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BACKGROUND OF INVENTION

Isocitrate dehydrogenases (IDHs) catalyze the oxidative decarboxylation of isocitrate to
2-oxoglutarate (i.e., o-ketoglutarate). These enzymes belong to two distinet subclasses, one of
which utilizes NAD(+) as the electron acceptor and the other NADP(+). Five isocitrate
dehydrogenases have been reported: three NAD(+)-dependent isocitrate dehydrogenases, which
localize to the mitochondrial matrix, and two NADP(+)-dependent isocitrate dchydrogenases,
one of which is mitochondrial and the other predominantly cytosolic. Each NADP(+)-dependent
isozyme is a homodimer.

IDH1 (isocitrate dehydrogenase 1 (NADP+), cytosolic) is also known as IDH; IDP;
IDCD; IDPC or PICD. The protein encoded by this gene is the NADP(+)-dependent isocitrate
dchydrogenase found in the cytoplasm and peroxisomes. It contains the PTS-1 peroxisomal
targeting signal sequence. The presence of this enzyme in peroxisomes suggests roles in the
regeneration of NADPH for infraperoxisomal reductions, such as the conversion of 2, 4-dicnoyl-
CoAs to 3-enoyl-CoAs, as well as in peroxisomal reactions that consume 2-oxoglutarate, namely
the alpha-hydroxylation of phytanic acid, The cytoplasmic enzyme serves a significant role in
cytoplasmic NADPH production.

The human IDH1 gene encodes a protein of 414 amino acids. The nucleotide and amino
acid sequences for human IDH] can be found as GenBank entries NM_005896.2 and
NP_005887.2 respectively. The nucleotide and amino acid sequences for IDHI are also
described in, e.g., Nekrutenko et al., Mol. Biol. Evol. 15:1674-1684(1998); Geisbrecht ez «l., I.
Biol. Chem. 274:30527-30533(1999); Wiemann et o/, Genome Res. 11:422-435(2001); The
MGC Project Team, Genome Res. 14:2121-2127(2004); Lubcce et al., Submitted (DEC-2008) to
UniProtKB; Kullmann ef a/., Submitted (JUN-1996) to the EMBL/GenBank/DDBJ databases;
and Sjoeblom et al., Science 314:268-274(2006).
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Non-mutant, e.g., wild type, IDH1 catalyzes the oxidative decarboxylation of isocitrate to
a-ketoglutarate thereby reducing NAD™ (NADP") to NADH (NADPH), e.g.. in the forward
reaction:

Isocitrate + NAD™ (NADP") — «-KG + CO, + NADH (NADPH) + H".

It has been discovered that mutations of IDH1 present in certain cancer cells result in a
new ability of the enzyme to catalyze the NAPH-dependent reduction of a-ketoglutarate to R(-)-
2-hydroxyglutarate (2HG). The production of 2HG is believed to contribute to the formation and
progression of cancer (Dang, L et al, Nature 2009, 462:739-44),

The inhibition of mutant IDH1 and its ncoactivity is therefore a potential therapeutic
treatment for cancer. Accordingly, there is an ongoing need for inhibitors of IDH1 mutants

having alpha hydroxyl neoactivity.

SUMMARY
Described herein are methods of treating a cancer characterized by the presence of a
mutant allele of IDH1 or IDH2. The methods comprise the step of administering to a subject in
need thereof a compound of formula I, or a pharmaceutically acceptable salt, tautomer,

isotopologue or hydrate thereof, wherein:

R ° formula |

R' is optionally substituted C;-Cy carbocyelyl:

each R” and R is independently selected from optionally substituted aryl or optionally
substituted heteroaryl;

RYis alkyl, optionally substituted aryl, optionally substituted heteroaryl, optionally
substituted aralkyl, or optionally substituted heteroaralkyl;

ring A is 4-6 membered non-aromatic ring having 0-1 additional heteroatoms selected
from N, O or S, wherein ring A is optionally substituted with one or two R’ groups;

each R is independently halo; -CF;; -CN; ~OR6;~N(R6)Z; -C(0)C;-Cy alkyl; C-Cy
haloalkyl; C1-Cy alkyl optionally substituted with -OR® or -N(R®),; -0-C;-C, alkyl optionally
substituted with halo, -OR® or -N(R®)s; -SO:N(R®)y; ~S02(C;-Cy alkyl); -NR®SO,R®; C5-Cs



carbocyclyl optionally substituted with one or two R® groups: -O-(C4-C., carbocyelyl optionally
substituted with one or two R” groups): 5-6 membered heteroaryl; -C (-Cy alkvi-C(OYO-C-Cy
alkvl: or -C(OYO-C-Cy alkylior

each R” is independently H or C;-Cs alkyl,
In an aspect, there is provided a compound of formula I or a pharmacceutically acceptable salt,

tautomer. isotopologue or hvdrate thercol, wherein:

0 R
R‘\ L A/\
? o
H R? o} RS formula

R' is optionally substituted Cs-Cl, carbocyelyl:

cach R” and R* is independently selected from optionally substitured aryl or optionally
substituted heteroarvl:

R*is alkvl. optionally substituted arvl, optionally substituted heteroaryl, optionally
substituted aralkyl. or optionally substituted heteroaralkyl:

ring A is 4-6 membered non-aromatic ring having 0-1 additional heteroatoms selected
from N. O or S, wherein ring A is optionally substituted with one or two R groups;

each R” is independently halo; -CFj; -<ON; -OR®-N(R®)p: -C(ONC-Cs alkyl: C-Cy
haloalkyl: C1-Cy alkyl optionally substituted with -OR® or -N(R®): -0-C'-Cy alky] optionally
substituted with halo, -OR® or -N(R"): -SO:N(R®),: -SOa(C1-Cs alkvl): -NRUSO:R®: C4-Cs
carbocyelyl optionally substituted with onc or two R® groups: ~-O-(C1-( carboeyelvl optionally
substituted with one or two R groups): 5-6 membered heteroaryvl: -C-Cy alkvl-C(OYO-C-C;
alkyl: or -C(OYO-C-C alkyl:

cach R® is independently H or C,-Cs alkyl,

The compound of formula | inhibits mutant IDH1L.2, particular]ly mutant IDH1 having
alpha hydroxyl neoactivity. Also described herein are pharmaceutical compositions comprising
a compound of formula . In another aspect, there is provided a pharmacceutical composition
comprising a compound of formula | as described herein; and a pharmaccutically aceeptable
carrier. In vet another aspect, there is provided the use of a composition as deseribed above in the
manufacture of a medicament for treating a cancer characterized by the presence of an IDH1
mutation. wherein the IDHT mutation results in a new ability of the enzyme to catalyze the

]

N APH-dependent reduction of u-ketoglutarate 1o Ri-)-2-hvdroxvgelutarate in a patient,
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DETAILED DESCRIPTION OF THE INVENTION
The details of construction and the arrangement of components set forth in the following
description or illustrated in the drawings are not meant to be limiting. Other embodiments and
different ways to practice the invention are expressly included. Also, the phraseology and
terminology used herein is for the purpose of description and should not be regarded as limiting.
The use of “including.” “comprising,” or “having,” “containing”, “involving”, and variations
thereof herein, is meant to encompass the items listed thereafter and cquivalents thereof as well

as additional items.

Definitions:

The term “halo™ or “halogen” refers to any radical of fluorine. chlorine, bromine or
iodine.

The term “alkyl™ refers to a hydrocarbon chain that may be a straight chain or branched
chain, containing the indicated number of carbon atoms. For example, C1-Ci» alkyl indicates
that the group may have from 1 to 12 (inclusive) carbon atoms in it. The term “haloalkyl” refers
to an alkyl in which one or more hydrogen atoms are replaced by halo, and includes alkyl
moieties in which all hydrogens have been replaced by halo (e.g., perfluoroalkyl). The terms
“arylalkyl™ or “aralkyl” refer to an alkyl moiety in which an alkyl hydrogen atom is replaced by
an aryl group. Arylalkyl or aralkyl includes groups in which more than one hydrogen atom has
been replaced by an aryl group. Examples of “arylalkyl™ or “aralkyl™ include benzyl, 2-
phenylethyl, 3-phenylpropyl, 9-fluorenyl, benzhydryl, and trityl groups. The terms

“heteroarylalkyl” or “heteroaralkyl™ refer to an alkyl moiety in which an alkyl hydrogen atom is
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replaced by a heteroaryl group. Heteroarvlalkyl or heteroaralkyl includes groups in which more
than onc hydrogen atom has been replaced by a heteroaryl group.

The term “alkvlene™ refers to a divalent alkyl, e.g.. ~Cliz-. -CHCl-, and -CHCHRCH -

The ternn “alkeny!™ refers to a straight or branched hydrocarbon chain contaiming 2-12
carbon atoms and having one or more double bonds. Examples of alkenyl groups include, but
are not limited to, allyl, propenvl. 2-butenyl, 3-hexenyl and 3-ocwenyl groups. One of the double
boud carbons may optionally be the point of attachment ot the alkenyl substituent. The term
“alkyny]™ refers o a straight or branched hydrocarbon chain contaiming 2-12 carbon atoms and
characterized in having one or more triple bonds. Examples of atkyuyl groups include, but are
not fhmited to, ethynyl, propargyl, and 3-hexynyl. One of the triple bond carbons may optionally
be the point of attachment of the alkynyl substituent.

The term “alkoxy” refers to an -O-alkyl radical. The term “haloalkoxy™ refers 1o an
alkoxy in which one or more hydrogen atoms are replaced by halo, and imcludes alkoxy moicties
in which all hvdrogens have been replaced by halo (e.g., perfluoroalkoxy).

The term “carbocvelvl™ refers fo a monocyclic, bicycelic or tricyelic, hydrocarbon ring
system that is not fully aromatic, wherein any ring atom capable of substitution can be
substituted by one or more substitucnts. A carbocyelyl can be fully or partially saturated. A
bicvelic or tricylic carbocyelvl may contain one (in the casc of a bicvele) or up 1 two (in the
case of a ricvele) aromatic rings. as long as at least one ring in the carboeyvelvl is non-aromatic,
Unluss otherwise specified. any ring atom capable of substitution in a carboeyelyl can be
substituted by one or more substituents.

‘The term “aryl” refers 1o a fully aromatic monocyclic, bicvelie, or tricyelic hydrocarbon
ring system. Examples of aryl moictics are phenyl, naphthyl, and anthracenyl. Unless otherwise
specified. any ring atom in an aryl can be substituted by one or more substituents.

The term “cycloalkyl” as emploved berein refers to a saturated cyclie. bicycelic. wricyelic,
or pulveycelic hvdrocarbon group. Unless otherwise specified. any ring atom can be substituted
by one or more substiients. The eveloalkyl groups can contain tused rings. Fused rings are
rings that share a commmon carbon atom.  Examples of cycloalkyl moictics include. but are not
Hnited to, evelopropyl, evelohexyl. methylevelohexyl, adamantyl. and norbornyl. Unless
otherwise specified, any ring atom can be substituted by one or more substituents.
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The term "heterocyclyl" refers to a monocyelic, bicyclic or tricyclic, ring structure that is
not fully aromatic and includes one to four heteroatoms independently selected from N, O, or S
i one or more of the rings. A heterocyclyl can be fully or partially saturated. A bicyclic or
tricylic heterocyclyl may contain onc (in the case of a bicycle) or up to two (in the case of a
tricycle) aromatic rings, as long as at least one ring in the heterocyclyl is non-aromatic. Unless
otherwise specified, any ring atom capablc of substitution in a heterocyclyl can be substituted by
one or more substituents. Heterocyclyl groups include, for example, thiophene, thianthrene,
furan, pyran, isobenzofuran, chromenc, xanthene, phenoxathiin, pyrrole, imidazole, pyrazole,
isothiazole, isoxazole, pyridine, pyrazine, pyrimidine, pyridazine, indolizine, isoindole, indole,
indazole, purine, quinolizine, isoquinoline, quinoline, phthalazine. naphthyridine, quinoxaline,
quinazoline, cinnoline, pteridine, carbazole, carboline, phenanthridine, acridine, pyrimidine,
phenanthroline, phenazine, phenarsazine, phenothiazine, firrazan, phenoxazine, pyrrolidine,
oxolane, thiolane, oxazole, piperidine, piperazine, morpholine, lactones, lactams such as
azetidinones and pyrrolidinones, sultams, sultones, and the like.

The term “heteroaryl™ refers to a monocyclic, bicyclic, or tricyelic ring system having 1-3
heteroatoms if monocyclic, 1-6 heteroatoms if bicyclic, or 1-9 heteroatoms if tricyclic, said
heteroatoms independently selected from O, N, or S, wherein each ring in a heteroaryl is fully
aromatic. Unless otherwise specified. any ring atom capable of substitution in a heteroaryl can
be substituted by one or more substituents. The terms “hetaralkyl” and “heteroaralkyl”, as used
herein, refers to an alkyl group substituted with a heteroaryl group. The ring heteroatoms of the
compounds provided hercin include N-O, S(0), and S(O);.

The term “substituted” refers to the replacement of a hydrogen atom with another moiety.
Typical substituents include alkyl (c.g., C1, C2, C3, C4, C5, C6. C7, C8, C9, C10, C11,CI12
straight or branched chain alkyl), cycloalkyl, haloalkyl (e.g., perfluoroalkyl such as CF3), aryl.
heteroaryl, aralkyl, heteroaralkyl, heterocyclyl, alkenyl, alkynyl, cycloalkenyl,
heterocycloalkenyl, alkoxy, haloalkoxy (e.g., perfluorcalkoxy such as OCF;), halo, hydroxy,
carboxy, carboxylate, cyano, nitro, amino, alkyl amino, SOsII, sulfate, phosphate,
methylenedioxy (-O-CH;-O- wherein oxygens are attached to vicinal atoms), ethylenedioxy, oxo
(not a substituent on heteroaryl), thioxo (e.g., C=S) (not a substituent on heteroaryl), imino (alkyl,
aryl, aralkyl), S(O),alkyl (where n is 0-2), S(O), aryl (where n is 0-2), S(O), heteroaryl (where n
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is 0-2). S(0), heteroevelyt twhere nois 0-2)0 amine (mono-. di-. alkvl, eveloalkyl, aralkyl,
heteroaralkyl. arvil heteroarvl. and combinations thereof), ester (alkyl, aralkyl, heteroaralkyl, aryl,
heteroarvl), amide anono-, di-. alkyl, aralkyl. heteroaralkyl, arvl. heteroaryl, and combinations
thereof), sulfonamide tnono-, di-, alkyl, aralkyl, heterouralkyl, and comnbinations thercof). In
one aspect, the substituents on a group are independently any one single, or any subsct of the
aforementioned substituents. In another aspect, a substituent may itscH be substituted with any
one of the above substituents.

The term “tautomer”™ refers to cach of two or more isomers of a compound (2.2, &
compound described hereini that exist together in equilibrivm, and are readily interchangeable
by migration of a hydrogen atom or proton, accompanied by a switch of u single hond and an
adiacent doudle bond.

As used herein, the term elevated levels of 2ZHG™ means 10%. 20%6 30%,, 30%. 75%,
100%. 200%. 500% or more 211G than s present in a subject that does not carry a mutant IDH
or IDH2 allele. The term “elevated levels of 2HG” may refer to the amount of 2F1G within a cell,
within a twmor, within an organ comprising a tumor, or within a bodily fluid.

The term “bodily fluid” includes one or more of amniotic fluid surrounding a fetus,
agucous humour, dlood (e.g., bluood plasma), serum, Cercbrospinal fluid. cerumen, chyme,
Cowper's fluid, female ¢jaculate. interstitial fluid, Iymph, breast milk. muocus (¢.g., nasal
drainage or phlegm}. pleural fluid. pus, saliva, sebum, semen, serum, sweat, rears, urine, vaginal
seeretion, or vormit.

As used herein, the terms “inhibit™ or “prevent” include both complete and partial
inhibition and prevention.  An mhibiior may completely or partinlly ndnbit.

The term “treat”™ means decrease, suppress, aticnuate, dimimish. arrest, or stabilize the
development or progression of @ cancer (e.g.. a cancer delincated herein). lessen the severity of
the cancer or improve the svmptoms associated with the cancer.

As used herein. an amount of a compound effective to treat a disorder, or a
“therapeutically effective amount™ refers to an amount of the compound which is effective, upon
single or multiple dose administration o a subject, in treating a cell, or in caring, alleviating,
relieving or improving a subject with a disorder beyond that expected in the absence of such
treatment,
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As used herein, the term “subject” is intended to include human and non-human animals.
Exeniplary human subjects include a human patient having a disorder, e.g., a disorder described
herein or a normal subject. The term “non-human animals™ of the invention includes all
vertebrates, e.g., non-mammals (such as chickens, amphibians, reptiles) and mammals, such as
non-human primates, domesticated and/or agriculturally useful animals, e.g., sheep, dog, cat,

cow, pig, ete.

Compounds

Provided is a compound having formula I or a pharmaceutically acceptable salt, tautomer,

isotopologue or hydrate thereof, wherein:
o]

R’\
\0

A
N N
!«1 R? 0 l‘ formula 1

R’ is optionally substituted C4-Cs carbocyelyl;

each R* and R? is independently selected from optionally substituted aryl or optionally
substituted heteroaryl;

R* is alkyl, optionally substituted aryl, optionally substituted heteroaryl, optionally
substituted aralkyl, or optionally substituted heteroaralkyl;

ring A is 4-6 membered non-aromatic ring having 0-1 additional heteroatoms selected
from N, O or S, wherein ring A is optionally substituted with one or two R’ groups:

each R’ is independently halo; -CFs; -CN; -OR%-N(R®)z; -C(0)C;-Ca alkyl; C1-C;
haloalkyl; Cy~C, alkyl optionally substituted with -OR® or -N(R®%); -O-C;-C; alkyl optionally
substituted with halo, -OR® or -N(R®); -SO:N(R)a; -S02(C;-Cs alkyl); -NR°SOR®; C5-Cs
carbocyclyl optionally substituted with one or two R® groups; -O-(C5-Cg carboeyclyl optionally
substituted with one or two R® groups). 5-6 membered heteroaryl; -C;-C, alkyl-C(0)O-Cy-C,
alkyl; or -C(Q)O-C;-C; alkyl; or

each R® is independently H or C,-C; alkyl.

Provided is also a compound having formula I or a pharmaceutically acceptable salt or

hydrate thereof, wherein:
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o) RS
R‘\ N A
I I
H R? ¢ R* formula |

R is optivnally substituted Ca-Cq carboceyelyl;

each R* and R? is independently sclected from optionally substitited aryl or optionally
substituted heteroaryl;

R* is alkyl, optionally substituted aryl, optionally substituted heteroaryl. optionally
substituted aralkyl. or optionally substituted heteroaralkyl:

ring A is 4-6 membered non-aromatic ring having 0-[ additvonal heteroaroms selected
from N, O or S, wherein ring A is optionally substituted with one or two R groups:

cach R is independently halo, -CEs, -ON, <OR", -N(R ™2, -COCT s C4-C haloalkyl, Cy-
(5 alkyl optionally substituted with ~OR” or -N( R%); or

cachR%is independently H or C.<Cs alkyl.

Provided is also a compound having formula T or a pharmaceutically acceptable salt,

tautomer, isotopologue or hydrate thereof, wherein:

o ?3
A
R N
~ T T R o
H R? o R formuia i

R is -, carhoevelyl optionally substituted with one 1o three R groups:

cach R™ and R is independently selected from arvl or heteroaryl, wherein said arvl or
heteroaryl is independently optionally substituted with one to three R groups;

R*is alkyl, arvl. heteroaryl, aralkyl, or heteroaralkyl. wherein said arvl, heteroaryl,
aralkyl. and heteroaralkyl are cach mdependently optionally substituted with one to three R’
STOUpS;

ring A is 4-6 membered non-aromatic ring having 0-1 additional heteroatoms sclected
from N, O or S, wherein ring A is optionally substituted with one or two R groups:

cach R* and R is independently hale: -CFy; -CN; -(")R(‘;-?\?(l‘{ﬁ')g; -CeOYC-Cy alkyl; C-C
haloalkyl; C;-Cy alkyl optionally substituted with -OR® or -N(R"}3; -0-C--C, ulkyl optionally
substitnted with halo. <OR" or -N(R")s: -SON(R™M-: -SO~(C:-C: alkyly -SeO)-Cyee
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alkyi, NR*SO,R®: C3-Cs carbocevelyl optionally substituted with one or two R* groups; ~O-(Cx-
Cq carboeyvelyl optionally substituted with one or two R” groups); 5-6 membered heteroaryl: -C;-
Cealkvl-Ce0-C-Cralkvl or -C0-Ch-Ce alkyl: or

cach R® is independently H or €~ alkyl.

Provided is also a compound having formula I or a pharmaceutically acceptable salt,

tautomer, isotopologue or hydrate thereof, wherein:

o iita
A
Al N
~N T T Ry o
H R? 0 R formula |

R! iy CorCe carocyelyl optionally substituted with one o three R FEOUPS,

cach R and R is imdependently seleeted from arvl or heteroarvh wherein said arvl or
heteroarvl is independently optionally substituted with one to three R eroups:

RYis alkyl, aryl, heteroaryl. aralkyl, or heteroaralkyl. wherein said arvl, heteroarvl,
aralkyl, and heteroaralkyl are cach independently optionally substitited with onc to three R’
Sroups;

ring A is 4-6 membered non-aromatic ring having 0-1 additional heteroatoms selected
from N, O or S, wherein ring A is optionally substituted with one or two R groups;

cach R¥ apd R is independentiy halo. -CFs, -CN, -OR®, N(RY),. SCNCH:: C-Cs
haloalkyl, C1-C: alkyl optivnally substituted with —=OR” or -N(R"):: or

cach R is independently 1 or C;-C- alkyl.

In one embodiment. R’ is optionally substituted C.~C,, cveloalkyl. In one aspect of this
cmbodiment, R} is C.-Cg eveloalky! optionally substituted with one to three R groups. In
another aspect of this embodiment. R' is Cy, Cs, or Cg eycloalkyl optionally substituted with one
to two R” groups and R” is halo. In another aspect of this embodiment. R' is C or C4 cyeloalkyl
optionally substituted with one fo two R" groups and R’ is halo. In vet another aspect of this

cmbodiment, R' is
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In yet another aspect of this embodiment, R' is

SO+ —OF @f Of\

In another cmbodiment, R* is optionally substituted aryl. In one aspect of this
embodiment, R? is aryl optionally substituted with one to three R’ groups. In another aspect of
this embodiment, R” is phenyl optionally substituted with one to two R’ groups and R” is -CL

In another embodiment, R” is optionally substituted aryl or optionally substituted aryl
heteroaryl. In one aspect of this embodiment, R? is optionally substituted heteroaryl. In another
aspect of this embodiment, R’ is heteroaryl optionally substituted with one to three R’ group. In
yet another aspect of this embodiment, R®is pyridinyl, indazolyl, benzoimidazolyl, indolyl, or N-
methylindolyl, wherein each R’ is optionally substituted with one R’ wherein R’ is -F. Tn
another aspect of this embodiment, R? is optionally substituted aryl. In another aspect of this
embodiment, R is aryl optionally substituted with one to three R’ groups. In yet another aspect
of this embodiment, R® is phenyl optionally substituted with one R’ wherein R is -F. In yet
another aspect of this embodiment, R? is pheny! optionally substituted with one or two Rs
wherein each R is independently halo; -CN; -N(R(")g; Cy-Cy alkyl optionally substituted
with -OR; -0-C;-C, alkyl optionally substituted with halo, or -OR®; -SO.N(R®),; -SOx(C;-Cs
alkyl); -S(0)-C.4 alkyl, -NR®SOsR®; C3-Cs carbocyclyl optionally substituted with one R%; -O-
(C5-Cs carbocyelyl); 5-membered heteroaryl. In yet another aspect of this embodiment, R? is
phenyl optionally substituted with one or two R’s wherein each R is
independently -F, ~-SO;NHz, -SO.CIT3, -S(O)CI13, -CN,
methoxy, ~-OCH,OH, -CH>OH, -SO2N(CHz}a. -SO.NHCH,, -NHSO,CHj;, -CH,CH,OH, -N(CH3)
2, t-butyl, cyclopropyl, -C(OH)Cls), ~OCFs, -OCIFE,, -O-cyclopropyl, -1-methyl-cyclopropyl,
or pyrazolyl.

In another embodiment, R is optionally substituted aryl, optionally substituted heteroaryl,
optionally substituted aralkyl, or optionally substituted heteroaralkyl. In one aspect of this
embodiment, R* is aryl, heteroaryl, aralkyl, or hetcroaralkyl, wherein said aryl, heteroaryl,

aralkyl, and heteroaralkyl are each independently optionally substituted with one to three R’
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groups. In another aspect of this embodiment, R* is aryl or heteroaryl, each aryl or heteroaryl is
optionally substituted with one to three R’ groups. In another aspect of this embodiment, R is 6-
membered aryl or 5-6 membered heteroaryl, wherein said aryl or heteroaryl is optionally
substituted with one to three R’ groups. In yet another aspect of this embodiment, R is:

|
| AR |
AN, SN

u)\n Ry TS NJW:\ m\r N/K N/ N/’K

)\,L l/,lu/,\m/o,\o / \=_/
NZ X, N \ 7 s NAS NH NA\N
HN / \\sl’lﬂl~ LS N-—‘—/ L-/ g , or \}‘*"‘Né , wherein

cach member of R* is optionally substituted with one or two R” groups and each R is

NH

)

%‘

I

independently F, Cl, methyl, CFz;, CN, OMe. or N(R(’f)g. In yet another aspect of this

. 4 5
embodiment, R” is:

o e '

whan

\

SV
\ l R100 \ Riod
Dhd® 8 D
e # : B® Z R # B9 o1 7 . wherein each
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R g independently H, methyl, F, Cl, CF3, CN, OCHj;, or N( R%),. In yet another aspect of this

i 4 .
embodiment, R” is:

Nl
R100 Rice R1%0 or A , wherein R'" is 14, methyl, F,

Cl, CFs, CN, OCH3, or N(R®).. In vet another embodiment, R* is:

——— -

.
| i s .
N

OOy JJY

QI\'/!QK‘/N /'\‘—'S \:..._/ R100 /5 Ao
i P .

R101
Nl gy N XY
7 R or e wherein R'™ is H, methyl, Cl, CF;, CN, OCHj, or N(R(‘)g

and R'™ is H, F or methyl.
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0
| -
J'f\t\f\" ;at ‘3’\,\: ' 4 N\ &
[n another embodiment, ring A is \ \ ~*
s: [

0, N Q. o
\-{[: ’ J: ) ’Ej\ 1{[ :\k )&1 l @

N N ” N 0 - ”
; . }77_‘ le\d\' N}N N:t\. o N?A o . Jv:l“n- o

\
*

wherein _§ denotes ring A’s attachment to the amide moiety of formula and é denotes ring

A’s attachment to R*; and each member of ring A is optionally substituted with one or two R®

Yo
- N N
Xow o \n»

groups. In another embodiment, ring A is \ . \ s

£>= o ,Q\,Il O\

dn» i
| 1

R
N
£>=o,£k

wherein _é denotes ring A’s attachment to the amide moiety of formula

and—_g—dcnotes ring A’s attachment to R*; and each member of ring A is optionally substituted

with one or two R® groups. In one aspect of this embodiment, cach R® is independently

halo; -OR®; -C(O)C;-Cy alkyl; Ci-Cy alkyl optionally substituted with -OR®; -Cs-Cs carbocycelyl

optionally substituted with one or two R® groups; -C;-Cs alkyl-C(0)0-C;-Cy alkyl; or -C(0)O-
13
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()-C: alkyl. Tn one aspect of this embodiment, each R is
independently -O. -F. -CH:CHLOLL -CHACIO0CH-CH L -CIO)O-t-butyl. evelopropyl, methy]
or -C(O)CH:.  In one aspect of this embodiment, each R™ is independently methyl or -C(O)CH;.

In another aspect of this cimbodiment, ring A is:

£>=‘ oy O\o,(ll ing

*

\ ar

In another aspect of this cmbodiment. ving A is:

SOLNO_NOUNGN

\ R \ R M . or |

Provided is alzo a compound having formula I or a4 pharmaccutically acceptable salt or
hydrate thereof, wherein R R R ring A and R” are as defined in formula I or any one of the

above embodiments.

R‘ J# \[ - \o

formula Il
Provided is also a compound having formula [I-a or a pharmaccutically acceptable salt or
. i L = - s ~
hydrate thereof, whercin R, R7. ring A and R are as defined in formula | or any onc of the

above embodiments.
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A
R N
\\ N wl\\\\\ N \\ o
! L
R7 RY
formula 1I-a

Provided is also a compound having formula [I-a-1 or a pharmaceutically acceptable salt
or hydrate thereof, wherein R', R?, ring A and R” are as defined in formula I or any one of the
above embodiments and R' is CR'! or N wherein R is -F, ~SO,NH,. -SO,CHj, -CN,
methoxy, ~-OCH,OH, -CH,0H, -SO,N{CHjs),, -SO,NIICH;. -NHSO,CHj, -CHCH,OH, -N(CHa)
2, t-butyl, cyclopropyl, -C(OH)CHs),, -OCFs, -OCHF-, -O-cyclopropyl, -1-methyl-cyclopropyl,

or pyrazolyl.
Sy {““
H 0

f formula II-a-1

Provided is also a compound having formuia Ii-b or a pharmaceutically acceptable salt or
hydrate thereof, wherein R, R, and ring A are as defined in formula I or any one of the above
embodiments; R” is H or Cl; and and R is CR' or N wherein R
is -F, -SO,NH3, -SO-CH3, -CN,
methoxy, -OCH;OH, -CH,OH, -SO;N(CHs),, -SO,NHCH;3, -NHSO,CHs, ~-CH,CHLOH, -N(CH3)

15
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2, t=butyl, cyclopropyl, -C{(OH)(CHzs)s, -OCF3, -OCHF,, -O-cyclopropyl, -1-methyl-cyclopropyl,

or pyrazolyl.

F
=
0

A N \®\

W \”“‘ T X0

H 0 R4

cl RY

formula IT-b

Provided is also a compound having formula II-b-1 or a pharmaceutically acceptable salt

or hydrate thereof, wherein R', RY, and ring A are as defined in formula I or any one of the above

embodiments and R” is H or C1.

AN \[ o N0
¢l Rr
formula [1-b-1

In another embodiment of formula II, IT-a, II-a-1, II-b, or 1-b-1,

R!is:

Z »

E—
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P
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“\) ‘\/N ‘ A LS \:-'./ R100 A R100

A -
B
©\ 'i\j
7 R or 7 wherein R™® is H, methyl, ClI, CF3, CN, OCH3, or N( R®).

and R'" is T, F or methyl;

ring A is:

SN S NGOG

-IVIV\ »

» » . | or

Further embodiments provided herein include combinations of one or more of the
particular embodiments set forth above.

In another embodiment, exemplary compounds of formula I are depicted below in Table

I.
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Included herein are also methods for making compounds of Formula I or a compound of

any one of the embodiments described herein comprising reacting R 'NC with R*CHO, R°NH;

and o R , wherein R* is H or R*and R', R? R® R*and ring A as defined in
Formula I or in any of the embodiments described herein. In one aspect of the preceding
methods, R* is alkyl.

Also included herein are methods for making compounds of Formula I or a compound of

any one of the embodiments described herein comprising (1) reacting R'NC with R*CHO,

R’NH; and ,to give  # and (2)
] ]R?
BYPOY
Rle \[/\ \T \H/\? X
reacting H l with R*-halide to give ~ # A2 0 R¢ :

wherein R* is optionally substituted aryl or optionally substituted heteroaryl; and R', R, R*, R*
and ring A as defined in Formula I or in any of the embodiments described herein. In one aspect
of the preceding methods, R is aryl or heteroaryl, each independently substituted with one to
three R’ groups. In another aspect of the preceding method, R, R%L R? RY R5, RS, R and ring

A are as defined in any of the embodiments herein.
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The compounds of this invention may contain one or more asynunetric centers and thus
OCCUT 48 TAcEInales, racemic mixtures, scalemic mixtures, and diastercomeric mixtures, as well as
single enantiomers or individual stereoisomers that are substantially tre from another possible
enantiomer or stereoisomer. The term “substantially free of other stercoisomers™ as used herein
means a preparation enriched in a compound having a selected stercochemistry at one or more
sclected stereocenters by at Jeast about 60%, 65%, 70%, 75%, 80%. 853%. 90%, 93%, 96%, 97%,
98%, or 99%. The term “enriched™ means that at least the designated percentage of a
preparation is the compound having a sclected stercochemistry at one or more selected
stercocenters.  Methods of obtaining or svnthesizing an individual cnantionmer or stereoisonier
for a given compound are known in the arr and may be applicd as practicable to final compounds
or to starting material or intermediates.

In one embodiment. the compound 1s enriched in a speeitic stereoisomer by at least abowt
60%,, 63%, 70%, 75%, B0, 85%, 0094, 93%, 96%, 97%, 98%. or 9%,

The compounds of formula L. 11, [I-a, I-a-1, II-b or II-b-1 may also comprise one or more
isotopic substitutions. For example, 1 may be in any isotopic form, including 'H, *H (D or
deuterium), and *H (T or tritium): € may be in any isotopic form, including *C, "*C, and 1*C; O
may be in any isotopic form. including "°O and "*O; and the like. For example, the compound is
cnriched in a specific sotopic form of Tl C andsor O by at Teast about 60%. 639, 70%. 75%,
BO%. 85%, 90%%, 95%6. 9624, 97, 98%, or 99%..

Unless otherwise indicated when a disclosed compound 1s named or depicted by a
strneture without specifving the stereochemistry and has one or more chiral centers, it is
understood to represent all possible stereoisomers of the compound.

The compounds of this invention may also be represented in multiple tautomeric forms,
in such instances, the invention expressly includes all tautomeric forms of the compounds
described herein, even though only a single tautomeric form may be represented (e.g., alkylation

of a ring svstem may result in alkylation at multiple sites, the invention expressly includes all

the present invention,
Compounds described herein may be prepared following procedures detailed in the
examples and other analogous methods known 1o one skilled in the art. Compounds produced by
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any of the schemes set forth below may be further modified (e.g., through the addition of
substituents to rings, etc.) to produce additional compounds. The specific approaches and
compounds shown herein are not intended to be limiting. The suitability of a chemical group in
a compound structure for use in the synthesis of another compound is within the knowledge of
one of ordinary skill in the art. Synthetic chemistry transformations and protecting group
methodologies (protection and deprotection) uscful in synthesizing the applicable compounds are
known in the art and include, for example, those described in Larock R, Comprehensive Organic
Transformations, VCH Publishers (1989); Greene, TW et al., Protective Groups in Organic
Synthesis, 3 Ed., John Wiley and Sons (1999); Fieser, L et al., Fieser and Fieser's Reagents for
Organic Synthesis, John Wiley and Sons (1994); and Paquetie, L, ed., Encyclopedia of Reagents
Jor Organic Synthesis, John Wiley and Sons (1995) and subsequent editions thereof,

Combinations of substituents and variables envisioned by this invention are only those
that result in the formation of stable compounds.

1t may be convenient or desirable to prepare, purify, and/or handle a corresponding salt of
the active compound, for example, a pharmaceutically acceptable salt. Examples of
pharmaceutically acceptable salts are discussed in Berge ef al., 1977, "Pharmaceutically
Acceptable Salts." J. Pharm. Sci. Vol. 66, pp. 1-19.

For example, if the compound is anionic, or has a functional group which may be anionic
{e.g., -COOH may be —COQ"), then a salt may be formed with a suitable cation. Examples of
suitable inorganic cations include, but are not limited to, alkali metal jons such as Na* and K,
alkaline carth cations such as Ca’” and Mg"", and other cations such as AI’". Examples of
suitable organic cations include, but are not limited to, ammonium ion (i.e., NHy ) and
substituted ammonium ions (e.g., NH;R", NH,R**, NHR*, NR“). Examples of some suitable
substituted ammonium ions are those derived from: ethylamine, diethylamine.
dicyclohexylamine, triethylamine, butylamine, ethylenediamine, ethanolamine, diethanolamine,
piperazine, benzylamine, phenylbenzylamine. choline, meglumine, and tromethamine, as well as
amino acids, such as lysine and arginine. An cxample of a common quaternary ammonium ion is
N(CH3)4".

If the compound is cationic, or has a functional group that may be cationic (e.g., -NH,

may be -NH;"), then a salt may be formed with a suitable anion. Examples of suitable inorganic

N
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anions include, but are not limited to, those derived from the following inorganic acids:
hydrochloric, hydrobromic, hydroiodic, sulfuric, sulfurous, nitric, nitrous, phosphoric, and
phosphorous.

Examples of suitable organic anions include, but are not limited to, those derived from
the following organic acids: 2-acetyoxybenzoic, acetic, ascorbic, aspartic, benzoic,
camphorsulfonic, cinnamic, citric, edetic, ethanedisulfonic, ethanesulfonic, fumaric,
glucoheptonic, ghiconic, glutamic, glycolic, hydroxymaleic, hydroxynaphthalene carboxylic,
isethionic, lactic, lactobionic, lauric, malcie, malic, methanesulfonic, mucic, oleic, oxalic,
palmitic, pamoic, pantothenic, phenylacetic, phenylsulfonic, propionic, pyruvic, salicylic, stearic,
succinic, sulfanilic, tartaric, toluenesulfonic, and valeric. Examples of suitable polymeric organic
anions include, but are not limited to, those derived from the following polymeric acids: tannic
acid, carboxymethyl cellulose.

Unless otherwise specified, a reference to a particular compound also includes salt forms
thereof.

Compositions and routes of administration

The compounds utilized in the methods described herein may be formulated together with
a pharmaceutically acceptable carrier or adjuvant into pharmaceutically acceptable compositions
prior to be administered to a subject. In another embodiment, such pharmaceutically acceptable
compositions further comprise additional therapeutic agents in amounts effective for achieving a
modulation of discase or disease symptoms, including those described herein,

The term “pharmaccutically acceptable carrier or adjuvant™ refers to a carrier or adjuvant
that may be administered to a subject, together with a compound of this invention, and which
does not destroy the pharmacological activity thereof and is nontoxic when administered in doses
sufficient to deliver a therapeutic amount of the compound.

Pharmaceutically acceptable carriers, adjuvants and vehicles that may be used in the
pharmaceutical compositions of this invention include, but are not limited to, ion exchangers,
alumina, aluminum stearate, lecithin, self-emulsifying drug delivery systems (SEDDS) such as d-
a-tocopherol polyethyleneglycol 1000 succinate, surfactants used in pharmaccutical dosage
forms such as Tweens or other similar polymeric delivery matrices, serum proteins, such as
human serum albumin, buffer substances such as phosphates, glycine, sorbic acid, potassium
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sorbate, partial glyceride mixtures of saturated vegetable fatty acids, water, salts or electrolytes,
such as protamine sulfate, disodiwn hydrogen phosphate, potassium hydrogen phosphate,
sodium chloride, zinc salts, colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone,
cellulose-based substances, polyethylene glycol, sodium carboxymethylcellulose, polyacrylates,
waxes, polyethylene-polyoxypropylene-block polymers, polycthylene glycol and wool fat.
Cyclodextrins such as o-, B-, and y-cyclodextrin, or chemically modified derivatives such as
hydroxyalkylcyclodextrins, including 2- and 3-hvdroxypropyl-B-cyclodextrins, or other
solubilized derivatives may also be advantageously used to enhance delivery of compounds of
the formulae described herein.

The pharmaceutical compositions of this invention may be administered orally,
parenterally, by inhalation spray, topically, rectally, nasally, buccally, vaginally or via an
implanted reservoir, preferably by oral administration or administration by injection. The
pharmaceutical compositions of this invention may contain any conventional non-toxic
pharmaceutically-acceptable carriers, adjuvants or vehicles. In some cases, the pH of the
formulation may be adjusted with pharmaceutically acceptable acids, bases or buffers to enhance
the stability of the formulated compound or its delivery form. The term parenteral as used herein
includes subcutaneous, intracutaneous, intravenous, intramuscular, intraarticular, intraarterial,
intrasynovial, intrasternal, intrathecal, intralesional and intracranial injection or infusion
technigues.

The pharmaceutical compositions may be in the form of a sterile injectable preparation,
for example, as a sterile injectable aqucous or oleaginous suspension. This suspension may be
formulated according to techniques known in the art using suitable dispersing or wetting agents
(such as, for cxample, Tween 80) and suspending agents. The sterile injectable preparation may
also be a sterile injectable solution or suspension in a non-toxic parenterally acceptable diluent or
solvent, for example, as a solution in 1,3-butanediol. Among the acceptable vehicles and solvents
that may be employed are mannitol, water, Ringer’s solution and isotonic sodium chloride
solution. In addition, sterile, fixed oils are conventionally employed as a solvent or suspending
medium. For this purpose, any bland fixed oil may be employed inchuding synthetic mono- or
diglycerides. Fatty acids, such as oleic acid and its glyceride derivatives are useful in the
preparation of injectables, as are natural pharmaceutically-acceptable oils, such as olive oil or
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castor oil, especially in their polyoxyethylated versions. These oil solutions or suspensions may
also contain a long-chain alcohol diluent or dispersant, or carboxymethyl cellulose or similar
dispersing agents which are commonly used in the formulation of pharmaceutically acceptable
dosage forms such as emulsions and or suspensions. Other commonly used surfactants such as
Tweens or Spans and/or other similar emulsifying agents or bioavailability enhancers which are
commonly used in the manufacturc of pharmaceutically acceptable solid, liquid, or other dosage
forms may also be used for the purposes of formulation.

The pharmaccutical compositions of this invention may be orally administered in any
orally acceptable dosage form including, but not limited to, capsules, tablets, emulsions and
aqueous suspensions, dispersions and solutions. In the case of tablets for oral use, carriers which
are commonly used include lactose and corn starch. Lubricating agents, such as magnesiom
stearate, are also typically added. For oral administration in a capsule form, useful diluents
include lactose and dried corn starch. When aqueous suspensions and/or emulsions are
administered orally, the active ingredient may be suspended or dissolved in an oily phase is
combined with emulsifying and/or suspending agents. If desired, certain sweetening and/or
flavoring and/or coloring agents may be added.

The pharmaceutical compositions of this invention may also be administered in the form
of suppositories for rectal administration. These compositions can be prepared by mixing a
compound of this invention with a suitable non-irritating excipient which is solid at room
temperature but liquid at the rectal temperature and therefore will melt in the rectum to release
the active components. Such materials include, but are not limited to, cocoa butter, beeswax and
polyethylene glycols.

Topical administration of the pharmaceutical compositions of this invention is uscful
when the desired treatment involves areas or organs readily accessible by topical application. For
application topically to the skin. the pharmaceutical composition should be formulated with a
suitable ointment containing the active components suspended or dissolved in a carrier. Carriers
for topical administration of the compounds of this invention inclnde, but are not limited to,
mineral oil, liquid petroleum, white petroleum, propylene glycol, polyoxyethylene
polyoxypropylene compound, emulsifying wax and water, Alternatively, the pharmaceutical
composition can be formulated with a suitable lotion or cream containing the active compound
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suspended or dissolved in a carrier with suitable emulsifving agents. Suitable carvers include,
but are not limited to. mineral oil. sorbitan monostearate, polysorbate 60, cetyl esters wax,
cetearyl alcohol. 2-octvldodecanol. benzyl aleohol and water, The pharmaccutical compositions
of this invention may also be topically applied to the lower intestinal tract by rectal suppository
formulation or in a suitable ecnema formolation. Topically-transdermal patches are also included
in this invention.

The pharmaceutical compositions of this invention may be adininistered by nasal acrosol
or inhalation. Such compositions are prepared according to techniques well-known in the art of
pharmaceutical formulation and may be prepared as solutions in saline. employing benzyl
alcohol or other suitable preservatives, absorption promoters to enhance bioavailability,
fluorocarbons, and- or other solubilizing or dispersing agents known in the art.

When the compositions of this imvention comprise a combination of a compound of the formulae
deseribed herein and one or more addinonal therapeutic or prophylactic agents. both the
compound and the additional agent should be present at dosage levels of between about 1 to
100%, and more preferably between about 5 to 95% of the dosage normally administered in a
monotherapy regimen. The additional agents may be adipinistered separately, as part of a
muliiple dose regimen, from the compounds of this invention. Altematively. those agents may be
part of a single dosage form. mixed together with the compounds of this mvention in a single
composition.

The compounds described herein can, tor example, be aduunistered by injection,
intravenousty. intraarterinllv. suhdermally, intraperitoneatly, intramuscularly. or subcutancously:
or orally, buccally, nasally. vansinucosally, topically, in an ophthalmic preparation., or by
inhalation. with a dosage ranging from about 0.5 to about 100 mg/ke of body weight,
alternatively dosages between 1 my and 1000 mgrdose, every 4 to 120 hours. or according to the
requirements of the particular drug. The methods herein contemplate administration of an
effective amount of compound or compound composition to achicve the destred or stated effect.
Typically, the phannaceutical compositions of this invention will be administered from about |
to about 6 times per day or alternatively. as a continuous infusion. Such administration can be
uscd as a chronic or acute therapy. The amount of active ingredient that may be combined with
the carrier materials to produce a single dosage form will vary depending upon the host weated
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and the particular mode of administration. A typical preparation will contain from about 5% to
about 95% active compound (w/w). Alternatively, such preparations contain from about 20% to
about 80% active compound.

Lower or higher doses than those recited above may be required. Specific dosage and
treatment regimens for any particular subject will depend upon a variety of factors, including the
activity of the specific compound employed, the age, body weight, gencral health status, sex, diet,
time of administration, rate of excretion, drug combination, the severity and course of the disease,
condition or symptoms, the subject’s disposition to the discase, condition or symptoms, and the
judgment of the treating physician.

Upon improvement of a subject’s condition, a maintenance dose of a compound,
composition or combination of this invention may be administered, if necessary. Subsequently,
the dosage or frequency of administration, or both, may be reduced, as a function of the
symptoms, to a level at which the improved condition is retained when the symptoms have been
alleviated to the desired level. Subjects may, however, require intermittent treatment on a long-
term basis upon any recurrence of disease symptoms.

The pharmaceutical compositions described above comprising a compound of formula I,
I1, I-a, II-a-1, 1I-b, or 1I-b-1 or a compound described in any one of the embodiments herein,
may further comprise another therapeutic agent useful for treating cancer,

Methods of Use

Provided is a method for inhibiting a mutant IDH1 or IDH2 activity comprising
contacting a subject in need thercof with a compound (including its tautomers and/or
isotopologues) of structural formula I, 11, I1-a, I-a-1, II-b, or II-b-1 or a compound described in
any one of the cmbodiments herein, or a pharmaceutically acceptable salt thereof. In one
embodiment, the cancer to be treated is characterized by a mutant allele of IDH1 or IDH2
wherein the IDHI1 or IDH2 mutation results in a new ability of the enzyme to catalyze the
NAPH-dependent reduction of a-ketoglutarate to R(-)-2-hydroxyglutarate in a subject. In one
aspect of this embodiment, the mutant IDH! has an R132X mutation. In one aspect of this
embodiment, the R132X mutation is selected from R132H, R132C, R132L, R132V, R132S and
R132G. In another aspect, the R132X mutation is RI32H or R132C. In yet another aspect, the
R132X mutation is R132H.
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Also provided are methods of treating a cancer characterized by the presence of a mutant
allele of IDH1 comprising the step of administering to subject in need thereof (a) a compound of
formula I, 11, l1-a, II-a-1, 11-b, or H-b-1, or a compound described in any one of the embodiments
herein, or a pharmaceutically acceptable salt thereof, or (b) a pharmaceutical composition
comprising (a) and a pharméceutically acceptable carrier.

In one embodiment, the cancer to be treated is characterized by a mutant allele of IDHI
wherein the IDH1 mutation results in a new ability of the enzyme to catalyze the NAPH-
dependent reduction of a-ketoglutarate to R(-)-2-hydroxyglutarate in a patient. In one aspcct of
this embodiment, the IDHI mutation is an R132X mutation. In another aspect of this
embodiment, the R132X mutation is selected from R132H, R132C, R132L, R132V, R132S and
R132G. In another aspect, the R132X mutation is R132 H or R132C. A cancer can be analyzed
by sequencing cell samples to determine the presence and specific nature of (¢.g., the changed
amino acid present at) a mutation at amino acid 132 of IDFII,

Without being bound by theory, applicants believe that mutant alleles of IDH1 wherein
the IDH1 mutation results in a new ability of the enzyme to catalyze the NAPH-dependent
reduction of a-ketoglutarate to R(-)-2-hydroxyglutarate, and in particular R132H mutations of
IDHI, characterize a subset of all types of cancers, without regard to their cellular nature or
location in the body. Thus, the compounds and methods of this invention are useful to treat any
type of cancer that is characterized by the presence of a mutant allele of IDH1 imparting such
acitivity and i particular an IDHI R132H or R132C mutation.

In one aspect of this embodiment, the cfficacy of cancer treatment is monitored by
measuring the levels of 2HG in the subject. Typically levels of 2HG are measured prior to
treatment, wherein an elevated level is indicated for the use of the compound of formula 1, IT, I{-a,
II-a-1, II-b, or II-b-1 or a compound described in any one of the embodiments described herein to
treat the cancer, Once the elevated levels are established, the level of 2HG is determined during
the course of and/or following termination of treatment to establish efficacy. In certain
embodiments, the level of 2HG is only determined during the course of and/or following
termination of treatment. A reduction of 2HG levels during the course of treatment and
following treatment is indicative of efficacy. Similarly, a determination that 2HG levels are not
elevated during the course of or following treatment is also indicative of efficacy. Typically, the
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these 2HG measurements will be utilized together with other well-known determinations of
efficacy of cancer treatment, such as reduction in number and size of tumors and/or other cancer-
associated lesions, improvement in the general health of the subject, and alterations in other
biomarkers that are associated with cancer treatment efficacy.

2HG can be detected in a sample by LC/MS. The sample is mixed 80:20 with methanol,
and centrifuged at 3,000 rpm for 20 minutes at 4 degrees Celsius. The resulting supernatant can
be collected and stored at -80 degrees Celsius prior to LC-MS/MS to assess 2-hydroxyglutarate
levels. A variety of different liquid chromatography (LC) separation methods can be used. Each
method can be coupled by negative electrospray ionization (ESI, -3.0 kV) to triple-quadrupole
mass spectrometers operating in multiple reaction monitoring (MRM) mode, with MS
parameters optimized on infused metabolite standard solutions. Metabolites can be separated by
reversed phase chromatography using 10 mM tributyl-amine as an ion pairing agent in the
aqueous mobile phase, according to a variant of a previously reported method (Luo ef al. J
Chromatogr A 1147, 153-64, 2007). One method allows resolution of TCA metabolites: t = 0,
50% B;t=5,95%B; =7,95% B; t= 8, 0% B, where B refers to an organic mobile phase of
100% methanol. Another method is specific for 2-hydroxyglutarate, running a fast linear
gradient from 50% -95% B (buffers as defined above) over 5 minutes. A Synergi Hydro-RP,
100mm x 2 mm, 2.1 pm particle size (Phenomonex) can be used as the column, as described
above. Metabolites can be quantified by comparison of peak areas with pure metabolite
standards at known concentration. Metabolite flux studies from *C-glutamine can be performed
as described, e.g., in Munger et al. Nat Biotechnol 26, 1179-86, 2008.

In one cmbodiment 2HG is directly evaluated.

In another embodiment a derivative of 2FG formed in process of performing the analytic
method is evaluated. By way of example such a derivative can be a derivative formed in MS
analysis. Derivatives can include a salt adduct, e.g., a Na adduct, a hydration variant, or a
hydration variant which is also a salt adduct, e.g., a Na adduct, ¢.g., as formed in MS analysis.

In another embodiment a metabolic derivative of 2HG is evalvated. Examples include
specics that build up or are elevated, or reduced, as a result of the presence of 2HG, such as

ghitarate or glutamate that will be correlated to 2ZHG, e.g.. R-2HG.
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Exemplary 211G dervatives include dehydrated derivatives such as the compounds

provided below or a salt adduct thereot:

Q O
Q o HO/U\(O HO/U\?\\O HO
HO/U\/\)J,\OM . \)I Ob \):O ,and

In one embodiment the cancer is a tinor whercein at least 30, 40, 50, 60, 70, 80 or 90% of
the tumor cells carry an IDHT mutation, and in particular an IDITT R 13211 or R132C mutation, at
the time of diagnosis or treatment.

IDHT R132X mutations are known to occur in certain types of cancers as indicated in
Table 2, below.

Table 2. IDH mutations associated with certaln cancers

Cancer Type IDHT RI32X JTumor Type
Mutation

brain tumors R13211 primary tumor
R132C primary tumor
R1328 primary tumor
R132G primary tumor
RI32L primary wmor
RI32Y Pri’mary wmor

fibrogarcoma R{32C HTI0O8O fibrosarcoma cell

line

Acute Myeloid Leukemia R132H prinmary tunior

(AML)
R132G prigary twmor
R132C primary tumor

Prostate cancer R132H primary twnor
R{32C promary tunor

Acute Ivmphoblastic leukemia R132C primary tumor

(ALL)
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paragangliomas R132C primary tumor

IDH1 R132H mutations have been identified in glioblastoma, acute myelogenous
leukemia, sarcoma, melanoma, non-small cell lung cancer, cholangiocarcinomas,
chondrosarcoma, myelodysplastic syndromes (MDS), myeloproliferative neoplasm (MPN),
colon cancer, and angio-immunoblastic non-Hodgkin’s lymphoma (NHL). Accordingly, in one
embodiment, the methods described herein are used to treat glioma (glioblastoma), acute
myelogenous leukemia, sarcoma, melanoma, non-small cell lung cancer (NSCLC) or
cholangiocarcinomas, chondrosarcoma, myelodysplastic syndromes (MDS), myeloproliferstive
neoplasm {MPN), colon cancer, or angio-immunoblastic non-Hodgkin’s lymphoma (NHL) in a
patient,

Accordingly in one embodiment, the cancer is a cancer selected from any one of the
cancer types listed in Table 2, and the IDIT R132X mutation is one or more of the IDHI R132X
mutations listed in Table 2 for that particular cancer type.

Treatment methods described herein can additionally comprise various evaluation steps
prior to and/or following treatment with a compound of formula I, 11, II-a, II-a-1, II-b, or 1I-b-1
or a compound described in any one of the embodiments described herein.

In onc embodiment, prior to and/or after treatment with a compound of Structural
formula I, 11, II-a, [I-a-1, II-b, or II-b-1 or a compound described in any one of the embodiments
described herein, the method further comprises the step of evaluating the growth, size, weight,
invasiveness, stage and/or other phenotype of the cancer.

In one embodiment, prior to and/or after treatment with a compound of formula I, 11, 1I-a,
1I-a-1, II-b, or [I-b-1 or a compound described in any one of the embodiments described herein,
the method further comprises the step of evaluating the IDHI genotype of the cancer. This may
be achieved by ordinary methods in the art, such as DNA sequencing, immuno analysis, and/or
evajnation of the presence, distribution or level of 2HG.

In one embodiment, prior to and/or after treatment with a compound of formula I, 11, [I-a,
[{-a-1, II-b, or II-b-1 or a compound described in any one of the embodiments described hercin,
the method further comprises the step of determining the 2HG level in the subject. This may be
achieved by spectroscopic analysis, e.g., magnetic resonance-based analysis, e.g., MRI and/or
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MRS measurcment, sample analysis of bodily fluid, such as serum or spinal cord fluid analysis,

or by analysis of surgical material, e.g., by mass-spectroscopy.

Combiunation therapies
In some embodiments, the methods described herein comprise the additional step of co-

administering to a subject in need thereof a second therapy e.g., an additional cancer therapeutic
agent or an additional cancer treatment. Exemplary additional cancer therapeutic agents include
for example, chemotherapy, targeted therapy, antibody therapies, immunotherapy, and hormonal
therapy. Additional cancer treatments include, for example: surgery, and radiation therapy.
Examples of each of these treatments are provided below.

The term “co-administering™ as used herein with respect to an additional cancer
therapeutic agents means that the additional cancer therapeutic agent may be administered
together with a compound of this invention as part of a single dosage form (such as a
composition of this invention comprising a compound of the invention and an second therapeutic
agent as described above) or as separate, multiple dosage forms. Alternatively, the additional
cancer therapeutic agent may be administered prior to, consecutively with, or following the
administration of a compound of this invention. In such combination therapy treatment, both the
compounds of this invention and the second therapeutic agent(s) are administered by
conventional methods. The administration of a composition of this invention, comprising both a
compound of the invention and a second therapeutic agent, to a subject does not preciude the
scparate administration of that same therapeutic agent, any other second therapeutic agent or any
compound of this invention to said subject at another time during a course of treatment. The
term “co-administering™ as uscd herein with respect to an additional cancer treatment means that
the additional cancer treatment may occur prior to, consecutively with, concurrently with or
following the administration of a compound of this invention.

In some embodiments, the additional cancer therapeutic agent is a chemotherapy agent.
Examples of chemotherapeutic agents used in cancer therapy inctude, for example,
antimetabolites (e.g., folic acid, purine, and pyrimidine derivatives), alkylating agents (e.g.,
nitrogen mustards, nitrosoureas, platinum, alkyl sulfonates, hydrazines, triazenes, aziridines,
spindle poison, cytotoxic agents, topoisomerase inhibitors and others) and hypomethylating
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agents (e.g., decitabine (5-aza-deoxycytidine), zebularine, isothiocyanates, azacitidine (5-
azacytidine, 5-flouro-2'-deoxyeytidine, 5.6-dihydro-5-azacytidine and others). Exemplary agents
include Aclarubicin, Actinomycin, Alitretinoin, Altretamine, Aminopterin, Aminolevulinic acid,
Amrubicin, Amsacrine, Anagrelide, Arsenic trioxide, Asparaginase, Atrasentan, Belotecan,
Bexarotene, bendamustine, Bleomycin, Bortezomib, Busulfan, Camptothecin, Capecitabine,
Carboplatin, Carboquone, Carmofur, Carmustine, Celecoxib, Chlorambucil, Chlormethine,
Cisplatin, Cladribine, Clofarabine, Crisantaspase, Cyclophosphamide, Cytarabine, Dacarbazine,
Dactinontycin, Daunorubicin, Decitabine, Demecoleine, Docetaxel, Doxorubicin, Efaproxiral,
Elesclomol, Elsamitrucin, Enocitabine, Epirubicin, Estramustine, Etoglucid, Etoposide,
Floxuridine, Fludarabine, Fluorouracil (SFU), Fotemustine, Gemcitabine, Gliadel implants,
Hydroxycarbamide, Hydroxyurea, Idarubicin, Ifosfamide, Irinotecan, Irofulven, Ixabepilone,
Larotaxel, Leucovorin, Liposomal doxorubicin, Liposomal daunorubicin, Lonidamine,
Lomustine, Lucanthone, Mannosulfan, Masoprocol, Melphalan, Mercaptopurine, Mesna,
Methotrexate, Methy! aminolevulinate, Mitobronitol, Mitoguazone, Mitotane, Mitomycin,
Mitoxantrone, Nedaplatin, Nimustine, Oblimersen, Omacetaxine, Ortataxel, Oxaliplatin.
Paclitaxel, Pegaspargase, Pemetrexed, Pentostatin, Pirarubicin, Pixantrone, Plicamycin, Porfimer
sodium, Prednimustine, Procarbazine, Raltitrexcd, Ranimustine, Rubitecan, Sapacitabine,
Semustine, Sitimagene ceradenovec, Strataplatin, Streptozocin, Talaporfin, Tegafur-uracil,
Temoporfin, Temozolomide, Teniposide, Tesetaxel, Testolactone, Tetranitrate, Thiotepa,
Tiazofurine, Tioguanine, Tipifarnib, Topotecan, Trabectedin, Triaziquone, Triethylenemelamine,
Triplatin, Tretinotn, Treosulfan, Trofosfamide, Uramustine, Valrubicin, Verteporfin, Vinblastine,
Vincristine, Vindesine, Vinflunine, Vinorelbine, Vorinostat, Zorubicin, and other cytostatic or
cytotoxic agents described herein.

Because some drugs work better together than alone, two or more drugs are often given at
the same time. Often, two or more chemotherapy agents are used as combination chemotherapy.

In some embodiments, the additional cancer therapeutic agent is a differentiation agent.
Such differentiation agent includes retinoids (such as all-trans-retinoic acid (ATRA). 9-cis
retinoic acid, 13-cis-retinoic acid (13-cRA) and 4-hydroxy-phenretinamide (4-HPR)); arsenic
trioxide; histone deacetylase inhibitors HDACSs (such as azacytidine (Vidaza) and butyrates (e.g.,
sodium phenylbutyrate)); hybrid polar compounds (such as hexamethylene bisacetamide
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((FIMBA)); vitamin D; and cytokines (such as colony-stimulating factors including G-CSF and
GM-CSF, and interferons).

In some embodiments the additional cancer therapeutic agent is a targeted therapy agent.
Targeted therapy constitutes the use of agents specific for the deregulated proteins of cancer cells,
Small molecule targeted therapy drugs are generally inhibitors of enzymatic domains on mutated,
overcxpressed, or otherwise critical proteins within the cancer cell. Prominent examples are the
tyrosine kinasc inhibitors such as Axitinib, Bosutinib, Cediranib, dasatinib, erlotinib, imatinib,
gefitinib, lapatinib, Lestaurtinib, Nilotinib, Semaxanib, Sorafenib, Sunitinib, and Vandetanib,
and also cyclin-dependent kinase inhibitors such as Alvocidib and Seliciclib. Monoclonal
antibody therapy is another strategy in which the therapeutic agent is an antibody which
specifically binds to a protein on the surface of the cancer cells. Examples include the anti-
HER2/neu antibody trastuzumab (HERCEPTIN®) typically used in breast cancer, and the anti-
CD20 antibody rituximab and Tositumomab typically used in a variety of B-cell malignancies.
Other exemplary antibodies include Cetuximab, Panitumumab, Trastuzumab, Alemtuzumab,
Bevacizumab, Edrecolomab, and Gemtuzumab. Exemplary fusion proteins include Aflibercept
and Denileukin diftitox. In some embodiments, the targeted therapy can be used in combination
with a compound described herein, e.g., a biguanide such as metformin or phenformin,
preferably phenformin.

Targeted therapy can also involve small peptides as “homing devices” which can bind to
cell surface receptors or affected extracellular matrix surrounding the tumor, Radionuclides
which arc attached to thesc peptides (e.g., RGDs) cventually kill the cancer cell if the nuclide
decays in the vicinity of the cell. An example of such therapy includes BEXXAR®,

In some embodiments, the additional cancer therapeutic agent is an immunotherapy agent.
Cancer immunotherapy refers to a diverse set of therapeutic strategies designed to induce the
subject's own immune system to fight the tumor. Contemporary methods for generating an
immune response against tumors include intravesicular BCG immunotherapy for superficial
bladder cancer, and use of interferons and other cytokines to induce an immune response in renal
cell carcinoma and melanoma subjects.

Allogencic hematopoietic stem cell transplantation can be considered a form of
immunotherapy, since the donor’s immune cells will often attack the tumor in a graft-versus-
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tumor effect. In some embodiments, the immunotherapy agents can be used in combination with
a compound or composition described herein.

In some embodiments, the additional cancer therapeutic agent is a hormonal therapy
agent. The growth of some cancers can be inhibited by providing or blocking certain hormones.
Common examples of hormonge-sensitive tumors include certain types of breast and prostate
cancers. Removing or blocking cstrogen or testosteronce is often an important additional
treatment. In certain cancers, administration of hormone agonists, such as progestogens may be
therapeutically bencficial. In some embodiments, the hormonal therapy agents can be used in
combination with a compound or a composition described herein,

Other possible additional therapeutic modalities include imatinib, gene therapy, peptide

and dendritic cell vaccines, synthetic chlorotoxins, and radiolabeled drugs and antibodies.

EXAMPLES
The chemical name of each compound described below is generated by ChemBioOffice software.
DCM = dichloromethanc TEA = triethylamine
DPPA = diphenyiphosphory! azide TEA = trifluoreacetic acid
DIPEA = N N-Diisopropylethylamine TFAA = mitlucroacetic anhydride

General procedures for the preparation of 1,1-difluoro-3-isecyanocyclobutane

Method A:
F

o)
Oh SOCH, Oh NaN, O\\t:]\ +BuOH \l\:L DAST Fﬁ
COOH coc CON, NHBoc DM NHBoc
F . :
HCIMeOH Fﬁ HCOOEL Fﬁ PPhs, CCly, TEA - F—[L
NazCOs NH; NHCHO DCM NG

Step A: Tert-butyl 3-oxocyclobutylcarbamate. To a solution of 3-oxocyclobutanecarboxylic acid
(10 g, 88 mmol) in dry DCM (60 mL) at 0 °C, SOCI; (20 mL) was added dropwise. The
mixture was heated to reflux for 1.5 h and then evaporated in vacuo. The resulting mixture was
co-evaporated twice with tofuene (2 x 8 mL) and the residue was dissolved in acetone (30 mL),
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followed by adding dropwise to a solution of NaNj (12 g, 185.0 mmol) in H2O (35 mL) at 0°C.
After addition, the mixture was stirred for another 1 h and then quenched with ice (110 g). The
resulting mixture was extracted with Et,O (2 x100 mL). Combined organic layers were washed
with brine, dried over anhydrous Mg,SO, and concentrated to about 15 mL solution. Toluene (2
x 30 mL) was added into the residue and the mixture was co-evaporated twice to remove Et,O
(about 30 mL solution Ieft cach time to avoid explosion). The resulting toluene solution was
heated to 90 °C until the cvolution of N, ceased. Next, 40 mL of t-BuOH was added into the
reaction mixturc and the resulting mixture was stirred overnight at 90 °C. The mixture was
cooled and concentrated. The residue was purified by column chromatography using petroleum
ether / EtOAc (V:V, 7:1 to 5:1) as eluent to afford the desired product as a white solid. MS:
186.1 (M+1)",

Step B: Tert-butyl 3,3-diflucrocyclobutylcarbamate. To a solution of 7ert-butyl-3-oxocyclo -
butylcarbamate (2.56 g, 111.07 mmol) in dry DCM (190 mL), DAST (diethylaminosulfur
trifluoride) (41.0 mL, 222.14 mmol) was added dropwise at 0 °C under the atmosphere of N».
The mixture was then allowed to warm up to 1.t and stirred overnight. The resulting mixture was
slowly added into a pre-cooled saturated aq. NaHCO; solution and extracted with DCM (3 x 200
mL). Combined organic layers were washed with brine, dried over anhydrous MgSQO, and
concentrated in vacuo. The residue was purified by column chromatography using petroleum
ether / EtOAc (V:V, 15:1) as cluent to afford the desired product. '"H NMR (400 MHz, DMSO-
de): 6 4.79 (s, 1H), 4.07 (s, 1H), 2.98 (s, 2H}, 2.58 — 2.29 (m, 2H), 1.46 (s, 9H). MS: 208.1
(M+1)".

Step C: N-(3,3-difluorocyclobutyl)formamide. To a solution of MeOH (170 mL) and CH;COC1
(65 mL), tert-butyl 3,3-difluoro -cyclobutylearbamate (12.1 g, 58.42 mmol) was added in one
portion dropwise at 0 °C. The rcaction mixture was stirred at 0 °C for 20 min, and then allowed
to warm up to r.t and stirred for another 1.5 h. The reaction mixture was concentrated and
dissolved in H20 (200 mL). The resulting mixture was extracted by Et2O (150 mL) and the
aqueous layer was adjusted to plI=11 with solid Na,CO; and extracted by DCM (2 x 150 mL).
The combined organic lavers were dried over anhydrous MgSO,, filtered and concentrated in
vacuo using a cold-water bath (<20 °C). The residue was dissotved in HCOOEt (90 mi.), and
transferred into a sealed pressurc tube, This reaction mixture was heated to 80 °C and stirred
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overnight. The solvent was removed, and the residue was purified by column chromatography
using petroleum ether / EtOAc (V2V, 1:1 to 1:3) as eluent to afford the desired product. MS:

136.1 (M+1)".

Step D: 1,1-Difluoro-3-isocyanocyclobutane. To a solution of N-(3,3-difluorocyclobutyl) -
formamide (2.0 g, 14.81 mumol) and PPh; (4.27 g, 16.29 mmol) in DCM (35 mL) were added
CCly (1.43 mL, 14.81 mmol) and TEA (2.06 mL, 14.81 mmol). The reaction mixture was stirred
at 45 °C overnight under a N, atmosphere. The resulting mixture was evaporated in vacuo at 0°C.
The residue was suspended in Et;O (25 mL) at 0°C for 30 min and then filtered. The filtrate was
evaporated to about 5 mL at 0 °C under reduced pressure. The residue was purified by column

chromatography using Et.O as eluent to afford the desired product which was used directly in the

next step.
Method B:
o 0 E E e
\_L BnBr, KoCOx DAST F Hp, Pd/iC  F DPPA, ELN, Toluene
L —HD-_—«> e ——nrr—n H
- cM
COOH cooBn COOBn COOH NHBoc
HCUMeOH '\ F
” Fﬁ HCOOEL TEA Fﬁ __PPhy \D!
NH,HC! j NG

Step A: Benzyl 3-oxocyclobutanecarboxylate. A mixture of 3-oxocyclobutanecarboxylic acid (5
g, 44 mmol), potassium carbonate (12 g, 88 mmol) and benzyl bromide (11.2 g, 66 mmol) in
acetone (50 mL) was refluxed for 16 h. The solvent was then removed under reduced pressure
and the residue was partitioned between ethyl acetate and water. Combined organic layers were
dried over anhydrous MgSOy, filtered and concentrated. The residue was purified with silica gel
chromatography eluting with a gradient of 100% hexane to 96% hexane / EtOAc to give the
desired compound. 'H NMR (400 Mz, CDCls): 6 7.45 - 7.27 (m, 5H), 5.19 (s, 2H), 3.55 - 3.36
(m, 2H), 3.33 - 3.11 (m, 3H).

Step B: Benzyl 3,3-difluorocyclobutanecarboxylate. To a solution of benzyl 3-
oxocyclobutanecarboxylate (1.23g, 6.03 mmol) in DCM (35 mL) was added DAST (0.8 mL,

6.03 mmol) dropwise under nitrogen. The mixture was stirred at room temperature for 16 h and
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then diluted with DCM. After successive washes with saturated sodium bicarbonate, IN ag.
hydrochloride acid, and brine, the organic layer was dried over anhydrous sodium sulfate,
filtered and concentrated. The crude product was purified by silica gel chromatography with 93%
hexane / EtOAc as eluent to give the desired compound as an oil. "H NMR (400 MHz, CDCls): &
7.47 - 7.27 (m, SH), 5.16 (s, 2H), 3.09 - 2.95 (m, 1H), 2.90 ~ 2.60 (m. 4H).

Step C: 3,3-Difluorocyclobutanecarboxylic acid. Benzyl 3 3-difluorocyclobutanecarboxylate
(0.84 g, 3.72 mol) was dissolved in ethanol (40 mL), and approximately 0.02 g palladium on
activated carbon was added. The mixture was stirred at room temperature for 12 h under the
atmosphere of Hy and then filtered through a pad of Celite. The filtrates were concentrated and
dried in vacuo to give the desired compound. "H NMR (400 MHz, CDCl5): 6 3.16 - 2.55 (m, SH).
Step D: Tert-butyl 3,3-difluorocyclobutylcarbamate. Benzyl 3,3-diftnorocyclobutanecarboxylic
acid (3.7 g, 27.3 mumol), DPPA (7.87 g, 27 mmol) and TEA (2.87 g, 28.4 mmol) were dissolved
in -BuOH (25 mL). The mixture was refluxed for 5 h and then diluted with ethyl acetate (about
200 mL). The organic phase was washed twice with 5% citric acid and saturated sodium
hydrogen carbonate respectively, dried over anhydrous Mg,SO: and evaporated under reduced
pressure. The residue was purified by silica gel chromatography with 50% hexane / EtOAc to
give the desired product. MS: 208.1 (M+1)".

Step E: 3,3-Diftuorccyclobutanamine hydrochloride. To a cold solution of MeOH (170 mL)
and CH;COCI (65 mL) was added tert-butyl 3,3-difluorocyclobutylcarbamate (12.1 g, 58.4
mmol) dropwise at 0 °C. After completion of the addition, the mixture was stirred at 0 °C for 20
min and then allowed to warm up to room temperature. The reaction mixture was stirred for
another 1.5 h and then concentrated to give the crude product which was precipitated in ether to
give the desired product as a white solid. MS: 108.1 (M+1)".

Step F: N-(3,3-difluorocyclobutyl)formamide. The mixture of 3,3-difluorocyclobutanamine
hydrochloride (6.5 g, 60.7 mmol) and TEA (3 eq) in HCOOEt (90 mL) was stirred at 80 °C
overnight in a sealed pressure tube. The solvent was removed in vacuo and the residue was
purified by column chromatography with 50% petroleum ether / EtOAc to 25% petroleum ether /
EtOAc to give the desired product. "H NMR (400 MHz, DMSO-dg): & 8.54 (s, 1H), 8.01 —7.89
{(m, 1H), 4.16 —3.84 (m, 1I), 3.06 - 2.73 (m, 2H), 2.72 — 2.33 (m, 2H). MS: 136.1 (M+1)".
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Step G: 1,1-Diflnoro-3-isocyanocyclobutane. The compound was synthesized as outlined in step

D of method A set forth above.

General procedures for the preparation of 1-fluoro-3-isecyanocyclobutane

0 HO. F. F oL R
- NaBH, pasT 0 MeOH/ HC! HCOOE! PPhy; CCly: TEA
4 . ” Ne DCM
NHBoc NHBoc ~ DCM NHBoo EC0s NH, NHCHO NG

Step A: Tert-butyl 3-hydroxycyclobutylcarbamate. To a solution of fert-butyl 3-
oxocyclobutylcarbamate (2 g, 10.8 mumol, 2 eq) in EtOH (20 mL) was added NaBH,4 (204 mg, 1
eq) at 0 °C. The mixture was then allowed to warm to room temperature and stirred for 30 min.
The mixture was concentrated in vacuo and the residue was purified by column chromatography
using petroleum ether / EtOAc (V1V, 2:1 to pure EtOAc) as eluent to afford the desired product
as a white solid, MS: 188.1 (M+1}".

Step B: Tert-butyl 3-fluorocyclobutylcarbamate. To a solution tert-butyl 3-hydroxycyclobutyl —
carbamate (1 g, 5.35 mmol) in dry DCM (20 mL) at -70 °C was added DAST dropwise (1g, 0.85
mL, 1.17 eq) under the atmosphere of N;. The mixture was then slowly warmed to room
temperature and stirred overnight, The resulting mixture was washed with diluted aq. NaHCOs.
The organic layer was dried over anhydrous Mg:SO4 and concentrated. The residue was purified
by flash chromatography using petroleum ether / EtOAc (V:V, 20:1 to 2:1) as eluent to afford a
white solid as the desired product. MS : 190.1 (M+1)".

Step C: 3-Fluorocyclobutanamine. The compound was synthesized as outlined in step E of
method A set forth above.

Step D: N-(3-fluorocyclobutyl)formamide. The compound was synthesized as outlined in step F
of method A set forth above. 'H NMR (400 MHz, CDCls): 8 8.10 (s, 1H), 5.94-5.89 (brs, 1H).
5.32-5.25 (m, 0.5H), 5.18-5.11 (m, 0.5H), 4.63-4.42 (m, 1H), 2.76-2.62 (m, 2H}), 2.44-2.31 (m,
2H).

Step E: 1-Flyoro-3-isocyanocyclobutane. The compound was synthesized via the general

procedure as the step G in method A set forth above.

General procedures for the preparation of 1,1-difluoro-4-isecyanecyclohexane
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HO L HO R
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E
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Step A: Tert-butyl 4-hydroxycyclohexylcarbamate. To a solution of 4-aminocyclohexanol (23 g,
0.2 mol) and Et;N (60 g, 0.6 mol) in THF (230 mL) was added (Boc),0O (87 g, 0.4 mol). The
resulting solution was stirred at room temperature overnight. The solvent was removed under
reduced pressure and the residue was extracted with EtOAc (3 x 200 mL). The combined organic
layers were washed with water (2 x 200 mL) and brine (200 mL), dried over anhydrous Na; SOy
and concentrated. The residue was purified by column chromatography on silica gel using DCM/
MeOH (V:V, 20:1) to afford the desired product as a white solid. MS: 216.2 (M+1)".
Step B: Tert-buyl 4-oxocyclohexylcarbamate. To a solution of fert-butyl 4-hydroxycyclohexyl-
carbamate (10.0 g, 46.5 mmol) in DCM (100 ml.) was added Dess-Martin periodinane (39.4 g,
92.9 mmol) portionwise. The resulting solution was stirred at room temperature overnight,
quenched with ag. Na»S»05 solution and extracted with DCM (3 x 100 mL). The combined
organic layers were washed with water (2 x 100 mL) and brine (100 mL), dried over anhydrous
Na»S0y4, and concentrated. The residue was purified by columm chromatography on silica gel
using petroleum ether / EtOAc (V:V, 10:1) to afford desired product as a white solid.
Step C: Tert-butyl 4,4-difluorocyclohexylcarbamate. To a solution of fert-butyl 4-oxocyclo-
hexylcarbamate (2.13 g, 10 mmol) in dry DCM (25 mL) was added DAST (2.58 g, 16 mmol)
dropwise at -5 °C under nitrogen. After addition, the reaction mixture was stirred at 1.t overnight.
The reaction mixture was pourcd into ice water slowly and extracted with DCM ( 3 x 100 mL).
The combined organic iayers were washed with 2 N aq. NaHCO3 and brine, dried over
anhydrous Na»SO,, filtered and concentrated in vacuo. The residue was purified by column
chromatography using petroleum cther / EtOAc (V:V, 5:1) as cluent to afford a mixture of the
title compound (~70%) and the byproduct rert-butv! 4-fluorocyclohex-3-envicarbamate (~30%)
as a light-yellow solid.

To the above mixtures (2.52 g, 10.7 munol) in DCM (25 mL) was added m-CPBA (2.20 g,
12.9 mmotl) portionwise at 0 °C while keeping the internal temperature below 5 °C. After
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addition, the reaction mixture was stirred at room temperature overnight. To the reaction mixture
was added saturated ag. NapS»0: (8.0 ml.) at 0 °C. The resulting mixture was stirred at 0 °C for
40 min. and then extracted by DCM (3 x 5.0 ml.). The combined organic layers were washed
with brine. dried over anhydrous Na-SQ.., and evaporated in vacuo. The residue was used
directly in the next step without further purification.

To the above residue in MeOI (15 mby was added NaBH:(0.202 ¢, 5.35 mmol) at 0 °C.
The reaction mixture was stirred at room temperature overnight. Water (0.38 ) was added
dropwise 1o quench the reaction ar 0 “C. The resulting mixture was stirred at 0 °C for 30 min, and
coneentrated in vacuo. The residue was purified by columm chromatography using DCM as
clucnt to afford the pure compound as a white solid. TH NMR (400 Milz. CDCls)y; 8 4.46 (s, L),
3.59 (s, THDL 2,25 - 169 (. 611). 161 ~ 1.20 (m. T1H). MS: 236.2 (M- 1Y,
Step D: 4,4-Difluorocyclohiexanamine hydrochloride. A mixture of reri-bunvi 4.4-difluorocyeio-
hesvlearbamate (6.0 g, 25,5 ol and 6 N HCEMeOH (60 mL) was stirred at room temperature
for 2 h. The reaction mixture wus concentrated to give the erude product which was directly used
in next step without further purification. "I NMR (400 M1z, CDOD): 8 4.89 (s, 2H), 3.32-3.26
(m. 1), 2.14-2.01 (m, 4H), 2.02-1.85 (m, 2H), 1.74-1.65 (m, 2L1). MS: 136.1 (M+1)".
Step E: N-(4,4-difluorocyclohexyl)formamide. A mixture of 4.4-diftuorocyclobexanamine
(crude 3.4 ¢ 25.2 mmol), TEA (3 ¢q) and cthyl formate (35 mbL) was stirred a1 110 °C overnight
in a scaled tank. The solvent was removed and the residue was puritied by column
chromatography using DCM - MeOH (V:V, 10111 as eluent w0 afford the desired product. T
NMR (400 MHz, CDCl1): 8 8.14 (s, TH) 398 (s, 111), 3.93 (. [H), 2.34 - 219 (m, 1H), 2,15 -
1.39 {m, 7H). MS: 164.1 (M 1)
Step I: 1,1-Diffuoro-d-isocyanocyciohexane. A mixture of N-(4,4-difluorocyclohexyl) -
formamide (2.5 g, 15.3 mmol). PPhs (4.4 g, 16.8 mmol}. CCL (2.3 g, [5.1 mmol), BN (1.5 g
(4.9 mmol) and DCM (30 mL) was heated to 45 °C and stirred overnight. The resulting mixture
was evaporated in vacuo and the residue was suspended in EtQ (123 mLyat 0°C, The filtawe
was concentrated and the residue was purified by column chromatography on silica gel eluting

with Lit-() to afford the desired product as a vellow oil which was used direetly in the next siep.

General procedures for the preparation of 2-(3-aminophenoxy)ethanol
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OH " NrON0H  FeNmac O on
@ _KCO, Q Q
MeCN/90°C EtOH/90°C NH
NO, NO, 2
Step A: 2-(3-Nitrophenoxy)ethanol. A suspension of 3-nitrophenol (1 g, 7.2 mmol), 2-
bromocthanol (1.2 g, 9.6 mmol) and K-CO; (2 g, 14.4 mmol) in MeCN (12 mL) was stirred at 90
°C overnight. The precipitate was collected by filtration to give the first batch of product. The
filtrate was concentrated and the residue was purified by column chromatography to afford
another batch of the desired product as a yellow solid.
Step B: 2~(3-Aminophenoxyjethanol. To a solution of 2-(3-nitrophenoxy)ethanol (500 mg, 2.7
mmol) and NH4C1 (720 mg, 13.5 mmol) in EtOH (10 mL) was added iron powder (900 mg, 16.2
mmol) at room temperature. The reaction was then stirred at 90 °C for 2 hr and subsequently
cooled. The mixture was filtered and the filtrate was concentrated. The resulting residue was
purified by column chromatography to afford the desired product as a yellow solid. MS: 154.1
(ML),

General procedures for the preparation of 3-(1H-pyrazol-4-yl)aniline
Br

@\ . e
I N N
{Boc)20 Y Y
r}_;,« B,O\L_ DMAP N BIO NO, Fe
HN—d ‘o/&“ ’ Ned O\ E—
Boc” o
NO, NH,

Step A: Tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yi)-1 H-pyrazole-1-carboxylate.

To a solution of 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (500 mg, 2.57
mmol) and (Boc);O (672 mg, 3.08 mmol) in DMF (1.0 mL) was added DMAP (63 mg, 0.52
mmol) in one portion. The mixture was stirred at room temperature overnight, and then
partitioned between EtOAc and saturated aq. NH4Cl. The organic layer was separated, washed
with brine, dried over anhydrous Na,SOs, and concentrated to afford the crude product.

Step B: 4-(3-Nitrophenyl)-1H-pyrazole. To a solution of tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-y1)-111-pyrazole-1-carboxylate (300 mg, 0.82 mmol), I-bromo-3-nitrobenzene
(137 mg, 0.68 mmol) and Na,CO; (216 mg, 2.04 mmol) in DME/T}0 (5 mL/1 mL) under N,

was added Pd(PPh;3)Cl; (24 mg, 0.034 mmol). The mixture was stirred at 85 °C overnight, and
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then quenched with 11:0. The resulting mixture was extracted with FtOA¢ (3 x 23 mlL). The
organic layer was separated. washed with brine, dried over anhvdrons NSO, and concentrated.
The resulting residue was purified by column chromatography to afford the desived product. MS:
190.2 (M+1)".

Step C: 3-(1H-pyrazol-1-ylaniline. 1ron powder (296 mg, 5.30 mmol) was added to a solution
of 4-(3-nitrophenyl)-1-pyrazole (200 mg, 1.06 mmol) in AcOI/FHON (2 mi/3 ml.). The
reaction mixture was stirred at 90 "C for 2 hr and then cooled to room temperatuare. The reaction
mixfure was filtered through Celite, The filter cake was washed with HyO. The filtrare was
neutralized with I N NaOfl w ptl — 8 and extracted with E1OAc¢ (3 x 30 ml.). The combined
organic lavers were washed with brine, dried over anbvdrous Na.SO,. and concenrrated. The
resulting residue was purified by column chromatography to afford the desired product. MS:

160.2 (M~1)".

General procedures for the preparation of 2-(3-aminophenyl)propan-2-ol

0
i | H H
(N7 T0Et_DIPEA, Bnbr O OEt _ EtMgbr B Hy, PAIC. 1L A
_DIPEA, BnBr __ EtMgBr o PdiC .t
o CH,CN, 90 °C THF \( l y
NH; ' h ;

Ph _N._P Ph_N._Ph NH,
Step A: Ethyl 3-(dibenzylamino)benzoate 2. To a solution of c¢thyl 3-aminobenzoate (2 g, 0.012
mmol) and EusN (5.26 ml.. 0.036 munol) in CHRON (30 mL), was added BoBr (4.32 mL, 0.036
muol} in one portion. The reaction mixture was heated to reflux for I8 hr and then cooled 1o
room temperatwre, The mixture was concentrated to dryness in vacuo and the residue was
purified by column chromatography (PE : FtOAc = 10 : 1 as eluent) to atford the desired product
as a white solid. MS: 316.1 (M= 1),
Step B: 2-(3-(dibenzylaminojiphenyhpropan-2-ol. To a solution of ethyl 3-
{dihenzylaminoYoenzoate {1.85 g, 5.58 mmol) in anhydrous THF (15 mL) at 0 "C ander nitrogen
atmosphere was added McMgBr (3 M sol. in TTIF, 5.58 mL. 16.7 mmol) dropwise over 30 min.
The reaction was stirred at room temperature overnight and guenched by addition of satarated
NH.CL The resulting mixture was extracted with ethyl acetate (3 x 30 ml.). The combined

organic layers were washed with Nal1CQOs, water and brine. dried over anhydrous Na:SQ,,
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filtered and then concentrated to dryness. The residue was purified by column chromatography
(PE : EtOAc — 2 : 1 as ¢luent) to afiord the desired product as a colorless oil. MS: 332.1 (M+1)".
Step C: 2-(3-aminophenyl)propun-2-ol. 1o a solution of 2-(3-(dihenzyiamino)phenylpropan-2-
ol (268 mg, 0.81 mmol) in McOH (5 mL) was added 10% Pd/C (27 my) in one portion. The
reaction mixture was hydrogenated at room temperature overnight under hydrogen atmosphere.
The catalyst was filtered off through Celite and the filtrate was concentrated to dryness, The
residue was purificd by column chromatography (PE : EtOAc = [ : 2 as cluent) to afford the

desired product as a yeHow solid. MS: 152.1 (M+17".

General procedures for the preparation of 2-(3-amino-S-flusrophenyl)propan-2-ol

Fao o NBY:
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Hy
Ramaa e
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Step A. Methyl 3-fluoro-5-nitrobenzoate. 'Thionyl chloride {488 myg, 4.1 mmol) was added
dropwise to a solution of 3-ttuoro-S-nirrobenzoic acid {500 mg. 2.7 mmol) in dry methanol (10
ml.) at 0 °C under nitrogen atmosphere. The reaction was warmed to room temperature and
stirred for 6 hr, The reaction mixture wag concentrated under reduced pressure to obtain the
corresponding methy] ester hvdrochloride as a waxy solid which wag used directly in the next
step. MS: 200 (M1,

Step B. Methyl 3-amino-5-fluorobenzoare. To a solution of methy! 3-fluoro-5-nitrobenzoats
(400 mg, 2 mmol) in ethunol (10 mL) was added iron powder (560 mg, 10 mmol) and
ammonium chloride (540 ng. 10 mmol) in one portion. The reaction mixture was stirred at 80
°C for 1 hr. After cooling the veaction, the mixture was filtered through Celite, The filtrate was
concentrated under reduced pressure to give the desired product. MS: 170 (M 1)

Step C. Methyl 3-(dibenzylamino)-5-fluorebenzoate. To a solution of methyl 3-amino-3-

fluorobenzoate (440 mg, 2.6 mol) in dry DMF (10 mL) was added Nall (187 mg. 7.8 nunol)

[
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portionwise, followed by addition of benzyl bromide (1.1 g, 6.5 mmol). The reaction mixture
was stirred at 40 °C for 16 hr and concentrated. The resulting residue was purified by column
chromatography to give the desired product. MS: 350 (M+1)",

Step D. 2-(3-(Dibenzylaming)-5-fluorophenyl) propan-2-of, Methyimagnesium bromide (1 M in
THF, 2.4 mL, 2.4 mmol) was dissolved in THF (5 mL) and placed in an ice-water bath. Methyl
3-(dibenzylamino)-5-fluorobenzoate (280 mg, 0.8 mmol) in THF (5 mL) was then slowly added
to the reaction mixture. This mixture was stirred for 3 hr while maintaining an internal
temperature range between 15 to 25 °C. Then the mixture was cooled to 0 °C and treated with
ammoniuzn chloride solution, then extracted with ethyl acetate (3 x 30 mL). The combined
organic layers were dried over anhydrous Na,SO,, and concentrated in vacuo. The residue was
purified by column chromatography on silica gel to give the desired product. MS: 350 (M+1)".
Step E. 2-(3-Amino-5-fluorophenyl)propan-2-ol. To a solution of 2-(3-(dibenzylamino)-3-
fluorophenyl)propan-2-ol (150 mg, (.43 mmol) in ethanol (5 mL) was added 10 % Pd/C (15 mg)
under a hydrogen atmosphere. The reaction mixture was stirred at room temperature for 16 hr.
The suspension was then filtered through Celite and the filtrate was concentrated in vacuo. The

residuce was purified by column chromatography to give the desired product. MS : 170 (M-+1)".

General procedures for the preparation of ethyl 1-(3-aminephenyl)cyclopropanel
O

it
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i
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Step A. Ethyl 3-(dibenzylamino)benzoate. To a solution of ethyl 3-aminobenzoate (2 g, 0.012
mmol) and Et;N (5.26 mlL., 0.036 mmotl) in CH;CN (30 mL) was added BnBr (4.32 mL, 0.036
mmol) in one portion. The reaction mixture was heated to reflux for 18 h and cooled down to
room temperature. The mixture was concentrated in vacuo and the resulting residue was purified
by column chromatography to afford the desired product as a white solid. MS: 346.1 (M+1)".
Step B. 1-(3~(Dibenzylamino)phenyl)cyclopropanol. To a solution of ethyl 3-
(dibenzylamino)benzoate (1.85 g, 5.58 mmol) in anhydrous THF (20 mL) at room temperature

under N, was added titanium tetraisopropoxide (0.25 mL, 0.84 mmol) dropwise over 10 min.
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After one bour of stirring, LtMgeBr (THF solution, 4.1 mb, 12.3 mmol) was added dropwise over
30 min. The reaction mixture was surred at room temperature for 3 b, The resulung mixture was
gquenched by addition of saturated ag. NHaCl, and extracted with cthyl acetate (3 x 30 mL). The
combined organic layers were washed with NalHCOs, water and brine, dried over anhydrous
NaaSOQq, and concentrated in vacuo. The residue was purified by colunn chromatography (PE :
FtOAc = 5 : 1 as cluent) to afford the desired product as a colorless oil. '11 NMR (400 MHz,
CDCl3) 0 8 7.33 - 7.28 (o 5H). 7.25 - 718 (m, SH). 7.11 (t, /= 8.0 11z, TH), 6.80 - 6.75 (m, 1H),
6.61 - 6.56 (m, 219), 4.65 (s, 410 117 - 113 (m, 2H), 0.93 - 0.90 (m. 211). MS: 330.1 (M+1)".
Step C. Ethyl 1-(3-aminophenyl)cyclopropanol. To a solution ol 1-{3-
(dibenzylamino)phenvljevelopropanol (1.8 ¢, 5.45 mmol) in McOFH ({0 ml.) at room
temperature was added 10%¢ Pd-C 1200 mg) in one portion, The reaction mixture was strred at
room temperature under a hvdrogen atmosphere overnight. The suspensinoe was filiered through
Cclite, and the filtrate was concentrated in vacuo. The residue was purified by column
chromatography (PE : EtOAc -+ 2 : 1 as eluent) to afford the desired product as a vellow solid. 'H
NMR (400 MHz, CDCl3) : 6 7.10 (1, J= 7.8 Hz, 1H), 6.69 (t, J = 2.0 }z, 111}, 6.63 - 6.60 (m,
LH), 6.56 - 6.53 (m, 1H), 1.22 - 1.19 (m, 2L1), 1.01 - .98 (m, 2H). MS: 150.1 (M+1)",

General procedures for the preparation of 3-fluore-5-(methylthio)aniline

F NH, ; F S« Hgz P@/C. MeOH Fi_ S
[ \! /S\S/ ZoNO |I TS REF, 1h |
Z - N F - Z
{ CH4CN. 30 °C to reflux
NO, 3 °ore NO, NH

Step A, (3-Fluoro-5-nitrophenyii(methylsulfane. A solution of 3-flyoro-S-nitroaniline (200 mg,
1.28 mmol), 1,2-dimethyldisulfanc (121 mg, 1.29 mmol) and CI1:CN (3 ml.) was stirred at 30 °C.
Neat isoamyl nitrite (150 mg, 1.28 mmol) was slowly added via syringe over 5 min. The reaction
mixture was slowly heated to reflux over 10 min and maintained at a gentie reflux until N»
evolution ceased (30~60 min). The reaction mixture was cooled and the solvent was removed in
vacuo to afford a dark oil. The resualting oil was purified by column chromatography to give the
desired product as a pale vellow solid.

Step B: 3-Fluoro-5-tmethylthio)aniline, 1o a solution of (3-fluoro-5-

nitrophenyly(methyDsulfane (90 me. 0.48 mmoly in MeOH (10 inl.) was added 10% Pd/C (9 mg)

Bt
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in one portion. The resulting mixture was purged with Hj three times and stirred at room
temperature for 1 h. The suspension was filtered through Celite, and the filter cake was washed
with MeOH (5 mL). The filtrate was concentrated in vacuo to afford the desired product which
was used directly in next step. MS: 158.0(M+1)".

General procedure for the preparation of (S)-2-0xo0-1,3-oxazinane-4-carbexylic acid

triphosgene, NaOH

(\OH dioxane, H,0 (\o

. 0°Ctort .

o o
o} O H

H

To a mixture of (§)-2-amino-4-hydroxybutanoic acid (10 g, 84.0 mmol) and 250 mL of aq.
NaOH (2 mol/L, 20.4 g, 510 mmol) at 0 °C was added a solution of triphosgene in dioxane (25.3
g in 125 mL dioxane) dropwisc over 1 h.The internal temperature was kept below 5 °C during
the addition. The mixture was then stirred at room temperature for 2 days. The rcaction mixture
was then concentrated in vacuo, followed by addition of 200 mL of CH;CN. The resulting
mixture was then heated to 60 °C and stirred vigorously for 0.5 h. The hot mixture was filtered
immediately. The filtrate was then concentrated to 100 mL and the desired product was
precipitated out. The crude product was collected by filtration and used directly in the next step
without further purification. MS: 146.0(M+1)".

General procedure for the preparation of (S)-4-(tert-butoxycarbonyl)-6-oxopiperazine-2-

carboxylic acid
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Q
| ! soCl b,
oA N, PAD e I, i, 2~ J (\NH 1o B cooBn
EA| HzO “ DIPEA
HN. O HN MeOH
CbZ “Cbhz Cbz
o o)
Boc
L, ) M, i o.. PdiC | Boc
O) (\N/\H/O\Bn (Boc),0O \O «.I/\N/\n/ 8n \O)a,,h(\&/\rrGH
an. oo DIPEA HN. o Hz NH o
“Cbz Chz 2
Bloc
¢ N THF, MeOH
o L[] R E l
- t ™
DCM 3N o - 2 Hooc!

Step A: (S)-3-Amino-2-(((benzyloxy)carbonyl)amino)propanoic acid. To a mixture of (S)-4-
amino-2-({{benzyloxy)carbonyl)amino)-4-oxobutanoic acid (3 g, 11.3 mmol) in MeCN (20 mL),
EtOAc (20 mL ) and H,O (10 mL), was added PIAD (4.38 g, 13.5 mmol) in one portion. The
reaction mixture was stirred at room temperaturc overnight. The resulting mixture was filtered,
and the filtrate was concentrated in vacuo to afford the desired product. MS: 239.1 (M+1)".

Step B:(S)-Methyl 3-amino-2-(((benzyloxy)carbonylamino)propanoate hydrochloride. To a
stirred solution of McOH (50 mL) was added SOCI, (5 mL) dropwise at 0 °C. The resulting
mixture was stirred at 0 °C for 0.5 h before (S)-3-amino-2-(((benzyloxy)carbonyl)amino)
propanoic acid (2.6 g, 10 mmol) was added. Then the reaction mixture was stirred at room
temperature overnight and concentrated in vacuo to afford the desired product. MS: 253.1
(M+1)*

Step C: (S)-Methyl 3-((2-(benzyloxy)-2-oxoethyl)amino)-2-(((benzyloxy)carbonyl)amino)pro-
paneate, To a solution of (S)-methyl 3-amino-2-(((benzyloxy)carbonyl)amino)propanoate
hydrochloride (2.6 g, 0.01 mol) in THF (40 mL) was added DIPEA (4.0 g, 0.03 mol) at 0 °C. The
mixture was stirred at 0 °C for 5 min, followed by addition of benzyl 2-bromoacetate (4.7 g, 0.02
mol). Then the mixture was allowed to warm to room temperature and stirred overnight. The
reaction mixture was quenched by addition of HyOand then extracted with EtOAc (3 x 40 mL).

The combined organic layers were washed with brine, dried over anhydrous Na, SOy, and
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concentrated. The resulting residue was purified by column chromatography to afford the desired
product. MS: 401.2 (M+1)".
Step D: (S)-Methyl 3-((2-(benzyloxy)-2-oxoethyl)(tert-butoxycarbonyl)amino)-2-(((benzyloxy)
carbonyl)amino)propancate. To a solution of (S)-methyl 3-((2-(benzyloxy)-2-oxoethylyamino)-
2-(({(benzyloxy)carbonyl)amino)propanoate (3.0 g, 7.5 mmol) in THF (40 mL) was added
DIPEA (2.9 g, 22.5 mmol) at 0 °C. The mixturc was stirred at 0 °C for 5 min followed by
addition of di-tert-butyl dicarbonate (3.27 g, 15 munol). Then the mixture was allowed to warm
to room temperature and stirred overnight. After quenching with a saturated. NaHCO; solution,
the resulting mixture was extracted with EtOAc (3 x 60 mL) and concentrated. The resulting
residue was purified by column chromatography to afford the desired product. MS: 501.2
(M+1)",
Step E: (8)-2-((2-Amino-3-mnethoxy-3-oxopropyl)(tert-butoxycarbonyl)amino)acetic acid. To a
solution of (S)-methyl 3-((2-(benzyloxy)-2-oxoethyl)(tert-butoxycarbonyljamino)-2-(((benzyl-
oxy)carbonyl)amino)propanoate (2.5 g, 5 mumol) in MeOH (30 mL) was added 10% Pd/C (250
mg). The mixture was stirred under hydrogen atmosphere at room temperature overnight, The
resulting suspension was filtered through Celite, and the filtrate was concentrated in vacuo to
afford the desired product. MS: 277.1 (M+1) .
Step E:(S)-1-tert-Butyl 3-methyl S-oxopiperazine-1,3-dicarboxylate. To a solution of (8)-2-((2-
amino-3-methoxy-3-oxopropyl)(tert-butoxycarbonyl)amino)acetic acid (1.2 g, 4 mmol) in DCM
(100 mL) was added DCC (1.34 g, 6 mmol) at 5 °C. The mixture was stirred at 10 °C for 4 h
followed by addition of Et3N (0.88 g, 8 mmol). The resulting mixture was stirred at room
temperature for 18 h and then concentrated. The residue was added to EtOAc (20 mL) and the
precipitate was filtered. The filtrate was concentrated and the residue was purified by column
chromatography to afford the desired product. MS: 259.1 (M+1)".
Step F:(S)-4-(tert-Butoxycarbonyl)-6-oxopiperazine-2-carboxylic acid. To a mixture of (S)-1-
tert-butyl 3-methyl 5-oxopiperazine-1,3-dicarboxylate (500 mg, 1.9 mmol) in MeOIH (20 mL)
and THF (20 mL) was added a solution of LIOH 'H>O (159 mg. 3.8 mmol) in H,O (10 mL) at 0
°C. The mixture was stirred at room temperature for 2h and then partitioned between EtOAc (25
mL) and H,0. The aqueous layer was acidified with 2N HCl to pH 3-4 and then extracted with
EtOAc (3 x 20 mL). The combined organic layers were washed with brine, dried over anhydrous
73
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Na:S0; and concentrated to atford the desired product which was used directly in the next

reaction. MS: 2451 (M~1) .

General procedure for the preparation of 2-bromopyrimidine-4-carbonitrile

OH OH Br
NSy Hol NeNop L TBAB,P,0,

| - = |
P AcOH ! foluene
‘\)\ A 2N ~OH v\CN

Step A: 2-Hydroxy-4-carboxyaldelyde oxime. 2-Hydroxy-4-methyl pyrimidine hydrochloride

(23.0 g 171 mmol) and sodium nitrate ¢17.7 mg, 260 mmol) were slowly added o 200 mL of
30% acetic acid a1 0 “C. The reaction mixture was stirred at room temperature for 3 h. The
resulting suspension and the selids were filtered, washed with water and dried o afford the
desired product. THENMR (400 Mz, DMSO-de): 8 12,42 s, 11, 11.89 (5, 111). 7.92 (d, J = 6.4
1z, 11, 7.75 (s, 111, 6.43 (d. J - 6.4 11z, 111). MS: 140.0 (M=1)".

Step B: 2-Bromopyrimidine-4-carbonitrile. A mixture of 2-hvdrox y-4-carboxyaldchyde oxime
(9 g, 28.8 mmol), tetrabutyl anuncnium bromide (10 g, 71.9 mmol) and phosphorus pentoxide (2
g, 14.4 mmol) in toluene (300 mk.) was stirred at 120 °C for 2 h. The resalting mixture was
fittered and the filrate was concentrated. The resulting residoe was purified by column
chromatography to give the desired compound as a yellow solid. ‘11 NMR (400 Mz, CDCls): &

B821d, /=48 Hz 1IN, 7.66 (d. /= 4.8 Hz, 1YL MS: 185.00M=1),

Genceral synthetie procedures for making compounds of formula I:

R;CHOC. RuNH,,, o o
X R4-Br {R4 is op! subsi aryl
‘[" \ or opt subst heteroaryl}
HO N Pd.{dbag) Xantphos

wSN ﬁ o
RiNG \(E) H . RI\ /[v T;‘ n )- Q Cs,COs '\NJK/\[“‘ Ln /&0

" ) ;
UGt reaction Buchwald reaction

n=1.2
X=CH. O.NH,CH(CH){S and Ri.E

General procedares for the UGH reaction:
A mixture of aldehvde (3.5 nunoly and aniline (3.5 mwoby t MeOL1 (R ) was stirred at room

temperature for 30 min. Then the acid (3.5 mmol) was added and the reaction mixture was stirred
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for another 30 min, followed by addition of the isocyanide (3.5 mumol). The resulting mixture
was then stirred at room temperature overnight and quenched with ILO. The resulting mixture
was partitioned between EtOAc and H>O. The organic layer was washed with brine, dried over
anhydrous Na,SO4, and then concentrated. The resulting residue was purified by a standard

method to afford the desired product.

General procedures for the Buchwald reaction:

A mixture of amine (0.30 muuol), aryl bromide (0.30 ramol), Cs,COs (129 mg, 0.39 mmol),
Pdy(dba); {18 mg, 0.02 mmol) and Xant-Phos (9.4 mg, 0.02 mmol) in 1,4-dioxane (10 mL) was
stirred under N; at 80 °C overnight. After filtration, the filtrate was concentrated in vacuo and the

residue was purified by a standard method to give the desired products.

Example 1. Preparation of (S)-methyl I-methyl-5-oxopyrrolidine-2-carboxylate.

Compound 2 was prepared according to the following scheme, using the following protocol.

F
-
N E jﬁ T |
R ™
/’">\ K-COq, Mel & _NaOH J\ F_\C\ 5
A ARQ LR T ¢ &
HOOC® \ﬁ BF - MeOOC" 3 weQHTHFI0 HOOC UG! reacton \ff
C \.
p

Step A: (S)-Methyl I-methyl-5-oxopyrrolidine-2-carboxylate. To a mixture of (S)-5-oxopyro-
lidine-2-carboxylic acid (5.0 g, 38.8 mumol) in DMF (50 mL) were added anhydrous KoCO4 (16 g,
116 mmol) and iodomethane (16.4 g, 116 mmol) at room temperature The resulting mixture was
warmed to 40°C,stirred for 24 h and concentrated in vacuo. The residue was precipitated with
EtOAc (80 mL) and filtercd. The filter cake was washed with EtOAc¢ (2 x 10 mL). The combined
filtrates were concentrated and the residue was purified by column chromatography on silica gel
to give the desired product. 'H-NMR (400 MHz, CDCl3): 6 4.18 ~ 4,11 (m, 1H), 3.70 (s, 31,
2.87 (s, 3H), 2.56 — 2.29 (m, 3H), 2.16 — 2.04 (m, 1H). MS: 158.1 (M+1)".

Step B: (S)-1-Methyl-5-oxepyrrolidine-2-carboxylic acid. To a solution of (S)-methyl 1-methyl-
5-oxopyrrolidine-2-carboxylate (0.6 g, 3.8 mmol) in MeOH (6 mL) were added THF (2 mL),
H20 (2 mL) and NaOH (0.45 g, 11.4 mumol) at room temperature The resulting mixture was
stirred at room temperature for 18 h and then acidified with 2 N HCI to pI1=3-4 at 0°C. The

mixture was extracted with EtOAc (3 x 30 mL),the combined organic layers were dried over
75
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anhvdrous Na:SO: and concentrated to give the crude product as a yellow sobid (0.8 g) which

was used directly in the next step. MS: 142.1 (M-1).

Step C: Compound 2. 2-Chlorobenzaldehyde (117 mg. 0.83 mmol), 3-fluoroaniline (92.5 mg,
.83 mmol}, crude (S)-1-methvl-3-oxopyrrolidine-2-carboxylic acid (200 mg. ~60% purity, 0.83
mmol) and 1,1-difluoro-3-1socyanocyclobutane (119 mg, 90% purity, 1.0 munol) were used in the
UG reaction to give the desired product (diastercomeric mixture). "1 NMR (400 Mz, CDClz):
$8.532(d, J=4.9 11z, 0.211), &.16 (m. 0.311), 7.87 = 7.47 (. 2H1). 742 - 730 (m, 1), 7.25 -

7.0 (m. 2H3, 7.08 - 6,89 (m. 3301, 6.74 (d, J= 6.0 Hz, 0.7I1), 6.57 (in. 211). 4.42 - 4.26 (m,
1311}, 4.20 - 4.08 (m, 0.5H). 4.00 G, TED, 3.00 (m, 2H), 2.74 (. 31D, 263 182 (m. 6H). MS:
4941 (M=1)"

Fxample 2. Preparation of (8)-N-(1-(2-chlorephenyl)-2-((4,4-difluorocyclohexyl)amine)-2 —
oxocthyl)-N-(3-fluorophenyl)-S-oxopyrrolidine-2-carboxamide.
Compounds 3 and 4 were prepared according to the following scheme, using the following

protocol.

Compound 4

Step A. (8)-N-(1-(2-Chlorophenyl)-2-((4,4-difluorocyclohexylyamino)-2-oxocthyl)-N-(3-fluoro

~phenyl)-5-oxopyrrolidine-2-carboxamide. 3-Yluoroaniline (86 mg, 0.78 mmol). 2-
chlorobenzaldehyde (109 mg. 0.78 nunol). (5)-5-oxopyrrolidine-2-carboxylic acid (100 mg, 0.78
mmol) and 1,1-difluoro-4-isocyanocvelohexane (135 mg, 0.91 mmol) were used in the UGH

reaction to give the desired product. MS: 308.1 (M=17"
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Step B. (S)-N-((S)-1-(2-Chlorophenyl)-2-((4,4-difluorocyclohexyl)amino)-2-oxoethyl)-N-(3 -
[fluorophenyl)-5-oxo-1-(pyrimidin-2-yl)pyrrolidine-2-carboxamide and (8)-N-((R)-1-(2 -
chlorophenyl)-2-((4,4-difluorocyclohexyl)amino)-2-oxoethyl)-N-(3-fluorophenyl)-5-oxo-1-
(pyrimidin-2-ylpyrrolidine-2-carboxamide. A mixture of (§)-N-(1-(2-chlorophenyl) -2-((4,4-
difluorocyclohexyl)amino)-2-oxoethyl)-N-(3-fluorophenyl)-5-oxopyrrolidine-2 -carboxamide
(100 mg, 0.20 mmol), 2-bromopyrimidine (47 mg, 0.30 mmol), Cs,CO; (129 mg, 0.39 mmol),
Pda(dba); (18 mg, 0.02 mmel) and Xant-Phos (9.4 mg, 0.02 mmol) in 1,4-dioxane (10 mL) was
stirred under N at 80 °C overnight. After filtration, the filtrate was concentrated in vacuo and the
residue was purified by a standard method to give the desired products.
(S)-N-((S)-1-(2-chlorophenyl)-2-((4,4-difluorocyclohexyl) amine)-2-oxoethyl)-N-(3—fluoro -
phenyl)-5-oxo-1-(pyrimidin-2-yl)pyrrolidine-2-carboxamide. Compound 4 'H NMR (400 MHz,
CDCl;): 6 8.71 (d, J = 4.8 11z, 2H), 7.75 (m, LH), 7.33 (m, 21T), 7.18 (m, 111), 7.09 — 6.87 (m,
5H), 6.47 (s, 1H), 5.61 (d, J= 7.6 Hz, 1H), 4.86 (d, /= 6.6 Hz, 1H), 3.98 (m, 1H), 3.01 — 2.84 (m,
2H), 2.58 (m, 1H), 2.30 — 2.20 (m, 1H), 1.93 (m, 7TH), 1.47 (m, 2H); MS: 586.2 (M+1Y".
(S)-N-((R)-1-(2-Chlorophenyl)-2-((4,4-difluorocyclohexyl)amino)-2-oxoethyl)-N-(3-
fluorephenyl)-5-oxo-1-(pyrimidin-2-yl)pyrrolidine-2-carboxamide. Compound 3.'"H NMR

(400 MHz, CDCl3): 6 8.75 (dd, J= 4.8, 2.0 Hz, 2H), 7.40 (d, J= 7.8 Hz, 1H), 7.23 (s, 3H), 7.08
(dt,J=11.3, 6.3 Hz, 3H), 6.99 (d, /= 3.7 Hz, 1H), 6.27 (s, 1H), 6.13 ~5.92 (m, 1H), 5.02 (m,
{H), 4.76 (m, 1H), 3.92 (m, 1H), 2.88 (m, 1H), 2.67 - 2.46 (m, 1H), 2.44 - 2.19 (m, 2H), 2.00 (m,
8I1). MS: 586.1 (M+1)".

The following analogs werc synthesized via the procedures st forth above, using the
appropriate aldehyde, amine, carboxylic acid, isocyanide and halo-substituted-aromatic ring or
heteroaromatic ring using the reagents and solvents set forth above or similar reagents and
solvents thereof, and purified via standard methods.

Compound 6

¥4 ot

@ ”(),N
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'H NMR (400 MHz, CDCl3): 6 8.75 (d, J = 4.8 Hz, 2H), 7.35 (m, 3H), 7.25 ~ 6.81 (m, 5H), 6.28
(s, 1), 5.84 (d,.J= 7.5 Hz. 1H), 4.76 (m, 1H), 3.98 ~ 3.59 (m, 1H), 2.92 (m, 1H), 2.58 (m, 1H),
2.35 =220 (m, 1H), 2.07 (m, 1H), 1.83 {(m, 2H), 1.57 (m, 4H), 1.46 — 1.17 (m, 4H). MS: 550.2
(M+1)".

Compound 7
=

o

N

PR
S A REEN
~ O

"H NMR (400 MHz, CDCls): 8 8.73 (m, 2H), 7.80 s, 1H), 7.35 (s, 111), 7.23 - 6.72 (1, 6H),
6.47 (s, 1H),5.49 (d,J=7.7 Hz, 1H),4.87(d, /= 6.6 11z, 1H), 4.74 - 442 (m, 111),3.86 (d,J =

8.0 Hz, 1H), 3.19 — 2.77 (m, 1H), 2.56 (m, 1H), 2.44 - 2.21 (m, 1H), 2.13 - 1.73 (m, 4H), 1.60 (s,
2H), 1.26 (m, 4H). MS: 550.2 (M+1)".

Compound 49

F o) Q/
\O\g by

Ct

0

43

N

.

e,

'H NMR (400 MHz, CDCl3): § 8.69 (s, 2H), 7.76 (s, 1K), 7.49 — 6.68 (m, 7H), 6.44 (s, 1H), 6.19
(s, 1H), 4.93 (m, 3H), 2.23 (m, 8F). MS: 540.1 (M+1)".

Z.

Compound 51

S Lo

UI

I (3} N
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"H NMR (400 MHz, CDCls): 6 8.81 (d,J = 4.9 Hz, 1H), 8.66 (d, J= 2.7 Hz, 1H), 8.04 — 7.79 (m,
1H), 7.49 — 7.31 (m, 1H), 7.13 - 6.92 (m, 6H), 6.60 (m, 1H), 6.25 — 5.95 (m, 1H), 5.68 (m, 1H),
4.73 (dd, J = 16.0, 6.9 Hz, 1H), 4.39 (m, 1H), 2.98 (m, 3H), 2.53 (m, 4H), 2.14 — 1.93 (m, 1H).
MS: 592.1 (M+1)"

Conpound 5

F.‘
i
ey Q
N NZ/‘ "'<N\\"‘\‘o

g

N
L

'"H NMR (400 MHz, CDCL):  8.46 — 8.32 (m, 1.7H), 7.78 = 7.61 (i, 1.5H), 7.39 (m, 1.5H),
7.23 (m, 1.6H), 7.13 - 6.88 (m, 4H), 6.40 (m, 1H), 6.11 (m, 1H), 5.01 —4.77 (m, 1F1), 4.26 (m,
1H), 3.51 (d, J = 5.5 Tiz, 0.3H), 3.13 — 2.75 (m, 3H), 2.61 — 2.22 (m, 3H), 2.17 — 1.90 (m, 1H).
MS: 557.1 (M+1)".

Compound 10

/lF
AQO\
N TS0
[

i N

'"H NMR (400 MHz, CDCls): & 8.56 (m, 2H), 8.16 (s, 1.3H), 7.74 (s, 111), 7.36 (s, 2.611), 7.19 (s,
1H), 7.12 — 6.82 (m, 3H). 6.52 (m, 2H), 6.19 (m, 1H), 4.65 — 4.48 (m, 1H), 4.26 (m, 1.3H), 3.90
- 3,82 (m1, 0.3H), 2.87 (m, 3H), 2.64 — 1.98 (m, 6H). MS: 557.1 (M+1)".

Compound 41
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Y

F
F 0 ; M
=0
FAO\NH L
cl 0 =

N
\O)\/
'H NMR (400 MHz, CDCL): § 7.98 (m, 1H), 7.65 (m, 2H), 7.44 — 7.30 (m, 2H), 7.03 (m, 6H),
6.51 (m, 111, 6.36 (s, LET), 5.12 (d, J = 6.3 Hz, 1H), 4.33 (s, 15, 3.97 (s, 311). 3.10 — 2.63 (m,

3H), 2.60 —2.00 (m, 5H). MS: 587.1 (M+1)".

Compound 26
- F
E 0
3" N

OMe
TH NMR {400 MHz, CDCl3): 6 8.32 (m, 1H), 8.05 (t,J = 8.6 Hz, 1H). 7.69 (s, 1H), 7.45 - 7.30
(m, 1H), 7.25 ~ 6.78 (m, 6H), 6.38 (m, 2H), 4.88 (mn, 1), 4.33 (s, 1H), 3.89 (s, 3H), 3.11 - 2.72
(m, 3H), 2.66 ~ 2.29 (m, 3H), 2.23 - 1.86 (m, 2H). MS: 587.1 (M-+1)".

Compound 17

'H NMR (400 MHz, CDCL): 8 7.93 (m, 1H), 7.56 (m, 2H), 7.21 (m, 3H), 7.10 - 6.87 (m, 3H),
6.42 (1, 3H), 5.04 (m, 1H), 4.25 (m, 111), 3.97 (d. J = 6.1 iz, 3H), 3.10 - 2.69 (m, 31), 2.60 -
2.15 (m, 411), 2.12 — 1.87 (m, 1H). MS: 587.2 (M+1)".

Compound 28
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A o \)
(N /\/'\«*T »
C— © //:\“'-\
"I NMR (400 MHz, CDCl: ¢ 8.19 (m, 111), 7.79 —7.33 (1p, 31, 7.28 - 7.06 (m, 4H), 7.06 -
0.83 (im, 41), 6,47 — 6.32 (m, 211}, 5.09 —=4.91 (m. 1H), 4.25 (m, {11), 3.09 — 2.60 (m, 4H), 2.57
(s, 3H), 2.53 —~ 1.99 (m, 511). MS: S7LO (M+1)".

Compound 21

o4

q
C

F
A
\/‘\\,

e}

a
O#

11 NMR (400 MHz, CDCls): & .26 (d, J = 8.5 11z, 1H), 8.15 (s, 1)), 7.64 (s, 111), 7.48 (m, 111),
7.32(d,J= 7.5 Hz, 11D, 7.14 (i, 2HD), 7.04 - 6.83 (m, 31), 6.40 (s, 11D, 0.04 (s, 113), 4.89 (m.
. 451 (s, THD, 2.89 (m, 311, 248 (i, 21, 240 - 2.27 an. 3110, 2.26 184 (m, 3H). MS:
STL2 (MY,

Compound 27

"H NMR (400 MHz, CDCly): 6 830 8.15 (o 2H). 7.68 (s, 111y, 7.38 (m. 111}, 7.24 - 6.85 (m,
ol 646 6.16 (m, 21D, 4.94 id../ - 6.0 [z 1H). 4.32 (s, H1 310 274 (. 3. 260 - 243
(0. 200, 2,36 (m, 4H). 2,23 191 (. 20, MS: S7E20M=1)

Compound 15

81
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% ¢ 5
'H NMR (400 MHz, CDCL): § 8.17 (d, J = 8.3 Hz, 1H), 7.56 (m, 2F1), 7.25 — 6.96 (m, SH), 6.89

(m, 2H), 6.42 (s, 1H), 6.21 (s, 1H), 5.12 ~ 4.96 (m. 1H), 4.31 (m, 1H), 3.14 - 2.74 (m. 3H), 2.55
(s, 310), 2.51 = 2.28 (m, 3H), 2.20 (m, 1H), 2.05 — 1.87 (m, 1H). MS: 571.2 (M+1)".

Compound 25

F
F
ey N; Lo

D
© N"L\\

oy

TIZ

Cl
FsC
"H NMR (400 MHz, CDCl;):  8.72 (m, 11T), 7.88 (m, 1H), 7.65 (s, 1H), 7.57 — 7.30 (m, 21),
7.23 —7.09 (m, 2H), 7.02 (s, 2H), 6.96 — 6.83 (m, 1H), 6.44 (s, 1H), 6.05 (d, J = 6.5 Hz, 1H),
5.31 —4.93 (m, 1H), 4.33 (s, 1H), 3.02 (m, 2H), 2.86 (m, 11), 2.63 — 2.45 (m, 2H), 2.44 —2.23
(m, 2H), 2.01 (m. 1H). MS: 625.1(M+1)".

Compound 31

F
R G
0] ; =
. =G
L N N\ir.. N
O

H
Cl
CFs
'"H NMR (400 MHz, CDCls): § 8.91 - 8.34 (m, 2H), 8.03 (s, LH). 7.79 ~ 7.34 (m. 3EL), 7.22 —
6.75 (m, SH), 6.46 (s, 1H), 6.02 (d, J= 6.5 Hz, 1H), 4.95 (dd, J= 9.4, 3.1 Hz, 11}, 4.35 (s, 1H),

3.13 - 2.76 (m, 3H), 2.68 — 1.83 (m, 5H). MS: 625.1(M+1)".

Compound 39
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. F

R o e E
PAG\NJ\:/NW"C?:O
o, © %N
D

"H NMR (400 MHz, CDCL): § 8.65 (d, J = 23.6 Iz, 2H), 7.87 (s, 1H). 7.59 — 7.29 (m, 3H), 7.26
—6.71 (m, SH), 6.59 (s, 1), 6.28 (s, 1H), 4.83 (d, J= 8.2 Hz, 1H), 4.12 (s, 1H), 3.10 — 2.62 (m,
3H), 2.56 (m, 151), 2.36 — 1.84 (m, 4F0). MS : 625.1(M~1)".

Compound 40

QVF
[
0
FA& N \~-L/N>=0
N hij
° OKLJ’
FoC
"H NMR (400 MHz, CDCls): 6 8.74 (s, 1H), 8.53 (s, 1H), 7.71 (s, 1H), 7.31 (d, J = 8.3 Hz, 111),

7.25 - 6.80 (m, 6E1), 6.4 (s, 111), 6.08 (s, 111), 4.95 (m, 1H), 4.35 (s, LH), 3.15 — 2.76 (m, 3H),
2.66 —2.17 (mn, 4H). 2.03 (s. 1H). MS : 625.1(M+1)".

Compound 11

F
E
0 S D=
N O
N wl N

H

Ci /“ON/\
S Sy

e
"H NMR (400 MHz, CDCl3): § 8.29 (dd, J = 8.1, 2.0 Hz, 1H), 7.74 (m, 2H), 7.31 (m, 2H), 7.22 -
7.12 (m, 2H), 7.00 (s, 2H), 6.93 (m, 1H), 6.67 (dd, J = 7.9, 2.4 Hz, 1H), 6.46 (i, 1H), 6.06 (m,
1), 4.86 (m, 1H), 4.35 (m, 1H), 2.93 (m, 3H), 2.59 —2.39 (m, 2FD), 2.23 (m, 1H), 2.02 (m, 1H).
MS: 575.1 (M+1)".

Compound 29
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2
/FX/\ Q
LA \‘:D=0
YY)
Cw/.o.\;’\\
N
3
F

11 NMR (400 MHz, CDCLY: & £.40 (m, 1H). 8.24 (m, 1IN. 7.71 (d../ = 7.7 1z, 1H). 7.49 - 7.30
(m, 2H), 728 --7.21 (mn, 11, 7.12 (m. 2H), 7.04 — 6.88 (m, 311), 6.67 (mn, 111), 6.42 (s, 2H), 4.90
(m, 100). 4.27 (m, 1H), 3.07 - 2.76 (m, 311), 2.58 — 2.29 (m. 3I7). MS: 575.0 (M-+1)",

Compound 12

"IN NMR (400 MEHz, CDCl3): & 8.27 (m, 111), 7.64 — 7.30 (m. 31)), 7.27 — 6.62 (m, 7I1), 6.47 -

6.30 (m. 1H), 6.28 — 6.07 (m, 1t1), 5.00 — 4.55 (m, 1H). 4.26 (m, Li1), 3.12 - 2.67 (m. 3H), 2.65
- 236 (m. 311), 2.22 (m, 21 MS: 875 (M=1).
Compound 34
A

- i

A x
F 90

LA AN :}*C
Ao Ci!)
~\\) |5 Cl

I NMR (400 MHz, CDCl3): 6 RA7 (1.7 = 8.9 Hz, 1H). 7.63 (m, 2H), 7.49 — 6.84 (m, &), 6.44

(s. D). 394 (m. TH), 5.07 = 4.74 (o, 100, 4.25 (A, J= 51,6 Tz, 1. 3.10 - 2.67 {m. 311). 2.63 -
L85 (m, 51D, 1.25 s, 111, MS: 591 10M 1),

Compound 35

84
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F

F :
o
FﬂN | N\[r“-l\:}‘O
H
ci 0 @\
= Cl
"H NMR (400 MHz, DMSO-dq) : 8 8.38 (d, J = 8.2 Hz, 1H), 7.86 — 7.34 (m, 4H), 7.25 - 6.79 (m,

6H), 6.46 (s, 1H), 5.99 (s, 1H), 4.95 (d, J = 9.2 Hz, 11}, 4.34 (s, 1), 3.12 = 2.70 (m, 3H), 2.63 —
1.87 (m, 6H). MS: 591.1(M+1)".

Compound 48

I\F
i

8 L O
| o
N\g\. N
N7 Y
\\-
o

'H NMR (400 MHz, CDCl): & 8.59 — 8.19 (m, 2H), 7.82 — 7.57 (m, 2H), 7.45 — 7.34 (m, 2H),

7.01 (m. 4H), 6.45 (s, 111), 5.94 (s, 111), 4.89 (dd, J = 9.3, 3.1 Fiz, 1 H), 4.30 (m, 1H), 3.21 ~ 2.69
(m, 3H), 2.61 — 1.88 (m, SH). MS: 591.1(M+1".

C

N
H

Compound 33
F

F
O
FAQ\N N\“\\.E;\so
CT 2~ © O
X ) o =

"H NMR (400 MHz, CDCL): & 8.63 - 8.03 (m, 2H). 7.67 (s, 1H), 7.23 — 6.65 (m, 8H), 6.45 —
5.93 (m, 2H), 4.84 (m, 1H), 4.23 (m, 1H), 3.04 — 2.65 (m, 411, 2.65 — 1.83 (m, SH). MS:
591.1(M+1)".

Compound 36
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F

F
F o
ﬂN )LE/N \{r\‘-\rg\>:0

H AL O
geis;

P
'H NMR (400 MHz, CDCls): § 8.79 -~ 8.51 (m, 2H), 7.88 (s, 1H), 7.51 - 7.29 (m, 2H), 7.22 (m,
2H), 7.08 (t,J = 7.3 Hz, 1H). 6.99 (1, J = 7.2 Hz, 1H), 6.78 (s, 1H), 6.51 (d, J= 5.8 Hz. 1H), 6.28
(s, 1), 4.79 (m, 1H), 4.14 (s, 1H), 3.02 - 2.66 (m, 3H), 2.55 (m, 1H), 2.33 — 1.99 (m, 411). MS:
582.1(M+1)".

Compound 37
F

R
Cl— /@1
N

'"H NMR (400 MHz, CDCl;): 8 8.74 (s, 1H), 8.52 (s, 1H), 7.85 - 7.30 (m, 3H), 7.24 - 6.79 (m,
5H), 6.43 (s, 1H), 6.12 (s, 1H), 4.92 (d, J= 6.8 Hz, 1H), 4.34 (s, 1H), 2.90 (m, 3H), 2.64 —2.46
(m, 1H), 2.46 — 2.11 (m. 3H), 1.97 (m, 1H). MS : 582.1(M+1)".

Compound 47

'H NMR (400 MHz, CDCl3): 8 8.66 ~ 8.38 (m, 2H), 7.90 (d, J = 7.0 Hz, 1H), 7.68 (s, 1H), 7.37
(m, 1H), 7.25 — 6.80 (m, 6H), 6.44 (s, 11), 5.97 (d.J = 6.6 Iz, 111}, 491 (d, /= 6.7 Hz, 1H),
4.32 (s, 111), 3.30 — 2.78 (m, 4H), 2.41 (m, 4H), 2.02 (s, LH). MS : 582.1(M+1)".

Compound 16

86
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"H NMR (400 MHz, CDCl3): 8§ 8.58 (d,J = 9.3 Hz, 1H), 8.11 (d, J = 8.7 Hz, 1H), 7.97 (d, J= 8.5
Hz. 1H), 7.86 — 7.59 (m, 3H), 7.48 (m, 211), 7.18 (m, 3H), 6.97 (m, 3H), 6.38 (s, 1H), 6.11 (s,
1H), 5.20 (s, 1H), 4.30 (s, 1H), 3.09 —2.77 (m, 3H), 2.67 — 2.44 (m, 2H), 2.36 ~2.21 (m, 2H),
2.10 - 1.92 (m, 1I1). MS: 607.2 (M+1)".

Compound 1

N F

. ®
F

ﬂN O,

H \" N
¢ /k

kx)
3H NMR (400 MEiz, CDClg): 0 8.69 (_d, J=48Hz, QH), 7.71 (s, IH), 7.31 (m, 1H), 7.18 (im, 1H).
7.13 = 6.77 (m, 6H), 6.46 (s, 1H), 6.22 (s, 1H), 5.00 —4.62 (m, 1H), 4.35 (s, 1H), 3.19 - 2.71 (m,

3H), 2.69 — 1.83 (m, SH). MS: 451.2 (M+1)".

/

Compound 22
F
§ 0 :(\
:/b\N N \“-(N>:0
e
= Né\\)
x \Q-‘N

"H NMR (400 Mz, DMSO-dg): 8 8.15-8.01 (m, 1H), 7.62-7.52 (m, 1H), 7.31-6.69 (m, 9H),
6.24 (s, 1H), 5.65-4.66 (m, 1), 2.60 (m, 1H), 2.20-2.05 (m, 311}, 1.76-0.83 (m, 4H). MS: 451.2
(M+1)",

Compound 18
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'H NMR (400 MHz, DMSO-dg):  9.70 (s, 1H), 8.48 — 8.26 (m, 2H), 7.72 (s, 1H), 7.46 ~ 7.31 (m,
1H), 7.28 = 7.15 {m, 2H), 7.13 - 6.89 (m, 3H), 6.55 - 6.14 (m, 2H), 4.82 (m. 1H), 4.26 (m, 1H),
2.90 (m, 3H), 2.64 — 2.40 (m, 2H), 2.34 — 1.99 (m, 3H). MS: 558.1 (M+1)".

Compound 13

g 5{ I8

C||. /\
/L__/

'H NMR (400 MHz, CDCls): § 7.54 (d, J = 3.5 Hz, 1H), 7.45 — 7.29 (mn, 3H), 7.28 - 6.95 (m,
6H), 6.44 (d, /= 6.0 Hz, 1H), 6.24 (5, 1H), 4.92 (m, 1H), 4.25 (s, 1H), 3.11 —2.79 (m, 3H), 2.61
(m, 1H), 2.43 (m, 1H), 2.39 - 2.27 (1, 2H), 2.27 - 2.11 (m. 1H). MS: 563.1 (M+1)",

Compound 14
F
1Y
F N
N o "(;}*o

\Q/S
' NMR (400 Mz, CDCl): 8 7.66 (s, 1H), 7.48 (s, 1H), 7.35 (s, 1), 7.26 — 6.82 (m, 8H), 6.43
(s, 1H), 6.09 (d, J = 6.3 Hz, 1H), 4.98 (d, J= 8.7 Fiz, 1H), 4.34 (s, 1F), 3.08 — 2.84 (m, 21), 2.63
~2.36 (m, 4H), 2.32 (m. 1H), 2.15 (m, 1H). MS: 563.1 (M+1)",

Compound 23

88
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o @
'H NMR (400 MHz, CDCL): § 7.78 — 7.49 (m, 2H), 7.39 (im, 4H), 7.24 — 6.82 (m, 4H), 6.38 (m,

3H), 5.94 (m, 1H), 4.50 (m, 1H), 4.22 (m, 1H), 3.10 - 2.59 (m, 3H), 2.59 ~ 1.99 (. 6H). MS:
556.2 (M+1)".

Example 3. Preparation of (S)-N-((S)-1-(2-chlorophenyl)-2-(3,3-difluorocyclobutylamine) -
2-oxo0ethyl)-N-(3-fluorephenyl)-5-oxo-1-(thiazol-4-yl)pyrrolidine-2-carboxamide
Compounds 42 and 43 were prepared according to the following scheme, using the following

protocol.

F fS/ F
ST o- . s e

N -

Y TN
Cul, KzPO,, MW H o

Cl— ci N

ONHZ \§
“NH,

A mixture (25)-N-(1-(2-chlorophenyl}-2-(3,3-difluorocyclobutylamino)-2 -oxoethyl)-N-

Compound 43

(3-fluorophenyl)-5-oxopyrrolidine-2-carboxamide (200 mg, 0.417 mmol), 4-bromothiazole
(0.045 ml., 0.626 mmol, 1.5 eq), KsPO4 (124 mg, 0.585 mumol, 1.4 eq), Cul (8 mg, 0.1 ¢q) and
trans-1,2-diaminocyclohexane (0.24 eq) in dioxane (2 mL) was stirred at 110 °C under
microwave for 30 min, The resulting mixture was filtered through a Celite pad. The filtrate was
concentrated and the residue was purified by a standard method to give the desired product.
(S)-N-((R)-1-(2-Chlorephenyl)-2-(3,3-difluorccyclobutyiamino)-2-oxoethyl)-N-(3-
fluorophenyl)-5-exo-1-(thiazel-4-yD)pyrrolidine-2-carboxamide (Compound 42)
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0 ,E? O=o
°’©

"H NMR (400 MHz, CDCly): § 8.68 (d, J = 2.1 Hz, 1H), 7.65 (m, 5H), 7.30 - 6.90 (m, 4H), 6.47
(s, 1H), 6.23 (s, 1H), 4.88 (dd. J = 9.3, 3.0 Hz, 1H), 4.20 (s, 1H), 3.17 — 2.63 (m, 3H), 2.58 -
1.99 (m, SH). MS: 563.1 (M+1)".
(S)-N-((S)-1-(2-Chlorophenyl)-2-(3,3-difluorocyclobutylamino)-2-oxoethyl)-N-(3-
Sfuorophenyl)-5-oxo-1-(thiazol-4-yDpyrrolidine-2-carboxamide (Compound 43)

F
F-..
0
Ny N\[CN>=
H i
ci O N)ﬁ
-8
"H NMR (400 MIiz, CDCls): & 8.60 (s, 111), 8.06 — 7.56 (m, 2I1), 7.35 (s, 1H), 7.22 — 6.79 (m,
SH), 6.42 (s, 1H), 6.13 (s, 1H), 4.96 (d.J = 7.8 Hz, [H), 4.25 (m, 1H), 3.14 --2.70 (m, 4H), 2.63
—2.21 (m, 4H). MS: 363.1 (M+1)".

Example 4. Preparation of (8)-N-((S)-1-(2-chlorophenyl)-2-(3,3-difluerecyclobutylamino)-2
-oxoethyl)-N-(3-fluorephenyl)-5-oxe-1-(pyridin-2-ylmethyl)pyrrolidine-2-carboxamide

Compound 44 was prepared according to the following scheme, using the following protocol.

Suly Q&o ﬁff%

.—-..——>

: DU P

Compound 44. To a solution of (2S)-N-(1-(2-chlorophbenyl)-2-(3,3-difluorocyclobutyl -amino)-
2-oxoethyl)-N-(3-fluorophenyl)-5-oxopyrrolidine-2-carboxamide (200 mg, 0.42 mimol) in dry
DMF (20 mL) was added NaH (20 mg, 0.84 mmol) at 0 °C. The mixture was stirred at this 0 °C
for 0.5 h followed by addition of 2-(bromomethyl)pyridine (106 mg, 0.42 mmol). The mixture

90
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wag then allowed warm to room temperatwre and stirred overnight, The resulting mixture was
slowly added dropwise to 100 mL of water, and then exiracted with EtOAc (3 x 20 mL). The
combined organic lavers were washed with saturated aq. 1LiC, dried over anhvdrous Na;SO. and
concentrated in vacuo. The residue was purified by a standard miethod to afford the desired
product. “H NMR (400 Milz. CDCly): & 8.51 (s, 1H), 7.88 -~ 7.37 (. 311), 7.19 -~ 5.95 {m, 10H).
5.14 (m, 1H), 4.34 (m, 111}, 4.10 (m, 2H), 3.00 (m, 2H), 2.81 - 1.57 (m, 611). MS: 571.2 (M+1)".

Example 5. Preparation of (S)-N-((S)-1-2-chlorophenyl)-2-(3,3-difluorocyclobutylamine)-
2- oxocthyl)-N-(3-fluorophenyl)-3-hydroxy-2-(pyrimidin-2-ylamino)propanamide.

Compound 9 was prepared according w the following scheme. using the following protocol,

cHe o M
::\ﬁ 7
o {
- 2¢. NeCil I-"C; N # Fe
T e =0y
Hooo ST Moo Sy _ -
H H r~h UB| reaction:
NG
/ E r = i/F
B i "
N § N 0 f»&ﬂ\ o Y
V% N A ] —~Q
V\N N & N'ﬂ\_/N m(
H AN w2 AN
=y P O
Uy O
\/’ & \//

Step A: (S)-2-Oxooxazolidine-4-carboxylic acid. To a solution of NaOJT (0.8 ¢. 20 mmol) in
water (4 mL) was added (S)-2-(benzvloxyearbonyvlaminoe)-3-hyvdroxypropanoic acid (1 g, 4.2
mmol) portionwisc at 0 “C over 3 min. The resulting solution was warmmed to 1.t and stirred for 2
h. After cooling to 0 *C. the solution was adjusted to pH=1-2 with 2 N 1HCIL The mixture was
extracted with EtOAc (4 x 10 ml.). The combined organic lavers were dried over anhyvdrous
NazS0; and concentrated in vacuo to give the desired product as a white solid, "I NMR (400
Mlilz, DMSO-dg): § 13.93 — 12.30 (m. 111), 8.15 (s, 1H), 4.49 (t, /= 8.6 11z, 111}, 432 (m, 2H);
MS: 130.0 (M-1).

Step B: (48)-N-(1-(2-Cllorophenyl)-2-(3,3-diffuorocyclobutylamino}-2-oxoothyl)-N-(3-fluoro -
phenyl)-2-oxooxazolidine-4-carboxamide. 2-Chlorobenzaldcehvde (160 mg. 1.14 mmol). 3-

fluoroaniline (127 mg, 1.14 mmol). ($)-2-oxooexazolidine-4-carboxvlic acid (150 ma. 1.14 mumol)

Gl
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and 1.1-difluoro-3-isocvanocyclobutane (181 mg, 90% of purity. .37 mmol) were used in the
LGl reaction to give the desired product as a white solid. [T NMR 400 MIlz. CDCls): 8 8.15-
RO an, ). 7.62-7.52 (m, 1) 7.51-6.69 (m. 9H), 6.24 (s, 111, 5.05-4.66 (m. 4H). 2.60 (m,
T, 2.20-2.05 (m, 311, 1.76-1.531 (m, SHy, 1.29-0.83 (m. SH) MS: 48201 (M~1)-.
Step C: (S)-N-((R)=1-(2-Chlvrophenyl)-2-(3,3-difluorocyclobuiylamine)-2-oxocthyl}-N-(3- -
Sluorophenyl)-2-oxo-3-(pyrimidin-2-yhoxazolidine-4-carboxamide and (S)-N-((S)-1-(2-chloro
-phenyl)-2-(3,3-difluorocyclobutylumino)-2-oxoethyl)-N-(3-fluorophenyl)-2-oxo0-3-(pyrimidin-
2-vhoxazolidine-4d-carboxamide. A mixture of (48)-N-(1-(2-chlorophenyl)-2- (3.3-
difluorocyclo-butyvlamino)-2-oxocthyl)-N-(3-fluorophenyl)-2-0xooxazolidine-4-carboxamide
(350 mg, 0.73 mmol), 2-bromopyrimidine (130 mg, 0.94 mmol). Cs:CO: (5300 mg. 1.32 mmol),
Pdatdba): (66 mg. 0.07 mmol) and Xant-Phos (42 mg. 0.07 mmol) in [ 4-dioxane (15 mL) was
stirred under N> at 80 C for 18 h and then filtered through a Celite pad. The filtrate was
concentrated in vacuo and the residue was purified a standard method 10 give (S)3-V-((R)-1-(2-
chlorophenyl)-2-(3,3-difluorocyelobutylamino}-2-oxoethyl )-N-{ 3-fluorophenyl)-2-0x 0-3-
(pyrimidin-2-yhoxazolidine-4-carboxamide (8). 'H NMR (400 MHz. CDCl): 8 8.73 (d, J= 4.8
Hz, 21), 7.95 (s, 0.811). 7.74 (s, .21, 7.41 {d. J = 7.5 Hz, 1.611), 7.24 (t../ = 7.2 Hz. 1H), 7.17 -
6.94 (m, 4.3M), 6.73 (d. J ~ 6.7 Flz. 1H). 6.48 (d, J=73.8 [z 2{1), 4.93 (5. 11), 4.41 (dd. J = 8.6.
4.8 1z 11D, 4.29 (1. /= 8.6 Hz. 1. 4104 (m, 111, 2.80 (e 2H) 2.2 (s DL 2048 = 2.07 (my,
11 MS: 360.1 (M1, and (5)-N-(1.8)-1-(2-chloro-phenyl )-2-(3 3-difTuorocveio-butvlamino)-2-
oxoethy)-N-(2—fluore -phenvh-2-oxo0-3-(pyrimidin-2-vhoxazolidine-4-carboxamide (9. 'H
NMR (400 MHz, CDCl3): 6 8.68 (d.J = 4.8 11z, 2H), 7.65 (s, 1D, 7.30 (s, 1), 7.18 (s, 1H),
713 6.86 (m, SH), 6.50 (s. 11D, 638 (i, TH). 5.00 (m, 111), 4.43 (dd. J = 8.7, 4.8 Hz, 1H),
4.32 (m, 1H), 4.20 (m. TH), 2.99 (ui. 211), 2.50 (m, 2H). MS: 560.1 (M 1),

Lxample 6. Preparation of (S)-N-({$)-1-(2-chlorephenyl)-2-((3,3-difluorecyclobutyl) -
amino)-2-oxoethyl)-N-(3-fluorophenyD-¢-oxo-1-(pyrimidin-2-yvhpiperidine-2-carboxamide
Compounds 19 and 20 were prepared according to the following schene, using the following

protocol,
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Step A. (5)-6-Oxopiperidine-2-carboxylic acid. A solution of (S)-2-aminohexanedioic acid (470
mg, 2.9 mmol) in 20% AcOH (5 mL) was stirred at 110 °C overnight. The solvent was removed
in vacuo and the residue was dissolved in EtOH (10 mL). The unreacted amino acid was
precipitated and filtered off. The filtrate was concentrated to give the crude desired product
which was used directly in the next step. MS; 142.1 (M-1).
Step B. (S)-N-(1-(2-Chlorophenyl)-2-((3,3-difluorocyclobutyl)amine)-2-oxoethyl)-N-(3-fluoro
-phenyl)-6-oxopiperidine-2-carboxamide. 3-Fluoroaniline (217 mg, 1.96 mmol), 2-chloroben-
zaldehyde (274 mg, 1.96 mmol), (S)-6-oxopiperidine-2-carboxylic acid (280 mg, 1.96 mmol) and
1,1-difluoro-3-isocyanocyclobutane (280 mg, 1.96 mmol) were used in the UGI reaction to give
the desired product. MS: 494.1 (M+1)".
Step C. (8)-N-((8)-1-(2-Chlorophenyl)-2-((3,3-difluorocyclobutyl)aminoe)-2-oxoethyl)-N-(3 -
fluorophenyl)-6-oxo-I-(pyrimidin-2-ylpiperidine-2-carboxamide and (§)-N-((R)-I-(2-chloro -
phenyl)-2-((3,3-difluorocyclobuiyljamino)-2-oxoethyl)-N-(3-fluorophenyl)-6-oxo-1-
(pyrimidin-2-yl)piperidine-2-carboxamide A mixture consisting of (1R)-N-(1-(2-chlorophenyl) -
2-((3,3-difluorocyclobutylyamino)-2-oxoethyl)-N-(3-fluorophenyl)-3-0x0-2-(pyrimidin-2-
ylhcyclohexanecarboxamide (250 mg, 0.51 mmol), 2-bromopyrimidine (121 mg, 0.76 mmol),
Cs,CO;3 (331 mg, 1.01 mmol), Pdy(dba)s (46 mg, 0.05 mmol) and Xant-Phos (29 mg, 0.04 mmol)
in 1.4-dioxane (15 mL) was stirred under N; at 80 °C overnight and then filtered. The filtrate was
concentrated in vacuo and the residue was purified by a standard method to give the desired
products.
(3)-N-((S)-1-(2-Chlorophenyl)-2-((3,3-difiuorocyclobutylyamino)-2-oxoethyl)-N-(3—fluoro -
phenyl)-6-oxo-1-(pyrimidin-2-yl)piperidine-2-carboxamide (Compound 19). 'H NMR (400
MHz, CDCly): 6 8.73 (m, 2H), 7.70 (s, 1H), 7.26 - 6.95 (m, 6H), 6.87 (t,J = 7.2 Hz, 1), 6.53 (s,
93



WO 2613/107291 PCT/CN2013/0040068

TH)Y 6.33 (s UL 477 (doJ = 33 Ha 1. 433 (s, 1H), 3.0 (L J =85 Hz, 2H), 2.85 - 228 (m,

(S)~N~(_(R)-I-_(Z-('hluru—phmg-'l_)-Z-( (3,.?-dijluoroqvclobutyl)amino)-.?-o.\—:mthyl)-;\’-(;?uﬂm)m -
phenyl)-6-o0xo-1-(pyrimidin-2-yl)piperidine-2-carboxamide (Compound 20). "I NMR (400
MHz, CDCl3): 6 8.74 (d. ./ = 4.8 Hz, 211), 7.99 (i, 1H). 7.56 - 7.32 (m. 111). 7.27 - 0.85 (m, 6H),
6.72 (s, TH), 6.51 (m, 1), 4.67 - 4.48 (m, 111), 4.34 - 4.0] (m, [I1), 2.95 - 2.60 (m, 2[1), 2.59
2.40 (m, 1FD). 2.40 - 2,19 (1. 23, 2,15 - 2,00 (m, 2H). 1.97 — 1.59 (m, 411). MS: 3710 (M+1)",

Example 7. Preparation of (S)-N-((5)-1-(2-chlorophenyl)-2-((3,3-difluorocyciobutyhamino)-
2 ~oxoethyvh-N-(3-fluorophenyl)-5-oxo-4-(pyrimidin-2-vi)morpholine-3-carboxamide

Compound 30 was prepared according to the following scheme, using the following protocol.

NGl

\ 1 Nﬂf i, Thi
I8 L H PR ~ /,;‘_;.\
NH, \,.7 4y [ J\\ o, H —_— i
HC. OH —— I"('}\(}\\/"Iv!' aTealoN - ;}5{:'.':’(,"‘\7‘{' 0T P‘GQC“.\\IAO
i Z. NasH, i 2. Enie, 1PEA H -2 P
o) S
B o
UGlreaction Fy i
—————— - - u—'\M
H

Step A: (S)-3-Hydroxy-2-(4-methoxyhenzylamino)propanoic acid. (S)-2-amino-3-hvdroxy -
propanoic acid (8.4 g, 80 mumol) was dissolved in a solution of NaOH (3.2 ¢. 80 mmol) in 11-0

-

(40 mL). After cooling w0 10 7C. 4-methoxvhenzaldehyde (21.7 ¢, 160 mmnf) was added
dropwise over 10 min. The mixture was stirred at room temperature for 20 min and then cooled
t0 0°C. NaBlH: (1.67 e, 44 mmol) was added portionwise and the resulting mixture was warmed
slowly to r.t and stirred for 2 h. The mistore was washed with EGO (2 x S0 ml). The agueous
phase was adjusted to pi 4.5 with 2 N HCl at 0 °C. The precipitaie was filtered. washed with
petroleum ether (20 mL) and dried in vacuo to give the desired product as a white solid. MS:
226.1 (M+1)".

Step B: (S)-Benzgyld-(4-methoxybenzyl)-5-oxomorpheline-3-carboxylate. (5)-3-Hvdroxy-2-

((4-methoxybenzyhyamino)propanoic acid (5.0 g, 22 mmol) was dissolved in a solution of NaOIT
(L.15 g 29 mmol) in { 1:O (60 mi.). Afier cooling to 0 “C, 2-chloroacetyl chloride (3.6 ml.. 44
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punol) was added dropwise followed by ag, NaOH (3076 wt) to keep pH 13, After stirring for
another 4 h, the reaction was cooled to 0 “C and acidified with 2 N HC to adjust pI1-2~3, The
resulting mixtare was oxtracted with LtOAc (2 x 30 mL). The combined organic layers were
dricd over anhvdrous Na-SO. and concentrated. The residue was dissolved in acctone (150 mL)
and then treated with BnBr (9.7 g, 51 nunol) and DIPEA (19 mL., 111 mmol). The reaction
mixture was stirred for 24 h af room temperature and concentrated in vacuo. The residue was
purified by column chromatography to afford the desired product as a white solid. MS: 356.1
(MY

Step C: (S)-Benzyl S-oxomorpholine-3-carboxylate, To a solution of (S)-benzyl 4-(4-
nethoxybenzyl)-S-oxemorpholine-3-carboxyvlare (200 mg, 0.56 mmol) in CH:ON (5 ml.y and
H-O (5 mL) was added CAN teerie amumonium nitrate) 11.5 ¢, 2.8 mumoly at 0 “C. The resulting
mixture was stirred at 0 °C for | h. DIPTA was added at 0 °C to adjust the pl1 o 67 and the
nmixture was concentrated in vacuno. The residue was purified by column chromatography to
afford the desired product as a white solid. MS: 236.1 (M=1)".

Step D: (8)-3-Oxomorpholine-3-carboxylic acid, To a mixture of (S)-benzyl S-oxomorpholine-
3-carboxylate (160 mg, 0.7 pumol) in McOH (8 mL) was added 10% Pd/C (about 5 mg). The
reaction was stirred under an atmosphere of hvdrogen for 30 min at room temperature. The
reaction mixture was filtered through a Celite pad and concentrated in vacuo 1o afford the desired
product as a white solid. MS: 1401 (M= 1),

Step E: (8)-N-((5)-1-2-Chlorophenyl)-2-((3,3-difluorocy clobutyl)amino)-2-oxoetliyl)-N-(3 -
Sluorophenyl)-5-oxomorpholine-3-carboxamide. 3-Chlorobenzaldehyde (104 mg, 0.74 mmol),
R-fluoroaniline (83 myg, 0.74 nmol), ($)-5-oxomorpholine-3-carboxylic acid (108 mg, 0.74
mmol) and 1,1-difluoro-3-isocvanocyelobutane (248 mg, 1.48 mmol) were used in the UGL
reaction to afford the desired product. MS: 496.1 (M+1)".

Step F: Compound 30. A mixture of (S)-N-((5)-1-(2-chlorophenyl)-2-((3,3-difluoro -
cyclobutyl)amino)-2-oxoethyh)-N-(3-flucrophenyl)-5-oxomorpholine-3-carboxamide (100 mg,
0.2 mmol}, 2-bromopyrimidine (36 mg. (.22 mmol), Pdp(dba); (28 mg. 0.03 mmol). XantPhos
(16 mg, 0.03 mmol) and Cs:COy (160 mg, 0.3 mmol) in 1,4-dioxane (4 ml.) was stirred at 100 °C
for 3.5 b under N:. The reaction mixture was then cooled to room temperature and filtered. The
sobid was washed with DCM (2 x 20 ml.). The filtrate was evaporated and the residue was

G3
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purified by a standard method to afford the desired product. 'H NMR (400 MHz, CDCls): 6 8.77
(m, 2H), 7.85 {(m, 1H), 7.41 (s, 1H), 7.28 = 7.21 (m, 1H), 7.21 ~ 7.10 (m, 2H), 7.09 — 6.90 (m,
3H), 6.87 (m, 1H), 6.68 — 6.33 (m, 2H), 4.80 (m, 1H), 4.43 — 4.22 (m, 2H), 4.13 (mm, 2H), 3.94 (m,
1H), 2.99 (m, 1H), 2.86 (m, 1H), 2.63 — 2.26 (m, 2H). MS: 474.1 (M+1)"

Example 8.
The following analogs were synthesized via the procedure set forth above, using the appropriate
aldehyde, amine, carboxylic acid, isocyanide and halo-substituted aromatic ring or heterocyclic
(heteroaromatic) ring using the reagents and solvents set forth above, and purified via standard
methods.
(28)-N-(1-(2-Chlorophenyl}-2-((3,3-difluorocyclopentyl)amino)-2-oxoethyl)-N-(3-flucro
phenyl)-5-ox0-1-(pyrimidin-2-yl)pyrrolidine-2-carboxamide (racemic) — Compound 73
F
rS Q/
0
b N &0
YT N
dzli 2 o] N}\‘\\I
oW
'H NMR (400 MHz, CDCl3): § 8.71 (d, J = 4.8 Hz, 2H). 7.72 (s, 1H). 7.37 (s, 1H), 7.18 (s, 1H),
7.11 - 6.85 (m, 5H), 6.47 (s, 111), 5.70 (d, J= 7.3 Hz, 1H), 4.86 (d, /= 7.0 Hz, 1H), 453 (d,/=
6.3 Hz, 1TH), 3.51 (5, 1H), 2.95 - 2.88 (m, 1H), 2.64 —2.47 (m, 2H), 2.40 — 1.65 (m, 8H). MS:
572.2 (M+1)".
(S)-N-((S)-1-(2-Chlorophenyl)-2-(3,3-difluorocyclobutylamino)-2-oxoethyl)-1-(4-cyanopyri
din-2-y1)-N-(3-fluerophenyl)-5-exopyrrolidine-2-carboxamide (single enantiomer) —
Compound 64 '

R F

|
O § T O
NN
o Nﬁ

S CN

"H NMR (400 MHz, CDCL): 8 8.74 (s, 1H), 8.52 (s, 1H), 7.72 (d, J = 7.1 Hz, 1H), 7.43 — 7.33
(m, LE), 7.25 - 7.17 (m, 1H), 7.13 = 6.81 (m, 4H), 6.43 (s, 1H). 6.12 (s, 11T). 4.92 (d, J = 6.8 Hz,
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1H), 4.37 - 4.28 (m, 1H), 3.10 - 2.82 (m, 3H), 2.59 - 2.49 (m, 2H), 2.42 - 2.36 (m, 1H), 2.31 ~
2.22 (m, 1H), 2.06 - 1.88 (m, 2H). MS: 582.1 (M+1)".
(S)-1-(4-Cyanopyridin-2-yD)-N~{(S)-2~((3,3-difluorocyclobutyl)amine)-2-oxo-1-phenylethyl)-
N-(3-fluorophenyl)-5-oxopyrrolidine-2-carboxamide (single enantiomer) — Compound 138

N7

F - ;\ I
Fﬂﬂ i N\Ww.f,q}o
; & \

=~/ =y
'H NMR (400 MHz, CDCLs): § 8.78 (s, 1H), 8.44 (d, J= 4.9 Hz, 1), 7.65 (s, 1H), 7.39 - 7.15
(m, 6H), 7.14 - 6.92 (m, 4H), 6.65 (m, 1H), 6.16 (s, 1H), 5.82 (s, 1H), 4.86 (d, J = 6.8 Hz, 1H),
4.31 (s, 1H), 3.15 -~ 2.77 (m, 3H), 2.68 ~ 1.91 (m, SH). MS: 548.2 (M+1)".
(S)-1-(4-Cyanopyridin-2-y)-N-((5)-2-((3,3-difluorocyclobutyl)amine)-1-(2-fluorophenyl)-2-
oxoethyD)-N-(3-fluorophenyl)-5-oxopyrrolidine-2-carboxamide (single enantiomer) ~
Compound 149

Fi\
-
o 8O-
N %
N NN
H i
F ON/\

o

TH NMR (400 MHz, CDCL): 8 8.74 (m, 1H), 8.50 (d, J= 4.2 Hz, 1H), 7.65 (s, IH), 7.45 - 7.14
(m, 4H), 7.13 - 6.69 (m, SH), 6.25 (m, 2H), 4.88 (dd, /= 9.2, 3.1 Hz, 1H), 4.33 (s, 1H), 3.21 -
2.72 (m, 3H), 2.65 — 1.88 (m, 5SH).MS: 566.2 (M-+1)".
(S)~N-((S)-1-(Z—Chlorophcnyl)-l—((3,3—-d.iﬂnorocyélobulyl)amino)w?.-oxoethyl)-1-(4-
cyanopyri midin-2-yl)-N-(3-fluorophenyl)-3-oxopyrrolidine-2-carboxamide (singie

enantiomer) - Compound 68

F
e
F’\O\ i N \“«.&O
N b LY
cl

o
N &N
f NT
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'H NMR (400 MHz, CDCls):  8.95 (d, J = 4.7 Hz, 1I1), 7.68 (s, 1H), 7.34 (d, J = 4.6 Hz, 2H),

1H), 4.33 (s, 1H), 2.91 (m, 3H), 2.64 ~ 2.26 (m, 4H), 2.01 (s. 1H). MS: 583.1 (M+1)".
(S)-N-((S)-1-(2-Chloerephenyl)-2-((4,4-difluorocyclohexyl)amino)-2-oxocthyl)-1-(4-cyanopy
rimidin-2-yl)-N~(3-fluorophenyl)-5-oxepyrrolidine-2-carboxamide (single enantiomer) —

Compound 85

F
L4
Fﬁm N\n\v'E(}ko
Cl- o] N),\,:;

s
"H NMR (400 MHz, CDCL): § 8.98 (d, J = 4.7 Hz, 1H), 7.74 (s, 1H), 7.38 (dd, J= 11.2, 5.7 Hz,
2H), 7.06 (m, 5H), 6.52 (s, 1H), 5.47 (d, J= 7.7 Hz, 1H), 4.85 (d, /= 9.2 Hz, 1H), 3.99 (s, 1H),
2.93 (dd, J = 18.6, 8.9 Hz, 1H), 2.62 (d, J = 9.5 Hz, 1H)., 2.36 (s, 111), 1.97 (m, 7H), 1.57 ~ 1.38
(m, 2H). MS: 611.2 (M+1)",
(8)-N-((S)-1-(2-Chlorophenyl)-2-((3,3-difluorocyclobutyl)amino)-2-exoethyl)-N-(3,5-

difluoro -phenyl)-5-oxo-1-(pyrimidin-2-yl)pyrrolidine-2-carboxamide (single enantiomer) —

Compound 70

'H NMR (400 MHz, CDCls): 8 8.70 (d, J = 4.8 Hz, 2H), 7.60 (s, 1H), 7.37 (d. J = 8.0 Hz, 1H),
7.26 —7.19 (m, 1H), 7.13 — 7.04 (m, 2H), 7.03 — 6.97 (i, 1H), 6.86 (s, 1H), 6.69 (dd, J=9.8,7.6
Hz, 1H), 6.46 (5, 1), 6.07 (d, J= 6.7 Hz, 1 H), 4.87 (dd, J= 9.1, 3.1 Hz, 1H), 4.36 (s, 111}, 3.11
~2.83 (m, 3H), 2.64 - 2.34 (m, 3H), 2.21 (m, 1H), 2.10 - 1.97 (m, 1H). MS: 576.1 (M+1)".
(S)-N-((S)-1-(2-Chlorophenyl)-2-((3,3-difluorocyclobutyl)amino)-2-oxoethyl)-1-(4-
cyanopyri din-2-yl1)-N-(3,5-difluorophenyl)-5-oxopyrrolidine-2-carboxamide (single

enantiomer) — Compound 71
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o1 o

N

au\ CL
CN

11 NMR (400 MHz, CDCls): § 8.73 (d, J = 7.1 Hz, 1H), 8.60 - 8.46 (m, 1H), 7.56 (d,J = 7.7 Hz,
18), 7.38 - 7.32 (m, 1H), 7.31 - 7.27 (m, 1H), 7.26 - 7.18 (m, [H), 7.14 - 7.00 (m, 1H), 6.96 (m,
111), 6.85 (s, I1H), 6.69 (m, 1H), 6.40 (s, 1H), 6.02 (d, J = 6.6 Hz, 1H), 4.98 - 4.74 (m,1H), 4.39 -
4.10 (m, 1H), 3.11 - 2.67 (m, 3H), 2.64 - 1.95 (m, SH). MS : 600.1 (M~+1)".
(S)-N-((S)-1-(2-Chierophenyl)-2-((3,3-difluerocyclobutyl)amino)-2-oxoethyl)-1-(4-cyanopy

rimidin-2-yl)-N-(3,5-difluorophenyl)-5-oxopyrrolidine-2-carboxamide (single enantiomer) —

Campoand 86
: -
O U,

"H NMR (400 MHz, CDCls): § 8.98 (d, J = 4.8 Hz, 1H), 7.56 (s. 1H), 7.40 (m. 2H), 7.23 (t, J =
7.0 Oz, 111), 7.08 (t,/ = 7.6 Hz, 1H), 7.01 — 6.84 (m, 2IT), 6.71 (t, J= 8.6 Hz, 1H), 6.51 (s, 1),
6.00 (d, J= 6.7 Hz, 1I1), 4.85 (dd. J = 9.3, 2.7 Hz, 1H), 4.36 (s, 1H), 3.15 ~ 2.80 (m, 3H), 2.67 -
2.26 (m, 4H), 2.08 (dt, J= 9.7, 8.1 Hz, 1H). MS: 601 (M+1)".
(8)-N-((S)-1-(2-Chlerephenyl)-2-(3,3-diflnorocyclobutylamine)-2-oxoethyl)-1-(4-cyanopyri -
din-2-yl)-5-0x0-N-(3-sulfamoylphenyl)pyrrolidine-2-carbexamide (single enantiomer) -

Compound 53

U N\f @0

/
\r\/l L/\CN
'H NMR (400 MIz, CDCls): & 8.74 (s, 1H), 8.50 (s, 111), 7.73 (d, J = 7.5 Hz, 1H), 7.33 (d, J =
9.3 Hz, 1H), 7.25 ~ 6.80 {m, 6H), 6.40 (s, 1H), 5.61 (d, /= 6.9 Hz, 1H), 4.91 (d, J = 8.0 Hz, 11]),
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3.97 (s, LH), 2.99 - 2.79 (m, 1H), 2.55 (dd, /= 13.7, 9.9 Hz, 1H), 2.25 (1, /= 11.3 Hz, 1H), 2.03
~1.74 (m, 5H), 1.56 — 1.36 (m, 2H). MS: 610.2 (M+1)".
(28)-N-(1-(2-Chlorophenyl)-2-(4,4-difluorocyclehexylaming)-2-oxoethyl)-1-(4-
cyanopyridin-2-yI)-N-(3,5-difluorophenyl)-S-oxopyrrolidine-2-carboxamide (single

enantiomer) — Compound 81

Um%

'H NMR (400 MHz, CDCLs): § 8.75 (s, 1H), 8.51 (d,J= 5.0 Hz, 1H), 7.62 (d, J = 9.0 Hz, [H),
7.37(d, /=79 Hz, 1H),7.27(d.J=5.1 Hz, 1H), 7.22 (t, J=7.7 Hz, 1H), 7.06 (t, J= 7.5 Hz,
1H), 6.99 (d,J = 6.9 Hz, 1H), 6.88 (d, J = 7.4 Hz, 1H), 6.69 (t, J= 8.6 Hz, 1H), 6.41 (s, 1H),
5.69(d,J=7.8 Hz, 1H),4.95(dd, J= 9.3, 3.2 Hz, 1H), 3.98 {m, 1H), 2.95 - 2.84 (m, 1II), 2.65 —
2.55 (m, 1H), 2.30 - 2.20 (m, 1H), 2.05 - 2.12 (m, 1H), 2.03 (s, 2H), 1.94 — 1.78 (m, 2H), 1.68 —
1.35 (m, 3H), 0.85 — 0.95 (m, 1H). MS: 628.2 (M+1Y",
(S)-N-((S)-1-(2-Chlorophenyl)-2-((4,4-difluerocyclohexyl)amino}-2-oxoethyl)-1-(4-cyanopy

rimidin~2-y1)-N-(3,5-difluorophenyl)-5-oxopyrrolidine-2-carboxamide (single enantiomer) —

Compound 87
F
. \@r
. Y o
;’flk/w\af“‘k“ o
Cl\é O N

'H NMR (400 MHz, CDCL;): 8 8.97 (d, J = 4.8 Hz, 1 H), 7.60 (d, J= 8.7 Hz, 1 H), 7.46 — 7.34
(m, 2 H), 7.22 (t,J=7.8 Hz, 1 H), 7.06 (t, /= 7.6 Hz, 1 H), 7.00 ~ 6.87 (in, 2 H), 6.70 (t, J= 8.6
Hz, 1 H), 648 (s, 1 H), 5,64 (d,J=77Hz, 1 H),4.86(dd,/=9.3,27Hz, 1 B),3.98(d,J=77
Hz, 1 H), 2.96 - 2.86 (m, 1 1), 2.63 — 2.55 (m. 1 H),2.37 ~2.29 (m, 1 H), 2.15 - 1.99 (m, 5 H),
1.96 — 1.77 (m, 2 H), 1.61 — 1.34 (m, 2 H). MS: 629.2 (M+1)",
(S)-1-(4-Cyanopyridin-2-y1}-N-((S)-1-(2,4-dichlorophenyl)-2-((3,3-difluerocyclobutyl)amine)
-2-oxo0ethyl)-N-(3,5-difluorophenyl)-5-oxopyrrolidine-2-carboxamide (single enantiomer) —
Compound 196
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VN ©
al o 7 )
A /0N

[ot
"H NMR (400 MHz, CDCl3): 8 8.77 (s, 1H), 8.49 (d, J= 5.1 Hz, 1H), 7.56 (s, 1H), 7.40 (d, J =
2.1 Hz, 1H), 7.30 (s, 1H), 7.08 (dd. J = 8.4, 2.1 Hz, 1H), 6.97 (d, J= 8.4 Hz, 1H), 6.90 (s, 1H),
6.79 - 6.72 (m, 1H}, 6.35 (s, 1H), 5.99 (d, /= 6.6 Hz, 1H), 4.93 (dd, J = 9.3, 3.1 Hz, 1), 4.33 (s,
1H), 3.12 — 2.95 (m, 2H), 2.95 - 2.83 (m, 1H), 2.66 —2.32 (m, 31), 2.24 - 2.18 (m, 1), 2.12 -
£.99 (m, 1H). MS: 634.1 (M+1)".
(S)-1-(4-Cyanopyridin-2-y1)-N-((S)-1-(2,5-dichlorophenyl)-2-((3,3-diflusrocyclobutyl Jamino)
-2-oxocthyl)-N-(3,5-difluorophenyl)-5-oxopyrrolidine-2-carboxamide (single enantiomer) -
Compound 201

F\Q/F

R 2

O

O AL

N

'S Q!
|/!oN,\
NN O

"H NMR (400 MHz, CDCLy): 8 8.76 (s, 111), 8.49 (dd. J = 5.0, 0.6 Hz, 1H), 7.58 (s, 1H), 7.30 (t,
J=52Hz, 2H), 7.22 (dd, J= 8.6, 2.5 Hz, 111}, 7.02 (d, J = 2.4 Hz, [H), 6.88 (s, 1I1), 6.76 (1, J
= 8.6, 2.3 Hz, 1H), 6.34 (s, 1H), 6.14(d, /= 6.8 Hz, 1H), 4.94 (dd, /= 9.3, 3.2 Hz, 1H), 443 -
4.28 (m, 1H), 3.09-3.02 (m, 2H), 2.93 - 2.84 (m, 1H), 2.65 - 2.32 (m, 3H), 2.27 - 2.16 (m, 1H),
2.14 - 2,00 (m, 1H).MS: 634.1 (M+1)",
(S)-1-(4-Cyanopyridin-2-y1)-N-((S)-1-(2,6-dichlorophenyl)-2-(3,3-difluerocyclobutylamine)-
2-oxoethyl)-N-(3-fluorophenyl)-5-oxepyrrolidine-2-carboxamide (single enantiomer) -

Compound 63
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'H NMR (400 MHz, CDCl3): & 8.77 (s, 1H), 8.45 (t,J = 5.6 Hz, 1H), 7.88 (t,.J = 10.0 Hz, 111),
7.40 —7.32 (m, 1H), 7.26 - 7.21 (m, 2H), 7.10 - 7.05 (m, 2H), 6.92 (d, /= 2.4 Hz, 1H), 6.62 (d,
J=8.6 Hz, 1H), 5.53 (d, J == 5.3 Hz, 111), 4,84 — 4.75 {m, 1H), 4.40 (s. 111}, 3.06 - 2.92 (m, 3H),
2.65—2.42 (m, 4H), 2.18 - 2.02 (m, 1H). MS: 616.1 (M+1)".
(S)-1-(4-Cyanopyridin-2-yl}-N-((S)-1-(2,6-dichloropheny])-2-((3,3-difluorocyclobutyl)
amine) -2-oxoethyl)-N-(3,5-difluorephenyl)-5-oxopyrrolidine-2-carboxamide (single

enantiomer) — Compound 199
F. F

=0 f w—@*o
cP 7

; b&
" 0
~"CN

cl
"H NMR (400 MHz, CDCls): & 8.78 (s, 1H), 8.44 (d, J= 5.0 Hz, 1H), 7.80 — 7.22 (m, 5H), 6.91
(s, 1H), 6.81 (tt. /= 8.7, 2.3 Hz, 111), 6.45 (d, J = 8.5 I1z, 1}), 5.56 (d, J = 6.8 1z, 111), 4.83 (dd,
J=19.4,27Hz, 1H), 4.40 (4, J= 8.0 Hz, 1H), 3.23 -~ 2.92 (m, 3H), 2.69 — 2.39 (m, 4H), 2.23 -
2.02 (m, 1H). MS: 634.2 (M+1)".
(28)-1-(4-Cyanopyridin-2-y1)-N-(1-(2,3-dichloropheny!)-2-(3,3-difluoro-cyclobutylamine)-2-

oxocthyl)-N-(3,5-difluorophenyl)-5-oxopyrrolidine-2-carboxamide (racemic) — Compound

195
F. F
F
(o] ;
F—\‘&N N\ﬂw'(r}m
dﬁ O N@\
21 S CN

"H NMR (400 MHz, CDCls): § 8.72 (s, 1H), 8.57 (s, 1H), 7.44 (d,J = 7.9, 1H), 7.32 - 7.29 (m,
1H), 7.17 — 6.68 (m, 4H), 6.53 — 6.41 (m, [H), 6.32 -~ 6.12 (m, 1H), 4.90 — 4.65 (m, 1), 4.41 —
4,05 (m, 1H), 3.13 -2.01 (m, 8H). MS: 634.1 (M+1)".
(S)-1-(4-Cyanopyridin-2-y1)-N-((8)-2-(3.3-difluorocyclobutylamine)-1-(2-fluorophenyl)-2-
oxoethyl)-N-(3,5-difluorephenyl)-5-oxopyrrolidine-2-carboxamide (single enantiomer) —
Compound 208
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)

u \L>\CN
TH NMR (400 MHz, CDClL): 8 8.63 (s, 1H), 8.40 (d, J= 4.9 Hz, 1H), 7.43 (s, [H), 7.20 (s, 1H),
7.16 (d,J= 5.0 He, 1H), 6.90 (t. /= 8.2 Hz, 3H), 6.62 (t, J = 8.7 Hz, 2H), 6.20 (s, 1H), 6.14 (d.J
= 6.4 Hz, 1H), 4.81 (dd, J= 9.1, 2.9 Hz, 1H), 4.25 (s, 1H), 2.92 (s, 2H), 2.85 - 2.70 (m, 1H),
2.56 - 2.22 (m, 3H), 2.15 (m, 1H), 2.04 - 1.90 (m, 1H). MS: 584.2 (M+1)".
(8)-1-(4-Cyanopyridin-2-yl)-N-{(S)-2-(3,3-difluorocyclobutylamino)-2-exe-1-phenylethyl)~
N-(3,5-difluorophenyl)-5-oxopyrrolidine-2-carboxamide (single enantiomer) — Compound
210

” Tw O
i“
R o N\j
t Z e

YH NMR (400 Mi1z, CDCls): 6 8.77 (s, 1ID), 8.41 (d. J= 5.1 [z, 1IT), 7.49 (s, L), 7.27 (dd, J =
8.2, 5.0 Hz, 2H), 7.24 (d. J= 5.4 Hz, 2H), 7.04 (d, J = 6.7 Hz, 2H), 6.71 (t,.J= 8.8 Hz, 1H), 6.44
(s, LH), 6.15 (s, 1H), 5.70 (d, J= 6.3 Hz, 1), 4.86 (dd, J = 9.3, 2.8 Hz, 1H), 4.29 (s, 111), 2.99
(m, 2ED), 2.90 (m, 1H), 2.62 — 2.52 (m, 1H), 2.45 (m, 1H), 2.38 - 2.25 (m, 2H), 2.67 (m, 1H). MS:
566.2 (M+1).
(S)-N~((5)-1-(3-Chlorepyridin-2-yI)-2-(3,3-difluorecyclobutylamino)-2-oxoethyl)-1-(4-cyano
pyridin-2-yl)-N-(3,5-difluorophenyl)-5-oxopyrrolidine-2-carboxamide (single enantiomer) —
Compound 198

TH NMR (400 MHz, CDCl): § 8.75 (s, 1H). 8.49 (d, J= 5.0 Hz, 1H), 8.31 (d, J = 3.4 Hz, 1H),

7.65 - 7.56 (m, 2H), 7.27 (m, 1H), 7.19 - 7.15 {m, 1H), 6.98 (m., 1H), 6.76 - 6.56 (m, 2H), 6.11 (d,
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Je 6.8 Tz 1D, 5.04 - 5,00 (o, TEDCL 3R G TTTD), 3005 < 2098 (ol 211, 2,92 - 283 (m, HH), 2.60
- 2.52 (. 111, 2,50 - 2.37 (m, 210, 237 - 227 (m, THD, 2.07 - 2.02 (m, TH). MS: 601.1 (M- 1)
{S)-N~{($)-1-2-Chioropbenyl)-2-(3.3-diflmorocyclobutylamine)-2-oxoethyl-1-(4-cyanopyri
-din-2-yl}-5-oxo-N-(3-sulfamoylphenyl)pyrrolidine-2-carboxamide (single enantiomer) -

Compound 84
- SC:NHz

\/* o 7
J \H i\\
f ! _/~on

TH NMR (400 MHz, CDC13): 8 8.73 (d. J = 10.0 Hz, 111), 8.57 - 845 (d, J= 8.0 [z, 111). 8.12 (d.

= 7.7 Hz, 111, 7.83 - .76 {m, 2H). 7.61 - 7.56 {m, 111), 748 - 7.22 ¢m. 1H}. 7.19 (¢, /- 7.1 Nz
1. 7.05 - 6.87 (m, 2H), 6.82 - 6.81 (e 11D, 635 =643 (m 1110 6.27 (doJ= 6.7 1z, Hh.
324 s, 1D 484 (4 = 7.2 Hz THD, 4069 (s T3S, 433 650 1110 2,98 - 2.87 (m, 311, 2,63 - 2.24
(m, 411, 2.09 - 2.00 (m, LH) . MS: 643.1 (M+1Y.
(8)-N-({S)-1-(2-Chlorophenyl)-2-((3.3-diflucrocyclobutyl)amino)-2-oxoethyl)-N-(3-cyano-
phenyl)-1-(4-cvanepyridin-2-yl)-S-oxopyrrolidine-2-carboxamide (single enantiomer) —

Compound 128

TH NMR (400 Mliz, CDCl3): 8 8.76 (s, TED. 8.51 (s, [H), .23 (m, [H), 7.58 = 7.27 (in. 411).
6.93 (m, 1), 6.43 (s, TH). 585 (s, 1IN, 4.78 (s, TH), 4.34 s, L3100 282 0m, 311), 2.37 -
2320, 315,221 - 2223 (mn TEDL L8O - 1.99 g 1H). MS: SRO.T (M- 1y
(S)-N-(($)-1-(2-ChlerophenyD-2-((4.4-difluoroeyclohexylyamino)-2-oxoethyl)-N-(3-cyano
phenyl)-1-(4-cyanopyridin-2-yl)-5-oxopyrrolidine-2~-carboxamide (single enantiomer) —

Compound 166
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N N
df \Ic];

NT Y

W/ ~CN

'"H NMR (400 MHz, CDCl3): 8 8.77 (s, 1H). 8.49 (d, J= 13.9 Hz, 1H), 8.22 - 8.32 (m, 1H), 7.61
~7.27 (m, 4H), 7.17 - 7.19 (m, 21), 6.90 - 7.00 (m, 2H), 6.42 (s, 1H), 5.50 (s, [H), 4.80 (d, /=
9.5 Nz, 1H), 3.97 (s, 1H), 2.99 ~ 2,80 (m, 1H), 2.56 - 2.58 (m, 1H), 2.21 - 2.24 (m, 1H), 1,70 -
2.10 (m, 6H), 1.41 - 1.44 (m, 2H). MS: 617.2 (M+1)".
(S)-N-((S)-1-(2-Chlorophenyl)-2-((3,3-difluorecyclobutyl)amino)-2-oxoethyl)}-N-(3-cyano
phenyl)-1-(4-cyanopyrimidin-2-yl)-5-oxopyrrolidine-2-carboxamide (single enantiomer) -

Compound 167
CN

TH NMR (400 MHz, CDCls): & 8.91 - 9.00 (m, 1H), 8.33 ~ 8.17 (n, 1H), 7.62 - 7.32 {m, 5H).
7.20(t,J= 7.0 Hz, 1H), 7.02 - 7.06 (m, 1H), 6.95—6.83 (m, 1H), 6.55 (s, [H), 6.05 - 5.88 (m,
1H), 4.72 (d,J= 9.3 Hz 1H), 4.37 (s, 1H), 2.91 - 3.05 (m, 3H), 2.70 — 2.25 (m, 4H), 2.13 - 1.92
(m, 1H). MS: 590.1 (M+1)".
(S)-N-((8)-1-2-Chlorophenyl)-2-((4,4-difluorocyclohexyl)amino)-2-oxoethyl)-N-(3-
cyanophenyl)-1-(4-cyanopyrimidin-2-yl)-5-oxopyrrolidine-2-carboxamide (single

enantiomer) — Compound 178

N
O
Fﬁ N \‘*&O

Cl \g 3\
7N

\\
== CN

N

'H NMR (400 MHz, CDCls): 8 8.99 (s, 1H), 8.32 (s. 1H), 7.57 (m, 1H), 7.54 — 7.28 (m, 2H),
7.19(t,J= 7.2 Hz, 3H), 7.04 (t,/ = 6.8 Hz, 1H), 6.93 (d, J = 7.7 Hz, 1H), 6.53 (s, 1H), 5.64 —
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344 (m, THYL 474 (d. /- 9.3 Mz, THY, 399 (s, 1H), 2.94 (dd. J - 17.8. 9.4 112 11D, 2.62 (m, 1H),
2.41 =224 (m, H1). 2,10 1.82 (m. 711). MS: 618.2 (M~1Y",
(S)-N-((8)-1-(2-Chlorophenyl)-2-(3,3-difluorocyclobutylamino)-2-oxoethyl)-N~(3-cyano-3-
fluorophenyl)-1-(4-cvanopyridin-2-y1)-5-oxopyrrolidine-2-carboxamide {singlc enantiomer)

— Compound 177

NC\{\ F

r~:
/‘\
W
“CN
FINMR (400 Milz, CDCly): 6 874 (s 1), 8.50 (s, TH), 8,13 - 8,08 (. 11, 7.44 - 7.27 un.

2HY, 723 (dd = 126063 He 210 7.07 40 J = 73 Hz, 1HDL 6.93 (1. = 6.4 Hz 111, 6.43 (d. J
= 6,1 Hz, 1ED, 6.4 (dd. J = 13.9, 6.7 Nz 1), 4.81 (dd, J = 9.0, 2.3 Hz. ), 4.42 - 4.28 (m,
FHD, 312 =294 (m, 21D, 2,94 280 On, 1), 2.67 —2.29 (n, 311), 2.23 - 1.92 (m. 2{1). MS:
607.1 (M=1)".
(8)-N-((S)-1-2-Chlorophenyl)-2-(4.4-difluorocyclohexylamino)-2-oxoethy])-N-(3-cyvano-5-
fluorephenyh)-1-(4-cyanopyridin-2-yl)-5-oxopyrrolidine-2-carboxamide (singlc enantiomer)

- Compourzd 184

N \
ata

11 NMR (400 M1z, CDCla): 6 877 (50 1115, 8.50 (5. 1HD), 8.25 - 8.03 (. 111D, 7.52 7.28 (m,
2H), 7.22 (t, 0= 7.7 Hz, 211, 7.01 (dt.J= 14.1, 10.1 Hz, 2I1). 6.42 (4. /= 6.9 Hz, 1T1), 5.58 (t, J
= 9.9 Hz, 1), 4.83 (dd. / ~ 9.1, 2.3 Hz, 111), 4.05 - 3.86 (. 111), 3.04 -~ 2.81 (i, 111}, 2.59 (m,
{10), 2.36 — 1.70 (m, 7I1), 1.58 - 1.31 (m, 311). MS: 636.2 (M+1)".
(S)-N-({$)-1-2-Chloropheny!)-2-({(4,4-difluorocyclohexyDamino -2 -oxoethy H-N-(3-cyano-5-
fluorophenyl)-1-(4-cyvanopyrimidin-2-yl)-5-oxopyrrolidine-2-carboxamidc (single

cnantiemer) — Compound 183
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NC F
T
FON i N \‘..E}:O
LI NI
W Hen
"H NMR (400 MHz, CDCL): 8 8.97 (d, J = 4.4 Hz, 1H), 8.12 (m, 1H), 7.50 - 7.32 (m, 3H), 7.23
(d, J= 6.7 Hz, 2H), 7.06 (m, 1H), 6.95 (s, [H), 6.50 (d, J = 8.6 Hz, 1H), 5.60 (d, /= 7.5 Hz, 1H),
4,74 (d, J= 8.8 Hz, 1H), 3.98 (s, 1H), 2.90 (m, 1H), 2.72 — 2.49 (m, 1H), 2.28 (s, 1H), 2.17 ~
1.67 (m, 7H). 1.43 (m, 2H). MS: 637.2 (M+1)".
(S)-N-(3-Cyano-5-fluorophenyl)-1-(4-cyanopyridin-2-y1)-N-((8)-2-(3,3-difluorocyclobutyl -
amino)-2-oxo-1-phenylethyl)-5-oxopyrrelidine-2-carboxamide (single enantiomer) —
Compound 211

E CN
. Y
Fﬂ N K‘-EB*O
N 3ON
M o)
" “@
» e

'H NMR (400 MHz, CDCls): 8 8.71 (d, J = 10.1 Hz, 1H), 8.38 (s, 1), 8.02 (m, 1H), 7.23 (m,
5H), 6.97 (d,J = 7.3 Hz, 3H), 6.20 (s, 1H), 5.97 (s, 1H), 4.70 (dd, J = 9.2, 2.4 Hz, 1H), 4.27 (s,
1H), 2.93 (m, 2H), 2.85 (t, /= 8.9 Hz, 1H), 2.59 — 2.48 (m, 1), 2.49 — 2.29 (m, 2H), 2.29 - 2.20
(m, 1H), 2.08 — 1.99 (m, 1H). MS: 573.2 (M+1)".
(S)-N-(3-Cyano-5-fluorophenyl)-1-(4-cyanopyridin-2-y1)-N-((S)-2-((3,3-difluorocyclobutyl)
amino)-1-(2-fluorophenyl)-2-oxoethyl)-5-oxopyrrolidine-2-carboxamide (single enantiomer)
— Compound 207

Fi I\ CN
F
as B S Pes
QM
N CN

'H NMR (400 Mz, DMSO-dg): § 8.78 (s, 1T1), 8.62 (d,J = 5.1 Hz, 1H), 8.48 (s, 1H), 8.04
7.83 (m, 1H), 7.78 (s, 1H), 7.57 (s, 1H), 7.23 (m, 2H), 7.14 (d, J= 9.9 Hz, 1H), 6.95 (t,J= 7.5
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Hz, TH), 6.84 (s, 1H) 0.20 (s, TH L 4.72 (s, 1113, 4.04 (s. L1, 4,00 3.82 (m, 111), 3.09 - 2,67
(m. 2H), 2.33 (o, (I 191 (s, 2100 183 (3, 1HD). 1.27 - 1.05 (m, 1HD. MS: S91.2 (M=1) .
(2S)-N-(1-(2-Chlorophenyl)-2-((3.3-difluorocyclobutyl)amino)-2-oxecthyl)-1-(4~cyanopyri -

din-2-yD)-N-(5-fluoropyridin-3-v)-S-oxopyrrolidine-2-carboxamide (racemic) — Compound

91
g
R P
= G e
F ﬂ!\: NY-““LN =)
SRS
\\/ \\., CN

THONMR (400 M1z, CDCl: 6 9.10 - 8.02 (i 4H). 7.47 - 7.39 (i, 210, 7.27 ~ 6.84 ¢m, 311},
6.51 - 6.01 (m. 2H). 4.84 - 470 (m. TH). 436 - 4.20 (m. 1H), 3.25 - 1.86 (. 8H). MS: 5831
(M+1)".

(S)-N~((S)-1-(2-Chlorophenyl)-2-(3 3~difluorocyclobutylamino)-2-oxocthyl)-1-(4-cyanopyri -

din-2-y)-N-(5-fluoropyridin-3-yl)-5-oxopyrrolidine-2-carboxamide (single cnantiomer) —

Compound 176

"HONMR (400 MIz. CDCL): 6 8.95 - 8,70 (o, THY. 849 (d. J = 4.7 Hzo 11 836 - &1 (m, UL
8127d.J=80 1z 1. 7533 (d.J =80 Hz L), 721 (L J= 7.8 Uz, 1Ih. 7.04 (1. - 7.6 11z,
1H), 6.48 - 641, 11D 6.30 - 6.21 (m. 1H). 4.84 - 6.79 {(m, 1D, .38 - 4.30 (m, 111), 3.11
2.74 (m, 3H), 2.65 - 1.91 (. S MS: 583.1 (M+1)".
(S)-N~((S)-1-2-Chlorophenyh)-2-(4,4-diflmorocyclehexylamino)-2-oxocthyl)-1-(4-cvanopyri -
din-2-y)-N-(53-fluoropyridin-3-yl)-5-oxopyrrolidine-2-carboxamide (single enantiomer) —

Compound 193
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getbdos

"H NMR (400 MHz, CDCly): 8 8.77 (s, 1H), 8.49 (d, J= 5.2 Hz, 1H), 8.40 — 8.27 (m. 1H), 8.21 -
8.04 (m, 1H), 7.41 —7.36 (m, 1H), 7.26 ~ 7.23 (m, 1H), 7.20 (t, J= 6.9 Hz, 1H), 7.04 (t, J=7.2
Hz, 1H), 6.93 (m, 1H), 6.52 — 6.34 (m, 1H), 5.49 (s, 1H), 4.84 (d, J = 7.4 Hz, 1H), 4.01 - 3.94
(m, 1H), 2.99-2.91 (m, 1H), 2.62 - 2.54 (m, 1H), 2.22 - 1.71 {m, 7I), 1.31 (s, 3H). MS: 611.2
M+
(5)-1-(4-Cyanopyridin-2-y)-N-((S)-2-((3,3-difluorocyclobutyl)amino)-2-0x0-1-phenylethyl)-
N-(8-fluoropyridin-3-yl)-5-oxepyrrolidine-2-carboxamide (single enantiomer) — Compound
147

g ‘L)\CN
'H NMR (400 MHz, CDCls): 8 8.86 (m, 1H), 8.39 (m, 2H), 8.03 (m, 1H), 7.28 (d. J= 5.9 Hz,
4H), 6.98 (m, 2H), 6.29 (s, 1H). 5.85 (s. 1H), 4.85 (m, 1H), 4.33 (s, 1H), 3.26 — 2.82 (m, 3H),
2.69 — 1.88 (m, SH). MS: 549.2 (M+1)".
(S)-1-(4-Cyanopyridin-2-yD-N-((8)-2-((3,3-difluorocyclebutylyamino)-1-(2-fluorophenyl)-2-
oxoethyl)-N-(5-fluoropyridin-3-yl)-5-oxopyrrolidine-2-carboxamide (single enantiomer) —

Compound 148
F

=N

L O
Fﬂg i Nm\\“'[}()
0 N@\

\ CN

"H NMR (400 MHz, CDCL): 8 8.99 — 8.60 (m, 1H), 8.55 — 7.97 (m, 3H), 7.35 — 7.19 (m, 3H),
7.07 - 6.89 (m, 3H), 6.36 (m, 1H). 6.12 (s, 1H), 4.80 (s, LH), 4.35 (s, 111). 3.22 — 2.79 (m, 3H),
2.64 — 1.85 (m, SH). MS: 567.2 (M+1Y".
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(S)-1-(4-Cyanopyridin-2-y)-N-((8)-2-((3,3-diflnorocyclobutyl)aminoe)-2-oxo-1-phenylethyl)-
N-(53-isocyanopyridin-3-y)-5-oxepyrrolidine-2-carboxamide (single enantiomer) —

Compound 212

"H NMR (400 MHz, CDCls): 6 9.34 (s, 1H), 8.87 — 8.56 (i, 4H), 8.41 (s, 2H), 8.27 (s, 111), 7.54
(s, 7TH), 7.01 (d, J = 6.9 Hz, 3H), 6.35 (s, 2H), 5.73 (s, 2H), 4.66 (s, 2H), 4.35 (s, 2H), 2.99 (m,
5H), 2.73 = 2.20 (m, 7H). 2.07 (s, 2H). MS: 556.2 (M+1)".
(S)-N-((S)-1-(2-Chlorephenyl)-2-(3,3-diflusrocyclobutylamino)-2-oxoethyl)-1-(3-cyano -
phenyD)-N~(1H~indazel-7-yI)-S-exopyrrolidine-2-carboxamide (single enantiomer) —
Compound 186

\ \

Fﬁ"go

'"H NMR (400 MHz, CDC13): 3 8.72—-8.71 (m, 1H), 8.66 (s, 1H), 8.08 (s, 1H), 7.69 (s, 1), 7.67
(s, 1H), 7.50 ~ 7.49 (m, 1H), 7.36 = 7.34 (m, 1H), 7.11-7.07 (m, 1H), 7.00-6.96 (m, 1H), 6.83~
6.76 (m, 2H), 6.48 (s, 11). 5.07 —5.07 (m, 1H), 4.38 — 4.33 (m, 1H), 3.05 ~ 2.91 (mn, 2H), 2.80 —
2.71 (m, 1H), 2.65 — 2.60 (m, 1H), 2.53 — 2.46 (m, 2H), 2.03— 1.99 (m, 1H), 1.75 — 1.67 (m, 1H).
MS: 603.2 (M+1)".
(S)-N-((S)-1-(2-Chlorophenyl)-2-(4,4-difluorocyclohexylamino)-2-oxoethyl)-3-(3-cyano
phenyl)-N-(1H-indazol-7-yl)-2-oxooxazolidine-4-carboxamide (single enantiomer)
Compound 142

o

I"Q CI;N
[ §)\
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TFENMR (400 Mz, CDCL): 8 13.03 (s, 11D, 8.73 45, 1H), £33 - 854 tm. 11, R.02 (s, 1H).
§.38 ~8.56 (. HH)L RS0 848 (m, 1T), 7.27 — 7.24 (o, 21D, 7.03 6.99 (m, !T1). 6.91 — 6.87
(m. TH), 6.80 — 6,78 ¢m. THD, 6.72 - 6.68 (m. 1H), 633 (s, 21N. 570 5.69 (. 111, 4.99 - 4.97
(m, TH), 4.05 —4.03 ¢m, 11, 2.78 - 2.95 (m, 1H), 2.47 - 2.40 (m, 11D. 2.08 ~ 4.99 (m, 6H),
1.90 ~ 1.82 (m, 211), 1.67 - 1.63 (m, 11]), 158 = 1.62 {m, 1IT). MS: 633.2 (M+1)".
(25)-N-(1-(2-Chlorophenyh-2-((3,3-difluorocyclobutyl)amino)-2-oxocthyh-1-(4-cyanopy
ridin-2-y1)-N-(1 H-indazol-4-yI)-5-oxopyrrolidine-2-carboxamide (racemic) — Compound 152

H
\.—'N‘

FA/‘ 0
FO

L)_

3 /)"

e ‘( N
11 NMR (400 Mz, DMSO-dy): 6 13.05 (m, 111), 8.70 (m, 211. R.54 ¢d..J - 6.7 117, 1113, 8.21 (s,
1+, 7.80 (d, J= 6.9 Hz. THL 7.63 (d. J= 5,0 Hz, 1H), 7.36 (m. 2H). 7.24 (d. /= &0 11z, 1H),
718 6.97 (m, 111}, 6.92 - 6.79 (m, 1H). 6.77 — 6.70 (m, 1H), 6.35 (d. {11}, 4.66 (m, 111}, 4. 20 -
4.01 (m. LH), 3.05 ~2.78 (. 21T), 2.68 — 2.52 (m, 2I1), 2.49 - 2.26 (in, 211), 2.22 — 1.53 (1, 211).
MS 1 604.2 (M+1)",
(SH-N-(3-(1H-Pyrazol-4-yphenyh-N-((5)-1-2-chlorophenyl)-2-(3.3-difluorocyclobutylami ~
no)-2-oxocthyl)-1-(4-cyanopyridin-2-yl)-S-oxopyrrolidine-2-carhoxamide (single

enantiomer) ~ Compound 200

=N
N
R =/
i
F KA
S 2 Y
P e

T NMR (400 MFlz, McOD): & 8.73 - 8.54 (i, 2H), 8.14 — 7.91 (m. 111). 7.71 (d, J = 7.6 Hz,
1H), 7.56 — 7.28 (m, 411), 7.25 - 6.92 (m, 411), 6.70 (d, J= 7.6 [Tz. 111), 6.54 - 6.39 (m, 11),
5.03 (dd, J=9.4.2.9 Tz 111). 4.31 - 4.05 (i, LH), 3.00 - 2.73 (i, 31). 2.64-- 2.00 (n. SH),
MS: 6302 (M+1)"
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(28)-N-(1-(2-Chlorophenyl)-2-((3,3-difluorocyclobutyl)amine)-2-oxoethyl)-1-(4-cyanopyri -
midin-2-yI)-5-0x0-N-(3-(triflusromethoxy)phenyl)pyrrolidine-2-carboxamide (racemic)
Compound 180

@/ O,
F
FAO\N 0 i’>:o
cr i )\ N
\\)\CN

"H NMR (400 Mi1z, CDCls): § 8.96 (t, J = 5.5 Hz, 1H), 7.88 (s, 1H), 7.44 — 7.32 (m. 2H), 7.21
(m, 2H), 7.10 (1, J = 7.3 Hz, 1H), 7.04 - 6.95 (m, 1H). 6.91 (m, 1H), 6.52 (m, 1H), 6.18 (m, 1H),
4,89 —4.67 (m, 1H), 4.31 (m, 1H), 3.22 ~ 2.75 (m, 3H), 2.70 — 1.92 (m, SH). MS: 649.1 (M-+1)".
(S)-N-((8)-1~(2-Chiorophenyl)-2-((3,3~-difluorocyclobutyl}amino)-2-oxcethyl)-1-(4-cyanc
pyridin-2-y1)-N-(3-(difluoromethoxy)phenyl)-5-oxopyrrolidine-2-carboxamide (single

enantiomer) - Compound 181

OCHFs
O

@l

N

& \n“ )\\

\\/\CN
'H NMR (400 MHz, CDCl3): § 8.74 (s, 1H), 8.44 (m, 1H), 7.76 (d, J = 9.0 Hz, 1H), 7.33 (m, 2H),
7.21 - 6.83 (m, 6H), 6.44 (t, J= 8.8 Hz, 1), 6.28 — 6.13 (m, 1H), 4.91 (m, 1H), 4.34 (s, 1H),
3.10 - 2.66 (m, 3H), 2.65 — 1.84 (m, 5H). MS: 630.1 (M+1)".
(5)-N-((8)-1-(2-Chlorophenyl)-2-((3,3-diflnorocyclobutyl)amino)-2-oxeethyl)-1-(4-cyano
pyrimidin-2-yD)-N-(3-(difluoromethoxy)phenyl)-5-oxopyrrolidine-2-carboxamide (single

enantiomer) — Compound 194

OCHF,
F
0] D=o
d? )\N

k)\cn
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"H NMR (400 Mz, CDCL): 6 9.04 — 8.59 (m, 1H), 7.74 (s, 1H), 7.43 ~ 7.26 (m, 4H), 6.96 (m,
3H), 6.36 (m, 2H), 4.81 (t..J= 9.3 Hz, 1H), 4.55 (m, 1H), 4.33 (s, 15, 4.06 — 3.89 (m, [H), 3.15
~2.69 (m, 2H), 2.69 — 1.86 (m, SH). MS: 631.1 (M+1)".
(S)-N-((8)-1-(2C)-2-((3,3-difluorocyclobutyl)amine)-2-oxoethyl)-1-(4-cyaneo pyridin-2-yI)-N-
(3-methoxyphenyl)-5-oxopyrrolidine-2-carboxamide (single enantiomer) — Compound 129

|

y°
FE@\ ? L O
=0

N /N\nv“‘ N

G 7

'FI NMR (400 MHz, CDCLs): 8 8.75 (s, 1H), 8.51 (d, J= 5.0 I1z, 1H), 7.47 (m, 1H), 7.38 - 7.08
(m, 3H), 6.99 (d, J= 6.7 Hz, 3}, 6.89 — 6.66 (m. 2H), 6.41 (s, 1H), 6.09 (d, J= 6.6 Hz, 111),
4.97 {dd, J= 9.3, 3.2 Hz, 1H), 4.34 (s, 1H), 3.72 (mm, 3H), 3.01 (dd, J= 7.5, 4.0 Hz, 3H), 2.65 -
2.23 (m, 4H), 2.04 (d, J = 9.0 Hz, 1H). MS: 594.2 (M+1)",
(S)-N~((8)-1-(2-Chlorophenyl)-2-(3,3-difluorocyclobutyl-amino)-2-oxoethyi)-1-(4-cyanepyri

d

midin-2-yl}-N-(3-methoxyphenyl)-5-oxepyrrolidine-2-carboxamid (single enantiomer) —

Compound 164
Q/OME
i
R &
-t o
FAU\ N ‘,J‘\/\FO
Y
cl o N/}\r\q
&)‘CN
"H NMR (400 MHz, CDCl3): § 8.92 (s, 1H), 7.48 - 7.39 (in, 1H), 7.33 — 7.26 (m, 2H), 7.22 —
7.08 (m, 2H), 7.04 - 6.82 (m, 311), 6.73 (s, 2I1), 6.48 (d, J = 9.5 Iz, 1H), 6.18 (m, 1I1), 4.88 -
4.85 (n. 1H), 4.32 (s, 1H), 3.78 (s, 1H), 3.62 (s, 2H), 3.01 — 2.81 (i, 3H), 2.58 — 2.49 (m, 2H),
2.42 —2.30 (m, 2H), 2.09 — 1.98 (m, 1H). MS: 595 (M+1)".
(28)-N-(1-(2-Chlorophenyl)-2-((3,3-difluorocyclobutyl)amine)-2-oxecthyl)-1-(4-

eyanopyrimi -din-2-yh)-N-(3-cyclopropoxyphenyl}-S-exopyrrolidine-2-carboxamide

{racemic) - Compound 192
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Q Y
oy

c—@ d
"HL NMR (400 MIlz, CDCls): 8 9.06 — 8.88 (m, 11T), 7.61 —7.30 (m, 4H), 7.27 -~ 7.22 (m, 1I1),
7.18 (1, ] = 7.4 Hz, 2H), 7.08 ~ 6.92 (m, 1H), 6.87 (dd, /= 8.7, 2.1 Hz, 1H), 6.78 (t..J= 9.5 Hz,
(), 6.50 (s, 1H), 6.04 (m, 3H), 5.57 ~ 5.14 (m, 2H), 4.88 (m, 1H), 4.77 ~ 4.10 (m, 3H), 3.15 -
2.75 (m, 3H), 2.68 — 2.47 (m, 2H), 2.45 = 2.21 (m, 3H), 2.20 - 1.90 (m, 1H). MS: 621.1 (M+1)".
(S)-N-((S)-1-(2-Chlorophenyl)-2-(3,3-difluorocyclobutylamino)-2-oxoethyl)-1-(4-cvanopyri -
din-2-y1)-N-(3-(hydroxymethyl)phenyl)-5-oxopyrrolidine-2-carboxamide (single enantiomer)
— Compound 131

HO
F
FAD\N o N\[r"(N>=0
al A l ) N@\
S = CN

'H NMR (400 MHz, CDCls): 8 8.73 (s, 1H), 8.53 (s, 1H), 7.94 — 7.70 (m, 1H), 7.31 (s, 1H), 7.26
(dd, J= 5.1, 1.3 Hz, 11), 7.22 - 7.10 (m, 4H), 7.02 — 6.87 (m, 2I1), 6.44 (d, J = 10.5 Hz, 1H),
6.12 (d. J= 6.4 Hz, 111), 4.91 (dd, J = 9.3, 3.2 Hz, 1H), 4.69 (s, 1H), 4.48 (s, 1H), 4.42 - 4.26 (m,
111), 3.07 - 2.85 (m, 3H), 2.65 — 2.17 (m, 411), 2.01 (s, 2I1). MS: 594.2 (M+1)".
(S)-N-({S)-1-(2-Xhlorophenyl)-2-(3,3-difluorocycicbutylamino)-2-oxoethyl)-1-(4-cyanopyri
din-2-y1)-N-(3-(1-hydroxycyclopropyl)phenyl)-5-exopyrrolidine-2-carboxamide (single

enantiomer) — Compozmd 140

% 5.

'H NMR (400 Mz, CDCl3): 8 'H NMR (400 MIIz, CDCls) : § 8.73 (s, 1H), 8.52 - 8.44 (m, 11),
7.64 - 7.30 (m, 3H), 7.22 - 6.90 (m, 5H), 6.42 - 6.38 (m, 1H), 6.03 (m, 1H), 4.87 (m, 1H), 4.30
(m, 1H), 3.05 — 2.82 (m, 3H), 2.60 - 1.88 (m, SH), 1.21 (d, J = 3.2 Hz, 4H). MS: 620.2 (M+1)".
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(S)-N-((S)-1-(2C)-2-((3,3-difluorocyclobutyl)amino}-2-oxeethyl)-1-(4d-cyano pyridin-2-yl)-N-
(3-(2-hydroxypropan-2-yD)phenyl)-5-oxopyrrolidine-2-carboxamide (single cnantiomer) -
Compound 179

OH

e
Jg\ N \~\“(N>=O

Y

Ci = ! N)/\\\

SR

*FINMR (400 MI1Iz, CDCls): & 8.69 (s, 1), 8.54 (d, J= 5.0 Hz, 1H), 7.93 - 7.70 (m, 1), 7.40 —
7.19 (m, 4H), 7.11 (m, 2k, 7.01 — 6.72 (m, 2H), 6.45 (m, 2H), 5.05 —4.76 (m, 1H), 4.33 (s, 1H),
3.13 = 2.58 (m, 3T1). 2.42 (m, 411), 2.09 — 1.83 (m, 1H), 1.33 (s, 6H). MS: 622.2 (M+1)".
(S)-N-((S)-1-(2-Chlerophenyl)-2-(3,3-difluorecyclobetylamine)-2-oxoeth-yl)-1-(4-

cyanopyri-din-2-yl)-N-(3-fluore-5-(2-hydroxypropan-2-yl)phenyl)-5-oxopyrrolidine-2-

carboxamide (single enantiomer) — Compound 150

'H NMR (400 MHz, CDCl): 8 8.66 (s, 1H), 8.49 (d, J= 4.8 Hz, 1H), 7.73 ~ 7.48 (m. 1H), 7.26 -
6.83 (m, 7H), 6.53 — 6.42 (m, 2H), 491 (d, J = 6.4 Hz, 1H), 4.32 (s, 1H), 3.02 — 2.72 (m, 3H),
2.58 — 1.85 (m, 6I1), 1.63 (s, 2H). 1.51 (d, /= 7.0 Hz, 2H), 1.29 (d, J = 8.6 Hz, 4H). MS; 640.2
(M+1)",

(S)-N-((S)-1-(2-Chlorophenyl)-2-((3,3-difluorocyclobutyl)amino)-2-oxoethyl)-1-(4-
cyanopyri din-2-yI)-N-(3-fluoro-5-(2-hydroxypropan-2-y)phenyl)-5-oxopyrrolidine-2-

carboxamide (single enantiemer) — Compound 155

. | _oH
F o f/>=
0,
i O
" Ny
0
N7}
e CN
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"H NMR (400 MHz, CDCL): & 8.80 (s, 1H), 8.43 (s, 1H), 7.51 (d, 1H), 7.24 (m, 4H), 7.06 (s,
3H), 6.64 (m, 1H), 6.15 (m, 1H), 5.73 (s, 1H), 4.86 (s, LH), 4.32 (s, 1H), 3.01 (m, 3H), 2.68 —
2.27 (m, 4H), 2.12 (s, 1H), 1.44 (s, 1H), 1.29 (d, J = 9.0 Hz, 6H). MS: 639.2 (M+1)"
(S)-N-((8)-1-(2-Chlorophenyl)-2-((3,3-difluerocyclobutyl)amine)-2-oxecthyl)-1-(4-
cyanopyri -din-2-yD-N-(3-(2-hydroxyethyD)phenyl)-5-oxepyrrolidine-2-carboxamide (singie

enantiomer) — Compound 160

'H NMR (400 MHz, CDCls): 3 8.76 (s, LH), 8.52 (d, /= 5.0 Hz, 1H), 7.74 (s, 1H), 7.32 - 7.36
(m, 111), 7.27 - 7.11 (m, 2H), 7.09 — 6.87 (m, 4H), 6.39 - 6.45 (m, 1I1), 6.05 (d, J= 6.9 Hz, 1H),
4,33 (s, 1H), 3.82 (s, 1H), 3.59 (s, 1H), 3.12 = 2.79 (m, 4H}), 2.74 — 2.16 {(m, 5H), 1.99 - 2.07 (m,
1H). MS: 608.2 (M+1)".

{S)-N-((S)-1-(2-Clorophenyl)-2-((3,3-difluorocyclobutyl) amino)-2-oxocthyl)-1-(4-cyano
pyridin-2-y1)-N-(3-(2-hydroxyethoxy)phenyl)-5-oxopyrrolidine-2-carboxamide (single

enantiomer) — Compound 130

%\O\/\OH
F
o U0~
0
N NowSN
TLT
c N7
=/ "CN

'H NMR (400 MHz, CDCl): 6 8.72 (s, 1H), 8.48 (d, J= 5.0 Hz, 1H), 7.54 — 7.28 (m, 2I1), 7.18 -
7.21 (m, 2H), 7.01 - 6.94 (m, 2H), 6.75 - 6.77 (m, 2H), 6.39 (s, 1H), 5.99 (s, 1H), 4.94 (dd, /=
9.3, 3.4 Hz, 1H), 4.31 (s, 1), 3.79 - 4.06 (m, 411), 3.67 — 2.80 (m, 3I1), 2.58 — 2.21 (m, 4H),
[.87 - 2.00 (m, 2H). MS: 624.2 (M+1Y".
(S)-N-((S)-1-(2-Chlorephenyl)-2-(3,3-difluorocyclobutylamino)-2-oxoethyl)-1-(4-cyanopyri
din-2-y1)-N-(3-fluore-5-((S)-methylsulfinyl)phenyl)-5-oxopyrrolidine-2-carboxamide (single

enantiomer) — Compound 190

116



WO 2013/107291 PCT/CN2013/600068

(o]

- ; g
F

FﬂN i N \VE?&O
dﬁ%\g
O
I CN

'H NMR (400 Mz, CDCIls): § 8.75 (s, L1), 8.54 (m, 1H), 8.02 — 7.78 (m, 1H), 7.33 (s, 3H),
7.21 (m 1H), 7.06 (t,J = 7.4 Hz, 1H), 6.96 (m, 1H), 6.45 (m, 1H). 6.27 (in, 1H), 4.86 (m, 1H),
4.35 (m, 1H), 3.16 - 2.82 (m, 3H), 2.71 (s, 1H), 2.65 ~ 2.47 (m, 2H), 2.41 (m, 3H), 2.22 (m, 1H),
2.09 (m, TH). MS: 644.1 (M+1)".
{28)-N-(1-(2-Chlorophenyl)-2-((3,3-diflnorocyclobutyl)amine)-2-oxoethyl)-1-(4-cyanopyri
din-2-y1)-N-(3-(methylsulfonyl)phenyl)-S-oxopyrrolidine-2-carboxamide (single enantiomer)
~ Compound 96

SO,CH;

.
FAD\N N\r[N\ﬁ‘O
Sy N

"H NMR (400 MHz, CDCI13): 8 8.84 — 8.11 (m, 3H), 7.93 ~ 7.35 (m, 4H), 7.25 - 6.75 (m, 2H).
6.64 — 5.94 (m, 2H), 4.89 — 4.69 (m, 1H), 4.28 (d, /= 5.7 Hz, 1H), 3.13 - 2.74 (m, 611), 2.68 —
2.48 (m, 2H), 2.46 — 2.15 (m, 3H), 2.04 (s, 1H). MS: 642.1 (M+1)".

(28)-N-(1-(2-Chlorophenyl)-2-((3,3-difluorocyclobutyl)amino)-2-oxoethyl)-1-(4-cyanopyri

midin-2-y1)-N-(3-(methylsulfonyl)phenyl}-5-oxopyrrolidine-2-carboxamide (racemic) —

Compound 102
SO,CH;
~a A Do
YTy
Ci (6]

==/ "CN
"H NMR (400 MHz, CDCly): § 8.93 (t.J = 5.3 flz, 1H), 8.50 - .15 (m, 11, 7.94 - 7.71 (m, 2H),
7.66 - 7.46 (m, 1H), 7.38 (t, J= 6.4 Hz, 1H), 7.28 (t, J= 3.6 Hz, 1H), 7.20 - 7.07 (m, 1H), 7.05

1H), 3.00 (s, 3H), 2.90 — 2.75 (m, 3H), 2.56 — 2.19 (m, SH), 1.98 (m, 1H). MS: 643.1 (M+1)".
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(2S)-N-(1-(2-Chlorophenyl)-2-((4,4-difluorocyclohexyl)amino)-2-oxeethyl)-1-(4-cyanopyri
din-2-y1)-N-(3-(methylsuifonyi)phenyl)-5-oxopyrrolidine-2-carboxamide (racemic) —
Compound 95

S0,CH;
:
F o)
i !
LI
i .

P
NC

'H NMR (400 MHz, CDCl;): § 8.87 - 8.13 (m, 3H), 8.02 — 7.37 (m, 411), 7.24 —- 6.87 (m, 2H),
6.51 —6.39 (m, 1H), 5.77 ~ 5.28 (m, 1H), 4.89 - 4.65 (m, 1), 3.94 (d, J= 5.2 Hz, 11]), 3.16 —
2.73 (m. 4H), 2.68 — 2.53 (m, 111}, 2.44 - 2.20 (m, 1H). 2.03 (m, &H), 1.44 (m, 2H). MS: 670.2
(M+1Y

(S)-N~(5)-1-(2C)-2-((4,4-difluorocyciohexyl)amine)-2-oxocthyl)-1-(4-cyanopyri midin-2-yi)-

N-(3-(methylsulfonyl)phenyl)-5-oxopyrrolidine-2-carbexamide (single enantiomer) —
Compounnd 103
- SO02CH;

"H NMR (400 MHz, CDCL,): 8 8.94 (dd, /= 7.9, 4.8 Hz, 1H), 8.56 — 8.15 (m, 1H), 7.97 — 7.62
(m, 2H), 7.56 — 7.29 (m, 3H), 7.13 (t, /= 7.6 Hz, (11}, 7.06 — 6.84 (m, 2IT), 6.51 (d, J = 4.2 Hz,
1H), 6.10 (dd, /= 3.2, 7.4 Hz, 1H), 4.74 (d, /= 6.6 Hz, 1H), 3.98 (s, 1H), 3.01 (s, 1H), 2.93 ~
2,72 (m, 31),2.52 (d, J= 9.6 Hz, 1), 2.37 - 2.20 (m, 1H), 2.13 - 1.78 (m, 7H), 1.63 — 1.40 (m,
2H). MS: 671 (M+1)".
(28)-N-(1-(2-Chlorephenyl)-2-((3,3-difluorocyclobutyl)amine)-2-exoethyD)-1-(4-cyanopy
ridin-2-yl}-N-(3-fluore-5-(methylsulfonyl)phenyl)-5-oxopyrrolidine-2-carboxamide

(racemic) — Compound 110
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"H NMR (400 MHz, CDCls): 6 8.45-8.79 (m, 2H), 8.40 - 8.13 (s, 1H), 8.09 - 7.67 (m, [H), 7.63
- 7.30 (m, 2H), 7.23 - 6.87 (m, 3H), 6.55 - 6.30 (m, 1H), 6.22 — 5.94 (m, 1H), 4.96 —4.61 (m,
1H), 4.26 (m, 4H), 3.16 - 1.87 (m, 7TH), 1.27 (d, 1H). MS: 660.1 (M~+1)",
(S)-N-((S)-1-(2-Chlorophenyl)-2-((3,3-difluorocyclobutyl)amine)-2-oxoethyl)-1-(4-
cyanopyri midin-2-yl)-N-(3-fluoro-5-(methylsulfonyl)phenyl)-5-oxopyrrolidine-2-carbox-

amide (single enantiomer) — Compound 109

'"H NMR (400 MHz, CDCl3): § 8.96 (d, J = 4.6 Hz, 3H), 7.99 (d, J = 8.5 Hz, 2H), 7.75 (s, 2H),
7.52 (d, J= 7.0 Hz, 3H), 7.37(d. J= 4.9 Iz, 5I1), 7.19 (t, J = 7.7 Hz, 3H), 7.01 (dt, /= 7.1 11z,
6H), 6.40 - 6.60 (m, 3H), 6.06 (d, /= 6.5 Hz, 3H),4.76 (d, J = 9.2 11z, 1H), 4.35 (m, 4H). 3.14 -
1.87 (m, 8H). MS: 661.1 (M+1)".
(2S)-N~(1-(2-Chlorophenyl)-2-((4,4-difluorocyclohexyl)amino)-2-oxocthyl)-1-(4-cyanopyri
din-2-yl}-N-(3-fluore-5-(methylsulfonyl)phenyl)-5-oxopyrrolidine-2-carboxamide (racemic)

- Compound 105
0,

ui o 3 N@
i \
'H NMR (400 MHz, CDCL): 8 8.96 (t,J = 4.6 Hz, 1H), 7.53 - 7.36 (m, 3H), 7.23 (m, J= 7.8, 1.5

Hz, 1H), 7.14 - 6.94 (m, 3H), 6.68 (m, /= 8.6, 2.3 Hz, 1H), 6.60 (d. /= 3.1 Hz, 1H), 6.07 (d, /=
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6.7 Hz, 1H),4.75(q, J=4.0, 2.1 Hz, 1H), 438 (d, J= 6.7 Hz, 1), 3.78 - 3.67 (m, 2H). 3.39 (im,
1H). 3.26 - 2.92 (m, 3H), 2.67 - 2.36 (m, 2H). MS: 688.1 (M+1)".
(28)-N-(1-(2-Chlorophenyl)-2-((4,4-difluorocyclohexyl)amino)-2-oxoethyl)-1-(4-cyanopyri
midin-2-y1)-N-(3-fluoro-5-(methylsulfonyl)phenyl)-5-oxopyrrolidine-2-carboxamide (single
enantiomer) — Compound 108

Oz

S F
Fn o Y ‘[’%o
SE N
0 Hen

"H NMR (400 MHz, CDCls): & 8.97 (s, 1H), 8.20 - 8.60 (m, 1H). 8.09 - 7.68 (m, 1H), 7.63 - 7.32
(m,5H), 7.22 - 6.93 (m, 3H), 6.64 - 6.03 (m, 2H), 5.62 (s, 1H), 4.60 - 4.85 (m, 1H), 3.21 - 1.70
(m, 12H), 1.50 - 1.14 (m, 2H). MS: 689.1 (M-+1)".
(S)-N~((S)-1-(2-Chlorophenyl)-2-({(4,4-difluorocyclohexyl)amino)-2-axoethyl)-1-(4-cyano
pyrimidin-2-yI)-N-(3-fluore-5-(methylsulfonyl) phenyl)-5-oxopyrrolidine-2-carboxamide

(single enantiomer) — Compournd 168

O,
/S = F
F L)
F@\ e}
1 O
N Nj«\\ N
Cl_ll 2 o 7 l\\i
. | o= CN

"H NMR (400 MHz, CDCls): 8 9.0 (s, 1H), 8.05 - 8.02 (m, 1H), 7.80 (m, 1H), 7.56 - 7.00 (m.
7H), 6.58 (m, 1H), 5.65 (in, 1H), 4.80 (m, 1H), 4.14 (m, 1H), 3.00-0.88 (m, 15H). MS: 689.1
(M+1)".
(S)-N-((S)-1-(Z-Chlerophenyl)-2-(3,3-difluorecyclobutylamino)-2-oxoethyl)-1-(4-cyanopyri
din-2-yl)-N-(3-(methylsulfonamido)phenyl)-5-oxopyrrolidine-2-carboxamide (single

enantiomer) — Compound 159
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"H NMR (400 MHz, DMSO-de): § 9.78 (s, 1H), 8.84 —8.61 (m, 2H), 8.56 (s, 1H), 7.66 (m, 2H),
7.49 —7.15 (m, 3H), 7.15 — 6.79 (m, 411), 6.25 (m, 1H), 4.89 - 4,74 (m, 1H), 4.19 — 4.04 (m, 11),
3.03 - 2.83 (m, 3II), 2.72 - 2.59 (m, 3H), 2.54 (m, 2I1), 2.44 - 2.28 (m, 1), 1.99 (m, 2H). MS :
657.1 (M+1)".
(S)-N-((8)-1-(2-Chlorophenyl)-2-(3,3-diflucrocyclobutylamino)-2-oxoethyl)-1-(4-cyanopyri-
din-2-yl)-N-(3-(dimethylamino)phenyl)-5-oxepyrrolidine-2-carboxamide (single enantiomer)
— Compound 161

I

/NO
i
peS S e
dt 0 2
30,

'H NMR (400 MHz. CDCL3): 6 8.71 (d.J = 9.9 Hz, 1H), 8.50 — 8.41 (m, 1H). 7.29 (d, /= 7.8 Hz,
1H), 7.22 (dd, J = 5.0, 1.3 Hz, 1H), 7.18 — 7.05 (m, 2H), 6.99 - 6.86 {m, 3H), 6.56 - 6.47 (m, 211),
6.37 (d, J= 6.6 Hz, 1H), 6.11 (s, 1H), 5.01 (d, /= 9.2 Hz, 1H), 4.34 - 4,28 (m, 1H), 3.07 - 2.70
(m, 8H), 2.61 ~ 2.42 (m, 2H), 2.35 - 2.25 (m, 2H), 2.01 - 1.97 (m, 1H). MS: 607.2 (M+1)".
(8)-N-((8)~1-(2-ChlorophenyD)-2-((3,3-diflnorocyclobutyl)amine)-2-exoethyl)-1-(4-

cyanopyri din-2-yl)-N-(2-fluorophenyl)-5-oxopyrrolidine-2-carboxamide (single enantiomer)

— Compound 187



WO 2013/107291 PCT/CN2013/000068

"H NMR (400 MHz, CDClL): § 8.74 (m, 1H), 8.48 (m, 1H), 7.96 - 7.92 (i, 1H), 7.40 (m, 1H),
7.28 —~6.72 (m, 7H), 6.59 - 5.79 (m, 2H), 4.86 - 4.78 (m, 111}, 4.28 (s, 1H), 3.04 - 2.90 (m, 3H),
2.66 —2.01 (m, SH). MS: 582.1 (M+1)",
(S)-N-((S)-1-(2-Clorephenyl)-2-((3,3-difluorocyclobutylJamino)-2-oxoethyl)-1-(4-cyanopyri
din-2-y1)-N-(2,3-difluorophenyl)-5-oxopyrrolidine-2-carboxamide (single enantiomer) —

Compound 188

N
N
'H NMR (400 MHz, CDCl3): 8 8.73 (m, 1H), 8.47 (d, /= 5.0 Hz, 1H), 7.84 —7.73 (m, 1H), 7.43
(d, J=28.1 Hz, 1H), 7.28 - 7.20 (m, 2H), 7.13 (dd, J = 8.2, 4.4 Hz, 2H), 7.01 - 6.83 (m, 2H), 6.62
(s, 1), 6.42 — 5,85 (m, LH), 4.85-4.77 (m, 1H), 4.20 (m, 1H), 3.13 - 2,78 (m, 3H), 2.68 -~ 2.28
(m, 4H), 2.25 - 2.04 (m, 1H). MS: 600.1 (M+1)".
(S)~N-((S)-1-(2-Chlorophenyl)-2-((3,3-difluorocyclebutyl)amino)-2-oxoethyl)-1-(4-
cyanopyri din-2-y1)-N-(2,5-diflnorophenyl)-5-oxopyrrolidine-2-carboxamide (single

od
5 o) QF

enantiomer) ~ Compound 197
F B
R s
F i
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'H NMR (400 MHz, CDCls): & 8.73 (m, 1H), 8.54 — 8.41 (m, 1H), 7.83-7.78 (m, 1H), 7.44 ~

7.39 (m, 1H), 7.28 - 7.21 (m, 2H), 7.13 — 6.88 (m. 3H), 6.81-6.80 (mn, 1H), 6.61 — 6.31 (m, 111),
591 (d,J= 6.5 Hz, 1H), 4.86-4.79 (m,1H), 4.29 (dd, J = 8.2, 6.7 Hz, 1H), 3.51 (s, 1H), 3.12 ~
2.85 (m, 3H), 2.68 — 2.56 (m, 1H), 2.54 — 2.45 (m, 1H), 2.43 - 2.24 (m, 2H), 2.23 - 2.06 (m, 1H).
MS: 600.1 (M+1)".
(S)-N-{(S)-1-(2-Chlorophenyl)-2-((4,4-difluorocyclohexyamino)-2-oxeethyl)-1-(4-cyano
pyridin-2-yi)-N-(1H-indazol-5-yl)-5-oxopyrrolidine-2-carboxamide (single enantiomer) —
Compound 203
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"H NMR (400 MHz, CDCls): § 8.78 (s, 1H), 8.56 (m, 1), 8.39 (s, 1H), 8.13 — 7.88 (m, 1H),
7.44~7,32(m, 21, 7.28 — 7.00 (m, 4H), 6.99 — 6.79 (m, 2H), 6.48 (m, 1H), 5.75 — 5.48 (m, 1H),
5.06 - 4.75 (m, 1H), 4.00 (s, [H), 3.10 - 2.77 (mm, 1H), 2.63 —~ 2.44 (m, 1H), 2.37 - 2.20 (m, 1H),
2.15 - 1.77 (m, 7H), 1.42 (m, 2H). MS: 632.2 (M+1)".
(S)-N-((S)-1-(2-Chlorophenyl)-2-((3,3-diflnorocyclobutyl)amine)-2-oxoethyl)-1-(4-
cyanopyri din-2-y1)-N-(1H-indazel-6-y1)-5-oxepyrrolidine-2-carboxamide (single
enantiomer) — Compound 205

N
HN

F
CE © Nﬁ\
S CN

"H NMR (400 MHz, CDCL): 6 8.78 (s, TH), 8.57 (t.J = 5.0 Hz, 1H), 8.23 - 7.76 (m, 2H), 7.54 -
7.30 (m, 2H), 7.16 (s, 1H), 7.04 — 6.86 (m, 3H), 6.47 (d, J= 11.7 Hz, 1), 6.02 (d, J= 6.1 Hz,
1H), 4.92 (m, 1H), 4.36 (s, 1H), 2.97 (m, 3H), 2.65 —2.20 (m, 4H), 1.99 (m, 1H). MS: 604.2
(M+1)".
(S)-N-((S)-1-(2-Chiorophenyl)-2-((4.4-difluorecyclohexyl)amino)-2-oxoethyl}-1-(4-cyanopy

ridin-2-y1)-N-(1 H-indazol-6-y1)-5-oxopyrrolidine-2-carbexamide (single enantiomer) —
Compound 136
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"H NMR (400 MHz, CDCL): § 10.41 — 9.94 (m, 1H), 8.79 (s,1H), 8.57 (t,J = 5.1 Hz, 1H), 8.28

- 8.09 (m, 1H), 7.93 (m, [H), 7.52 (s, 1H), 7.40 (d, /= 7.9 Hz, 1H), 7.33 (d, J= 7.5 Iz, 1),
7.15 - 6.98 (m, 1H), 6.46 (d, J=12.7 Hz, 1H), 5.50 (d,/ = 7.9 Hz, 1H), 5.06 — 4.76 (m, 1 H),
4.02 (s, 1H), 2.92 (dd, 1H), 2.63 - 2.49 (m, 1H), 2.31 (s, 1H), 2.03 (m, 6H), 1.45 (s, 2H). MS:
632.2 (M+1)™.
(S)-N~((S)-1-(2-Chlorophenyl)-2-((3,3-difluorocyclobutyl)amino)-2-oxoethyl)-1-(4-
cyanopyri ~din-2-y1)-N-(1H-indazol-5-yl)-5-oxopyrrolidine-2-carboxamide (single
enantiomer) — Compound 175

HN/N

% T
CLCN

"H NMR (400 MHz, CDCls): § 8.75 (s, 1H), 8.64 — 8.46 (m, 1H), 8.34 (s, 1H), 8.09 (s, 1H), 7.94
- 7.92 (m, 1H), 7.42 - 7.32 (m, 211), 7.24 — 7.02 (m, 2H), 6.94 - 6.85 (m, 2H), 6.49 - 6.45 (m, 1H),
6.08 - 6.06 (m, 1H), 5.00 - 4.76 (m, 1H), 4.35 - 4.31 (s, 1H), 3.00 - 2.85 (m, 3H), 2.64 ~2.11 (m,
4H), 2.01 - 1.93 (m, 1H). MS: 604.2 (M+1)",
(8)-N-((S)-1-(2-Chlorophenyl)-2-((3,3-difluorocyclobutyl)amino)-2-oxoethyl)-1-(4-cyano
pyridin-2-y1)-N-(1H-indol-5-yl)-5-0xopyrrolidine-2-carboxamide (single enantiomer) —
Compound 206

o

i
ﬂy%mf\“‘
| (7 -
.

"H NMR (400 MHz, CDCls): & 8.74 (s, 1H), 8.55 (m, 1H), 8.12 (d, /= 13.8 Hz, 2H), 7.52 - 7.29
(m, 211), 7.18 — 6.86 (m, 5H), 6.46 (m, 2H), 5.83 (s, IH), 5.83 (s, 1), 5.08 —4.81 {m, 1H), 4.33
(s, 1H), 2.92 (m. 3H), 2.64 - 2.16 (m, 4H), 2.01 (m. 1H). MS: 603.2 (M+1)".
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(S)-N-((8)-1-(2-Chlorophenyl)-2-((3,3-difluorocyclobutyl)amino)-2-exoethyl)-1-(4-cyano
pyridin-2-y)-N-(1-methyl-1H-indol-5-yI)-5-oxepyrrolidine-2-carboxamide (single

enantiomer) — Compound 209

/N/

.
F—l& i N .,-(>=0
N 3N
dﬁ% o N@\
[ CN

"H NMR (400 MHz, CDCL;): & 8.83 ~8.39 (m, 1H), 8.01 (m, 1H), 7.68 — 7.32 (m, 1H), 7.28 ~
6.72 (m, 8H), 6.55 - 6.38 (m, 1H), 5.90 (m, [H), 5.00-4.73 (m, 1H), 4.33 (s, 1H),3.80-3.62
(m, 3H), 2.91 (m, 3H), 2.62 — 1.78 (m, SH). MS: 617.2 (M+1)".
(S)-N~((S)-1-(2-Chlorophenyl)-2-((3,3-difluorocyclobuty)amino)-2-oxecthyl)-1-(4-
cyanopyri -din-2-y1)-N-(3-cyclopropylphenyl)-5-oxopyrrolidine-2-carboxamide {single
enantiomer) — Compound 173

A

N - k’>=0

Cl—- 5\
ON

'H NMR (400 MHz, CDCls): 8 8.76 (s, 1H), 8.59 (d, J = 4.8 Hz, 1H), 7.50-7.60 (m, 1I1), 7.41 (d,
J=178Hz, 1H), 7.28 — 7.19 (m, 2H), 7.14 — 6.94 (in, 2H), 6.62 - 6.79 (m, 1H), 6.26 — 6.07 (m,
2H), 4.86 (dd, /= 9.3, 2.9 Hz, 1H), 4.16 - 4.19 (m, 1H), 3.02 — 2.76 (m, 3H), 2.57 - 2.59 (m. 1H),
2.40 - 2.16 (m, 3H), 2.02 - 2.12 (m, 1H), 1.28 - 1.29(m, 2H), 0.90 (t, J = 6.9 Hz, 2H). MS: 604.2
(M+1)"

(S)-N~((8)-1-(2-cChloropheny!)-2-((3,3-difluorocyclobutyl)amino)-2-oxoethyl)-1-(4-
cyanopyri -midin-2-y)-N-(3-cyclopropyiphenyl)-S-oxopyrrolidine-2-carboxamide (single

enantiomer) — Compound 182
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R (A
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"H NMR (400 MHz, CDCls):  8.94 (d, J = 4.5 Hz, 1H), 7.57 — 7.49 (m, 1H), 7.43 —7.28 (m,
2H), 7.19 - 7.14 (m, 2H), 7.05 -~ 6.79 (m, 4H), 6.51-6.46 (m, 1), 6.00 - 5.97 (m, 1H), 4.82 -
4.80 (m, 1H), 4.32 - 4.33 (m, 1H), 3.09 — 2.81 (m, 3H), 2.64 - 2.24 (m, 4H), 2.05 - 1.72 (m, 2H),
0.99 —0.76 (m, 4H). MS: 605.2 (M+1)".
(S)-N-(3-(tert-Butyl)phenyD)-N-((S)-1-(2-chloropheny!)-2-((3,3~difluorocyclobutyl)amino)-2-~
oxoethyl)-1-(4-cyanopyrimidin-2-yl)-5-exopyrrolidine-2-carboxamide (single enantiomer) —

Compound 165

YA
F\ OQ/k
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N \n“
cn

Y

Q7/

=z | N ‘;‘

X =/ CN

'H NMR (400 MHz, CDCly): & 8.94 (d, J = 4.8 1z, 1H), 8.00 - 7.54 (m, 1H), 7.41 — 7.32 (m,
2H), 7.24 - 7.15 (m, 2H), 7.14 - 7.02 (m, 2H), 6.97 — 6.81 (m, 2H), 6.53 (s, 1H), 6.20 (dd, J =
12.7, 6.8 Hz, 1), 4.86 (m, 111), 4.34 (s, 1H), 3.15 - 2.80 (m, 3H), 2.63 - 2.27 (m, 411), 2.13 —
1.92 (m, 1H). 1.29 (s, 9F). MS: 621.2 (M+1)™.
{S)-N-((S)-1-(2-Chlorophenyl)-2-((3,3-difluorocyclobutyl)amino)-2-oxoethyl)-1-(4-
cyanopyri -din-2-y1)-N-(3-cyclopropyl-3-fluorophenyl)-5-oxepyrrolidine-2-carboxamide

(single enantiomer) — Compound 204
F()A
F
F QY
h\NJ N\ﬂ“‘“('?'_xo
d . | SEV N
s CN

11 NMR (400 MHz, CDCls): 8 8.77 (s, 111), 8.50 (s, 1H), 7.50 — 7.33 (m, 2H), 7.24 — 7.17 (i,
1H). 7.01 (i, 2H), 6.68 (m, 2H), 6.39 (m, 111), 6.00 (s, 1E1), 4.93 (s, 1H), 4.34 (s. 1H), 3.15 —

&
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2.83 (m, 3H), 2.59 - 2.53 (m, 2H), 2.40 - 2.37 (m, 2H), 2.07 (s, 1H), 1.27 (s, 1H), 1.05 (s, 1H),
0.91 (d,J= 6.7 Hz, 1H), 0.67 (s, LH}, 0.43 (m, 1H). MS: 622.2 (M+1)".

{S)-N-((S)-1-(2-Chlorophenyl)-2-{{4,4-difluorocyclobexyl)amino)-2-oxoethyl)-1-(4-cyano
pyridin-2-yI)-N-(3-cyclopropyl-5-fluorophenyl)-5-exopyrrolidine-2-carboxamide (single

enantiomer) — Compound 202

NN

"H NMR (400 MHz, CDCls): 5 8.79 (s, 1H), 8.50 (s, 1H), 7.40 (m, 2f1), 7.15 (m, 1H), 7.01 {m,
3H), 6.84 ~ 6.56 (m, 2H), 6.38 (m, 111}, 5.50 (s, 1H), 4.94 (s, 111}, 3.99 (s, 11}, 2.90 (m, 1),
2.57 (m, 18), 2.28 (s, 1I1), 2.05 (m, 5H), 1.92 -~ 1.77 (m, 2H), 1.30 (m, 2H), 0.91 (t, /= 6.7 Hz,
2H), 0.67 (s, 2H). MS: 650.2 (M+1)".
{(S)-N~{(8)-1-(2-Chlorophenyl)-2-(3,3-difluorocyclobutylamino)-2-oxoethyl)-1-(4-
cyanopyri-din-2-yl)-N-(3-(N-methylsulfamoyl)phenyl)-5-oxopyrrolidine-2-carboxamide

{singlc enantiomer) — Compound 157
sozmHMe

% 5

JH NMR (400 MHz, CD;OD): 3 8.89 —8.59 (m, 3H), 8.50 — 8.01 (m, 2H), 7.69 ~ 7.31 (m, 5H).
7.17(t,J=7.6 Hz, 2H), 7.03 (t,J= 7.6 Hz, 2H), 6.95 (t,.J = 7.9 Hz, 2H), 6.51 (s, 1H), 4.98 (s,
1H), 4.24 (s, 2H), 3.01 = 2.45 (m, TH), 2.35 (s, 3H), 2.10 — 2.05 (m, 1H). MS: 657.1 (M+1)"
{S)-N-((S)-1-(2-Chlorophenyl)-2-(3,3-difluorocyclobutylamino)-2-exoethyl)-1-(4-cyanopyri-
din-2-y1)-N-(3-(N,N-dimethylsulfamoyl)phenyl)-5-oxopyrrolidine-2-carboxamide (single

enantiomer) — Compound 156

127
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SON(CH3},

HNMR (400 MHz, CDCLY: & 8.70 (s, THL 860 (d, J= 4.9 Hz. L. 817 1d, J=7.7 Hz H.
7.86 (s, 1H), 7.63 — 7.55 (m. 1), 749 (1, ~ 7.8 Hz, 1H). 7.27 (5. 111). 7.20 - 6.92 (m, 411). 6.50
(d../ - 6.9 Hz 2, 4.79 (d. J - 7.0 Hz, 111), 4.32 (s, 1H), 3.05 - 2.75 (m, 411}, 2.60 - 1.90 (m.
10H). MS: 671.2 (M+1).
(S)-N-((S)-1~(2-Chlerophenyl)-2-((3,3~difluorocyclobutyl)anino)-2-oxoethyl)-1-(3-
cvanopyri -din-2-yI)-N-(3-fluorephenyi)-S-oxopyrrolidine-2-carboxamide (single

enantiomer) — Compound 69

A

k \‘

Y
UL N ..Q"“O
b CN

" Nﬁ
AN Ry,

I NMR (400 MHz, CDCL): 8 8.14 (d. J 8.0 Hz, 1H). 7.93 (d,J - 4.0 Hz, 111), 7.92 (m, 111),
707728 (m, 41D, 6.91-7.04 (o, 41D, 6,42 (50 11), 6.31 (s, 1H), 4.87-4.91 (n, TH), 4.35 (m. 11,
2.97-2.02 gn, 2010, 2.79 - 2.86 (m. THY. 245257 (m, 3H3, 223 - 226 (m, {1 . 2.09 - 2.11 (in,
JI. MS: 3821 (M~1)
{8)-N~((S)-1-(2-Chlorophenyi)-2-((3.3-diflucrocyclobutyl)amino)-2-oxoethyl)-1-(4-cyano-3-
fluoropyridin-2-y1)}-N-(3-fluorophenyl)-5-oxepyrrolidine-2-carboxamide (single enantiomer)
— Compound 82

F

<
K i\ p
FAO\ 7 N
A
oy ©
P

O
N o
P

N7
\s ON

TINVIR (400 MT1z, DMSO-do): 8 8.36 (d.J 4.7 Hz, TH). 7.70 (s. 111). 7.39 (m, 2H), 7.23-6.63
(L S, 6.39 (s, TH). 5.96 (s, 1H). .85 (s. 1H), 4.34 (s, 1H), 3.12-2.69 (m. 311), 2.64-2.01 (m,
511). MS 1 600.0 (M+1)".
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(S)-N-((S)-1-(2-Chlorophenyl)-2-((4,4-diflnorecyclohexyl)amino)-2-oxoethyl)-1-(4-cvane-3-
fluoropyridin-2-yI)-N-(3-flunorophenyl)-5-oxepyrrolidine-2-carbexamide (single enantiomer)

— Compound 83

F
F
LAY O
N 0
NI T Lk
O
e CN

"H NMR (400 MHz, DMSO-dg): 8 8.37 (d, J = 4.6 Hz, 1H), 7.75 (s. 1H), 7.39 (m, 2H), 7.24-6.89
(m, 4H), 6.87-6.65 (d, 1H), 6.50-6.27 (m, 1), 5.59-3.40 (m. 1H), 4.92-4.75 (m, 1H). 4.05-3.87
(m, 1II), 2.95-2.68 (m, 1H), 2.62-2.43 (m, 1H), 2.41-2.25 (m, [H), 2.25-2.09 (m, 2l), 2.05-1.74
(m, 410), 1.59-1.24 (m, 3H). MS : 628.0 (M+1)".
(S)-N~((S)-1-(2-Chlorophenyl)-2-((3,3-difluorocyclobutyl)amino)-2-oxocthyl)-1-(4-cyano-3-
{luoropyridin-2-y1)-N-(3,5-difluorophenyl)-S-oxopyrrolidine-2-carboxamide (single
enantiomer) — Compound 88

F F

s
\\)\CN

'H NMR (400 MIz, DMSO-ds): & 8.73 (s, 1H), 8.49 (m, 1H), 7.96 (s, 1H), 7.59-7.30 (m, 3H),
7.26-6.68 (m, 6H), 6.52-6.12 (m, 1H). 5.96 (d, /= 10.5 Hz, 1H), 4.95 (s, 1H), 4.63 (m, 1H), 4.49
(m, 111), 4.22 (s, 111}, 4.14 -4.02 (m, 1H), 3.46-2.65 (m, 4H), 2.55-2.00 (m, 2I1), 1.69-1.49 (m,
2H). MS : 618.1 (M~+1)".

(8)-N=((8)-1-(2-Chlorophenyl)-2-(4 4-difluorocyclohexylamine)-2-oxoethyl)-N-(3-
fluarophen yh-5-ox0-1-(pyrazin-2-yl)pyrrolidine-2-carboxamide (single enantiomer) —

Compound 58
F
: (;r
o L
N
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"H NMR (400 MHz, CDCl): § 9.74 (d, J = 1.5 Hz, 1H), 8.32 (m, 2H), 7.71 (s, 1H), 7.36 (m, 1H),
7.16 (m, 1H), 6.97 (m, 4H), 6.41 (s, [H), 5.44 (d. /= 7.0 Hz, 1H), 4.85 (d, /= 6.0 Hz, 1H), 3.96
(m, 1H), 2.98 - 2.82 (m, 1H), 2.61 —2.48 (m, 1H), 2.35-2.21 (m, 1H), 2.02 (m, 5H), 1.88 (m,
2H), 1.47 - 1.19 (m, 2H). MS : 586.2 (M+1)".
2-(((S)-1-(2-Chlorophenyl)-2-((3,3-diflusrocyclobutyl)amiine)-2-oxoethyl)(3-fluorophenyl)

carbamoyl)-4-hydrexypyrrolidine-1-carboxylate (single enantiomer) — Compound 74

F
. @(
geNSdos
O
CI \"W

GRRS
"H NMR (400 MHz, CDCls): & 8.60 (s, 11), 7.89 (s, 1H), 7.71 (s. 1H), 7.45 - 7.29 (m. 2H), 7.25
—6.86 (m, SH), 6.41 (s, 1H), 5.54 (s, 1H), 4.98 (s, 1H), 3.98 (s, 1H), 3.16 — 2.66 (m, 2H), 2.51 (s,
1H), 2.26 (s, 1H), 1.98 (m, 7H), 1.55 (m, 3H). MS: 591.1 (M+1)".
(S)-N-{(S)-1-(2-Chlorophenyl)-2-((4,4-diflucrocyclohexyljamine)-2-oxoethyl)-N-(3-flusro -
phenyl}-2-o0xo-3-(pyrimidin-2-yl)oxazolidine-4-carboxamide (single enantiomer) —

Compound 76

& \ff )\N
U

'H NMR (400 MHz, CDCL): § 8.70 (d, J = 4.7 Hz, 2H), 7.67 (d, J = 8.0 Hz, 1H), 7.43 = 7.31 (m,
[H), 7.19 (d, /= 7.3 Hz, 1H), 7.13 - 6.86 (m, SH), 6.46 (s, 1H), 5.58 (d, ./ = 6.8 Hz, 1H), 5.02 (d,
J=44Hz, 1H),4.47 (dd, /= 8.7, 5.0 Hz, 1H), 4.24-4.13 (i, ), 3.98 (s, 1H), 2.14 - 1.79 (m,
6H), 1.57-1.41 (m, 2H). MS: 588.2 (M+1)".
(S)-N~((S)-1-(2-Chlorophenyl)-2-(3,3-difluorocyclobutylamino)-2-exocthyl)-3-(4-cyanopyri -
din-2-y)-N-(3-fluorophenyl)-2-oxeoxazolidine-4-carboxamide (single enantiomer) —

Compound 77
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"H NMR (400 Mz, CDCL): & 8.48 (s, 1H), 7.62 (d, J= 7.9 Hz, 1H), 7.33 (d, J = 8.9 Hz, 1H),
7.19(d, J= 7.2 Hz 2H), 7.10 - 6.85 (1, SH), 6.44 (d, J= 5.1 Hz, 1H), 6.20 — 6.08 (m, 1), 5.01
(m, 1H), 4,46 (dd. J= 8.7, 4.7 Hz, 1H), 4.31-4.20 (m, 2H), 3.09 - 2.91 (i, 2H), 2.58 - 2.30 (m,
2H). MS : 584.1 (M+1)"
(S)-N-((S)-1-(2-Chlorophenyl)-2-((4,4-difluorecyclohexyl)amino)-2-oxoethyl)-3-(4-cyano -
pyridin-2-y1)-N-(3-fluorophenyl)-2-oxooxazolidine-4-carbexamide (single enantiomer) —

Compound 78

"H NMR (400 MHz, CDCls): & 8.55 (s, 1H), 8.50 (t, J = 5.8 Iz, 1H), 7.67 (d, J= 8.5 Hz, 11},
7.43 -7.29 (m, 2H), 7.20 (d, J = 7.6 Hz, 1H), 7.15 — 6.89 (i, 4H), 6.43 (d, /= 4.4 Hz, 1H), 5.54
(d, /=179 Hz, 11), 5.06 (d, J= 4.7 Hz, 1H), 4.51 (dd, /= 8.8, 5.0 Hz, 1H), 4.25 (m, 1H), 3.98 (s,
1H), 2.19 — 1.74 (m, 6H), 1.49 (m, 2H). MS: 612.2 (M+1)".
(S)-N~((S)-1-(2-Chlorophenyl)-2-(3,3-difluorocyclobutylamine)-2-oxoethyl)-N-(3-cyane-5-
fluorophenyl)-3-(3-cyanophenyl)-2-oxooxazolidine-4-carboxamide (single enantiomer) —

Compound 134
F CN

%\g[#o

"FINMR (400 MHz, CDCls): 8 8.51 — 8.47 (m. 1H), 8.39-8.37 (d, 0.5H), 8.07-7.99 (m, 1H), 7.38
(s, 0.5I1), 7.33  7.31 (m, 11I), 7.26 = 7.22 (m, 1H), 7.08-7.07 (m, 11T), 6.90—6.87 (m, L11), 6.53~
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6.46 (m, 2H), 4.94 - 491 (m, 1H), 4.44 — 4.40 (m, 1H). 4.34 - 4.32 (m, {H), 4.28 - 4.23 (m, 1H),
3.00 —2.99(m, 2H), 2.50 - 2.43(m. 2H). MS: 608.1 (M+1) ™.
(S)-N-((S)~1-(2-Chlorephenyl)-2-((3,3-difluorocyclobutyl)amine)-2-oxeethyl)-3 (4~
eyanopyri ~din-2-yl)-N-(5-fluoropyridin-3-yl)-2-oxooxazolidine-4-carbexamide (single

enantiomer) —~ Compound 135

'II NMR (400 MHiz, CDCl3): § 8.58 — 8.28 (mm, 311), 8.08 (d, J = 8.5 Hz, 1H), 7.32 (dd, J= 5.1,
1.0 Hz, 2H), 7.28 = 7.20 (m, 1H), 7.07 (m, 1H), 6.91 (m, 1F), 6.66 —6.22 (m, 2H), 5.05 - 4.85
(m, 1H), 4.57 - 4.09 (m, 31), 3.02 (m, 2H), 2.69 — 2.30 (m, 2H). MS: 585.1 (M+1) .
(S)-N-(($)-1-(2-Chlorophenyl)-2-((4.4-difluorecyclohexyl)amine)-2-oxoethyi)-3-(4~
cyanopyri -din-2-y)-N-(5-fluoropyridin-3-yl)-2-oxooxazolidine-4-carboxamide (single

enantiomer) — Compound 132

/
F o} 0
ﬁ N [ p=0
M O
O 7
aeiie
\\ CN
"H NMR (400 MHz, CDCl3): § 8.91 (s, 1H), 8.41 (m, 4H), 8.11 (s, 11I), 7.23 (s, 1H), 7.05 (s, 1H),
6.91 (s, [H), 6.52 (m, 1), 6.05 (m, 1H), 4.95 (m, 1H), 4.37 (m, 2H), 3.95 (s, 1), 1.71 (m, 101T).
MS: 613.2 (M+1)".
(8)-N-((8)-1-(2-Chlorophenyl)-2~((3,3-difluorocyclobutyl)amino)-2-oxecthyl)-N-(3-fluoro
phenyl)-2-0x0-3-(thiazol-4-yl)oxazelidine-4-carboxamide (single enantiomer) — Compound
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"H NMR (400 MHz, CDCl;): § 8.70-8.47 (m, 1H), 7.69-7.52 (m, 1H), 7.49 (d, J = 2.0 Hz, 1H),
7.42-7.26 (m, 1H), 7.25-6.84 (m. SH), 6.42 (s, 1H), 6.21-6.02 (m, 1H), 5.03 (d, /= 4.6 Hz, 1H),
4.42 (m, 1H), 4.38- 4.05 (m, 2H), 2.98 (m, 2H), 2.64-2.29 (m, 2H). MS : 565.1 (M+1)",
(4S)-N-(1-(2-Chiorophenyl)-2-(3,3-difluorocyclobutylamine)-2-exoethyl)-3-(4-
cyanopyridin-2-y1)-N-(3-fluoro-5-(2-hydroxypropan-2-yl)phenyl)-2-oxooxazolidine-4-
carboxamide (racemic) — Compound 145

c | oH

ey

'H NMR (400 MHz, CDCl): § 8.63 - 8.50 (m, 1H), 8.42 (m, 1H), 7.48 - 7.40 (m, 1H), 7.29 (d, J
= 7.0 Hz, 2H), 7.25 - 7.19 (m, 2H), 7.14 - 6.95 (m, 3I1), 6.89 (m, 1H), 6.67 (d, J = 6.9 Hz, 11),
6.54 — 6.42 (m, 1H), 5.11 -4.96 (m, 1 H), 4.51 - 4.40 (m, 1H), 4.32 (d, J=9.1 Hz, 1H), 4.24 -
4,09 (m, 1H},3.12 - 2.73 (m, 2H), 1.52 (m, 2H), 1.32 (d, /= 9.0 Hz, 4H). MS: 642.2 (M+1)".
(48)-N-(1-(2-Chlorophenyl)-2-(3,3-difluorocyclobutylamine)-2-oxoethyl)-3-(4-
cyanopyridin-2-y1)-N-(3-fluorophenyl)-2-ox¢-1,3-0xazinane-4-carboxamide (racemic) —

Compound 90

\/&

N P

¢ EQ

d A
Xen

"H NMR (400 MHz, CDCls): & 8.57 (s, 1H). 8.40(s, 1), 7.68 (d, J = 8.0 Hz, 1H), 7.25 - 6.91 (m,
8H), 6.48 (s, 1H), 6.25 (s, 1H), 5.08 (s, 1H), 4.51 — 4.46 (m, 1H), 4.31 (m, 2H), 3.01 (m, 2H),
2.53 —2.50 (i, 2H), 2.29 - 213 (m, 2H). MS: 598.1 (M+1)".
(S)-N~((S)-1-(2-Chlorophenyl)-2-((3,3-difluorocyclobutyl)amine)-2-oxoethyl)-3-(4-cyanopy -
ridin-2-y1)-N-(3,5-difluorophenyl)-2-oxo-1,3-0xazinane-4-carboxamide (single enantiomer)

— Compound 133
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F
|

LCX,
0 -

'H NMR (400 MHz, CDCls): 8 8.55 (d, J = 5.0 Hz, 1H), 8.34 (s, 1H), 7.54 (d, J = 8.4 Hz, 1H),
7.31 (dd, J = 5.0, 1.1 Hz, 1H), 7.26 - 7.16 (m, 2H), 7.13 - 7.04 (m, 1H), 6.98 (1, J = 6.6 Hz, 2H),
6.72 — 6.63 (m, 1H), 6.49 (s, 1H), 6.44 (d, J= 6.9 Hz, {H), 5.11 (dd, J = 6.4, 3.5 Uz, 1H), 4.51 -
4.22 (m, 3H), 2.98-3.04 (m, 2H), 2.67 ~ 2.41 (m, 2H), 2.33 - 2.09 (m, 2H).MS: 627.2 (M+1)",
(S)-N-((S)-1-(2-Chlorophenyl)-2-((4,4-difluorocyclohexyl)amino)-2-oxoethyl)-3-(4-cyano

F/
. \
F
Fﬂo\

N

&

pyridin-2-y)-N-(3,5-difluorophenyl)-2-oxo-1.3-oxazinane-4-carboxamide (single

enantiomer) — Compound 139

E F
K
Fﬁ o) (\o
ﬁ N\ﬁ\u“ N/&o
ol O N7 i

NN

"H NMR (400 MHz, CDCls): 8 8.64 (d, /= 5.0 Hz, 1H), 8.47 (s, IH). 7.45 (d, J = 7.4 Hz, 1H),
7.38 - 7.30 (m, 2H), 7.24 (d, J = 7.1 Hz, 1H), 7.15-7.12 (m, 11), 6.81-6.77 (m, 1H), 6.06 (s, 1H),
5.51(d,J= 7.5 Hz, 1H), 5.05 - 4.88 (m, 1H), 4.62-4.56(m, 1H), 442 — 4,30 (m, 1H), 3.87 (s,
1H), 2.35 = 2.15 (m, 2H), 1.97-1.79 (m, 5H), 1.40 (m, 2H). MS: 643.2 (M+1)".
(S)-N-((8)-1-(2-Chlorophenyl)-2-((4,4-diflnerocyclehexyl)amino)-2-oxoethyl)-3-(4-cyano
pyrimidin-2-y1)-N-(3,5-difluorophenyl)-2-oxo-1,3-0xazinane-4-carboxamide (single

enantiomer) — Compound 144

F =
O
F o
108 U8
N ¥ ONTo
el 0 N')’\I\l
K/kCN
'H NMR (400 MHz. CDCHL): 8 8.96 (d, J = 4.7 Hz, 1H), 7.56 (d.J= 10.0 Hz, 1H), 7.41 (dd, J=
9.7, 6.4 Hz, 2H), 7.24-7.22 (m, 1H), 7.14 - 6.95 (m, 3H), 6.70 (1, J= 8.6 Hz, 1H), 6.52 (s, 1H),

5.53(d.J=76Hz 1H),496(dd,/J=7.8,4.0 Hz, 1H)},446(d,J= 88 Hz, 1H),4.31 (dd,J=
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L7, 5.1 Hz, TH), 3.99 (5. 1D, 249 =230 G, TH), 2.29 - 200 (. SH), 198 - 178 (m, 2H),
149 (dd. J=17.9, 8.5 Hz. 1), MS: 6452 (M~1)".
{$)-N-((S)-1-(2-ChlorophenyD-2-({3.3-diflnorocyclobutyDamino)-2-oxoethyl)-3-{4-cyanopy -
rimidin-2-y)-N-(3.5-diflnorophenyl)-2-oxeo-1,3-0xazinanc-4-carboxamide (single

cnantiomer) — Compound 154

Fli\F
.
L ijﬁo
Cl ON/’\I
\/\

FINMR (400 Mz, CDCLE 3R89 (d.J 4.8z, 1T1), 7.52 ¢, J 89 1z 1D, 740 (d. J= 4.8
Hz, 1H), 7.22 {dd. J = 8.0, 1.2 Hzo 11N, 7.16-7.015 am, THD. 7.08 - 6.97 (m. 21D, 694 (dd. J=7.7.
1.5 11z, TH), 6.66 {dd. J = 9.7, 7.4 Hz 1), 6.56 (s, IH), 6.43 (d. /- 6.8 11z, 111),4.91 (dd, J =
8.3, 4.5 Hz, 111), 4.41-4.33 (i, 211), 4.24-4.20 (m, 1H), 3.06 - 2.80 (1. 21), 2.66 - 2.42 (m, 2}1),
239225 (m, 1H), 2.24 =242 (m, 1), MS: 617.2 (M~+17Y.
(S)-N~((S)~1-(2-Chlorophenyl)-2-((3.3-difluorocyclobutyl)amino)-2-oxoethyl)-3-(4-cyaneo
pvridin-2-y1)-N-(5-fluoropyridin-3-y1)-2-oxo-1,3-oxazinane-4-carboxamide (single
enantiemer) ~ Compound 143

oy
o N ™o

i/\N N~ g
heltel
“7 M

"I NMR (400 Mllz, CDCl5): 8 9.08 - 7.79 (m, 311), 7.62 - 6.70 (. 511 6.30 (i, 211). 4.95 (m,
1), 4.62 - 4.03 (m, 3H), 2.99 (5. 211), 2.51 (s, 2H}, 2.18 (m, 2H). MS: 599.1 (M+1)".
(9)-N-A(S)-1-2-Chlorophenyl)-2-((4.4-difluorocyclohexy)amino)-2-oxocthyh)-3-(4-cyvano -
pyridin-2-y)-N-(5-flueropyridin-3-v1)-2-0xo-1,3-oxazinanc-4-carboxamide (single

enantiomer) — Compownd 137

W
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‘H NMR (400 MHz, CDCls): 8 8.43-8.90 (m, 3H), 8.30 (s, 1H). 7.49-8.13 (m. 1H), 7.29-7.31 (m,
2H), 7.17-7.21 (m, 1H}), 6.94-7.08 (m, 2H), 6.45-6.53 (m, 1H), 5.80-593 (m, 1H), 4.96-5.00 (m,
IH), 4.47-4.51 (m, 1H), 4.30 —4.33 (m, 1H), 3.96-3.98 (m, 1H), 2.09 —2.28 (m, 6H), 1.83 —
1.95 (m, 2H), 1.49 — 1.63 (m, 2H). MS: 627.2 (M+1)".
(S)-N-((S)-1-(2-Chlerophenyl)-2-(3,3-difluorocyclobutylamine)-2-oxoethyl)-3-(d-cyanopyri
din-2-y]}-N-(3-fluore-5-2-hydroxypropan-2-yhphenyl)-2-oxe-1,3-oxazinane-4-carboxamide

(single enantiomer) —~ Compound 146

F
= R (0] O
0 JICE
A

N I CN
'H NMR (400 Mliz, CDCl3): 6 8.56 (t, J = 6.0 Hz, 1II), 8.36 (s, 111), 7.72 - 7.45 (m, 111), 7.23 -
7.16 (m, 1H), 7.12 (t,J= 7.1 Hz, 1H), 7.06 - 6.86 (m, 3H), 6.38 (s, 1H), 6.28 (d.J= 6.9 Hz, 1H),
5.17 - 5.01 (m, 1H), 4.50 - 4.44 (in, 1H), 4.30 (m, 2H), 2.99 (d.J = 7.8 Hz, 2H), 2.62 - 2.37 (m,
2H), 2.36 - 2.06 (m, 2H), 1.49 (d, J = 6.2 Hz, 2H), 1.32 (m. 4H). MS: 656.2 (M+1)".
(S)-N-((S)-1-(2-Chlorophenyl)-2-(3,3-difluorocyclobutylamine)-2-oxeethyl)-1-(4-cyanopyri -
din-2-yh)-N-(3-flgorophenyl)-6-oxopiperidine-2-carboxamide (single enantiomer) —

Compound 55

e
.
RSO
g

\CN

"H NMR (400 MHz, CDCls): § 8.59 (s, 1H). 8.28 (s, LH). 7.72 (d, J = 7.2 Hz, 1H), 7.43 — 7.33
(m, 1H),, 7.26 — 7.12 (m, 2H), 7.11 — 6.96 (m, 2H), 6.89 (dd, J = 8.3, 2.2 Hz, 1H), 6.46 (s, LH),
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6.27 (s, 1H), 5.00 (t, J = 4.6 Hz, 1H), 4.37-4.28 (m, 1H), 3.13 - 2.95 (m, 2H), 2.78 - 2.69 (m,
1H), 2.62 —2.35 (m, 3H), 2.15 -~ 2.09 (m, 1H), 2.05 — 1.92 (m, 1H), 1.89 — L.70 (m, 3H). MS:
596.2 (M+1)".
(8)-N-((8)-1-(2-Chlorophenyl)-2-((4,4-difluorecyclohexyl)amino}-2-oxoethyl)-1-(d-cyana -
pyridin-2-y1)}-N-(3-fluorophenyl}-6-oxopiperidine-2-carboxamide (single enantiomer) ~
Compound 75
: Q )
O G
N ONTTo
a o @
NN
"H NMR (400 MHz, CDCls): 8 8.60 (s, 1H), 8.31 (s, 1H), 7.73-7.75 (m, 1H), 7.30 (m, 1H), 7.00-
7.17 (m, SH), 6.87-6.91 (m, 1H), 6.45 (s, 1H), 5.50 (d, /= 7.0 Hz, 1H), 5.00-5.02 (m, 1H), 3.99
(m, 1H), 2.60 — 2.74 (m, 1H)}, 2.58-2.60 (m, 1H1), 2.01 - 2.14 (m, 6H), 1.83 — 1.92 {m, 4H), 1.42
~ 1.46 (m, 3H). MS: 624.2 (M+1)".
(28,4R)-N-((8)-1-(2-Chlorophenyl}-2-((4,4-difluorecyclohexyl)amino)-2-oxoethyl)-1 -(4-
cyanopyridin-2-y)-4-fluore-N-(3-fluorophenyl)-5-oxopyrrolidine-2-carboxamide (single

enantiomer) — Compound 151

~oF
R | F
i o Y A
AO\N N, N Q
Q!
¢ I N
N SN CN

'H NMR (400 MHz, CDCls): 8 8.75 (s, 1H), 8.57 (s, 1H), 7.76 (s, 1H), 7.36 (m, 2H), 7.06 (m,
6H), 6.39 (s, 111), 5.51 (d, J = 6.6 Hz, 1H), 5.12 (m, 1H), 4.82 (s, 1H). 3.91 (m, 1H), 2.69 - 2.26
(mn, 2Hj), 2.05 (m, 6H), 1.53 - 1.38 (m, 2H). MS: 628.2 (M+1)",

Example 9. Preparation of (25)-N-(1-(2-Chiorophenyl)-2-((3,3-difluorocyclobutyl)amine)-2-
oxocthyl)-1-(4-cyanopyridin-2-yi)-N-(3,5-dicyanephenyl)-3-oxepyrrolidine-2-carboxamide
(racemic) — Compound 191
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Step A: 5-Nitroisophthaloyl dichioride. To a solution of S-nitroisophthalic acid (2.3 g. 11 mmol)

in SOCl, (6 mL) was added a drop of DMF and the mixture was stirred at reflux for 3 hr. The
resulting reaction mixture was concentrated to give the crude product which was used directly in
the next step.
Step B: 5-Nitroisophthalamide. 5-Nitroisophthaloyl dichloride (2.7 g, 9.7 mmol) was added
portionwise to a cold solution of NI13H,O (40 mL) at 0 °C. The reaction mixture was stirred
overnight and a white precipitate formed. The mixture was then filtered, washed with excess of
water, and dried at 110 °C to give the crude product which was used directly in the next step.
Step C: 5-Aminvisophthalamide. To a solution of S-nitroisophthalamide (2 g, 9.6 mmol) in
MeCOH (200 mL) was added Pd/C (200 mg). The reaction was stirred overnight under a hydrogen
atmosphere. The suspension was filtered and the filtrate was concentrated 1o afford the desired
product which was used directly in the next step.
StepD: 5-((28)-N-(1-(2-Chlorophenyl)-2-((3,3-difluorocyclobutyl)amino)-2-oxoethyl) 1-(4cyano
pyridin-2-vl)-5-oxopyrrolidine-2-carboxamido)isophthalamide. A mixture of 2-
chlorobenzaldehyde (1.0 mL, 7.3 mmol) and S-aminoisophthalamide (1.3 g, 7.3 mmol) was
stirred at room temperature for 30 min under Na, followed by addition of (S)-1-(4-cyanopyridin-
2-yh)-5-oxopyrrolidine-2-carboxylic acid (1.7 g, 7.3 mmol). After stirring for 10 min, 1,1-
difluoro-3-isocyanocyclobutane (854 mg, 7.3 mmol) was added. The mixture was then stirred
overnight and filtered and purified by a standard method to give the title product.
Step E: (28)-N-(1-(2-Chlorophenyl)-2-((3,3-difluorocyclobutyl)amine)-2-oxoethyl) 1-(4-cyano
pyridin-2-yh)-N-(3,5-dicyanophenyl)-5-oxopyrrolidine-2-carboxamide. To a mixture of 5-((25)-
N-(1-(2-chlorophenyl)-2-((3,3-difluorocyclobutyl)amino)-2-oxoethyl) 1 -(4-cyano pyridin-2-y1)-5-
oxopyrrolidine-2-carboxamido)isophthalamide (850 mg, 1.3 mmol) in pyridine (0.62 mL. 7.8

138



WO 2013/107291 PCT/CN2013/000068

mmol) and DCM (10 mL) was added TFAA (0.9 mL, 6.5 mmol). The reaction solution was
stirred at room temperature overnight. The resulting mixture was concentrated and the residue
was purified by a standard method to afford the title product. 'H NMR (400 MHz, CDCls): &
8.77 (s, 1H), 8.62 ~ 8.42 (m, 2H), 7.87 (s, 1H), 7.75 (s, 1H), 740 (d, J= 7.8 Hz, 1H), 7.31 (d, J =
4.2 Hz, 1H), 7.25(d, J = 8.1 Hz, 1H}), 7.10 (t, /= 7.3 Hz, 1H), 6.92 (d, / = 7.5 Hz, 1H), 6.47 (s,
1H), 6.11 (d. J = 6.6 Hz, 1H), 4.73 (dd, J= 9.4, 2.7 Hz, 1H), 4.35 (s, 1H), 3.14 - 2.82 (m, 3H), -
2.68-2.31 (m, 3H), 2.19 (m, 1H), 2.09~1.91 (m, 1H). MS : 614.1 (M+1)".

The following analogs were synthesized via the procedure set forth above, using the
appropriate aldehyde, amine, carboxylic acid, isocyanide and halo-substituted aromatic ring or
heterocyclic (heteroaromatic) ring using the rcagents and solvents set forth above, and purified
via standard methods.
(S)-N=((S)-1-(2-Chlorophenyl)-2-((3,3-difluorecyclobutyl)amine)-2-oxoethyl)-1-(4-cyano
pyridin-2-yD-N-(3,5-dicyanephenyl)-5-oxopyrrolidine-2-carboxamide (single enantiomer) —
Compound 153

NC CN
F
. & =
O
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DO
S5 CN

"H NMR (400 Mz, CDCL): & 8.74 (s, 1 H), 8.53 (m, 2[), 7.81 (m, 2H), 7.48 — 7.16 (m, 41),
7.09 (t,J= 7.5 Hz, 1H), 6.90 (d,./= 7.6 Hz, 1H). 6.46 (s, 1H), 6.17 (d, J= 6.7 Hz, 1H), 4.72 (dd,
J=9.1,2.3 Hz, 1H), 4.35 (s, 1H), 3.18 - 2,71 (m, 3H), 2.68 — 1.83 (m, SH). MS : 614.1 (M+1)".

Example 10. Preparation of (S)-tert-butyl 3-(((S)-1-(2-chlorophenyl)-2-((3,3-
difluorocyciobutyl) amino)-2-oxoethy)(3,5-difluorophenyl)carbameoyl)-5-oxopiperazine-1-
carboxylate (single enantiomer) ~ Compound 97

Compound 97 was synthesized via the UGI reaction procedure set forth herein, using the
appropriate aldehyde, amine, carboxylic acid, isocyanide and halo-substituted aromatic ring or

heterocyclic (heteroaromatic) ring and purificd via standard methods.
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"H NMR (400 MHz, CDCL): & 8.75 — 8.44 (m, 2H), 7.81-7.41 (m, 1H), 7.46-7.35 (m, 2H), 7.24
(t,J=7.2Hz, 1), 7.16 — 6.97 (m, 2H), 6.84-6.75 (m, 2H), 6.43 — 5.82 (m, 1H), 5.09-4.98 (m,
1H), 4.77-4.73 (m, 1H), 4.48 (d, J = 13.5 Hz, 1H), 4.27-4.07 (m, 2H). 3.45-2.76 (m, 4H), 1.54 (s,
9H). MS : 613.2 (M=+1)".

Example 11, Preparation of (35)-tert-butyl 3-((1-(2-chlorophenyl)-2-((3,3-
difluorocyciobutyl) amine)-2-oxeethyl)(3,5-difluorophenyl)carbamoyl)-4-(4-

cyvanopyrimidin-2-yl)-5-oxepiperazine-1-carbexylate (racemic) — Compound 98
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A mixtare of (3S)-tert-butyl3-((1-(2-chlorophenyl)-2-((3,3-difluorocyclobutyl Jamino)-2-oxoethyl)

1
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(3,5-difluorophenyl)carbamoyl)-5-oxopiperazine-1-carboxylate (200 mg, 0.326 mumol), 2-
bromopyrimidine-4-carbonitrile (0.489 mmol), Pdx(dba)s (30.2 mg, 0.0323 mmol), XantPhos
(19.1 mg, 0.03 mmol) and Cs,CO5(148.7 mg, 0.46 mmol) in 1,4-dioxane (10 mL) was stirred at
80 °C for 3 hr under N». The reaction mixture was cooled to room temperature and filtered. The
filtrate was concentrated and the residue was purified by a standard method to afford the desired
product. "H NMR (400 Mz, CDCl3): 8 8.97 (d, J = 4.3 I}z, 1H), 7.85-7.55 (d, 111), 7.51-7.39 (m,
28D, 7.25 (1, J= 7.6 Hz. 1H), 7.13-6.26 (m, 6H), 5.91 (d, J = 7.6 Hz, 1H), 4.92-4.08 (m, 51D,
3.38 (1, J = 14.9 Hz, 1H), 3.02 (s, 2H), 2.83-2.22 (d, 2H), 1.61 (s. 9H). MS : 716.1 (M+1)".

The following analogs were synthesized via the procedure set forth above, using the
appropriate aldehyde, amine, carboxvlic acid, isocynide and halo-substituted aromatic ring or
heterocyclic (heteroaromatic) ring using the reagents and solvents set forth above, and purified

via standard methods.
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(S)-tert-Butyl 3-(((S)-1-(2-chlorophenyl)-2-((4,4-difluorocyclohexyl)amine)-2-oxoethyi)(3,5-
difluorephenyl)carbameyl)-4-(4-cyanopyrimidin-2-yl)-5-oxepiperazine-1-carboxylate
(chiral) — Compound 93
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TH NMR (400 MHz, CDCls): & 8.96 (d, J = 4.3 Hz, 1H), 7.83 (s, 1H), 7.43 (m, 2H), 7.21 (t, J =

7.4 Hz, 1H), 7.08 — 6.62 (m, 411), 6.63 - 6.37 (m, 1H), 5.93 (m, 1H), 4.85 (t,J = 3.6 Hz, 1H),

4.63 —-4.23 (m, 2H), 4.16 (m, 1), 3.93 (s, 1H), 3.43 (m, 1H), 2.24 — 1.91 (m, 5I1), 1.79 (m, 3H),

1.60 (m; 1H), MS : 744.2 (M+1)".

(3S)-tert-Butyl 3-((1-(2-chlorophenyl)-2-((3,3—diflusrocyclebutyl)amine)-2-exoethyl)(3-

fluorophenyl)carbameoyl)-4-(4-cyanopyridin-2-yl)-5-exepiperazine-1-carboxylate (single

enantiomer) — Compound 89
C/ Boc
R = N
F O
0 (A

N N
A
= I CN

'H NMR (400 MHz, DMSO-dg): 6 8.80-8.37 (m, 1E), 8.05-7.57 (m, 1H), 7.58-7.31 (m, 3H),
7.21 (s, 1H), 7.16-6.89 (m, 3F), 6.90-6.68 (m, 1H). 6.67-6.30 (m, 1), 6.22 -5.84 (m, 1), 5.09-
4.87(m, 1T1), 5.83-4.57 (m, 1H), 4.50 (m, 1H), 4.25 (s, 1), 4.08 (m, 1IT), 3.50-2.70 (m, 4H).
2.60-2.10 (m, 1), 1.70 (s, 2, 1.54 (m, 1H). MS : 697.2 (M+1)".

Example 12. Preparation of (S)-N-((S)-1-(2-chlorophenyl)-2-((3,3-

difluorccyclobutyl)amino)-2-exoethyl)-1-(4-cyanopyrimidin-2-yl}-N-(3,5-diflaorophenyl)-6-

oxopiperazine-2-carboxamide (single cnantiomer) — Compound 99
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TFA (0.3 mL) was added to a solution of (S)-tert-butyl 3-(((R)-1-(2-chlorophenyl)-2-((3.3-
difluorocyclobutyl)amino)-2-oxoethyl)(3,5-difluorophenyl)carbamoyl)-4-(4-cyanopyridin-2-yl)-
S-oxopiperazine- 1 -carboxylate (60 mg, 0.08 mmol) in DCM (1.0 mL) at 0 °C. The mixture was
warmed to room temperature and stirred for 1 hr, and then concentrated. The residue was
purified by a standard method to give the desired product. "H NMR (400 MHz, CDCl3): 6 8.94 (t,
J=4.61z, 1H), 7.48-7.36 (m, 3H), 7.21 (m, J = 7.8, 1.5 Hz, 1H), 7.12-6.94 {m, 3H), 6.71-6.55
(m, 2H), 6.05(d, J=6.7 Hz, 1H), 4.73 (q, J= 4.0, 2.1 Hz, 1H),4.36 (d, /= 6.7 Hz, 1H), 3.77-
3.65 (m, 2H), 3.50-3.35 (m, 1H), 3.18 (m, 1H), 3.12 - 2.96 (m, 2H), 2.64-2.35 (11, 2FH). MS :
616.1 (M+1)",

The following compound was synthesized via the procedure set forth above, using the
appropriate aldehyde, amine, carboxylic acid, isocyanide and halo-substituted aromatic ring or
heterocyclic (heteroaromatic) ring using the reagents and solvents set forth above, and purified
via standard methods.
(S)-N-((S)-1-(2-Chlorophenyl)-2-((3,3-diflucrocyclobutyl)amine)-2-oxoethyl)-1-(4-cyane
pyridin-2-yI)-N-(3,5-difluorophenyl)-6-oxopiperazine-2-carboxamide (single enantiomer) —
Compound 100

F. F

H
mi)% %.[:LO
dt o

"H NMR (400 MIHz, CDCls): & 8.68 — 8.28 (m, 1H), 7.61 —7.28 (m, 2H). 7.20 (dd, J = 7.9, 1.3
Hz, OH), 7.02 - 6.90 (m. 1H), 6.66 (tt, J = 8.6, 2.3 Hz, 1H), 6.49 (d, J = 2.7 Hz, OH), 6.09 (m,
1H), 4.90 (dd, J = 3.8, 2.0 Hz, 1H), 4.42 — 4.16 (m, 11, 3.7 (m. 1H), 3.50 — 3.23 (m, 1H), 3.18
~2.78 (m, 2H), 2.63 = 2.13 (m, 2H). MS : 615.2 (M+1)".
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Example 13. (S)-4-Acetyl-N-((S)-1-(2-chlorophenyl)-2-(3,3-difluorocyclobutylamine)-2-oxo
ethyl)-1-(4-cyanopyridin-2-yl)-N-(3-fluorophenyl)-6-oxopiperazine-2-carboxamide (single
enantiomer) — Compound 92

.szi gl QEL

1 )TFA DCM

O\ 2 YDIPEA AGO,DCM JDIPEA Ac,0,DCM di* p CL
i I
Z o = CN

To a solution of (3S)-tert-butyl 3-((1-(2-chlorophenyl)-2-(3,3-difluorocyclobutylamino)-2-
oxoethyl)(3-fluorophenyljcarbamoyl)-4-(4-cyanopyridin-2-y1)-5-oxopiperazine-1-carboxylate
(100 mg, 0.14 mmol) in DCM (3 mL) was added TFA dropwise (1 mL) at 0 °C. The mixturc was
stirred at room temperature for 2 hr and then concentrated. The residue was dissolved in DCM
and cooled to 0 °C. DIPEA (0.055 mL, 0.34 mmol) was added to the mixture followed by Ac,O
(0.031 mL, 0.34 mmol) at 0°C. Then the mixture was stirred at room temperature for 2 hr. The
solution was concentrated and the residue was purified by a standard method to afford the
desired product. 'H NMR (400 MHz, CDCls): § 8.54 (s, 2F1). 7.70-744 (m . 2H), 7.36 (m, 2H),
7.20(t,J=7.2Hz, 1H), 7.14 - 6.99 (m, 2H), 6.94 (t. J= 7.4 Hz, 111), 6.80 (s, 11I), 6.66 (d, /=
7.8 Hz, 1H), 6.58 — 6.42 (m, 1H), 5.09 (dt, /= 5.2, 3.1 Hz, 1H), 4.93 (m, 1H), 4.63 (m, 1H), 4.54
—4.41 (m, 1H), 4.35-4.31 (m, 1H), 3.16 (s, 1H), 3.12 - 2.96 (m, 3H), 2.86 (s, 1H), 2.25 (s, 3H).
MS: 639.2 (M+1)".

Example 14. Preparation of (8)-N-((S)-1-(2-chlorophenyl)-2-((3,3~
difisorocyclobutyl)amine)-2-oxoethyl)-1-(4-cyanopyridin-2-yD-4-cyclopropyl-N-(3,5-

difluorophenyl)-6-oxopiperazine-2-carboxamide (single enantiomer) — Compound 106
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TFA (0.3 mL) was added to a solution of (S)-tert-butyl 3-(((R)-1-(2-chlorophenyl}-2-((3,3-

difluorocyclobutyl)amino)-2-oxoethyl)(3,5-difluorophenyl)carbamoyl)-4-(4-cyanopyridin-2-yl)-
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S-oxopiperazine-1-carboxylate (60 mg, 0.084 mmol) in DCM (1.0 L) at 0 °C. The mixtore was
stirred at room temperature for [ hr then coneentrated. The residue was dissolved in MeOFL (2
ml.) followed by addition of (1-cthoxyevelopropoxyirimethyisilane (88 mg. 0.50 mmol). AcOI
(50 mg, 0.84 mmel) and NaBIHJON) (27 mg, 042 mmol). The resulting suspension was stirred
at %0 "C under N; for 1.5 hr. The reaction mixture was partitioned between EtOAc and HAO. The
orgmic layer was separated. washed with brine, dried over anhydrous NaoSO. and concentrated.
The residuc was purified by a standard method to afford the desired product. "H NMR (400
Milz, CDCI): 8 7.64 (d, J = 7.8 1z, 111, 7.30 (d, J= 5.3 11z 211). 7.19 (s, 111), 7.07 (5, 311),
6.06 (s, TH), 6.32 (s, 1) 6,09 (n L), 3.09 (5. 1H), 4.28 (s, 1H). 3.76 - 3.59 (m, 111), 3.46 -
333 (m, 1), 3.08-2.89 (m, 411). 2.59 - 231 (m, 2H), 0.94 (s, 1), 0.61-0.37 {m, 4H). MS:
6352 (M-+1Y".

kxample 15, Preparation of (S)-N-((S)-1-(2-chloropheny-2-((3.3-
difluorocyclobutyl)amino)-2-oxocthyl)-1-(4-cvanopyridin-2-vi)-N-(3.5-difluorophenyl)-4-

methyl-6-0xopiperazine-2-carboxamide (single enantiomer) — Compound 01

-
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THEA (0.6 mL) was added to a solution of (3S -tert-buty] 3-(( [-(2-chlorophenyl)-2-((3,3-

1Z

Ch

diftuorocyelobutyljaming)-2-oxocthyl (3 5-difluorophenyl)carbamoyl)-4-(4-cvanopyridin-2-yi)-
S-oxopiperazine-1-carboxylate (30 mg, 0.042 mmol) in DCM (2 mil.) at 0 °C. The mixture was
stirred at room temperatare for 1 hr and then concentrated. The residue was dissolved in MeCON
(4 mL) followed by addition of K-COs (10 mg. 0.072 mmol} and wodomethane (2 mL). The
resulting mixture was stirred at room temperature for 2 he and then concentrated. The residue
was p\u'iﬁcd by a standard method w afford the desired product. "HNMR (400 Mz, CDCI3) 1 6
R0 201, 7.80 (s, THD). 745 (o = 7.0 Hz THY 7.33 (mu 11D, 7.07 (d, J= 4.3 Hz, 2HD). 6.74
(.7 8.0 Hz, TH). 6,48 — 591 (in, 311, 4.92 (1.7 = 4.7 Hz, 111, .20 (m, 11, 3.61 - 3.40 (n.
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1H), 3.14 (m, 1H), 3.02 — 2.77 (m, 3H), 2.71 (m, 1H), 2.42 —2.26 (m, 5H), 2.04 (d, J = 9.0 Hz,
1H). MS: 629 (M+1) ™.

Example 16. Preparation of (S)-N-((5)~1-(2-chlorophenyl)-2-((3,3-
difluorecyclobutyl)amine)-2-exoethyl)-1-(4-cyanopyridin-2-yl)-N-(3,5-diflusrophenyl)-4-(2-

hydroxyethyl)-6-oxopiper azinc-2-carboxamide (single enantiomer) — Compound 167

. OH

i F\Q/F zoc i \Q/F r{‘/l
0 20 0 UG
N Nm‘\\e NSo . ~_on [TFADOM N NTI““ N"So

d o O ’ 2 TBAI, Et,N,E1OH,85°C o O 7 l
! CN S 5

To a solution of (S)-tert-butyl 3-(((S)-1-(2-chlorophenyl)-2-((3,3-difluorocyclobutyl) amino)-2-
oxocthyl)(3,3-difluorophenylycarbamoyl)-4-(4-cyanopyridin-2-y1)-5-oxopiperazine-1-carboxyl
ate (30 mg, 0.04 mmol) in DCM (3 mL) was added TFA (I mL) at 0 °C. The mixture was stirred
at room temperature for 1 hr and concentrated in vacuo. The residue was dissolved in EtOH (3
mL} followed by addition of TBAI (16 mg. 0.04 mmol), EtzN (10 mg, 0.1 mol) and 2-
bromocthanol (7 mg, 0.056 mmol). The resulting mixture was stirred at 85 °C for 3 hr and then
filtered. The filtrate was concentrated and the residue was purified by a standard method to
afford the desired product. "H NMR (400 MHz, CDCl3): 8 8.96 (t, /= 4.6 Nz, 1H), 7.53-7.36 (m,
3H), 7.23 (m, J = 7.8, 1.5 Hz, 1H), 7.14-6.94 (m, 3H), 6.68 (m, J= 8.6, 2.3 Hz, 1H), 6.60 (d, J=
3.1 Hz, 1H), 6.07 (d, /= 6.7 Hz, 111), 4.75 (q, /= 4.0, 2.1 Hz, 1H), 4.38 (d. J= 6.7 Hz, 1H),
3.78-3.67 (m, 2H), 3.39 (m, 1H), 3.26-2.92 (m, 3H), 2.67-2.36 (m, 2H). MS : 659.2 (M+1)".

The following compound was synthesized via the procedure set forth above, using the
appropriate aldehyde, amine, carboxylic acid, isocyanide and halo-substituted aromatic ring or
heterocyclic (heteroaromatic) ring using the reagents and solvents set forth above, and purified
via standard methods.

Compound 104
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"H NMR (400 MHz, CDCL;): 8 8.60-8.56 (m, 2H), 7.47-7.28 (m, 3H), 7.22-7.01 {m, 4H), 6.72-
6.67 (m, 1H), 6.54-6.44 (m, 2H), 5.24 (m, 1H). 4.37-4.13 (m, 3H), 3.63-2.97 (n, 8H), 2.44-2.06
(m, 2H), 1.34-1.28 (m, 3H). MS : 701.2 (M+1)".

Example 17. Preparation of (S)-N-((S)-1-(2-chloropheny1)-2-((3,3-
difluorscyciobutyl)amino)-2-oxoethyl)-1-(5-cyanooxa-zol-2-yl)-N-(3,5-difluorophenyl)-5-

oxopyrrolidine-2-carboxamide (single enantiomer) — Compound 162
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Step A: Oxazole-5-carboxamide. Ethyl oxazole-5-carboxylate (2 g, 14.2 mmol) was dissolved
in NH; solution (7 M in MeOH, 25 mL). The solution was stirred at room temperature for 2 hr
and filtered. The solid was dried to give the desired product (1.5 g, 92% yield) as a white powder
which was used directly in the next step.

Step B: 2-lIedooxazole-5-carboxamide. Oxazole-5-carboxamide (560 mg. 5.0 mmol) was
dissolved in anhydrous THF (7.5 mL) and flushed with Nz. The solution was cooled to -42 °C
and treated with fresh LIHMDS (15 mL, | M in THF). The solution became dark yellow was
stirred for 20 min and followed by the addition of a solution of ZnCl, (30 mL, 0.5 M in THF).
The reaction was warmed to 0 °C for 1 hr. After solid iodine (1.65 g, 6.5 mmol) was added, the
reaction mixture was stirred at room temperature for another [ hr and then poured into saturated
Na,S,05 solution containing 25% aq. NHj solution. The resulting mixture was extracted with
EtOAc (3 x 30 mL). The combined organic layers were washed with brine, dried over anhydrous
Na»S0, and concentrated. The resulting residue was purified by a standard method to give the
desired product. MS : 239.0 (M+1)".
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Step C:  2-((S)-2-(((S)-1-(2-Chlorophenyl)-2-((3,3-difluorocyclobutyl) aming)-2-oxoethyl)(3,5-
difluorophenyl)carbamoyl)-5-oxopyrrolidin-1-yl)oxazele-5-carboxamide. The product was
prepared by the general procedure for the Buchwald reaction.'H NMR (400 MHz, CDCls): 8

7.59 (s, 1H), 7.53 (s, 111), 7.37 (d, J = 7.9 Hz, 1H), 7.20 (t, J = 7.0 Hz, 1H), 7.04 (t, /= 7.6 Bz,
1), 6.96 (d, J= 7.9 Hz, 2H), 6.68 (t,J = 8.7 Hz, 1H), 6.46 (s, 1), 6.36 {(d, J = 6.4 Hz, 1H),

5.68 (s, 1H), 4.82 (dd, J = 9.3, 2.6 Hz, 111}, 4.33 (s, 1H), 4.16 - 4.09 (m, 1H), 3.03-3.00 (m, 211),
290 -2.77 (m, 1H), 2.62 — 2.35 (m, 3H), 2.29-2.28 (m, 1H), 2.19 -- 2.08 (m, 1H). MS: 608.1
(M+1)".

Step D:  (S)-N-((S)-1-(2-Chlorophenyl)-2-((3,3-difluorocyclobutyl)amino)-2-oxoethyl)-1-(5-
cyanooxazol-2-yl)-N-(3,5-difluorophenyl)-5-oxopyrrolidine-2-carboxamide.
2-((S)-2-(((S)-1-(2-Chiorophenyl)-2-((3,3-difluorocyclobutyl)amino)-2-oxoethyl )(3,5-difluoro-
phenyljcarbamoyl)-5-oxopyrrolidin-1-yl)oxazole-5-carboxamide (100 mg, 0.16 mmol) was
dissolved in DCM (3 ml) and dry pyridine (0.8 mL). TFAA (0.1 mL) was added and the
reaction solution was stirred for 25 min at room temperature and then concentrated in vacuo. The
residue was dissolved in EtOAc and washed with H,0O, saturated aq. NaHCO; and brine. The
organic phase was separated, dried over anhydrous Na,SOy4, and concentrated. The residue was
purified by a standard method to give the desired product.'H NMR (400 MHz, CDCl;): & 7.63 (s,
1H), 7.55 (d,J = 7.0 Hz, 1H), 7.41 (d,J = 7.1 Hz, 1H), 7.25 (td, J= 7.8, 1.5 Hz, 1H), 7.08 (1. J =
7.6 Hz, 1H), 6.98 — 6.91 (m, 1H), 6.80 (d. /= 6.7 Hz, 1H), 6.71 (dd, J= 9.7, 7.4 Hz, 1H), 6.49 (s,
1H), 597 (4, J = 6.8 Hz, 1H), 4.80 (dd, J = 9.3, 2.8 Hz, 1H), 4.36 (s, 1H), 3.06-3.03 (m, 2H),
292279 (m, 1H), 2.62 - 2.29 (m, 4H), 2.18-2.12 (m, 1H). MS: 590.1 (M+1Y".

Example 18. Preparatien of 25,4R)-N-(1-(2-chlorophenyl)-2-((3,3-
difluerocyclobutyl)amino)-2-oxoethyl)-N-(3-cyano-pbenyl)-1-(4-cyanopyridin-2-yl)-4-

hydroxy-5-oxepyrrolidine-2-carboxamide (racemic) — Compound 170
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Step A: (28,4R)-I-tert-Butyl 2-methyl 4-((tert-butyldimethylsilyl) oxy)pyrrolidine-1,2-
dicarboxylate. Tmidazole (2.8 g, 40.8 mmol) was added to a solution of (2S,4R)-1-tert-butyi 2-
methyl 4-hydroxypyrrolidine-1,2-dicarboxylate (5.0 g, 20.4 mmol) and TBSCI (4.6 g, 30.6 mmiol)
in anhydrous DMF (100 mL). The mixture was stirred at room temperature overnight and then
partitioned between EtOAc and H>O. The organic layer was separated, washed with aq. LiCl
(10%) and brine, dricd over anhydrous Na,SO,, and then concentrated. The residue was purified
by column chromatography to afford the desired product as a colorless oil. MS: 360.2 M+1)",
Step B : (28, 4R)-1-tert-Butyl 2-methyl 4-((teri-butpldimethylsilyl) oxy)-5-oxopyrrolidine-1,2-
dicarboxylate. To a solution of NalO4 (7.5 g, 35.0 mumol) in water (80 mL) was added RuO, (370
mg, 2.8 mmol) under the atmosphere of nitrogen. The resulting green-yellow solution was stirred
for 5 min followed by addition of (2S,4R)-1-tert-butyl-2-methyl4-((tert-butyldimethyl
silyDoxy)pyrrolidine-1,2-dicarboxylate (5.0 g, 14.0 mmol) in EtOAc (44 mL) in one portion. The
mixture was stirred at room temperature overnight, The resulting mixture was then diluted with
EtOAc and filtered through a pad of Celite. The organic layer was separated and washed with
saturated aq. NalSOs, which resulted in precipitation of Ru black. The organic layer was then
washed with brine and dried over anhydrous Na,SO;. Evaporation of the solvent gave the desired

product as a colorless oil. MS: 374.2 (M+1)".

148



WO 2013/107291 PCT/CN2013/000068

Step C: (285,4R)-4-((tert-Butyldimethylsilyl)oxy)-5-oxopyrrolidine-2-carboxylic acid. TFA (6
mL) was added to a solution of (28,4R)-1-tert-butyl 2-methyl 4-((tert-butyldimethylsilyDoxy)-5-
oxopyrrolidine-1,2-dicarboxylate (2.5 g, 6.68 mmol) in DCM (18 mL) at 0 °C. The mixture was
stirred at room temperature for 1 h then concentrated. The residue was dissolved in MeOH/THE
(10mL/10mL) followed by addition of a solution of LiIOH (842 mg, 20.1 mmol) in water (5 mL).
The resulting mixture was stirred at room temperatore for 1 h and then partitioned between
EtOAc and H,O. The aqueous layer was separated and then adjusted to pH=6 with 1 N HCI aq.
and extracted with EtOAc (3 x 20 mL). Combined organic layers were washed with brine, dried
over anhydrous Na,SO;, and then concentrated to afford the desired product. ‘11 NMR (400 MHz,
DMSO-dg): 6 12.87 (s, 1H), 8.17 (s, 1H), 4.21 (t,J = 8.0 Hz, 1H), 4.02 (d, J= 8.4 Hz, 1H), 2.39
—2.23 (m, 1H), 2.09 (m, 1H), 0.84 (s, 9H), 0.07 (s, 6H). MS: 260.1 (M~+1)".

Step D: The same as general procedure for UG reaction set forth herein.

Step E: The same as general procedure for Buchwald reaction set forth herein.

Step F: (28,4R)-N-(1-(2-Chlorophenyl)-2-((3,3-difluorocyclobutyl)amine)-2-oxoethyl)-N-(3-
cyano-phenyl)-1-(4-cyanopyridin-2-yl)-4-hydroxy-5-oxopyrrolidine-2-carboxamide. TBAF in
TIIF (1IN, 0.3 ml.) was added to a solution of (2S,4R)-4-((tert-butyldimethylsilyl)ox y)-N-(1-(2-
chlorophenyl)-2-((3,3-difluorocyclobutyljamino)-2-oxoethyl)-N-(3-cyanophenyl)-1-(4-cyano
pyridin-2-yl)-5-oxopyrrolidine-2-carboxamide (0.15 mmol) in THF at 0 °C and the reaction
solution was stirred at this temperature for 20 min. The resulting mixture was concentrated and
the residue was purified by a standard method to afford the desired product. 'H NMR (400 MHz,
CDCl;): 6 8.82 — 8.43 (m., 2H), 8.40 - 8.17 (m, 1H), 7.63 — 7.30 (m, 3H), 7.26 — 6.66 (m, 4H),
6.68 — 634 (m, 2H), 6.65 — 6.31 (m, 2H), 4.87 —4.56 (m, 2H), 4.23 (m, 1H), 4.01 - 3.76 (m, 1H),
3.15 ~1.96 (m, 6H). MS: 605.1 (M+1)".

The following analogs were synthesized via the procedure set forth herein, using the
appropriate aldehyde, amine, carboxylic acid, isocynide and halo-substituted aromatic ring or
heterocyclic (heteroaromatic) ring using the reagents and solvents set forth herein, and purified
via varjous standard methods.
(2S.4R)-N-((8)-1-(2-Chlorophenyl)-2-(3,3-difluerocyclobutylaminoe)-2-oxocthyl)-i-(4-cyane
-pyridin-2-yD-N-3-fluorophenyl)-4-hydroxy-5-oxopyrrolidine-2-carboxamide (single

enantiomer) — Compound 113
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y
"H NMR (400 MHz, CDCl:): & 8.70 (i, 1H), 8.53 (s, 1H), 7.72 (d, J = 7.5 Hz, 1H), 7.32 (d.J =
4911z, 2H), 7.18 (d, J = 6.0 Hz, 1H), 7.09 — 6.85 (m, 4H), 6.43 (s, 1), 6.20 (d, /= 5.3 lIz, 111},
4.89 (s, 1H), 4.74 (t,J = 9.2 Hz, 1H), 4.37-4.32 (m, 1H), 3.40 (s, 1H), 3.11 - 2.87 (m, 2H), 2.77
—2.14 (m, 3H), 2.03-1.91 (m, 1H). MS: 598.1 (M+1)".
(28.4R)-N-((S)-1-(2-Chlorophenyl)-2-((3,3-difluorocyclobutyl)amine)-2-exoethyl)-1-(4-
cyanopyrimidin-2-yl)-N-(3-fluerophenyl)-4-hydrexy-5-oxopyrrolidine-2-carboxamide —
Compound 120

\e
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"H NMR (400 MHz, CDCls): 3 8.98 (d, J = 4.4 Hz, 1H), 7.70 (s, 1H), 7.39 (d, J = 4.9 Hz, 2H),
7.20 — 6.86 (m, 4H), 6.50 (s, 1H), 5.75 (s, 1H), 5.35 (s, 1H), 4.92 —~ 4.63 (i, 2H), 4.34 (s, 1H),
2.91 (m, 3H), 2.21 (m, 4H). MS: 599.1 (M+1)".
(28.4R)-N-((8)-1-(2-Chlorophenyl)-2-((4,4-difluorocyclohexyl)amino)-2-oxoethyl)-1 (4~
cyano pyridin-2-yl)-N-(3-fluorophenyl)-4-hydrexy-5-exopyrrolidine-2-carboxamide (single

enantiomer) — Compound 121
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"H NMR (400 MMz, CDCl3): & 8.78 (s, 1H), 8.54 (s. 1H), 7.77 (d, J = 8.1 Hz, 1F1), 7.45 - 7.30
(m, 2H), 7.25 - 6.83 (m, SH), 6.42 (s, 1H), 5.49 (d, J = 7.4 Hz, 1H), 4.83 (m,, 2H), 4.00 (s, 1H),
3.02 (s, 1H), 2.74 (m, 1H), 2.25 — 1.74 (m, TH), 1.56 — 1.33 (m, 2H). MS : 626.2 (M+1)".
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(28,4AR)-N~((R)-1-(2-Chlorophenyl)-2-((4,4-difluorocyclohexyl)amine)-2-oxoethyl)-1-(4-
cyanopyrimidin-2-yl)-N-(3-fluorophenyl)-4-hydroxy-5-oxopyrrolidine-2-carboxamide

(single enantiomer) — Compound 122

0L

@ k/LCN

"H NMR (400 MHz, CDCL): 8 9.00 (d, J = 4.8 Hz, 1H), 7.83 (m, 1H), 7.42 (t, J = 6.6 Hz, 2H),
7.22 (m, 2H), 7.18 — 7.08 (m, 1H), 7.08 — 6.67 (m, 2H), 6.17 (m, 1H), 5.70 (d, /= 7.6 Hz, 1H),
4.93 —4.66 (m, 2H), 3.88 (d, /= 7.7 Hz, 1H), 3.37 (s, 1H), 2.71 (m, 1H), 2.03 (m, 5H), 1.88 -
1.64 (m, 4H). MS : 627.2 (M+1)".
(28,4R)-N-((S)-1-(2-Chlorephenyl)-2-((4,4-difluorocyclohexyl)amino)-2-oxoethyl)-1-(4-
cyano pyrimidin-2-yl)-N-(3-fluorophenyl)-4-hydroxy-5-oxopyrrolidine-2-carboxamide —
Compound 123

ol
]

'H NMR (400 MHz, CDCls): 8 8.99 (d, J = 4.4 Hz, 111), 7.74 (d, J = 7.9 Hz, 1H), 7.47 - 7.29 (m,
3H), 7.08 (m, 6H), 6.51 (s, 1H), 5.61 (s, 1H), 4.81 (m, 2H), 4.02 (d, J = 7.2 Hz, 1H), 3.38 (s, 1H),
2.89—2.65 (m, 1H), 2.23 — 1.81 (m, 8H), 1.58 — 1.48 (m, 1 H). MS : 627.2 (M+1)".
(28,4R)-N-((R)-1-(2-Chlorephenyl)-2-((3,3-difluorocyclobutyl)amine)-2-oxoethyl)-1-(4-cya
nopyridin-2-yl)-N-(3,5-difluerophenyl)-4-hydroxy-5-oxopyrrolidine-2-carboxamide (single

enantiomer) — Compound 114
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"H NMR (400 MHz, CDCL): § 8.71 (d, J = 5.8 Hz, 1H), 8.64 — 8.50 (m, 1H), 7.94 — 7.56 (m,
1H), 7.47 = 7.31 (m, 2H). 7.29 (d,J= 2.2 Hz, [H), 7.26 - 7.18 (m, 1H), 7.16 ~ 6.95 (m, 2H),
6.88 —6.65 (m, 1H), 6.44 - 6.35 (m. 1H), 6.29 (s, 1H), 6.1F (d, /= 6.7 Hz, 1), 4.77 (m, 2H),
4.40 —4.08 (m, 1H). 3.27 (s, 1H), 3.09 - 2.58 (m, 3H), 2.54 - 2.12 (m, 2H), 2.10 - 1.95 (m, 1H).
MS: 616 (M+1)".
(28,4R)-N-((S)-1-(2-Chlorophenyl)-2-((3,3-diflucrocyclobutyl)amino)-2-oxoethyl)-1-(4-cya
nopyridin-2-yl)-N-(3,5-difluorophenyl)-4-hydroxy-5-oxopyrrolidine-2-carboxamide (single
enantioemer) — Compound 115

F. F

5 e}
nep Y
QS
Cl { N/ [
Y

1H NMR (400 MHz, McOD): 8 8.65 — 8.50 (m, 2H), 7.54 (d, /= 9.5 Hz, 1H), 7.43 — 7.32 (m,
1H), 7.22 - 7.12 (m, 2H), 7.03 (m, 1H), 6.97 — 6.87 (m, 1H), 6.84 — 6.75 (m, 2H), 6.36 (d,J =
8.5 1z, 111), 4.89 (d, J= 8.6 Iz, 1H), 4.65 — 4.49 (m, 2I1), 4.13 (m, 1H), 2.93 - 2,72 (m, 2H),
2.57 -2.26 (m, 3H)., 1.85 (m, 1H). MS: 616.1 (M+1)".
(28,4R)-N-((R)-1-(2-Chlerophenyl)-2-((3,3-difluorocyclobutyl)amine)-2-oxoethyl)-1-(4-
eyanopyrimidin-2-yl)-N-(3,5-difluorephenyl)-4-hvdroxy-5-oxepyrrolidine-2-carboxamide

{single enantiomer) — Compound 116
F F
—\O\ /”\/N (gb

'H NMR (400 MHz, CDCls): 8 8.98 (t, J = 5.0 Hz, 111), 7.88 (s, 1H), 7.88 (s, 1L, 7.50 - 7.37 (m,
2H), 7.33 —7.20 (m, 2H), 7.19 — 7.06 (m, 2H), 6.83 — 6.66 (m, 1H), 6.48 (m, 2H), 6.27 (s, 1H),
4.23 (s, 1H), 3.32 (s, 1H), 2.87 (m, 2H), 2.66 (m, 1H), 2.35 - 2.02 (m, 3H). MS: 617.1 (M+1)".
(28,4R)-N-((8)-1~-(2-Chlorephenyl)-2-((3,3-diflusrocyclobutyl}amine)-2-oxoethyl)-1-(4-
cyanopyrimidin-2-yI}-N-(3,5-diflnorophenyl)-4-hydroxy-5-oxopyrrolidine-2-carboxamide —
Compound 117
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"H NMR (400 MHz, MeOD): § 8.88 (d, J = 4.9 Hz, 111), 7.56 (m, 2H), 7.34 {dd, J = 8.0, 1.1 Hz.
1H), 7.16 (td, /= 7.8, 1.6 Hz, 1H), 7.09 - 7.00 (m, 1H), 6.98 - 6.85 (m, 2H), 6.81 (m, 1H), 6.42
(s, 1H), 4.87 (d, /= 8.8 Hz, 1H), 4.59 ~ 4.42 (m, 2H), 4.27 - 4.09 (m, 1H), 2.98 - 2.74 (m, 2H),
2.46 (m, 3H). 2.02 - 1.76 (m, 1H), MS: 617.1 (M+1}". '
(28,4R)-N-((R)-1-(2-Chlorophenyl)-2-(4,4-difluorocyclohexylamino)-2-oxoethyl)-1-(4-
cyanopyridin-2-y1)-N-(3,5-difluorophenyl)-4-hydrexy-5-oxopyrrolidine-2-carboxamide

(single enantiomer) — Compound 124

K ® OH

/Q
CN

'H NMR (400 MHz, CDCL): § 8.71 (s, 1H), 8.64 (d,J = 5.0 Hz, 1), 7.79 (s. 1H), 7.45 (d, J =
7.8 Hz, [H), 7.35 (dd, /= 5.0, 1.0 Hz, 1H), 7.30 - 7.24 (m, 1H), 7.16 (d, /= 6.3 Hz, 1H), 7.14 -
7.05 (m, 111), 6.79-6.68 (m, 2H), 6.27 (s, 111), 5.87 (d, J= 7.5 1lz, 1II), 4.82 (t, J = 6.9 Hz, 1I),
4.74 (t.J=9.2 Hz, 1H), 3.90 -3.71 (m, 1H), 3.27 (s, I1H}, 2.65 (m, 1H), 2.15 - 1.72 (m, 8H),
1.57-1.43 (m, 1H). MS: 644.2 (M+1)".

(28 AR)-N-((8)-1-(2-Chlorephenyl)-2-(4,4-diflnerocyclohexylamino)-2-oxocthylj-1-(4-
cyanopyridin-2-y)-N-(3,5-diflucrophenyl)-4-hydroxy-5-oxopyrrolidine-2-carboxamide

(single enantiomer) — Compound 125

Cf
O
O
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"H NMR (400 MHz, CDCl;): & 8.83 — 8.47 (m, 2H), 7.62 (d. J = 8.0 Hz, 1H), 7.38 (d, /= 8.0 Hz,
1H), 7.32(d, J= 5.0z 1H), 7.21 (t, J= 7.1 Hz, [H), 7.05 (t,J= 7.5 Hz, 1H), 6.98 (d,/= 7.7
Hz, 1H), 6.85 (d, J= 7.7 Hz, 11}, 6.68 (t, J = 8.6 Hz, 1H), 6.40 (s, 1), 5,62 (d, /= 7.7 Hz, 1H),
4.96 - 4.70 (m, 2H), 4.01 (d, J= 7.6 Hz, 1H), 3.37 (s, LH), 2.70 (m, 1H), 2.14 — 1.74 (m, 8H),
155-1.41(m, 111). MS: 644.2 (M+1)".
(2S,4R)-N-((R)-1-(2-Chlorophenyl)-2-{4,4-difluorocyclohexylamino)-2-oxoethyl)-1-(4-
cyanopyrimidin-2-yl)-N-(3,5-difluorophenyl)-4-hydroxy-3-oxopyrrolidine-2-carboxamide

(single enantiomer) — Compound 126

b\ /LL\T/:N\{ OH
“O° .o

‘H NMR (400 MHz, CDCls): 8 8.98 (dd, J= 4.7, 2.1 Hz, 1H), 7.63 (d, J= 7.3 Hz, 1H), 7.50 -
7.33 (m. 2H), 7.28 — 6.87 (m, 3H), 6.84 — 6.38 (m, 2H)}, 6.19 (s, IH), 5.82 (d, J = 7.6 Hz, 1H),
4.94 —4.65 (m, 211), 3.86 (d, J = 7.5 Hz, 1), 3.57-3.49 (m, 111), 2.68 (m, 1H), 2.16 — 1.86 (m,
6H). 1.81-1.77 (m, 2H). MS: 645.2 (M+1)",
(25,4R)-N-((5)-1-(2-Chlorephenyl)-2-(4,4-difluorocyciohexylamine)-2-oxoethyl)-1-(4-
cyanopyrimidin-2-yl)-N-(3,5-difluorophenyl)-4-hydroxy-5-oxopyrrolidine-2-carboxamide

(single enantiomer) — Compound 127

F
F i I: OH
F o ’/S§
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Cﬁl 8] /\N
K)\CN

"H NMR (400 MHz, CDCls): 8 8.99 (d, J = 4.8 Hz, 1H), 7.62 (d, J = 8.7 Hz, 1H), 7.49 ~ 7.35 (m,
2H), 7.22 (td, J = 7.8, 1.5 Hz, 1H), 7.07 (t, J = 7.1 Hz, 1H), 6.98 (dd, J = 7.8, 1.3 Hz, 1H), 6.91
(d,J= 8.2 Hz. 1H), 6.72 (tt, J = 8.6, 2.2 11z, 1H), 6.48 (s, 1 H), 5.64 (d. J = 7.7 Hz, 1H), 4.94 -
4.69 (m, 2H), 4.11 = 3.91 (m, 1H), 3.46 (s, 1H), 2.79 (m, 1H), 2.19 — 1.85 (m, 7H), 1.61 — 1.40
(m, 2H). MS: 645.2 (M+1)".
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(2S.4R)-N-(1-(2-Chlorophenyl)-2-(3,3-difluorocyclobutylamino)-2-oxoethyl)-N-(3-cyano-5-
fluerophenyl)-1-(4-cyanopyridin-2-yl)-4-hydroxy-5-oxopyrrolidine-2-carboxamide (racemic)
— Compound 169

NG F
F B (S:

O
; N@c
= N

"H NMR (400 MHz, CDCl3): § 8.87-8.72 (m, 1H), 8.67 — 8.48 (m, 1H), 8.26 - 8.01 (m, 1H),
7.56 - 7.30 (m, 411), 7.27 ~ 7.17 (m, 111), 7.10 (m, 1H), 6.95 (t,J= 7.3 lz, 1H), 6.52 - 6.28 (m.
1H), 6.21 = 5.95 (m, 1H), 4.88 — 4.64 (m, 2H}, 4.30 (m, 1H), 3.21 - 2.81 (m, 3H), 2.74 - 2.19 (m,
3H),2.13 - 1.91 (m, 1H). MS: 623.1 (M+1)".
(28,4S)-N~((S)-1-(2-Chiorophenyl)-2-(3,3-difluerocyclobutylamino)-2-oxoethyl)-1-(4-cyano -
pyri-din-2-yI)-N-(3-fluerophenyl)-4-hydroxy-5-oxopyrrolidine-2-carboxamide (single

enantiomer) — Compound 118
F
. O

O I o

i

Ci o} N/,K_\)\

O /N

'H NMR (400 MHz, CD;OD): 8 8.97 (d, J = 4.7 Hz, 1H), 7.81 ~ 7.62 (m, 2H), 7.41 — 7.35 (m,
2H), 7.26 — 6.96 (m, 5H), 6.46 (d, J = 12.0 Hz, 1H), 4.81 — 4.75 (m, 1H), 4.37 —4.28 (m, 1H]},
425415 (m, 1H), 2.91 (s, 2H), 2.60 — 2.37 (m, 3H), 2.00 — 1.87 (m, 1H). MS: 598.1 (M+1)".
(28,48)-N~((S)-1-(2-Chlorophenyl)-2-(3,3-difluorocyclobutylamine)-2-oxoethyl)-1-(4-cyano-
pyrimidin-2-yl)-N-(3-fluorophenyl)-4-hydroxy-5-oxopyrrolidine-2-carboxamide (single

enantiomer) — Compound 119

F
L
FSO\N NW\\-&O
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'H NMR (400 MHz, CD;0D): § 8.97 (d, J = 4.7 Hz, 1H), 7.81 ~ 7.62 (m, 2H), 7.41 - 7.35 (m,
2H), 7.26 — 6.96 (m, 5H). 6.46 (d, J = 12.0 Hz, 1H), 4.81 —4.75 (m, 1H), 4.37 — 4.28 (m, 1H),
4.25 ~4.15 (m, 1H), 2.91 (s, 2H), 2.60 — 2.37 (m, 3H), 2.00 — 1.87 (m, 1H). MS: 599.1 (M+1Y".
(28,45)-N-((S)-1-(2-Chiorophenyl)-2-((4,4-difluorocyclohexyl)amino)-2-oxoethyl)-1-(4-
cyane -pyridin-2-yD)-N-3-flusrophenyl)-4-hydroxy-5-oxepyrrolidine-2-carboxamide (single

enantiomer) — Compound 172

=4

R (\/ | LOH
F@\ 0 \% e
AL

A | oA |

N e
'H NMR (400 MHz, CDCls): 6 8.87 — 8.57 (m, 2H), 7.96 (s, 1H), 7.50 - 7.30 (m, 3H), 7.26 —
7.12 (m, 2H), 7.09 — 6.96 (m, 2H), 6.28 (s, 1H), 5.67 (d, J= 7.6 Hz, 1H), 4.74 (dd, J=8.1, 4.6
Hz, 1H), 4.42-4.36 (m, 1H), 4.04 (s, 1H), 3.87 (d.J=7.8 Hz, 1H), 2.54 —2.4] (m, 1H), 2.22-
1.76 {m, 811), 1.50-1.32 (m,2H). MS: 626.2 (M+1)".
(25,48)-N-((S)-1-(2-Chlorophenyl)-2-((4,4-difluoroecyclohexylyamino)-2-oxoethyl)-1-(4-cya-
nopyrimidin-2-y})-N-(3-fluerophenyl}-4-hydroxy-5-oxopyrrolidine-2-carboxamide (single

enantiomer) — Compound 189

F
dt 0 N\,)}\

SNNen
"H NMR (400 MHz, CDCl3): § 9.00 (d, J = 4.7 Hz, 1H), 7.76 (s, 1H), 7.47 — 7.30 (m, 2H), 7.24 -
6.88 (m, 6H), 6.47 (d, J= 6.7 Hz, 111), 5.54 (s, 1H), 4.74 (s, 1H), 4.35 (s, 1H), 3.99 (s, 1), 3.72
(d, J=34.8 Iz, 1H), 2.58 —~2.18 (m, 2H), 1.88 (m, 411}, 1.56-1.42 (m, 2H). MS: 627.2 (M+1)",
(28.48)-N-((S)-1-(2-Chlerophenyl}-2-((3,3-difluorocyclobutyl)amine)-2-oxeethyl)-1-(4-
cyano -pyridin-2-yl)-N-(3,5-difluorophenyl)-4-hydroxy-5-oxopyrrolidine-2-carboxamide

(single enantiomer) —~ Compound 171
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'H NMR (400 MHz, CDCls): § 8.68 (s, 1H), 8.52 (d, J= 5.0 1z, 1H), 7.60 (d, J= 8.2 Hz, 1H),
7.45 =717 (m. 4H), 7.15 - 6.91 (m. 2H), 6.84 (d, /= 8.7 Hz, 1H), 6.69 (t, J = 8.7 1z, | H), 6.54
—6.36 (m, 2H), 4.87 — 4.60 (m, 1H), 4.31 (m, 2H), 3.99 ~ 3.77 (m, 1T), 3.15 - 2.78 (mm, 2H),
2.62 - 2.26 (m, 3H), 2.26 ~ 2.08 (m, 1H). MS: 616.1 (M-+1)".
(25,45)-N~((S)-1-(2-Chlerophenyl)-2-((4,4-difluorocyclohexyl)amino)-2-oxoethyl)-1-(4-

/

cyanopyridin-2-y1)-N-(3,5-difluorephenyl)-4-hydroxy-5-exopyrrolidine-2-carboxamide
(single enantiomer) — Compound 174
F F

OH
F)O\ o
N N\q“"ﬁ/b}to
de 2\, © N@\
[ [ = CN
'H NMR (400 MHz, CDCls): & 8.75 (s, 1H), 8.53 (d, J= 4.5 Hz, 1H). 7.62 (s, 1E), 7.44 - 7.18
(10, 3H), 7.09 - 6.96 (m, 2H), 6.86 (s, 1H), 6.71 (t, J = 8.7 Hz. 1H), 6.38 (s, 1), 5.58 (d, /= 7.6

Hz, 1), 4.80 (dd, /= 8.0, 5.2 Hz, 1H), 4.37 (d, J= 5.6 Hz, 1H), 3.96 (s, 111}, 3.61 (d, /= 7.7 Hz,
1H), 2.62 = 2.29 (m, 1), 2.13 (m, 6H), 1.48 (m, 2H). MS: 644.2 (M-+1)".

Example 19. Preparation of 2S)-N-((R)-1-(2-chlorophenyl)-2-(3,3-
difluorecyclebutylamino)-2-oxoethyl)-1-(4-cyanopyridin-2-yl)-N-(3-fluerophenyl)-4-

hydroxy-4-methyl-S-oxopyrrolidine-2-carboxamide (single enantiomer) — Compound 183
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Step A. (25)-1-tert-Butyl 2-methyl 4-(tert-butyldimethylsilyloxy)-4-methyl-5-oxoepyrrolidine-

1, 2-dicarboxylate. LIHMDS (1 M in THF, 22.6 mL, 22.6 mumol) was added into a mixture of
(2S,4R)-1-tert-butyl 2-methyl 4-(tert-butyldimethylsilyloxy)-5-oxopyrrolidine- I, 2-dicar-boxylate
(6.5 g, 17.4 mmol) in THF (60 mL) at -78°C under N». The mixture was stirred at -78°C for 1 hr.
A solution of iodomethane (2.7 g, 19.1 mmol) in THF (10 mL) was added dropwise to the above
mixture over 30 min. Then the solution was stirred at -78°C for another 25 min. The resulting
mixture was allowed to warm to room temperature and stirred overnight. The mixture was
quenched with NH.Cl and extracted by cthyl acetate (60 mL x 3). The combined organic layers
were dried and concentrated. The residue was purified by columm chromatography to give the
desired product. MS: 388 (M+1)".

Step B. (25,45)-Methyl 4-((tert-butyldimethylsilyhoxy)-5-oxepyrrolidine-2-carboxylate. A
solution of (25)-1-tert-butyl 2-methyl 4-(tert-butyldimethylsilyloxy)-4-methyl-5-oxopyrroli-dine-
1,2-dicarboxylate (960 mg, 25 mmol) in TFA/DCM (V : V =1 : 3) was stirred at room
temperature for 1 h. The mixture was then concentrated to give the desired product which was
used directly in the next step. MS: 288 (M+1)".

Step C. (28)-4-(tert-Butyldimethylsilyloxy)-4-methyl-5-oxopyrrolidine-2-carboxylic acid. To a
solution of (2S)-methyl 4-(tert-butyldimethylsilyloxy)-4-methyl-5-oxopyrrolidine-2-carbo-xylate
(400 mg, 1.4 mmol) in MeOH/THF/HO (V : V: V=2 :2: 1) was added LiOH (50 mg, 2.1
mmol). The mixture was stirred at room temperature for | hr and then concentrated. The residue
was partitioned between ethyl acetate and water. The aqueous phase was separated and adjusted
to pH=3-4 with 1IN HCI solution. The aqueous laycr was then extracted with cthyl acetate (2x 20
mL). The combined organic layers were dried over anhydrous Na»SO. and concentrated to give
the desired product. MS: 274 (M~+1)".

Step D. (25)-4-(tert-Butyldimethylsilyloxy)-N-(1-(2-chlorophenyl)-2-(3,3-difluorocyclobut-
ylamino)-2-oxoethyl)-N-(3-fluorophenyl)-4-methyl-5-oxopyrrolidine-2-carboxaniide. A.
solution of 3-fluoroaniline (83 mg, 0.75 mmol) and 2-chlorobenzaldehvde (105 mg, 0.75mmol)
i MeOH (5 mL) was stirred for 30 min at room temperature, followed by addition of (25)-4-
(tert-butyldimethylsilyloxy)-4-methyl-5-oxopyrrolidine-2-carboxylic acid (205 mg, 0.75 mmol).
The resulting mixture was stirred for 10 min and followed by the addition of 1, -difluoro-3-
isocyanocyclobutane (105 mg, 0.9 mmol). The mixture was stirred at room temperature
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overnight and concentrated. and then the residue was purified by a standard method 1o give the
desired product. MS: 624 (Mt1) .

Step E. (2S)-4-(tert-Butiyldimethylsilyloxy)-N-(1-(2-chlorophenyl)-2-(3,3-difluorocy clobutyl-
amino)-2-oxoethyl)-1-(4-cyanopyridin-2-yl)-N-(3-fluorophenyl)-4d-methyl-5-oxopyrrotidine-2-
carboxamide. A mixture consisting of (28)-4-(tert-butyldimethyisilyloxy)-N-(1-(2-
chlorophenyl)-2-{3.3-difluoroc yclobutylamino)-2-oxoethyl)-N-(3-fluorophenyl)-4-methyl-3-
oxopyrrolidine-2-carboxanude (200 mg. 0.32 mmol), 2-bromoeisonicotinonitrile (88 mg, .48
mmiol), Cs>COx (146 mg, 0.45 mmol). Pd-(dba)s (29 mg, 0.032 mmol), Xant-Phos (19 mg, 0.032
mmol) and 1.4-dioxane (3 ml.) was stirred under N» at 80 *C overnight, A tter filuation, the
filtrate was concentrated in vacuo and the residue was purified by a standard method to give
desired product. MS: 726 (M-1) .

Siep F. (285)-N-((R)- 1-02-Chiorophenyl)-2-(3,3-difluorocyclobutylamine)-2-oxoethyl)-1-(4-
cyanopyridin-2-yvl)-N-(3-fluorophenyl)-4-hydroxy-4-methyl-3-oxopyrrolidine-2-carboxamide.
To a solution of (28)-4-{1ert-butyldimethylsilvloxy)-N-(1-(2-chlorophenyl)-2-(3,3-
difluorocyclobutylamino)-2-oxocthyl)- I-(4-cyanopyridin-2-y1)-N-(3-fluorophenyl-4-methyl-3-
oxopyrrolidine-2-arboxanude (50 mg, 0.07 mmol) in THF (2 ml.) was added TBAF (36 mg, 0.14
mmol) at 0 °C. The solution was stitred at 0 °C for 30 min and then partitioned between water
and EtOAc. Combined organic lavers were separated, dried, and concentrated m vacuo, The
resulting residuc was purificd by a standard method to give the desired product. "I NMR (400
MHz. CDCl3p 6 R57(d J - 3.0 [z, {11 848 (d. J=3.8 Hz, 111}, 7.54 - 717 (m. 31D, 6.9% -
6.84(m, 3H), 6.67 (dd. /= 8.6 Hz 111, 6.33¢d, /=32 Hz, 11} 6.08 - 6.0] (m. 111, 4.55
448 (m, THD, 429 (s, FHDL 3220 235 (mu 68D, 193 — 1RO (. 111, 1.27 (8. 3H). MS: 6122
(M+1Y".

Example 20. Preparation of (25)-N-(1-(2-chlorophenyl)-2-(3,3-difluorocyclobutyiamino)-2-

oxc-ethyD-1-(4-cyanopyridin-2-yl)-N-Q3-fluere-S-sulfamoylphenyl)-S-exopyvrrolidine-2-

carboxamide (racemic) — Componnd 158
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Step A. Benzgpl(3-fluoro-S-nitrophenyl)sulfane. To a solution of 1. 3-difluoro-5-nitrobenzene
{15.9 ¢, 100 mmol) in DM¥ (160 ml.) was added K,CO; (15.8 ¢, 110 mmol) and
phenylmethanethiol (12.4 ¢, 100 mmol) at 0 °C. The reaction was stirred at room temperature for
2 hr and then quenched with [1,0. T'he resulting mixture extracted with EtOAce (3x 100 mL). The
combined organic lavers were dried over anhydrous NaySO; and concentrated in vacuo to afford
the crude product as a yellow oil which was used in the next step without further purification.
Step B. 3-Fluoro-3-nitrobenzene-1-sulfony! chloride. To a solution ot benzyvl(3-fluoro-5-
nitrophenyvljsulfane (2.0 g) in DCM (30 mL) was added deionized water (30 mL). Then chlorine
was budbled slowly inte the mixtare unti) the complete consumption of the starting waterial was

obscrved (monitored by TLC). The organic layer was separated, washed with sat. ag. Na:S:05

solution, dried and concentrated to atford the crude product which was used in the next step
without further purification.

Step C. N-tert-buiyl-3-fluoro-5-nitrobenzenesulfonamide. 'To a solution of 3-fluore-5-
nitrobenzene-1-sulfonyl chloride in dry dioxane (30 ml) was slowly added er-butyvlamine (10
mbyat 0 °C. The reaction was allowed to warm to room temperature and stirred for 2 hr, The

mixture was then concentrared and the residue was purified by column chromatography to aftord
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the desired product. 'H NMR (400 MHz, DMSO-dq): § 8.43 (s, 1H), 8.40 - 8.32 (m, 1H), 8.10 -
8.05 (m, 1), 7.99 (s, 1H), 1.12 (s, 9H).

Step D. 3-Amino-N-tert-butyl-5-fluorobenzenesulfonamide. N-tert-butyl-3-fluoro-5-nitro-
benzenesulfonamide (1.0 g, 3.6 mmol}, iron powder (1.0 g, 18 mmol) and NH,C1 (1.0 g, 18
mmol) were mixed in EtOH (95%, 10 mL). The mixture was refluxed for 16 hr then filtered. The
filtrate was concentrated and the residuc was purified by a standard method to afford the desired
product. 'H NMR (400 MHz, DMSO-dg): 8 7.45 (s, 1H), 6.88 — 6.85 (m, 1H), 6.66 — 6.62 (m,
1H), 6.48 — 6.42 (m, 1H), 5.89 (s, 2H), 1.11 (s, 9H).

Step E. The same as general procedures for UGI reaction set forth herein,

Step F. The same as general procedures for Buchwald reaction set forth herein.

Step G. (S)-N~((S)-1-(2-Chlorophenyl)-2-(3,3-difluerocyclobutylamino)-2-oxoethyl)-1-(4-
cyanopyridin-2-ylj-N-(3-fluoro-S-sulfamoylphenyl)-S-oxopyrrolidine-2-carboxamide. To a
solution of (2S)-N-(3-(N-tert-butylsulfamoyl)-5-fluorophenyl)-N-(1-(2-chlorophenyl)-2-(3,3~
difluorocyclo-butylamino)-2-oxoethyl)-1-(4-cyanopyridin-2-yl)-5-oxopyrrolidine-2-carboxamide
(80 mg, 0.11 mumol) in DCM (1 mL) was added TFA (1 mL). The reaction was stirred at room
temperature for 16 hr and neutralized with saturated aq. NaHCQO;. The mixture was then
extracted with EtOAc (3 x 10 mL). The combined organic layers were dried and concentrated.
The residue was purified by a standard method to afford the target compound. 'H NMR (400
MHz, DMSO-dg): 6 8.90 — 8.84 (m, 1H), 8.67 — 8.62 (m, 1H), 8.55 (s, 1H), &.19 (s, I1H), 7.87 -
7.76 (m, 1H), 7.65 — 7.60 (m, 2H), 7.45 - 7.40 (m, 3H), 7.21 (d. J= 7.0 Hz, 2H), 7.11 - 7.04 (m,
1H), 6.93 - 6.86 (m, 1H), 6.33 - 6.26 (m, 1H), 4.83 (m, 1H), 4.13 (s, 1H), 2.94 (m, 2H), 2.63 -
2.53 (m, 3H). 2.42 - 2.32 (m, 1H), 1.97 (s, 2H). MS: 661 (M+1Y".

Example 21. Preparation of (2S5)-N-(1H-benzo|d]imidazol-7-y1)-N-(1-(2-chlerophenyi)-2-

((4,4-difluorocyciohexyl)amino)-2-oxocthyl)-i-(4-cyanopyridin-2-yl}-5-exopyrrolidine-2-

carboxamide (racemic) — Compound 141
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Step A: 7-Nitro-1H-benzofd]imidazole. A solution of 3-nitrobenzene-1,2-diamine (900 mg, 5.88
mmol) in AcOH (12 mL.) was stirred at 100 °C overnight. The mixture was neutralized with ag.
NaHCO; to pH= 8 at 0 °C and the precipitate was collected by filtration. The precipitate was
dried in vacuo to afford the desired product.

Step B: 7-Nitro-1-(C2-(trimethylsilylethoxy)methyl)-1 H-benzo[dJimidazole. NaH (331 mg, 8.28
mmol) was added to a solution of 7-nitro-1H-benzo[d]imidazole (900 mg, 5.52 mmol) in DMF
(7 mL) at 0 °C under N,. After stirring at 0 °C for 1 hr, SEMCI (1.38 g, 8.28 mmol) was added
and the resulting mixture was stirred at room temperature for 2 hr. The reaction mixture was
guenched with H,0 and extracted with EtOAc (3 x 30 mL). The combined organic layers were
washed with brine, dried over anhydrous Na;SOs, and concentrated. The residue was purified by
column chromatography to afford the desired product as a yellow oil.

Step C: I-((2-(Trimethylsilyl)ethoxy)methyl)-1H-benzold[imidazol-7-amine. To a solution of 7-
nitro-1-((2-(trimethylsilyl)ethoxy)methyl)- | H-benzo[d]imidazole (600 mg, 2.05 mmol) in
EtOH/EtOAc (10 mL/2 mL) was added Pd/C {60 mg). After stirring under a hydrogen
atmosphere at room temperature overnight, the reaction mixture was filtered and the filtrate was
concentrated. The residue was purified by a standard method to afford the desired product.

Step D: The same as general procedure for UGI reaction set forth herein.

Step E: (25)-N-(1H-Benzo[dfimidazol-7-yl)-N-(1-(2-chlorophenyl)-2-((4,4-diflnorocyclohexyl)
amino)-2-oxoethyl)-1-(4-cyanopyridin-2-yl)-5-oxopyrrolidine-2-carboxamide. TBAF (1 M in
THF, 3 mL) was added to a solution of (2S)-N-(1-(2-chlorophenyl)-2-((4.4-difluoro -
cyclohexyl)amino)-2-oxoethyl)-1-(4-cyanopyridin-2-yl)-5-0x0-N~(1-((2-(trimethylsilyl)ethoxy) -
methyl)-1H-benzo[d}imidazol-7-ylpyrrolidine-2-carboxamide in THF (0.5 mL) at 0 °C under Na.
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After stirring at room temperature for 7 hr, the reaction was quenched with water at 0 °C. The
resulting mixture was extracted with EtOAc (3 x 10 mL). The combined organic layers were
washed with brine, dried over anhydrous Na,SOs4 and concentrated. The resulting residue was
purified by a standard method to afford the desired product. "H NMR (400 MHz, CDCL): 8
13.08 (s, 1H), 8.92 — 8.39 (m, 2H), 8.19 (m, 1H), 7.82 (m, 1H), 7.51 ~ 7.31 (m, 21), 7.25 (d,J =
5.2 Hz, 1H), 7.13 - 6.70 (m, 3H), 6.41 (m, 1H), 6.20 — 5.29 (m, 1H), 4.85 (m, 1H), 3.86 (s, 1H),
2.97 - 2.39 (m, 2H), 2.36 — 1.70 (m, 9H), 1.40 (m, 2H). MS: 632.2 (M+1)",

Example 22. Preparation of (45)-N-(1-(2-chlerephenyl)-2-((3,3-difluerocyclobutyl)amino)-
2-oxo0ethyl)-3-(4-cyanepyridin-2-yl)-N-(3~-fluorophenyl)-1-methyl-2-oxoimidazolidine-4-

carboxamide (racemic) — Compound 79
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Step A: (S)-3~(Benzyloxycarbonyl)-2-oxoimidazolidine-4-carbo -xylic acid. To a solution of 6.6
g of sodium hydroxide in 140 mL of water at 0 °C, 8.8 g of bromine was added dropwise,
followed by addition of (S)-4-amino-2-(benzyloxycarbonylamino)-4-oxobutanoic acid (13.4 g,
50 mmol) portionwise over 3 min. The resulting yellow solution was heated to 50 °C for 1 hr and
then cooled to room temperature. After addition of sodium thiosulfate (2.0 g), the reaction
mixture was washed with ether (2 x 30 mL). The agueous layer was acidified to pH 1-2 with 6 N
HCL After the precipitate was formed, the suspension was filtered. The sticky material was
collected and re-crystallized in MeOH to afford the desired product as a white solid. "H NMR
(400 MHz, DMSO-d¢): 8 13.29 (s, (H), 7.57 (s. 11}, 7.40 — 7.27 (m, 411), 5.27 - 5.04 (m, 2H),
4.66 (dd. J=10.2, 3.2 Hz, 1H), 3.63 (t,J=10.0 Hz, 1H), 3.20 (dd. /= 9.7, 3.2 Hz, 1H).

Step B: (S)-Dibenzyl 2-oxoimidazolidine-1,5-dicarboxylate. To a 500 ml-flask were added (S)-
3-(benzyloxycarbonyl)-2-oxoimidazolidine-4-carboxylic acid (5.3 g, 20 mumol), BnBr (2.8 mL,
23 mmol), KoCO; (8.28 g, 60 mmol), and acetonitrile (250 mL). The reaction solution was
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heated to reflux for 6 hr, cooled and then filtered. The filtrate was concentrated in vacuo and the
residue was purified by column chromatography to afford the desired product as white solid. 'H
NMR (400 MHz, CDCl3): 6 7.41 — 7.25 (m, 10H), 6.36 (s, 1H), 5.30 — 5.05 (m, 4H), 4.80 (dd, J
=10.2,3.6 Hz, 1H), 3.74 (t.J = 10.0 Tiz, 1H), 3.41 (dd, J = 9.7, 3.7 Fiz, 1H).

Step C: (S)-Dibenzpl 3-methyl-2-oxoimidazolidine-1,5-dicarboxylate. To a dry 100 mL-flask
were added (S)-dibenzyl 2-oxoimidazolidine-1,5-dicarboxylate (1.5 g, 4.24 mmol), K,CO; (1.17
g, 8.47 mmol), Mel (5.2 mL, 84.7 mmol), and acetone (50 mL). The reaction solution was heated
to reflux and stirred overnight. The resulting reaction mixture was cooled and filtered. The
filtrate was concentrated in vacuo and the residue was purified by column chromatography to
afford the desired product as a white solid. "H NMR (400 MHz, CDCl3): § 7.40 — 7.26 (m, 101,
5.27 - 5.07 (m, 4H), 4.70 (dd, J = 10.2, 3.8 Hz, 1H), 3.63 (dd, J = 10.1, 9.7 Hz, 1H), 3.31 (dd. J
= 9.6, 3.8 Hz, 1H), 2.84 (s, 31I). MS : 369 (M+1) .

Step D: (S)-1-Methyl-2-oxoimiduzolidine-4-carboxylic acid. To a dry 50 mL-flask were added
(S)-dibenzyl 2-oxoimidazolidine-1,5-dicarboxylate (0.5 g, 1.36 mmol), PA/C (10%, 100 mg) and
MeOH (15 mL). The suspension was stirred overnight at room temperature under a hydrogen
atmosphcre. The resulting reaction mixture was filtered. The filtratc was concentrated in vacuo
to afford the desired product as an off-white solid. 'H NMR (400 MHz, C D;OD): 64.21 (dd, J =
9.9, 4.8 11z, 1H), 3.70 (t, J = 9.6 Hz, 1), 3.55(dd, J=9.3, 4.8 Hz, 1H), 2.74 (s, 3H). MS : 145
(M+1)",

Step E: (4S)-N-(1-(2-Chlorophenyl)-2-(3,3-difluorocyclobutylamino)-2-oxoethyl) -N-(3-fluoro-
phenyl)-1-methyl-2-oxoimidazolidine-4-carboxamide. A mixture of 2-chlorobenzaldehyde (165
mg, 1.18 mmol) and 3-fluorobenzenamine (131 mg, 1.18 mmol) in MeOH (3 mL) was stirred at
room temperature for 30 min. Then (S)-1-methyl-2-oxoimidazolidinc-4-carboxylic acid (170 mg,
1.18 mmol) was added and the reaction mixture was stirred for another 15 min, followed by
addition of 1.1-difluoro-3-isocyanocyciobutane (138 mg, 1.18 mmol). The reaction mixtare was
stirred overnight and concentrated in vacuo. The residue was purified by a standard method to
give the desired product. MS : 495 (M+1)".

Step F: The same as the Buchwald reaction procedure set forth herein. 'H NMR (400 MHz,
CDCly): 8 8.64 — 8.34 (m, 2H), 7.94 — 7.59 (m, 1H), 7.50 — 6.61 (m, 8I1), 6.34 ~ 6.07 (1m, 1H),
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4.94 —4.67 (m, 1H), 4.3-4.2 (m, [ H), 3.49 (m, 1H), 3.46 — 3.22 (m, L H), 3.02-2.83 (m, 2H), 2.87
(s, 3H), 2.5-2.2 (m. 2H). MS : 597 (M+1)".

Example 23. Preparation of (S)-N-((S)-1-(2-chlorephenyl)-2-(3.3-diflucrocyclobutylamine)-
2-oxoethyl)-3-(4-cyanopyridin-2-yl)~-N-(3-fluorophenyl)-2-oxoimi dazolidine-4-carboxamide

(single enantiemer) — Compound 80
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Step A: (8)-3,4-Dibenzyl I-tert-butyl 2-oxoimidazolidine-1,3,4-tricarboxylate. To a 25 mL-flask
were added (8)-dibenzyl 2-oxoimidazolidine-1,5-dicarboxylate (40 mg, 0.11 mmol), (BOC),0
(26 mg,0.12 mmol), TEtOAc (0.06 mL,0.3 mmol), DMAP (cat.) and CH,CL (2 mL). The

mixture was stirred overnight. The solvent was then removed in vacuo and the residuc was
purified by column chromatography to give the desired product. "H NMR (400 MHz, CDCls): &
7.39 --7.27 (m, 10H), 5.24(s, 2H), 5.16(s, 2H), 4.67 (dd, /= 10.2, 3.5 Hz, 1H), 3.94 (dd, J = 11.1,
10.3 Hz, 1H). 3.74 (dd, J= 11.2, 3.5 Hz, 1H), 1.51 (s, 9H).

Step B: (S)-1-(tert-Butoxycarbonyl)-2-oxoimidazolidine-4-carboxylic acid. To a dry 50 mL-
flask were added (S)-3,4-dibenzyl 1-tert-butyl 2-oxoimidazolidine-1,3,4-tricarboxylate (1.24 g,
2.73 mmol}, Pd/ C(10%, 200 mg) and MeOH (30 mL). The suspension was stirred overnight at
room temperature under a hydrogen atmosphere. The reaction mixture was filtered, and the
filtrate was concentrated in vacuo to afford the desired product. "H NMR (400 MHz, DMSO-dg):
3 6.06 (s, 2H), 4.31 (s, 1H), 4.25 -~ 3.94 (m, 2H), 1.52 (s, 9H).

Step C: (48)-tert-Butyl 4-((1-(2-chlorophenyl)-2-(3,3-difluorocyclobutylaminog) -2-oxoethyl)(3-
[fluorophenyl)carbamoyl)-2-oxoimidazolidine-I-carboxylate. A mixture of 2-

chlorobenzaldehyde (122 mg, 0.87 mmol) and 3-fluorobenzenamine (97 mg, 0.87 mmol) in
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MeOH (2 mL) was stirred at room temperature for 30 min. Then (S)-1-(tert-butoxycarbonyl)-2-
oxoimidazolidine-4-carboxylic acid (200 mg, 0.87 mmol) was added and the reaction mixture
was stirred for another 15 min followed by addition of 1,1-difluoro-3-isocyanocyclobutane (102
mg, 0.87 mmol). The reaction mixture was further stirred at room temperature overnight and
then concentrated in vacuo. The residue was purified by a standard method to give the desired
product. "H NMR (400 MHz, CDCls): § 7.46 — 6.59 (m, 8H), 6.45 (s, 1H), 4.41 — 4.04 (m, 21),
4.01 —3.78 (m, 1H), 3.64 — 3.30 (m. 1H), 2.92 (m, 2H), 2.71 - 2.27 (m, 2H), 1.46 (s, 9H). MS :
581 (M+1)"

Step D: (4S)-tert-Butyl 4-((1-(2-chlorophenyl)-2-(3,3-difluorocyclobutylamino) -2-oxoethyl)(3-
Hfuorophenyl)carbamoyl)-3~-(4-cyanopyridin-2-yl)-2-oxoimidazolidine-1-carboxylate. To a 25
mL flask charged with 1,4-dioxane (4.5 mL) were added (4S)-tert-butyl 4-((1-(2-chlorophenyl)-
2-(3,3-difluoro cyclo butylamino)-2-oxoethyl)(3-fluoro -phenyl)carbamoyl)-2-oxoimidazolidine-
1-carboxylate (250 mg, 0.43 minol), 2-bromoisonicotinonitrile (122 mg, 0.65 mmol). Cs;CO;
(281 mg, 0.862 mmol), Xant-Phos (25 mg, 0.043 mmol) and Pd,(dba); (40 mg, 0.043 mmol).
The mixture was degassed and refilled with nitrogen, and then heated to 100 °C for 3 hr. The
resulting mixture was cooled and filtered. The filtrate was concentrated in vacuo and the residue
was purified by a standard method to give both epimers. The epimers were further separated by a
standard method to give the desired product. 'H NMR {400 MHz, CDCls): 6 8.58 (s, 1H), 8.48 (1,
J=59Hz, 1H), 7.71 (4, /= 8.4 Hz, 1H), 7.37 - 7.16 (m, 4H), 7.15 - 6.76 (m, 4H), 6.56 — 6.31
(m, 2H), 4.95 - 4.75 (m, 11), 4.31 (s, 1H), 3.86 (dd, /= 10.8, 5.1 Hz, 1H), 3.66 (m, 1H), 2.99 (m,
2H), 2.61 = 2.27 (m, 2H), 1.56 (s, 911). MS : 683 (M+1)".

Step E: (S)-N-((S)-1-(2-Chlorophenyl)-2-(3,3-difuorocyclo butylamino)-2-oxoethyl)-3-(4-
cyanopyridin-2-yl)-N-(3-fluorophenyl)-2-oxoimi dazolidine-4-carboxamide. To a solution of
2N HCI/MeOH (2 mL) at 0 °C was added 50 mg of (S)-tert-butyl-4-(((S)-1-(2-chlorophenyl)-2-
(3,3-difluorocyclobutylamino)-2-oxoethyl )(3-fluorophenyl) carbamoyl)-3-(4-cyanopyridin-2-y1)-
2-oxoimidazolidine-1-carboxylate. The reaction mixture was warmed to room temperature and
stirred for 5 hr, The solvent was removed in vacuo and the residue was purified by a standard
method to give the desired product. 'H NMR (400 MHz, CD;0D): 8 8.50 (d, J = 4.5 Hz, 1H),
7.65(d,J = 8.6 Hz, 1), 7.50 — 6.81 (m, 8H), 6.47 (d, /= 11.6 Hz, 1 H), 5.04 —4.92 (m, 1H),
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4,22 (m, 1H). 3.59 —3.46 {m. {11), 3.39 (dd, J= 9.9, 4.5 Hz, 1H). 2.91 (m, 2113, 2.63 — 2.36 (m.
2. MS 383 (M=1).

Example 24, Preparation of (45)-N\-(1-(2-chioropheny!)-2-(3.3-diflucrocyclobutyl -amino)-
2-ox0cthyl)-3-(4-cyanopyridin-2-yh-N~(3-fluorephenyl)-1-(2-hyvdroxyeth-y1)-2-

oxoimidazoli-dine-4-carboxamide (racemic)
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Step A: (S)-Dibenzyl 3-(2-ethoxy-2-oxoethyl)-2-oxoimidazolidine- {,5- dicarhoxylate. To a dry
50 mL-flask charged with DME (5 mL.) were added (S)-dibenzyl 2-oxoimidazolidine-1.5-
dicarboxylate (200 mg, 0.56 mmol), KyCO: (156 mg,1.13 nunol}, and cthyl 2-bromoacetate (0,13
ind .. 1.13 mumol}). The mixture was heated to reflux for 3 hr. The reaction niixture was cooled and
filtered, The filirate was concentrated in vacuo and the residue was purified by column
chromatography to afford the desired product as a colorless 0il 'H NMR (100 MHz. CDClz): 8
7.45 =723 (m, 10H), 541 - 505 (. 41), 4.80 (dd, J = 10.2. 3.5 Nz, 21D, 4.29 - 4,08 (m, 3H).
3.900dd. J-12.2, 7.2 Hz, 21, 3453 (dd, J = 9.2, 3.5 Hz, 111). 1.28 (1d. ./ = 7.1, 2.1 Hz, 3H).
Siep B: (S)-1-(2-Ethoxy-2-oxeethyl)-2-oxoimidazolidine-4-carboxylic acid. To a dry 50 ml-
flask were added (S)-dibenzyl 3-(2-cthoxy-2-oxoethyl)-2-oxoimidazolidine-1.5-dicarbox ylate
(170 mg, 0.386 mmol), P&C(10%, 35 mg) and MeOH (4 mL). The suspension was stirred at
roomn temperature overnight under a hydrogen atmosphere. The reaction mixture was filtered,
and the filtrate was concentrated in vacuo to afford the desired product as an off-white solid.'T1
NMR 400 MHz, CD:0D)Y: § 430 (dd. J- - 10.0, 4.8 Hz. 111, 420 (g../ 7.1 Hz, 2H). 4.05 -
397 (m 21D, 3.91 = 383 (mu L, 3.69 (dd, J= 9.0, 4.8 Hz. [ 129 (L /-~ 70 Tz, 3H).
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Step C: Ethyl 2-((45)-4-((1-(2-chlorophenyl)-2-(3,3-difluorocyclobutylamine)-2 -oxoethyl)(3-
fluorophenyl)carbamoyl)-2-oxoimidazolidin-1-ylacetate. A mixture of 2-chlorobenzaldehyde
{518 mg, 3.70 mmol) and 3-fluorobenzenamine (411 mg, 3.7 mmol) in MeOH (12 mL) was
stirred at room temperature for 30 min. Then (S)-1-(2-ethoxy-2-oxoethyl) -2-oxoimidazolidine-
4-carboxylic acid (800 mg, 3.7 mmol) was added and the reaction mixture was stirred for another
30 min, followed by addition of 1,1-difluoro-3-isocyanocyclobutane (600 mg, 3.7 mmol). The
reaction mixture was stirred overnight and concentrated in vacuo. The residue was purificd by a
standard method to give the desired product. MS : 567 : (M+1)".

Step D: Ethyl 2-((48)-4-((1-(2-chlorophenyl)-2-((3,3-difluorocyclobutyl)amine)-2-oxoethyl)(3-
fluorephenyl)carbamoyl)-3~(4-cyanopyridin-2-yl)-2-oxoimidazolidin-1-ylacetaie — Compound
94. To a 25 mL-flask were added ethyl 2-((4S)-4-((1-(2-chlorophenyl)-2-(3,3~
difluorocyclobutylamino)-2-oxoethyt) (3-fluoro -phenyl)carbamoyl)-2-oxoimidazolidin-1-
yhacetate (50 mg, 0.0882 mmol), 2-bromoisonicotinonitrile (21 mg, 0.115 mmol), Cs2CO3 (58
mg,0.176 mmol), Xant-Phos (5.2 mg, 0.009mmol), Pdy(dba); (8.2 mg, 0.009 mmol) and 1,4~
dioxane (1 mL). The mixture was degassed and refilled with nitrogen, and then heated to 100 °C
for 3 hr. The resulting mixture was cooled and filtered and then the filtrate was concentrated in
vacuo. The residue was purified by a standard method to give both epimers. '"H NMR (400 MHz,
CDCl;): 6 8.63-8.57 (S, 1H), 8.55 - 8.38 (m, 1H), 7.63 (s, 111), 7.46 — 6.84 (m, 8H), 6.45-6.37
(m, 1H), 6.22 — 5.94 (m,1H), 5.06 — 4.77 (m, 1H), 4.43-4.37 (m, 1H). 4.32-4.20 (m, 1), 4.21 (q,
J=7.1 Hz, 2H). 3.82 — 3.46 (m, 3H), 3.12 - 2.82 (m, 2H), 2.66 —~ 2.25 (m, 2H), 1.29 (t, /= 7.1
Hz, 3H). MS : 669 (M+1)".,

Step E: (48)-N-(1-(2-Chiorophenyl)-2-(3,3-difluorecyclobutyl-amine)-2-oxoethyl)-3-(4-
cyanopyridin-2-y)-N-(3-fluorophenyl)-1-(2-hydroxyeth-yl)-2-oxoimidazelidine-4-carboxa —
mide — Compound 112. To a solution of ethyl 2-((4S)-4-((1-(2-chlorophenyl)-2-(3,3-
difluorocyclobutylamino)-2-oxoethyl)(3-fluorophenyl)carbamoyl)-2-0x0-3~(pyrimidin-2-
yl)imidazolidin-1-yl)acetate (100 mg, 0.155 mmol) in DME (2 mL) at 0 °C was added LiBH; (22
mg) in two portions. The mixture was stirred for 0.5 hr, then warmed to room temperature. The
resulting mixture was stirred for another 2 hr and quenched with H,O (2 mL) at 0 °C. The
resulting mixture was extracted with EtOAc (2 x 10 mL). The combined organic layers were
combined, washed with brine, dried over anhydrous Na,SQ,, and concentrated in vacuo. The
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residue was purified by a standard method to give the desired product. 'H NMR (400 MHz,
CDCL): 6 8.62-8.55 (m, 2H), 7.63 (4, J = 8.1 Hz, 1H), 7.40 - 6.85 (in, 8H), 6.47 — 6.2 (m, 2H),
4.90 ~4.69 (m, 1H), 4.30 —4.15 (m,1H), 3.87 — 3.72 (m, 2H), 3.71 - 3.19 (m, 5H), 3.08 — 2.85
(m, 2H), 2.63 — 2.35(m, 2H). MS : 603 (M+1)".

The following compound was synthesized via the procedure set forth above, using the
appropriate aldchyde, amine, carboxylic acid, isocyanide and halo-substituted aromatic ring or
heterocyclic (heteroaromatic) ring using the reagents and solvents set forth above, and purified
via standard mcthods.

Ethyl 2-((45)-4-((1-(2-chlorophenyl)-2-((3,3-difluorocyclobutyl)amino)-2-oxoethyl)(3-fluoro
phenyl)carbamoyl)-3-(4-cyanopyrimidin-2-yl)-2-exoimidazolidin-1-yl)acetate (racemic) —

Compounnd 111

ool
oy
F)O\N i N\ﬂ“‘"[;\lN)Qo
aele!
NNeN
'H NMR (400 MHz, CDCl3): 6 8.90-8.82 (m, 1H), 7.62-7.57 (in, 1H), 7.46 — 6.82 (m, 8H), 6.52-
6.48(m, 1H), 6.15 — 5.85 (m, 2H), 4.88-4.82 (m, 1H), 4.45-4.35 (m, 1H). 4.32-4.13 (m, 2H), 3.86
—3.46 (m, 3H), 3.05-2.85(m, 2H), 2.56-2.32 {m, 2H), 1.29 (t, J= 7.1 Hz, 3H). MS : 670 (M+])+.

Example A: In Vitro Assays for IDHIm (R132H or R132C) Inhibitors

A test compound is prepared as 10 mM stock in DMSO and diluted to 50X final
concentration in DMSO, for a 50 ul reaction mixture. IDH enzyme activity converting alpha-
ketoglutarate to 2-hydroxyglutaric acid is mcasured using a NADPH depletion assay. In the
assay the remaining cofactor is measured at the end of the reaction with the addition of a
catalytic excess of diaphorase and resazurin, to generate a fluorescent signal in proportion to the
amount of NADPII remaining. IDHI-R132 homodimer enzyme is diluted to 0.125 pg/ml in 40
ul of Assay Buffer(150 mM NaCl, 20 mM Tris-Cl pH 7.5, 10 mM MgCl,, 0.05% BSA. 2 mM b-
mercaptoethanol); 1 pl of test compound dilution in DMSO is added and the mixture is incubated
for 60 minutes at room temperature. The reaction is started with the addition of 10 uf of
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Substrate Mix (20 pl NADPH, 5 mM alpha-ketoglutarate, in Assay Buffer) and the mixture is
incubated for 90 minutes at room temperature. The reaction is terminated with the addition of 25
ul of Detection Buffer (36 pg/ml diaphorase, 30 mM resazurin, in 1X Assay Buffer), and is
incubated for 1 minute before reading on a SpectraMax platereader at Ex544/Em590.

Compounds are assayed for their activity against IDH1 R132C following the same assay
as above with the following modifications: Assay Buffer is (50 mM potassium phosphate, pH 6.5;
40 mM sodium carbonate, 5 mM MgCl,, 10% glycerol, 2 mM b-mercaptocthanol, and0.03%
BSA). The concentration of NADPH and alpha-ketoglutarate in the Substrate Buffer is 20 pM
and 1 mM, respectively.

Representative compounds of formula I set forth in Table 1 were tested in this assay or a
similar assay and the results are set forth below in Table 2. As used in Table 2, “A” refers to an
inhibitory activity against IDHI R13211 or IDHI1 R132C with an ICs5 £ 0.1 uM; “B” refers to an
inhibitory activity against IDHI R132H or IDHI R132C with an 1Cso between 0.1 uM and 0.5
uM; “C” refers to an inhibitory activity against IDH1 R132H or IDH1 R132C with an ICsq
between 0.5 uM and 1 pM; “D” refers to an inhibitory activity against IDH1 R132H or IDH1
R132C with an ICso between | pM and 2 pM.

Table 2. Inhibitory Activities of Representative Compounds of formula |

IDH | IDH IDH | IDH | .

Cpd | R132C | R132H H;fclf’s“ UBTMG Cpd | R132C | Ri32m | HT1080 ) UBTMG

f 50 | IC50 “0 1 YCs0 | 1Cs0

No | ICS50 | 1CS0 | oo No | ICS0 | ICs0 | oo
@M) | @M @M | M) '

i A A A B 16 B B B C

2 D B i7 B B C D

3 B B B 18 A A A A

4 A A A A 19 B C

5 A A A B 20 A A B B

6 A B B 21 A A A B

7 A A A A 22 B B

8 B C 23 A B B B

9 A A A A 24 C D

10 B B 25 B C

[ B B 26 A B B

12| A B B 27 A A

13 C C 28 A B A

14 | A A A B 29 A A A

15| A A B B 30 A A B
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IDH IDH IDH iDH

, . , .
Cpd | R132C | R1320 | HT1080 | USTMG Cpd | R132C | R1321 | HT1080 | USTMG
E ‘ 1IC50 | ICS0 1C50 | 150
No | 1CS0 | 1Cs0 | o | (o No | 150 | acso | S0 |
wM) | amy | ¢ @v) | @v | ¢

206 A A A 20| A A A A
207 | A A A A 21| A A A A
208 | A A A A 212 | A A A A
200 | A A A A

Example B: Cellular Assays for IDH1m (R132H or R132C) Inhibitors.

Cells (HT 1080 or US7MG) are grown in T125 flasks in DMEM containing 10% FBS, Ix
penicillin/streptomyein and 500ug/mlL G418 (present in US7MG cells only). They are harvested
by trypsin and seeded into 96 well white bottom plates at a density of 5000 cell/well in 100
ul/well in DMEM with 10% FBS. No cells are placed in columms [ and 12. Cells are incubated
overnight at 37°C in 5% CO,. The next day test compounds are made up at 2x the final
concentration and 100ul are added fo each cell well. The final concentration of DMSQ is 0.2%
and the DMSO control wells are plated in row G. The plates are then placed in the incubator for
48 hours. At 48 hours, 100ul of media is removed from each well and analyzed by LC-MS for 2-
HG concentrations. The cell plate is placed back in the incubator for another 24 hours. At 72
hours post compound addition, 10 mL/plate of Promega Ccll Titer Glo reagent is thawed and
mixed. The cell plate is removed from the incubator and allowed to equilibrate to room
temperature. Then 100ul of Promega Cell Titer Glo reagent is added to each well of media.

The cell plate is then placed on an orbital shaker for 10 minutes and then allowed to sit at room
temperature for 20 minutes, The plate is then read for luminescence with an integration time of
500ms.

The ICs; for mhibition of 2-HG production {concentration of test compound to reduce
2HG production by 50% compared to control) in these two cell lines for various compounds of
formula 1is set forth in Table 2 above. As used in Table 2, “A™ refers to an ICsg for inhibition of
2-HG production < 0.1 uM; “B” refers to an ICsg for inhibition of 2-HG production between (.1
uM and 0.5 pM; “C” refers to an ICsq for inhibition of 2-HG production between 0.5uM and 1
uM; “D™ refers to an ICsq for inhibition of 2-HG production between 1uM and 2uM.

Example C: Metabolic Stabilities of Compounds of Formula I
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Metabolic stabilities of compounds of formula I can be tested with the following assay
and species specific liver microsomes (LM) extraction ratio (Eh) can be calculated:
1.Buffer A: 1.0 L of 0.1 M monobasic Potassium Phosphate buffer containing 1.0 mM
EDTA; Buffer B: 1.0 L. of 0.1 M Dibasic Potassium Phosphate buffer containing 1.0 mM EDTA,;
Buffer C: 0.1 M Potassium Phosphate buffer, 1.0 mM EDTA, pli 7.4 by titrating 700 mL of
buffer B with buffer A while monitoring with the pH meter.
2. Reference compounds (Ketanserin) and test compounds spiking solution:
500 uM spiking solution: add 10 pL of 10 mM DMSO stock solution into 190 uL CAN;
1.5 uM spiking solution in microsomes {0.75 mg/mL): add 1.5 gL of 500 pM spiking solution
and 18.75 uL of 20 mg/mL liver microsomes into 479.75uL of Buffer C.
3. NADPH stock solution (6 mM) is prepared by dissolving NADPH into buffer C.
4.Dispense 30 uL 1.5X compound/liver microsome solution in 96-well plate and immediately
add 135 uL. ACN containing IS before adding 15uL Buffer C to prepare real 0 minute samples.
5. Add 15 uL of NADPH stock solution (6 mM) to the wells designated as Time 30, and start
timing.
6. At the end of incubation (0 min), add 135 uL of ACN containing the internal standard
Osalmid) to all the wells (30 min, and O min). Then add 15 pL. of NADPH stock solution (6 mM)
to the wells designated as Time 0.
7. After quenching, centrifuge the reaction mixtures at 3220g for 10 min.
8. Transfer 50 uL of the supernatant from each well into a 96-well sample plate containing 50 uL.

of ultra pure water (Millipore) for LC/MS analysis.
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Claims
1. A compound of formula I or a pharmaceutically acceptable salt, tautomer,

isotopologue or hydrate thereof, wherein:

o] ?a
R N A X
i o
H R2 o R formula I

R! is optionally substituted C4-Cg carbocyclyl;

each R* and R is independently selected from optionally substituted aryl or optionally
substituted heteroaryl;

R* is alkyl, optionally substituted aryl, optionally substituted heteroaryl, optionally
substituted aralkyl, or optionally substituted heteroaralkyl:

ring A is 4-6 membered non-aromatic ring having 0-1 additional heteroatoms selected
from N, O or S, wherein ring A is optionally substituted with one or two R’ groups;

each R® is independently halo; -CFi; -CN; -OR®-N(R®),; -C(0)C;-Cy alkyl; Ci-Cq
haloalkyl: C,-C; alky! optionally substituted with -OR® or -N(R%),; -O-C)-Cy alkyl optionally
substituted with halo, -OR® or -N(R%)s; -SO2N(R)a; -8SOa(C;-Cy alkyl); -NR*SO,R®; C5-Cs
carbocyclyl optionally substituted with one or two R groups; -O-(C3-Cg carbocyclyl optionally
substituted with one or two R® groups); 5-6 membered heteroaryl; -C;-Cy alkyl-C(0)0-C;-Cy
alkyl; or -C(O)O-C,-Cy alkyl;

each R is independently H or C;-Cj alkyl.

2. The compound of claim 1 or a pharmaceutically acceptable salt, tautomer,
isotopologue or hydrate thereof, wherein:

R! is C4-Cg carbocyclyl optionally substituted with one to three R’ groups;

each R? and R’ is independently selected from aryl or heteroaryl, wherein said aryl or
heteroaryl is independently optionally substituted with one to three R’ groups;

RYis alkyl, aryl, heteroaryl, aralkyl, or heteroaralkyl, wherein said aryl, heteroaryl,
aralkyl, and heteroaralkyl] are each independently optionally substituted with one to three R’
groups;

each R® and R’ is independently halo; -CF; -CN;, -OR%-N(R®)a; -C(0)C-C, alkyl; C1-Cy
haloalkyl: C;-C, alkyl optionally substituted with -OR® or —N(RG):; -0-C;-C, alkyl optionally
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substituted with halo, -OR® or -N(R®)2; -SON(R%)s; -S(0)-C4 alkyl; -SO«(C;-Cy alkyl);
-NR®SO,R®; C3-Cs carbocyclyl optionally substituted with one or two R® groups; ~O-(Cs-Cq
carbocyclyl optionally substituted with one or two R® groups); 5-6 membered heteroaryl; -C,-Cy
alkyl-C(0)O-C,-C4 alkyl; or -C(O)0O-C,-Cy alkyl;

each R® is independently H or C;-Cy alkyl.

3. The compound of claim 1 or 2 or a pharmaceutically acceptable salt, tautomer,
isotopologue or hydrate thereof, wherein each R?and R’ is independently aryl optionally
substituted with one to three R’ groups.

4. The compound of claim 1 or a pharmaceutically acceptable salt, tautomer,
isotopologue or hydrate thereof having formula II-a,

R \ R

formula I[I-a
wherein R is CR" or N; and R'!is -F, -SO.NH,, -SO:CHi. -S(O)CHs, -CN, methoxy.
-OCH,0H, -CH:0H., -SO:N(CH3)z, -SO,NHCH;, -NHSO2CHj, ~-CH,CHLOH, -N(CHs),, t-butyl,
cyclopropyl, -C(OH)Y(CHjs),, -OCFs;, -OCHF,, -O-cyclopropyl, -1-methyl-cyclopropyl, or
pyrazolyl.

5. The compound of any one of claims 1-4 or a pharmaceutically acceptable salt,

tautomer, isotopologue or hydrate thereof , wherein R'is C4 or Cg cycloalkyl optionally
substituted with one to two R’ groups and R’ associated with R’ is halo.

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

isotopologue or hydrate thereof, wherein R'is
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7. The compound of claim 5 or a pharmaceutically acceptable salt, tautomer,
isotopologue or hydrate thereof, wherein ring A is:

L] + s

H
! o
- N Y N fa) - N/go
whns AAA S -tvlu'\*
| . ] , O i

*

, wherein § denotes ring A’s attachment to the

amide moiety of formula and é denotes ring A’s attachment to R*; and each member of ring
A is optionally substituted with one or two R> groups.

8. The compound of claim 7 or a pharmaceutically acceptable salt, tautomer,
1sotopologue or hydrate thereof, wherein ring A is:

i i . | or

k) 3

9. The compound of claim 7 or a pharmaceutically acceptable salt, tautomer,
isotopologue or hydrate thereof, wherein R” is aryl or heteroaryl, each aryl or heteroaryl is
optionally substituted with one to three R’ groups.

10.  The compound of claim 9 or a pharmaceutically acceptable salt, tautomer,
isotopologue or hydrate thereof, wherein R is:
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.0
each niember of R is optionally substituted with one or two R groups and cach R

independently F. CLomethyl. CEw CNLOMe, or N(R)-,

I The compound of claim 10 or a pharmaceutically acceptable salt, tatomer,

sotopologue or hydrate thereof. wherein R” is:

I [aavaved
e G
/ 1\) /N F \LS =/ RS A R1o: 7 R
g
@
or NF wherein R™ is HL methyl, CL CF. ON. OCH .« or NiRY: and R is HL F or
methyl.
12, The compound of clanm 1 or o pharmaceutically aceeptable salt, tautomer,

isotopologue or hvdrate thereof selected from:

F -
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or

13. A pharmaceutical composition comprising a compound of any one of claims 1 to
12 or a pharmaceutically acceptable salt, tautomer, isotopologue or hydrate thereof; and a
pharmaceutically acceptable carrier.

14, The composition of claim 13, further comprising a second therapeutic agent
useful in the treatment of cancer.

15.  Use of a composition of claim 13 in the manufacture of a medicament for treating
a cancer characterized by the presence of an IDH1 mutation, wherein the IDH1 mutation results
in a new ability of the enzyme to catalyze the NAPH-dependent reduction of a-ketoglutarate to
R(-)-2-hydroxyglutarate in a patient,

16. The use of claim 15, wherein the IDH1 mutation is an IDH1 R132H or R132C
mutation,



17. The use of claim 15, wherein the cancer is selected from glioma (glioblastoma), acute
myelogenous leukemia, melanoma, non-small cell lung cancer (NSCLC), cholangiocarcinomas,
chondrosarcoma, myelodysplastic syndromes (MDS), myeloproliferative neoplasm (MPN), and colon

cancer in a patient.

18. The use of claim 17, wherein the medicament is to be administered with a second
therapeutic agent useful in the treatment of cancer.

19. The compound of claim 1, which is

, or a pharmaceutically acceptable salt, tautomer,
isotopologue or hydrate thereof.

20. The compound of claim 1, which is

. or a pharmaceutically acceptable salt, tautomer,

isotopologue or hydrate thereof.

21 The compound of claim 1, which is

, or a pharmaceutically acceptable salt,

tautomer, isotopologue or hydrate thereof.
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22.  The compound of claim 1, which is

, ot a pharmaceutically acceptable salt,
taytomer, isotopologue or hydrate thereof.

23.  The compound of claims I, which is

, or a pharmaceutically acceptable salt,
tautomer, isotopologue or hydrate thereof.

24. The compound of claim 1, which is

F )

, or a pharmaceutically acceptable salt,
tautomer, isotopologue or hydrate thereof.

25.  The compound of claim 1, which is

, or a pharmaceutically acceptable salt, tautomer,
isotopologue or hydrate thereof.
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