) as a yellow oil.

EXAMPLE 59-1
Compound 5%

HCL - coome Boo,  cooMe
HN-— H BOCzo, NEEzCOg u .
){ Dioxane $

//E o°Ciort

SFC separation
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261



WO 2023/283256 PCT/US2022/036242

H H
OsN N
), CF,
N HEO
20 HCl in ELO >(/\f
0°C tort © on G
+ 0 HATU, DIPEA,
DME
0°Ctort
X
AN
=N

DMF
rt

5%a

The chiral centers noted with **” are tentatively assigned.

(64921 To a sohiion of {(+/-pmethyl (15,3aR 48,7R,7a%)-2,3,3a,4,7 7a-
hexahydro- 1H-4,7-ethanoiscindole-1 -carboxylate hydrochloride (1 g, 4.10 mmol, 1.0 eq.) in
dioxane (15 mb) cooled at 0°C were added NaxCO3 (870 mg, 8.21 munol, 2.0 eq.) and BooyO
(1.8 g, 821 mmol, 2.0 eq.). The mixture was stirred at 1t for 24 h.  After cooling to 0 °C,
NaxC0s (870 mg, 8.21 mmol, 2.0 eq.) and BocxO (1.8 g, 8.21 muool, 2.0 eq.) were added.
The mxture was stirred at 1t for 24 h. The mixture was diluted with EA (30 mL) and washed
with water. The phases were separated. The aqueous phase was extracted twice with EA.
The organic phases were combined, washed with brine, dried over Nax8Qs, filtered and
concentrated under reduced pressure. The residue was purified by flash chromatography on
silica gel using a gradient of EA (0 to 30%) 1n PE to afford (+/-)-2-(tert-butyl) 1-methyl
{15,3aR 48,7R,7a8}-1,3,3a,4,7 7a-hexahydro-2H-4,7-ethanoisoindole-1,2-dicarboxylate (1.1
2, 74%} as a brown oil.

[68493] {+/-}-2-(tert-Buty}) 1-methyl (15,3aR . 45,7R,7a8)-1,3,3a2,4,7,7a-
hexahydro-2H-4,7-ethanoisoindole-1,2-dicarboxylate (300 mg) was purified by prep-SFC
using the following conditions: Column: Lux Cellulose-2, 30%250 mum, 5 ym; Mobile Phase

A: CO», Mobile Phase B: MeQOH; Flow rate: 60 g/min; Gradient: isocratic 10% B; Column
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Temperature: 30°C; Back Pressure: 100 bar. Purification resulted in 2-(tert-butyl} 1-methyl
{15%,3aR* 45% 7R* 7a8%)-1,3,3a. 4,7, 7a-hexahydro-2H-4,7-ethanoisoindole-1,2-
dicarboxylate (370 mg) and 2-(tert-butyl) -methyl (1R* 3a5% 4R*75% 7aR*)-1,3,3a,4,7,7a-
hexahydro-2H-4,7-ethanoiscindole-1,2-dicarboxylate (370 mg).

(6494 ] 2-(tert-Butyl) 1-methyl {15%,3aR* 45% 7TR* 7a5%)-1,3,3a,4,7,7a-
hexahydro-2H-4,7-ethanoiscindole-1,2-dicarboxylate: 'H NMR (400 MHz, CDCl) § 6.22-
6.33 (m, 2H), 3.87-4.02 (m, 1H), 3.71 (s, 3H), 3.52-3.70 (m, 1H), 3.14-3.28 (m, 1H), 2.78
(o, TH), 2.59 (m, 1HD), 2.40-2.52 (m, 2H), 1.32-1.50 (m, HIH), L18-1.30 (m, 2H). {a]¥o: -
29.1° (¢ 0.1, CHCEL). SFC: Lux Cellulose-2, 4.6%150 mum, 3 wm, Mobhile Phase A: COq,
Mobile Phase B: 0.5% DEA in MeQOH; Flow rate: 3 gfroin; Gradient: isocratic 15% B;
Column Teroperature; 30°C; Back Pressure: 100 bar, Rt: .98 min.

[8495] 2-{tert-Butyl) I-methyl (1R*,3a5% 4R* 75% 7TaR*)¥-1,3,32,4,7,7a-
hexahydro-2H-4,7-ethanoisoindole- 1,2-dicarbox ylate: "H NMR (400 MHz, CDCl) & 6.22-
6.33 (m, 2H), 3.87-4.02 (m, 1H), 3.71 (5, 3H), 3.52-3.70 (m, 1H), 3.14-3.28 (m, 1H), 2.78
(m, 1H), 2.59 (m, 1H), 2.40-2.52 (m, 2H), 1.32-1.50 (m, 11H), 1.18-1.30 (m, 2H). [o]®n
+21.6° (¢ 0.1, CHChH). SFC: Lux Cellulose-2, 4.6%150 mm, 3 um, Mobhile Phase A: CO»,
Mobile Phase B: 0.5% DEA in MeOH; Flow rate: 3 g/min; Gradient: isocratic 13% B;
Column Temperature: 30°C; Back Pressure: 100 bar, Rt 1.12 min.

[8496] To a solution of 2-{tert-butyl} 1-methyl (1R*3a85*% 4R* 78% 7aR*)-
1,3,3a,4,7,7a-hexahydro-2H-4,7-ethanoisoindole-1,2-dicarboxylate (100 mg, 0.325 mmol,
1.0 eq.) in THF {1 mL)} and water (I mL) cooled at § °C was added LiOH (21 mg, 0.500
nunol, 1.5 eq.). The mixture was stirred for 2 h at rt and then partially concentrated under
reduced pressure to remove THF. The residue was acidified by addition of IN HCI until
pH=2. The mixture was extracted with EA (3 x 10 mL). The organic phases were combined,
dried over NapSQOs, filtered and concentrated under reduced pressure to  afford
(IR* 3a8% 4R* 75* TaR*)-2-(tert-butoxycarbonyi}-2.3,3a,4,7, 7a-hexahydro- 1 H-4,7-
ethanoisoindole-1-carboxylic acid (82 mg, 86%) as an oil.

{84971 To a solution of (IR*3aS8* 4R* 78% TaR*)-2-(tert-butoxycarbonyl)-
2,3,3a,4,7 Ta-hexahydro-1H-4,7-ethanoisoindole- [ -carboxylic acid (160 rog, 0.346 romol, 1.0
eq.y in DMF (1.6 mi) cooled at 0°C were added (S)-Z-amino-3-({S5)-2-oxopyrrolidin-3-
ypropanamide hydrochloride (141 mg, 0.655 momol, 1.2 eq.), EDCsHCI (208 g, 1.09
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mmol, 2.0 eq.), HOAt (74 mg, 0.546 mmol, 1.0 eq.) and NEt (0.380 mb, 2.73 mmol, 5.0
eq.}. The mixture was stirred at 1t for 16 h. The mixture was diluted with water {10 mL) and
extracted with EA {2 x 18 mL). The organic phases were combined, washed with brine (2 x
10 ml), dried over NaxSQu, filtered and concentrated under reduced pressure. The residue
was purified by flash chromatography on C18 using 0.01% FA in ACN to afford tert-butyl
{(ER* 3a8% 4R* T8% TaR*)- 1-({{8)-1-amino- | -0x0-3-({5}-2-0oxopyrrolidin-3-ylpropan-2-
ylycarbamovi)-1,3,3a.4,7, 7a-hexahydro-2H-4,7 -ethanoisoindole-2-carboxylate (180  mg,
74%) as a white solid. LC-MS (ESL mv/z); 447 [IM+H].

{8498} A solution of tert-butyl (1R* 3a8% 4R* 75% TaR*}-1-({((5)-1-amino-1-oxo-
3-{{8)-2-oxopyrrolidin-3-yhpropan-2-yDearbamovl)-1,3,3a,4,7 7a-hexahydro-2H-4,7-
ethanoisoindole-2-carboxylate (170 mg, 0.381 mmol, 1.0 eq.) in 2M HO in ether (20 ml)
was stirred at 1t for § h. The mixture was concentrated under reduced pressure to afford
gquantitatively  (IR* 3aS8* 4R* 75%* TaR¥)-N-({8)-1-amino- 1 -0x0-3-({5)-2-oxopyrrohdin-3-
yhpropan-2-v1)-2,3,38,4,7,7a-hexahydro-1 H-4,7-ethanoisoindole- L -carboxamide
hydrochloride as a2 white solid.

16499 To a solution of (1R*,3aS* 4R* 785* TaR*}-N-((§)-1-amino-1-0x0-3-{({(S})-
2-oxopyrrolidin-3-yDpropan-2-y13-2,3,32,4,7, 7a-hexahydro-1H-4,7-ethanoisoindole- 1 -
carboxamide hydrochloride (170 mg, 0.445 mmol, 1.0 eq.} in DMF (1.7 ml.) cooled at 0 °C
were added (5)-3,3-dimethyl-2-(2,2,2-trifluoroacetamidoibutanoic acid (121 mg, .533
nunol, 1.2 eq.), HATU {253 mg, 0.667 mumol, 1.5 eq.) and DIPEA ((.380 mL, 2.18 mmol,
5.0 eq.). The mixture was stirred at 1t for 2 h. The mixture was diluted with water (§ mL)}
and extracted with EA (3 x 10 mbL). The organic phases were combined, washed with brine
{2 x 20 mL}, dried over NapSQs, filtered and concentrated under reduced pressure. The
residue was purified by flash chromatography on C18 using 4.01% FA in ACN to afford
{IR* 3a8% 4R* 7T8% TaR*)-N-((8)- I -amino-1-ox0-3-((5)-2-oxopyrrolidin-3-vhpropan-2-y1)-
2-((5)-3,3-dimethyl-2-(2,2, 2-trifluoroacetamido)butanovi)-2,3,3a,4,7 Ta-hexahvdro- 1H-4,7-
ethanoisoindole-1-carboxamide (125 mg, 55%) as an off-white solid.

[6504] To a sohition of (1R* 3a8% 4R* 78* 7aR*-N-((8 -1 -amno- 1 -oxo-3-({(8}-
Z-oxopyrrohdin-3-yUpropan-2-yD-2-((8)-3,3-dimethy]-2-(2,2, 2-trifluoroacetamido yhutanoyh)
-2,3,32,4,7, Ta-hexahydro- 1 H-4,7-ethanoisoindole- L -carboxamide (100 mg, 0.180 mmol, 1.0

eq.) in DMF (1 ml) were added pyridine (0.043 ml,, 0.540 mmol, 3.0 eq.) and TFAA (80.050
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mb., 0.360 mmol, 2.0 eq.). The mixture was stirred at 1t for 2 h. The mixture was diluted
with water (5 mbL) and extracted with EA (3 x 5 mL). The organic phases were combined,
washed with brine {2 x 5 mL), dried over Na»SQ;4, filtered and concentrated under reduced
pressure.  The residue was purified by prep-HPLC (Column: X-SELECT-CIS Column,
19%250 mm, Swm; Mobhile Phase A: 10 mM NH.HCO: in water, Mobile Phase B: ACN;
Flow rate: 17 mb/min; Gradient: 10% B t 60% B in 8 min) to afford
(IR* 3a8% 4R* 785* TaR*-N-({(5)}-1-cyano-2-({5}-2-oxopyrrolidin-3-yhethy - 2-((53-3,3-
dimethyl-2-(2,2 2-trifhuoroacetamido)butanoyl}-2,3,3a,4,7, 7a-hexahydro-1 H-4,7-
ethanoisoindole-1-carboxamide (45 mg, 40%) as a white solid. 'H NMR (400 MHz, 363K,
DMSO-de) 8 8.52-8.87 {m, ZH), 7.39 (s, {H), 6.02-6.22 (m, ZH), 4.91 (dd, 1H), 4.52 (s, 1H},
4.08-4.31 (m, 1H), 3.79 (1, 1H), 349 (d, 1H), 3.11-3.37 (m, 2H), 2.78 (m, 1H), 2.51-2.61 {m,
2H), 2.04-2.36 (m, 4H), LE2 (m, 1H), 1.72 (o, 1H), 1.44 (d, ZH), 1.13 (m, 2H), 0.96 (s, 9H).
LOMS (EST, mv/z): 536 [M-HYT.

EXAMPLE 59-2
Compound 59b

{0501 ] Compound 59b was prepared similarly as described for Compound 59a
using 2-(tert-butyl) l-methyl (18%3aR* 45% 7R* 7a5%)-1,3,3a.,4,7.7a-hexahydro-2H-4,7-
ethanoisoindole-1,2-dicarboxylate n place of 2-{tert-butyl) {-methyl
{IR* 3a8% 4R* TH* TaR*)-1,3,3a,4,7, Ta-hexahydro-2H-4,7-ethanoisoindole-1,2-
dicarboxvlate. '"H NMR (400 MHz, 363K, DMSO-ds) & 8.56-8.85 (m, 2H), 7.30-7.48 (m,
1H), 6.06-6.26 (m, 2H), 4.90 (m, 1H), 4.50-4.72 (m, 1H), 3.98-4.10 (m, 1H), 3.80 (m, 1H),
3.28-3.57 (m, 1H), 3.08-3.20 (m, 2H), 2.82 (m, 1H), 2.53-2.62 (m, 2H), 2.25-2.45 (m, 2H),
2.10-2.20 {m, 2H), 1.65-1.90 (m, 28, 1.41-1.52 (m, 2HD, 1.07-1.23 Gu, 2H), 0.85-1.02 (m,
o). LCMS (ESE m/z): 536 [M-HJ.
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EXAMPLE 60
Compound 60
Boc O Boc }?
E\!\i _,\\E o N\‘\\\"\ ~
< ™ o O CHN,, Pd(OAC), I HCL, B0
H C&\ Et,0, -30 °C. 30 min D tt, 2h
a7 N
JBoc
HN

HCL o \‘\\(0

H i
Y (\\\5\0/ Ei\ OH
ng“__ i

HATU, ProNEt, DMF
Q’& it 1h
,Boc
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S
LIOH, THF, H,0 >l TFA, DCM
2 N\?_‘ \OH
t, 2h HX oH i, 1h
N

O
=%
£

J(i}\

A~ R}
: HoNT ™ N [ -
Etai\{{ ii"fg’OH HC

HATU, 'ProNEL DMF
it,lh

Fal
b G

HN}QO NN

O
%‘j\-\{ C}
N

pyridine, TFAA, DCM

rt, ih "I\

&0

[6562] To a mixture of 4-tert-butyl 3-methyl (15,25,35,6R,78)-%-methylidene-4-
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azatricyclo{5.2.1.0M 2,6} jdecane-3,4-dicarboxylate (400 mg, 1.30 mmol, 1.0 eq.) and
diazomethane {15 mbL, excess in EO) in E0O (4 mL) was added palladium(dl) acetate (88.0
mg, .390 mmol, 0.3 eqg.) at -30 °C. The mixture was stirred for 30 min at -30 °C. The
mixture raised naturaily o 1, filtered and concentrated under reduced pressure to afford the
crude product (This process was repeated for 5 times until the starting materials was
compietely converted). The crude product was chromatographed on a silica gel column with
BtOAcPE (19 o provide  4'-tert-butyl  S-methyl  (US,2'R,)5'8,6'5,78)-4'-
azaspirofcyclopropane- 18 -tricyclof5.2.1.0M 2,6 Hdecane -4, 5 -dicarboxvlate (350 mg,
crude) as a yellow oil. LC-MS (ESI, m/z): 222 {M-100+H]".

[6503] A sohlution  of  d-tert-butyl  S-methyl ('S, 2'R,§'5,6'S,7°8)-4-
azaspitofcyclopropane- 1,8 -tricyclof5.2. 1.0 2,6 } {decane]-4", 5 -dicarboxylate (350 mg, 1.09
romol, 1.0 eq.) in hydrogen chloride (10 ml., 2 M in BO) was stitred for 2 h at ot. The
mixture was concentrated onder reduced pressure to afford methyl (U'5,2'R,5'8,6'5,78)-4'-
azaspirofcyclopropane- 1,8 -tricyclof5.2.1.0M 2,6 } decane]-5'~carboxylate hydrochloride (280
mg, crude) as a yellow solid. LO-MS (ESY, m/2): 222 [M+HI

16584} To a mixture of (28)-2-{{tert-butoxycarbonyhamino]-3,3-
dimethylbutanoic acid (231 mg, 1.09 mmol, 1.0 eq) and o-(7-azabenzotriazol-1-y1)-
NN, N N -tetramethyluronium hexafloorophosphate (496 mg, 1.30 mmol, 1.2 eq.) in DMF (5
mb} was added N-ethyl-N-isopropylpropan-Z-aming (842 mg, 6.52 mmol, 6.0 eq.) at § °C.
After stirred for 15 min at § °C, methyl (1'S,2'R,5'S,6'S,7'S}-4'-azaspiro{cyclopropane-1,8'-
tricyclof5.2.1.00 2,6} lJdecane]-5'-carboxylate hydrochloride (280 mg, 1.09 mmol, 1.0 eq.)
was added. The mixture was stirred for 1 h at rt. The reaction was guenched with water (30
mbj. The mixture was extracted with EtOAc (3 x 30 mbL). The organic layers were
combined, washed with brine (2 x 30 ml), dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to afford the crade product. The crude product was
chromatographed on a silica gel column with EtQAcPE (14:86) to provide methyl
{(US,2'R,58,6'8,783-4"-1(25)-2-{{(tert-butoxycarbonvhamino |-3,3-dimethylbutanoyl}-4'-
azaspitolcyclopropane- 1,8 -tricyclof5.2. 1.0M 2,6 } {decane]-5'-carboxylate (300 mg, 57%) as a
yvellow oil. LC-MS (ES], mv/z): 435 [M+HJ

[8565] To a maxture of  methyl (US2RS55,6'8,75)-4'-[(28)-2-[{tert-

butoxycarbonylamino]-3,3-dimethylbutanoyl}-4'-azaspirofcyclopropane-1,8'-
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tricyciof5.2.1.07{2,6} [decane|-5'-carboxylate (300 mg, 0.690 mmol, 1.0 eq.) in THF (3
mbywater {3 ml) was added lithium hydroxide (83.0 mg, 3.45 mmoi, 5.0 eq.). The mixture
was stirred for 2 h at rt. The mixture was concenirated under reduced pressure o remove
THF and adjusted to pH=6 with hydrochloric acid (1 M). The mixtre was extracted with
BtOAc (3 x 10 mL). The organic layers were combined, washed with brine (2 x 10 mL)},
dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure to
afford (VS 2'R,58,6'8,75)-4'-[(28)-2-[(tert-butoxyearbonylamino -3, 3-dimethyibutanoyl}-
4'-azaspiro[cyclopropane-1,8'-tricyclof5.2.1.0M 2,6} ldecane}-3'-carboxyhic  acid (280 mg,
crude) as a light yeliow solid. LC-MS (ESI, m/z): 421 [M+H]"

(85061 To a sohution of {1'S,2'R,5'S,6'S,7'S)-4"-{{25)-2-{{tert-
butoxycarbonyhamino}-3,3-dimethyibutanoyl}-4'-azaspivo{cyclopropane-1,8'-
tricyclof3.2.1.00 2,6} Jdecane}-5'-carboxyhic acid (280 mg, 0.667 mmol, 1.0 eq.) in DCM (6
mb) was added tnfluoroacetic acid (2 mL). The rmxture was stirred for 1 h at 1t and then
concentrated under reduced presswre to afford (U'S,2R,55,6'8,7'5)-4-{(25)-2-amino-3,3-
dimethyibutanoyl}-4'-azaspiro{cyclopropane- 1,8 -tricyclof5.2.1.0M 2,6 } Jdecane }-5'-
carboxvlic acid (213 mg, crude) as a brown semi-solid. LC-MS (ES], m/z): 321 [M+H]Y

{85671 To a mikture of {1'§,2'R,5°8,6'S, 7S -4'-{(25)-2-amino-3,3-

dimethyibutanoyl}-4'-azaspirof[cyclopropane- 1,8 -tricyclof5.2. 1.0 {2 6 } [decane}-5'-
carboxylic acid (213 mg, 8.667 mmol, 1.0 eq.) in MeOH (5 ml) was added wiethylamine
(807 mg, 7.97 mmol, 12.0 eq.) and ethyl 2,2, 2-triflvorcacetate (945 mg, 6.67 mmol, 10.0
eq.). The mixture was stirred for 2 days at rt. The mixture was concenirated under reduced
pressure to remove MeOH. The mixture was diluted with water (30 mL} and adjusted to
pH=0 with hydrochloric acid (1 M). The mixture was extracted with EtOAc (3 x 30 mbL).
The organic layers were conmtbined, washed with brine (2 x 20 ml), dried over anhydrous
sodium  sulfate, filtered and concentrated under reduced pressure to  provide
(US2R5S.6'8,78)-4'-1(25)-3,3-dimethyl-2-(2,2,2-trifluoroacetamidobutanoyii-4'-
azaspirofcyclopropane- 1,8 -tricyclof5.2.1.0M 2,6 } {decane]-5'-carboxylic acid (240 mg, 75%)
as a hght yellow sohd. LC-MS (ES], m/7): 417 [M+-H]"

{85081 A rmomxture of tert-butyl N-{(18)-1-carbamoyl-2-[(35)-2-oxopyrrolidin-3-
yllethyljcarbamate (150 mg, 0.553 wmmol, 1.0 eqg.) in hydrogen chloride (10 mi, 2 M in

B0} was stitred for 2 h at tt. The mixture was concentrated under reduced pressure to
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afford (25)-2-amino-3-{(35)-2-oxopyrrolidin-3-vijpropanamide hydrochloride (115 mg,
crude) as an off-white solid. LC-MS (BESL m/7): 172 [M+H]".

[6509] To a mixture of ('S, 2R55,65,753-4-[(25)-3,3-dimethyl-2-(2,2.2-
trittucroacetamidojbutanoyl]-4'-azaspirof cyclopropane-1,8'-tricyclof 5.2. 1.0 {2,6} ldecane|-
S'-carboxylic acid (221 mg, 0.530 mmol, 1.0 eq.) and o-(7-azabenzotriazol-1-yD-N,N,N'N'-
tetramethyluronium hexafluorophosphate (241 mg, 0.635 munol, 1.2 eq.) in DMF (5 mbL) was
added N-ethyl-N-isopropylpropan-2-amine (411 mg, 3.18 mmol, 6.0 eqyat 0 °C. After
stitred for 15 wmin at O °C, (28)-Z-amino-3-[(35)-2-oxopyrrohidin-3-vipropanamide
hydrochloride (110 mg, 0.530 mmol, 1.0 eq.) was added. The mixture was stirred for 1 h at
rt. The mixture was purified by C18 colomn with CH:CN/Water {0.05% FA). The desired
fraction was concentrated under reduced pressure to provide 283-2-[{1'S,2'R,53'5,6'S,7'8)-4'-
L25)-3,3-dimethyi-2-(2,2, 2-mfluoroacetamidoybatanoyli-4'-azaspivo[ cyclopropane- 18-
tricyclo{5.2.1.00 2,6} Mdecan}-§'-viformmamido]-3-[(38)-2-oxopyrrohidin-3-ylpropanamide
(180 mg, 52%) as a vellow solid. LC-MS (ESL, s/z): 570 [M+HT".

[8518] To a mixture of (28)-2-[(V§2R, 55,65, 75)-4-{(25)-3,3-dimethy}l-2-
(2,2, 2-mflooroacetamidobutanoyil-4'-azaspiro{cyclopropane-1,8'-
tricyclo|5.2.1.00 2,6} ldecan]-5'-ylformamido}-3-[(38)-2-oxopyrrolidin-3-vl jpropanamide
(180 mg, 0.316 mmol, 1.0 eq.) in DCM (3 mL) was added pyndine (87.0 wg, 1.11 mamol, 3.5
eq.) and triftuoroacetic anhydride (100 mg, 0.474 mmol, 1.5 eq.). The mixture was stirred
for 1 b at rt. The reaction was gquenched with water {5 mL). The mixture was extracted with
DCM (3 x 5 mb). The organic layers were combined, washed with brine (2 x § mb), dried
over anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford the
crude product. The crude product was purified by prep-HPLC ( Column: XBridge Shield
RP18 OBD Columm, 30 x 150 mum, 5 wm; Mobile Phase A: Water (0.1%F A}, Mobile Phase
B: ACN; Flow rate: 60 mbL/min; Gradient: 34% B to 64% B in 7 min, 64% B Wave Length:
254 mm; RT1 (min): 5.33) to provide (VS 2R3'S,6'S78)-N-[(15)-1-cyano-2-{(38)-2-
oxopyrroldin-3-yliethyl]-4'-[(25)-3,3-dimethyl-2-(2,2 2-trifluoroacetamidobutanoyl}-4'-
azaspitofcyclopropane- 1,8 -tricyclof5.2. 1.0 2,6 } {decane]-53'-carboxamide {61.3 mg, 34%)
as an off-white solid. "H NMR (400 MHz, 80 °C, DMSO-ds) 8 8.90- 9.18 (m, 1H), §.60-8.89
(m, 1H), 7.30-7.65 (m, 1H), 4.82-5.02 (m, 2H), 4.63-4.81 (m, 1H), 3.82-3.95 (m, 1H), 3.61-
381 (m, TH), 3.10-3.39 (m, 2H), 2.63-2.85 (m, 1H), 2.30-2.530 {(m, 3H), 2.05-2.25 (m, 2H),
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1.68-1.90 (m, 3H), 1.60-1.67 (m, [H), 1.50-1.59 (m, 1H), 1.25-1.42 (m, 2H), 0.95-1.05 (m,
9H), 0.70-0.90 (m, 1H), 0.70-0.90 (m, 2H), -0.15--0.03 (m, 1H). LC-MS (ESL m/2): 552
VHT

EXAMPLE 61
Compound 61
E‘Eoc O
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O
TFAA, pyridine Mk( ‘E\
HI\ N\T“\ N S

oHOH N

rt, 2h

{65881 The 4-tert-butyl 3-methyl (1R, 28,35,6R,75)-4-
azatricyclo{3.2.1.0M 2,6} jdec-B-ene-3 4-dicarboxylate (4.00 g, 13.6 mwol, 1.0 eq.) was
dissolved intoluene (8 ml) under nitrogen and cooled to § ° C. (§)}-MOP (S)}-(-)-2-
Diphenylphosphino-2'-methoxy-1,1-binaphthyl (159 mg, 0.034 mmol, 0.0025 eq.),
IPA(C3IHSC2 allylpalladium  chloride  dimer (3.00 mg, 0008 mmol, 0.0006
eq.) and trichlorosilane (5.87 g, 43.5 mmol, 3.2 eq.) were added consecutively. The mixture
was warmed to 1t and then stirred for 3 d. The mixture was concentrated under reduced
pressure.  The residue was re-dissolved in THF (36 mb) and MeGH (36 mb). The mixture
was poured into a suspension of potassiom fluoride (6.26 g, 108 mmol, 8.0 eq.) and KHCO;
{13.6 g, 136 muool, 10.0 eq.) in THF (36 mL) and MeOH (36 ml) at § °C. Then H-0: (20
mb) was added. The misture was stirred for 1 4 at rt. The muxture was extracted with
HOAc (3 x 100 mL). The organic lavers were combined, washed with brine (2 x 50 ml.),
dried over ashydrous sodiurn sulfate, {iltered and councentrated under reduced pressure to
afford the crude product. The crude product was chromatographed on a silica gel column
with FAPE (40:60) to provide 4d-tert-butyl 3-methyl (1S8,2R,35,6R,75)-9-hydroxy-4-
azatricyclo{3.2.1.0M 2,6} jdecane-3,4-dicarboxyvlate (2.00 g, 47%) as a yellow oil. LC-MS
(ESL, m/z): 256 [M-56+H]".

16512} To a stivred mixture of 4-tert-butyl 3-methyl (15,2R,35,6R,75)-3-hydroxy-
4-azatricyclo]5.2.1.00 2,6} {decane-3 4-dicarboxylate (2.00 g, 6.43 mmol, 1.0 eq.) in DMSO
(20 mbL) was added 2-iodoxybenzoic acid (5.29 g, 18.2 mmol, 3.0 eq.). The mixture was
stirred for overnight at rt. The reaction was quenched with sat. sodivm bicarbonate (50 mL}.
The mixture was extracted with EtOAc (3 x 80 mL). The organic layers were combined,
washed with brine {2 x 50 mb), dried over anhvdrous sodium sulfate, filtered and

concentrated under reduced pressure to afford the crude product. The crude product was
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chromatographed on a silica gel column with EAPE (50:50) to provide 4-tert-butyl 3-methyl
(15,2R,35,6R,75}-9-0x0-4-azatricyclof5.2.1.0M{ 2,6 } Jdecane-3 4-dicarboxylate (1.5 g, 78%)
as a white oil. LC-MS (ESL, m/2): 310 [M+HI"

[6513] A mixture of d-tert-butyl  3-methyl  (185,2R,35,6R,75)-9-0x0-4-
azatricyclo{5.2.1.0M 2,6} Jdecane-3,4-dicarboxylate (100 g, 323 mmol, 1.0 eq) in
diethylaminosulfur trifluoride (20 ml) was stitred for 6 h at 70 °C. The mixture was diluted
with dichloromethane (50 mL). The reaction was quenched with sat. sodium bicarbonate
{100 mb) at 0 °C. The mixture was extracted with dichloromethane (3 x 180 ml). The
organic layers were combined, washed with brine (2 x 60 mL), dried over anhydrous sodivm
sulfate, filtered and concentrated under reduced pressare. The residue was purified by silica
gel colomn  chromatography  with PEEA  (7:3) to  afford 4-tert-butyl  3-methyl
{(15,2R,38,6R,75)-9 9-difluoro-4d-azatricyclo  [5.2.1.00{ 2,6} Jdecane-3,4-dicarboxylate (300
myg, 28%) as a yellow oil. LOC-MS (ESL, m/z): 310 [M+HT.

(6514} To a strred mixture of 4-tert-butyl 3-methyl (15,2R 35,6R,75)-9,9-
difluoro-4-azatricyclof5.2.1.04 2,6} Jdecane-3 4-dicarboxylate (300 mg, .905 mmol, 1.0 eq.)
in THF (3 mL) and HxO (3 mL) was added hithium hydroxide (108 myg, 4.52 mmol, 5.0 eq.}
at rt. The mixture was stirred for 2 h and acidified to pH=3 with hydrochloric acid (1M in
Ho(3). The aqueous layer was extracted with ethyl acetate (3 x 30 ml). The organic layess
were combined, washed with brine (2 x 20 ml), dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure to afford (182R,385,6R)75)-4-(tert-
butoxycarbonyi}-9,9-difluoro-4-azatricycle{5.2.1.08{ 2,6} Jdecane-3-carboxylic acid (270 mg,
crude) as a light yellow solid. LC-MS (ESI, m/7): 318 [M+H]"

{85151 To a mixtare of {(15,2R,35,6R,75)-4-(tert-butoxycarbonyl}-8,9-difluoro-4-
azatricyclo{5.2.1.0" 2,6} Jdecane-3-carboxylic acid (270 mg, 0.851 mmol, 1.0 eq.} in NN~
dimethylformamide 3mL) was added o-(7-azabenzotriazol- L-yH-N NN N -
tetramethyluronium  hexafluorophosphate (387 mg, 1.02 mmol, 1.2 eq.) and N-ethyl-N-
sopropylpropan-2-amine (638 mg, 5.10 mmol, 6.0 eq.) at § °C. The mixture was stirred for
20 min at O °C, and then (285)-2-amino-3-[(3S)-2-oxopyrrolidin-3-yljpropanamide (145 g,
0.8531 romol, 1.0 eq.) was added at 0 °C. The mixture was purified by C18 column with
CH3ON/Water (0.05% TFA). The desired {raction was concentrated under reduced pressure

to provide tert-butyl (15,2R,38,6R,75)-3-{[{(18)-1-carbamoy]-2-[{35)-2-oxopyrrolidin-3-
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yljethyljcarbamoyi}-9,9-diflucro-4-azatricyclof 5.2. 1.0 { 2,6} [decane-4-carboxylate (200 mg,
50%) as a light vellow solid. LC-MS (ESY, m/z): 471 [M+H]".

[6516] A mixture of tert-butyl {(15,2R,35,6R.753-3-{{{18)-1-carbamoyl-2-[{35}-
Z2-oxopyrrolidin-3-yljethylicarbamoyl}-9,9-diflucro-4-azatricyclof5.2. 1.0 { 2,6} jdecane-4-
carboxylate (200 mg, 0.425 mumol, 1.0 eq.) in hydrogen chloride (1 mi, 2 M in Et2O) was
stirred for 1 h at ri. The mixture was concentrated under reduced pressure to afford (25)-2-
{I{18,2K,35,6R,75)-9,9-diflucro-4-aratricyclo]5.2.1.07{2,6) ldecan-3-vi fformamido} - 3-
1(35)-2-oxopyrrolidin-3-yljpropanamide hydrochlonde (160 mg, crude) as a yellow sohid.
LC-MS (ESL m/z): 371 {M+H]".

(85171 To a mixture of (285)-3,3-dimethyl-2-(2,2.2-trifluorcacetamido)butanoic
acid (134 mg, 0.680 muuol, 16 eq) i MeCON (2 wml) was added NNN,N-
tetramnethylchloroformamidinium hexafluorophosphate (238 1og, 0.8530 mmol, 2.0 eq.) and N-
methyliroidazole (522 mg, 6.37 munol, 15 eq.) at rt. The mixture was stivred for 20 min, and
then (28)-2-{1{18,2R,35,6R,75)-9 9-difluoro-d-azatricyclo{5.2.1 .00 2,6 } Jdecan-3-
vilformamido }-3-[{35)-2-oxopyrrolidin-3-ylipropanamide hydrochloride (160 mg, 0425
mmol, 1.0 eq) was added at rt.  The nuxture was purified by Cl18 colomn with
CHCN/Water (3.05% FA). The desired fraction was concentrated under reduced pressure to
provide {28)-2-{{{18,2R,35,6R,75-4-{(25)-3,3-dimethy]-2-(2,2,2-
trifiuoroacetamidoybutanoyvi}-9,9-difluoro-4-azatricyclnis.2.1 .00 2,6} jdecan-3-
yliformamido }-3-{(35)-2-oxopyrrolidin-3-vlipropanamide (105 mg, 42%) as a light yellow
solid. LC-MS (ESL a/z): 580 [M+H]™.

18518} To a maxture of (28)-2-{{{18,2R,35,6R,75)-4-[{28)-3,3-dimethyil-2-(2,2,2-
trifiuoroacetamidoybutanoyvi}-9,9-difluoro-4-azatricyclnis.2.1 .00 2,6} jdecan-3-
yliformamido}-3-{(35)-2-oxopyrrolidin-3-ylipropanamide (100 mg, 0.173 mmol, 1.0 eq.) in
DCM (1 mb) was added pyridine (47.7 mg, 0.605 mmol, 3.5 eq.) and trifluoroacetic
anhydride (54.3 mg, 0.25% mumol, 1.5 eq.). The mixture was stirred for 2 h at rt. The reaction
was quenched with water {5 mb). The mixture was extracted with EtOAc (3 x 10 ml). The
organic layers were combined, washed with brine (2 x 10 rol)), dried over anhydrous sodivm
sulfate, filtered and concentrated under reduced pressure to afford the crude product. The
crude product was purified by prep-HPLC (Colomn: Xselect CSH CI8 OBD  Column
3071 50mrn Sum, n; Mobile Phase A: Water (0.1%FA), Mobile Phase B ACN; Flow rate: 60
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mb./min; Gradient: 30% B to 60% B in & min, 60% B; Wave Length: 254/220 nm; RT1
{min); 6) to provide (18,2R,35,6R,75)-N-[(18)-i-cyano-2-{{35)-2-oxopyrrolidin-3-yljethvi}-
4-1(25)-3,3-dimethyl-2-(2,2, 2-trifluoroacetamidobutanoyl]-9,9-diftuoro-4-
azatricyclo}5.2.1.0M 2,6 } {decane-3-carboxamide (4.7 mg, 4%) as an off-white solid. 'H
NMR (400 MHz, 80°C, DMSO-ds) & 8.95-9.30 (m, 1H), 8.60-8.95 (m, 1H), 7.30-7.65 (m,
1H), 4.80-5.10 (m, 1H), 4.45-4.80 (m, 2H), 3.60-4.00 (m, 2H), 3.10-3.20 (m, 2H), 2.80-
2.95(m, 1H), 2.55-2.80 {(m, 2H), 2.40-2.50 (m, 1H), 2.30-2.40 (m, 1H), 2.05-2.25 {m, 2H),
1.55-1.95 (m, 6H), 0.80-1.40 (m, 9H). LOC-MS3 (ES], m/7): 5362 [M+H}"

EXAMPLE 62
Compound 62
i?csc (? E‘Soc ?)
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TFAA pyridine, DCM

it 1h

[051%] To a mixture of bromo{methyl)triphenyl- A S-phosphane (2.96 g, 8.27
romol, 1.6 eq.) in toluene (48 oL} was added potassiuro tert-butoxide (928 mg, §.27 myool,
1.6 eq.). After stizved for 2 h at 110 °C, 4d-tert-butyl 3-methyl (15,2R,35,6R,78)-9-0x50-4-
azatricyclo{3.2.1.0M 2,6} jdecane-3,4-dicarboxylate {1.60 g, 5.17 mmwol, 1.0 eq.) was added.
The mixture was stirred overnight at 110 “C. The reaction was gquenched with ice-water (50
). The mixture was extracted with EtOAc (3 x 50 wml). The organic layers were
combined, washed with brine (2 x 50 ml.), dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to afford the crude product. The crude prodact was
chromatographed on a silica gel column with EAPE (15:85) to provide 4-tert-butyl 3-methyl
{15,258,38,6R, 75 )-9-methyhdene-4-azatricyclof5.2.1.0M 2,6} Jdecane-3 4-dicarboxylate (480
mg, 29%) as a light yellow oil. 'H NMR (400 MHz, Chloroform-d) § 4.89-4.96 (m, 1H},
4.71-4.80 (m, 1H), 4.17-4.33 {m, 1H), 3.72 (s, 3H), 3.52-3.66 {m, 1H), 3.35-3.44 (m, 1H),
2.56-2.85 (m, 3H), 2.33-2.42 (m, 1H), 1.98-2.22(m, 2H), 1.62-1.71 (m, 1H), 1.532-1.60 (m,
1H), 1.36-1.50 (m, 9H). LC-MS (EST, m/7): 208[M-100+H]"

[8528] To a mixture of 4-tert-butyl 3-methyl (15,25,35,6R,75)-9-methylidene-4-
azatricyciof5.2.1.0M 2 63 Jdecane-3 4-dicarboxylate (220 mg, 0.716 mmol, 1.0 eq) in
tetrahydrofuran (2 mL )Y water (2 ml.} was added lithium hydroxide (86.0 mg, 3.58 mmol, 5.0
eq.}. The mixture was stirred for 3 h at rt. The reaction was guenched with water (S mbL) and
extracted with EtOAc (8 ml). The agueous phase was adjusted to pH=6 with HCl {(IM).
The mixture was extracted with EtOAc (3 x 5 wb). The organic layers were combined,
washed with brine (Z x 5 wol.), dried over anhydrous sodivm sulfate, filtered and concentrated
under reduced pressure to afford (15,25,35,6R,75)-4-(tert-butoxycarbonyl)-9-methylidene-4-
azatricyclo{3.2.1.0M 2,6} jdecane-3-carboxylic acid (170 mg, 76%, crude) as a yellow oil

L.C-MS (EST, m/2): 194 [M-Boc+H]".
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(65211 To a mixture of (15,28,38,6R,75)-4-{tert-butoxycarbonyl)}-9-methylidene-
4-azatricyclo]5.2.1.00 2,6 } {decane-3-carboxylic acid (201 mg, 0.684 mmol, 1.0 eq.) and o-
(7-azabenzotriazol-1-y1-N,N,N' N'-tetramethyluronium hexafluorophosphate (312 mg, 0.821
mmol, 1.2 eq.) in DMF (§ ml) was added N-ethyi-N-isopropylpropan-Z2-amine (530 mg,
4.10 mmoel, 6.0 eq) at 0 °C.  After stirred for 15 min at 0 °C, (25)-2-amino-3-{(38)-2-
oxopyrrolidin-3-yljpropanamide hydrochloride (142 mg, 0.684 mmol, 1.0 eq.) was added.
The mixture was stirred for 1 h at tt. The mixture was purified by C18 column with
CHON/Water (0.05% TFA). The desired fraction was concentrated under reduced pressure
to  provide tert-butyl (15,25,35,6R,)75)-3-{[{18)- L -carbamoy-2-[(38)-2-oxopyrrolidin-3-
vilethyllcarbarnoyl }-9-methyhdene-4-azatricyclof5.2.1.04 2 6 } ldecane-4-carboxylate (180
mg, 50%) as a hight yellow solid. LC-MS (ESI, m/7): 447 IM+H]™

(858221 A mixture of tert-butyl (15,25,35,6R,78)-3-{1{15)-1 -carbamoyl-2-[{35)-2-
oxopyrrolidin-3-yllethyljcarbarooyi}-9-methylidene-4-azatricyclof5.2.1.0°{ 2,6 } Jdecane-4-
carboxylate (160 mg, 0.358 wmmol, 1.0 eq.) in hydrogen chloride (3 wl, 2 M in EO) was
stirred for 2 b at vt. The mixture was concentrated under reduced pressure to afford (25)-2-
{1(15,25,35,6R,7S-9-methylidene-4-azatricyclo{5.2. 1.0 2,6 [decan-3-yl{formamido }-3-
{(3S)-2-oxopyrrolidin-3-ylpropanamide hydrochloride (137 mg, crude) as an off-white solid.
LC-MS (EST, svz): 540 [M+HT

{85231 To a mixtire of (28)-2-{{(1§,25,35,6R,75)-8-methylidene-4-
azatricyclo{5.2.1.0M 2,6} jdecan-3-yijformamido } - 3-{(35)-2-oxopyrrolidin-3-yvijpropanamide
hydrochloride (137  mg, G338 mmol, 1.3 eqy, (253-3.3-dimethy]-2-(2,2,2-
trifluoroacetamidoibutancic acid (81.0 mg, 0358 mmol, 1.0 eq) and NNN.N'-
tetramethyichloroformamidiniom hexafluorophosphate (130 mg, 0.465 nmumol, 1.3 eq.) in
MeCN (3 mb) was added N-methyhimidazole (294 mg, 3.58 mmol, 10.0 eq.) at 1t. The
mixture was stired for | h at rt.  The mixture was purified by C18 column with
CH3ON/Water (0.05% TEFA). The desired fraction was concentrated under reduced pressure
to afford (285¥-2-{1{18,25,35,6R,75)-4-[{25)-3,3-dimethy}-2-(2,2,2-
trifluoroacetamido)butanoyl}-9-roethyhdene-4-azatricyclof5.2. 1.04 2,6 } Jdecan-3-
yijformarmido }-3-[(38)-2-oxopyrrolidin-3-ylipropanarnide (160 mg, crede) as a yellow solid.
LC-MS (ESI, m/z): 556 [M+H]™

(6524} To a mixture of (25¥-2-H(15,25,35,6R,78)-4-[{(25)-3,3-dimethy]-2-(2,2,2-
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trifiluorcacetamido)butanoyii-9-methyiidene-4-azatricyclof5.2.1.04{ 2,6} jdecan-3-
vijformamido }-3-[{35)-2-0xopyrrolidin-3-ylipropanamide (160 mg, 0.288 mmol, 1.0 eq.) in
DCM (3 mbL) was added pyridine (80.0 mg, 1.01 mmol, 3.5 eq.) and triflucroacetic anhydride
(91.0 mg, 8.432 mumol, 1.5 eq.). The mixture was stirred for 1 h at rt. The reaction was
guenched with water {5 mL). The mixture was extracted with DCM (3 x 5 mL). The organic
layers were combined, washed with brine (2 x 5 mL), dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure to afford the crude product. The crude
product was purified by prep-HPLC (Column: XBridge Shield RP18 OBD Column, 30 x 130
i, Sum; Mobile Phase A Water (0.19%FA), Mobile Phase B: ACN; Flow rate: 60 mL/min;
Gradient: 32% B to 62% B jo 7 wmin, 62% B; Wave Length: 254 nmy RT: 5.07 mun) to
provide (15,25,35,6R,75)-N-[{(15)-1-cyano-2-{(35)-2-oxopyrrohidin-3-yljethyli-4-{{25)-3,3-
dimethyi-2-(2,2, 2-trifluoroacetamido)butanoyl}-9-methylidene-4-

azatricycio]5.2.1.00 2,6} ldecane-3-carboxamide (30.2 mg, 19%) as a white solid. 'H NMR
{400 MHz, 80 °C, DMSG-ds) & §.48-9.05 (m, 2H), 7.35-7.558 {(m, 1H), 4.81-5.10 (m, {H),
4.75-4.80 (m, tH), 4.53-4.74 (m, 1H), 4.40-4.52 {(m, 1H), 4.20-4.39 {m, 1H), 3.45-3.90 (m,
2H), 3.10-3.43 (m, ZH), 2.65-2.95 (m, 2H), 2.50-2.64 (m, 1H), 2.28-2.45 (m, 2H), 1.82-2.26
(m, 4H), 1.25-1.81 (m, 4H), 0.80-1.15 (m, 9H). LOC-MS (ESI, m/z): 538 [M+HI™

EXAMPLE 63
Compound 63
JBoe
O‘\\FNH HN\\{O
K———'I\\ OH
NH,
(53 HATU, DIEA, DMF
1, th
HCI
O\\]JﬂNH
HCH dioxane
NH
(i, 2h ; 2
O
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[6525] To a stivred mixture of tert-hutyl (1R,25,35,6R,78)-3-{{{15)-1 -carbarmoyl-
2-{(35)-2-oxopyrrolidin-3-yljethvljcarbamoyi} -4-azatricyclof5.2.1.0M 2,6 } Jdec-8-ene-4-
carboxylate (230 myg, 0.578 ramol, 1.0 eq.) 10 DCM {1 wl.} was added hydrogen chloride (3
k., 4M in 1 4-dioxane). The muxture was stirred for 2 b at rt, and then concentrated under
reduced pressure to afford (25)-2-[(1R 25,35,6R, 78 -4-aratricyclof5.2. 1.0 2,6} Jdec-8-en-3-
yliformamido]-3-{(35)-2-oxopyrrolidin-3-ylpropanamide hydrochloride (220 mg, crude) as
an off-white sohid. LC-MS (ES], m/7z): 333 [M+H]™.

16526] To a stivred mixture of (25)3-2-[{1IR,25,35,6R,75)-4-
azatricyciol5.2.1.0M 2,6 1 Jdec-8-en-3-ylformamido |-3-[(38)-2-oxopyrrohdin-3-
yljpropanamide hydrochloride (220 mg, 0596 mmol, 1.0 eq) and (25)-2-[{tert-
butoxycarbonylamino}-3,3-dimethylpent-4-ynoic acid (143 mg, 0.596 mmol, 1.0 eq.) in
DMF (3 mb) was added o-{7-Azabenzotriazol-1-y1}-N,N,N' N'-tetramethyluronium
hexaftuorophosphate (272 mg, 4.715 nmunol, 1.2 eq.) and N-ethyl-N-isopropylpropan-2-amine
(462 mg, 3.57 mmol, 6.0 eq.) at rt. The mixture was stirred for 1 h at rt. The crude product
was purified by CI§ column with CHaCN/Water (0.05% FA). The desired fraction was
concentrated under reduced pressure to provide tert-butyl N-{(25)-1-[(1R,258,35,6R,78}-3-
H(183-1-cyano-2-{{(358)-2-oxopyrrolidin-3-yljethyljcarbamoyi }-4-

azatricyclo{5.2.1.0% 2,6} Jdec-8-en-4-y1}-3,3-dimethyl- 1 -oxopent-4-yn-2-yljcarbamate (260
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mg, 77%) as a light yellow solid. LC-MS (ESI, m/z) 556 [M+H]".

(685271 To a stirred mixture of tert-butyi N-{{Z5)-1-{(IR,25,35,6R,783-3-{[{15)-1-
cyano-2-1{38)-2-oxopyrrolidin-3-yijethylicarbamoyl }-4-azatricyclo[ 5.2.1.00{ 2,6} Jdec-&-en-
4-yi}-3,3-dimethyl-1-oxopent-4-yn-2-yljcarbamate (260 mg, 0.484 mmol, 1.0 eq.) in DCM (1
mb.) was added hydrogen chioride (3 mL,4M in dioxane). The mixture was stirred for 2 h at
1t and then concentrated under reduced pressure to afford (25)32-[{(1R,28,35,6R,78)-4-
[(28)-2-amino-3,3-dimethylpent-4-ynovl]-4-azatricyclo{5.2.1 02,6 } ldec-B-en-3-
yijformarido }-3-[(35)-2-oxopyrrolidin-3-yljpropanarnide hydrochloride (240 mg, crude) as
an off-white solid. LC-MS (ESL, m/7): 456 [M+HJ".

(85281 To a stirred mixture of (25)-2-{[{1R,25,35,6R,753-4-{(28)-2-amino-3,3-
dimethylpent-4-ynoyll-4-azatricyclo]$.2.1.0M 2,6} Jdec-8-en-3-ylformarmido | -3-[{38)-2-
oxopyrrolidin-3-ylipropanamide hydrochloride (240 mg, 0.488 mmol, 1.0 eq.) and -
fluorocyclopropane-1-carboxylic acid (80.7 mg, 0.488 mumol, 1.0 eq.) in DMF (3 mul) was
added o-(7-Azabenzotriazol-1-yD-N,N N N'-tetramethylaroniurn hexafluorophosphate (222
mg, 3.586 mmol, 1.2 eq.) and N-ethyl-N-isopropylpropan-2-amine (378 mg, 2.92 mmol, 6.0
eq.) at 11, The mixture was stirred for | h at rt. The crude product was purified by Ci38
colimnn with CHRUN/Water (0.05% FA).  The desired fraction was concentrated under
reduced pressure to provide N-[(28)-1-[{1R,25,35,6R,75)-3-{{(15)-1-carbamoy}-2-[(35)-2-
oxopyrrolidin-3-yijethyljcarbamoyi } -4-azatricyclo]5.2.1.0{2,6 } jdec-8-en-4-y1}-3,3-
dimethyi-1-oxopent-4-yn-2-yij-1-fluorocyclopropane-1 -carboxamide (170 mg, 61%). LC-
MS (ESL m/z): 542 [M+H}

1852891 To a stirred mixture of N-JQS5-1-[(3R,25,38,6R,75)-3-{{{18)1-
carbamoyl-2-{(35)-2-oxopyrrolidin-3-ylethyljcarbamoyl }-4-azatricyclof5.2.1 .07 2,6 } idec-
§-en-4-yij-3,3-dimethyl-1-oxopent-4-yn-2-vij-1-flucrocyclopropane- | -carboxamide (170
mg, 0.314 mmol, 1.0 2g.) in BCM (2 mL) were added pyridine (99.3 mg, 1.25 mmol, 4.0 eq.)
and trifluorocacetic anhydride (118 mg, 0.565 mmol, 1.8 eq.) at rt. The mixture was stirred
for 1 h at rt. The reaction was quenched with water (20 mL). The mixture was extracted
with DCM (3 x 20 ml). The organic layers were combined, washed with brine (2 x 20 mL),
dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure to
afford the crude product. The crude product was purified by prep-HPLC with the following

conditions {Coluron: Xselect CSH F-Phenyl OBD column, 19¥250 mm, Spro; Mobile Phase
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A Water (0.1%FA), Mobile Phase B: ACN; Flow rate: 25 mi/min; Gradient: 33% B (0 63%
B in 7 min, 63% B; Wave Length: 254 nm; RT1 (min): 4.95) to afford (1R,25,35,6R,75)-N-
L18)-1-cyano-2-{(35)-2-oxopyrrolidin-3-yijethyli-4-{(253-2-{(1-
fluorocyclopropyhformamido]-3,3-dimethyipent-4-ynoyl}-4-azatricyclo[5.2.1.07{ 2,6 } Jdec-
8-ene-3-carboxamide (60 mg, 36%) as a white solid. 'H NMR (400 MHz, DMSO-ds 80°C) &
8.50-8.90 (m, 1H), 7.30-7.60 (m, 1H), 6.80-7.20 (m,1H), 5.92-6.24 (m, 2H), 4.68-4.95 (m,
tH), 4.54-4.65 (m, 1H), 3.94-432 (m, 1H), 3.57-3.71 (m, 1H), 3.33-3.52 (m, 1H), 3.06-3.21
{ra, 2H), 2.67-3.02 (m, 3H), 2.25-2.43 (m, 1H), 2.06-2.24 (v, 2H), 1.58-1.87 (m, 2H), 1.01 -
1.45 (m, 12H). LC-MS (BESL m/7): 524 {M+H].

EXAMPLE 64
Compound 64

PG, Ha,, EtOAC

S0
;
i on 1\ <>N\“‘\:\§/£(NH2
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L
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H AN N HO
R HATU, ProNEt, DMF
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pyridine, TFAA, DCM
rt, 1h

(8530} To a mixture of tert-butyl  N-{(25)-1-[(1R,25,385,6R,753-3-{[{(185)-1-

carbamoyi-2-{{38})-2-oxopyrrolidin-3-vilethyljcarbamoyl }-4-azatricyclo]5.2.1.0"{ 2,6 } idec-
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8-en-4-yij-3,3-dimethyl-1-oxobutan-2-yljcarbamate (600 mg, 1.10 mmol, 1.0 eq.) in EtOAc
(20 mL} was added 10% Palladium on activated carbon (300 mg). The mixture was stirred
for 2 h at rt under hydrogen. The mixture was filtered through a celite pad. The filtrate was
concentrated under reduced pressure to provide tert-butyl N-[(28)-1-{{15,25,35,6R,7R)-3-
{I(18)-1-carbamoyl-2-{(35)-2-oxopyrrolidin-3-yiiethyljcarbamoyl } -4~
azatricyclo{5.2.1.00 2,6} {decan-4-y1}-3,3-dimethyl-1-oxobutan-2-yljcarbamate (390 mg,
crude) as an off-white solid. LC-MS (ESL m/z): 548 [M+HT™

(6858311 A muxture  of tert-butyl  N-{RS)-1-[(18,25,35,6R 7R -3-{[(15)-1-
carbamoyi-2-{{35}-2-oxopyrrolidin-3-ylethyljcarbamoyl }-4-
azatricyclo{5.2.1.0M 2,6} jdecan-4-y1}-3,3-dirnethyl-l-oxobutan-2-yljcarbamate (390 mg,
108 mmol, 1.0 eq.) in hydrogen chioride (20 ml, 2 M 1o B&0O) was stivted for L h at 1. The
mixture was concentrated under veduced presswre to afford (25)-2-{[(15,25,35,6R,7R)-4-
[(28)-2-amino-3,3-dimethylbutanoyl]-4-azatricyclo{5.2. 1.0/ 2,6 } Jdecan-3-yl{{ormarmdo } -3-
1{(35)-2-oxopyrrolidin-3-ylpropanamide hydrochlonide (520 mg, crude) as an off-white solid.

LC-MS (EST, m/2): 448 IM+HT"

{0532} To a mixture of [-fluorocyclopropane-l-carboxvlic acid (112 mg, 1.07
mmol, 1.0 eq.} and o-{7-azabenzotriazol-1-y)-N N, N N'-tetramethy luromium

hexaflnorophosphate (490 myg, 1.29 mmol, 1.2 eq.) in DMF (10 mL) was added N-ethyl-N-
isopropylpropan-2-amine (833 mg, 6.44 mmol, 6.0 eq.) at § °C. After stirred for 15 min at 0
°C, (25)-2-{1(15,25,35,6R, 7R )-4-{{28})-2-amino-3,3-dimethybutanoyl}-4-
azatricycio}5.2.1.0M 2,6 1 Jdecan-3-yliformamido }-3-{(38)-2-oxopyrrolidin-3-vl jpropanamide
hydrochloride (520 mg, 1.07 mmol, 1.0 eq.) was added. The mixture was stirred for 1 h at 1t
The mixture was purified by C18 column with CHaCN/Water (0.05% TFA). The desired
fraction was concentrated under reduced pressure to provide N-[{25)-1-{(15,258,38,6R 7R }-3-
11831 -carbamoyl-2-[(38)-2-oxopyrrolidin-3-vilethyljcarbamoyl }-4-

azatricyclo{5.2.1.0% 2,6} Jdecan-4-y1}-3,3-dimethyl- 1 -oxobutan-2-yi}-1-fluorocyclopropane-
l-carboxamide (500 mg, 8§4%) as a light vellow solid. 'H NMR (400 MHz, DMSQ-de} &
§.16-8.26 (m, 1H), 7.60 (s, 1H), 7.27-7.37 (w, 2H), 6.94-7.08 (m, 1H), 4.70-4.78 (m, 1H),
4.534-4.62 (m, 1H), 4.19-4.33 (m, 1H), 3.753-3.86 (m, 1H), 3.57-3.67 (u, 1H), 3.01-3.19 (m,
2HY, 2.53-2.63 (m, 1H), 2.42-2.49 (m, 1H), 2.25-2.39 (m, 2H), 2.08-2.21 (m, 2H), 1.92-1.99

o, TED, 1.39-1.78 (o, TH), 1.44-1.83 (m, 2H), 1.33-1.42 (m, 3H), 1.20-1.30 (m, 4H), 1.06-
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115 (m, 2H), 0.93-1.01 (m, 9H). LC-MS (ESL m/7): S34[M+HJ.

{8533} To a mixture of N-{(25)-1-[{18,28,35,6R,7R-3-{{(15)-1-carbamoyl-2-
138)-2-oxopyrrolidin-3-yljethyvljcarbamoyl } -4-azatricyclof 5.2.1.04{ 2,6 } {decan-4-y1]-3,3-
dimethyi-1-oxobutan-2-vii-1-fluorocyclopropane- i -carboxamide (500 mg, 4.937 mmol, 1.0
eg.y in DCM (10 mL) were added pyridine (259 mg, 3.28 mmol, 3.5 eq.) and trifluorcacetic
anhydride (295 mg, 1.40 mumol, 1.5 eq.). The mixture was stirred for | h at rt. The reaction
was quenched with water (30 mL). The mixture was extracted with DCM (3 x 30 mL). The
organic layers were combined, washed with brine (2 x 30 ml), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure to afford the crude product. The
crude product was puritied by prep-HPLC (Columon: XBridge Prep OBD C18 Colurn, 30 x
{50 mwm, Sum; Mobile Phase A Water (0.1%FA), Mohile Phase B: ACN; Flow rate: 60
robl/min; Gradient: 30% B to 60% B in 7 mun, 60% B; Wave Length: 234 nm; RT1 (win): 6)
to provide (15,25,35,6R,7TR)-N-[(18)-1-cyano-2-[{35)-2-oxopyrrolidin-3-yijethyl]-4-[{(25)-2-
{{(-fluorocyclopropyDformamido]-3,3-dimethylbatanoyi}-4-
azatricyclo{5.2.1.0°{ 2,6} Jdecane-3-carboxamide (217.4 mg, 44 %) a white solid. 'H NMR
(400 MHz, 80 °C, DMSO-dg) & 8.60-8B.88 (m, 1H), 7.32-7.60 (m, iH), 6.72-7.26 (m,
THD, 4.80-5.00 (m, 1H), 4.62-4.79 (m, 1H), 4.21-4.60 {(m, 1H), 3.75-3.95 (m, 1H), 3.30-3.70
{(m, 1H), 3.05-3.25 (m, 2H), 2.55-2.74 (m, 1H), 2.38-2.45 (m, 1H), 2.26-2.37 (m, 2H), 1.98 -
2.25 {m, 3H), 1.65-1.90 (m, 2H), 1.40-1.58 {m, 2H), 1.20-1.39 (m, 6H), 1.05-1.19 {(m, 2H),
0.75-1.04 (m, 9H). LC-MS (ESL m/2): 516 [M+H"

EXAMPLE 65
Compound 63

F
o
NN />r %0 “N—NH
;(\T\) H:;O H?}‘\f(o o ~
A NH A
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' Ht ) AE\H 0
7 .\\"
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Py, TFAA, DCM

i, 3h
&5
(8534} To a mixture of |-fluorocyclobutane-1-carboxylic acid (66.0 mg, .555
mmol, 1.2 ed.) and o-{7-azabenzotriazol-1-y-N,N, N N'-tetramethylaronium

hexaftuorophosphate (349 mg, 0.916 mmol, 2.0 eq.) in DMF (5 mL) was added N-ethyl-N-
isopropylpropan-Z-amine (593 mg, 4.58 mmol, 10.0 eq.) at O °C. After stirred for 20 minutes
at 0 °C, (Z83-2-{[{1R,25,38,6R,75)-4-{(25)-2-amino-3,3-dimethyibutanoyl}-4-
azatricycio]5.2.1.0M 2,6} Jdec-8-en-3-yi [formamido }-3-[(38)-2-oxopyrrolidin-3-
yljpropanamide (200 mg, 0.458 mmol, 1.0 eq.) were added. The mixture was stirred for 2 h
at rt. The mixture was filtered. The filtrate was purified by reverse phase chromatography
{Column: Agela Cig Colummn, 120 g; Mobile Phase A: Water (10 mM NH4HCQO:), Mobile
Phase B: ACN: Flow rate: 50 mi/min; Gradient: 0% B to 60% B in 30 min; Wavelength:
210 nm). The collected fraction was concentrated under reduced pressure to afford
{15,3aR 48, 7R [ 7a8)-N-{({8)-1 -armino- | -oxo-3-((5)-2-oxopyrrolidin-3-yDpropan-2-y13-2-({8)-
2-(1-fluorocyclobutane-1 -carboxamido)-3,3-dimethythutanoyiy-2,3,3a,4,7, 7a-hexahydro- 1 H-
4,7-roethanoisoindole-1-carboxamide (210 1og, 84%) as a light yellow solid.  LC-MS (ES],
m/zy 546 [M+H].

[6535] To a solution of (18,3aR45,7R,7a5-N-((8)-1-amino-1-ox0-3-((8)-2-
oxopyrrolidin-3-yhpropan-2-yh-2-((8)-2-{ | -fluorocyclobutaneg-  -carboxamido}-3,3-
dimethylbutanoyl}-2,3,3a,4,7 7a-hexahydro- 1 H-4, 7-methanoisoindole- L -carboxamide (210
g, 0.385 mmwol, 1.0 eq.) in DOCM (10 mL) were added pyridine (124 mg, 1.56 mmol, 4.0
eq.) and trifluoroacetic anhydride (147 mg, (.700 mmol, 1.8 eq.) at rt. The mixture was
stirred for 3 h at rt. The mixture was diluted with water (50 ml.) and extracted with DCM (3
x 100 mL). The organic layers were washed with brine (2 x 50 mL), dried over anhydrous
sodinm sulfate and filtered. The filtrate was concentrated under reduced pressure. The crude

product was purified by reverse phase chromatography (Column: Agela Cis Column, 120 g;
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Mobile Phase A: Water (10 ;M NHiHCO;), Mobile Phase B: ACN; Flow rate: 50 mL/min;
(Gradient: 0% B to 100% B in 50 min; Wave Length: 210 nm), and then re-purified by prep-
HPLC (Column: XBridge Shield RPiz OBD Column, 30150 mm, Sum; Mobile Phase A:
Water (0.192FA), Mobile Phase B: ACN; Flow rate: 60 mi/min; Gradient: 28% B to 58% B
in 7 min, 58% B; Wave Length: 254 nmy RT{min): 5.18) to afford (15,3aR.45,7R,7aS)-N-

{8)-1-cvano-2-((5)-2-oxopyrrolidin-3-yhethyD-2-((5)-2-(1 -fluorocyclobutane- 1 -
carboxamido}-3,3-dimethylbutanoyi)-2,3,3a,4,7, 7a-hexahydro- 1 H-4,7-methanoisoindole- 1 -
carboxamide (73.4 mg, 36% yield) as a white solid. 'H NMR (400 MHz, 80°C, DMSO-ds) &
8.62-8.85 (m, 1H), 7.39-7.59 (m, IH), 6.80-6.83 (m, 1H), 6.00-6.05 (m, 1H), 5.90-5.96 {(m,

Hj, 4.90-4.91 (y, 1H), 4.40-4.50 (m, 1H), 4.00-4.15 (m, iH), 3.64-3.70 (m, 1H), 3.40-3.52
(m, 1H), 2.93-3.20 (m, 3H), 2.70-2.80 (m, 1H), 2.49-2.60 (m, 1H), 2.22-2.48 (m, 4H), 2.05-
2.20 (m, 2H), 1.80-1.95 (m, 1H), 1.60-1.80 (m, 3H), 1.30-1.50 (m, 2H), .90 (5, 8H). LC-MS
(ESE, ov/z): 528 [M+HT

EXAMPLE 66
Compound 66

O 4
-NH
=G

o /k,)
_,Tk{ P
N \\3 / 'x \\~ O
! 2 HATU DHEA, DMF (
: NH,
" O C, 2h nh
. B O
i O}/NH
Py TEFAA DCM \ \/\/ o
i1, 3h N \\Ej\ -
SH -
(858361 To a mixture of bicyclofl.1.1jpentane-1-carboxylic acid (62 mg, 0.555
mmol, 1.2 eq.} and o-{7-azabenzotriazol-1-y)-N N, N N'-tetramethy luromium

hexafluorophosphate (349 mg, (.916 mmol, 2 eq.} in DMF (5§ mL) was added N-ethyl-N-
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isopropylpropan-Z-amine (593 mg, 4.58 mmol, 10.0 eq.} at 0 °C. After stirred for 20 minutes
at 0 °C, (Z83-2-{[{1R,25,38,6R,75)-4-{(25)-2-amino-3,3-dimethyibutanoyl}-4-
azatricycio]5.2.1.0M 2,61 Jdec-8-en-3-yi [formamido }-3-[(38)-2-oxopyrrolidin-3-
yljpropanamide (200 mg, 0.458 mmol, 1.0 eq.) was added. The mixture was stirred for 2 h at
rt, and then filtered. The filtrate was purified by reverse phase chromatography (Column:
Agela Cis Column, 120 g; Mobile Phase A: Water (10 mM NHHCO;3), Mobile Phase B:
ACN; Flow rate: 50 mb/min; Gradient: 0% B to 50% B in 25 min; Wavelength: 210 nm).
The coliected fraction was concentrated ander rveduced pressure (o afford
{15,3aR 487TR [ 7a8)-N-({8)-1-amino-1 -ox0-3-({5}-2-0xopyrrolidin- 3-yvhpropan-2-y13-2-({S)-
Z-(bicyclof 1.1 1 pentane-1 -carboxamido)-3,3-dimethylbutanoyl}-2,3,3a,4,7, 7a-hexahydro-
tH-4,7-methanoisoindole- 1-carboxarnide (210 mg, 83% yield for two steps) as a hight yellow
sofid. LC-MS (BESL m/Z): 540 [M+HT.

{65371 To a solution of (18,3aR45,7R,7a5-N-((8)-1-amino-1-ox0-3-((8)-2-
oxopyrrohidin-3-yhpropan-2-yD-2-((8)-2-(hicyclof 1. 1. jpentane- | -carboxamido)-3,3-
dimethylbutanoyl}-2,3,3a,4,7 7a-hexahydro- 1 H-4, 7-methanoisoindole- L -carboxamide (210
mg, 0.389 mmwol, 1.0 eq.) in DOCM (10 mL) were added pyridine (124 mg, 1.56 mmol, 4.0
eq.) and trifluoroacetic anhydride (147 mg, (.700 mmol, 1.8 eq.) at rt. The mixture was
stirred for 3 h at rt. The mixture was diluted with water (50 mL) and extracted with DCM (3
x 100 mL). The organic layers were washed with brine (2 x 50 mL), dried over anhydrous
sodinm sulfate and filtered. The filtrate was concentrated under reduced pressure. The crude
product was purified by reverse phase chromatography{Column: Agela Cig Column, 120 g;
Mobile Phase A: Water (10 mM NHsHCOR), Mobile Phase B: ACN; Flow rate: 50 mL/min;
(Gradient: 8% B to 100% B in 50 min: Wave Length: 210 nm), then re-purified by preparative
HPLC (Column: XBridge Shield RPiz OBD Column, 30150 mm, Sum; Mobile Phase A;
Water (0.19:FA), Mobile Phase B: ACN; Flow rate: 60 mbi/min; Gradient: 28% B t0 48% B
in 7 min, 48% B; Wave Length: 254 nmy; RT{min): 4.75) to afford (15,3aR,45,7R.7a5)-2-
{8)-2-(hicyclof1.1.1 jpentane- 1 -carboxamido}-3,3-dimethyibutanoyD-N-({(5)- 1 -cyano-2-({(5)-
Z2-oxopyrrolidin-3-yhethyl)-2,3,3a 4,7 7a-hexahydro- 1H-4,7-methanoisoindole- 1 -
carboxamide (89.2 mg, 44% yield) as a white solid. 'H NMR (400 MHz, 80°C, DMSO-ds) &
§.61-8.78 (m, 1H), 7.38-741 (m, 1H), 6.75(d, 7= 9.6 Hz, 1H), 5.96-6.00 (m, 2H), 4.90-4.91
(o, THD, 4.44 (d, J = 8.8 Hz, 1H), 3.98-4.10 (u, 1H), 3.40-3.61 (m, 2H), 3.06-3.30 (m, 2H),

283



WO 2023/283256 PCT/US2022/036242

2.90-3.05 (m, 1H), 2.80-2.90 (m, 2H), 2.70-2.80 {(m, 1H), 2.40-2.49 {(m, 2H), 2.00-2.20 {m,
2HY, 1.98 (s, 6HD), 1.60-1.80 (m, 2H), 1.30-1.38 {m, 2H), D.81-0.88 (s, 9H). LC-MS (ES],
m/z): 522 [M-+HT.

EXAMPLE 67

Compound 67
JBoc
HN
PAIT, Hy 7("-\(0
[ SN
i, ih \ N
H“
i cl
Ci ? 3N N
R \
Ci fi‘ ](-\( (j?
EtzN, MeOH N N
rt, 5d v

Hy

pyriding, TFAA, DOM

i1, 1h

[8538] To a stirred mixture of tert-butyl N-[(28)-1-[(1R,28,35 6R,78)-3-{[{15)-1-
carbamoyi-2-{(38)-2-oxopyrrolidin-3-yijethylicarbamoyl }-4-azatricyclo]5.2.1. 07 2,6 } idec-
g-en-4-yi}-3,3-dimethyl-1-oxobutan-2-ylcarbamate (500 mg, 8.916 mmol, 1.0 eq.) and 10%
palladium on activated carbon (250 mg) in EtOAc (§ mL). The mixture was stirred for 1 h at
rt under hydrogen. The mixture was filtered through a celite pad. The filtrate was

concentrated under reduced pressure o provide tert-butyl N-{Z85}-1-{(15,28,35,6R,7R}-3-
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{L(18)-1-carbamoyl-2-{(35)-2-oxopyrrolidin-3-yijethyljcarbamoyl} -4~
azatricyclo{5.2.1.0% 2,6 } {decan-4-yi]-3,3-dimethyl-1-oxobutan-2-yljcarbamate (48380 mg,
crude) as an off- white solid. LC-MS (ESL, m/7): 548 [M+H]".

{8539} To a stirred mixture of tert-butyi N-{{285)-1-{(15,25,35,6R,7R-3-{[{15)-1-
carbamoyi-2-{{35}-2-oxopyrrolidin-3-ylethyljcarbamoyl }-4-
azatricyclo{5.2.1.00 2,6} {decan-4-y1}-3,3-dimethyl- 1 -oxobutan-2-yljcarbamate (480 mg,
0.876 mmol, 1.0 eq.)y in DCM (15 mbl) was added triffuoroacetic acid (5 mL). The mixture
was stitred for T h at ot and then concentrated under reduced pressure to afford (25)-2-
{I(18,258,35,6R,7R)-4-[{(258)-2-amino-3,3-dimethyibutanoyl}-4-
azatricyclo{5.2.1.0M 2,6} jdecan-3-yHormamido }-3-{(358)-2-oxopyrrolidin-3-yijpropanamide
(390 mg, crude) as a brown oil. LC-MS (ESL, m/2): 448 [M+HT"

(65481 To a stirred mixture of (25)-2-{1{15,25,38,6R,7TR}-4-[(2S)}-2-amino-3,3-
dimethylbutanoyl]-4-azatricyclo{5.2.1.0M 2,6 [decan-3-yl{formamido }-3-[(38)-2-
oxopyrrolidin-3-ylipropanamide (480 mg, 1.07 mwol, 1.0 eq.) and ethyl 22-dichloro-2-
fluoroacetate (938 mg, 3.36 mmol, 3.0 eq.) n mwethanol (5 wl) was added triethylamine
(1.41 g, 13.9 mmol, 13.0 eq.). The mixture was stirred for 5 d at vt and then concentrated
under reduced pressure 1o remove methanol. The mixture was diloted with water (20 wl.}
and adjusted to pH=06 with hydrochloric acid (1M). The mixture was extracted with EtOAc
(3 x 30 mL). The organic layers were combined, washed with brine (2 x 50 mL), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford (25)-2-
TH(18,28,38,6R,7TR)-4-[(25)-2-(2 2-dichloro-2-fluoroacetamido)-3,3-dimethybutanoyl}-4-
azatricyclo{5.2.1.0M 2,6} jdecan-3-yijformamido } - 3-{(35)-2-oxopyrrolidin-3-yvijpropanamide
{220 mg, 35%, crude) as an off-white solid. LC-MS (ES m/z): 576 [M+H]["

18541} To a stirred muixture of {(25)-2-{1(15,25,35,6R,7R)-4-{{(25)-2-(2,2-
dichloro-2-fluorcacetamido)-3,3-dimethylbutanoylj-d-azatricyclof 5.2.1.0M 2 6} idecan-3-
yliformamido}-3-{(35)-2-oxopyrrolidin-3-ylipropanamide (220 mg, 0382 mmol, 1.0 eq.) in
DCM (3 mL) was added pyridine (120 mg, 1.52 mmol, 4.0 eq.) and trifluoroacetic anhydride
(136 mg, 0.64% munol, 1.7 eq.). The maxture was stirred for 1 h at vt. The reaction guenched
with water (15 ml.). The mixture was extracted with EtOAc (3 x 15 mL). The organic layers
were cornbined, washed with brine (2 x 15 ml), dried over anhydrous sodium sulfate,

filtered and concentrated under reduced pressure o afford the crude product. The crude
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product was purified by prep-HPLC (Column: XBridge Shield RPI8 OBD Column, 197250
mm, 0um; Mobile Phase A: Water (D.1%FA), Mobile Phase B: ACN,; Flow rate: 25
mb./min; Gradient: 40% B 0 70% B in 7 min, 70% B, Wave Length: 254 nm; RT1 {(min}):
6.02) to provide (18,25,35,6R,7R)-N-{{15)-1-cyano-2-{(35})-2-oxopyrrolidin-3-vijethyl]-4-
[€285)-2-(2,2-dichloro-2-fluoroacetamido)-3,3-dimethyibutanoyl}-4-
azatricyclof5.2.1.00 2,6} Jdecane-3-carboxamide (57.9 mg, 26%) as a white solid. 'H NMR
(400 MHz, 80°C, DMSGO-de) & 8.69-8.89 (m, 1H), 8.08-8.30 (m, 1H), 7.34-7.80 (m, 1H),
4.803-3.00 (m, 1H), 4.60-4.76 (m, 1H), 4.45-4.59 (m, 1H), 3.78-3.80 (u, 1H), 3.52-3.72 (m,
tH), 3.05-3.25 (m, 2H), 2.60-2.73 (m, 1H), 2.30-2.48 (m, 3H), 2.08-2.29 (m, 3H), 1.61-1.92
(m, 2HD, 1.38-1.45 Gu, TH), 1.46-1.68 (m, 1H), 1.18-1.32 (m, 3H), 1.08-1.15 (m, 1H), 8.70-
£1S {m, 9H). LC-MS (BEST, m/z7): 558 [M+HI".

EXAMPLE 68
Compound 68

< e o
OH ’
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J X L L
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16542} To a solution of 4-methoxyaniline (7.00 g, 56.8 mmel, 1.0 eq.) in DCM
(100 mL) was added methy! 2-hydroxy-2-methoxyacetate (6.83 g, 56.8 mmol, 1.0 eg.) and
magnesinm suifate (34.2 g, 284 mmol, 5.0 eq.). The mixture was stirred for 3 h at rt. The
mixture was filtered through a celite pad and washed with BCM (3 x 100 mbL). The filtrate
was  concentrated  under reduced  pressure  to afford  methyl (Z32-{((4-
methoxyphenylyiminojacetate (11.0 g, crude) as a vellow oil. LC-MS (ESI, m/2): 194
IM+H]

[68543] To a mixture of powdered molecular sieves ( 51—0@,, 5.5 g), 2-amino-3-(tert-
butoxyjbutanocic acid (499 mg, 2.85 mmol, 0.05 eq.), suifamide (274 mg, 2.85 mmol, .05
eq.) and N N-dimethylpyridin-4-amine (348 mg, 2.85 mmol, .05 eq.} in DCM (60 mL) were
added methyl (Z)-2-((4-methoxyphenylirnmojacetate (11.0 g, 536.9 mmol, 1.0 eq.) and
cyclobutyral {(7.66 g, 91.1 muool, 1.6 eq.) at 1. The muxture was stirred overnight at tt. The

reaction was quenched with water (50 mol). The mixture was extracted with DCM (3 x 150
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mb). The organic layers were combined, washed with brine (2 x 100 mbL), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford the
crude product. The crude product was chromatographed on a silica gel column with EA:PE
{16:100) to provide methyl {5)-2-(1-formyicyclobutyl}-2-{{4-methoxyphenylamino)acetate
(2.6 g, crude) as ared oil. LC-MS (ESI, m/z): 278 [M+HT".

{6544 To a stirred mixture of methyltriphenylphosphanium bromide (4.69 g, 13.1
mmol, 1.4 eq.) in toluene (30 mL) was added sodium bis{trimethyisilyDamide (6353 mi, 13.1
romol, 1.4 eq., 2 Mg THF) at 0 °C under nitrogen. The muxture was stirred for 1 h at § °C,
and then methyl (S)-2-(1-formylcyclobutyD)-2-{{4-methoxyphenyhamino)acetate (2.6 g, 9.38
romol, 1.0 eq.) was added. The mixture was stirred for 1 h at 0 °C. The reaction was
quenched with water (20 mL). The mixture was extracted with BtOAc (3 x 100 ml). The
organic layers were combined, washed with brine (2 x 50 ml), dried over anhydrous sodium
sulfate, fBltered and concentrated under redaced pressure to afford the crade product. The
crude product was chrornatographed on a silica gel column with EACPE (11:100) to provide
methyl {(S)-2-((4d-methoxyphenyhamino}-2-(I-vinyleyclobutyhacetate (820 mg, 31%) as a
yellow oil. LC-MS (ES], m/z): 276 [M+H] .

[8545] To a stirred mixture of methyl (8)-2-{{d-methoxyphenyhamino)-2-(1-
vigylcyclobutyhacetate (820 mg, 2.98 mmol, 1.0 eq.) in CHaCN (20 ml) and HoO (5 mL)
were added ceric ammonium nitrate (8.19 g, 14.9 mmol, 5.0 eq.}. The mixture was stirred
for 2 h at rt. THF (5 ml) was added, and the mixture was basified to pH=¥ with
tricthylamine. Di-tert-butyl dicarbonate (3.90 g, 17.9 mmol, 6.0 eq.) was added. The
mixture was stirred for 2 h at rt. The reaction was quenched with HzO (30 mbL). The mixture
was extracted with EA (3 x 100 mL). The organic layers were combined, washed with brine
{2 x 30 mL), dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure to afford the crude product. The crude product was chromatographed on a silica gel
colurmnn with EAPE (6:100) to provide methyl (5)-2-({tert-butoxycarbonybamino)-2-(1 -
vinyleyelobutylacetate (470 mg, crude) as a yellow oil. 'H NMR (400 MHz, Chloroform-d)
8 5.72-5.80 (m, 1H), 5.35-5.52 (my, 2H), 4.45-4.50 {m, 1H), 3.72 (s, 3H), 2.25-2.45 (u, 1H),
210-2.21 (m, 2H), 1.75-2.00 (m, 3H), 1.47 (s, 9H). LC-MS (ES], m/2): 270 [M+H]

{8546} To a mixtare of wmethyl (8)-2-((tert-butoxycarbonyhamino)-2-(1 -

viaylcyclobutybacetate (470 myg, 1.75 munol, 1.0 eqy o THF 3 ml), HxO (2 wl) and
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MeOH (1mL} was added lithium hydroxide (209 mg, 8.73 mmol, 5.0 eq.). The mixture was
stirred for 1 h at 50 °C and then concentrated under reduced pressure to remove MeOH. The
mixture was adjusted to pH=5 with HCY (1 M). The mixture was extracted with EA (3 x 80
mb}. The organic layers were combined, dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to provide (5)-2-({tert-butoxycarbonybhamino)-2-(1-
viayleyelobutybacetic acid (420 mg, crude) as an off-white solid. LC-MS (ESI, m/7): 256
IM+HI ™

{65471 To a mixtore of {S)-2-{{tert-hutoxycarbonybhamino)-2-{ -
vinvicyclobutyllacetic acid (467 mg, 1.83 mmol, 1.0 eq.} and o-(7-azabenzotriazol-1-yl)-
NN N N -tetramethyluroniurn hexafluorophosphate (834 mg, 2,19 mmol, 1.2 eq) in
dimsethyiformamide (5 mlb) was added N-ethyl-N-isopropylpropan-2-amine (142 g, 11.0
wmol, 6.0 eqy a O °C After stwred 20 mins, methyl (1R,25,35,6R,78)-4-
azatricyclof5.2.1.0M 2,6 Hidec-8-ene-3-carboxylate hydrochloride (420 yog, 1.83 muunol, 1.0
eq.) was added. The mixtore was stitred for 1 h at rt. The reaction was quenched with water
(3 ml). The crade product was purified by CI8 column with CH3CN/Water (8.05% FA).
The desived fraction was concenirated wvnder reduced pressure to provide methyl
{15,3aR 48,7R,7a8)-2-((8)-2-({tert-butoxycarbonybaminoe)-2-{ | -vinyleyclobutyhacety -
2.3,3a4,7 7a-hexahydro-1H-4,7-moethanoisoindole-1-carboxylate (430 mg, 54%) as a white
solid. LC-MS (ESE, m/7): 431 [M+H]™

18548} To a mixture of methyl (18,3aR.,48,7R,7a8)-2-({(8)-2-{{tert-
butoxycarbonylamino)-2-(1-vinvicyclobutyllacetyl)-2,3,3a,4,7, 7a-hexahydro-1H-4,7-
methanoisoindole-1-carboxylate (430 mg, 1.00 mmol, 1.0 eq.) in THF (3 mbL), MeOH (I mL}
and HoO (2 mb) was added lithium hydroxide (120 mg, 4.99 mmol, 5.0 eq.). The mixture
was stirred for 1 h at 50 °C. The mixture was concentrated under reduced pressure to remove
MeOH. The mixture was adjusted to pH=5 with HC1 (1 M). The mixture was extracted with
EA (3 x 80 ml). The organic layers were combined, dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure to provide (15,3aR,45,7R,7a8)-2-((8)-2-
{{tert-butoxycarbonyDamino)-2-(1-vinylevclobutylacety!-2,3,3a,4,7 Ta-hexahydro- 1H-4,7-
roethanoisoindole-1-carboxyhic acid (310 mog, 71%) as a white solid. LC-MS (ES], m/7): 417
IM+HT™

[6549] To a sohition of {15,3aR 45,7R,7a8)-2-({§)-2-{{tert-
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butoxycarbonyilamino)-2-{ 1 -vinylcyclobutyacetyl)-2,3,3a,4,7,7a-hexahydro-1H-4,7-
methanoisoindole-1-carboxylic acid (310 mg, 0.744 mmol, 1.0 eq.) in PCM (3 mbL) was
added trifluoroacetic acid {1 mL) stirred at rt. The mixture was stirred for 1 h at rt and then
concentrated under reduced pressure to afford (18,3aR.48,7R,7a8)-2-{{5)-2-amino-2-(1 -
vinvicyclobutyhacetyl)-2,3,3a,4,7,7a-hexahydro-1 H-4,7-methanoisoindole- 1 -carboxylic acid
{280 mg, crude) as a brown semi-solid. LC-MS (ESY, w7y 317 [M+H}

[8556] To a solution of (18,3aR,45,7R,7a8-2-((5)-2-amino-2-(1-
viaylcyclobutybacety)-2,3,3a,4,7, 7Ta-hexahydro- 1 H-4,7-methanoisoindole- L -carboxylic acid
(280 mg, 0.885 mmol, 1.0 eq.) in MeOH (3 mbL) was added triethylamine (1.07 g, 10.6
romol, 12.0 eq.) and ethyl 2,2, 2-trifluoroacetate (1.26 g, 8.85 mmol, 10.0 eq.). The mixture
was stitred for 2 d at rt. The reaction was quenched with water (10 ml). The mixture was
concentrated under reduced pressure to remove MeOH. The mixture was adjusted to pH=4
with HCI (I M), and then extracted with EtOAc (3 x 100 mLl). The organic layers were
combined, washed with brine (2 x 30 ml), dried over anhydrous sodium sulfate, filtered and
concentrated under reduced vpressure to  afford (15,3aR48,7R,7aS)-2-((83-2-(2,2,2-
trifluoroacetamido)-2-(1-vinyleyelobutyDacety)-2,3,3a,4,7, 7a-hexahydro- 1 H-4,7-
methanoisoindole-L-carboxylic acid (260 mg, crude) as a vellow sohid. LC-MS (ESE »/2):
413 {M+H]J

{85511 To a mixture of (1R,28,35,6R,753-4-[(28)-2-(1-ethenyicyclobutyl)-2-
(2,2,2-trifluoroacetamido)acetyl}-d-azatricyclo{5.2.1.00 2,6 1 [dec-8-ene-3-carboxylic acid
(260 mg, 0.630 mmol, 1.00 eq) in CH:CN (¢ mb,} was added NNNN-
tetramethyichloroformamidinium hexafluorophosphate (212 mg, .756 mmol, 1.2 eq.} and |-
methyl-1H-imidazole (311 mg, 3.78 mmol, 6.0 eq.) at O °C. After stirred 20 mins, (5)-2-
amino-3-({(8)-2-oxopyrrolidin-3-ylpropanamide (108 mg, 0.630 munol, 1.0 eq.) was added.
The muxture was stitred for 1 h at rt. The crude product was purified by C18 column with
CH3ON/Water (0.05% TEFA). The desired fraction was concentrated under reduced pressure
to provide (15,3aR 45, 7R, 7a8)-N-{({8}-1-amino-1-0x0-3-{{8)-2-oxopyrrolidin-3-yhpropan-2-
y1-2-{(5)-2-(2,2, 2-tvifluoroacetamido)-2-(1 -vinyleyclobutyDacetyl)-2,3,3a,4,7, 7a-hexahydro-
tH-4,7-roethanoisoindole-1-carboxamide (130 mg, 36%) as a white solid. LC-MS (ES],
o7y 366 [M+H+.

(6855821 To a mixture of (15,3aR 45, 7R, 7a5)-N-({5)- i -amino- 1 -ox0-3-((§}-2-
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oxopyrrolidin-3-vipropan-2-y13-2-((53-2-(2,2 2-trifluoroacetamido - 2-(1 -
vinylcyelobutybacetyl}-2,3,3a,4,7,7a-hexahydro- 1 H-4,7-methanoisoindole- 1 -carboxamide
(138 mg, .230 mmol, 1.0 eq.) in DCM (3 mbL) was added pyridine (30.9 mg, 1.15 mumol, 5.0
eq.) and trifluoroacetic anhydride (86.9 mg, 0.414 mmol, 1.8 eq.). The mixture was stirred 2
hatrt. The reaction was guenched with water (5 mL). The mixture was extracted with DCM
(3 x 30 mL). The organic layers were combined, washed with brine (2 x 10 mL), dried over
anhydrous sodivm sulfate, filtered and concentrated under reduced pressure to afford the
crude product. The crude product was purified by prep-HPLC (Column: Xselect CSH Ci8
OBD Column 307%150mm Sum, n; Mobile Phase A; Water (0.1%FA), Mobile Phase B:ACN;
Flow rate: 60 ml/min; Gradient: 30% B 10 60% B in 8 1oin, 60% B, Wave Length: 254/220
no; RTH (oind: 6;) to provide (15,3aR,45,7R,7a8)-N-((8)-1 -cvano-2-({8)-2-oxopyrrohdin-3-

yhethyD)-2-((8)-2-(2,2,2-triflucroacetamido)-2-(1 -vinyleyclobutyhacety-2,3,3a,4,7 7a-
hexahydro-1H-4,7T-methanoisoindole-1-carboxamide (46.2 mg, 36%) as a white solid. 'H
NMR (400MHz, 80°C, DMSO-ds) & 8.94-9.00 (m, 1H), R.606-8.77 {m, 1H), 7.38-7.52 (m,
1H), 5.99-6.18 (m, 2H), 5.83-5.98 {m, 1H), 5.15-53.20 (m, 2H), 4.79-4.82 (m, 1H)}, 4.52-4.65
{(m, TED, 3.88-4.02 Gu, TH), 3.536-3.64 (m, 1H), 3.27-3.34 {m, 1H), 3.00-3.21 {m, 3H), 2.84-
2.97 {m, 2H), 2.66-2.79 (m, 1H), 2.24-2.40 {(m, 2H), 1.97-2.21 (m, 3H), 1.56-1.66 {m, 3H),
1.68-1.89 (m, 3HD), 1.31-1.43 (m, 2H). LO-MS (ESL m/7): 548 [M+H]".

EXAMPLE 69
Compound 69
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{8553] To a solution of methyltriphenylphosphanivm bromide (13.2 g, 37.2
nmunol, 1.1 eq.) in toluene (100 mL) was added sodium bis{trimethylsilyljamide (6.80 g, 37.2
mmol, 1.1 eq.) at 0 °C. The mixture was warmed to 1t and stirred for 30 min. After cooling
to 0 °C, a solution of methyl (25)-2-[{4-methoxyphenyDamino}-3,3-dimethyl-4-oxobutanoate
(9.00 g, 33.9 mmol, 1.0 eq.) in toluene was added. The mixture was stirred overnight and
poured into ice-cold water {100 mL). The mixture was extracted with ethyl acetate (3 x 200
mb.). The organic phases were combined, washed with brine (100 mL), dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure to afford the crude product.
The crude product was chromatographed on a silica gel column with EAPE (12:88) to
provide methyl (28)-2-[{4-methoxyphenyDamino]-3,3-dimethyipent-4-enocate (5.00 g, 56%;)
as a brown oil. LO-MS (ES], s/2): 264 [M+HT

{8554} To a stirred mixture of methyl (35)-2-[{(4-methoxyphenyDamino]-3,3-
dimethyipent-d-enoate {3.00 g, I18.9 mmol, 1.0 eq.) in CH3CN (45 ml) and HO {15 mL)
were added ceric ammoniam pitrate {52.2 g, 94.9mmol, 5.0 eq.) at rvt. The mixture was
stirred for 2 h at rt. The mixture was added THF (10 mL) and basified to pH = § with
triethylamine. Di-tert-butyl dicarbonate (24.8 g, 113 mmol, 6.0 eq.) was added. The mixture
was stivred for 2 h at rt. The reaction was quenched with water. The mixture was extracted
with EA (3 x 100 mL). The organic layvers were combined, washed with brine (2 x 80 mL},
dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure to
afford the crude product. The crude product was chromatographed on a silica gel column
with EACPE (1:9) to provide methyl (25)-2-{{(tert-butoxycarbonylyamino}-3,3-dimethylpent-
4-enoate (3.2 g, crude) as a yellow oil. LC-MS (ESI, m/7): 158 {M-100+H}"

[8555] To a solution of methyl (28)-2-[{tert-butoxycarbonyvhamino]-3,3-

dimethyipent-4-enocate (1.80 g, 7.00 muncl, 1.0 eq.} in B0 (20 mbL) at -30 "C was added
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diazomethane (54.0 g, 210 mmol, 30.0 eq.) and palladium(ll) acetate (8.235 g, 1.05 mmol,
(.15 eq.). The mixture was stirred for 1 h at rt and then filtered. The filter cake was washed
with diethyl ether (3 x 80 mL). The filtrate was concenirated under reduced pressure to
afford the crude product. The crude product was chromatographed on a silica gel column
with EAPE (13:87} to provide methyl (Z5)-2-{(tert-butoxvcarbonyDamino]-3-cyclopropyl-3-
methylbutanoate (0.800 g, 42%) as a light yeliow oil. LC-MS (ESI, m/7): 272 [M+H]".

18556} To a stirred mixture of methyl (25)-2-[(tert-butoxycarbonyhamino}-3-
cyclopropyl-3-roethylbutanoate (800 mg, 2.95 muvol, 1.0 eq.) in THF (18 ml) and H20 (138
mb) was added lithium hydroxide (338 mg, 14.7 nuool, 5.0 eg.) at rt. The mixture was
stivred for 3 h at 60 °C. The mixtare was acidified to pH = 3 with hydrochloric acid (2M).
The agueous layer was extracted with EA (3 x 100 ml.). The organic layers were combined,
washed with brine (2 x 80 mL), dried over anhydrous sodium sulfate, filtered and
concentrated  under reduced pressure to  afford (28)-2-{(tert-butoxycarbonyDamino}-3-
cyclopropyl-3-roethylbutanoic acid (500 g, crude) as a light yvellow solid. LC-MS (ES],
wifzy: 258 [M+HIT.

{0587} To a muxture of {(28)-2-[{tert-butoxycarbonyhamino-3-cyclopropyl-3
methylbutanoic acid (5300 mg, 1.94 mrool, 1.0 eq.) in N \N-dimethylformamide (5 mbL) was
added o-{7-azabenzotriazol-1-y1)-N,N,N' N'-tetramethylaronium  hexaftuorophosphate (886

mg, 2.33 mmol, 1.2 eq.) and N-ethyl-N-isopropylpropan-2-amine (1.50 g, 11.6 mmol, 6.0
eq.y at § °C. The mixture was stirred for 20 min at § °C, and then methyl (1R,25,35,6R,75)-
4-azatricyclo]3.2.1.0M 2,61 {dec-8-ene-3-carboxylate (375 mg, 1.94 mmol, 1.00 eq.) was
added at {0 °C. The mixture was stirred for Z h at rt. The mixture was purified by 18
column with CHzCN/Water (8.05% FA). The desired fraction was concentrated under
reduced pressure HE provide methyl {1R,25,35,6R,75)-4-1(25)-2-{{tert-
butoxvcarhonyDamino]-3-cyclopropyl-3-methylbutanoytl-4-azatricyclo[5.2.1.0M 2 6 | Jdec-&-
ene-3-carboxylate (450 mg, 53%) as a light yellow solid. LC-MS (ES], m/z): 433 [M+H]"™

[8558] To a stirred mixture of methyl (1R,25,35,6R75)-4-{(25)-2-{{tert-
butoxycarbonyhamino]-3-cyclopropyl-3-roethylbutanoyl]-4-azatricyclof 5.2.1 .04 2,6 H jdec-8-
ene-3-carboxylate (450 mg, 1.04 muwol, 1.0 eq.) in THEF (8§ mL) and HaO (5 ml) was added
lithtam hydroxide (119 mg, 5.20 mumol, 5.0 eq.) at rt. The mixture was stirred for 3 h at «t

and then acidified to pH=3 with hydrochloric acid (1M). The agueous layer was extracted
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with EA (3 x 50 mL). The organic layers were combined, washed with brine (2 x 30 mbL) and
dried over anhydrous sodium sulfate. The mixture was concentrated under reduced pressure
£ afford (1R.28,38,6R,75)-4-[{28)-2- {tert-butoxycarhonyhaminej-3-cyclopropyl-3-
methylbutanoylj-4-azatricyclof5.2. 1.0 {2,6} jdec-8-ene-3-carboxylic acid (400 mg, crude) as
a light orange solid. LC-MS (BSL, m/7): 419 [M+H]".

[8559] To a stitred  mixture of  (I1R,28,35,6R,78)-4-{(25)-2-{(tert-
butoxycarbonyhamino}-3-cyclopropyl-3-methyibutanoyl]-4-azatricyclof5.2.1.0%{ 2,6 } Jdec-8-
ene-3-carboxyhic acid (400 mg, 0.956 nuwool, 10 eg) wm DCM (5 ml) was added
trifluoroacetic acid (1.7 mb) at rt. The mixture was stirred for 1 b at rt and then concentrated
under rveduced pressure to provide (1R,25,38,6R,75)-4-[(28)-2-amino-3-cyclopropyl-3-
methylbutanoyll-4-azatricyclof5.2.1.0M 2,6 Jdec-8-ene-3-carboxylic acid (338 mg, crude) as
a brown vellow oil. LC-MS (ESY, m/z): 319 [M-+-HJ".

[8564] To a stirred mixture of {1R,28,38,6R,785-4-[(28)-2-amino-3-cyclopropyl-
3-methylbutanoyl}-4-azatricyclo[5.2. 1.02 2,6 } Jdec-8-ene-3-carboxylic acid (0.338 g, 1.06
mmol, 1.0 eq.) and triethylamine (1.28 g, 12.7 mmol, 12 eg eq.) in MeOH (4 ml.) was added
ethyl 2,2, 2-trifluoroacetate (1.50 g, 10.6 mmol, 10 eq.). The mixture was stirred overnight at
1t and then acidified o pH=4 with hydrochloric acid (1M). The mixture was extracted with
BEA (3 x 20 mL). The combined organic layers were concentrated under reduced pressure to
afford (1R,28,35,6R,75)-4-{{25)-3-cyclopropyl-3-methy]-2-(2,2,2-
trifiuorcacetamido)butanoyii-4-azatricyclof5.2.1.0°{ 2,6 } {dec-8-ene-3-carboxylic acid (0.33
g, 75%) as a light vellow oil. LC-MS (ESI, mv7): 415 [M+H]™

[6561] To a wmixture of (1R,25,385,6R,75)-4-[(25)-3-cyclopropyl-3-methyl-2-
(2,2, 2-trifluoroacetamido ybutanoylj-4-azatricycio] 5.2.1.00{ 2,6} jdec-&-ene-3-carboxylic acid
(285 mg, 0.688 mmol, 1.0 eq.) in N,N-dimethylformamide (3 mbl)} was added o-(7-
azabenzotriazol-1-yh-N,N,N' N'-tetramethyhuronium  hexafluorophosphate (313 mg, 0.825
mmol, 1.2 eq.) and N-ethyl-N-isopropylpropan-2-amine (5331 mg, 4.12 nunol, 6.0 eq.) at 0
“C. The mixture was stired for 20 min at 0 °C, and then (25)-2-amino-3-[(35)-2-
oxopyrrolidin-3-ylipropanamide (117 myg, 0.688 mmol, 1.0 eq.) was added at 0 °C. The
mixtare was stired for 2 h at vt The mwixtwre was purnified by C18 column with
CH3ON/Water (0.05% FA). The desired fraction was concentrated under reduced pressure to

provide (25)-2-{[(1R,25,358,6R,75)-4-[ (25)-3-cyclopropyl-3-methyl-2-(2,2,2-
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trifinorcacetamido)butanoyii-4-azatricyclof5.2.1.0%{2,6} [dec-8-en-3-vijformamido}-3-
{(3S)-2-oxopyrrolidin-3-yljpropanamide (160 mg, 40%) as a light vellow solid. L{C-MS
(ESL m/z): 568 [M+H}"

185621 To a mixture of (25)-2-{{{1R,25,35.6R,75)-4-{{28}-3-cyclopropyl-3-
methyl-2-(2,2,2-oifluoroacetamidoybutanoyli-4-azatricyclof 5.2.1.00 2,6} ldec-8-en-3-
vijformamido}-3-{{35)-2-oxopyrrolidin-3-ylipropanamide (160 mg, 0.282 mmol, 1.0 eq.) in
DCM (2 mb) was added pyridine (77.9 mg, 0.987 mmol, 3.5 eq.) and triflucroacetic
ashydride (94.7 mag, 0.451 romol, 1.6 eq.). The mixture was stirred for 2 h at 1. The reaction
was quenched with water (5 mL). The mixture was extracted with EtOAc (3 x 20 mL). The
organic layers were combined, washed with brive (2 x 10 mbL), dried over anhydrous sodium
sulfate, Bltered and concentrated under reduced pressure to afford the crade product. The
crude product was purified by prep-HPLC (Colenmun Kinetex EVO CIR Colamn, 30%150,
Sumy;, Mobile Phase A: Water (0.1%FA), Mobile Phase B: ACN; Flow rate: 60 wl/min;
Gradient: 39% B to 59% B in 7 yoin, 39% B; Wave Length: 254 nm; RT1 (min): 5) to provide
{1R,25,35,6R, 7S 1-N-[{15)-1-cyano-2-{(38)-2-oxopyrrolidin-3-ylethyi]-4-{{25)-3-
cyclopropyl-3-methyl-2-(2,2, 2-trifluoroacetamidoybutanoyi |-4-
azatricyclo{5.2.1.07 2,6 } ldec-8-ene-3-carboxamide (79.8 mg, 51%) as a white solid. 'H
NMR (400 MHz, 80°C, DMSO-ds) & 8.10-9.15 (m, 2H), 7.30-7.65 (m, 1H), 5.95-6.30 (m,
2H), 4.80-5.00 (m, 1H), 4.55-4.75 (m, 1H)}, 3.85-4.30 (m, 1H), 3.60-3.80 {m, 1H), 3.35-3.60
(m, 1H), 3.10-3.30 (m, 2H), 3.00-3.05 (m, 1H)}, 2.80-3.00 (m, 2H), 2.65-2.80 {m, 1H), 2.25-
2.45 {m, 1H), 2.00-2.25 (m, 2H), 1.60-1.95 (m, 2H), 1.30-1.50 (m, 2H), §.60-0.98 (m, TH),
0.20-0.35 (m, 3H), 0.05-0.20 (m, 1H). LC-MS (ESL, /7y 550 [M+H]™

EXAMPLE 70
Compound 70

[0563] Compound 70 was prepared similarly as described for Compound 42 using
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(5)-3,3-dimethyl-2-(2-oxopyrrolidin-1-yl)butanocic acid in place of methyl (§)-3,3-dimethyl-
2-{4-{trifluoromethyl}-1H-1,2,3-triazol- 1-y1) butanoic acid. 'H NMR (300 MHz 363K,
DMSG-de) & 8.54 (d, 1H), 7.30-7.44 (m, 1H), 5.97-6.12 (m, 2H), 4.77-4.94 (m, 1H), 4.21-
4.55 (m, TH), 3.95-4.06 (m, 1H), 3.62 im, 1H), 3.41-3.56 im, 1H), 3.25-3.40 (m, 2H), 3.07-
3.24 {m, 2H), 3.09 (m, IH), 2.85-2.95 (m, 2H), 2.68-2.82 (m, iH), 2.29-2.41 (m, 2ZH), 2.05-
2.24 (m, 3H3, 1.65-1.98 (m, 4H), 1.39 (m, 2H), .94 (5, 9H). LCMS (ESI, m/z): 496 [M+H]}".

[0564] {83-3,3-Dimethvi-2-(2-oxopyrrolidin- 1 -yhibutancic acid: To a suspension
of methy] (8)-2-amino-3,3-dimethylbutanoate hydrochloride (1 g, 5.32 mwnol, 1.0 eq) n
DCM (30 mL) cooled at 0°C were added pyridine (0.91 mL, 11.0 mmol, 2.0 eg.) and 4-
bromobutanoyl chloride (0.76 ml, 6.62 romol, 1.2 eq.). The rmoixture was stired at vt for 16 h
and then washed with water. The phases were separated. The agueous phase was extracted
with DCM (3 x 10 mb). The organic phases were combined, washed with brine (15 ml),
dried over NaxSQ0s, filtered and concentrated under reduced pressuve.  The residue was
purified by flash chromatography on silica gel using a gradient of EA (10 to 15%) in hexane
to afford methyl (8)-2-(4-bromobutanamido)-3,3-dimethylbutanocate (1.1 g, 68%) as a yellow
liguid.

{85651 To a solution of methyl {S)-2-{d-bromobutanamido}-3,3-
dimethyibutanoate (500 mg, .70 mmol, 1.0 eq.) in DMF (5§ ml.) cooled at 0°C was added
NaH (68 mg, 2.83 mmei, 1.7 eq.). The mixture was stirred at rt for 16 h. The reaction was
guenched by addition of sat. NHsClL The mixture was extracted with EA (3 x10 mL). The
organic phases were combined, washed with cold water (3 x10 mL) and brine (10 mL), dried
over Nax504, filtered and concentrated under reduced pressure. The residue was purified by
flash chromatography on silica gel using a gradient of EA {10 to 15%) in hexane to afford
methyl (S})-3.3-dimethyl-2-(2-oxopyrrolidin- [ -ylbutancate (250 mg, 69%) as a yellow
higuid.

[0566] To a solution of methyl (5)-3,3-dimethyl-2-(2-oxopyrrolidin-1-
yvitbutanoate (400 mg, 1.86 mumol, 1.0 eq.) in THF (2 mL) and water (2 mL) cooled at §°C
was added LiOH (197 mg, 4.67 mmol, 2.5 eq.). The muxture was stirred at vt for 16 h and
then partially concentrated under reduced pressure to remove THE. The residae was diloted
with water {§ ml) and exwracted with EGO (2 < 10 mb). The agueous layer was acidified

with 2N HCI and extracted with 10% iPrOH in DCM (5 x 10 ml.). The organic phases were
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combined, dried over Na»5Q,, filtered and concentrated under reduced pressure. The residue
was triturated with 5% Ef(} in pentane fo furnish (5)-3,3-dimethyl-2-(2-oxopyrrolidin-1-
yl}butanoic acid (250 mg, 67%) as a white solid. 'H NMR (500 MHz, 363K, DMSO-ds) 8
12,76 (s, 1H}, 4.42 (s, 1H), 3.64 (m, 1H), 3.51 (m, IH), 2.19-2.27 {(m, 2H), 1.90 (m, 2H),
1.00 (s, 9H).

EXAMPLE 71
Compound 71

G

H Ni;)o Y N
N o
Ak

H Ny
HY H
S
{6567] Compound 71 was prepared similarly as described for Compound 58 using
{+/-}-methyl {(15,3aR 4R .75, 7a8-octahydro-1H-4,7 -ethancisoindole- 1 -carboxylate

hydrochloride in place  of  {(+/-)-methyl  (15,3aR,45,7R,7aS)-octahydro-1H-4,7-
epoxyisoindole-1-carboxylate hydrochloride. 'H NMR (400 MHz, 363K, DMSO-ds) § 8.50-
8.98 {m, ZH), 7.32-7.46 {m, 1H), 491 (m, 1H), 4.59-4.77 (m, 1H), 4.27-4.54 (m, 1H), 3.57-
3.94 (m, 2H), 3.05-3.22 (m, 2H), 2.10-2.44 (m, 4H), 1.65-1.85 (m, 3H), 1.22-1.62 (m, 10H},
0.90-1.09 (m, 9H). LCMS (ES], m/z): 540 [M+H]".

[8568] {(+/-y-Methyl  (15,3aR 4R, 75,7a8)-cctahydro-1H-4,7-ethanoisoindole- 1 -
carboxylate hydrochloride: A mixture of (3aR487R,7a83-2,3,3a,4,7,7a-hexahydro-1H-4,7-
ethanoisoindole (7 g, 46.9 nunol, 1.0 eq.) and 10% PA/C (700 myg) in MeOH (150 oLy was
stirred at tt under Hy pressure (60 psi) for 16 h. The mixture was filtered through celite, and
the solids were washed with MeOH (50 wl). The filtrate was concentrated voder reduced
pressure to afford (3aR4R,75,7aS)-octahydro-1H-4,7-ethanoisoindole (6.1 g, 86%) as a
colorless oil.

(85691 To a solution of 3aR 4R,75,7a8)-octahydro-1H-4,7-ethanoisoindole (500
mg, 3.31 mmol, 1.0 eq.) in DCM (15 mL) was added IBX (926 mg, 3.31 omol, 1.0 eq.). The
mixture was stirred in sealed tube at 60 °C for 1 h. After cooling to rt, the mixture was

washed with sat. sodium dithionate (10 mL). The phases were separated. The organic phase
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was washed with sat. sodium carbonate (10 mbL)} and brine (10 mL). The agueous phases
were extracted with DCM (3 x 30 mL). The organic phases were combined, dried over
NazSU., filtered and concentrated under reduced pressure. The residue was purified by flash
chromatography on silica gel using a gradient of MeOH (2 to 3%) in DCM to afford
(3a5.45,7R,7aR}-3a,4.5,6,7,7a-hexahydro-1H-4,7 -ethanoisoindole {335 mg, 68%) as an off-
white solid.

(6578} To a solution of (3a5,458,7R,7aR)}-3a,4.5,6,7,7a-hexahvdro-1H-4,7-
ethanoisoindole (330 g, 2.21 muvol, 1.0 eq.) in DCM (3.3 oL and MeOH (0.3 mbL) cooled
at O °C was added TMSCN (0.7 mL, 5.53 munol, 2.5 eq.). The mixture was stirred at 0-10 °C
for 4 h. The mixture was concentrated onder reduced pressure. The residue was purified by
flash chromatography on silica gel osing a gradient of EA (15 to 20%) in PE to afford (+/-)-
{15,3aR 4R 75 7aS)-octahydro-1H-4,7-ethanoisoindole- 1 -carbonitrile (330 myg, 83%) as a
white oil.

{88711 A solution of {+/-3-(15,3aR 4R 75, 7aR)-octahydro- 1 H-4,7-
ethanotsoindole-1-carbonitrile (330 mg, .87 mmwol, 1.0 eq.) in 4N HCI in MeOH (6.6 mlL)
was stirred for 6 h at 60 °C. The mixture was concentrated under reduced pressure to afford
{+/-}-methyl (15,3aR 4R,75,7a8)-octahydro-1H-4,7-ethanoisoindole- 1 -carboxylate

hydrochloride (400 myg, 87%) as a white oil.

EXAMPLE 71-1
Compound 71a

{0572} Compound 714 was prepared similarly as described for Compound 594
using 2-(tert-butvly l-methyl (IR*3a8% 45% TR* 7aR*}-octahydro-2H-4,7-ethanoisoindole-
I 2-dicarboxylate  in  place of 2-(tert-butyl)  l-methyl (IR*,3a5% 4R* 785% TaR*}-

1,3,32,4,7 7Ta-hexahydro-2H-4,7-ethanoisoindole- 1, 2-dicarbox viate. 1 ONMR (500 MHz,
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363K, DMSO-de) & 8.53-8.91 (m, 2H), 7.36 (s, 1H), 4.92 (m, 1H), 4.65 (5, 1H), 4.25-4.54 (m,
tH), 3.71-3.94 (m, 2H), 3.17 {m, 2H), 2.45 {m, 1H), 2.17-2.38 (m, 2H), 1.99-2.13 {(m, 1H),
1.66-1.87 (m, 3H), 1.20-1.64 (m, 10H), 0.90-1.08 (5, 9H). LCMS (ES], m/z): 538 {M-HT.

[68573] 2-{tert-Butyly  l-methyl (IR*3a85*45% 7R* 7TaR*-octahydro-2H-4,7-
ethanoisoindole-1,2-dicarboxylate:  To a solution of (+/-rmethvl (15,3aR 4R, 75,7a5)-
octahydro-1H-4,7-ethanoisoindole-1-carboxylate hydrochloride (1.8 g, 7.33 mmol, 1.0 eq.) in
dioxane (36 mb) cooled at 0°C were added NaxCOs (3.1 g, 29.3 mmol, 4.0 eq.) and BooyO
{6.4 g, 293 romol, 4.0 eq.). The mixture was stitred at ot for 16 h. The mixture was dilated
with EA (100 mL) and washed with water. The phases were separated. The organic phase
was washed with brine, dried over NaxSQy, filtered and concentrated under reduced pressure.
The residae was purified by flash chromatography on silica gel using a gradient of EA (10 to
20%) 10 PE o attord (+/-)-2-(tert-butyly L-methy] (18,3aR 4R ,78,7a8)-octahydro-2H-4,7-
ethanoisoindole-1,2-dicarboxylate (2.0 g, 95%) as a colourless oil.

(6574} {(+/-)-2-(tert-Butyly  l-methyl  (18,3aR 4R 75, 7a8)-octahydro-2H-4,7-
ethanoisoindole-1,2-dicarboxylate (2.0 g} was purified by prep-SFC using the following
conditions; Colamn: Chiralpak 1G, 30%250 wvim, 5 um; Mobile Phase A: Oy, Mobile Phase
B: hexane/iPrOH (1/1); Flow rate: 90 g/min; Gradient: isocratic 10% B; Column
Temperatare: 30°C; Back Pressure: 100 bar. Purification resulted in 2-(tert-butyly l-methyl
(1R* 3a8* 45% 7R* 7aR*}-octahydro-ZH-4,7-ethanoisoindole-1, 2-dicarboxylate (400 mg)
and 2-(tert-butyl) I-methyl (15%3aR* 4R* 75% 7a8%)-octahydro-2H-4,7-ethanoiscindole-
1,2-dicarboxylate {350 mg).

[6575] Z-{(tert-Butyl)  l-methyl (1R*3a85% 45% TR* 7aR*}-octahydro-2H-4,7-
ethanoisoindole-1,2-dicarboxylate: 'H NMR (400 MHz, CDClL) 8 4.21-4.35 (m, 1H), 3.72
(s, 3H), 3.48-3.70 (m, 2H), 2.37 (m, 2H), 1.30-1.75 (m, 19H). {af%p: +30.1° (¢ 0.1, CHCL).
SFC: CHIRALPAK IG, 4.6%130 mm, 5 pm, Mobile Phase A: COr, Mobile Phase B
hexane/iPrOH (1/1); Flow rate: 3 g/min; Gradient: isocratic 10% B; Column Temperature:
30°C; Back Pregsure: 100 bar, Rt: 2.02 min.

[6576] I-{tert-Butyly  l-methy]  (18% 3aR* 4R* 75% 7aS*)-octahydro-2H-4,7-
ethanoisoindole-1,2-dicarbox vlate; H NMR (400 MHz, CDCl) § 4.21-4.35 (m, 1H), 3.72
(s, 3H), 3.48-3.70 (yu, 2H), 2.37 (m, 2H), L.30-1.75 (m, 19H). [alPp: -33.1° (¢ 0.1, CHCLh).
SFEC: CHIRALPAK IG, 4.6%130 wam, 5 um, Mobile Phase A: €0y, Mobile Phase B
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hexane/iPrOH (1/1); Flow rate: 3 g/min; Gradient: isocratic 10% B; Column Temperature:

30°C; Back Pressure: 100 bar, Rt: 2.43 min.

EXAMPLE 712
Compound 7ib

=

(85771 Compound 71h was prepared similarly as described for Compound 393
using  2-(tert-butyl) I-methyl (15%,3aR* 4R*,75% 7aS*)-octahydro-2H-4,7-ethanoisoindole-
I,2-dicarboxylate in  place of 2-{tert-butyl) l-methyl (1R*3a85% 4R* 75% 7aR*)-
1,3,3a,4,7 Ta-hexahydro-2H-4,7-ethanoisoindole-1,2-dicarbox ylate. 1 NMR (500 MHz,
363K, DMSO-ds) & 8.65-8.98 (m, 2H)}, 7.37-7.50 (m, 1H)}, 492 (m, 1H), 462-472 (m, 1H},
4.28-4.52 {m, 1H), 3.90 (m, 1H), 3.80-3.85 (m, 1H), 3.06-3.20 (m, 2H), 2.33-2.43 (m, 1H),
2.22-2.13 {m, 3H), 1.67-1.81 {(m, 3H), 1.22-1.64 {m, 10H), 0.95-1.05 {m, 9H). LCMS (ES],
m/z): 540 [M+HT

EXAMPLE 72
Compound 72

G
P Ny
OH
F
EDC HCH HOA
CHCL HOAt CONH,

NEt;, DMF

0°Ctort
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DMF
0°Ctort

18578} To a solution of (15,3aR45,7R,7a5-N-{(5)-1-amino-1-0x0-3-((§)-2-
oxopyrrolidin-3-yhpropan-2-yH-2-((S)-2-amino-3,3-dimethyibutanoyl)-2,3,3a,4.7, 7a-
hexahydro-1H-4,7-methancisoindole-1-carboxamide hydrochloride (120 mg, 4.249 mmol,
1.0 eg.) in DMF (1.2 ml) cooled at § °C were added 2,2-difluoroacetic acid (60 mg, 0.625
mmol, 1.0 eq.), EDCHCI (96 mg, 0.501 mmol, 2.0 eq.), HOAt (35 mg, 0.257 mmol, 1.0 eq.}
and NEf (0.172 mi, 1.25 mmol, 5.0 eq.). The mixture was stirred at 1t for 16 h. The
mixture was diluted with water (10 b)) and extracted with 10% MeOH in DCM (3 x 10
mb.). The organic phases were combined, dried over NaxSOq, filtered and concentrated under
reduced pressure. The residue was purified by flash chromatography on silica gel using a
gradient of MeOH (1 to 10%) in DCM to afford (15,3aR,45,7R,7a5)-N-((5§)-1-amino-1-oxo-
3-((S)-2-oxopyrrohidin-3-yUpropan-2-y1)-2-((8)-2-(2 2-difluorcacetamido)-3,3-
dimethylbutanoy)-2,3,3a,4,7, 7a-hexahydro-1H-4, 7-methanoisoindole- 1 -carboxamide {65
mg, 50%) as an off-white solid. LOC-MS (ES], m/z): 524 [M+H]

(858791 To a solution of (15,3aR45,7R,7aS»N-{(8)1-amino-1-0%x0-3-((§)-2-
oxopyrrolidin-3-yhpropan-2-y1-2-((S)-2-(2,2-difluoroacetamido)-3,3-dimethylbutanoyi}-
2.3,3a4,7 7a-hexahydro-1H-4,7-moethanoisoindole-1-carboxamide (65 mg, 0.124 mmol, 1.0
eq.) in DMF (.7 mL) cooled at 6°C were added pyridine (0.030 mL, 0.372 mmol, 3.0 eq.)
and TFAA (0.035 mbL; 0.248 mmol, 2.0 eq.). The mixture was stisted at rt for 1 h. The
mixture was diluted with water (10 ml) and exiracted with EA (3 x 10 mbL). The organic
phases were combined, washed with brine {2 x 10 ml), dried over NaSQy, filtered and
concentrated under reduced pressure. The residue was purified by prep-HPLC (Column: X-
SELECT-C18 Column, 19%250 mm, Sum; Mobile Phase A: 10 mM NHMHCO: in water,
Mobile Phase B: ACN; Flow rate: 17 mbL/min; Gradient: 10% B to 60% B in 8 min) to afford
{15,3aR 487R 7a8)-N-({8)-1-cyano-2-{((8)-2-oxopvrrolidin-3-yethy - 2-{(5)-2-(2,2-
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diffuorcacetamido)-3,3-dimethylbutanovl)-2,3,3a.4,7, 7a-hexahydro-1H-4,7-
methanoisoindole-1-carboxamide {26 mg, 42%) as a white solid. YH NMR (400 MHz, 363K,
DMSO-ds) 6 8.57-8.85 (m, 1H)}, 7.93-8.38 {m, 1H), 7.28-7.45 {m, 1H), 6.10-6.45 {m, 1H),
5.94-6.06 (m, 2H), 4.62-4.96 (m, 1H), 4.48 (4, 1H), 3.96-4.15 (m, 1H), 3.66 {m, tH), 3.37-
3.51 (m, 1H), 3.03-3.2Z (m, 3H), 2.89-2.85 (m, 2H), 2.73 (m, iH)}, 2.37 {m, 1H), 2.4 (m,
2H), 1.64-1.83 (m, ZH), 1.32-1.45 (m, 2H), 0.83-0.97 (s, OH). LCMS (ESI, w/z) 306
IM+HT™

EXAMPLE 73
Compound 73

[85848] Compound 73 was prepared similarly as described for Compound 72 using
2,2-difluoropropanoic acid in place of 2,2-difluoroacetic acid. 'H NMR (400 MHz, 363K,
DMSO-ds) & 8.58-8.82 (m, 1H), 6.95-7.50 (m, 2H), 5.92-6.18 (m, 2H}, 4.69-4.95 (m, 1H),
4.46 (d, 1H), 3.97-4.13 (m, 1H), 3.65 (m, 1H), 3.36-349 (m, 1H), 3.02-3.25 (m, 3H), 2.90-
3.00 (m, 2H), 2.74 (m, 1H), 2.34 (m, 1H), 2.15 {m, ZH), 1.63-1.85 {m, 5H), 1.31-1.45 {m,
2H), 0.80-0.99 (m, OH). LCMS (ESL, m/z): 520 [M+H}"

EXAMPLE 74
Compound 74

&1} NS

H“i{ H

1‘,:‘;:/

{85811 Compound 74 was prepared similarly as described for Compound 72 using

(%)
o
(¥
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2-fluoro-2-methylpropanoic acid in place of 22-difluoroacetic acid. 'H NMR (400 MHz,
363K, DMSO-ds) 6 8.54-8.81 (m, 1H), 7.28-7.47 (m, 1H), 6.57-6.90 (m, 1H), 5.92-6.20 (m,
2H), 4.68-4.85 {(m, 1H), 444 (d, 1H), 3.98-4.12 (m, 1H), 3.63 (m, 1H), 3.35-3.55 (m, 1H),
3.02-3.25 (m, 3H), 2.98-2.88 (m, ZH}, 2.74 {(m, 1H), 2.34 (m, 1H), 2.14 (m, 2H), 1.64-1.88
(m, 2H), 1.32-1.58 (m, 8H), 0.83-0.96 (m, 9H). LCMS (ESL m/z): 516 [M+H]".

EXAMPLE 73
Compound 75
Fi
3 E o
NH
0 N

Al A
o “&g}-s -
{8582] Compound 75 was prepared similarly as described for Compound 72 using
3,3,3-trifluoro-2,2-dimethyipropanoic acid in place of 2,2-difluorocacetic acid. 'H NMR (400
MHz, 363K, DMSGO-ds) 6 8.56-8.79 (m, 1H), 7.29-747 (m, iH), 6.39-6.78 (m, 1H), 5.84-
6.23 {(m, 2H), 4.68-4.95 {(m, {H), 452 (4, 1H), 4.00-4.13 (m, 1H), 3.61 (m, 1H)}, 3.36-3.51
{ra, 1H), 3.03-3.22 (m, 3H), 2.80-3.00 (m, ZH), 2.74 {m, 1H), 2.33 (m, 1H), 2.15 (m, 2H},

1.62-1.90 (m, 2H), 1.21-1.46 (m, 8H), 0.78-0.98 (m, 9H). LCMS (ES], m/z): 566 [M+H]".
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EXAMPLE 76
Compound 76

F

e
F&C(}”}Ft

F F

(ChHis)3Bi0K
T ELO

G F
- F
HoN Wi . COOK

o F
— C} F F
‘\J«’\ 50% T3P in EtOAC
A
Pyridine

HCI it

78

[8583] To a suspension of potassium trimethylsilanolate (67 mg, 0.522 mmwol, 1.0
eq.} in EnQ (1 mL) cooled at 0°C was added dropwise a solution of ethyl 2,2,3,3.3-
pentaflfuoropropanocate (100 mg, 0.521 mmol, 1.0 eq.} in EO (1 mL). The mixture stirred at
vt for 16 h and then concentrated under reduced pressure. The residue was triturated with
Er20. The solid was filtered and dried under reduced pressure to afford potassium 2,2,3,3,3-
pentafluoropropanoate (85 mg, 80%) as an off-white solid.

{8584} To a mixture of {15,3aR.45,7R,7aS5)-N-{({(5)-1-amino-1-ox0-3-({5}-2-
oxopyrrolidin-3-ylipropan-2-y1-2-((S)-2-amino-3,3-dimethyibutanoy!)-2.3,3a.4,7, 7a-
hexahydro- | H-4,7-methanoisoindole- 1 -carboxamide hydrochloride (60 mg, .124 mmol, 1.0
eq.), potassium 2,2,3,3,3-pentafluoropropancate {25 mg, 0.195 mmol, 1.6 eq.) and 50% T3P
in BEA (0.390 g, 1.25 ounol, 10.0 eq.) cooled at §°C was added pyrnidine (0.050 nl., 0.620
mmol, 5.0 eq.). The muxture was stirred at 1t for 16 h. The mixture was diluted with water
{10 mL) and extracted with EA (3 x 10 ml). The organic phases were combined, washed
with brine (2 x 10 ml), dred over NazSO4, filtered and concentrated under reduced pressure.
The residue was purified by flash chromatography on silica gel using a gradient of MeQOH (1
to 10%) in DCM and by prep-HPLC (Column: YMC-TRIART-CIE, 25%150 mm, 10um;
Mohile Phase A: 10 M NHHCO: in water, Mobile Phase B: ACN; Flow rate: 22 mi/min;
Gradient: 20% B to 80% B in 8 min) to afford (15,3aR 48,7R,7a8)-N-({5)-1 -cyano-2-((5)-2-

307
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oxopyrrolidin-3-yhethy)-2-((8)-3,3-dimethyl-2-(2,2,3,3,3-pentafluoropropanamido)
butanoyi)-2,3,3a,4,7,7a-hexahydro-1H-4,7-methancisoindole- 1 -carboxamide (30 mg, 40%)
as an off-white solid. 'H NMR (400 MHz, 363K, DMSO-ds) § 8.49-8.83 (m, 2H), 7.298-7.46
(m, 1H), 5.91-6.22 (m, ZH), 4.60-4.97 {m, 1H), 4.55 (s, 1H), 4.00-4.16 (m, 1H), 3.65 (m,
T1H), 3.36-3.51 (m, 1H), 3.03-3.23 (m, 3H), 2.88-2.96 (m, 2H), 2.72 (m, 1H), 2.37 (m, 1H),
215 {(m, 2H), 1.64-1.94 (m, ZH), 1.35-1.46 (m, 2H), 0.82-1.00 (m, SH). LCMS (ESL m/z):
574 [M+H]".

EXAMPLE 77
Compound 77

\

\\‘ / .
jx S
HY/

Qf
{8585] Compound 77 was prepared similarly as described for Compound 72 using
2-methoxy-2-methylpropanoic acid in place of 2,2-difluorcacetic acid. 'H NMR (400 MHz,
363K, DMSO-de) & 8.57-8.80 (m, 1H), 7.29-7.47 (m, 1H), 6.78-7.01 (m, 1H}, 5.86-6.20 (m,
2H), 4.70-4.96 (m, 1H), 441 (d, 1H), 3.98-4.12 (m, 1H), 3.62 (m, 1H), 3.33-3.54 {m, 1H),
3.05-3.23 (m, 6H), 2.86-2.94 (m, ZH), 2.73 (m, 1H), 2.33 {(m, 1H), 2.15 (m, 2H), 1.64-1.84
{uy, ZH), 1.17-1.43 (o, &RHD), 0.80-0.96 (m, OH). LOCMS (ESI, o) 52R [M+H[

EXAMPLE 78
Compound 78

[0586] Compound 78 was prepared similarly as described for Compound 72 using
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(R}-3,3,3-trifluoro-2-methoxy-2-methylpropancic acid in place of 2.2-difluorcacetic acid.
"H NMR (400 MHz, 363K, DMSO-de) 8 8.56-8.74 (m, 1H), 7.30-7.46 {m, 1H), 6.94-7.20
{m, 1H}, 5.87-6.22 (m, 2H}, 4.75-498 (m, 1H), 4.44 (m, 1H), 3.897-4.13 {m, 1H), 3.62 {m,
tH), 3.36-3.54 (m, 1H), 3.29-3.33 (m, 3H), 3.02-3.25 (m, 3H), 2.87-2.97 (m, 2H), 2.75 {(m,
tH), 232 (m, THY, 2,05 (m, 2H), 1.62-1.93 (m, 2H), 1.33-1.58 (m, 5H), 0.78-0.93 {m, 9H).
LCMS {(ESE m/z): 5380 [M-HJ.

EXAMPLE 79
Compound 79

H\" &
{0587] Cormpound 79 was prepared simntlarly as described for Compound 72 using

{53-3,3,3-trifluoro-2-methoxy-2-methylpropancic acid in place of 2,2-difluoroacetic acid.
"H NMR (500 MHz, 362K, DMSO-ds) & 8.64 (br. 5., 1H), 7.36 (s, 1H), 6.95-7.21 (m, 1H),
5.84-6.22 {m, 2H), 4.55-4.93 (m, 1H), 446 (m, 1H), 4.01-4.13 (m, 1H), 3.62 (m, 1), 3.47
{m, 1H}, 3.37-3.44 (m, 3H), 3.05-3.21 (m, 3H), 2.87-2.94 (m, 2H)}, 2.73 (m, 1H), 2.34 (m,
18, 2.14 (m, 2D, 1.65-1.87 (m, 2H), 1.50-1.57 (m, 3H), 1.37 {m, 2H), 4.83-0.95 {m, 9H).
LOCMS (ESE m/z): 580 [M-HT.

EXAMPLE &0
Compound 80

{0588} Compound 80 was prepared similarly as described for Compound 3 using
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O-methyl-L-threonine in place of (2S,3R)-2-amino-3-{tert-butoxy)butanoic acid. 'H NMR
(500 MHz, 362K, DMSO-de) § 8.98-9.26 (br. s., 1H), 844-8.70 {m, 1H), 7.27-749 {m, 1H},
5.92-6.22 (m, 2H), 4.75-4.95 (m, 1H), 4.20-4.46 {(m, 1H), 3.80-4.02 (m, 1H), 3.54-3.74 {(m,
2H), 3.33-3.52 (m, 1H), 3.15-3.30 (m, 3H), 3.04-3.14 (m, 3H), 2.88-2.97 {(m, 2H}, 2.74 {(m,
1H), 2.34 (1o, 1H), 2.14 (m, 2H), 1.62-1.89 (m, 2H), 1.30-1.43 (m, 2H), 6.94-1.12 (m, 3H).
LCMS {(ESE m/z): 524 [M-HJ.

EXAMPLE 81
Compound 81

{0589] Compound 81 was prepared similarly as described for Compound 72 using
3.3, 3-trifluoropropanoic acid in place of 2,2-difluoroacetic acid. 'H NMR (400 MHz, 363K,
DMSG-ds) 8.60-8.74 (m, 1H), 7.80-8.10 (v, 1H), 7.34-7.46 (m, 1H), 5.93-6.18 (m, 2H),
4.67-4.94 (m, 1D, 4.15-4.48 (my, 1H), 3.97-4.11 {m, 1H), 3.64 (u, 1H), 3.49 (m, 1H), 3.34
{m, ZH), 3.05-3.23 {m, 3H), 2.87-2.96 {m, 2, 2.72 (m, 1H), 2.37 (m, 1H), 2.14 {(m, 2H),
1.64-1.89 (m, 2H), 1.35-1.45 (m, 2H), 0.83-0.97 (m, 9H). LOMS (ESE, w/z): 538 [M+H]".

EXAMPLE 82
Compound 82

a Bog O Bog 3
O K & \;j\ E\\i \Ei\
Boc O “ - gj“ o g \fH OH
ho cl H;_._:__Oég%?m LOH THE H:0  hi)—Xe o
<\‘J © e, c;«\\\i? 50 °C, 2h CEHYL
toluene, 110 °C == =N
overnight of ¢ el Ci
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Boc O Boc O
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[6594] A wixture of 1,2,3 4-tetrachlore-3,5-dimethoxyceyclopenta-1,3-diene (17.4
g, 60.0 mmol, 1.5 eq.) and i-tert-butyl Z-methyl (25)-2,5-dihydropyrrole-1,2-dicarboxylate

(10.0 ¢, 44.0 mmol, 1.0 eq.) in toluene (10 mkb) was stirred overnight at 110 °C under

31t
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nitrogen and then concentrated under reduced pressure. The residue was chromatographed
on a silica gel column with EACPE (17:100) to provide the crude product. The crude product
was purified by CI8 column with CH3CN/Water (0.05% TFA). The desired fraction was
concentrated under reduced pressure to provide 4-tert-butyl 3-methyl (15,28,35,6R,7R)-
1,7,8,9-tetrachloro-10, 10-dimethoxy-4-azatricyclo5.2.1.0%{2,6} ldec-B-ene-3,4-
dicarboxylate (7.5 g, 31%) as a yellow solid. 'H NMR (400 MHz, DMSO-ds) § 4.02-4.23
(m, 1H), 3.65-3.77 (m, 3H), 3.51-3.58 {m, 3H), 3.45-3.4% (m, 3H), 3.31-3.44 (m, 4H), 1.23-
L47 (m, 9H). LC-MS (ESL m/z): 392 [M-Boc+HT

(65911 To a stirred solution of 4-tert-butyl 3-methyl (15,25,35,6R,7R)-1,7,8.9-
tetrachloro-10,10-dimethoxy-4-azatricyclo[5.2. .04 2,6 } {dec-R-ene-3 4-dicarboxylate  {7.30
g, 15.2 mumol, 1.0 eq.) o THF (40 mi)/water (40 rol.) was added Lithiom hydroxide (1.46 g,
61.0 mmol, 4.0 eq.). The mixture was stirred for 2 h at 50 °C and then concentrated under
reduced pressure to removed tetrahydroturan. The muxture was adjusted to pH=6 with
hydrochloric acid (2M) and extracted with BtOAc (3 x 100 rol). The organic layers were
combined, washed with brine (2 x 100 mL)}, dried over anhydrous sodium sulfate, filtered
and  concentrated  under reduced pressure to  afford  (15,25,35,6R,7R)-4-{tert-
butoxycarbonyly-1,7,8,9-tetrachioro-10,10-dimethoxy-4-azatricyclo] 5.2.1.07{ 2,6 } Jdec-8-ene-
3-carboxylic acid (6.3 g, 86%, crude) as an off-white solid. 'H NMR (400 MHz, DMSO-ds)
8 3.99-4.08 (m, 1H), 3.50-3.58 (m, 3H), 3.43-3.47 (m, 3H), 3.22-3.42 (m, 4H), 1.25-1.48 (m,
OH). LC-MS (ESL m/z): 378 [M-Boc+H]|".

[68592] To a stirred solution of sodium (6 x 1.68 g, 438 mmol, 35.0 eq.) in liquid
NH: (6 x 34 mL) was added (15,258,35,6R,7R)-4-(tert-butoxycarbonyl}-1,7,8,9-tetrachloro-
16,10-dimethoxy-4-azatricyclof5.2.1.07 2,6 | Jdec-&-ene-3-carboxylic acid (6 x 1.00 g, 12.5
mmol, 1.0 eq.) in BtOH/ether (6 x16 ml, 1:1 ratio) dropwise under nitrogen at -40 °C for 20
min. The mixture was stirred for 20 min at ~40 °C and then NHiCl(s) (6 x 2g) was added.
The mixture was warmed to 1t in 2 h and then diluted with water (6 x 530 mL). The mixture
was extracted with EtOAc (300 mbl). The agueous phase was adjusted to pH=6 with
hydrochloric acid (2M). The mixture was extracted with EtOAc (3 x 300 mb.). The organic
layers were combined, washed with brine (2 x 200 ml), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure o afford (1R,2R,38,68,78)-4-(tert-

butoxycarhony-10,10-dimethoxy-4-azatricyclo[5.2. 1.0 2,6 } Jdec-8-ene-3-carboxyhc  acid
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(3.4 g, crude) as a brown oil. LC-MS (ES], m/z): 240 [M-Boc+H["

[68593] To a stirred mixture of (1R,2R,35,65,78)-4-{tert-butoxycarbony)-18,10-
dimethoxy-4-azatricyclo{5.2.1.07{ 2,6} dec-8-ene-3-carboxylic acid (3.40 g, 180.0 mmol, 1.0
eq.) and potassium carbonate (2.22 g, 16.0 mmol, 1.6 eq.} in DMF (30 mL} was added
iodomethane (1.49 g, 10.5 mmol, 1.05 eq.}. The mixture was stirred for 1 h at rt. The
reaction was guenched with water (100 mbL). The mixture was extracted with EtOAc (3 x
100 mL). The organic layers were combined, washed with brine (2 x 100 mbL), dried over
avhydrous sodium sulfate, filiered and concentrated under reduced pressure to afford the
crude product. The crude product was chromatographed on a silica gel column with EATPE
(31:100) to vprovide 4d-tert-botyl  3-methyl  (IR,2R,35,65,75)-10, 1 §-dimethoxy-4-
azatricycio]5.2.1.00 2,6} Jdec-§-ene-3 4-dicarboxylate (1.62 g, 41%) as a vellow oil. 'H
NMR (400 MHz, DMSO-dg) & 6.07-6.23 (m, 2H), 3.70-3.86 (m, 1H), 3.60-3.69 (m, 3H),
3.26-3.33 (m, 1H), 3.08-3.12 (m, 3H), 3.01-3.07 (m, 2ZH), 2.97-3.00 (m, 3H), 2.78-2.96 (o,
3H), 1.23-1.44 (m, 9H). LC-MS (ES] nv/z): 254 [M-Boc+H]".

{85941 To a stirred mixture of 4d-tert-butyl 3-methyl (1R,2R,38,65,75)-18,10-
dimethoxy-4-azatricyclo{3.2. 1.0 2,6 } Jdec-B-ene-3 4-dicarboxylate {1.62 g, 4.58 mmol, 1.0
eq.) in dioxage {3 ml) was added hydrogen chloride (20 wl., 4M in dioxane). The mixture
was stirred for overnight at 80 °C and then concentrated under reduced pressure to afford
methyl (1R,2R,35,65,75)-10-ox0-4-azatricyclo}5.2.1.04{2,6} Jdec-B-ene-3-carboxylate (949
mg, crude) as an off-white solid. LC-MS (ES], m/z): 208 [M+H]".

[6595] To a stimed wmixture of methyl {(1R2R35,68,753-10-0x0-4-
azatricyclo{5.2.1.0M 2,6} Jdec-8-ene-3-carboxylate (949 mg, 4.57 mmol, 1.0 eq.) in DCM (16
mb} was added triethylamine (1.39 g, 13.7 mmol, 3.0 eq.) and di-tert-butyl dicarbonate (1.30
2, 5.95 mmol, 1.3 eq.). The mixture was stirred for | h at rt. The reaction was quenched
with water (530 mL). The mixture was extracted with DCM (3 x 50 mL). The organic layers
were combined, washed with brine (2 x 50 ml), dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure to afford the crude product. The crude
product was chromatographed on a silica gel coluran with EACPE (29:100) to provide 4-tert-
butyl 3-methyl (1R,2R,38,658,78)-10-0x0-4-azatricyclo[5.2.1.0M 2,6 } {dec-8-ene-3,4-
dicarboxylate (200 mg, 56%) as an off-white solid. 'H NMR (400 MHz, DMSO-de) § 6.46-
671 (m, 2H), 3.80-4.00 (m, 1H), 3.57-3.73 (m, 3H}, 3.38-3.48 (m, 1H), 2.95-3.27 (m, SH),

42
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1.11-1.49 (m, 9H). LC-MS (ESL mv/z): 208 [M-Boc+H}.

[8596] A mxture of 2-(tert-butyl) l-methyl (15,3a5,45,7R,7aR)-8-oxo-
1,3,3a,4,7,7a-hexahydro-2H-4,7-methanoisoindole-1,2-dicarboxylate (500 mg, 1.63 mmol,
1.0 eq.) in diethylaminosulfur trifluoride (10 mL) was stirred for overnight at 45 °C. The
mixture was diluted with dichloromethane (30 mbL). The reaction was quenched with sat.
sodium bicarbonate {50 mbL) at 0 °C. The mixture was exiracted with dichloromethane (3 x
80 mL). The organic layers were combined, washed with brine (2 x 30 ml), dried over
avhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography with PE:EA (7:3) to afford 2-(tert-butyl) 1-
roethyl (18,3a5,45,7R,7aR)-8,8-difluoro-1,3,3a,4,7, Ta-hexahydro-2H-4,7-methanoisoindole-
I,2-dicarboxylate {350 mg, 65%) as a yellow ol LC-MS (ESI, mv/7): 230 [M-Boc+H]".

(685971 To a stirred mixture of 2-(tert-butyl) {-methyl (15,3a8,45,7R,7aR)-8,8-
difhioro-1,3,3a,4,7 7Ta-hexahydro-2H-4, T-moethanoisoindole-1, 2-dicarboxylate (330 mg, 1.06
romol, 1.0 eq.) in dichloromethane (4 b)) was added trifluoroacetic acid (1.3 mL) at t. The
mixture was stivred for 2 h at 1t and then concentrated under reduced pressure to provide
methyl (15,3a5,45,7R,7aR)}-8,8-difleore-2,3,3a,4,7, 7a-hexahydro- 1 H-4,7-methanoisoindole-
t-carboxylate (243 mg, crude) as a yvellow oil. LO-MS (ESY, m/2): 230 [M+H]™.

{68598} To a mixture of (25)-2-{{(tert-butoxycarbonvhamino]-3,3-
dimethyibutanoic acid (246 mg, 1.06 mmol, 1.0 eq.) in N, N-dimethylformamide (3mL} were
added o-(7-azabenzotriazol-1-yv1)-N,N, N N'-tetramethyluronium hexafluorophosphate {485
mg, 1.28 mmol, 1.2 eq.) and N-ethyl-N-isopropylpropan-2-amine (825 mg, 6.38 munol, 6.0
eq.y at § °C. The mixture was stirred for 20 min at § °C, and then methyl
{15,3a5,45,7R,7aR)-&, 8-difluore-2,3,3a,4,7, 7a-hexahydro-1H-4,7-methancisoindole- 1 -
carboxylate (243 mg, 1.06 mimol, 1.0 eg.) was added at 0 °C, The mixture was stirred for 2 h
at rt. The mixture was purified by CI8 column with CHaCN/Water (0.05% TFA). The
desired fraction was concentrated under reduced pressure to  provide methyl
{15,3a5,45 TR, 7aR)-2-((8)-2-((tert-butoxycarbonyhamine)-3,3-dimethylbutanoyl}-§.8-
difluoro-2,3,3a,4,7, 7a-hexahydro- 1 H-4,7-roethanoisoindole-1-carboxylate (300 mg, 63%) as
a yellow solid. 'H NMR (400 MHz, DMSO-ds) § 6.58-6.72 (m, 1H), 6.02-6.35 (u, 2H),
4.19-4.31 (m, 1H), 4.05-4.13 (m, 1H), 3.70-3.87 (u, 1H), 3.61-3.69 (m, 3H), 3.43-3.59 {m,
tH), 3.19-3.36 (m, 2H), 2.93-3.16 (m, 2H), 1.30-1.49 (m, 9H), 0.77-1.00 (m, OH). LC-MS
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(ESY, m/7): 443 [M+H]".

{85991 To a stivred methyl {185,335,48,7R,7aR)-2-{({8-2-{{tert-
butoxycarbonylamine)-3,3-dimethyibutanoyl)-8,8-difluoro-2,3,3a,4,7, 7a-hexahydro-1H-4,7 -
methanoiscindole-1-carboxylate (300 mg, 0.680 mmol, 1.0 eq.) in tetrahydrofuran (3 ml)
and water (3 mbL) was added lithiurmn hydroxide (81.2 mg, 3.39 mumol, 5.0 eq.) at rt. The
mixture was stirred for 2 h at rt. The mixture was acidified to pH=3 with hydrochloric acid
(2M) and then extracted with ethyl acetate (3 x 30 mL). The organic layers were combined,
washed with brine (2 x 20 wl.}, dried over anhydrous sodiam sulfate and concentrated under
reduced pressure to afford (18,3a8,45,7R,7aR)-2-((5)-2-({tert-butoxycarbonybamino)-3,3-
dimethylbutanoy-8,8-difluore-2,3,3a,4,7 7a-hexahydro- 1 H-4,7-mosthanoisoindole- 1 -
carboxylic acid (263 mg, crude) as an orange solid. 'H NMR (400 MHz, DMSO-de) 8 12.51-
13.00 (m, 1H), 6.43-6.78 (m, 1H), 5.93-6.33 (m, 2H), 4.16-4.19 (m, 1H), 3.65-3.89 (m, 1H),
3.48-3.60 (m, TH), 3.15-3.44 (m, 3H), 2.90-3.13 (o, 2H), 1.22-1.60 (m, 9H), 0.61-1.04 {m,
9H). LC-MS (ESL m/z) 429 [M+HJ.

[864048] To a  stirred wixtuwre of  (15,335,45,7R,7aR)-2-({5)-2-({tert-
butoxycarbonyDamino)-3,3-dimethyibutanoy!)-8,8-difluore-2,3,3a,4,7, 7a-hexahydro- 1 H-4,7 -
methanoisoindole-1-carboxylic acid (263 myg, 0.618 mmol, 1.0 eq.) in dichloromethane (3
il was added trifluoroacetic acid (1 ml) at rt. The mixture was stured for 2 h at 1t and
then concentrated under reduced pressure to afford (15,3a8,45,7R,7aR)-2-((8)-2-amino-3,3-
dimethyibutanoyl}-8,8-difluoro-2,3,3a,4,7,7a-hexahydro-1 H-4,7-methanoisoindole- 1 -
carboxylic acid (203 mg, crude) as a vellow oil. LOC-MS (ESY m/2): 329{M+H]".

(66011 To a stirved mixture of  {15,3a5,45,7R,7aR}-2-{{8)-2-amino-3,3-
dimethylbutanoyh)-8, 8-difluore-2,3,32,4,7 7a-hexahydro- 1 H-4,7-methanciscindole- 1 -
carboxylic acid (203 mg, 0.618 mmol, 1.0 eq.) and trimethylamine (750 mg, 7.41 mmol, 12
eq.) in MeOH (2 mL) was added ethyl 2,2,2-trifluorocacetate (878 mg, .18 mmol, 10 eq.).
The mixture was stitred for 2 days at 1t and then acidified to pH=4 with hydrochloric acid
{(ZM). The mixture was extracted with ethyl acetate (3 x 50mL}. The organic layers were
combined, washed with brine (2 x 20 mbL) and dried over anhydrous sodium sulfate. The
combined organic layers were concentrated under reduced pressure to  afford
{15,3a5,458,7TR [ 7aR}-2-((5)-3,3-dimethyl-2-(2,2 2-trifluorcacetamidoYbutanovD-8,8-difluoro-

2,3,3a.4,7 Ta-hexahydro-1H-4,7-roethanoisoindole-1-carboxylic acid (250 mg, crude) as a

4
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light vellow oil. LC-MS (ESL, m/z): 425 [M+HT"

(86021 To a mixture of (18,3a5,45,7R,7aR)-2-{{5)-3,3-dimethy]-2-(2,2,2-
trifluorcacetamidolbutanoyiy-8,8-difluore-2,3,3a,4.7, 7a-hexahydro-1H-4,7 -
methanoisoindole-1-carboxylic acid (250 mg, 0.5%0 mmol, 1.0 eg) i NN-
dimethyvliformamide (2 mb} were added o-(7-azabenzotriazol-1-vH-N NN N'-
tetramethyluronium hexafluorophosphate (269 mg, 0.708 mmol, 1.2 eq) and N-ethyl-N-
isopropylpropan-2-amine (457 mg, 3.54 mmol, 6.0 eq.) at 0 °C. The mixture was stirred for
20 mwin at O °C, and then (28)-2-aroino-3-{{35)-2-oxopyrrolidin-3-yljpropanarnide (101 mg,
(.590 mumol, 1.0 eq.) was added at 0 °C. The mixture was stirred for 2 h at vt and then
purified by CI8 columnn with CHzCN/Water (0.05% TFA). The desired fraction was
concentrated under reduced pressure to provide (15,3a85,48,7R,7aR)-N-((8)-1-amino-1-0x0-
3-{(5)-2-oxopyrrolidin-3-yDpropan-2-y1)-2-((5)-3,3-dimethyl-2-(2,2,2-
trifluoroacetamidobutanoyD-8 §-difluoro-2,3,3a,4,7, 7a-hexahydro-1H-4,7-
roethanoisoindole-1-carboxamide (170 myg, 50%) as a yvellow solid. LO-MS (ES], m/z): 578
[M+H]

(86631 To a mixture of (15,328,458, 7R, 7aR)»-N-{(8)-I-amino-1-0x0-3-((§)-2-
oxopyrrotidin-3-yhpropan-2-yH-2-((S)-3,3-dimethyl-2-(2,2 2-tritfluoroacetamido ybutanoyl)-
8,8-difluoro-2,3,3a,4,7,7a-hexahydro-1H-4,7-methanoisoindole-1-carboxamide (170 mg,
(1.294 mmol, 1.0 eq.} in dichloromethane (2 mL) were added pyridine (92.4 mg, 1.17 mmol,
4.0 eq.) and trifluorcacetic anhydride (892.6 mg, 0.441 mmol, 1.5 eq.). The mixture was
stirred for 2 h at rt. The reaction was quenched with water (20 mL). The mixture was
extracted with ethyl acetate (3 x 50 mL). The organic layers were combined, washed with
brine {2 x 20 mL), dried over anhydrous sodium suifate, filtered and concentrated under
reduced pressure to afford the crude product. The crude product was purified by prep-HPLC
{Column: XBridge Prep OBD C18 Column, 30%150 mm, Sum; Mobile Phase A: Water
{0.1%EA), Mobile Phase B: ACN; Flow rate: 60 mi/min; Gradient: 30% B 10 60% B in 7
min, 60% B; Wave Length: 254 nmn; RTL (min): 6) to provide (15,3a8,45, 7R, 7aR)}-N-({S)-1-
cyano-2-((8)-2-oxopyrrolidin-3-yhethyh-2-((8)-3,3-dimethyl-2-(2,2,2-
trifluoroacetamidobutanoyh)-§,8-difluoro-2,3,3a,4,7, Ta-hexahydro- 1 H-4,7-
methanoisoindole-L-carboxamide (49.1 mg, 28%) as a white solid. H NMR (400 MHz, 80
C, DMSBO-ds) 6R.30-9.20 (m, 2H), 7.30-7.70 (m, 1H), 6.00-6.40 (m, 2H), 4.60-5.05 (m,
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1H), 4.30-4.55 (m, 1H), 4£10-428 (m, 1H), 3.65-3.90 (m, 1H), 3.40-3.65 (m, 1H), 3.25-
340 (m, 1H), 3.05-3.20 (m, 4H), 2.80-2.55 (m, 1H), 2.25-2.45 (m, 1H), 2.05-2.25 (m, 2H),
1.60-2.00 (m, 2H), 0.80-1.10 (m, 9H). LC-MS (ESI, m/2): 560 [M+HJ".

EXAMPLE 83
Compounds 83, 83a and 83b

HoN
1}” £ HCI, MeOH
o T rt, 2days
- N 4CZIPA, BuNTM,
: MeCN, LED
25 °C, 3days
O},NH
Bot, O, EtsN, DOM g _ NH, MeOH
rt, Z2h Boc. o 80 °C, overnight
ﬁ N\
O
F
Fa—F

F F o
W}: _TFA, DCM _ DCM )O< e

F HN o
- 8
pyridine, TFAA, DOM N N N
it, 1h ,L‘\\H H N
HH-I
= g3

(86041 To a mixture af I-tert-butyl S-methyl {(25)-2-{{tert-

butoxycarbonylamino]-4-methylidenepentanedioate (100 g, 3.03 mmol, 1.0 eq.), 24.5,6-

317
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Tetra-9H-carbazol-9-yi-1,3-benzenedicarbonitrile (24.0 mg, 0.030 mmol, 0.01 eq) and
tetrabutylammonium azide (86.0 mg, 0.303 mmol, 0.1 eq.) in acetonitrile (20 mL} was added
3.3-difluorocyclobutan-1-amine (325 mg, 3.03 mumol, 1.0 eq.) under nitrogen. The mixture
was stirred for 3 days at 25 °C under nitrogen with a 450 nm LED lamp. The mixture was
concentrated under reduced pressure to afford the crude product. The crude product was
chromatographed on a silica gel column with MeOH:DCM (3:97) to provide tert-butyl (25)-
2-{(tert-butoxycarbonybamino]-3-{2,2-difluoro-6-oxo-5-azaspiro} 3.4 Joctan-7 -yl | propancate
(830 mg, 60%) as a brown solid. 'H NMR (400 MHz, DMS50-de) 5 8.13-8.23 (m, 1H), 7.17-
7.31 (m, 1H), 3.76-4.089 (m, 1H), 2.82-3.01 (m, 1H), 2.52-2.81 (m, 3H), 2.31-2.45 (m, 2H),
1.94-2.08 (m, 1H), 1L.RO-1.93 (m, 1H), 1.48-1.60 (m, tH), 1.29-1.47 (m, 18H). LC-MS (ES],
m/z) 405 [M+H].

{86051 A mixture of tert-butyl  (25)-2-[(tert-butoxyearbonyhamino ]-3-{2,2-
difluoro-6-0x0-5-azaspiro[ 3 4Joctan-7-ylipropanocate (800 wmg, 1.98 muwnol, 1.0 eq) in
hydrochioric acid (106 mi, 9 MY methanol {10 ml.) was stirred for 2 days at rt. The mixture
was concentrated under reduced pressure to afford methyl (28)-2-amino-3-{2,2-difluoro-6-
oxo-5-azaspirof3.4joctan-7-vl propanoate hydrochloride (590 mg, crude) as a brown solid.
LC-MS (ESI m/z): 263 iM+HJ.

[6686] To a wmixture of methyl (28)-2-amino-3-{2,2-difleoro-6-ox0-5-
azaspiro{3.4joctan-7-vl} propanocate hydrochloride (390 mg, 1.98 mmol, 1.0 eq.) in BCM (10
mb.) were added wriethylamine (600 mg, 5.92 mmol, 3.0 eq.) and di-tert-butyl dicarbonate
(317 mg, 2.37 mmol, 1.2 eq.}. The mixture was stirred for 2 h at st. The reaction was
guenched with water (30 mi). The mixture was extracted with DCM (3 x 30 mL). The
organic lavers were combined, washed with brine (2 x 20 mL), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure to provide methyl (25)-2-{(tert-
butoxycarbonyamino}-3-{2,2-difluoro-6-0xo-5-azaspiro{3.4joctan-7-ylipropanoate (720
mg, crude) as a brown oil, H NMR (400 MHz, DMSO-ds) § 8.23 (5, 1H), 7.23-7.45 (m,
1H), 4.00-4.31 (m, 1H), 3.55-3.69 (m, 3H), 2.59-3.05 (m, 4H), 2.27-2.47 (m, 2H), 1.94-2.17
(m, 1H), L77-1.80 (o, 1H), 1.52-1.62 (m, 1H), 1.32-1.40 (m, 9H). LC-MS (ESI, m/):
363[M+H.

{8647] A maxtare of methyl (25)-2-[(tert-butoxyearbonyDamino}-3-{2,2-difluoro-

f-0x0-5-azaspirof3.4Joctan-7-vi}propanoate (720 mg, 1.99 myool, 1.0 eq.) in anunonia (10
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mb, 7 M in MeOH) was stirred overnight at 80 °C. The mixture was concentrated under
reduced pressure to afford the crude product. The crude product was chromatographed on a
silica gel column with MeOH:DCM (1:9) to provide tert-butyl N-[(15)-1-carbamoyl-2-{2,2-
difluoro-6-0x0-5-azaspiro{3.4joctan-7-yl jethyljcarbamate (260 mg, 35%) as a light yellow
solid. LC-MS (ESL mi/z): 348 [M+H]J".

{86081 To a solution of tert-butyl N-{{(158}-1-carbamoyl-2-{2,2-difluoro-6-0x0-5-
azaspiro}3.4joctan-7-yl jethyljcarbamate (230 mg, 0.662 mmol, 1.0 eq.} in DCM (10 mb)
was added trifluorcacetic acid (3 ml). The mixture was stirred for 1 h at 11 and then
concentrated under reduced pressure to afford (25)-2-amino-3-{22-difluoro-6-0x0-5-
azaspirof3.4joctan-7-yl fpropanamide (164 mg, crude) as a brown o1, LO-MS (ESI, m/2):
248 [M+H}".

[6509] To a wmixture of  (R25,38,6R,75)-4-[(25)-3,3-dimethyl-2-(2,2,2-
trifluoroacetamidolbutanovlj-4-azatricyclo]5.2. 1.00 2,6 } jdec-8-ene-3-carboxviic acid (258
g, 0.663 mmol, 1.0 eq) and o-(T-azahenzotriazol-1-y1-N,N,N' N'-tetramethyloronium
hexaftuorophosphate (303 mg, 0.796 mmol, 1.2 eq.) in DMF (§ ml) was added N-ethyl-N-
isopropylpropan-2Z-amine (514 mg, 3.98 mmol, 6.0 eq.) at 0 °C. After stirred for 15 min at O
°C, (28)-2-amino-3-{2,2-diflaoro-6-ox0-5-azaspiro] 3.4Joctan-7-yl propanamide {164 mg,
.663 mmol, 1.0 eq.) was added. The mixture was stirred for 1 h at rt. The mixture was
purified by CI8 colomn with CH:CN/Water (0.05% FA). The desired fraction was
concentrated under reduced pressure to  provide (25)-3-{2,2-difluore-6-0x0-5-
azaspirof3.4joctan-7-y1}-2-{{1(1R,28,358,6R,78)-4-[(25)-3,3-dimethyi-2-(2,2,2-
trifluorcacetamido)butanoyij-4-azatricyclof5.2.1.07 2,6} jdec-8-en-3-
vljformamido propanamide (350 mg, 82%) as an off-white solid. LC-MS (ESI, m/2): 618
IM+H]

(8610} To a mixture of (25)-3-{2,2-difluoro-6-ox0-5-azaspire[3.4foctan-7-yi}-2-
{I(IR,28,35,6R,785)-4-[{28)-3 3-dimethyl-2-(2,2, 2-trifluornacetamido jbhutanoyl}-4-
azatricyclo{5.2.1.0M 2,6 } {dec-8-en-3-yl{formamido } propanamide (350 mg, 0.567 mmol, 1.0
eq.) in DCM (5 ml.) were added pynidine (157 mg, 1.98 muool, 3.5 eq.) and trifluoroacetic
ashydride (178 mg, 0.850 mmol, 1.5 eq.). The mixture was stivred for | h at vt. The reaction
was quenched with water (20 mlL). The mixture was extracted with DCM (3 x 20 mL). The

organic layers were combined, washed with brine (2 x 20 ml), dried over anhydrous sodium
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sulfate, filtered and concentrated under reduced pressure to afford the crude product. The
crude product was purified by prep-HPLC (Column: XSelect CSH Prep C18 OBD Column,
19 x 250 mum, 5 puni; Mohile Phase A: Water {0.1%FA), Mobile Phase B: ACN; Flow rate: 25
mb/min; Gradient: 46% B to 70% B in 7 min, 70% B; Wave Length: 254 nm; RT: 6.45 min)
to provide (1R,25,35,6R,75)-N-{(15)-1-cyano-2-{2,2-difluoro-6-oxo-S-azaspirof 3 4joctan-7-
vitethyl}-4-{(253-3,3-dimethyl-2-(2,2,2-trifluorcacetamidoybutanovl}-4-
azatricyclo{5.2.1.0" 2,6 } idec-8-ene-3-carboxamide (129.9 mg, 38%) as a white solid. "
NMR (400 MHz, 88 °C, DMSO-ds) 6 8.75-9.00 (m, 1H), 8.35-8.74 (m, 1H), 7.95-8.23 (m,
tH), 5.84-6.26 (m, 2H), 4.82-5.00 (m, 1H), 440-4.68 (m, 1H), 3.95-4.22 (m, 1H), 3.55-3.75
(m, TED, 3.32-3.53 G, TH), 3.05-3.28 (m, TH), 2.75-2.98 {(m, 3H), 2.48-2.74 (m, 3H), 2.08-
2.46 (m, 2H), 1.86-2.02 (m, 1H), 1.68-1.85 (m, 1H), 1.30-1.30 (m, ZH), 0.80-1.05 (m, SH).
LC-MS (ESL m/z): 600 [IM+H]™

O

O .
TS T30
prep-SFC L Fo. d F
Boc., - NHS
o)

Boc. NH.
Lo
=] i

)

H

{8611} Tert-butyl N-{(1S)-1-carbamoyl-2-{2 2-difluoro-6-oxo-5-
azaspirof3.4joctan-7-yltethylfcarbamate (650 mg, 187 mmol, 1.0 eq.) was separated by
prep-SFC-HPLC column {(Colwmn: Lux Sum Celluloes-3, 5 x 25 om, 5 wm; Mobile Phase A;
COn, Mobile Phase B: MeOH (0.1% 2M NHz:-MeOH);, Flow rate: 100 ml./min; Gradient
socratic 20% B; Columnn Temperature(°C): 35; Back Pressurethar): 100; Wave Length: 220
nm, RTH (muny: 3.3; RT2{min); 6.07;, Sample Solvent: MeOH ((0.1% 2ZM NHs-MeOH);
Injection Vohiue: 2 mL;) to offered the 1™ peak (isomer 1, (tert-butyl N-[{15)-1-carbamoyl-
2-{(7%85)-2,2-difluoro-6-0x0-5-azaspire 3.4Joctan-7-yljethyljcarbamate (270 mg, 41%),
de>999% ) as a white solid. "H NMR (400 MHz, DMSO-de) § 8.16 (s, 1H), 7.25-7.40 (m, 1H),
703 (s, 1H), 6.82-6.93 (m, 1H), 3.84-4.04 (m, 1H), 2.82-3.02 (m, 1H), 2.58-2.80 (m, 3H),
2.31-2.48 (m, 2H), 2.01-2.12 (m, 1H), 1.80-1.94 (m, 1H), 1.32-1.51 {m, I0H). LC-MS (ES],
m/z) 348 [M+HT, and 2™ peak (isomer 2 (tert-butyl N-{{18)-1-carbamoyl-2-[{7*R)-2,2-
difluoro-6-0x0-5-azaspiro|{3.4joctan-7-yljethylfcarbamate (100 mg, 14%), de>98%) as an
off-white solid. "H NMR (400 MHz, DMSO-ds) § 8.18 (s, 1H), 7.14-7.38 (m, 1H), 6.97-7.12
{rm, 1H}, 6.86-6.95 {(m, 1H), 3.86-3.97 (m, 1H}, 2.83-3.02 (m, 1H), 2.62-2.78 (m, 3H), 2.2%-
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244 (m, 2H), 1.83-1.96 (m, ZH), 1.45-1.538 {m, 1H), 1.39 (s, 9H). LC-MS (ESL m/zy: 348
IMAH+H]T. Isomer | was converted into compound 83a (LC-MS (ESL, mez): 600 [M+H]". ) and
isomer 2 was converted into compound &3b (LC-MS (ESL m/7): 600 [M+HI), similar as

described for the isomeric mixiure compound 83.

EXAMPLE 84
Compound 84

{0612] Cormpound 84 was prepared simntlarly as described for Compound 42 using
3,3-dimethyl-2-(1H-pyrazol-t-yhbutanoic  acid in place  of  (8)-3,3-dimethyi-2-(4-
{gifluoromethyD-1H-1,2,3-triazol- L-yDbutanoic acid. "H NMR {500 MHz, 363K, DMSO-
dey 6 8.28-8.75 (m, 1H), 7.55-7.79 {m, 1H), 7.24-7.52 (m, 2H), 6.07-6.32 (m, ZH), 5.32-5.85
{m, 1H), 4.60-4.98 {m, 2H), 3.90-4.24 (m, 1H), 3.71 (m, 1H), 3.26-3.43 (m, 1H), 3.01-3.26
{m, 3HD, 2.70-3.00 Gu, 3H), 2.32-2.44 (m, 1H), 2.07-2.30 {m, 2H), 1.64-1.95 (m, 2H), 1.20-
1.46 (m, 2H), 0.86-1.01 (m, 9H). LOMS (ESI, mv/z): 479 [M+H]"

{0613} 3,3-Bimethyl-2-(1 H-pyrazol-1-yDbutanoic acid: To a solution of (R)-2-
amino-3,3-dimethylbutancic acid {10 g, 76.3 mmol, 1.0 eq.) in water (100 mbL) cooled at §°C
were added 47% HBr (55 mbl) and a solution of NalN{O; (6.2 g, 91.5 mmol, 1.2 eq.} in water
{100 mL). The mixture was stirred at rt for 16 h, and then extracted with EA (3 x 50 mL).
The organic phases were combined, washed with brine (50 mL), dried over NaySQ., filtered
and concentrated under reduced pressure. The residue was purified by flash chromatography
on silica gel using a gradient of EA (15 to 50%) in PE to afford (R)-2-bromo-3,3-
dimethyibutanocic acid (6 g, 41%) as an off-white solid.

18614} To a solution of (R}-2-bromo-3,3-dimethylbutancic acid (3.0 g, 1535
mmol, 1.0 2q.) in methanol (30 mb) cooled at 0°C was added conc. HoS8Qy (0.3 mi). The
mixture was reflaxed for 18 h. After cooling to rt, the maxtare was diluted with water (20

ol and extracted with BA (3 x 20 mL). The organic phases were combined, washed with
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water, dried over NapS(y, filtered and concentrated under reduced pressure. The residue was

purified by flash chromatography on silica gel using a gradient of EA (20 to 30%) in PE to

PCT/US2022/036242

afford methyl (R)-2-bromo-3,3-dimethylbutancate (1.4 g, 44%) as a colourless oil.

{8615]

in dioxane (5 mL) were added methyl (R)-2-bromo-3,3-dimethyibutanoate (1.4 g, 7.07 mmol,
1.5 eg) and 15-crown-5 (1.5 g, 7.07 mmol, 1.5 eg.}. The mixture was irradiated at 100 °C
for 3 h in a microwave oven. After cooling to rt, the mixture was concentrated under reduced
pressure.  The residue was purified by flash chromatography on CI8 using 0.01% TFA 1o

ACN to afford 3,3-dimethyl-2-(1H-pyrarol-1-yhbutanoic acid (70 mg, 9%) as an off-white

sold.

To a solution of potassium salt of pyrazole (0.500 g, 471 mmol, 1.0 eq.}

EXAMPLE 85
Compound 85

RN
HC
NH;
HNT Y 2
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[6616] To a mixture of 4-tert-butyl 3-methyl {15,2R,35,6R,7S,9R-9-hydroxy-4-
azatricyclo{5.2.1.0% 2,6} {decane-3 4-dicarboxylate (200 mg, 0.642 mmol, 1.0 eq.) in
tetrahydrofuran (2 mbL)/water (2 mL) was added lithiumol (76.9 mg, 3.21 mmol, 5.0 eq.).
The mixture was stirred for 1 h at rt and then acidified to pH=4 with hydrochleric acid (1M
in H20). The mixture was extracted with EA (3 x 30 ml). The organic layers were
combined, washed with brine (2 x 20 mL)}, dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to afford (15,2R,35,6R, 75 9R)-4-{tert-butoxycarbonyl}-
9-hydroxy-4-azatricyclof$.2.1.0M 2,6 Hjdecane-3-carboxylic acid) (190 mg, crude) as a white
oil. LC-MS (ESI, m/z): 298 [M+H]"

{86171 A voixture of tert-batyl N-[(1S)-1-carbamoyl-2-[{35)-2-oxopyrrolidin-3-
yllethyljcarbamate (173 rog, 0.638 muool, 1.0 eq.) 1o hydrogen chloride (3 mi., 2 M in ERO)
was stirred for 1 h at vt. The mixture was concentrated under reduced pressure to afford
methyl  (25)-2-amino-3-{(35)-2-oxopyrrolidin-3-yljpropanamide  hydrochloride (131 g,
crude) as a yellow sohid. LC-MS (ESY, m/z): 172 [M-Boc+H]".

(8618} To a mixture of {(18,2R,35,6R,75,9R »-4-{tert-butoxycarbonyl}-3-hydroxy-
4-azatricyclo5.2.1.04{ 2,6} Jdecane-3-carboxylic acid (189 mg, 8.636 mmwol, 1.0 eq.) in N.N-
dimethylformamide (2mi.) were added o-{T-azabenzotriazol-1-y-N, N, N' N'-
tetramethyluronium hexafloorophosphate (290 myg, 0.763 wmol, 1.2 eq.) and N-ethyl-N-
isopropylpropan-2-amine (493 mg, 3.82 mmol, 6.0 eq.) at § °C. The mixture was stirred for
28 min at O °C, and then (28)-2-amino-3-{(38}-2-oxopyrrolidin-3-yljpropanamide
hydrochloride (132 mg, 0.636mmol, 1.0 eq.) was added at § °C. The mixture was stirred for
2 h at rt. The reaction was guenched with water (20 mbL). The mixture was extracted with
EtOAc (3 x 30 mL). The organic layers were combined, washed with brine {2 x 30 mbL},
dried over ashydrous sodium sulfate, filtered and concentrated under reduced pressure o
afford the crude product. The mixture was purified by CI8 column with CH3UN/Water
{0.05% TFA). The desired fraction was concentrated under reduced pressure to provide tert-
butyl (18,2R,38,6R, 78, 9R-3- {1 8)-1-carbamoyi-2-[(38)-2-oxopyrrolidin- 3-
yljethyljcarbamoyl }-9-hydroxy-4-azatricyclof5.2. 1.0 2,6 } Jdecane-4-carboxylate (190 g,
66%) as a light vellow solid. LC-MS (EST, m/7): 451 [M+-H}

{89619] A mixture of tert-butyl (15,2R,35,6R,75,9R)-3-{{{158)-1 -carbamoyl-2-

1(35)-2-oxopyrrolidin-3-yljethyljcarbaroyl }-9-hydroxy-4-azatricyclo{3.2.1.0°{2,6 } Jdecane-
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d-carboxylate {190 mg, 0.422 mmol, 1.0 eq.} in hydrogen chloride (4 mL, 2 M in E() was
stirred for 1 h at rt. The mixture was concentrated under reduced pressure to afford methyl
(25)-2-1H18,2R,35,6R,75,9R }-9-hydroxy-d-azatricyclo{ 5.2.1 .0 2,6} Jdecan-3-

vijformamido }-3-[{35)-2-0xopyrrolidin-3-yljpropanamide hydrochloride (155 mg, crude) as
a vellow solid. LC-MS (ES], m/z): 351 [M+H]"

[8628] To a mixture of (25)-3,3-dimethyl-2-(2,2,2-trifluorcacetamido)butanoic
acid triethylamine (138 mg, 0.400 mmol, 1.0 eq.) in N,N-dimethyiformamide (2mL) were
added o-(7-azabenzotriazol-1-yD-N, N, N N'-tetramethyluroniura  hexafloorophosphate (182
mg, 0.480 mmol, 1.2 eq.) and N-ethyl-N-isopropyipropan-2-amine (309 mg, 2.40 munol, 6.0
eq.y at @ "C.  The ouxture was stired for 20 wmin at 0 °C, and then (28)-2-
{IUIS,2R,35,6R,75,9R -9-hydroxy-4-azatricyclo]5.2. 1L.OMN 2,6 } {decan-3-yl [formamido }-3-
1(35)-2-oxopyrrolidin-3-yljpropanamide hydrochloride (135 mwyg, 0.400 mmol, 1.0 eq.) was
added at 0 °C. The mixture was stitred for 2 h at rt. The reaction was quenched with water
(20 mL). The mixture was extracted with EtOAc (3 x 30 ml.). The organic layers were
combined, washed with brine (2 x 30 mL), dried over anhydrous sodivm sulfate, filtered and
concentrated under reduced pressure to afford the crude product. The mixture was purified
by CI8 column with CHaCN/Water (8.05% TFA). The desired fraction was concentrated
under reduced pressure to provide (2S)-2-{{{18,2R,35,6R,75,9R)-4-{(25)-3,3-dimethy]-2-
(2,2, 2-trifluoroacetamido butanoyl}-8-hyvdroxy-4-azatricyclo} 5.2.1.04{ 2,6 } {decan-3-
yliformamido }-3-{(35)-2-oxopyrrolidin-3-vlipropanamide (60 mg, 27%) as a light yellow
solid. LC-MS (ESE, m/7): 560 [M+H]"

18621} To a mixture of (283-2-{[{15,2R,35,6R,78 9R-4-{(25)-3,3-dimethyl-2-
(2,2, 2-trifluoroacetamido butanoyl}-8-hyvdroxy-4-azatricyclo} 5.2.1.04{ 2,6 } {decan-3-
yliformamido}-3-{(35)-2-oxopyrrolidin-3-ylipropanamide (60 mg, 0.107 mmol, 1.0 eq.) in
DCM (1 mL) were added pyridine (33.9 mg, 0.429 mmol, 4.0 eq.) and wifluoroacetic
anhvdride (33.8 mg, 0.161 mmol, 1.50 eq.). The mixture was stirred for 2 h at rt. The
reaction was guenched with water (5 mbL). The mixture was extracted with EtQOAc (3 x 10
mb). The organic lavers were combined, washed with brive (2 x 10 mol), dried over
avhydrous sodium sulfate, filiered and concentrated under reduced pressure to afford the

crude product. The crude product was purified by prep-HPLC (Column: XBridge Prep

Phenyl OBD Column, 19%250 mun, Spmyg Mobile Phase A: Water (0.1 %FA), Mobile Phase B:
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ACN; Flow rate: 25 mb/min; Gradient: 33% B to 63% B in 7 min, 63% B; Wave Length: 254
pm;  RTD (miny 5} to provide (152R35,6R759R-N-{{18)-1-cyanc-2-[{35)-2-
oxopyrrolidin-3-vijethyl}-4-{{25)-3,3-dimethyi-2-(2, 2,2 -triflucroacetamidoybutanoyii-9-
hydroxy-4-azatricyclof5.2.1.04{ 2,6} [decane-3-carboxamide (4 mg, 10%) as an white solid.
'H NMR (400 MHz, 80°C, DMSQ-de} § 8.80-9.10 (m, 1H), 8.60-8.80 (m, 1H), 7.25-7.50 (m,
1H), 4.70-4.90 (m, 1H), 4.50-4.65 (m, 1H), 4.40-4.50 (m, 1H), 438-4.00 (m, 1H), 3.60-3.80
(m, 1H), 3.50-3.60 {(m, 1H), 3.30-3.50 (m, iH), 3.00-3.28(m, ZH), 2.45-2.65 {(m, 1H), 2.30-
2.40 (m, 1H), 2.20-2.30 {m, 1H), 2.15-2.20 (m, 1H), 1.98-2.15 (m, 3H), 1.58-1.85 (m, 4H),
L5135 (m, 1H), 0.75-1.10 (m, 10H). LC-MS (ESL, m7): 542 [M+HT

EXAMPLE &6
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166221 A mixture of 4-tert-butyl 3-methyl (185,2R,35,6R,75,9R)-9-hydroxy-4-
azatricyclo{5.2.1.0M 2,6} [decane-3,4-dicarboxylate (800 mg, 1.60 wmmol, 1.0 eq) io
diethylaromosulfur rifluoride (10 ml) was stitred for 6 b at 45 °C. The mixture was dihuted
with dichlororethane (80 ml.), and the reaction guenched with sat. sodium bicarbonate (50
mb) at 0 °C. The mixture was extracted with dichlororoethane (3 x 80 mb). The organic
layers were combined, washed with brine {2 x 50 ml), dried over anhydrous sodium sulfate,
filtered and coupcentrated under reduced pressure. The residue was purified by silica gel
column  chromatography  with  PEEA  (7:3) to afford 4-tert-butyl  3-mpethyl
(15,2R,35,6R,75,9R)-9-fluoro-4-azatricyclof5.2.1.0°{ 2,6 } [decane-3,4-dicarboxylate (210
g, 42%) as a yellow oil. LC-MS (ESI, m/z): 258 [M-56+H]".

[6623] To a stirred mixture of 4-tert-butyl 3-methyl (18,2R,35,6R,75,9R)-5-
fluoro-4-azatricycio{5.2.1.0M 2,6} ldecane-3,4-dicarboxylate (210 mg, (.670 mmol, 1.0 eq.}
in dichloromethane (3 mbl) was added trifluoroacetic acid (1 mbL) at rt. The mixture was
stirred for 2 h at 1t and then concentrated under reduced pressure to provide product methyl
(15,2R,35,6R.75,9R )-9-fluoro-4-azatricyclo[5.2.1.04{ 2,6 } {decane-3-carboxylate (1535 mg,
crude) as a yellow oil. LC-MS (ESI, m/7): 213 [M+H]"

(8624} To a mixare of {253-2-{(tert-butoxycarbonyhamino}-3,3-
dimethylbutanoic acid (1535 mg, 0.671 mmol, 1.0 eq.) in N, N-dimethyHormamide (2 ml} was
added o-(7-azabenzotriazol-1-y)-N,N, N N'-tetramethyluronivim  hexafluorophosphate (303
mg, 0.805 mumol, 1.2 eq.) and N-ethyl-N-isopropylpropan-2-amine (520 mg, 4.026 munol, 6.0
eq.y at @ °C.  The wixture was stitved for 20 min at 0 °C, and then wmethyl
(15,2R,35,6R,75,9R)-0-tluoro-4-azatricyclo[5.2.1.0M 2,6 | Jdecane-3-carboxylate (143 g,
3.671 romol, 1.0 eg.) was added at 0 "C. The mixture was stirred for 2 h at 1t and then

purified by a CI8 column with CHaCN/Water (0.05% TFA). The desired fraction was
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concentrated under reduced pressure to provide methyl (18,2R.38,6R,)78,9R)-4-{(283-2-
{{tert-butoxycarbonyliamino}-3,3-dimethylbutanovl]-9-fluoro-4-
azatricyclo{5.2.1.0M 2,6} jdecane-3-carboxylate {190 mg, 66%) as a yellow solid. LC-MS
(ESE, m/z): 427 [M+HT

18625} To a stirred methyl {18,2R,35,6R,75,9R-4-[(25)-2-{(text-
butoxvcarbonyhamino]-3,3-dimethyibutanoyl}-9-fluoro-4-azatricycio[5.2. 1.0 2,6 } idecane-
3-carboxylate (190 mg, 0.445 mmol, 1.0 eq.) in tetrahydrofuran (2 mbl) and water (2 mL)
was added hithivrn hydroxide (53.3 myg, 2.22 mmol, 5.0 eq.) at rt. The maxtare was stirred for
2 h and acidified to pH = 3 with hydrochloric acid (2M). The mixture was extracted with EA
(3 x 50 ml). The organic layers were combined, washed with brine (2 x 20 mL) and dried
over anhydrous sodivm sulfate. The mixtare was concentrated under reduced pressure to
afford (15,2R,35,6R,75,9R)-4-[(25)-2-[{tert-butoxycarbonyhamino]-3,3-dimethytbutanoyl}-
9-fluoro-4-azatricyclo[5.2.1.0% 2,6 } Jdecane-3-carboxylic acid (180 mg, crude) as an orange
solid. LC-MS (BS], m/2): 413 [M+HT™.

[8626] To a  stirred  mixture  of  (15,2R.38,6R,75,95)-4-1(25)-2-[ (tert-
butoxycarbonyDamino}-3,3-dimethyibutanoyl}-9-fhioro-4-azatricyclof 5.2. 1.0M 2,6} idecane-
3-carboxylic acid (160 mg, 0.388 mmol, 1.0 eq.) in dichloromethane (2 mlL) was added
trifluoroacetic acid {0.6 ml) at rt. The mixture was stirred for 2 h at 1t and then concentrated
under reduced pressure to (15,2R,35,6R.78,98)-4-{(25)-2-amino-3,3-dimethyibutanoyi}-9-
fluoro-4-azatricyclo{5.2.1.0M 2,6} j[decane-3-carboxylic acid (121 mg, crude) as a yellow oil.
LC-MS (ESL m/z): 313 IM+HI

166271 To a stirred mixture of (152R,35,6R .75 9R)-4-[{(25)-2-amino-3,3-
dimethyibutanoyl}-9-fluoro-4-azatricyclo[5.2.1.0M 2,6 } Jdecane-3-carboxylic acid (121 mg,
0.387 mumol, 1.0 eq.) and trimethylamine (470 mg, 4.64 mmol, 12.0 eq.} in MeOH (I mbL)
was added ethyl 2,2, 2-trifluoroacetate (550 mg, 3.870 munol, 10.0 eg.). The mixture was
stirred for 2 days at rt. The reaction was guenched with water {10 mL} The mixture was
concentrated under reduced pressure to remove MeOH and then acidified to pH = 4 with
hydrochloric acid (2M). The mixture was extracted with EA (3 x 30 mL). The organic
fayers were corabined, washed with brine (2 x 20 ml) and dried over aphydrous sodium
suifate. The combined organic layers were concentrated under reduced pressure to afford

{15,2R,38,6R,75,9R-4-{(25)-3,3-dirvethyl-2-(2,2,2-tmifluoroacetamidoyhutanoyl - 9-fluoro-4-
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azatricyclo{5.2.1.0M 2,6 } idecane-3-carboxylic acid (160 mg, crude) as a light yvellow oil.
LC-MS (ESL m/z): 409 IM+H]™

18628} To a mixture of (182R,356R,759R}-4-[{25)-3,3-dimethyi-2-(2,2.2-
triffuoroacetamidojbutanoyvij-9-fluoro-4-azatricyclo{5.2. 1.0 2,6} Jdecane-3-carboxylic  acid
(160 mg, 0392 mmol, 1.0 eq.) in N,N-dimethylformamide (2 mbL)} was added o-(7-
azabenzotriazol-1-vH-N,N,N' N -te-tramethviuronium  hexafluorophosphate (178 mg, 0.470
mmol, 1.2 eq.) and N-ethyl-N-isopropyipropan-2-amine (303 mg, 2.35 mumol, 6.0 eq.) at 0
. The mixtare was stired for 20 min at 0 °C, and then (28)-Z-amino-3-[{358)-2-
oxopyrrolidin-3-ylipropanamide (67.0 mg, $.392 mmol, 1.0 eq.) was added at 0 "C. The
roixture was stirred for 2 h at . The mwixture was purified by C18 column with
CHCNfWater (0.05% TFA).  The desired fractions were concentrated under reduced
pressure {0 provide (I8)-2-{[(18,2R,35,6R 75 9R-4-[(25)-3,3-dimethy]-2-(2,2,2-
trifluoroacetamidobutanoyl]-9-fluoro-4-azamricyclol5.2. 1.07M 2,6 Hdecan-3-yl fformamido }-
3-1(35)-2-oxopyrrolidin-3-yljpropanamide (130 g, 39%) as a yellow sohd. LC-MS (ES],
wifzy: 562 [M+HIT.

16629] To a mixtare of (28)-2-{[{18,2R,35,6R,75 9R1-4-{(25)-3,3-dimethyl-2-
(2,2, 2-trifluoroacetamido butanoyl]-9-fluoro-4d-azatricyclol5.2. 1,00 2,6 [decan-3-
yilformamido}-3-[{38)-2-oxopyrrolidin-3-ylipropanamide (130 mg, 0.231 mmol, 1.0 eq.) i
DCM (1 mL) was added pyridine (109 mg, 1.38 mmol, 6.0 eq.) and trifluoroacetic anhydride
(58.0 mg, .508 mmol, 2.2 eq.). The mixture was stirred for 5 h at rt. The reaction was
guenched with water {10 mL). The mixture was extracted with dichloromethane (3 x 50
mb). The organic layers were combined, washed with brine (2 x 20 mL), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford the
crude product. The crude product was purified by prep-HPLC (Column: XSelect CSH Prep
18 OBD Column, 19%130 mim, Sum; Mobile Phase A; Water (0.19%FA), Mobile Phase B
ACN; Flow rate: 25 mbL/min; Gradient: 30% B to 60% B in 7 min, 60% B; Wave Length: 254
nm; RTL (miny  6.12) to provide (1S5.2R,35,6R)759R):-N-{{18)-I-cyvano-2-[(38)-2-
oxopyrrolidin-3-ylethyl}-4-[{25)-3,3-dimethy1-2-(2 2,2 -tmifluoroacetamidoyhutanoyii-9-
fluoro-4-azatricyelo[3.2. 1.0/ 2,6} ldecane-3-carboxamide (30 mg, 39%) as a white solid. 'H
NMR (400 MHz, 80°C, DMSO-ds) 6 8.95-9.25 (m, 1H), 8.55-8.95 (m, 1H), 7.30-7.60 (v,
tH), 4.80-3.05 (m, 1H}, 4.55-4.80 (m, 2H), 4.15-4.55 (m, 1H), 3.45-4.05 (m, 2H), 3.10-3.35
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{m, 2H), 2.60-2.90 {m, 2H), 2.50-2.60 (m, 1H), 2.25-2.45 {m, 2H), 2.05-2.25 (m, 2H}, 1.85-
2.05 {m, iH), 1.60-1.85 {m, 3H), 1.20-1.55 (m, ZH), 0.90-1.10 (m, 9H). LC-MS (ESL, /2y
544 [M+H]".

EXAMPLE 87
Compound §7

16638] To a mixture of (15,3aR48,6R,75,7aR)-2-((8)-3,3-dimethyl-2-(2,2,3,3,3-
pentaftuoropropanamidobutanoyh-6-tluorooctahydro- 1 H-4,7-methanoisoindole-1 -
carboxylic acid (130 mg, 0.284 mmol, 1.0 eg.) in N N-dimethylformamide (2 ml) were
added o-{7-azabenzotriazol-1-y1)-N, NN N'-tetramethyluronium hexafluorophosphate (129
mg, 8.340 mmol, 1.2 eq.) and N-ethyl-N-isopropyipropan-2-amsine (219 mg, 1.70 mmol, 6.0
eq.; at § °C. The mixture was stivred for 20 min at {0 °C, and then (8)-2-amino-3-((5)-2-
oxopyrrolidin-3-ylipropanamide (50 mg, 0.284 mmol, 1.0 eq.) was added at § “C. The
mixture was stirred for 2 h at rt.  The mixture was purified by CI8 column with
CHsUN/Water (0.05% TFA). The desired fraction was concentrated under reduced pressure
to provide (15,3aR 45,6R 75, 7aR}-N-((5}- 1 -amino- | -0x0-3-((8)-2-oxopyrrohidin-3-
yhpropan-2-v1)-2-((58)-3,3-dimethyl-2-(2,2,3,3,3-pentaflucropropanamido ybutanoyl)-6-
fluorooctahydro-1H-4,7-methanoisoindole-1-carboxamide (90 mg, 52%) as a yellow solid.
LC-MS (ESL m/z): 612 {M+H]".

(86311 To a mixtore of (15.,3aR,45,6R,75,7aR)-N-{(8)-1-amino-1-0x0-3-({8)-2-
oxopyrrolidin-3-yhpropan-2-y-2-((8)-3,3-dimethyl-2-(2,2,3,3,3-
pentafluoropropanamidobutanoyl}-6-fluorooctahydro- [ H-4,7-methanoisoindole- 1 -
carboxamide (90 rog, 0.147 romol, 1.0 eg.) in DCM (1 ml) were added pyridine (46.5 g,
(.588 mmol, 4.0 eq.) and uifluorcacetic anhydride (35.7 mg, 0.265 nunol, 1.8 eq.). The

mixture was stirred for 4 h at rt. The reaction was guenched with water (10 wl}). The
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nmixture was extracted with dichloromethane (3 x 30 mb). The organic layers were
combined, washed with brine (2 x 10 mL), dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to afford the crude product. The crude product was
purified by preparative HPLC (Column: Xselect CSH F-Phenyl OBD colunm, 19%250 mm,
Sum; Mobile Phase A: Water (0.1%FA), Mobile Phase B: ACN; Flow rate; 25 ml/min;
Gradient: 35% B to 65% B in 7 min, 65% B; Wave Length: 220 nm; RT1 (min): 6.22) to
provide the desired product (15,3aR,485,6R,75,7aR}-N-((8)- I-cyano-2-{((S5)-2-oxopyrrolidin-
3-yhethy-2-((5)-3,3-dimethy]-2-(2,2,3,3, 3-pentafluoropropanamidobutanoyl)-6-
fluorooctahydro- 1 H-4,7-methanoisoindole-1-carboxamide (21.0 mg, 23%) as a white solid.
'H NMR (400 MHz, 80°C, DMSO-ds) 8§ 8.55-9.12 (o, 2H}, 7.20-7.70 (m, 1H), 4.80-5.10 (m,
1HD), 4.65-4.80 (my, 1H), 4.50-4.65 (m, 1H), 4.25-4.50 (m, 1H), 3.50-3.80 (m, 2H), 3.18-3.30
(m, 2HD, 2.30-2.75 (m, 3H), 2.25-2.48 (m, 2H), 2.00-2.25 (m, 2H), 1.20-2.00 (m, 6H), 8.75-
£.20 (m, 9H). LC-MS (ESY, m/z): 594 [M+H]}".

EXAMPLE &8
Compound 88

5 ﬁ 0 \\ Red-Al toluene
\V\j ylone 100 °C, 2d
140 °C, 24h
N H
= N\r\\CN
BX, DCM NP TMSCN, Znl, WM HCI MaOH
foluene g T
60 °C, 3h rt, avernight 50°C, 2h
5 o rac
oo
\ i H
Nl el N Wl
Boc,O, EtsN, DCM DT HCI, dioxane Tu ©
RIS T X
i, 1h rt, 2h
rac Fac
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O
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rt, 3d
o FaC
Xy~ NH & \
NH
HN#OO }, 3
HC! \\{ o
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HoMN { ot NG . 2
2 !\ ‘\H E:‘j;; 'Y'F."\'\ I Tailar=)
‘ O gt s ; a TFAA, pyridine
HATU, 'ProNEt, DMF DCM
it ih 1, 2h

{0632] To a solution of cyclohepta-1,3,5-triene (3.13 g, 34.0 mmol, 1.1 eq.) in
xylene {15 ml, 81.0 munol, 2.6 eq.} was added | H-pyrrole-2,5-dione (3.0 g, 30.9 mmol, 1.0
eq.}. 'The mixture was stirred for 24 h at 140 °C and then cooled to rt. The cream-colored
mixture was filtered, and the filter cake was washed with DCM (2 x 30 mL). The filter cake
was  combined to  provide  (3aR 4R 4aR 5a85,65,6a8)-4,4a,5,53,6,6u-hexahydro-4,6-
ethenocyclopropalflisoindole-1,3(2H,3aH)-dione (5.0 g, 85%) as an off-white solid. 'H
NMR (400 MHz, DMSO-de) 6 10.94 (5, 1H), 5.72-5.76 (m, 2H), 3.14-3.18 {(m, 2H), 2.96-
297 (m, 2H), 1.O7-111 (m, 2H), 0.21-0.25 (m, 1H), 0.01-0.06 (m, 1H). LC-MS (ES], m/2)
190 [M+HI™

(686331 A solution of (3aR 4R 4aR,5a8,68,6a5)-4,44,5,54,6,6a-hexahydro-4,6-
ethenocyclopropalflisoindole-1,3(2H,3aH )-dione (5.00 g, 26.4 mmol, 1.0 eq.) in toluene was
stivred at O °C, and then sodium bis(2-methoxyethoxy) aluminum hydride (38.4 g, 133 mmol,
3.0 eq., 70% in toluene) was added dropwise. The mixture was stirred for 20 min at § °C.

The solution was stirred for 2 days at 100 °C and then cooled to rt. A sodium hydroxide
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aqueous solution (100 mb, 30%) was added dropwise at § °C. The mixture was extracted
with EA (3 x 150 ml). The organic layers were combined, dried over anhydrous sodium
suifate, filtered and concentrated under reduced pressure to afford (3aR 4R 4aR ,5a8,68,6a8)-
1,2,3,3a,4,4a,5,5a,6,68-decahydro-4,6-ethenocyclopropaffiisoindole (3.5g, crude) as a red oil.
LC-MS (ESIL m/7): 162 {M+H]

[8634] To a solution of (3aR 4R, 4aR,5a55,68,6a8)-1,2,3,32,4,44,5,54,6,6a-
decahydro-4,6-ethenocyclopropaltiisoindole (3.50 g, 21.7 mmol, 1.0 eq.) in DCM (60 ml)
was added 2-Iodoxybenzoic acid (6.69 g, 23.9 mwmol, 1.1 eq.). The roixture was stirred for 3
h at 60 °C. The reaction was quenched with aqueous sodivm thiosulfate (30 mbL). The
roixture was extracted with DCM (3 x 100 k). The organic layers were combined, washed
with saturated sodium bicarbonatebrine aqueons (2 x 50 ml.), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure to afford the crude product. The
crude product was chromatographed on a silica gel column with BEAPE (60%-70%) to
provide rac-{3a5,458 4a8,5aR 6R ,6aR )-1,3a,4,42,5,58,6,6a-octahydro-4,6-
ethenocyclopropalflisvindole (1.7 g, crude) as an off-white solid. H NMR (400 MHz,
Chlorotorm-)y & 7.32-7.33 {(m, 1H), 5.71-5.73 {(m, 2H), 3.83-3.91 {m, 1H), 3.31-3.38 {m,
THD, 3.13-3.17 (m, 1H), 3.00-3.04 (m, 1H), 2.85-2.89 (m, 1H), 2.52-2.59 (m, 1H), 0.92-1.03
(my, 2H), 0.16-0.29 (u, 2H). LC-MS (ESE sv/7): 160 [M+H] ™

[8635] To a solution of rac-(3a85.45,4a8,5aR 6K, 6aR)-1,3a2.4,43,5,54,6,6a-
octahydro-4,6-gthenocyclopropaltiisoindole (1.7 g, 10.7 mmol, 1.0 eq.} in toluene (40 mbL)}
was added zinc iodide (409 mg, 1.28 mumol, 6.12 eq.) and trimethylsilyl cyanide (4.77 g, 48.0
nmumol, 4.5 eq.). The mixture was stirred overnight at rt. The reaction was quenched with
water (30 mL}. The mixture was extracted with EA (3 x 100 mL}. The organic layers were
combined, washed with brine (2 x 50 ml), dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to afford the crade product. The crude product was
chromatographed on a silica gel column with BAPE (60%-80%) to provide rac-
{3aR 4R 4aR 5a5,65,6a5)-1,2,3,3a,4,4a,5,55,6,6a-decahydro-4,6-
ethenocyclopropaltiisoindole- t-carbonitrile (1.1 g, 49%) as a light yellow oil. LC-MS (ES],
m/7) 187 [M+HI

[8636] A mixtare rac-{3aR 4R 4aR 5a8,65,6a5)-1,2,3,34,4,44,5,5a,6,6a-

decahydro-4,6-ethenocyclopropalflisoindole- 1 -carbonitrile (800 mg, 4.30 mmol, 1.0 eq.) 1o
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hydrogen chioride (7.5 mL, 4 M in MeOH) was stirred for 2 h at 50 °C. The mixture was
concentrated under reduced pressure to afford methyl rac-(3aR 4R 4aR.5a8,65,6a5)-
1.2,3,3a,4,42.5,5a,6,6a-decahydro-4,6-ethenocyclopropajflisoindole- i -carboxylate
hydrochloride (800 mg, crude) as a yellow solid. LC-MS (ESL a7y 220 [M+H] ™.

16637} To a solution of methyl rac-{3aR 4R 4aR 3a8,65,6a5)-
1,2,3,3a,4,4a,5,5a,6,6a-decahydro-4,6-ethenoccyclopropalfliscindole- 1 -carboxylate
hydrochloride (800 mg, 3.65 mumol, 1.0 eq.) in BCM (10 mL) was added tricthylamine (1.11
g, 10.9 mmol, 3.0 eq.) and di-tert-butyl dicarbonate (1.04 g, 4.74 romol, 1.3 eq.). The
mixture was stirred for | h at rt. The reaction was quenched with H2(O (20 mb). The mixture
was extracted with EA (3 x 50 wml.). The organic layers were combined, washed with brine
{2 x 30 mlL), dred over anhvdrous sodiurn sulfate, filtered and concentrated under reduced
pressure to atford the crade product. The crude product was chromatographed on a silica gel
column  with  EAPE  (10%-13%) to  provide  rac-2-{tert-butyly  1-methyl
{3aR 4R 4aR,5a5,65,6a5)-3,3a,4,44,5,54,6,6a-octahydro-4,6-ethenocyclopropal fhisoindole-
1,2(1 H)-dicarboxylate (8§30 mg, 719%) as a colorless oil. 'H NMR (400 MHz, CD:0OD-dg) §

5.81-5.89 {(m, 2H), 3.92-3.98 (m, 1H), 3.74-3.75 {m, 3H), 3.52-3.58 (m, 1H), 3.28-3.29 (m,
THD, 3.02-3.06 {(m, 1H), 2.88-2.92 (m, 1H), 2.55-2.66 (m, 2H), 1.38-1.46 (m, S9H), 0.94-0.99

(my, 2H), 0.13-0.21 (o, 2H). LC-MS (ESL sv/7): 320 [M+H]™.

[6638] To a mixture of rac-2-(tert-butyly 1-methyl (3aR.4R 4aR, 5a8,68,6a5)-
3,3a.4,4a,5,5a,6,6a-octahydro-4,6-ethenocyclopropaj flisoindole- 1, 2(1 H)-dicarboxylate (400
mg, 1.25 mmol, 1.0 eq.} inl 4-dioxane {4 mL) was added hydrogen chloride {4 mL, 4 M in
1.4-dioxane) stirred at 1. The nuxture was stirred for 2 h at rt and then concentrated under
reduced pressure to afford rac-methyl (18,3aR 4R ,4aR 5a5,065,06a8)-1,2.3,3a,4,43,5.52,6,6a-
decahydro-4,6-ethenocyclopropalfiisoindole-1-carboxylate hydrochloride (300 mg, crude) as
a light yellow solid. LC-MS (ESE, m/7): 220 [M+H]".

186359} To a mixture of (8)-2-({tert-butoxycarbonyhaminoe)-3,3-dimethylbutanoic
acid (271 mg, 117 mmol, 1.0 eq) and o-(7-azabenrotriazol-1-yvD-NNN' N'-te-
traroethyluroniom hexafluorophosphate (535 mg, 141 mumol, 1.2 eq.) in dimethyHormamide
(5 mlb.) was added N-ethyl-N-isopropylpropan-2-amine (910 mg, 7.04 ramol, 6.0 eq) at 0 °C.
After stirring for 20 wun, rac-methyl (15,3aR 4R 4aR 5a5,65,6a5)-1,2,3,3a,4,43,5,53,6,6a-

decahydro-4,6-ethenocyclopropalflisoindole- 1 -carboxylate  hydrochloride (300 mg, 1.17
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mimol, 1.0 eq.) was added. The mixture was stirred for 1 h at rt. The reaction was quenched
with water (20 mbL). The mixture was extracted with EA (3 x 50 mL). The organic layers
were combined, washed with brine (2 x 20 ml), dried over anhvdrous sodium sulfate,
filtered and concentrated under reduced pressure to afford the crude product. The crude was
chromatographed on a silica gel column with EAPE (11%-13%) to provide methyl
{3aR 4R 4aR.5a8,68,6a5)-2-({(8)-2-({tert-butoxycarbonyhDamino)-3,3-dimethylbutanoyi)-
1,2,3.3a,4,4a.5,54,6,6a-decahydro-4,6-ethenocyclopropal flisoindole- L -carboxylate (350 mg,
62 %, white solid) as a diastereomeric mxtare. LO-MS (ES, m/z): 433 [M+HJ

[6648] To the diastereomeric mixture with methyl (3aR 4R 43R 5a85,658,6a5)-2-
{{(8)-2-{(tert-butoxycarbonyDamino}-3,3-dimethylbutanoyi)-1,2,3,34,4,4a,5,53,6,6a-
decahydro-4,6-ethenocyclopropaltiisoindole- L-carboxylate (350 mg, 0.80% mmol, 1.0 eq.) in
THF (4 md) and H0 (2 rol)) was added lithiom hydroxide (96.9 myg, 4.05 mimol, 5.0 eq.).
The mixture was stitred for 1 b at vt and then concentrated under reduced pressure to remove
THF. The moixture was acidified to pH = 5 with hydrochloric acid (1 M). The mixture was
extracted with EA (3 x 30 ml.). The organic layers were combined, dried over ashydrous
sodium  sulfate, filtered and concentrated under reduced pressure o provide
(3aR,4R 4aR,53a8,685,6a58)-2-((S)-2-({tert-butoxycarbonylamine)-3, 3-dimethylbutanoyl)-
1,2,3,32,4,48,5,54,6,6a-decahydro-4,6-cthenocyclopropal fHsoindole- 1 -carboxylic acid (320
mg, 94%, white solid) as a as a diastereomeric mixture. LC-MS (ES], m/z): 419 [M+H}.

18641} To the diastereomeric mixture with (3aR,4R,4aR, 5a8,65,6a8)-2-((5)-2-
{{tert-butoxycarbonyljamino}-3,3-dimethylbutanoyi)-1,2,3,3a,4,4a,5,53,6,6a-decahydro-4,6-
ethenocyclopropalfiisoindole-1-carboxylic acid (320 mg, 8.772 mmol, 1.0 eq.) in dioxane (3
mb} was added hydrogen chioride (3 mbL, 4 M in 1 4-dioxane) stirred at 1t. The mixture was
stirred for 3 h at rt.  The mixture was concentrated under reduced pressure to afford
{3aR 4R 4aR. 5a8)-2-((S)-2-amino-3,3-dimethylbutanoy!)-1,2,3,3a,4,43,5,5a,6,6a-decahydro-
4,6-cthenocyclopropalflisoindole-f-carboxylic acid hydrochloride (240 mg, crude, vellow
solid) as a diastereomeric mixture. LC-MS (ESI m/z): 319 [M+H}".

{66421 To the diastereorveric mixture containing (3aR 4R 4aR, 5a8)-2-((8)-2-
amino-3,3-dimethylhutanoyiy-1,2,3,3a,4,44,5,52,6,6a-decabydro-4,6-
ethenocyclopropaltlisoindole-t-carboxylic acid hydrochlonide (240 mg, 0.759 mmol, 1.0 eq.)

in MeOH (2.5 mb) was added triethylarnine (921 mg, 9.11 mmol, 12.0 eq.) and ethyl 2,2,2-
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trifluoroacetate (1.08 g, 7.5% mmol, 10.0 eq.). The mixture was stirred for 3 days at rt. The
reaction was quenched with water (50 mL} and then concentrated under reduced pressure to
remove Me(OH. The mixture was acidified to pH = 4 with hydrochloric acid (1 M). The
mixture was extracted with EA (3 x 100 mL). The organic layers were combined, washed
with brine (Z x 30 ml), dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure  to  afford  (3aR, 4R, 4aR,5a8,68,6a8)-2-((83-3,3-dimethyl-2-(2,2,2-
triffuoroacetamido)butanoyi)-1,2,3,33,4 4a,5,53,6,6a-decahydro-4,6-
ethenocyclopropalflisoindole-1-carboxylic acid (260 mg, crude, vellow solid) as a
diastereomeric mixture. LC-MS (ESI, m/z): 415 [M+H]"

(66431 To 4 mixkiire of the diastereomeric mixtare with
(3aR 4R 4aR, 5a8,68,6a58)-2-((5)-3,3-dimethyl-2-(2,2 2-triffuorcacetamido Youtanovi)-
1,2,3,3a,4,4a,5,54,6,6a-decahydro-4,6-ethenocyclopropafflisoindole- 1 -carboxylic acid (260
mg, 0.627 myool, 1.0 eq.) and o-(7-azabenzotriazol- Ly D-N NN N'-te-trarnethyluroniom
hexafluorophosphate (286 mg, 0.752 mmol, 1.2 eq.) in dimethylformamide (3 mwl) was
added N-ethyl-N-isopropylpropan-2-amine {487 mg, 3.76 mmol, 6.0 eq.) at 0 °C.  After
stirring for 20 min, (S)-Z2-amino-3-{{S)-2-oxopyrrolidin-3-vhpropanamide hydrochloride
(143 mg, .690 mmol, 1.1 eq.) was added. The mixture was stirred for 1 b at rt and then
purified by CI8 cohmmn with CHaCN/Water (8.05% FA).  The desired fraction was
concentrated under reduced pressure to provide (15,3aR,4R 4aR, 5a8,65,6a85)-N-((5)-i-
amino-1-0xo0-3-{{S}-2-oxopyrrolidin-3-yiipropan-2-y1}-2-((5)-3,3-dimethyl-2-(2,2,2-
triffucroacetamidoybutanovi-1.2,3,3a,4 .4a.5,53,6,6a-decahydro-4,6-
ethenocyclopropalfiisoindole-1-carboxamide (150 mg, 42%, white solid} as a diastereomeric
mixture. LC-MS (ESI, m/z): 568 [M+H}"

(6644} To a mixtare of the diastereomeric mixiure with
{15,3aR 4R 4aR 5a5,65,6a5)-N-({S)-1-aminc-1-ox0-3-({8)-2-oxopyrrolidin-3-vhpropan-2-
y13-2-((S)-3,3-dimethyl-2-(2,2, 2-triflaoroacetamido)butanoy-1,2,3,3a,4,44,5,5a,6,6a-
decahydro-4,6-ethenocyclopropaifiisoindole-1 -carboxamide (150 mg, 0.264 mmol, 1 eq.) in
DCM (1.5 mbl) was added pyndine (103 mg, 1.32 munol, 3.0 eq.) and trifluoroacetic
ashydride (99.9 mg, 0.475 womol, 1.8 eg.). The muxture was stirred 2 h at . The reaction
was quenched with water 20 mlL). The mixture was extracted with DCM (3 x 30 mL). The

organic layers were combined, washed with brine (2 x 10 ml), dried over anhydrous sodium
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sulfate, filtered and concentrated under reduced pressure to afford the crude product. The
crude product was purified by prep-HPLC {Column: XBridge Prep Phenyl OBD Column,
19%250 mm, Spum; Mobile Phase A: Water (0.1%FA), Mobile Phase B: ACN; Flow rate; 25
mb/min; Gradient: 37% B to 67% B in 7 min, 67% B; Wave Length: 254 nm; RT1 {min): 6}
to provide (3aR 4R 4aR,535,65,6a5)-N-((8)-1-cyano-2-((8)}-2-oxopyrrolidin-3-yhethyl}-2-
{{8)-3,3-dimethyl-2-(2,2,2-iffuoroacetamidobutanoviy-1,2,3,3a,4,4a,5,53,6,6a-decahydro-

4, 6-ethenocyclopropalflisoindole-f-carboxamide (464 mg, 31%, white solid) as a
diastereomeric wixture. 'H NMR (400MHz, 80°C, DMSO-de § 8.75-9.10 (m, 1H), 8.43-
8.73 (m, 1H), 7.32-7.52 (m, 1H), 5.45-3.77 (m, 2H), 4.84-4.93 (m, 1H}, 4.20-4.65 (m, 1H),
3.94-4.07 (m, 1H), 3.70-3.80 {(m, 1H), 3.32-3.61 (m, iH), 3.01-3.23 Gu, 3H), 2.76-2.95 (m,
FH), 2.538-2.67 (my, 1H), 2.24-2.43 (m, 2H), 1.97-2.23 (m, 2H), 1.62-1.88 (m, 2H), 0.84-1.02
(my, 11H), 0.07-0.13 (m, 1H), 0.00-0.02 (m, 1H). LC-MS (ES], m/z): 550 [M+H]".

EXAMPLE 89
Compound 89
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[6645] To a stirred mixture of 4-tert-butyl 3-methyl (1R,2R 35,65,75)-10-0x0-4-
azatricycio]3.2.1.00M 2,6} [dec-B-ene-3,4-dicarboxylate (400 myg, 1.30 omol, 1.0 eq.) in DCM

{15 ml.) was added tifluoroacetic acid (5 ml) at rt. The mixture was stirred for 1 h at 1t and
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then concentrated under reduced pressure to provide methyl (1R,2R,35,65,75)-10-0x0-4-
azatricyclo{5.2.1.0" 2,6 } {dec-8-ene-3-carboxylate (269 mg, crude) as a brown oil. LC-MS
(ESL, m/7): 208 IM+HT.

{86461 To a stirred mixture of  (28)-2-[{tert-butoxycarbonyhaming]-3,3-
dimethyibutanoic acid (301 mg, 1.30 mmol, 1.0 eq.) and o-(7-azabenzotriazol-1-yl}-
NN, N, N'-te-tramethyluronium hexafivorophosphate (644 mg, 1.69 mol, 1.3 eq.) in DMF (4
mb.) was added N-ethyl-N-isopropylpropan-2-amine (1.34 g, 10.4 nunol, 8.0 eq.) at § °C.
After  stitring  for 20 wmin at O °C, wmethyl  (IR2R,35,658,75)-10-0x0-4-
azatricyclo{5.2.1.0M 2,6} Jdec-8-ene-3-carboxylate (270 mg, 1.30 mumol, 1.0 eq.) was added.
The mixtere was stirred for 1 b at 1t. The reaction was guenched with water (20 mL.). The
mixture was extracted with EtOAc (3 x 20 mb). The organic layers were combined, washed
with brine (2 x 20 mL), dried over anhydrous sodiurn sulfate, filtered and concentrated under
reduced pressure to afford the crude product. The crude product was chromatographed on a
sifica gel column with EACPE (3:10) to provide methyl (1R,2R,38,68,78)-4-[(25)-2-[{tert-
butoxycarbonylamino]-3,3-dimethylbutanoyl}-18-oxo-4-azatricyclof5.2.1 .04 { 2,6 } jdec-8-
ene-3-carboxylate (330 mg, 57%) as a white solid. 'H NMR (400 MHz, CDCh-d) § 6.33-
6.69 (m, 2H), 5.11-5.26 (m, 1H), 4.43-4.56 (m, 1H), 4.15-4.30 (m, 1H), 3.85-3.94 (m, 1H),
3.69-3.83 (m, 4H), 3.27-3.38 (m, 1H), 3.16-3.25 (m, 1H), 3.04-3.13 Gu, 2H), 1.37-1.55 (m,
9H), 8.90-1.07 (m, 9H). LC-MS (ESL m/2): 421 [M+HJ

18647} To a stired methyl methyl (1R,2R385,68,75)-4-{(25)-2-{{tert-
butoxycarbonylamino}-3,3-dimethylbutanovl]-18-oxo-4-azatricyclof5.2.1.00{2,6 } jdec-8-
ene-3-carboxylate (300 mg, 8.713 mmol, 1.0 eq.} in THF (3 ml)Ywater (3 mbL) was added
{ithium hydroxide (85.4 mg, 3.56 mmol, 5.0 eq.) at rt. The mixture was stirred for 2 h at 1t
The mixture was acidified to pH = 6 with hydrochloric acid (ZM) and extracted with EA (3 x
30 mL). The organic layers were combined, washed with brine (2 x 30 ml), dried over
anhydrous  sodium  sulfate  and  concentrated  under veduced pressure to  afford
{1R,2R,35,65,755-4-1(25)-2-{ (tert-butoxycarbonyvhamino |- 3, 3-dimethylbutanoyl}- 1 0-oxo-4-
azatricyclo{5.2.1.0M 2,61 Jdec-8-ene-3-carboxylic acid (250 mg, crede) as an oft-white solid.
LC-MS (ESL nv/z): 407 IM+HT

{8648} To a  stirred  muxture of  (IR,2R,35,65,75)-4-[(28)-2-{(tert-

butoxycarbonylDamino}-3,3-dimethylbutanoyl}- 10-oxo-4-azatricyclof5.2. 1.04{2,6 } Jdec-8-

)
Y
3
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ene-3-carboxylic acid (250 mg, 0.615 mmol, 1.0 eqy in DCM (6 mbL} was added
trifluorcacetic acid {2 mL) at rt. The mixture was stirred for § h at rt and then concentrated
under reduced pressure o provide (1R 2R,35,65,78)-4-[{25-2-amino-3,3-
dimethyibutanoylj-10-oxo-4-azatricycle{5.2.1.04{ 2,6 } [dec-8-ene-3-carboxylic acid (188 mg,
crude) as a brown oil. LC-MS (ESE m/7): 307 [M+HT™

[68549] To a stired mixture of (IR,2R,35,68,75)-4-{(28)-2-amino-3,3-
dimethyibutanoyl}-10-oxo-4-azatricyclof5.2.1.00{ 2,6 | ldec-8-ene-3-carboxylic acid (188 mg,
0.614 mmol, 1 eq.) in MeOH (2 ml) was added tmmethylamine (743 mg, 7.37 mumol, 12.0
eq.) and ethyl 2,2,2-trifluoroacetate (872 mg, 6.14 mmol, 10.0 eq.). The mixture was stirred
for 2 days at vt and then acidified to pH = 6 with hydrochloric acid (2M). The reaction was
quenched with water (15 mbl). The mixture was extracted with EtOAc (3 x 13 ml). The
organic layers were combined, washed with brive (2 x 15 mbL), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure to afford (1R,2R,35,68,78)-4-{{(25)-
3,3-dimethyl-2-(2,2,2-trifluoroacetamadoYbutanoyl}- 10-oxo-4-azatricyclo]5.2.1.0M 2,6 } jdec-
g-ene-3-carbonvlic acid (166 mg, 67%, crude) as a vellow sohid. LC-MS (ESI, m/2): 403
IMVIHHTT

[8658] To a strred wmixture  of  (285)-Z-amino-3-[(38)-2-oxopyrrohdin-3-

e
!
i

yljpropanamide (68.1 mg, (.398 mmol, 1.0 eq.} and o-(7-azabenzotriazol-1-v1)-N,N, N, N'-te-
tramethyluronium hexafluorophosphate (196 mg, 0.517 mmol, 1.3 eq.} in DMF (2 mL} was
added N-ethyl-N-isopropyvipropan-2-amine (411 mg, 3.18 mmol, 8.0 eq.). After stirring for
20 nin at {0 °C, (IR,2R,38,658,75)-4-{(28}-3,3-dimethyl-2-(2,2,2-
trifluorcacetamido)butanoyli-10-oxo-4-azatricycio{5.2.1.0{2,6 } idec-8-ene-3-carboxylic
acid {160 mg, 0.398 mmol, 1.0 eq.) was added. The mixture was stirred for 2 h at rt. The
crude product was purified by C18 column with CH3CN/Water (0.05% TFA). The desired
fraction was concentrated under reduced pressure to provide (285)-2-{[{(1R,2R,35,65,75)-4-
[(25)-3,3-dimethyl-2-(2,2 2-rifluoroacetamidotbutanoy - 1 0-oxo-4-
azatricycio]5.2.1.00M 2,6} {dec-8-en-3-yi[formamido }-3-[ (38 }-2-oxopyrrolidin- 3-
ylipropanamide (90 g, crude) as a vellow solid. LC-MS (ES], m/z): 556 [M+H]}".

{86511 To a stired mixture of (28)3-2-{[{1R,2ZR,38,68,75)-4-[(25)-3,3-dimpethyl-2-
(2,2, 2-trifluoroacetamido)butanoyl}-10-oxo-4-azatricyclo{5.2.1.07 2,6 } Jdec-8-en-3-

yijformarmido }-3-[(38)-2-oxopyrrolidin-3-ylipropanamide (90.0 mg, 0.162 omol, 1.0 eq.) 1o

(49
(V]
oo
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DCM (2 mb) was added pyridine (51.2 mg, 0.648 mmol, 4.0 eq.) and trifluorcacetic
anhydride (51.0 mg, 0.243 mmol, 1.5 eq.). The mixture was stirred for 2 h at rt. The reaction
was quenched with water (10 mL). The mixture was extracted with EtOAc (3 x 10 mL}. The
organic layers were combined, washed with brine (2 x 10 mL), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure to afford the crude product. The
crude product was purified by prep-HPLC (Column: XSelect CSH Prep C18 OBD Column,
19%250 mm, Sum; Mobile Phase A: Water (0.19%FA), Mobile Phase B: ACN; Flow rate; 25
robl/min; Gradient; 30% B 1o 60% B in 7 min, 60% B; Wave Length: 254 oo RT1 (min): 6)
to provide (IR,2ZR,385,65,75)-N-I{(15)-1-cyano-2-[(35)-2-oxopyrrolidin-3-yljethyl]-4-1{25}-
3,3-dimethyl-2-(2,2,2-trifluoroacetamadoYbutanoyl}- 10-oxo-4-azatricyclo]5.2.1.0M 2,6 } jdec-
§-ene-3-carboxamide (6.9 mg, 7%) as a white solid. 'H NMR (400 MHz, DMSO0-de) & 8.75-
9.08 (m, 2H), 7.32-7.50 (mmu, 1H), 6.35-6.65 (m, 2H), 4.82-5.00 (o, 1H), 4.30-4.75 (m, 1H),
4.10-4.28 (m, 1H), 3.72-3.90 (m, 1H), 3.56-3.70 (m, 1H), 3.20-3.30 (m, iH), 3.10-3.19 {m,
4H), 2.81-2.92 (w, 1H), 2.30-2.40 (m, 1H), 2.10-2.20 (m, 2H), 1.62-1.90 (m, 2H), 0.81-1.10
{m, 9H). LC-MS (ESL, m/7): 538 [M+H]™

EXAMPLE 90
Compound 90

(065821 Compound 90 was prepared simtlarly as described for compound RS,
using the TFA salt of methyl (18,3a5,45,7R,7aR 8RR )-B-hydroxy-2,3,3a,4,7, 7Ta-hexahydro-
tH-4,7-methanoisoindole-1-carboxyiate in place of methyl rac-{3aR 4R 4aR,5a5,65,6aS)-
1,2,3,3a,4,4a,5,53,6,6a8-decahydro-4,6-ethenocyclopropafflisoindole- I -carboxylate
hydrochioride to provide (IR, 2ZR,35,6875)-N-[{18)-I-cyano-2-[(35)-2-oxopyrrolidin-3-
vijethyl]-4-[(28)-3,3-dimethyl-2-(2,2 2-trifluorcacetamido)butanovl}- 1 O-hydroxy-4-
azatricyclo{5.2.1.00 2,6} Jdec-8-ene-3-carboxamide as a diastereomeric mixture. 'H NMR

(400 MHz, 80 °C, DMSO-ds) & 8.60-9.10 (rm, 2H), 7.30-7.60 {m, 1H), 5.80-6.20 (m, 2H),
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S.00-5.30 (m, 1H), 4.80-5.00 (m, 1H), 440-4.75 (m, 1H), 4.05-4.30 (m, 1H), 3.70-3.90 (m,
TH), 3.40-3.68 (m, 2H), 3.10-3.58 {m, 2H), 2.85-3.05 {(m, 2H), 2.25-2.85 (m, 2H), 2.30-2.50
{m, 1H), 2.10-2.21 (m, 2H), 1.60-1.90 {(m, Z2H), 0.80-1.10 (m, OH). LC-MS (ESL m/): 540
{M+H]™.

O
H i
N _‘\\1\0/
NaBH,, MaOH TFA, DCM \?\\H
0°Ctort, th it 1h Hive

[8653] To a solution of 2-(tert-butyD) l-methyl (15,3a8,48,7R,7aR)-8-0x0-
1,3,3a,4,7,7a-hexahydro-2H-4,7-methanoisoindole-1,2-dicarboxylate (950 mg, 3.09 mmol,
1.0 eq.} in methanol (10 mL} was added sodium borohydride (114 mg, 3.09 mmol, 1.0 eq.) at
{0 °C. The mixture was stirred for | h at rt. The reaction was quenched with sal. ammonium
chloride {ag.}. The mixture was extracted with EA (3 x 80 mL). The organic layers were
combined, washed with brine (2 x 50 ml)}, dried over anhydrous sodium sulfate, filtered and
concentrated  under  reduced  pressure to afford  Z-(tert-butyl) {-methyl
(15,3a5,45,7R,7aR &R )-8-hydroxy-1,3,3a,4,7, 7a-hexahydro-2H-4,7-methanoisoindole- 1,2~
dicarboxylate (700 mg, crude) as a yellow oil. LC-MS (EST, n/z): 210 {M-Boc+Hi"

(6654} To a stirred mixture of 2-(tert-butyvl) l-methyl (15,3a5,48,7R,7aR}-8-
hydroxy-1,3,3a,4,7, 7a-hexahydro-2H-4, 7-methanoisoindole- 1, 2-dicarhboxvlate (450 mg, 1.43
mmol, 1.0 eq.) in DCM (4.5mL) was added gifluorcacetic acid (1.3 mL) at vt. The mixture
was stitred for 1 h at 1t and then concentrated ander reduced pressure to afford methyl
{15,3a5,458,7R [ 7aR 8R )-8-hydroxy-2,3,3a,4,7 Ta-hexahydro-1H-4,7-methanoisoindole- | -

carboxylate (305 mg, crude) as a yellow oil. LC-MS (ESL, m/z): 210 [M+H]"

EXAMPLE 91
Compound 91

O

%T,»NH
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{0655] Compound 91 was prepared as described for compound §9, using methyl
{15,3a85,45 7R, 7aR 8*8)-8-fluoro-2,3,3a.4,7, 7a-hexahydro-1H-4,7-methancisoindole- 1 -
carboxylate instead of methyl (1K,2R,35,65,75)-10-ox0-4-azatricyclo}5.2.1.04{2,6} jdec-8-
ene-3-carboxylate to provide {(15,3a8,45,7R,7aR &5 )-N-{{5}-1-cyano-2-{{5)-2-oxopyrrolidin-
3-yhethyl-2-((5)-3,3-dimethyl-2-(2,2 2-rifluoroacetamidotbutanoyh)-8-fluore-2,3,3a,4,7 7a-
hexahydro-1H-4,7-methanoisoindole-1-carboxamide. 'H NMR (400 MHz, 80 °C, DMSO-
dey &6 8.85-9.05 (m, 1H), 8§.40-8.85 (m, 1H), 7.30-7.60 (m, 1H), 5.80-6.20 (m, 2H), 4.60-
503 (m, 1H), 440-4.58 (m, 1H), 430-438(un, 1H), 4.05-4.25 (m, 1H), 3.70-3.90 (m,
tH), 3.40-3.68 (m, 1H}, 3.12-3.40 (m, 3H), 3.00-3.10 (m, 1H), 2.90-3.00 (mm, 1H), 2.70-2.90
(o, THD, 2.30-2.48 (m, TH), 2.05-2.30 (m, 2HD, 1.60-1.95 (m, 2H), 0.80-1.18 (m, OHY. LC-
MS (ESI, m/7): 342 [M+-HJ

[6656] A mixture of 2-(tert-butyly l-methyl (15,3a5,45,7R,7aR,8R)-&-hydroxy-
1,3,3a.4,7 7a-hexahydro-2H-4,7-methanoisoindole-1,2-dicarboxylate (1.0 g, 3.23 mmol, 1.0
eq.) in diethvlaminosulfur trifluoride (20 mL) was stirred for 5 h at 45 °C. The mixture was
diluted with dichloromethane (100 ml). The reaction was guenched with sat. sodium
bicarbonate (80 mL) at O °C. The mixture was extracted with dichloromethane {3 x 80 mbL).
The organic layers were combined, washed with brine (2 x 50 ml), dried over anhydrous
sodivm sulfate, filtered and concentrated under veduced pressure. The crude product was
purified by prep-HPLC (Colamn: XSelect CSH Prep C18 OBD Colurnun, 19%150 muo, Sumy
Mobile Phase A: Water (Q.OS%TFAY, Mobile Phase B: ACN, Flow rate: 235 wl/min;
Gradient: 32% B to 32% B in 10 min, 32% B; Wave Length: 254 nro; RT1 (min): 8.78/9.3)
to provide 2-(tert-butyl) T-methyl (18,3a5,45,7R,7aR,85)-8-flvore-1,3,33,4,7, 7a-hexahydro-
2H-4,7-rethanoisoindole-1,2-dicarboxylate (350 mg, 35%) as a white oil. HNMR (400
MHz, DMSO-de) 6 6.05-6.24 (m, 2H), 4.25-4.57 {(m, [H), 3.81-4.03 (m, 1H), 3.56-3.76 (m,
3H), 3.34-3.48 (m, 1HD, 3.10-3.26 (m, 1H), 2.83-3.09 {m, 4H), 1.19-1.51 (m, SH). LC-MS
(BSL, m/z): 256 [M-56+HT.

166571 To a stirred mixture of 2-(tert-butyl) 1-methyl (15,3a5,48,7R,7aR 8*5)-5-
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fluoro-1,3,3a,4,7,7a-hexahydro-2H-4,7-methancisoindole- 1, 2-dicarboxylate (350 mg, 1.i2
mmol, 1.0 eq.) in dichloromethane (3 mL) was added trifluoroacetic acid (1 mbL) at rt. The
mixture was stirred for 2 h at rt. The mixture was concentrated under reduced pressure o
provide methyl {18,3a5,45,7R,7aR 8*8)-8-fluore-2,3,3a,4,7, 7a-hexahydro- 1H-4,7-
methanoisoindole- L-carboxviate (240 mg, crude) as a yellow oil. LC-MS (BESI, w7y 212

IV+HT

EXAMPLE 92
Compound 92

ON-nH

[8658] To a mixture of compound 82 (30.0 wmg, 0.054 amol, 1.0 eq.) in (2 ml)
was added 10% palladiom on activated carbon (15 wg) under hydrogen. The resulting
mixture was stirred for 2 days at rt. The mixture was filtered through a celite pad. The
filtrate was concentrated under reduced pressure to afford the crude product. The crude
product was purified by prep-HPLC (Column: Kinetex EVO C18, 21.2%250mm, Suny
Mobile Phase A: Water {(.1%FA), Mobile Phase B: ACN, Flow rate: 25 mL/min; Gradient:
35% B to 65% B in 7 min, 65% B; Wave Length: 254 nm; RTI (min): 3) to provide
{15,3a5,45,7R,7aR-N-({8)-1-cyano-2-({(5)-2-oxopyrrolidin-3-yethyD)-2-{({(8)-3,3-dimethy}-
2-(2,2,2-wriftnoroacetamidoibutanoyl}-§, 8-difluorcoctahydro- 1 H-4,7-methanoiseindole- 1 -
carboxamide (2.1 mg, 6%) as a white solid. 'H NMR (400 MHz, 80 °C, DMSO-ds) & 8.95-
9.20 (m, IH), 8.70-8.90 (m, 1H), 7.35-7.55 (m, 1H), 4.85-5.00 (m, 1H), 4.65-4.75 (m, 1H),
4.55-4.65 (m, 1H), 3.90-4.05 (m, 1H), 3.70-3.85 (m, 1H), 3.10-3.20 (m, 2H), 2.90-3.00 (0,
tH), 2.60-2.80 (m, 1H), 2.30-2.45 (m, 2H), 2.20-2.30 (m, [H), 2.10-2.20 (m, 2H), 1.50-1.90
{u, SH), 1.20-1.35 (o, 1HD, 0.9G-1.10 (m, 9H). LC-MS (ESL m/f2): 562 [M+-HT.
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EXAMPLE 93
Compound 93
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[8659] To a  selution  of  {(1R25356R,7S)-4-(tert-butoxycarbonyl)-4-
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azatricyclo{5.2.1.0M 2,6} Jdec-8-ene-3-carboxylic acid (3.5 g, 12.5 mmol, 1.0 eq.) in DMF
{40 mkb} was added NONON' N'-tetramethyl-O-{7 -azabenzotriazol-1 -yDuronium
hexafluorophospate (6.19 g, 16.3 mmol, 1.3 eq.}, N-ethyl-N-isopropylpropan-2-amine (11.3
g, 87.7 mmol, 7.0 eq.). The mixture was stirred at 0 °C for 30 min and methyl (25)-2-amino-
3-{(38)-Z-oxopyrrolidin-3-ylipropanoate (2.57 g, 13.8 mmol, .1 eq.) was added. The
mixture was stired for 2 h at rt.  The mixture was purified by C18 column with
CH3ON/Water {0.05% TFA). The fraction was concentrated under reduced pressure to
provide tert-butyl (1R,25,35,6R,785)-3-{[(25)-1-methoxy-1-oxo-3-[{35)-2-oxopyrrolidin-3-
yllpropan-2-yljcarbamoyl }-4d-azatricyclo{5.2.1.0°{ 2,6 } Jdec-§-ene-4-carboxylate  (5.00 g
8%} as a brown-yellow solid. LC-MS (EST, m/z): 448 [M+HJ".

[8664] A 3 ml ElectraSyn vial was charged with tert-baty] (1R, 25356R,75)-3-
HHES)-1-methoxy-1-0x0-3-[{35)-2-oxopyrrolidin-3-ylpropan-2-yljcarbamoyl } -4~
azatricyciof$.2.1.0M 2,6 Jdec-8-ene-4-carboxylate (370 mwyg, 0.825 mmol, 1.0 eq),
tetramethylanyooniom jon (1.40 g, 20.0 munol, 2.3 eq. and TFE (110 mL). The cap
containing an RVC anode and Ni plate cathode was assembled, and electrolysis was carried
out at constant current {5 mA)} for 6 Ffmol. Another 9 reactions were carvied out in parallel.
The reaction contents were transferred to a round-bottom flask, both electrides were
vigorously rinsed with DCM, and the obtained solution was concentrated in vacuo. The
crude product was purified by silica gel column chromatography with DCM:MeOH (32:1) to
afford tert-butyl  (185,3aR,458,7R, 72531 ({({8)- 1 -methoxy-1-ox0-3-{(5)-2-oxopyrrolidin-3-
ylipropan-2-ylcarbamoyi}3-(2,2, 2-trifluoroethoxy)-1,3,3a,4,7, 7a-hexahydro-2H-4,7-
methanoisoindole-2-carboxylate (2.5 g, crude) as an off-white solid. LC-MS (ESL m/2): 546
{M+H]™.

18661 ] To a solution of tert-butyl (1R, 25,35,6R,753-3-{[(25)- 1 -methoxy-1-0x0-3-
[(35)-2-oxopyrrolidin-3-yl{propan-2-yvlcarbamoyl}-5-(2,2 2-trifluoroethoxy )-4-
azatricyclo{5.2.1.0M 2,6} Jdec-8-ene-4-carboxylate (2.50 g, 4.38 mmol, 1.0 eq.) in MeCN (30
mb.) was added dimethylzine (13.7 mi, 13.7 munol, 3.0 eq.) at § “C under nitrogen. The
mixture was stirred at O °C for 5 min and then BFeELO (3.5 ml, 27.5 mmwol, 6.0 eq.) was
added. The mixture was stitred for 2 h at the same temperatore. The reaction was quenched
with saturated anwoomum chloride solution (50 wl). The solution was extracted with DCM

{3 x 60 ml.). The organic lavers were combined, washed with brine (80 ml.), dried over
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anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue was
purified by C18 column with CH3CN/Water (0.05% TFA). The desired fraction was
concentrated under reduced pressure to provide tert-butyl (1R, 25,35,55,6R,75)-3-{{(28)-1-
methoxy-1-0x0-3-{(35)-2-oxopyrrolidin-3-ylipropan-2-vijcarbamoyl } - 5-methyi-4-
azatricyclo{5.2.1.0"{ 2,6} Jdec-8-ene-4-carboxylate (380 mg, two steps yield 2 %) as a yellow
oil. LC-MS (ES], m/z): 462 [M+H]"

18662} A mixture of tert-butyl (1R,25,35,55,6R,753-3-{{(28)-1-methoxy-1-oxo-
3-1(358)-2-oxopyrrolidin-3-yl jpropan-2-ylicarbamoyl }-S-methyl-4-
azatricyclo{5.2.1.0%{ 2,6 } idec-8-ene-4-carboxylate (380 mg, 0820 mmol, 1.0 eg.) in
ammonia (7 M in MeQOH, 6 ml) was stitred for 2 days at 40 °C. The muxture was
concentrated under reduced pressure to afford tert-butyl (1R,25,35,58,6R,75)-3-{[{i18)-1-
carbamoyl-2-{(38)-2-oxopyrrolidin-3-ylethyljcarbamoyl }-5-methyl-4-
azatricyclo{5.2.1.0M 2,6} Jdec-8-ene-4-carboxylate (340 mg, crude) as a brown-yellow solid.
LC-MS (ESL m/z): 447 IM+HT

[8663] To a solation of tert-butyl (1R,25,35,55,6R,753-3-{{{(15)-1-carbamoyl-2-
138 )-2-oxopyrrolidin-3-yllethvljcarbamoyl ) -5-methyi-4-azatricyclo] 5.2 1.0°{ 2,6 } [dec-8-
ene-4-carboxylate (200 mg, (.448 womol, 1.0 eq.) in DCM (3 ml.) was added wifluoroacetic
acid {1 ml). The muxture was stirred for 1 b at vt and then concentrated under reduced
pressure to afford (2S)2-[{{(1R,25,35,55,6R,75)-5-methyi-4-azatricyclo{5.2.1.0M{ 2,6} Jdec-
8-en-3-yvijfformamido}-3-{(35)-2-oxopyrrolidin-3-yljpropanamide {155 mg, crudejas a
brown semi-solid. LC-MS (ESL m/2): 347 IM+HT™

18664} To a mixeure of {285)-2-{(tert-butoxycarbonyhamino}-3,3-
dimethyibutanoic acid (103 mg, ¢.447 mmol, 1.0 eq.) and o-(7-azabenzotriazol-1-yl)-
NN N N - te~tramethyluronium hexafluorophosphate (204 mg, 0.536 mmol, 1.2 eq.) in DMF
{3 mlL) was added N-ethyl-N-isopropylpropan-Z-amine (347mg, 2.68 mmol, 6.0 eq.) at 0 °C.
After stirring for 15 min at O °C,  (25)-2-{[(1R,25,35,55,6R,75)-5-methyl-4-
azatricycio]5.2.1.00M 2,6} {dec-8-en-3-yi[formamido }-3-[ (38 }-2-oxopyrrolidin- 3-
yllpropanamide (133 mg, 0.447 muool, 1.0 eq.) was added. The mixture was stitred for 1 h at
rt and then purified by C18 colurnn with CH3CON/Water (0.05% TFA). The destred fraction
was  concentrated  under  reduced pressure  to provide  tert-butyl  N-[{285)-1-

IR, 28,38,58,6R,755-3-{I(18S)- 1 -carbamoyl-2-[(35)-2-oxopyrrolidin-3-ylethyl jcarbamoyl } -

)
N
I
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S-methyl-d-azatricycie{5.2.1.00 2,6} jdec-8-en-4-y1}-3,3-dimethyi- | -oxobutan-2-
yljcarbamate (140 mg, 53%) as a brown solid. LC-MS (ESL m/z): 560 {M+H]".

18665} To a mixture of tert-butyl N-{(2S)}-1-[(1R,258,35,55,6R,75)-3-{[{15}-1-
carbamoyl-2-{(35})-2-oxopyrrolidin- 3-yljethyljcarbamoyl | -5-methyi-4-
azatricyclo{5.2.1.0M 2,6} jdec-8-en-4-y1}-3,3-dimethyl- | -oxobutan-2-yljcarbamate (70.0 mg,
0.125 mmol, 1.0 eq.} in DCM (1.5 mL) was added trifluoroacetic acid (0.5 mbL). The mixtre
was stirred for 1 h at rt. The mixture was concentrated under reduced pressure to afford (25)-
I-IHOIR28,35,55,6R,78)-4-[(28)-2-amino-3,3-dimethylbutanoyl]-5-methyl-4-
azatricyciof$.2.1.0M 2,6} Jdec-8-en-3-yl[formamido }-3-[(38)-2-oxopyrrohidin-3-
viipropanamide (57.0 mg, crude) as a brown semi-solid. LC-MS (EST, m/2): 460 [M+H]".

[8666] To a maxtore of (E5-2-{(IR,25,35,55,6R,75)-4-1(25)-2-amino-3,3-
dimethyibutanoyl}-5-methyl-d-azatricyclo{3 2. 1.00M 2,6} Jdec-B-en-3-yijformamido }-3-[{(35)-
2-oxopyrrolidin-3-yljpropanamide (57.0 mg, 0.124 mmol, 1.0 eq.) o DCM (2 ml) was
added pyridine (39.0 mg, 0.496 mmol, 4.0 eq.) and trifluoroacetic aghydnide (47.0 mg, 0.223
mmol, 1.8 eq.). The mixtare was stirred for 1 h at rt. The reaction was guenched with water
(5 mbL). The mixture was extracted with DCM (3 x 3 mL). The organic layers were
combined, washed with brine (2 x § mbL}, dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to afford the crade product. The crude product was
purified by prep-HPLC (Column: XSelect CSH Prep C18 OBD Colummn, 19 x 150 mm, Spny
Mobile Phase A: Water (0.05%FA), Mobile Phase B: ACN; Flow rate: 25 mbL/min; Gradient:
35% B to 65% B in 7 min, 65% B; Wave Length: 254 nm; RT1 (min): 5.97) to provide
(IR, 285,35,55,6R,75)-N-[{15}-1-cyano-2-{ (35)-2-oxopyrroiidin-3-ylethyl}-4-[{25)-3,3-
dimethyi-2-(2,2,2-trifluorcacetamido)butanoyl}-S-methyl-4-azatricyclof5.2.1.00{ 2,6} idec-8-
ene-3-carboxamide (12.0 mg, 17%) as a white solid. HONMR (400 MHz, 80°C, DMSO-de)
& 8.70-9.50 (m, 1H), 8.55-8.65 {(m, 1H), 7.35-7.60 (m, 1H), 5.80-6.20 {m, 2H), 4.60-5.02 (m,
tH), 4.40-4.58 (m, 1H), 4.00-4.19 (m, 1H), 3.64-3.80 (m, 1H), 3.14-3.30 (m, 3H), 2.90-3.01
{m, 1H), 2.76-2.89 (m, 1H), 2.48-2.70 (m, 1H), 2.06-2.46 (m, 3H), 1.60-1.95 {(m, 2H), 1.30-
£.50 (m, 4H), 1.16-1.29 (m, 1H), 0.84-1.05 (m, 9H). LO-MS (ES], m/z): 538 [M+H}
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{8667 ] To a solution of I-tert-butyl Z-methyl (25)-4-oxopyrrolidine-1,2-
dicarboxylate (153.0 g 617 mmol, 1.0 eq.) inTHF (240 ml) was added lithium
bis{trimethylsilylyamide (74 mb, 74.0 mmol, 1.2 eq., 1M in THF) at - 78 °C under nitrogen.
After stirring for 1 h at - 78 °C, a solution of comins’ reagent (29.0 g, 74.0 mmol, 1.2 eq.) in
THF (60 mL) was added dropwise. The mixture was stirred for th at - 78 °C under nitrogen.
The reaction was quenched with water (600 mL). The mixture was extracted with BEtOAc (3
¥ 500 mL). The organic layers were combined, washed with brine (2 x 500 mbL), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford the
crude product. The crude product was chromatographed on a silica gel column with
BEOACPE  (1:9) to provide the desired product I-tert-butyl 2-methyl (28)-4-
{trifluoromethanesulfonyloxy)-2,5-dihydropyrrole-1,2-dicarboxylate (123 g, 48%) as a
colorless oil. 'H NMR 400 MHz, Chloroform-d) 8 5.70-5.80 (o, 1H), 5.00-5.12 (m, 1H),
4.24-4.47 (m, 2H), 3.79 (s, 3H), 1.42-1.53 (m, 9H). LC-MS (ESI, m/7): 320 [M-56+HT

[8668] To a mixture of {-tert-butyl 2-methyl (28)-4-
(triffluoromethanesulfonyloxy)-2,5-dihydropyrrole-1,2-dicarboxylate (10.0 g, 26.6 mmol, 1.0
eq.}, lithium chlonde (3.95 £, 93.2 mmol, 3.5
eq.) and tetrakis(triphenylphosphineplatinum({}} (4.62 g, 4.00 mmol, 0.15 eq.) in THF (120
mb.) was added hexamethyldistannane (13.1 g, 40.0 womol, 1.5 eq.). The mixture was stirred
overnight at 60 °C under nitrogen. The reaction was quenched with water (300 mL)}. The
mixture was extracted with BEtOAc (3 x 300 mbl). The organic layers were combined,
washed with brine {2 x 200 ml), dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to afford the crude product. The crude product was
chromatographed on a silica gel column with EtOAc:PE (6:94) to provide 1-tert-butyl 2-
methyl (28)-4-(trimethylstannyl)-2,5-dihydropyrrole-1,2-dicarboxylate (5.45 g, 4% %) as a
colorless oil. 'H NMR (400 MHz, Chloroform-d) 8§ 5.70-3.82 (m, {H), 4.93-5.09 (m, 1H),
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4.19-4.41 {m, 2H), 3.74-3.79 {m, 3H), 1.42-1.53 {(m, 9H), (.14-0.31 (m, OH). LC-MS (ES],
m/zy 336 [M-S6+H].

[666%9] To a mixture of silver trifluoromethanesuifonate (4.67 g, 18.2 mmol, 1.3
eq.; and l-chloromethyl-d-fluore-1,4-diazoniabicyclof2.2 2joctane  bis{tetrafluoroborate)
(9.90 g, 27.9 mmol, 2.0 eq.) in dry acetone (165 ml} was added dropwise a solution of 1-
tert-butyl 2-methyl (25)-4-{trimethylstanny}-2,5-dihydropyrrole-1,2-dicarboxylate (5.45 g,
14.0 mmol, 1.0 eq.) in dry acetone (35 mbL) under nitrogen. The mixture was stirred for 1 h
at rt. The reaction was quenched with satarated agueous armunonium chloride (300 o). The
mixture was extracted with MTBE (3 x 300 mi). The organic layers were combined,
washed with brine (2 x 200 ml), dried over anhydrous sodiom sulfate, filieved and
concentrated under reduced pressare to afford the crude product. The crude product was
chromatographed on a silica gel column with BEtOAC/PE (5:93) to provide |-tert-butyl 2-
methyl (25)-4-fluoro-2,5-dthydropyrrole-1,2-dicarboxylate (780 mg, 20%) as a light yellow
oil. '"H NMR (400 MHz, Chloroform-d) & 5.11-5.22 (;m, 1H), 4.87-4.99 (m, 1H), 4.24-4.36
{m, LD, 4.12-4.23 {m, 1H}, 3.75-3.80 (m, 30, 1.42-1.53 {m, 9H). LC-MS (ES], m/7): 190
iM-56+H]"

[8678] A wixture of I-tert-butyl 2-methyl (2S)-4-flaoro-2,5-dihydropyrrole-1,2-
dicarboxylate (400 mg, 1.63 mmol, 1.0 eq.) in dicyclopentadiene (10 ml) was stirred
overpight at 170 °C. The mixture was chromatographed on a silica gel column with
BtOACPE (3:7) to provide the crude product. The crude product was purified by CI138
column with CHaUN/Water (0.05% TFA). The desired fraction was concentrated under
reduced pressure to  provide Z-(fert-butyly 1-methyl (15,3a5,45,7R,7aR)-3a-fluoro-
1,3,3a,4,7, 7a-hexahydro-2H-4,7-methanoiscoindole-1,2-dicarboxylate (140 mg, crude) as a
brown oil. LC-MS (ESL, m/7): 212 [M-Boc+H]".

(86711 To a solution of 2-(tert-butyh) l-methyl (15,3a5,48,7R,7aR)-3a-fluoro-
1,3,3a,4,7,7a-hexahyvdro-2H-4,7 -methanoisoindole- 1, 2-dicarboxylate {140 mg, 0.450 mmol,
1.0 eq.) in DCM (1.5 mL) was added rifluorcacetic acid (0.5 mb). The mixture was stirred
for 1 h at 1t and then concentrated under reduced pressure to afford the wmethyl
{15,3a5,45,7R,7aR )-3a-fluoro-2,3,3a,4,7, 7a-hexahvdro-1 H-4,7-methanoisoindole- 1 -
carboxylate (95 mg, crude) as a brown otl. LO-MS (ES], m/7): 212 [M+HI"

(86721 To @ roixture of (25)-2-{{(tert-butoxycarbonyhamino]-3,3-
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dimethyibutanoic acid (104 mg, 80450 mmol, 1.0 eq.) and o-(7-azabenzotriazol-1-y1)-
NLN,N' N'-te-tramethyluronium hexafluorophosphate (205 mg, 0.540 mmol, 1.2 eq.) in DMF
(3 mL) was added N-ethyl-N-isopropyipropan-2-amine (34% mg, 2.70 mmol, 6.0 eq.} at § °C.
After stirring for 15 min, methyi (15,3a5,45,7R,7aR}-3a-fluoro-2,3,3a,4,7,7a-hexahydro- 1 H-
4,7-methanoisoindole-1-carboxylate (95.0 mg, 0.450 mmol, 1.0 eq.) was added. The mixture
was stirred for | h at rt. The reaction was quenched with water (10 mL). The mixture was
extracted with EtOAc (3 x 10 mL). The organic layers were combined, washed with brine (2
x 10 mb), dried over anhydrous sodium sulfate, filtered and concentrated under redoced
pressure to afford the crude product. The crude product was chromatographed on a silica gel
column with EtOACPE (15:85) to provide methyl (15,3a8,45,7R,7aR)-2-((5)-2-{{tert-
butoxycarbonyhamino)-3,3-dimethylbutanovl)-3a-fhuoro-2,3,3a,4,7, 7a-hexahydro-1H-4,7-
roethanoisoindole-1-carboxylate (65.0 mg, 24%) as a light yellow semu-solid. LOC-MS (ES],
m/zy. 425 [M+HT.

(66731 To a  wixtare  of  methyl  (15,3a8,48,7R,7aR)-2-((8)-2-({tert-
butoxycarbonyDaming)-3,3-dimethylbutanoviy-3a-fhuore-2,3,32,4,7, 7a-hexahydro- 1H-4,7-
methanoisoindole-1-carboxylate {(65.0 mg, 0.1533 mmol, 1.0 eq.) in THF (0.5 mL)Ywater (.5
mb) was added lithiam hydroxide (11.0 mg, 0.459 mmol, 3.0 eq.). The mixgture was stirred
for I h at rt. The mixture was diluted with water (2 ml) and adjusted o pH = 6 with
hydrochloric acid {1 M). The mixture was extracted with EtOAc (3 x 2 mL}. The organic
layers were combined, washed with brine (2 x 1 mbL), dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure to afford (15,325,45,7R,7aR)}-2-({(5)-2-
((tert-butoxycarbonyllamine)-3,3-dimethylbutanoyi)-3a-fluore-2,3,3a,4,7,7a-hexahydro- 1 H-
4,7-methanoisoindole-1-carboxylic acid (60.0 mg, crude) as a light yellow solid. LC-MS
(BSE, m/7): 411 [M+H]™

(8674} To a mixture of (15,335,458, 7R, 7aR)-2-((5)-2-({tert-
butoxycarbonylamino)-3,3-dimethylbutanoyl)-3a-fluore-2,3,33,4,7, 7a-hexahydro- 1 H-4,7-
methanoiscindole-1-carboxylic acid (61.0 mg, 0.149 mmol, 1.0 eq) and o-(7-
azabenzotriazol-1-yD-NN N \N'-te-tramethyluroniom hexafluorophosphate (68.0 mg, 0.179
momol, 1.2 eq.) in DMF (2 ml) was added N-ethyl-N-isopropylpropan-2-aroine (116 mg,
(L2894 mmol, 6.0 eq.) at § °C. After stirred for 15 min at same temperature, (28)-2-amino-3-

1{(35)-2-oxopyrrolidin-3-yljpropanamide hydrochloride (31.0 mg, 0.149 munol, 1.0 eq.) was

(43
¥
@
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added. The mixiure was stitrred for § h at rt. The crude product was purified by CI8 colunmmn
with CHCN/Water {0.05% NH:HCOG:;+NH:H-0, pH~10). The desired fraction was
concentrated under reduced pressure to provide tert-butyl {({(8}-1-((15,3a5,45,7R,7aR}-1-
{{S)-1-amino-1-ox0-3-{{8)-2-oxopyrrohidin-3-ylipropan-2-ylcarbamoyi)-3a-fluoro-

1,3,32,4,7 7a-hexahydro-2H-4,7-methanoisoindol-Z-yD-3,3-dimethyl- 1 -oxobutan-2-
yicarbamate (50.0 mg, 47%) as an off-white solid. LC-MS (ESL, mv/7): 564 [M+H}"

18675] To a mixture of tert-butyl ((83-1-((15,3a5,458,7R,7aR}-1-({((5)-1-amino-1-
ox0-3-{{8)-2-oxopyrrolidin-3-yhpropan-2-yDearbamoy-3a-fluoro-1,3,3a,4,7, 7a-hexahydro-
2H-4,7-methanoisoindol-2-vD-3,3-dimethyl- 1 -oxobutan-2-yhcarbamate  (30.0 mg, 0.089
romol, 1.0 eq.)y o DCM (1.5 mb) was added mifluoroacetic acid (0.5 wb). The mixture was
stitred for 1 h at 1t and then concentrated under reduced pressure to afford (25)-2-
[HORZR38,65,75)-4-[(28)-2-amino-3,3-dimethylbutanoy!}-6-tluoro-4-
azatricyciof$.2.1.0M 2,61 Jdec-8-en-3-yl[formamido }-3-[(35)-2-oxopyrrohdin-3-
yijpropanamude; trifluoroacetic acid (51.0 mg, crude) as a brown semi-solid. LC-MS (ES],
m/z) 464 [M+HT

18676] To a mixnwe of  (2S»2-{J(1R,2R,35,68,75)-4-1(28)-2-amino-3,3-
dimethylbutanoyl]-6-fluoro-4-azatricyelol5.2.1.0%{ 2,6 } Jdec-8-en-3-ylformamido } - 3-[{35)-
2-oxopyrrolidin-3-yljpropanamide; trifluoroacetic acid (31.0 wyg, 0.088 mmol, 1.0 eq.) in
2,4, 6-tripropyl-1,3,5,2 4, 6-trioxatriphosphorinane-2,4,0-trioxide (362 mg, 0.880 mmol, 18.0
eq., 30% in EtOAc) was added pyridine (35.0 mg, 8.440 mmol, 5.0 eq.). The mixture was
stirred overnight at rt. The reaction was quenched with water (2 mb). The mixture was
extracted with BtOAc (3 x 2 mb). The organic layers were combined, washed with brine (2
x 2 mbl}, dried over anhvdrous sodium sulfate, filtered and concentrated under reduced
pressure to afford the crude product. The crude product was purified by prep-HPLC
{Column: XSelect CSH Prep CI18 OBD Column, 19 x 250 nmum, 5 wm; Mobile Phase A:
Water (0.17%FA), Mobile Phase B: ACN,; Flow rate: 25 mi/min; Gradient: 37% B to 67% B
in 7 min, 67% B; Wave Length: 254 nm; RT1 (min): 6.45) to provide (1R,2R,35,65,75)-N-
[ES)-T-cyano-2-[{(35)-2-oxopyrrolidin-3-yijethyl|-4-[{25)-3,3-dimethyl-2-(2,2,2-
trifluoroacetamido)butanoyi}-6-fluoro-4-azatricyclof5.2.1.0M 2,6 } {dec-8-ene-3-carboxamide
(12.6 mg, 26%) as a white solid. H NMR (400 MHz, DMSO-ds) 8§ 8.70-9.05 (m, 2H), 7.30-
7.60 (m, 1H), 5.90-6.60 (m, 2H), 4.84-5.03 (m, 1H), 4.30-4.55 (m, 1H), 3.75-4.29 (m, 3H},
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2.93-3.12 (m, 4H), 2.55-2.70 (m, 1H), 2.30-2.45 (m, 1H), 2.08-2.22 (m, 2H), 1.45-2.07 (m,
AHD, 0.82-1.10 (m, 9H). LC-MS (ESL, m/z): 542 [M+HT".

EXAMPLE 95
Compound 95

{9677] Cormpound 95 was prepared similarly as described {or Compound 3 using
{5)-2~amino-3-cyclobutylpropanoic acid in place of (28,3R)-2-amino-3-(tert-butoxy Ybutanoic
acid. '"H NMR (500 MHz, 363K, DMSO-ds) & 8.40-9.00 (m, 2H), 7.28-7.45 (m, 1H), 5.98-
6.26 (m, 2H), 4.78-5.00 (m, 1H), 4.08-4.40 (m, 1H), 3.90-4.00 (m, 1H), 3.52-3.70 {(m, 1H),
3.33-3.45 (m, TH), 3.08-3.22 {m, 3H), 3.00-3.08 (m, 1H), 2.90-2.98 {m, 1H), 2.74 (m, 1H),
222-2.48 {m, 2H), 2.09-2.21 (m, 2k, 1.86-2.05 (m, 2H), 1.55-1.85 (m, 8H), 1.34-1.48 (m,
2H). LCMS (ESI, m/z): 536 [M+H]™

EXAMPLE 96
Compound 96

{6678] (15,3a85,4R,55,7R,7a8)-2-((§)-3,3-dimethyil-2-(2,2,2-
triflucroacetamidobutanoyl)-S-fluorooctahydro-1 H-4,7-methanoisoindole- L -carboxylic  acid
was prepared from 2-{tert-butyl) 1-methyi {15,3aR 458,7R,7a5)-1,3,3a,4,7,7a-hexahydro-2H-

4.7-methanoisoindole- 1, 2-dicarboxvlate, similar as described for (15,3aR,45,6R,75,7aR)-2-

2
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{(5)-3,3-dimethyi-2-(2,2, 2-trifluorcacetamido)butanoyi-6-fluorcoctahydro- i H-4,7-
methanoisoindole-1-carboxylic acid, using R-MOP instead of S-MOP. Compound 96 was
prepared from (15,328 4R 58,7TR 7a53-2-((8)-3,3-dimethyil-2-(2,2,2-
tritlucroacetamidojbutanoyl)-S-fluorooctahydro-1 H-4,7-methanoisoindole- L -carboxylic acid,
similarly as described for compound 86 from (15,3aR 45,6R,75,7aR}-2-((5)-3,3-dimethyl-2-
(2,2, 2-rifluoroacetamidojbutanoyl)-6-fluorooctahydro- 1 H-4,7-methanoiscindole- 1 -
carboxylic acid. 'H NMR (400 MHz, 80°C, DMSO-ds} § 8.55-9.10 (m, 2H), 7.25-7.50 (m,
tH), 4.82-3.00 (m, 1H), 4.65-4.80 (m, 1H), 4.55-4.65 (m, 1H), 4.30-4.50 (m, iH), 3.85-4.00
(m, 1H), 3.55-3.80 (m, IH), 3.05-3.25 (m, 2H), 2.60-2.90 (m, 1H), 2.50-2.55 (m, 1H}, 2.40-
2.50 (m, 2H), 2.25-2.40 (m, 1H), 2.05-2.25 (m, 2H), 1.75-1.80 (u, 2H), 1.65-1.75 {m, 2H},
£.30-1.60 (m, 2H), 0.90-1.10 (m, SH). LC-MS (ES], m/z): 544 [M+HJ

EXAMPLE 97
Compound 97

{66749] Compound 97 was prepared similarly as described for compound 69,
using (5)-2-{{tert-butoxycarbonyhamino)-3,3,4-trimethylpent-4-enoic acid in place of (28)-2-
[(tert-butoxycarbonyDamino}-3-cyclopropyl-3-methylbutanoic acid. 'H NMR (400MHz,
80°C, DMSO-ds) 06 8.23-9.00 (m, 2H), 7.44-7.65 (m, 1H), 5.91-6.23 (m, 2H), 4.86-4.95 (m,
IH), 4.54-4.82 (m, 3H), 3.88-4.33 (m, 1H), 3.60-3.75 (m, 1H), 3.33-3.45 (m, IH), 3.05-3.30
{m, 3H), 3.01-3.04 (m, 1H), 2.86-3.00 (m, 1H), 2.61-2.72 (m, 1H), 2.06-2.41 {m, 3H), 1.54-
1.93 (m, 5H), 1.27-1.45 (m, 2H), 0.82-1.24 (m, 6H). LC-MS (ES], m/zy 5350 [M+H}

2
%
42



WO 2023/283256 PCT/US2022/036242
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{6686] To a selution of methyl (8)-2-({(4-methoxyphenylamino)-3,3-dimethyl-4-
oxobutanoate (12.0 g, 45.2 mmol, 1.0 eq.} and magnesium bromide (29.2 ¢, 113 mmol, 2.5
eq.} in B (200 ml) was added (rimethylsilyDdiazomethane (11.4 g, 99.5 mmol, 2.2 eq.}
at 0 °C. The mixture was stirred for 0.5 h at 0 °C and then stirred overnight at rt. MeOH (60
mb) and hydrochloric acid (40 mL, 2 M) were added at § °C. The mixture was stirred for 1 h
at rt. The mixture was extracted with EA (3 x 100 mL). The organic layers were combined,
washed with brine (2 x 50 ml), dried over anmhydrous sodinm sulfate, filtered and
concentrated under reduced pressure to afford the crade product. The crude product was
chromatographed on a silica gel column with BAPE (17%) to provide methyl (8)-2-((4-
methoxyphenyllamino)-3,3-dimethyl-4-oxopentanoate (3.2 g, 22%) as a vellow solid. 'H
NMR (400MHz, DMSO-ds) 6 6.68-6.75 (m, 4H), 5.26-5.31 (m, 1H), 4.38-4.67 (m, 1H), 3.64
s, 3H), 3.59 (5, 3H), 2.16 (5, 3H), 1.06-1.15 (m, 6H). LOC-MS (ES], m/2): 280 [M+H]".

o~

{0681} To a stirred mixture of methyltriphenviphosphantom bromide (7.37 g, 20.6
mmol, 1.8 eq.)y in THF (50 mL) was added potassium tert-butoxide (2.31 g, 28.6 mmol, 1.8
eq.} at O “C under mitrogen. After stirring for 1 h, methyl (8)-2-({4-methoxyphenylamino)-
3,3-dimethyl-4-oxopentanoate (3.2 g, 11.456 mmol, 1.0 eq.) was added. The mixture was
stirred for 3 h at rt. The reaction was quenched with water (50 mL}. The mixture was
extracted with EA (3 x 100 mL}. The organic layers were combined, washed with brine (2 x
5¢ mb), dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure o afford the crude product. The crude product was chromatographed on a silica gel
colummn  with BAPE (8%) to provide methyl (8)-2-((d-methoxyphenvhamino)-3,3,4-
trimethylpent-4-encate (820 mg, 25%) as a yellow solid. Y NMR (400 MHz, DMSO-de) 8
6.69-6.73 (m, 2H), 6.59-6.64 (m, 2H), 5.01-5.10 (m, 1H), 4.78-4.81 {m, 2H), 3.99-4.02 (m,
tH), 3.63 (s, 3H), 2.56 (s, 3H), 1.76 (s, 3H), LL11-1.16 {(m, 6H). LC-MS (ES], sm/fz) 278

)
o
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IM+HT.

{86821 To a stirred mixture of methyl (8)-2-({(4-methoxyphenyliamino}-3,3,4-
trimethylpent-4-encate (800 mg, 2.88 mumol, 1.0 eq.} in CH;UN (20 mL} and HoO (5 mbL)
was added ceric ammonium nitrate (7.94 g, 14.4 mmol, 5.0 eq.). The mixture was stirred for
{ hatrt. To the mixture was added THF (5 mbL). The mixture was basified to pH = § with
tricthylamine. Di-tert-butyl dicarbonate (3.78 g, 17.3 mmol, 6.0 eq.}) was added. The
mixture was stirred for 5 h at 1t and then diluted with H-O (30 mL). The mixture was
extracted with EA (3 x 50 mL). The organic layers were combined, washed with brine (2 x
20 ml), dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure to afford the crade product. The crude product was chromatographed on a silica gel
colurnn with BAPE (9%-13%) to provide methyl (8)-2-((tert-butoxycarbonylamino )-3,3 4-
trimethylpent-4-enoate (160 mg, 20%) as a yellow oil. 'H NMR (400 MHz, Chloroform-d) §
3.01-5.41 (m, 1H), 4.77-4.86 (o, 2H), 4.37-4.3% (m, 1H), 3.67-3.71 (o, 3H), 1L.82 (s, 3H),
145 (s, 9H), 1.10-1.12 (m, 6H). LC-MS (ESL, m/2): 272 [M+H} .

[8683] To a mixture of methyl (8§3-2-((tert-butoxyearbonylamins)-3,3 4-
trimethylpent-4-enocate (160 mg, 0.5390 mmol, 1.0 eq.) s THF (2 ml), H:0 (1 ml) and
Me(OH (0.5 wl) was added lithium hydroxide (70.6 myg, 2.95 mmmol, 3.0 eq.). The mixture
was stirred for 1 h at 1t and then concentrated under redoced pressure to remove MeOH and
THE. The mixture was acidified to pH = 5 with hydrochloric acid (I M). The mixture was
extracted with EA (3 x 50 mbL}. The organic layers were combined, dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure to provide the desired
product (S)-2-{{tert-butoxycarbonyljamino}-3,3,4-trimethyipent-4-enoic acid (130 mg, crude)

as an off-white solid. LC-MS (ESI, m/z): 258 [M-+H]".
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mmol, 1.0 eq.) in ACN (20 mL} was added Cul {0.38 g, 2.00 mmmol, 0.2 eg.).
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To a solution of methyl (tert-butoxycarbonyl)-L-threoninate (2.5 g, 10.7

was heated at 45 °C and a solution of 2 2-difluoro-2-{fluorosulfonyllacetic acid (2.5 mL, 21 .4

mmol, 2.0 eg.)y in ACN (10 mbL) was added over 30 min.

under reduced pressure.

The residue was partitioned between water and EA (20 mL). The
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phases were separated, and the aqueous phase was extracted with EA (2 x 20 mbL). The
organic phases were combined, washed with brine (20 ml.), dried over Na:S04, filtered and
concentrated under reduced pressure. The residue was purified by flash chromatography on
stlica gel using a gradient of EA (10 to 15%) in hexane to afford methyl N-(tert-
butoxycarbonyl)-O-(difluoromethyl)-L-threoninate (0.8 g, 26%) as a yellow oil.

[B685] To a solution of methyl N-(tert-butoxycarbonyh)-O-(diflucromethyi)-L-
threoninate (0.8 g, 2.83 munol, 1.0 eq.} in DCE (10 mbL) was added trimethyl tinhydroxide
(2.54 g, 14.1 mmol, 5.0 eq.). The mixture was heated at 80 °C for 5 h and then concentrated
under reduced pressure. The residue was taken up with 2N HCl and extracted with BA (5 x
15 ml). The organic phases were combined, dried over Nax5Qy, filtered and concentrated
under reduced pressure. The residue was purified by flash chromatography on silica gel
using a gradient of BEA (30 to 40%) in hexane to afford N-(tert-butoxycarbonyl)-O-
(difluororpethyly-L-threonine (0.55 g, 72%) as a brown solid.

(86861 To a solution of methyl (18,3aR,48,7R,7a8)-2,3,3a,4,7,7a-hexahydro-1H-
4, 7T-methanoisoindole-1-carboxylate hydrochloride (115 mg, 8.502 mmol, 1.0 eq.) and N-
(tert-butoxycarbonyl}-O-(diflnoromethyl)-L-threonine (169 myg, 0.628 mmol, 1.2 eq.) in
DMF (1.1 mL) cooled at §°C was added BIPEA (0.26 wL, 1.50 mmol, 3.0 eqg.). After 5 min
at O °C, HATU (286 mg, 0.752 mmol, 1.5 eq.) was added. The mixture was stisred at 1t for 3
h. The mixture was diluted with water {5 mL} and extracted with EA (3 x 10 mL}. The
organic phases were contbined, dried over Na;S(, filtered and concentrated under reduced
pressure. The residue was purified by flash chromatography on silica gel using a gradient of
EA (30 to 40%) in hexane to afford methyl (15,3aR 45,7R,7a8)-2-(N-{tert-butox ycarbonyl}-
O-(difluoromethyl)-L-threonyi)-2,3,3a,4,7, 7a-hexahydro- 1 H-4,7-methanoisoindole- 1 -
carboxylate (170 mg, 76%) as a white soklid.

(86871 To a solution of methyl (15,3aR 45,7R,7a8)-2-(N-(tert-butoxycarbonyl)-
O-(difluoromethyl}-L-threonyl}-2,3,3a,4,7, 7a-hexahydro- 1 H-4,7-methanoisoindole- 1 -
carboxylate (100 mg, 0.225 mmol, 1.0 eq.) in THF (I mL) and water (1 mbl) cooled at 0 °C
was added LiOH (14 mg, 0.334 nuvol, 1.3 eq.). The mixture was stirred at tt for 4 h. The
roixture was acidified with [N HCI and extracted with BEA (10 x 10 ml.). The organic phases
were combined, dried over NaxSQy, filtered and concentrated under reduced pressure to

afford {{15,3aR 48,7R,7a8)-2-(N-(tert-butoxycarbony-O-{difluoromethy -L-threonyl)-

)
<
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2,3,3a,4,7,7a-hexahydro-1H-4,7-methanoisoindole- 1 -carboxylic acid (65 mg, 67%).

[8688] To a sohation of ((15,3aR48,7R,7a85)-2-(N-{tert-butoxycarbonyl-O-
{difluoromethyl)-L-threonvi)-2,3,3a,4,7,7a-hexahydro-1H-4,7-methanoiscindole- 1 -
carboxylic acid (110 myg, 0.256 mmol, 1.0 eq.) in DCM (1.1 mL) cooled at § °C was added
THA (0.020 mi, 1.25 mmol, 5.0 eq.). The mixture was stirred at vt for 2 h and then
concentrated under reduced pressure to afford (15,3aR 45,7R,7a5)-2-(O-(difluoromethy)-L-
threonyl}-2.3,3a,4,7.7a-hexahydro- | H-4,7-methanoisoindole- L -carboxylic acid under its TFA
salt formo (100 myg, 91%) as a white solid.

[868%] To a solution of (15,3aR 457R,7a8)-2-(O-(difluoromethyi}-L-threonyl})-
2,3,3a,4,7, Ta-hexahydro-1H-4,7-methanoisoindole- 1 -carboxylic acid uifluoroacetic acid salt
(100 1og, 0.233 mmol, 1.0 eq.) in MeOH {1 mL) cooled at O °C were added ethy! 2,2,2-
trifluoroacetate (0.14 ml, 1.06 muwnol, 5.0 eq.) and NEG (0.16 ml, 1.06 mmol, 5.0 eg.). The
mixture was stirred at tt for 48 h and then concentrated under reduced pressure. The residue
was purified by flash chromatography on C138 using a gradient of ACN (30 10 40%) in 0.01%
FA i water to afford (15,3aR 458,7R,7a8)-2-(O-{diflvoromethyi}-N-{2,2 2-trifluoroacetyl}-1-
threonyl)-2,3,3a,4,7,7a-hexahydro- 1 H-4,7-methanoisoindole- | -carboxylic acid (60 mg, 60%)
as a white solid.

16698] To a solution of {(15,3aR.45,7R,7a8)-2-(0O-(difluoromethyl)-N-(2,2.2-
triflucroacetyl)-L-threonyl)-2,3,3a,4,7, 7a-hexahydro-1H-4,7-methanoisoindole- 1 -carboxylic
acid (60 mg, 0.141 mmol, 1.0 eq.) and (8)-2-amino-3-({S}-2-oxopyrrolidin-3-yiipropanamide
hydrochloride (35 mg, 0.169 mmol, 1.2 eq.} in DMF {1 mL) were added EDCeHCI (53 mg,
0.261 mmol, 2.0 eq.}, HOAt (19 mg, .140 mmol, 1.0 eq.) and NEf (.06 mbL, $.433 mmol,
3.0 eq.). The mixture was stirred at 1t for 4 h. The mixture was diluted with water (§ mL)}
and extracted with EA (3 x 10 mb). The organic phases were combined, dried over NaxSQy,
filtered and concentrated under reduced pressure. The residue was purified by flash
chromatography on silica gel using a gradient of MeOH (1 to 10%) in DCM to afford
{15,3aR 45,7R,7a8)-N-((S)-1-amino-1-0x0-3-((5)-2-oxopyrrolidin-3-yhpropan-2-yH-2-(O-
{(difluororpethyD)-N-(2,2 2-triflucroacetyl-L-threonyl}-2,3,3a,4,7, 7a-hexahvdro- 1 H-4,7 -
roethanoisoindole-1-cathoxamide (60 mg, 74%) as a white solid.

{66911 To a solution of (18,3aR45,7R,7a5-N-((8)-1-amino-1-ox0-3-((8)-2-

oxopyrrohidin-3-yhpropan-2-yD-2-(O~(difluororoethy)-N-(2,2 2-trifluoroacetyly-L-threonyl)-

2
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2,3,3a,4,7,7a-hexahydro-1H-4,7-methanoisoindole- 1 -carboxamide (60 mg, 0.104 mmoi, 1.0
eq.} in DMF (i mL) cooled at § °C were added pyridine {(.03 mL, (.372 munol, 3.6 eq.} and
THAA (0.03 mL, 0.216 mimol, 2.1 2g.). The mixtare was stirred at 1t for 1 h. The mixture
was diluted with water (10 mbL) and extracted with EA {3 x 10 mL). The organic phases
were combined, washed with brine (2 x 10 mbL), dried over NaxdQqy, filtered and concentrated
under reduced pressure. The residue was purified by prep-HPLC {Column: Sunfire-C18
Column, 19%130 mim, 5 pum; Mobile Phase A; 10 mM NH4HCO: in water, Mobile Phase B;
ACN, Flow rate: 17 mb/min; Gradient: 20% B o 60% B in § min) to afford
(15,3aR 487R 7a8)-N-({5)-1-cyano-2-{{8}-2-oxopyrrolidin-3-yhethy - 2-(O-
{difleoromethyl-N-(2.2, 2-mi{luoroacety)-L-threonvl)-2,3,34,4,7 7a-hexahydro- 1 H-4,7-
methanoisoindole-l-carboxamide (12 mg, 21%) as a white solid. H NMR (300 MHz,
363K, DMSO-de) 6 9.50 (br. 5., 1H), 8.64 (d, 1H), 7.36 (3, 1H), 6.37-6.74 (m, 1H), 5.98-6.22
(m, 2H}, 4.89 (m, 1H), 4.52-4.77 (m, H), 441 (m, 1H), 3.94-4.25 (m, 1H), 3.71 (o, 1H),
3.29-3.49 (m, 1H), 3.04-3.22 (m, 3H), 2.80-2.97 (m, 2H), 2.75 (m, 1H), 2.25-2.39 (m, 1H),
2.08-2.22 {m, 2H), L.61-1.89 (m, 2H), 1.41 (m, ZH), 1.19-1.28 (m, 3H). LOMS (B8], m/z):
S62 [M+H]".

EXAMPLE 99
Compound 99

O
FaC
C ™ /,O (?\:\MN
> O
(66921 Compound 99 was prepared similarly as described for Compound 98 using

N-{tert-butoxycarbonyl}-O-(cyclopropylmethyl)-L-threonine  in place of  N-{tert-
tutoxyearbonyD-O-(diflucromethyl)-L-threonine. 'H NMR (500 MHz, 363K, DMSO-ds) §
§.90-9.20 (br. s., 1H), 8.51-8.7% {m, 1H), 7.29-7.50 (m, 1H), 5.99-6.25 (m, 2H), 4.75-4.95
{m, 1H), 4.21-4.52 (m, 1H), 3.96-4.04 (m, 1H), 3.60-3.78 {(m, 2H), 3.50 (m, 1H), 3.21-3.39
{m, 2H), 3.07-3.20 (m, 2H), 3.00-3.06 (n, 1H), 2.79-2.98 (m, 2H), 2.74 (m, 1H), 2.36 (m,
1H), 2.08-2.31 (m, 2H), 1.65-1.88 (m, 2H), 1.35-1.46 (m, 2H), 1.03-1.12 (m, 3H), 0.81 (m,

2
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1H), (.35-0.46 (m, 2H), 0.08-0.18 {m, 2H). LCMS (ES], m/z): 566 [M+H]".

{8693] N-{tert-butoxycarbonyl}-O-(cyclopropylmethyl)-L-threonine: To a
solution of methyl (tert-butoxycarbonyl)-L-threoninate (2 g, 8.57 mumol, 1.0 eq.) in THF (72
mb) were added allyl methy! carbonate {1.27 mL, 11.2 mmol, 1.3 eq.} and Pd{PPha)y (198
mg, 0.171 mmol, 8.02 eq.). The mixture was heated at 64 °C for 3 h and then concentrated
under reduced pressure. The residue was purified by flash chromatography on silica gel
using i0% EA in PE as the cluent to afford methyl O-aliyl-N-{(tert-butoxycarbonyi)-L-
threoninate (1.8 g, 76%) as a colorless oil.

{0694 ] To a solution of methyl O-allyl-N-(tert-butoxycarbonyl)-L-threoninate
(1.0 g, 3.66 nuool, 1.0 eq.) in B0 (10 mb) cooled at O °C were added a solation of
diazomethane 1o BHO (100 ol and PAOAC): (164 mg, 0.732 wamol, 0.2 eq.). The mixture
was stirred at ot for 16 h. The reaction roixture was filtered through celite, and the filtrate
was concentrated under reduced pressure. The residue was purtfied by flash chromatography
on silica gel using using a gradient of EA (10 1o 20%) in PE  to afford methyl N-{tert-
butoxycarbonyl)-O-{cyclopropyimethyl)-L-threoninate (900 mg, 85%) as a colorless oil.

[6695] The diazomethane solution in EO was generated from N-methyl N-
pifrosourea (10 g} in 40% KOH (30 ml) and diethyl ether (100 mL) at 8§ °C. The phases
were separated. The organic phase was used directly for the reaction.

{8696] To a sclution of methyl N-{tert-butoxycarbonyl}-O-{cyclopropylmethyl)-
L-threoninate (900 mg, 3.13 mmol, 1.0 eq.) in THF (6 mL) and water (3 mL) cooled at § °C
was added LiOH (197 mg, 4.70 mmol, 1.5 eq.). The mixture was stirred at rt for 12 h. After
cooling to 0 °C, the mixture was acidified with 1M HCI and extracted with EA (4 x 5 mL).
The organic phases were combined, washed with brine (§ ml), dried over NaxSQy, filtered
and concentrated wunder reduced presswre to  afford  N-(tert-butoxycarbony-(-
{cyclopropylmethyl)-L-threonine (800 mg, 93%) as a brown oil. 'H NMR (500 MHz,
DMSG-ds) & 12.65 (br.s., 1H), 6.26 (4, [H), 4.00 (m, 1H), 3.80 (m, 1H), 3.29 (m, 1H), 3.17
{m, 1H), 1.38 (s, 9H), L.OB (d, 3H), 0.92 (m, 1H), 0.42 (m, 2H), 0.14 (m, 2H). LCMS (ES],
w7y 274 IM+HT.
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166971 To a mixture of 3-methoxy-2,2-dimethylpropanoic acid (3.0 g, 22.7 mmol,
1.0 eq.). 4,5,6,7-tetrachloro-2-hydroxyiscindoline-1,3-dione (6.81 g, 22.7 mmol, 1.0 eq.) and
N, N-dimethylpyridin-4-amine (3.277 g, 2.27 mmol, 0.1 eq.) in DCM (30 mL) was added
N,N'-diisopropyicarbodiimide (3.15 g, 25.0 mmol, 1.1 eq.). The mixture was stirred for 1 h
at rt. The mixture was chromatographed on a silica gel column with EAPE (1:9) to provide
4,3,6,7-tetrachloro-1,3-dioxoisoindolin-2-yl 3-methoxy-2,2-dimethylpropancate (2.8 g, 30%)
as a light yellow solid. LC-MS (ESL m/7): 416 [M+H]™

(686981 To a mixture of 45,6, 7-tetrachloro-1,3-dioxoisoindolin-2-y! 3-methoxy-
2,2-dimethylpropanocate (2.8 g, 675 mmol, L0 eq) ethyl  (SE»2-((p-
tolylsulfinyDimino)acetate (2.58 g, 10.8 mumol, 1.6 eq.) and nickel(I} acetate tetrahydrate
(0.419 g, 1.6 mmol, 0.25 eq.) in L-oethyl-2-pyrrohdinone (50 ml) was added zinc (1.32 g,
203 mmol, 3.0 eq.). The mixture was stirred overmight at rt under vitrogen. The reaction
was gquenched with water (150 mi). The mixture was extracted with BtOAc (3 x 200 mi).
The organic layers were combined, washed with brine (2 x 80 ml), dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure to afford the crude product.
The crude product was chromatographed on a silica gel column with EAPE (1:4) to provide
the desired the crude product.  The crude prodoct was purified by C18 column with
CHsON/Water (0.05% NH4HCO:)., The desired fraction was concentrated under reduced
Dressure £ provide ethyl (8)-4-methoxy-3,3-dimethyl-2-(({5)-p-
tolyisulfinyhaminojbutancate (1.27 g, 58%) as a light yellow oil. LT-MS (ESI, m/z): 328
{M+H]™.

186991 To a mixtwre of ethyl (8§)34-methoxy-3,3-dimethyi-2-{{(§)-p-
tolylsulfinyllamino)butanoate (770 mg, 2.35 mmol, 1.0 eq.) in MeOH (8§ ml) was added
hydrogen chloride (338 mg, .40 mmol, 4.0 eq., 4 M in EtOH). The mixture was stirred for 2
h at 1t and then concentrated under reduced pressure to afford ethyl (8)-2-amino-4-methoxy-
3.3-dimethylbutanoate (444 mg, crude) as a vellow o, LC-MS (ESI, m/7): 190 [M+H]".

{67601 To a mixture of ethyl (5)-2-amino-4-methoxy-3,3-dimethylbutanoate (444
mg, 2.35 mmol, 1.0 eq.) in DCM {4 ml) were added triroethylamine (1,19 g, 11.8 munol, 5.0
eq.) and di-tert-butyl dicarbonate (615 mg, 2.82 mol, 1.2 eq.). The mixture was stirred for
2 h at rt. The reaction was guenched with water (30 ml.). The mixture was extracted with

dichloromethane (3 x 100 ml.). The organic layers were combined, washed with brine (2 x
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58 mb), dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure o afford the crude product. The crude product was chromatographed on a silica gel
column with BEAPE (1.9) to provide ethyl (8)-2-((tert-butoxycarbonyDamine)-4-methoxy-
3,3-dimethylbutanoate (370 mg, crude) as a yellow oil. LC-MS (ES, m/z): 290 [M+H]".

18761} To a mixture of ethyi (85)-2-({tert-butoxycarbonylyamino}-4-methoxy-3,3-
dimethyibutancate (370 mg, 1.28 mmol, 1.0 eq.} in THF (4 miYwater (4 ml) was added
lithtum hydroxide (147 myg, 6.40 mmol, 5.0 eq.). The mixture was stirred for 2 h at 50 °C.
The mixture was concentrated under reduced pressure to remove THEF and adjusted topH =35
with hydrochloric acid (2 M). The mixture was extracted with EtOAc (3 x 80 ml). The
organic layers were combined, washed with brine (2 x 30 ml), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure to  afford (85)-2-({tert-
butoxycarbonylDamino-4-methoxy-3,3-dirsethylbutanoic acid (205 mg, crude) as a yellow
oil. LC-MS (ESI, m/z): 206 [M-36+H]".

(67621 To a mixtore of (S)-2-({tert-butoxycarbonyDamino)-4-methoxy-3,3-
dimethylbutanoic acid (205 mg, 8.785 myool, 1.0 eq.) in DMF (2 ml) were added o-(7-
azabenzotriazol-1-y1-N N, N N'-te-tramethviuronium  hexafhuorophosphate (358 myg, 0.942
mmol, 1.2 eq.) and N-ethyl-N-isopropyipropan-2-amine (608 mg, 4.71 mmol, 6.0 eq.) at 0
°{C. The mixtire was stirred for 20 win, and then (15,3aR 45,7R,7a8)-N-{({§)-1-amino-1-
oxo-3-({8)-2-oxopyrrolidin-3-yhpropan-2-y1}-2,3,3a,4,7.7a-hexahydro-1 H-4,7-
methanoisoindole-1-carboxamide (260 mg, 0.763 mmol, 1.0 eq.) was added {0 °C. The
mixture was stirred for 2 h at rt.  The mixture was purified by CI8 column with
CH3UN/Water (8.05% FA). The desired fraction was concentrated under reduced pressure to
provide tert-butyl {({8)-1-{{15,3aR,48,7R,7a5)-1-{{{8}-1-amino-1-0x0-3-{{$}-2-oxopyrrolidin-
3-ylpropan-2-vhcarbamoyli}-1,3,3a,4,7.7a-hexahydro-2H-4,7 -methanoisoindol-2-y -4
methoxy-3,3-dimethyl-1-oxobutan-2-yhcarbamate (110 mg, 24%) as a light yellow solid.
The product (110 mg) was purified by  Achiral to  afford tert-butyl ((8)-1-
{{185,3aR 45,7R,7a8)-1-({{8)-1 -amino-1-0x0-3-((5)-2-oxopyrrolidin-3-yhpropan-2-
yhicarbamoyl}-1,3,3a,4,7, 7a-hexahydro-2H-4,7 -methanoisoindol-2-y1)-4-methoxy-3,3-
dimethyi-1-oxobutan-2-ylcarbamate (65 mg, 2nd peak) as a white solid. LC-MS (ESL, m/2):
376 {M+HYT.

(67831 To a stitred mixture of tert-butyl {(8)-1-((15,3aR,48,7R,7aS)-1-{{{8)-1-
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amino-1-0x0-3-{{S)-2-oxopyrrolidin-3-ylipropan-2-yljcarbamoyli}-1,3,3a,4,7,7a-hexahydro-
2H-4,7-methanoiscindol-2-yl-4-methoxy-3,3-dimethyl- 1 -oxcbutan-2-vlcarbamate (50 mg,
0.087 mmol, 1.0 eq.) in dichloromethane (0.6 mL} was added trifluoroacetic acid (.3 mL) rt.
The mixture was stirred for 2 h at rt and then concentrated under reduced pressure to afford
{15,3aR 487TR [ 7a8)-N-({8)-1-amino-1 -ox0-3-({5}-2-0xopyrrolidin- 3-yvhpropan-2-y13-2-({S)-
2-amino-4-methoxy-3,3-dimethylbutanoy!)-2,3,3a,4,7, 7a-hexahydro-1H-4,7-
methanoisoindole-1-carboxamide (41 mg, crude) as a yellow oil.  LC-MS (ES], m/7): 476
IM+H]

18704} To a muxture of (15,3aR.45,7R.7a5)-N-{{8)-1-amino-1-0x0-3-((8)-2-
oxopyrrohidin-3-yhpropan-2-yDh-2-((8)-2-armino-4-methoxy-3,3-dimethylhutanoyl)-
2,3,3a,4.7, Ta-hexahydro-1 H-4,7-methanoisoindole- I-carboxarmde (41 rog, 0.086 mmol, 1.0
eq.) in MeOH (0.5 ml) were added triethylamive (60.8 mg, 0.602 wmmol, 7.0 eq),N-
methyliroidazole (21.1 g, 0.258 wmmol, 3.0 eq.) and ethyl pentalluoropropionate. The
roixture was stirred for overnight at tt. The reaction was quenched with water (10 ul.). The
mixture was extracted with EtOAc (3 x 30 mL). The organic layers were combined, washed
with brine (2 x 10 mL)}, dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure to afford the crade product. The crude product was purified by silica gel
column  chromatography  with  methanolidichloromethane (6:94) to  afford of
{15,3aR 48, 7R,7a8)-N-({8)}-1-amino-1-0x0-3-({(5)-2-oxopyrrolidin-3-yDpropan-2-y1)-2-{{5}-
4-methoxy-3,3-dimethyl-2-(2,2.3,3,3-pentafluoropropanamidoibutancyl)-2,3.3a,4,7, 7a-
hexahydro-1H-4,7-methanoisoindole-1-carboxamide {60 mg, crude} as a yellow oil. LLC-MS
(ESY, m/7): 622 [M+H]".

187051 To a mixture of N-{(25)-1-[{1R,25,35,6R.75)-3-{{(15)-1-carbamoyl-2-
[(38)-Z-oxopyrrolidin-3-yljethylicarbamoyl} -4-azatricyclof 5.2.1.00 2,6 H ldec-B-en-4-vi}-4-
methoxy-3,3-dimethyl-1-oxobutan-2-v1}-2,2,3,3.3-pentafluoropropanamide (60 mg, 0.087
mmol, 1.0 eq.) in DCM (0.5 mb) were added pyridine (26.7 mg, 0.340 mmol, 3.5 eq.) and
trifluoroacetic anhydride (24.3 mg, 0.116 mmol, 1.2 eq.). The mixture was stirred for 2 h at
rt. The reaction was guenched with water (10 ml). The maxtore was extracted with DCM (3
x 50 ml.). The organic layers were cornbined, washed with brine (2 x 10 ml), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford the

crude product. The crude product was purified by prep-HPLC (Column: XSelect CSH Prep
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C18 OBD Column, 19%150 mm, 5pm; Mobile Phase A: Water {(0.1%FA}, Mobile Phase B:
ACN; Flow rate: 25 mb/min; Gradient: 37% B t0 67% B in 7 min, 67% B; Wave Length:
228 am: RT1 {(min} 6.12) to provide {(15.3aR48,7R,7a8)-N-((8)-1-cvano-2-({(5)-2-
oxopyrrolidin-3-yhethyl)-2-((8)-4-methoxy-3,3-dimethyl-2-(2.2,3,3,3-
pentafluoropropanamido)butanoy}-2,3,32,4,7, 7a-hexahydro- 1 H-4,7 -methanciscindole- 1 -
carboxamide (11.6 mg, 19%)as an off-white solid. 'H NMR (400 MHz, 80 °C, DMSO-ds) §
8.60-9.00 (m, 2H), 7.35-7.60 (m, 1H), 5.90-6.30 {(mm, ZH), 4.85-5.05 (m, 1H), 4.50-4.70 (m,
tH), 3.95-4.20 (m, 1H), 3.60-3.75 (m, 1H), 3.40-3.60 (m, 1H), 3.25-3.35 (m, iH), 3.00-3.20
(m, 7H), 2.80-3.00 (m, 2H), 2.65-2.80 (m, 1H), 2.25-2.45 (m, iH), 2.08-2.25 (m, 2H}, 1.60-
1.80 (m, 2H), 1.30-1.50 (m, 2H), 0.85-1.10 (m, 6H). LC-MS (ESL ma): 604 [M+HJ.

EXAMPLE 101
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-NH
CF,CF,COOE HC
NEty, NMI Ny
MeOH @
EDC.HCI, HOAL
it SCOOH NEt;, DMF

TFAA, pyridine
DCM

[6706] To a mixture of methyl (tert-butoxycarbonyly-L-threoninate (1 g, 4.29
mmol, 1.0 eq.), vinyl acetate {1.58 mi,, 171 momol, 4.0 eq.) and NapCOs (273 mg, 2.57
romol, 3.6 eq.) in toluene (10 wl) was added his(1,5 cyclooctadiene)diinidiumy{) dichloride
(144 mg, 0.214 mmol, 0.05 eq.). The mixtore was stivred at 100 °C in 4 sealed tabe for 4 h.
After cooling to tt, the mixtare was dilated with EA (50 ml) and washed with water (20
mb.). The phases were separated. The organic phase was washed with brine (20 rol), dried
over Nap8Qs, filtered and concentrated under reduced pressore. The residue was punified by
flash chromatography on silica gel using a gradient of EA (10 to 20%) 1 PE to afford methyl
N-{tert-butoxvecarbonyD-O-vinyl-L-threoninate (600 myg, 54%) as a brown oil.

{87871 To a solution of methyl N-(tert-butoxycarbonyl}-O-vinyl-L-threoninate
(600 mg, 2.32 mmol, 1.0 eq.} in DCM (6 mL) cooled at 0°C were added 0.9M EtxZn in
hexane (6 ml, 5.79 mmoi, 2.5 eq.} and CH:b (§.93 mL, 11.6 mmol, 5.0 eg.). The mixture
was stirred at rt for 16 h. Ice/water (5§ mb) was added and the phases were separated. The
agueous phase was extracted with EA (3 x 5 mL). The organic phases were combined,
washed with water (5§ mbL), dried over Na:SOu, filtered and concentrated under reduced
pressure to afford methyl O-cyclopropyl-L-threoninate (600 mg) as a brown oil.

{4708] To a solution of methyl O-cyclopropyl-L-threoninate (600 mg, 3.46 mmol,

366
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1.0 eq.} in DCM {6 mL) cooled at § °C were added NEG (.96 mb, 6.93 mmol, 2.0 eq.) and
Boco(O (1.2 mL, 5.20 mmol, 1.5 eg.). The mixture was stirred at vt for 3 h. The mixture was
diluted with DCM (50 mL) and washed with water. The phases were separated. The organic
phase was washed with brine, dried over NaxSOu, filtered and concentrated under reduced
pressure. The residue was purified by flash chromatography on silica gel using a gradient of
EA (10 to 20%) in PE to afford methyl N-{(tert-butoxycarbonyl}-O-cyclopropyl-L-threoninate
(500 mg, 79% over two steps) as a yellow liquid. 'H NMR (400 MHz, CDCl3) § 5.16 (d.
TH), 4.27 (o, TH), 4.14 (m, 1H), 3.73 (s, 3H), 3.27 (m, TH), 145 (s, 9H), 1.26 (d, 3H), 0.51
(m, 2ZH}, .38 (m, 2H). LCMS (ESY, m/z): 274 [M+H]"

[6769] To a solution of methyl N-{ert-butoxycarbonyl)-O-cyclopropyl-L-
threoninate (300 rog, 1.83 mrool, 1.0 eq.) in THF (3.5 wl) and water (1.5 mb) cooled at 0 °C
was added LiOH (115 mg, 2.74 mmol, 1.5 eq.). The mixture was stitred at tt for 6 . After
coohing to 0 °C, the mixture was aciditied with 1M HCl to pH = 2 and extracted with EA (4 x
10 ml.). The organic phases were combined, washed with brine (§ ml), dried over NaxSOs,
filtered and concentrated under reduced pressure. The rvesidue was purified by flash
chromatography on U18 using a gradient of ACN (50 to 60%) in 0.1% FA in water to afford
N-{tert-butoxycarbonyl)}-O-cyclopropyl-L-threonine (350 mg, 74%) as a colorless oil.

16716} To a solution of N-{tert-butoxycarbouyh)-O-cyclopropyl-L-threonine (150
mg, 0.578 mmol, 1.0 eq.) and methyl (15,3aR.45,7R,7a8)-2,3,3a.4,7,7a-hexahydro-1 H-4,7-
methanoisoindole-1-carboxylate hydrochloride (133 mg, 0.578 mmol, 1.0 eq.) in DMF (1.5
mb} cooled at § °C were added HATU (286 mg, 0.752 mmol, 1.3 eq.) and DIPEA (0.26 mi,,
1.45 mimol, 2.5 eq.). The mixture was stirred at rt for 7 h. The mixture was diluted with
water {5 mbL) and extracted with EA (4 x 5 mL). The organic phases were combined, dried
over NapSQq, filtered and concentrated under reduced pressure. The residue was purified by
flash chromatography on silica gel using a gradient of EA (20 to 30%) in PE to afford methyl
(15,3aR 48, 7R, 7a5)-2-(N-{tert-butoxycarbonyl}-O-cyclopropyl-L-threony}-2,3,32,4,7  7a-
hexahydro- 1 H-4,7-methanoisoindole-1-carboxylate (180 mg, 71%) as a colorless solid.

19711} To a solution of methyl (18,3aR,45,7R,7a8)-2-(N-{tert-butoxycarbonyl)-
O-cyclopropyl-L-threonyl}-2,3,3a,4,7, Ta-hexahydro- 1 H-4,7-methanoisoindole- 1 -carbox viate
{195 mg, 0449 mmol, 1.0 eq.) in THF (1.3 mL) and water (0.7 mL) cooled at § "C was

added LiOH (28.2 mg, 0.673 muyool, 1.5 eq.). reaction mixture was stirred at st for 4 h. After
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cooling to (4 °C, the mixture was acidified with 1M HCI until pH ~2 and then extracted with
EA (4 x 5 mL). The organic phases were combined, washed with brine (8§ mL), dried over
NapSCu, filtered and concentrated under reduced pressure to afford (15,3aR 45,7R,7a8)-2-
{N-(tert-butoxycarbonyl}-O-cyclopropyi-L-threonyi}-2,3,3a,4,7,7a-hexahydro- 1 H-4,7-
methanoisoindole- I -carboxylic acid (180 mg, 95%) as an off-white solid.

(8712} To a solation of (18,3aR457R,7a85)-2-(N-(tert-butoxycarbonyl-O-
cyclopropyl-L-threonyl}-2,3,3a,4,7, 7a-hexahydro- 1 H-4,7-methanoisoindole- 1 -carboxyiic
acid (180 mg, 0.428 mmol, 1.0 eq.) in DCM (3 wl) cooled at § °C was added TFA (0.13
mb, 1.71 mmol, 4.0 eq.). The mixture was stirred at 1t for 3 h and then concentrated under
reduced pressure to afford quantitatively (15,3aR,45,7R,7a8)-2-(O-cyclopropyl-L-threonyl)-
2,3,33,4,7, 7Ta-hexahvdro- | H-4,7-methanoisoindole- i -carboxyhic acid under its trifluoroacetic
acid salt form (180 myg) as a brown sohid.

[6713] To a solution of (18,3aR458,7R,7a8)-2-{G-cyclopropyl-L-threonyl)-
2,3,3a,4,7, Ta-hexahydro-1H-4,7-methanoisoindole- 1 -carboxylic acid uifluoroacetic acid salt
(180 mg, 0.414 mwol, 1.0 eq.) in MeOH (2 mL) cooled at 0 °C were added ethyl 2,2,3,3,3-
pentafluoropropanoate (398 mg, 2.07 mmel, 5.0 eq.), NEG (8.3 mb, 2.07 mmol, 5.0 eq.) and
f-methylinndazole (0.07 ml, 0.829 mmol, 2.0 eq.). The mixture was stirred at vt for 18 h.
The mixtare was concentrated under reduced pressure. The residue was taken up with water
(5 mL}, cooled at § °C and acidified with IN HCI to pH ~2. The precipitate was fiitered,
washed with cold water and hexane and purified by flash chromatography on C18 using a
gradient of AUN (30 to 40%) in (0.1% FA in water to afford (15,3aR 45,7R,7a5)-2-(0-
cyclopropyl-N-(2,2,3,3,3-pentaflucropropanoyl)-L-threonyi)-2,3,3a,4,7,7a-hexahydro-1H-
4,7-methanoisoindole- 1 -carboxylic acid (125 mg, 62%) as an off-white solid.

16714} To a sohlution of {(15,3aR 48,7R,7a%)-2-(O-cyclopropyi-N-(2,2,3,3,3-
pentaflucropropanoyly-L-threonyl}-2,3,3a,4,7, 7a-hexahydro- 1 H-4,7-methanoisoindole- 1 -
carboxylic acid (115 mg, 0.247 mmel, 1.0 eq.} in DMF (1.2 mb) cooled at 0 °C were added
{8 )-2~amino-3-((5)-2-oxopyrrolidin-3-yhpropanamide hydrochloride (61 mg, $.296 mmol,
1.2 eq.), EDCeHCI (95 mg, 0.493 mmol, 2.0 eq.), HOAt (33 mg, 0.247 mmol, 1.0 eq.), and
NE& (010 mb, 0.714 womol, 3.0 eq.). The mixture was stitred at vt for 18 h. The mixture
was diluted with water (3 mL) and extracted with EA (4 x 3 mL). The organic phases were

combined, dried over NaxS04, filtered and concentrated under reduced pressure. The residue
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was purified by flash chromatography on C18 using a gradient of ACN (40 to 50%) in 0.1%
FA in water to afford (15,3aR 45,7R,7a8)-N-({5}-1-amino- 1 -0x0-3-({8}-2-oxopyrrolidin-3-
yhpropan-2-y1)-2-(O-cyclopropyl-N-(2,2,3,3,3-pentaflucropropanoyl)-L-threonyl)-
2,3,3a,4,7, 7a-hexahydro-1H-4,7-methanoisoindole-1-carboxamide (90 mg, 59%) as an off-
white solid.

(8715} To a solution of (15,3aR.45,7R,7aS5)-N-{((5)-1-amino-1-0x0-3-({(8)-2-
oxopyrrolidin-3-ylipropan-2-y13-2-(O-cyclopropyl-N-(2,2,3,3, 3-pentafluoropropanoyl}-L-
threonyl)-2,3,34,4,7,7a-hexahydro-1H-4, 7-methanoisoindole- | -carboxamide (85 mg, 0.137
mmol, 1.0 eq.) in DCM (1 mL) cooled at § °C were added pyridine (0.024 mi., 0.302 mmol,
22 eqyand TFAA (0021 wl, 0.151 mamol, 1.1 eq.). The roixture was stirred at 0 °C for 1 h.
The mixture was difuted with water (3 mb.), stirred for § min and extracted with EA (3 x 5
yol.). The organic phases were combined, washed with sat. NaHCGO: (2 mlL), dried over
Nax$S0s, filtered and concentrated onder reduced pressure.  The residue was purified by
preparative HPLC (Coluron: YMC-TRIART-C18 Column, 25%150 o, 10 um; Mobile
Phase A: 10 mM NHHCGO: in water, Mobile Phase B: ACN; Flow rate: 17 wL/min;
Gradient; 30% B to 70% B in 8 min) to afford {15,3aR 45,7R,7aS)-N-({(8)- 1 -cyano-2-{({S)-2-
oxopyrrolidin-3-yhethy-2-(O-cyclopropyl-N-(2,2,3,3,3-pentafluoropropanoyl)-L-threonyl)-
2.3,3a4,7 7a-hexahydro-1H-4,7-moethanoisoindole-1-carboxamide (32 mg, 39%) as a white
solid. "H NMR (400 MHz, 362K, DMSO-ds) § 8.23 (m, 1H), 8.39-8.79 (m, 1H), 7.19-7.44
(m, 1H), 5.95-6.23 (m, 2H), 4.71-4.96 (m, 1H)}, 4.22-4.52 (m, 1H), 3.96-4.20 {m, 1H), 3.76-
3091 (m, 1H), 3.67 {m, 1H), 3.45-3.56 (m, 1H), 3.27-3.41 (m, 1H), 3.03-3.24 (m, 3H), 2.82-
298 (m, 2H), 2.73 (m, 1H), 2.29-2.41 (m, IH), 2.08-2.25 (m, 2H), 1.65-1.8& {m, 2H), 1.36-
146 (m, 2H), 1.06-1.17 (m, 3H), 0.26-0.55 (m, 4H). LCMS (ESY mv/z): 602 [M+H]".
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18716} To a solution of ttanium tetrachloride (35.5 g, 187 mool, 1.0 eq.) 1o THF

{750 wL) and carbon tetrachloride (90 mL) were added 1,1, 1-rifluorcacetone (21.0 g, 187

mmel, 1.0 eq.) and diethyl malonatediethyl malonate (30 g, 187 mymol, 1.0 eq.) stirred under

nitrogen at § °C. After stirring for .5 h at § °C, a solution of pyridine (60 mL) in THF (75
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mb.) was added and then stirred for  h at 0 °C. The mixture was stirred overnight at rrt. The
reaction was quenched with water (380 mbL). The mixture was exiracted with EA (3 x 500
mb.). The organic layers were combined, washed with brine (2 x 300 mlb) and saturated
sodium bicarbonate (2 x 300 mlb), dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to afford the crude product. The crude product was
chromatographed on a silica gel column with EAPE (4%-10%) to provide diethyl 2-(1,1,1-
trifluoropropan-2-ylidene)malonate (26 g, 54%) as a pale yellow oil. 'H NMR (400 MHz,
Chlorotorm-d) 8 4.20-4.36 (m, 4H), 2.24 (s, 3H), 1.26-1.36 (m, 6H).

(9717} To a solution of diethyl 2-(1,1.1-trifluoropropan-2-ylideneymalonate (20.0
g, 78.7 mumnol, 1.0 eq.) and cuprous iodide (7.49 g, 39.3 mmmol, .5 eq.) in THF:DCM (250
mb., 1:5) was added dropwise methylmagnesium iodide (393 mi, 118 mmol, 1.5 eq., 3 M in
EO) over 1 h under nitrogen at -20 °C. The mixture was stirred | h at -20 °C. The mixture
was poured into ice water (200 mL) and saturated aqueous amvmoniwm chloride solution (200
k) was added. The mixture stirred for 30 min. The mixture was extracted with EA (3 x
300 ml). The organic layers were combined, washed with brine (2 x 300 wl.), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford diethyl
2-(1,1, I-trifluoro-2-methylpropan-2-yhmalonate (10.0 g, 47%, crude) as a colorless oil. 'H
NMR 400 MHz, Chloroform-o) 6 4.11-4.23 (m, 4HD, 3.66 (5, 1H), 1.30-1.41 {m, 6H), 1.26-
1.29 (m, 6H). LCMS (ESL m/z): 271 [M+HT

{6718] To a solution of diethyl 2-(1,1,1-triflucro-2-methylpropan-2-yvi)malonate
(10 g, 37.0 mmol, 1.0 eq.} in BtOH (100 mL) was added sodium hydroxide (1.48 g, 37.0
mmol, 1.0 eq., in 100 mbL HeO) stirred at vt The mixture was stirred overnight at rt. The
mixture was concentrated under reduced pressure to remove EtOH and extracted with EA (2
x 300 mL). The agueous laver was acidified by 2 M aqueous hyvdrochloric acid to pH = 3.
The mixture was extracted with EA (3 x 300 mL). The organic layers were combined, dried
over anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford 2-
{ethoxycarbonyl)-4,4,4-trifluoro-3,3-dimethylbutancic acid (6.5 g, 72%) as a yellow oil. 'H
NMR (400 MHz, DMSO-ds) & 13.11 (br, [H), 4.10-4.16 (m, 2H), 3.60 (5, 1H), 1.34-1.35 (m,
6H), 1.16-1.21 (m, 3H). LCMS (ESL nv2): 2Z43]M+H]".

16719} To a mixture of 2-{ethoxycarbonyl)-4,4,4-trifluoro-3,3-dimethylbutanoic

acid (6.50 g, 26.8 mmwol, 1.0 eq.) in 2-methyvl-2-propanocl (100 wl) were added di-tert-buty]
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dicarbonate (23.4 g, 187 mmol, 4.0 eq.), tricthylamine (3.53 g, 34.9 mmol, 1.3 eq.) and
diphenylphosphoryl azide (8.86 g, 32.2 mmol, 1.2 eq.) stirred under nitrogen at rt. The
mixture was stirred for 2 h at 85 °C. The reaction was quenched with water (100 mL). The
mixture was extracted with EA (3 x 300 mL). The organic layers were combined, washed
with brine {2 x 150 mwl), dried over anhydrous sodium sulfate, filtered and concentrated
under reduced pressure to afford the crude product. The crude product was chromatographed
on a silica gel column with EAPE (5%) to provide ethyl 2-({tert-butoxycarbonylDamino)-
4,4, 4-trifluoro-3,3-dimethylbutanoate (4.2 g, crude) as an off-white solid. LOCMS (ESY, w/z):
214 {M-Boc+H]".

(67281 To a solution of ethyl Z-({(tert-hutoxycarbonybhamino)-4,4,4-trifluoro-3,3-
dimsethylbutanoate (4.2 g, 13.4 mmol, 1.0 eq.) in THF (40 rol), H2O (20 mL) and EtOH (20
rol.) was added lithium bydroxide (1.61 g, 67.0 mumol, 5.0 eq.) at 0 °C. The mixture was
stirred for | h at vt and then concentrated under reduced pressure to remove THF and HOH.
The mixture was diluted with water (30 ml) and exiracted with EA (2 x 100 mLl). The
aqueous layer was acidified by 2 M aqueous hydrochloric acid to pH = 5. The mixture was
extracted with EA (3 x 100 mL). The organic layers were combined, dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure to afford the crude product.
The crude product was purified by CI& column with CHaCN/Water (3.05% TFA). The
desired fraction was concentrated wunder reduced presswre to provide 2-({tert-
butoxycarbonyijamino)-4,4,4-triftucro-3,3-dimethylbutancic acid (1.0 g, crude) as a yellow
solid. LOMS (ESL nv/z) 186 [M-Boc+H]".

47211 To a mxture of 2-((tert-butoxycarbonviamino}-4,4,4-trifluore-3,3-
dimethyibutanoic acid (350 mg, 1.23 mmeol, 1.0 eq.) in dimethyliformamide (§ mbL) were
added o-(7-azabenzotriazol-1-vI)-N,N, N’ N'-te-tramethyluronium hexafluorophosphate (560
mg, 1.47 mmol, 1.2 eq.) and N-ethyl-N-isopropylpropan-2-amine (793 mg, 6.14 mumnol, 5.0
eqy at O °C. After stirring  for 20 min, (25)-2-[(1R,25,35,6R,75)-4-
azatricycio]5.2.1.00M 2,6} {dec-8-en-3-yiformamido}-3-1{38)-2-0oxopyrrohidin-3-
yllpropanamide (408 mg, 1.23 womol, 1.0 eq.) was added. The mixture was stirred {or | h at
rt. The reaction was quenched with water (5 ml). The crude product was purified by Ci8
coluron with CHaCN/Water (0.05% FA), (42%). The desired fraction was concentrated

under reduced pressure to provide tert-butyl N-[(25)-1-[(IR,28,35,6R,75)-3-{[(18)-1-



WO 2023/283256 PCT/US2022/036242

carbamoyi-2-{{38})-2-oxopyrrolidin-3-vilethyljcarbamoyl }-4-azatricyclo]5.2.1.0"{ 2,6 } idec-
g-en-4-yij-4.4 4-trifluoro-3,3-dimethyl-1-oxobutan-2-yljcarbamate (4080 mg, 54%) as 2
yellow solid. The product was separated by prep-SFC-HPLC {Column: CHIRALPAK IH,
3%25 cm, 5 Bm; Mobile Phase A: COs, Mobile Phase B: MeOH (0.1% 2M NHz-MeOH):
Flow rate: 100 mL/min; Gradient: isocratic 25% B; Coluron Temperature (C): 35; Back
Pressuretbary: 100; Wavelength: 220 nm; RT1 (min): 2.93; RT2 (min): 7.78;). Purification
, {130 mg, 17%, compound B} as a white solid and isomer 2 (165 mg,
22%, compound A) as white solids. LOMS (ESL, wy/z): 600 [M+H]"

19722} To a mixture of tert-butyl ((8)-1-({18,3aR.45,7R,7a8)-1-({(8)-1-amino-i-

resulted in isomer 1

0x0-3-({S)-2-oxopyrrolidin-3-yhpropan-2-ylcarbamoyl)-1,3,3a,4,7, 7a-hexahydro-2H-4,7-
methanoisoindol-2-y1}-4,4 4-triffuoro-3,3-dimethyl-1-oxobutan-2-yljcarbamate (160 mg,
0.267 mmol, 1.0 eq.) in dichloromethane (3 mL} was added trifluorcacetic acid {1 mL). The
mixture was stirred for 2 h at 1t and then concentrated under reduced pressure to afford
{(15,3aR 48,7R 7a8)-N-{{S}-1-amino-1-0x0-3-({5)-2-oxopyrrolidin-3-yDpropan-2-y1}-2-({5)-
2-amino-4 4 4-trifluore-3,3-dimethylbutanoyi)-2,3,3a,4,7,7a-hexahydro- 1 H-4,7 -
methanoisoindole- I -carboxamide 2,2, 2-triffuoroacetate (133 mg, crude) as a yellow oil. LC-
MS (ESI, m/z7): SO0 [M-+H]".

19723} To a stivred mixture of (15,3aR 48,7R,7a5)-N-{(5)-1-amino-1-ox0-3-({(3)-
2-gxopyrrolidin-3-ylpropan-2-vD-2-{{8)-2-amino-4,4,4-trifluoro-3,3 -dimethylbutanoyl)-
2,3,3a,4,7,7a-hexahydro-1 H-4,7-methanoisoindole- i -carboxarnide 2,2, 2-trifluoroacetate (133
rag, 0.266 mmol, 1.0 eq.) and propylphosphounic anhydride (1.69 g, 2.66 mmol, 10.0 eq., 30%
in BtOAc) was added pyridine (105 mg, 1.33 romol, 5.0 eq.) at rt. The mixture was stirred
for overnight at rt. The reaction was guenched with water {20 mL). The mixture was
extracted with EtOAc (3 x 54 mL). The organic layers were combined, washed with brine (2
x 10 mL), dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure to afford the crude product. The crude product was purified by prep-HPLC
{Column: Sunfire Prep C18 OBD Column, 197250 mm, i0um; Mobile Phase A: Water
{(.L19%FA), Mobile Phase B: ACN; Flow rate: 25 mbl/min; Gradient: 42% B iw 72% B in 7
nmin, 72% B; Wave Length: 220 nm; RT1 (min): 6.55) to provide (15,3aR,45,7R,7a5}-N-{{5)-
I-cyvano-2-((8)-2-oxopyrrolidin-3-yhethy)-2-((8)-4,4 4-trifluoro-3,3-dimethy}-2-(2,2,2-

trifluorcacetamidolbutanoviy-2,3,3a,4,7, 7a-hexahydro-1 H-4,7-methanoiscindole- 1 -

)
3
)
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carboxamide (47.9 mg, 31%, compound 102a} as a white solid. 'H NMR (400 MHz, 80°C,
DMSO-ds) 0 945 - 9.80 (m, 1H), 8.60 - 920 {(m, 1H), 7.20 - 7.70 (m, 1H), 545 - 6.30 (m,
2H), 5.00 - 5.30 (m, 1H), 4.50 - 5.00 (m, 1H), 3.90 - 420 (m, 1H), 3.60 - 3.90 (m, 1H), 3.35 -
3.60 (m, 1H), 3.15 - 3.35 (m, ZH), 2.90 - 3.10 {(m, 3H), 2.60 - 2,89 (m, 1H), 2.05 - 2.45 {(m,
3H), 1.65 - 1.90 (m, 2H), 0.90 - 1.50 (m, 8H). LC-MS (ESL, m/z): 578 [M+H]".

{6724} Compound 120b was obtained similarly as described for compound 1203,

using Intermediate B instead of intermediate A. LC-MS (ESI, m/z): 578 [M+H}"

EXAMPLE 103
Compound 103

N
N
=N
{6725} Compound 103 was prepared similarly as described for Compound 101
using methyl (8)-2-{{tert-butoxycarbonyhamino)-3-(cyclopropylmethoxy)-3-

methylbutanoate in place of methyl N-{tert-butoxycarbonyl}-O-cyclopropyl-L-threoninate.
"H NMR (400 MHz, 363K, DMSO-ds) 8 8.32-8.84 (m, 2H), 7.35 (br. 5., 1H), 5.92-6.25 (m,
2H), 4.90 (m, 1H), 4.63-4.80 (m, 1H), 3.99-4.28 {m, 1H), 3.75 (m, 1H), 3.34-3.54 (m, 1H),
3.02-3.25 (m, SH), 2.81-2.96 (m, 2H), 2.75 {m, 1H), 2.22-2.41 {m, 1H)}, 2.14 (m, ZH), 1.62-
1.91 (m, 2H), 1.34-1.47 (m, 2H), 1.10-1.24 (m, 6H), 0.87 (m, 1H), 0.38 (m, 2H), 0.13 {m,
2H). LCMS (ESE m/z): 630 [M+H}

{6726} Methyl  (5)-2-((tert-butoxycarbonyllamino)-3-(cyclopropyimethoxy)-3-
methylbutanoate: To a solution of methyl (8)-2-({tert-butoxycarbonylamino)-3-hydroxy-3-
methylbutancate (2.0 g, 8.10 mmol, 1.0 eq.) in THF (20 ml) were added allyl methyl
carbonate (1.1 mL, 9.71 mmol, 1.2 eq.) and PA(PPha)s (467 myg, 0.404 mmool, 0.05 eg.). The
mixture was stitred at 70 °C for 16 h. The moixture was concentrated under reduced pressure.
The residue was purified by flash chromatography on silica gel using a gradient of EA (5 to

207y wm PE  to  afford mwethyl {8)-3-(allyloxy)-2-((tert-butoxycarbonyDamino3-3-
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methylbutanoate (1.5 g, 65%) as a yellow oil.

197271 To a solution of methyl (5)-3-(allyloxy)-2-({tert-butoxycarbonyhamino}-
3-methylbutancate (1.0 g, 348 mmol, 1.0 eq.) in E0O (5 mb) cooled at -30 °C were added a
diazomethane solution in EO (100 mL) and PA{OAc): (468 mg, 0.686 mmol, 8.2 eq.). The
mixture was stirred at 1t for 16 h. The mixture was filtered through celite. The filirate was
concentrated under reduced pressure. The residue was purified by flash chromatography on
silica gel using a gradient of EA (§ to 20%) in PE to afford methyl (S)-2-{{tert-
butoxycarbonyDamino)-3-(cyclopropylmethoxy)-3-moethylbutanocate (950 mg, 91%) as an
off-white solid. 'H NMR (500 MHz, CDCIy) § 5.33 (d, 1H), 4.29 (m, 1H), 3.73 (s, 3H),
3453327 (m, 2HD, 1.44 (s, OH), 1.30-1.40 (m, 6H), 4.95 (m, 1H), 8.48 (m, 2H), 0.16 (m,
2H). LOMS (BESE, mvz): 302 [M+HJ

[@728] The diazomethane solution in EizO was generated from N-methyl N-
nitrosourea (10 g) in 40% KOH (30 mL) and diethyl ether {100 ml) at § °C. The phases were

separated. The organic phase was used directly for the reaction.

EXAMPLE 104
Compound 104

18725} To a mixture of {1R,2535,6R,75)-N-{{15)-1-cvanco-2-{2,2-difluoro-6-
oxo-5-azaspirof3.4joctan-7-ylethyl]-4-[(25)-3,3-dimethy}-2-(2,2 2~
trifluoroacetamidobutanovij-4-azatricyclol5.2.1.00{2,6 } ldec-8-ene-3-carboxamide (50.0
rog, 0.083 momol, 1.0 eq.) in BtOAc (2 mb) was added 10% Palladium on activated carbon
(25.0 mg). The mixture was stitred for | b at 1 under hydrogen. The mixture was filtered
through a celite pad, and the filtrate was concentrated under reduced pressure to afford the
crude product. The crude product was purified by prepa-HPLC (Cohuon: Kinetex EVO CIB,
21.2 x 250 vom, Surm; Mohile Phase A: Water (0.1% FA), Mobile Phase B: ACN; Flow rate;

)
3
<
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25 mi/min; Gradient: 42% B t0 72% B in 7 min, 72% B; Wave Length: 220 nm; RT: 5 min}
to provide {185,28,38,6R,7R}-N-{{15})-1-cyano-2-{2,2-difluoro-6-0x0-5-azaspiref 3.4 joctan-7-
yi}ethyl}-4-{(25)-3,3-dimethyl-2-(2,2,2-trifluoroacetamidobutanoyi-4-
azatricyclo{5.2.1.0" 2,6 } {decane-3-carboxamide {13.6 mg, 27 %) as a white solid. H NMR
(400 MHz, 80 °C, DMSO-de) & 8.85-9.05 (m, 1H}, 8.55-8.84 (m, 1H), 7.95-8.18 {m, 1H),
4.80-4.95 (m, IH), 4.60-4.75 (m, 1H), 425-4.59 (m, 1H), 3.75-3.86 (m, 1H), 3.52-3.74 {m,
tH), 2.58-3.00 (m, 5H), 2.50-2.57 (m, 1H), 2.30-2.45 (m, 3H), 2.02-2.29 (m, 2H), 1.86-2.00
{ra, 1H), 1.68-1.85 (m, 1H), 1.40-1.56 (m, 2H), 1.20-1.39 (m, 3H), 1.053-1.19 (m, 1H), 0.78-
£.04 (m, OH). LC-MS (ESE m/7): 602 [M+H]".

EXAMPLE 108
Compound 105

|8
/ ERLENEN o
P Chz:Cl, DIPEA ~ & OH
o ACNMHO, 1, 18 b f o DLHMDS, THF, -78 °C, 30 min c O
N Y, ™~ HE‘;\i/\T]/ ™~ Zcamphorsulfonic acid By
HOU O Cbz O Ho o
Oxy-NH, 0\\%/:
NH-, (g) in MaOH = on cat H,S0, o>\
60°C.18h NH,  acetone it 24h
CQZ\N 1( Chzw NH2
H o N
FsG Ho 8
==
HIN %
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Voo Ne “LOH

H .
Oy N HYYE
>K‘\““‘ K!ij‘:‘
Pd black, H, o
MaCOH, 1,3 h NH- HATU, DIEA, DMF
HoN - i, 2 h
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{67361 To a solution of dimethyl L-glutamate hydrogen chioride (5.00 g, 23.63
mimol, 1.0 eq.) in acetonitrile (200 mb) and water (30 ml) were added benzyl chloroformate
(3.70 mL, 26.00 muool, 1.1 eq.) and N N-diisopropylethylamine (10.1 mL, 59.20 mmol, 2.5
eq.) under nitrogen. The rmaxture was stivred for 1 hour at 1t and then concentrated under
reduced pressure. The residue was purified by silica gel colurnn chrormatography, eluting
with  0-50%  tert-butyl  methyl  ether in  dichloromethane 1o afford dimethyl
{{(benzyloxyjcarbonyl)-L-ghitamate (4.99 g, 68% yield) as colorless oil. H NMR (400 MHz,
DMSO-de) 0 7.77 (d, J = 7.8 Hz, 1H), 7.24-745 (m, SH), 5.04 (s, 2H), 4.06-4.09 (m, 1H),
3.63 (s, 2H), 3.58 (s, 3H), 2.31-2.48 (o, 2H), 1.93-2.06 (m, 1H), 1.82-1.90 {m, tH). LC-MS
(ESE m/zy: 310 [M+HT™

16731} To a solution of dimethyl N-benzyloxycarbonyi-L-glutamate (1.40 g, 4.76
mmol, 1.0 eq.) and 3-phenyl-N-phenylsulfonyl oxaziridine (1.87 g, 7.14 mwol, 1.5 eq.) in
tetrahvdrofuran (50 mbl) was added lithium bis(trimethyisilyl) amide (1M solution in THF,
14.3 ml., 14.3 mmol, 3.0 eq.) dropwise at -78 °C under nitrogen. After stirred for 30 mins at
-78 °C, the reaction was quenched by the addition of a solution of camphorsulfonic acid

(476 g, 20.94 mmol, 4.4 eq.) in THF (21 mbL). The mixture was diluted with EA (100 mL},

warmed to 1t and then stirred for 16 h. The mixture was extracted with EA (3 x 100 mbL).
The comtbined organic layer was washed with brine (100 mL), dried over anhydrous sodivm
suifate and filtered. The filtrate was concentrated under reduced pressure to afford dimethyl
(25,45)-2-{{{benzyloxy jcarbonyamino)-4-hydrox ypentanedioate (2.00 g, crude) as light
brown semi-solid, which was used in the next step divectly without any further punification.
LOC-MS (EST, m/z): 326 [M+-HT.

{97321 A suspension of dimethyl (28 48)-2-({(benzyloxycarbonyDamino)-4-

hydroxypentanedioate (2.00 g crude, 1.00 eq.) in NHs (g in MeOH (7M soletion, 40 ml)
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was stirred for 16 h at 60 °C. The mixture was cooled to rt. The precipitated white solid was
collected by filtration, washed with MeOH (2 x 10 mL) and dried in high vacuo to afford
benzyl ((25,45)-1,5-diamino-4-hydroxy-1,5-dioxopentan-2-vhcarbamate (302 mg, 67% vield
for two steps) as a white solid. LC-MS (ESI, m2): 296 [M+H}"

{6733} To a suspension of benzyl  ((25,48)-1,5-diamino-4-hydroxy-1,5-
dioxopentan-2-yhcarbamate (300 mg, 1.02 mmol, 1.0 eq.} in acetone (10 mb) was added
conc. HaSO4 (0.1 mL). The mixture was stirred for 24 h at rt. The nuxture was concentrated
under redoced pressure. The residue was dissolved in DMSO and purified by reverse phase
chromatography (Column: Agela Ciz Column, 120 g Mobile Phase A Water (10 mM
NHMHCO: + 0.1% NHa.H(O), Mobile Phase B: ACN; Flow rate: 50 mL/min, Gradient: 0% B
to 100% B in 60 min; Wavelength: 200 nm). The collected fraction was lyophilized directly
to afford benzyl ((S$)-l-amino-3-((5)-2,2-dirsethyl-4-oxooxazolidin-3-y1)- L-oxopropan-2-
yljcarbamate (144 mg, 42% yield) as a white solid. LC-MS (ESI, m/z): 336 [M+HT

(67341 A mixture of benzyl ((S)-1-amino-3-({5)-2,2-dimvethyl-4-oxooxazolidin-3S-
vi)-1-oxopropan-2-yhicarbamate (120 mg, 0.36 mmol, 1.0 eq.) and Pd black (67 mg, (.63
mmel, 1.75 eq.) in methanol (20 mL) was degassed and refilled with hydrogen (3x). The
mixture was stirred for 3 h at rt under hydrogen (hydrogen bag, 1- 2 atm.). The mixture was
filtered through a celite pad. The filirate was concentrated under reduced pressure to afford
(S)-2-amino-3-{({5)-2,2-dimethyl-4-oxooxazolidin-S-yhpropanamide  (780.0 mg, crude) as
light yellow oil, which was used in the next step directly without any further purification.
LC-MS (ESL m/z): 20 2{M+H[".

19735} To a nuxture of ({8)Z-amino-3-((8)-2,2-dimethyl-4-oxooxazolidin-5-
yiypropanamide (70.0 mg, 0.35 mumol, 1.0 eq.) and (15,3aR,458,7R,7a8)-2-((8)-3.3-dimethyl-
2-(2,2,2trifluoroacetaridoybutanoyl)-2,3,3a.4,7 7a-hexahydro-1 H-4,7-methanoisoindole- 1 -
carboxylic acid (163 mg, 042 mmol, 1.2 eg) in DMF (5§ ml) were added NN-
diisopropylethylamine (0.60 mbl, 3.50 muwol, 10.0 eq.} and 2-(7-Azabenzotriazol-1-yl)-
NN N N'-tetramethviuronium  hexafluorophosphate (330 mg, 0.87 mmol, 2.5 eq.). The
mixture was stirred for 2 h at rt. The mixture was {iltered with nylon syringe filter (13 mm*
(.45 um). The filtrate was purified by reverse phase chromatography (Column: Agela Cis
Coluomn, 120 g; Mobile Phase A: Water (10 oM NHHCO: + 0.1% NH3 H20), Mobile Phase
B: ACN; Flow rate: 40 ml/min: Gradient: 0% B to 100% B in 60 min; Wavelength: 210
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nm).  The collected fraction was concentrated under reduced pressure to afford
{15,3aR 48,7R,7a8)-N-({5)}-1-amino-3-{((8)-2.2-dimethyi-4-oxcoxazolidin-5-yi)-1-
oxopropan-2-y1-2-((8)-3,3-dimethyl-2-(2,2, 2-trifluoroacetamidobutancovi)-2,3.3a,4,7  7a-
hexahydro-1H-4,7-methanoisoindole-1-carboxamide (157 mg, 79%) as a light orange solid.
LC-MS (ESL m/z7): 572 {M+H]".

(8736} To a solution of (15,3aR.45,7R,7a8)-N-((8)-1-amino-3-((8)-2,2-dimethyl-
4-oxooxazolidin-5-yi-1-oxopropan-2-vi-2-((S})-3.3-dimethvl-2-{2,2,2-
trifluoroacetamidobutanoyiy-2,3,3a,4,7, 7Ta-hexahydro- 1 H-4,7-methanoisoindole- 1 -
carboxamide (140 mg, 0.24 mmol, 1.0 rt) in dichloromethane (10 ml) was added Burgess
reagent {300 mg, 1.26 nunol, 5.0 rt). The mixture was stirred for 16 h at vt and then
concentrated. The residue was purified by reverse phase chromatography (Column: Agela
Cig Column, 120 g; Mobile Phase A: Water (0.05% TFA), Mobile Phase B: ACN; Flow rate:
40 mlfroin; Gradient: 0% B to 100% B in 60 mun, Wavelengthe 210 nm). The collected
fraction was lyophilized divectdy to afford (185,3aR45,7R,7aS)-N-((5)-1-cyano-2-{({5)-2,2-
dimethyl-4-oxooxazolidin-S-yDethyl}-2-((8)-3,3-dimethyl-2-(2,2,2-
trifluoroacetamidolbutanoyiy-2,3,3a,4,7, Ta-hexahydro-1 H-4, 7-methanoisoindole- 1 -
carboxamide (43.4 mg, 32% yield) as a light orange solid. 'H NMR (400 MHz, 80 °C,
DMSO-ds)y 6 8.70-8.85 {m, 2H), B.61-8.63 {m, 1H), 5.99-6.20 {m, 2H), 4.70-4.83 {m, 1H)},
4.35-4.50 {m, 1H), 4.10-4.30 (m, 1H), 4.04 (d, J = 2.4 Hz, 1H), 3.60-3.65 {(m, 1H), 3.44-3.46
(m, 1H), 3.00-3.20 (m, 1H), 2.92-3.05 {(m, 2H}, 2.70-2.85 (m, 1H), 2.03-2.22 {m, 2H), 1.31-
1.40 (m, &H), 0.78-0.94 (m, 9H). LC-MS (ESI, m/7): 554 [M+H]".

EXAMPLE 106
Compound 106

HaN 3
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(97371 To a mixture af I-tert-butyl S-methyl {(25)-2-{{tert-
butoxycarbonylamino]-4-methylidenepentanedicate (3.00 g, 9.11 mmol, 1.0 eq.), 24.5,6-
tetra-9H-carbarol-9-yi-1,3-benzenedicarbonitrile (72.0 mg, 0.091 mmol, 0.01 eq.) and
tetrabutylammonium azide (239 mg, 8.911 mmol, 0.1 eq.) in MeCN (40 ml) was added
oxetan-3-anine (666 mg, 9.11 mmol, 1.0 eq.) under nitrogen. The mixture was stirred for 3
days at rt under nitrogen under 450 nm LED lamp. The mixture was concentrated under
reduced pressure to afford the crude product. The crude product was chromatographed on a

stlica gel column with MeOH:DCM (1:12) to provide tert-butyl (285)-2-{{tert-
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butoxycarbonyijaminoi-3-{6-oxo-2-oxa-5-azaspiro{3.4foctan-7-yl} propanoate {1.08 g, 32%)
as a light yellow solid. T NMR (400 MHz, DMSO-de) & 8.52-8.62 (m, 1H), 6.70-7.40 (m,
IH), 4.60-4.70 (m, 1H), 4.40-4.59 (m, 3H), 3.75-4.10 (m, 1H), 2.54-2.65 (m, 1H), 2.27-2.39
(m, 1H), 1.80-2.10 (m, 2H), 1.48-1.60 (m, 1H), 1.32-1.47 {m, 18H). LC-MS (ESI, m/z): 371
IM+HT".

(6738} To a mixtore of tert-butyl (25)-2-{{(tert-butoxycarbonyhamino]-3-{6-oxo-
2-oxa-5-azaspiro{3.4joctan-7-yli propancate (1.08 g, 2.70 mmol, 1.0 eq.} in DCM (30 ml}
was added triflaoroacetic acid (15 mi.). The misture was stirred for 2 days at t and then
concentrated  under reduced pressure  to afford (28)-2-amino-3-{6-0x0-2-0xa-5-
azaspirof3.4joctan-7-yl fpropanoic acid (578 rog, crude) as a brown oil. LO-MS (ES], m/2):
215 [M+HJ".

{67391 To a mixture of (25)-2-arino-3-{6-o%0-2-oxa-3-azaspirol 3.4joctan-7-
ylipropanoic acid (378 mg, 2.70 muool, 1.0 eq.) in DCM (10 wml.) were added triethylamine
{(1.10 g, 10.9 mumol, 4.03 eq.) and di-tert-butyl dicarbonate (707 mg, 3.24 womol, 1.2 eq.).
The mixture was stirred for 2 h at rt and then concentrated under reduced pressure to afford
(25)-2-[{tert-butoxyearbonyhDamino]-3-{6-0x0-2-0xa-5-azaspirof 3 4Joctan-7-vl i propanoic
acid (850 mg, crude) as a brown oil. LC-MS (ESE, m/2): 315 [M+HT"

(97461 To a mixture of (28)-2-{(tert-butoxycarbonyDamine]-3-{6-ox0-2-0xa-5-
azaspiro{3.4joctan-7-ylipropanoic acid (847 mg, 2.70 mumol, 1.0 eq.) in BMF (15 mL) were
added potassium carbonate (1.2 g, 8.08 mmol, 3.0 eq.) and methyl iodide (459 mg, 3.23
mmol, 1.2 eq.). The mixture was stirred for 2 h at rt. The reaction was quenched with water
(30 mbL). The mixture was extracted with EtOAc (3 x 30 mbL}. The organic layers were
combined, washed with brine (2 x 30 ml.), dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to afford methyl (25)-2-{(tert-butoxycarbonyhDamino}-3-
16-ox0-2-0xa-5-azaspirof{3.4joctan-7-vl }propanocate (438 mg, crude) as a yellow oil. LC-MS
(BSL, m/7): 329 [M+H].

(8741} A mixture of methyl (285)-2-[{tert-butoxycarbonylamino}-3-{6-0x0-2-
oxa-S-azaspiro[3.4Joctan-7-yl ipropanocate (438 mg, 1.33 mmol, 1.0 eq.) o ammmonta (15 mi,
7 M MeOH) was stirred for 3 days at rt. The mixture was concentrated under reduced
pressure to afford the crude product. The crude product was chrornatographed on a silica gel

colamn with MeOH:DCM (8:92) to provide tert-butyl N-{(15)-1-carbamoyl-2-{6-0x0-2-0x4-
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S-azaspiro]3.4}octan-7-yl jethyljcarbamate (180 mg, 40%) as a white solid. 'H NMR (400
MHz, DMSO-de) & 8.51-8.59 (m, 1H), 7.24-732 (m, 1H), 6.96-7.05 (s, 1H), 6.86-6.94 (m,
IH), 4.61-4.70 (m, 1H), 4.41-4.57 (m, 3H), 3.74-4.15 (m, 1H), 2.54-2.69 (m, 1H), 2.28-2.39
{m, 1H), 1.70-2.05 {m, 2H), 1.33-1.55 (m, 10H). LC-MS (ESL m/z): 314 [M+HI™

16742} To a mixture of tert-butyl N-[{(15)-I-catbamoyl-2-{6-0x0-2-0xa-5-
azaspiro{3.4joctan-7-vitethyljcarbamate (100 mg, 0.319 munol, 1.0 eq.) in DCM (3 mb) was
added wifluoroacetic acid (1 mbL). The mixture was stitted for 1 b at rt and then concentrated
under reduced presswre  to  afford  (25)-2-amino-3-{2-oxa-3-azaspivol3.4joctan-7-
ylipropanamide (68 mg, crude) as a brown oil. LC-MS (ES], m/z): 214 [M+H}"

(6743} To a mixtore of {(1R,25,35,6R,785)-4-1(258)-2-[{tert-
butoxycarbonyDamino]-3,3-dimethyibutanoyl}-4-azatricycio[S5.2.1.0% 2,6 } Jdec-8-ene-3-
carboxylic acid (126 mg, 0.321 mmol, 1.0 eq.) and o-(7-azahenzotriazol-1-v1-N, NN’ N'-te-
traroethyluroninm hexafluorophosphate (145 mg, 0.381 mmol, 1.2 eq.) in DMF (3 ml.) was
added N-ethyl-N-isopropylpropan-2-amine (248 mg, 1.919 nunol, 6.00 eq.) at 0 °C. After
stirring  for 15 min at O °C, (28)-2-amino-3-{6-0x0-2-0xa-5-azaspirof3.4]Joctan-7-
ylipropanamide (68.0 mg, (.319 mmol, 1.0 eq.) was added. The mixture was stirred for 1 b
at & °C.  The muxture was purified by C18 column with CHsCUN/Water {0.05%
NHMHCO+NH H0, pH~13).  The desired fraction was concentrated under reduced
pressure to provide tert-butyl N-{(Z5)}-1-[(1R,25,35,6R,753-3-{[{158}-1-carbamoyl-2-{6-0x0-
2-oxa-S-azaspivo]3.4joctan-7 -yl jethyljcarbamovi}-4-azatricyclo{5.2.1.07{ 2,6 } |dec-&-en-4-
yij-3,3-dimethyi-1-oxobutan-2-yljcarbamate (100 myg, 52%) as a white soild. LC-MS (ES],
m/zy 588 M+ HI

[4744] To a mixture of tert-butyl N-{(285)-1-[(1R,25,35,6R,753-3-{[{15)-1-
carbamoyl-2-{&-0x0-2-0xa-5-azaspiro{3.4]octan-7-yl}ethyljcarbamoyl}-4-
azatricyclo{5.2.1.0M 2,6} {dec-8-en-4-y1}-3,3-dimethyl-1-oxobutan-2-yvljcarbamate (40.0 mg,
0.068 mmol, 1.0 eq.} in DCM (0.9 mL) was added trifluorcacetic acid (0.3 mb). The mixtuore
was stitred at 1t for 1 h and then concenirated under reduced pressure to afford (28)-2-
{IOIR,25,35,6R,78)-4-[{(25)-2-amuno-3,3-dimethyibutanoyl]-4-
azatricycio]3.2.1.00M 2,6} Jdec-B-en-3-yl formamido }-3-{ 6-0x0-2-0xa-5-azaspiro{ 3.4 joctan-
7-ylipropananide (34.0 mg, crade) as a browm oil. LC-MS (ESL, m/z): 488 [M+H[

(8745} To a  mixture  of 2S»2-{[{1R,25,35,6R,753-4-[(28)-2-amino-3,3-
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dimethyibutanoyl}-4-azatricyclo{5.2. 1.0 2,6} Jdec-8-en-3-yllformamido }-3-{ 6-0x0-2-0xa-5-
azaspiro{3.4joctan-7-vl lpropanamide (34.0 mg, 8.068 mmol, 1.0 eq.) in DCM (1 mL) were
added pyridine (22.0 mg, 0.272 mmol, 4.0 eq.) and 2,2,3,3,3-pentafluoropropanocic anhydride
(38.0 mg, 0.123 nmumol, 1.§ eq.). The mixture was stirred for 1 h at rt. The reaction was
guenched with water (2 mL). The mixture was extracted with DCM (3 x 2 mL). The organic
layers were combined, washed with brine (2 x 2 mL), dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure to afford (1R,25.35,6R,75-N-[(i5)-1-

cyano-2-{6-0x0-2-oxa-5-azaspirol 3. 4Joctan-7-yl fethyl]-4-[(28)-3,3-dimethyl-2-(2,2,2-

trifluoroacetamidotbutanovij-4-azatricyclol5.2.1.00{2,6 } ldec-8-ene-3-carboxamide (30.0
myg, crude) as a brown oil. LC-MS (ES], m/z): 566 [M+H}".
{8746} Crude (IR,28,38,6R,785)-N-[(15)-l-cyano-2-{ 6-0x0-2-0xa-5-

azaspirof3.4djoctan-7-yl ethyl}-4-[{25)-3,3-dimethy]-2-(2 2, 2-trifluoroacetamidoyhatanoyli-4-
azatricyclo{$.2.1.0M 2,6 Jdec-8-ene-3-carboxamide (30.0 mg) was purified by prep-HPLC
{Column: XSelect CSH Prep C18 OBD Column, 19 x 150 i, Spoy, Mobile Phase A Water
{L1%FA), Mobile Phase B: ACN,; Flow rate: 25 ml/min; Gradient: 31% Biwo 61% B in 7
min, 61% B; Wave Length: 220 nm; RTH (min): 5.6} to provide (1R, 25,35,6R,783-N-[{15)-
I-cyano-2-{6-0x0-2-0xa-5-azaspirol 3. 4}octan-7-yl tethyl]-4-[{25})-3,3-dimethy}-2-(2.2 2-
trifluoroacetamido ybutanoylj-4-azatricyclof5.2.1.0°{2,6 } Jdec-8-ene-3-carboxamide (9.8 mg,
19%) as a white solid. 'H NMR (400 MHz, 80 °C, DMSO-de) 8§ 8.78-8.98 {m, 1H), 8.62-
.75 (m, 1H), 8.36-8.58 (m, 1H), 5.94-6.20 {m, 2H), 4.85-4.90 (m, 1H}, 4.61-4.70 (m, 1H),
4.37-4.60 (m, 4H), 3.98-4.15 (m, 1H), 3.58-3.72 {m, 1H}, 3.32-3.51 m, 1H), 3.11-3.21 {m,
IH), 2.67-2.99 (m, 4H), 2.51-2.62 (m, 1H), 2.39-2.47 {(m, 1H), 1.92-2.33 (m, 1H), 1.67-1.89
{m, 1H), 1.34-1.48 {m, 2H), 0.84-1.06 (m, 9H). LC-MS (ES m/z): 566 [M+H]|"

EXAMPLE 107
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(47471 To a mixture of (E850-2-{[{(IR,25,35,6R 75)-4-1(25)-2-aminc-3,3-
dimethyibutanoyl}-4-azatricyclo{5.2.1.0%{ 2.6} Jdec-8-en-3-ylformamido }-3-{ 6-0x0-2-0xa-5-
azaspiro{3.4joctan-7-vi }propanamide (66.0 mg, 0.136 mmol, 1.0 eq.) in MeOH {4 mL) were
added tricthylamine (69.0 mg, 0.680 mmol, 5.0 eq.), N-methyhimidazole (22.0 mg, 0.272
mmol, 2.0 eq.) and ethyl pentafluoropropionate (261 mg, 1.36 mmol, 140.0 eq.). The mixture
was stirred overnight at ri. The reaction was quenched with water (10 mi.). The muixture was
extracted with BEtOAc (3 x 10 ml.). The organic layers were combined, dried over anhydrous
sodium salfate, filtered and concentrated under reduced pressure to afford the crude product.
The crude product was chroroatographed on a silica gel colurnn with MeOH:DCM (7:93) and
then concentrated under reduced pressure to provide N-[{25)-1-[{(1R,28,35,6R,7S5)-3-{{(15)-
t-carbamoyi-2-{ 6-ox0-2-0xa-5-azaspiro] 3.4 Joctan-7-y1 jethyljcarbamoyl } -4-
azatricyciol5.2.1.0M 2,6} Jdec-8-en-4-v1]-3,3-dimethyl- {-oxobutan-2-y1}-2,2,3,3,3-
pentafluoropropanamide (60.0 mg, 66%) as ap off-white solid. LC-MS (ESY, wm/%2): 634
IMEHT

19748} To a mixture of N-[{283-1-[{1R,28,38,6R,75)-3-{{{15)-1-cartbamoy}-2- {6~
oxo-2-oxa-5-azaspiro] 3.4 joctan-7-vljethvljcarbamoyl } -4-azatricyclo{5.2.1.0M{ 2,6} Jdec-8-
en-4-vii-3,3-dimethyl-1-oxobutan-2-yi}-2,2.3,3,3-pentaflucropropanamide  (60.0 mg, 0.095
mmol, 1.0 eq.) in DCM (1 mb) were added pyridine (27.0 mg, 8.333 mmol, 3.5 eq.) and
trifluoroacetic anhydride (28.0 mg, $.133 mmol, 1.4 eq.). The mixwure was stirred for I h at
rt. The reaction was guenched with water (3 mL). The mixture was extracted with DCM (3
x 3 mL). The organic layers were combined, washed with brine (2 x 3 mL), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford the
crude product. The crude product was purified by prep-HPLC (Column: XSelect CSH Prep
C18 OBRD Column, 19 x 150 mum, Spm; Mobile Phase Ar Water (0.1%FA), Mobile Phase B

ACN; Flow rate: 25 ml/min; Gradient: 34% B to 64% B in 7 moin, 64% B; Wave Length:
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228 nm; RTH (min}): 6.25) to provide (1R,25,35,6R,75}-N-{{(18)-1-cyano-2-{6-0x0-2-0xa-5-
azaspirof3.4joctan-7-yltethyi}-4-{(283-3,3-dimethyl-2-(2,2,3,3,3-
pentafluoropropanamidobutanoyi}-4-azatricyclo]5.2. 1.0 2,6 } |dec-8-ene-3-carboxamide
(9.8 mg, 16%) as a white solid. 'H NMR (400 MHz, 80 °C, DMSQO-ds) § 8.60-8.96 {m, 2H),
8.08-8.39 (m, 1H), 5.91-6.25 (m, 2H), 4.80-5.03 {1, 1H), 4.60-4.75 (m, 1H), 4.33-4.59 {im,
4H), 3.95-4.20 (m, 1H}, 3.60-3.75 (m, 1H), 3.35-3.59 (m, 1H), 2.80-3.00 (m, 2H), 2.60-2.7%
{1, 2H), 2.50-2.59 (m,1H), 2.35-2.40 (m, 1H)}, 1.90-2.34 {m, 2H), 1.65-1.86 (m, 1H), 1.32-
1.46 {(my, 2H), 0.80-1.02 {m, 98). LC-MS (ESE m/2): 616 [M+H}+.
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Compound 108
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19749} To a mixture of I-tert-butyl S-methyl {25)-2-{{tert-
butoxycarbonylamino}-4-methylidenepentanedioate (5.00 g, 15.2 mmol, 1.0 eq.) in THF (50
mb Y water {50 mbl) was added Hthium hydroxide (1.09 g, 45.5 mmol, 3.0 eq.). The mixture
was stirred for 2 h at rt. Water (50 mL) was added, and the mixture was adjusted topH =6
with hydrochloric acid (1 M}, The mixture was extracted with EtOAc (3 x 100 mL). The
organic layers were combined, dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressare to afford the crude product. The crude product was
purified by CI8 columon with CHaCN/Water (0.05% TFA).  The desired fraction was
concentrated  wunder  reduced  pressure o provide  (48)-S-(tert-butoxy)-4-{{tert-
butoxycarbonyDamino}-2-methylidene-5-oxopentancic acid {(2.56 g, 51%) as a light yellow
semi-sold. "H NMR (400 MHz, DMSO-ds) 8 12.57 (5, 1H), 6.64-7.14 (m, 1H), 6.06-6.13
(ra, 1H), 5.60-5.74 (m, 1H), 3.92-4.14 {m, TH), 2.55-2.67 (m, 1H), 2.37-2.48 {m, 1H), 1.30-
1.45 (m, 18H). LC-MS (ESL m/): 316 IM+HJ.

16758] To a mixtare of (ZR)-1,1, I-triflnorobut-3-en-2-amine hydrochioride (1.33
g, 823 wmwmol, 1.0 eq) and 4S5)-5-(tert-butoxy)-4-{(tert-butoxycarbonyhamino]-2-
methylidene-5-oxopentancic acid (2.60 g, 8.23 mmol, 1.0 eq.) in DCM (40 mL) were added
N-ethyl-N-isopropylpropan-2-amine (426 g, 32.% mmol, 4.0 eq)and 2.4,6-tripropyl-

1,3,5.2,4, 6-trioxatriphosphorinane-2,4,6-trioxide (5.24 ¢, 823 mmol, 1.0 eq., 5% in

386
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Et{Ac). The mixture was stirred for T h at rt. The reaction was guenched with water (50
mbj. The mixture was extracted with DCM (3 x 30 mbl). The organic layers were
combined, washed with brine (2 x 30 ml)}, dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to afford the crude product. The crude product was
chromatographed on a silica gel column with EtOAc:PE (13:87) to provide tert-butyl (28)-2-
[Gert-butoxycarbonylamino}-4- {{(2R)- 1,1, L -trifluorobui-3-en-2-vllcarbamoyl} pent-d-enoate
(1.66 g, 45%) as a light yellow semi-solid. LC-MS (ESI, m/7): 423 [M+HT"

(7511 To a mixture of tert-butyl (28)-2-[(tert-hutoxycarbonylarmmino]-4-{[{2R)-
1,1, 1 -trifluorobut-3-en-2-yljcarbamoyl} pent-4-enoate (1.66 g, 3.93 mmol, 1.0 eq.) in THF
{40 mlL) were added di-tert-butyl dicarbonate (343 g, 157 raomol, 4.0 eq.) and NN-
dimethyipyridin-4-amine (240 mg, 1.96 romol, 0.5 eq.). The mixture was stitred overnight at
60 °C. The reaction nwas guenched with water (80 mL). The mixtare was extracted with
DCM (3 x 80 ml.). The organic layers were combined, washed with brine (2 x 80 mbL), dried
over anhydrous sodium sulfate, filiered and concentrated under reduced pressure to afford the
crude product. The crude product was chromatographed on a silica gel column with
BtOACPE (7:93) to provide tert-butyl (28)-2-{bis{tert-butoxycarbonyDamino}-4-{ [{tert-
butoxycarbonyDI(2R -1, 1, L-rifluorobut-3-en-2-yljaminojcarbonyl ipent-4-encate . {1.68 g,
67%) as a light yellow oil. LC-MS (ES], m/z): 423 [M-200+H]".

187521 To a mixture of tert-butyl  (28)-2-[bis{tert-butoxycarbonyllamino}-4-
{{(tert-butoxycarbony (2R} 1,1, 1 -rifluorcbut-3-en-2-vljaminojcarbonyl} pent-4-enoate (1.0
g, 1.61 mmol, 1.0 eq.) in toluene (100 mi) was added Grubbs 27 (409 mg, 0482 mmol, 0.3
eq.) under nitrogen. The mixture was stirred overnight at 80 °C. The reaction was quenched
with water (200 mbL)}. The mixture was extracted with EtOAc (3 x 200 mbL). The organic
layers were combined, washed with brine (2 x 200 mbl), dried over aphydrous sodivm
suifate, filtered and concentrated under reduced pressure to afford the crude product. The
crude product was chromatographed on a silica gel column with EtOACPE (11:89)
provide tert-butyl (SR3-3-[(28)-2-IhisCtert-butoxycarbonylamino - 3-(tert-butoxy)-3-
oxopropyli-2-oxo-3-(triflucrornethyD)-SH-pyrrole-1-carboxylate (380 rog, 56%) as a light
yellow seroi-solid. LOC-MS (ESL, »vz): 395 [M-200+HT.

{9753] To a mixture of tert-butyl (SR)-3-[{25)-2-[bis{tert-butoxycarbonyhamino]-

3-{tert-butoxy)-3-oxopropyl}-2-oxo-5-(trifluoromethyl}-3H-pyrrole-1 -carboxylate  (1.00 g,
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1.68 mmol, 1.0 eq.) in BtOAc (20 mL) was added 10% Palladium on activated carbon (500
mg). The mixture was stirred for 2 h at rt under hydrogen. The mixture was filtered through
a celite pad, and the filtrate was concentrated under reduced pressure to tert-butyl {5R)-3-
1{283-2-bis{tert-butoxycarbonyhamine]-3-(tert-butox y 3-3-0x0propyl}-2-0x0-5-
(trifluoromethyipyrrolidine- [ -carboxylate (980 mg, 96%) as a yellow oil. LC-MS (ESI
mi/zy, 397 [M-200+H]".

18754} To a solution of tert-butyi (5R)-3-1(285)-2-[bis(tert-
butoxycarbonyDamino}-3-(tert-butoxy)-3-oxopropyl]-2-oxo-3-(trifluoromethyhpyrrohidine-
{-carboxylate (200 mg, 0.335 munol, 1.0 eq.) in MeOH (5 mL) was added hydrochloric acid
{5 k., 9 M 1n water). The mixture was stirved for 3 days at rt and then concentrated under
reduced pressure to afford methyl (25)-2-amino-3-[(3R)-2-oxo-3-(trifluoromethyhipyrrolidin-
3-yljpropanoate (85.0 mg, crude) as a light brown semi-solid. LC-MS (ESL m/f): 255
IM+HT

{75851 To a maxtore of methyl {2S)-2-amino-3-[{(5R)-2-ox0-3-
(trifluoromethyDpyrrolidin-3-ylpropanoate (85.0 mg, 0.334 mmol, 1.0 eq.) in DCM (§ wl)
were added di-tert-butyl dicarbonate (88.0 mg, 0.401 myuol, 1.2 eq.) and triethylamine (102
mg, 1.00 mmol, 3.0 eq.). The muxtare was stirred for 2 b at vt. The reaction was guenched
with water (10 mL). The mixture was extracted with DCM (3 x 10 wL). The organic layers
were combined, washed with brine (2 x 10 ml), dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure to provide methyl (25)-2-[(tert-
butoxycarbonyhamino}-3-[{5R)-2-oxo-3-{triflucromethyhpyvrrolidin-3-ylipropancate {100
mg, 75%) as a Hght brown oil. LC-MS (ESI, m/7): 255 [M-Boc+H]I".

{87561 A mixture of methyl (Z8)-2-[{tert-butoxycarbonyljamino}-3-{{(5R)-2-0x0-
S-(trifluoromethylipyrrolidin-3-yijpropanocate (100 mg, 0.282 mmol, 1.0 eq.) in ammonia (3
mb., 7 M in MeOH) was stirred for 2 days at rt. The mixture was concentrated under reduced
pressure to afford the crude product. The crude product was chromatographed on a silica gel
column with MeOH:DCM (6:94) to provide tert-butyl N-{{(15)-1-carbamoyl-2-[(5R})-2-0ox0-
S-(trifluoromethyDpyrrolidin-3-yljethyijcarbamate (40.0 mg, 39 %) as an off-white solid.
LOC-MS (ES], mv/z): 240 [M-Boc+H]™

{9757} To a mixture of tert-hutyl  N-[{I8)-1-carbamoy]-2-[(5R}-2-0x0-5-

{trifluoromethyhpyrrolidin-3-yljethyljcarbamate (40 mg, 0.118 myool, 1.0 eq.)y in DCM (1.3
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mb.) was added trifluoroacetic acid (0.5 ml) . The resulting mixture was stirred for 1 h at 1t
and then concentrated under reduced pressure to afford (25)-2-amino-3-[(5R)-2-0x0-5-
(trifluoromethylpyrrolidin-3-ylfpropanamide (28 mg, crude) as a brown oil. LC-MS (ES],
mi/zy 240 [M+HT

16758} To a mixture of (1R.2535,6KR,753-4-[(25)-3,3-dimethyl-2-(2,2,2-
trifluoroacetamidobutanoyi}-d-azatricyclo[5.2.1.0M 2.6 | Jdec-8-ene-3-carboxylic acid (45.0
mg, 0117 mmol, 1.0 eq.) and o-(7-azabenzotriazol-1-y1}-N, NN N'-te-tramethyluroniuvm
hexafluorophosphate (53.0 mg, 0.140 womol, 1.2 eq.) in DMF (1 wl) was added N-ethyl-N-
isopropylpropan-Z2-amine (91.0mg, 0.702 mmol, 6.0 eq.) at § °C. After stirring for 15 min at
0 °C, (28)-2-amoino-3-{{3R)-2-oxo-5-(triflucromethyDpyrrolidin-3-vl]propanaroide (28.0 mg,
0.117 morool, 1.0 eq.) was added. The mixture was stirred for 1 h at rt. The crude product
was purified by C18 column with CHaON/Water (0.05% TFA). The desired fracton was
concentrated ander reduced pressure to provide (25)-2-{[{(1R,25,35,6R,75)-4-[(25)-3,3-
dimethyl-2-(2,2 2-trifluoroacetamidobutanovl}-4-azatricyclo{5.2.1.0M 2,6 } |dec-8-en-3-
vilformamido }-3-[{5R}-2-oxo-3-(triflucromethyDpyrrolidin-3-vijpropanamide  (50.0 mg,
58%) as a light brown solid. LC-MS (ESI, m/z): 610 [M+HJ".

[6759] To a mixture of (2S)-2-{H{{1R,25,35,6R,75)-4-[{28)-3,3-dimethy]-2-(2,2,2-
trifluoroacetamidolbutanoyii-4-azatricyclof5.2.1.00{ 2,6 } ldec-B-en-3-ylformamido}-3-
{(5R)-2-oxo-5-(trifluoromethyipyrrolidin-3-yljpropanamide (58.0 mg, 0.082 mmol, 1.0 eq.)
in DCM (2 mL) were added pyridine (23.0 mg, 4.287 mmol, 3.5 eg.) and trifluorcacetic
anhydride {26.0mg, 0.123 mmol, 1.5 eq.). The mixture was stirred for 1 h at rt. The reaction
was quenched with water (5 mbL). The mixture was extracted with DCM (3 x 5 mbL}). The
organic layers were combingd, washed with brine (2 x 5 mL), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure to afford the crude product. The
crude product was purified by prep-HPLC (Column: XSelect CSH Prep C18 OBD Column,
19 x 150 mm, 5 uny; Mohile Phase A Water (0.1%FA), Mobile Phase B: ACN; Flow rate: 25
mb/min; Gradient: 37% B t0 67% B in 7 min, 67% B; Wave Length: 254 nm; RT (min): 6.2}
to provide (1R 25,335,6R,78)-N-{(15)-1-cyano-2-[(3R)-2-oxo-3-(triflucromethylpyrrohidin-
3-yilethyl}-4-[(25)-3,3-dimethyl-2-(2 2 2 triffuoroacetamidoybutanoyi]-4-
azatricyclo{5.2.1.0M 2,6 Jdec-8-ene-3-carboxamide {12.6 mg, 25%) as a white solid. LC-

MS (BSL m/2): 592 [M+H]™
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[6768] To a solution of 1-(tert-butyl} 2-methyl (25,4R)-4-hydroxypvrrolidine-1,2-
dicarboxylate (2.0 g, 8.16 mmol, 1.0 eq.) in THF (20 mL) cooled at 0 "C were added 3
nitropyridin-4-ol (1.7 g, 12.2 mmol, 1.5 eq.), triphenylphosphine (3.2 g, 12.2 mmol, 1.5 eg.)
and DIAD (247 mi, 12.2 omol, 1.5 eq.). The mixture was stirred at rt for 5 h and then
concentrated under reduced pressure. The residoe was purified by flash chromatography on
stlica gel using a gradient of BA (60 w0 100%) in PE to afford I-(tert-butyl) 2-methyl

(25,455-4-((G-nttropyridin-4-yhoxy)pyreolidine- 1, 2-dicarboxylate (2.3 g, 86%) as a vellow

390
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oil.

18761} To a solution of NalQOs (7.2 g, 34.1 mumol, 5.0 eq.) in water {15 mL} was
added R0 H>0 (135 g, 1.02 mmol, .15 eq.). The mixture was stirred at 1t for 10 min. A
solution of I-(tert-butyly Z-methyl (25,45)-4-{(3-nitropyridin-4-vhoxy)pyrrolidine-1,2-
dicarboxylate (2.5 g, 6.81 mmol, 1.0 eq.) in EA (15 mbL) was added. The mixture was stirred
at 1t for 16 h. The mixture was diluted with water (20 oL} and extracted with EA (2 x 20
mbL). The organic phases were combined, diluted with IPA (50 mbL), stirred for 10 min and
filtered through celite. The {iltrate was concentrated under reduced pressure. The residue
was purified by flash chromatography on silica gel using a gradient of EA (60 to 100%) in
PE to afford [-(tert-butyl) 2-methyl (25,45)-4-((3-nitropyridin-4-yDHoxy)-3-oxopyrrolidine-
I, 2-dicarboxylate (2.3 g, 88%) as a pale yellow solid.

{87621 To a solution of 1-(tert-butyl) 2-methyl (25,45)-4-((3-vitropyridin-4-
yhoxy)-3-oxopyrrolidine-1,2-dicarboxylate (2.3 g, 6.04 yomol, 1.0 eq.} in MeOH (11.5 mlL)
and DCM (11.5 mL) cooled at 0 °C was added KoCO3 (83 mg, 0.603 mmol, 1.0 eq.). The
mixture was stirred at rt for 1 h. The mixture was diluted with water (20 mL) and extracted
with DCM (2 x 20 mL). The organic phases were combined, dried over NapSQu, filtered and
concentrated under reduced pressure. The residue was purified by flash chromatography on
silica gel using a gradient of MeOH (1 to 10%) in BCM to afford dimethyl (25,45)-2-({tert-
butoxycarbonyDamino }-4-((3-nitropyridin-4-yloxypentanedicate (2.0 g, 80%) as a white
solid.

18763} To a solution of dimethyl (25,45)-2-((tert-butoxycarbonyliamino }-4-((3-
nitropyridin-4-yljoxypentanedicate (2.0 g, 4.84 mmol, 1.0 eq.} in acetic acid {20 ml) was
added Fe (1.35 g, 24.2 mmol, 5.0 eq.). The mixture was heated at 80 °C for 2 h and then
concentrated under reduced pressure. The residue was basified with sat. NaHCOs3 and
extracted with EA (2 x 20 ml). The organic phases were combined, dried over Na:SOq,
filtered and concentrated under reduced pressure.  The residue was purified by flash
chromatography on silica gel using a gradient of MeQOH (1 to 10%) in DCM to afford methyl
(S)-2-({tert-butoxycarbonyvhamino }-3-({8)-3-0x0-3,4-dihydro-2H-pyrido{4,3-b}{ | 4joxarin-
Z-yDpropanoate (1.4 g, §2%) as a white solid.

{9764} A solution of methyl (8)-2-((tert-butoxycarbonyhamino)-3-((5)-3-ox0-

3,4-dihydro-2H-pyrido[4,3-bil1 4joxazin-2-yl)propanoate (500 myg, 1.42 wmmol, 1.0 eq.) io
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M NH:z in MeOH (§ mbL) was stitred at 1t for 48 h in a sealed tube. The mixture was
concentrated under reduced pressure. The residue was purified by prep-HPLC (Column: X-
SELECT-C18 Column, 19%250 mm, 5 pm; Mobile Phase A: 10 mM NH.HCG; in water,
Mobile Phase B: ACN; Flow rate: 17 mb/min; Gradient: 2% B to 40% B in 8 min) to afford
tert-butyl {{(8)-1-amino-1-0x0-3-((8)-3-ox0-3,4-dihydro-2H-pyridol{4 3-b}i 1 .4 Joxazin-2-
viipropan-2-yhcarbamate (300 mg, 63%) as an off-white solid.

18765} A solution of tert-butyl ((8)-1-amino-1-0x0-3-((8)-3-0x0-3 4-dihydro-2H-
pyridol4,3-b}{1,4Joxazin-2-yDpropan-2-yhcarbamate (200 mg, 0.595 womol, 1.0 eq.) in 2M
HCl in E0O (5 mi) was stirved at 1t for 2 h. The mixture was concentrated under reduced
pressure  to  afford  (5)-2-amino-3-((5)-3-0x0-3,4-dihydro-ZH-pyrido{4,3-bll | 4 joxazin-2-
yhpropenamide dihydrochloride (150 mg, 82%) as a white sohid.

[@766] To a solation of (15,3aR45,7R,7a8)-2-((5)-3,3-dimethyl-2-(2,2,2-
trifluoroacetamidoYbutanoyl)-2.3,34.4,7 7a-hexahydro- 1 H-4, 7-moethanoisoindole- 1 -
carboxylic acid (130 mg, 0.386 romol, 1.0 eq.) 1o DMF (1.5 wl) cooled at 0 °C were added
{83-2-amino-3-((5)-3-ox0-3 4-dihvdro-2H-pyrido{4,3-b {1 4 Joxazin-2-yUpropanamide
dihydrochloride (104 g, 0.364 mmol, 8.9 eq.), EDCeHCT (147 mg, 0.772 mmol, 2.0 eq.),
HOALt (52 mg, 0.386 mmol, 1.0 eq.) and NE (0.16 ml, 1.16 mmol, 3.0 eq.). The mixture
was stirred at ot for 16 h. The mixture was dilited with water {5 mb) and extracted with EA
{Z x 10 mbL). The organic phases were combined, washed with brine (2 x 5 mbL), dried over
NazSUq, filtered and concentrated under reduced pressure. The residue was purified by flash
chromatography on CI8 using a gradient of ACN (20 to 40%) in 0.01% TFA in water to
afford (18,3aR.48,7R,7a85)-N-({8)-1 -amino-1-ox0-3-{{8)-3-0x0-3,4-dihydro-2H-pyrido|4,3-
bi{1,4joxazin-2-yipropan-2-v1}-2-((5}-3,3-dimethyl-2-(2,2, 2-trifluoroacet amidoibutanoyl)-
2,3,3a,4,7,7a-hexahydro-1H-4,7-methanoisoindole- 1 -carboxamide (150 mg, 64%) as a white
solid.

18767} To a solution of (15,3aR ,485,7R,7a8-N-({(5)-1-amino-1-0x0-3-((§ }-3-0x0-
3.4-dihydro-2H-pyridol4,3-bil 1 4 joxazin-2-yDpropan-2-vH-2-{((8)-3,3-dimethy}-2-(2,2,2-
trifluoroacetamidoYbutanoyl)-2.3,34,4,7 7a-hexahydro- 1 H-4, 7-moethanoisoindole- 1 -
carboxamude (130 mg, 0.247 mmol, 1.0 eq.) in DMF (1.3 ml) were added pyridine (0.05
mb, 0.742 womol, 3.0 eq.) and TFAA (0.06 mi, 0.495 amol, 2.0 eq.). The mixture was

stivred at 1t for 30 min. The mixtare was diluted with water (5 mL) and extracted with EA (2
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x 5 mi}. The organic phases were combined, washed with brine {2 x 5 ml), dried over
Nax50;, filtered and concentrated under reduced pressure. The residue was purified by prep-
HPLC (Column: KROMOSIL-Ci8 Column, 25%230 mm, 7 um; Mobile Phase A: 10 mM
NHMHCO: in water, Mobile Phase B: ACN; Flow rate: 22 mL/min; Gradient: 20% B to 70%
B in 8§ min} to afford (18,3aR,485,7R,7a53-N-((5)-1-cyano-2-((8)-3-0x0-3,4-dihvdro-2H-
pyrido{d,3-b}i1 4]oxazin-2-yhethyl}-2-((5)-3,3-dimethyl-2-(2,2,2-
triffuoroacetamido)butanoviy-2,3,3a,4,7 Ta-hexahydro-1H-4,7-methanoisoindole- 1 -
carboxamide (70 mg, 48%) as a white solid. 'H NMR (500 MHz, 363K, DMSO-ds) § 8.50-
9.10 (m, 3H), 8.09 (s, 1H), 8.07 (d, 1H), 6.87-6.93 (m, 1H), 53.97-6.20 (m, 2H), 4.90-5.08 {m,
1H), 4.70-4 82 (m, 1H), 4.43-4.48 (m, 1H), 3.99-4.16 (m, 1H), 3.65 (m, 1H), 3.37-3.47 (m,
FH), 3.01-3.22 (my, 1H), 2.88-2.96 (m, 2H), 2.73-2.85 (m, 1H), 2.50-2.57 (mm, 1H), 2.32-2.40
(m, 1H), 1.37-1.44 (o, 2H), 0.82-0.91 (m, 9H). LCMS (ESL m/z): 389 [M+H}"
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[8768] To a  solution of (15,3aR48,7R,7a8)-2-(tert-butoxycarbonyl)-
2,3,3a,4,7,7a-hexahydro-1H-4,7-methanoisoindole- 1 -carboxyiic acid (150 mg, 0.537 mmol,
1.0 eq.y in DMF (1.5 mL) cooled at § °C were added (8)-2-amino-3-((8)-3-0x0-3,4-dihydro-
2H-pyrido[4,3-bl{1,4joxazin-2-yDpropanamide dihydrochloride (152 rog, 0.645 muunol, 1.2
eq.), DIPEA (0.22 ml, 1.34 mmol, 2.5 eq.) and HATU (306 myg, 0.803 mmol, 1.5 eg.). The
mixture was stirred at vt for 2.5 h. The mixture was diluted with water (53 mb) and extracted
with EA (2 x 10 mL). The organic phases were combined, washed with brine (2 x 5 mwl),
dried over NaxS3Qs, filtered and concentrated under reduced pressure. The residue was
purified by {lash chromatography on silica gel using a gradient of MeOH (1 to 10%) in DCM
to afford tert-butyl (15,3aR 45,7R,7a5)-1-({({8)-1 -amino-1-ox0-3-((8)-3-0x0-3,4-dihydro-2H-
pyridof4,3-bi{1,4joxazin-2-ylpropan-2-yhicarbamoyl)-1,3,3a,4,7, 7a-hexahydro-2H-4,7-
methanoisoindole-2-carboxylate (150 mg, 56%) as a white solid.

18769} A solution of tert-butyl (18,3aR,48,7R,7a8)- 1 -({{($}-1-amino-1 -0x0-3-({5}-
3-ox0-3,4-dihydro-2H-pyrido{4,3-bi{1 4}oxazin-2-ylpropan-2-ylcarbamovi)-1,3,3a.4,7 . 7a-
hexahydro-ZH-4,7-methanociscindole-2-carboxylate {150 mg, 0.381 mumol, 1.0 eq.) in ZM
HCI in ERO (2.0 mi) was stirred at 5t for 2 h. The mixture was concentrated under reduced
pressure to afford guantitatively (15,3aR45,7R,7a8)-N-({5)-1-amino-1-0x0-3-((§}-3-0x0-
3,4-dihydro-2H-pyridol4,3-bil1 4joxazin-2-ylypropan-2-vi)-2,3,3a,4,7,7a-hexahydro-1H-4,7-
methanoisoindole- I -carboxamide dihydrochloride as a white solid.

(9770} To a solution of (15,3aR,45,7R,7aS)-N-({5)-1 -amino-1-oxo-3-({5)-3-0x0-
3.4-dihydro-2H-pyridof4,3-bl{1,4joxazin-2-yipropan-2-v1}-2,3,3a,4,7,7a-hexahydro-1H-4,7-
roethanoisoindole-1-catboxamide dihydrochoride (150 mg, 0.393 munol, 1.0 eg.) in DMF
(1.5 ml) cooled at 0 °C were added (8)-2-{{tert-hutoxycarbonyhamino)-3,3-
dimethylbutanoic acid (109 mg, 0.471 wmol, 1.2 eq.), DIPEA (.17 ml., 0.982 mol, 2.5
eq.y and HATU (223 mg, 0.589 yomol, 1.5 eq.). The mixture was stiveed at 1t for 2.5 h. The
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mixture was diluted with water (5 mbL) and extracted with EA (2 x 10 mbL). The organic
phases were combined, washed with brine (Z x 5 ml), dried over Na:SO., filtered and
concentrated under reduced pressure. The residue was purified by flash chromatography on
silica gel using a gradient of MeOH (1 to 10%) in DCM to afford tert-butyl ((5)-1-
((185,3aR,45, 7R, 7a8)-1-(((5)-1-amino-1-0x0-3-((8)-3-ox0-3 4 -dihydro-2H-pyridol4,3-
bi{1,4joxazin-2-yDpropan-2-vhcarbamoyh)-1,3,3a,4,7,7a-hexahydro-2H-4,7 -
methanoisoindol-2-y1}-3,3-dimethyl-1-oxobutan-2-yhcarbamate {60 mg, 33%) as a white
solid.

9771} To a solution of tert-butyl ((8)-1-((15,3aR 45,7R, 7a5)-1-({((5)-1-amino-1-
0x%0-3-({5)-3-0%0-3,4-dihydro-2H-pyrido{4,3-b}i | ,4]oxazin-2-yhpropan-2-yDcarbamoyl)-
1,3,3a,4,7, Ta-hexahydro-2H-4,7-methanoisoindol-2-y1)-3,3-dimethyl- 1 -oxobatan-2-
yhcarbamate (60 myg, 0.098 munol, 1.0 eq.) in DCM (0.6 mL) cooled at 0 °C was added 4N
HCT in dioxane (0.09 mi, .393 mmol, 4.0 eq.). The mixture was stivred at 1t for 2 h. The
mwixture  was  concentrated  under  veduced  pressure  to afford  guantitatively
{15,3aR 48, 7R [ 7a8)-N-({5)-1-armmno-1-ox0-3-((8)-3-ox0-3 4-dihydro-2H-pyrido[4,3-b}{ 1 4]
oxazin-2-yhpropan-2-y1)-2-((8)-2-amino-3,3-dimethylbutanoyl)-2,3,3a,4,7, 7a-hexahydro-

1 H-4,7-methanoisoindole- 1 -carboxamide dihydrochloride as a white solid.

(97721 To a solution of (18,3aR 48,7R,7aS-N-({§)-1 -amino-1-0x0-3-((§}-3-0%x0-
3,4-dihydro-2H-pyrido}4,3-bl{ 1 4joxazin-2-yhpropan-2-v1-2-({(8)-2-amino-3,3-
dimethyibutanoyl}-2,3,3a,4,7, 7a-hexahydro-1H-4,7-methanoisoindole- | -carboxamide
dihydrochloride (60 mg, 0.110 mmol, 1.0 eq.) in DMF (0.6 mL) cooled at & °C were added
3.,3,3-trifluoropropanocic acid (21 mg, 0.165 mmol, 1.5 eq.}, EDCeHCI (42 mg, 0.220 mmol,
2.0 eq.y, HOAt (15 mg, 0.110 mmol, 1.0 eq.} and NEt: (.04 mb, 0.330 mumol, 3.0 eq.). The
nuxture was stirred at rt for 16 h. The mixture was diluted with water (3 mL) and extracted
with EA (2 x 10 mL). The organic phases were combined, washed with brine (2 x 5 mbL},
dried over NapSQ, filtered and concentrated under reduced pressure. The residue was
purified by flash chromatography on silica gel using a gradient of MeOH (1 to 10%) in DCM
78] afford (15,3aR 48 ,7R,7a5)-N-{{(S)-1 -amino-1-0x0-3-((8)-3-0x0-3,4-dihydro-2H-
pyridof4,3-b}{ 1,4 Joxazin-2-yUpropan-2-y1)-2-((5)-3,3-dimethy1-2-(3,3,3-trifluoropropan
amido)butanoyl)-2,3,3a.4,7, 7a-hexahydro- 1 H-4, T-roethanoisoindole- L -carboxamide (30 g,

53%) as a white solid.
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197731 To a solution of (18,3aR 45,7R,7a8-N-({(5)-1-amino-1-0x0-3-((§}-3-0x0-
3, 4-dihydro-2H-pyrido}4,3-bli 1 4]oxazin-2-yhpropan-2-vH-2-({83-3,3-dimethyl-2-(3,3.3-
trifluoropropanamidobutanoyi}-2,3,3a,4,7,7a-hexahydro-1H-4,7-methanoiscindole-1 -
carboxamide (30 mg, 0.048 mmol, 1.0 eq.) in DCM (0.3 mbL)} cooled at 0 “C were added
pyridine (0.008 mkL, 0.105 mmol, 2.2 eq.) and TFAA (0.007 mL, 0.052 mimol, 1.1 eq.). The
mixture was stirred at 1t for 30 min. The mixwtre was diluted with water (5 mLl) and
extracted with EA (2 x 5 ml). The organic phases were combined, washed with brine (2 x 5
rol.), dried over NaxSQ4, filtered and concentrated under reduced pressure. The residue was
purified by prep-HPLC (Column: X-SELECT-C18 Column, 19%150 mm, 5 um; Mobhile
Phase A 10 mM NHHCO: in water, Mobile Phase B: ACN; Flow rate: 17 ml/ming
Gradient; 20% B to 70% B in 8 min) to afford (15,34aR 48,7R,7a8)-N-({S)-1 -cyano-2-{({5)-3-
ox0-3,4-dihydro-2H-pyridoi4,3-b][ 1 4]oxazn-2-yDethyD-2-((8)-3,3-dimethyl-2-(3,3,3-
trifluoropropanamidobutanoviy-2,3,3a,4,7 7a-hexahydro- 1 H-4,7-roethanoisoindole-1 -
carboxamide (15 mg, 52%) as a white solid. 'H NMR (500 MHz, 363K, DMSO-da) 8 10.67-
1077 (br.os., 1H), 8.65 (d, 1H), 8.14-8.07 (m, ZH), 7.79-8.00 (m, 1H), 6.86-6.97 (m, 1H),
5.93-6.21 (m, 2H), 4.96-5.12 (m, 1H), 4.73-4.99 (m, 1H), 4.19-4.47 (u, 1H), 3.96-4.16 (m,
THD, 3.63 {m, TH), 3.51 (m, 1H), 3.16-3.38 (m, 2HD), 3.03 Gu, 1H), 2.89-2.98 (m, 2H), 2.78
(ra, 1H), 2.532-2.60 (m, 1H), 2.33-2.41 (m, 1H), 1.37-1.46 {(m, 2H), 0.73-0.90 (m, 9H).
LCMS (ESE m/z): 603 [MA+H]

EXAMPLE 111
Compound 111

{9774} Compound 111 was prepared similarly as described for Compound 82
using  {(S)-2Z-amino-3-{(5)-3-0x0-3 4-dihydro-2H-pyrido{4,3-b}{ | 4 Joxazin-2-yDpropanamide

dihydrochloride in place of (28)-2-amino-3-{(3S)-2-oxopyrrolidin-3-yljpropanamide.  'H
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NMR (500 MHz, 364K, DMSO-de) 8 10.70 (br. s., 1H), 8.58-8.86 (m, 2H), 8.03-8.15 (m,
2H), 6.82-7.05 (m, 1H), 6.04-6.37 (m, 2H), 4.87-5.09 (m, 1H), 4.67-4.89 (m, 1H), 4.28-4.53
(m, 1H), 4.11-4.26 (m, 1H), 3.72 (m, 1H), 3.42-3.64 (m, 1), 3.22-3.41 (m, 1H), 3.09-3.21
(m, 2H), 2.88-2.96 (m, 1H), 2.42-2.59 (m, 1), 2.32-2.43 (m, 1H), 0.76-1.01 (m, 9H).
LCMS (BSL m/z): 625 [M+HJ".

EXAMPLE 112
Compound 112
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19775} To a solution of I-{tert-butyl}y Z-methvi (254R)-4-hydroxy-5-
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oxopyrrolidine-1,2-dicarboxylate (1.2 g, 4.63 mmol, 1.0 eq.} in THF (20 mL) cooled at § °C
were added Z-nitropyridin-3-ol (648 mg, 4.63 mmol, 1.0 eq.), triphenylphosphine (1.8 g, 6.85
mmol, 1.5 eq.) and DIAD (1.36 mL, 6.95 mmol, 1.5 eq.}. The mixture was stirred at rt for 16
h. The mixture was concentrated under reduced pressure. The residue was purified by flash
chromatography on silica gel using a gradient of EA (60 o 100%) in PE to afford 1-{tert-
butyly 2-methyl (25,453-4-((2-nitropyridin-3-yhoxy)-5-oxopyrrolidine-1,2-dicarboxylate (1
2, 36%) as a yellow oil.

{87761 To a solution of -(tert-butyl) Z-methyl (25,45)-4-((Z2-niropyridin-3-
ylyoxy)-S-oxopyrrolidine-1,2-dicarboxylate (950 mg, 2.4% mimol, 1.0 eq.) in MeOH (10 mL)
and DCM (10 mbL) cooled at 0 °C was added KoUOs (34 myg, 0.249 mwool, 8.1 eg.). The
mixture was stired at O °C for 1 h. Water (20 ml) was added, and the phases were
separated. The agueous phase was extracted with DCM (2 x 20 ml). The organic phases
were combined, dried over NaxSOs, filtered and concentrated under redaced pressure. The
residue was purified by flash chromatography on silica gel using a gradient of MeOH (1 to
10%) in DCM to afford dimethyl (25,45)-2-({(tert-butoxycarbonyhamino)-4-{(2-nitropyndin-
3-yhoxypestanedioate (300 mg, 80%) as a white solid.

{97771 To a sohttion of dimethyl (285,45)-2-({tert-butoxyearbonyhamino-4-({2-
nitropyridin-3-yhoxypentanedioate (830 myg, 2.06 mmol, 1.0 eq.) in acetic acid (10 mL) was
added Fe (576 mg, 18.3 munol, 5.0 eq.). The mixture was heated at 80 °C for 2 h. The
nixture was concentrated under reduced pressure. The residue was taken up with sat.
NaHCGOs5 and extracted with EA (2 x 20 mL). The organic phases were combined, dried over
NaxSOy, filtered and concentrated under reduced pressure. The residue was purified by flash
chromatography on silica gel using a gradient of MeQOH (1 to 10%) in DCM to afford methyl
($)-2-{{tert-butoxycarbonyDamino }-3-((5)-3-ox0-3 4-dihydro-2H-pyrido{3,2-b}{ 1 4joxazin-
2-yhpropanoate {550 mg, 76%) as a white solid.

18778} A solution of methyl (S)-2-({tert-butoxycarbonybDaming}-3-((5)-3-oxo-
3, 4-dihydro-2H-pyrido{3,2-bi{1,4Joxazin-2-y)propancate (500 mg, 1.42 mmol, 1.0 eq.) in
78 NHs i MeOH (5 ml) was stured at ot for 48 h in a2 sealed tohe. The mixture was
concentrated voder reduced pressure. The residue was purified by prep-HPLC (Colunuu
Suntire-C1§ Columnn, 19%150 1om, 5 pm; Mobile Phase A; 10 mM NHHCGO: in water,

Mobile Phase B: ACN; Flow rate: 17 mL/min; Gradient: 20% B to 55% B in 8 min) to afford



WO 2023/283256 PCT/US2022/036242

tert-butyl {{8)-1-amino-1-ox0-3-({85)-3-0x0-3,4-dihydro-ZH-pyrido{3,2-b}i | 4 joxazin-2-
viypropan-2-ylicarbamate (300 mg, 63%) as an off-white solid. 'H NMR (400 MHz, DMSO-
dey & 11.25 (s, 1H), 7.91 (dd, 1H), 7.34 {d, 1H), 7.06-7.25 (4, ZH), 7.00 (m, 2H), 4.55 {(m,
HY, 417 (m, 1H), 2.05-2.10 {m, 2H), 1.37 (s, 9H). LCMS (BSI, m/z): 337 [M+H]"

8779} A solution of tert-butyl ((8)-1-amino-1-0x0-3-((8)-3-0x0-3 4-dihydro-2H-
pyrido}3,2-bli 1.4 Joxazin-2-yhpropan-2-yhcarbamate (250 mg, 0.744 mmol, 1.0 eq.) in ZM
HCl in E0O (5 mi) was stirved at 1t for 2 h. The mixture was concentrated under reduced
pressure  to  afford  (5)-2-amino-3-((5)-3-0x0-3,4-dihydro-ZH-pyrido{3,2-bll | 4 joxazin-2-
ylypropenamide dihydrochloride (150 mg, 85%) as a white solid.

(67881 To a solation of (15,3aR45,7R,7a8)-2-((5)-3,3-dimethyl-2-(2,2,2-
trifluoroacetamidoYbutanoyl)-2.3,34.4,7 7a-hexahydro- 1 H-4, 7-moethanoisoindole- 1 -
carboxylic acid (120 mg, 0.309 romol, 1.0 eq.) 1o DMF (1.2 wl) cooled at 0 °C were added
($)-2-amino-3-((8)-3-ox0-3,4-dihvdro-2H-pyrido[3,2-b {1 .4 Joxazin-2-yUpropanamide
dihydrochloride (87.5 mg, 0.371 mwomol, 1.2 eq.), EDCeHCI (141 rog, 0.741 ramol, 2.0 eq.),
HOAt (42 wg, 0.309 mmol, 1.0 eq.) and NE: (0.17 wl, 1.236 mmol, 4.0 eq.). The mixture
was stirred at ot for 16 h. The mixture was dilited with water {5 mb) and extracted with EA
(2 x 10 wl). The organic phases were combined, washed with brine (2 x 5 mlL), dried over
NazSQOq, filtered and concentrated under reduced pressure. The residue was purified by flash
chromatography on {18 using a gradient of ACUN (20 to 40%) in 0.01% FA in water to afford
{(15,3aR 48,7R 7a8)-N-{{S}-1-amino-1-0x0-3-({5)-3-0x0-3,4-dihydro-2H-pyrido}3,2-
bi{1,4joxazin-2-ylipropan-2-y1)-2-((8)-3,3-dimethyl-2-(2,2, 2-trifluoroacetamidoYbutanoyi)-
2,3,3a,4,7,7a-hexahydro-1H-4,7-methanoisoindole- 1 -carboxamide (140 mg, 64%) as a white
solid.

18781} To a solution of (15,3aR ,485,7R,7a8-N-({(5)-1-amino-1-0x0-3-((§ }-3-0x0-
3.4-dihydro-2H-pyrido[3,2-bil | 4 joxazin-2-yDpropan-2-vH-2-{((8)-3,3-dimethy}-2-(2,2,2-
triffuoroacetamido)butanoviy-2,3,3a,4,7 7a-hexahydro-1H-4,7-methanoisoindole- 1 -
carboxamide (140 mg, 0.231 mmol, 1.0 eq.) in DMF (1.4 mbL) were added pyridine (0.06
mb, 0.693 muool, 3.0 eq.) and TFAA (0.1 ml., 0462 mmol, 2.0 eq.). The mixture was
stivred at 1t for 30 min. The mixtare was diluted with water (5 mL) and extracted with EA (2
x 5 mbl). The organic phases were cornbined, washed with brive (2 x § mlL), dried over

NapS(,, filtered and concentrated under redaced pressure. The residue was purified by prep-
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HPLO (Column: X-SELECT-CI8 Column, 19%150 mum, 5 pum; Mobile Phase A: 10 mM
NHMHCO: in water, Mobile Phase B: ACN; Flow rate: 17 mL/min; Gradient: 10% B to0 70%
B in 8 min) to afford (i5,3aR 45,7R.7a8)-N-({(8)-1-cvano-2-{{(§}-3-0x0-3,4-dihydro-2H-
pyrido}3,2-bli 1 4]oxazin-2-yhethyl}-2-((5)-3,3-dimethyl-2-(2,2,2-
triffuoroacetamido)butanoviy-2,3,3a,4,7 Ta-hexahydro-1H-4,7-methanoisoindole- 1 -
carboxamide (45 mg, 46%) as a white solid. 'H NMR (500 MHz, 363K, DMSO-ds) § 11.0
{br. s., 1H), §.57-8.80 (m, ZH), 7.90 {d, 1H), 7.22-7.32 (m, 1H), 6.96 {m, 1H), 5.96-6.20 (m,
IH), 4.76-5.11 (m, 1H), 4.63 (m, 1H), 4.43 (m, 1H), 3.98-4.18 (m, 1H), 3.65 (1, i1H), 3.37-
3.47 {m, 1H), 3.02-3.23 {m, 1H), 2.80-2.96 (m, 2H), 2.76 (m, 1H), 2.49-2.56 (m, 1H}, 2.28-
236 {m, 1H), 1.37-1.48 (i, 2H), 0.77-0.90 (m, 9H). LCMS (ESL mv/z): 389 [M+HTY

EXAMPLE 113
Compound 113

fF
F\J\/ H
- O N &
v f- O N =N
>( v
{ N\!‘\\\”\ "
WHH TN
Hip
[6782] Compouand 113 was prepared similarly as described for Compound 112

using 4-nitropyridin-3-ol in place of 2-nitropyridin-3-ol. 'H NMR (400 MHz, 363K, DMSO-
dey & 10.95 (br. s., 1H), 8.63-8.82 (m, Z2H), 8.06-8.25 (my, 2H), 6.90 (m, 1H), 5.95-6.21 {(m,
2HY, 4.87-5.13 (m, 1HD), 4.65-4.85 (m, 1H), 4.39-4.52 (m, 1H), 3.97-4.20 (m, 1H), 3.65 (m,
1H), 3.36-3.50 {m, 1D, 3.02-3.23 (m, 1H), 2.81-2.96 (m, 2D, 2.77 (m, 1H), 2.44-2.60 (m,
1H), 2.23-2.41 (m, TH), 1.36-1.47 (m, 2H), 0.76-0.93 {m, 9H). LCMS (ES], wv/z): S5&%
IM+HTT
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EXAMPLE 114
Comp@und 114
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{87831  To a solution of |-(tert-butyl) 2-methyl ¢

dicarboxylate (2.0 g, 8.16 mmol, 1.0 eq.)
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(28,45)-4-hydroxypyrrolidine-1,2-
in DMF (20 ml) were added AgxO (5.6 g, 24.5
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nunel, 3.0 eq.) and allyl iodide (2.24 ml, 245 mmol, 3.0 eq.). The mixture was stirred at 1t
for 12 h and heated at 50°C for 5 h. After cooling to rt, the mixture was filtered through
celite. The filtrate was diluted with water (50 mL) and extracted with EA (3 x 50 mL). The
organic phases were combined, washed with brine (3 x 50 mb), dried over NaxSQq, filtered
and concentrated under reduced pressure. The residue was purified by flash chromatography
on silica gel using a gradient of EA (10 to 15%) in PE to afford 1-(tert-butyl) 2-methyl
(25,45)y-4-(allyloxyypyrrolidine-1,2-dicarboxylate (2.1 g, 91%) as a colorless oil.

[6784] To a solution of 1-{tert-butyl) 2-methyl (25,45)-d-(allyloxy)pyrrolidine-
{,2-dicarboxylate (2.1 g, 7.39 mmol, 1.0 eq.} in dioxane (20 mL) were added 2.5% Os04 in
tBuOH (0.2 mL) and a solution of Nal(Q4 (3.16 g, 14.8 mmol, 2.0 eq.) in water (20 mL) over
{0 min. The mixtore was vigorously stirred at 71 for | h. The mixture was diluted with water
{50 ml) and extracted with EA (3 x 50 wl.). The organic phases were combined, dried over
NaxSQy, filtered and concentrated under reduced pressure. The residue was purified by {flash
chromatography on silica gel using a gradient of EA (40 to 50%) in PE to afford |-{tert-
butyl) 2-methyl (25,45)-4-(2-oxoethoxy)pyrrolidine-1,2-dicarboxylate (1.25 g, 60%) as a
colorless oil.

(87851 To a splution  of  (I-{ert-butyl) 2-methyl (25,45)-4-(2-
oxosthoxy)pyrrolidine-1,2-dicarboxylate (1.2 g, 4.21 mmol, 1.0 eq.) in methanol {12 mL}
cooled at § °C was added portionwise NaBHy (160 mg, 4.21 mmol, 1.0 eq.}. The mixture
was stirred at rt for 1 h. The mixture was diluted with ice-cold water (10 mL) and extracted
with DCM (2 x 20 mL). The organic phases were combined, washed with brine (2 x 10 mbL),
dried over NaxSQu, filtered and concentrated under reduced pressure. The residue was
purified by fiash chromatography on stlica gel using a gradient of MeOH (5 to0 10%) in BDCM
to afford -(tert-butyl) 2-methyl (25.45)-4-(2-hydroxyethoxy)pyrrolidine- |, 2-dicarboxylate
(1.1 g, 91%} as a colorless oil.

18786} To a solution of 1-{tert-buty}) 2-methyl (25,45)4-(2-
hydroxyethoxypyrrolidine-1,2-dicarboxylate (1.1 g 3.80 munol, 1.0 eq.} in DCM (22 mb.)
cooled at O °C were added NEG (1.6 wl, 1 1.4 mmol, 3.0 eq.), DMAP (46 rog, 0.376 mmol,
0.1 eq.) and TsCl {145 g, 7.61 muvol, 2.0 eq.). The mixture was stirred at ¢ overnight. The
mixture was washed with ice-cold water (10 ml). The phases were separated. The agqueous

phase was exiracted with DCM (2 x 20 ml.). The organic phases were combined, washed
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with brine (2 x 10 mL), dried over Nax5Q4, filtered and concentrated under reduced pressure.
The residue was purified by flash chromatography on silica gel using a gradient of EA (40 to
45%) in PE to afford 1-(tert-butyl) 2-methyl (25 ,45)-4-(2-(tosyloxy)ethoxypyrrolidine-1,2-
dicarboxylate (1.4 g, 83%) as a colorless oil.

18787} To a solution of NalO4 {10.1 g, 47.4 mmol, 15.0 eq.) in water (20 mbl) was
added RuQ,eH0 (84 mg, 0.632 mumol, 0.2 eq.). The mixture was stirred at t for [0 min. A
solution  of  [-(tert-butyl)  Z-methyl  (25,45)-4-(2-(tosyloxy)ethoxv)pyrrolidine-1,2-
dicarboxylate (1.4 g, 3.16 munol, 1.0 eq.) in EA (20 mL) was added. The mixture was stirred
at 1t for 16 h. The mixture was diluted with ice-cold water (20 ml). The phases were
separated. The aqueous phase was extracted with EA (2 x 30 wol.). The organic phases were
combined, washed with brine (2 x 10 ml), dried over Nax5Q04, fhiltered and concentrated
under reduced pressure.  The residue was purified by flash chromatography on silica gel
using a gradient of EA (40 to 45%) in PE to afford 1-(tert-butyl) Z-methyl (28,48)-5-0x0-4-
(Z-(tosyloxyethoxy)pyrrolidine- |, 2-dicarboxyiate (770 mg, 55%) as a colorless oil.

[8788] To a solution  of I-(tert-butyly  Z-methyl  {25,45)-5-0x0-4-(2-
(tosyloxyjethoxypyrrolidine-1,2-dicarboxylate (550 mg, 1.20 mumol, 1.0 eq.) in MeOH (2.75
mby and DCM (2.75 mL) cooled at 0 °C was added KoCGs (33 mg, 0.239 mmol, .2 eq.).
The mixtore was stirved at ot for T b Water (10 mL) was added and the phases were
separated. The aqueous phase was extracted with PCM (2 x 20 mbL). The organic phases
were combined, dried over NaSQy, filtered and concentrated under reduced pressure to
afford dimethyl (25,45)-2-({tert-butoxycarbonyljamino }-4-(2-tosyloxy jethoxy)pentanedioate
(570 mg) as an oil.

{6789} To a solution of dimethyl (28,48)-2-((tert-butoxyearbonylamino}-4-(2-
tosyloxyjethoxy)pentanedioate (570 mg, 1.16 mmol, 1.0 eq.) in DMF (5 mL) was added
NaNz (151 mg, 2.33 mmol, 2.0 eq.). The mixture was heated at 60 °C for 2 h. After cooling
to 1t, the mixture was diluted with ice-cold water (10 mL) and extracted with EA (2 x 10
mb.). The organic phases were combined, washed with brine (2 x 10 mb), dried over
NaxSQy, filtered and concentrated under reduced pressure. The residue was purified by {lash

chromatography on silica gel using a gradient of EA (25 1o 30%) in PE o afford dirsethyl

colorless oil.
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197901 To a solution of dimethyl (285,45)-2-(Z-azidoethoxy)-4-{{tert-
butoxycarbonylaminojpentanedioate (360 mg, (.999 mmol, 1.0 eq.) in MeOH (10 mL} was
added 10% Pd/C (70 mg, 50% wet). The mixture was stirred at rt under H> atmosphere for 2
h. The mixture was filtered through celite. The solid was washed with DCM (10 mL). The
filtrate was concentrated under reduced pressure.  The residue was purified by flash
chromatography on silica gel using a gradient of MeOH (2 to 5%} in DCM to afford methyl
{S)-2-{{tert-butoxycarbonyDamino }-3-((5)-3-oxomorpholin-2-vhpropanoate (225 mg, 74%)
as a colorless oil. 'H NMR (400 MHz, CDCl) 8§ 6.05 (bs, 1H), 5.37 (m, H), 4.50 (m, 1H),
4.17 {dd, 1H), 4.04 (m, 1H), 3.74 (m, 4H), 3.61 {m, 1H), 3.30 (m, i1H), 2.36-2.42 (m, 1H),
2.21-2.26 (m, 1H), 1L.44 (s, 9H). LOMS (EST, wm/z): 303 [M+H]"

{97911 A solation  of methyl  (8)-2-{{tert-hutoxycarbonyhamino)-3-{({8)-3-
oxornorpholin-2-yhpropanoate (225 mg, 0.733 maool, 1.0 eq.) in 7M NHz in methanol (5
mb.) was stirred at 11 for 24 h in a sealed tube. The mixture was concentrated voder reduced
pressure  to  afford  tert-butyl  {((S)-1-amino-1-ox0-3-((5)-3-oxomorpholin-2-yhpropag-2-
ylcarbamate {200 mg, 93%) as an off-white sohd.

(97621 A solution of tert-butyl {({(8)-1-amino-1-oxo-3-{({8)-3-oxomorpholin-2-
yvhpropan-2-yhcarbamate (100 wg, 0.595 mmol, 1.0 eq.) in ZM HCY in B0 (5 ml) was
stirred at vt for 2 h. The mixture was concentrated under reduced pressure to afford (§)-2-
amino-3-((5)-3-oxomorpholin-2-vhpropanamide hydrochloride (62 mg, 95%) as a white
solid.

[64793] To a sohstion of (18,3aR48,7R,7a8)-2-{{5)-3,3-dimethy]-2-(2,2,2-
trifluorcacetamidolbutanoviy-2,3,3a,4,7, 7a-hexahydro-1 H-4,7-methanoiscindole- 1 -
carboxylic acid (130 mg, 0.335 mmol, 1.0 eq.) in DMF (1.3 mL) cooled at § °C were added
($)-2-amino-3-({S}-3-oxomorpholin-2-vhpropanamide hydrochloride (64 mg, 0.335 mmol,
1.0 eq.y, EDCeHCI (130 mg, 0.678 mmol, 2.0 eq.), HOAt {44 mg, 4.335 mmol, 1.0 eq.) and
NE (0.22 ml, 1.67 mmol, 5.0 eq.). The mixture was stirred at vt for 16 h. The mixture was
diluted with water (10 mbL) and extracted with EA (3 x 10 mbL). The organic phases were
combined, washed with brine (2 x 10 ml), dried over Nax5Q04, fhiltered and concentrated
under reduced pressure.  The residue was purified by flash chromatography on silica gel
using a gradient of MeQH (5 to 6%) v DCM to afford (15,3aR,48,7R,7a8)-N-((S)- 1 -amino-
t-0x0-3-({S)-3-oxomorpholin-2-yhpropan-2-y1}-2-((5)-3,3-dimethyl-2-(2,2,2-
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trifluorcacetamidolbutanoyiy-2,3,3a,4,7, 7a-hexahydro-1 H-4,7-methanoiscindole- 1 -
carboxamide (120 mg, 65%) as a white solid.

19794} To a solution of (15,3aR45,7R,7a5-N-{(5)-1-amino-1-0x0-3-((§}-3-
oxomorpholin-2-yhpropan-2-yH-2-((S)-3,3-dimethyl-2-(2,2 2 -triflucroacetamido jbutanoyl -
2,3,3a,4,7,7a-hexahydro-1H-4,7-methanoisoindole- i -carboxamide (100 mg, 0.179 mmol, 1.0
eq.} in DMF (I mbL) were added pyridine (0.04 ml,, 0.537 mmol, 3.0 eq.) and TFAA (0.028
mb., 0.359 mmol, 2.0 eq.). The mixture was stirred at vt for 2 h. The mixture was diluted
with water (§ ml) and extracted with EA (3 x 10 wl.). The organic phases were combined,
washed with brine (2 x 5 mbL), dried over Na;SOa, filtered and concentrated under reduced
pressure. The residue was purified by prep-HPLC (Coluron: SUNFIRE-CIR Column,
{9F%150 rom, 5 wn; Mobile Phase A: 10 M NHJHCOs 10 water, Mobile Phase B: ACN;
Flow rate: 18 ml/min; Gradient: 10% B to 60% B 1n 8 min) to afford (185,3aR,48,7R,7a5)-N-
{((S)-1-cyano-2-((35)-3-oxomorpholin-2-yDethyl-2-({8)-3,3-dimethyl-2-(2,2,2-
trifluoroacetamidobutanoyiy-2,3,3a,4,7, 7Ta-hexahydro- 1 H-4,7-methanoisoindole- 1 -
carboxamide (65 mg, 67%) as a white solid. 'H NMR (500 MHz, 364K, DMSO-ds) 6 8.09-
B.80 (m, 2H), 7.70 (5, tH), 5.94-6.22 (m, 2H), 4.86 (m, 1H), 4.44-4.74 (m, 1H), 4.01-4.24
{m, ZH), 3.88 (m, 1H), 3.57-3.77 {m, 2H), 3.45 (m, 1H), 3.33 (m, 1H), 3.12-3.24 (m, 1H),
3.05 (m, 1H), 2.80-2.95 (m, 2H), 2.75 (m, 1), 2.38 (m, 1H), 2.07-2.21 (m, 1H), 1.36-1.46
{m, 2H)}, 0.88-0.97 (m, 9H). LCMS (ES] m/z): 540 [M+H]"

EXAMPLE 115
Compound 115

HCH
HN
) : CFA0F,CO0E
Iy U V. NEL,, N
HOH, dioxane 7\ Nl " 0OH MeOH
e oH
t H&/% t
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2y TFAA, pyridine
DOM
0°C 115

(8795} A mixture of (15,3aR,45,7R,7a8)-2-((8)-2-((tert-butoxycarbonylamino)-
3,3-dimethylbutanoyi)-2,3,3a,4,7 7a-hexahydro-1 H-4,7-methanoisoindole-1-carboxylic  acid
{770 mg, 1.96 nmuuol, 1.0 eq.) in 4N HCI 1o dioxane (4 ml) was stitred at 1t for 4 h. The
pixture  was  concentrated  under  reduced  pressure  to  afford  gquantitatively
{15,3aR 45,7R,7a8)-2-((8)-2-amino-3,3-dirmnethylbutanoyl)-2,3,3a,4,7 7Ta-hexahydro- 1 H-4,7-
methanoisoindole-L-carboxylic acid hydrochioride as an off-white solid.

18796] To a solution of {15,3aR,45,7R,7a5)-2-{({S)-2-amino-3,3-
dimethylbutanoyl}-2,3,3a,4,7, 7a-hexahydro- 1H-4, 7-methanoisoindole- L -carboxylic acid
hydrochloride (100 mg, 0.304 mmol, 1.0 eq.) in MeOH (1 mL) cooled at § “C were added
ethyl 2,2,3,3,3-pentafluocropropanocate (292 mg, 1.52 mmol, 3.0 eq.), NEi (.21 ml, 1.52
mmel, 5.0 eq.) and l-methylimidazole (0.05 ml, 1.03 mmol, 2.0 eq.). The mixture was
stirred at 1t for 18 h. After cooling to 0°C, the mixture was acidified by addition of 1N HCI
unti] pH = 2, diluted with water (0.5 mL) and aged at § °C overnight. The precipitate was
filtered, washed with cold water and dried under reduced pressure to afford
{15,3aR 48,7R,7a83-2-((8)-3,3-dimethyl-2-(2,2,3,3,3-pentaflucropropanamido youtanoyi)-
2,3,3a,4,7, 7a-hexahydro-1H-4,7-methanoisoindole- 1 -carboxylic acid (60 mg, 45%) as an off-
white solid.

[6797] To a solution of (15,3aR,45,7R,7a8)-2-((83-3,3-dimethyl-2-(2,2,3,3,3-
pentafluoropropanamido)butanoy}-2,3,32,4,7, 7a-hexahydro- 1 H-4,7 -methanociscindole- 1 -
carboxylic acid (100 mg, 0.228 mmol, 1.0 eq.) in DMF (1.0 mL} cooled at 0 °C were added
(S)-2-amino-3-({S)-3-oxornorpholin-2-yDpropanamide hydrochloride (66 mg, 0.297 mmol,
1.3 eq.), pyridine (0,18 mlL, 2.28 muyool, 10.0 eq.) and 50% TP in EA (0.54 ml, 0.912 mumol,
4.0 eq.). The mixture was stired at ot for 7 h. Cold water {§ ml.) was added, and the phases

were separated. The agueous phase was extracted with EA (4 x 10 ml.). The organic phases
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were combined, washed with brine and sat. NaHCOq, dried over NaxSQa, filtered and
concentrated under reduced pressure. The residue was dissolved in DCM (1 mL) and cooled
to 0 °C. After addition of pyridine (0.035 mL, 0.435 mmol, 2.2 eq.) and TFAA (0.030 mi,
(.217 mmol, 1.1 eq.}, the mixture was stirred at § C for 1 h. Water (3 mL) was added. The
mixture was stirred at rt for 5 min, and the phases were separated. The aqueous phase was
extracted with EA (5x 5mbl) The organic phases were combined, washed with sat
NaHCOs (2 mb), dried over NaxSQy, filtered and concentrated under reduced pressure. The
residue was purified by prep-HPLC (Colurun: SUNFIRE-CI8 Coluron, 19%150 ram, 5 poy
Mobile Phase A: 10 mM NHHCGO: in water, Mobile Phase B: ACN; Flow rate: 17 mbL/min;
Gradient: 20% B to 5353% B in 9 min) to afford (18,3aR,45,7R,7a5)-N-{{(§)- 1 -cyvano-2-({S)-3-
oxomorpholin-2-yhethyD-2-((5)-3,3-dimethyl-2-(2,2,3,3,3
pentafluoropropanamidoybutanoyly-2,3,3a,4,7, 7a-hexahydro-1H-4,7-methanoisoindole- | -
carboxamide (40 mg, 30%) as a white solid. 'H NMR (500 MHz, 363K, DMSO-ds) & 8.3%-
R.68 (m, 2H), 7.72 (br. s, 1H), 5.92-6.22 (m, 2H), 4.63-4.81 (m, 1H), 4.55 (s, 1H}, 3.99-4.21
{m, ZH), 3.88 (m, 1H), 3.58-3.76 (m, 2H), 3.47 {m, 1H), 3.29-3.40 Gu, 1H), 3.11-3.24 (m,
TE), 3.00-3.10 (m, 1HD, 2.81-2.96 (m, 2H), 2.75 (m, 1), 2.31-2.42 (u, 1H), 2.08-2.23 (m,

THD, 1.36-1.46 (m, 21D, 0.87-1.02 (m, 9H). LCMS (EST, m/z): 590 [M+H]".

EXAMPLE 116
Compound 116

{§798] Compound 116 was prepared similarly as described for Compound 115
using methyl 2-chloro-2,2-difluoroacetate in place ethyl 2,2,3,3,3-pentafluoropropancate. 'H
NMR (500 MHz, 363K, DMSO-de) & &.19-8.71 (m, 2H), 7.61-7.85 {br. s., 1H), 5.92-6.23
{m1, 2H), 4.65-4.94 {m, 1H), 4.37-4.61 (m, 1H), 3.97-4.24 {m, 2H), 3.87 (m, 1H), 3.57-3.74
(m, 2H}, 3.41-3.56 (m, 1H), 3.33 (m, 1H), 3.12-3.24 (m, 1H), 3.00-3.10 (m, 1H), 2.65-2.83
(m, 3H), 2.38 {m, 1H), 213 (m, IH), 1.30-1.48 (m, 2H), 0.77-1.09 (m, %H). LCMS (ES]
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m/z): 556 [M+HT™

EXAMPLE 117
Compound 117

[§799] Compound 117 was prepared similarly as described for Compound 82
using {S)-2-amino-3-{{S)-3-oxomorpholin-2-ylpropanamide hydrochloride in place of (258)-
2-amino-3-[(38)-2-oxopyrrolidin-3-vljpropanamide. 'H NMR (500 MHz, 363K, DMSO-ds)
8 8.22-8B.82 (m, 2H), 7.72 {(br. 5., 1H), 6.07-633 (m, 2H), 4.66-4.91 {m, 1H), 432-4.52 (m,
PH), 4.13-4.25 (m, [H), 4.05 (m, 1H), 3.88 (m, 1H), 3.57-3.77 {m 3H), 3.39-3.51 {(m, 2H),
3.08-3.31 (m, 3H), 2.86-2.94 {m, 1H), 2.33-2.46 (m, 1H), 2.09-2.22 {(m, 1H), 0.86-1.01 (m,
9H). LCMS (BESIL, m/z): 576 [M+H|"

EXAMPLE 118
Compound 118

Sy o
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{6806] To a mixture of [-{tert-butyl) Z-methyl (25,45)-4-hydroxypyrrolidine-1,2-
dicarboxylate (18.0 g, 40.8 mmol, 1.0 eq.} in dry THF (100 ml) were added bromo
acetonitrile (17.0 g, 143 mmol, 3.5 eq.) and lithium methanolate (5.29 g, 143 mmol, 3.5 eq.).
The mixture was stirred for overnight at rt. The reaction was monitored by LC-MS, some 1-
{tert-butyly  Z-methyl  (2548)-4-hydroxypyrrolidine-1 2-dicarboxylate  (<15%{(PDA}}
remained. Another batch of lithium methanolate (2.26 g, 61.2 mmol, 1.5 eq.) and bromo
acetonitrile (7.28 g, 61.2 mmol, 1.5 eq.) was added. The mixture was stirred for 3 h. The

reaction was quenched with ice-water (200 mbL) and extracted with EtOAc (3 x 400 mL}.
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The organic layers were combined, washed with brine (2 x 80 mb}, dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure to afford the crude product.
The crude product was chromatographed on a silica gel column with EA:PE (530%-75%) o
provide 1-{tert-butyly 2-methyl {25,45)-4-(cyanomethoxypyrrolidine-1,2-dicarboxylate (6.0
g2, 52%) as a light yellow oil (turned to solid upon storage). 'H NMR (400 MHz, CDCh): &
4.17-4.53 (m, 4H), 3.46-3.83 (m, 3H), 2.24-2.51 (m, 2H), 1.31-1.55 (m, 9H). LC-MS (ES],
m/7): 185 [M-Boc+H]".

(65011 To a stirred solution of sodium periodate (13.4 g, 63.3 nuvol, 3.0 eq) in
water (15 mbL) at 1t was added ruthenium(IV) oxide hvdrated (1.43 g, 9.50 mmol, 0.15 eq).
The mixture was stirred for 10 min and then @-{ert-butyly 2-methyl (25,48)-4-
{cyanoroethoxy jpyrrolidine-1,2-dicarboxylate (6.0 g, 21.1 ramol, 1.0 eq) 1o ea (60 mL) was
added at rt. The mixture was stitred for 1 day at rt. The mixture was filtered and extracted
with EtOAc (3 x 200 wl). The organic lavers were combined, washed with brine (2 x 50
rol.), dried over anhydrous sodium salfate, filtered and concentrated under reduced pressure
to afford the crude product. The crude product was chromatographed on a silica gel column
with BA:PE (70%) to provide [-(tert-butyl}) Z-methyl (28,4S)-4-(cyanomethoxy)-3-
oxopyrrolidine-1,2-dicarboxylate (5.0 g, 79%) as a vellow oil. 'H NMR (400 MHz, CDCh):
6 4.73-4.86 {m, 1H), 4.50-4.62 (m, 2H), 4.18-4.28 {m, 1H), 3.77-3.86 Gu, 3H), 2.64-2.81 (m,
LH), 2.07-2.14 (m, TH), 1.46-1.55 (m, 9H). LC-MS (ESL m/2): 199 [M-Boc+H]™.

198021 To a mixture of I-{tert-butyl} Z-methyl {28,48)-4-(cyanomethoxy)-5-
oxopyrrolidine-1,2-dicarboxylate (5.0 g, 16.8 mmol, 1.0 eq.) in MeOH (50 mL) was added
Raney-Ni (2.0 g) at rt under hydrogen. The mixture was stirred for overnight at rt. The
supernatant was transferred, and the residue Raney-Ni was washed with DUM {(5x). The
mixture filtered and concentrated under reduced pressure to afford the crude product. The
crude product was chromatographed on a silica gel column with MeOH:DCM (6%) to
provide methyi (S)-2-{(tert-butoxycarbonylamino}-3-((S)-3-oxomorpholin-2-ylUpropancate
(3.5 g, 70%) as a yellow oil. LC-MS (ESI, m/z): 203 [M-Boc+H}"

{6863] A mixture  of methyl  (8)-2-({tert-butoxycarbonybamine)-3-((5)-3-
oxoroorpholin-2-yhpropanoate (3.5 g, 11.6 mmol, 1.0 eq.) in aromonia (100 wl, 7™M in
MeOH) was stirred 2 days at rt. The mixtare was concentrated under reduced pressure to

afford the crude product. The crude product was puerified by silica gel coluron
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chromatography with methanol:dichloromethane (15:45) to afford tert-butyl {((5)-1-amino-1-
oxo-3-({8)-3-oxomorpholin-2-yhpropan-2-ylicarbamate (2.1 g, 64%;) as a yellow solid. LC-
MS (EST, m/z) 288 [M+H}

188041 The mixture of tert-butyl {(§)-1-amino-1-0x0-3-((8)-3-oxomorpholin-2-
ylpropan-2-vhcarbamate (100 mg, (.348 mmol, 1.0 eq.) and hydrogen chloride (5 mL, 4M
in 1, 4-dioxane) was stirred for 2 h at rt. The mixture was concentrated under reduced
pressure to afford (S)-2-amino-3-((S})-3-oxomorpholin-2-vhpropanamide (70 mg, crude) as
an off-white solid. LO-MS (ESL, m/7): 188 [M+HT.

[8865] The mixture of {15,3aR 45,6R,78,7aR)-2-((8)-2-({tert-
butoxycarhonyDamino)-3,3-dimethyibutanoyl-6-fluorcoctahydro-T1H-4, 7-methanoisoindole-
-carboxylic acid (400 og, 0.970 mmol, 1.0 eq.) and hydrogen chloride (10 ml, 4M in 1 4-
dioxane) was stirred for 2 h at tt. The muxture was concentrated under reduced pressure {o
afford (15,3aR,45,6R,78,7aR-2-((8)-2-amino-3,3-dimethylbatanoyi)-6-fluorooctahydro- 1H-
g, crude) a8 a yellow sohd. LC-MS (ES],

4,7-methanoisoindole- L-carboxylic acid (303 mg,

mszy: 313 [M+HT

[6886] To a mixture of  (15,3aR,45,6R,75,7aR}-2-((8)-Z-amino-3,3-
dimethyibutanoyl)}-6-fluorooctahydro-1 H-4,7-methanoisoindole- 1 -carboxylic acid (303 mg,
3.97¢ mmol, 1.0 eq.) in MeOH (3 mL) were added tricthylamine (490 mg, 4.85 mmol, 5.0
eq.), N-methylimidazole (159 mg, 1.94 mmol, 2.0 eg) and methyl 2,2,3,33-
pentafluoropropanoate (863 mg, 4.850 mumol, 5.0 eq.). The mixture was stirred for 2 days at
rt. The crude product was purified by C18 column with CHaCN/Water (0.05% FA). The
desired fraction was concentrated under reduced pressure to provide {15,3aR 45,6R,78,7aR)-
2-4(83-3,3-dimethyl-2-(2,2,3,3,3-pentaflucropropanamido jbutanoyl -6-fluorooctahydro- 1 H-
4,7-methanoisoindole-1-carboxylic acid (350 mg, 78%) as a yellow solid. LC-MS (ESI
m/7): 459 [M+HT

(6867} To a mixture of (15,3aR45,6R,75,7aR1-2-((8)-3,3-dimethvl-2-(Z,2,3,3.3-
pentaflucropropanamido)butanoy-6-fluorooctahydro- FH-4,7-methanoisoindole- 1-
carboxylic acid (1530 mg, 0.327 romol, 1.0 eq.) in N N-dimethyiformamide (2 ml) were
added o-(7-azabenzotriazol- L-yD-N NN N'-te-tramethyluroniom hexafluorophosphate (149
mg, 8.392 mumol, 1.2 eq.) and N-ethyl-N-isopropylpropan-2-amine (234 myg, 1.96 myool, 6.0

eq.) at 0 °C. The mixwre was stivred for 20 mun at 0 °C, and then (S)-Z-amino-3-((8)-3-
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oxomorpholin-2-ylipropanamide (61.2 mg, 0.327 mmol, 1.0 eq.) was added at § °C. The
mixture was stirred for 2 h at rt.  The mixture was purified by CI8 column with
CHsUN/Water (0.05% TFA). The desired fraction was concentrated under reduced pressure
o provide (15,3aR 45,6R,75,7aR)-N-{(§)- I -amino-1 -0x0-3-{{5}-3-oxomorpholin-2-
yhpropan-2-v1)-2-((58)-3,3-dimethyl-2-(2,2,3,3,3-pentaflucropropanamido ybutanoyl)-6-
fluorcoctahydro-1H-4,7-methanoisoindole-1 -carboxamide (100 mg, 48%) as a yellow solid.
LC-MS (ESI, m/7): 628 {M+H]"

[O808] To a mixtore of (15,3aR,485,6R,75,7aR)-N-({5)-1 -amino-1-0%0-3-((§}-3-
oxomorpholin-2-yhpropan-2-y1-2-((8)-3,3-dimethyl-2-(2,2,3,3,3-
pentafluoropropanamidobutanoyl}-6-fluorooctahydro- [ H-4,7-methanoisoindole- 1 -
carboxamide (100 mg, 0.159 rwomol, 1.0 eq.) in DCM (1 ml) were added pyridine (530.4 mog,
(.636 mmol, 4.0 eq.) and uifluorcacetic anhydride (36.9 mg, 0.270 nunol, 1.7 eq.). The
pixture was stitred for 4 h at tt. The reaction was guenched with water (10 wl). The
roixture was extracted with dichloromethane (3 x 30 ml). The organic layers were
combined, washed with brine (2 x 1 mL), dried over anhydrous sodivm sulfate, filtered and
concentrated under reduced pressure to afford the crude product. The crude product was
purified by prep-HPLC (Column: XSelect CSH Prep C18 OBD Column, 19%250 mm, Sum;
Mobile Phase A: Water {(.1%FA), Mobile Phase B: ACN; Flow rate: 25 mL/min; Gradient:
42% B to 72% B in 7 min, 72% B: Wave Length: 220 nm; RTT (min): 6.3) to provide
{(15,2R35,6R, 78 9R-N-{{15)-1-cvano-2-{{(Z8}-3-oxomorpholin-2-vHethyi]-4-[{25)-3,3-
dimethyi-2-(2,2,3,3,3-pentafluoropropananmudoybutanoyl}-9-fluore-4-
azatricyclo{5.2.1.0M 2,6} Jdecane-3-carboxamide (41.4 mg, 42%) as a white solid. HONMR
(400 MHz, 80°C, DMSOG-ds} & &.80-9.00 (m, 1H), 8.60-8.80 (m, 1H), 7.70-7.95 {m, 1H},
4.80-5.00 (m, 1H), 4.65-4.80 (m, 1H), 4.53-4.65 (m, 1H), 420-4.50 (m, iH), 4.00-4.18 {m,
1H), 3.80-4.00 (m, 1H}, 3.70-3.80 (m, 1H), 3.50-3.70 (m, 2H), 3.25-3.45 (m, 1H), 3.10-3.20
(m, 1H), 2.60-2.70 (m, 2H), 2.50-2.60 (m, 1H), 2.25-2.45 (m, 2H), 2.05-2.20 (m, 1H}, [.80-
2.00 (m, 1H), 1.45-1.75 (m, 2H), 1.20-1.45 (m, 1H), 0.80-1.10 (m, OH). LC-MS (ESE, m/7):
610 [M+H]}".
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EXAMPLE 119
Compound 119

F
F F E'i

[6809] Compound 119 was prepared from (15,3a85,4R,55,7R,7a8)-2-((5)-3,3-
dimethyl-2-(2,2 2-trifluoroacetamidobutanoyvl}-5-fluorcoctahydro- | H-4,7 -
methanoisoindole-L-carboxylic acid, similarly as described for compound 118 {rom
{15,3aR 45,6R,78,7aR)-2-((5)-3,3-dimethyl-2-(2,2,3,3, 3-pentatluoropropanamidobutanoyl)-
6-fluorooctahydro- L H-4,7-methanoisoindole- L-carboxylic acid. 'H NMR (400 MHz, 80°C,
DMSO-de) 6 8.50-9.20 (m, 2H), 7.70-7.90 (m, 1H), 4.55-4.95 (m, 3H), 4.30-4.50 (m, 1H),
4.00-4.15 (my, 1H), 3.80-4.00 {m, 2D, 3.50-3.70 (m, 2H), 3.25-3.40 {(m, 1H), 3.10-3.20 (m,
tH), 2.55-2.90 (m, 1H), 2.40-2.53 (m, 1H), 2.25-2.40 (m, 3H), 2.05-2.23 (m, 1H), 1.55-1.80
{m, 2H), 1.30-1.55 (m, 2H), 0.85-1.10 (m, 9H). LC-MS (ES], m/z): 560 [M+H]"

EXAMPLE 120
Compound 120

{0814] Compound 120 was prepared similarly as described for Compound 114
using roethyl (8)-2-({tert-butoxycarbonyDamino)-3-((5)-5-oxo-7-oxa-4-azaspirof 2.5 Joctan-6-
yhpropanoate in place of methyl (8)-2-((tert-butoxycarbonyhamino}-3-((8)-3-oxomorpholin-

2-yhipropanocate. 'H NMR (500 MHz, 364K, DMSO-da) § 8.14-8.74 (m, 2H), 7.75-7.95 (br.
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s., HH), 5.83-0.23 (m, 2H), 4.69-4.93 {m, 1H), 449 (m, 1H), 4.02-4.26 (m, 2H), 3.71-3.91
(m, 1H), 3.65 (m, IH), 3.35-3.57 (m, 2H), 3.00-3.24 (m, 1H), 2.79-2.84 (m, 2H), 2.76 (m,
IH), 2.37-2.50 (m, 1H), 2.10-2.27 (m, 1H), 1.32-1.48 (m, 2H), (.86-1.03 (m, 9H), 0.57-0.81
{m, 4H). LCMS (ES], m/z): 5366 [M+H]".

{9811} Methyl (5)-2-{(tert-butoxycarbonylDamino)-3-((8)-5-0x0-7-0xa-4-
azaspiro{2.5joctan-6-yhpropanoate:  To a solution of 1-{tert-butyl} Z-methyl (25,45)-4-
hydroxypyrrolidine- |, 2-dicarboxylate (5.0 g, 204 mmol, 1.0 eq.) in THF (50 mL) were
added 1iOMe (3.8 g, 102 mmol, 3.0 eq.) and bromoacetonitrile (7.11 wl, 102 nunol, 5.0
eg.). The mixture was stirred at 1t for 4 h. The mixture was poured into ice-cold water (20
rol) and extracted with BA (3 x 50 mlL). The organic phases were combined, washed with
brine (2 x 30 mL), dried over NaxSQ,, filtered and concentrated under reduced pressure. The
residue was purified by flash chromatography on silica gel using a gradient of EA (40 to
530%) m PE to afford 1-(tert-butyl) Z-methyl (28 45)-d-{cyanomethoxy)pyrrolidine-1,2-
dicarboxylate (1.5 g, 26%) as a brown oil.

(8812} To a sohution of sodium periodate (1.6 g, 7.38 mumol, 3.0 eq.} in water (10
) was added Ru(:eH,0 (49 g, 8.369 mmol, (.15 eq.). The muxtare was stirred at 1t for
13 min.  After the addition of a solution of I1-(tert-butyl) 2-methyl (25,45)-4-
{cyanomethoxy)pyrrolidine- 1, 2-dicarboxylate (700 mg, 2.46 mmo], 1.0 eq.) 1o EA (10 wl.),
the mixture was stirred at rt for 16 h. The mixture was diluted with water (20 mL). The
phases were separated. The agueous phase was extracted with EA (2 x 30 mL). The organic
phases were combined and iPrOH (5 mbL) was added. After stirring for 10 min, brine (10
mb.) was added. The phases were separated. The organic phase was washed with brine (10
mb)}, dried over NaxSQy, filtered and concentrated under reduced pressure. The residue was
purified by flash chromatography on silica gel using a gradient of EA {45 t0 50%) in PE 0
afford 1-(tert-butyl) 2-methyl (25,45)-4-{cyanomethoxy)-5-oxopyrrolidine-1,2-dicarboxylate
(650 mg, 88%) as a colorless oil.

(8813} To a solation of 1-(tert-butyl) Z-methyl (285,48)-4-{cyanomethoxy)-5-
oxopyrrolidine- 1, 2-dicarboxylate (600 wg, 2.01 mwmol, 1.0 eq) in DOM (6 ml) and
roethano! (& mb) cooled at § °C was added KoCOs (56 myg, 0.402 amol, 0.2 eq.). The
mixture was stitred at 1t for | b fce-cold water (10 wl) was added, and the phases were

separated.  The agueous phase was extracted with DCM (2 x 30 ml). The organic phases
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were combined, dried over NapSOu, filtered and concentrated under reduced pressure. The
residue was purified by flash chromatography on silica gel using a gradient of EA (35 to
4%y n PE  to  afford dimethyl  (28.48)-2-((tert-butoxycarbonylamino)-4-
{cyanomethoxy}pentanedioate {550 mg, 82%) as a colorless oil.

19814} To a solution of dimethyl (25,45)-2-({(tert-butoxycarbonvhamino}-4-
{cyanomethoxypentanedioate (200 mg, 0.606 mmol, 1.0 eq.} in THF (2 ml) cooled at -7§
°C were added Ti(QiPr)s (045 mb, 1.33 mmol, 2.2 eg) and 3M EtMgBr solution in EpO
{1.61 ml., 4.84 nmunol, 8.0 eq.). The mixture was stirred at vt for | h. BFieEO (0.37 wl,
2.66 mmol, 4.4 eq.) was added. After 1 h at rt, the mixture was poured into 28% NHsOH (5
ol and was extracted with EA (3 x 20 ). The organic phases were combined, washed
with brine (2 x § ml), dried over NaxSQy, filtered and concentrated under reduced pressure,
The residue was purified by flash chromatography on silica gel using a gradient of EA (80 to
{00%) in PE to afford methyl (8)-2-{{tert-butoxycarbonyDarmino}-3-({8)-5-ox0-7-oxa-4-
azaspiro[2.5joctan-6-yDpropanoate (33 mg, 16%) as a yellow oil. 'H NMR (400 MHaz,
CDCRY 8 5.67 (br. 5., 1HD, 541 (m, 1H), 4.54 {m, 1H), 4.24 (m, 1H), 3.96 (m, TH), 3.74 (s,
3H), 351 (my, TH), 2.33-2.41 (m, tH), 2.27-2.31 (m, 1H), 1.44 (5, OH), 0.79-0.89 (m, 3H),
071 {m, 1H). LCMS (ESI, m/z): 329 [M+H]™

EXAMPLE 121
Compound 121
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{68815} To a  strred wixture  of  I-tert-butyl 2-methyl (25,485)-4-
hydroxypyrrohidine-1,2-dicarboxylate (5.00 g, 20.3 mumol, 1.0 eq.) and triroethylphosphine
(2.04 ok, 2.03 munol, 0.1 eq.) in ACN (20 wl.) was added acrylonitrie (10.8 g, 203 mmol,
10.0 eq.). The mixture was stivred for 1 h at rt. The crude product was purified by C18
colirmnn with CHUN/Water (0.05% TFA). The desired fraction was concentrated under
reduced pressure to provide 1-tert-butyl 2-methy! (285,48)-4-(2-cyanoethoxypyrrolidine-1,2-
dicarboxylate (3.9 g, 60%) as a vellow oil. 'H NMR (400 MHz, DMSO-ds) § 4.24-4.40 (m,
tH), 4.10-4.23 (w, 1H), 3.60-3.70 (m, 3H), 3.50-3.59 (m, 3H), 2.20-2.30 (m, 1H), 2.63-2.70
(m, 2H), 2.25-2.48 {(m, 1H), 2.00-2.10 (m, 1H), 1.25-1.48 (m, SH). LC-MS (ESL av/r): 199
iM-Boc +HJ".

{8816} To a stimed mixture of I-tert-butyl Z-methyl (285,45)-4-(2-
cvanoethoxy pyrrolidine-1,2-dicarboxyiate (7.00 g, 23.4 mmol, 1.0 eq.} in EA (50 mL) were
added sodium periodate (25.0 g, 116 mmol, 4.98 eq.} and ruthenium(1V} oxide hydrated
(1.56 g, 11.7 mmol, 0.5 eq.) in water (30 mL). The mixture was stirred for overnight at 50
“C. The mixture was diluted with EA (500 mL) and then filtered through a celite pad. The
organic layer was washed with brine (300 mL), dried over anhydrous sodium sulfate, filtered
and concentrated under reduced pressure to afford the crude product. The crude product was
chromatographed on a silica gel column with EAPE (80%) to provide 1-tert-butyl 2-methyl
(25,45)-4-2-cyanoethoxy)-5-oxopyrrolidine- 1 2-dicarboxylate (5.4 g, crude) a5 a yellow oil
LC-MS (ES], m/z): 213 {M-Boc+H]J".

[0817] A muxture  of  l-tert-butyl  Z-methyl  (25,45)-4-(2-cyanoethoxy)-5-

oxopyrrolidine- 1, 2-dicarboxylate (4.40 ¢, 14.1 nuvol, 1.0 eq.) and Raney nickel (2.30 g) in
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MeOH (20 mL} was stirred for overnight at rt under hydrogen. The mixture was filtered
through a celite pad and washed with methanol (3 x 10 mbl). The crude product was
chromatographed on a silica gel colunm with MeOQH:DCM (8:100) to provide methyl (28)-2-
{{tert-butoxycarbonyllamino}-3-[(25)-3-0x0-1,4-oxazepan-2-yljpropanoate (1.9 g, 40%) as a
white solid. 'H NMR (400 MHz, DMSQO-de) § 7.60-7.85 (m, 1H), 7.10-7.31 (m, 1H}, 3.90-
4.25 {m, 3H), 3.60-3.70 (m, 3H), 3.40-3.59 (m, 1H), 3.10-3.30 (m, 2H), 1.75-1.95 (m, 2ZH),
£.60-1.70 (m, 2H), 1.30-1.48 (m, 9H). LC-MS (ESL, m/7): 482 [M+H].

{88181 A wuxture of methyl (28)-2-[(tert-butoxycarbonyDamino}-3-[(25)-3-ox0-
,4-oxazepan-Z-vijpropanocate {1.90 g, 6.01 mmol, 1.0 eq) in NHz (g} (20.0 mL.7M in
MeOH) was stitred for 2 d at 11 and then concentrated under reduced pressure to aftord tert-
butyl N-[(15)-1-catbamoyl-2-{{25)-3-ox0- | 4-oxazepan-2-vijethyljcarbamate (1.4 g, 73%,
crude) as a white soHd. 'H NMR (400 MHz, DMSO-ds) 6 7.60-7.85 (m, 1H), 7.25-7.41 (m,
FH), 6.90-710 (m, 1H), 6.70-6.88 (m, 1H), 4.00-4.20 (m, 2H), 3.85-3.95 (mmu, 1H), 3.45-3.60
(o, THY, 3.10-3.26 (m, 2H), 1.70-1.93 (m, 2H), 1.55-1.68 (m, 2H), 1.26-1 .48 {(m, OH). LC-
MBS (ESE, w7y 302 [IM+HI

(88191 To a stirred mixture of tert-butyl N-{{1S}-1-carbamoyi-2-{{28)-3-0x0-1,4-
oxazepan-2-yljethyljcarbamate (154 myg, 0.511 mmol, 1.0 eq.) in DCM (3 mL) was added
triffuoroacetic acid (I mL). The mixture was stirred for 2 h at rt and then concentrated under
reduced pressure to afford (25)-2-amino-3-{Z8})-3-0x0-1,4-0xazepan-2-yi |propanamide {103
mg, crude) as a brown oil. LC-MS (ESE m/2): 202 [M+H

[6828] To a stirrted mixture of (1R,25,35,0R,75)-4-[{25)-3,3-dimethy]-2-(2,2,2-
trifinorcacetamidolbutanovij-4-azatricyclof5.2.1.04{ 2,6} jdec-8-ene-3-carboxylic acid (386
mg, 0.994 mmol, 1.0 eq.) and o-(7-azabenzotriazol-1-y1)-N,N,N'N'-te-tramethyluronium
hexafluorophosphate (491 mg, 1.29 mmol, 1.3 eq.) in DMF (2 mbL) was added N-ethyl-N-
sopropylpropan-2-amine (1.02 g, 7.95 mmol, 8.0 eq.) at § °C.  After stirring for 20 min at 0°
C, tert-butyl N-{{15)-1-carbamoyl-2-[(25)-3-ox0-1,4-oxazepan-2-yllethyljcarbamate (200
mg, 0.664 mmol, 1.0 eq.) was added. The mixture was stirted for 1 h at rt. The crude
product was purified by C18 column with CH3CN/Water (0.05% TFA). The desired fraction
was concentrated under reduced pressure to provide (28)-2-{I{1R,25,35,6R,75)-4-[{25)-3,3-
dimethyl-2-(2,2,2-trifluoroacetamidobutanoyl]-d-azatricyclo{5.2.1 .00 2,6} Jdec-8-en-3-

yijformamido }-3-[(25)-3-0x0-1,4-oxazepan-2-yllpropasamide (220 mg, 36%) as a white
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solid. LC-MS (ESE m/2): 572 [M+HT™

188211 To a stivred mixtare of {25)-2-{F(1R,28,35,6R,75)-4-{{25)-3,3-dimethvl-
2-2,2 2-trifluorcacetamido)butanoylj-4-azatricyclof 5.2.1.0M 2,6 } jdec-8-en-3-
vijformamido}-3-[{25)-3-0x0-1,4-oxazepan-2-yljpropanamide (210 mg, 0.367 mmol, 1.0
eg.) in DCM (2 mb) were added pyridine (116 mg, .46 munol, 4.0 eq.) and triflucroacetic
anhydride {46.3 mg, 0.477 mimol, 1.3 eq.). The mixture was stitred for 3 h at rt. The
reaction was quenched with water (30 mL). The mixture was extracted with EtOAc (3 x 30
wl).  The organic layers were combined, washed with brine (2 x 30 mL), dried over
anhydrous sodivm sulfate, filtered and concentrated under reduced pressure to afford the
crude product. The crude product was purified by prep-HPLC {(Cohumom: Xselect CSH F-
Phenyl OBD column, 19%230 mum, Sum; Mobtle Phase A: Water (0.1 % FA), Mobile Phase B;
ACN; Flow rate: 25 mi/min; Gradient: 30% B to 60% B in 7 min, 60% B; Wave Length;
254 vm; RTL (min): &) to provide (1R 2S8.38,6R,75-N-{{15)-1-cyvano-2-[{25)-3-ox0-1 4~
oxazepan-2-yljethyl}-4-1{25)-3,3-dimnethyl-2-(2,2, 2-ifluoroacetamidoyhutanoyi-4-
azatricyclo]5.2.1.0%2,6  Jdec-8-ene-3-carboxamide (115 mg, 56%) as a white solid. H
NMR (400 MHz, 80°C, DMSGO-ds) & 8.70-9.00 (m, [H), 8.20-8.69 (m, 1H), 7.43-7.70 (m,
{H), 5.85-6.253 (m, 2H}, 4.80-5.00 {(m, 1H), 4.40-4.65 {m, 1H), 3.95-4.10 {m, 2H), 3.80-3.94
(o, TR, 3.50-3.79 Gu, 2H), 3.38-3.49 (m, 1H), 2.80-3.37 {m, S5H), 2.68-2.79 {m, 1H), 2.16-
2.30 {m, 1H), 1.80-2.09 (m, 1H), 1.56-1.79 {(m, 2H), 1.30-1.49 (m, 2H), 0.85-1.00 (m, 9H).
LC-MS (ESL m/z): 354 [M+H]"

EXAMPLE 122
Compound 122

F
i
FaC—" o
=y NH
HN o

D3C \\C { ?
935?9;03 N ”“\'j\N
Ay NH :

{68221 Compound 122 was prepared similarly as described for compound 124,

using CHCHCOxMe in place of CFaCO:Me and additionally adding N-methy! imidazole (2

o~

N
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eq.) in the same reaction. 'H NMR (400 MHz, DMSO-ds) § 99.38-9.29 (1H, m), 9.00-8.80
{1H, m), 7.77-7.65 (1H, m), 6.21-5.94 ZH, m), 4.99-4.88 (1H, m), 4.60-4.53 (1H, m), 4.20-
3.93 (1H, m), 3.70-3.60 (1H, m), 3.50-3.40 (I1H, m), 3.1&-2.90 (SH, m), 2.72-2.62 (IH, m)},
2.41-2.30 (1H, m), 2.21-2.00 2H, my, 1.80-1.61 (2H, m), 1.42-1.34 (ZH, m). LC-MS (ES],
m/7y F188 [F2M + Na”]*.

EXAMPLE 123
Compound 123

[6823] Compound 123 was prepared similarly as described for compound 124,
using CICFCO:Me in place of CFaCOxMe and additionally adding NM1 (2 eq.) in the same
reaction. 'H NMR (400 MHz, DMSO-ds) § 9.18-9.09 (1H, 4}, 8.99-8.90 (1H, m), 7.76-7.66
(14, my, 6.21-597 (ZH, m), 4.99-4.88 (1H, m), 4.68-4.45 (iH, d), 4.17-3.94 {(1H, my, 3.71-
3.61 (IH, €, 3.48-3.38 (1H, m), 3.18-2.90 (5H, m), 2.74-2.64 (IH, ny, 2.42-2.30 (1H, m),
2.21-2.00 (2H, my, 1L.80-1.62 (ZH, m), 142-1.34 (2H, m). LO-MS (ES] m/: 1119/1121
{“2M + Na”}"

EXAMPLE 124
Compound 124

VNH Boc.
NH

B ~

O oc NH

D3C‘?l"\“ .
.-NHZ E}gc CD3 OH DSC':?.\\

£,

= DoCp,

" HATU/DIEA/DMF
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H,N O§,NH
Dsc:?]o"
SN "
ﬁ 2

TFAA

188241 {15,3aR 48 ,7R,7a85)-N-({(5)-1-anmino-1-ox0-3-((5)-2-oxopyrrolidin-3-
yhpropan-2-v1)-2,3,33,4,7, 7a-hexahydro-1H-4,7-methanoisoindole- I -carboxamide
hydrochloride (312 mg) and N-Boc-L-tert-leucine-ds (203 mg) were combined in a reactor
under Ar. Diisopropviethylamine (0.6 mL) was added, and then anhydrous DMF (15mlb).
The mixture was cooled to -30 °C, and then HATU (386 mg) was added. The mixture was
allowed to warm to 0 °C over | h and the temperature was maintained for another 45 mins.
A solution of citric acid in (914 mg in 4 mbL water) was added. The mixture extracted with
dichloromethane (2 x 15-mL). The exitracts were combined and then filtered through sodivm
sulfate. The mixture was concentrated, and then finished with a 50 °C-water hath on a rotary
evaporator to obtain a yellow oil {1.05 g). The mixture was dissolved in dichloromethane
{10 ml.) and then loaded onto a 50 g normal phase silica gel cartridge. A Huoear gradient of
0-t0-15% rmethanol in dichloromethane was applied and TLC in combination with ninhydrin
stain with heating was ssed to find the product fractions, which were then concentrated to
obtain tert-butyl {((8)-1-{{15,3aR,45,7R,7a5}-1-{{({S)- 1 -amino- 1 -0x0-3-{{$8)-2-oxopyrrolidin-
3-yhpropan-2-vhcarbamoyl)-1,3,3a.4,7 7a-hexahydro-2H-4,7-methanoisoindol-2-y1)-3,3-
bis{methyl-d3)-1-oxobutan-2-y1-4,4,4-d3)carbamate (363 mg) as a white solid. LLC-MS (ES]
w7y 555 [M+HI

{88251 Tert-butyl  {({(5)-1-{(15.3aR 45, 7R, 7aS8)}- 1 -(({5})-1-amino-1-ox0-3-({8)-2-
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oxopyrrolidin-3-ylipropan-2-yicarbamoyh)-1,3,3a,4,7, 7a-hexahydro-2H-4,7-
methanoisoindol-2-y1}-3,3-bis{methyi-d3)-1-oxobutan-2-yi-4,4,4-d3)carbamate (155 mg) was
mixed with trifluoroacetic acid (10 mbL/g starting material). The mixture was stirred for 30
mins and then concentrated. DIEA (10 eq.) was added, followed by methanol (20 ml/g
starting material), and CFCOOMe (5 eq.). The mixture was capped and stirred to
completion, as determined by LC-MS. The mixture was concentrated, diluted with
dichloromethane, washed with aq. citric acid solution, filtered through sodium sulfate and
purified by normal-phase silica gel chromatography wsing a 0-t0-15% methanol-
dichloromethane linear gradient, to obtain (15,3aR,45,7R,7a8)-N-({8)-1-amino- 1 -0x0-3-({5}-

Z-oxopyrrohidin-3-vhpropan-2-yD-2-((8)-3,3-bis{(methyl-d3)-2-(2,2,2-
trifluoroacetamidoYbutanovi-4,4,4-d3)-2,3,3a,4,7, 7Ta-hexahydro-1 H-4,7-methanoisoindole- | -
carboxamude (137 mg).

{8826] (18,3aR 48 ,7R [ 7a8)-N-({5)-1 -amino- 1 -oxo-3-({(8}-2-oxopyrrohidin-3-
yhpropan-2-y1-2-((8)-3,3-bis(methyl-d3)-2-(2 2, 2-trifluoroacetamidoyhutanoyl-4 ,4,4-d3)-
2,3.3a,4,7,7a-hexahydro-1H-4,7-methanoisoindole- 1 -carboxamide {137 mg) was mixed with
pyridine (5.0 eq.) and dichloromethage (20 ml/g), and then cooled in ap ice-bath. Portions
of TFAA {1 eq.) were successively added to finish the reaction: After each addition, the
mixture was stisred for 30 mins while maintaiging cooling. Upon completion, the mixture
was stirred with water and then extracted with dichloromethane. The extracts were filtered
through sodium sulfate, concentrated, purified by reversed-phase chromatography and
concentrated to obtain compound 124 (47.2 mg). YHEONMR (400 MHz, DMSO-ds) § 9.45-
937 (1H, &), 9.08-8.81 (1Y, my, 7.77-7.67 (1H, m), 6.20-5.99 (2H, m), 5.00-4.88 (1H, m),
4.65-4.4.45 (1H, m), 4.20-3.93 (1H, m), 3.70-3.60 (IH, m), 3.50-3.40 (1H, m), 3.18-2.90
{(3H, m), 2.72-2.62 (1H, m), 2.40-2.30 (IH, m), 2.20-2.00 (2H, m), 1.80-1.61 (2H, m), 1.45-
1.36 (ZH, m). LC-MS (ESL m/z): 1087 {“2M + Na”'L
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EXAMPLE 125
Compound 125

(68271 Compound 125 was prepared similarly as described for compound 76,

starting fromw 2-{ert-buty]) P-methyl (18,3aR.48,7R,748)-1,3,38,4,7 7Ta-hexahydro-2H-4,7-
roethanoisoindole-1,2-dicarboxylate-6-d m  place  of  2-(tert-butyly  l-moethyl
{(15,3aR,48,7R,7a8)-1,3,3a,4,7, Ta-hexahydro-2H-4,7-methanoisoindole- 1, 2-dicarbox ylate.
'H NMR (400 MHz, DMSO-ds) 8 8.65-8.85 (m, 1H), 7.30-7.55 (m, 1H), 5.85-6.25 (wm, 1H),
4.82-4.98 {(my, 1H), 4.50-4.69 {m, 1H), 3.98-4.18 {m, 1), 3.57-3.70 (m, 1H), 3.35-3.48 (m,
FH)y, 3.10-3.22 (m, 3H), 2.80-2.98 (m, 2H), 2.68-2.78 (m, 1H), 2.32-2.40 (m, 1H), 2.02-2.18
(m, 2H), 1.63-1.88 (m, 2H}, 1.32-1.45 (m, 2H), 0.80-1.05 (m, 9H). LC-MS (ES], sv/2): 575
IM+HT™

. o] . o
Boc H Bog v
A R
LDA, PONTE, THF {y oM BusSnD, Pd(PPhaly, LIL! () e
78 °C~0°C, 2h H"‘( N THF, 50 °C, 2h SAVEEN
OTf D

{8828} To a stirred mixture of 4-tert-butyl 3-methyl (15,2R.35,6R,75)-9-0ox0-4-
azatricyclol5.2.1.0M 2,6 1 Jdecane-3 4-dicarboxylate (600 mg, 1.93 mmol, 1.0 eq.) in THF (6
it} was added lithium diisopropylamide (1.94 ml, 3.87 mmol, 2.0 eq.) dropwise at -78 °C
under mitrogen. The mixture was stirred for 1 h at 0 °C and then 1,1, 1-trifluoro-N-phenyl-N-
{(triflnoromethylsulfonyDmethanesulfonamide (1.03 g, 2.90 mmol, 1.5 eq.) was added
stowly at 78 “C. The mixture was stirred for 2 h at § °C. The reaction was quenched with
water (20 mbL). The mixture was extracted with EtOAc (3 x 30 mL). The organic layers
were combined, washed with brine (2 x 20 ml), dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure to afford the crude product. The crude

product was chromatographed on a silica gel column with EA:PE (3.7) to provide the crude
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product. The crude product was purified by Cig column with CH3CN/Water (L05% FA).
The desired fraction was concentrated under reduced pressure to provide 4-tert-butyl 3-
methyl {(15,2R,35,6R,7R)-9-(rifluoromethanesuifonyioxy)-4-azatricyclo[5.2.1.0{2,6 } [dec-
8-ene-3 4-dicarboxylate (400 mg, 44%) as a light vellow oil. LC-MS (ESY, m/7): 342 [M-
Boc+H]".

[8829] To & mixture of  detert-butyl  3-methyl  (185,2R,35,6R7R)-O-
{trifluoromethanesulfonyloxy-4-azatricyclo{5.2.1.0° 2,6} ldec-8-ene-3 4-dicarboxylate (180
g, 0408 muool, 1.0 eq.), lithium chioride (138 wg, 3.26 nuool, 8.0 eq) and
tetrakis(triphenylphosphine)platinum{0) (80.0 mg, 0.069 mumol, 0.17 eq.) in THF (2 mL} was
added tributylstannane-d (834 mg, 2.86 romol, 7.0 eq.) under nitrogen. The roixture was
stirred for 2 hoat 50 °C. The reaction was guenched with water (10 ml). The mixture was
extracted with EtOAc (3 x 20 mL). The organic layers were corabined, washed with brine (2
x 10 wl), dred over anhydrous sodiom sulfate, filiered and concentrated under reduced
pressure to afford the crade product. The crude product was purified hy C1§ column with
CHON/Water (0.05% NHaHCO3+NH2 H2O, pH~13). The desired fraction was concentrated
under reduced pressare to provide 2-(tert-butyl) L-methyl (15,3aR,45,7R,7a5)-1,3,32,4,7,7a-
hexahydro-2H-4,7-methanoisoindole-1,2-dicarboxvlate-6-¢ (60.0 mg, 44%) as a light yellow
serni-solid. 'H NMR (400 MHz, CDCI3-d) § 6.14-6.30 (m, 1H), 3.82-3.98 (m, 1H), 3.61-
377 (m, 3H), 3.35-3.53 (m, {H), 3.01-3.24 (m, 2H), 2.73-2.98 {(m, 3H), 1.50-1.58 {m, 1H},
1.32-1.49 (m, 10H). LC-MS (ESL m/2): 195 [M-Boc+HT".

EXAMPLE 126
Compound 126

H
N
EEN
[0838] Compound 126 was prepared similarly as described for Compound 72

using 1-methoxyeyclopropane-1-carhoxylic acid in place of 2,2-difluoroacetic acid. 'H
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NMR (500 MHz, 363K, DMSO-de) § 8.54-8.77 (m, 1H), 7.28-7.44 (m, 1H), 6.85-7.07 (m,
1), 5.89-6.20 (m, 2H), 4.67-4.94 (m, 1H), 4.47 (d, 1H), 4.01-4.12 (m, 1H), 3.63 (m, 1H),
3.38-3.51 (m, 1D, 3.21-3.31 (m, 3H), 3.06-3.21 (m, 2H), 3.03 (m, 1H), 2.87-2.95 {m, 21D,
2.74 (m, TH), 2.21-2.40 (m, 1H), 2.11-2.20 (m, 2H), 1.66-1.88 (m, 2H), 1.35-1.46 (m, 2H),
0.97-1.12 (m, 4H), 0.86-0.95 (m, 9H). LOMS (ESL, m/z): 526 [M+HT".

EXAMPLE 127
Compound 127

%Nﬁ P!

o (’N .\:‘g\NN =3
/i / H\a\\HH

ranm

2
&
O
W
~/

{0831} Compound 127 was prepared similarly as described for Compound 72
using [-methoxycyclobutane-1-carboxylic acid in place of 2 2-difluoroacetic acid. 'H NMR
(500 MHz, 363K, DMSO-ds) & 8.36-8.82 (m, 1H), 7.29-7.47 {m, I1H), 6.534-6.83 {m, 1H),
5.85-6.22 {(m, 2, 4.72-4.99 {m, 1), 4.39-4.50 (m, 1H), 4.03-4.10 (m, 1H), 3.35-3.76 (m,
3H), 3.00-3.24 (m, 5H), 2.87-2.98 (m, 2H), 2.68-2.86 (m, 1H}, 2.22-2.41 {(m, 3H}, 2.03-2.19
{m, 3H), 1.65-1.83 (m, 3H), 1.33-1.46 (m, 3H), 0.82-0.94 {d, 10H). LCMS (ES], m/z): 540
IM+HT

EXAMPLE 128
Compound 128

Boc
P HoN
HN < O O
- \\ O i M
- \( ? HCI dioxane ‘\\ M. oth, C;.;/E/ o
I N ¢ SR — W e F
: 1, 3h ST N
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e
. .
ON-NH
HN
A ;
N Y NH
i ,\\H H
i ' ©

TFAA, Pyridine, DCM

rt, 2h

18832} To a  stirred mixture  of  {1R2R,35,65,75)-4-1(28)-2-{{text-
butoxycarbonylDamino}-3,3-dimethylbutanoyl}-10,10-difluoro-4-
azatricyclof5.2.1.0M 2,6 Hdec-8-ene-3-carboxylic acid (400 mg, 0.934 mmol, 1.0 eq.) in 14~
dioxane (1 ml) was added hydrochloric acid (10 mL, 4M 1 1,4-dioxane). The mixtire was
stirred for 3 h at 1t and then concentrated under reduced pressure to afford (1R,2R,35,65,75)-
4-1{28)-2-amino-3,3-dimethylbutanoyl}- 10, 10-difluoro-d-azatricyclof 5.2 1.0M 2 6} Hdec-8-
ene-3-carboxylic acid (306 mg, crude) as a white solid. LOC-MS (ESI, m/2): 329 [M+H]™

18833} To a stirred wmuxture of  (IR,2R,35,65,75)-4-1(28)-2-amino-3,3-
dimethylbutanoyl]-10, 10-difluoro-4-azatricyclof 5.2.1.0°{ 2,6} ldec-B-ene-3-carboxylic  acid
(306 mg, 0.932 mmol, 1.0 eq.) in wethanol (5 wl) were added ethyl 2-chlore-2,2-
difluoroacetate {738 mg, 4.66 mmol, 5.0 eq.) , triethylamine (471 mg, 4.66 mmol, 5.0 eq.)
and N-methylimidazole (153 mg, 1.86 mmol, 2.0 eq.). The mixture was stirred for overnight
at rt. The mixture was adjusted to pH = 6 with hydrochioric acid (2 M) and extracted with
BtOAc (3 x 50 mL). The organic layers were combined, washed with brine (2 x 50 mL)},
dried over anhvdrous sodium sulfate, filtered and concentrated under reduced pressure to
afford ¢ (1R,2R,38,65,75-4-[(25)-2-(2-chloro-2,2-difluoroacetamido)-3,3-
dimethyibutanoyl}-10,10-difluoro-4-azatricyclof5.2.1.07{2,6 } jdec-8-ene-3-carboxylic  acid
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(350 mg, 80%, crude) as a white solid. 'H NMR (400 MHz, DMSO-ds) § 12.43-13.25 (m,
tH}, 8.96-931 {(m, 1H), 6.02-6.33 (m, 2H), 4.47-4.55 (m, 1H), 4.16-4.32 (m, 1H), 3.60-3.66
{m, 1H), 3.09-3.36 {m, 4H}, 2.93-3.04 {m, 1H), 0.86-1.05 (m, OH). LC-MS (BS], m/z): 441
{M+H]™.

18834} To a stirred mixture of (1R,2R,35,65,75)-4-[(25)-2-(2-chloro-2,2-
difluoroacetamido}-3,3-dimethylbutanoyli- 10, 1 0-difluoro-4-azatricyclo{5.2.1 0M 2,6 1 Jdec-8-
ene-3-carboxylic acid (350 mg, 0.794 munol, 1.0 eq.) and o-(7-azabenzotriazol-1-yl)-
NN N, N'-te-tramethyluronium hexafluorophosphate (392 myg, 1.03 romol, 1.3 eq.) in DMF
(5 mL) was added N-ethyl-N-isopropylpropan-2-amine (820 mg, 6.35 mumol, 8.0 eq.) at § °C.
After stirring for 20 min at O °C, (28)-Z-amino-3-[(35)-2-oxopyrrohidin-3-vijpropanamide
(135 mg, 0.794 romol, 1.0 eq.) was added. The mixture was stirred for 1 h at rt. The reaction
was guenched with water (30 ml.). The mixture was extracted with BEtOAc (3 x 30 mL). The
organic layers were combined, washed with brine (2 x 30 mul)), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure to afford the crude product. The
crude product was purified by CIE colomn with CH3UN/Water (0.805% TFA). The desired

fraction was concentrated under reduced pressure to provide (28)-2-{[{1R,2R,385,658,78})-4-

azatricycio]5.2.1.0M 2,6} Jdec-8-en-3-yvi formamido | -3-[(38)-2-oxopyrrolidin-3-
yijpropanamide (250 mg, 50%}) as a yellow solid. LC-MS (ESL, m/7): 59 4[M+H]™.

18835} To a stirred nuxture of {(283-2-{(1R.2R,35,65,75)-4-{(28)-2-(2-chloro-
2, 2-diffuorcacetamido)-3, 3-dimethylbutanoyi}- 10, 10-difluoro-4-
azatricycio]5.2.1.0M 2,6} Jdec-8-en-3-yi [formamido }-3-[(38)-2-oxopyrrolidin-3-
yljpropanamide (250 mg, 8.421 mmol, 1.0 eq.) in DCM (3 ml) were added pyridine (116
mg, 1.47 munol, 3.5 eq.) and triflucroacetic anhydride (123 mg, 0.589 mmol, 1.4 eq.). The
mixture was stirred for 2 h at 1. The reaction was quenched with water (30 mL). The
mixture was extracted with EtOAc (3 x 30 mL). The organic layers were combined, washed
with brine (2 x 30 mbL), dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure to afford the crude product. The crude product was purified by prep-HPLC
{Column; XSelect CSH Prep €18 OBD Column, 197150 mum, Sum; Mobhile Phase A: Water
{0.1%FA), Mobile Phase B: ACN,; Flow rate: 25 ml/min;, Gradient: 36% Bio 66% B in 7
win, 66% B; Wave Length: 220 nro; RT1 (min): 5) to provide (1R,2R,38,68,78)-4-[(28)-2-
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{2-chlore-2,2-diftuoroacetamido}-3,3-dimethylbutanoyl]-N-{{ 1 5}- 1 -cyano-2-{(35)-2-
oxopyrrolidin-3-yijethyl}- 10, 10-difluoro-4-azatricyclo[5.2.1.00{ 2,6} }dec-&-ene-3-
carboxamide (93 mg, 38%) as a white solid. 'H NMR (400 MHz, 80°C, DMSO-ds) § 8.70-
8.88 (m, 1H), §.50-8.69 (m, 1H), 7.32-7.54 (m, 1H}, 6.06-6.40 (m, 2H), 4.63-5.00 (m, 1H},
4.30-4.54 (m, 1H), 4.05-4.23 (m, 1H), 3.65-3.85 (m, 1H), 3.55-3.64 (m, iH), 3.23-3.50 {m,
tH), 3.10-3.22 (m, 4H), 2.80-2.92 (m, 1H), 2.08-2.45 (m, 3H), 1.62-1.92 (m, 2H), 0.81-1.10
(m, 9H). LC-MS (ESL m/7): 576 [M+HTT

EXAMPLE 129
Compound 129

RS

L{Q |
R S MG dioxane
HN' ; NH2 "—[\% L : 5

rt, 3h

HATU, DIEA, DMF
rt, th

FF O O%?-—-NH
=,
2 F F
T3R(50% in EtOAC)
Pyridine N
rt, 2d
188361 To a stirred mixture of (28)-2-amino-3-[(35)-2-oxopyrrolidin-3-

vijpropanamide (159 mg, 0.934 mmol, 1.0 eq.) and o-(7-azabenzotriazol-1-yH-N,N, N, N'-te-
tramethyluronivm hexafluorophosphate (461 mg, 1.21 mumol, 1.3 eq.) in DMF {6 mL) was
added N-ethyl-N-isopropylpropan-Z-amine (965 mg, 7.47 mmol, 8.0 eqg.) at 0° . After
stirring for 20 min at § °C, (1R,2R.38,65,75)-4-[(25)-2-[{tert-butoxycarbonylyamino}-3,3-
dimethyibutanoyl}-10,10-difluoro-4-azatricyclof5.2.1.04{ 2,6 } Jdec-8-ene-3-carboxylic  acid
(400 g, 0.934 romol, 1.0 eq.) was added. The mixture was stirred for 1 h at rt. The reaction
was guenched with water (80 ml.). The mixture was extracted with EtOAc (3 x 30 mL). The

organic layers were combined, washed with brine (2 x 30 ml), dried over anhvdrous sodium
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sulfate, filtered and concentrated under reduced pressure to afford the crude product. The
crude product was chromatographed on a silica gel column with MeOH:DCM (7:180) to
provide tert-butyl N-{(Z853-1-H1R,2R,358,68,75)-3-{{(1 8)-1-carbamoy}-2-[(38}-2-
oxopyrrolidin-3-yljethyljcarbamoyl}- 10, 10-diflucro-4-azatricyclof 5.2.1.04{ 2,6 } Jdec-8-en-4-
yl}-3,3-dimethyi-1-oxobutan-2-vijcarbamate (350 mg, 61%) as a yellow solid. LC-MS (ES],
mi/z), 58 2[M+Hi".

18837} To a stirred mixture of tert-butyl N-[(25)-1-{(IR,ZR,35,68,78)-3-{[(15}-1-
carbamoyl-2-{(38)-2-oxopyrrolidin-3-ylethyljcarbamoyl }-10, 10-ditluoro-4-
azatricyclo{5.2.1.0M 2,6} jdec-8-en-4-y1}-3,3-dimethyl- | -oxobutan-2-yljcarbamate (350 mg,
(3.602 muool, 1.0 eq.) in 1 4-dioxane (I mL) was added hydrochloric acid (15 ml, 4M i 1 ,4-
dioxane). The mixture was stirred for 3 h at 1t and then concentrated under reduced pressure
to afford (258)-2-{I(1R,2R,35,68,75)-4-[(28)-2-amino-3, 3-dimethylbutanoyli- 10, 1 0-difluoro-
4-azatricyclol5.2.1.07 2,6 } ldec-8-en-3-ylformarido }-3-1(3S)-2-oxopyrrolidin-3-
vilpropanamide (289 myg, crude) as a white solid. LO-MS (ESI, m/z): 482 [M+HI

{8838} To a stirred mixture of (25)-2-{[{(1R,ZR,38,6S8,75)}-4-1(28)-2-amino-3,3-
dimethylbutanoyl]-10,10-difluoro-4-azatricyelo]5.2.1.04 2,6} Jec-8-en-3-y1Hormamido } - 3-
[(35)-2-oxopyrrolidin-3-ylipropanamide (289 mg, 0.600 mmol, 1.0 eq.) and potassium
2.2,3,3,3-pentafluoropropanocate (121 mg, 0600 wmol, 1.0 eg) in tripropyl-
1,35, 21N 51, 41M 51,618 5] -trioxatriphosphinane-2,4,6-trione (1.91 g, 6.00 mumol, 10 eq.) was
added pyridine (237 mg, 3.00 mumol, 5.0 eq.). The mixture was stirred for 2 & at rt. The
reaction was quenched with water {50 mL). The mixture was extracted with EtOAc (3 x 50
mb). The organic layers were combined, washed with brine (2 x 50 mL), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford the
crude product. The crude product was purified by prep-HPLC (Column: XSelect CSH Prep
C18 OBD Column, 19%150 mm, Spum; Mobile Phase A: Water (0.1%FA), Mobile Phase B
ACN; Flow rate: 25 mb/min; Gradient: 30% B to 60% B in 10 min, 60% B: Wave Length:
220 nm; RTL {(min): 873} to provide (1R2ZR35,68,75)-N-[(18)-1-cyvano-2-{(38)-2-
oxopyrrolidin-3-ylethyl]-4-[{25)-3,3-dimethyl-2-(2,2,3,3,3-
pentafluoropropanamido)butanoyl}-10, 10-difluoro-4-azatricyclof3.2.1.0°{ 2,6 } Jdec-8B-ene-3-
carboxamide (45.7 mg, 12%) as a white solid. ‘H NMR (400 MHz, 80°C, DMS0-ds) & 8.70-
R.81 (m, 2H), 7.32-7.54 {m, 1H), 6.00-6.40 (m, 2H}, 4.83-3.00 (u, 1H), 4.50-4.70 {m, 1H},
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4.10-4.40 (m, 1H), 3.65-3.85 (m, 1H), 3.55-3.64 (m, 1H), 3.23-3.50 (m, 1H), 3.16-3.22 {m,
48y, 2.80-2.92 (m, 1H), 2.08-2.45 {m, 3H), 1.62-1.92 (m, 2H), 0.81-1.10 {m, OH). LC-MS
(ESL, m/7): 610 [M+H]™

EXAMPLE 130
Compound 131

[0839] Compound 131 was prepared stmilarly as described for Compound 101
using methyl (8)-2-({tert-butoxycarbonyhamino)-3-methoxy-3-methylbutagoate in place of
methyl N-(tert-butoxycarbonyl)-O-cyclopropyl-L-threoninate.  'H NMR (400 MHz, 363K,
DMSO-dey 8 B.09-8.89 (m, 2H), 7.28-7.43 (br. 5., 1H), 5.93-6.24 (n, 2H), 491 (m, 1H),
4.65-4.81 (m, 1H), 4.00-4.23 (mw, 1H), 3.62-3.75 (m, 1H), 3.34-3.54 (o, 1H), 3.02-3.24 (m,
6H), 2.80-2.98 (m, 2H), 2.74 (m, 1H), 2.22-2.41 (m, 1H), 2.04-2.20 (m, ZH), 1.63-1.91 (m,
2H), 1.30-1.48 {m, 2H), 1.05-1.22 {m, 6H). LCMS (ESL, w/z): 390 [M+HJ™.

EXAMPLE 131
Compound 132

L
N
N“\:"’Q N ‘::N
Lon
H
it if—t
{08461 Compound 131 was prepared similarly as described for Compound 101

using methyl (8)-2-({tert-butoxycarbonyllamino)-3-methoxy-3-methylbutancate in place of
methyl N-(tert-butoxycarbonyl)-O-cyclopropyi-L-threoninate. 'H NMR (400 MHz, 363K,
DMSO-ds) & 8.09-8.89 (m, 2H), 7.29-7.43 (br. 5., 1H}, 5.93-6.24 (m, 2H), 491 {m, 1H),
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4.65-4.81 {m, 1H), 4.00-4.23 (m, 1H), 3.62-3.75 {(m, 1H), 3.34-3.54 (m, 1H}, 3.02-3.24 {m,
6H)y, 2.80-2.98 (m, 2H), 2.74 (m, 1H), 2.22-2.41 {m, 1H)}, 2.04-2.20 (m, ZH), 1.63-1.91 {(m,
2H), 1.30-1.48 (m, 2H), 1.05-1.22 (m, 6H). LCMS (ESL m/z): 590 [M+H]™

EXAMPLE 132
Compound 133

{0841} Compound 131 was prepared similarly as described for Compound 101
using methyl (8)-2-({tert-butoxycarbonylamino)-3-methoxy-3-methylbutanoate in place of
methyl N-{tert-butoxycarbonyl)-O-cyclopropyl-L-threoninate. 'H NMR (400 MHz, 363K,
DMSO-ds) & 8.09-8.89 (m, 2H), 7.29-7.43 (br. 5., 1H}, 5.93-6.24 (m, 2H), 491 {m, 1H),
4.65-4.81 {m, 1H), 4.00-4.23 (m, 1H), 3.62-3.75 (m, 1H), 3.34-3.54 (m, 1H}, 3.02-3.24 (m,
6H)y, 2.80-2.98 (m, 2H), 2.74 (m, 1H), 2.22-2.41 {m, 1H)}, 2.04-2.20 (m, ZH), 1.63-1.91 {(m,
2H), 1.30-1.48 {m, 2H), 1.05-1.22 {m, 6H). LCMS (ES], m/z): 5390 [M+H]".
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EXAMPLE 133
Compound 134

O

Yy NH

2 NH
S \"\k{/ O H"’N 2
N \\ O
“H
HATU, Pr,NEt, DMF

rt, 2h

HC! ; o SNV
Ry NH O
RY ] e o NH
N0 HN
., \‘\‘\{ (;J)\ CE O/\\ \%O O

HCI 1. 4-dioxane
rt, 2h

A oNH FOF

e TEA, MeOH ;
,\ . rt, 1d O
SEgnt
)
F
[} F
L F
O NH
TFAA,
pyridine, \
BCM ~7\ 2
SNV .
t, 5h ) N

{6842} To 4 mixture of {15,3aR,45,6R,75,7aR)-2-((8)-2-{{text-
butoxycarbonyDamino)-3,3-dimethyibutanoyl-6-fluorcoctahydro-1H-4, 7-methanoisoindole-
t-carboxylic acid (180 mg, 0.437 romol, 1.0 eq.) in N\N-dimethylformamide (3 ml) were
added o-(7-azabenzotriazol-1-v)-N, N, N’ N'-tetramethyvluronium  hexaftuorophosphate (199
mg, 3.524 mmwol, 1.2 eq.) and N-ethyl-N-isopropylpropan-2-amine {338 mg, 2.62 mmol, 6.0
eq.) at 0 °C. The mixture was stirred for 20 min at 8 °C, and then (S)-2-amino-3-({8)-2-
oxopyrrolidin-3-yDpropanamide (75.0 wg, $.437 wmeol, 1.0 eq.) was added at 0 °C. The
mixture was stirred for 2 h at rt.  The mixture was purified by C18 column with

CHCON/Water (0.05% TFA). The desired fraction was concentrated under reduced pressure
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to  provide tert-butyi  ((5)-1-{{15,3aR 45,6R,78,7aR)- 1 -({{5)-1-amino-1-0x0-3-({8}-2-
oxopyrrolidin-3-yhpropan-2-yhcarbamoyl-6-fluorooctahydro-2H-4,7-methanoiscindol-2-
y1}-3,3-dimethyi-1-oxobutan-2-vijcarbamate (190 mg, 78%) as a yellow solid. LC-MS (ES],
m/zy 566 [M+HI".

18843} A mixture of tert-butyl (8)-1-((15,3aR 45,6R,75,7aR}-1-({((5)-1-amino-1-
oxo-3-{({8)-2-oxopyrrolidin-3-vhpropan-2-ylicarbamoyly-6-fluorooctahydro-2H-4,7 -
methanoisoindol-2-y1)-3,3-dimethvi-1-oxobutan-2-ylicarbamate (190 mg, .336 mmol, 1.0
eq.) in hydrogen chloride (5 wl., 4M in 1, 4-dioxane) was stivred for 2 h at rt. The rixture
was concentrated under reduced pressure to (15,3aR 48 6R,78,7aR)-N-((5)-1-amino-1-0xo-
3-{(8)-2-oxopyrrolidin-3-yhpropan-2-yD)-2-((5)-2-amino-3,3-dimethyibutanoy)-6-
fluorooctahydro- [H-4,7-methanoisoindole- L -carboxamude hydrochloride (156 rog, crude) as
avellow oil. LC-MS (ESY, sm/z): 466 [M+HI™

{68441 To a maxtare of (15,3aR,45,6R,75,7aR-N-{({(8)-1~amno-1-oxo-3-((8)-2-
oxopyrrolidin-3-yhpropan-2-yD-2-((58)-2-amino-3,3-dimethylbutanoy}-6-fluorooctahydro-
{H-4,7-methanoisoindole-1-carboxamide hydrochloride (156 mg, 0.336 mmol, 1.0 eq.) in
MeOH (3 ml) were added ethyl 2-chloro-2,2-difluorcacetate {530 mg, 3.36 mmol, 10.0 eq.)
and trimethylamine (407 mg, 4.03 mmol, 12.0 eq.). The muxture was stirred overnight at 1t
and then acidified to pH = 3 with hydrochloric acid (2M). The agueous layer was extracted
with EA (3 x 60 mi). The organic layers were combined, washed with brine (2 x 20 mL)
and dried over anhydrous sodium suifate. The mixture was concentrated under reduced
pressure to afford the crude product. The crude was purified by CI8 column with
CH3UN/Water (0.05% THA). The desired fraction was concentrated under reduced pressure
o provide (15,3aR 48,6R,75,7aR)-N-({8}- I -amino- 1 -0x0-3-({5}-2-oxopyrrolidin-3-
yvhpropan-2-yD-2-((8)-2-(2-chlore-2,2-difluorpacetamido}-3,3-dimethyibutanoyl)-6-
fluorooctahydro-1H-4,7-methanoisoindole-1-carboxamide (80 mg, 41%) as a yellow oil.
LC-MS (BESI, m/z): 578[M+H].

[8845] To a mixtore of (15.3aR45,6R,75,7aR)-N-{(8)-1-amino-1-ox0-3-({8)-2-
oxopyrrolidin-3-yhpropan-2-yH-2-((8)-2-(2-chloro-2,2-difluorcacetamido)-3,3-
dimethyibutanoyD-6-fluorcoctahydro- tH-4, T-mmethanoisoindole- 1 -carboxamide  (80.0 mg,
0.138 momool, 1.0 eq.) 1o DCM (1 mL) were added pynidine (49.1 mg, 0.621 mmol, 4.5 eq.)

and trifluorcacetic anhydride (60.9 mg, 0.290 wamol, 2.1 eq.). The mixture was stirred for 3
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h at rt. The reaction was guenched with water {8 mL). The mixture was extracted with
dichloromethane (3 x 30 mL). The organic layers were combined, washed with brine (2 x 10
mb.), dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure
to afford the crude product. The crude product was purified by prep-HPLC (Colunm:
X&elect CSH Prep C18 OBD Colurnn, 19%150 om, Sum; Mobile Phase A Water (0.19%FA),
Mobile Phase B: ACN; Flow rate: 25 mL/min; Gradient: 33% B to 63% B in 7 min, 63% B;
Wave Length: 220 nm; RT1 (min); 5.87) to provide (15,3aR 45 ,6R,78,7aR}-2-((5)-2-(2-
chlore-2,2-difluoroacetamido)-3,3-dimethyibutanoy}-N-((8)-1 -cyano-2-((5)-2-
oxopyrrolidin-3-yhethyh-6-fluorooctahydro-1 H-4,7-methanoisoindole-1 -carboxamide (29.6
g, 38%) as a white solid. "H NMR (400 MHz, 100°C, DMSO-ds) § 9.65-8.80 (m, 1H),
8.50-R.65 (m, 1H), 7.35 {(br, 1H), 4.80-4.95 {m, 1H), 4.55-4.70 {m, 1H}, 4.45-4.55 (4, 1H),
4.303-4.45 (m, 1H), 4.70-4.80 (m, 1H), 4.60-4.70 (m, 1H), 3.15-3.25 Gu, 1H), 3.05-3.13 (m,
FH), 2.60-2.70 (m, 2H), 2.50-2.60 (m, 1H), 2.30-2.40 (m, 2H), 2.10-2.20 (s, 2ZH), 1.90-2.05
{ra, 1H), 1.85-1.95 (o, 1H), L.73-1.85 m, TH), 1.65-1.75 (mu, 1H), 1.40-1.60 (m, 1H), 1.20-
1.40 (m, 1HD), 0.90-1.10 (m, 9H). LC-MS (ES], m/z): 560 [M+H]"

EXAMPLE 134
Compound 135

{6846] Compound 135 was prepared similarly as described for Compound 101
using {25,3R)-2-({tert-butoxycarbonylamino)-3-methoxy-4-methylpentanocic acid in place of
N-{tert-butoxycarbonyl)-O-cyclopropyl-L-threonine. 'H NMR {500 MHz, 363K, DMSO-ds)
& 8.57-8.89 (m, 2H), 7.29-7.42 (mn, 1H}, 5.96-6.28 (m, 2H), 4.76-4.94 (m, 1H), 4.26-4.67 (m,
tH), 3.95-4.10 (m, 1H), 3.67 (t, 1H), 3.34-3.46 (m, 2H), 3.30-3.33 (m, 3H), 3.03-3.37 {(m,
3H), 2.84-2.96 (m, 2H), 2.73 (m, 1H), 2.30-2.40 (m, 1H), 2.08-2.19 {1n, 2ZH), 1.65-1.87 (m,
3H), 1.36-1.47 (m, 2H), 0.82-0.96 (m, 6H). LCMS (EST, m/z): 604 [M+H]™

108471 (25,3R)-2-((tert-ButoxycarbonyDamino)-3-methoxy-4-methylpentanoic
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acid: A solation  of  tert-butyl  (R)-4-((R)-1-hydroxy-2-methylpropyl}-2,2-
dimethyloxazolidine-3-carboxylate (1.7 g, 6.23 mmol, 1.0 eq.) in DMF (17 mL) cooled at
°C was added NaH (373 mg, 89.34 mmol, 1.5 eq.). The mixture was stirred at § °C for 1 h.
Methyl iodide (.46 mi., 7.47 mmol, 1.2 eq.) was added. The mixture was stirred at rt for 16
h. The mixture was diluted with water (30 mL) and then extracted with EA (2 x 20 mb).
The organic phases were combined, washed with brine (20 ml), dried over NaxS0;, filtered
and concentrated under reduced pressure. The residue was purified by flash chromatography
on silica gel using a gradient of BEA (1 1o 5%) 1u PE to afford tert-butyl (R)3-4-((R)-1-
methoxy-2-methylpropyl)-2,2-dimethyloxazolidine-3-carboxylate (1.5 g, 88%) as a colorless
oil.

[0848] To a solution of tert-butyl (R)-4-((R)-1-methoxy-2-moethylpropyi-2,2-
dimethyloxazolidine-3-carboxylate (580 mg, 2.02 ramol, 1.0 eq.) in acetone (6 mL) cooled at
0 °C was added Jones reagent (2.5 i, 5.00 wamol, 2.5 eq.). The mixtore was stirred at rt for
5 b and then concentrated under reduced pressure. The residue was taken up with iPrOH (8
mb}, neutralized by addition of NaHCOs antil pH=7 and extracted with EA {2 x 10 mbL).
The organic phases were combined, washed with brine (20 mL), dried over Na;SO., filtered
and concentrated under reduced pressure to afford (28,3R)-2-({(tert-butoxyearbonyllamino)-
3-methoxy-4-methylpentancic acid {450 mg, 85%) as a colorless oil. H NMR (400 MHz,
DMSO-dey 6 12.7 (br. s, 1H), 6.23 (d, 1H}, 4.14 (44, 1H), 3.25-3.35 (m, 4H), 1.70 {m, 1H},
1.38 (s, 9H), 1.03 (d, 2H3, 0.93 (d, 3H), (.84 (4, 3H). LCMS (ESL m/z): 262 [M+H]™

EXAMPLE 135
LC-MS Methods

Compound Mo, Rt (min) IMAHT or [M-HT LLMS Method
1 1.119 {M+H|["=524 48
2 1.234 {IM+H =538 48
3 1.244 {M+H-361"=512 48
4 1.633 {M+H =537 57
5 1.071 {M+H"=533 48
6 1.062 {M+HT=534 23
7 1.153 {M+H}'=534 23
3 1.291 [M+H =499 43
9 0.820, 0.856 [M+H]"=576 41
10 1.035, 1.096 IM+H =610 48
11 1.167, 1.236 {M+H"=5R8S 48
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Compound Mo, Rt (min) IMAHT or [M-HT LLMS Method
12 1.503 {M-+H["=526 59
13 1.193 [M+RB"=538 48
14 {1.997 [M+HT =550 11
15 1.016 [M+H=3552 11
16 (.959 {M+H}"=538 1i
7a 1.456 {IM+H =578 62

17b 1.451 {M+H'=578 62
18 1.632 IM+HT=552 59
19 1.330 {M+H["=522 27
290 £3.955 {IM+H[T=564 13
21 1.282 {M+H'=49¢6 27
22 {.826 [M+H =326 27
23 1.426 [M+H]"=574 61
24 1.378 IM+H=S22 58
25 .937 {M+H"=550 60
26 .917 {MA+H=550 60

7 3.937, 80.947 {M+H"=534 11

28 .9656 IM+H"=336 11
29 1.063, 1.073 [M+H]"=586 11
30 {1.893 M+H=514 i1
31 1.385, 1.428 M+ H =588 37
32 .9656 IM+H"=528 11
33 {.893 [M+H=532 11
34 {1.928 [IM+HT =522 i1
35 (1.944 {IM+HT=536 11
36 0.770 {M+H["=512 i1
37 {0,953, 0.970 IM+H =548 13
38 2.092 IM+HT = 485 A
39 {1.965 [M+H =340 11
40 {1.989 [M+H]"=542 1i
41 {.997,1.026 {M-+H|["=532 64
42 2187 IM-H] = 346 A
43 1.940 {M-HT = 508 A
44 1.402 {M+H+=5826 43
45 0.924 {M+HH=613 47
46 1.212, 1.331 {IM+H+=612 48
47 {1.893 {M+H[+=510 11
48 {.982 {M+H+=550 11
49 0.9407 {M+H =539 11
580 1.441 {M+HJ+=526 58
51 1.104, 1.12¢ {M+H+=577 64
52 1.078 {M+H}+=588 1i
53 1.992 {M-HJ =492 A
54 2.139 {M-H}=4%7 A
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Compound Mo, Rt (min) IMAHT or [M-HT LLMS Method
55 2,103 {M+H = 501 A
56 2221 [M+HT" =483 A
57 2.128 {M-H}'= 3532 A
58 2.016 [M+H] = 528 A
58a 2.040 [M+H=528 A
58b 2.037 {M+H"=528 A
59 2.191 [M+H] = 538 A
3%a 2181 IM-H]=536 A
50b 2.231 IM-H] =536 A
60 1.021 IM+H+=552 11
61 (.9638 {M+H}+=562 i1
62 1.003, 1.015 IM+H+=538 11
63 (.923 {M+H[+=524 i1
64 .934 {M+H+=516 11
65 1.275 {M+H =528 64
66 (.926 {Ma+H+=522 11

7 1.037 IM+H+=558 11
68 {1.983 {M+H =548 i1
69 {.989 {M+H =550 11
70 1.984 [M+H =496 A
71 2218 {M+H["=540 A

7la 2,199 IM-H] =538 A
7ib 2.203 {M+HT =540 A
72 2056 {M+H =506 A
73 2114 IM+H=S20 A
74 2.085 [M+BT"=518 A
75 2.200 IM+HT=566 A
76 2252 IM+H"=574 A
77 2.084 [M+HT=528 A
78 2213 IM-H =580 A
79 2.175 [M-HT =580 A
80 2.026 IM-H =524 A
g1 2.037 {M+H"=538 A
82 {0.936 IM+H+=560 11
83 .998-1.028 {M+H =600 1i
83a 1.015, 1.047 {M+H =600 11
33b 1.044, 1.075 {M+H [4+=600 11
84 2.062-2.076 [M+H]"=47% A
35 3.857 {M+H =542 13
g6 (.955 {M+H+=544 11

7 {1.905 IM+H+=5% 11
88 .965 {M+H =550 11
89 .874 {M+H+=538 11
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Compound Mo, Rt (min) IMAHT or [M-HT LLMS Method
90 1.135 {M+H =540 66
a1 3.931 {IM+He=542 13
92 {1.955 IM+H+=562 11
93 1.015 {M+H =538 1i
G4 1.393, 1.412 {M+H =542 62
G5 2.155 {M+H"=536 A
96 1.277 {M+H+=544 62
97 0.994 {M+H =550 11
98 2.091 {M+H'=562 A
99 2.124 [M+H] =566 A
100 (.928 {M+H+=604 1i
101 2.176 {M+H =602 A
102a 0.867, 3,875 {IM+H[+=578% 11
102b {1.879 {M+H4+=878 11
103 2264 {M4+H =630 A
104 1.045 {M+H =602 11
105 {1.989 IM+H+=554 11
106 0.950 {M+H =566 11
107 1.070 {M+H}+=616 11
108 1.034, 1.04¥ {M+H [+=592 11
109 2.008 {M+H"=589 A
110 1.963 [M+H =603 A
111 2.005 [M+H =625 A
112 2.228 {M+H"=589 A
113 1.984 IM+H =589 A
114 2.169 [M+BT"=540 A
115 2.208 {MA+H =590 A
116 2.139 [M+H"=356 A
117 2,108 [M+B=575 A
118 1.495 {M+H[+=610 58
119 1.259 {M+H+=560 62
120 2177 IM+H =566 A
121 .56 {M+H+=554 11
122 275 {2M + Naj+:1188 B
123 2.60 [2M + Nal+: 1119 B
124 2.25 [2M + Naj+: 1087 C
125 1.594 {M+H[+=575 62
126 2.065 [M+H]"=526 A
127 2127 {M+H =540 A
128 1.025 {M+H+=576 11
129 1.070 IM+H+=5610 11
131 2.150 {M-+H["=590 A
132 2.041 [M+BT"=554 A
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Compound Mo, Rt (min) IMAHT or [M-HT LLMS Method
133 2.037 [M+-H =532 :
134 1.341 [M+H+=560 62
135 2.217 [MA+H] =604 A
Final compounds can be obtained in some cases as a mixture with a corresponding

sterenisomer. Retention times of the main isomers are depicted in the table above.

Description of LO-MS methods

1L.C . ) Col | Run
Instrument Colamn Mobile Phase Gradient Flow .
Method T Time
From 95% A to
HALO ey 1 O 0% Ain
Shimadzu | 2.0pm C138 AW a;g;/@.i 1 1.09min, held | 5ml 1 85
11 LCMS- S0A B Ace t;nitrile for §.6min, o /'mm 44 n:iiﬁ
2020 {2.0pm, 'j,() LBEA 95% A in 0.05
3.0%30mm) T min, held for
(.10min
A Water/6.5 From 90% A to
wmM 5% Ain
Shimepack LHCO: + N/(;f
Shimadru "'h_lm P lf k| NHGHC 0{ . 19min, held 1.2
o A Scepter §P- Ammonia . e , 2
73 LCMS- - . e for .6min, to ml./ 44 .
Ci8 Gum, Hydroxide e A e v . min
2026 A N ) 90% A 0.02 min
3.0%33mm) (pH=10) . o
i min, held for
o {3.18min
Acetonitrile
From 95% A o
35% A in
HALQO A 1.69min, to 0%
Shimadzo 2.0um ‘Water/0.1 %F A nlh6 min, { S 3
37 LCMS- CiRO0A A held for / L] 40 L
2020 (20pm, | B:ACN/G.1% | 0.5min, t095% | 'O oo
3.0%30mm) FA A in 0.03 min,
held for
(.1 7min
From 95% A o
A 0% A in
Shimadza | HALO C18 “f‘%ﬁ 2‘93 {.19min, held | 1.5 )
41 LCMS- (2.0pm, "8‘ ‘ for 0.5min, to | ml/ | 40 |
~ 2 %3 N . QROL A i ; :
2020 3.0%30mm) ACN+0.05% 95 o Ain QQOS nin
TFA min, held for
o (3.2 5min
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LC . . . , Col | Ran
Instrument | Column Mobile Phase Gradient Flow .
Method T Time
AWater/6.5 o
o From 80% A o
' Shin1~pack E’l’lﬁv’fN}'iajHQQ 5% A in
Shimadze | HAmmMonia 1.9%min, held 1.2
Scepter SP- . L , 3
47 LOMS- , Hydroxide(pH for 0.7wmin, to | ml/m 443 ]
spn | 18 Guo, | T 90% A 0.05 | in e
o 3.0%33mm) =10) min, held for
B:Acetonitrile (.25mn
A Water/6.5 From 70% A to
m 5% A in
Shimadzu \fsffl}rn_-pack NHAHCO? * [.99min, held 1.2
. Scepter SP- Ammonia . L , 3
48 LCMS- o o T for §.7min, to mi/ 44 .
vy C18 Gum, Hydroxide o n i g . min
2020 ‘ 0% A in .05 min
3.0%33mm) {pH=10) X .
B min, held for
A (.25min
Acetonitrile
A Water/6.5 From ?G '}o,A o
30% A in
mM 1.6%min, (0 3%
Shimadzu | Shim-Pack NE;};S)S;: A in 0.6 g, 1.2 -
57 LCMS- | CI8 Gum, | 0700 held for mL/ | 40 n};’in
2020 3.0%33mum) ,5’ 0.5min, to0 90% | min o
(pH=10) . PN
Ain 0.03 mun,
B: L.
Acetonitrile held for
e ' 0.1 7min
From 953% A to
30% Ain
HALO A 1.6%min, to 0%
Shimadzu 2.0um “Water/0.1%F A ind.6 min, | 5ml. 3
58 LCMS- C18 90A A held for ';min 40 min
2020 (2.0, B:ACN/ L% | 0.5min, to 953% | o
3.0730mumn) FA A in 0.03 nun,
held for
{.17min
From 95% A to
A 35% A in
o 1.69min, to 5%
T ate % ’
Shimadzu | HALOC18 | ““.’.;;%”5 “1 Ain06min, | 1.3 ;
59 LCMS- (2.0um, 8 held for mb/ | 40 min
2020 3.0%30mm) o e | .5min, 1o 95% | min
ACN+0.05% . P
TEA A in 0.03 min,
: held for
0.1 7oun
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1LC ] ) ) ) Col | Run
Instrument | Column Mobile Phase Gradient Flow .
Method T Time
From 93% A o
A 0% A in
Shimadzu i}?ﬁ%?g ‘Water+0.05 1.19min, held { 2l | 9
G0 LCMS- ‘ ( 2' Gg;n ' TBTFA for 0.6min, to f;mi n-l 40 m}n
2020 3 Ogﬁ'g {}'mr’m B:ACN+0.05 | 95% Ain0.05 |
T ’ G%TFA mn, held for
{3.15min
From 93% A to
HALO A 0% A in
Shimadzu 2.0um Water/0.1%F | 2.19min, held | 5ml. 39
&1 LCMS- 18 90A A for §.5min, to o 40 B
2020 (2.0wm, | B:ACN/O.1% | 95% Ain00s | T n
3.0730mumn) FA min, heid for
(.4 5min
From 95% A to
HALO A 5% A in
Shimadzu 2.80um ‘Water/B1%F | 2.1%min, held | 5ml 3
&2 LCMS- Cig 90A A for §.6min, o /;min 44 omin
2020 {2.0pm, BACN/AL% | 95% A (.05
3.0%30mm) FA min, held for
(.25min
From 80% A o
30% A in
HALO A 1.69min, to
Shimadzu 2.0um ‘Water/(3. 1 HF m()c%v? Ain LsmL | 3
64 LEMS- CIR 90A A Qéz_fn{n., h eld /min 40 min
2020 (2opm, | B:ACN/O.1g | [orOomin o
3.0%30mm) i 93‘"‘/0 Ain ():{).3
FA min, heid for
0.17min
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1LC ] ) ) ) Col | Run
Instrument | Column Mobile Phase Gradient Flow .
Method T Time
. From 93% A o
HALO A o
5% A in
Shimadru 2. 0um Water/0.1%F | 2 1 9min, held 1.5
&6 LOMS- i8 90A A for .0min, to | mi/m | 60 | 3min
v o~ oy 95% A n 0.05 in
202 . , ACN/L% X :
2020 (2.0urm, BACN/GL i, held for
3.0%30mm) FA 0.2 5min
Agilent
6150 8Q
Mass o acquity 98% A held for
SPECIOME | UPLC | A:01% EA | 02 min,©02%
' ey g e Ty Ain 1.3 min, 0.6 a o
A oupedto BERCIS | in “’Zam’ P heldtorig | mis | 0 | 0
¢ ;”%O' (1.7 pry, 0.1% FA min, to 98% A | min
o 2.1%50 Acetonitrile | in (L1 min, held
Infinity rm) for (.4 min
1LC ’
System
Waters From 5% B to
_ S A Water/0.19%F | 93% Bin 2.3
Shimadza Cortecs A min, held for 0.4 4
B LOMS- CI8 278 | B:Aceronitile {.5min, to 3% m; 40 min
2090 10x75 | o Bin0.05 wmin, | /min
’ SER 0. 1%EA held for 0.95
i min
Waters From 25% B tw
o U AWaer0.19F | 95% Bin 25
Shimadzn Cortecs A min, held for 0.4 4
C LOMS- C182.7u | B Acetonitrile {0.5min, to 5% m.L 44 min
2630 10%75 . B in 0.05 min, | /min
SR MD1%EA held for 0.95
mm min
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EXAMPLE 139
Additional Compounds

{684%] Additional compounds of Formula (I} can be prepared using similar
materials and methods described herein, such as those described herein.

H
On N

STV N
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H Ry
N
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S0 O—NH
HN
[ o
F o]
Ff"w\\:\\ S
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NN P O}»NH
HN
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/?\ M \\“"E\
o~ : N
s YOS
Ykt H
.':‘LS‘
4 D
F3G
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agr N !
§i . . .
and \‘:’: , including pharmaceutically

acceptable salts thereof.

EXAMPLE A
SARS-Cov-2 3CLpro and HRV3C Duplex assay

[8858] Protease assays were performed in 384-well low volume polypropylene
nucrotiter plates at ambient temperature. For the duplex assay, 3CLpro and HRV3C was
added using a Multidrop Combi (Thermo Scientific: Waltham, MA} and preincubated for 30
mins with small molecules. The reactions were initiated by the addition of the two peptide
substrates. The reactions were incubated for 30 mins and quenched by the addition of (.5%
formic acid (final) with subsequent neutralization using 1% sodium bicarbonate (final).
Internal standard peptides were added in 20 mM Hepes pH 8.0 for guantitation of the
protease products. For SAMDI-MS analysis, 2 ¢l of each reaction mixture was transferred
using a 384-channel automated liquid handler to SAMDY biochip arrays functionalized with a
neutravidin-presenting self-assermbled monolayer. The SAMDPY arrays were incubated for i h
in a humidified chamber to allow the specific immobilizatdon of the biotinviated peptide
substrates, cleaved products and internal standards. The samples were purified by washing
the SAMDI arrays with deionized ultrafiltered water and dried with compressed air. A
mattix comprising alpha-cyano cinnamic acid in 80% acetonitrile:20% agueous amuuonium

citrate was apphied in an automated forroat by dispensing 50 nl. to each spot in the array.
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SAMDI-MS was performed using reflector-positive mode on an AB Sciex TOF-TOF 5800
System {AB Sciex, Framingham, MA) with 400 shots/spot analyzed in a random raster
sampling. For data analysis, area under the curves {peaks) (AUCs) for the product and
internal standard were calculated using the TOF/TOF Serigs Explorer (AB Sciex), and the
amount of product formed was calculated using the equation (AUC product/ AUC internal
standard). The amount of product generated was calculated using the ratio of product area
under the curve (AUC) divided by the AUC of the internal standard. Negative controls were
pre-quenched with 0.5% formic acid final.  Assay robusiness was determined by Z-Factor.
The ¥Cses were determined by fitting the curves using a four-parameter eguation in Graphpad
Prism §.

{68851} Table | indicates related ICso values for the tested compounds where A’
ndicates an ECs < 20 oM, ‘B’ indicates an [Cso of 220 nM and < 208 nM, " indicates an
50 = 200 nM and < 2000 oM, ‘D indicates an ICs > 2000 oM and < 20000 nM and ‘F
indicates an ICsq > 20000 oM and < 100000 oM. As shown by the data in Table 1,
compounds described herein (including pharmaceutically acceptable salts thereof) can

effectively inhibit and be used to treat a coropavirus and rhinovirus.

Table §
Compound | SARS-Cov-2 | HRVY Compound | SARS-Cov-2 | HRVY
{ A >10 uM 17b A >10 uM
2 B >10 uM 18 A >10 uM
3 A >10 uM i9 B >10 uM
4 B >10 uM 20 A >10 uM
5 C >10 uM 21 A >10 uM
5 B >10 uM 22 C >10 uM
7 A >10 uM 23 B >10 uM
8 B >10 uM 24 A >10 uM
9 A >10 uM 25 A >10 uM
1D A B 26 B >0 uM
11 A C 27 A >10 uM
12 A >10 uM 28 A >10 uM
13 B >10 uM 29 A >10 uM
14 A >10 uM 30 A >10 uM
15 A >10 uM 31 A >10 uM
16 A >10 uM 32 A >10 uM
17a £ >10 uM
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Compound | SARS-Covy-2 HRY
33 A >10 uM
34 A >10 uM
35 B >10 uM
36 A >10 uM
37 B >10 uM
38 B >10 uM
39 A >10 uM
40 A >10 uM
41 A >10 uM
42 B >10 uM
43 A >10 uM
44 B >10 uM
45 B D
46 A C
47 B >10 uM
4% A >10 uM
49 A >10 uM
50 £ >10 uM
51 A >10 uM
52 A >10 uM
53 B >10 uM
54 C >10 pM
35 B >10 uM
36 C >10 uM
57 B >10 uM
58 C >10 uM
58a >10 uM >10 uM
5&b C >10 uM
39 A >10 uM
59a C >10 uM
59h A >10 uM
60 B >10 uM
61 A >10 uM
62 A >10 uM
63 A >10 uM
64 A >10 uM
653 A >10 uM
656 £ >10 uM
67 A >10 uM
68 A >10 uM
69 A >10 uM
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Compound | SARS-Cov-2 | HRV
70 D >10 uM
71 A >10 uM
Tla D >10 uM
7ih A >0 uM
72 A >10 uM
73 A >10 uM
74 A >10 uM
75 A >10 uM
76 A >10 uM
77 B >10 uM
73 B >10 uM
79 A >10 uM
&0 A >10 uM
31 A D
82 A >10 uM
83 A >10 uM
83a A >{3.5 uM
83b A >0.5 uM
34 D >10 uM
85 C >10 uM
&6 A >0.5 UM
87 A >0.5 uM
88 A >10 uM
&9 A >10 uM
90 B >10 uM
91 A >0.5 uM
92 B >{3.5 uM
a3 A >0.5 uM
94 A >(1.5 uM
93 A >10 uM
1) B >0.5 uM
97 A >10 uM
98 A >0.5 uM
99 A >3.5 uM
100 A >0.5 uM
101 A >0.5 uM
102a A >{3.5 uM

102b >0.5 uM >0.5 uM
103 A >(1.5 uM
104 A >{3.5 uM
103 B >0.5 uM




WO 2023/283256 PCT/US2022/036242

Compound | SARS-Cov-2 | HRV Compound | SARS-Cov-2 | HRV
106 A >0.5 uM 120 A >0.5 uM
107 A >(.5 uM 121 A >{.5 uM
108 A >0.5 uM 124 A >0.5 uM
109 A >0.5 uM 125 A >0.5 uM
110 A >0.5 uM 126 B >0.5 uM
111 A >0.5 uM 127 B >0.5 pM
112 A >0.5 uM 128 A >0.5 uM
i13 £ >0.5 uyM 129 A >0.5 uM
114 A 0.5 UM 131 A >0.5 pM
113 A >0.5 uM 132 A >0.5 uM
116 A >0.5 uM 133 A >0.5 uM
117 A >{.5 pM 134 A >{.5 uM
118 A >0.5 pM 135 A >0.5 uM
i19 B >0.5 uM

EXAMPLE B
CORONAVIRUS ASSAY

OCA43 Coronavirus Assayv in Hel a cells

{68852} The human beta-coronavirus  OC43  was purchased from ATCC
{Manassas, VA) and propagated using HCT-8 human colorectal epithelial cells (ATCC).
Hel.a human cervical epithelial cells (ATCC) were used as susceptible host cell lines and
were cultured using EMEM media, supplemented with 10% fetal bovine seram (FBS), 1%
(v/v) penicillin/streptomyein {(P/8), 1% (v/v) HEPES and 1% (v/v) cellgro ghitagro™
supplement {all Corning, Manassas, YA) at 37 °C. For the OC43 antiviral assay, 1.5 x 1¢*
Hel.a cells per well were plated in 100 pl complete media in white 96-well plates with clear
bottoms at 37 °C for uwp to 24 h to facilitate attachment and allow cells to recover from
seeding stresses.  Next day, the cell culture medium was removed. Serially diluted
compounds 1o 100 pl. assay media (EMEM, 2% FBS, 1% P/S, 1% celigro glatagro™
supplement, 1% HEPES) were added to the cells and imcubated for 4 H at 37 °C in a
humidified 5% CO» incubator. 100 ub of OGC43 virus stock was diluted to a concentration
known to produce optimal cytopathic effect, inducing 80-90% reduction in cell viability., 96-
well plates were incubated for 6 (Hela) days at 33 °C; each plate contains uninfected control
wells as well as virus-infected wells that were not treated with compound. Cytotoxicity

plates without the addition of OC43 virus were carried out in parallel. At the end of the
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incubation period, 100 pb cell culture supernatant was replaced with 100 pl. cell-titer-glo
reagent {Promega, Madison, W1) and incubated for at least 10 min at rt prior to measuring
luminescence. Luminescence was measured on a Perkin Hlmer (Waltham, MA) Envision
plate reader. Antiviral % inhibition was calculated as follows: [{Compound treated cells
infected sample) —{no compound infected control}}/[{Uninfected control) —{(no compound
infected control}[*100; Using GraphPad (San Diego, CA) prism software version 8.3.1, the
antiviral dose-response plot was generated as a sigmoidal fit, log(inhibitor) vs response-
variable slope (four parameters) model and the ECs was caleslated which 18 the predicted
compound concentration corresponding to a 50% inhibition of the viral cytopathic effect.
(0853 Table 2 indicates related HCsp and CCUsp values for the tested compounds
AT indicates an ECsy < 100 oM, ‘B indicates an ECsy of 2100 oM and < 1000 oM, ‘O
indicates an ECse > 1000 nM and < 10000 nM and ‘D indicates an ECsq > 10000 oM and <
100000 nM. For CCs, the values are reported in micromolar (jm), ‘A7 indicates a CCs >

10000 oM and ‘B’ indicates a CCsp 2 1 uM and <10 uML

Table 2

Compound ECso LCCs0 Compound ECso LCCso
i A >100 21 A >100
2 B >100 22 C >100
3 A >100 23 C >100
4 A >100 24 A >100
S B >100 25 A >100
6 A >100 26 B >100
7 A >100 27 A >100
8 B >100 28 A >100
O A >100 29 A A
10 B A 30 A >100
i1 B >100 31 B A
12 A >100 32 A >100
i3 B >100 33 A >100
14 A >100 34 A >100
i6 A >100 35 B >100
17a A >100 36 B >100
17b B >100 37 >10uM >100
iR A >100 38 C >100
i9 A >100 39 A >100
20 A >100 40 A >100
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Compound Bl CCso
41 A >100
42 B >100
43 B >100
44 B B
45 C >100
46 B A
47 B >100
48 A >100
44 B >100
50 A >100
51 B >100
52 B >100
53 C A
54 >10 uM > 100
55 C >100
56 >10 uM >100
57 B >100
58 C >100

58a >10 uM >100
58b C >100
59 A >100
59 >10 uM >100
596 A >100
60 C >100
61 B >100
62 A >100
63 A >100
64 A >100
65 A >100
66 B >100
67 A >100
68 A >100
69 A >100
70 >10 uM >100
71 B >100
71la >10 uM >100
7ib A >100
72 A >100
73 A >100
74 A >100
75 B >100
76 A >100
77 C >100
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Compound Fso CCsn
78 C >100
79 B >100
80 A >100
8l A >100
82 A >100
&3 A >100
g3a A >100
&3b A >100
84 >1uM >100
83 >10 uM >100
R6 A >100
87 A >100
88 B >100
88 B >100
90 #N/A >100
91 A >100
92 B >100
03 A >100
94 A >100
9§ A >100
96 B >100
o7 A >100
98 A >100
99 A >100
100 A >100
101 A >100
102a A >100
102b > uM >100
103 A >100
104 B >100
105 B >100
106 A >100
107 A >100
108 A >100
109 A >100
110 A >100
i1t A >100
112 B >100
P13 A >100
114 A >100
113 A >100
116 A >100
17 A >100
i1g A >100
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Compound Bl CCso Compound Fso CCsn
119 B >100 i28 A >100
120 A >100 129 A >100
121 A >100 i31 A >100
125 A >100 132 A >100
126 B >100 133 A >100
127 B >100 134 A >100

SARS-CoV-2 infection model in VeroES cells

[0854] The SARS-CoV-2 antiviral assay is derived from the previously
established SARS-CoV assay (PMID: 15961169). In this assay, fluorescence of Vero EO-
eGFP cells declines after infection with SARS-CoV-2 due to the cytopathogenic effect of the
vitus. Io the presence of an astiviral cormapound, the cytopathogenicity is inhibited and the
fluorescent signal rescued. On day -1, the test coropounds were serially diluted in assay
moedium (DMEM sopplersented with 2% v/v FCS). The plates were incubated (37 °C, 3%
COy and 95% relative bumidity) overnight. On day (, the diluted compounds were mixed
with Vero E6-eGFP cells (25000 cells/well), SARS-CoV-2-GHB-03021/2020 (20
TCIDso/well) and the MDRI-nhabitor CP-100356 (final concentration 0.5 pM) in 96-well
blackview plates (Greiner Bio-One, Vilvoorde, Belgium). The plates were incubated in a
humidified incubator at 37 °C and 5% COn. At 4 days p.i., the wells were examined for
eGFP expression using an argon laser-scanning microscope. The microscope settings were
excitation at 488 nm and emission at 310 nm and the fluorescence images of the wells were
converted into signal values. The results were expressed as ECUsp values defined as the
concentration of compound achieving 50% rescue from the virus-reduced eGFP signals as
compared to the untreated virus-infected control cells. Toxicity of compounds in the absence
of virus was evaluated in a standard MTS-assay as described previously (PMID: 22575574).

{8855} Table 3 indicates related ECsy and CCsg values for the tested compounds
‘A’ indicates an ECsy < 100 nM, ‘B’ indicates an ECsp of 100 nM, < 1000 nM, "C indicates
an ECse > 1000 nM and < 10000 nM and "D’ indicates an ECsg > 10000 nM and < 50000

nM. For UCsg, the values are reported in moicromolar (m). ‘A’ indicates a CCs > 10 .

‘B’ indicates a CCsp > | pm and <10 wm.
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Table 3
Compound VerqE_éanP VeroEéf{TP
(ECs(p} (CC*G)

i A »>50
2 A >50
3 A >50
4 B >S50
5 C >S50
6 C »50
7 A >34
8 B >50
9 A >S50
10 B »50
i B =530
12 A >50
i3 A >S50
14 A »>10
13 A »>50
16 A >50
174 A >S50
17b B >S50
18 A >50
19 B >50
20 A >S50
21 A >50
22 C »50
23 B =530
24 B >50
25 B >50
26 B »50
27 A > 10
28 A > 10
29 A > 10
30 A > 10

PCT/US2022/036242
Compound ‘VerqE_ﬁianP VemEé-ﬁCP
(ECs(p} (CC*G)

31 B >50
32 A >50
33 A >50
34 A >50
35 B >50
36 B >50
37 C >34
38 B >50
39 A >50
44 A >50
41 A >34
42 B =50
43 B >50
44 C A
45 C >100
46 B A
47 B >50
48 A >50
49 B >50
50 A >50
51 B >50
53 B >50
54 C »50
35 B =30
56 3 >50
57 B >S50
58 C »50
59 A =30
70 D =50
85 D >50

B.1.1.7 mfection model in AS49-dual ACEZ2 TMPRSSZ cells

[0856]

The AS549-dual_ACEZ_TMPRSS32 cells (InvivoGen Cat #a549 - covZr)

were propagated in the growth mediurn which was prepared by supplementing DMEM

(gibco cat no 41965-039) with 10% v/v heat-inactivated FCS and 10 pg/mL blasticidin

{(InvivoGen ant-bi-03), 100 pg/mb hygromycin (Invivo(Gen ant-hg-1), 0.5 ug/mi. puromycin

(InvivoGen ant-pr-1) and 100 pg/mb zeccin (InvivoGen ant-zn-03) in a humidified 5% CO2
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incubator at 37°C. The assay medivm was prepared by supplementing DMEM (gibco cat no
41965-039) with 2% v/v heat-inactivated FCS.

(68571 The virus isolate used is from the B.1.1.7 lineage (derived from h{oV-
19/Belgium/frega-12211513/2020; EPI _ISL_791333,2020-12-21;, see Abdeinabi et al,
“Comparing infectivity and virulence of emerging SARS-CoV-2 variants in Syrian hamsters”
EBioMedicine (2021) Jun;68:103403. doi: 10.1016/].ebiom.2021.103403).

{0858] For antiviral testing, cells were seeded in 96-well plates (Falcon) at a
density of 15,000 cells per well 1n assay mediom. After overnight growth, cells were treated
with the indicated compound concentrations and infected with a MOI of 0.001 TCID30/cell
{final volume 200 pl/well io assay mwediom). On day 4 pi. differences 1 cell viability
caused by virus-induced CPE or by compound-specific side effects are analyzed using MTS
as described previously (PMID: 22575574).

[085%9] For toxicity testing, the same experimental setup was used except that
assay medium without virus was added to the cells and that an additional control of well
without cells was added to the plate.

{08601 Table 4 indicates related ECsg and CCsp values for the tested compounds
‘A’ indicates an ECso < 100 oM, ‘B’ indicates an ECse of =100 oM and < 1000 nM, ‘O
indicates an ECse > 1000 nM and < 10000 sM. For CCso, the values are reported in

micromolar (UM). ‘A’ indicates a CCsp > 10 uM. ‘B’ indicates 3 CUsp > 1 uM and <10

ML
Table 4
AB49-dual AS49-daal
Compound | ACEZ_TMPRSS2Z | ACEZ_TMPRSK2
{ECs0) {CCs0)
1 A »50
2 A >10
3 A >10
4 B >10
5 C >10
6 C >1{
7 A >10
8 A >10
g B >10
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AS84%-dual_ AS49-daal
Componnd | ACEZ_TMPRSS2 | ACEZ_TMPRSS2
{ECsn) {CCan)

10 B >10
1§ B >
12 A >10
13 A >0
14 A >10
15 A >10
16 A >10
17a B >10
17b B >10
18 B >1{}
19 B >10
20} B >10
21 A >10
22 C >10
23 B >
24 B >10
25 B >10
26 B >10
27 B >
28 A >10
29 A >0
30 A »10
31 A >10
32 A >10
33 B >10
34 B >10
35 C >1{}
36 C >10
37 C >10
33 C >18
35 »10
40 A >0
41 A >10
42 B >10
43 B >1{
44 C A

45 C >50
46 B >50
47 B >10
48 A >10
49 B >10
30 A >0

e



WO 2023/283256

PCT/US2022/036242

AS49-dual_

A34%-dual

Componnd | ACEZ_TMPRSS2 | ACEZ_TMPRSS2
{ECsn) {CCan)
51 C >10
52 B >
53 C >10
54 >10 >0
55 B >10
56 C >1{}
57 B >10
38 C >10
58a >10 »10
38b C >1{}
59 A >10
593 C >10
58h A >10
60 B >10
a1l B >
62 A >10
63 A >10
64 A >10
as A >0
46 B >10
67 A >10
68 A »10
69 A >10
70 >10 >10
71 A >10
Tla >10 »10
7ib A >10
72 A >10
73 A >10
74 A >10
75 A >10
76 A >0
77 B >10
78 B >10
74 B >10
80 B >10
R1 A >10
82 A > 10
83 A > 10
83a A > 10
83b A > 1
84 C > 10
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AS49-dual_ ASB4%-dual
Componnd | ACEZ_TMPRSS2 | ACEZ_TMPRSS2
{ECsn) {CCan)
85 >10 > 10
86 A > 10
87 A > 1
88 B > 10
s B > 10
90 C > 10
91 A > 10
92 B >10
93 A » 10
94 A > 1
g5 A > 10
96 B > 1
o7 A > 10
9¥ A > 10
99 A >4
100 A > 1
101 A > 1
102a A > 1
1020 >1 > 1
103 A > 1
104 A > 10
10335 A > 10
106 A > 10
107 A >4
108 A > 10
139 A > 10
116 A > 1
Pil B >4
112 A > 10
113 A > 1
114 A > 10
(S A >4
116 A > 1
117 A > 1
118 A > 1
118 B >4
126 A > 1
121 A > 1
126 B > 10
127 A > 10
128 A >4
129 A > 1
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AS49-dual_ ASB4%-dual
Componnd | ACEZ_TMPRSS2 | ACEZ_TMPRSS2
{ECsn) {CCan)
131 A > 1
132 A >4
133 B > 1
135 A > 1

[6861] Tables 2, 3 and 4 demonstrate that compounds described herein (including

pharmaceutically acceptable salts thereof) can effectively inhibit and treat a coronavirus.

EXAMPLE C
PICORNAVIRUS & NOROVIRUS ASSAYS

{0862}

thereof, are tested following a protocol similar to the protocol described in one of the

Compounds of Formula (1), including pharmacentically acceptable salts

following atticles: Kirm ef al,, Journal of Virology (2012) 86(213:11754-11762, Zhang et al,

JACS 2020} (hpsi//dx doiorg/10.1021/acs jroedchem.9b01828), and UL.S.

9,603,864.
[0863]

Patent No.

The protocols of Kim et al., and Zhang et al., can be used to test for

activity against a picornavirus and noroviras.

EXAMPLED
[8864] For the cathepsin L assay, 10 pM of human cathepsin L (R&D Systems;
Minneapolis, MN) was preincubated for 30 mins with test compounds. Reactions were
initiated by the addition of a peptide substrate Z-FR-AMC (final concentration 2 pM,
Anaspec; Fremont, CA). Fluorescence was measured at Z-minute intervals for 30 mins using
a 355/460 excitation/emission filter module on an Envision plate reader (Perkin Elmer;
Waltham, MA). The ICso values were calculated for each assay by fitting the curves using a
four-parameter equation in GraphPad Prism.
[0865]
indicates an ICzp > 10000 nM, ‘B’ indicates an ICse of >1000 aM and <« 180600 nM, O
indicates an ICsp > 100 nM and < 1000 oM, ‘DY indicates an ICso <100 nM.

Table 5 indicates related FCso values for the tested compounds where ‘A’

Table 5
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Compound

Cathepsin L
1Cso

A

A

A

ESNSRUC R S

L1

~H{on

[9@]

O

11

12

i3

i4

4 o=

i6

{7a

i7b

18

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

19

A

28

23

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

A
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Compound

Cathepsin L
1Cso

43

A

44

A

45

A

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

A

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

A
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Compound Lm{;ﬁi Zm L Compound {,al%;zizaia L
g2 A 114 A
83 A 128 A
83 A 129 A
86 A i3 iy
91 A 132 A
29 A 133 A
100 A 134 Iy
109 A 135 A

[0866] Althongh the foregoing has been described in some detail by way of
illustrations and examples for purposes of clarity and understanding, it will be understood by
those of skill in the art that sumerons and various modifications can be made without
departing from the spirit of the present disclosure. Therefore, it should be clearly anderstood
that the forms disclosed herein are illastrative only and are not intended to hmit the scope of
the present disclosure, but rather to also cover all modification and alternatives coming with

the true scope and spirit of the present disclosure.
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WHAT IS CLAIMED IS:

I. A compound of Formuia (1), or a pharmaceutically acceptable salt thereof,

having the structure:

wherein:
"-;}m
SN e
N
T‘;;/
Ring A’ 1s and

, and wherein Ring Al is optionally substituted with one or more moieties

independently selected from the group consisting of =0, =CHa, deuteriur, halogen, hydroxy,
an unsubstituted Ci4 alkyl, an unsubstituted Cy.4 haloalkyl, an unsubstituted Cr 4 alkenyl and
an unsubstituted or a sabstituted Cas monocyclic cycloalkyl;

R'is selected from the group consisting of cyano, an unsubstituted or a substituted
Cos alkynyl, an unsubstituted or a substitnted acyl, an upsubstituted or a substituted
ketoamide, ~CH(OH}S(=0)-0), ~-CHOH}(P=0)O0OR®:) and ~{(=0)CH:-O-
({(P=OYOR 1),

each R® and each R’ are independently hydrogen, an unsubstituted Cis alkyl, an
unsubstituted o6 alkenyl, an unsubstituted Cis haloalkyl, an unsubstituted or a substituted
aryl or an unsubstituted or a substituted aryi(Cra alkyl);

R? is hydrogen, deuterium or halogen;

R™ is an unsubstituted or a substituted monocyclic nitrogen-containing
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heterocyelyl(Crg alkyl), an unsubstituted or a substituted bicyclic nitrogen-containing
heterocyclyli{C 4 alkyl), an unsubstituted or a substituted monocyclic nitrogen-containing
heteroary{{C1.4 alkyl);
R* is hydrogen, deuterium or halogen;
)Q "”/"L"\"" s
N Rg i\N Rs 11J\ 210 . .
R’ is H , R R a substituted monocyclic Cis cvcloalkyl or a
substituted 4- to 6-membered monocyclic heterocycliyl;
R® and R0 are independently selected from the group consisting of an unsubstituted
or a substituted Co.g alkyl, an unsubstituted or a substituted Co.6 alkenyl, an unsubstituted or a
substitated Crs alkynyl, an unsubstituted or a substituted monocychce Cig cycloalkyl, an
unsehstituted or a substituted bicyelic Cse cycloalkyl, an unsubstituted or a substituted
monocychic 4- to &-membered heterocyclyl and an  onsubstituted monocyelic Cis
cycloalkyl{CH2)—,
wherein when the Cae alkyl is substituted, the Cog alkyl is substituted
1, 2, 3 or 4 times with a substituent independently selected from the group
consisting of halogen, cyano, an unsubstituted or a substituted monocyclic Ca.
s cycloalkyl, an unsubstituted Cig alkoxy and an unsubstituted Cia
haloalkoxy, or the Cog alkyl is substituted | to 13 times with deuterium;
wherein when the (s alkenyl, the Cog alkynyl, the monocyclic Ui
cycloalkyl, the bicyclic Cs.g cycloalkyl and the monocyclic 4- to 6-membered
heteracyclyl are substituted, the Cog alkenyl, the Cae alkynyl, the monocyclic
Cas cycloalkyl, the bicyclic Uss cycloalkyl and the monocyclic 4- to 6-
membered heterocyclyl are substituted 1, 2, 3 or 4 times with a substituent
independently selected from the group consisting of halogen, an unsubstituted
Cra alkyl, an unsubstinited Co.g alkenyl, an unsubstituted (o4 alkynyl, an
unsubstituted Ci4 haloalkyl, an unsubstituted or a substituted monocyclic Cas
cycloalkyl and an unsubstituted Ci4 alkoxy; and
R is selected from the group consisting of an unsubstituted or a substitnted Cye alkyl,
an unsubstituted or a substituted Ci6 haloalkyl, a substituted monocyclic Cas cycloalkyl, an
unsehstituted or a substituted bicyelic Css cycloalkyl, an unsubstituted or a substituted

monocychic heteroaryl and an unsohstitited or a substituted monocychic heterocyclyl,
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wherein the substituted Cis alkyl is substitited | or 2 times with an unsubstituted i
atkoxy, wherein the substituted monocyclic Cas cycloalkyl is substituted 1, 2, 3 or 4 times
with a substituent independently selected from the group consisting of halogen, an
unsubstituted Ci4 alkyl, an unsubstituted .4 alkoxy, an unsubstituted 14 haloalkyl and an
unsubstituted monocyclic Cse cycloalkyl, and wherein the substituted Cie haloalkyl is
substituted | or 2 times with an unsubstituted C4 alkoxy; and

R is an optionally substituted monocyelic 4- to 6-membered heterocyclyl, ~(NH)u-
an optionally substitted 3- o H-membered monocychic heteroaryl, —O-an optonally
substituted Cis alkyl, ~O-an optionally substituted Cas cycloalkyl and ~O-an optionally

sabstituted Csx cycloalkyl{Ciy alkyl), wherein mis O or 1.

2. The compound of Claim 1, wherein R is an onsubstituted or a substituted
ketoarmide.
3. The compound of Claim 1, wherein R is an onsubstituted or a substituted

acyl.

4. The compound of Claim 1, wherein R is ~<CH(OH)-(S(=01-0).

5. The compound of Claim |, wherein R' is ~CHOH)((P=0)OR®%),), wherein
each R® are independently hvdrogen, an unsubstituted Cis alkyl, an unsubstituted Crs
alkenyl, an unsubstituted Cis haloalkyl, an unsubstituted or a substituted aryl or an
unsubstituted or a substituted arvi{C . alkyi).

6. The compound of Claim 1, wherein R' is ~C(=0)CH-C-({(P=0U}OR 1),
wherein each R are independently hydrogen, an unsubstituted Cy alkyl, an unsubstituted
Cas alkenyl, an unsubstituted 16 haloalkyl, an unsubstituted or a substituted aryl or an

unsubstituted or a substituted arvi{C . alkyi).

7. The compound of Claim 1, wherein R' is cyano.
. The compound of Claim |, wherein R is an unsubstituted or a substituted Cao.s
alkynyl.
9. The compound of any one of Claims 1-8, wherein Ring A' is an unsubstituted
"‘?«n
AN
o
10, The compound of any one of Claims 1-8, wherein Ring A' is a substituted
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\‘\“ substituted with one or more moieties independently selected from the group
consisting of =0, =CH,, deuterium, halogen, hydroxy, an unsubstitted Ci4 alkyl, an
unsubstituted Cia baloalkyl, an unsubstitted Co4 alkenyl and an unsubstituted or a
substituted (5.6 monocyclic cycloalkyl.

Nt

é’{»}/?\f

1B The compound of Claim 10, wherein Ring A’ is
12. The compound of any one of Claims 1-8, wherein Ring A’ is an unsubstituted
"‘?:m
SN
13, The compound of any one of Claims 1-8, wherein Ring A' is a substituted
"?m
F N
- substituted with owe or mwore moieties independently selected from the group

consisting of =0, =CH;, deuteriuro, halogen, hydroxy, an unsubstitated Ciy alkyl, an
unsubstituted Ciq haloalkyl, an unsubstituted oy alkeny]l and an unsubstituted or a

substituted Cis monocyclic cycloalkyl.
AV

L

e
14 The compound of Claim 13, wherein Ring A' is Q\\)

o

SN

5. The compound of Claim 13, wherein Ring A’ is
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g
é‘s\:/i\f

I6. The compound of Claim 13, wherein Ring Al is ™
17. The compound of any one of Claims 1-8, wherein Ring A' is an unsubstituted
A
LY
I8, The compound of any one of Claims 1-8, wherein Ring A" is a substituted
e

%
== substituted with one or more moieties independently selected from the group

consisting of =0, =CH:, deuterium, halogen, hydroxy, an unsubstituted Ciq alkyl an
unsubstituted .4 haloalkyl, an unsubstituted C,4 alkenyl and an unsubstituted or a
substituted Cae monocyclic cycloalkyl.

9. The compound of any one of Claims 1-8, wherein Ring A' is an unsubstituted

20. The compound of any one of Claims 1-8, wherein Ring A' is a substituted

substituted with owe or mwore moieties independently selected from the group
consisting of =0, =CH;, deuteriuro, halogen, hydroxy, an unsubstitated Ciy alkyl, an
unsubstituted Cig haloalkyl, an unsubstitoted 4 alkenyl and an uvosubstituted or a
sabstituted Cs.6 monocyclic eycloalkyl

21. The compound of any one of Claims 1-8, wherein Ring Al is an unsubstituted
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¥

2. The compound of any one of Claims 1-8, wherein Ring A' is a substituted

N (g

~N

e,

substituted with one or more moieties independently selected from the group
consisting of =0, =CH;, deuterium, halogen, hydroxy, an unsubstituted Cia alkyl an
unsubstituted i4 haloalkyl, an unsubstituted Cr4 alkenyl and an unsubstituted or a

substituted Cas monocychic cycloalkyl.

23. The compound of any one of Claims 1-8, wherein Ring A' is an unsubstituted
";Mn
SN
24. The compound of any one of Claims 1-8, wherein Ring A’ is a substituted
J‘;"\i‘

@

substituted with one or more moieties independently selected from the group
consisting of =0, =CH;, deuterium, halogen, hydroxy, an unsubstituted Cig alkyl, an
unsubstituted Ci4 haloalkyl, an unsubstituted oy alkenyl and an unsubstituted or a

substitated Uss monocychic eycloatkyl.

25. The compound of any one of Claims 1-8, wherein Ring A' is an unsubstituted
"‘?m
LY
&
26. The coropound of any one of Claims 1-8, wherein Ring A’ is a substitated
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Iy
O

= substituted with one or more moieties independently selected from the group
consisting of =0, =CH,, deuterium, halogen, hydroxy, an unsubstitted Ci4 alkyl, an
unsubstituted Cia baloalkyl, an unsubstitted Co4 alkenyl and an unsubstituted or a

substituted (5.6 monocyclic cycloalkyl.

27. The compound of any one of Claims 1-8, wherein Ring A’ is an unsubstituted
M
SN
5
28. The compound of any one of Claims 1-8, wherein Ring A' is a substituted
“‘?Vu«
SN

&

W27 substituted with one or more moieties mdependently selected from the group
consisting of =0, =CH,, deuterivm, halogen, hydroxy, an unsobstitited Ciq alkyl, an
unsehstituted Cig haloalkyl, an unsuhstitited Co alkenyl and an unsubstituied or a
substitated Uss monocychic eycloatkyl.

29. The compound of any one of Claims 1-8, wherein Ring A' is selected from

the group cousisting of:

e
SN
e
,F,F




WO 2023/283256 PCT/US2022/036242

PN

30. The compound of any one of Clairms 1-29, wherein R is R E R8~

31 The compound of Claim 30, wherein R® is an unsubstituted Co.6 alkyl.

32. The compound of Claim 30, wherein R is a substituted Ca6 alkyl.

33. The compound of Claim 30, wherein R is an unsubstituted Co.6 alkenyl.

34 The compound of Claim 30, wherein R® is a substituted Ca6 alkenyl.

35. The compound of Claim 30, wherein R® is an unsubstituted Co.6 alkynyl.

36. The compound of Claim 30, wherein R® is a substituted Ca.6 alkynyl.

37. The compound of Claim 30, wherein R is an unsubstituted monoeyclic Csg
cycloatkyl.

38. The compound of Claim 30, wherein R® is a substituted monocyclic Css
cycloatkyl.

39, The corpound of Clairn 30, wherein R® is an onsubstituted bicyclic Csag
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cycloalkyl.

40. The compound of Claim 30, wherein R® is a substituted bicyclic Cag
cycloalkyl.

41. The compound of Claim 30, wherein R® is an unsubstituted monocyclic 4- to

6-membered heterocyciyl.

42. The compound of Claim 30, wherein RY is a substituted monocyclic 4- to 6-
membered heterocyclyl.

43, The compound of Clairn 30, wherein R® is an wnsubstitated monocychic Cas

cycloalkyl{CHz -

44. The compound of any one of Claims 30-43, wherein R is an unsubstituted Cy.
s alkyl.

45. The compound of any one of Claims 30-43, wherein R” is a substituted Cjs
atkyl.

46. The compound of any one of Claims 30-43, wherein R is an unsubstituted Cj.
s haloalkyl.

47. The compound of any one of Claims 30-43, wherein R’ is a substituted Cjg
haloalkyl.

48. The compound of any one of Claims 30-43, wherein R’ is an unsubstituted or

substituted monocyclic Cs.6 cycloatkyl.

48, The compound of any one of Claims 30-43, wherein R’ is an unsubstituted or
a substituted bicyclic Us.g cycloalkyl

50. The compound of any one of Claims 30-43, wherein R’ is an unsubstituted or

a substituted monocyclic heteroaryl or an unsubstituted or a substituted monocyclic

heterocyelyl.
M}\)\I‘u’

. - . . . - 4 10
51 The compound of any one of Claims 1-29, wherein R is R tORE,
52. The compound of Claim 31, wherein R'Y is an unsubstituted Cze alkyl.
53. The compound of Claim 51, wherein R is a substituted Cos alkyl.
54. The compound of Claim 31, wherein R'? is an unsubstituted Cz6 alkenyl.
35. The compound of Claim 51, wherein R is a substituted Cas alkenyl.
56. The compound of Claim 31, wherein R'? is an unsubstituted Co6 alkynyl.
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57. The compound of Claim 51, wherein R is a substituted Cos alkynyl.

58. The compound of Claim 51, wherein R' is an unsubstituted monocyclic Cas
cycloalkyl.

39. The compound of Claim 51, wherein R' is a substituted monocyclic Cas
cycloakkyl.

&0, The compound of Claim 51, wherein R" is an unsubstituted bicyclic Css
cycloakkyl.

61, The compound of Claim 51, wherein RY i a substituted bicyclic Css
cycloakkyl.

62. The compound of Claira 51, wherein R is an unsubstituted monocyclic 4- to

6-mernbered heterocyclyl

63. The componnd of Claim 51, wherein R is a substituted monocyclic 4- to 6-
membered heterocyclyl.

64. The compound of Claim 51, wherein R® is an unsubstitated ronocyelic Cis
cycloalkyl{CHz)—

63. The compound of any one of Claims 51-64, wherein R is —an optionally
sithstituted 5- to 6-membered monocyclic heteroaryl.

60, The compound of any one of Claims 51-64, wherein R is —(NH)-an
optionally substituted 5- to 6-membered monocyclic heteroaryl.

67. The compound of any one of Claims 51-64, wherein R'! is an optionally
substituted monocyclic heterocyclvl.

68. The compound of any one of Claims 51-64, wherein R'! is ~O-an optionally
substituted alkyi.

6%, The compound of any one of Claims 51-64, wherein R'! is ~O-an optionally
substituted cycloalkyl.

70. The compound of any one of Claims 51-64, wherein R'! is ~O-an optionally

substituted cycloalkyl{Ci4 alkyl).

~3

1. The compound of any one of Claims 1-29, wherein R° is a sobstituted
rmmonocychic Csg cycloalkyl.
72 The compound of any one of Claims [-29, wherein R” is a substituted 4- to 6-

roembered monocychic heterocyelyl
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73. The compound of any one of Claims 1-29, wherein R® is selected from the

group consisting of:
MWAAAS

AR AT AR P

S
H
i

P R Hﬁ/ﬁi J\< O o Fal “j\<
3 -~
’ N FaCo F-~i/U\N
1 N/J\.< Ho 3 \)\N PH
H E CF:; H X F

k

O snhae
O v iy i O anhnns O e E 0 e
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fi\ AR /E}(\ wWhnae
) A A
O -N\Emm (i}wv'm:\:
ca?Fc/a\N < L\\‘//LN ¢
H
pyrees O enban
LA L LT
@/ ﬁ/\\?{: Fsé’d\ﬁ

= NJ\T(L%
F H CD
T and 3 Chs3 ; )

74. The compound of any one of Claims 1-29, wherein R® is selected from the

group consisting of:

or substituted.
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3 is an unsubstituted

75. The compound of any one of (laims 1-74, wherein R
monocyclic nitrogen-containing heterocyclylCig alkyl).

76. The compound of any one of Claims 1-74, wherein R’ is a substituted
monocyclic nitrogen-containing heterocvelyl(Ciq alkyl).

7. The compound of Claim 75 or 76, wherein the monocyclic nitrogen-
containing heterocyelyl{Cis alkyl} is a S-membered monocyclic nitrogen-containing
heterocyclyi(Crg alkyl).

~
i
i

78. The compound of Claim 73 or 76, wherein the monocyclic nitrogen-
containing heterocyclyl{Cis alkyly is a 6&-membered monocyclic nitrogen-containing
heterocyclyl{Crg alkyl).

79, The compound of Claim 75 or 76, wherein the monocyclic nitrogen-
containing  heterocyclyl{Cra alkyl) s azepan-2-ove(Cis alkyl), imidazohidin-2-one(Ci4
alkyl), tetrahydropyrimidin-2-one(Cia  alkyl), pyrrolidin-2-one(Cia alkyl), pipenidin-2-
one{Cra alkyl), pyrazohidin-3-one{Ciy alkyl), morpholin-3-one{Ci4 alkyl), oxazolidin-4-
one{{Cy4 alkyh 1 4-oxazepan-3-one{{Ci4 alkyl or morpholin-3-one{C4 alkyl).

R0. The compound of any one of Claims 1-74, wherein R® is an unsubstituted
bicyclic nitrogen-containing heterocyelyH{Cig alkyl).

81. The compound of any oue of Clairus 1-74, wherein R? is a substituted bicyclic
nitrogen-containing heterocyely¥Cia alkyl).

82. The compound of Claim 80 or 81, wherein the bicyclic nitrogen-containing
heterocyclyli{Ci4 alkyl} is a S-membered or 10-membered bicyclic nitrogen-containing

heterocyclyl(Ci 4 alkeyl).

83. The compound of Claim &0 or 81, wherein RY s .M ,

H

H
o 'N SR 0o
Y m1 b (

ZI
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, wherein each mi is independently 1, 2, 3 or

84. The compound of any one of Claims 1-74, wherein R? is an unsubstituted
monocyclic nitrogen-containing heteroaryli{{Cy.1 alkyl).
85. The compound of any one of Claims 1-74, wherein R® is a substituted

monocyclic nitrogen-containing heteroarvli{{’.1 atkyi).

80. The compound of any one of Claims 1-74, wherein R? is selected from the
FC {
G, N
NH NH TNH TNH !
2 L 54 b
G O O Q S
group consisting oft . s . 57 . 25 , 5 ,.@“‘
O/’ \EH NH QXNH MNEH 7 TNH NH NH
8 NN\g () ﬁ O O —&O ”&O ”&O

5 H B E 4 * s
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and o

y . o . . 2 . . ;
R7. The compound of any one of Claims 1-74, wherein R” s selected from the

;f\/o mo pesP e

group consisting oft -«

H H o N
Q O N
N N N N O / = >
f E\Eg e / N~ N/
O = O N NN
N\ NH
, O
R&. The compound of any one of Claims 1-74, wherein R is ¥
89. The compound of any one of Claims 1-88, wherein R? is hydrogen.
940, The compound of any one of Claims 1-88, wherein R is deuterium.
91. The compound of any one of Claims 1-88, wherein R” is halogen.
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92. The compound of any one of Claims 1-91, wherein R* is hydrogen.

93. The compound of any one of Claims 1-91, wherein R* is deuterium.

94, The compound of any one of Claims 1-91, wherein R* is halogen.

95. The compound of Claim 1, wherein the compound is selected from the group

consisting of:
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946. The compound of Claim |, wherein the compound 15 selected from the group

consisting of:

> {

\-“\j\N S
H N
.
H\‘ A \“H

Pty

486



PCT/US2022/036242

WO 2023/283256

487



WO 2023/283256 PCT/US2022/036242

488



WO 2023/283256 PCT/US2022/036242

489



PCT/US2022/036242

WO 2023/283256

490



PCT/US2022/036242

WO 2023/283256

491



PCT/US2022/036242

WO 2023/283256

492



WO 2023/283256 PCT/US2022/036242




PCT/US2022/036242

WO 2023/283256

494



PCT/US2022/036242

WO 2023/283256

493



WO 2023/283256 PCT/US2022/036242

496



WO 2023/283256 PCT/US2022/036242

497



PCT/US2022/036242

WO 2023/283256

cally

. or a pharmaceuti

and

acceptable salt of any of the foregoing.

498



WO 2023/283256 PCT/US2022/036242

97. The compound of Claim 1, wherein the compound is selected from the group

consisting of:
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, or a pharmaceutically acceptable salt of any of the foregoing.

9g. The compound of Claim 1, wherein the compound is selected from the group

consisting of!
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, or a pharmaceutically acceptable salt of any of the foregoing.
98, A pharmaceutical composition comprising an effective amount of a compound

of any one of Claims {-99, or a pharmaceutically acceptable salt thereof, and excipient.

160,  Use of the compound of any one of Claims 1-99, or a pharmaceutically
acceptable salt thereof, in the preparation of a medicament for the treatment of a coronavirus
infection.

161, The use of Claim 181, wherein the use further comprises the use of an
additional agent selected from the group consisting of an ACE inhibitor, an anticoagulant, an
anti-inflammatory, an ARB, an ASO, a Covid-19 convalescent plasma, an entry inhibitor, an
H> pump antagonist, an H-conducting channel, an HIV protease inhibitor, an HMG-CoA
reductase inhibitor, an immune globulin, an imomnosuppressant, an inmununotherapeutic
agent, a neurarvinidase inhibitor, a nucleoside inhibitor, a nucleoside analog inhibitor, a
polymerase inhibitor, a protease inhibitor, an sIRNA, a statin, a tissue plasmanogen activator,
an antibiotic, an antirmicrobial and a vaccine.

102, The use of Claam 102, wherein the additional agent selected from the group
consisting of Ascorbic acid, Anakinra, Azithroroycin, Baloxavir, Baricitinib, Chloroquine
Phosphate, Colchicine, a corticosteroid, Epoprostenol, Famotidine, Favipivavir, an IGIV, an
interferon, ag IVIG, Ivermectin, v-globulin, lopinavir, Methylpredunisolone, Niclosamide,
Molnupiravir (MK-4482 or EIDD-2801), Nitazoxanide, Nitric oxide, Oseltarmivir, Peramivir,

RANTES, ribavirin, Remdesivir, Ruxolitinib, Sarilumab, Siltuximab, Sirolimms, a statin,
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Tacrolimus, Toctlizumab, Umifenovir, Zananuvir, Casirivimab, imdevimab, bamlanivimab,
etesevimab and AT-527.

103.  The use of any one of Claims 101-103, wherein the coronavirus is P-
coTonavirys.

104, The use of any one of Claims 101-103, wherein the coronavirus is coronavirus
selected from the group comsisting of CoV 229E, CoV NL63, CoV OC43, CoV HKUIL,
Middle East Respiratory Syndrome (MERS)-CoV, Severe Acute Respiratory Syndrome
{SARS)-CoV, and SARS-CoV-2.

105.  Use of the compound of any one of Claims -89, or a pharmaceutically
acceptable salt thereof, in the preparation of a medicament for the treatment of a picornavirus
infection.

106, The use of Clawn 106, wherein the picomnavirus infection is a rhinovirus
infection.

107, Use of the compound of any one of Claims 1-99, or a pharmaceutically
acceptable salt thereof, in the preparation of a medicament for the treatmment of a norovirus
infection.

108. A compound of any one of Claims 1-99, or a pharmaceutically acceptable salt
thereof, for use in treating a coronavirss infection.

169,  The compound of (laim 109, wherein the compound is used in combination
with an additional agents selected from the group consisting of an ACE inhibitor, an
anticoagulant, an anti-inflammatory, an ARB, an ASQ, a Covid-19 convalescent plasma, an
entry inhibitor, an Ho pump antagonist, an H-conducting channel, an HIV protease inhibitor,
an HMG-CoA reductase inhibitor, an immune globulin, an immunosuppressant, an
immunotherapeutic agent, a neuraminidase inhibitor, a nucleoside inhibitor, a nucleoside
analog inhibitor, a polymerase inhibitor, a protease inhibitor, an siRMNA, a statin, a tissue
plasminogen activator, an antibiotic, an antimicrobial and a vaccine.

110, The compound of Claim 110, wherein the additional agent is selected from the
group consisting of Ascorbic acid, Anakinra, Azithroroycin, Baloxavir, Baricitinib,
Chiorogquine Phosphate, Colchicine, a corticosteroid, Epoprostenol, Famotidine, Favipiravir,
an IGIV, an interferon, an IVIG, Ivermecting, v-globulin, lopinavir, Methylprednisolone,

Molnupiravir  (MK-4482 or EIDD-2801), Niclosamide, Niutazoxanide, Nitric oxide,
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Oseltamivir, Peramivir, RANTES, ribavirin, Remdesivir, Ruxolitiniby, Sarilumab, Siltuximab,
Sirelimus, a  statin, Tacrolimus, Tocilizumab, Umifenovir, Zanamivir, Casirivimab,
imdevimab, bamlanivimab, etesevimab and AT-527.

111, The compound of any one of Claims 109-111, wherein the coronavirus is §-
COTORAVITUS.

112,  The compound of any one of Claims 109-111, wherein the coronavirus is
coronavirus selected from the group consisting of CoV 2298, CoV NL&3, CoV OC43, CoV
HKUL, Middle Hast Respiratory Syndrome (MERS)-CoV, Severe Acute Respiratory
Syndrome (SARS-CoV, and SARS-CoV-2.

113, A compound of any one of Claims 1-99, or a pharmacentically acceptable salt
thereof, for use 1o treating a picornavires infection.

114, The compound of Claim 114, wherein the picorpavirus infection is a
rhinovirus infection.

F15. A compound of any one of Claims 1-99, or a pharmacentically acceptable salt
thereof, for use in treating a noroviras infection.

116, A method for treating a coronavirus infection in a subject comprising
administering to the subject in need thereof an effective amount of a compound of any one of
Claims 1-99, or a pharmaceutically acceptable salt thereof.

117, The method of Claim 117, further comprising administering an additional
agent selected from the group consisting of an ACE inhibitor, an anticoagulant, an anti-
inflammatory, an ARB, an ASQG, a Covid-19 convalescent plasma, an entry inhibitor, an Hp
pump antagonist, an H-conducting channel, an HIV protease iphibitor, an HMG-CoA
reductase inhibitor, an immune globulin, an immunosuppressant, an immunotherapeutic
agent, a neurarninidase inhibitor, a nucleoside inhibitor, a nucleoside analog inhibitor, a
polymerase inhibitor, a protease inhibitor, an siRNA, a statin, a tissue plasminogen activator,
an antibiotic, an antimicrobial and a vaccine.

118, The method of Claim 11¥, wherein the additional agent selected from the
group consisting of Ascorbic acid, Anakinra, Azithroroycin, Baloxavir, Baricitinib,
Chiorogquine Phosphate, Colchicine, a corticosteroid, Epoprostenol, Famotidine, Favipiravir,
an IGIV, an interferon, an IVIG, Ivermecting, v-globulin, lopinavir, Methylprednisolone,

Molnupiravir  (MK-4482 or EIDD-2801), Niclosamide, Niutazoxanide, Nitric oxide,
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Oseltamivir, Peramivir, RANTES, ribavirin, Remdesivir, Ruxolitiniby, Sarilumab, Siltuximab,
Sirelimus, a  statin, Tacrolimus, Tocilizumab, Umifenovir, Zanamivir, Casirivimab,
imdevimab, bamlanivimab, etesevimab and AT-527.

119.  The method of any one of (laims 117-119, wherein the coronavirus is [-
COTORAVITUS.

120.  The method of any one of Claims 117-119, wherein the coronavirus is
coronavirus selected from the group consisting of CoV 2298, CoV NL&3, CoV OC43, CoV
HKUL, Middle Hast Respiratory Syndrome (MERS)-CoV, Severe Acute Respiratory
Syndrome (SARS-CoV, and SARS-CoV-2.

121, A method for freating a picornavires nfection in a subject comprising
adruinistering to the subject in need thereof an effective amount of a compound of any one of
Claims 1-99, or a pharmaceutically acceptable salt thereof.

122, The method of Clairn 122, wherein the picornavirus infection is a rhinovirus
infection.

123, A wmethod for treating a norovirus infection in a subject comprising
administering to the subject in need thereof an effective amount of a compound of any one of
Claims 1-99, or a pharmaceutically acceptable salt thereof.

124.  The use of any one of Claims 101-108, the compound of any one of Claims
109-116, or the method of any one of Claims 117-124, wherein the subject is a human.

125.  The use, compound or method of (laim 125, wherein the subject is 60 years
old or older.

126.  The use, compound or method of Claim 125, wherein the subject is a non-
human primate.

127,  The use, compound or method of Claim 125, wherein the subject is a cat.

128.  The use, compound or method of Claim 123, wherein the subject is a camel.

129, The use of any one of Claims 101-108, the compound of any one of Claims
109-116, or the method of any one of Claims 117124, wherein the coronavirus causes one or
more syraptoms selected from the group consisting of coughing, sore throat, runny nose,
sneezing, headache, fever, shortness of breath, myalgia, abdomimal pain, fatigue, difficalty
breathing, persistent chest pain or pressure, difficulty waking, loss of smell and taste, mouscle

or joint paim, chills, nausea or vomiting, nasal congestion, diarrhea, haemoptysis,
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conjunctival congestion, sputum production, chest tightness and palpitations.

130.  The use of any cne of Claims 181-108, the compound of any one of Claims
109-116, or the method of any one of Claims 117-124, wherein the coronavirus causes a
compiication selected from the group consisting of sinusitis, otifis media, pneumonia, acute
respiratory distress syndrome, disseminated intravascular coagulation, pericarditis and kidney
failure.

£31.  The use of any one of Claims 101-108, the compound of any one of Claims
109-116, or the method of any one of Clavns 117-124, wherein the compound 1S
administered intravenously, subcutaneously, orally or via inhalation.

132, The use of Claim 103, the compound of Claim 111, or the method of Claimm
119, wherein the interferon is selected from the group consisting of recombinant interferon
alpha 2b, IFN-o and PEG-IFN-0-2a.

133. A method for inhibiting a coronavirus protease comprising contacting a ceil
infected with a coronavirus with an effective amount of a compound of any one of Claims -
99, or a pharmaceutically acceptable salt thereof, wherein the compound of any one of
Claimis 1-99, or a pharmaceutically acceptable salt thereof, selectively inhibits the
coronavirus protease compared to a host protease.

134, The method of Claim 134, wherein the compound of formula {I) selectively
inhibits the coronavirus protease over the host protease that is selected from the group
consisting of Cathepsin L, Cathepsin B, Cathepsin D, Cathepsin K, Leukocyte Elastase,
Chymotrypsin, Trypsin, Thrombin, Pepsin, Caspase 2, Elastase and Calpain.

135, The method of Claim 134 or 135, wherein the host protease is selected from
Cathepsin L and Cathepsin B.

[36.  The method of any one of Claims 134-136, wherein the selectively 1s > 2-fold.
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