wo 2017/096301 A 1[I I P00 R 00 0

(43) International Publication Date

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

=

(19) World Intellectual Property
Organization
International Bureau

8 June 2017 (08.06.2017)

WIPOI|PCT

(10) International Publication Number

WO 2017/096301 Al

(51)

21

(22)

(25
(26)
(30)

(71)

(72)

International Patent Classification:
CO7D 413/04 (2006.01) A61K 31/42 (2006.01)
CO7D 261/02 (2006.01)  AB1P 29/00 (2006.01)

International Application Number:
PCT/US20 16/0648 18

International Filing Date:
2 December 2016 (02.12.2016)

Filing Language: English
Publication Language: English
Priority Data:

62/263,481 4 December 2015 (04. 12.2015) us
62/300,740 26 February 2016 (26.02.2016) us
62/364,814 20 July 2016 (20.07.2016) us

Applicant: DENALI THERAPEUTICS INC. [USUS];
151 Oyster Point Blvd., 2nd Floor, South San Francisco,
California 94080 (US).

Inventors: BONANOMI, Giorgio; c/o Denai Therapeut-
icsInc., 151 Oyster Blvd., 2nd Floor, South San Francisco,
California 94080 (US). ESTRADA, Anthony A.; clo
Denali Therapeutics Inc., 151 Oyster Blvd., 2nd Floor,
South San Francisco, California 94080 (US). FENG, Jian-
wen A.; c/o Denai Therapeutics Inc., 151 Oyster Blvd.,
2nd Floor, South San Francisco, California 94080 (US).
FOX, Brian; c/o Denai Therapeutics Inc.,, 151 Oyster
Blvd., 2nd Floor, South San Francisco, California 94080
(US). LESLIE, Calin Philip; c/o Denali Therapeutics Inc.,
151 Oyster Blvd., 2nd Floor, South San Francisco, Califor-
nia 94080 (US). LYSSIKATOS, Joseph P.; c/o Dendli
Therapeutics Inc., 151 Oyster Blvd., 2nd Floor, South San
Francisco, California 94080 (US). NAPOLITANO, Car-
mela; c/o Denali Therapeutics Inc., 151 Oyster Blvd., 2nd
Floor, South San Francisco, California 94080 (US).
POZZAN, Alfonso; c/o Denali Therapeutics Inc., 151
Oyster Blvd., 2nd Floor, South San Francisco, California
94080 (US). SUDHAKAR, Anantha; c/o Denali Thera-
peutics Inc., 151 Oyster Blvd., 2nd Floor, South San Fran-
cisco, California 94080 (US). SWEENEY, Zachary K ;

(74)

81)

(84)

c/o Denali Therapeutics Inc., 151 Oyster Blvd., 2nd Floor,
South San Francisco, California 94080 (US). TONELLI,
Federica; c/o Denali Therapeutics Inc., 151 Oyster Blvd.,
2nd Floor, South San Francisco, California 94080 (US).
DE VICENTE FD3ALGO, Javier; c/o Denali Therapeut-
ics Inc., 151 Oyster Blvd., 2nd Floor, South San Francisco,
California 94080 (US).

Agents: TANNER, Lorna L. et a; Sheppard Mullin
Richter & Hampton LLP, 379 Lytton Avenue, Pao Alto,
California 94301-1479 (US).

Designated States (unless otherwise indicated, for every
kind d national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

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

Declarations under Rule 4.17:

as to the applicant's entitlement to claim thepriority d the
earlier application (Rule 4.17(in))

Published:

with international search report (Art. 21(3))

(54) Title: ISOXAZOLIDINE DERIVED INHIBITORS OF RECEPTOR INTERACTING PROTEIN KINASE 1(RIPK 1)

(57) Abstract: The present disclosure relates generally to methods and compositions for preventing or arresting cell death and/or in-
flammation.



4%

20

23

30

WO 2017/096301 PCT/US2016/064818

ISOXAZOLIDINE DERIVED INHIBITORS OF RECEPTOR INTERACTING PROTEIN
KINASE 1 (RIPK 1)

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit under 35 U.S.C. 11%(e) to U.S. Provisional Application Ser.
Nos. 62/263,481, filed December 4, 2015, 62/300,740, filed February 26, 2016, and 62/364,814, filed
July 20, 2016, where the contents of each isincorporated herein by reference in its entirety.

FIELD

The present disclosure relates generally to methods and compositions for preventing or arresting
cell death and/or inflammation.

BACKGROUND

Programmed necrotic cell death, also called necroptosis, isaform of cell death in which various
stimuli such as TNFa, certain toll-like receptor (TLR) agonists and ischemia can induce cellular necrosis.
Necroptosis is ahighly inflammatory form of cell death and isthought to be an important contributor to
pathology in multiple degenerative and inflammatory diseases. These diseases include
neurodegenerative diseases, stroke, coronary heart disease and myocardial infarction, retinal degenerative
diseases, inflammatory bowel disease, kidney disease, liver disease and others.

Necrosis is characterized by cell membrane and organelle disruption, cell swelling and
mitochondrial impairment, followed by cell lysis. Also, cell lysestypically are accompanied by an
inflammatory response. Some of the underlying biochemical eventsin this process are now understood
and the activity of receptor interacting protein kinase 1has been shown to be important for cellsto
undergo necroptosis. Furthermore, this activity isalso known to promote the release of inflammatory
mediators such as TNF alpha from cells which can induce inflammation and also promote further
necroptosis. Therefore, identifying and preparing low molecular weight molecules that prevent necratic
ceil death and/or inflammation by inhibiting thisor by other mechanisms can provide useful compounds
for therapeutic intervention in diseases characterized by necrotic cell death and/or inflammation.

While progress has been made, there remains aneed in the art for improved compounds for
preventing and treating diseases involving cell death and/or inflammation. The present disclosure
provides this and related benefits.

SUMMARY

Provided herein isamethod for inhibiting receptor interacting protein kinase 1in acell,
comprising contacting the cell with a receptor interacting protein kinase linhibitor. Also provided are
compounds that are useful asinhibitors of receptor interacting protein kinase 1. The disclosure also
provides compositions, including pharmaceutical compositions, kits that include the compounds and
methods of using and making the compounds. The disclosure further provides compounds or
compositions thereof for use in amethod of treating a disease, disorder or condition that is mediated by
receptor interacting protein kinase 1. Moreover, the disclosure provides uses of the compounds or
compositions thereof in the manufacture of a medicament for the treatment of a disease, disorder or

condition that is mediated by (or meadiated, at least in part, by) receptor interacting protein kinase 1.
1
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These and other aspects of the disclosure will be apparent upon reference b the following detailed
description. To this end, various references are set forth herein which describe in more detail certain
background information, procedures, compounds and/or compositions and are each hereby incor por ated
by reference in their entirety.

DETAILED DESCRIPTION

The following description sets forth exemplary embodiments of the present technology. It should
be recognized, however, that such description isnot intended as alimitation on the scope of the present
disclosure but isinstead provided as a description of exemplar}' embodiments.

1. Definitions

Asused in the present specification, the following words, phrases and symbols are generally
intended to have the meanings as set forth below, except to the extent that the context in which they are
used indicates otherwise.

A dash ("-") that is not between two letters or symbols is used to indicate a point of attachment
for a subsiituent. For example, -C(O)NH , is attached through the carbon atom. A dash at the front or end
of achemical group isamatter of convenience; chemical groups may be depicted with or without one or
more dashes without losing their ordinary meaning. A wavy line or a dashed line drawn through aline in
a structure indicates a specified point of attachment of a group. Unless chemically or structurally
required, no directionality or stereochemistry isindicated or implied by the order in which achemical
group iswritten or named.

The prefix "C,_,," indicates that the following group has from u to v carbon atoms. For example,
"Ci-s alkyl" indicates that the alkyl group has from 1to 6 carbon atoms.

Reference to "about" avalue or parameter herein includes (and describes) embodiments that are
directed to that value or parameter per se. In certain embodiments, the term “about” includes the
indicated amount + 10%. In certain embodiments, the term "about" includes the indicated amount + 5%.
In certain embodiments, the term "about" includes the indicated amount + 1%. Also, to the term "about
X" includes description of "X". Also, the singular forms "a" and "the" include plural references unless
the context clearly dictates otherwise. Thus, e.g., reference to "the compound" includes aplurality of
such compounds and reference to "the assay" includes reference to one or more assays and equivalents
thereof known to those skilled in the art.

"Alkyl" refersto an unbranched or branched saturated hydrocarbon chain. Asused herein, alkyl
has 1to 20 carbon atoms (i.e., C,; akyl), 1to 12 carbon atoms (i.e., Ci_;, akyl), 1to 8 carbon atoms
(i.e., Ci-y akyl), 1to 6 carbon atoms (i.e., C; 4 akyl) or 1to 4 carbon atoms (i.e., C,.4 alkyl). Examples of
alkyl groups include methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, pentyl, 2-
pentyl, isopentyl, neopentyl, hexyl, 2-hexyl, 3-hexyl and 3-methylpentyl. When an alkyl residue having a
specific number of carbons is named by chemical name or identified by molecular formula, all positional
isomers having that number of carbons may be encompassed; thus, for example, "butyl" includes n-butyl
(i.e, {(CH;)CH-). sec-butyl (i.e., -CH{CH:)CH,(Hs). isobutyl (i.e., -cH,Ci({CF1),) and tert-butyl (i.e,
-C(CHy)5); and "propyl™ includes n-propyl (i.e., -(CH;);CH,} and isopropy! (i.e., -CH(CHs),).

2
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Certain commonly used alternative chemical names may he used. For example, adivaent group
such asadivalent "akyl" group, adivalent "aryl" group, etc., may also be referred to asan "alkylene”
group or an "alkylenyl" group, an "arylene' group or an "arylenyl" group, respectively. Also, unless
indicated explicitly otherwise, where combinations of groups are referred to herein asone moiety, e.g.
arylalkyl or aralkyl, the last mentioned group contains the atom by which the rnoiely is attached to the
rest of the molecule.

"Aikenyl" refersto an alkyl group containing at least one carbon-carbon double bond and having
from 2to 20 carbon atoms (i.e., c'2-20 aikenyl), 2to 8 carbon atoms (i.e., c2- 4 aikenyl), 2to 6 carbon
atoms (i.e., c, aikenyl) or 2to 4 carbon atoms (i.e.. cm aikenyl). Examples of aikenyl groups include
ethenyl, propenyl, butadienyl (including 1,2-butadienyl and 1,3-butadienyl).

"Alkynyl" refers to an alkyl group containing & least one carbon-carbon triple bond and having
from 2to 20 carbon atoms (i.e., -, akynyl), 2to 8 carbon atoms (i.e., C, akynyl), 2to 6 carbon
atoms (i.e., C,-, alkynyl) or 2to 4 carbon atoms (i.e., C,-4 alkynyl). The term "akynyl" also includes
those groups having one triple bond and one double bond.

"Alkoxy" refers tothe group "alkyl-Q-". Examples of alkoxy groups include methoxy, ethoxy, n-
propoxy, iso-propoxy, N~butoxy, tert-butoxy, sec-butoxy, n-pentoxy, n-hexoxy and 1,2-dimethylbutoxy.

" Alkoxyalkyl"  refers to the group "alkyl -O-alkyl".

" Alkylthio" refers tothe group "alkyl -S-".

"Acyl" refersto agroup -C(O)R, wherein R ishydrogen, akyl, aikenyl, alkynyl, cycloalkyl,
heterocyclyl, aryl, heteroalkyi or heteroaryl; each of which may be optionally substituted, as defined
herein. Examples of acyl include formyl, acetyl, cyclohexylcarbonyl,  cyclohexylmethyl-carbony! and
benzoyl.

"Amido" refers to both a"C-amido" group which refers to the group -C(Q)NR'R” and an "N-
amido" group which refers to the group -NR*C(0)R “, wherein R¥ and R” are independently hydrogen,
alkyl, aikenyl, alkynyl, cycloakyl, heterocyclyl, aryl, heteroalkyi or heteroaryl; each of which may be
optionally substituted, as defined herein.

"Amino" refers to the group -NR'R* wherein R* and R” are independently hydrogen, akyl,
aikenyl, alkynyl, cycloalkyl, heterocyclyl, aryl, heteroalkyi or heteroaryl; each of which may be
optionally substituted, as defined herein.

"Amidino" refers to -C(NR)(NR ), wherein each R isindependently hydrogen, akyl, aikenyl,
alkynyl, cycloakyl, heterocyclyl, aryl, heteroalkyi or heteroaryl; each of which may be optionally
substituted, as defined herein.

"Aryl" refersto an aromatic carbocyclic group having asingle ring (e.g. monocyclic) or multiple
rings (eg. bicyclic or tricyclic) including fused systems. Asused herein, aryl has 6to 20 ring carbon
atoms (i.e., C¢-2 aryl), 6to 18 carbon ring atoms (i.e., Cs-15 aryl), 6to 12 carbon ring atoms (i.e., Ce2
aryl) or 6to 10 carbon ring atoms (i.e, ceto aryl). Examples of aryl groups include phenyl, naphthyl,

fluorenyl and anthryl. Aryl, however, does not encompass or overlap in any way with heteroaryl defined

(%7
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below. If one or more aryl groups are fused with a heteroaryl, the resulting ring system isheteroaryl. If
one or more aryl groups are fused with aheterocyclyl, the resulting ring system is heterocyclyl.

"Arylalkyl" or " Aralkyi" refers tothe group "aryl -alkyl-""

"Carbamoyl!" refers to both an " O-carbamoyl" group which refers to the group ~0~C(O)NR 'R*
and an "N-carbamoyl" group which refers to the group -NR*C(0)OR *, wherein R” and R* are
independently hydrogen, akyl, alkenyl, alkynyl, cycloakyi, heterocyclyl, aryl, heteroaikyl or heteroaryl:
each of which may be optionally substituted, as defined herein.

"Carboxyl ester" or "ester" refer to both -OC(O)R and -C(0)OR, wherein R isakyl, akenyl,
akynyl, cycloalkyi, heterocyclyl, aryl, heteroaikyl or heteroaryl; each of which may be optionally
substituted, as defined herein.

"Cycloalkyi" refers to a saturated or partially unsaturated cyclic alkyl group having a single ring
or multiple rings including fused, bridged and spiro ring systems. The term "cycloakyi" includes
cycloalkenyl groups (i.e., the cyclic group having at least one double bond). A sused herein, cycloakyi
has from 3 to 20 ring carbon atoms (i.e., cz20 cycloakyi), 3to 15 ring carbon atoms (i.e., {55
cycloakyi), 3to 12 ring carbon atoms (i.e., C;_;; cycloalkyi), 3to 10 ring carbon atoms (i.e., Cs-.o
cycloalkyi), 3to 8 ring carbon atoms (i.e., c 3-8 cycloalkyi) or 3to 6 ring carbon atoms (i.e., C5
cycloakyi). Cycloalkyi aso includes "spiro cycloakyi" when there are two positions for substitution on
the same carbon atom. Monocyclic radicals include, for example, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyi, cycloheptyl and cyclooctyl. Poiycyclic radicals include, for example, adamantyl, norbornyi,
decalinyl, 7,7-dimethyl-bicyclo[2.2.1]heptanyl and the like. Further, the term cycloalkyi isintended to
encompass any non-aromatic ring which may be fused to an aryl ring, regardiess of the attachment to the
remainder of the molecule.

"Cycioaikylakyl" refers to the group " cycloalkyl-alkyl-".

"Guanidino” refers to -NRC(NR)(NR ,).wherein each R ishydrogen, alkyl, akenyl, alkynyl,
cycloakyi, heterocyclyl, aryl, heteroaikyl or heteroaryl; each of which may be optionally substituted, as
defined herein.

"Immo" refers to agroup -C(NR)R, wherein each R isindependently hydrogen, alkyl, alkenyl,
alkynyl, cycloakyi, heterocyclyl, aryl, heteroaikyl or heteroaryl; each of which may be optionally
substituted, as defined herein.

"Imido" refers to agroup -C(O)NRC(0)R, wherein each R isindependently hydrogen, akyl,
alkenyl, alkynyl, cycloalkyi, heterocyclyl, aryl, heteroaikyl or heteroaryl; each of which may be
optionally substituted, as defined herein.

"Halogen" or "halo" includes fluoro, chloro, bromo and iodo.

"Haloakyl" refers to an unbranched or branched akyl group as defined above, wherein one or
more hydrogen atoms are replaced by ahalogen. For example, where aresidue is substituted with more
than one halogen, it may be referred to by using a prefix corresponding to the number of halogen
moieties attached. Dihaloalkyl and trihaloalkyl refer to alkyl substituted with two ("di") or three ("tri")

halo groups, which may be, but are not necessarily, the same halogen. Examples of haloalkyl include

4



¥4

10

J—
L

20

A
W

30

(98]
U

WO 2017/096301 PCT/US2016/064818

trifluoromethyl, difluoromethyl, trichloromethyl, 2,2,2-trifluoroethyl, 1,2-difluoroethyl,
3-bromo-2-fluoropropyl, 1,2-dibromoethyl and the like.

"Haloalkoxy" refersto an alkoxy group as defined above, wherein one or more hydrogen atoms
are replaced by a halogen.

"Hydroxyalkyl" refersto an alkyi group as defined above, wherein one or more hydrogen atoms
are replaced by a hydroxy group.

"Heteroalkyi" refersto an alkyl group in which one or more of the carbon atoms (and any
associated hydrogen atoms) are each independently replaced with the same or different heteroatomic
group, provided the point of attachment to the remainder of the molecule isthrough a carbon atom. The
term "heteroalkyi" includes unbranched or branched saturated chain having carbon and heteroatoms. By
way of example, 1, 2 or 3 carbon atoms may be independently replaced with the same or different
heteroatomic group. Heteroatomic groups include, but are not limited to, -NR-, -0-, -S-, ~S(0)~, -S(0) »-,
and the like, where R is hydrogen, alkyl, alkenyl, alkynyl, cycioaikyl, heterocyciyl, aryl, heteroalkyi, or
heteroaryl; each of which may be optionally substituted, as defined herein. Examples of heteroalkyi
groups include -CH,OCH;, -CH,SCH;, and -CH.NRCH, where R is hydrogen, akyl, alkenyl, alkynyl,
cycioaikyl, heterocyciyl, aryl, heteroalkyi, or heteroaryl; each of which may be optionally substituted, as
defined herein. Asused herein, heteroalkyi includes 1to 10 carbon atoms, 1to 8 carbon atoms, or 1to 4
carbon atoms; and 1to 3 heteroatoms, 1to 2 heteroatoms, or 1 heteroatom.

"Heteroaryl" refersto an aromatic group (e.g., a 5-14 membered ring system) having a single
ring, multiple rings or multiple fused rings, with one or more ring heteroatoms independently selected
from nitrogen, oxygen and sulfur. Asused herein, heteroaryl includes 1to 20 ring carbon atoms (i.e., c .
w heteroaryl), 1to 13 ring carbon atoms (i.e., C; ;, heteroaryl), 3to 12 ring carbon atoms (i.e., C, 2
heteroaryl) or 3to 8 carbon ring atoms (i.e., C; sheteroaryl); and 1to 6 heteroatoms, 1to 5 heteroatoms,
1to 4 heteroatoms, 1to 3ring heteroatoms, 1to 2 ring heteroatoms or 1ring heteroatom independently
selected from nitrogen, oxygen and sulfur. Examples of heteroaryl groups include azepinyl, acridinyl,
benzimidazolyl, benzothiazolyl, benzindolyl, benzodioxolyl, benzofuranyl, benzooxazolyl,
benzothiazolyl, benzothiadiazolyl, benzo[b[l,4|dioxepinyl, 1,4-benzodioxanyi, benzonaphthofuranyl,
benzoxazolyi, benzodioxolyl, benzodioxinyl, benzopyranyl, benzopyranonyl, benzofuranyl,
benzofuranonyl, benzothienyl (benzothiophenyl), benzotriazolyl, benzo[4,6]imidazo[l,2-a]pyridinyl,
carbazolyl, cinnolinyl, dibenzofuranyl, dibenzothiophenyl, furanyl, furanonyl, isothiazolyl, imidazolyl,
mdazolyl, indolyl, indazolyl, isomdoiyl, indolinyl, isoindolinyi, isoquinolyi, indolizinyl, isoxazolyl,
naphthyridinyl, oxadiazolyl, 2-oxoazepinyl, oxazoiyl, oxiranyl, 1-oxidopyridinyl, 1-oxidopyrimidinyl, 1-
oxidopyrazinyl, 1-oxidopyridazinyl, 1-phenyl-IH-pyrrolyl, phenazinyl, phenothiazinyl, phenoxazinyl,
phthalazinyl, pteridinyl, purinyl, pyrrolyl, pyrazolyl, pyridinyl, pyrazinyl, pyrimidinyl, pyridazinyl,
guinazolinyl, quinoxalinyl, quinolinyl, quinuclidinyl, isoquinolinyl, tetrahydroquinolinyl, thiazolyl,
thiadiazolyl, triazolyl, tetrazolyl, triazmyl and thiophenyl (i.e., thienyl). Examples of the fused-heteroaryl
rings include, but are not limited to, benzo[d]thiazolyl, quinolinyl, isoquinolinyl, benzo[b]thiophenyl,

indazolyl, benzo[d]imidazolyl, pyrazolo[l,5-alpyridinyl and imidazo[l,5-alpyridinyl, where the
5
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heteroaryl can be bound via either ring of the fused system. Any aromatic ring, having asingle or
multiple fused rings, containing at least one heteroatom, isconsidered a heteroaryl regardless of the
attachment tothe remainder of the molecule (i.e., through any one of the fused rings). Heteroaryl does
not encompass or overlap with aryl as defined above.

"Heteroarylalkyl" refers tothe group "heteroaryl-alkyl-".

"HeteiOcyclyl" refers to a saturated or unsaturated cyclic alkyl group, with one or more ring
heteroatom sindependently selected from nitrogen, oxygen and sulfur. The term "heterocyclyl" includes
heterocycloalkenyl groups (i.e., the heterocyclyl group having at least one double bond), bridged-
heterocyclyl groups, fused-heterocyclyl groups and spiro-heterocyclyl groups. A heterocyclyl may be a
single ring or multiple rings wherein the multiple rings may be fused, bridged or spiro, and may comprise
one or more oxo (C=0) or N-oxide (N-0-) moieties. Any non-aromatic ring containing at least one
heteroatom is considered aheterocyclyl, regardless of the attachment (i.e., can be bound through a carbon
atom or a heteroatom). Further, the term heterocyclyl isintended to encompass any non-aromatic ring
containing at least one heteroatom, which ring may be fused to an aryl or heteroaryl ring, regardless of
the attachment to the remainder of the molecule. Asused herein, heterocyclyl has 2 to 20 ring carbon
atoms (i.e., C,-, heterocyclyl), 2to 12 ring carbon atoms (i.e., C,-,, heterocyclyl), 2to 10 ring carbon
atoms (i.e., c',5, heterocyclyl), 2to 8ring carbon atoms (i .e., C,¢ heterocyclyl), 3to 12 ring carbon
atoms (i.e., c 32 heterocyclyl), 3to 8ring carbon atoms (i.e., c3-g heterocyclyl) or 3to 6 ring carbon
atoms (i.e., c 34 heterocyclyl); having 1to 5ring heteroatoms, 1to 4 ring heteroatoms, 1to 3ring
heteroatoms, 1to 2 ring heteroatoms or 1ring heteroatom independently selected from nitrogen, sulfur or
oxygen. Examples of heterocyclyl groups include dioxolanyl, thienyl [I,3]dithianyl,
decahydroisoquinolyl, imidazolinyl, imidazolidinyi, isothiazolidinyl, isoxazolidinyl, morpholinyl,
octahydroindoiyi, octahydroisoindolyi, 2-oxopiperazinyl, 2-oxopiperidinyi, 2-oxopyrrolidinyl,
oxazolidinyl, piperidinyl, piperazinyl, 4-piperidonyl, pyrrolidinyl, pyrazolidinyl, quinuclidinyl,
thiazolidiny], tetrahydrofuryl, trithianyl, tetraliydropyranyl, thiomorpholinyl, thiamorpholinyl,
1-oxo-thiomorpholinyl and 1, 1-dioxo-thiomorpholinyl. Examples of the spiro-heterocyclyl rings include
bicyclic and tricyclic ring systems, such as 2-oxa-7-azaspiro[3 .5]nonanyl, 2-oxa-6-azaspiro| 3.4]octanyl
and 6-oxa- | -azaspiro[3 .3]heptanyl. Examples of the fused-heterocyclyl rings include, but are not limited
to, 1,2,3,4-tetrahydroisoquinolinyl, 4,5,6,7-tetrahydrothieno[2,3-c]pyridinyl, indolinyl and isoindolinyl,
where the heterocyclyl can be bound via either ring of the fused system.

"Heterocyclylalkyf' refers tothe group "heterocyclyl-alkyl-".

"Oxime'’ refers to the group -CR(=NOH) wherein R ishydrogen, akyl, akenyl, akynyl,
cvcloalkyl, heterocyclyl, aryl, heteroalkyl or heteroaryl; each of which may be optionally substituted, as
defined herein.

"Sulfonyl" refers tothe group -S(0) ,R, where R ishydrogen, alkyl, alkenyl, akynyl, cycloalkyi,
heterocyclyl, aryl, heteroalkyl or heteroaryl; each of which may be optionally substituted, asdefined

herein . Examples of sulfonyl are methylsulfonyl, ethylsulfonyl, phenyl sulfonyl and toluenesulfonyl.



¥4

10

J—
L

20

A
W

30

(98]
U

WO 2017/096301 PCT/US2016/064818

"Sulfinyl" refers to the group -S(())R, where R ishydrogen, akyl, akenyl, alkynyl, cycloalkyl,
heterocyclyl, aryl, heteroalkyl or heteroarvl; each of which may be optionally substituted, as defined
herein. Examples of sulfinyl are methylsulfinyl, ethylsulimyi, phenylsulfinyl and toluenesulfinyl.

"Sulfonamide" refers to the groups -SO.NRR and -NRSO ,R, where each R isindependently
hydrogen, alkyl, alkenyl, akynyl, cycloakyl, heterocyclyl, aryl, heteroalkyl or heteroarvl; each of which
may be optionally substituted, as defined herein.

"Alkylsulfonyl" referstothe group -S ()R, where R isalkyl.

"Alkylsulfmyl" refers tothe group ~S(O)R, where R isalkyl.

H:eterms "optional” or "optionally" means that the subsequently described event or
circumstance may or may not occur and that the description includes instances where said event or
circumstance occurs and instances in which it does not. Also, the term "optionally substituted” refersto
any one or more hydrogen atoms on the designated atom or group may or may not be replaced by a
moiety other than hydrogen.

The term "substituted” used herein means any of the above groups (i.e., alkyl, alkenyl, alkynyl,
aikylene, akoxy, haloakyl, haoakoxy, cycloalkyl, aryl, heterocyclyl, heteroarvl, and/or heteroalkyl)
wherein at least one hydrogen atom is replaced by abond to a non-hydrogen atom such as, but not
limited to alkyl, alkenyl, alkynyl, akoxy, alkylthio, acyl, amido, amino, amidino, aryl, arakyl, azido,
carbamoyl, carboxyl, carboxyl ester, cyano, cycloalkyl, cycloakyiakyl, guanadino, halo, haloalkyl,
haloalkoxy, hydroxyalkyl, heteroalkyl, heteroarvl, heteroaryialkyi, heterocyclyl, heterocyclylakyl,
hydrazine, hydrazone, imino, imido, hydroxy, oxo, oxime, nitro, sulfonyl, sulfinyl, alkylsulfonyl,
alkylsulfmyl, thiocyanate, sulfinic acid, sulfonic acid, sulfonamide, thiol, thioxo, N-oxide, or -Si(R '*“)3
wherein each R'00 isindependently hydrogen, alkyl, alkenyl, alkynyl, heteroalkyl, cycloakyl, aryl,
heteroaryl or heterocyclyl.

The term "substituted”" used herein means any of the above groups (i.e., akyl, aikylene,
akoxy ,haloalkoxy, aryl, cycloalkyl, haloakyl, heterocyclyl, heteroaryl, hydroxy]akyl and/or
akoxyalkyl) wherein at least one hydrogen atom is replaced by abond to anon-hydrogen atom such as,
but not limited to: an alkyl group, ahaloalkyl group, a halogen atom such asF, CI, Br, and |; an alkenyl,
ahaloalkenyl group, an alkynyl group, ahaloaikynyl group, acyclic group such asan aryl, heteroaryl,
cycloakyl, or heterocyclyl group, an oxygen atom in groups such as hydroxy! groups, alkoxy groups, and
ester groups; a sulfur atom in groups such asthiol groups, thioalkyl groups, thiohaloalkyl groups, sulfone
groups, sulfonyl groups, and sulfoxide groups; anitrogen atom in groups such as amines, amides,
aikylamines, diaikylamines, arylamines, aikylarylamines, diarylamines, N-oxides, imides, and enamines;
asilicon atom in groups such astriakylsiiyl groups, diakylarylsilyl groups, akyldiarylsilyl groups, and
triarylsily] groups; and other heteroatoms in various other groups. "Substituted" aso means any of the
above groups in which one or more hydrogen atoms are replaced by ahigher-order bond (e.g., a doubie-
or triple-bond) to aheteroatom such as oxygen in oxo, carbonyl, formyl, carboxyl, carbonate, and ester

groups; and nitrogen in groups such as’Imines oximes, hydrazones, and nitriles.
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In certain embodiments, "substituted” includes any of the above groups in which one or more
hydrogen atoms are replaced with -NR:R", -NR éC(==0)R", -\ REC{=OINRER’, -NREC(==0)GR", -
NR®SQ;R’, -OC(=0)NR *R", -OR*?, -SR8, -SOR8, -S0 ,R8, -OS0 ;R8, -S0 ,0R?, =NS0 ,R?, and -S0 NRER".
"Substituted" also means any of the above groups in which one or more hydrogen atoms are replaced
with -(-;=0)R®, -{3(=0)0 R, -(;=0INR®R", -CH,(),R?, -CI-.SO,NRER". "Substituted" further means
any of the above groups in which one or more hydrogen atoms are replaced by -NR#S(0);.,N RER", -
CH,S(0)R 8, ~CH, S(0)NR¥+ *, ~QC(=0)OR 8, -SFg, -SCF; or -OCF5. "Substituted” further means any of
the above groups in which one or more hydrogen atoms are replaced by abond to an amiro, cyano,
hydroxyl, imino, nitro, oxo, thioxo, halo, alkyl, aikoxy, alkylamino, thioalkyl, aryl, aralkyl, cycloalkyl,
cycloalkylalkyl, haloalkyl, heterocyclyl, N-heterocyclyl, heterocyciylalkyl, heteroaryl, and/or
heteroarylalkyl group. Inthe foregoing, R® and RHand R’ are the same or different and independently
hydrogen, halo, alkyl, alkenyl, alkynyl, aikoxy, thioalkyl, aryl, aralkyl, cycloakyl, cycloalkylalkyl,
haloalkyl, heterocyclyl, heterocyciylalkyl, heteroaryl, and/or heteroarylalkyl. In an embodiment, each of
said hydrogen, alkyl, alkenyl, alkynyl, aikoxy, thioalkyl, aryl, aralkyl, cycloalkyl, cycloalkylakyl,
haloalkyl, heterocyclyl, heterocyciylakyl, heteroaryl, and/or heteroarylalkyl are independently optionally
substituted with one or more oxo, alkyl, halo, amino, hydroxyl or alkoxyl. In addition, each of the
foregoing substituents may also be optionally substituted with one or more of the above substituents.

Polymers or similar indefinite structures arrived at by defining substituents with further
substituents appended ad infinitum (e.g., a substituted aryl having a substituted alkyl which isitself
substituted with a substituted ary! group, which isfurther substituted by a substituted heteroalkyl group,
etc.) are not intended for inclusion herein. Unless otherwise noted, the maximum number of seria
substitutions in compounds described herein isthree. For example, serial substitutions of substituted aryl
groups with two other substituted aryl groups are limited to ((substituted aryl)substituted aryl) substituted
aryl. Similarly, the above definitions are not intended to include impermissible substitution patterns (e.g.,
methyl substituted with 5 fluorines or heteroaryl groups having two adjacent oxygen ring atoms). Such
impermissible substitution patterns are well known to the skilled artisan. When used to modify a
chemical group, the term "substituted" may describe other chemical groups defined herein. Unless
specified otherwise, where agroup is described as optionally substituted, any substituents of the group
are themselves unsubstituted. For example, in certain embodiments, the term "substituted alkyl" refersto
an alkyl group having one or more substituents including hydroxy, halo, aikoxy, acyl, oxo, amino,
cycloalkyl, heterocyclyl, aryl and heteroaryl. In certain embodiments, the one or more substituents may
be further substituted with halo, alkyl, haloalkyl, hydroxy, aikoxy, cycloalkyl, heterocyclyl, aryl or
heteroaryl, each of which is substituted. In certain embodiments, the substituents may be further
substituted with halo, alkyl, haloalkyl, aikoxy, hydroxy, cycloalkyl, heterocyclyl, aryl or heteroaryl, each
of which is unsubstituted.

Any compound or structure given herein, is also intended to represent unlabeled forms as well as
isotopically labeled forms of the compounds. Isotopically labeled compounds have structures depicted by

the formulas given herein except that one or more atoms are replaced by an atom having a selected
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atomic mass or mass humber. Examples of isotopes that can be incorporated into the disclosed
compounds include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorous, fluorine, chlorine and
ioding, suchas¥% °H,''c,Yc, *c, ¥N, "N, 0, 770, "0, *'P, **P, s, *F, *c1, "I and *’I,
respectively. Various isotopically labeled compounds of the present disclosure, for example those into
which radioactive isotopes such as*H, *C and "*C are incorporated. Such isotopically labelled
compounds may be useful in metabolic studies, reaction kinetic studies, detection or imaging techniques,
such as positron emission tomography (PET) or single-photon emission computed tomography (SPECT)
including drug or substrate tissue distribution assays or in radioactive treatment of patients.

H:e disclosure also includes "deuterated analogs' of compounds described herein in which from
1to n hydrogens attached to a carbon atom is/are replaced by deuterium, in which n isthe number of
hydrogens in the molecule. Such compounds exhibit increased resistance to metabolism and are thus
useful for increasing the haf-life of any compound when administered to amammal, particularly a
human. See, for example, Foster, "Deuterium |sotope Effects in Studies of Drug Metabolism,” Trends
Pharmacol. Sci. 5(12):524-527 (1984). Such compounds are synthesized by means well known in the art,
for example by employing starting materials in which one or more hydrogens have been replaced by
deuterium.

Deuterium labelled or substituted therapeutic compounds of the disclosure may have improved
DMPK (drug metabolism and pharmacokinetics) properties, relating to distribution, metabolism and
excretion (ADME). Substitution with heavier isotopes such as deuterium may afford certain therapeutic
advantages resulting from greater metabolic stability, for example increased in vivo half-life, reduced
dosage requirements and/or an improvement in therapeutic index. An **F,H , ''C labeled compound may
be useful for PET or SPECT or other imaging studies. Isotopically labeled compounds of this disclosure
and prodrugs thereof can generally be prepared by carrying out the procedures disclosed in the schemes
or in the examples and preparations described below by substituting a readily available isotopically
labeled reagent for anon-isotopically labeled reagent. It isunderstood that deuterium in this context is
regarded as a substituent in a compound described herein.

The concentration of such aheavier isotope, specifically deuterium, may be defined by an
isotopic enrichment factor. In the compounds of this disclosure any atom not specifically designated as a
particular isotope ismeant to represent any stable isotope of that atom. Unless otherwise stated, when a
position isdesignated specifically as“H" or "hydrogen", the position is understood to have hydrogen at
its natural abundance isotopic composition. Accordingly, inthe compounds of this disclosure any atom
specifically designated as a deuterium (D) is meant to represent deuterium.

In many cases, the compounds of this disclosure are capable of forming acid and/or base salts by
virtue of the presence of amo and/or carboxyl groups or groups similar thereto.

Provided are also pharmaceutically acceptable salts, hydrates, solvates, tautomeric forms,
stereoisomers and prodrugs of the compounds described herein. "Pharmaceutically acceptable” or

"physiologically acceptable” refer to compounds, salts, compositions, dosage forms and other materials
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which are useful in preparing a pharmaceutical composition that is suitable for veterinary or human
pharmaceutical use.

The term "pharmaceutically acceptable salt” of agiven compound refersto saltsthat retain the
biological effectiveness and properties of the given compound and which are not biologically or
otherwise undesirable. "Pharmaceutically acceptable salts’ or “physologically acceptable salts" include,
for example, salts with inorganic acids and salts with an organic acid. in addition, if the compounds
described herein are obtained as an acid addition salt, the free base can be obtained by basifying a
solution of the acid salt. Conversely, if the product is afree base, an addition salt, particularly a
pharmaceutically acceptable addition salt, may be produced by dissolving the free base in a suitable
organic solvent and treating the solution with an acid, in accordance with conventional procedures for
preparing acid addition salts from base compounds. Those skilled in the art will recognize various
synthetic methodologies that may be used to prepare nontoxic pharmaceutically acceptable addition salts.
Pharmaceutically acceptable acid addition salts may be prepared from inorganic and organic acids. Salts
derived from inorganic acids include hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid and the like. Salts derived from organic acids include acetic acid, propionic acid,
glycolic acid, pyravic acid, oxalic acid, malic acid, malonic acid, succinic acid, maleic acid, fumaric acid,
tartaric acid, citric acid, benzoic acid, cinnamic acid, mandeiic acid, methanesulfonic acid, ethanesulfonic
acid, p-toluene-sulfonic acid, salicylic acid and the like. Likewise, pharmaceutically acceptable base
addition salts can be prepared from inorganic and organic bases. Salts derived from inorganic bases
include, by way of example only, sodium, potassium, lithium, ammonium, calcium and magnesium salts.
Salts derived from organic bases include, but are not limited to, salts of primary, secondary and tertiary
amines, such asalkyi amines (i.e., NI¥(alkyl)), dialkyi amines (i.e., HN(alkyl),), trialkyl amines (i.e.,
N(aikyl)s), substituted alkyi amines (i.e., NH,(substituted alkyl)), di(substituted atkyi) amines (i.e.,
HN(substituted alkyl).), tri(substituted alkyl) amines (i.e., N(substituted alky!)-). alkenyl amines (i.e.,
NH-(alkenyl)), dialkenyl amines (i.e., HN(alkenyl) ,), trialkenyl amines (i.e., N(alkenyl) 5), substituted
alkenyl amines (i.e., NH (substituted alkenyl)), di(substituted alkenyl) amines (i.e., HN(substituted
akenyl).), triisubstituted alkenyl) amines (i.e., Nisubstituted alkenyl);, mono-, di- or tri- cycloalkyi
amines (i.e., NH,(cycloalkyl), HN(cycloakyl) ,, N(cyeloakyl) ;), mono-, di- or tri- arylamines (i.e.,
NH,(aryl), HN(aryl),, N(aryl):) or mixed amines, etc. Specific examples of suitable amines include, by
way of example only, isopropylamine, trimethyl amine, diethyl amine, tri(iso-propyl) amine, tri(n-propyl)
amine, ethanoiamine, 2-dimethylaminoethanol, piperazine, piperidine, morpholine, N-ethylpiperidine and
the like.

Theterm "hydrate" refers to the complex formed by the combining of a compound described
herein and water.

A "solvate" refersto an association or complex of one or more solvent molecules and a
compound of the disclosure. Examples of solvents that form solvates include, but are not limited to,

water, isopropanol, ethanoL. methanol, dimethylsulfoxide, ethylacetate, acetic acid and ethanoiamine.
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Some of the compounds exist astautomers. Tautomers are in equilibrium with one ancther. For
example, amide containing compounds may exist in equilibrium with imidic acid tautomers. Regardless
of which tautomer is shown and regardless of the nature of the equilibrium among tautomers, the
compounds are understood by one of ordinary- skill in the art to comprise both amide and imidic acid
tautomers. Thus, the amide containing compounds are understood to include their imidic acid tautomers.
Likewise, the imidic acid containing compounds are understood to include their amide tautomers.

The compoimds of the invention, or their pharmaceutically acceptable salts include an
asymmetric center and may thus give rise to enantiomers, diastereomers, and other sterecisomenc forms
that may be defined, in terms of absolute stereochemistry, as (R)- or (9~ or, as (D)- or (L)- for amino
acids. The present invention ismeant to include al such possible isomers, aswell astheir racemic and
opticaly pure forms. Opticaly active (+) and (-), (R)- and (5)-, or (D)~ and (L)- isomers may be prepared
using chiral syrrthons or chiral reagents, or resolved using conventional techniques, for example,
chromatography and fractional crystallization. Conventional techniques for the preparation/isolation of
individual enantiomers include chiral synthesis from a suitable optically pure precursor or resolution of
the racemate (or the racemate of a salt or derivative) using, for example, chiral high pressure liquid
chromatography (HPLC). When the compounds described herein contain olefmic double bonds or other
centres of geometric asymmetry, and unless specified otherwise, it is intended that the compounds
include both E and Z geometric isomers. Likewise, al tautomeric forms are also intended to be included.

A "sterecisomer” refers to a compound made up of the same atoms bonded by the same bonds
but having different three-dimensional structures, which are not interchangeable. The present invention
contemplates various sterecisomers and mixtures thereof and includes "enantiomers', which refers to two
sterecisomers whose molecules are nonsuperimposeable mirror images of one another.

"Diasterecisomers’ are sterecisomers that have at least two asymmetric atoms, but which are not
mirror-images of each other.

"Prodrugs’ means any compound which releases an active parent drug according to a structure
described herein in vivo when such prodrug is administered to amammalian subject. Prodrugs of a
compound described herein are prepared by modifying functional groups present in the compound
described herein in such away that the modifications may be cleaved in vivo to release the parent
compound. Prodrugs may be prepared by modifying functional groups present in the compounds in such
away that the modifications are cleaved, either in routine manipulation or in vivo, to the parent
compounds. Prodrugs include compounds described herein wherein ahydroxy, amino, carboxyi or
suifhydryl group in a compound described herein is bonded to any group that may be cleaved in vivo to
regenerate the free hydroxy, amino or sulfhydry! group, respectively. Examples of prodrugs include, but
are not limited to esters (e.g., acetate, formate and benzoate derivatives), amides, guanidines, carbamates
(e.g., N N -dimethylaminocarbonyl) of hydroxy functional groups in compounds described herein and the
like. Preparation, selection and use of prodrugs isdiscussed in T.Higuchi and V. Stella, "Pro-drugs as
Novel Delivery Systems,” Vol. 14 of the A.C.S. Symposium Series; "Design of Prodrugs," ed. H.
Bundgaard, Elsevier, 1985; and in Bioreversible Carriers in Drug Design, ed. Edward B . Roche,
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American Phannaceutical Association and Pergamon Press, 1987, each of which are hereby incorporated
by reference in their entirety .

Asused herein, "pharmaceutically acceptable carrier" or "pharmaceutically acceptable excipient”
or "excipient” includes any and all solvents, dispersion media, coatings, antibacterial and antifungal
agents, isotonic and absorption delaying agents and the like. The use of such media and agents for
pharmaceutically active substances iswell known in the art. Except insofar asany conventional media or
agent isincompatible with the active ingredient, its use in the therapeutic compositions is contemplated.
Supplementary active ingredients can also be incorporated into the compositions.

Hie term "necrotic cell disease" refers to diseases associated with or caused by cellular necrosis.
Exemplary necrotic cell diseases include, but are not limited to, acute diseases such astrauma, ischemia,
stroke, cardiac infarction, anthrax lethal toxin induced septic shock, sepsis, cell death induced by LPS
and HIV induced T-cell death leading to immunodeficiency. The term "necrotic cell disease” also
includes but isnot limited to chronic neurodegenerative diseases, such as Parkinson's disease,
Huntington's disease, amyotrophic lateral sclerosis, Alzheimer's disease, infectious encelopathies,
dementia such asHIY associated dementia. Theterm "necrotic cell disease™ also includes but is not
limited to diseases such as inflammatory bowel disease and acute and chronic kidney disease which are
characterized by inflammation and cell death.

Hie chemical names used herein are generated using the MarvinSketch Version 6.1.6
(ChemAxon) or the ChemDraw Ultra Version 13.0 software naming programs.

2. Compounds

Provided are compounds having the following structare (X):

A

1/ ~

N g

R2” R¥
RZ 4 Vs
RY R (X)

R

or a pharmaceutically acceptable sat, prodrug, sterecisomer or amixture of stereoisomers
thereof, wherein:

A is-C(=0)-, ~S(=0)-, -S(=0) ;- or -S(=0)(=NH)-;

R'is-NRR", Ci-6 alkyl, Cy4 akoxy, Cy,,cycloakyl, heterocyclyl or heteroaryl;

R*jsaryl or heteroaryl;

R ishydrogen or R* and R? together form a Csy, cycloalkyl or heterocyclyl;

R3ishydrogen, deuterium, Ci- alkyl or Cyi, cycloalkyl;

R3 ishydrogen, deuterium, or R3and R together form aC, ., cycloalkyl or heterocyclyl;

R4ishydrogen, halo, C, alkyl or C;_;; cycloalkyl;

R4 ishydrogen or R4 and R# together form aCy.;, cycloalkyl or heterocyclyl;

or R? and R4 or R and R4 together form a Cs;, cycloalkyl or heterocyclyl;

R’ and R® are each independently H, C,,alky!, Cyi, cycloalkyl, aryl, heteroaryl or heterocyclyl,

12
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wherein each Ci-6 akyl, cs6 akoxy, €35cycloakyi, heterocyclyl, heteroaryi and aryl group of
Ri, R2, RZ’YR3, R3, R4 R%, R® and R6is optionally  substituted with one, two, three or four Rlo;

i

R'%in each instance isindependently  halo, hydroxy, cyano, nitro, (i akyl, Cig akoxy, Cs.sg

1i 11

aikenyl, C,, akynyl, ca.cycloalkyi, heterocyclyl, aryl, heteroaryi, -C(=0)R *°, -c (=0)OR
C(=)NR MR, si=() IR, -5(=() R, -NR MR -NR Mc(=)R ! or -NR 'C(==0)OR!!;

wherein the C-" akyl, Cjg4 alkoxy, Cygakenyl, C,gakynyi, cs.;pcycloalkyi, heterocyclyl, aryl
and heteroaryi of R are optionally  substituted with one, two orthree substituents independently  selected
from deuterium, halo, hydroxy, cyano, amino, nitro, Ci-4 akyl, Ci_6akoxy, Cj.,haoakoxy, c2-6 aikenyl,
C, akynyl, Csy,cycloakyi, heterocyclyl, aryl or heteroaryi: and

R in each instance independently ishydrogen, C, g akyl, {5.;,cycloakyi, heterocyclyl,
heteroasyl  or aryl;

wherein the C[.; akyl of Ritis optionally  substituted with halo or oxo and wherein the

C,.jocycloalkyi, heterocyclyl, heteroaryi or aryl of R isoptionaly substituted with one, two or

three C;_ alkyl;

provided the compound isnot ethyl 3-phenylisoxazolidine-2-carboxylate, benzyl 3-(4-amino-2-
oxopyrimidin-1(2H)-yl)isoxazolidine-2-carboxyl ate, 2-(methyisulfonyl)-3-phenyl-isoxazolidine, tert-
butyl 5-benzyl-3-phenylisoxazolidine-2-carboxylate, tert-butyl  5-(naphthal en-2-ylmethyl)-3-
phenylisoxazolidine-2-carboxylate,  tert-butyl  5-([ 1, r-biphenyl]-4-ylmethyl)-3-phenylisoxazolidine-2-
carboxylate,  2,2-dimethyl- i-(3-phenylisoxazolidin-2-yl)butan-  1-one or 2,2-dimethyl- [-(3-
phenylisoxazolidm-2-yl)but-3-en-1-one.

Also provided are compounds having structure (X), or a pharmaceutically acceptable salt,
prodrug, sterecisomer  or a mixture of stereoisomers  thereof, wherein:

A s .Ci=(i -S(=(). ~S(=0) - or -8I=0))(=NH -

R] iS-NR 5R 6 Ci-6 akyl, cze akoxy, (s.igcycloalkyi, heterocyclyl or heteroasyl;

R?isaryl or heteroaryi:

R%is hydrogen or R and R 2 together form a c3gcycloalkyi or heterocyclyl;

R’ is hydrogen, deuterium, C.-e akyl or {35 cycloalkyi;

R is hydrogen, deuterium, or R® and R?"together form a c 3;ocycloakyi or heterocyclyl;

R41shydrogen, halo, {;.; akyl or Cj.1q Cycloalkyi;

R4 is hydrogen or R4 and R4 together form a C,.,cycloalkyi  or heterocyclyl;

or R and R4 or R and R4 together form a C, 4, cycloalkyi  or heterocyclyl;

R5and R6are each independently H, Cigsakyl, c31ecycloakyi, aryl, heteroaryi or heterocyclyl,

wherein each Cjg akyl, cz.s akoxy, csjocycloakyi, heterocyclyl, heteroaryi and aryl group of
R', R2, Rz', RS, R3, R4, R4 R5and R%is optionally  substituted with one, two or three R1%:

R 'oin each ingtance is independently  halo, hydroxy, cyano, nitro, Cjg alkyl, C; s akoxy, Cis

15

aikenyl, c--6 alkynyl, {31 cycloalkyi, heterocyclyl, aryl, heteroaryi, -c(=0)R "', -c (=0)OR L‘l,

-C(=ONR ''R"!, ~s(=0)R ', -s(=0) ,R", ~-NR"'R", .\ "c(=0R " or ~NR''C(=0)OR ';

13
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wherein the Ci; alkyl, Ci+ alkoxy, C2-6 akenyl, Cs- akynyl, €a.igcycloalkyl, heterocyclyl, aryl
and heteroaryl  of RY are optionally substituted with one, two or three substituents independently  selected
from deuterium, halo, hydroxy, cyano, amino, nitro, Cj-6 akyl, Ci-5alkoxy, Cj-6 haloalkoxy, C, akenyl,
C,.6 dkynyl, cs-ycycioakyl, heterocyclyl, aryl or heteroaryl; and

R in each instance independently is hydrogen, ;. 6alkyl, C,0 cycloalkyl, heterocyclyl,
heteroaryl or aryl;

wherein  the c3- jocycioakyl, heterocyclyl, heteroaryl or aryl of R'is optionally

substituted wtith one, two or three Ci-e alkyl;

provided the compound isnot 2-(methylsulfonyl)-3-phenyl-isoxazolidine, tert-butyl  5-benzyl-3-
phenylisoxazolidine-2-carboxylate, tert-butyl  5-(naphthal en-2-ylmetiiyl)-3-phenylisoxazolidine-2-
carboxylate  or tert-butyl  5-([I ,I-biphenyl]-4-ylmethyl)-3-phenylisoxazolidine-2-carboxylate. Further the

compound isnot ethyl 3-phenylisoxazolidine-2-carboxylate, benzyl 3-(4-amino-2-oxopyrimidin-| (2H)-
yl)isoxazolidme-2-carboxylate, 2,2-dimethyl-I-(3-phem’lisoxazolidin-2-yl)butan-1-one or 2,2-dimethyl-
1-(3 -phenylisoxazolidin-2 -yhbut-3 -en- }-one .

Also provided are compounds having structure (X), or a pharmaceutically  acceptable salt,
prodrug, stereoisomer or a mixture of sterecisomers thereof, wherein:

A is ~C(=0)~, -S(=0)~, -S(=0) »~or -S(=0)(=NH)~;

R'is-NR’RS, ci 6 akyl, cs.6akoxy, (Csygcycioakyl, heterocyclyl or heteroaryl;

R%is aryl or heteroaryl;

R” is hydrogen or R2and R? together form a{s.; cycioalkyl  or heterocyclyl;

RYis hydrogen, Ci akyl or Cs-io cycioalkyl;

R3 is hydrogen or R’ and RS together form aesz10 cycioakyl or heterocyclyl;

R4 ishydrogen, halo, Cj- alkyl or cs.i5 cycioalkyl;

R4 is hydrogen or R4 and R4 together form a csi0 cycioakyl or heterocyclyl;

or R2 and R4 or R® and R4 together form a cz-10cycioakyl or heterocyclyl;

R’ and R® are each independently H, Cigakyl, c3.j9cycioakyl, aryl, heteroaryl or heterocyclyl,

wherein each C-*akyl, c3e akoxy, Cs.jpcycioalkyl, heterocyclyl, heteroaryl and aryl group of
Ri, R2, R2, R3, R¥ R4, R% ROand R®isoptionaly substituted with one, two or three R;

R'in each instance is independently  halo, hydroxy, cyano, nitro, Cj.; akyl, C, 4 akoxy, C,
akenyl, C,.akynyl, C,.cycioakyl, heterocyclyl, aryl, heteroaryl, -C(=O)R ', -C(=0)OR",
-c(==0)NR'R", -gi=0)R ', -s(==0),R "', -NR "R, -NR''c(==0)R"} or -NR "'C(==G)QR '

wherein the C-akyl, Cj_6 akoxy, C,¢akenyl, C,¢akynyl, Csjycycioakyl, heterocyclyl, aryl
and heteroaryl  of R are optionally substituted with one, two or three substituents independently selected
from halo, hydroxy, cyano, amino, nitro, Ci alkyl, Cix alkoxy, Ci haoalkoxy, C2-6 dkenyl, C,.s
akynyl, €Csi.iqcycioalkyl, heterocyclyl, aryl or heteroaryl; and

R'*in each instance independently ishydrogen, Cis akyl, cs.ocycioalkyl, heterocyclyl,

heteroaryl  or aryl;
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provided the compound isnot 2-(methylsulfonyl)-3-phenyl-isoxazolidine, tert-butyl = 5-benzyl-3-
phenyiisoxazoiidine-2 -carboxylate, tert-butyl 5-(naphthalen-2-ylmetiiyl)-3-phenylisoxazolidine-2-
carboxylate or tert-butyl  5-([I ,r-biphenyl]-4-ylmethyl)-3-phenylisoxazolidine-2-carboxylate. ~ Further the
compound isnot ethyl 3~phenylisoxazolidine-2-carboxylate, benzyl 3-(4-amino-2-oxopyrimidin-I(2H)-
yl)isoxazolidine-2 -carboxylate, 2,2-dimemyi-I-(3-phenylisoxazoiidin-2-yi)butan-l-one or 2,2-dimethyl-
1-(3-phenyli soxazoiidin-2-y 1)but-3-en-1-one.

Also provided herein are compounds having the following structure (Xa):

R?AxN»O 3
J\(><R3'
RY  (Xay

or apharmaceutically  acceptable salt, prodrug, sterecisomer or a mixture Of sterecisomers
thereof, wherem:

A is-Cl=() -SL=() o ~S(=()) 2 Or -Si=4) ) (=N -

R' is-NR’RS, Ci-6 alky!, ca:6 alkoxy, cs.;s cycloalkyl, heterocyclyl or heteroaryl;

R’ isaryl or heteroaryl;

R’ ishydrogen, deuterium, Ci-eakyl or c3;q cycloalkyl;

R* ishydrogen or deuterium;

R4ishydrogen, hao, C; akyl or {3, cycloakyl,

R5and R6 are each independently H, C,sakyl, Cs.iocycloakyl, aryl, heteroaryl or heterocyclyl,

wherein each C,; akyl, cse akoxy, c3-C, cycloakyl, heterocyclyl, heteroaryl and aryl group of
R1 R2, R*, R, R* R’ and Réisoptionaly substituted with one, two or three R';

R ineach instance isindependently deuterium, halo, hydroxy, cyano, nitro, (1.5 akyl, V-
akoxy, Cisakenyl, C,.s akynyl, c3iocycloakyl, heterocyclyl, aryl, heteroaryl, -C(=0)R ',
-C(==0)0R !, -C(=)NR "R"', -5(=0 R", -Si=0'SR"", -NR"R",-NR"'C(=0)R*' or -NR''C(-0)0R '';

wherein the C; ¢ akyl, C5 akoxy, c2-6 akenyl, C,.sakynyl, {3;4cycloakyl,
heterocyclyl, aryl and heteroaryl of R'c are optionally substituted with one, two or three

substituents  independently  selected from halo, hydroxy, cyano, amino, nitro, C,¢akyl, C,

alkoxy, ;. haloalkoxy, C,eakenyl, C,eakynyl, C, cycloakyl, heterocyclyl, aryl or

heteroaryl; and

R’ in each instance isindependently hydrogen, C, g akyl, Cs.i,cycloalkyl, heterocyclyl,
heteroaryl or aryl;

wherein the c 3o cycloalkyl, heterocyclyl, heteroaryl or aryl of R'' is optionally
substituted with one, two or three C;. akyl;

provided the compound isnot 2-(methylsulfonyi)-3-phenyl-isoxazolidine, tert-butyl 5-benzyl-3-
plienylisoxazolidine-2  -carboxylate, tert-butyl 5~(naphthalen~2-ylmethyl)~3-phenylisoxazolidine-2-
carboxylate, tert-butyl 5-([I ,r-biphenyl]-4-ylmethyl)-3-phenylisoxazolidine-2-carboxylate or 2,2-

Ju—
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dimethyl-I-(3-phenylisoxazolidin-2-yl)butan-1-one or 2,2-dimethyl-I-(3-phenylisoxazolidin-2-yl)but-3-
en-l-one.
Also provided herein are compounds having the following structure (1):
WA
L0
[24 N @3

RZ
R

or a pharmaceutically acceptable salt, prodrug, sterecisomer or amixture of stereoisomers

U

thereof, wherein:
A is-C(=0)-, -S(=0)-, -S(=0) ,- or ~S(=0)(=NH)-;
R'is-NRR", Ci-6 akyl, C,¢ akoxy, Cs.cycloakyl, heterocyclyi or heteroaiyl;
R*isaryl or heteroaryl;
10 R3ishydrogen, C.; akyi or C,; cycloakyl;
R#ishydrogen, halo, C, 4 akyl or c3;0 cycloalkyl;
R’ and R are each independently H, C,.;alkyl, ca s cycloalkyl, aryl, heteroaiyl or heterocyclyi,
wherein each C;-6 akyl, c3.6 akoxy, Cs.-ocycloakyl, heterocyclyi, heteroaiyl and aryl group of
R', R2, R3, R4 RS and Réis optionally substituted with one, two or three R'?;

13 R' in each instance isindependently halo, hydroxy, cyano, nitro, C, akyl, Ci- akoxy, Css
alkenyl, C, akynyl, cs 1 cycloalkyl, heterocyclyi, aryl, heteroaiyl, ~C(=0)R '!, -C(=0 )OR"},
~C=ONR 'R, -S(=0)R !, -§(=0) ,R", -NR'R" -NR''c(=0)R '* or -NR''C(=0)OR ‘!

wherein the Ci-6 akyi, Cig alkoxy, C,eakenyl, C,q akynyl, Cs.5cycloakyl, heterocyclyi, ayl
and heteroaiyl of R'° are optionally substituted with one, two or three substituents independently selected

20 from halo, hydroxy, cyano, amino, nitro, C; akyl, Cis alkoxy, C; haloalkoxy, C, akenyl, C,s
alkynyl, C, ;ocycloalkyl, heterocyclyi, aryl or heteroaiyl; and

R'! in each instance isindependently hydrogen, C s alkyl, cs.;;cycloalkyl, heterocyclyi,
heteroaryl or aryl;
provided the compound is not 2-{ methylsulfonyl)~3-phenyl-isoxazolidine, tert-butyl 5-benzyl-3~

25  phenylisoxazolidine-2-carboxylate, tert-butyl 5-(naphthalen-2-ylmethyl)-3-phenylisoxazolidine-2-

carboxylate or tert-butyl 5-(f I,I'-biphenyl]-4-yImethyl)-3-phenylisoxazolidine-2-carboxylate.
In certain embodiments, the present disclosure isdirected to a compound of structure (1), or a
pharmaceutically acceptable salt, prodrug or sterecisomer thereof, wherein:
A is-C(=0)~, -S(=0)~, - S(=0) ,- or - S(=0 )(=NH)-;
30 R'is-NR °R, Ci akyl, C4Cgalkoxy, caio cycloalkyl, heterocyclyi or heteroaryl;
R?isarj'l or heteroaiyl; and
R® is hydrogen, C s alkyt or (5.4 cycloalkyl,
R4ishydrogen, halo. C,; akyl or c3.10 cycloalkyl;
RS and R® are each independently hydrogen, Ci..,akyl, C, ;cycloakyl, aryl, heteroaryl or

[
¥4

heterocyclyi,
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wherein each Ci-6 alkyi, cas akoxy, s.;pcycloakyl, heterocyclyi, heteroaryi and aryi group is
optionally substituted with one or more substituent;

provided herein, the compound isnot 2-(methylsulfonyl)-3-phenyl-isoxazolidine, tert-butyl 5-
benzyl-3-phenylisoxazolidine-2-carboxylate, tert-butyl 5-(naphthal en-2-ylmethyl)-3-phenylisoxazolidine-
2-carboxylate or tert-butyl 5-(] 1, r-biphenyl]-4-yimethyi)-3-phenylisoxazolidine-2-carboxylate.

Or dternatively, in certain embodiments, any c 15akyi, Cj4 akoxy, C,4 akenyl, C,. akynyl,
c3.10 cycloalkyl, heterocyclyi, aryl or heteroaryi group may be optionally substituted with one or more
substituent as defined herein.

In certain embodiments, the present disclosure isdirected to a compound having the following

structure (11):

R?”A\N’O

RE T

or a pharmaceutically acceptable salt, prodrug or sterecisomer thereof, wherein:

Ais-(/=0K -H=0K -=0S- or -Si=()}(=NH}-:

R'is-NR"R6, c 4 alkyi, ca4 akoxy, cs-j¢cycloakyl, heterocyclyi or heteroaryi:

R*isaryi or heteroaryi;

R’ and R are each independently H, Ci..alkyi, ca. 1 cycloakyl, aryl, heteroaryi or heterocyclyi,

wherein each Ci-6 alkyi, cae akoxy, s.i5cycloakyl, heterocyclyi, heteroaryi and aryl group of
RY, R’ R’ and R®is optionally substituted with one, two or three R2;

Ri% in each instance isindependently halo, hydroxy, cyano, nitro, Cy4 akyi, Cig akoxy, C;s¢
alkenyl, C,akynyl, cacycloakyl, heterocyclyi, aryl, heteroaryi, -C(=0)R '!,-C(=0)OR ',
-C(=9))NRMR, -gi=() IR, -5(=()) ,R*, -NR"R",-NR"'C(=())R "' or -NR"' C(==0)OR"';

wherein the C-"alkyi, C;4 akoxy, C,4 akenyl, C, s aikynyl, Csiocycloakyl, heterocyclyi, aryl
and heteroaryi of R are optionally substituted with one, two or three substituents independently selected
from halo, hydroxy, cyano, amino, nitro, Ci_s alkyi, c-.gakoxy, Ci_s haloalkoxy, C,. akenyl, C,g
aikynyl, Cj;ocycloakyl, heterocyclyi, aryl or heteroaryi; and

R''in each instance isindependently hydrogen, C, alkyi, Cs.;;cycloalkyl, heterocyclyi,
heteroaryi . or aryl;

provided the compound is not 2-(methylsulfonyl)-3-phenyl-isoxazolidine.

In certain embodiments, the present disclosure isdirected to a compound of structure (l1), or a
pharmaceutically acceptable salt, prodrug or sterecisomer thereof, wherein:

A is—{[=0K ~S[=0K -Si=0};~ or ~S(==() }==NH}-;

R'is-NR RS, ;. alkyi, (s- akoxy, ca iscycloalkyl, heterocyclyi or heteroaryi;

R?isaryl or heteroaryi; and

R5and R® are each independently hydrogen, C,;. alkyi, cs3.i5cycloalkyl, aryl, heteroaryi or
heterocyclyi,
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wherein each ci akyl, c3.6 akoxy, {;.;; cycioakyl, heterocyclyl, heteroaryi and aryl group is
optionally substituted with one or more substituent;

provided the compound is not 2-(methylsulfonyl)-3-phenyl-isoxazolidine.

In certain embodiments, the present disclosure isdirected to a compound of structure (1), or a
pharmaceutically acceptable salt, prodrug or sterecisomer thereof, wherein;

A is-CI=OK ~S(=():. ~S(=0);- Of ~S(=() }=M-)-:

R'is-NR’RS, ('« akyl, (--(c akoxy, (:..1c cvd oaikyl, heterocyclyl or heteroaryi;

R’ isaryl or heteroaryi; and

R5and R are each independently hydrogen, C, alkyl, C;_1, cycloakyl, aryl, heteroaiyl or
heterocyclyl,

wherein each C:_¢ akyl, C5¢ akoxy, C; 1 cycloalkyl, heterocyclyl, heteroaiyl and aryl group is
optionally substituted with one or more substituent.

Compounds of structure (1) in enantiomerically enriched or enantiomerically pure form are also
provided in various embodiments. Accordingly, in certain embodiments the compound has one of the

following structures (£') and (1T):

A
17 “N-'O
i P R R1-Ay-0
R2
R*  (yor R? {1

where A, R}, R?, R’ and R4 are as defined herein. In certain embodiments the compound has one

of the following structures (I'") and (11"):

R‘izA\T:O o3 R A0
RE .
R  (@or R? !

where A, R}, R?, R3and R4 are as defined herein.

In certain embodiments, the compound has structure (I'). In certain embodiments, the compound
has structure (I"). In certain embodiments, the compound has stmcture (IT). In certain embodiments, the
compound has structure (I1).

In certain embodiments, the compound isnot 2-(methylsulfonyl)-3-phenyl-isoxazolidine, tert-
butyl 5-benzyl-3-phenylisoxazolidine-2-carboxylate, tert-butyl 5-(naphthalen-2-ylmethyi)-3-
phenylisoxazolidine-2-carboxylate or tert-butyl 5-([l ,i'-biphenyl]-4-yImethyl)-3-phenylisoxazolidine-2-
carboxylate.

In certain embodiments, the compound isnot ethyl 3-phenylisoxazolidine-2-carboxylate, benzyl
3-(4-amino-2-oxopynmidin- |(2H)-yl)isoxazoiidine~2-carboxylate, 2,2-dimethyl-I -(3-phenylisoxazolidin-

2-yh)butan-l -one or 2,2-dimethyl-I -(3-phenylisoxazolidin-2-yl)but-3-en-1-one. In certain embodiments,

the compound is not 2,2-dimethyl- |-(3-phenylisoxazolidin-2-yl)butan-I-one or 2,2-dimethyl-I-(3-

phenyiisoxazoiidm~2~y3)but-3~en-l-one. In certain embodiments, the compound is not 2,2-dimethyi-I-

18
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(3-phenylisoxazolidin-2-yl)butan-l-one. In certain embodiments, when R* isnot pyrimidinyl substituted

with one or more oxo and/or one or more hydroxy.

¥4

(la’):
10
15

(Ib"):
20

In certain embodiments, A is-C(=0)- and the compound has the following stracture (la):
Z
R -0

R? (1)
where R and R2 are as defined herein.

In certain embodiments, the compound has structure (1a):
O
R”i’lLN_,C}

R? (1a')

where R! and R2 are as defined herein. In certain embodiments, the compound has stracture

O
iy
R NfO
L)

R ()
where R! and R2 are as defined herein.

In certain embodiments, A is- S(=0)- and the compound has the following structure (Ib):

R /,Q
S\N“Q

R* 7 (1b)
where R} and R2 are as defined herein.

In certain embodiments, the compourd kas structure (I1b'):

R? (Ib)

where R' and R2 are as defined herein. In certain embodiments, the compound has structure

RZ )

where R* and R? are as defined herein.
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In certain embodiments, A is-S(=0)2- and the compound has the following structure (ic):
Rl
//S"" ~C
o N
% (o)
where R* and R2 are as defined herein.

In certain embodiments, the compound has structure {Ic"):

R ,;O
&0
R (i)
where R1and R2 are as defined herein. In certain embodiments, the compound has structure
(IcM):
=3 /}0
g S
R® (ic")
where R' and R2 are as defined herein.
In certain embodiments, A is- S(=0){=Ni)- and the compound has the following structure (Id):
R 4
T
RE 7 aa
where R' and R2 are as defined herein.
In certain embodiments, the compound has structure (I1d'):
R f)O
i N
R (14
where R! and R2 are as defined herein. In certain embodiments, the compound has structure
(1d™):
RK ,f:}
2 \N-f{:)
HN
L)
R? (1d")

where R' and R2 are as defined herein.

The R' and R2moieties in any of the structures described herein, are optionally substituted with
one or more substituents. In certain embodiments, the R' and R2 moieties in any of the stnictures
described herein, are optionally substituted with one, two, three or four substituents. In certain
embodiments, R' and R2 are both substituted. In certain embodiments, R' and R2 are both unsubstituted.

In certain embodiments, R1is substituted and R* is unsubstituted. in certain embodiments, R! is
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unsubstituted and R? is substituted. In certain embodiments, the optional substituents for R' and R? are
selected from any of the optional substituents listed above with respect to the term “substituted.” In
certain embodiments, the optional substituents for R' and R* are selected from amino, hydroxy, cyano,
halo (eg., F, Cl or Br), optionaly substituted ;4 alkyl, optionally substituted Ci~ akoxy, optionally
substituted c ;. haloalkyi and optionally substituted Ci_; haloalkoxy.

In certain embodiments, R'is substituted with at least one substituent selected from amino,
hydroxy, cyano, halo (e.g., F, cl or Br), optionally substituted C, ¢ akyl, optionally substituted Ci-¢
alkoxy, optionally substituted C, ¢ haloalkyi and optionally substituted Ci.., haloalkoxy.

In certain embodiments, R”is substituted with at least one substituent selected from amino,
hydroxy, cyano, halo (e.g., F, Cl or Br), optionally substituted c . akyl, optionally substituted cj_g
alkoxy, optionally substituted c ;s haloalkyi and optionally substituted C;+ haloalkoxy.

In certain embodiments, R'isC,,akyl, C,-c, akoxy, c..qalkylaminyl, Cs.i;cycloalkyl,
heterocyclyi, heteroaiyl or arylaminyl. In certain embodiments, R!isoptionally substituted c ¢ akyl,
C; alkoxy, Cas6cycloakyl or heterocyclyi. In certain embodiments, R'is optionally substituted c;.¢
alkyl. In certain embodiments, R'isoptionally substituted c -2 akyl.

In certain embodiments, R’ is substituted with at least one substituent selected from deuter um,
hydroxy, halo, Ci-e akyl, Cis haoalkyi, Ci-r, dkoxy, ;. haloalkoxy, cyano, cz;,cycloakyl,
heterocyclyi and heteroaiyl, wherein the heterocyclyi or heteroaiyl isoptionaly further substituted with
one, two or three Cy; alkyl. In certain embodiments, R' is substituted with heterocyclyi or heteroaryl,
wherein the heterocyclyi or heteroaryl isoptionally further substituted with one, two or three substituents
selected from deuterium, hydroxy, halo, Cig akyl, Cig haloakyi, C;4 akoxy, C,; haoakoxy, cyano, cs.
wcycloalkyl, heterocyclyi and heteroaryl. In certain embodiments, R'is substituted with at least one
substituent selected from hydroxy, hao, C;¢ haloalkyi, C;+ akoxy, C; haloakoxy and cyano. In
certain embodiments, R’ is substituted with one, two, three or four substituents independently selected
from hydroxy, halo, Ci haloalkyi, c ;4 alkoxy, Ci.; haloalkoxy and cyano. In certain embodiments, R’
is substituted with at least one substituent selected from hydroxy, akoxy and cyano.

In certain embodiments, R'isoptionally substituted branched C, alkyl. In certain embodiments,

R! isof the formula:

wherein each R2' isindependently hydrogen, halo, hydroxy, cyano, nitro, C;_¢ alkoxy, C,
alkynyl, c3ocycloalkyl, heterocyclyi, aryl. heieroaryl. ~C(=0)R 25, -c (=0)OR 25, -c (=0)NR *’R2,
-S(=0)R 25, -S(=0) ,R?6, -NR?R%, -NR**C(=0)R 26 or -NR**C(=0)OR 25;

wherein the C_s alkoxy, c24 alkynyl, C5 4, cycloalkyl, heterocyclyi, ary! and heteroaiyl of R?" are

optionally substituted with one, two or three substituents independently selected from deuterium, halo,
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hydroxy, cyano, amino, nitro, C 4 alkyi, C;.6akoxy, Cs haloalkoxy, C..¢ akenyl, C,; alkynyl,
C3yocycloalkyl, heterocvclvl, aryl or heteroaryl;

each R% isindependently hydrogen, halo, C; akyl, Cs-ocycloalkyl, heterocyclyl, heteroaryl or
aryl; or two R? together with the atom to which they are attached form a cs-10 cycloalkyl or heterocyclyl;

wherein the Ci alkyl, e3.10 cycloakyl, heterocyclyl, heteroaryl or aryl of R* is optionally-
substituted with one, two or three substituents independently selected from deuterium, halo, hydroxy ,
cyano, amino, nitro, C;, akyl, C,.; alkoxy, Ci4 haloalkoxy, C,s akenyl, C,eakynyl, c3.0cycloakyl,
heterocyclyl, aryl or heteroaryl ; and

R? in each instance independently ishydrogen, Cj akyl, cs.;ocycloalkyl, heterocyclyl,
heteroaryl or aryl;

wherein the C;; alkyl of R% isoptionally substituted with halo or oxo and wherein the Cj
cycloakyl, heterocyclyl, heteroaryl or aryl of R% isoptionaly substituted with one, two or three Ci_g4
alkyl;

provided that at least one of the following occurs: a)two R25together with the atom to which
they are attached form a c 3., cycloakyl or heterocyclyl, b) at least one R?* is other than hydrogen, or c)
both R25 are optionally substituted ., alkyl.

In certain embodiments, two R?’ together with the atom to which they are attached form a cs.10
cycloalkyl or heterocyclyl . In certain embodiments, at least one R*4is other than hydrogen. In certain
embodiments, both R25 are optionally substituted (¢ akyl. In certain embodiments, at least one R? is

methyl. In certain embodiments, R' is of the formula:

R24 R24

Q—X. R24

wherein each R?* is independently hydrogen, halo, hydroxy, cyano, nitro, C; 4 alkoxy, C;6
alkynyl, cs;ocycloalkyl, heterocyclyl, aryl, heteroaryl, -C(=0)R 26, -C(=0)OR 26, -C(=0)NR *’R?,
-S(=0)R 2, -5(={}},R*, -NR?"R?, -NR**C(=())R* or -NR**C(=0)OR 5;

wherein the C._¢ akoxy, C,eakynyl, C; ycycloalkyl, heterocyclyl, aryl and heteroaryl of R?* are
optionally substituted with one, two or three substituents independently selected from deuterium, halo,
hydroxy, cyano, amino, nitro, {;.; akyl, €y akoxy, (. haloalkoxy, C,; akenyl, C,; alkynyl,
c3.10 cycloalkyl, heterocyclyl, aryl or heteroaryl; and

R’® in each instance independently ishydrogen, C, 4 alkyl, cs.¢cycloakyl, heterocyclyl,
heteroaryl or aryl;

wherein the C;« akyl of R® isoptionaly substituted with halo or oxo and wherein the c3.10
cycloakyl, heterocyclyl, heteroaryl or aryl of R% isoptionaly substituted with one, two or three Cix
alkyl;

provided that at least one R?* is other than hydrogen.

In certain embodiments, each R?*isindependently selected from hydrogen, deuterium, hydroxy,

halo, Ci+ haloalkyl, C, akoxy, ;¢ haloakoxy, cyano, Cs.i;cycloalkyl, heterocyclyl and heteroaryl,
22
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wherein the heierocyclyl or heieroaryl is optionally further substituted with one, two or three halo, cyano
Cy+ alkyi or Cqo cycloakyl. In certain embodiments, each R? isindependently selected from hydrogen,
hydroxy, halo, C,.¢ haloalkyl, c;+ alkoxy, c-.e haloalkoxy and cyano. In certain embodiments, each R# is
independently hydrogen, halo or cyano. In certain embodiments, one R?* ishydrogen and the other two
R?* are halo.

In certain embodiments, R' may have one of the following structures:

Fgc: FoHG

COs
OCHF, OCF,

%é e E—/% R H“’Fs

OCHF, . OCF, OH F  CF, OCHF,
R T T O
OCF, OH F CF, . OQCHF,
7 L T
e R £ F
@F | ? F CF, CHF,
Y N \ % ----- { E ------ g

A . : ,0ra stereoigomer or mixture thereof,

In certain embodiments, R may have one of the following structures:

OCHF, OCF, o Ok F3 OCHF; OCF3

F CFy OCHF, OCF, CFy OCHF,

KK KT KT T
c::;rs F{OH F\[ §~£CF3 %GCHF;Z %OCFg CN

A3
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In certain embodiments, R' has one of the following structures:

%;E—/OH;E—/QM} ______ ‘@H;E ______ é—*; %‘{%H;%—JSH;%{:GH ) %wé:ja‘

In certain embodiments, R'isoptionaly substituted ¢ 3-(; alkoxy. For example, in certain
embodiments R’ ist-butoxy.

In certain embodiments, R'is- NR’R4. In certain embodiments, R* is-NRR 4 and at least one of
R* or R4isoptionally substituted Cs.; alky! or optionally substituted aryi. For exaniple, in certain
embodiments, R! isdimethylamino, t-butylamino or phenylamino.

In certain embodiments, R’ isoptionally substituted ¢, cycloalkyl. For example, in some of
these embodiments the €, ;ocycloalkyl is substituted with at least one substituent selected from hydroxy,
halo, cyano, C+ alkoxy, Ci., haloalkoxy Ci.., akyl, C;+ haloalkyl Ci-6 hydroxyalkyl and Ci-; alkoxyalkyl.
In certain embodiments the ¢ 34, Cycloalkyl is substituted with at least one substituent selected from
embodiments the ¢ 5.j; cycloalkyl issubstituted with a least one substituent selected from hydroxy, halo,
cyano, C_; alkoxy, C;+ haloalkoxy C;., akyl, C_¢haoakyl, C, hydroxyalkyl and Ci..e alkoxyalkyl.

In certain embodiments, R'isC;. cycloalkyl and Cs . cycloalkyl is cyclopropyl, cyclobutyl,
bicyclo[l .I.I jpentyl. In certain embodiments, R'is{;.1 cycloalkyl and cycloalkyl iscyclopropyl or

cyclobutyl. For example, in certain embodiments R' has one of the following structures:

3 R P e P

CF,  OCHF, OCF,

DR SRR ER ST gD S

RO O O pmon ot sty - omaors
}m—<>«@c;=3; §“--<>~==OH; in~<>«F; §-~-<>~«CF3; iff-'QﬂOCHFg; §~-~<>-noca;

F3§Cj<];::@; EAG HopO; 23@; FQCE:\O; FQHCC};BO; /QEIO

FO W\

R

, Or 3 stereoisomer or mixture thereof,
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In certain embodiments R has one of the following structures:

0 T RRSRIRCRCRY

Qﬂ N o e o e
}m-—<>~m §m—-—<>~—« F@«QCHFE }m——Q—aach ="<>~ﬂC)H;§i'*-<>~ﬂF;

é@POHG P@ PO PO @O HO
Fac%;FQHCQpO | /G%;OI{‘EO |

In certain embodiments, R' has one of the following structures:

2 CFs
Hi)ZQ i2< FyC FZHCi)ZQ FACO \Z< \zﬂ é< iﬂ i |
OCHF,  OCFs

10 \24 *2< QQ;NEQ;W;NEQ;W}“Q“;WQH
F"“‘O““F; §-»<>MCF3; }"--<>"¢OCHF2; §m—<>--=0mr3; §=~-<>-«cm; im<>—mp;

gxw<>-wCF3; im-<>«=ocm:2; §=“'<>-=OCF3; \2<><;m F@

In some different embodiments, R has one of the followi ng structures:

™,
/ P
HO O

4+ KK@Q 5 20 RO 0=
;.§-<>—-w;ﬂ§—<>“0H " <>-moH >©<F iy ~§®.

In certain embodiments, R' is optionally substituted heterocyclyl or optionally substituted

heteroaryl. In certain embodiments, R is oxetanyl, pyrroiidinyl, tetrahvdropyranyl or azetidinyl.
certain embodiments R' is oxetanyl or pyrroiidinyl

oy
¥4

. In certain embodiments, R' ispyrroiyl,

[\
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pyrazolopyridinyl or benzoisoxazolyl. In certain embodiments, R isheterocyclyl or optionally
substituted heteroaryl and R' is substituted with a substituent selected from Ci ,; alkyl and cyano. In
certain embodiments, R' is heterocyclyl or optionally substituted heteroaryl and R’ is substituted with a
ci6alkyl, cyano or both.

In certain embodiments, R has one of the following structures:

Co e 2 ?’é”f; 75 = @”CPC

ol o O R

a stereoisomer or mixture thereof.

In certain embodiments, R has one of the following structures:
e > HC HO
o X wn Y b= b
o PCo < FC P PO ol (D T

~N
=" TN )
o S
or .

Tn certain embodiments, R' has one of the following structures:

~N
= TN K
o T

ot

In certain embodiments, R? is aryl, such asphenyl. In certain embodiments, R? is heteroaryl,
such as pyridinyl. In certain embodiments, R2?isunsubstituied. In certain embodiments R2 is substituted,
for example with one or more halo, cyano, C; s akyl, C; haloalkyl, C; alkoxy, -NH, or (¥a
cycloalkyl. In certain embodiments R’ is substituted, for example with one or more halo atoms.In certain

embodiments, R* has one of the following structures:
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10 In certain embodiments, R” has one of the following structures:

F F

+ z i. 2o



L

10

20

A
W

WO 2017/096301 PCT/US2016/064818

In certain embodiments, R” has one of the following structures:

AN N7, T\ 7

o1

In certain embodiments, the present disclosure isdirected to acompound having the follow ing

structure (I11):
O
i
Rze’LKN,.D RE
x&)\~~/>< R
X2 Y
i s
X3 X
X (It}
wherein:

each X', X2 X? X4and X3iseither N or CR*;
Ris hydrogen, deuterium, Ci-e alkyl or c 3, cycloalkyl;
R* ishydrogen or deuterium;
R*is-NR°R®, C;% akyl, Cs.iocycloalkyl, heterocyciyl or heteroaryl,
wherein the C alky], ca10 cycloalkyl, heterocyciyl or heteroaryl of R*® are optionally
substituted with one, two, three or four substituents independently selected from deuterium, halo,
hydroxy, cyano, amino, -S(=0) 21{“, nitro, Cis akyl, Cig haoakyl, c;s akoxy, Cis haoalkoxy,
C,.; dkenyl, C,4 akynyl, Cs.i4cycloakyl, heterocyciyl, aryl or heteroaryl optionally further
substituted with C 4 alkyl; and
R’ and R6 are each independently H, (', alkyl, Cs.p cycloalkyl, aryl, heteroaryl . or heterocyciyl;
each R?' isindependently selected from hydrogen, haio, hydroxy, cyano, nitro, C._; alkyl, Cy4
akoxy, C, alkenyl, C,sakynyl, sz ocycloakyl, heterocyciyl, aryi, heteroaryl, -C( =Q)R'!, -
C(=0)0R ', -C(=0)NR "R'',-5(=0)R ", -5(=0) ,R'",-NR!"R"",-NR""C(=0)R '’ or
NR'"C(=0)OR !;
wherein the C; alkyl, C;. akoxy, C,sakenyl, c,-eakynyl, Cs,;cycloalkyl,
heterocyciyl, aryl and heteroaryl of R*! are optionally substituted with one, two or three
substituents independently selected from halo, hydroxy, cyano, amino, nitro, Ci-; alkyl, Cig
alkoxy, Cy haloalkoxy, C.,. akenyl, C,¢ akynyl, csz10cycloakyl, heterocyciyl, aiyl or
heteroaiyl; and
R'"in each instance isindependently hydrogen, Cs alkyl, Cs_iocycloalkyl, heterocyciyl,

heteroaryl  or aryl.



WO 2017/096301 PCT/US2016/064818

In certain embodiments, the present disclosure isdirected to a compound of structure (I11),

wherein:
each X1, X2, X3, X4and X®is either N or CR*;
R ishydrogen, deuterium, Ci-sakyl or ¢ 3., cycloakyl;

¥4

R3 ishydrogen or deuterium;
R2js-NR°RS, Ci akyl, Cs-ig cydoalkyl, heterocyclyl or heteroaryl;
wherein the c; alkyl, (5.5 cvcloalky', heterocyclyl or heteroaryl of R* are optionally
substituted with one, two or three substituents independently selected from deuterium, halo,
hydroxy, cyano, amino, -S(~0)2R 1 nitro, Ci-s alkyl, C;+ haloalkyl, Cy.s akoxy, C;4haloalkoxy,
10 C,- akenyl, C,+ akynyl, Cs.;cycloakyl, heterocyclyl, aryl or heteroaryl optionally further
substituted with C:_4 alkyl: and
R® and R® are each independently H, C,akyl, C; , cycloakyl, aryl, heteroaryl or heterocyclyl;
each R isindependently selected from hydrogen, halo, hydroxy, cyano, nitro, Cs.; akyl, C;4
alkoxy, c2y alkenyl, . akynyl, €3-10cycloalkyl, heterocyclyl, aryl, heteroaryl, -C(=O)R **,
((=0)OR", -C(=0 )NR'R! -8(=0)R". -S=0), R, NRI'RI AR '"C=0)R or -NR"((=0OyOR';
wherein the C,; alkyl, (. akoxy, C, alkenyl, C,- alkynyl, cs o cycloalkyl,

J—
L

heterocyclyl, aryl and heteroaryl of R* are optionally substituted with one, two or three
substituents independently selected from halo, hydroxy, cyano, amino, nitro, C alkyl, C; ¢
alkoxy, Ci; haloalkoxy, C,-s akenyl, C,y dkynyl, C;_,cycloalkyl, heterocyclyl, aryl or
20 heteroar}t; and
R'! in each instance isindependently hydrogen, C,.,alkyl, Cg-iocycloalkyl, heterocyclyl,
heteroaryl or aryl.
In certain embodiments, tlie present disclosure isdirected to a compound having the following

structure (Ilia):

3 X0
25 "X (1fia)
wherein:
each X', X2, X3, X4and X5iseither N or CR*;
R2is-NR"RS, C_; akyl, C._;ocycloalkyl, heterocyclyl or heteroaryl;
RS and RS are each independently H, C, ;alkyl, €3.10cycloalkyl, aryl, heteroaryl or heterocyclyl;
30 each R?' isindependently selected from hydrogen, halo, hydroxy, cyano, nitro, C;+ akyl, Ci.¢

akoxy, C, akenyl, C, akynyl, casocycloakyl, heterocyclyl, aryl, heteroaryl, -C(=0)R',
-C(==0)OR"!, -C(=<))NR"'R'!, -5(=0 R, -5(=0'sR", -NR"*R",-NR'C(=0)R "' or -NR'*C(-0)OR ';

wherein the Ci-; alkyl, C,+ alkenyl, C,+ alkynyl, (-, cycloakyl, heterocyclyl, aryl and

heteroaryl  of R*' are optionally substituted with one, two or three substituents independently selected

29
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from halo, hydroxy, cyano, amino, nitro, C . alkyl, C; s akoxy, C, alkenyl, C,-akynyl, Cj-10
cycioaikyl, heterocyciyl, aryi or heteroaryi; and
R" in each instance isindependently hydrogen, (1. alkyl, Cs.i..cycloalkyi, heterocyciyl,

heteroaryi or aryl.

¥4

In certain embodiments, each of X', X*, X*, X" and X* is CR*'. In certain embodiments, at least
one of X', X*, V', X4or XSisN. In certain embodiments, X'isN.In certain embodiments, X*isN.In
certain embodiments, X3isN.In certain embodiments, X4X5isN.In certain embodiments, X°isN.In
certain embodiments, at least two of X% X2 X', X4or X5isN.

In certain embodiments, each R2' isindependently hydrogen, halo, hydroxy, cyano, C akyl or
10 c,;akoxy. Incertain embodiments, at least one of X', X* X*, X" and X" is CR* and R™ ishalo.

In certain embodiments, the present disclosure isdirected to a compound having the following

structure (Illb) or (Tllc):

i
3
R0 %R Rzo/;\N"O r?
' R¥ "
A )J< Rs

I
‘11\;\”/1 g 2
= - S i { )m
(R {Hib) or (Hic)

wherein R?, R*, R2 and RZ are as defined herein;

J—
L

misi or 2; and

each R%2 isindependently selected from halo, hydroxy, cyano, nitro, . akyl, C;+ akoxy, Cs
akenyl, C.. akynyl, cs., cycioaikyl, heterocyciyl, aryl, heteroaryi, -C(=0)R "', -C(=0)OR ",
CEMNRVRY, -s=(RY, -Si=(},R", -NR"'R! -NR*C(==0)R"" or -NR''C(=<))OR"";

wherein the C akyl, C alkoxy, C;-akenyl, C,gakynyl, C;.;4cycioakyl,

20 heterocyciyl, aryl and heteroaryi of R* are optionally substituted with one, two or three
substituents independently selected from halo, hydroxy, cyano, amino, nitro, C,¢ akyl, C,
akoxy, ;. haoakoxy, C,gakenyl, C,6akynyl, C,,cycioaikyl, heterocyciyl, aryl or
heteroaryi; and

R'l'in each instance isindependently hydrogen, C, ¢ alkyl, Cs.i,cycioaikyl, heterocyciyl,

A
W

heteroaryi or aryl,
In certain embodiments, the present disclosure isdirected to a compound having the following

structure (111b) or (I11c):

o O
Il
RZC N -0, . R3 RZQ/A\ N -0 R:’i
— RS 5
2 R
Q N//’;\ :h! (RZZ)
7 . T m
F2)y, Myor N (Iic’)

wherein m, R3, R*, R2 and R* are as defined herein.
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In certain embodiments, the present disclosure is directed to a compound having the following
structure (fffb") or (M c"):
o 0
X ~
e 3
RQQ N R RZO/)J\N,,O R3
SR, R¥ K/>< ]¥
(\1 YESN

\
LN L\\/—;‘L(R‘f?)m
R Hib)or X (iic”)

wherein m, R', ®*, R* and R?2 are as defined herein.
5 In certain embodiments, the present disclosure is directed to a compound having the following
structure (IVa), (IVb) or (1Vc):
o O o
/j'{\ 0 /{K ts) /U\ .

RZG N \) R0 N RZG N \(j>
\\\‘). ' NW N‘/Y ‘
P P N/

R22 (IVa), R® (IVb), or R? (Ve
wherein R% and R?? are as defined herein.
In certain embodiments, the present disclosure isdirected to a compound having the following

10 dracture (1Va), (W ) or (IVc):
0 o)

o)
G ¢
stAN“i> Rz@ii:lﬁi ch/u\N’”j>
~ N "~
(\ \§/\ ( \1 i\?ﬁ T
} .
/L\) . /)\// /\/
R# (Iva), R? (IVD'), or R# (IVe)

wherein R20 and R* are as defined herein.

A

N\

In certain embodiments, the present disclosure isdirected to a compound having the following
structure (IVa"), (IVb") or (IVc"):
O O
A ! i
-0 A Ny-0 A

20 N\> R }\) R20

20
S N\ o S
1l ( N
/L\// M ‘
15 R# (Iva"), R® (IVb"), or R*® (ve).

wherein R2° and R2 are as defined herein.

|
~0

L)

pd

7
7

In certain embodiments, the present disclosure isdirected to a compound having the following
structure (1Vd), (IVe), (1Vf), (IVg) or (IVh):

31



WO 2017/096301 PCT/US2016/064818

7 2 2 o
]
R:ze)i\r?a”'g Rza)/U\N"O Rza/ﬂ\N’Q 20 N/O
S N \% / N
i | ! !
R avd), R® (dve), R# ave, R® {(IVg), or
O

R# (IVh)
wherein 820 and R2 are as defined herein.
In certain embodiments, the present disclosure is directed to a compound having the following
5 struchure (IVA), (IVe), V), (Vgh or (IVR):

| { | B
\ NP K// AN
| | | |
R?2 ave),  RE (ve), R ave),  R® (IVg), or

1

i
e N0
L

-

R# (IVh")
wherein R2 and R?2 are as defined herein.
In certain embodiments, the present disclosure is directed to a compound having the following
10 structure (1IVd"), (IVe"), (IVf), (IvVg") or (IVh"):
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s

0 2 0 0
AN s /\ /’i\ 0 ) /U\ 0
R20 b (220 20 N R20 N

@ vy O

-

1
N\/I/ o ‘\\//’N
i i
avdy . R ave”, R# avey, R? (vg", or
i
-
No o
®)
‘\%
R22 (AVh")

wherein R2 and R?? are as defined herein.
In certain embodiments, the present disclosure is directed to a compound having the foliowhg
5 dructure Vi3, (1V3), (IVK) or IV

O

O

| JL

R20 M R20 N"’Q Rzo/)g\g}afg
| H b ‘
A aviy, N RE (v SFRE avig o \/I\R“* aviy

wherein R20 and R?2 are as defined herein.

—

-
=0

o

In certain embodiments, the present disclosure is directed to a compound having the following
dructure (E'Vi,’), (v, (IVK"), or (1vI'):
O O Q
Py A | "

E}i/ RZO N RZO N/Q

i . NW

/%(J\} M N&N /1,
g . tx 1

10 \/)\Rgg avi) ZRE (v, NP TRE {IVk", or

wherein R20 and R?2 are as defined herein.

/

N

RE vy

In certam embodiments, the present disclosure is directed to a compound having the following
structure (IVi"), (1vj"), (IVK"), or (IVI"):
0 0 0 0
I
/LO O E R”)L*L)
- o N o

\ \\ \ »‘\“\\ \ \\ %\\

O @ N/\\‘ ﬁ/ ‘
S22 Vi), N 7 R Vi), R22 (VK. o \/KRZZ vy

15 wherein R2° and R2 are as defined herein.

m——

\
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In certain embodiments, the present disclosure is directed to a compound having the following
structure (I¥Vm}, {1Vn}, Vo), or (IVp):

i 0

A0

Q
RZQ N RQG N«/O R2()/[LN/O
//\\\/L\)

R#2 {IVo), or

R% (IVp)

5 wherein B2 and R2 are as defined herein.

In certain embodiments, the present disclosure isdirected to a compound having the following
structure (IVm"), (IVn'), (IV0), or (IVp"):

O
J§ I i
RZG N/O R;gg N/C’ R2a/)k\N/O
N i
O ’f 1 N/\\\(f\}
t
| > L | y
RZE 1 Rzz a R22
R?2 (IVny), R#2 (Ivn'). R {(IVo'), or
o}
[]
RQQ/\N/Q
=%
il |
A~
R?Z ‘
R avp),
10 wherein R? and R™ are as defined herein.

In certain embodiments, the present disclosure is directed to a compound having the following

structure (IVm"), (IvVn"), (IVa"), or (1Ivp"):
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=0

Q
RZQ/R\\N/O R‘?Q i) //L!\‘ o

; ) R
Mo o L}

O
]
. T ‘\\\ '\‘\\‘\‘ 2 o
| 1 .
R?Z

R% (1Vm"), R (ava, R? (Vo). or

Rz (1vp").
wherein R and R?2 are as defined herein.
In certain embodiments, the present disclosure is directed to a compound having the following

5 structure (V):

7
RZQAN’Q
f

wherein mis lor 2; and R2 and R?2 are as defined herein.
In certain embodiments, the present disclosure is directed to a compound having the following

structure (V"):

wherein m, R2° and R2 are as defined herein.
In certain embodiments, the present disclosure is directed to a compound having the following

structure {V''}:

O
oL

N«
e
! 22
[ e,
N v

15 wherein m, R2° and R* are as defined herein.

L2
(V4]
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In certain embodiments, the present disclosure isdirected to a compound having the following

structure (Va):

O
RZQ)Q\N_‘_C}
§

R# N (Va)

wherein R0 and R’2 are as defined herein.

L

In certain embodiments, tlie present disclosure isdirected to a compound having the following

structure (Va):

7
Rzo/‘{\?r@
®
R*?z/\ N (Va')
wherein R% and R*2 are as defined herein.
In certain embodiments, the present disclosure is directed to a compound having the following

10 dracture (Va'):

RZGJA
A T

wherein R20 and R* are as defined herein.

(X]al ! )

In certain embodiments, the present disclosure isdirected to a compound having the following

structure (Vhb):

O

REZ NN
™~
|

15 N {(Vh)
wherein R2 and R2 are as defined herein.
In certain embodiments, the present disclosure is directed to a compound having the following

structure (Vb'):

RQO’H\

R22 Ny

(V')
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wherein R% and R*2 are as defined herein.
In certain embodiments, the present disclosure isdirected to a compound having the following

stracture (Vb"):

RZG“‘ZL

RZE N .
T T

wherein R* and R22 are as defined herein.

{(Vb")

In certain embodiments, the present disclosure isdirected to a compound having the following

structure (VI):

o
REO/%N«»C}

p
T
N R
R23 (V1)

wherein misi or 2; R* and R*? are as defined herein; and

R” ishydrogen, deuterium, C[ i, alkyl, -C(0)OCi-!2 aiky!l, or C3 cycloalkyl, wherein said alky!
and cycloalkyl are each independently optionally substituted with one or more oxo, halo, hydroxy, C;g
alkoxy, or amino.

In certain embodiments, the present disclosure isdirected to a compound having the following
structure (VIY):

O
i

RZO""“KNMO
g
)
N (R,
R23 (VI)
wherein m, R%°, R®2 and R* are as defined herein.
In certain embodiments, the present disclosure isdirected to a compound having the following

structure (VI1"):

O
o
N

NN R,
R23 (V'In)

wherein m, R2°, R2 and R* are as defined herein.
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In certain embodiments, the present disclosure is directed to a compound having the following

structure (V11):

O
RZOJ‘Q\N*G
i

X
TN RP),
R (Vi)
wherein m is 1or 2; R and R?* are as defined herein; and
R ishydrogen, deuterium, Ci_;, akyl, -C(0)OC ,.;, akyl, or Cy;, cycloakyl, wherein said akyl
and cycloalkyl are each independently optionally substituted with one or more oxo, halo, hydroxy, C, s
alkoxy, or amino.
In certain embodiments, the present disclosure isdirected to a compound having the following

structure (VII'):

o
RQOJ(N-—Q

0
Qﬁé\iﬂzz}m
R? (ViD')
wherein m, R2°, R2 and R* are as defined herein.
In certain embodiments, the present disclosure is directed to a compound having the following

structure (VTT"):
o
RZOJ‘!\N—’Q

A
E\\

N R,
R (Vi)
wherein m, R2, R2 and R** are as defined herein.
In certain embodiments, the present disclosure isdirected to a compound having the following

staicture (VI11):

Q
o
{

W
| )

g NE,
R (VI

wherein mis lor 2; R* and R2 are as defined herein; and
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R” ishydrogen, deuterium, Ci.i, alkyi, -C(0)OCi-!2 aikyl, or Ca.4 cycloalkyl, wherein said alkyi
and cycloalkyl are each independently optionally substituted with one or more oxo, halo, hydroxy, C; 4
alkoxy, or amino.

In certain embodiments, the present disclosure is directed to a compound having the following

structure (VIII'):

O
RZO’H\NMO
Ny
L
& (R,
R# (VIIT)
wherein m, R**, R” and R** are as defined herein.
In certain embodiments, the present disclosure isdirected to a compound having the following

structure (VIIH™):
O
RZOJ%NfG

e
w2,

1
R%3 (VIIT")

wherein m, R20, R2 and R* are as defined herein.

In certain embodiments, each R22 isindependently selected from halo, hydroxy, cyano, nitro, .,
akyl, C,.,alkoxy, cs.io cycloalkyl, or heterocyclyl. In certain embodiments, each R*2 isindependently
selected from halo. In certain embodiments, each R22 isindependently selected from hydroxy. In certain
embodiments, each R22 isindependently selected from cyano. In certain embodiments, each R22is
independently selected from ;5 alkyl. In certain embodiments, each R22 is independently selected from
c3.10 cycloalkyl. In certain embodiments, each R22isindependently selected from heterocyclyl.

In certain embodiments of the compounds of any structure above (e.g., any of structures (I11)-
(VIII) or asub-structure thereof), each R22 is independently fluoro, methyl, or cyano. In certain
embodiments of the compounds of any stracture above (e.g., any of structures (HI)-(Vni) or asub-
structure thereof), one R*2iscyano. In certain embodiments of the compounds of any structure above
(e.g., any of structures (I111)-(VI11) or asub-structure thereof), one R2* is fluoro. In certain embodiments,
one R*2 ismethyl.

In certain embodiments of the compounds of any structure above (e.g., any of structures (I11)-
(VITI) or a sub-structure thereof), R20isoptionally substituted Ci_; alkyl. In certain embodiments of the
compounds of any structure above (e.g., any of structures (111)-(VI11) or a sub-structure thereof), R20is
C;+ cyanoalkyl or C;¢ haloakyl. In certain embodiments of the compounds of any structure above (e.g.,

any of structures (111)-(VIIl) or asub-structure thereof), R20is C,_ haloalkyl.
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In certain embodiments of the compounds of any stmcture above (e.g., any of structures (l11)-
(V) or a sub-structure thereof), R2°isc; 4 haloalkyl and, each R22isindependently fluoro, methyl, or
cyano. In certain embodiments of the compounds of any stmcture above (e.g., any of structures (I1)-
(V1) or a sub-stmcture thereof), R is C; haloalkyl and one RZ isfluoro. In certain embodiments of
the compounds of any stmcture above (e.g., any of structures (I11)-(VIII) or a sub-structure thereof), R
iscy6haoakyl and one R is cyano.

In certain embodiments of the compounds of any stmcture above (e.g., any of structures (I11)-
(Vni) or a sub-stmcture thereof), R2isoptionally substituted cs10 cycloalkyl, or optionally substituted
branched cC akyl.

in certain embodiments of the compounds of any stmcture above (e.g., any of structures (I11)-
(V1) or a sub-stmcture thereof), R0 isoptionally substituted branched C;j akyl. In certain
embodiments of the compounds of any stmcture above (e.g., any of structures (I11)-(VTII) or a sub-

stmcture thereof), R20is of the formula:

R24 R4
R24

RZE
RZS

wherein each R?* isindependently hydrogen, halo, hydroxy, cyano, nitro, C; 6akoxy, c2-6
akynyl, Ca.cycloalkyl, heterocyclyl, aiyl, heteroaiyl, -{’{=<)R*", -C(=0)OR?, .C{=OiNR*R*,
-Si=()R*?, -§(=0}LR™, -NR*R?, -NR**C(=0 )R* or -NR**C(=0 )ORS;

wherein the c-.6 alkoxy, c2-6 akynyl, ca. iocycloakyl, heterocyclyl, aryl and heteroaryl of R? are
optionally substituted with one, two or three substituents independently selected from deuterium, halo,
hydroxy, cyano, amino, nitro, C akyl, ;¢ akoxy, ¢ haoakoxy, c. akenyl, C, akynyl,
Cajocycloakyl, heterocyclyl, aryl or heteroaryl:

each R% isindependently hydrogen, halo, C;, akyl, Cs-0cycloalkyl, heterocyclyl, heteroaryl or
aryl; or two R? together with the atom to which they are attached form a caio cycloalkyl or heterocyclyl;

wherein the c .- alkyl, e3.10 cycloakyl, heterocyclyl, heteroaryl or aryl of R* is optionally
substituted with one, two or three substituents independently selected from deuterium, halo, hydroxy,
cyano, amino, nitro, C; alkyl, C, 4 alkoxy, C;4 haloalkoxy, C,. akenyl, c2-6 alkynyl, s, cycloakyl,
heterocyclyl, aryl or heteroaryl ; and

R’6in each instance independently ishydrogen, C alkyl, Cj9 cycloalkyl, heterocyclyl,
heteroaryl or aryl;

wherein the Ci-6 alkyl of R® isoptionally substituted with halo or oxo and wherein the (¥
cycloakyl, heterocyclyl, heteroaiyl or aryl of R% isoptionaly substituted with one, two or three ci- 4
akyl ;

provided that at least one of the following occurs. a)two R25together with the atom to which
they are attached form a cz-i; cycloalkyl or heterocyclyl, b) at least one R* isother than hydrogen, or c)
both R25 are optionally substituted ;. alkyl.
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In certain embodiments of the compounds of any structure above (e.g., any of structures (111)-
(Vill) or a sub-structure thereof), two R?* together with the atom to which they are attached form a C; io
cycioalkyi or heterocyclyl. in certain embodiments of the compounds of any structure above (e.g., any of
structures (11 T)-(VI11) or a sub-structure thereof), at least one R* is other than hydrogen. In certain
embodiments of the compounds of any structure above (e.g., any of stmctures (I11)-(VIII) or a sub-
structure thereof), both R25 are optionally substituted C; g alkyl.

In certain embodiments of the compounds of any structure above (e.g., any of structures (i11)-
(VITI) or a sub-structure thereof), at least one R?° ismethyl. In certain embodiments of the compounds of

any structure above (e.g., any of structures (I11)-(VIII) or a sub-structure thereof), R20 is of the formula:
R24 24
‘_&45%24
4

wherein each R% isindependently hydrogen, halo, hydroxy, cyano, nitro, C,.4 alkoxy, Cax
aikynyi, Cs.iocycioalkyi, heterocyclyl, aryl, heteroalyi, -C(=0)R 26, -C(=0)OR 26, -C(=0)NR “°R2S,
~S(=0 )R, -S(=().R™, -NR**R26, NR**C(=0)R * or -NR**C(=0)OR 25;

wherein the C;~ alkoxy, C,4 alkyby!, Cs.i¢ Cycioalkyi, heterocyclyl, aryl and heteroaiyi of R* are
optionally substituted with one, two or three substituents independently selected from deuterium, halo,
hydroxy, cyano, amino, nitro, C,.; akyl, C, s alkoxy, C,qhaloalkoxy, c . alkenyl, C, alkynyl,

{4, Cycioalkyi, heterocyclyl, aryl or heteroaryl; and

R% in each instance independently ishydrogen, s akyl, c3. 15 cycioakyi, heterocyclyl,
heteroaryl or aryl;

wherein the C._; alkyl of R’ isoptionally substituted with halo or oxo and wherein the {;_;,
cycioalkyi, heterocyclyl, heteroaryl or aryl of R26 isoptionally substituted with one, two or three Cy4
akyl;

provided that at least one R*4is other than hydrogen.

In certain embodiments, each R24isindependently selected from hydrogen, deuterium, hydroxy,
halo, Ci_s haloalkyi, C[ 4 alkoxy, C; 4 haloalkoxy, cyano, C. ;. cycioakyi, heterocyclyl and heteroaiyi,
wherein the heterocyclyl or heteroaiyi isoptionally further substituted with one, two or three halo, cyano
C,% akyl or C, ocycioalkyi. In certain embodiments, each R24isindependently selected from hydrogen,
hydroxy, halo, Ci-e haloalkyi, ,.; alkoxy, C;.,haloalkoxy and cyano. In certain embodiments, each R24is
independently hydrogen, halo or cyano. In certain embodiments, one R2* ishydrogen and the other two
R24 are halo.

In certain embodiments, the present disclosure isdirected to a compound having the following

stnicture (TXa), (IXb), (1Xc) or (1Xd):
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R24 R24
R24 2 N‘,.Q w\ R24 \ \ N/G
R™ R R Rgs R? p2s )
o Y h
M /L\N /“\\*’; N
R (IXay, R® (IXb), R*® (IXc)
24
24 e
28 ;:{25
R%\
i
or N (IXd},

wherein:

R** ishalo, hydroxy, cyano, nitro, Cj+ alkyl, Cis akoxy, c:¢ alkenyl, Cse alkynyl, C;_ g
cycloalkyl, heterocyclyl, aryl, heteroaryl, -C(=0)R 26, -C(=G)QR 2*, -C(=0)NR **R?*, -§(=0)R 25,
-S(=0) ,R%, -NR**R26, -NR*C(=0)R 26 or -NR **C(=0)OR 25;

wherein the Ci-6 alkyl, C;+ akoxy, C,4 akenyl, C,4 alkynyl, s.;;cycloalkyl, heterocyclyl, aiyl
and heteroaryl of R?? are optionally substituted with one, two or three substituents independently selected
from halo, hydroxy, cyano, amino, nitro, C; alkyl, C;¢ alkoxy, C;s haloalkoxy, C, alkenyl, Csg
alkynyl, c3.10cycloalkyl, heterocyclyl, aryl or heteroaryl;

wherein each R?" isindependently hydrogen, halo, hydroxy, cyano, nitro, Cig akoxy, C,s
alkynyl, Cs.iocycloalkyl, heterocyclyl, aryl, heteroaryl, -C(=0)R 26, -C(-0)OR 26, -C(=0)NR 2
-S(=0)R 2, -S(=G) ,R%, -NR*R%, -NR**C(=0)R 2 or ~NR**C(=0)OR 25;

R26,

wherein the C-.galkoxy, C,¢ alkynyl, C; ,cycloalkyl, heterocyclyl, aryl and heteroaryl of R** are
optionally substituted with one, two or three substituents independently selected from deuterium, halo,
hydroxy, cyano, amino, nitro, C] ¢ akyl, C, . alkoxy, C] 4 haloalkoxy, C,q akenyl, C,; akynyl,
Cy;ocycloalkyl, heterocyclyl, aryl or heteroaryl;

each R25isindependently hydrogen, halo, C,+ akyl, cs. i cycloalkyl, heterocyclyl, heteroan| or
aryl; or two R together with the atom to whkh they are attached form a ca-10 cycloakyl or heterocyclyl;

wherein the C,_; akyl, C;_ocycloakyl, heterocyclyl, heteroaryl or aryl of R5is optionally
substituted with one, two or three substituents independently selected from deuterium, halo, hydroxy,
cyano, amino, nitro, Cy+ alkyl, ;¢ alkoxy, C,+ haloalkoxy, C,. alkenyl, C,., akynyl, c 3.4 cycloalkyl,
heterocyclyl, aryl or heteroaryl; and

R*6in each instance independently ishydrogen, c]_6 alkyl, Ca.10cycloalkyl, heterocyclyl,
heteroaryl or aryl;

wherein the c-.6 akyl of R*is optionally substituted with halo or oxo and wherein the cz-10
cycloalkyl, heterocyclyl, heteroaryl or aryl of R*is optionally substituted with one, two or three C;+
alkyl;
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provided that at least one of the following occurs: a) two R™ together with the atom to which
they are attached form a C;_; cycloalkyl or heterocyclyl, b) at least one R?* is other than hydrogen, or c)
both R%5 are optionally substituted C;+ alkyl.

In certain embodiments, the present disclosure isdirected to a compound having the following
5 structure (1Xa), (IXb"), (IXc) or (IXd"):

Rﬁd-
RZ4 ; 3{?

(IXb), R% (IXch. or

(IXd'),
wherein R22, R24 and R? are as defined herein.
In certain embodiments, the present disclosure is directed to a compound having the following

10 structure (IXa"), (IXb"), (IXc") or (IXd"):
24 Q24 24
RUL ] Rﬁ R@yfi
R24>>i/u\N"O [24 N RY X N
ST WD e
S () Cl
/1\/) /l\N/ N

R (IXa)), R* (IXb), R¥ (IXe), or
24
R24 Fﬁ h
R24 ! N/O
R gas \
L/
N (IXd?,

wherein R??, R* and R% are as defined herein.

In certain embodiments of the compounds of structure (IX) or a sub-structure thereof, two R2°

J—
L

together with the atom to which they are attached form a C,_j; cycloakyl or heterocyclyl. In certain
embodiments of the compounds of structure (IX) or a sub-structure thereof, at least one R?*is other than

hydrogen. In certain embodiments of the compounds of structure (1X) or a sub-structure thereof, both R?
are optionally substituted C, akyl.
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In certain embodiments of the compounds of any stmcture above (e.g., any of structures (l111)-
(IX) or a sub-structure thereof), R??ishao or cyano. In certain embodiments of the compounds of any
stmcture above (e.g., any of structures (1M)-(1X) or a sub-structure thereof), R22ishalo. In certain
embodiments, R**isfluoro. In certain embodiments of the compounds of any stmcture above (e.g., any
of structures (111)-(1X) or a sub-structure thereof), R?2is cyano.

In certain embodiments of the compounds of any structure above (e.g., any of structures (I11)-
(IX) or a sub-structurethereof), each R isindependently selected from hydrogen, deuterium, hydroxy,
halo, Ci+ haloakyl, C;s akoxy, C;-6haoakoxy, cyano, { s ;cycloaky], heterocyclyl and heteroaryl,
wherein the heterocyclyl or heteroaryl isoptionaly further substituted with one, two or three Ci_ alkyl.

In certain embodiments of the compounds of any structure above (e.g., any of structures (I11)-(1X) or a
sub-structure thereof), each R? isindependently selected from hydrogen, hydroxy, halo,
Cig haloalkyl, {;.; akoxy, C;. haoalkoxy and cyano. In certain embodiments of the compounds of any
stmcture above (eg., any of structures (I11)-(IX) or a sub-structure thereof), each R?* isindependently
hydrogen, halo or cyano. In certain embodiments of the compounds of any stmcture above (eg., any of
structures (111)-(1X) or a sub-structure thereof), one R?*ishydrogen and the other two R* are halo.
In certain embodiments, the compound isacompound selected from Table 1A, 1B or 1C. Also
meluded within the disclosure are stereoisomers and mixtures of stereoisomers thereof,
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In certain embodiments, the compound of any structure or formula provided herein isprovided in
the form of a pharmaceutically acceptable salt. Exemplary salts for this purpose are described herein.

In certain embodiments, the disclosure provides a prodrug which converts to a compound of any
structure provided herein in vivo. Exemplary prodrugs for this purpose are known in the art and
described herein.

Enantiomericaily enriched compositions of the compounds disclosed herein are also provided. In
certain embodiments, the enantiomeric ratio of the composition isgreater than 50;50. In certain
embodiments, the enantiomeric ratio is calculated only with respect to a single stereocenter (e.g., R9
without regard to other stereocenters which may be present on the molecule. In certain embodiments, the
composition comprises a single enantiomer of the compound and is substantialy free (i.e., having less
than or about 40%, 30%, 25%, 20%, 15%, 10%, 5%, 1%, 0.05%, or 0.01%) of the other enantiomer (or
diastereomers).

3. General Synthesis
In certain embodiments, provided isamethod of preparing a compound of structure (X),

comprising coupling a compound of formula {A-I):



WO 2017/096301 PCT/US2016/064818
with a compound of formula (B-l ):

R'ALG (B
under conditions to provide the compound of structure (X), wherein A, R', R2 R', R’, and R4 are

as defined herein and LG isaleaving group.

L

In certain embodiments, provided is a method of preparing acompound of structure (Xa),

comprising coupling a compound of formula {A-2):

HN-C RS
3
R2Q<R
R (A-2)
with a compound of formula (B-2):

R e (B-2)
10 under conditions to provide the compound of structure (Xa), wherein A, R', R, R>, R¥, and R?
are as defined herein and LG isaleaving group.

The following General Reaction Scheme | further illustrates a method of making compounds of
formula (1). Other methods for preparing compounds of structure (I) and related intermediates are
provided in the Examples and/or known in the art. It isunderstood that one skilled in the art may be able

15 tomake these compounds by similar methods or by combining other methods known to one skilled in the
art. Ingeneral, starting components and reagents may be obtained from sources such as Sigma Alfdrich..
Lancaster Synthesis, Inc., Maybridge, Matrix Scientific, TCl and Fluorochem USA, etc. or synthesized
according to sources known to those skilled in the art (see, for example, Advanced Organic Chemistry:
Reactions, Mechanisms and Structure, 5th edition (Wiley, December 2000)) or prepared as described in

20 this disclosure.

Scheme |

OH R®

. P H
A G b

O
R O R1” "X ii

4 2
/{< R\/Xi‘q@/ Nk R
\ /’0\4 "
RZ SN i’ ¢

B

Referring to General Reaction Scheme 1, compounds of structure (1), wherein R' and R’ are as
defined herein and A is-(C=0)~, may be prepared from compound A or . Appropriate compounds of

structure A or B can be prepared according to the more specific methods described in the Examples

A
W

which follow or by methods known to one of skill in the art. Treatment of compound A with an
activating agent, such as methanesulfonyl chloride, followed by removal of the Boc protecting group
under acidic conditions, results in oxazolidme C. Alternatively, compound C may be obtained by
treatment of B with an appropriately substituted alkylene (e.g., ethylene gas) and an appropriate Lewis

30 acid (eg, BFy). Treatment of C with an appropriate carbonyl compound (i.e, compound D, wherein X is
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halo or OH) under amide coupling conditions yields the desired product. It should be noted that although
General Reaction Scheme 1depicts an embodiment wherein A is -C(=0)-, other compounds of structure
(I) wherein A is-S(=0)-, -S(=0)2- or -S(=0)(=NH)- caa be made via analogous procedures by-
substituting compound D with an appropriate sulfur-based analogue.

When enantiomerically pure or enriched compounds are desired, dural. chromatography and/or
enantiomerially pure or enriched starting materials (e.g., compound A) may be used as described in the
Examples!! will also be appreciated by those skilled in the art that in the process described herein the
functional groups of intermediate compounds may need to be protected by suitable protecting groups.
Such functional groups include hydroxy, amino, mercapto and carboxylic acid. Suitable protecting
groups for hydroxy include trialkylsilyl or diarylalkylsilyl (for example, /-butyldimethylsily], t-
buiyldiphenylsilyl or trimethylsilyi), tetrahydropyranyl, benzyl and the like. Suitable protecting groups
for amino, amidmo and guanidino include r-butoxycarbonyl, benzyioxycarbonyl and the like. Suitable
protecting groups for mercapto include -C(0)-R" (where R" isalkyl, aryi or arylaikyl), p-methoxybenzyl,
trityl and the like. Suitable protecting groups for carboxylic acid include alkyl, aryl or arylaikyl esters.
Protecting groups may be added or removed in accordance with standard techniques, which are known to
one skilled in the art and as described herein. The use of protecting groups is described in detail in
Green, T.W. and P.G.M. Wutz, Protective Groupsiz Organic Synthesis (1999), 3rd Ed., Wiley. Asone
of skill in the art would appreciate, the protecting group may also be apolymer resin such as aWang
resin, Rink resin or a 2-chlorotrityl -chloride resin.

It will also be appreciated by those skilled in the art, although such protected derivatives of
compounds of this disclosure may not possess pharmacological activity as such, they may be
administered to amammal and thereafter metabolized in the body to form compounds of the disclosure
which are pharmacologically active. Such derivatives may therefore be described as "prodrugs’. All
prodrugs of compounds of this disclosure are included within the scope of the disclosure. Further, the
above general scheme can be applied to any other structure or compound as described herein.

Furthermore, all compounds of stracture (1) or any other structure or compound as described
herein which exist in free base or acid form can be converted to their pharmaceutically acceptable salts
by treatment with the appropriate inorganic or organic base or acid by methods known to one skilled in
the art. Salts of the compounds of the disclosure can be converted to their free base or acid form by
standard techniques.

4. Methods of Treatment

"Treatment” or "treating” is an approach for obtaining beneficial or desired results including
clinical results. Beneficial or desired clinical results may include one or more of the following: a)
inhibiting the disease or condition (e.g., decreasing one or more symptoms resulting from the disease or
condition and/or diminishing the extent of the disease or condition); b) slowing or arresting the
development of one or more clinical symptoms associated with the disease or condition (e.g., stabilizing
the disease or condition, preventing or delaying the worsening or progression of the disease or condition

and/or preventing or delaying the spread (e.g., metastasis) of the disease or condition); and/or c) relieving
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the disease, that is, causing the regression of clinical symptoms (e.g., ameliorating the disease state,
providing partial or total remission of the disease or condition, enhancing effect of another medication,
delaying the progression of the disease, increasing the quality of life and/or prolonging survival).

"Prevention" or "preventing' * means any treatment of a disease or condition that causes the
clinical symptoms of the disease or condition not to develop. Compounds may, in certain embodiments,
be administered to a subject (including ahuman) who isat risk or has afamily history of the disease or
condition.

"Subject” refers to an animal, such asamammal (including a human), that has been or will be
the object of treatment, observation or experiment. The methods described herein may be useful in
human therapy and/or veterinary applications. In certain embodiments, the subject isamammal. In
certain embodiments, the subject is ahuman.

Theterm "therapeutically effective amount” or "effective amount" of a compound described
herein or a pharmaceutically acceptable salt, tautomer, stereoisomer, mixture of stereoisomers, prodrag
or deuterated analog thereof means an amount sufficient to effect treatment when administered to a
subject, to provide atherapeutic benefit such asamelioration of symptoms or sowing of disease
progression. For example, atherapeutically effective amount may be an amount sufficient to decrease a
symptom of a disease or condition of as described herein. The therapeutically effective amount may vary
depending on the subject and disease or condition being treated, the weight and age of the subject, the
severity of the disease or condition and the manner of administering, which can readily be determined by
one of ordinary skill in the art.

Theterm "trauma' asused herein refers to any physica damage to the body caused by violence,
accident, fracture etc. The term "ischemia' refers to acardiovascular disorder characterized by alow
oxygen state usually due tothe obstruction of the arterial blood supply or inadequate blood flow leading
to hypoxia in the tissue. The term "stroke" refers to cardiovascular disorders caused by ablood clot or
bleeding in the brain, most commonly caused by an interruption in the flow of blood in the brain asfrom
clot blocking a'blood vessel and in certain embodiments of the disclosure the term stroke refers to
ischemic stroke or hemorrhagic stroke. The term "myocardial infarction” refers to a cardiovascular
disorder characterized by localized necrosis resulting from obstruction of the blood supply.

The methods described herein may be applied to cell populations in vivo or ex vivo. "Invivo™
means within aliving individual, aswithin an animal or human. In this context, the methods described
herein may be used therapeutically in an individual. ~Ex vivo" means outside of aliving individual.
Examples of ex vivo cell populations include in vitro cell cultures and biological samples including fluid
or tissue samples obtained from individuals. Such samples may be obtained by methods well known in
the art. Exemplary biological fluid samples include blood, cerebrospinal fluid, urine and saliva. In this
context, the compounds and compositions described herein may be used for avariety of purposes,
including therapeutic and experimental purposes. For example, the compounds and compositions
described herein may be used ex vivo to determine the optimal schedule and/or dosing of administration

of acompound of the present disclosure for agiven indication, cell type, individual and other parameters.
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mformation gleaned from such use may be used for experimental purposes or in the clinic to set protocols
for in vivo treatment. Other ex vivo uses for which the compounds and compositions described herein
may be suited are described below or will become apparent to those skilled inthe art. The selected
compounds may be further characterized to examine the safety or tolerance dosage in human or non-
human subjects. Such properties may be examined using commonly known methods to those skilled in
the art.

Experiments with knockout animal models and Necrostatin 1, a receptor interacting protein
kinase linhibitor, have demonstrated the effectiveness of receptor interacting protein kinase linhibition
in protecting tissues from inflammatory bowel diseases (e.g., ulcerative colitis and Crohn's disease),
psoriasis, retinal -detachment-induced photoreceptor necrosis, retinitis pigmentosa, cerulein-induced acute
pancreatits and sepsis/systemic inflammatory response syndrome (SIRS) and aleviating ischemic brain
injury, retina ischemialreperfusion injury, Huntington's disease, renal ischemia reperfusion injury,
cisplatin induced kidney injury, traumatic brain injury, hematological and solid organ malignancies,
bacterial infections and viral infections (e.g., tuberculosis and influenza) and lysosomal storage diseases.

The receptor interacting protein kinase linhibitors of the present disclosure are therefore useful
for treating diseases and conditions mediated by receptor interacting protein kinase 1, including but not
limited to inflammatory diseases or disorders, necrotic cell diseases, neurodegenerative diseases, centra
nerve sysem (CNS) diseases, ocular diseases, infections and maignancies in certain embodiments, the
receptor interacting protein kinase 1linhibitors described herein can inhibit inflammation, protect tissue
or cell from damage or undesired cell death (e.g., necrosis or apoptosis), ameliorate symptoms and
improve immune response in a patient suffering from any of the prescribed diseases or conditions.
Moreover, the compounds may be suitable for treatment of immune-mediated disease, such as but not
limited to, alergic diseases, autoimmune diseases and prevention of transplant rejection.

Necrotic Ceil Diseases

The compounds described herein may be used for the treatment of diseases/disorders caused or
otherwise associated with cellular necrosis. In particular, the disclosure provides methods for preventing
or treating a disorder associated with cellular necrosis in amammal, comprising the step of administering
to said mammal atherapeutically effective amount of a compound or composition described herein. The
term "necrotic cell disease" refers to diseases associated with or caused by cellular necrosis, for example
trauma, ischemia, stroke, cardiac infarction, infection, Gaucher's disease, Krabbe disease, sepsis,
Parkinson's disease, Alzheimer's disease, amyotrophic lateral sclerosis, Huntington's disease, HIV-
associated dementia, retinal degenerative disease, glaucoma, age-related macular degeneration,
rheumatoid arthritis, psoriasis, psoriatic arthritis or inflammatory bowel disease.

The necrotic ceil diseases can be acute diseases such astrauma, ischemia, stroke, cardiac
infarction, anthrax lethal toxin induced septic shock, sepsis, cell death induced by LPS and HIV induced
T-cell death leading to immunodeficiency. In certain embodiments the disorder isan ischemic disease of

organs including but not limited to brain, heart, kidney and liver.
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The necrotic cell diseases also include chronic neurodegenerative diseases, such as Parkinson's
disease, Huntington's disease, amyotrophic lateral sclerosis, Alzheimer's disease, infectious
encelopathies, dementia such asHIV associated dementia.

In some different embodiments, the disorder isan ocular disorder such asretinal degenerative
disease, glaucoma or age-related macular degeneration. In some different embodiments, the disorder isa
central nervous system (CNS) disorder.

Inflammatory Diseases or Disorders

The receptor interacting protein kinase 1inhibitors described herein may be used to treat
inflammatory diseases and disorders. Inflammatory diseases and disorders typically exhibit high levels of
inflammation in the connective tissues or degeneration of these tissues.

Non-limiting examples of inflammatory diseases and disorders include Alzheimer's disease,
ankylosing spondylitis, arthritis including osteoarthritis, rheumatoid arthritis (RA), psoriasis, asthma,
atherosclerosis, Crohn's disease, colitis, dermatitis, diverticulitis, fibromyalgia, hepatitis, irritable bowel
syndrome (IBS), inflammatory bowel disease (IBD), systemic lupus erythematous (SLE), nephritis,
Parkinson's disease and ulcerative calitis. In certain embodiments, the compounds and compositions of
the present disclosure are useful for treating an autoimmune disorder, such asrheumatoid arthritis,
psoriasis, psoriatic arthritis, encephalitis, allograft rejection, autoimmune thyroid diseases (such as
Graves disease and Hashimoto's thyroiditis), autoimmune uveoretinitis, giant cell arteritis, inflammatory
bowel diseases (including Crohn's disease, ulcerative colitis, regional enteritis, granulomatous enteritis,
distal ileitis, regional ileitis, and terminal ileitis), insulin-dependent diabetes mellitus, multiple sclerosis,
pernicious anemia, sarcoidosis, scleroderma, and systemic lupus erythematosus. In an embodiment, the
receptor interacting protein kinase linhibitors described herein are useful for treating autoimmune
encephalitis.

In certain embodiments, the compounds and compositions are useful for treating rheumatoid
arthritis (RA). In certain embodiments, the compounds and compositions are useful for treating
ulcerative colitis. In certain embodiments, the compounds and compositions are useful for treating
psoriasis.

In certain embodiments, the disorder isan inflammatory disease of the intestines such as Crohn's
disease or ulcerative calitis (both generally known together asinflammatory bowel disease). In certain
embodiments, the mammal isaprimate, canine or feline subject. In certain embodiments, the mammal is
ahuman subject. While not wishing to be bound by theory-, it isbelieved that inhibition of receptor
interacting protein kinase 1by the presently disclosed compounds isresponsible, a least in part, for their
anti-inflammatory activity. Accordingly, embodiments of the disclosure aso include methods for
inhibiting receptor interacting protein kinase 1, either in vitro or in a subject in need thereof, the method
comprises contacting areceptor interacting protein kinase 1with a compound disclosed herein. In some
of these embodiments, inhibiting receptor interacting protein kinase lis effective to block (partially or

fully) the release of inflammatory mediators such as TNF and/or IL6.
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Ocular Conditions

The receptor interacting protein kinase linhibitors described herein can also be used to treat
ocular conditions, for example to reduce or prevent the loss of photoreceptor and/or retinal pigment
epithelial cell viability.

In one aspect, the disclosure provides a method of preserving the visual function of an eye of a
subject with an ocular condition, wherein a symptom of the ocular condition isthe loss of photoreceptor
cell viability inthe retina of the eye with the condition. The method comprises administering to the eye of
the subject an effective amount of a compound or composition described herein, thereby preserving the
viability of the photoreceptor cells disposed within the retina of the eye. After administration, the visual
function (e.g., visual acuity) of the eye may be preserved or improved relative to the visual function of
the eye prior to administration.

The ocular condition may be a condition selected from the group consisting of age-related
macular degeneration (AMD), retmosis pigmentosa (RP), macular edema, diabetic retinopathy, central
areolar choroidal dystrophy, BEST disease, adult vitelliform disease, pattern dystrophy, myopic
degeneration, central serous retinopathy, Stargardt's disease, Cone-Rod dystrophy, North Carolina
dystrophy, infectious retinitis, inflammatory retinitis, uveitis, toxic retinitis and light-induced toxicity.
AMD may bethe neovascular or the dry form of AMD. Retinal detachment may be a rhegmatogenous, a
serous or atractional retinal detachment.

In another aspect, the disclosure provides a method of preserving the viability of retinal pigment
epithelial (RPE) cells within the retina of a subject with an ocular condition, wherein a symptom of the
ocular condition isthe loss of retinal pigment epithelial cells in the retina of the eye with the condition.
The method comprises administering to the eye of the subject an effective amount of a compound or
composition described herein, thereby preserving the viability of the retinal pigment epithelial cells. The
ocular condition may be selected from the group consisting of AMD, BEST disease, myopic
degeneration, Stargardt's disease, uveitis, adult foveomacular dystrophy, fundus falvimacuiatus, multiple
evanescent white dot syndrome, serpiginous choroidopathy, acute multifocal posterior placoid
epitheliopathy (AMPPE) and other uveitis disorders.

Hie ocular condition may be acondition selected from the group consisting of age-related
macular degeneration (AMD), retinosis pigmentosa (RP), macular edema, diabetic retinopathy, central
areolar choroidal dystrophy, BEST disease, adult vitelliform disease, pattern dystrophy, myopic
degeneration, central serous retinopathy, Stargardt's disease, Cone-Rod dystrophy. North Carolina
dystrophy, infectious retinitis, inflammatory retinitis, uveitis, toxic retinitis and light-induced toxicity.
Therefore, in certain embodiments, the method comprises administering to the eye an effective amount of
acompound or composition described herein, thereby preseving the viability of the photoreceptor cells
disposed within the retina of the subject with a condition.

In another aspect, the disclosure provides a method of preserving the viability of photoreceptor
cells disposed within aretina of amammalian eye following retinal detachment. The method comprises

administering a compound or composition described herein to the eye in which aregion of the retina has
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been detached in amounts sufficient to preserve the viability of photoreceptor cells disposed within the
region of the detached retina.

In certain embodiments, the retinal detachment may be a rhegmatogenous retinal detachment,
tractiona retinal detachment or serous retinal detachment. In certain embodiments, the retinal detachment
may occur as a result of aretinal tear, retinoblastoma, melanoma or other cancers, diabetic retinopathy,
uveitis, choroidal neovascularization, retina ischemia, pathologic myopia or trauma.

In another aspect, the disclosure provides a method of preserving visual function of an eye of a
subject with an ocular condition selected from the group consisting of AMD, RP, macular edema, central
areolar choroidal dystrophy, retinal detachment, diabetic retinopathy, BEST disease, adult vitelliform
disease, pattern dystrophy, myopic degeneration, central serous retinopathy, Stargardt's disease, Cone-
Rod dystrophy. North Carolina dystrophy, infectious retinitis, inflammatory retinitis, uveitis, toxic
retinitis and light-induced toxicity, wherein a symptom of the ocular condition isthe loss of
photoreceptor cells viability in the retina of the eye, wherein the method comprises treating the subject
with a compound or composition described herein to the subject.

In another aspect, the disclosure provides amethod of preserving the visual function of an eye of
a subject with an ocular condition, wherein a symptom of the ocular condition is the loss of photoreceptor
ceil viability and/or RPE viability in the retina of the eye wherein the method comprises treating the
subject with a compound or composition described herein to the subject.

In certain embodiments isprovided amethod of preserving the visual function of an eye of a
subject with ocular conditions, wherein a symptom of the ocular condition isthe loss of retinal ganglion
ceil viability in the retina of the eye with the conditions. The method comprises administering to the eye
of the subject an effective amount of a compound or composition, thereby preserving the viahility of the
retinal ganglion cells disposed within the retina of the eye. After administration of the compound or
composition, the visual function of the eye may be preserved or improved relative to the visual function
of the eye prior to administration. Further, after the administration, the preserved retinal ganglion cell is
capable of supporting axonal regeneration.

In each of the foregoing methods, the ocular condition, wherein a symptom of the condition is
the loss of retinal ganglion cell viability in the retina of the eye, includes but isnot limited to glaucoma,
optic nerve injury, optic neuritis, optic neuropathies, diabetic retinopathy, central retinal artery occlusion
and central retinal vein occlusion. It iscontemplated that the forgoing methods may be used for the
treatment of optic neuropathies such asischemic optic neuropathy (e.g., arteritic or non-arteritic anterior
ischemic neuropathy and posterior ischemic optic neuropathy), compressive optic neuropathy, infiltrative
optic neuropathy, traumatic optic neuropathy, mitochondrial optic neuropathy (e.g., Leber's optic
neuropathy), nutritional optic neuropathy, toxic optic neuropathy and hereditary optic neuropathy (e.g.,

L eber's optic neuropathy, Dominant Optic Atrophy, Behr's syndrome).

Also disclosed is amethod of preserving the visual function of an eye of a subject with an ocular

condition selected from the group consisting of glaucoma, optic nerve injury, optic neuropathies, diabetic

retinopathy, central retinal artery occlusion and central retinal vein occlusion. The method comprises
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administering to the eye of the subject an effective amount of a compound or composition described
herein, thereby preserving the viability of the retinal ganglion cells disposed within the retina of the eye
and the visual function of the eye.

in another aspect, disclosed herein isamethod of preserving the viability of retinal ganglion cells
disposed within aretina of amammalian eye affected by, for example, glaucoma, optic nerve injury,
optic neuritis, optic neuropathies, diabetic retinopathy, central retinal artery occlusion and central retina
vein occlusion. The method comprises administering a compound or composition described herein to the
eye in which aregion of the retina has been affected in amounts sufficient to preserve the viahility of
retinal ganglion cells disposed within the region of the affected retina. The preserved retinal ganglion cell
is capable of supporting axonal regeneration.

Also disclosed is amethod for promoting axon regeneration in an eye of a subject with an ocular
condition, wherein a symptom of the ocular condition isthe loss of retinal ganglion cell viability in the
retina of the eye with the condition. The method comprises administering to the eye of the subject an
effective amount of a compound or composition described herein, thereby promoting axon regeneration
of the retinal ganglion cell within the retina of the eye.

In each of the foregoing embodiments, it is understood that the methods and compositions
described herein can be used to preserve the viability and/or promote axon regeneration of retinal
ganglion cells during treatment of the underlying conditions including, but not limited to, glaucoma,
optic nerve injury, optic neuritis, optic neuropathies, diabetic retinopathy, central retinal artery occlusion
and central retinal vein occlusion.

Neurodegenerative and CNS Diseases

The receptor interacting protein kinase 1inhibitors described herein may also be used to treat
neurodegenerative diseases. Neurodegenerative diseases can affect many of the body's activities, such as
balance, movement, talking, breathing and heart function. Neurodegenerative diseases can be genetic or
caused by medical conditions such as alcoholism, tumors, strokes, toxins, chemicals and viruses.

Non-limiting examples of neurodegenerative diseases and CNS diseases include Niemann-Pick
disease, type CI (NPCI), Alzheimer's disease, amyotrophic lateral sclerosis (ALS), Friedreich's ataxia,
Huntington's disease, Lewy body disease, Parkinson's disease and spinal muscular atrophy.

In an embodiment, the receptor interacting protein kinase 1inhibitors described herein may be
used totreat NPCI via inhibiting necroptosis that causes neuronal loss. In certain embodiments, the
compounds and compositions of the present disclosure are useful for treating Alzheimer's disease. In
certain embodiments, the compounds and compositions of the present disclosure are useful for treating
Parkinson's disease. In certain embodiments, the compounds and compositions of the present disclosure
are useful for treating amyotrophic lateral sclerosis (ALS).

More generadly, the receptor interacting protein kinase 1inhibitors described herein can be used
to preserve neuron viability and promote axon growth and nerve functions within the central nervous

system (CNS). Accordingly, the compounds may be used to reduce or even reverse the loss of cognitive,

jop}
(V4]



10

15

[\
L

sd
ey
fon]

WO 2017/096301 PCT/US2016/064818

motor and sensor}’ functions associated with a CNS disease or disorder, by preserving neuron viability
and/or promoting axon regeneration and/or nerve functions.

The receptor interacting protein kinase 1inhibitors described herein can be used in amethod for
promoting axon regeneration in a CN S neuron, such asa CNS sensory neuron, amotor neuron, a cortical
neuron, a cerebellar neuron, a hippocampal neuron and amidbrain neuron. The receptor interacting
protein kinase | inhibitors described herein can be used in amethod for promoting nerve function or
preserving the viability following injur}' to a CNS neuron. In certain embodiments, these compounds can
be used to promote regeneration of an axon in a CNS neuron that is degenerated in the CNS disease or
disorder. The receptor interacting protein kinase 1 inhibitors may be administered by any conventional
means, such aslocally to the neuron or applied ex vivo before re-implantation.

Accordingly, in one aspect, the disclosure provides amethod of treating a CNS disorder in a
subject in need thereof, wherein a symptom of the CNS disorder isaxon degeneration or injury within a
CN S neuron. The method comprises administering to the subject an effective amount of a compound or
composition disclosed herein thereby to promote regeneration of an axon in a CNS neuron affected by
the CNS disorder. Following administration, neural functions may be measured, for example, asan
indication of axon regeneration. It isalso contemplated that, following administration of the compound or
composition, the neuron function of the CNS neuron ispreserved or improved relative to the neuron
function prior to administration.

The CNS disorder includes, but isnot limited to, brain injur}’, spinal cord injury, dementia,
stroke, Alzheimer's disease, amyotrophic lateral sclerosis (ALS/Lou Gehrig's Disease), Parkinson's
disease, Huntington's disease, multiple sclerosis, diabetic neuropathy, poiyglutamine (polyQ) diseases,
stroke, Fahr disease, Menke's disease, Wilson's disease, cerebral ischemia and a prion disorder. In
exemplary embodiments, the CNS disorder isbrain injury or spina cord injury.

Also provided herein are methods for promoting neuron survival and axon regeneration in the
CNS. CNS disorders characterized by impaired or failing axon growth or axon degeneration may arise
from CNS neuron injury (e.g., trauma, surgery, nerve compression, nerve contusion, nerve transection,
neurctoxicity or other physical injur}- to the brain or spinal cord) or neurodegenerative CNS disease,
wherein a symptom of the disorder isaxon degeneration (e.g., Alzheimer's disease, amyotrophic lateral
sclerosis (ALS/Lou Gehrig's Disease), Parkinson's disease, multiple sclerosis, diabetic neuropathy,
poiyglutamine (polyQ) diseases, stroke, Fahr disease, Menke's disease, Wilson's disease, cerebral
ischemia, prion disorder (e.g., Creutzfeldt-Jakob disease). In certain embodiments, the CNS disorder is
brain injur}' (e.g., traumatic brain injury) or spina cord injury (e.g., chronic, acute or traumatic spinal
cord injury). In certain embodiments, the CNS disorder affects a subject's basic vital life functions such
as breathing, heart beat and blood pressure, e.g., an injury to or aneurysm in the brain stem.

In certain embodiments, the CNS disorder affects a subject's cognitive ability, such as, brain
injury to the cerebral cortex or a neurodegenerative CNS disorder, such as, Alzheimer's disease,
frontotemporal dementia, dementia with Lewy bodies, corticobasal degeneration, progressive

supranuclear palsy and prion disorders.
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In certain embodiments, the CNS disorder affects a subject's movement and/or strength, such as
injury to the brain or spinal cord or a neurodegenerative CNS disorder such as Parkinson's disease,
frontotemporal dementia, dementia with Lewy bodies, corticobasal degeneration, progress supranuclear
pasy, Huntington's disease, multiple system atrophy, amyotrophic lateral sclerosis and hereditary spastic
paresis.

In certain embodiments, the CNS disorder affects a subject's coordination, such asbrain injury to
the cerebellum or a neurodegenerative CNS disorder such as spinocerebellar atrophies, Friedreich's ataxia
and prion disorders.

In each of the foregoing methods, the CNS disorder includes, but isnot limited to, brain injury,
spinal cord injury, Alzheimer's disease, amyotrophic lateral sclerosis (ALS/Lou Gehrig's Disease),
Parkinson's disease, multiple sclerosis, diabetic neuropathy, polyglutamine (polyQ) diseases, stroke, Falir
disease, Menke's disease, Wilson's disease, cerebral ischemia, aprion disorder (e.g., Creutzfeklt-Jakob
disease), dementia (e.g., frontotemporal dementia, dementia with Lewy bodies), corticobasal
degeneration, progressive supranuclear palsy, multiple system atrophy, hereditary spastic paraparesis and
spinocerebellar atrophies.

Tissuelnjuries or Damages

The ability of the compounds described herein to inhibit inflammation and ceil death makes them
suitable for ameliorating tissue injuries or damages. The tissue injuries or damages may be a result of any
of the diseases or conditions described above. For example, the compounds may be used for amelioration
of brain tissue injury or damage following ischemic brain injury or traumatic brain injury or for
amelioration of heart tissue injury or damage following myocardia infarction or for amelioration of brain
tissue injury or damage associated with Huntington's disease, Alzheimer's disease or Parkinson's disease
or for amelioration of liver tissue injur}' or damage associated with non-alcohol steatohepatitis, acohol
steatohepatitis, autoimmune hepatitis autoimmune hepatobiliary diseases or primary sclerosing
cholangitis or for the amelioration of liver tissue injury or damage associated with overdose of
acetaminophen or for amelioration of kidney tissue injury or damage following renal transplant or the
administration of nephrotoxic drugs or substances.

Non-limiting examples of brain injury or damage include stroke (e.g., hemorrhagic and non-
hemorrhagic), traumatic brain injury (TBI), cerebral hemorrhage, subarachnoid hemorrhage, intracranial
hemorrhage secondary to cerebral arterial malformation, cerebral infarction, perinatal brain injury, non-
traumatic brain injur}’, Alzheimer's disease, Parkinson's disease, Huntington's disease, multiple sclerosis,
amyotrophic lateral sclerosis, brain hemorrhage, brain infections, brain tumor, subclinical brain injury,
spinal cord injury, anoxic-ischemic brain injury, focal cerebral ischemia, globa cerebral ischemia, and
hypoxic hypoxia.

In an embodiment, the compounds and compositions of the present disclosure may be used to
treat peritoneal tissue injury. Non-limiting examples of peritoneal tissue injur}' include peritoneal

deterioration, peritoneal sclerosis, and peritoneal cancer. For example, the receptor interacting protein
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kinase linhibitors described herein may beused to treat peritoneal damage caused by peritonea dialysis
fluid (PDF) and PD-related side effects.

Liver Injury and Diseases

in an embodiment, the compounds and compositions of the present disclosure may be used to
treat liver injury and diseases. Non-limiting examples of liver injury or damage include not only
degeneration or necrosis of liver parenchyma cells which results from injury caused by a certain factor,
but also undesirable phenomena caused by biological reactions to the injury, such as mobilization,
infiltration, activation of Kupffer cells, leukocytes and the like, fibrosis of the liver tissue, etc., which
reactions occur alone or in combination . In an embodiment, the receptor interacting protein kinase 1
inhibitors described herein may be used to treat steatohepatitis and hepatocellular carcinoma via
inhibiting receptor interacting protein kinase 1activity -dependent apoptosis of hepatocytes and
hepatocar cinogenesis.  In an embodiment, the receptor interacting protein kinase 1linhibitors described
herein may be used to treat acute cholestasis and hver injury.

Kidney Injury and Diseases

In an embodiment, the compounds and compositions of the present disclosure may be used to
treat kidney injury and diseases. Non-limiting examples of kidney diseases include chronic kidney
disease (CKD) (e.g., giomeralar diseases, tubulointerstitial diseases, obstruction, polycystic kidney-
disease), acute kidney injury (AK1), diabetic nephropathy, glomerulonephritis, focal glomerulosclerosis,
immune complex nephropathy or lupus nephritis. Kidney disease may be caused by drag-induced renal
injury or kidney graft rejection. Kidney disease may be characterized as nephrotic syndrome or renal
insufficiency. In an embodiment, the receptor interacting protein kinase 1inhibitors described herein
may be used totreat kidney diseases (e.g., AKI) via inhibiting cell death pathway in kidney diseases. In
an embodiment, the receptor interacting protein kinase 1inhibitors described herein may be used to treat
patient with kidney stones and to prevent crystal-induced cytotoxicity and acute kidney injury via
inhibiting receptor interacting protein kinase 3-MLKL-mediated necroptosis.

Malignancies

In an embodiment, the compounds and compositions of the present disclosure are useful for
treating malignancies/cancers such as carcinoma, sarcoma, melanoma, lymphoma or leukemia. Non-
limiting examples of malignancies suitably treated by the receptor interacting protein kinase 1inhibitors
described herein include lung cancer (e.g. non-small cell lung cancer, small-cell lung cancer),
hepatocellular cancer, melanoma, pancreatic cancer, urological cancer, bladder cancer, colorectal cancer,
colon cancer, breast cancer, prostate cancer, renal cancer, thyroid cancer, gall bladder cancer, peritoneal
cancer, ovarian cancer, cervical cancer, gastric cancer, endometrial cancer, esophageal cancer, head and
neck cancer, neuroendocrine cancer, CNS cancer, brain tumors (e.g., glioma, anaplastic
oligodendroglioma, adult glioblastoma multiforme, and adult anaplastic astrocytoma), bone cancer, soft
tissue sarcoma, retinoblastomas, neuroblastomas, peritoneal effusions, malignant pleural effusions,
mesotheliomas, Wilms tumors, trophoblastic neoplasms, hemangiopericytomas, Kaposi's sarcomas,

myxoid carcinoma, round cell carcinoma, squamous cell carcinomas, esophageal squamous cell
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carcinomas, oral carcinomas, vulval cancer, cancers of the adrenal cortex, ACTH producing tumors,
lymphoma, and leukemia.

Infectious Diseases

In an embodiment, the compounds and compositions of the present disclosure are useful for
treating infectious diseases resulting from the presence of pathogenic agents, including pathogenic
viruses, pathogenic bacteria, fungi, protozoa, multicellular parasites and aberrant proteins known as
prions. Non-limiting examples of infectious diseases suitably treated by the receptor interacting protein
kinase linhibitors described herein include virus infectious diseases and bacterial infectious diseases.
The viais infectious disease is not particularly limited and includes, for example, infectious diseases with
respiratory infectious viruses (e.g., infectious diseases due to respiratory infectious viruses such as
influenza vims, rhino virus, corona virus, parainfluenza vims, RSvirus, adeno vims, reo vims and the
like), herpes zoster caused by herpes virus, diarrhea caused by rotavirus, viral hepatitis, AIDS and the
like. The bacterial infectious disease isnot particularly limited and includes, for example, infectious
diseases caused by Bacillus cereus, Vibrioparahaemolyticus, Enterohemorrhagic Escherichia cali,
Saphylococcus aureus, MRSA, Salmonella, Botulinus, Candida and the like.

Bone Diseases

In an embodiment, the compounds and compositions of the present disclosure are useful for
treating bone diseases that may result from a bone remodeling disorder whereby the balance between
bone formation and bone resorption is shifted. Non-limiting examples of bone remodeling disorders
include osteoporosis, Paget's disease, osteoarthritis, rheumatoid arthritis, achondroplasia, osteochodrytis,
hypeo arathyroidism, osteogenesis imperfecta, congenital hypophosphatasia, fribromatous lesions,
fibrous displasia, multiple myeloma, abnormal bone turnover, osteolytic bone disease and periodontal
disecase. Additional examples of bone diseases suitably treated by the receptor interacting protein kinase
1linhibitors described herein include bone fracture, bone trauma, or a bone deficit condition associated
with post-traumatic bone surgery, post-prosthetic joint surgery, post-piastic bone surgery, post-dentai
surgery, bone chematherapy treatment or bone radiotherapy treatment. Additional examples of diseases
affecting bone or bonejoints suitably treated by the receptor interacting protein kinase linhibitors
described herein include metastatic bone cancer, rheumatic diseases such as rheumatoid arthritis,
osteoarthritis and other inflammatory arthropathies. In an embodiment, the receptor interacting protein
kinase linhibitors described herein may be used to treat postmenopausal osteoporosis via inhibiting
osteocyte necroptosis and trabecular deterioration.

Cardiovascular Diseases

In an embodiment, the compounds and compositions of the present disclosure are useful for
treating cardiovascular diseases that may be relate to the cardiovascular disorders of fragile plague
disorder, occlusive disorder and stenosis. Non-limiting cardiovascular diseases include coronary artery
disorders and peripheral arterial disorders, including, among others, atherosclerosis, arterial occlusion,
aneurysm for mation, thrombosis, post-traumatic aneurysm formation, restenosis, and post-operative graft

occlusion. It isbelieved that atherosclerosis results from maladaptive inflammation driven primarily by
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macrophages. Thus, the compounds and compositions of the present disclosure may be used to treat
atherosclerosis via inhibiting macrophage necroptosis.

Transplantation

in an embodiment, the compounds and compositions of the present disclosure are useful for
treating transplant patients. Non-limiting examples of transplant patient suitably treated by the receptor
interacting protein kinase linhibitors described herein include patients with solid and non-solid organ
and tissue transplantations and transplants, such as liver, heart, kidney, and heterologous and autologous
bone marrow transplantations/transplants. Typically, immunosuppressive therapy is used to avoid graft
rejection in recipients of solid organ transplants. Recipients of bone marrow transplants are usually
subjected to extensive irradiation and chemotherapy prior to transplantation. It isbelieved that receptor
interacting protein kinase 1and NF-kB signaling in dying cells determines cross-priming of CD8* T
ceils. Thus, the receptor interacting protein kinase 1inhibitors described herein may be used to treat
transplant patient and avoid graft rejection by modulating cross-priming of CD8* T cells.

Other Diseases and Conditions

Additional examples of diseases and disorders suitably treated by the receptor interacting protein
kinase linhibitors described herein include Gaucher disease, organ failure, pancreatitis, atopic
dermatitis, spondylarthritis, gout, systemic onset juvenile idiopathic arthritis (SoJIA), systemic lupus
erythematosus (SLE), Sjogren's syndrome, systemic scleroderma, anti-phospholipid syndrome (APS),
vasculitis, primary sclerosing cholangitis (PSC), acetaminophen. toxicity, kidney damage/injury
(nephritis, renal transplant, surgery, administration of nephrotoxic drugs e.g. cisplatin, acute kidney
injury(AKI1)), Celiac disease, autoimmune idiopathic thrombocytopenic purpura (autoimmune ITP),
cerebrovascular accident (CVA, stroke), myocardial infarction (M1), allergic diseases (including asthma),
diabetes, Wegener's granulomatosis, pulmonary sarcoidosis, Behcet's disease, interleukin-1 converting
enzyme (ICE/caspase-1) associated fever syndrome, chronic obstructive pulmonary disease (COPD),
tumor necrosis factor receptor-associated periodic syndrome (TRAPS), peridontitis, NEMO -deficiency
syndrome ( F-kappa-B essential modulator gene (also known as IKK gamma or IKKG) deficiency
syndrome), HOIL-1 deficiency ((also known as RBCK1) heme-oxidized IRP2 ubiquitin 3igase-|
deficiency), linear ubiquitin chain assembly complex (LUBAC) deficiency syndrome, hematological and
solid organ malignancies, bacterial infections and viral infections (e.g., tuberculosis and influenza) and
lysosomal storage diseases.

Non-limiting examples of lysosomal storage diseases include Gaucher disease, GM2
Gangliosidosis, alpha-mannosidosis, aspartylglucosaminuria, cholesteryl ester storage disease, chronic
hexosaminidase A deficiency, cystinosis, Danon disease, Fabry disease, Farber disease, fucosidosis,
gaactosialidosis, GM1 gangliosidosis, mucolipidosis, infantile free sialic acid storage disease, juvenile
hexosaminidase A deficiency, Krabbe disease, lysosomal acid lipase deficiency, metachromatic
leukodystrophy, mucopolysaccharidoses disorders, multiple sulfatase deficiency, Niemann-Pick disease,
neuronal ceroid lipofuscinoses, Pompe disease, pycnodysostosis, Sandhoff disease, Schindler disease,

siadlic acid storage disease, Tay-Sachs and Wolman disease.
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In certain embodiments, provided are compounds and compositions for use in medicine.  In
certain embodiments, the compounds and compositions are for use in the treatment of a receptor
interacting protein kinase 1-mediated disease or disorder. Also provided isamethod of treating a
receptor interacting protein kinase i -mediated disease or disorder comprising administering a
therapeutically effective amount of a compound or pharmaceutical composition disclosed herein to a
subject in need thereof.

5. Compositions

For the purposes of administration, the compounds of the present disclosure may be administered
as araw chemica or may be formulated as pharmaceutical compositions. Pharmaceutical compositions
of the present disclosure comprise a compound of structure (1) and apharmaceutically acceptable earner,
diluent or excipient. Accordingly, different embodiments are directed to pharmaceutical compositions
comprising any one or more of the foregoing compounds of structure (1) or a pharmaceutically acceptable
salt, prodrug or sterecisomer thereof and apharmaceutically acceptable carrier, diluent or excipient are
also provided in various embodiments.

The pharmaceutical compositions of the present disclosure may be specially formulated for
administration in solid or liquid form, including those adapted for the following: ora administration, for
example, drenches (aqueous or non-aqueous solutions or suspensions), tablets, e.g., those targeted for
buccal, sublingual and systemic absor ption, boluses, powders, granules, pastes for application to the
tongue; parenteral administration, for example, by subcutaneous, intramuscular, intravenous or epidura
injection as, for example, a sterile solution or suspension or sustained-release formulation; topical
application, for example, asacream, ointment or a controlled-release patch or spray applied to the skin;
intravaginally or intrarectally, for example, as apessary, cream or foam; sublingually; ocularly;
transdermally; or nasally, pulmonary and to other mucosal surfaces.

The phrase "pharmaceutically acceptable" is employed herein to refer to those compounds,
materials, compositions and/or dosage forms which are, within the scope of sound medical judgment,
suitable for use in contact with the tissues of human beings and animals without excessive toxicity,
irritation, alergic response or other problem or complication, commensurate with areasonable
benefit/risk ratio.

The phrase " phar maceutically-acceptable carrier” as used herein means a pharmaceuticaly -
acceptable material, composition or vehicle, such asaliquid or solid filler, diluent, excipient or solvent
encapsulating material, involved in carrying or transporting the subject compound from one organ or
portion of the body, to another organ or portion of the body. Each carrier must be "acceptable” in the
sense of being compatible with the other ingredients of the formulation and not injurious to the patient.
Some examples of materials which can serve as pharmaceutically -acceptable carriers include: sugars,
such aslactose, glucose and sucrose; starches, such as com starch and potato starch; cellulose and its
derivatives, such as sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate; surfactants,
such as polysorbate 80 (i.e., Tween 80); powdered tragacanth; malt; gelatin; talc; excipients, such as

cocoa butter and suppository waxes; ails, such as peanut oil, cottonseed ail, safflower oil, sesame ail,
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olive ail, com oil and soybean ail; glycols, such aspropylene glycol; polyoals, such asglycerin, sorbitol,
mannitol and polyethylene glycol; esters, such asethyl oleate and ethyl laurate; agar; buffering agents,
such as magnesium hydroxide and aluminum hydroxide; alginic acid; pyrogen-free water; isotonic saline;
Ringer's solution; ethyl alcohol; pH buffered solutions; polyesters, polycarbonates and/or
polyanhydrides;, and other non-toxic compatible substances employed in pharmaceutical formulations.
Examples of such formulations include, but are not limited to DMSO, 10 mM DMSO, 8%
hydroxypropyl-beta-cyclodextrin in PBS, propylene glycol, etc. For example, in a certain embodiment
the compounds of the disclosure can be used as4 mM solution in 8% hydroxypropyl-beta-cyclodextrin in
PBS for parenteral administration. In another certain embodiments, the compounds of the disclosure can
be used as a suspension in 0.5% agueous CMC containing 0.1% TWEEN 80.

Asset out herein, certain embodiments of the present compounds may contain abasic functional
group, such asamino or methylamino (NCH-) and are, thus, capable of forming pharmaceuticaily-
acceptable salts with phannaceutically-acceptable acids. The term "pharmaceutically-acceptable salts' in
this respect refers to the relatively non-toxic, inorganic and organic acid addition salts of compounds of
the present disclosure. These salts can be prepared in situ in the administration vehicle or the dosage form
manufacturing process or by separately reacting a purified compound of the disclosure in its free base
form with a suitable organic or inorganic acid and isolating the salt thus formed during subsequent
purification. Representative salts include the hydrobromide, hydrochloride, sulfate, bisulfate, phosphate,
nitrate, acetate, valerate, oleate, palmitate, stearate, laurate, benzoate, lactate, phosphate, tosyiate, citrate,
maleate, fumarate, succinate, tartrate, napthylate, mesylate, glucoheptonate, lactobionate and
iaurylsuiphonate salts and the like. (See, for example, Berge et al. (1977) "Pharmaceutical Salts', J.
Pharm. Sci. 66:1-19.)

The pharmaceutically acceptable salts of the subject compounds include the conventional
nontoxic salts or quateraaily ammonium salts of the compounds, e.g., from non-toxic organic or inorganic
acids. For example, such conventional nontoxic salts include those derived from inorganic acids such as
hydrochloride, hydrobromic, sulfuric, sulfamic, phosphoric, nitric and the like; and the salts prepared
from organic acids such as acetic, propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric,
ascorbic, palmitic, maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, salicyclic, sulfanilic, 2-
acetoxybenzoic, fumaric, toluene sulfonic, methanesulfonic, ethane disulfonic, oxalic, isothionic and the
like.

In other cases, the compounds of the present disclosure may contain one or more acidic
functional groups and, thus, are capable of forming phannaceutically-acceptable salts with
pharmaceutically-acceptable bases. The term "phannaceutically-acceptable salts' in these instances refers
to the relatively non-toxic, inorganic and organic base addition salts of compounds of the present
disclosure. These salts can likewise be prepared in situ inthe administration vehicle or the dosage form
manufacturing process or by separately reacting the purified compound in its free acid form with a
suitable base, such asthe hydroxide, carbonate or bicarbonate of a pharmaceutically-acceptable metal

cation, with ammonia or with a pharmaceutically-acceptable organic primary, secondary or tertiary
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amine. Representative alkali or akaline earth salts include the lithium, sodium, potassium, calcium,
magnesium and aluminum salts and the like. Representative organic amines useful for the formation of
base addition salts include ethylamine, diethylamine, ethylenediamine, ethanolamine, diethanolamine,
piperazine and the like.

Wetting agents, emuisifiers and lubricants, such as sodium lauryi sulfate and magnesium stearate,
aswell as coloring agents, release agents, coating agents, sweetening, flavoring and perfuming agents,
preservatives and antioxidants can also be present in the compositions.

Examples of pharmaceutically -acceptable antioxidants include: water soluble antioxidants, such
as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium metabisulfite, sodium sulfite and the
like; oil-soluble antioxidants, such as ascorby] pamitate, butylated hydroxyanisole (BHA), butylated
hydroxytoluene (BHT), lecithin, propyl gallate, aphatocopherol and the like; and metal chelating agents,
such ascitric acid, ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid and
the like.

Formul ations of the present disclosure include those suitable for oral, nasal, topical (including
buccal and sublingual), rectal, vagina and/or parenteral administration. The formulations may
conveniently be presented in unit dosage form and may be prepared by any methods well known in the
art of pharmacy. The amount of active ingredient which can be combined with a carrier material to
produce a single dosage form will vary depending upon the host being treated, the particular mode of
administration. The amount of active ingredient that can be combined with a carrier materia to produce a
single dosage form will generally be that amount of the compound which produces atherapeutic effect.
Generaly, this amount will range from about 1% to about 99% of active ingredient, preferably from
about 5% to about 70%, most preferably from about i 0% to about 30%.

In certain embodiments, aformulation of the present disclosure comprises an excipient selected
from the group consisting of cyclodextrins, liposomes, micelle forming agents, e.g., bile acids and
polymeric carriers, e.g., polyesters and polyanhydrides; and a compound of the present disclosure. In
certain embodiments, an aforementioned formulation renders orally bioavailable a compound of the
present disclosure.

Methods of preparing these formulations or compositions include the step of bringing into
association a compound of the present disclosure with the carrier and, optionally, one or more accessory
ingredients. In general, the formulations are prepared by uniformly and intimately bringing into
association a compound of the present disclosure with liquid carriers or finely divided solid carriers or
both and then, if necessary, shaping the product-

Formulations of the disclosure suitable for oral administration may bein the form of capsules,
cachets, pills, tablets, lozenges (using a flavored basis, usually sucrose and acacia or tragacanth),
powders, granules or as asolution or a suspension in an agueous or non-agueous liquid or as an oil -in-
water or water-in-oil liquid emulsion or asan €lixir or syrup or as pastilles (using an inert base, such as

gelatin and glycerin or sucrose and acacia) and/or as mouth washes and the like, each containing a
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predetermined amount of a compound of the present disclosure as an active ingredient. A compound of
the present disclosure may also be administered as abolus, electuary or paste.

In solid dosage forms of the disclosure for oral administration (capsules, tablets, pills, dragees,
powders, granules and the like), the active ingredient ismixed with one or more pharmaceutically -
acceptable carriers, such as sodium citrate or dicalcium phosphate and/or any of the following: fillers or
extenders, such as starches, lactose, sucrose, glucose, mannitol and/or silicic acid; binders, such as, for
example, carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia;
humectants, such as glycerol; disintegrating agents, such as agar-agar, calcium carbonate, potato or
tapioca starch, alginic acid, certain silicates and sodium carbonate; solution retarding agents, such as
paraffin; absorption accelerators, such as quaternary ammonium compounds; wetting agents, such as, for
example, cetyl alcohol, glycerol monostearate and non-ionic surfactants; absorbents, such askaolin and
bentonite clay; lubricants, such atalc, calcium stearate, magnesium stearate, solid polyethylene glycols,
sodium lauryl sulfate and mixtures thereof; and coloring agents. Inthe case of capsules, tablets and pills,
the pharmaceutical compositions may also comprise buffering agents. Solid compositions of a similar
type may also be employed asfillers in soft and hard-shelled gelatin capsules using such excipients as
lactose or milk sugars, aswell as high molecular weight polyethylene glycols and the like.

A tablet may be made by compression or molding, optionally with one or more accessory-
ingredients. Compressed tablets may be prepared using binder (for example, gelatin or
hydroxypropylmethyl cellulose), lubricant, inert diluent, preservative, disintegrant (for example, sodium
starch glycolate or cross-linked sodium carboxymethyl cellulose), surface-active or dispersing agent.
Molded tablets may be made in a suitable machine in which amixture of the powdered compound is
moistened with an inert liquid diluent.

The tablets and other solid dosage forms of the pharmaceutical compositions of the present
disclosure, such asdragees, capsules, pills and granules, may optionally be scored or prepared with
coatings and shells, such as enteric coatings and other coatings well known in the pharmaceutical -
formulating art. They may also be formulated so asto provide slow or controlled release of the active
ingredient therein using, for example, hydroxypropylmethyl cellulose in varying proportions to provide
the desired release profile, other polymer matrices, liposomes and/or microspheres. They may be
formulated for rapid release, e.g., freeze-dried. They may be sterilized by, for example, filtration through
abacteria-retaining filter or by incorporating sterilizing agents in the form of sterile solid compositions
that can be dissolved in sterile water or some other sterile injectable medium immediately before use.
These compositions may also optionally contain opacifying agents and may be of a composition that they
release the active ingredient(s) only or preferentialy, in acertain portion of the gastrointestinal tract,
optionally, in adelayed manner. Examples of embedding compositions that can be used include
polymeric substances and waxes. The active ingredient can also be in micro-encapsulated form, if
appropriate, with one or more of the above-described excipients.

Liquid dosage forms for oral administration of the compounds of the disclosure include

pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In
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addition to the active ingredient, the liquid dosage forms may contain inert diluents commonly used in
the art, such as, for example, water or other solvents, soluhihzing agents and emulsifiers, such as ethyl
alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl acohol, benzyl benzoate, propylene
glycal, 1,3-butylene glycol, oils (in particular, cottonseed, groundnut, com, germ, olive, castor and
sesame oils), glycerol, tetrahydrofuryl acohol, polyethylene glycols and fatty acid esters of sorbitan and
mixtures thereof.

Besides inert diluents, the oral compositions can also include adjuvants such as wetting agents,
emulsifying and suspending agents, sweetening, flavoring, coloring, perfuming and preservative agents.
Suspensions, in addition to the active compounds, may contain suspending agents as, for
example, ethoxylated isostearyl alcohols, polyoxy ethylene sorbitol and sorbitan esters, microcry stalline

cellulose, aluminum metahydroxide, bentonite, agar-agar and tragacanth and mixtures thereof.

Formulations of the pharmaceutical compositions of the disclosure for rectal or vaginal
administration may be presented as a suppository, which may be prepared by mixing one or more
compounds of the disclosure with one or more suitable nonirritating excipients or carriers comprising, for
example, cocoa butter, polyethylene glycol, a suppository wax or a salicylate and which is solid at room
temperature, but liquid at body temperature and, therefore, will melt in the rectum or vaginal cavity and
release the active compound.

Formulations of the present disclosure which are suitable for vaginal administration also include
pessaries, tampons, creams, gels, pastes, foams or spray formulations containing such carriers as are
known in the art to be appropriate.

Dosage forms for the topical or transdermal administration of a compound of this disclosure
include powders, sprays, ointments, pastes, creams, lotions, gels, solutions, patches and inhalants. The
active compound may be mixed under sterile conditions with a pharmaceutically -acceptable carrier and
with any preservatives, buffers or propellants which may be required.

The ointments, pastes, creams and gels may contain, in addition to an active compound of this
disclosure, excipients, such asanimal and vegetable fats, oils, waxes, paraffins, starch, tragacanth,
cellulose derivatives, polyethylene glycols, silicones, bentonit.es, silicic acid, talc and zinc oxide or
mixtures thereof.

Powders and sprays can contain, in addition to a compound of this disclosure, excipients such as
lactose, talc, silicic acid, aluminum hydroxide, calcium silicates and polyamide powder or mixtures of
these substances. Sprays can additionally contain customary propellants, such as
chlorofluorohydrocarbons and volatile unsubstituted hydrocarbons, such as butane and propane.

Transdermal patches have the added advantage of providing controlled delivery of acompound
of the present disclosure to the body. Dissolving or dispersing the compound in the proper medium can
make such dosage forms. Absorption enhancers can also be used to increase the flux of the compound
across the skin. Either providing arate controlling membrane or dispersing the compound in apolymer

matrix or gel can control the rate of such flux.

~J
(V4]



10

15

[\
L

sd
ey
fon]

WO 2017/096301 PCT/US2016/064818

Ophthalmic formulations, eye ointments, powders, solutions and the like, are also contemplated
as being within the scope of this disclosure.

Pharmaceutical compositions of this disclosure suitable for parenteral administration comprise
one or more compounds of the disclosure in combination with one or more pharmaceutically -acceptable
sterile isotonic aqueous or nonagueous solutions, dispersions, suspensions or emulsions or sterile
powders which may be reconstituted into sterile injectable solutions or dispersions just prior to use,
which may contain sugars, alcohols, antioxidants, buffers, bacteriostats, solutes which render the
formulation isotonic with the blood of the intended recipient or suspending or thickening agents.

Examples of suitable agueous and nonagqueous carriers, which may be employed inthe
pharmaceutical compositions of the disclosure include water, ethanol, polyols (such asglyceral,
propylene glycol, polyethylene glycol and the like) and suitable mixtures thereof, vegetable ails, such as
olive oil and injectable organic esters, such as ethyl oleate. Proper fluidity can be maintained, for
example, by the use of coating materials, such as lecithin, by the maintenance of the required particle size
in the case of dispersions and by the use of surfactants.

These compositions may also contain adjuvants such as preservatives, wetting agents,
emulsifying agents and dispersing agents. Prevention of the action of microorganisms upon the subject
compounds may be ensured by the inclusion of various antibacterial and antifungal agents, for example,
paraben, chlorobutanol, phenyl sorbic acid and the like. It may also be desirable to include isotonic
agents, such as sugars, sodium chloride and the like into the compositions. In addition, prolonged
absoiption of the injectable pharmaceutical form may be brought about by the inclusion of agents which
delay absorption such as aluminum monostearate and selatin.

In some cases, in order to prolong the effect of adrug, it is desirable to slow the absoiption of the
drug from subcutaneous or intramuscular injection. This may be accomplished by the use of aliquid
suspension of crystalline or amorphous material having poor water solubility. The rate of absoiption of
the drug then depends upon its rate of dissolution, which in turn, may depend upon crystal size and
crystalline form. Alternatively, delayed absorption of a parenterally-administered drug form is
accomplished by dissolving or suspending the drug in an ail vehicle.

I njectable depot forms are made by forming microencapsule matrices of the subject compounds
in biodegradable polymers such as polylactide-polygiycolide. Depending on the ratio of drug to polymer
and the nature of the particular polymer employed, the rate of drug release can be controlled. Examples
of other biodegradable polymers include poly(orthoesters) and poly(anhydrides). Depot injectable
formulations are also prepared by entrapping the drug in liposomes or microemulsions, which are
compatible with body tissue.

6. Dosing

The phrases "parenteral administration” and "administered parenteral!}™ asused herein means
modes of administration other than enteral and topical administration, usually by injection and includes,

without limitation, intravenous, intramuscular, intraarterial, intrathecal, intracapsular, intraorbital,
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intracardiac, intradermal, intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticulare,
subcapsular, subarachnoid, intraspinal and intrastemal injection and infusion.

The phrases "systemic administration,” "administered systemically," "peripheral administration”
and "administered peripherally”" asused herein mean the administration of a compound, drug or other
material other than directly into the central nervous system, such that it enters the patient's system and,
thus, is subject to metabolism and other like processes, for example, subcutaneous administration.

These compounds may be administered to humans and other animals for therapy by any suitable
route of administration, including orally, nasaly, asby, for example, a spray, rectaily, mtravaginally,
parenteral!}’, intracistemally and topically, asby powders, ointments or drops, including buccally and
sublingual!}".

Regardless of the route of administration selected, the compounds of the present disclosure,
which may be used in a suitable hydrated form and/or the pharmaceutical compositions of the present
disclosure, are formulated into pharmaceutically-acceptable dosage forms by conventional methods
known to those of skill inthe art.

Actual dosage levels of the active ingredients in the pharmaceutical compositions of this
disclosure may be varied so asto obtain an amount of the active ingredient that is effective to achieve the
desired therapeutic response for a particular patient, composition and mode of administration, without
being toxic to the patient.

The selected dosage level will depend upon avariety of factors including the activity of the
particular compound of the present disclosure employed or the ester, salt or amide thereof, the route of
administration, the time of administration, the rate of excretion or metabolism of the particular compound
being employed, the duration of the treatment, other drags, compounds and/or materials used in
combination with the particular compound employed, the age, sex, weight, condition, general health and
prior medical history of the patient being treated and like factors well known in the medical arts. A daily,
weekly or monthly dosage (or other time interval) can be used.

A physician or veterinarian having ordinary skill inthe art can readily determine and prescribe
the effective amount of the pharmaceutical composition required. For example, the physician or
veterinarian could start doses of the compounds of the disclosure employed in the pharmaceutical
composition at levels lower than that required to achieve the desired therapeutic effect and then gradually
increasing the dosage until the desired effect is achieved.

In general, a suitable daily dose of acompound of the disclosure will bethat amount of the
compound that isthe lowest dose effective to produce atherapeutic effect (e.g., inhibit necrosis). Such an
effective dose will generally depend upon the factors described above. Generally doses of the compounds
of this disclosure for apatient, when used for the indicated effects, will range from about 0.0001 to about
100 mg per kg of body weight per day. Preferably the daily dosage will range from 0.001 to 50 mg of
compound per kg of body weight and even more preferably from 0.01 to 10 mg of compound per kg of

body weight.
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If desired, the effective daily dose of the active compound may be administered astwo, three,
four, five, six or more sub-doses administered separately at appropriate intervals throughout the day,
optionally, in unit dosage forms.

in certain embodiments, the present disclosure relates to compounds for inhibiting cell death,
wherein the compounds are represented by structures (1). In certain embodiments, the compounds of the
present disclosure are inhibitors of cell death. In any event, the compounds of the present disclosure
preferably exert their effect on inhibiting cell death at a concentration less than about 50 micromolar,
more preferably at a concentration less than about 10 micromolar and most preferably a a concentration
less than 1micromolar.

The compounds of the disclosure can betested in standard anima models of stroke and standard
protocols such as described by Hara, i1, e a. Proc Natl Acad Sci U SA, 1997. 94(5): 2007-12.

When the compounds of the present disclosure are administered as pharmaceuticals, to humans
and animals, they can be given per se or asa pharmaceutical. composition containing, for example, 0.1%
to 99.5% (more preferably, 0.5% to 90%) of active ingredient in combination with a pharmaceutically
acceptable carrier.

The compounds of the present application or the compositions thereof may be administered once,
twice, three or four times daily, using any suitable mode described above. Also, administration or
treatment with the compounds may be continued for anumber of days. for example, commonly treatment
would continue for at least 7 days, 14 days or 28 days, for one cycle of treatment. Treatment cycles are
well known and are frequently aternated with resting periods of about 1to 28 days, commonly about 7
days or about 14 days, between cycles. The treatment cycles, in certain embodiments, may also be
continuous.

When administered orally, the total daily dosage for a human subject may be between | mg and
1,000 mg, between about 1,000-2,000 mg/day, between about 10-500 mg/day, between about 50-300
mg/day, between about 75-200 mg/day or between about 100-150 mg/day.

The daily dosage may also be described asatotal amount of a compound described herein
administered per dose or per day. Daily dosage of a compound may be between about | mg and 4,000
mg, between about 2,000 to 4,000 mg/day, between about 1to 2,000 mg/day, between about 1to 1,000
mg/day, between about 10 to 500 mg/day, between about 20to 500 mg/day, between about 50 to 300
mg/day, between about 75to 200 mg/day or between about 5 to 150 mg/day.

In certain embodiments, the method comprises administering to the subject an initial daily dose
of about 1to 800 mg of a compound described herein and increasing the dose by increments until clinical
efficacy isachieved. Increments of about 5, 10, 25, 50 or 100 mg can be used to increase the dose. The
dosage can be increased daily, every other day, twice per week or once per week.

In certain embodiments, a compound or pharmaceutical preparation is administered orally. In
certain embodiments, the compound or pharmaceutical preparation isadministered intravenously.

Alternative routes of administration include sublingual, intramuscular and transdermal administrations.
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The preparations of the present disclosure may be given orally, parenterall!}', topically or rectaly.
They are of course given in forms suitable for each administration route. For example, they are
administered in tablets or capsule form, by injection, inhalation, eye lotion, ointment, suppository, etc.
administration by injection, infusion or inhalation; topical by lotion or cintment; and rectal by
suppositories. In certain embodiments, the administration isoral.

7. Combinations

In another aspect of the disclosure the compounds can be administered in combination with other
agents, including (but not limited to) compounds that are apoptosis inhibitors, PARP poly(ADP-ribose)
polymerase inhibitors; Src inhibitors; agents for the treatment of cardiovascular disorders; anti-
inflammatory agents, anti -thrombotic agents; fibrinolytic agents; anti-platelet agents, lipid reducing
agents, direct thrombin inhibitors; glycoprotein iib/ilfa receptor inhibitors; calcium channel blockers;
beta-adrenergic receptor blocking agents; cyclooxygenase (eg., COX-1 and COX-2) inhibitors;
angiotensin system inhibitor (eg., angiotensin-converting enzyme (ACE) inhibitors); renin inhibitors;
and/or agents that bind to cellular adhesion molecules and inhibit the ability of white blood cells to attach
to such molecules (e.g., polypeptides, polyclonal and monoclona antibodies).

Embodiments of the disclosure aso provide combinations of two or more compounds that inhibit
cellular necrosis (e.g., a compound as disclosed herein and an additional agent for inhibiting necrosis).
The disclosure aso provides combinations of one or more compounds that inhibit cellular necrosis
combined with one or more additional agents or compounds (e.g., other therapeutic compounds for
treating a disease, condition or infection such as an apoptosis inhibitor).

8. Kits

Provided herein are also kits that include a compound of the disclosure, combinations or a
pharmaceutically acceptable salt, tautomer, sterecisomer, mixture of sterecisomers, prodrug or deuterated
analog thereof and suitable packaging. In certain embodiments, akit further includes instructions for use.
In one aspect, akit includes acompound of the disclosure or a pharmaceutically acceptable salt,
tautomer, stereoisomer, mixture of stereoisomers, prodrug or deuterated analog thereof and alabel and/or
instructions for use of the compounds in the treatment of the indications, including the diseases or
conditions, described herein.

Provided herein are also articles of manufacture that include a compound described herein or a
pharmaceutically acceptable salt, tautomer, sterecisomer, mixture of sterecisomers, prodrug or deuterated
analog thereof in a suitable container. The container may be avial, jar, ampoule, preloaded syringe and
intravenous bag.

The kit can also contain instructions for using the compounds according to the disclosure. The kit
can be compartmentalized to receive the containers in close confinement. Asused herein, akit such asa
compartmentalized kit includes any kit in which compounds or agents are contained in separate
containers. Illustrative examples of such containers include, but are not limited to, small glass containers,
plastic containers or strips of plastic or paper. Particularly preferred types of containers alow the skilled

worker to efficiently transfer reagents from one compartment to another compartment such that the
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samples and reagents are not cross-contaminated and the agents or solutions of each container can be
added in a quantitative fashion from one compartment to another. Such containers include, but are not
limited to, a container that will accept a compound or combination of compounds and/or other agents of
the disclosure. One or more compounds or agents can be provided as a powder (e.g. lyophiiized powder)
or precipitate. Such compound(s) can be resuspended prior to administration in a solution that may be
provided as part of the kit or separately available. A kit can contain compounds or agents in other forms
such asliquids, gels, solids, as described herein. Different compounds and/or agents may be provided in
different forms in a single kit.
EXAMPLES

The examples and preparations provided below further illustrate and exemplify the compounds
of the present disclosure and methods for testing such compounds. It isto be understood that the scope
of the present disclosure isnot limited in any way by the scope of the following examples. inthe
following examples and throughout the specification and claims, molecules with a chiral center, unless
otherwise noted, exist asa racemic mixture. Single enantiomers may be obtained by methods known to
those skilled in the art and described herein. Compounds were named by using either ChemBioDraw
Ultra 13.0 or ChemAxon.
General Procedures

All solvents used were commercially available and were used without further purification.
Reactions were typically run using anhydrous solvents under an inert atmosphere of nitrogen.
Analytical Methods

"H Nuclear magnetic resonance (NMR) spectroscopy was carried out using one of the

following instruments. a Broker Avance 400 Ultrashield™ instrument equipped with probe DUAL
400MHz St, a Broker Avance 400 Ultrashield™ instrument equipped with probe 6 Si 400 MHz 5mm
'H-"CID, aBruker Avance |11 400 Ultrashield™ instrument with nanobay equipped with probe
Broadband BBFO 5mm direct, a 400 MHz Agilent Direct Drive instrument with ID AUTO-X PFG
probe, a Broker Mercury Plus 400 instrument equipped with a Broker 400 BBO probe, a Bruker Avance
400 Ultrashield™ instrument equipped with a BBO probe, aBruker Avance 400 Ultrashield™
instrument equipped with a BBFO probe, all operating at 400 MHz, or a Bruker Avance 111 300
Ultrashield™ instrument equipped with a BBFO probe operating at 300 MHz. All deuterated solvents
contained typically 0.03% to 0.05% v/v tetramethylsilane, which was used asthe reference signal (set a
d 0.00 for both 'H and **C). The spectra were acquired in the stated solvent at around room temperature
unless otherwise stated. In all cases, NMR data were consistent with the proposed structures.
Characteristic chemical shifts (8) are given in parts-per-million using conventional abbreviations for
designation of magjor peaks: e.g. s, singlet; d, doublet; t, triplet; q, quartet; dd, doublet of doublets; dt,
doublet of triplets; br, broad.

Where thin layer chromatography (TLC) has been used it refersto silicagel TLC using silica gel
F254 (Merck) plates. Alternatively, thin layer chromatography (TLC) was performed on Alugram*
(Silicagel 60 F254) from Mancherey-Nagel. Rf isthe distance travelled by the compound divided by the
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distance travelled by the solvent on aTLC plate. UV was typically used to visualize the spots.
Additional visualization methods were also employed in some cases. In these cases the TLC plate was
developed with iodine (generated by adding approximately 1g of I, to 10 g silica gel and thoroughly
mixing), ninhydrin (available commercially from Aldrich), or Magic Stain (generated by thoroughly
mixing 25 g (Niiy). Vie¥0,,,.4i4,0), 59 (\ Hi),CeliVINO ), in 450 mL water and 50 ml, concentrated
H,S(,) to visualize the compound.

Column chromatography was performed using an automatic flash chromatography (Biotage SP1
or Isolera) system over Biotage silica gel cartridges (KP-Sil or KP-NH) or in the case of reverse phase
chromatography over Biotage C18 cartridges (KP-C 18). Alternatively, column chromatography was
performed using 40-63 win (230-400 mesh) silica gel from Silicycle following analogous techniques to
tliose disclosed in Still, W.C.; Kahn, M.; and Mitra, M. Journal of Organic Chemistry, 1978, 43, 2923.
Typical solvents used for column chromatography or thin layer chromatography were mixtures of
chloroforrn/methanol, dichloromethane/methanol, ethyl acetate/methanol, hexanes/ethyl acetate,
cyciohexane/ethyl acetate.

HPLC analyses were performed on a SHIMADZU UFLC with two LC20 AD pump and a SPD-
M20A Phoiodiiode Array Detector. The column used was an XBridge C18, 3.5 ptn, 4 60 x 100 mm. A
linear gradient was applied, starting a 90 % A (A: 0.05% TFA in water) and ending at 95% B (B: 0.05%
TFA in MeCN) over 10 min with atotal ran time of 15 min. The column temperature was at 40 °C with
the flow rate of 1.5 mL/min. The Diode Array Detector was scanned from 200-400 nry.

Unless otherwise stated, LCMS analyses were performed on LCMS analyses were performed on
aSHIMADZU LCMS consisting of an UFLC 20-AD and LCMS 2020 M S detector. The Diode Array
Detector was scanned from 190-400 nm. The mass spectrometer was equipped with an electrospray ion
source (ESI) operated in apositive or negative mode. The mass spectrometer was scanned between m/z
90-900 with a scan time from 0.5 to 1.0 s.

Liquid Chromatography-Mass SpectrometryMethod A: Total ion current (TIC) and DAD UV
chromatographic traces together with M Sand UV spectra associated with the peaks were taken on a
UPLC/MS Acquity™ system equipped with PDA detector and coupled to aWaters single quadrupole
mass spectrometer operating in aternated positive and negative electrospray ionization mode. [LC/IMS-
ES (+/-): analyses performed using an Acquity UPLC™ CSH, CI8column (50 x 2.1mm, 1.7 pm particle
size), column temperature 40 °C, mobile phase: A-water + 0.1% HCOOH/ B- CH-{'N + 0.1% FICOOH,
flow rate; 1.0 mL/min, runtime = 2.0 min, gradient: t=0 mm 3%B, t= 1.5 min 99.9% B, t= 1.9 min
99.9% B, E 2.0 min 3% B, stop time 2.0 mm. Positive ES 100-1 000, Negative ES 100-1 000, UV
detection DAD 2}0-350 nm.

Liquid Chromatography-Mass SpectrometryMethod B: Total ion current (TIC) and DAD Uv
chromatographic traces together with M Sand UV spectra associated with the peaks were taken on a
UPLC/MS Acquity™ system equipped with PDA detector and coupled to aWaters single quadrupole
mass spectrometer operating in aternated positive and negative electrospray ionization mode. [LC/'MS-
ES (+/-): analyses performed using an Acquity UPLC™ BEH, C18 column (50 = 2.1mm, 1.7 un particle
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size), column temperature 40 °C, mobile phase: A- 0.1% v/v agueous ammonia solution pH 10/ B-
CH3CN, flow rate: 1.0 mL/min, runtime = 2.0 min, gradient: t=0 min 3%B, t= 1.5 min 99.9% B, t= 19
mm 99.9% B, t= 2,0 mim 3% B, stop time 2.0 min. Positive ES 100-1000, Negative ES 100-1000, UV
detection DAD 210-350 am.

Liquid Chromatography-Mass SpectrometryMethod C: The column used was an Shim-pack XR-
ODS, 2.2 unt, 3.0 x 50 mm. A linear gradient was applied, starting a 95% A (A: 0.05% TFA in water)
and ending at 100% B (B: 0.05% TFA in MeCN) over 1.8 min with atotal run time of 2.1 min. The
column temperature was a 45 “C with the flow rate of 1.2 mL/min.

Liquid Chromatography-Mass SpectrometryMethod D: The column used was an Shim-pack
XR-ODS, 2.2 pm, 3.0 » 50 mm. A linear gradient was applied, starting at 95% A (A: 0.05% TFA in
water) and ending a 100% B (B: 0.05% TFA in MeCN) over 3.2 min with atotal run time of 3.6 min.
The column temperature was a 40 °C with the flow rate of 1.0 mL/min.

Liquid Chromatography-Mass SpectrometryMethod E: The column used was an Shim-pack XR-
ODS, 2.2 uni, 3.0 X 50 mm. A linear gradient was applied, starting a 95% A (A: 0.05% TFA in water)
and ending at 100% B (B: 0.05% TFA in MeCN) over 4.7 min with atotal run time of 5.2 min. Tire
column temperature was at 40 “C with the flow rate of 1.0 mL/min.

Liquid Chromatography-Mass SpectrometryMethod F: The column used was an Ascentis
Express C18, 2.7 unt, 3.0 X 50 mm. A linear gradient was applied, starting at 95% A (A: 0.05% TFA in
water) and ending at 100% B (B: 0.05% TFA in MeCN) over 2.8 min with atotal runtime of 3.0 min.
The column temperature was at 45 °C with the flow rate of 1.5 mL/min.

Liquid Chromatography-Mass SpectrometryMethod G: The column used was an Poroshell
HPH-C18, 2.7 uin, 3.0 X 50 mm. A linear gradient was applied, starting at 90% A (A: 0.05%, NHHCO ,
in water) and ending at 95% B (B: 0.05% NHHCO5in MeCN) over 1.8 min with atotal run time of 2
min. The column temperature was at 45 "C with the flow rate of 1.5 mL/min.

Liquid Chromatography-Mass SpectrometryMethod H: The column used was an Poroshell
HPH-C18, 2.7 pnt, 3.0 X 50 mm. A linear gradient was applied, starting a 90% A (A: 0.05% NHHCO,
in water) and ending a 95% B (B: 0.05% NH,HCO5in MeCN) over 2.7 min with atotal run time of 3.0
min. The column temperature was a 45 °C with the flow rate of 1.5 mL/min.

Liquid Chromatography-Mass SpectrometryMethod 1: The column used was an Poroshell HPH-
CI18,2.7 um, 3.0 X 50 mm. A linear gradient was applied, starting a& 90% A (A: 0.05% NH/HCO;in
water) and ending at 95% B (B: 0.05% NH,HCO3in MeCN) over 4 5 mim with atotal ran time of 5.2
min. The column temperature was at 45 “C with the flow rate of 1.5 mL/min.

Liquid Chromatography-Mass SpectrometryMethod J: The column used was an Agilent
Poroshell HPH-C18, 2.7 uni, 3.0 X 50 mm. A linear gradient was applied, starting at 90% A (A: 0.05%
NH4HCO3 in water) and ending a 95% B (B: 0.05%, NH4HCO03 in MeCN) over 2.7 ntin with atotal ran
time of 3.0 min. The column temperature was a 45 "C with the flow rate of 1.5 mL/min.

Liquid Chromatography-Mass SpectrometryMethod K: The column used was an Ascentis
Express C18, 2.7 pum, 3.0 > 50 mm. A linear gradient was applied, starting at 95% A (A: 0.05% TFA in
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water) and ending a 100% B (B: 0.05% TFA in MeCN) over 1.8 min with atotal ran time of 2.0 min.
The column temperature was a 45 °C with the flow rate of 1.5 mL/min.

Liquid Chromatography-Mass SpectrometryMethod L: The column used was an Ascentis
Express C18, 2.7 pum, 3.0 = 50 mm. A linear gradient was applied, starting at 95% A (A: 0.05% TFA in
water) and ending a 95% B (B: 0.05% TFA in MeCN) over 2.7 min with atotal ran time of 3.0 min. The
column temperature was a 45 °C with the flow rate of .5 mL/min.

Liquid Chromatography-Mass SpectrometryMethod M : The column used was an Ascentis
Express C18, 2.7 p, 3.0 x 50 mm. A linear gradient was applied, starting at 95% A (A: 0.05% TFA in
water) and ending a 100% B (B: 0.05% TFA in MeCN) over 1.8 min with atotal a » time of 2.0 min.
The column temperature was at 40 °C with the flow rate of 1.5 mL/min.

Liquid Chromatography-Mass SpectrometryMethod N: The column used was an Ascentis
Express C18, 2.7 pm, 3.0 x 50 mm. A linear gradient was applied, starting at 95% A (A: 0.05% TFA in
water) and ending a 100% B (B: 0.05% TFA in MeCN) over 2.8 min with atotal runtime of 3.0 min.
The column temperature was a 40 °C with the flow rate of 1.5 mL/min.

Liquid Chromatography-Mass Spectrometry Method O: Tire column used was an Shim-pack
XR-ODS, 2.2 wn, 3.0 x 50 mm. A linear gradient was applied, starting at 95 %A (A: 0.05% TFA in
water) and ending at 100% B (B: 0.05% TFA in MeCN) over 3.2 nun with atotal run time of 3.6 min.
The column temperature was a 40 °C with the flow rate of 1.0 mL/min.

Liquid Chromatography-Mass SpectrometryMethod P: The column used was an Kinetex 2.6u
XB-C18, 2.6 um, 3.0 x 50 mm. A linear gradient was applied, starting at 95% A (A: 0.05% TFA in
water) and ending a 100% B (B: 0.05% TFA in MeCN) over 2.7 min with atotal ran time of 3.0 min.
The column temperature was a 40 °C with the flow rate of 1.5 mL/min.

Liquid Chromatography-Mass SpectrometryMethod Q: The column used was a Kinetex XB-
C18100A, 2.6 pin, 3.0 x 50 mm. A linear gradient was applied, starting at 90% A (A: 0.1% FA in water)
and ending at 95% B (B: 0.1% formic acid in MeCN) over 2.7 min with atotal runtime of 3.0 min. The
column temperature was a 45 °C with the flow rate of 15 mL/min.

Liquid Chromatography-Mass Spectrometry Method Li: The column used was an Ascentis
Express C18, 2.7 unt, 3.0 x 50 mm. A linear gradient was applied, starting at 95% A (A: 0.05% TFA in
water) and ending a 100% B (B: 0.05% TFA in MeCN) over 4.6 min with atotal ran time of 5.2 min.
The column temperature was a 45 °C with the flow rate of 1.5 mL/min.

Liquid Chromatography-Mass Spectrometry Method S: The column used was an Kinetex
EVO C18, 2.6 uin, 3.0 x 50 mm. A linear gradient was applied, starting a 90% A (A: 5mM N{HCO 4
in water) and ending a 95% B (MeCN) over 4.7 min with atotal ran time of 5.0 min. The column
temperature was a 40 °C with the flow rate of 1.5mL/min.

Liquid Chromatography-Mass SpectrometryMethod T: Total ion current (TIC) and DAD UV
chromatographic traces together with MS and UV spectra associated with the peaks were taken on
LCMS Agilent Technologies system equipped with DAD detector and coupled to an Agilent single
quadrapole mass spectrometer operating in alternated positive and negative electrospray ionization
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mode. [LC/IMSES (+): analyses performed using an Agilent Technologies 1200 Series, Atlantis dC18
column (50 x 4.6 mm, Sun particle size), column temperature 25°C, mobile phase: A-water + 0.1%
TFA/ B-CH;CN + 0.1% TFA, flow rate 1.5 mL/min, total runtime = 6.0 min, gradient: t= 0 min, 10%
B,t=25mm 95% B,t =45 min 95% B,t = 4.6 mm 10% B, t = 6.0 min 10% B, stop time 6.0 min.
Positive ES 100-900, UV detection DAD 220-400 nm].

Compound Preparation

Where the preparation of starting materials isnot described, these are commercialy available,
known in the literature or readily obtainable by those skilled inthe art using standard procedures. Where
it is stated that compounds were prepared analogously to earlier examples or intermediates, it will be
appreciated by the skilled person that the reaction time, number of equivalents of reagents and
temperature can be modified for each specific reaction and that it may be necessary or desirable to
employ different work-up or purification techniques. Where reactions are carried out using microwave
irradiation, the microwave used isa Biotage Initiator. The actual power supplied varies during the course
of the reaction in order to maintain a constant temperature.

General Procedure A: Amide coupling conditions

N,N-Diisopropylethylamine (158 pk., 1.34 mmol), 1-hydroxybenzotriazole (70 mg, 0.52 mmol)
and EDC-HC1 (99 mg, 0.52 mmol) were added to a stirred solution of carboxylic acid (0.26 mmol) and
(39)-3-phenyl- 1,2-oxazolidine (40 mg, 0.26 mmol) in CH,Cl, (1.5 mL) and the resulting mixture was
stirred at room temperature for 18 h. The reaction mixture was diluted with CH {1, and washed twice
with sat. NaH C{}; solution. The organic portion was dried over Na, S0, filtered and concentrated under
reduced pressure. The crude product was purified by column chromatography to afford the title
compound.

Exemplary compounds of the disclosure and intermediates made in the following examples are
summarized herein, including inhibitor}' activity for receptor interacting protein kinase 1(I1C,
micromolar) for representative compounds together with LCMS method (M), L C retention time (RT) in
minutes and Mass Spec m/z values (molecular weight).

INTERMEDIATE 1

PREPARATION OF TERT-BUTYL N-[(3R)-3-HYDROXY-3-PHENYLPROPOXY]CARBAMATE

NaH (180 mg, 451 mmol) was added to a solution of tert-butyl N-hydroxy carbarn ate (542 mg,
4.30 mmol) in DMF (10 mL) which had been pre-cooled to 0 °C. After 20 min, a solution of (IR)-3-
chloro-I-phenylpropan-1-ol (350 mg, 2.05 mmol) in DMF (3 mL) was added dropwise. The reaction
mixture was stirred at 0 °C for 14 min, warmed up to room temperature, stirred for 72 h and quenched
with sat. NH,Cl solution. The agueous portion was extracted with EtOAc. The organic portion was dried
over Na,S{Jy, filtered and concentrated under reduced pressure. The crude product was purified by
column chromatography (cyclohexane-EtOAc, 100:0 to 50:50) to afford the title compound (450 mg,
82%) as a colorless wax. "H NMR (400 MHz, DMSO~<%,) 6 10.02-9.90 (br s, IH), 7.37-7.28 (m, 4H),
7.26-7.19 (m, 1H), 5.22 (d, ,7=45 Hz, I|H), 4.72-464 (m, IH), 3.82 (dt, J=9.8, 7.0 Hz, {H), 3.69 (dt,
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=91, 6.3 Hz, 1H). 1.87-1 .74 (m, 2H), 1.40 (s, 9H). LC-MS (Method A): m/z = 268 .3 [M+H] *, 0.9 1
min .

INTERMEDIATE 2
PREPARATIONOF 3-PHENYL-1,2-OXAZOLIDINE

Methane sulfonyl chloride (153 pl., 1.98 mmol) was added to a solution of tert-hutyl N-[(3R)-3-
hydroxy-3-pheny] propoxy] carbamate (459 mg, 1.72 mmol) and Et,N (478 plL., 3.44 mmol) in CH,C1,
(40 mL) which had been pre-ecoled to 0 °C. The reaction mixture was stirred at 0 °C for 1.5 h. The
reaction mixture was diluted with CH,C1 and washed with water. The organic portion was dried over
Na,s(4, filtered and concentrated under reduced pressure to afford crude tert-hutyl 3-phenyl-l ,2-
oxazolidine-2-carboxylate, ~ which was directly progressed to the next step. LC-MS (Method A): m/z =
250. 3 [M+Hf, 1942 [M--if-tBu[", 1.03 min.

TFA (5 mL) was added to a solution of the crade tert-butyl = 3-phenyl- |,2-oxazolidine-2-
carboxylate in CH,Cl, (50 mL). The reaction mixture was stirred at room temperature for 30 min and
concentrated under reduced pressure. The residue was dissolved in CH,Cl;and the organic portion was
washed with sat. NaHCOr,, dried over Na,S(34 filtered and concentrated under reduced pressure . The
crade product was purified by reverse phase chromatography (water-CH 5;CN, 100:0 to 50:50) to afford
the title compound (150 mg, 58%) asa colorless oil . '"H NMR (400 MHz, DMSO-i¥s) & 7.42-7. 16 (m,
5H), 6.52-6. 12 (br s, iFl) 4.47-4.23 (brs, 1H), 3.91 (td, J=8.0, 5.3 Hz, 1H), 3.85-3 .66 (br s, 1K), 2.64-
2.53 (m, IH), 2.09 (dddd, /=121, 8.7, 6.7, 5.5 Hz, 1H). LC-MS (Method A): m/z = 150. 1 [M+Hf,
0.40 min.

Examples 1and 2, which were prepared from this intermediate, were formed as-85 :15 mixtures
of enantiomers. It istherefore assumed that this batch of 3-phenyl- 1,2-oxazolidine has -70%
enantiomeric  excess (ee.).

INTERMEDIATE 3
PREPARATION OF (35)-3-PHENYL-1,2-OXAZOLIDINE

TFA (5mL) was added to a solution of tert-hutyl (3S)-3-phenyl-l ,2-oxazolidine-2 -carboxylate in
CH,C1 (50 mL). The reaction mixture was stirred at room temperature for 30 min and concentrated
under reduced pressure. The residue was dissolved in CH,Cl, and the organic portion was washed with
sat. NaHCO ,, dried over Na,s{34, filtered and concentrated under reduced pressure to afford the title
compound (1.76 g, 99%). 'HNMR (400MHz, DMSO-i/ ¢) & 7.41-7.35 (m, 2H), 7.35-7.28 (m, 2H),
7.27-72 1(m, 1H), 6.67-6.33 (br. s, 1H), 440-429 (m, 1H), 3.92 (dt, /=5.?, 8.0 Hz, 1H), 3.84-3 .70 (m,
1H}. 2.59 (did. /=5.4, 8.5, 11.8 Hz, IH), 254-254 (m, IH), 2.10 (dddd, J=5.8, 6.6, 8.8, 12.2 Hz, IH).
LC-MS (Method A): m/z = 150. 1 [M+H]+, 0.41min.

A batch of Example 1 prepared from thisintermediate was formed asa-98:2 mixture of
enantiomers. It istherefore assumed that this batch of (3S)-3-phenyl-I1,2-oxazolidine has 96%

enantiomeric  excess (ee.).

o2d]
(V4]



10

15

23

30

(42
(¥, )

WO 2017/096301 PCT/US2016/064818

INTERMEDIATE 4
PREPARATION OF (E)-N- [(2-CHLORO-6-FLUOROPHENYL)METHYLIDENE] HYDROXYLAMINE
An agueous solution of NaOH (1.13 g, 28.5 mmol) in water (1mL) was added to a stirred
mixture of 2-chloro-6-fluorobenzaldehyde (1.5 g, 9.5 mmol), EtOH (3 mL), ice and water (9 mL) and
hydroxylamine hydrochloride (849 mg, 12.3 mmol). The mixture was stirred a room temperature for 1.5
h and extracted with Et,0 to remove impurities. The aqueous layer was neutralized with 2M ag HCl
solution and extracted three times with Et,0 . The combined organic portions were dried over Na,S(}4,
filtered and concentrated under reduced pressure to afford the crude title compound (1.3 g), which was
directly progressed to the next step. 'H NMR (400 MHz, DM SO~;) & 11.85 (s, IH), 8.23 (s, IH), 7.50-
7.37 (m, 2H), 7.35-7.27 (m, IH). LC-MS (Method A): m/z = 174.1 [M+H] *, 0.83 min.
INTERMEDIATE 5
PREPARATION OF (E)-[(TERT-BUTYLDIMETHYLSILYL)OXY] [(2-CHLORO-6-
FLUOROPHENYL)METHYLIDENE]AMINE
TBScI {520 mg, 3.5 mmol) and imidazole (472 mg, 6.9 mmol) were added to a solution of (E)-
N-[(2-chloro-6-fluorophenyl)methy]idene]hydroxy]amine (400 mg, 2.3 mmol) in DMF (20 mL). The
reaction was stirred a room temperature for 50 h, diluted with EtOAc and washed twice with water. The
orgamc portion was dried over Na,sek4, filtered and concentrated under reduced pressure The crude
product was purified by column chromatography (cyclohexane-EtOAc, 100:0to 95:5) to afford the title
compound (400 mg, 60%) asa colorless oil. LC-MS (Method A): m/z = 288 2 [M+H]+, 1.61 min.
INTERMEDIATE 6
PREPARATION OF 3-(2-CHL ORO-6-FLUOROPHENYL)-1,2-OXAZOLIDINE
Ethylene (purity >99.95% GC, 00489 Sigma-Aldrich) was bubbled for 30 min through a solution
of (E)-[(tert-buMdimethylsilyl)oxy][(2-chloro-6-fluorophenyl)methylidene]aniine (100 mg, 0.35 mmol)
in cH,Cl; (7 mL) which had been pre-cooled to -78 °C. The reaction was warmed to room temperature
and BF;-Et;0 (98 ulL, 0.77 mmol) was added. The solution was stirred at 60 °C for 16 h under an
ethylene atmosphere, cooled to room temperature, diluted with CH,c1, and washed with sat. NaHCO 5
solution. The organic portion was dried over N&,S0 ,, filtered and concentrated under reduced pressure.
The crude reaction mixture (147 mg) wasjoined together with the crude reaction mixture (132 mg) from
a second reaction identical to that described above in all premises but with alonger heating time of 48h.
The resulting mixture was purified by column chromatography (cyclohexane-EtOAc, 100:0 to 70:30) to
afford the title compound (7 mg). 'H NMR (400 MHz, CDCI ;) 8 7.26-7.21 (m, 2H). 7.06-6.99 (m, IH),
4,97 (t, .7=8.5 Hz, IH), 4.25 (dt, 7=5.4, 8 1Hz, IH), 4.08(q, /=80 Hz, IH), 2.67-2.55 (m, 1H), 2 50-
2.38(tn, IH). LC-MS (Method A): m/z = 202.1 [M+H]", 0.69 min.
INTERMEDIATE 7
PREPARATION OF 1-(3-FLUOROPHENYL)PROP-2-EN-1-OL
Vinylmagnesium bromide (1M solution in THF, 12.0 mL, 12.0 mmol) was added dropwise to a
solution of 3-fluorobenzaldehyde (1.0 g, 8.0 mmol) in © F (10 mL), which had been pre-cooled to -78
°C. The reaction was stirred a -78 °C for 2 h and quenched with sat. NH4CI solution. The aqueous

86



L

15

25

30

(U]
4%

WO 2017/096301 PCT/US2016/064818

portion was extracted twice with EtOAc. The combined organic portions were dried over Na,S04, filtered
and concentrated under reduced pressure. The crude product was purified by column chromatography
(cyclohexane-EtOAc,  80:20) b afford the titte compound (800 rng, 66%) asayellow oil. ‘FHH NMR (400
MHz, CDCly) & 7.34 (td, 3 =7.9, 5.8 Hz, iH), 7.18-7.08 (m, 2H), 6.98 (tdd, J=8.4, 2.5, 1.0 Hz, 1H), 6.11-
5.94 (m, 1H), 5.37 (dt, ./=17.3, 1.3 Hz, 1H), 5.27-5. 18 (m, 2H), 1.96 (d, ./=3.% Hz, 1H). LC-MS (Method
A): 1y = 135.0 ihM-H,O+H], 0.8 1 min.
INTERMEDIATE 8
PREPARATION OF 1-(3-FLIOROPHENYL)PROP-2-EN-1-ONE
Dess-Martin  periodinane (3.35 g, 7.9 mmol) was added to a solution of | -(3-fluorophenyl)prop-
2-en-l-ol (800 mg, 5.3 mmol) in CH,C1 (20 ml,). The reaction mixture was stirred at room temperature
for 1.5 h, diluted with CH,C1 and quenched with a 1:1sat. NaH CO; solution / 2M N a;S;0 5 solution (30
mL). The mixture was vigorously stirred at room temperature for 30 min. The layers were separated and
the organic portion was washed with sat. NaHCOs solution, dried over Na,s(34, filtered and concentrated
under reduced pressure to afford crude title compound (779 mg), which was directly progressed to the
next step. TINMR (400 MHz, CDC1:) & 7.75 (dq, ;=7.8, 0.8 Hz, 1H), 7.66 (ddd, ,7=9.3, 2.4, 15 Hz,
1F). 749 (td, =80, 5.5 Hz, 1H), 7.357.28 (m, 1H), 7.14 (dd, J =!7.2, 10.7 Hz, 1H), 6.52- 6.45 (m, 1),
6.00 (dd. ; =IQ.5, 15Hz, 1H). LC-MS (Method A): m/z = 151.0 [M+Hf, 0.92 min.
INTERMEDIATE 9
PREPARATION  OF 3-CHLORO-1-(3-FLUOROPHENYL)PROPAN-1-ONE
Hydrochloric acid (4M solution in dioxane, 30 mL) was added to a solution of I-(3-
fluorophenyl)prop-2-en-I -one (779 mg) in CH,C1, (60 mL), which had been pre-cooled to 0 °C. The
reaction mixture was stirred at 0 °C for 1h and concentrated under reduced pressure to afford the title
compound as a brown oil, which was directly progressed to the next step. ‘“H NMR (400 MHz, CDCI 5 0
7.80-7.74 (m, 1H), 7.67 (dt, =9.3, 2.0 Hz, IH), 7.50 (td, J=8.0, 55 Hz, 1H), 7.32 (td, .7=8.2, 2.5 Hz,
1H), 3.95 (t,.J=6.7 Hz, 2H), 3.47 (t, 6.8 Hz, 2H).
INTERMEDIATE 10
PREPARATION OF 3-CHL ORO-1-(3-FLUOROPHENYL)PROPAN-1-OL
Sodium borohydride (20 1mg, 5.3 mmol) was added to a solution of 3-chloro- [-(3-
fluorophenyl)propan-l ~ -one in MeOH (40 mL). The reaction was stirred at room temperature for 30 min,
concentrated to half of its initial volume under reduced pressure and diluted with EtOAc. The organic
portion was washed with sat. NH4CI solution, dried over Na,S3., filtered and concentrated under reduced
pressure. The crude product was purified by column chromatography (cyclohexane-EtOAc,  100:0 to
30: 70) to afford the title compound (778 mg, 78% over three steps) asan orange oil. 'H NMR (400 MHz,
CDCl ,) 5 7.35 (td, 1=7.9, 5.8 Hz, 1H), 7.20-7.08 (m, 2H), 7.00 (tdd, ;=8.4, 2.6, 0.9 Hz, 1H), 4.99 (d,
/=84, 4.1Hz, 1¥1), 3.77 (ddd, y=11.0, 8.3, 5.3 Hz, il). 3.63-3 .54 (m, IH), 2.28-2. 17 (rn, 1H), 2.02-
2.16 (m, 2H).
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INTERMEDIATE 11
PREPARATION  OF TERT-BUTYL N-[3-(3-FLIOROPHENYL)-3-HYDROXYPROPOXY] CARBAMATE
Sodium hydride (60% dispersion in minera oil, 413 mg, 10.3 mmol) was added in two portions
to a stirred solution of tert-butyl N-hydroxy carbamate (1.10 g, 8.27 mmol) in DMF (18 mL), which had
been pre-coo3ed to 0 °C. The reaction mixture was stirred at 0 °C for 30 min. A solution of 3-chloro-I-(3-
fluorophenyl)propan- i-of (778 mg, 4.14 mmol) in DMF (5 mL) was added dropwise. The reaction was
gradually allowed to reach room temperature, stirred for 16 h and quenched with sat. NH,CI solution.
The aqueous portion was extracted twice with EtOAc. The combined organic portions were dried over
Na;S(,, filtered and concentrated under reduced pressure. The crude product was purified by column
chromatography (cyclohexane-EtOAc, 100:0to 50:50) to afford the title compound (1.10 g, 93%) asa
yellow solid. 'H NMR (400 MHz, D)MS0)-<,) 89.98 (br. s, 1H), 7.36 (td, ,/=7.9, 6.0 Hz, 1H), 7.22--7.12
(m, 2H), 7.09-6.98 (m, 1H), 5.37 (d, ./=4.8 Hz, 1H), 4.73 (dt, ./=8.7. 4.5 Hz, 1H), 3.84 (dt, /=v.8. 6.9 Hz,
1H). 3.68 (ddd, 7=9.9, 6.7, 5.3 Hz, 1H), 191-1.68 (m, | FI). 1.41 (s, 9H). LC-MS (Method A): m/z =
286.1 IM+HJ", 0.97 min.
INTERMEDIATE 12
PREPARATION oF 3-(3-FLUOROPHENYL)-1,2-OXAZOLIDINE
Methane sulfonyl chloride (358 uL, 4.63 mmol) was added to a solution of tert-butyl N-[3-(3-
fluorophenyl)-3-hydroxypropoxy]carbamate  (1.10 g, 3.86 mmol) and Et;N (1.1 mL, 7.71 mmol) in
cHzci2 (40 mL), which had been pre-cooled to 0 °C. The reaction mixture was stirred at 0 °C for 1h,
diluted with CH,Cl, and washed with sat. NaHCi%s solution and sat. NH ,CI solution. The organic portion
was dried over Na,50,, filtered and concentrated under reduced pressure to afford the title compound in
amixture with tert-butyl 3-(3-fluorophenyl)-l,2-oxazolidine-2-carboxylate (1.22 g). This mixture was
dissolved in CH,C1, (40 mL) and treated with trifluoroacetic acid (5 mL). The reaction mixture was
stirred at room temperature for 1h and concentrated under reduced pressure. The crude product was
dissolved in CH,C1, and the organic portion was washed twice with sat. NaHCO 5 solution, dried over
Na; S0 4, filtered and concentrated under reduced pressure. The crude product was purified by reverse
phase chromatography (water-CH CN, 100:0 to 20:80) to afford the title compound (253 mg, 39% over
two steps) asapale yellow wax. TINMR (400 MHz, DMSO d,} & 7.45- 7.29 (ma, 1H), 7.27-7.15 (m,
2H), 7.12-6.97 (m, 1H), 6.59-6.29 (m, 1H), 4.54-4.30 (m, 1H), 3.91 (td, ./=8.0, 5.1Hz, 1H), 3.82-3.57
(m, 1¥), 2.68-2.55 (m, 1H), 2.08 (dddd, /=12 0, 85, 7.0, 5.1 Hz, 1ti). LC-MS (Method A): rn/z = 168.2
[M+Hf, 0.57 min.
INTERMEDIATE 13
PREPARATION  OF 3-CHLORO-1-(2-FLIOROPHENYL)PROPAN-1 -ONE
To asolution of I-bromo-2-fluorobenzene (5.0 g, 28.5 mmol) in dry THF (7.0 mL) was added
dropwise at 0 °C isopropylmagnesium chloride lithium chloride complex (1.3M solution in THF, 24.1
mL, 31.3 mmol). The mixture was stirred at this temperature for 4 h, then diluted with THF (50 mL) and
the resulting solution was added dropwise over 20 min to a solution of 3-chloropropionyl chloride (3.8 g,

30 mmol) indry THF (25 mL) at 0 °C. The mixture was then stirred a 0 °C for 1h 40 min then a sat.
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aqueous NHA4CI solution was added and the mixture was extracted twice with EtOAc. The combined
organic phases were washed with sat. aqueous NatHC(}; solution-water (1:1) and then with brine, dried
over Na,S{y, filtered and concentrated under reduced pressure. The cmde product was purified by
column chromatography (cyclohexane -EtOAc, 100:0 to 80:20) to afford the title compound (313 mg)
contaminated with unknown impurities (estimated purity ~70% by "NMR) asapale ydlow ail. '"H NMR
(400 MHz, DMSO-./)) & 7.93 (dt,J=8.0, 2.0 Hz, 1H), 7.61-7.54 (m, IH), 7.31-7.25 (m, 1H), 7.21-7. 15
(m, 1H), 3.93 (t, /=8.0 Hz, 2H), 3.50 (dt, ,/=8.0. 4.0 Hz, 2H). LC-MS (Method A): iri/z = 187
iM-+HT[", 1.00 min.
INTERMEDIATE 14

PREPARATION OF 3-CHLORO-1-(2-FLUOROPHENYL )PROPAN- 1-OL

Sodium borohydride (20 mg, 0.53 mmol) was added at 0 °C to a solution of 3-chloro-I-(2-
fluorophenyl)propan- I-one (100 mg, 0.53 mmoi) in dry THF (1.5 mL). The mixture was then stirred at
this temperature for 1h 30 min. Sat. aqueous NH C1solution was added and the mixture was stirred at
room temperature for 20 min, then extracted twice with EtOAc. The combined organic phases were dried
over Na,; SOy, filtered and concentrated under reduced pressure to give crude title compound asayellow
oil (72 mg).

In a second experiment, sodium borohydride (39 mg, 1.03 mmoi) was added at 0 °C to a solution
of 3-chloro-1-(2-fluorophenyl)propan-I -one (193 mg, 1.03 mmol) in dry MeOH (3.5 mL). The mixture
was then stirred at this temperature for 30 min . Sat. aqueous NH ,Cl solution was added and the mixture
was dtirred at 0 °C for 20 min, then extracted three times with ethyl acetate. The combined organic
phases were dried over }a; SO 4 filtered and concentrated under reduced pressure to give cmde title
compound as ayellow- oil (188 mg).

The two erodes obtained above were combined and purified by column chromatography
(cyclohexane-EtOAc, 95:5to 60:40) to afford the title compound (154 mg) contaminated with unknown
impurities (estimated purity -70% by 'NM R) asacolorless oil. ‘H NMR (400 MHz, DM SQ-ii 4) d 7.49
(dt, 7=8.0, 2.0 Hz, 1H),7.34-7.27 (m, 1H), 7.22-7. 16 (m, IH), 7.10-7.02 (m, IH), 5.30-5.23 (m, 1H),
3.83-3.75 (i, IH), 3.70-3 .62 (m, IH), 2.33-2. 18 (m, 2H), 2.12 (d,J=4.7 Hz, 1Fl).

INTERMEDIATE {5
PREPARATION OF TERT-BUTYL N-[3-(2-FLUOROPHENYL)-3-HYDROXYPROPOXY]CARBAMATE

NaH (60% dispersion in minera oil, 72 mg, .80 mmol) was added to a solution of tert-butyl N-
hydroxycarbamate (218 mg, 1.63 mmol) in dry DMF (2.6 mL) which had been pre-cooled to O °C. After
20 min, asolution of 3-chloro-I-(2-fluoropheny])propan-I-ol (154 mg, 0.82 mmol) in dry DMF (1.5 mL)
was added dropwise. The reaction was stirred at 0 °C for 45 min, then warmed to room temperature.

After 4 h 30 min the mixture was quenched with sat. aqueous NH,CI solution and extracted three times
with EtOAc. The combined organic phases were dried over Na; SO, filtered and concentrated under
reduced pressure. The cmde product (340 mg) was purified by column. chromatography (cyclohexane-
EtOAc, 93:7t0 40:60) to afford the title compound (185 rng, 2% over 3 steps) asacolorless oil. % NMR
(400 MHz, CDCI ;) § 7.62 (dt, ./=8.0, 1.7 Hz, IH), 7.32 (br. s, 1H), 7.28- 7.21(m, IH), 7.20-7. 15 (m,
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1H), 7.05- 6.99 (m, iH), 5.35-5 .29 {m. Hi), 4.16-4.05 (m, 2H), 2.17-2.09 (m, 1¥D, 2.01-1.91 (m. M),
152 (s, 9H). L.C-M S (Method A): m/z = 286.1[M+H] *, 0.94 min..
INTERMEDIATE 16
PREPARATION OF 3-(2-FLUOROPHENYL)-1,2-OXAZOLIDINE
Trifluoroacetic acid (0.166 mL, 2.17 mmo3) was added a 0 °Cto a solution of tert-butyl 3-(2-
fiuorophenyl)-1,2-oxazolidine-2-carboxylate (58 mg, 0.217 mmol) in dry cH2ci2 (2 mL). The mixture
was then stirred at room temperature for 3 h, then concentrated under reduced pressure. The residue was
dissolved in cH2cl2 and the organic portion was washed twice with sat. agueous NaH CG; solution, dried
over MN¥a S04 filtered and concentrated under reduced pressure to give the title compound as a colorless
oil (31 mg, 85%). This was used in the following experiment without further purif cat on. 'H NMR (400
MHz, CDCl ;) § 7.53 (dt, ,7=8.0, 1.0 Hz, 1H), 7.31-7.23 (rn, 1H), 7.15 (dt, /=K, 10Hz, 1H), 7.06
(ddd, /=10.6. 8.2, 1.0 Hz, 1H), 4.80-4.7 1(m, 1H), 4.15-4.06 (m, iH}, 4.02-3 .92 (m, 1H), 2.78-2.67 (m,
1H), 2.35-2.24 (m, 1H). LC-MS (Method A): m/z = 168.2 j\4+H ", 0.57 min.
INTERMEDIATE 17
PREPARATION OF 3-CHLORO-1-(4-FUJOROPHENYL)PROPAN-1-0L
NaBli ; (200 mg, 5.37 mmol) was added portionwise to a solution of 3-chloro-I-(4-
fluorophenyl)propan- 1-one (1g, 5.37 mmol) in MeOH (10 mL) at O °C. The reaction mixture was
allowed to reach room temperature and stirred at this temperature for 1h. A sat. NH,CI solution was
added and the mixture was stirred a 0 °C for 20 min, then extracted twice with EtOAc. The combined
organic phases were dried over Na,so4, filtered and concentrated under reduced pressure. The cmde
product was purified by column chromatography (cyclohexane -EtOAc, 100:0 to 50: 50) to afford title
compound (830 mg, 82% yield) as colorless ail. 'H NMR (400 MHz, CDCi 2 57.40-7.3 1 (m, 2H), 7.13-
7.01(rn, 2H), 4.97 (dt, .7=8.4, 4.1Hz, 1H), 3.76 {ddd.. /=10.9, 8.3, 5.5 Hz, IHl). 3.57 (dt, /=110, 5.9 Hz,
1H), 2.24 (ddt, 3=14.4, 85,57 Hz, 1H),2 14- 2.02 (m, 2H). LC-MS (Method A): m/z = 171.0 [M-
FLCYT, 0.97 min.
INTERMEDIATE 18
PREPARATION OF TERT-BUTYL N-[3-(4-FLUOROPHENY | )-3-HYDROXYPROPOXY]CARBAMATE
NaH (60% dispersion in mineral oil, 186 mg, 4.66 mmol) was added to a solution of tert-butyl N -
hydroxycarbamate (566 mg, 4.25 mmol) in DMF (5 mL) which had been pre-cooled to 0 °C. After 20
min, a solution of 3-chloro-I-(4-fluorophenyl)propan-I-ol (400 mg, 2.122 mmol) in DMF (2 mL) was
added dropwise. The reaction mixture was stirred a 0 °C for 10 min, warmed to room temperature,
stirred for 5h and quenched with sat. NH,C1 solution. The aqueous portion was extracted with EtOAc.
The organic portion was dried over Na,SO,, filtered and concentrated under reduced pressure. The crude
product was purified by column chromatography (cyclohexane -EtOAc, 100:0 to 50: 50) to afford the title
compound (430 mg, 71% yield) asawhite solid. ' NMR (400 MHz, CDC1;) & 7.44-7.34 (m, 2H), 7.29
(s, 1H), 7.10-6.99 (m, 211, 5.02 (dt, 3=8.4, 3.9 Hz, 1H), 4.19- 3.99 (m, 2). 2.10-1.88 (m, 2H), 1.52 (s,
9H). LC-MS (Method A): m/z = 308.1 [M+Na] *, 1.03 min.
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INTERMEDIATE 19
PREPARATIONOF 3-(4-F L&/OROPHENYL)-1,2-OXAZOLID(NE
TFA (0.66 mL) was added to a solution of tert-butyl 3-(4-fluorophenyl)-l,2-oxazolidine-2-
carboxylate (232 mg, 0.87 mmol) in CH,C1 (7 mL) which had been pre-cooled to 0 °C. The reaction
mixture was tirred at room temperature for 1.5 h and concentrated under reduced pressure. The residue
was dissolved in CH,C1,and the organic portion was washed with sat. NaHCO , dried over Na,s(4,
filtered and concentrated under reduced pressure. Tlie crude product was purified by reverse phase
chromatography  (water-CH 5;CN, 100:0 to 50:50) to afford the title compound (90 mg, 62% yield) asa
colorless oil. "H N.MR (400 MHz, O X1-) 8 7.45-7.33 (m, 1 ). 7.15-6.96 (m, 2H), 4.58-4.42 (m, 1H),
4.18- 3.94 (m, 2H), 2.80-256 (m, 1H), 2.40-216 (m, IH).LC-MS (Method A): m/z = 168.2
[M +}]*, 0.57 min.
INTERMEDIATE 20
PREPARATION OF 1-(6-FLUOROPY RIMN-3-YL)PROP-2-EN-1-OL
Vinylmagnesum bromide (1M solution in THF, 24.8 mL, 24.8 mmol) was added dropwise to a
solution of 6-fluoropyridine-3-carbaldehyde (1.00 g, 8.00 mmoal) in THF (10 mL) which had been pre-
cooled b O °C. Tlie reaction was stirred at 0 °C for 2 h and quenched with sai. NH4C1 solution. The
agueous portion was extracted twice with EtOAc. The combined organic portions were dried over
Na,S{>4, filtered and concentrated under reduced pressure to afford the crude title compound (1.09 @),
which was directly progressed to the next step. 'H NMR (400 MHz, CDC1,) & 8.23 (d, 2.3 Hz, IH),
7.84 (td, ./=82. 25 Hz, 1H), 6.95 (dd, /=8.4, 29 Hz, 1H). 6.11-597 (m, 1H), 547-537 (m, 1H), 5.34-
526 (m, 2H), 2.08 (br s, 1H).LC-MS (Method A): m/z = 154.0 [M+H]I", 0.57 min.
INTERMEDIATE 21
PREPARATION OF 1-(6-FLYOROPYRIDIN-3-YL)PROP-2-EN-1-ONE
Dess-Martin  periodinane (3.35 g, 7.90 mmol) was added to a solution of I-(6-fluoropyridin-3-
yhprop-2~en-I-oi  (1.09 g) in CH;,Ci; (70 mL). The reaction was stirred at room temperature for 16 h,
and quenched with a 1:1 mixture of sat. NaHCO 5 so3ution/2M Na;S;0 5 solution. After being stirred
vigorously for 30 min, the layers were separated. The organic portion was washed with sat. NaHCO ;
solution, dried over Na,S0 4, filtered and concentrated under reduced pressure to afford the crude title
compound, which was directly progressed to the next step. LC-MS (Method A): m/z = 152.0 [M+H] +,
0.67 min.
INTERMEDIATE 22
PREPARATION OF 3-CHLORO-1-(6-FHJOROPYR(DIN-3-YL)PROPAN-1-ONE
A solution of hydrochloric acid (4M in dioxane, 30 mL) was added to a solution of I-(6-
fluoropyridin-3-yl)prop-2-en-l-one in CH,C1, (60 mL) which had been pre-cooled to 0 °C. The reaction
was stirred at 0 “C for 40 min and concentrated under reduced pressure to give the crude title compound,

which was directly progressed to the next step. LC-MS (Method A): m/z = 188.0 [M+H] +, 0,80 min.

91



10

15

23

30

(U]
4%

WO 2017/096301 PCT/US2016/064818

INTERMEDIATE 23
PREPARATION OF 3-CHLORO-1-(6-FLIOROPYRIDIN-3-YL)PROPAN-1-OL

Sodium borohydride (273 rng, 7.18 mrnol) was added to a solution of 3-chloro-1 -(6-
fluoropyridin -3-yl)propan-l-one in MeOH (50 mL) which had been pre-cooled to O °C. The reaction was
stirred a 0 °C for 20 min. Volatiles were removed under reduced pressure. The crude product was
purified by column chromatography (cyclohexane-EtOAc, 100:0 to 20:80) to give the title compound
(590 mg, 26% over four steps) asapale yellow oil. 'H NMR (400 MHz, CDC1,) 4 8.24 (d, J=2.5 Hz,
1H), 7.85 (id. /=& .0, 2.4 Hz, 1H), 6.97 (dd, ./=8.4. 2.9 Hz, 1H), 5.08 (dt, ./=8.8, 4.1 Hz, 1H), 3.84-3.77
(m, 1H), 3.61(dt, /=11.I,5.6 Hz, IH), 2.31-2.21 (m, {H), 2.6 (d, /=3.8Hz, {H), 2.14-2.03 (m, iH).
LC-MS (Method A): m/z = 190.0 [M+Hf, 0.74 min,

INTERMEDIATE 24
PREPARATION OF TERT-BVYYL N-[3-(6-FLLOROPYRTDIN-3-YL)-3-
HYDROXYPROPOXY] CARBAMATE

Sodium hydride (60% dispersion in mineral oil, 237 mg, 5.93 mmol) was added to a stirred
solution of tert-buty] N-hydroxycarbamate (391 mg, 2.96 mmol) in DMF (8 mL) which had been pre-
cooled to 0 °C. The reaction mixture was stirred a 0 °C for 10 min. A solution of 3-chloro-l -(6-
fluoropyridin -3-yl)propan-1-ol (590 mg, 3.12 mmol) in DMF (5 mL) was then added dropwise. The
reaction mixture was gradually allowed to reach room temperature, stirred for 5h and quenched with sat.
NH ,C1solution. The aqueous portion was extracted twice with EtOAc. The combined organic portions
were dried over Na, S(3,, filtered and concentrated under reduced pressure. The crude product was
purified by column chromatography (cyciohexane -EtOAc, 100:0 to 20:80) to afford the title compound
(366 mg, 41%) asayellow oil. LC-MS (Method A): m/z = 287.2 [M+H]*, 0.78 min.

INTERMEDIATE 25
PREPARATION OF FERT-BUTYL 3-(6-FLUOROPYRIDIN-3-YL )-1,2-OXAZOLIDINE-2-CARBOXYLATE

Methane sulfony 1chloride (148 uL, 1.90 mmol) was added to a solution of N-[3-(6 -fluoropyridin-
3-yl)-3-hydroxypropoxy |carbamate (366 mg, 1.28 mmol) and Et;N (355 ¢l , 2.55 mmol) in CH,C1, (7
mL) which had been pre-cooled to 0 °C. The reaction mixture was gradually allowed to reach room
temperature and stirred for 1h. The reaction mixture was diluted with CH,Cl, and washed with sat.
NH ,Cl solution. The organic portion was dried over Na,S(,, filtered and concentrated under reduced
pressure. Tire crude product was purified by column chromatography (cyclohexane-EtOAc, 100:0to
20:80) to afford the title compound (161 mg, 47%) as amixture of enantiomers asa pale yellow oil. 'H
NMR (400 MHz, CDC!,)) & 8.24-8.18 (m, iH), 7.84 (td, ./=8.0, 2.5 Hz, 1H), 6.94 (dd, /=81, 2.9 Hz, i{H),
5.26 (dd, J=8.8, 5.8 Hz, 1H), 4.27-4.20 (m, {H), 3.98-3.88 (m, 1H), 2.91- 277 (m, 1H), 2.34-224 (m,
1H), 150 (s, 9H). LC-MS (Method A): m/z = 269.2 {M+H]", 0.90 min.

INTERMEDIATE 26
PREPARATION OF (2E)-3-(6-FLUOROPYRIDIN-3-YL)PROP-2-ENAL

6-Fluoropyridine -3-carbaldehyde (2.0 g, 16.0 mmol) was added to a solution of

(triphenylphosphoranylidene)acetaldehyde  (6.32 g, 20.8 mmol) in cHici2 (100 mL) and the resulting
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mixture was stirred a room temperature for 18 h. The reaction was diluted with CH;Cl; and the organic
portion was washed with water, dried over Na; SO, filtered and concentrated under reduced pressure.
The crude product was purified by column chromatography (cyclohexane-EtOAc, 100:0 to 30:70) to
afford the title compound (1.17 g, 48%) asapale yellow solid. ‘H NMR (400 MHz, CDCi 5 09.76 (d,
7=7.3 Hz, 1H), 8.44 (d, .7=25 Hz, 1H), 8.09-7.98 (m, 1H), 7.50 (d, ./=16.1Hz, 1H), 7.06 (dd, J=8.5, 3.0
Hz, 1H), 6.74 (dd, ./=16.2, 7.4 Hz, 1H).LC-MS (Method A): m/z = 152.0 [M+H] ", 0.61 min.
INTERMEDIATE 27
PREPARATION OF FERT-BUTYL N-[(1S)-1-(6-FLUOROPYRIDIN-3-YL)-3-HYDROXYPROPYL]-]N-
HYDROXYCARBAMATE
(2E)-3-(6-Fluoropyridin-3-yl)prop-2-enal  (1.17 g, 7.75 mmol) and tert-butyl N -
hydroxycarbamate (1.23 g, 9.30 mmol) were sequentialy added to a solution of (S)-(-)-a,a-diphenyl-2-
pyrrolidinemethanol tnmethyisilyl etlier (504 mg, 1.55 mmol) in CH,C1, (30 mL). The resulting mixture
was dtirred a room temperature for 5 h, diluted with MeOH (30 mL) and cooled to 0 °C. Sodium
borohydride (442 mg, 11.6 mmol) was added inthree portions and the resulting mixture was stirred a O
°C for 45 min before being quenched with sat. NH ,CI solution. The layers were separated and the
aqueous portion was extracted twice with (CH,(%. The combined organic portions were dried over
Na, SOy, filtered and concentrated under reduced pressure. | he crude product was purified by column
chromatography (cyclohexane-EtOAc, 100:0to 30:70) to give the desired compound (745 mg, 34%) asa
colorless wax. 'H NMR (400 MHz, CDC1,) & 8.25 (d,J=2.5 Hz, 1H), 7.95 (td, .7=8.0, 2.5 Hz, 1H), 6.94
(dd, /=8.4, 2.9 Hz, IH), 5.30 (dd, J=10.9, 5.1 Hz, IH), 3.92-3.77 (m, 2H), 2.44 (dddd, ./=14.5, 10.9, 7.2,
3.5 Hz, IH), 2.12-1.95 (m, IH), 1.49 (s, 9H). LC-MS (Method A): m/z = 287.2 {M-+H ", 0.69 min.
INTERMEDIATE 28
PREPARATION OF TERT-SVTYL (39)-3-(6-FL UOROPYRIDIN-3-YL)-1,2-
OXAZOLIDINE-2-CARBOXYLATE
Diisopropyl azodicarboxylate (511 pi,, 2.60 mmol) was added dropwise to a solution of tert-
butyl N-[(1S)-I-(6-fluoropyridin-3-yl)-3-hydrox}  rpropyl ]-N-hydroxycarbamate (745 mg, 2.60 mmol)
and triphenylphosphine (817 mg, 3.12mmoal) in THF (30 mL), which had been pre-cooled to 0 °C. The
reaction mixture was stirred a 0 °C for 5 min, diluted with EtOAc and washed with brine. The organic
portion was dried over Na,5(,, filtered and concentrated under reduced pressure. The crude product
was purified by reverse phase chromatography (water-CH ;CN, 100:0to 0:100) to give the title
compound (560 mg, 80%) asa colorless oil. ‘H NMR (400 MHz, CDC1y 6 8.21 (d, /=23 Hz, 1H), 7.84
(td, 7=8.1, 2.6 Hz, I1H), 6.94 (dd, }=8.4, 2.9 Hz, {H), 5.26 (dd, 7=8.7, 5.6 Hz, IH), 4.23 (td, J=8.0, 3.4
Hz, IH), 3.92 (td, /=87, 7.2 Hz, |H), 2.84 (dddd, J=12.3, 8.8, 7.0, 3.5 Hz, IH), 2.29 (dddd, .7=12.3, 9.0,
7.8, 5.5 Hz, IH), 1.50 (s, 9H). LC-MS (Method A): rn/z = 269.2 [M+H| *, 0.90 mim. e.e=90.6% as
determined on a Chiraipak AD-H (25 x 0.46 cm), 5 uni column using a mobile phase of n-
hexane/EtOH 50/50% v/v.
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INTERMEDIATE 29
PREPARATION OF 2-FLI1ORO-5-[(39)-1,2-OXAZOLIDIN-3-YL]PYRIDINE
Trifluoroacetic acid (1rriL) was added to a solution of /erf-butyl (3S)-3-(6-fluoropyridin-3-yl)-
|,2-oxazolidine-2-carboxylate (560 mg, 2.09 mmol) in CH,Cl, (5 mL) which had been pre-cooied to 0
°C. The reaction mixture was stirred a 0 “C for 20 min, warmed to room temperature and stirred for a
further 3h. Volatiles were removed under reduced pressure. The residue was partitioned between (34 (3
and 14 NaOH solution. The layers were separated and the aqueous portion was extracted twice with
CH,Cl;. The combined organic portions were dried over Na, SO ,, filtered and concentrated under reduced
pressure to afford the title compound (320 mg) as a colorless oil which was directly used in the synthesis
of Compound 61 (Example 31B). 'H NMR (400 MHz, CDCI ,) & 8.23 (d, /=\.5 Hz, 1H), 7.89 (td, ,7=8.0,
25 Hz, 1H), 6.94 (dd, ./=8.4, 29 Hz, i¥l). 5.77-5.15 (m, 1H), 4.74-4.47 (m, 1H), 4.20-4.11 (m, i¥l).
4.06-3.82 (m, 1H), 2.81-2.70 (m, 1H), 2.39-2.21 (m, iH}.LC-MS (Method A): m/z = 169.0 j\l +H]".
0.39 min.
INTERMEDIATE 30
PREPARATION OF (2E)-3-(5-CHLOROPYRIDIN-2-YL)PROP-2-ENAL
5-Chloropyridine-2-carbaldehyde (2.0 g, 14.2 rnmol) was added to a solution of 2-
(triphenyiphosphoranyiidene)acetaldenyde (5.6 g, 18.4 mmol) in CH,Cl, (100 mL). The reaction was
stirred a room temperature for 18 h, diluted with CH,C 1, and washed with water. The organic portion
was dried over Na; S}y, filtered and concentrated under reduced pressure. The crude product was purified
by column chromatography (cyclohexane-EtOAc, 100:0to 30:70) to afford the title compound (1.25 g,
53%) as alight brown solid. '"H NMR (400 MHz, CDCI 9 09.82 (d, F7.5 Hz, 1H), 8.67 (d, .7=2.5 Hz,
1H), 7.76 (dd, /=8.4. 2.4 Hz, 1H), 7.53-7.47 (m, 2H), 7.09 (dd, /=15.8. 7.8 Hz, 1H). LC-MS (Method
A): m/z = 168.0 {M+H[, 0.77 min.
INTERMEDIATE 31
PREPARATION OF TERT-BUTYL N-[(19)-1-(5-CHLOROPY R1DIN-2-YL)-3-0X0OPROPYL]-N-
HYDROXYCARBAMATE
(2E)~3-(5-cliloropyndin-2-yl)prop~2-enal (1.25 g, 7.48 mmol) and test-butyl N-
hydroxycarbamate (1.19 g, 8.98 mmol) were sequentially added to a solution of (S)-(-)-a,a-diphenyl-2-
pyrrolidinemethanol trimethylsilyl ether (608 mg, 1.87 mmol) in CH;Cl, (30 mL). The resulting solution
was stirred a room temperature for 24 h, diluted with CH ,Cl, and washed with sat. NH ,C1 solution and
brine. The organic portion was dried over Na,s{4, filtered and concentrated under reduced pressure. The
crude product was purified by column chromatography (cyclohexane-EtOAc, 100:0to 30:70) to afford an
impure fraction of the title compound (1.10 g), which was progressed to the next step without any further
purification. LC-MS (Method A): m/z = 301.1 |[M+Fi|". 0.88 min.
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INTERMEDIATE 32
PREPARATION OF TERT-BUTYL N-[( S)-| -(5>CHLOROPYRIDIN-2-YL)-3-HYDROXYPROPYL]-N-
HYDROXYCARBAMATE
Sodium borohydride (39 mg, 3.67 mmol) was added in three portions to a solution of tert-butyl
N-[(I S)-I -(5-chloropyridin -2-yl)-3 -oxopropyl]-N-hydroxycarbamate (1.10 g) in MeOH (35 niL). which
had been pre-cooled to 0 °C. The reaction was stirred at 0 °C for 45 min and quenched with sat. NH ,CI
solution. The agueous portion was extracted twice with {34 (% . The combined organic portions were
dried over Na, S(3,, filtered and concentrated under reduced pressure. The crude product was purified by
column chromatography (cyclohexane -EtOAc, 100:0 to 30:70) to afford the title compound (850 mg,
38% over two steps) asayellow wax. 'H NMR (400 MHz, CDC1;) & 8.47 (d, J=2.0 Hz, 1H), 8.08-7.94
(m, 1H), 7.7 1 (dd, J=8.3, 2.5 Hz, 1H), 7.34-7.28 (m, 1H), 5.47 (dd, J=10.8, 4.3 Hz, 1H), 3.86-3.78 (m,
2H), 2.41-2.29 (m, 2H), 2.17-2.07 (m, 1H), 1.49 (s, 9H). LC-MS (Method A): m/z = 303.2 [M+H]*, 0.80
min.
INTERMEDIATE 33
PREPARATION OF TERT-BUTYL (39)-3-(5-CHLOROPYRTOIN-2-YL)-,2-OXAZOLIDINE-2-CARBOXYLATE
DIAD (556 pL, 2.83 mmol) was added dropwise to a solution of tert-butyl N-[(I S)-I-(5
chloropyridin -2-yl)-3 -hydrox\propyl]-N-hydroxycarbaniate (850 mg, 2.83 mmol) and
triphenylphosphine (890 mg, 3.40 mmol) in THF (30 mL), which had been pre-cooled to O °C. The
reaction was stirred a 0 °C for 5 min, diluted with EtOAc and washed with brine. The organic portion
was dried over Na,S0 4, filtered and concentrated under reduced pressure. The crude product was purified
by column chromatography (cyclohexane-EtOAc, 100:0to 50:50) to afford the title compound (700 mg,
87%) asa5.5:94.5 mixture of enantiomers. This mixture was resolved by chiral HPLC on a Chiralpak
AD-H (25 x 2.0 cm), 5 um column using a mobile phase of n-hexane/ethanol 50/50% v/v and aflow rate
of 18 mL/min to afford the title compound (599 mg, 74%) asapale yellow wax. 'H NMR (400 MHz,
CD(Cl;) 3 852 (dd, 2.5, 0.5 Hz, 1H), 7.66 (dd, J=8.5, 2.5 Hz, 1H), 7.49 (d, J=8.5 Hz, 1H), 5.34 (dd,
J=8.9, 4.9 Hz, IH), 4.19-4. 11 (m, 1H), 3.93 (q, .7=8.3 Hz, 1H), 2.85 2.74 (m, 1H), 2.57 (dtd, .7=12.7, 8.0,
4.9Hz, 1¥l), 150 (s, 9H). LC-MS (Method A): m/z =285.1 [ \l--Hi", 1.01min. ee= 100% as determined
on a Chiralpak AD-H (25 x 0.46 cm), 5 um column using amobile phase of n-hexane/ethanol 50/50%
v/v, flow rate = 1.0 mL/min, retention time: 12.2 nun.
INTERMEDIATE 34
PREPARATION OF 5-CHL ORO-2-[(3S)-1,2-OXAZOLIDIN-3-YL]PYRIDINE
TFA (1mL) was added to a solution of tert-butyl (3S)-3-(5 -chloropyridin -2-yl)-I ,2-oxazolidine-
2-carboxylate (599 mg, 2.10 mmol) in CH,Cl; (5 mL). The reaction was stirred & room temperature for
3nh. Volatiles were removed under reduced pressure. The crude residue was dissolved in CH,CI, and the
organic portion was washed with M NaOH solution and water, dried over 8N4 50 4, filtered and
concentrated under reduced pressure to afford the title compound (348 mg) as apae yellow wax. 'H

NMR (400 MHz, CDC1;) & 851 (d, /=2.3Hz, 1H}. 7.65 (dd, J=8.3, 2.5 Hz, 1H), 7.58-7.32 (in. 1H).
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6.08-5.36 (m, 1H), 4.72-4.41 (m, iHl). 4.21-3.82 (m, 2H), 2.80- 2.56 (m, 1H), 2.53-2.33 (m, IH). LC-
M S (Method A): m/z = 185.0 [M+H]", 0.52 min.
INTERMEDIATE 35
PREPARATION OF 3,3-DIFLUORO-2-METHYLPROP-2-ENOIC ACID
Sodium borohydride (250 mg, 6.57 mmol) was added to a solution of 2- (trifluoromethyl)prop-2-
enoic acid (460 mg, 3.28 mmol) in THF (10 mL) which had been pre-cooled to 0 °C. The reaction
mixture was stirred at 0 °C for 30 min and quenched with 1M HC1 solution. The organic solvent was
evaporated under reduced pressure and the agueous portion was extracted twice with EtOAc. The
combined organic portions were dried over Na,S0 ,, filtered and concentrated under reduced pressure to
afford a 3:2 mixture of 3,3,3-trifluoro-2-methylpropanocic acid and the title 3,3-difluoro-2-methylprop-2-
enoic acid (270 mg). This mixture was progressed to the next step without further purification. Analytical
data for 3,3-difluoro-2-methylprop-2-enoic acid: LC-MS (Method A): m/z = 120.9 [M-H]", 0.57 min.
INTERMEDIATE 36
PREPARATION OF 3,3-DIFLUORO-2-METHYLPROPANOIC ACID
Pd/C (10% wt Degussa type) was added to a solution of the mixture containing 3,3-difluoro-2-
methylprop-2-encic acid (270 rng) in MeOH (7 mL) and the resulting mixture was stirred under an
atmosphere of H- for 20 h. The mixture was filtered from the catalyst and the filtrate was concentrated
under reduced pressure to afford a 2:1 mixture of 3,3,3-trifluoro-2-methylpropanoic acid and the title 3,3
difluoro-2-methylpropanoic acid (160 mg). This mixture was progressed to the next step without further
purification. Analytical data for 3,3-difluoro-2-methylpropanoic acid: LC-MS (Method A): m/z = 122.9
[M-H]", 0.53 min.
INTERMEDIATE 37
PREPARATION OF 3-CYANO-2,2-DIMETHYLPROPANOIC ACID
To astirred solution of methyl 3-cyano-2,2-dimethylpropanoate (100 mg, 0.7 mmol) in a mixture
of THF/MeOH/H ;0 (2:1:1, 4 mL), LiOH (34 mg, 1.4 mmol) was added and the mixture was stirred a
room temperature for 1.5 h.The mixture was concentrated under reduced pressure. The residue was
diluted with water and extracted with EtOAc. The organic portion was acidified to pH ~ 5 with IN HC1
solution and then extracted twice with EtOAc. The combined organic phases were dried over Na, S0 4
and evaporated under reduced pressure to afford the title compound (68 mg, 76%) as a white solid.'H
NMR (400 MHz, CDCi;) 8 2.65 (s, 2H), 1.44 (s, 6H). LC-MS (Method A): m/z = 127.9 [M+H]*, 0.50
min.
INTERMEDIATE 38
PREPARATION OF TERT-BUTYL N-[(1 S)-1-(4-FLUOROPHENYL)-3-HYDROXYPROPYL]-N-
HYDROXYCARBAMATE
To asolution of (9-(-)-a,a-diphenyl-2-pyrrolidinemethanol trimethylsilyl ether (1.3 g, 4 mmol)
in CH,Cl, (45 mL) was added 4-fluorocinnamaldehyde (3.0 g, 20 mmol) and tert-butyl N-
hydroxycarbamate (3.19 g, 24 mmol) and the mixture was stirred at room temperature for 20 h. The

reaction mixture was diluted with MeOH (45 mL) and cooled to 0°C, then NaBH , (1.56 g, 40 mmol) was
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added portionwise. The reaction mixture was stirred for 30 min a room temperature, then cooled again to
0°C and quenched with IN HCI solution. The reaction mixture was extracted twice with CH,Cl2and the
organic phase was dried over Na, S0, and concentrated under reduced pressure. The crude product was
purified by column chromatography (cyclohexane-EtOAc, 100:0 to 70:30) to afford the title compound
(1.7 g, 30%) asawhite solid. 'H NMR (400 MHz, CDCl;) 6 743-7.36 (m, 2H), 7.06-6.98 (m, 2H), 521
(dd, J=i0.3, 5.2 Hz, IH), 3.88-3 .73 (M, 2H), 2.46- 2 39 (m, 1H), 2.08- 1.99 (m, 1H), 1.45 (s, 9H).
INTERMEDIATE 39
PREPARATION OF TERT-BUTYL 3-(4-FLUOROPHENYL)-1,2-OXAZOLIDINE-2-CARBOXYLATE
To asolution of tert-butyl N-[(I S)-I-(4-fluorophenyl)-3-hydroxypropyl]-N-hydroxycarbaitiate
(1.7 g, 6 mmo}) and triphenylphosphine (1.88 g, 7.2 mmol) in anhydrous THF (20 ml.) at 0°C, DIAD
(1.27 mL, 6 mmol) was added dropwise. The mixture was stirred for 15 min then concentrated under
reduced pressure and the crude product was purified by column chromatography (cyclohexane-EtOAcC,
100:0 to 70:30) to afford the title compound (14 g) asa 18.3:81.7 mixture of enantiomers as a white
solid. This mixture of enantiomers was resolved by chiral HPLC on a Chiralcel OJH (25 x 3.0 cm), 5 um
column using a mobile phase of n-hexane/'ethanol 70/3(} % v/v and aflow rate of {8 mL/min to afford the
title compound (940 rng, 58%) asawhite solid. ‘HI NMR (400 MHz, CDCly 8 7.39-7.29 (m, 2H), 7.10-
6.98 (m, 2H), 5.19 (dd, /=8.7, 5.5 Hz, 1H), 4.24-4. 14 (m, 1H), 3.90 (ddd, ./=8.9, 8.1, 7.0 Hz, IH), 2.78
(dddd, 7=12.3,87,7.0,3.7 Hz, IH), 2.28 (dddd, /=12.2, 9.0, 7.7, 5.6 Hz, IH), .47 (s, 9H). Chiralcd ().)-
H (25 x 0.46 cm), 5 wn column using a mobile phase of n-hexane/'ethanol 70/30 % v/v,ffow rate: 1
mL/min, retention time: 7.3 min.
INTERMEDIATE 40
PREPARATION OF (3S)-3-(4-FLUOROPHENYL)-1,2-OXAZOLIDINE
Trifluoroacetic acid (2.5mL) was added at 0 °C to a solution of tert-butyl 3-(4-fluorophenyl)-
|,2-oxazolidine-2-carboxylate (900 mg, 3.37 mmol ) in CH,Cl, (15 mL). The mixture was stirred a room
temperature for 4h, then concentrated under reduced pressure. The residue was dissolved in CH,Cl, and
the organic portion was washed twice with sat. NaHC(>3 solution, dried over Na, SO ,, filtered and
concentrated under reduced pressure to afford the title compound (380 mg, 67%) as a colorless oil . 'H
NMR (400 MHz, CDCl ) & 7.43-7.3 1 (m, 2H), 7.12-6.98 (rn, 2H), 4.49 (dd, /=8.1, 6.1Hz, IH), 4.14-
3.94 (m, 2H), 2.68 (dtd, /=12.2, 8.3, 5.6 Hz, 1H), 2.27 (dddd, /=12.5, 8.7, 6.8, 6.1Hz, 1H).
INTERMEDIATE 41
PREPARATION OF 4-[(1E)-3-OXOPROP-1-EN-1-YL]BENZONITRTLE
4-Cyanobenzaldehyde (20 g, 152 mmol) was added to a solution of (triphenylphosphoranylidene)
acetaldehyde (60.3 g, 198 mrnol) in CH,C1, (500 mL). The reaction was stirred at room temperature for
20 hours. The reaction was concentrated under reduced pressure. The crude product was triturated with
Et,0 and the solid was filtered off washing several times with ¥t,(3. The f Itrate and washings were
evaporated under reduced pressure and the resulting crude product was purified by column
chromatography (cyclohexane-EtOAc, 100:0 to 80:20) to afford the title compond (9.97 g, 41%) asa
light yellow solid. 'H NMR (400 MHz, CDC1;) 5 9.78 (d, ./=7.4 Hz, IH), 7.78-7.72 (m, 2H), 7.71-7.65
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(m, 2H), 7.48 (d, .7=16.1 Hz, 1H), 6.79 (dd, /=16.1, 7.2 Hz, iH). LC-MS (Method A): m/z = 158.0
[M+H] *, 0.76 min.
INTERMEDIATE 42
PREPARATION OF TERT-BUTYL N-[1-(4-CYANOPHENYL)-3-HYDROXYPROPYL]-N-
HYDROXYCARBAMATE
To asolution of catalyst (5)-(- )-a,a-diphenyl-2-pyrrolidinemethanol trimethylsilyl ether (3.9 g,
12 mmol) in CH,{l, (400 mL) was added 4-[(IE)-3-oxoprop-l-en-I-yl]benzonitrile  (9.97 g, 60 mmol)
and tert-butyl N-hydroxycarbamate (9.57 g, 72 mmol) and mixture was stirred at room temperature for 24
h. The reaction mixture was concentrated under reduced pressure, then diluted with MeOH (300 mL) and
cooled to 0°C. NaBH , (4.7 g, 120 mmol) was added portionwise, then the mixture was stirred for 30 min
a 0°C and a room temperature for 2h. The mixture was cooled to 0°C and quenched with IN HCI
solution. The mixture was extracted twice with CH,C1, and the combined organic phases were dried over
Na, S0 , and evaporated under reduced pressure. The crude product was purified by column
chromatography (cyclohexane-EtOAc, 100: to 30:70) to afford the title compound (6.97 g, 39%) asa
yellow oil. H NMR (400 MHz, CDC1,) & 7.66-7.60 (m, 2H), 7.56- 7.51(m, 2H), 5.26 (dd, 7=10.9,4.9
Hz, 1H), 3.92- 3.74 (m, 2H), 2.40 (dddd, ./ = 14.6, 11.0, 7.5, 3.6 Hz, 1H), 2.08-1.98 (m, iH), 1.43 (s,
9H).
INTERMEDIATE 43
PREPARATION OF TERT-BUTYL (39)-3-(4-C YANOPHENYL)-1,2-OXAZOLIDINE-2-CARBOXYLATE
To asolution of tert-butyl N-[I-(4-cyanophenyl)-3-hydroxypropyl]-N-hydrox} ‘carbamate
(6.9 g, 23.8 mmol) and triphenylphosphine (7.48 g, 28.56 mmol) in anhydrous THF (150 mL) at 0°C,
DIAD (4.67 mL, 23.8 mmol) was added dropwise. The mixture was stirred for 1.5 h alowing the
temperature to gradually reach room temperature. The mixture was concentrated under reduced pressure,
and the crude product was dissolved in the minimum quantity of {32 {34 . Cyclohexane was added until a
white solid, that resulted to be triphenylphosphine oxide, precipitated. The solid was filtered off and the
filtrate was concentrated under reduced pressure. The crude product was purified by column
chromatography (cyclohexane -EtOAc, 100:0 to 50:50) to afford the title compound as a 6:94 mixture of
enantiomers (5.2 g, 79%). 1.7 g of this mixture of enantiomers was resolved by chira HPLC on a
Chiralpak AD-H (25 x 2.0 cm), 5 pm column using a mobile phase of n-hexane/(ethanol + 0.1 %
isopropylamine) 50/50 v/v and aflow rate of 18 mL/min to afford the title compound (1.43 g) asa
colorless oil.'H NMR (400 MHz, CDC1;) & 7.68-7.62 (m, 2H), 7.52-7 .47 (m, 2H), 5.27 (dd, ./=8.8, 5.7
Hz, 1H), 4.24-4.16 (m, 1H), 3.95-3.86 (m, 1H), 2.85 (dddd, =123, 8.8, 6.9, 3.4 Hz, 1H), 2,26 (dddd,
J=12.2,9.1, 7.7, 5.6 Hz, 1H), 1.48 (s, 9H).
INTERMEDIATE 44
PREPARATION OF 4-(I ,2-OXAZOLIDIN-3-YL)BENZONITRJILE
Trifluoroacetic acid (9.77 mL) was added a 0 °C to a solution of tert-butyl 3-(4-cyanophenyl)-
|,2-oxazolidine-2-carboxylate  (6:94 mixture of enantiomers, 3.5 g, 12.77 mmol) in CH,C1, (50 mL). The

mixture was stirred a room temperature for 2h. The mixture was then concentrated under reduced
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pressure. The residue was dissolved in CH,ci,and washed twice with sat. NaHCG; solution, dried over
Na2s0 4, filtered and concentrated under reduced pressure. The crude product was purified by column
chromatography (cyclohexane-EtOAc, 100:0 to 30:70) to afford the title compound (1.45 g, 65%) asa
colorless oil. ¥ NMR (400 MHz, CDC1;) & 7.68-7.60 (m, 2H), 7.57-7.49 (m, 2H), 5.47 (br.s, 1H), 4.61
(br.s, 1H), 4.13 (td, 7=8.2, 5.0 Hz, 1H), 3.89 (br.s, 1H), 2.76 (dtd, /=111.8.5, 5.0 Hz, 1H), 2.27 (dddd,
J=12.3, 85, 7.3, 4.9 Hz, 1H). LC-MS (Method A): tn/z = 175.1 [M+H]*, 0.54 min.
INTERMEDIATE 45
PREPARATION OF METHYL 3-BROMO-2,2-DIMETHYLPROPANOATE
To asolution of 3-bromo-2,2-dimethylpropanocic  acid (900 mg, 5 mmol) in toluene/methanol
(4:1, 20 mL) a 0°C was added (trimethylsilyl)diazomethane (2 M in hexane, 5mL, 10 mmol) slowly
under anitrogen atmosphere. The reaction mixture was allowed to warm to room temperature and stirred
overnight. The reaction mixture was diluted with water and extracted with EtOAc. The organic phase was
dried over Na,S0 ; and evaporated under reduced pressure to afford the title compound (450 mg, 46%) as
acolorless oil. '"H NMR (400 MHz, (DC!-) 83.73 (s, 3H), 351 (s, 2H), 1.33 (s, 6H).
INTERMEDIATE 46
PREPARATION OF 2,2-DIMETHYL-3-(1 H-PYRAZOL-1-YL)PROPANOIC ACID
A suspension of methyl 3-bromo-2,2-dimethylpropanoate (195 mg, 1mmol), pyrazole (82 mg,
1.2 mmol), CS,CO; (390 mg, 1.2 mmol) and tetrabutylammonium iodide (184 mg, 0.5 mmol) in DMF (
2mL) was dtirred a 60 °C for 4h. The mixture was filtered and the organic phase was evaporated under
reduced pressure. The residue was re-dissolved in a2:1 mixture of THF/1%0 (2.5 mL), LiOH (96 mg, 4
mmol) was added and the mixture was stirred at room temperature overnight. The reaction mixture was
washed with EtOAc, the aqueous phase was acidified to pH ~ 5 with IN HC1 solution and then extracted
with EtOAc. The organic portion was dried over N a,S{(3; and evaporated under reduced pressure. The
crude product was purified by reverse phase column chromatography (water-acetonitrile, 100:0 to 60:40)
to afford the title compound (50 mg, 30%). 'H NMR (400 MHz, CDC1;) & 7.55 (d, ./=2.0 Hz, 1H), 7.46
{d./=2.0 Hz, 1H), 6.26 (t, 7=2.1Hz, 1H), 4.35 (s, 2H), 1.23 (s, 6H).
INTERMEDIATE 47
PREPARATION O¥ 6-CHLORO-5-FLUOROPYRIDINE-3-CARBALDEHYDE
Butyllithium (2.5 M in hexane, 13.8 mL, 34.4 mmol) was added to a solution of 5-bromo-2-
chloro-3-fluoro-pyridine (5.14 g, 24.6 mmol) in anhydrous diethyl ether (80 mL) at -78 °C. After 30
minutes, anhydrous DMF (24.8 mL, 320 mmol) was added and the mixture was stirred a -78 °C. After
30 mm water was added and the mixture was extracted three times with EtOAc. The combined organic
phases were washed with brine, dried over Na,S0 4, and concentrated under reduced pressure. The crude
product was purified by column chromatography (cyclohexane-EtOAc, 95:5 to 60:40) to afford the title
compound (2.19 g) asapale yellow solid. LC-MS (Method A): m/z = 177.9 [M+H+H,G|", 0.71 mn.
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INTERMEDIATE 48
PREPARATION oF (2E)-3-(5-FLUORO-6-METHYLPYRJDIN-3-YL)PROP-2-ENAL
6-Chloro-5-fluoropyridine-3-carbaldehyde (2.19 g) was dissolved in 1,4-dioxane (24 mL) and
tiimethylboiOxine (2.32 mi, 16.4 mmol) was added, followed by K,Cc{}; (5.68 g, 41.1 mmol). The
mixture was degassed by applying alternatively vacuum and nitrogen. Pd(PPh.)4 (791 mg, 0.68 mmol)
was then added. The mixture was then heated at 100 °C for 1h30mm, then cooled to room temperature
and filtered over apad of Celite. The solvent was evaporated under reduced pressure to give ared solid
(3.33 g). This solid was dissolved in crHaci2 (50 mL) and (triphenylphosphoranylidene)acetaldehyde (5.0
g, 16.4 mmol) was then added at 10 °C. The mixture was allowed to warm to room temperature and
stirred overnight. The mixture was then concentrated under reduced pressure and the crude product was
purified by column chromatography (cyclohexane-EtOAc, 88:12 to 0:100) to afford the title compound
(1.21 g, 30% yield over 3 steps) as ayellow solid. "H NMR (400 MH/ . CDC1;) 5 9.76 (d, ./=7.3 Hz, 1H),
8.50 (s, iH). 7.56-7.45 (m, 2H), 6.74 (dd, J=16.0, 7.3 Hz, iH). 2.61 (d, ./=3.0 Hz, 3H). LC-MS (Method
A): m/z = 166.0 [M+H]", 0.67 mm.
INTERMEDIATE 49
PREPARATION OF TERT-BUTYL N-[(19)-1-(5-FLIORO-6-METHYLPYRIDIN-3-YL)-3-
HYDROXYPROPYL]-N-HYDROXYCARBAMATE
To asolution of (5)-(-)-a,a-diphenyl-2-pyrrolidinemethanol  trimethylsilyl ether (241 mg, 0.74
mmol) in anhydrous crzci2 (10 mL) were added a solution of (2E)-3-(5-fluoro-6-methylpyridin-3-
yl)prop-2-enal (612 mg, 3.70 mmol) in anhydrous cH2ci2 (8 mL) and tert-butyl N-hydroxy carbarnate
(592 mg, 4.45 mmol) and the mixture was stirred at room temperature. After 27h the reaction mixture
was diluted with MeOH (13 mL) and cooled to 0°C. NaBH , (280 mg, 7.4 mmol) was added portionwise
then the mixture was stirred at 0°C for 10 min and quenched with sat. NH,Ci solution and stirred a room
temperature for iOmin. The mixture was then extracted twice with ¢ H,clz and twice with EtOAc. The
combined organic phases were dried over Na, SO , and evaporated under reduced pressure. The crude
product was purified by column chromatography (cyclohexane-EtOAc, 80:20 to 0:100) to afford the title
compound (206 mg, 18% yield) asabrown oil. '"H NMR (400 MHz, CDC1;) & 8.22 (s, 1H), 7.46 (dd,
J=10.0, 2.0 Hz, 1H), 5.33 (dd, /=105, 5.0 Hz, 1H), 3.84-3.73 (m, 2H), 2.54-2.34 (m, 1H), 2.43 (d, /=3.()
Hz, 3H), 2.06-1.96 (m. 1H), 1.49 (s, 9H). LC-MS (Method A): m/z = 301.2 ih+-[", 0.66 min.
INTERMEDIATE 50
PREPARATIONOF TERT-BUTYL (39)-3-(5-FLUORO-6-METHYLPYRTOIN-3-YL)-1,2-OXAZOLIDINE-2-
CARBOXYLATE
To asolution of tert-butyl N-[(1S)-I-(5-fluoro-6-methylpyridin-3-yl)-3-hydroxypropyl]-N-
hydroxycarbamate (206 mg, 0.68 mmol) and PPh; (214 mg, 0.816 mmol) in anhydrous THF (7 mL) & O
°C, DIAD (0.135 mL, 0.68 mmol) was added dropwise. After |Omin afurther addition of DIAD (0.045
mL, 0.23 mmol) was made. The mixture was then concentrated under reduced pressure and the crude
product was purified twice by column chromatography (first column cyclohexane-EtOAc, 88:12to

0:100; second column cyclohexane-EtOAc, 70:30 to 0:100) to afford the title compound as a colorless ail
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(120 mg, 62% yield). 'HNMR (400 MHz, CDC1,) & 8.30 (s, 1H), 7.39 (dd, ; =10.0, 15 Hz, 1H), 5.25
(dd, ; =85,55 Hz, iH}, 421(dd, /=8.0, 3.5 Hz, 1H), 3.95-3 .88 (m, iH}, 2.87-2.78 (m, IH), 2.53 (d,
3=3.0Hz, 3H), 2.34-2.24 (m, iH), 150 (s, 9H). LC-MS (Method A): m/z = 283.3 [M+H]*, 0.89 mim.
INTERMEDIATE 51
PREPARATION OF 3-FLUORO-2-METHYL-5-[(3S)-1,2-OXAZOLIDIN -3-YL]PYRIDINE

Trifluoroacetie acid (0.49 mL, 6.38 mmol) was added at 0 °C to a solution of tert-butyl (3S)-3-
(5-fluoro-6-methylpyridin-3-yl)-1,2-oxazolidine-2-carboxylate (120 mg, 0.42 mmol) in anhydrous
CH2Q2 (4 mL). The mixture was stirred a room temperature for 3h30min then concentrated under
reduced pressure. The residue was dissolved in cH 21, and washed twice with sat. NaHCG; solution,
dried over Na,S04, filtered and concentrated under reduced pressure to give the title compound as apae
yellow ail (65 mg, 85% yield), which was used in the following experiment without further purification.
13 NMR (400 MHz, CDC1,) & 8.30 (s, 1H), 7.46 (d, =1 0.0, IH), 5.43 (br.s, 1H), 458 (br.s, IH), 4.18
4.10 (m, {H), 3.93 (br.s, IH), 2.80- 2.68 (m, |H), 2.53 (d, =3 .0 Hz, 3H), 2.34-2.24 (m, {H).LC-MS
(Method A): m/z = 183.1[M+Hf, 0.40 min.

INTERMEDIATE 52
PREPARATION OF 6-CYANO-2-OXASPIRO[3.3]JHEPTANE-6-CARBOXYLICACID

To astirred solution of methyl 6-cyano-2-oxaspiro[3 .3]heptane-6-carboxylate (181mg, 1mmol)
in amixture of THE/MeOH/H,0 2:1:1(4 mL) was added LiOH (48 mg, 2 mmol) and the mixture was
stirred a room temperature overnight. The mixture was concentrated under reduced pressure, the residue
was diluted with water and washed with EtOAc. The organic portion was acidified to pH ~ 5with IN
HC1 solution and then extracted twice with EtOAc. The combined organic phases were dried over
NayS(4and evaporated under reduced pressure but very little product was recovered. The agueous phase
was then evaporated under reduced pressure to afford the title compound (163 mg, 97%) aswhite solid.
'H NMR (400 MHz, DM S0)-</;) 8 451 (d, /=x4 Hz, 4H), 2.68-2.60 (m, 21), 2.50-2.45 (m, 2H). LC-MS
(Method a): m/z = 168.0 [M+Hf, 0.44 min

INTERMEDIATE S3
4-[(I E)-3-HYDROXY (3,3- *H,)PROP -| -EN-1-YL]BENZONITRSLE

A suspension of (2E)-3-(4-cyanophenyl)prop-2-encic  acid (750 mg, 4.33 mmol), oxayl chloride
(0.385 mL, 4.54 mmol) and 1drop of DMF in cH2ci2 (15 mL) was stirred a room temperature for 30
min to give aclear solution. After checking the complete formation of the acyl chloride, the mixture was
evaporated and the residue was dissolved in THF (15mL), then NaBD , (544 mg, 13 mmol) was added at
room temperature. The resulting mixture was stirred at room temperature for 15 min, thea CD ;0D (3.75
mL) was added dropwise over ih. The reaction was quenched with D,0, then with IN HC1 solution, and
the aqueous phase was extracted with Et,0 . The organic phase was separated and washed with brine,
dried over Na,S0 , and filtered. The solvent was evaporated under reduced pressure to give awhite solid.
The cmde product purified by column chromatography (cyclohexane-EtOAc, 85: 15 to 65:35) to afford
the title compound (350 rng, 50%) as awhite solid.iH NMR (400 MHz, DM SG-¢%) & 7.86-7.73 (m, 2H),
7.68- 7.56 (m, 2H), 6.73-6.53 (m, 2H), 4.99-4. 86 (m, IH). LC-MS (Method A): m/z = 162. 1 [M+Hf,
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0.70 min.
INTERMEDIATE 54
4-§(IE)-3-OXO(3- *H)PROP-1-EN -1-YL] BENZONITRILE
A suspension of 4~(I E)~3-hydroxy (3,3-?H,)prop-l-en~I-yl]benzonitnle ~ (350 mg, 2.17 mmol)
and MnO, (943 mg, 10.8 mmmol) in CH,Cl, (20 niL) was stirred at room temperature for el1. Further
M110, (313 mg, 3.6 mmol) was added, and the mixture was stirred at room temperature overnight.
Further MnQ, (383 mg, 4.4 mmol) was added and the mixture was stirred at room temperature overnight.
Further MnQ, (380 mg, 4.4 mmol) was added and the mixture was stirred for 5h. The suspension was
filtered and the solvent was evaporated under reduced pressure to give the title compound (303 mg, 88%)
asawhite solid. % NMR (400 MHz, DM SO-d6) & 7.98-7.91 (m, 4H), 7.85-7.77 (m, 1H), 7.01(d,
'=16.1 Hz, 1H). LC-MS (Method A): m/z = 159.0 [M+Hf, 0.78 mm.
INTERMEDIATE 55
TERT-BUTYL N-[(1S9)-1- (4-CYAN OPHE NYL)-3-HYDROXY (3,3-?H;)PROPYL]-N-HYDROX Y CARB AIVIATE
tert-Butyl N-hydroxycarbamate (305 mg, 2.29 mmol) was added to a solution of 4-[(IE)-3-
0x0(3~*H)prop~I-en~l~yl]benzonitrile (303 mg, 1.91 mmol) and (S)-(-)-a,a-diphenyl-2-
pyrrolidinemethanol  trimethylsilyl ether (190 mg, 0.58 mmol) in CH ,Cl1, (9 mL). The mixture was stirred
at room temperature for 6h, then CD,OD (5 mL) was added and the mixture was cooled to 0 °C and
NaBD , (120 mg, 2.86 mmol) was added in small portions. The resulting mixture was stirred at 0 °C for
30 min. The mixture was quenched with D,0,then with sat. NH ,CI solution. The layers were separated
and the agueous portion was extracted twice with CH,CI,. The combined organic portions were dried
over Na,SOy, filtered and concentrated under reduced pressure. The crude product was purified by
column chromatography (cyclohexane-EtOAc, 80:20 to 25:75) to afford the title compound (145 mg,
42%) as apale yellow oil.'H NMR (400 MHz, DM SO-i#5) 5 9.24 (s, 1H), 7.85-7.73 (m, 2H), 7.56- 7.48
(m, 2H), 5.20 (dd, /=6.0, 9.0 Hz, 1H). 450 (s, 1H), 2.11 (dd, /=137, 89 Hz, 'H), 1.86 (dd, /=13.8. 6.0
Hz, 1H), 135 (s, 9H). LC-MS (Method A): m/z = 2952 [M+Hf, 0.77 min.
INTERMEDIATE 56
TERT-BUTYL  N-[(1S)-1-(4-CYAN OPHE NYL)-3-HYDROXY (3,3-?H;)PROPYL]-N-HYDROX Y CARB AIVIATE
A solution of D1IAD (0.1 mL, 0.49 mmol) in anhydrous THF (1mL) was added dropwise to a
solution of test-butyl N-[(1S)~1-(4-cyanophenyl)-3 -hydroxy(3 ,3-*H,)propyl] N -hydroxy carbamate (145
mg, 0.49 mmol) and triphenylphosphine (154 mg, 0.59 mmol) in anhydrous THF (12 mL) which had
been pre-cooled to 0 °C. The reaction was stirred at 0 °C for 15 min, diluted with EtOAc and washed
with brine. The organic portion was dried over Na;S0 4, filtered and concentrated under reduced pressure.
The crude product was purified by column chromatography (cyclohexane-EtOAc, 75:25 to 60:40) to
afford the title compound in a ~1:1mixture with N'-[(propan-2-yloxy)carbonyl](propan-2-
yloxy)carbohydrazide (190 mg) as awhite solid. This mixture was progressed in the following seep
without further purification. 'H NMR (400 MHz, CDC1;) & 7.69-7.60 (m, 2H), 7.53-7.43 (m, 2H), 5.25
(dd, /=8.8, 55 Hz, 1H), 2.82 (dd, /=12.3. 9.0 Hz, 1H), 2.24 (dd, ./=12.4, 5.6 Hz, 1H), 1.47 (s, 9H). LC-
M S (Method A): m/iz = 277.0 [M+Hf, 1.00 min.
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INTERMEDIATE 57
4-[(39)-(5,5- % 3)-| ,2-OXAZOLIDIN-3-YL]BENZOMTRILE
A solution of tert-butyl (3S)-3-(4-cyanophenyl)(5,5- %1,)-L 2-oxazolidine-2-carboxylate (190 mg)
in cH,Cl, (15 ml) and TFA (3 mL) was stirred a 0 °C for 30 minutes, then at room temperature for 3h.
The mixture was evaporated to dryness. The residue was purified by ion exchange chromatography
(SCX, MeOH then 0.2M NH4in MeOH) to afford the title compound (60 mg, 69% over two steps) asa
colorless oil. 'H NMR (400 MHz, DM S0-46) & 7.82-7.73 (m, 2H), 7.58 (d, J=8.3 Hz, 2H), 6.55 (br.s,
iH). 4.52 (br.s, 1H), 2.72-2.58 (m, 1H), 2.05 (dd, /=12.0, 45 Hz, Ir1). LC-MS (Method A): m/z = 177.0
[M+H1". 0.53 min.
INTERMEDIATE 58
TERT-BUTYL (39)-3-(4-CYANOPHENYL)-5-HYDROXY-1,2-0XAZOL IDINE-2-CARBOXYLATE
tert-Butyl N-hydroxy carbamate (63 1 mg, 4.74 mmol) was added to a solution of 4-[(I E)-3-
ox0(3-2H)prop-l -en-I-yl]benzonitrile (622 mg, 3.95 mmol) and (S)-(-)-a,a-diphenyl-2-
pyrrolidinemethanol trimethyisilyl ether (321 mg, 0.98 mmol) in cH2ci2 (30 mL). The mixture was
stirred a room temperature overnight. The solution was concentrated under reduced pressure and the
crude product was purified by column chromatography (cyclohexane-EtOAc, 80:20 to 65:35) to afford
tlietitle compound (689 rng, 60%) as apale yellow solid as amixture of isomers. H NMR (400 MHz,
DMSQ~«¥) & 7.86-7.76 (m, 2H), 7.55-7.45 (m, 2H), 6.95 (br.s, 1H), 5.62 (br.s, 1H), 5.30 (t, 7=8.3 Hz,
1H), 2.64 (dd, /=12 4. 8.4 Hz, 1H), 2.07 (ddd, ./=125. 8.1, 45 Hz, 1H), 1.47-1.36 (m, 9H). LC-MS
(Method a): m/z=291.1 [M+H]", 0.90 mim.
INTERMEDIATE 59
TERT-BUTYL N-[(1S)-I-(4-CYANOPHENYL)-3-HYDROXYBIITYL]-N-HYDROXYCARBAMATE
MeMgBr (3M solution in diethyl ether, 0.67 mL, 2.{}1 mmol) was added dropwise to a solution
of tert-butyl (3S)-3-(4-cyanophenyl)-5-hydroxy-l,2-oxazolidine-2-carboxyiate (585 mg, 2.01 mmol) in
anhydrous THF (25 mL) under nitrogen at -20 °C. The mixture was stirred at -20 °C for |h, then a 0 °C
for 2h. Further MeMgBr (0.67 mL, 2.01 mmol) was added and the mixture was allowed to warm to room
temperature and stirred overnight. The reaction was quenched with sat. NH4CI  solution, then the aqueous
phase was extracted with EtOAc. The combined organic phases were washed with brine, dried over
Na,S0 ,, filtered and concentrated under reduced pressure. The cmde product was purified by column
chromatography (cyclohexane-EtOAc, 70:30 to 50:50) to afford the title compound (190 mg, 31%) asa
-65:35 mixture of diastereoisomers. ‘H NMR (400 MHz, DM S3-/6) 8 9.22 (s, 1H), 7.85-7.76 (m, 2H),
7.58-7.46 (m, 2H), 5.32-5.12 (m, IH), 4.61-4.45 (m, i¥l). 3.76-3.34 (m, IH), 2.15-1.83 (m, 2H), 1.40-
1.32 (m, 9H), 1.13-1.04 (m, 3H). LC-MS (Method a). m/z = 307.2 [M+Hf, 0.86 min.
INTERMEDIATE 60
4-[(3S)-5-METHYL-I,2-0OXAZOL (DIN-3-YL]BENZONITRILE
A solution of DIAD (0.122 mL, 0.62 mmol) in anhydrous THF (2 mL) was added dropwise to a
solution of tert-butyl N-[(1S)-I-(4-cyanopheny3)-3-hydroxybutylj-N-hydroxycarbaniate (190 mg, 0.62
mmol) and triphenylphosphine (195 mg, 0.744 mmol) in anhydrous THF (13 mL) which had been pre-
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cooled to 0 °C. The reaction was stirred a 0~C for 15 min, then it was concentrated under reduced
pressure to give ayellow oil. The residue was dissolved in CH2CI2 (12 mL) and TFA (3 mL) was added.
The resulting solution was stirred a room temperature for |hthen the solvent was evaporated under
reduced pressure. The crude product was purified by SCX cartridge. The desired product was purified by
ion exchange chromatography (SCX, MeOH then 0.2M NH,in MeOH) to afford the title compound (100
mg, 85%) as amixture of diastereoisomers asayellow oil. LC-MS (Method A): m/z = 189.1 [M+H] ™,
0.62 min.
INTERMEDIATE 61
TERT-BUTYL 2-(AZETIDIN-I-YL)-2-METHYLPROPANOATE
A mixture of tert-butyl a-bromoisobutyrate (0.5 mL, 5.4 mmol), azetidine (0.43 mL, 6.4 mmol)
and potassium carbonate (2.23 g, 16.2 mmol) in anhydrous DMF (10 mL) was stirred at 60 °C under
nitrogen for 1h 30 min. The mixture was diluted with EtOAc and washed with water. The organic phase
was separated, washed several times with brine, dried over Na, SO , and filtered. The solvent was
evaporated under reduced pressure to give a colorless oil which was purified by column chromatography
(cyclohexane-EtOAc, 20:80 to 40:60) to afford thetitle compound (300 mg, 56%) a colorless oil. ‘H
NMR (400 MHz, CDCl;) 4 3.49-3.37 (in. 4H). 2.07-1.91 (m, 2H), 1.50 (s, 9H), 1.14 (s, 6H). LC-MS
(Method A): m/z = 200.2 ]M-=H][", 0.36 min.
INTERMEDIATE 62
2-(AZETH)IN-1-YL)-2-METHY L PROPANOIC ACID HYDROCHL ORIDE
A solution of tert-butyl 2-(azetidin-1-yl)-2-methylpropanoate (300 mg, 1.5 mmol) in HC1 (4M in
dioxane, 12 mL) was stirred at 0 °C for 30 min, then a room temperature overnight. Further HC1 (4M in
dioxane, 5mL) was added and the mixture was stirred at room temperature for 2h. The volatiles were
evaporated under reduced pressure, and the resulting solid residue was triturated with Et,0 and filtered to
afford the title compound (214 mg, 79%) as awhite solid. 'H NMR (400 MHz, DM SO-:6) & 14.55-
13.71 (br.s, 1H), 11.27 (br.s, 1H), 4.07 (br.s, 4H), 2.42-2.14 (m, 2H), 1.46 (s, 6H). LC-MS (Method A):
m/z = 144.0 [M+H]", 0.15 mm.
INTERMEDIATE 63
PREPARATION OF (2E)-3~[6-(DIFLUOROMETHYL)PYRIDIN-3-YL]PROP -2-ENAL
A mixture of 5-bromo-2-(difluoromethyl)pyridine (1770 mg, 8.5 mmol), tratis-di("i-aceiato)bis{ o-
(di-o+tolyi-phosphino) bx:nzs' Jdipd fadium(if) (1600 mg, 1.7 mmol) and sodium acetate (797 mg, 9.35
mmol) was placed in a microwave tube under nitrogen. The tube was dried under vacuum, then
acetonitrile (15 mL) and 2-propena (4.66 mL, 30.6 mmol) was added consecutively to the reaction
mixture. The mixture heated in a Biotage Initiator microwave oven at 140°C (7 cycles of 15 min each).
The solids were filtered off and washed with MeOH. The filtrate was concentrated under reduced
pressure and the crude product was purified by column chromatography (cyc!ohexane-EtOAc, 100:0b
0:100) to afford unreacted 5-bromo-2-(difluoromethyl)pyridine (690 mg) and thetitle compound (700
mg, 26% yield) asan orange oil. LC-MS (Method A): yu/z = 184.1 [M+H{", 0.69 min.
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INTERMEDIATE 64
PREPARATION Of TERT-BUTYL N-[(1S)-1-[6-(DI¥L{/OROMET#YL)PYRIDIN-3-YL]-3-
HYDROXYPROPYL]-N-HYDROXYCARBAMATE
To asolution of catalyst (5)-(-)-a,a-diphenyl-2-pyrrolidinemethanol  trimethylsilyl ether (0.540
mg, 1.66 mmol) in CH,CI, (40 mL), were added 3-[6-(difluoromethyl)pyridine-3-yl]prop-2-enal  (0.76 g,
4.15 mmol) and tert-butyl N-hydroxycarbamate (662 mg, 5mmol). The mixture was stirred a room
temperature for 20h. The reaction was diluted with MeOH (40 mL), and NaBH, (0.324 g, 8.3 mmol) was
added portionwise. The mixture was then stirred for 1.5 hour at room temperature. Voiatiles were
removed under reduced pressure and the crude product was purified by column chromatography (CH,C1,
-MeOH, 100:0 to 95:5) to afford afirst batch of the title compound (97 mg, 5%) asayellow oil. LC-MS
(Method A): m/z = 319.2 j\4+H[", 0.92 min. The column was eluted further with CH,Ci, -MeOH 80:20
to afford a second batch of the title compound (310 mg, 16%) asan orange oil. UPLC LC-MS (Method
A): m/z = 319.2 [M+H]+, 0.92 min.
INTERMEDIATE 65
PREPARATIONOF TERT-BUTYL (3S)-3- [6-(DIFLIOROMETHYL)PYRIDIN-3-YL]-1 ,2-OXAZOLIDINE-2-
CARBOXYLATE
To asolution of tert-butyl N-[(1S)-I-|6-(difiuoi Omethy3)pyridine-3-yl|-3-hydroxypropyl]-N-
hydroxycarbamate (407 mg, 1.27 mmol) and PPhg (499 mg, 1.92 mmol) in anhydrous THF (9 mL) &t
room temperature, was added DIAD (0.377 mL, 192 mmol) dropwise. The mixture was stirred at the
same temperature for 1hour, than it was concentrated under reduced pressure. The crude product was
purified by column chromatograpy (cyclohexane-EtOAc, 100:0to 50:50) to afford the title compound
(154 mg, 40 mmol) asayellow oil. '"H NMR (400MHz, CDC1,) 6 8.65 (d, ./=2.0 Hz, 1H), 7.88 (dd,
J=82,2.1Hz, 1H), 7.64 (d, .7=8.0 Hz, 1H), 6.81-6.49 (t, 1H), 5.31(dd, J=8.7, 5.6 Hz, 1H), 4.23 (d,
J=34, 80Hz, 1H), 3.93 (dt, J=7.0, 8.7 Hz, 1H), 2.87 (dddd, .7=12.3, 8.8, 7.0, 3.5 Hz, 1H), 2.30 (dddd,
J=12.3,9.1, 7.7, 5.8 Hz, i), 1.49 (s, 9H). LC-MS (Method A): m/z =301.2 M+E[". 0.94 mimn.
INTERMEDIATE 66
PREPARATION OF 2-(DIFLUOROMETHYL)-5-[(39)-1,2-OXAZOLIDIN-3-YL]PYRIDINE
To asolution of tert-butyl (3S)-3-[6-(difluoromethyl)-pyridin-3-y]]-l,2-oxazolidine-2-
carboxylate (154 mg, 0.5% mmol) in CH;,C1, trifluoroacetic acid (0.5 mL, 6.6 mmol) was added. The
mixture was stirred for 2 h. Sat. NaHCO ; solution was added and the mixture was extracted twice with
CH,Ci,. The combined organic phases were concentrated under reduced pressure and the crude product
was purified by column chromatography (cyclohexane-EtOAc, 100:0to 30:70) to afford the title
compound (49 mg, 45%) asayellow oil. '"H NMR (400MHz, CDC1;), & 8.66 (d, ,/=1.5 Hz, 1H), 7.94 (dd,
.7=8.2, 1 9 Hz, 1H), 7.63 (d, J=8.0 Hz, 1H), 6.81-6.48 (t,.7=55.2 Hz, 1H), 5.63-5.35 (m, 1H), 4.65 (br.s,
1H), 4.22-4.10 (m, 1H), 3.92 (br.s, 1H), 2.85-2.72 (rn, 1H), 2.38-2.24 (m, 1H). LC-MS (Method A):
m/z =201.1 M-k, 0.51 min.
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INTERMEDIATE 67
PREPARATION OF (2E)-3-(I -METHYL -1H-PYRAZOL-4-YL)PROP-2-ENAL
To asolution of 1-methyl- IH-pyrazole-4-carbaldehyde (4 g, 36.3 mrnol) in N,N-
dimethylformamide (50 mL) was added (formylmethylene)triphenylphosphorane (12.17 g, 40.0 mmal).
The reaction mixture was heated to 120 °C and stirred overnight. After being cooled to room
temperature, the reaction mixture was quenched by the addition of water (50 mL), and extracted with
EtOAc (3 x 50 mL). The combined organic layers was washed with brine (50 mL), dried over Na, SO,
filtered and concentrated under reduced pressure. The crude product was purified by reverse phase
column chromatography (water-acetonitnle, 5:1) to afford the title compound (i.00 g, 20%) as ayellow
solid. 14 NMR (300 MHz, CDC1,) §9.59 (d, J = 7.8 Hz, 1H), 7.74 (s, IH), 7.64 (s, 1H), 7.36 (d, J = 159
Hz, 1H), 6.50-6.42 (m, IH), 3.96 (s, 3H).
INTERMEDIATE 68
PREPARATION OF TERT-BUTYL N-HYDROXY-N -[(1S)-3-HYDROXY-1-(1-METHYL-1H-PYRAZOL -4-
YL)PROPYL] CARBAMATE
To astirred solution of (S)-2-(diphenyl(trimetiiylsilyloxy)methyl)pyrrolidine (383 mg, 1.18
mmol) in CHCI 5 (20 mL) were added (2E)-3-(I-methyl-IH-pyrazol-4-yl)prop-2-enal (800 mg, 5.90
mmol) and tert-butyl N-hydroxycarbamate (940 mg, 7.00 mmol). After being stirred a room temperature
for 9.5 days, the reaction mixture was diluted with methanol (20 mL) and cooled to O °C. NaBH , (447
mg, 1 1.8 mmol) was added portionwise. After being stirred at room temperature for 30 mm, the mixture
was cooled to 0 °C, quenched with sat. NH4CI solution (60 mL) and extracted with {32 (4 (3x 50 mL).
The combined organic layers were washed with brine (60 mL), dried over Na, S0, filtered and
concentrated under reduced pressure. The crude product was purified by column chromatography
(EtOAc-petroleum ether, 1:1) to afford the title compound (200 mg, 12%) asayellow oil . 'H NMR (300
MHz, BMS3-¢/,3 6 9.09 (s, IH), 7.98 (d,J = 1.2 Hz, iH), 7.61 (d, ./ = 1.2 Hz, IH), 5.12--5.07 (m, IH),
4.49-4.46 (m, 1H), 3.85 (s, 3H), 3.44-3.39 (m, IH), 3.33-3.28 (m, 1H), 2.01-1.94 (m,/H), 1.83-1.76 (m,
IH), 1.39 (s, 9H). LC-MS (Method M): m/z =272.2 [M+H]*, 0.77 min,
INTERMEDIATE 69
PREPARATION OF TERT-BUTYL (3S)-3-(I -METHYL -1H-PYRAZOL-4-YL)-1,2-OXAZOL I DINE-2-
CARBOXYLATE
To astirred solution of tert-butyl N-hydroxy-N-[( 1S)-3-hydroxy- 1-(1-methyl- IH-pyrazol-4-
yl)propyl]carbamate (200 mg, 0.74 mmol) and triphenylphosphine (640 mg, 2.44 mmol) in anhydrous
THF (10 mL) was added DIAD (448 mg, 2.22 mmol) dropwise. After being stirred overnight at room
temperature, the reaction mixture was concentrated under reduced pressure. The crude product was
purified by column chromatography (EtOA c-petroleum ether, 1:2) to afford the title compound (100 mg,
53%) asawhite solid. LC-MS (Method M): m/z =254.2 [M+H]™*, 0.79 min.
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INTERMEDIATE 70
PREPARATION OF (3S)-3-(1-METHYL-1H-PYRAZOL-4-YL)-1,2-OXAZOLHHNE HYDROCHL ORIDE
To asolution of tert-butyl (3S)-3-(I-methyl-IH-pyrazol-4-yl)-I,2-oxazolidme-2-carboxylate (100
mg, 0.9 mmoal) in 1,4-dioxane (2 mL) was added a solution of hydrogen chloride in 1,4-dioxane (4 M, 5
mL). After being stirred overnight a room temperature, the reaction mixture was concentrated under
reduced pressure to afford the title compound (90.0 mg, crude) asayellow solid, which was used directly
in the next step without further purification. LC-MS (Method M): m/z = 154.3 [M+H]*, 0.30 min.
INTERMEDIATE 71
PREPARATION OF (6-METHYLPYRAZIN-2-YL)METHANOL
To a solution of 6-methy3pyrazme-2~carboxylic acid (8.00 g, 58.0 mmol) in N,N-
dimethylformamide (50 mL) were added Cs;CO ;(37.8 g, 116 mmol) and iodomethane (12.3 g, 87.0
mmol). After being stirred overnight at room temperature, the reaction mixture was quenched with water
(100 mL) and extracted with EtOAc (5x 150 mL). The combined organic layers were washed with brine
(100 mL), dried over Na;S(},, filtered and concentrated under reduced pressure. The residue was then
diluted with water (50 mL). NaBH , (12.5 g, 330 mmol) was added portionwise a 0 °C. After addition,
the resulting mixture was stirred at room temperature for 30 min, cooled to 0 °C, diluted with water (150
mL) and extracted with EtOAc (8 x 100 mL). The combined organic layers were washed with brine (200
mL), dried over Na, S0 4, filtered and concentrated under reduced pressure to afford the title compound
(2.9g, crude) asayellow solid. TI NMR (400 MHz, DM SO~lg) 8 850 (s, 111), 842 (s, 1H),5.55 (t, /=
5.8 Hz, 1H), 459 (d, J =5.5 Hz, 2H), 2.47 (s, 3H).
INTERMEDIATE 72
PREPARATION OF 6-METHYLPYRAZINE-2-CARBALDEHYDE
To asolution of (6-methylpyrazin-2-yl)methanol (1.50 g, 12. 1mmol) in cH2ci2 (30 ml.) was
added Dess-Martin periodinane (7.70 g, 18.1mmol) at - 15°C . After being stirred at - 15 °C for 3 hours,
the reaction mixture was quenched by the addition of water (50 mL) and extracted with EtOAc (3 x 50
mL). The combined organic layers were washed with brine (60 mL), dried over N&, SO ,, filtered and
concentrated under reduced pressure. The crude product was purified by column chromatography
(EtOAc-petroleum ether, 1:9) to afford the title compound (540 mg, 36%) asayellow solid. 'H NMR
(300 MHz, DM SO-¢s) & 10.02 (s, 1H), 8.91 (s, I1H), 8.82 (s, 1H), 2.6 1 (s, 3H).
INTERMEDIATE 73
PREPARATION OF (2E)-3-(6-METHYLPYRAZIN-2-YL)PROP-2-ENAL
To asolution of 6-methylpyrazine-2-carbaldehyde (620 mg, 5.10 mmol) in THF (20 mL) was
added (formylmethylene)triphenylphosphorane (1.70 g, 5.60 mmol). After being stirred overnight at
room temperature, the reaction mixture was quenched by the addition of water (50 mL) and extracted
with EtOAc (3 x 50 mL). The combined organic layers were washed with brine (50 mL), dried over
Na,S04, filtered and concentrated under reduced pressure. The crude product was purified by column

chromatography (EtOAc-petroleum ether, 1:3) to afford thetitle compound (370 mg, 49%) as ayellow
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solid. 'H NMR (300 MHz, DM SQ-¢/;) 5 9.81(d, 7 = 7.9 Hz, 1H). 8.85 (s, 1H), 8.61(s, 1H), 7.83 (d. /=
15.8 Hz, 1H), 7.16-7.08 (m, 1H), 2.57 (s, 3H).

INTERMEDIATE 74
PREPARATION OF N-HYDROXY-IN-[(1S)-3-HYDROXY-I-(6-METHYLPYKAZzN -2-YL)PROPYL]-2,2-
DIMETHYLPROPANAMIDE
To a dtirred solution of (S)-2-(diphenyl(trimetliylsilyloxy)methyl)pyrro]idine (198 mg, 0.60
mmol) in CHCI; (30 mL) were added (2E)-3-(6-methylpyrazin-2-yl)prop-2-enal (' 300 mg, 2.00 mmol)
and N-hydroxypivalamide (284 mg, 2.4 mmol). After being stirred overnight at room temperature, the
reaction mixture was diluted with MeOH (15 mL) and cooled to 0 °C. NaBH , (154 mg, 4.00 mmol) was
added. The reaction mixture was stirred at room temperature for 30 min, then cooled to 0 °C and
quenched with sat. NH,c1solution (30 mL). The mixture was extracted with CH,C1, (3x 30 mL). The
combined organic layers were washed with brine (30 mL), dried over Na,S0 ,, filtered and concentrated
under reduced pressure. The erode product was purified by column chromatography (EtOAc-petroleum
ether, 4:1) to afford the title compound (180 mg, 33%) asayellow oil. '‘H NMR (400 MHz, DM SO-d) 5
9.28 (s, 1H), 8.40 (s, IH), 832 (s, H), 5.71- 5.67 (m, {H), 4.60 (t, 3 = 4 9 Hz, IH), 3.54- 339 (m, 2H),
2,46 (s, 3H), 2.28-2.00 (m, 2H), 1.20 (s, 9H). LC-MS (Method K): m/z =268.3 [M++!]", 0.75 min.
INTERMEDIATE 75
PREPARATION OF5-FORMYLPYRIDINE-3-CARBONITRILE
A mixture of of 5-bromopyridine-3-carbaldehyde (10 g, 53.8 mmol) and cuprous cyanide (7.20 g,
80.6 mmol) in N,N-dimethylformamide (40 mL) was heated to 140 'C and stirred under anitrogen
atmosphere overnight. After being cooled to room temperature, the reaction mixture was diluted with
water (80 mL) and filtered. The filtrate was extracted with EtOAc (3 x 50 mL). The combined organic
layers were dried over Na,S(,, filtered and concentrated under reduced pressure. The crude product was
purified by column chromatography (EtOA c-petroleum ether, 1:4) to afford the title compound (1.86 g,
26%) asayellow solid. 'H NMR (400 MHz, £ DC!.) 5 10.17 (s, 1H), 9.30 (s, iH). 9.14 (s, IH), 845 (t,J
=2.0Hz, IH)
INTERMEDIATE 76
PREPARATION OF 5-[(1E)-3-OXOPROP-1 -EN-1-YL]PYRIDINE-3-CARBONITRILE
A mixture of 5-formylpyridine-3-carbonitrile (1.82 g, 13.78 mmol) and
(formylmethylene)triphenylphosphorane  (4.28 g, 14.06 mmol) in DMSO (15 mL) was stirred overnight
a 120 °C under anitrogen atmosphere. After being cooled to room temperature, the reaction mixture was
diluted with water (30 mL) and extracted with EtOAc (3 x 20 mL). The combined organic layers were
dried over Na,S0 4and concentrated under reduced pressure. The cmde product was purified by column
chromatography (EtOAc-petroleum ether, 1:3) to afford the title compound (490 mg, 22%) as a white
solid. 'H NMR (300 MHz, CDCl) 5 9.79 (d, 3 = 7.2Hz, IH), 899 (d, / =2.1Hz, {H), 892 (d,J = 2.1
Hz, IH) 8.14 (m, IH), 7.52 (d,J = 15.6 Hz, IH), 6.87-6.79 (m, IH).
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INTERMEDIATE 77
PREPARATION OF TERT-BUTYL N-[(I S)-1-(5>CYANOPYRIDIN-3-YL)-3-HYDROXYPROPYL]-N-
HYDROXYCARBAMATE
To asolution of (S)-2-(diphenyl(tiimethylsilyloxy)methyl)pyrrolidine (280 mg, 0.86 mmol) in
CH Cl; (20 mL) were added 5-[(IE )-3 -oxoprop-I-en-I-yl]pyridine  -3-carbonitrile (450 mg, 2.85 mmol }
and tert-butyl N-hydroxycarbamate (570 mg, 4.28 mmol). The reaction mixture was stirred overnight at
room temperature. MeOH (10 mL) was added to the reaction solution, then NaBFL. (220 mg, 5.82 mmal)
was added at 0 °C. After being stirred a room temperature for 30 mm, the reaction mixture was quenched
by the addition of sat. NH ,c1solution (30 mL) and extracted with CH ,cCi2 (3 x 20 mL). The combined
organic layers were dried over Na,S0 ,and concentrated under reduced pressure. The crude product was
purified by column chromatography (EtOAc-petroleum ether, 3:1) to afford the title compound (280 mg,
30%) asayellow solid. LC-MS (Method K): m/z = 294.3 |\! +H][", 0.67 min.
INTERMEDIATE 78
PREPARATION OF TERT-BUTYL (3S)-3-(5-CYANOPYRIDIN-3-YL)-1,2-OXAZOLIDINE-2-CARBOXYLATE
To a stirred solution of tert-butyl N-[(1S)-I -(5-cyanopyridin -3-yl)-3 -hydroxypropyl]-N-
hydroxycarbamate (280 mg, 0.95 mmol) and triphenylphosphine (300 mg, 1.14 mmoi ) in THF (5 mL)
was added dropwise DIAD (193 mg, 0.95 mmol) at 0 ‘C. The reaction mixture was stirred overnight at
room temperature under anitrogen atmosphere. Upon concentration under reduced pressure, the crude
product was purified by preparative thin layer chromatography (EtOAc-petroleum ether, 2:3) to afford
the title compound (130 rng, 49%) asayellow solid. LC-MS (Method K): m/z = 276.3 [M+H]*, 0.83
min.
The title compound was isolated by chiral HPLC on a Chiralpak IC (25 x 2.0 cm), 5 um column
using a mobile phase of n-hexane/ethanol 60/40 % v/v, flow rate: 18 mL/min. H NMR (400MHz,
CDCl ;) 6 8.82 (d, /=2.0 Hz, 2H), 8.02 (t, ./=2.0 Hz, iH), 5.34 (dd, /=8.8, 5.5 Hz, 1H), 4.25 (dt, ./=3.4, 8.0
Hz, 1H), 3.93 (dt, J=7.0, 8.8 Hz, 1H), 2.90 (dddd, ,7=12.3, 8.9, 7.2, 3.3 Hz, 1H), 2.35-2.24 (m, 1H), 152
(s, 9H). LC-MS (Method A): m/z = 276.2 [M--H}". 0.85 mim. e.e=100% as determined on a Chiralpak IC
(25 x 0.46 cm), 5 pm column using a mobile phase of n-hexane/ethanol 60/40 % v/v, flow rate: 1.0
mL/min, retention time: 8.9 min.
INTERMEDIATE 79
PREPARATION OF 5-[(39)-1,2-OXAZOLIDIN-3-YL]PYRIDINE-3-CARBONITRILE TRIFLUOROACETATE
Trifluoroacetic acid (5 mL) was added to a solution of tert-butyl (35)-3-(5 -cyanopyridin -3-yl)-
| ,2-oxazolidine -2-carboxylate (100 mg, 0.36 mmol) in CH (I, (10 mL). After being stirred at room
temperature for 1hour, the mixture was concentrated under reduced pressure to afford the title compound
(105 mg, crude) as ayellow- solid. LC-MS (Method C): m/z = 176. 1 [\‘t-H}", 0.76 mm.
INTERMEDIATE 80
PREPARATION OF 3-FLUORO-5-[(1E)-3-OXOPROP-1-EN-1-YL]BENZONITRILE
A mixture of 3-fluoro-5-formylbenzonitrile (1g, 6.71 mmol) and

(formylmethylene)triphenylphosphorane  (2.04 g, 6.70 mmol) in THF (20 mL) was stirred overnight at 75
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‘C under anitrogen atmosphere . After being cooled to room temperature, the reaction mixture was
diluted with water (30 mL) and extracted with EtOAc (3 x 20 mL). The combined organic layers were
dried over Na*SO, and concentrated under reduced pressure. The crude product was purified by column
chromatography (EtOA c-petroleum ether, 1:5) to afford the title compound (830 mg, 71%) as ayellow
solid. '"H NMR (300 MHz, DM SO-¢; ) 8 9.69 (d, /= 7.6 Hz, 1H), 8.15 (s, 1H), 8.08-8.04 (m, 1) 7.98
7.94 (m, 1H), 7.72 (d, J = 16.0 Hz, IH), 7.09-7.02 (m, II1).
INTERMEDIATE 81
PREPARATION OF N-[(1S5)-1-(3-CYANO-5-FLUOROPHENYL)-3-HYDROXYPROPYL]-N-HYDROXY -2,2-
DIMETHYLPROPANAMII)E
To a solution of (S)-2-(diphenyl(trimethylsilyloxy)methyl)pyrro3idine (110 mg, 0.34 mmoal) in
CHC1, (10 mL) were added 3-fluoro-5-[(IE)-3-oxoprop-I-en-I-yl]benzonitrile (200 mg, 1.14 mmol) and
N-hydroxypivalamide (200 mg, 1.71 mmol). The reaction mixture was stirred overnight at room
temperature. MeOH (10 mL) was added to the mixture, then NaBH , (90 mg, 2.38 mmol) was added at 0
‘C. After being stirred at room temperature for 30 min, the reaction mixture was quenched by the addition
of sat. NH ,CI solution (20 mL) and extracted with CH,ClI, (3 x 15 mL). The combined organic layers
were dried over Na*SO,, filtered and concentrated under reduced pressure. The crude product was
purified by column chromatography (EtOA c-petroleum ether, 1:2) to afford the title compound (100 mg,
29%) asayellow solid. LC-MS (Method G): m/z = 294.9 [M+Hf, 0.89 min.
INTERMEDIATE 82
PREPARATIONOF TERT-BUTYL (39)-3-(5-METHYLPYRAZIN-2-YL)-l ,2-OXAZOLIDINE-2-
CARBOXYLATE
The title compound was isolated by chiral HPLC on a Chiraipak AD-H (25 x 2.0 cm), 5 um
column using a mobile phase of n-hexane/(ethanol + 0.1% isopropylamine) 50/50% v/v, flow rate: 18
mL/mm. '"HNMR (400 MHz, CDCl,) 6 8.65 (d, J=\ 5 Hz, 1H), 8.40 (d, J=0.8 Hz, 1H), 5.36 (dd, /=89,
5.1 Hz, 1H),4.24-4 16 (m, IH), 4.00-3.91 (m. IH), 2.78 (dddd, 7=12.3, 8.6, 7.5, 4.1 Hz, IH), 2.67-2.56
(m, 4H), 151 (s, 9H). LC-MS (Method A): m/z = 266. 1 [M+Hf, 0.76 min. e.e= 130% as determined on
a Chiraipak AD-H (25 x 0.46 cm), 5 wm column using a mobile phase of n-hexane/(ethanol + 0.1%
isopropylamine) 50/50% vlv, flow rate: 1 mL/min, retention time: 23.8 min.
INTERMEDIATE 83
PREPARATION OF (2E)-3-[6-(DIFLUOROMETHYL)PYRIDIN-3-YL]PROP-2-ENAL
A mixture of 5-bromo-2-(difluoromethyl)pyridine (1770 mg, 8.5 mmol), trans-di(p-
acetato)bislo-(di-o-toiyi-phosphino)benzyl [dipalladium(ll) (1600 mg, 1.7 mmol) and sodium acetate
(797 mg, 9.35 mmol) was introduced into amicrowave reaction tube under nitrogen. The tube was dried
under vacuum, then acetonitrile (10 mL) and 2-propenal (4.66 mL, 30.6 mmol) were added
consecutively to the reaction mixture. The mixture was heated in a microwave oven to 140°C (7 cycles
of 15 min each). After cooling, the solid was filtered and washed with MeOH, and the filtrate was
concentrated under reduced pressure . The crude product was purified by column chromatography

(cyclohexane/EtOAc, 100:0to 0:100) to afford the title compound (825 mg, 47%) as an orange oil. 'H
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NMR (400MHz, CDC1;) 3 9.78 (d,./=7.5Hz, 1H), 8.83 (d,./=1.0Hz, iH), 8.05 (dd, J=8.2, 2.1Hz, 1H),
7.74 (d, /=83 Hz, 1F). 7.53 (d, /=!6.3 Hz, 1H), 6.89-6.52 (m, | F1). LC-MS (Method A): m/z = 184.1
[M+H] ", 0.69 roin.
INTERMEDIATE 84
PREPARATION OF 2-METHYL-5-[(IE)-3-OXOPROP-I-EN-I-YL]PYRIDINE-3-CARBONITRILE
A solution of 5-bromo-2-methy3nicotinonitrile (1000 mg, 5.08 mmol) and 3,3-diethoxyprop- |-
ene (2.78 mL, 18.27 mmol) in anhydrous MeCN (15 mL) was degassed by applying alternatively
vacuum and nitrogen for 3 cycles. Palladium(ll) acetate (342 mg, 1.5 mmol), tri(o-toM)phosphine (541
mg, 1.78 mmol) and Et;N (1.9 mL, 13.7 mmol) were then added and the mixture was heated in a
microwave oven to 100°C (4 cycles of 15 min each). After cooling, the solid was filtered and washed
with methanol, and the filtrate was concentrated under reduced pressure. The residue was purified by
column chromatography (cyclohexane/EtOAc, 100:0to 0:100) to afford the intermediate 5-[(I E)-3,3-
diethoxyprop-1-en-1-yl]-2-mediyl pyridine-3-carbonitrile (360 rng) asan orange oil. This intermediate
was dissolved in THF (10 mL) and treated with hydrochloric acid solution (10 mL, 10% in water) at
room temperature. After 4 h, the solution was basified with sat. NaHCO ; solution and extracted twice
with cH.cl2. The combined organic layers were dried over Na,S{(3,4, and concentrated under reduced
pressure to afford the title compound (320 mg, 35%) asayellow solid. ‘H NMR (400MHz, CDC1;) &
9.77 (d, /=7.3 Hz, 1H), 8.86 (d, /=2.3 Hz, IH), 8.08 (d, /=2.3 Hz, IH), 7.46 (d, J =16.3 Hz, I|H), 6.80
(dd, /=16.2, 7.4 Hz, IH), 2.85 (s, 3H). LC-MS (Method A): m/z = 173.1[M+H] *, 0.64 min.
INTERMEDIATE 88
PREPARATION OF 3-BROMO-5-FORMYLBENZONITRILE
Isopropylmagnesium chloride solution (2M in THF, 20.9 mL, 41.88 mmol) was added at 0° C
to a stirred solution of 3,5-dibromobenzonitrile  (9.036 g, 34.9 mmol) in anhydrous THF (36 mL). After
30min, anhydrous DMF (8.14 mL, 104.7 mmol) was added at 0 °C and the mixture was stirred at this
temperature for |hthen water (200 mL) and diethyl ether (150 mL) were added to the mixture. The
mixture was stirred and acidified to pH 2-3 with 6N agueous HC1 solution. The clear biphasic mixture
thus obtained was separated and the aqueous phase was extracted twice again with diethyl ether. The
combined organic phases were washed twice with brine, dried over Na, S0 , and evaporated under
reduced pressure to give ayellow solid (7.39 g). This crude product was pooled with the crude product
(0.73 g) isolated from a similar reaction run on 1.0 g of 3,5-dibromobenzonitrile and together they were
purified by column chromatography (cyclohexane/EtOAc, 100:0 to 30:70) to afford the title compound
(6.41g, 79%). H NMR (400MHz, CDCl) & 10.01(s, 1H), 8.25 (t,./=1 .5 Hz, 1), 8.11(t, =1 .4 Hz,
[H), 8.05t,./=2.0Hz, 1H).
INTERMEDIATE 86
PREPARATION OF (2E)-3-(6-N! TROPY RroiN-3~Y L)PROP~2-ENAL
A mixture of 5-bromo-2-nitropyridine (1.92 g, 9.53 mmol), 3,3-diethoxy-l -propenylboronic acid
pinacol ester (2.93 g, 1 1.43 mmol) and cesium carbonate (6.21 g, 19.06 mmol) in 1,4-dioxane (28 mL)
was degassed by altenatively applying vacuum and nitrogen for 3 cycles. Water (4 mL) and [I,1'-
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bis(di phenylphosphino)ferrocene] dichloropalladium(l1) (0.695 g, 0.95 mmo3) were then added and the
mixture was stirred a 100 “C for 4h. The mixture was filtered over apad of Ceiite, diluted with EtOAc
and washed twice with water. The organic phase was combined with the organic phase from a second
reaction run in paralel onthe same scale and using the same conditions. The pooled organic phases were
dried over Na,S(,, filtered and concentrated under reduced pressure to afford abrown oil (7.23 g). This
material was dissolved in THF (75 mL) and treated with 1M agueous HCl solution (75 ml,). The mixture
was stirred a room temperature for I'hthen extracted three times with EtOAc. The combined organic
portions were dried over Na,SO0 ,, filtered and concentrated under reduced pressure to afford abrown
solid (5.2 g). The crude product was purified by column chromatography (cyclohexane/EtOAc, 80:20 to
0:100) to give the title compound (2.28 g, 67%) as an orange solid. H NMR (400MHz, CDC1,) 6 9.84 (d,
J=7.0 Hz, iH). 8.83 (d, .7=2.3 Hz, 1H), 8.36 (d, /=85 Hz, iH). 8.23 (dd, . =8.4, 2.1 Hz, 1H), 7.59 (d,
J=16.3 Hz, 1H), 6.91 (dd, J16.2, 7.2 Hz, 1H). LC-MS (Method A): m/z = 179.1 [M+H]*, 0.60 rain.
INTERMEDIATE 87
PREPARATION OF TERT-BUTYL 3-(6-METHYLPYRIDIN-3-YL)-5-OXO-I,2-OXAZOLIDINE-2-
CARBOXYLASE
To astirred solution of 6-methylpyridine-3-carbaldehyde (19, 826 mmoal) in EtOAc
(20 mL) were added 2,2-dimethyl-l,3-dioxane-4,6-dione  (1.19 g, 8.26 rnmol), 1,4-
diazabicyclo[2.2.2]octane (93 mg, 0.83 mmol) and tert-butyi N-hydroxy carbamate (1.10 g, 8.26 mmal).
After being tirred at room temperature for 16 h, the reaction mixture was quenched with water (50
mL), and extracted with EtOAc (3 x 30 mL). The combined organic layers were washed with brine (30
mL), dried over Na; SO, and concentrated under reduced pressure to afford the title compound (2.10 g,
crude) asayellow oil. LC-MS (Method G): m/z = 279.3 [M+H] *, 0.843 min.
INTERMEDIATE 88
PREPARATION OF TERT-BUTYL N-HYDROXY-N-[3-HYDROXY-1-(6-METHYLPY RIDIN-3-
YL)PROPYL] CARBAMATE
To astirred solution of tert-butyi 3-(6-methyipyridin-3-yi)-5-oxo-1,2-oxazoiidine-2-
carboxylate (2.10 g, 7.55 mmol) in THF (30 mL) was added lithium borohydride (493 mg, 22.6 mmol)
in portions. After being stirred at room temperature for 5 min, the reaction mixture was quenched by the
addition of water (50 mL), and extracted with EtOAc (3 x 50 mL). The combined organic layers were
washed with brine (50 mL), dried over Na, SO, and concentrated under reduced pressure to afford the
titte compound (2.10 g, crude) asayellow oil. LC-MS (Method G): m/z = 283.3 [M+H] *, 0.795 min.
INTERMEDIATE 89
PREPARATION  OF TERT-BUTYL 3-(6-METHYLPYRIDIN-3-YL)-l ,2-OXAZOLIDINE-2-CARBOXYLATE
To astirred solution of tert-butyi N-hydroxy-N-[3-hydroxy-I-(6-methylpyridin-3-
yl)propyl]carbamate (2.10 g, 7.44 mmol) and triphenylphosphine (2.93 g, 11.2 mmol) in THF (30 mL)
under anitrogen atmosphere was added dropwise DIAD (2.26 g, 11.2 mmol) a 5 °C. After being stirred
at 5°Cfor 18 min, the mixture was concentrated under reduced pressure to afford the title compound

(7.50 g, crude) asabrown oil. LC-MS (Method G): m/z = 265.3 [\/i+F", 0.967 min.
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INTERMEDIATE 90
PREPARATION OF 2-METHYL-5-(1,2-0XAZOLID(N-3-YL)PYR(DINE
A mixture of tert-butyl 3-(6-methylpyridin-3-yl)-1,2-oxazolidine-2-carboxylate (7.50 g, crude)
and 4 M hydrogen chloride in dioxane (50 mL) was stirred a room temperature for 30 min. The solvent
was removed under reduced pressure. The residue was diluted with water (30 mL) and washed with
CH,Cl; (4 X 30 mL). The aqueous layer was basified with sat. Na, (4 solution and extracted with
CH2CI2 (4 X 30 mL). The combined organic layers were dried over Na, S0 , and concentrated under
reduced pressure to afford the title compound (1.20 g, crude) asayellow cil. LC-MS (Metliod G): m/iz =
1653 [M+H]", 0.464 min.
INTERMEDIATE 91
PREPARATION  OF TERT-BUTYL 3-(5-CYANOTHIOPHEN-2-YL)-5-OX0O-1,2-OXAZOLIDINE-2-
CARBOXYLATE
This compound was synthesized by the same method as described for tert-butyl 3~(6~
methylpyridin-3-yl)-5-oxo-l ~ ,2-oxazolidine-2~earboxylate — except 5-fomiylthiophene-2-carbonitrile (19,
7.30 mmol) was used instead of 6-methylpyridine-3-carbaldehyde  to afford thetitle compound (1.6 g,
74%). LC-MS (Method C): m/z =295 .1 ih+H]™, 0.793 mim.
INTERMEDIATE 92
PREPARATION  OF TERT-BUTYL  N-[1-(5-CYANOTHIOPHEN-2-YL)-3-HYDROXYPROFYL] -N-
HYDROX ¥CARBAM ATE
This compound was synthesized by the same method as described for tert-butyl N-hydroxy-N-
[3-hydroxy-I-(6-metliylpyridin-3-yl)piOpyiicarbamate except tert-butyl 3-(5-cyanothiophen-2-yl)-5-
oxo-l,2-oxazolidine-2~carboxylate (1.4 g, 4.76 mmol) was used instead of tert-butyl 3-(6~
methylpyridin-3-yl)-5-oxo-l  ,2-oxazolidine-2-carboxylate  to afford the title compound (900 mg, 63%).
LC-MS (Method C): rn/z = 299. 1 [M+H{*, 0.730 min.
INTERMEDIATE 93
PREPARATION  OF TERT-BUTYL 3-(5-CYANOTHIOPHEN-2-YL)-1,2-0XAZOLIDINE-2-CARBOXYLATE
This compound was synthesized by the same method as described for tert-butyl 3-(6-
methylpyridin-3-yl)-1,2-oxazolidine-2-carboxylate except tert-butyl N-[I-(5-cyanothiophen-2-yl)-3-
hydi Oxypropy!]-N-hydiOxycarbamate (900 mg, 3.02 mmol) was used instead of tert-butyl N-hydroxy-
N-[3-hydroxy-I-(6-methylpyndin-3-yl)propyl]carbamate to afford the title compound (2.00 g, crude).
LC-MS (Method Q): m/z = 281.1 [M+H]", 0.636 min.
INTERMEDIATE 94
PREPARATION  OF 5-(1,2-0XAZOLIDIN-3-YL)THIOPHENE-2-CARBONITRILE
This compound was synthesized by the same method as described for 2-methyi-5-(1,2-
oxazolidin-3-yl)pyridme except tert-butyl 3-(5-cyanothiophen-2-yl)-1,2~oxazolidine-2-carboxylate (500
mg, crude) was used instead of tert-butyl 3-(6-methylpyridin-3-yl)-I ,2-oxazolidine-2-carboxylate  to
afford the title compound (50 mg). LC-MS (Method Q): m/z - 181.1 [\ 4-Fi|", 0.536 min.
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INTERMEDIATE 95
PREPARATION OF TERT-BUTYL 3-(5-CYANO-I-METHYL-IH-PYRROL-3-YL)-5-OXO-l,2-
OXAZOLIDINE -2-CARBOXYLATE
This compound was synthesized by the same method as described for tert-butyl 3-(6-
methylpyridin-3 -yl)-5-oxo-1,2-oxazolidine-2-carboxylate except  4-formyl- 1-methyl- IH-pyrrole-2-
carbonitrile (1 g, 746 mmol) was used instead of 6-methylpyridine-3-carbaldehyde to afford the title
compound (1.4 g, 64%). LC-MS (Method M): m/z = 192.2 |\I-Boe+H ", 0.973 min.
INTERMEDIATE 96
PREPARATION OF TERT-BUTYL N-[I-(5-CYANO-I-METHYL-IH-PYRROL-3-YL)-3-IfYDROXYPROPYL]-
N-HYDROXY CARBAMATE
This compound was synthesized by the same method as described for tert-butyl N-hydroxy-N-f3-
hydroxy-I-(6-methylpyridin-3-yi)propyl]carbamate  except tert-butyl 3-(5-cyano-I-methyi-IH-pyriOl-3-
yl)-5-ox0-1,2-oxazolidine-2-carboxylate (1.4 g, 481 mmol) was used instead of tert-butyl 3~(6-
methyl pyndin-3-yl)-5-oxo-l1,2-oxazolidine-2-carboxy3ate  to afford the title compound (1.15 g, 80%). LC-
MS (Method G): m/z = 136.2 [M-Boc+Hf, 0.727 min.
INTERMEDIATE 97
PREPARATION OF TERT-BUTYL 3-(5-CYANO-I-METHYL-IH-PYRROL-3-YL)-,2-OXAZOLIDINE-2-
CARBOXYLATE
This compound was synthesized by the same method as described for tert-butyl 3-(6-
methylpyridin-3-yl)-5-oxo-l,2-oxazolidine-2-carboxylate  except tert-butyl N-[I-(5-cyano-I-methyl-IH-
pyiTol-3-yi)-3-hydroxypiOpylj-N-hydroxycarbaniate (500 mg, 1.69 mmol) was used instead of 6-
methylpyridine~-3-carbd dehyde to afford the title compound (620 mg, erode). LC-MS (Method G): m/z =
178.3 {[M-Boc+H]", 0.922 mim.
INTERMEDIATE 98
PREPARATION OF I-METHYL-4-(1,2-OXAZOLIDIN-3-YL)-IH-PYRROLE-2-CARBONITRILE
This compound was synthesized by the same method as described for 2~methyl-5-(1,2-
oxazolidin-3-yl)pyridine except tert-butyl 3-(5-cyano-I-methyl-Ih-pyrrol-3-yl)-l,2-oxazolidine-2-
carboxylate (620 mg, crude) was used instead of tert-butyl. 3-(6-methylpyridin-3-yl)-I,2-oxazolidine-2-
carboxylate to afford the title compound (150 mg, crude). Lc-ms (method g): m/z = 178.2 [m+h] *, 0.488

min.
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EXAMPLE 1
PREPARATION OF 1-METHYL-5-[(35)-3-PHENYL-1 ,2-OXAZOLIDINE-2-CARBONYL]-1H-PYRROLE-Z-

CARBONITRILE {1)

| o]

N,N-Diisopropylethylamine (233 pi,, 1.34 ramol), 1-hydroxybenzotriazole (21mg, 0.67 mimo})

Wh

and EDC-HC1 (129 mg, 0.67 rnmol) were added to a stirred solution of 5-cyano-I -methyl-IH-pyrrole-2-
carboxylic acid (50 mg, 0.33 rnmol) and 3-phenyl-l,2-oxazolidine (50 mg, 0.33 mmol) in THF (2 mL)
and the resulting mixture was stirred & room temperature for 18 h. The reaction mixture was diluted with
EtOAc and washed twice with sat. NaH CO; solution. The organic portion was dried over Na,S{y,
(0 filtered and concentrated under reduced pressure. The crude product was purified by reverse phase
chromatography (water~CH;CN, 100:0 to 20: 80) to afford an 84: 1 6 mixture of enantiomers (80.3 mg,
86%) as awhite solid. This mixture was resolved by chiral HPLC on aWhelk O-1 (R,R) (25 x 2.0 cm),
10 punt column using a mobile phase of n-hexane/iEtOH/CFKC™  9/1 + 0.1% isopropylamine) 10/90 % v/v
and aflow rate of 20 mL/mm to afford the title compound. 'H NMR (400 MHz, CDC1,) 8 7.41-7.29 (m,
5H), 6.98 (d, /=4.3 Hz, 1H), 6.77 (d, /=4.5 Hz, 1H), 5.60 (dd, ./=8.7, 6.2 Hz, 1H), 4.34 (td, /=7.8. 3.9 Hz,
1H), 4.06-3 .96 (m, 4H), 2.96-2.84 (m, IH). 2.49-2.39 (m, 1H). LC-M S (Method A): m/z = 282.2

¥4

[M+H] *, 1.03 min. e.e=1 00% as determined on aWhelk O-1 (R,R) (25 x 0.46 cm), 10 wn column
using a mobile phase of n-hexane/(EtOH + 0.1% isopropylamine) 20/80 % v/v, flow rate: 1 mL/min,
retention time: 6.4 min.

O EXAMPLE 2

PREPARATION OF 22-DIMETHYL-1- [(3S)-3-PHENYL-1,2-OXAZOLIDIN-2-YL]PROPAN-1-ONE  (2)

Pivaloyl chloride (53 uL, 0.433 mmol) was added to a solution of 3-phenyl-l,2-oxazolidine (40
mg, 0.268 mmol) and pyridine (54 gk, 0.670 mmol) in (4% (2.5 mL). The reaction mixture was

Wh

dtirred a room temperature for 4 h. Volatiles were removed under reduced pressure. The crude product
was purified by reverse phase chromatography (water-CH »CN, 100:0 to 20: 80) to afford an 85:15
mixture of enantiomers (45 mg, 72%) as a colorless oil. This mixture was resolved by chira HPLC on a
Chiralpak IC (25 x 2.0 cm), 5 um column using a mobile phase of n-hexane/EtOH 70/30 % v/v to afford
the title compound. "H NMR (400 MHz, DMSO~<¥%3) & 7.38-7.3 1 (i, 2H), 7.29-7.2 1(m, 3H), 5.3 1 (dd,
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J=8.7,6.9 Hz, 1H), 4.28 (td, =7.7, 2.3 Hz, 1H), 3.84 (ddd, /=10.0. 8.0, 6.4 Hz, 1H), 2.87 (dddd, 7=12.0,
9.0, 6.4, 28 Hz, 1H), 2.19-2.07 (ro, 1F). 1.22 (s, 9H). LC-MS (Method A): m/z = 234.3 |\,
1.08 min. e.e=:97.6% as determined on a Chirapak 1C (25 x 0.46 cm), 5 um column using a mobile
phase of n-hexane/EtOH 70/30 % vi/v.

EXAMPLE 3
PREPARATION OF 5-[3-(2-ClILORO-6-FLUOROPIIEKYL)-1,2-OXAZOLIDINE-2-

cARB ONYL]-1-METHYL-1H-PYRROLE-2-CARBONITRILE (3)

W

N,N-Diisopropylethylamine (18 pi., 0.10 rnmol), 1-hydroxybenzotriazole (6.7 mg, 0.05 mmol)
and EDC-HCi (9.6 mg, 0.05 mmol) were added to a stirred solution of 5-cyano-I-methyl-IH-pyrrole-2-
carboxylic acid (3.7 mg, 0.025 mmol) and 3-(2-chloro-6-fluorophenyl)-l,2-oxazolidine (5.0 mg, 0.025
mmol) in THF (2 mL) and the resulting mixture was stirred at room temperature for 72 h. The reaction
mixture was diluted with EtOAc and washed twice with sat. NaHCO , solution. The organic portion was
dried over Na,S0 4, filtered and concentrated under reduced pressure. The crude product was purified by
column chromatography (cyclohexane-EtOAc, 100:0 to 50:50) to afford an impure fraction of the title
compound. This material was further purified by reverse phase chromatography (water-CH ;CN, 100:0 to
30:70) to afford the title compound as a mixture of enantiomers. *H NMR (400 MHz, CDC1,) b 7.24-
7.20 (m, 2H), 7.05-6.96 (m, 2H), 6.75 (d, /=4.3 Hz, 1H). 6.01 (t, /=8.7 Hz, 1H), 451-4.43 (m, 1H),
3.97-4.05 (m, 4H), 2.93-2.81 (m, 1H), 2.66-2.53 (m, 1H). LC-MS (Method A): m/z = 334.2 [M+H]",
109 mm.

EXAMPLE 4
PREPARATIONOF (39)-N,3-DIPHENYL-1,2-OXAZOLIDINE-2-CARBOXAMIDE (4)
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A solution of (3S)-3-phenyl-I,2-oxazolidine (25 nig, 0. 16 mmol) in CH,C% (0.5 mL) was added
to a solution of phenyl isocyanate (18 uL, 0.16 mmol) in Cli _Cl, (0.5 ml.) which had been pre-cooled to
0 °C. The resulting reaction mixture was allowed to warm to room temperature and stirred for 1h.
Volatiles were removed under reduced pressure. The crude product was purified by column
chromatography (cyclohexane-EtOAc, 95:5 to 70:30) to afford the title compound. % NMR (400 MHz,
DM SO-})  9.36 (s, 1H), 7.66-7.62 (m, 2H), 7.42-7.34 (m, 4H), 7.31- 7.25 (m, 3H), 7.05-7.00 (m, IH),
5.43 idd. /=85, 5.8 Hz, IH), 4.24 (td,J =8.0, 3.1Hz, IH), 3.92-3 .85 (m, IH), 2.85 (dddd, ; =12.1, 8.7,
7.1, 3.3 Hz, IH), 2.23 (dddd, /=12.0. 9.4, 7.9, 5.8 Hz, IH). LC-MS (Method A): m/z -269.2 [N+E!}",
1.07 min.

EXAMPLE §

PREPARATION OF (3S)-N-TERT-BUTYL-3-PHENYL-1  ,2-OXAZOLIDINE-2-CARBOXAIVIIDE (5)

A solution of (3S)-3-phenyl-I,2-oxazolidine (25 rng, 0.16 mmol) in CH,CL (0.5 mL) was added
to a solution of tert-Butyl isocyanate (18 1L, 0.16 mmol) in CH,Cl; (0.5 mL) which had been pre-cooled
to 0 °C. The resulting reaction mixture was allowed to v;arm to room temperature and stirred overnight.
Volatiles were removed under reduced pressure. The crude product was purified by column
chromatography (cyclohexane-EtOAc, 95:5 to 70:30) to afford the title compound. % NMR (400 MHz,
DMSO0-aV) & 7.35-7.29 (m, 4H), 7.28-7.2 1(m, IH), 6.49 (br. s, IH), 5.30 (dd, J=8.5, 5.5 Hz, 1H), 4.14-
4.08 (m, IH), 377-370 (m, if,  2.78-2.67 (m, IH), 2.14 (dddd, ./=!2.0, 9.3, 7.8, 5.5 Hz, IH), 1.30 (s,
9H). LC-MS (Method A): m/z =249.3 |\f+H]". 1.05 min.

EXAMPLE 6

PREPARATIONOF (3S)-N,N-DIMETHYL-3-PHENYL-1,2-OXAZOL | DINE-2-CARBOXAM | DE (6)

HaC
Ny

4-(Dimethylamino)pyridine (2 mg, 0.0 16 mmol) was added b astirred solution of (3S)-3-
phenyi-l,2-oxazolidine (50 mg, 0.33 mmol), dimethylcarbamyl chloride (46 pL., 0.50 mmol) and pyridine
(180 pl) in CH,CI, (1.0 mL) and the resulting mixture was stirred a room temperature for 18h. The

reaction mixture was diluted with CH2CI2 and washed twice with sat. NH,{1 solution . The organic
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portion was dried over Na; SO, filtered and concentrated under reduced pressure. The crade product was
purified by column chromatography (cyclohexane-EtOAc, 95:5to 50:50) to afford the title compound. 'H
NMR (400 MHz, OM50-dg) 6 7.40-7.3 1(m, 4H), 7.28-7.22 (rn, 1H), 5.25 (dd, /=8.7, 4.6 Hz, 1H), 4.05
(td, /=7.9, 4.3 Hz, 1H), 3.83 (q, /=%.0Hz, 1H), 2.89 (s, 6H), 2.7 1 (dtd, ./=12.4, 8.1, 4.0 Hz, 1H}. 2.20-
2.10 (m, 1H). LC-MS (Method A): m/z = 221.2 [M--H", 0.85 min.
EXAMPLE 7
PREPARATION OF (3S)-3-PHENYL-2-(PYRROL IDINE-1-CARBONYL)-1,2-OXAZOL IDENE (7)

4-(Dimethylamino)pyridine (2 mg, 0.016 mmol) was added to a stirred solution of (3S)-3-
phenyl- 1,2-oxazolidine (50 mg, 0.33 mmol), 1-pyrrolidinecarbonyl chloride (55 pL., 0.50 mmol) and
pyridine (180 pi.) in CH,Cl, (1.0 mL) and the resulting mixture was stirred at room temperature for 18 h.
The reaction mixture was diluted with (3% (¥ and washed twice with sat. NH ,C1solution. The organic
portion was dried over Nig,5(0y, filtered and concentrated under reduced pressure. The crude product was
purified by column chromatography (cyclohexane-EtOAc, 95:5 to 50:50) to afford the title compound. 'H
NMR (400 MHz, DM S(-dg) & 7.40-7. 30 (m, 4H), 7.27-7.2 1(m, 1H), 5.38 (dd, ./=8.7, 4.9 Hz, 1H), 4.07
(td, 7=7.8, 4.0Hz, 1H), 3.76 (g, /=7.8 Hz, iH)}, 3.38 (t, /=5.6 Hz, 4H), 2.77-2.67 (m, 1H). 2.15 (dtd,
7=12.1, 8.3, 49 Hz, 1H), 1.85-1 .69 (m, 4H). LC-MS (Method A): m/z = 247.3 [M+H]}", 0.94 min.
EXAMPLE 8

PREPARATION OF (3S)-2-(3-M ETHYL OXETANE-3-CARBONYL)-3-PHENYL-1,2-OXAZOLIDINE (8)

3-Methyloxetane-3-carboxylic  acid (30 mg, 0.26 mmol) was reacted with (3S)~3-phenyl~ 1,2~
oxazolidine (40 mg, 0.26 mmol) using general procedure A for amide coupling to afford the title
compound. 'H NMR (400 MHz, DMSO-d;) & 7.39-7.33 (m, 2H), 7.31-7.25 (m, 3H), 5.32 (dd, J=8.5, 6.5
Hz, 1H), 4.86 (d, /=6.3Hz, 1H}. 4.74 id. /=6.0 Hz, 1H), 429-420 On. 3H), 3.97-3 .88 (m, 1H), 2.92
(ddt, ./=15.3, 8.9, 3.2 Hz, 111). 2.24-2. 13 (m, 1H), 1.60 (s, 3H). LC-MS (Method A): m/z = 248. {
i\i+-HT", 0.81 min.
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EXAMPLE 9
PREPARATION OF 2-HVYBROXY-1-[(3%}-3-PHENYL-l ,2-OXAZOLI»IN-2-YL]ETHAN-I-ONE (3}

Glycolic acid (19 mg, 0.26 mmol) was reacted with (3S)-3-phenyl-l,2-oxazolidine (40 mg, 0.26
5 mme!) using general procedure A for aniide coupling to afford the title compound. 'H NMR (400 MHz,
DMSO-ivg) & 7.38-7.33 (m, 2H), 7.32-7.25 (m, 3H), 5.32 (dd, J=8.7, 6.1Hz, 1H), 4.82 (t, J=6.3 Hz, 1H)},
4.29-4.13 (m, 3H), 3.86 (ddd, ,/=9.5. 8.0, 6.7 Hz, IH), 2.92-2.84 (m, IH), 2.18 (dddd, /=12.2, 9.5, 7.5,
6.1 Hz, IH). LC-MS (Method A): m/z =208.0 [M--H[", 0.65 min.
EXAMPLE 10
10 PREPARATION OF 1-[(39)-3-PHENYL-1,2-OXAZOLIDINE-2-CARBONYL]CYCLOPROPAN-1-OL  (10)

1-Hydroxycyclopropane-l-carboxylic  acid (26 mg, 0.26 mmol) was reacted with (3S)-3-phenyl--
1,2-oxazolidine (40 mg, 0.26 mmol) using general procedure A for amide coupling b afford thetitle
compound. 'H NMR (400 MHz, DMSO-d/) 8 7.38-7.31 (m, 4H), 7.29-7.23 (m, IH), 6.01 (s, IH), 5.59

15 (dd, /=88, 4.8Hz, IH), 4.15 (td, I=7.7, 3.9 Hz, IH), 3.86 (q, 7=7.8 Hz, IH), 2.86- 2,78 (m, IH), 2.28-
2.19 (m, tH), 109- 0.97 (m, 2H), 0.84 (dd, J=4.8, 1.8 Hz, 1H), 0.78 (dd, ,7=5.3, 2.0 Hz, IH). LC~MS
(Method A): m/z = 234.3 [M+H] *, 0.71 min.
EXAMPLE 11
PREPARATION OF (39)-2-(OXETANE-3-CARBONYL)-3-PHENYL-1,2-OXAZOLIDINE (11

Oxetane-3-carboxylic acid (26 mg, 0.26 mmol) was reacted with (3S)-3-phenyl- 1,2-oxazolidine
(40 mg, 0.26 mmol) using general procedure A for amide coupling to afford the title compound. 'H NMR

Iie
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(400 MHz, DMSO~d,) & 7.39-7.24 (m, 5H), 5.33 (dd, ;=8.4, 6.7 Hz, 11), 4.76-4.63 (m, 4H), 4.19 (td,
J=7.7,3 1Hz, 2H), 3.88-3.80 (m, 1H), 289 (dddd, J=12.2, 8.8, 6.6, 3.3 Hz, 1H), 2.18 (dddd, J=12.1, 9.5,
75, 6.3 Hz, 1H). L.c-MS (Method A): m/z = 234.0 [\4i+H]", 0.73 min.
EXAMPLE 12
5 PREPARATIONOF (39)-2-CYCLOPROPANECARBONYI"3-PIIENYL-1,2-OXAZOLIDINE (12)

Cyelopropanecarboxylie acid (20 pi., 0.26 mmol) was reacted with (3S)-3-phenyl-I,2-
oxazolidine (40 mg, 0.26 mmol) using general procedure A for amide coupling to afford the title
compound. 'HNMR (400 MHz, DM SO-¢) & 7.39-7.23 (m, 5H), 5.35 (dd, /=8.7, 6.1 Hz, 1H), 4.28 (td,

10 J=7.7,3.1Hz, 1H), 3.86 (ddd, J=9.3, 8.0, 6.8 Hz, 1H), 2.88 (dddd, J=12.1, 8.8, 6.7, 3.3 Hz, 1H), 2.21
(dddd, /=12.1, 9.4, 7.6, 6.0 Hz, 2H), 0.89-0.73 (m, 4H). LC-MS (Method A): m/z = 2184 [M+H] *,
0.90 min.
EXAMPLE 13
PREPARATION OF 2-METHOXY-1-[(39)-3-PHENYL-1,2-OXAZOL (DIN-2-YL]JETHAN-1 -ONE (13)

oy
¥4

2-Methoxyacetic acid (19 pk_, 0.26 mmol) was reacted with (3S)-3-phenyi-l,2-oxazolidine (40
mg, 0.26 mmol) using general procedure A for amide coupling to afford the title compound. 'H NMR
(400 MHz, DM SO-d;) & 7.39-7.24 (m, 5H), 5.31 (dd, /=K.7. 6.4 Hz, 1H), 4.28-4.18 (m, 3H), 3.88 (ddd,
J=9.6. 8.0, 6.5 Hz, iH), 3.30 (s, 3H), 2.88 (dddd, /=12.1, 9.1, 6.5, 3.0 Hz, 1H), 2.17 (dddd, /=12.1, 9.6,
20 75,64Hz, 1H). LC-MS (Method A): m/z = 222.3 [M--H ", 0.77 min.
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EXAMPLE 14
PREPARATION OF (2R)-2-HYDROXY-1 -[(3S)-3-PHENYL-1,2-OXAZOL I DIN-2-YL]PROPAN-1-ONE (14}

OH

D-(-)-Lactic acid (23 nig, 0.26 mmoi) was reacted with (35)-3-phenyl- 1,2-oxazolidine (40 mg,
0.26 mmol) using general procedure A for amide coupling to afford the title compound. 'H NMR (400
MHz, DMSO-i%s) & 7.39-7.24 (m, 5H), 5.36-5.27 (m, 1H), 5.04-4.97 (m, 1H), 4.53-4.42 (m, 1ki), 4.30--
4.21(m, 1H), 3.88 (ddd, ./=9.2. 8.0, 6.7 Hz, 1H), 2.88 (dddd, /=12.2. 8.8, 6.7, 3.4 Hz, 1H), 2.21 (dddd,
/=122, 9.2, 75, 6.1Hz, IH), 1.12- 1.22 (m, 3H). LC-MS (Method A): m/z = 222.0 |[M-H]", 0.68
rain.
10 EXAMPLE 15

PREPARATION OF (25)-2-HYDROXY-1-[(39)-3-PHENYL-1,2-OXAZOLIDIN-2-YL]PROPAN-1-ONE (15)

.m\“OH

L-(+)-Lactic acid (23 mg, 0.26 mmol) was reacted with (35)-3-phenyl- [,2-oxazolidine (40 mg,
0.26 mmo}) using general procedure a for amide coupling to afford the title compound. "HNMR (400
15 MHz, DM SO-if}) 8 7.40-7.23 (m, 5H), 5.34 (dd, J=6.4, 8.9 Hz, 1H), 4.84 (d, 3=7.0 Hz, 1H), 4.54-4.44
(m, 1H), 4.25 (dt, ,/=26, 7.8 Hz, 1H), 3.86 (ddd, /=6.8, 8.0, 9.5 Hz, 1H), 2.93-2.85 (m, 'H!), 2.18 (dddd.
J=63. 7.6, 9.6, 12.2 Hz, 1H), 1.30 (d, ./=6.8 Hz, 3H). LC-MS (Method A): m/iz = 2222 [M+H]",
0.73 rain.
EXAMPLE 16
20 PREPARATION OF 1-[(39)-3-PHENYL-1 ,2-OXAZOLIDINE-2-CARBONYL]CYCLOPROPANE-1-

CARBONITRILE (16)

AN
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1-Cyanocyciopropane-l -carboxyiic acid (41 nig, 0.37 mmol) was reacted with (3S)~3~phenyl-
1,2-oxazolidine (50 mg, 0.33 mmol) using general procedure A for amide coupling with DMF as solvent
to afford the title compound. 'HNMR (400 MHz, CDC1;) 6 7.23-7.45 (m, 5H), 5.43 (dd, /=8.5, 6.0 Hz,
1H), 445 (id. /=7.9, 3.3 Hz, 1H}, 4.03-421 (m, 1H), 2.93 (dddd, J=12.3, 8.9, 6.9, 3.5 Hz, 1H), 2.47
(dddd, J=12.4,9.3, 7.7, 6.0 Hz, 1H), 1.66-1.77 (m, 1H), 1.49-1.64 (m, 3H). i.(C-MS (Method A):
miz = 2433 [M-F!], 0.87 rain.

EXAMPLE 17
PREPARATION OF 2,2-DIMETHYL-3-OXO-3-[(35)-3-PHENYL-1,2-OXAZOLIDIN-2-YLJPROPANENITRILE
{an

2-Cyano-2,2-dimetliylacetic  acid (42 mg, 0.37 mmoi) was reacted with (3S)-3-phenyl-I,2-
oxazolidine (50 mg, 0.33 mmol) using general procedure A for amide coupling with DMF as solvent to
afford the title compound. 'H NMR (400 MHz, CDC1,) 67.22-743 (m, 5H), 541 (dd, /=89,6.4Hz, 1
F), 4.39 (td, ./=8.2,2.8Hz, 1H), 4.18 (ddd, ./=9.7,82, 6.7 Fiz, 1H), 2.87-2.99 (m, 1H), 2.46 (dddd,
/=12.4,98, 7.8, 6.4 Flz, 1H), 1.73 (s, 3H), 161 (S, 3FI). LC-MS (Method A): m/z = 2451 [M+H]",
0.95 min.
EXAMPLE 18
PREPARATION OF 3-[(39)-3-PHENYL-1,2-OXAZOLIDINE-2-CARBON YL]-2,1 -BENZOXAZOLE (18)

2,1-Benzoxazole-3 -carboxyiic acid (42 mg, 0.26 mmol) was reacted with (3S)-3-phenyi-I,2-
oxazolidine (40 mg, 0.26 mmol) using general procedure A for amide coupling to afford the title
compound. 'H NMR (400 MHz, DM S(O-d) § 7.91 (td, .7=0.9, 9.0 Hz, 1H), 7.78 (d, 7=9.3 Hz, 1H), 751
(ddd, ,7=0.9, 6.3, 9.1Hz, IH), 7.45-7.37 (m, 4H), 7.34- 7.27 (m, 2H), 5.71 (dd, J=6.3, 8.3 Hz, iH),4.40
(dt, /=35, 7.5 Hz, 1H), 4.09 (ddd, /=6.8. 8.0, 9.0 FIz, IH), 3.01 (dddd, .7=3.5, 6.8, 8.7, 12.1 Hz, 1Hl). 2.34
(dddd. ./=6.0. 7.4, 9.0, 122 Hz, IH). LC-MS (Method A): m/z = 2951 [M--H]{", 1.03 min.
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EXAMPLE 19
PREPARATION OF 2-H YDROXY-2-METHYL-1-[(3S)-3-PHENYL-1,2-OXAZOLID(N-2-YL]PROPAN-1-ONE
(19)

HO

2-Hydroxy-2-methylpropanoic acid (27 mg, 0.26 mmol) was reacted with (3S)-3-phenyl-l,2-
oxazolidine (40 mg, 0.26 mmol) using general procedure A for amide coupling to afford the title
compound. 'H NMR (400 MHz, DMSO-i/,) & 7.39-7.23 (m, 5H), 5.39 (dd, J=6.5, 8.3 Hz, 1H), 4.77 (s,
1H), 4.27 (ill. J=3.1, 7.8 Hz, 1H), 3.92-3.84 (m, 1H). 2,94-2.84 (m, 1H), 2.24-2.11 (m, 1H), 1.39 (s,
3H), 1.37 (s, 3H). LLC-MS (Method A): rn/z = 236.3 [M-+H]", 0.84 min.
EXAMPLE 20
PREPARATION OF (3S)-2-{1-M ETBYLCY CLGPRGPANECARBONYL)~-3-PBENYL-I ,2-OXAZOLroiNE (20)

1-Methylcyclopropane-I-carboxylic  acid (26 rng, 0.26 mrnol) was reacted with (3S)-3-phenyl-
1,2-oxazolidine (40 mg, 0.26 mmol) using general procedure A for amide coupling to afford the title
compound. 'H NMR (400 MHz, DM SO-;) § 7.38 7.23 (m, 5H), 5.33 (dd, J=6.3, 8.8 Hz, 1H), 4.25 (dt,
J3.0, 7.5 Hz, 1H), 3.85 (ddd, ./=6.7, 7.9, 9.5 Hz, 1H), 2.85 (dddd, J=3.0, 6.5, 9.0, 12.0 Hz, 1H), 2.16
(dddd, ./=(-2, 7.7, 9.6, 12.1 Hz, 1H), 1.35 (s, 3H), 1.05-0.98 (m, 1H), 0.88 (ddd, J=4.0, 6.0, 9.9 Hz, 1H),
0.62-0.56 (m, 1H), 0.53-0.48 (in. 1H). LC-MS (Method A): m/z =232.3 [A+9"-0.96 min.
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EXAMPLE 21

PREPARATION OF (39)-3-PHENYL-2-{PYRAZOLO[1 ,5-A]PYRIDINE-3-CARBONYL}-1,2-OXAZOLIDINE

(21)

Pyrazol o[ |,5-a]pyridine-3-carboxylic acid (42 mg, 0.26 mmol) was reacted with (3S)-3-phenyl-
1,2-oxazolidine (40 mg, 0.26 mmol) using general procedure A for amide coupling to afford the title
compound. 'H NMR (400 MHz, DM SO-d;) & 8.86 (id../=1.0, 7.0 Hz, 1H), 8.64 (s, 1H), 8.25 (td, /=12,
8.8 Hz, 1H), 7.55 (ddd, .7=1.0, 6.8, 9.0 Hz, 1H), 7.43-7.36 (m, 4H), 7.31- 7.26 (m, 1H). 7.15 (dt, J=1 .3,
6.9 Hz, 1), 562 (dd, ,7=6.3, 8.5 Hz, 1H), 4.37 (dt, J=2.9, 7.7 Hz, 1H), 3.88 (ddd, .7=6.8, 8.0, 9.5 Hz,
iH}. 2.92 (dddd, /=2, 6.5, 9.0, 12.0 Hz, 1H). 2.27 (dddd, .7=6.3, 7.7, 9.6, 12.1Hz, it). LC-MS
(Method A): m/z = 294.3 [M-+E!|", 0.98 min.

EXAMPLE 22
PREPARATION OF TERT-BUTYL (3S)-3-PBENYL ~1,2-0XA ZOLIBINE-2-CARBOXYLATE (22)

X

o]

Methanesulfonyl chloride (14 mL, 18.91mmol) was added to a solution of tert-butyl N-[(3R)-3-
hydroxy- 3-phenylpropoxy] carbamate (4.4 g, 16.45 mmol) and Et:-N (4.5 mL, 32.9 mmol) in CH,cli, (383
mL) which had been pre-cooled to 0 °C. The reaction was stirred at 0 °C for 1.5 h. The reaction was
diluted with CH,C 1, and washed with water. The organic portion was dried over Na, S0 4, filtered and
concentrated under reduced pressure. The crude product was purified by column chromatography
(cyclohexane-EtOAc, 100:0to 50:50) to afford the title compound. % NMR (400 MHz, DM SO-rfs) &
7.40-7. 18 (m, 5H), 5.15 (dd, .7=5.9, 8.7 Hz, 1H), 4.14 (dt, .7=2.9, 8.1Hz, IH), 3.72 (ddd, .7=6.9, 8.0, 9.4
Hz, IH), 2.80 (dddd, ./=3.1, 6.8, 8.8, 12.1Hz, 1H), 2.20-2.07 (m, {H), 1.38 (s, 9H). LC-MS (Method
A): m/z = 194. 1 [M--ij-Hiu}" and 250.3 [M+H] *, 1.07 min.
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EXAMPLE 23

PREPARATION oOF 1-[3-(3-FLUOROPHENYL)-1 ,2-OXAZOLIDIN-2-YL]-2,2-
BIMETEYLPROPAN-1-ONE (23)

Pivaloyl chloride (53 pi,, 0.430 mmol) was added to a solution 3-(3-fluorophenyl)- 1,2-
oxazolidine (60 nig, 0.359 mmol) and EN (75 ik, 0.539 mmol) in cH2ci2 (2.5 mL). The reaction
mixture was stirred a room temperature for 40 min, diluted with CH,C1, and washed with sat. NH,C1
solution. The organic portion was dried over Na,SG,, filtered and concentrated under reduced pressure.
The mixture of enantiomerswas resolved by chiral HPLC on a Chiralcel OJ-H (25 x 2.0 cm), 5 prn
column using amobile phase of n-hexane/2-propanol 90/10 % v/v to afford the title compound. ‘H NMR
(400 MHz, (CDC!:) 87.34-7.27 (in. 1H}, 7.11-7.07 (m, 1H), 7.02 (dt, /=9.8, 2.0 Hz, 1H), 6.95 (tdd,
,7=8.4, 2.6, 09 Hz, iH}.542 (dd, .7=8.8, 6.5 Hz, 1H), 4.31-424 (m, {H}.3.90 (ddd, 7=9.8, 8.0, 6.5 Hz,
1H), 2.83 (dddd, ,7=12.1, 9.1, 6.4, 2.8 Hz, 1H), 2.30 (dddd, .7=12.3, 9.8, 7.7, 6.4 Hz, 1H), 1.31 (s, 9H).
LC-MS (Method A): m/z =252.2 {M-+H]|", 1.14 min. ee=100% asdetermined on a Chiralcel OJ-H (25 x
0.46 cm), 5 urn column using a mobile phase of n-hexane/2-propanol 90/10 % v/v.

EXAMPLE 24

PREPARATION OF 1-[3-(2-FLIJOROPHENYL)-1,2-OXAZOLIDIN-2-YL]-2,2-DIMETHYLPROPAN-1-ONE
(24)

3-(2-Fluorophenyl)- 1,2-oxazolidine (31 mg, 0.18 mmol) was dissolved in drs' CH,C1 (1.76 mL).
Pyridine (30 pk, 0.36 mmol) and a solution of pivaloyl chloride (27 pd., 0.216 mmol) in diy CH,C1, (0.1
mL) were then added at O °C. The mixture was stirred at room temperature for 3 h, then a second addition
of pyridine (15 ,uL, 0.18 mmol) and a solution of pivaloyl chloride (13.5 ui., 0.108 mmol) indry CH,C1L,
(0.05 mL) was made. The reaction mixture was stirred at room temperature for a further 3 h then the
mixture was concentrated under reduced pressure. The residue was dissolved in EtOAc and washed with
sat. aqueous NH,CI solution, with sat. agueous NaHCO ; solution and with brine. The organic phase was
dried over Na;SO0 4, filtered and concentrated under reduced pressure. The crude product (44 mg) was
purified by column chromatography (cyclohexane-EtOAc, 95:5 to 60:40) to afford the title compound as

125



WO 2017/096301 PCT/US2016/064818
amixture of enantiomers, 'H\ \{R (400 MHz, CDC1y) & 7.31-7.2 1 (m. 2\i). 7.14-7.02 (m, 2H), 5.69 (dd,
J=8.8, 8.0Hz, 1H), 4.25 (dt, 3=8.5, 3.0 Hz, 1H), 3.96-3.88 (m, {H), 2.95-2.85 (m, 1H), 2.32-2.22 (m,
1H), 133 (s, 9H). LC-MS (Method A): m/z = 252.3 [\4+H]", 1.14 min.

EXAMPLE 25
PREPARATION OF 1-[3-(4-FHJOROPHENYL)-1,2-OXAZOLIDIN-2-YL]-2,2-DIMETHYL PROPAN-1-ONE
(25)

50
(0

Pivaloyl chloride (0. 1mL, 0.8 mmol) was added to a solution of 3-(4-fluorophenyl)-I ,2-

F

oxazolidine (90 mg, 0.54 mmol) and pyridine (0. 1mL, 1.35 mmol) in (¥>.(% (4 mL). The reaction
mixture was stirred a room temperature for 2 h.Volatiles were removed under reduced pressure. The
crude product was purified by reverse phase chromatography (water-CH ;CN, 100:0 to 70:30) to afford
the title compound as a mixture of enantiomers. % NMR (400 MHz, (CiX(l;) 8 7.34-7.22 (m, 2H), 7.08--
6.96 (m, 2H), 5.40 (dd, ./=8X, 6.5 Hz, iH), 4.27 (tdd, /=7.8. 2.9, 0.8 Hz, 1H), 3.89 (ddd, ./=9.9. 8.0, 6.5
Hz, 1H), 2.88-2.74 (in. iH)}. 2.30 (dddd, .J=12.3. 9.9, 7.7, 6.5 Hz, 1H), 1.30 (s, 9H). LC-MS (Method
A): m/z = 252.2 [M--H]". 1.17 min.
EXAMPLE 25
PREPARATION OF TERT-BUTYL 3-(2-FLUOROPHENYL)-1,2-OXAZOLIDINE-2-CARBOXYLATE (26)

Methane sulfony! chloride (57 pL., 0.746 mmol) was added to a solution of tert-butyi N-[3-(2-
fiuorophenyl)-3-hydroxypropoxy]carbamate (185 mg, 0.65 mmol) and Et;N (0.182 mL, 1.3 mmol) in dry
CH2Q2 (15 mL) a 0 °C. The reaction mixture was stirred at 0 °C for 2 h then a second addition of
methane sulfonyl chloride (0.011mL, 0.15 mmol) and Et_N (36 L, 0.26 mmol) was made. After 5h the
reaction was diluted with (3 (¥ and washed with sat. aqueous NaHCO ;solution and sat. aqueous
NH ,CI solution. The organic portion was dried over Na,S0 ;, filtered and concentrated under reduced
pressure. The crude product (178 rng) was purified by column chromatography (cyclohexane-EtOAcC,
95:5 to 60:40) to afford the title compound as a mixture of enantiomers. *H NMR (400 MHz, CDCL1,) &
7.50 (dt, .7=8.0, 15 Hz, 1H), 7.28-7.22 (m, {H), 7.17-7.11 (m, IH), 7.08- 7.01(m, {H), 5.54-5 .48 (m.

126



WO 2017/096301 PCT/US2016/064818
IH), 417 (dt. J=8.0, 3.7 Hz, 1H), 3.96-3.88 (m, 1H), 2.90-2.80 (m, H1), 2.30-2.20 (m. ii!). 1.48 (s,
9H). LC-MS (Method A): m/z = 268. 1 [M+H] *, 1.17 min.

EXAMPLE 27

PREPARATION OF TERT-BUTYL 3-(4-FLUOROPHENYL)-1,2-OXAZOLIDINE-2-CARBOXYLATE (27)

Wh

Methane sulfonyl chloride (130 pi., 1.73 mmol) was added to a solution of tert-hutyl N-[3-(4-
fluorophenyl)-3-hydroxypropoxy]carbamate (430 mg, 15 mmol) and F3%N (410 pi,, 3.0 mmoal) in
CH,C1, (15 mL) which had been pre-cooled to 0 °C. The reaction mixture was stirred a 0 °C for 1h and
a room temperature for 1h. The reaction mixture was diluted with Ck,Cl, and washed with sat. NaHCOs

10 solution and sat. NH ,CI solution. The organic portions were combined, dried over Na,S3;,, filtered and
concentrated under reduced pressure. The crude product was purified by column chromatography
(cyclohexane-EtOAc, 100:0 to 80:20) to afford the title compound as a mixture of enantiomers. '‘H NMR
(400 MHz, (CD{15) 0 7.40-7.30 (m, 2H), 7.09-6.97 (m, 2H), 520 (dd, ,7=8.7, 5.5 Hz, 1H), 4.28-4.13 (m,
IH), 3.91 (ddd, ./=8.9, 8.2, 7.0 Hz, 1H), 2.79 (dddd, /=12.3. 8.7, 7.0, 3.7 Hz, iH). 2.28 (dddd, /=12.2,

15 89,76, 56Hz 1H), 148 (s, 9H). LC-MS (Method A): m/z = 212.2 [M-tBuf, 1.10 min.

EXAMPLES 28 AND 29
PREPARATION OF  1-[(3R)-3-(6-FLUOROPYRIDIN-3-YL)-1,2-OXAZOLIDIN-2-YL]-2,2-
DIMETHYLPROPAN-1 .-ONE AND 1-[(39)-3-(6-FL UOROPYRIDIN-3-YL)-1,2-0XAZOLIDIN-2-YL]-2,2-
DIMETHYLPROPAN-[-ONE (62 AND 61)

&)

%J(N o %/ZLN o
@Q .
o E e,
F N

70 F M

Trifluoroacetic acid (500 pL) was added to a solution of tert-butyl 3-(6-fluoropyridin-3-yl)-1,2-
oxazolidine-2-carboxylate (161 mg, 0.60 mmol) in CH,Ci, (5 mL). The reaction was stirred at room
temperature for 30 min and concentrated under reduced pressure to give crude 2-fluoro-5-(1,2-

oxazo3idin-3~y3)pyridine asits trifluoracetic acid salt (157 mg). Et;N (300 uL, 2.15 mmol) and pivaloyl

[\
L

chloride (100 uL, 0.851 mmol) were sequentially added to a solution of the crude 2-fluoro-5-(1,2-
oxazolidin-3-yl)pyridine trifluoroacetic acid salt (75 mg) in CH,CI, (3 mL). The reaction was stirred &t
room temperature for 1h, diluted with CH2CI2 and washed twice with sat. NaHC<%, solution. The organic

bo
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portion was dried over N¥ S(34 filtered and concentrated under reduced pressure. The crude product was
purified by reverse phase chromatography (water-CITCN, 100:0 to 20:80) to afford the title compound as
amixture of enantiomers. This mixture was resolved by chirai HPLC on a Chirapak AD-H (25 x 2.0

cm), 5 pm column using a mobile phase of n-hexane/2-propanol  80/20% v/v to afford the two separated
enantiomers.

First eluting enantiomer, 1-[(3R)-3-(6-fluoropyridin-3-yl)-I ,2-oxazolidin-2-yl]-2,2-
dimethylpropan-l-one. ‘Fi NMR (400 MHz, CDC1,) & 8.20 (d, ./=2.5 Hz, 1H), 7.74 (td, /=x.0, 2.4 Hz,
1H), 6.92 (dd, J=8.4, 2.9 Hz, 1H), 5.45 (dd, /=8.8. 6.8 Hz, 1H), 4.35-4.28 (m, 1H), 3.93 (ddd, ./=1{.0,

8 1, 6.5 Hz, 1H), 2.87 (dddd, /=12 4, 8.9, 6.4, 2.6 Hz, 1H). 2.32 (dddd, J=12.4, 10.0, 7.7, 6.8 Hz, 1H),
1.30 (s, 9H). LC-MS (Method A): m/z = 2532 [M+H]", 0.92 min. e.e.=100% as determined on a
Chiralpak AD-H (25 x 0.46 cm), 5 uin column using a mobile phase of n-hexane/2-propanol  80/20% viv.

Second eluting enantiomer, 1-[(3S)-3~(6-fluoropyridin-3~yl)-l,2-oxazo3idm-2-yl]-2,2-
dimethylpropan-l-one. ‘i NMR (400 MHz, CDC1;) 8 8.22-8.18 (m, 1H), 7.74 (td, ./=7.9. 2.5 Hz, 1H),
6.92 (dd, ./=8.4,2.9 Hz, 1H), 551-5.41 (m, 1H), 4.32 (td, /=% .0, 2.4 Hz, 1H), 3.98-3.85 (m, 1H), 2.94-
280 (m, 1H), 2.39-2.25 (m, 1H), 130 (s, 9H). LC-MS (Method A): m/z = 253.3 [M+Hf, 0.92 mm.
e.e.=100% as determined on a Chiralpak AD-H (25 x 0.46 cm), 5 pnt column using a mobile phase of
n-hexane/2-propanol  80/20% v/v.

EXAMPLE 30
PREPARATIONOF 1-[(39)-3-(6-FLLOROPYRTOIN-3-YL)-1,2-OXAZOLIDIN-2-YL]-2,2-

Bewe THYLPROPAN-1-OXE (61)
Q

p-C,

D7
F N

Pivaloyl chloride (256 pE, 2.09 mmol) was added to a solution of 2-fiuoro-5~[(395)~l,2~
oxazolidin-3-y]]pyridme (320 mg) and Et;N (396 uf., 2.85 mmol) in CH;{1; (10 mL) which had been
pre-cooled to 0 °C. The reaction mixture was stirred at 0 °C for 30 min, then diluted with CH,(l1, and
washed with water. The organic portion was dried over Na, S(,, filtered and concentrated under reduced
pressure. The crude product was purified by column chromatography (cyclohexane-EtOAc, 100:0to
0:100) to give the title compound (452 mg) as a 4.7:95.3 mixture of enantiomers. This mixture was
resolved by chirai HPLC on a Chiralpak AD-H (25 x 2.0 cm), 5 ptn column using a mobile phase of n-
hexane/2-propanol  80/20% v/v to afford the title compound. 'H NMR (400 MHz, CDCl ) & 8.20 (d,
J=2.5 Hz, iH). 7.74 (td, J=8.0, 2.6 Hz, 1H), 6.92 (dd, J=8.5, 3.0 Hz, iH). 5.45 (dd, 7=8.8, 6.8 Hz, 1H),
4.32 (td, J=7.8, 2.6 Hz, {H), 3.93 (ddd, ./=19.0, 8.2, 6.4 Hz, 1H), 2.92-2.83 (m, 1H), 2.32 (dddd, J=12.4,
10.0, 7.6, 6.9 Hz, 1H), 1.30 (s, 9H). LC-MS (Method A): m/z = 253.2 [M+Hf, 0.92 mm. ee.=100% as
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determined on a Chiralpak AD-H (25 x 2.0 cm), 5 umqi column using a mobile phase of n-hexane/2-
propanol 80/20% v/v.
EXAMPLE 31AND 32
PREPARATION OF 1-|3-(4-FLUOROPHENYL)-1,2-OXAZOLIDIN-2-YL]-2,2-DIMETHYLPROPAN-1-ONE
ENANTIOMER 1 AND ENANTIOMER 2 (73 AND 74)

Pivaloyl chloride (0.1 mL, 0.8 sumo!) was added to a solution of 3-(4-fluorophenyl)-I,2-
oxazolidine (90 mg, 0.54 mmol) and pyridine (0.1 mL, 1.35 mmol) in CH,ClI. (4 mL). The reaction
mixture was stirred a room temperature for 2 h.Volatiles were removed under reduced pressure. The
crude product was purified by reverse phase chromatography (water-CH -QsI, 100:0to 70:30) to afford
(9~ 1-[3-(4-fluorophenyl)- 1,2-oxazolidin-2-yl] -2,2-dimemylpropan- 1-one and (R)- 1-[3~(4-
fluorophenyl)-l1,2-oxazolidin-2-yl]-2,2-dimethyl propan-1-one asamixture of enantiomers. This mixture
was resolved by chiral HPLC on a Chiralcel OJH (25 x 2.0 cm), 5 pmi column using a mobile phase of
n-hexane/(EtOH/MeQH  1/1+0.1% isopropylamine) 85/15 % v/v to afford the two title compounds as
separated enantiomers.

First eluting enantiorner, Enantiorner 1. 1T NMR (400 MHz, CDCI 5) & 7.36-7.22 (rn, 3H),
711692 (rn, 2H), 5.40 (dd, ./=8.8, 6.5Hz, i1H), 427 (dt, J=7.9,2 8Hz, 1H), 3.90 (ddd,
J=9.9, 7.9, 65 Hz, IH), 282 (dddd, /=12.1, 9.1, 6.4, 2.8 Hz, HI), 2.30 (dddd, ./=12.3. 9.9, 7.6,
6.7 Hz, 11). 1.30 (s, 9H). LC-MS (Method A): m/z = 252.2 [M+H] *, 1.10 min. ee.-100% as
determined on a Chiralcel O3H (25 x 0.46 cm), 5 um column using a mobile phase of n-
hexane/Y EtOH/MeOH 1/1+0.1% isopropylamine) 85/15 % v/v

Second eluting enaniiomer, Enantiorner 2.H NMR (400 MHz, CDC1,) 6 7.33-7.24 (m, 2H),
7.07-6.98 (m, 2H), 5.40 (dd, .7=8.8, 6.8 Hz, IH), 4.27 (dt, J=2.8, 7.8 Hz, IH), 3.90 (ddd, J=9.9, 8.0, 6.5
Hz, 1H), 2.82 (dddd, /=12.2, 9.1, 6.4, 2.9 Hz, IH), 2.30 (dddd, ./=12.3, 9.9, 7.6, 6.7 Hz, IH), 1.30 (s,
9H). LC-MS (Method A): m/z = 252.2 [M+HJ*, 1.11 min. ee=100% as determined on a Chiralcel
OJH (25 x 0.46 cm), 5 uni column using a mobile phase of n-hexane/(EtOH/MeOH  1/1+0.1%
isopropylamine) 85/15 % v/v.
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EXAMPLE 33
PREPARATION OF 4-[(35)-2-(2,2-D(METHYLPROPANOYL)-1 ,2-OXAZOLIDIN-3-YL] BENZOMTRILE (87)

o]

l\
/
N

Pivaloyl chloride (1.52 mL, 12 .5 mmol) was added to a solution of 4-(1,2-oxazolidin-3-
yl)benzonitrile (1.45 g, 833 mmol) and pyridine (1.68 mL, 20.82 mmol) in CH,Cl, (20 mL). The
reaction mixture was stirred at room temperature for Ih. Voiatiles were removed under reduced pressure.
The crude product was purified by column chromatography (cyclohexane-EtOAc, 100:0to 70:30) to
afford the title compound (2.06 g, 96%) as amixture of enantiomers. This mixture was resolved by chiral
HPLC on a Chiralpak AD-H (25 x 2.0 cm) 5 pn: column using a mobile phase of n~hexane/'(ethano3 + 0.1
% isopropylamine) 70/30 v/v and aflow rate of 18 rnL/min to afford the title compound. H NMR (400
MHz, CDCl ) $ 7.68-7.60 (m. 2H), 7.45-7.37 {rn. 2H), 5.43 (dd, /=9.0, 6.8 Hz, 1H), 4.34-4.24 (m, iH).
3.91(ddd, 3=10.1, 8.1, 6.3 Hz, 1H), 2.87 (dddd, J=12.3, 8.9, 6.4, 2.6 Hz, 1I1). 2.27 (dddd, J=12.3, 10.0,
7.7, 6.8 Hz, IH), 130 (s, 9H). LC-MS (Method A): m/z = 259.2 {M+H]*, 1.03 mm.

EXAMPLE 34
PREPARATION OF 4-[(39)-2-(3"-DiFLUORO-2,2-DmETHY U»ROPANOQOYL )-1,2-oxAzoL iDiN-3-
YL]BENZONITRILE (88)

F

2

B
/’
F

To asolution of 3,3-difluoro-2,2-dimethylpropanocic  acid (43 rng, 0.316 mmol) in CH,CL (2 mL)

were added oxalylchloride (26 uL, 0.316 mmol) and adrop of DMF. The mixture was stirred at room
temperature for 2h, then concentrated under reduced pressure. The residue was redissolved in CH,C1, (2
mL) and this solution was then added slowly to a stirred solution of 4-(1,2-oxazolidin-3-yl)benzonitrile

(50 mg, 0.28 mmol) and DIPEA (0.12 mL, 0.70 mmol) in CH,Cl, (2 rnL) at 0 °C. The mixture was stirred
a room temperature for 2h, then the solvent was evaporated under reduced pressure. The crude product
was purified by column chromatography (cyclohexane-EtOAc, 1:1) to afford the title compound. 'H
NMR (400 MHz, CDC1,) 3 7.69-7.6 1(m, 2H), 7.43-7.35 (m, 2H), 6.32 (t, =57.2 Hz, 1H), 5.44 (dd,
/=89, 6.8 Hz, 1H), 4.38-4.28 (m, 1H), 3.97 (ddd, J=9.8, 8.1, 6.4 Hz, 1), 291 (dddd, ./=12.0, 9.1, 6.4,
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29Hz, 1H), 231(dddd, /=124, 9.9, 7.6, 6.7 Hz, 1H), 1.42-1 .36 (m, 6H). LC-MS (Method A): m/z =
295.1[M+H]*, 1.03 mm.

EXAMPLE 35
PREPARATION OF 1-[(39)-3-(5-CHLOROPYRIDIN-2-YL)-1,2-OXAZOLr0iN-2-YLj-2,2-
5 DIMETHYLPROPAN-1-ONE (89)

Pivaloyl chloride (22 pL, 0.179 mmol) was added to a solution of 5-chloro-2-[(3S)-I,2-
oxazolidin-3-yl]pyridine (32 mg, 0.174 mmol) and triethylamine (34 wtL, 0.244 mmol) in cH,cl; (3 mL),
which had been pre-cooled to 0 °C. The reaction was stirred a 0 °C for 30 min, diluted with cH.Cl; and

10 washed with water. The organic portion was dried over Na*SO,, filtered and concentrated under reduced
pressure. The crude product was purified by column chromatography (cyclohexane-EtOAc, 100:0 to
0:100) to afford the title compound. ‘H NMR (400 MHz, CDCI 3) 8 8.54- 852 (m, 1H), 7.63 (dd, .J=8.5,
25 Hz, 1H),7.32 (d, J=8.5Hz, 1H}, 5.50 (dd, /=9.0, 6.3 Hz, 1H), 4.33-4.22 (m, 1H)}, 3.94 (ddd, J=9.4,
79,6.8Hz, 1H),2.85-2.75(m, 1H), 2.71-2.60 (m, 1H), 1.31(s, 9H). LC-MS (Method A): m/z = 269. 1

15 [M+HT, 1.02 mm.

EXAMPLE 36
PREPARATION OF (39)-2- [1-(2,2-DIFLUOROETHYL)-3-METHYLAZETIDINE-3-CARBONYL]-3-(4-
FHJOROPHENYL)-1,2-OXAZOLIDINE (90)

F F

J

20 Et;N (37 1iL., 0.264 mmol) and 2,2-difluoroethyl methanesulfonate (28 mg, 0.132 mmol) were
sequentially added to a solution of (3S)-3-(4-fluorophem’l)-2-(3-methylazetidine-3-carbonyl)-1,2-
oxazoiidme (24 mg, 0.088 mmol) in CH,C1, (5 mL) which had been pre-cooled to 0 °C. The reaction was
gtirred at 0 °C for 2h, diluted with CH,C 1, and washed with water. The organic portion was dried over

Na, S0 ,, filtered and concentrated under reduced pressure. The crude product was purified by column

[\
¥4

chromatography (KP-NH, cyclohexane-EtOAc, 100:0 to 50:50) to afford the title compound. H NMR
(400 MHz, CDClg) & 7.31-7.25 (m, 2H), 7.09-7.0 1(m, 2H), 5.74 (it, J=56.2, 5.0 Hz, 1H), 5.37 (dd,
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,7=8.7, 6.1Hz, 1B), 4.24 (td, 7.6, 3.6 Hz, 1H), 3.92 (ddd, ,7=9.0, 8.0, 6.8 Hz, iF1). 3.57 (d, .7=7.5 Hz,
1H), 3.42- 3.37 (m, 3H), 2.73-2.9 1(m, 3H), 2.35 (dddd, J=12.4, 9.2, 7.5, 6.3 Hz, 1H), 165 (s, 3H). LC-
M S (Method A): m/z = 329.2 [M-+H]". 0.50 mim.
EXAMPLES 37 AND 38
PREPARATION OF 4-[(35)-2-(3,3-DIFHJORO-2-METHYL PROPANOYL)-l,2-OXAZOL IDIN-3-

YL] BENZONITRILES (91) AND (92)
F

H

M
/( /‘\/L\/
L
PN

N

DMF (20 pi .} and oxalyl chloride (50 k., 0.590 mmol) were sequentially added to a solution of
the mixture containing 3,3-difluoro-2-methylpropanocic acid (100 mg) and the reaction was stirred at
room temperature for 1h. A solution of 4-[(3S)- | ,2-oxazolidin-3-yl]benzonitrile (100 mg, 0.575 mmol)
and DIPEA (250 pL, 1.44 mmol) in CH,Cl, (2 mL) was added. The reaction was stirred a room
temperature for 1.5 h, diluted with {32 {34 and washed twice with water. The organic portion was dried
over Ny 50, filtered and concentrated under reduced pressure to provide 4-[(3S)-2-((S)-3,3-difluoro-2-
methylpropanoyl)~,2-oxazo3idin-3~yl]benzonitrile and 4-[(35)-2-((R)-3,3-difluoro-2-methyl propanoyl)-
I,2-oxazolidin-3-y]]benzonitrile.  Tlie crude product was purified by column chromatography
(cyclohexane-EtOAc, 100:0to 0:100) to afford the first eluting diasterecisomer of the title compound and
amixture of the second eluting diasterecisomer with severa byproducts. The latter was further purified
by semi -preparative HPLC to afford the second eluting diasterecisomer of the title compound (2. 1 mg).

First eluting diasterecisomer, Diastereoisomer 1:'#f NMR (400M Hz, OM SO-dG) 5 7.89-7.80
(m, 2H), 7.53-7.45 (m, 2H), 6.13 (td, J=55 .7, 6.3 Hz, 1H), 5.51-5.37 (m, 1H), 4.30 (td, 7=7.5, 2.5 Hz,
1H), 3.99-3 .85 (m, 1H), 3.52-3 .36 (m, 1H), 3,06- 2.84 (m, 1H), 2.29-2. 10 (m, 1H), 1.24 (d, .7=7.0 Hz,
3H). LC-MS (Method A): m/z = 2§ 1.2 [M+-Hj". 0.95 min.

Second eluting diasterecisomer, Diasterecisomer 2:'H NMR (400 MHz, DM SO-¢/;) 5 7.91-7.80
(m, 2H), 7.51-7.44 (m, 2H), 6.19 (td, /=60.5. 9.5 Hz, 1H), 5.42 (t, /=7.7Hz, 1H), 4.29 (id, ./=7H, 3.1Hz,
1H). 3.97 (ddd, 7=9.4, 8.0, 6.4 Hz, 1H), 3.56- 3.38 (m, iH). 2.95 (dddd, ,7=12.2, 9.1, 6.2, 3.1Hz, 1H),
2.28-2. 10 (m, 1H), 1.14 (d, 7=7.0 Hz, 3H). LC-MS (Method A): m/z = 2812 [M+H]*, 0.94 mm.
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EXAMPLE 39
PREPARATION  OF 2-FHIORO0-5-[(35)-2-[(1 -METHYLCYCLOPROPYL)SULFONYL]-

[,2-OXAZOLIDIN-3-YL]PYRIDINE (933

oYt
N ¢}
7™

P

A solution of 2-fluoro-5-[(39)-1,2-oxazolidin-3-yl]pyridine (30 mg, 0.179 mmol), 1-

W

methylcyclopropane-I-sulfonyl  chloride (30 mg, 0.197 mrnol), pyridine (40 uL, 0.358 mmol) and DMAP
(5mg, 0.041mmol) in CH,ClI; (1.5 mL) was stirred at room temperature for 20 h. Although not
complete, the reaction was diluted with CH ,ClI, and washed with 0.5M HCI solution. The organic portion
was washed with 1M HCI solution and sat. NaHCCh solution, dried over Na,SO0 ,, filtered and
10 concentrated under reduced pressure. The crude product was purified by column chromatography
(cyclohexane-EtOAc, 100:0to 70:30) to afford the title compound. 'H NMR (400 MHz, CDC1,) & 8.29-
8.24 (m, 1H), 7.84 (td, J=8.0, 2.3 Hz, 1H), 6.95 (dd, J=8.5, 2.8 Hz, 1H), 5.44 (dd, ./=8.3, 5.5 Hz, 1H),
4.43-4.34 (m, 1H), 4.24- 416 (m, 1H), 2.98-2.87 (m, ikl). 2.35 {did. /=12.3. 82, 5.5 Hz, il}, 168- 158
(m, 4H), 1.48 (ddd, /=10.6. 6.5, 5.5 Hz, 1H), 1.03 (ddd, ./=2.1, 6.8, 5.4 Hz, 1H), 0.86 (ddd, 3==9.0, 7.0,
15 5.3Hz, 1H). LC-MS (Method A): m/z = 287. 1[M+H] ", 0.90 min.
EXAMPLES 40AND 41
PREPARATION OF 3,3,3-TRIFLIJORO-I -[(35)-3-(4-FLIOROPHENYL)-I,2-OXAZOL (DIN-2-YL]-2-
METHYLPROPAN -1-ONES (94) AND (95)

20 A solution of (3S)-3-(4-fluorophenyl)-l,2-oxazolidine (30 mg, 0.179 mmoal), 3,3,3-trifluoro-2-
methylpropanoic acid (28 mg, 0.197 mmol), TP (50% wt solution in EtOAc, 234 pi., 0.394 mmol) and
pyridine (40 pL, 0.537 mmol) in EtOAc (1mL) was stirred at room temperature for 1.5 h. The reaction
was diluted with EtOAc and the organic portion was washed with 1M HCI solution and sat. NaHCO-,

solution, dried over Na,SQy, filtered and concentrated under reduced pressure to provide (R)-3,3,3~

A
W

trifluoro-1-[(3S5)-3-(4-fluorophenyl)-l  ,2-oxazolidin-2-yl]-2-methylpropan-I-one  and (S)-3,3,3-trifluoro-
I-[(39)-3-(4-fluorophenyl)-I,2-oxazolidin-2-yI]-2-methyl propan-1-one. The crude product was purified
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by chiral HPLC on a Chiralcel OJH (25 x 2.0 cm), 5 um column using a mobile phase of n-
hexane/(ethanol/methanol  + 0.1% isopropylamine) 30/70% v/v and a flow rate of 18 mL/min to afford
the two separated diastereoisomers of the title compound.

First eluting diastereoisomer, Diastereoisomer 1. 'H NMR (400 MHz, CDC1y) & 7.31~7.22 (m,
2H), 7.00-7.08 (in. 2H), 5.41(dd, /=8 5. 5.8 Hz, 1H), 431 (td, /=7.6, 3.9 Hz, 1H), 4.03-3 .93 (m, 1H),
3.92-3 .79 (m, 1H), 2.88 (dddd, /=12.4. 8.7, 6.8, 4.0 Hz, 1H), 2.44-2.34 (m, 1H), 1.38 (d, /=7.0 Hz, 3H).
LC-MS (Method A): m/z = 292. 1j\1+H]". 1.05 min.

Second eluting diastereocisomer, Diastereoisomer 2: H NMR (400 MHz, CDCly) 8 7.29-7.2 1(m,
2H), 7.06-6.98 (m, 2H), 5.37 (dd, ;=8.8, 5.3 Hz, IH), 4.32 (td, J=7.7, 45 Hz, 111y 4.05 (td, .7=8.2, 7.0
Hz, IH), 2.96-2.85 (m, 1H), 2.42-2.3 i(m, 1H), 1.97-1 .85 (m, IH), 148 (br. s, 3H). LC-MS (Method A):
m/z = 292 .1 {M+HI", 1.07 mm.

EXAMPLE 42
PREPARATION OF 1-[(3S)-3-(4-FLUOROPHENYL)-1,2-OXAZOLIDIN-2-YL]-3-HYDROXY-2,2-
DIMETHYLPROPAN-1-ONE (96)

OH

A mixture of (3S)-3-(4-fluorophenyl)-I ,2-oxazolidine (100 mg, 0.6 mmol), 3~hydroxy~2,2~
dimethylpropanoic acid (85 mg, 0.72 mmol), HATU (456 mg, 1.2 mmol) and DIPEA (0.2 mL, 1.2 mmol)
in CH,C1, (7 mL) was stirred at room temperature for 6h. The mixture was evaporated under reduced
pressure and the crude product was purified twice by column chromatography (first column CH,C1,-
MeOH, 100: 0to 90: 18; second column cyclohexane-EtOAc, 100:0 to 50:50) and then by Prep-HPLC
with the following conditions: column: Gemini C18 11 0A AXIA Column, 100x30 mm, 5 itm; Mobile
Phase A : 10 mmol/L ammonium bicarbonate agueous solution adjusted to pH 10 with ammonia; Mobile
Phase B: acetonitrile (20% to 70% over 10 min); Detector, UV 210to 350 nm to afford the title
compound. 'H NMR (400 MHz, CDC1,) 3 7.31-7.21(m, 2H), 7.09-6.99 (m, 2H), 5.38 (dd, /=8.8. 6.3
Hz, 1H), 4.35-4.26 (m, 1H), 3.94 (ddd, ; =9.7, 8.0, 6.5 Hz, iH}, 3.62- 348 (m, 2H), 3.09 (t, J=7. 1Hz,
IH), 2.84 (dddd, ./=12.1, 8.9, 6.6, 3.1Hz, 1H), 2.30 (dddd, ;=12.4,9.7, 7.6, 6.3 Hz, IH), 1.37 (s, 3H),
129 (s, 3H). LC-MS (Method B): m/z = 267.0 jM+H]|". 0.86 mm.
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EXAMPLE 43
[-[(39)-3-(5-FLUORO-6-METHYLPYR(DIN-3-YL)-,2-OXAZOLID(N-2-YL]-2,2-DIMETHYLPROPAN-I-

ONE (97)
o] -
F
®
o
N

3-Fluoro-2-methy]-5-[(3S)-] ,2-oxazolidin-3-yl]pyridine (38 mg, 0.208 mmol) was dissolved in
CH,Cl; (1.0 mL). A solution of pyridine (0.034 mL, 0.416 mmol) in CH,Cl, (0.5 rnL) and a solution of
pivaloyl chloride (0.033 mL, 0.27 mmol) in CH,Cl, (0.5 mL) were then added a 0 °C. The mixture was
then stirred a room temperature for 3(min then the mixture was concentrated under reduced pressure.
The residue was dissolved in EtOAc and washed with sat. NH4CI solution, twice with sat. NaHCO,
solution and with brine. The organic phase was dried over Na,So0 ,, filtered and concentrated under
reduced pressure. The crude product was purified by column chromatography (cyclohexane-EtOAC,
88:12t0 0:100) to afford the title compound as an unequal mixture of enantiomers. This mixture was
resolved by chiral HPLC on a Chiralpak AD-H (25 x 2.0 cm) 5 um column using a mobile phase of n-
hexane/(ethanol + 0.1 % isopropylamine) 75/25% viv and aflow rate of 18 mL/min.

Second eiutmg enantiomer, Enantiomer 2: 'H WIR (400 MHz, CDC1,) & 8.29 (s, 1H), 7.27 (m,
14}, 543 (tkl. ./=8.8, 6.8 Hz, 1H), 4.30 (td, /=X.0, 2.5 Hz, Hi), 3.96-3.88 (m, 1H). 2.91-2.82 (m, ikl).
251 (d, /=3.0 Hz, 3H), 2.36-2.26 (in. 1H}. 1.30 is. 9H). LC-MS (Method A): m/z =267.2 |\l -+¥1j", 0.92
min. e.e.=98.8% as determined on a Chiralpak 1C (25 x 0.46 cm) 5 pm column using a mobile phase
of n-hexane/(ethanol + 0.i% isopropylamine) 75/25% viv, flow rate: 1 mL/min, retention time: 7.4 min.

EXAMPLE 44
4-[(39)-2-(2,2-DIMETHYLPROPANOYL)(5,5- *H ,)-| ,2-OXAZOL (DIN-3-YL]BENZONITRILE (98)

A solution of 4-[(39)-(5,5-% ;)-1,2-oxa2X)lidin-3-yl]benzonitrile (30 mg, 0.17 mmol), pivaloyl
chloride (0.023 mL, 0.19 mmol) and Et;N (0.035 ml, 0.25 mmol) in CH,C1 (4 mL) was stirred a room

temperature for th. The mixture was diluted with CH,Cl, and washed with brine. The organic phase was
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separated, dried over Na; SO 4, filtered and evaporated under reduced pressure. The crude product was
resolved by chiral HPLC on a Chiralpak AD-H (25 x 2.0 cm) 5 unt column using a mobile phase of n-
hexane/(ethanol + 0.1% isopropylamine) 65/35 % v/v and aflow rate of 18 rnL/min.

Second eluting enantiomer, Enantiomer 2: 'H NMR (400 MHz, CDC1,) 6 7.68-7.58 (m, 2 H)
7.45-7.35 (m, 2H) 5.43 (dd, ./=% .0, 6.8 Hz, 1H) 2.84 (dd, ./=12.3. 9.0 Hz, 1H) 2.32-2.18 (m, 1H) 1.30
(s, 9H). LC-MS (Method A): m/z = 261.2 [M+Hf, 1.03 min.e.e.=100% as deteremmed on a Chiralpak
AD-H (25 x 0.46 cm) 5 pmn column using a mobile phase of n-hexane/(ethanol + 0.1% isopropylamine)
65/35 % vlv, flow rate: 1rnL/min, retention time: 7.3 min.

EXAMPLES 45AND 46
4-[(35,59)-2-(2,2-DIMETHYLPROPANOYL)-5-METHYL-I,2-OXAZOUDIN-3-YLjBENZONITRILE (99) AND
4-[(3S,5R)-2-(2,2-DIMETHYLPROPANOQOYL)-5-METHYL-,2-OXAZO" iBiN-3- YL BENZONITRILE (100)

P

A solution of 4-[(3S)-5-methyl-1,2-oxazolidin-3-yl]benzonitrile (50 mg, 0.26 mmoal), pivaloyl
chloride (0.036 mL, 0.29 mmol) and Et,N (0.054 mL, 0.39 mmol) in Ci{,Cl, (4 mL) was stirred a room
temperature for I'h 30 min. The mixture was diluted with CH,{l, and washed with 0.5M HC1 solution
and brine. The organic phase was separated, dried over Na,s(4 filtered and concentrated under reduced
pressure. The crude products were purified by column chromatography (cyclohexane-EtOAc, 90: 10 to
65:35) to give amixture of diastereoisomers asacolorless oil. This mixture was resolved by chiral HPLC
on a Chiralpak AD-H (25 x 2.0 cm) 5 ium column using a mobile phase of n-hexane/(ethanol + 0.1 %
isopropylamine) 70/30 % v/v and aflow rate of 18 mL/min.

4-[(35,59)-2-(2,2-dimethyipropanoyi)-5-methyl-I ,2-oxazolidin-3-ylibenzonitrile (First eluted
diasterecisomer): 'H NMR (400 MHz, CDC1.) & 7.62 (d, .J=8.4 Hz, 2H), 7.40 (d, .7=8.0 Hz, 2H), 5.43 (t,
J=8.41 Hz, 1H), 4.16 (dgum, 7=110, 5.6 Hz, 1H), 2.93 (ddd, .7=12.3, 8.9, 5.1 Hz, 1H), 1.85 (ddd, 7=12.3,
10.5, 8.0 Hz, 1H), 1.42 (d, J=5.8 Hz, 3H), 1.29 (s, 9H). LC-MS (Method A): m/z = 273 2 [M+H]+, 1.1}
min. e.e= 100% asdetermined on a Chiralpak AD-H (25 x 0.46 cm), 5umn column using amobile phase
of n-hexane/(ethanol + 0.1 % isopropylamine) 70/30 % v/v, flow rate: 1 mL/min, retention time: 6.5 min.

4-}(3S,5R)-2-(2,2-dimethylpropanoyi)-5-methyi-1,2-oxazolidin-3-yljbenzounitrife (Second eluted
diastereoisomer): 'HNMR (400 MHz, CDC!-.) & 7.63 (d, /=8.4 Hz, 2H), 7.38 (d, .7=8.2 Hz, 2H), 5.39 (dd,
J=8.8. 52 Hz, 1H), 4.61 (sextet, J=6.0 Hz, {H), 2.44 (ddd, ./=12.3, 8.9, 5.2 Hz, 1H), 2.29 (dt, /=12.1.5.9
Hz, 1H), 136 (d, .7=6.2 Hz, 3H), 1.29 (s, 9 H}. LC-MS (Method A): m/z = 273.2 [M+H]+, 1.09 min.
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e.e.= 100% as determined on a Chiralpak AD-H (25 x 0.46 cm), 5um column using amobile phase of n~
hexane/(ethanol + 0.1 % isopropylamine) 70/30 %v/v, flow ratel mL/min, retention time: 7.6 min.
EXAMPLE 47
3,3-DIFLUORO-I - [(39)-3-(4-FLUOROPgENYL}-| ,2-OXAZGLIDIN-2-YL-2,2-DIMETHYLPROPAN-| -OXE
3 {161)

A solution of 3,3-difluoro-2,2-dimethylpropanoic  acid (55 mg, 0.4 mmol), oxayl chloride (0.034
mL, 0.4 mmol) and DMF (1drop) inanhydrous CH,C1 (4 ral) was stirred a room temperature 1h 30
min, then a solution of (3S)-3-(4-fluorophenyl)-1,2-oxazolidine (60 mg, 0.36 mmol) and DIPEA (0.157
10 mL) 0.9 mmol) in anhydrous CH,Q, (3 mL) was added and the resulting mixture was stirred at room
temperature for ih. The mixture was diluted with CH,Ci, and washed with HCl solution, sat. NaHCO 5
solution and brine. The organic phase was separated, dried over Na, SO 4, filtered and concentrated under
reduced pressure. Tire crude product was purified by column chromatography (cyclohexane-EtOAcC,

90: 10 to 70:30) to give the title compound containing some residual 3,3-difluoro-2,2-dimethylpropanoic

oy
¥4

acid. This mixture was dissolved in CH,Q , and washed with 0.IN NaOH solution and brine. The organic

phase was concentrated under reduced pressure to give the title compound. 'H NMR (400 MHz, cpcl 3)

07.29-7.21 (m, 2H), 7.08-6.97 (m, 2H), 6.50-6.14 (m, IH), 540 (dd, .1=8.8, 6.5 Hz, 1H), 4.30 (dt, J=3.3,

7.5 Hz, 1H), 3.95 (ddd, J=9.5, 8.0, 6.5 Hz, IH), 2.91-2.76 (m, IH), 2.33 (dddd, J=12.4, 9.6, 7.6, 6.5 Hz,

iH), 1.40-1 .32 (m, 6H). LC-MS (Method A): m/z = 288.2 [M+H]*, 1.10 mm.

20 EXAMPLES 48 AND 49

PREPARATION OF 1-[(3R)-3-(3,5-DIFLUOROPHENYL)-1,2-OXAZOLIDIN-2-YLJ-2,2-DIMETHYLPROPAN-

1-OME AND L-[(3S)-3-(3,3-DIFLUGROPHENYL}-1,2-OXAZOLIDIN-2-YL}-2,2-DIMETHYLPROPAN-1-ONE
{102) AxB {(103)

-
i
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Hydrochloric acid solution (4M in dioxane, 3 mL, 12 mmol), was added at room temperature to a
solution of tert-butyl 3-(3,5-difiuorophenyl)-l,2-oxazolidine-2-carboxylate (50 mg, 0.17 mmol) in
anhydrous (34 Cl; (2 mL). The mixture was then stirred a room temperature for 2 h. The mixture was
concentrated under reduced pressure. The residue was dissolved in CH,C1, (5 mL) and pivaloyl chloride
(0.031 mL, 0.255 mmol) was added followed by sat. NaHCO 5 solution (5 mL). The mixture was stirred
for 18 h then the organic portion was separated and washed with sat. NaH C(; solution, dried over
Na, S, filtered and concentrated under reduced pressure to afford the title compounds as a mixture of
enantiomers. This mixture of enantiomers was resolved by chiral HPLC on Chiralpak AS-H (25 x 2.0
cm), 5 wit column using a mobile phase of n-hexane/2-propanol 90/10 % v/v and aflow rate of 18
mL/'min to afford the two separated title compounds.

First eluiing enantiomer, I-[(3R)-3-(3,5-difluor ophenyl)-1,2-oxazolidin-2-yl]-2,2-
dimethylpropan-I-one. 'H NMR (400 MHz, CDCI ;) § 6.83 (dd, ./=8.3, 2.0 Hz, 2 H), 6.74-6.65 (m, 1H),
5.38 (dd, /=89, 6.7Hz, 1H), 4.32-4.18 (m, 1H), 3.95-3.82 (m, 1H), 2.89-2.76 (m, 1H), 2.33-2.22 (m,
1H), 1.31 (s, 9H). LC-MS (Method A): m/z = 269.0 |M-+H]", 1.18 min. e.e=100% as determined on a
Chiralpak AS-H (25 x 0.46 cm) 5 urn column using amobile phase of n-hexane/2-propanol 90/10 % v/v,
flow rate: 18 mL/min, retention time: 4.2 min.

Second dluting enantiomer, 1-[(3S)-3-(3,5-difluor ophenyl)-I,2-oxazolidin-2-yl]-2,2-
dimethylpropan-I-one. “H NMR (400 MHz, CDC1y), 8 6.79-6.89 (m, 2 H), 6.69 (it, ./=8.9, 2.4 Hz, 1H),
5.38 (dd, ./=8.8, 6.5 Hz, 1H), 4.26 (td, /=7.9. 2.8 Hz, 1H), 3.89 (ddd, /=9.8. 8.0, 6.5 Hz, 1H), 2.83
(dddd, 7=12.2,92,65, 2.8 Hz, 1H), 2.27 (dddd, ,7=12.3, 9.8, 7.6, 6.7 Hz, 1H), 131(s, 9H). LC-MS
(Method A): m/z = 269.0 [M+H]*, 1.18 min, e.e=99 % asdteremined on a Chiralpak AS-H (25 x 0,46
cm) 5 pen column using amobile phase of n-hexane/2-propanol 90/10 % v/v, flow rate: 18 mL/min,
retention time: 5.5 min.

EXAMPLE 56
PREPARATION OF 3,3- DIMETHYL-4- [(39)-3-(5-METHYLPYRAZJN-2-YL)-  1,2-OXAZOLIDIN-2- -Yi.}-4-

OXOBUTANENITRILE (104)

N

N

o

Thionyl chloride (0.029 mL, 0.39 mmol) was added to a solution of 3-cyano~2,2~
dimethylpropanoic acid (45 mg, 0.35 mmol) and DMF in CH,{l, (2 mL). The reaction was stirred at
room temperature for 2 h. A solution of tert-butyl (39)-3 -[4-(difluoromethyl)phenyl]-l ,2-oxazolidine -2-
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carboxylate (45 mg, 0.35 mmol) and Et;N (0.13 mL, 1.08 mniol) in CH,C1 was added to the reaction and
stirring was continued at room temperature for 1h. The reaction was diluted with CI4.-Cl, and washed
with sat. Nat CO; solution. The organic phase was concentrated under reduced pressure and the crude
product was purified by column chromatography (cyclohexane-EtOAc, 100:0 to 0:100) to afford the title
compound as a mixture of enantiomers. This mixture was resolved by chiral HPLC on a Chiraipak 1C (25
X 2.0 cm) 5 um column using amobile phase of n-hexane/(ethanol + 0.1%isopropylamine) 50/50 % v/v
and aflow rate of 1% mL/min to afford the title compound. ‘H NMR (400MHz, CDC1y % 853(d, J=13
Hz, 1H). 842 (d, /=0.8 Hz, 1H), 5.51(dd. /=8.8. 6.0 Hz, 1H), 441(dt, /=4.0. 7.5 Hz, IH), 4.15-3.95 (m,
1H), 2.88-2.76 (in. iH}, 2.73-2.62 (m, 3H), 2.57 (s, 3H), 1.49 (s, 3H), 1.47 (s, 3H}. EC-MS (Method A):
m/z = 275 .3 j\/2-H1". 0.68 min. ee.=97.3% as determined on a Chiraipak IC (25 x 0.46 cm) 5 pun column
using a mobile phase of n-hexane/(ethanol + 0.1%isopropylamine) 50/50 % v/v, flow rate: 1 mL/min,
retention time: 11.2 min.
EXAMPLE 51
PREPARATIONOF 1-[(3S)-3-[6-(DIFLUOROMETHYL)PYRIDIN-3-YL]-1,2-OXAZOL I DIN-2-YL]-2,2-
DIMETHYLPROPAN-1-ONE (105)

n O

3
P
N

To asolution of test-butyl (35)-3-[6 -(difluoromethyl)pyridine -3-yl]-|,2-oxazolidine -2-
carboxylate (24 mg, 0.11mmol) in CH.{l; (2 mL) were added F3¥N (0.03 1mL, 0.22 mmol) and
pivaloylchloride (0.015 mL, 0.12 mmol). The mixture was stirred for 2 h. The volatiles were removed
under reduced pressure to afford the title compound as amixture of enantiomers. This mixture was
resolved by chiral HPLC on a Chiraipak AD-H (25 x 2 cm) 5 urn column using amobile phase of n-
hexane/ethanol 70/30 % v/v and aflow rate of 18 mL/min to afford then purified further by column
chromatography (cyclohexane-EtOAc, 100:0 to 50:50) to afford the title compound. ‘I NMR (400MHz,
CDCl ), 3 8.62 (d, /=2.0 Hz, 1H), 7.77 (dd, /=80, 2.3 Hz, 1H), 7.62 (d, /=8.01->, IH), 6.79-6.47 (m,
1H), 5.48 (dd, ./=8.5, 7.0 Hz, IH), 4.32 (dt, J =2.3, 7.9 Hz, iH), 3.94 (ddd, ./=10.0. 8.2, 6.4 Hz, IH), 2.96-
2.85 (m, IH), 2.38-2.26 (m, 1H), 1.30 (s, 9H). LC-MS (Method A): m/z = 285.93 [\'M -Ij". 0.97 min.
e.e=100% asdetermined on a Chiraipak AD-H (25 x 0.46 cm) 5 wn column using amobile phase of n-

hexane/ethanoi 60/40 % v/v, flow rate: 1 mL/min, retention time: 7.2 min.
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EXAMPLE 52

PREPARATION OF 2,2-DIMETHYL-I- [(35)-3-(1-METHYL-1 H-PYRAZOL-4-YL)-1"2-OXAZOU»IN-2-
YL]PROPAN-I-ONE (1 06)

To astirred mixture of (39)-3-(I-methyl-IH-p>Tazol-4-y])-1,2-oxazolidine hydrochloride (90
mg, 0.47 mmol) and Et;N (143 mg, .42 mmol) in (% (¥ (10 mL) was added dropwise pivaloyl chloride
(57 mg, 0.47 mmol) a O °C. The resulting mixture was warmed to room temperature and stirred for 1
hour. The reaction mixture was quenched with water (15 mL) and extracted with CH,Cl1, (2x15mL). The
combined organic layers were washed with brine (20 mL), dried over Na,S0 ,, filtered and concentrated
under reduced pressure. The crude product was purified by Prep-HPLC with the following conditions:
column: XBndge Prep C18 Column, 150:<1¢'mm, 5 wn; Mobile Phase A :water (10 mmol/L ammonium
bicarbonate); Mobile Phase B: acetonitrile (25% to 75% over 7 min); Detector, UV 220 & 254 nm to
afford the title compound (35 mg, 31%) as amixture of enantiomers. This mixture was resolved by
chiral HPLC on a Chiralpak fC (25 x 2 cm), 5 psn column using a mobile phase of hexane/ethanol
70/30% viv and aflow rate of 20 mL/min to afford the title compound. First eluting enantiomer. ‘H NMR
(400 MHz, DM SO-;) 8 7.57 (s, IH), 7.31 (s, 1H), 5.26-5.22 (m, 1H), 425-4.20 (m, {H), 3.82-3.76 (m,
4H), 2.70-2.60 (m, iH), 2.30-2.22 (m, i1H), 1.15 (s, 9H). LC-MS (Method F): m/z =238.0 [M+H]", 1.00
min. e.e==99.9% as determined on a Chiralpak IC-3 (10 x 0.46 cm), 3 pmn column using amobile phase of
(n-hexane + 0.1% trifiuoroacetic acid)/ethanoi 70/30 % vl/v, flow rate: 1.0 mL/min, retention time: 5.58
min.

EXAMPLE 53
PREPARATION OF 2,2-DIMETHYL-1-[(39)-3-(6- METHYLPYRAZIN-2-YL)-1,2-OXAZOLIDIN-2-
YL]PROPAN-I-ONE (107)

To asolution of N-hydroxy-N-[( 1S)-3-hydroxy- 1-(6-methylpyrazin-2-y [)propyl] -2,2-
dimethylpropanamide (170 mg, 0.64 mmol) and triphenylphosphine (566 mg, 2.10 mmol) in anhydrous
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THF (10 mL) was added DIAD (387 mg, i.90 mmo3) dropwise a room temperature. After being stirred
overnight at room temperature, the reaction mixture was concentrated under reduced pressure. The crude
product was purified by Prep-HPLC with the following conditions: column: XBridge Prep Ci8 Column,
150x19mm, 5 urn; Mobile Phase A: Water (10 mmol/L NH,HCQ); Mobile Phase B: Acetonitrile (20%
to 50% over 7 mm); Detector, UV 220 & 254 nm to afford the title compound as a mixture of
enantiomers. This mixture was resolved by chira HPLC on a Phenomenex Lux 5u Cellulose-4AXLA
Packed (25 x 2.12 cm), 5um column using amobile phase of hexane/ethanol 95/5% v/v and aflow rate
of 20 mL/min to afford the title compound. First eluted enantiomer. 'H NMR (400 MHz, CD40D) 56 8.39
(s, IH), 8.34 (s, 1H), 544-5.40 (m, 1H), 4 45-4.3]1 (m, 1H), 4.07-4.01 (m, 1H), 2.99-2.78 (m, 1H),
2,68-2.43 (m, 4H), 1.27 (s, 9H). LC-MS (Method N): m/z -250.2 [M+H]*, 1.12 min. e.e.==99.9% as
determined on aLux Cellulose-4 (5x 0.46 cm), 3 um column using amobile phase of (n-hexane + 0.1%
diethyl amine)/ethanol 95/5 % vl/v, flow rate: 1.0 mL/min, retention time: 3.23 min.
EXAMPLE 54
PREPARATION OF 5-[(39)-2-(2,2-DIMETHYLPROPANOYL)-1,2-OXAZOLIDIN-3-YL]PYRIDINE-3-
CARBONITRILE (108)

3]
W

~
\N 3

To agtirred mixture of 5-[(35)-1,2-oxazolidin-3-yl]pyridine-3-carbonitrile  trifluoroacetate (105
mg, 0.36 mmol) and Et;N (163 mg, 1.61 mmol) in CH,C1, (10 mL) was added pivaloylchloride (44 mg,
0.36 mmol) a 0 °C. After being stirred at room temperature for 1hour, the reaction mixture was
guenched by the addition of water (15 mL) and extracted with CH,c 1, (3x 15 mL). The combined
organic layers were dried over Na,S(}4 and concentrated under reduced pressure. The crude product was
purified by Prep-HPLC with the following conditions: Column, XBridge Prep C18 OBD Column, 5um,
150 x 19 mm; Mobile phase: Phase A:Water (10 mmol/L ammonium bicarbonate); Phase B: Acetonitrile
(25% up to 55% in 7 min); Detector, UV 254 & 220 nm to afford the title compound. ‘H NMR (300
MHz, DM SQ-d¢) 6 8.92 (d, /= 1.8 Hz, IH), 8.73 (d,./= 2.1 Hz, 1H), 8.16-8.15 (m, IH), 5.39 (t, /= 7.2
Hz, 1H), 4.35-4.29 (m, IH), 3.92-3.84 (m, IH), 290- 285 (m, {H), 2.28-2.21 (m, IH), 1.19 (s, 9H). LC-
M S (Method H): m/iz = 260.0 [M+H]", 1.22 min. e.e.=95.9% as determined on a Chiralpak IA-3 (5 x 0.46
cm), 3 pm column using a mobile phase of (n-hexane + 0.1% diethylamine)/ethanol  70/30 % v/v, flow

rate: 1.0 mL/min, retention time: 1.94 min.
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EXAMPLE 55
PREPARATION OF 3- [(35)-2-(2,2-DIMETHYLPROPANOYL)-1,2-OXAZOLIDIN-3-YL]-5-
FLUOROBENZONITRILE (1GD)

To a stirred solution of N-[(1S)-1-(3-cyano-5-fluorophenyl)-34iydroxypropyl]-N-hydroxy-2,2-
dimethylpropanamide (100 mg, 0.34 mmol) and triphenylphosphine (213 rng, 0.81 mmol ) in THF (10
mL) was added dropwise DIAL (137 mg, 0.68 mmol) at 0 C. After being stirred overnight a room
temperature under anitrogen atmosphere, the reaction mixture was concentrated under reduced pressure.
The crude product was purified by preparative thin layer chromatography (EtOAc-petroleum ether, 1:3)
to afford the title compound as a mixture of enantiomers. This mixture was resolved by chiral HPLC on a
Chiralpak 1C (25 x 2.cm) 5 wn column using a mobile phase of hexane/ethanol 80/20% v/v and aflow
rate of 20 mL/min to afford the title compound. Second eluting enantiomer. 'H NMR (300 MHz, DMSO-
dy &6 7.79-7.75 (m, 1H), 7.58 (s, 1 H). 7.46-7.41 (m, {H) 5.37 {t, /=7.2Hz, 1H), 4.32-4.27 (m, 1H),
3.90-3.82 (m, 1H), 2.90- 2.86 (m, 1H), 2.22-2.14 (m, IH), 1.21 (s, 9H). LC-MS (Method H): m/z =
276.9 [M+H]*, 1.56 min. e.e.-99.9% asdetermined on a Chiralpak IC-3 (10 x 0.46 cm), 3 im column
using amobile phase of (n-hexane + 0.1% diethyiamine)/ethanol  80/20 % vl/v, flow rate: 1.0 mL/min,
retention time: 3.54 min.

EXAMPLE 56
PREPARATION OF 1-[(39) -3-{IMIDAZQ[1 ,2-A]PYRIDIN-7-YL}-1,2-0XAZOLIDIN-2-YL]-2,2-

DIMETHYLPROPAN  -1-ONE (110)

The title compound was isolated by chiral HPLC on a Chiralpak AD-H (25 x 2.0 cm), 5 unt
column using amobile phase of n-hexane/(ethanol/methanol  1/1+0.1% isopropylamine) 40/60% v/v,

flow rate: 18 mL/min. '"H NMR (400 MHz, CDCly) 6 8.09 (dd, 7=7.0, 0.8 Hz, IH), 7.62 (d, /=13 Hz,
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1H), 7.57-7.53 (m, 2H), 6.77 (dd, J=7.0, 1.8 Hz, 1H), 545 (dd, .7=9.0, 6.5 Hz, IH), 4.33-4.26 (m, IH),
3.93 (ddd, .7=9.6, 8.1, 6.7 Hz, 1H), 2.85 (dddd, J=i2.1,9.1, 65,29 Hz, iH), 2.34 (dddd, J=12.3, 9.7, 7.7,
6.7 Hz, 1H), 131 (s, 9H). LC-MS (Method A): rn/z = 274.2 [M+H]* 0.43 min. ee= 100% as determined
on a Chiralpak AD-H (25 x 0.46 cm), 5 pm column using a mobile phase of n-hexane/(ethanol/methanol
1/1+0.1% isopropyiamine) 40/60% v/v, flow rate: 1 mL/min, retention time: 5.0 min.
EXAMPLE 57
PREPARATIONOF | - [(39)-3-{IMIDAZO[l,2-A]PYRIDIN-2-YL}-,2-OXAZOLIDIN-2-YL]-2,2-
DIMETHYLPROPAN-1-ONE (111)

Thetitle compound was isolated by chiral HPLC on a Cliiralpak AD-H (25 x 2.0 cm), 5 urn
column using a mobile phase of n-hexane/(ethano3 + 0.1% isopropyiamine) 40/60% v/v, flow rate: 18
mL/min. ' NMR (400 MHz, CDC1,) & 8.04 (dt, .7=6.8, 12 Hz, IH), 7.61-7.54 (m, 2H), 7.15 (ddd,
JF9.2, 6.8, 1.3 Hz, 1H), 6.76 (td, 7=6.8, 1.0 Hz, 1H), 5.69 (dd, 7=8.9, 5.9 Hz, 1H), 4.38-4.30 (m, 1H),
3.96 (ddd, J=9.2, 7.8, 6.9 Hz, |H), 2.99-2.86 (n, IH), 2.84-2.74 (m, IH), 1.32 (s, 9H). LC-MS (Method
A): m/z = 274.2 [M+Hf, 0.46 mim. e.e= 100% as determined on a Chiralpak AD-H (25 x 0.46 cm), 5
unt column using a mobile phase of n-hexane/(ethano3 + 0.1% isopropyiamine) 40/60% v/v, flow rate: 1
mL/min, retention time: 5.5 min.

EXAMPLES %8 AND 59
PREPARATION OF 5-[(39)-2-(2,2-DIFLUORO-I-METHYLCYCLOPROPANECARBONYL)-I,2-OXAZOLIDIN-
3-YL]-2-FLUOROPYRIDINES (112) AND (113)

F \N
Thetitle compounds ((S)-5-[(3S)-2-(2,2-difluoro-I -methylcyclopropanecarbonyl)-l,2-
oxazolidin-3-yl]-2-fluoropyridine and (R)-5-f(3S)-2-(2,2-difluoro-1-methylcyclopropanecarbonyl)-I ,2-
oxazolidin-3-yl]-2-fluoropyridine) were isolated by chiral HPLC on a Chiralpak AD-H (25 x 2.0 cm), 5

um column using a mobile phase of n-hexane/ethanol 70/30% v/v, flow rate: 18 mL/min.

First eluting diasterecisomer, Diasterecisomer i.'H NMR (400 MHz, CDCU) & 8.18 (d, .7=2.5
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Hz, IH), 7.70 (td, /=80, 2.6 Hz, IH), 6.92 (dd, ./=8.5, 3.0 Hz, IH), 5.42 (dd, 7=8.8, 5.5 Hz, IH), 4.41-
431 (m, 1H), 4.08 (td, 7=8.4, 6.8 Hz, IH), 2.97 (dddd, /=124, 8.9, 6.8, 4.0 Hz, 1H), 247-2.32 (m, IH),
1.90 (ddd, J=13.7, 8.6, 4.5 Hz, IH), 1.50 (dd, J=2.8, 1.3 Hz, 3H), 1.26 (ddd, ,7=11.4, 8.3, 5.1 Hz, IH).
LC-M S (Method A): m/z = 287.1 {\{+Ff[", 0.84 min. Chiralpak AD-H (25 x 0.46 cm), 5 pa1 column
using a mobile phase of n-hexane/ethanol  70/30% v/v, flow rate: 1mli/min. retention time: 10.8 min.
Second eluting diasterecisomer, Diasterecisomer 2.'H NMR (400 MHz, CDCl;) & 8.25-8.18 (m,
1H), 7.76 (td, J=7.8, 2.4 Hz, 1H), 6.94 (dd, .7=8.7, 2.9 Hz, 1H), 5.43 (dd, 7=8.5, 6.8 Hz, IH), 4.34 (td,
7=7.8, 3.0 Hz, IH), 4.02 (ddd, J=9.9, 8.2, 6.5 Hz, 1F1). 2.93-2.83 (m, IH), 2.37 (ddt, /=12.4,9.9, 7.2 Hz,
IH), 2.04 (ddd, ./=14.2, 8.3, 46 Hz, IH), 1.59 (dd, /=3.0. 1.5 Hz, 3H), 1.24 (ddd, J=\ 1.4, 83, 5.1 Hz,
IH). LC-MS (Method A): m/z = 287.1 [M+H]+, 0.90 min. Chiralpak AD-H (25 x 0.46 cm), 5 pni column
using a mobile phase of n-hexane/ethanol = 70/30% vlv, flow rate: 1 mL/min, retention time: 12.1 min.
EXAMPLES 60 AND 61
PREPARATION  OF (35)-2-(2,2-DIFLUORO-I-METHYLCYCLOPROPANECARBONYL)-3-(4-
FLUOROPHENYL}-1 ,2-OXAZOLIDINES (114) AND (115)

The title compounds ((39)-2-((R)-2,2-difluoro-I-methylcyclopropanecarbonyl)-3-(4-
fluorophenyl)- 1,2-oxazolidine and (3S)-2-((S)-2,2-difluoro- 1-methylcyclopropanecarbonyl)-3-(4-
fluorophenyl)-1,2-oxazolidine) ~ were isolated by chirai HPLC on a Chirapak AD-H (25 x 2.0 cm), 5 um
column using a mobile phase of n-hexane/ethanol 50/50% v/v, flow rate: 18 mL/min.

First eluting diasterecisomer, Diasterecisomer i.'H NMR (400 MHz, CDCU) & 7.34-7.26 (m,
2H), 7.00-7.09 (m, 2H), 5.38 (dd, /=85, 6.5 Hz, IH), 4.30 (td, /=7.8. 3.0 Hz, IH), 4.04-3.94 (m, IH),
2.87-2.78 (m, 1H), 2.35 (ddt, ,7=12.2, 9.6, 7.2 Hz, {H), 2.03 (ddd, J=14.1, 8.3, 4.8 Hz, IH), 1.60 (dd,
7=3.0, 1.5 Hz, 3H), 1.21 (ddd, J=| 1.5, 8.3, 5.0 Hz, IH).LC-MS (Method A): m/z = 286.1 [M+H] *, 106
min. Chiralpak AD-H (25 x 0.46 cm), 5 wmn column using a mobile phase of n-hexane/ethanol  50/50%
vlv, flow rate: 1mL/min, retention time: 4.9 min.

Second eluting diasterecisomer, Diastereoisomer 2.'H NMR (400 MHz, CDC1,) 6 7.29-7.21 (m,
2H), 7.06- 6.98 (m, 2H), 5.37 (dd, 7=8.8, 5.3 Hz, IH), 4.32 (td, J=7.7, 4.5 Hz, IH), 4.05 (td, .7=8.2, 7.0
Hz, 1H), 2.96-2.85 (m, IH), 2.42-2.31(m, IH), 1.97-1.85 (m, IH), 1.48 (br. s, 3H), 1.29-1.19 (m, IH).
LC-MS (Method A): m/z = 286.1 {M+H]", 1.00 min. Chiralpak AD-H (25 x 0.46 cm), 5 fim column

using amobile phase of n-hexane/ethanol 50/50% v/v, flow rate: 1mL/min, retention time: 6.6 min.
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EXAMPLES 62 aAND 63
PREPARATIONOF 2-CYCLOPROPYL-I -[(3S)-3-(6-FLUOROPYRIDIN-3-YL)-1 ,2-OXAZOL IDIx-2-
Y1L]PROPAN-1 -ONES{116) AND (117)

0N 0

N/

|

The title compounds ((R )-2-cyclopropyl- I-[(3S)-3-(6-fluoropyridin-3-yl)-I ,2-oxazolidin-2-

£ Sy

yfjpropan- 1-one and (S)-2-cyclopropyl- 14 (3S)-3-(6-fluor opyridin-3-yl)- 1,2-oxazolidin-2-yl]propan- 1-
one) were isolated by chiral HPLC on a Chiraipak AD-H (25 x 2.0 em), 5 un1 column using amobile
phase of n-hexane/(ethanol + 0.1% isopropylamine) 70/30% v/v, flow rate: 18 niL/min.

First eluting diasterecisomer, Diasterecisomer 1.'H NM R (400 MHz, CDCh) & 8.23-8.20 (m,
1H), 7.76 (td, /=8.0, 2.5 Hz, |H), 6.93 (dd, /=X.4. 2.9 Hz, 1H), 5.49 (dd, ./=8X, 6.3 Hz, iH), 4.26 (td,
J=7.8, 35 Hz, IH), 3.88 (ddd, ./=9.3. 8.2, 6.8 Hz, IH), 2.94-2.8 1 (m, 1H), 2.42-2.26 (m, 2H), 1.21 (d,
J=6.8 Hz, 3H), 1.09-0.97 (m, {H), 0.61-0.43 (m, 2H), 0.43- 0.34 (m, 1H,, 0.19 (dt, /=95, 4.7 Hz, iH).
LC-MS (Method A): m/z = 265.2 j\4+FI]". 0.90 min. Chiraipak AD-H (25 x 0.46 cm), 5 i column
using amobile phase of n-hexane/(ethanol + 0.1% isopropylamine) 70/30% v/v, flow rate: 1rnL/min,
retention time: 6.5 mm.

Second eluting diastereoisomer, Diastereoisomer 2.'H NMR (400 MHz, O X 1.) 5 8.20 (d, ; =2.5
Hz, IH), 7.75 (td, /=8.0. 2.5 Hz, IH), 6.92 (dd, ./=8.5, 2.8 Hz, IH), 5.49 (dd, /=9.0. 6.3Hz, IH), 4.28 (td,
j=8.0, 2.6 Hz, IH), 3.88 (ddd, ;7=9.6, 8.1, 6.7 Hz, 1H), 2.89 (dddd, /=!2.3, 9.2, 6.3, 3.0 Hz, IH), 2.35
(dddd, .7=12.3, 9.6, 7.7, 6.3 Hz, 1H), 2.30-2. 19 (m, IH), 1.28 (d, .7=7.0 Hz, 3H), 1.04 (dtt, /=9.8,8.1, 50
Hz, 1H), 0.61-0.47 (m, 2H), 0.25-0. 1f (m, 2H). LC-MS (Metliod A): m/z = 265 .2 | M+H]", 0.89 mim.
Chiraipak AD-H (25 x 0.46 cm), 5 um column using amobile phase of n-hexane/(ethanol + 0.1%
isopropylamine) 70/30% vl/v, flow rate: 1 mL/niin, retention time: 8.0 min.

EXAMPLE 64
PREPARATION OF TERT-BUTYL (39)-3-(5-CHLOROPYRIDIN-3-YL)-1,2-OXAZOUDINE-2-

CARBOXYLATE (118)

NP

Cl
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The title compound was isolated by chira SFC on a Chiralpak AD-H (25 x 2.0 cm) 5 wun column
using amobile phase of 7% isopropanol in CO,, flow rate: 45 mL/min. 'F NMR (400 MHz, CDCL) &
8.49 (d, /=25 Hz, 1H). 8.47 (d, J=2.0 Hz, iH), 7.77-7.70 (m, 1H), 5.26 (dd, J =8.8, 5.5 Hz, iH), 4.27-
4.18 (m, IH), 3.91 (ddd, /=90, 8.3, 7.0 Hz, 1H), 2.85 (dddd, ./=12.3, 8.9, 7.0, 3.4 Hz, IH), 2.29 (dddd,

5 JF12.3, 9.1, 7.8, 5.6 Hz, IH), 1.49 (s, 9H). SFC on a Chiralpak AD-H (25 x 0.46 cm) 5 pm column using
amobile phase of 7% isopropanol in CO,, flow rate: flow rate: 2.5 mL/min, retention time: 8.4 min.
EXAMPLE 65
PREPARATION OF TERT-BUTYL (39)-3- [2-(DIFLLOROMETHYL)PYRIDIN-4-YL]-1,2-OXAZOLIDINE-2-
CARBOXYLATE (119)

>
A

10
Thetitle compound was isolated by chird HPLC on a Chiralpak 1A (25 x 2.0 cm), 5 wun column

using amobile phase of n-hexane/ethanol ~ 75/25 v/v, flow rate: 18 mL/min. TI NMR (400MHz, CDCl ,) 3
863 (d, J=5.0Hz, IH), 7.65 (s, IH), 7.44 (dd, ,7=5.0, 0.8 Hz, IH), 6.66 (t, J=55.0 Hz, tH), 5.29 (dd,
J=89, 5.6 Hz, IH), 4.21 (dt, /=3.3, 7.9 Hz, IH), 3.92 (ct, ./=7.0, 8.7 Hz, IH), 2.88 (dddd, /=12.3. 8.9,

15 7.0, 34Hz 1H), 2.28 (dddd, ./=12.3, 9.0, 7.7, 5.6 Hz, IH), 1.50 (s, 9H). LC-MS (Method A): m/z =
301.1 [M+H] +, 0.93 min. Chiralpak 1A (25 x 0.46 cm), 5 unt column using amobile phase of n-
hexane/ethanol ~ 75/25 vliv, flow rate: i mL/min, retention time: 6.7 min.

EXAMPLE 66
PREPARATION OF 2,2-DLMNETHYL-1-[(3S)-3-[6-(TMFLUOROMETHYL)PYRS:DIN-3-YL]-1,2-OXAZOLIDIN -
20 2-YL]PROPAN-1-ONE (120)

™~
e
N

Thetitle compound was isolated by chira SFC on a Chiralpak AD-H (25 x 2.0 cm), 5 urn
column using a mobile phase of 5% isopropanol in CO,, flow rate: 45 mL/min. *H NMR (400 MHz,
CDCl ) 6 8.70 (d, /=2.0 Hz, IH), 7.79 (dd, J=8.3, 2.0 Hz, 1H), 7.67 (d, ./=& 3 Hz, IH), 5.50 (dd, ./=9.0,
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7.0Hz, 1H),4.33(id, /=8.3, 20 Hz, 1H),4.0-391 (m, IH), 2.96-2.87 (m, iH), 2.37-227 (m, {H), 1.30
(s, 9H). LC-MS (Method A): m/z = 303.2 [M+H] +, L07 & in. e.e =100% as determined on a Chiralpak
AD-H (25 x 0.46 cm), 5 um column using a mobile phase of 5% isopropanol in CO,, flow rate: 2.5
mL/min, retention time: 7.6 min.

EXAMPLE 67
PREPARATION OF 1-[(39)-3-(5-CHL ORO-3-FLUOROPYRIDIN-2-YL)-1 ,2-OXAZOLIDIN-2-YL]-2,2-

BIMETHYLPROPAN-1-ONE (121)

o NP

N
~2
i = F
The title compound was isolated by chiral HPLC on a Chiralpak 1C (25 x 2.0 cm), 5 un1 column
using amobile phase of n-hexane/(ethanol + 0.1% isopropylamine) 75/25 % v/v, flow rate: 18 mL/min.
'H NMR (400 MHz, CD(l;) & 8.38 (d, ./=2.0 Hz, IH), 7.43 (dd, /=90, 2.0 Hz, IH), 5.67 (dd, /=8.8, 6.8
Hz, IH), 4.44 (td, /=8.0. 2.5 Hz, IH), 4.04-3.97 (m, IH), 2.80-2.70 (m, IH), 2.62-2.52 (m, IH), 1.26 (s,
9H). LC-MS (Method A): m/z = 287.2 [M+H|", 1.04 mim. e.e= 100% as determined on a Chiralpak 1C
(25 x 0.46 cm), 5 pnr column using a mobile phase of n-hexane/(ethanol + 0.1% isopropylamine) 75/25
% vlv, flow rate: 1 mL/min, retention time: 6.4 min.
EXAMPLE 68
PREPARATIONOF 2,2-DIMETHYL-1-[(39)-3- [5-(TRIFLUOROMETHYL)PYRIDIN-2-YL j-1,2-OXAZOLIDIN-
2-YL]PROPAN-I-ONE (122)

The title compound was isolated by chiral SFC on a Chiralpak AD-H (25 x 2.0 cm), 5 wm
column using amobile phase of 6% isopropanol in CO ., flow rate: 45 mL/min. '"H NMR (400 MHz,
CDCl;) 5 8.84 (s, IH), 7.91 (dd, J=8.3, 2.0 Hz, IH), 7.48 (d,./=8.3 Hz, IH), 557 (dd, /=9., 6.3 Hz, IH),
431 (td. ./=7.0. 32 Hz, IH), 40-391 (m, IH), 290-281 (m, IH), 270-260 (m, IH), 1.32 (s, 9H). LC-
M S (Method A): m/z = 303.2 |M-+Hi", 1.08 min. e.e=100% as determined on a Chiralpak AD-H (25 x
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0.46 cm), 5 um column using amobile phase of 5% isopropanol in CO?, flow rate: 2.5 wiL/min, retention

time: 7.7 min,

EXAMPLE 69
PREPARATION OF 2,2-DIMETHYL-1-[(3S)-3-[4-(TRIFLUOROMETHYL)-1,3-TfflAzoL-2- YL]-1,2-
OXAZOLIDIN-2-YL]PROPAN-I-ONE (123)

Hietitle compound was isolated by chira HPLC on aWhelk 0-1 (R,R) (25 x 2.0 cm), 10 pnt
column using amobile phase of n-hexane/(ethanol + 0.1% isopropylamine) 80/20 % vl/v, flow rate: 18
mL/min. 'HNMR (400 MHz, CDC1,) 5 7.72 (s, 1H), 5.78 (dd, .7=8.8, 5.5 Hz, IH), 4.31 (td, /=7.8, 4.0
Hz, 1H), 3.98 (q, /=7.8 Hz, IH), 3.0-2.82 (m, 2H), 1.33 is. 9H). LC-MS (Method A): m/z = 309.2
[M+H]~, 1.13 min. e.e.=100% as determined on aWhelk O-l (R,R) (25 x 0.46 cm), 10 pm column using a
mobile phase of n-hexane/'(ethano3 + 0.1% isopropylamine) 80/20 % vl/v, flow rate: 1 mL/min, retention
time: 5.2 min.
EXAMPLE 70
PREPARATION OF 2,2-DIMETHYL-1-[(39)-3-{PYRAZOLO[1,5-A]PYRIDIN-2-YL}-1,2-OXAZOLIDIN-2-
vL] PROPAN-1-ONE (124)

The title compound was isolated by chiral HPLC on a Chiralpak AD-H (25 x 2.0 cm), 5 pmt
column using amobile phase of n-hexane/'(ethano3 + 0.1% isopropylamine) 65/35 % v/v, flow rate: 18
mL/min. 'H N.MR (400 MHz, CDC1,) & 8.40 (dd, ./=60. 1.0 Hz, IH), 7.46 (dt, /=8.8, 1.0 Hz, IH), 7.08
(ddd, /=7.8. 6.8, 1.0 Hz, IH), 6.7 (td, ,7=7.0, 1.5 Hz, IH), 6.49 (s, IH), 5.78 (dd, ./=7.X. 6.5 Hz, IH),
4.36-4.30 (m, IH), 3.97 (q, /=75 Hz, IH), 2.84-2.77 (m, 2H), 1.33 (s, 9H). LC-MS (Method A): m/z =
274.2 [M+H]*, 0.97 min. e.e.=100% asdetermined on a Chirapak AD-H (25 x 0.46 cm), 5 wun column
using amobile phase of n-hexane/(ethanol + 0.1% isopropylamine) 65/35 % v/v, flow rate: 1 mL/min,

retention time: 7.0 min.
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EXAMPLE 71
PREPARATION OF 2,2-DIMETHYL-1-[(3S)-3-(2-MET#Y LPYRi{M (DIx-5-YL)-1,2-OXAZOLID(x§-2-
vLIPR OPAN-1-ONE (125)

Thetitle compound was isolated by chirai HPLC on a Chiraipak AD-H (25 x 2.0 cm), 5
column using amobile phase of n-hexane/(ethanol/methanol  1/1 + 0.1 % isopropylamine) 40/60 % v/v,
flow rate: 18 mL/min. 'HNMR (400 MHz, (' 1)(i1,) & 8.59 (s, 2H), 5.40 (dd, j=6.8, 8.8 Hz, 1H), 4.32 (dt,
j=2.8. 7.9 Hz, 1H), 3.94 (ddd, j=6.5. 8.2, 9.9 Hz, 1H), 2.87 (dddd, j=2.8. 6.4, 9.2, 12.3 Hz, 1H), 2.75 -
269 (m, 3H), 2.32 (tdd, J=7.3, 9.7, 12.2 Hz, 1H), 1.32 - 1.23 (m, 9H). LC-MS (Method A): m/z = 250.2
[M+H]", 0.75 rain e.e.=100% as determined on a Chiraipak AD-H (25 x 0.46 cm), 5 um column using a
mobile phase of n-hexane/(ethanol/methanol  1/1 + 0.1 % isopropylamine) 40/60 v/v, flow rate: 1
mL/min, retention time: 12.0 min.
EXAMPLE 72
PREPARATION OF 3"-DiyLUORO-2,2-DIMETHYL-I-[(39)-3-(2-METHYLPYRIIVIIDIN-5-YL)-I,2-
OXAZOLIDIN-2-YL]PROPAN-I-ONE (126)

The title compound was isolated by chirai HPLC on a Chiraipak AD-H (25 x 2.0 cm), 5 urn
column using amobile phase of n-hexane/(etiianol/methanol /1 + 0.1 % isopropylamine) 40/60 % v/v,
flow rate: 18 mL/min.'H NMR (400 MHz, CDCl,) 3 8.58 (s, 2H), 6.48-6.09 (m, 1H), 540 (dd, .7=8.8,
6.8 Hz, 1H), 4.36 (dt, ./=2.8. 8.0 Hz, 1H), 4.00 (ddd, /=9.7. 8.2, 6.3 Hz, 1H), 2.91 (dddd, ./=}2.3, 9.2, 6.4,
3.0 Hz, Hi)., 2.78-2.68 (m, 3H), 2.44-2.29 (m, IH), 1.37 (s, 3H), 1.36 (s, 3H). LC-MS (Method A): m/z
= 286.2 [M+H]*, 0.77 min. e.e.=100% as determined on a Chiraipak AD-H (25 x 0.46 cm), 5 pm column
using amobile phase of n-hexane/(ethanol/methanol /1 + 0.1 % isopropylamine) 40/60 v/v, flow rate: 1

mL/min, retention time: 14.7 min.
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EXAMPLE 73
PREPARATION OF 1-[(39)-3-(5-FLUOROPYRIDIN-2-YL)-1,2-OXAZOLIDIN-2-YL]-2,2-
DIMETHYLPROPAN-1-ONE {127)

The title compound was isolated by chiral HPLC on a Chirapak AD-H (25 x 2.0 cm), 5 um
column using amobile phase of n-hexane/ethanol  85/15 % viv, flow rate: 1% mL/min. 'H NMR (400
MHz, CDC1) d 8.46-8.38 (m, IH), 7.40-7.33 (m, 2H), 5.51 (dd, J=89, 6. 1Hz, 1H), 4 33-4 25 (m, 1H),
3.93 (ddd, .7=9.4, 7.9, 6.8 Hz, IH), 2.83-2.59 (m, 2H), 1.30 (s, 9H). LC-MS (Method A): m/z = 253.2
[M+H] ™, 0.91 min. e.e.=100% as determined on a Chiralpak AD-H (25 x 0.46 cm), 5 um column using a
mobile phase of n-hexane/ethanol 85/15 % v/v, flow rate: 1 mL/min, retention time: 8.0 min.
EXAMPLE 74
PREPARATION OF 1- [(35)-3- [4-(DIFLUOROMETHYL)PHENYL]-1,2-OXAZOLIDIN-2-YL]-2,2-
DIMETHYLPROPAN-%-ONE (128)

The title compound was isolated by chiral HPLC on a Chiralpak 1C (25 x 2.0 cm) 5 pin column
using amobile phase of n-hexane/(ethanol + 0.1% isopropylamine) 85/15 % v/v, flow rate: 1% mL/min.
'HNMR (400MHZ, CDCl ) & 7.52- 7.45 (m, 2H), 7.43-7.36 (m, 2H), 6.79-6.46 (m, IH), 545 (dd, .7=8.7,
6.9 Hz, IH), 428 (dt, /=2.6. 7.8 Hz, IH), 3.91 (ddd, ./=10.0, 8.0, 6.4 Hz, IH), 2.84 (dddd, ./=12.2, 9.1,
6.3, 2.8 Hz, 1H), 2.30 (dddd, .7=12.2, 9.9, 7.5, 6.8 Hz, 1H), 1.31 (s, 9H). LC-MS (Method A): m/z =
284.2 [M+H]*, 1.13 min. e.e.=100% as determined on a Chiralpak IC (25 x 2.0 cm) 5 un1 column using a
mobile phase of n-hexane/(ethanol + 0.1% isopropylamine) 85/15 % vl/v, flow rate: 1.0 mL/min, retention

time: 7.4 min.
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EXAMPLE 75
PREPARATION OF 3,3,3-TRIFLUORO-2-METHYL-1~  [(35)-3-{5-METHYLPYRAZIN-2~YL)-1,2-
OXAZOLIDIN-2-YL]PROPAN-L-ONE (129)

Z\ /Z

L

DIASTEREOISOMER 1

5 The title compound was isolated by chiral HPLC on a Chiralcel OJH (25 x 2 cm) 5 pn column
using amobile phase of n-hexane/(ethanol + 0.1% isopropylamine) 75/25 % v/v, and aflow rate of 18
mL/min. First eluting diasterecisomer, Diasterecisomer 1. 'H NMR (400MHz, CDCi ) 5 8.55 (d, J=1.5
Hz, 1H). 843 (d, J=I .0 Hz, iH), 5.54 (dd, /=85, 6.3 Hz, 1H), 4.38 (dt, =3 .9, 7.5 Hz, 1H), 4.11-3.99 (m,
1H), 3.89 (dd, 4=8.0, 7.3 Hz, 1H), 2.93-2.69 (m, 2H), 2.58 (s, 3H), 1.41(d, ./=7.0 Hz, 3H). LC-MS

10 (Method A): m/z = 290.2 [M+H]", 0.80 mim.e.e.=100% as determined on a Chiralcel OJH (25 x 0.46

cm) 5 un: column. using a mobile phase of n-hexane/(ethanol + 0.1% isopropylamineg) 75/25 % v/v, flow

rate: 1 mL/min, retention time: 6.1min.
EXAMPLE 76
PREPARATION OF 3,3,3~TRS:FLUORO-2~METHYL4-[(3S)-3~(5-METHYLPYRAZJIN-2-YL)--1,2~

15 OXAZOLIDIN-2-YL]PROPAN-L-ONE (134})

F

N

fe]

N
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DIASTEREOISOMER 2

The title compound was isolated by chiral HPLC on a Chiralpak AD-H (25 x 2.0 cm) 5 urn
column using a mobile phase of n~hexane/'(ethano3 + 0.1% isopropylamine) 50/50 % v/v and aflow rate
of 18 mL/min. Second eluting diastereocisomer, Diasterecisomer 2. % NMR (400MHz, CDCL;) & 8.54 (d,
20 J=13Hz iH), 842 (s, 1H), 551 (dd, ./=8 .8, 5.5 Hz, iH), 4.38 (dt, /=7.7, 4.8 Hz, IH), 4.09-4.00 (rn,
TH), 3.86 (id, /=7.5, 154 Hz, Hi), 2.91-2.8 1 (rn, 1H), 2.80-2.70 (m, ik}, 2.58 (s, 3H), 141id. /=7.3!-!/.
3H). LC-MS (Method A): m/z = 290.2 [M+Hf, 0.79 min. ¢.¢.=100% as determined on a Chiralpak AD-

I51
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H (25 x 0.46 cm) 5 pm column using a mobile phase of n-hexane/(ethano3 + 0. 1% isopropviamine) 50/50
% vlv, flow rate: 1 mL/min, retention time: 10.9 min.
EXAMPLE 77
PREPARATION OF 4-[(3S)-3- [6-(DIFLUOROMETHYL)PYRIDIN-3-YL}-1,2-OXAZOLIDIN-2- vL]-3,3-

DIMETHYL-4-OXOBUTANENITRILE (131)

N/

The title compound was isolated by chiral HPLC on a Chiralpak AD-H (25 x 2.0 cm) 5 um
column using a mobile phase of n-hexane/(ethanol/methanol  1/1 + 0.1 % isopropviamine) 40/60% v/v
and aflow rate of 18 mL/min. 'H NMR (400MHz, CDCij) & 8.62 id. /=1.8 Hz, Hi). 7.77 (ud. ./=H.2, 2.1
10 Hz, 1H), 7.64 (d, /=8.3 Hz, 1H). 6.80-6.47 (m, 1¥), 5.48 (dd, /=85, 7.0 Hz, 1H). 4.39 (dt J=2.9, 7.8 Hz,
1H), 4.02 (ddd, ./=9.7, 8.2, 6.4 Hz, 1H), 2.95 (dddd, ./=12.3, 9.2, 6.3, 2.9 Hz, 1H), 2.78-2.62 (m, 2H),
2.37 (tdd, /=12.-1. 9.5, 7.3 Hz, 1H), 1.51-1.49 (m, 3H), 149- 146 (m, 3H). LC-MS (Method A): m/z =
310.23 [M+H|", 0.85 min. e.e.=95% as determined on a Chirapak AD-H (25 x 0.46 cm) 5 pmi column

using amobile phase of n-hexane/(ethanol/methanol  1/1 + 0.1 % isopropviamine) 40/60% v/v, flow rate:

15 1mL/min, retention time: 24.1 min.
EXAMPLE 78
PREPARATION OF 2,2-D(METHYL-1-[(35)-3-{PYRAZOL O[1,5-A] PYRIDIN-5-YL}-1,2-OXAZOL I DIN-2-
YL]PROPAN-1-ONE (132)
g
N
o
\ !
20 Tlietitle compound was isolated by chiral HPLC on a Chiralpak AD-H (25 x 2.0 cm) 5 pun

column using a mobile phase of n-hexane/(ethanol/methanol = 1/1 + 0.1 % isopropviamine) 50/50% v/v

and aflow rate of 18 mL/mm. '+ NMR (400 MHz, CIX1,) 8 8.43 (d, /=7.3 Hz, 1H), 7.93 (d, /=2.3 i,
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1H), 7.50-7.40 (m, 1H), 6.70 (dd, .1=13, 1.8 Hz, 1H), 6.47 (dd, .1=23, 0.8 Hz, 1H), 5.42 (dd, 7=88,

6.8 Hz, 1H), 4.30 (td, ./=7.7, 2.8 Hz, 1H), 3.91 (ddd, J=10.0, 8.1, 6.5 Hz, 1H), 291 2.75 (tn, 1H), 2.34

(dddd, /=12.3.9.9, 7.6, 6.8 Hz, 1H), 1.32 (s, 9H). LC-MS (Method A): m/z = 274.2 |[M-+Hi", 0.93 mm.

e.e.-100% asdetermined on a Chiralpak AD-H (25 x 0.46 cm) 5um column using amobile phase of n-
5 hexane/(ethanol/methanol  1/1 + 0.1 % isopropylamine) 50/50% v/v, flow rate: 1 mL/min, retention time:

12.9 min.

EXAMPLE 79
PREPARATIONOF 1-[(3S)-3-(5-FLLOROPYRTOIN-3-YL)-1,2-OXAZOLIDIN-2-YL]-2,2-
DIMETHYLPROPAN-1-ONE (133)

10
The title compound was isolated by chirdl HPLC on a Chiralpak AD-H (25 x 2.0 cm) 5 pnt

column using amobile phase of n-hexane/ethanol 70/30% v/v and aflow rate of I8 mL/min. 'HNMR
(400 MHz, CIX{(1;) 5842 (t, J=1.5Hz, 1H), 8.38 (d, /=2.8 Hz, 1H), 7.34 (dt, /=9.2. 2.1 Hz, 1H), 5.47
(dd, J=8.9, 6.7 Hz, 1H), 4.34-4.27 (m, 1H), 3.92 (ddd, ./=10.0, 8.1, 6.5 Hz, 1H), 2.94-2.83 (m, 1H)
2.32 (dddd, /=124.9.9, 7.7, 6.7 Hz, 1H) 130 (s, 9H). LC-MS (Method B): m/z = 252.0 |M+H]", 0.90

J—
L

min. ee.=98.2% as determined on a Chirapak AD-H (25 x 0.46 cm) 5 pun: column using a mobile phase
of n-hexane/ethanol  70/30% v/v, flow rate: 1 mL/min, retention time: 7.7 min.
EXAMPLES 80AND 81
PREPARATION OF I-[(3R)-3-(2,4-DIFLUOROPHENYL)-1,2-OXAZOLIDIN-2-YL]-2,2-DIMETHY L PROPAN-
20 1-ONE AND I-[(39)-3-(2,4-DIFLUOROPHENYL)-1,2-OXAZOLIDIN-2-YL]-2,2-DIMETHYL PROPAN-I-ONE
(134) AND (135)

Ojj:,o Oi;o

U
” . \\\\““.

The title compounds were isolated by chiral HPLC on a Chiralpak IC (25 x 2.0 cm), 5 pmt
column using a mobile phase of n-hexane/2-propanol  90/10% v/v, flow rate: 17 mL/min.
25 1-[(3R)-3 -(2,4-difluorophenyi)-  1,2-oxazolidin-2-yl] -2,2-dimethylpropan- 1-one.'H NMR (400
MHz, CDC1,) & 7.24 (td, 7=8.6, 6.4 Hz, 1H), 6.89-6.76 (m. 2 H), 5.61 (dd, /=8.7, 6.7 Hz, 1H), 4.25 (td,
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A1=17,2.6 Hz, 1H), 3.90 (ddd, /=9.8, 8.0, 6.5 Hz, 1H), 2.94-280 (m, 1H), 2.34-2.16 (m, 1H), 1.31 (s,
9H). LC-MS (Method B): m/z = 269.0 |M--H]". 1.16 min. e.e.=95.8% as determined on a Chiralpak TC
(25 x 0.46 cm), 5 um column using amobile phase of n-hexane/2-propanol  90/10% v/v, flow rate: 1
mL/min, retention time: 6.4 min.

1-[(39)-3-(2,4-difluorophenyl)- 1 ,2~oxazolidin-2~y3] -2,2-dimethylpropan -i-one.'H NMR (400
MHz, CDCI ) & 7.27-7.20 (m, 1H), 6.88-6.77 (m, 2H), 5.62 (dd, ./=8.7. 6.7 Hz, 1H), 4.25 (td, ./=7.7.
2.5Hz, 1H), 3.91 (ddd,J=9.8,80, 65Hz, 1H), 290-2.85 (m, 1H), 2.32-2.17 (m, 1H), 1.32 (s, 9 H).
L(MS (Method B): m/z = 269.0 [M+H]*, 1.16 min. e.e.-100% asdetermined on a Chirapak 1C (25 x
0.46 cm), 5 wn column using amobile phase of n-hexane/2-propanoi  90/10% v/v, flow rate: 1 mL/min,
retention time: 9.6 min.

EXAMPLES 82AND 83
PREPARATION  OF (39)-3-(4-FLIOROPHENYL)-2-(2-METHYL OXOL ANE-2-CARBONYL)-1,2-
OX AZ OLIBINES {1363 AND (137)

The title compounds ((3S)-3-(4-fluorophenyl)-2-((S)-2-methyioxolane-2-carbonyl)-1,2-
oxazolidine and (3S)-3-(4-fluorophenyl)-2-((R)-2-methyl oxolane-2-carbonyl)-I,2-oxazolidine) were
isolated by chirai HPLC on a Chiralpak OJH (25 x 2.0 cm), 5 un: column using a mobile phase of n-
hexane/ethanol  50/50% v/v, flow rate: 1§ mL/min.

First eluting diasterecisomer, Diastereoisomer 1.'HNMR (400 MHz, CDCI ;) & 7.34- 7.24 (m, 2
H), 7.08-6.98 (m, 2 H), 557-545 (m, 1H), 4.25 (td, .7=7.8, 4.0 Hz, 1H), 3.98 (q, J=8.0 Hz, 1H), 3.89-
3.80 (m, 1H), 3.79-3.68 (m, 1H), 3.68-3.57 (m, 1H), 2.82 (dddd, ,7=12.3, 8.7, 7.2, 4.0 Hz, 1H), 2.66-
2.55 (m, 1H), 2.39-2.24 (m, 1H), 1.96-1.73 (m, 3 H), 1.56 (s, 3H). LC-MS (Method B): m/z = 280.1
[M+H]~, 0.89 nun. e.e.~100% as determined on a Chiralpak OJ-H (25 x 0.46 cm), 5 um column using a
mobile phase of n-hexane/ethanol 50/50% vl/v, flow rate: 1 mL/min, retention time: 6.0 min.

Second eluting diasterecisomer, Diasterecisomer 2.'I1 NMR (400 MHz, CDCiy) 6 7.32-7.26 (m,
2H), 7.06-6.99 (m, 2H), 552-545 (m, 1H), 4.32-4.23 (td, ,7=7.8, 3.5 Hz, 1H), 4.04- 3.92 (m, 2 H),
3.92-3.83 (m, 1H), 2.83 (dddd, /=}12.2. 8.7, 6.9, 3.8 Hz, 1H), 251-241 (rn, 1H), 2.34 (dddd, /=12.3,
9.1, 7.6, 5.9 Hz, 1H), 2.02-1.78 (m, 3H), 1.50 (s, 3H). LC-MS (Method B): m/z = 280.1 {M-+H]". 0.90
min. e.e.=100% as dteremined on a Chirapak OJH (25 x 0.46 cm), 5 pm column using a mobile phase

of n-hexane/ethanol 50/50% v/v, flow rate: 1 mL/min, retention time: 6.9 min.
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EXAMPLE 84
PREPARATION OF 2,2-DIMETHYL-1- [(39)-3-(5-METHYLPYRAZIN-2-YL)-1 ,2-OXAZOLIDIN-2-
YL]PROPAN-I-ONE {138)

The title compound was isolated by chiral HPLC on a Chiralpak AD-H (25 x 2.0 cm), 5 urn
column using amobile phase of n-hexane/ethanol 60/40 % v/v, flow rate: 18 mL/min. '"H NMR
(400MHz, CDCl ) § 853 (d, =l .3 Hz, 1H). 841(d, J=1.0 Hz, 1H), 5.53 (dd, J=8.8, 6.3 Hz, 1H), 4.33
(td, /=7.4, 3.3 Hz, Hi), 3.97 (ddd, J=9.4, 7.9, 6.5 Hz, iH]}. 2.86-2.74 (m, 1H), 2.64 (dddd, J=12.3, 9.4,
7.7, 6.3 Hz, Hi), 2.56 (s, 3H), 1.30 (s, 9H). LC-MS (Method A): m/z = 250.2 [M+Hf, 0.80 min.
ee.=100% asdetermined on a Chiralpak AD-H (25 x 0.46 cm), 5 pnt column using a mobile phase of n-
hexane/ ethanol 60/40 v/v, flow rate: 1 mL/min, retention time: 9.8 min.

EXAMPLE 83
PREPARATION OF 1-[(39)-3-(S -FLUOROPYRD inN-3-YL)- ,2-0XAZ0LiDix-2-YL]-2,2 -DIMETHY L-3-
(TRIFLUOROMETHOXY)PROPAN-I-ONE (%39)

The title compound was isolated by chiral HPLC on a Chiralpak AD-H (25 x 2.0 cm), 5 um
column using a mobile phase of n-hexane/(ethanol + 0.1% isopropylamine) 70/30 % v/v, flow rate: 18
mL/min. '‘H NMR (400MHz, CDC1;) & 8.43-8.38 (m, 2H), 7.36-7.30 (m, 1H), 5.49 (dd, /=8.8. 7.0 Hz,
1H). 4.40-427 (m, 1H), 4.16 (s, 2H), 3.99 (ddd, J=9.6, 8.1, 6.4 Hz, 1H), 2.92 (ddd, ./=12.4, 5.9, 3.3 Hz,
1H), 2.42-2.23 (m, 1H), 1.36 (s, 6H). LC-MS (Method A): m/z = 336.0 [\4+Fj', 1.04 min. ee=100% 3s
determined on a Chiralpak AD-H (25 x 0.46 cm), 5 un1 column using amobile phase of n-

hexane/(ethanol + 0.1% isopropylamine) 70/30 % v/v, flow rate; 1 mL/min, retention time: 9.0 min.
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EXAMPLE 86
PREPARATION OF 2,2-D(METHYL-1-[(3S)-3-{PYRAZOL O[1,5-A] PYRIDIN-7-Y L}-1,2-OXAZOL I DIN-2-
YL]PROPAN -I-ONE (140)

Thetitle compound was isolated by chiral HPLC on a Chiralpak AD-H (25 x 2.0 cm), 5 urn
column using amobile phase of n-hexane/(ethano3 + 0.1% isopropylamine) 40/60 % v/v, flow rate; 18
mL/min. '"H NMR (400MHz, CDC1,) & 7.99 (d, J=2.3 Hz, 1H), 7.56- 7.46 (m, 1H), 7.13 (dd, J=8.9, 6.9
Hz, IH), 6.74 (d, =7.0 Hz, IH), 6.58 (d,./=2.3 Hz, {H), 6.16 (dd, J=8.8, 6.0 Hz, IH), 4.29-4.17 (m, iH),
4.01 (ddd,J=9.3, 8.0, 6.8 Hz, 1H), 3.34-3.17 (m, IH), 2.30 (dddd, J=12.5, 9.3, 7.8, 5.8 Hz, 1H), 1.38 (s,
9H). LC-MS (Method A): m/z = 274.2 [M+H]", 1.05 mim. e.e=100% as determined on a Chiralpak AD-
H (25 x 0.46 cm), 5 un: column using a mobile phase of n-hexane/(ethanol + 0.1% isopropylamine)
40/60 % vlv, flow rate: 1mL/min, retention time: 5.1 nun.
EXAMPLES 87 AN 88
PREPARATION OF 2-FLLORO-5-[(39)-2-(3-METHYLOXOLANE-3-CARBONYL)-L,2-OXAZOLIDIN-3-
YLIPYRIDINES {141} AND (142)

O
O N~—C
e
o
F N

The title compounds (2-fluoro-5-|(3S)-2-((S)-3-methyioxolane-3-carbonyl)-1,2-oxazolidin-3-
yljpyridine and 2-fluoro-5-[(3S)-2-((R)-3-methyloxolane-3-carbon} 4)-1,2-oxazolidin-3-yl]pyridine) were
isolated by chiral HPLC on a Chiralpak AD-H (25 x 2.0 cm), 5 unt column using a mobile phase of n-
hexane/(ethanol/methanol  1/1+0.1% isopropylamine) 10/90 % vl/v, flow rate: 16 mL/min.

First eluting diastereoisomer, Diasterecisomer 1.'Hl NMR (400MHz, CDC1-) & 8.20 (d, /=2.8
Hz, 1H), 7.73 (td, /=8.0, 2.6 Hz, IH), 6.93 (dd, J=8.5, 3.0 Hz, 1H), 5.44 (dd, J=8.8, 6.5 Hz, 1H), 4.33 (td,
J=7.9, 3.0Hz, IH), 4.17 (d, J=9.0 Hz, IH), 4.01-3.79 (m, 3H), 3.73 (d, J=9.0 Hz, IH), 2.91 (ddt, /=154,
9.0, 3.2 Hz, IH), 2.56-2.30 (m, 2H), 1.86 (ddd, /=12.7. 7.3, 5.5 Hz, IH), 143 (s, 3H). LC-MS (Method
B): m/z = 280.0 [M+H] *, 0.72 min. Chirapak AD-H (25 x 0.46 cm), 5 wm column using a mobile phase
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of n-hexane/(ethanol/methanol  1/1+0.1% isopropylaming) 10/90 % v/v, flow rate: 1 mL/min. retention
time: 17.8 mm.
Second eluting diasterecisomer, Diasterecisomer 2.'H NMR (400MHz, CDC1;) & 8.20 (d,J=23
Hz, IH), 7.73 (dt, /=25, 8.0 Hz, 1H), 6.92 (dd, /=X 5. 3.0 Hz, 1H), 5.42 (dd, ./=8.7. 6.7 Hz, 1H), 4.33 (td,
J=7.8. 2.9 Hz, 1H), 4.04-3.72 (m, 5H), 2.91 (dddd, J=12.3, 9.1, 6.2, 3.0 Hz, 1H), 2.60 (ddd, ./=12.9. 8.1,
6.9 Hz, 1H), 236 (dddd, J=12.5, 9.7, 7.6, 6.7 Hz, IH), 1.81 (ddd, J=12.9, 7.4, 5.8 Hz, 1H), 1.46 (s, 3H).
LC-MS (Method B): m/z = 280.1 [M+H]*, 0.90 mm. Chiralpak AD-H (25 x 0.46 cm), 5 umn column
using amobile phase of n-hexane/(ethanol/meihanol  1/1+0. 1% isopropylamine) 10/90 %v/v, flow rate: 1
mL/min, retention time: 19.6 min.
EXAMPLE 89
PREPARATION OF 5-[(39)-2-(2,2-DIMETHYLPROPANOYL)-1,2-OXAZOLIDIN-3-YL]PYRIDINE-2-

CARBONITRILE  (143)

The title compound was isolated by chiral HPLC on a Chiralpak A (25 x 2.0 cm), 5 um column
using amobile phase of n-hexane/ethanol 50/50 % v/v, flow rate: 15 mL/min. '"H NMR (300 MHz,
DMS{(-d,) 8 8.66 (d, /=1.8 Hz, IH), 8.02 (d, /=7.8 Hz, IH), 7.88 (dd, ,/=7.8, 2.1 Hz, 1H), 5.43 (i, /=X.1
Hz, 1H), 4.36-4.30 (in. iH), 3.94-3.86 (m, iH), 2.94-290 (m, iH), 2.24-2.17 (m, iH), 1.21 (s, 9H). 1.C-
M S (Method E): m/z = 260.1 [M+H]*, 2.67 min. e.e.=99.9% as determined on a Chiralpak 1A-3 (5 x 0.46
cm), 3 fim column using a mobile phase of (n-hexane + 0.1 % diethylamine)/ethanol  70/30 % v/v, flow
rate: 1.0 mL/min, retention time: 3.02 min.

EXAMPLE 90
PREPARATIONOF 1-[(39)-3-(2-METHOXYPYRIDIN-4-YL)-1,2-OXAZOLIDIN-2-YL]-2,2-

BIMETHYLPROPAN-1-ONE (144)
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Thetitle compound was isolated by chiral HPLC on a Chiralpak IC (25 x 2.0 cm), 5 um column
using amobile phase of n-hexane/ethanol 80/20 % v/v, flow rate: 20 mL/min. 'H NMR (400 MHz,
DMSO-cls 8 8.10 (d. ./=5.2 Hz, iH), 6.84 (dd, /=5.2. 12 Hz, IH). 6.60 (s, 1+1), 5.27-5 .23(m, 1H), 4.27--
4.22 (m, 1H), 3.85-3.79 (m, 4H), 2.87-2.82 (in. 1H}. 2.10-2.04 (m, 1H), 1.19 (s, 9H). LC-MS (Method
5  F):m/z=265.0 [M+H]"*, 1.04 min. ee.=99.9% as determined on a Chiralpak 1C-3 (5x 0.46 cm), 5 pm
column using a mobile phase of (n-hexane + 0.1% diethylamine)/ethanol 80/20 % v/v, flow rate: 1.0
mL/min, retention time: 2.59 rnin.
EXAMPLE 91

PREPARATION OF | -[(39)-3-(6-METHOXYPYRIDIN-3-YL)-1*-OXAZOL I DIN-2-YL]-2,2-

10 DIMETHYLPROPAN-1-ONE (145)
e} -
N
\\0 \\

The title compound was isolated by chiral SFC on a Chiralart Amylose-SA (25 x 2.0 cm), 5 pnt
column using a mobile phase of carbon dioxide/(methanol + 2 mM ammonia) 80/20 % v/v, flow rate; 40
mL/min. 'H NMR (400 MHz, DMSG-i¥%) & 8.03 (d, /=2.4 Hz, 1H), 7.55 (dd, ./=8.4, 2.4 Hz, 1H), 6.79 (d,
15 J=88 Hz, i¥). 5.28-5.25 (m, 1H), 4.29-4.27 (m, 1H), 3.85-3.79 (M, 4H), 2.82-2.79 (M, 1H), 2.23-2. 10
(m, 1H), 117 (s, 9H). LC-MS (Method O): m/z = 265.1 [M+H]", 1.82 min. e.e.=99.9% as determined on
a Chiralpak AD-3 (3 x 100 mm), 3 umi column using a mobile phase of carbon dioxide/(methanol + 0.1%
diethylamine) 95/5 % vl/v, flow rate: 2.0 mL/min, retention time: 1.54 nun.
EXAMPLE 92
20 PREPARATION OF 2-[(35)-2-(2,2-DIMETHYLPROPANOYL)-1 ,2-OXAZOLIDIN-3-YL] BENZONITRILE (146)

X
The title compound was isolated by chiral HPLC on a Chiralpak IC (25 x 2.0 cm), 5 um column
using amobile phase of n-hexane/isopropanol 70/30 % v/v, flow rate: 20 mL/min. ¥ NMR (400 MHz,
OMSO-dg) 8 7.83 (dd, 7=7.6, 1.2 Hz, 1H), 7.73-7.69 (m, 1H), 7.49-7.4 1(m, 2H), 5.49 (t, .7=8.0 Hz, 1H),
25  437-433 (m, 1H), 3.96-3.90 (m, 1H), 2.99-2.96 (m, 1H), 2.14-2.09 (m, 1H), 1.21 (S, 9H). LC-MS
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(Method H): m/z = 258.9 |\"&H[', 1.48 mim. e.e=98.9% as determined on a Chiraipak 1C-3 (5 x 0.46
cm), 3 fim column using a mobile phase of (n-hexane + 0.1% diethylamine)/isopropanol  70/30 % v/v,
flow rate: 1.0 mL/min, retention time: 2.59 min.

EXAMPLE 93

PREPARATION OF 34(3S)-2-(2,2-DIMETHYLPROPANOYL)--1,2--OXAZOL I DSN-3-YL]BENZONITRILE (147)

N

The title compound was isolated by chiral HPLC on a Chiraipak 1C (25 x 2.0 cm), 5 um column
using amobile phase of n-hexane/ethanol 80/20 % v/v, flow rate: 20 mL/min. % NMR (300 MHz,
DMS0O-d/;) & 7.76-7.64 (m, 2H), 7.60-7.51(m, 2H), 5.36-5.31(m, IH), 425-4.3 1(m, 1H), 3.88 3.80
(m, 1H),2.92-2.82 (m, 1H), 2.20-2.08 (m, IH), 1.19 (s, 9H). 1.C-MS (Method F): m/z = 259.0 \SI+R\,
131 min. ee==99.9% as determined on a Chiraipak 1C-3 (5x 0.46 cm), 5 utn column using a mobile
phase of (n-hexane + 0.1% diethylamine)/ethanol  80/20 % v/v, flow rate: 1.0 mL/min, retention time:
2.32 min.

EXAMPLE 94
PREPARATIONOF 1-[(39)-3-(6-CYCLOPROPYLPYRIDIN-3-YL)-1,2-OXAZOLIDIN-2- YL]-2,2-
DIMETHYLPROPAN-1-ONE (148)

The title compound was isolated by chiral HPLC on a Chiraipak 1C (25 x 2.0 cm), 5 um column
using amobile phase of n-hexane/ethanol 80/20 % v/v, flow rate: 20 mL/min. '"H NMR (300 MHz,
DMSQ-d,) & 8.26 (d, /=2.1Hz, IH), 7.47 (dd, ./=8.1, 2.1Hz, IH), 7.23 (d, ./=7.8 Hz, IH), 5.34-5 .18 (m,
IH), 431-4.25 (m, IH), 3.87-3.79 (m, {H), 2.88-2.70 (m, IH), 2.24-1 .92 (m, 2H), 1.17 (s, 9H), 0.96-
0.82 (m, 4H). LC-MS (Method F): m/z = 275.0 [M+H]", 0.80 min. e.e.=99.9% as determined on a
Chiraipak IC-3 (5x 0.46 cm), 5 uni column using amobile phase of (n-hexane + 0.1%
diethylamine)/ethanol  80/20 % v/v, flow rate: 1.0 mL/min, retention time: 2.89 min.
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EXAMPLE 95
PREPARATION OF 1-[(3S)-3-(2-AMINOPYRIDIN-4-YL)-1,2-OXAZOLIDIN-2-YL]-2,2-DIMETHYLPROPAN-

1-ONE (149)
[¢] N"”'O
72l
N

NH,

The title compound was isolated by chiral HPLC on a Chiralpak |A (25 x 2.0 cm), 5 pn: column
using amobile phase of n-hexane/ethanol 80/20 % v/v, flow rate: 20 rnL/min. "H NMR (300 MHz,
D\iS()~/,) 67.83 (d, ./=5.4 Hz, 1H), 6.37 (dd, /=5, 15 Hz, iH}. 6.31 is. 1H), 6.05 (brs, 2H), 5.15-5.10
(m, 1H), 4.25-4.24 (m, 1H), 3.82-3.78 (M, 1)7). 2.85-2.80 (m, {H).2.07-2.00 (m, 1H), 1.21(s, 9H). LC-
M S (Method J): m/z = 2503 [M+Hf, 1.01 rain. ee.=99.9% asdetermined on a Chiralpak IA-3 (5 x 0.46
cm), 3 um column using a mobile phase of (n-hexane + 0.2% isopropylamine)/etlianol  80/20 % v/v, flow
rate: 1.0 mL/min, retention time: 2.57 min.

EXAMPLE 96
PREPARATION OF 3-[(39)-2-(2,2-DIMETHYLPROPANOYL)-1,2-OXAZOLIDIN-3-YL]-4-
FHJOROBENZOMTRILE (150)

H:etitle compound was isolated by chiral HPLC on a Lux 5u Cellulose-3, AXIA Packed (25 x
2.12 cm), 5 un column using amobile phase of n-hexane/ethanol  90/10 % v/v, flow rate: 20 mL/min. 'H
NMR (300 MHz, DM S(-ds) & 7.89-7.83 (m, 1H), 7.61 (dd, J=6.9, 1.8 Hz, 1. 7.50-7.43 (m, IH), 5.47-
5.42 (m, 1H), 4.34- 429 (m, IH), 3.91-3.83 (m, 1H), 2.95-2.79 (m, 1H), 218 211 (m, IH), 1.20 (s,
9H). LC-MS (Method H): m/z = 276.9 [M+Hf, 1.51 mm. e.e==99.9% as determined on a Lux Cellulose-
3 (15 x 0.46 cm), 3 um column using a mobile phase of (n-hexane + 0.1% diethylaminej/isopropanol

70/30 % v/v. flow rate: 1.0 mL/min. retention time: 3.19 min.
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EXAMPLE 97
PREPARATION OF 4-[(35)-2-(2,2-DIMETHYLPROPANOYL)-1 ,2-OXAZOLIDIN-3-YL]-2-

FLUOROBENZONITRLLE (151)

The title compound was isolated by chiral HPLC on a Chiralpak IF (25 x 2.0 em), 5 pm column
using amobile phase of n-hexane/ethanol 70/30 % v/v, flow rate: 18 mL/min. 'H NMR (300 MHz,
DMS(O-d,,) 8 7.94-7.89 (m, 1H), 7.39-7.27 (m, 2H), 5.42-5.36 (m, 1H), 4.37-4.24 (m, 1H), 3.90-3.82
(m, 1H), 2.92-2.88 (m, 1H), 2.10-2.17 (m, 1H). 1.22 (s, 9H). LC-MS (Method D): m/z = 277.1 iM+H ",
2.07 min. e.e.==99.9% as determined on a Chiralpak IF-3 (10 x 0.46 cm), 3 un: column using amobile
phase of (n-hexane + 0.1% diethylamine)/ethanol 70/30 % v/v, flow rate: 1.0 mL/min, retention time:
3.36 min.

EXAMPLE 98
PREPARATION OF 2,2-DIMETHYL-I- [(35)-3-(6-METHYLPYRIDIN-3-YL)-1,2-OXAZOLIDIN-2-
YL]PROPAN-I-ONE (152)

Thetitle compound was isolated by chiral HPLC on a Chiralpak IC (25 x 2.0 cm), 5 um column
usmg a mobile phase of n-hexane/ethanol 70/30 % v/v, flow rate: 20 mL/min. '"H NMR (300 MHz,
DM SO-dy) 8 8.32 (d, /=21 Hz, 1H), 7.50 (dd, /=8 1, 2.4 Hz, 1H). 7.20 (d, /= 8.1 Hz, 1H), 5.29 (i, /=6.9
Hz, 1H) 4.32-4.26 (m, 1H), 3.88-3.80 (m, 1H), 2.86-2.82 (m, 1H), 2.42 (s, 3H}, 2.21-2.11 (m, 1H), 1.18
(s, 9H). LC-MS (Method J): m/z = 249.3 [M+H]", 1.20 min. €..=99.9% as determined on a Chirapak
IC-3 (1€ x 0.46 cm), 3 um column using a mobile phase of (n-hexane + 0.1% diethylammeV 'ethanol

70/30 % vlv, flow rate: 1.0 mL/min, retention time; 4.1 7 min.



10

20

WO 2017/096301 PCT/US2016/064818
EXAMPLE 99

PREPARATION OF 5-[(35)-2-(2,2-DIMETHYLPROPANOYL)-1 ,2-OXAZOLIDIN-3-YL]-2-
FLUOROBENZONITRILE (153)

The title compound was isolated by chiral HPLC on a Phenomenex Lux 5u Cellulose-4, AXIA
Packed (25 x 2.12 cm), 5 win column using amobile phase of n-hexane/ethanol 70/30 % vlv, flow rate:
20 mL/min. "H NMR (400 M}/, DM SO-d;) 8 7.79-7.77 (m, 1H), 7.66-7.62 (m, 1H), 7.54-7.49 (in. IH),
534 (t, .7=8.4 Hz, H), 4.32-4.28 (m, 1H), 3.88-3.82(m, 1H), 2.88-2.85 (m, IH), 2.19-2.14 (ni, 1H),
1.20 (s, 9H). LC-MS (Method L): m/z = 277.2 [M+H] *, 156 min. e.6.=99.9% as determined on a Lux
Cédlulose-3 (10 x 0.46 cm), 3 unt column using a mobile phase of (n-hexane + 0.1%
diethylamine)/ethanol 70/30 % v/v, flow rate: 1.0 mL/min, retention time: 2.44 min.

EXAMPLE 160

PREPARATION OF 4-[(3S)-2- [3-(DIFLUOROMETHOXY)-2,2-DIMETH YLPROPANOYL]-1,2-OXAZOLIDIN-

3-YL] BENZONITRILE (154)

5

The title compound was isolated by chiral HPLC on a EnantioPak A 1-5 (25 x 2.12 cm), 5 un
column using a mobile phase of n-hexane/ethanol 70/30 % v/v, flow rate: 20 mL/min. % NMR (300
MHz, CD;0D) 7.72 (d, J=8.4 Hz, 2H), 7.50 (d, J=8.1 Hz, 2H), 6.42 (t, .7=75.6 Hz, {H), 5.44 (t, J=7.2 Hz,
1#), 4.40-4.34 (m, IH), 413-4.00 (m, 3H), 3.03-2.93 (m, IH), 2.32-2.26 (m, IH), 1.33 (s, 6H). LC-MS
(Method D): m/z = 325.1 |\I-+H|", 2.00 mm. e.e.=99.9% as determined on a Chiralpak 1C-3 (5 x 0.46
cm), 3 wn column using a mobile phase of (n-hexane + 0.1% diethylamine)/ethanol 70/30 % v/v, flow

rate: 1.0 mL/min, retention time: 1.53 min.
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EXAMPLE 101
PREPARATION OF 3,3-DIFLUORO-I-[(39)-3-(5-FLUORO-6-METII YLPYRIDIN-3-YL)-I,2-OXAZOLIDIN-2-
YL]-2,2-DIMETHYLPROPAN-I-ONE (195)

fB\
o] G
O ! i
. B.__B o
F gy  Bull O F f PR TN £ i
E ~ then DMF l AN ™y
...................... B B E
e P PA{PPh3M, KSCO3
Ci N i N dioxane, 100°C N/

| Ph3P=CHCHO, DOM
BoeNHOH, DCM ¥

Boc  OH OTMS
N N . -

4 H ph Ph X =0

e N oM - E P

E ~ then NaBH4, MaOH N

1 N

DIAD, PPh, , THE |

v

Boc e
£ TFA, BCM
Ry =
=

1. {COCH2, DMF, DOM

2. TEA, DOM o=

V4

Wh

The title compound was isolated by chiral HPLC on a Cliiralpak AD-H (25 x 2.0 cm), 5 um
column using amobile phase of n-hexane/ethanol  50/50% viv, flow rate: 18 mL/min. ‘H NMR (400
MHz, CDC!;} & 8.28 (s, 1H), 7.24 (dd, J=9.8, 1.8 Hz, IH), 6.32 (t, J=57.7 Hz, IH), 5.44 (dd, /=8.7, 6.7
Hz, IH), 435 (td, J=7.8, 3.0 Hz, iH), 3.98 (ddd, ./=9.5, 8 3, 6 5Hz, IH), 2.90 (dddd, /=i24, 9.2, 6.3, 3.3
Hz, 1H), 252 (d, J=3.0 Hz, 3H), 2.35 (dddd, J=12.4,9.6, 7.6, 6.8 Hz, IH), 140- 1. 36 (m, 6H). LC-MS
10 (Method A): m/z = 302.9 [M+H]*, 0.93 mm. ee= 100% as determined on a Chiralpak AD-H (25 x 0.46
cm), 5 pm column using a mobile phase of n-hexane/ethanol 50/50% v/v, flow rate: i mL/min, retention

time: 5.5 min.
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EXAMPLE 182
PREPARATION OF 4-[(35)-3-(5-FLUORO-6-METHYL  PYRIDIN-3-YL)-| ,2-OXAZOLIDIN-2-YL]-3,3-

DIMETHYL-4-OXOBUTANENITRILE {196)

.«'B £
O O
E B Buli 320 ﬁ) f‘é ‘0"é ™~ ?
"\»J:"“’\‘aw T thenowr N |-"”'»:“m\§<\\fﬁ F et
G — ] - 1]
Vi g PN
Ridp=cRcH, Bl«
BooMHQH, B934
'\
Bom  OH 003 OTMS
N N \%’ . i
3 S e
FoL . H ph Fh oy TRy
— ”“\-‘T”I Y T I L
J = than HafiHd, MeOH T
<7 N7
DAD, FPh,  THF |
b {COCIE, DREFE, DM PN
b SO0, DME, DOM O
¥ NG N £
\’f« oM e
Einc e ‘Jﬁ
- WIN - S I -
E i J) TFA, DO [N _ N -
\\*( - \\ - F\\'rf}:{\\ \‘\’/’ i Rl I}‘\ )./
{ 2 TES, DGR ST ~
P NC o N P2 ' P

The title compound was isolated by chiral HPLC on a Chiralcei OJH (25 x 2.0 cm), 5pum
column using a mobile phase of n-hexane/ethanol 50/50% viv, flow rate: 18 mE/nuin. 'H NMR (400
MHz, CDCl,) 5 8.30-8.27 (m, 1H), 7.26 (dd, ./=9.8, 1.8 Hz, 1H), 5.43 (dd, /=8.7, 6.7 Hz, 1Fi), 441-4.32
(m, 1H), 4.0 1 (ddd, ,7=9.5, 8.0, 6.5 Hz, 1H), 2.9 1 (dddd, J=12.3,9.2, 6.4, 3.0 Hz, 1H), 2.73 (d, J=16.8 Hz,
1H), 2.67 (d, J=17.1 Hz, 1H), 2.52 (d, /=2.8 Hz, 3H), 2.36 (dddd, ./=12.5, 9.6, 7.5, 6.5 Hz, 1H), 1.50 (s,
3H), 1.48 (s, 3H). LC-MS (Method A): m/z = 291.9 {M+H ', 0.79 min. ¢.c.= 100% asdetermined on a
Chiralcei OJH (25 x 0.46 cm), 5 pm: column using amobile phase of n-hexane/ethanol 65/35% viv, flow

rate: 1mb/min, retention time: 6.4 min.
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EXAMPLE 103
3,3-DIFHIORO-22-DIMETHYL-l  -[(35)-3-(5METHYLPYRAZ(N-2- ¥L)-1,2-OXAZOLIDIN-2-YL] PROPAN-
1-ONE (197)

BooNHOM, DOM

(&XOTMS Bos, | OH
NMO PRIP=CHCHO, DOM NWQ H pf Ph WOH
|

e R e

then NaBH4, MaOH

DIAD, PPh, , THFL

Boc
.N _’Q

TFA, DCM
N> I —— N

1.{COCHZ, DME, DOM s {
)\\\‘/ N /E\\/k

5 % NMR (400 MHz, CDC1,) & 851 (d, /=1 .5 H/, 1H), 8.41 (d, J=1.0 Hz, 1H), 6.32 (t, J =58.2
Hz, 1H), 551 (dd, ./=8.9, 6.1 Hz, 1H), 4.39 (id, /=7.8. 3.9 Hz, 1H), 4.03 (ddd, J=9.0, 7.9, 6.7 Hz, 1H),
2.88-2.77 (m, 1H), 2.74-2.62 (in. 1H), 2.57 (s, 3H), 1.39-1.34 (m, 6H). LC-MS (Method A): m/z =
286.4 [M+H1", 0.81 min.

EXAMPLE 104
10 PREPARATION OF (9)-3,3-DIFH]JORO-2,2-DIMETHYL-1 -(3-(1-METHYL-1 H-PYRAZOL-4-

YL)LSOXAZOLIDIN-2-YL)PROPAN-1-ONE (198}

P TN /\
BnBr, K00 i DMP i DAST
HQ\;%“/OH 2003 %ﬂ/o\,@ \/\H,QVQ Q/%f/avi; J
o e O

3 DME, i, oln HO—/ DCM, 1, 2 O DCM, -20 901, ofn
siep 1 o siep 2 step 3
H HCH
F F
Fa, P(OH)/C F\>§(0H N o K chiral separation o ﬁ)<
MeOH, rt, 3 Eoa HATU, DIEA, DMF, 1t, 1h -

- - N N
slep 4 step 5 ﬁj%/] step 8 Mies.

The title compound was isolated by chiral HPLC on a Chiralpak 1C (25 x 2.0 cm), 5 pn: column
using amobile phase of n-hexane/ethanol 70/30 % v/v, flow rate: 20 mL/min. % NMR (400 MHz,
15 DMSO-i/,) 8 7.59 (s, 1H), 7.32 (s, 1H), 6.33 (t, ,7=56.9 Hz, {H), 5.28-5.24 (m, 1H), 4.30-4.25 (m, 1H),
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3.90-3.84 (m, 1H), 3.76 (s, 3H), 2.73-2.65 (m, 1H), 2.33-2.25 (m, 1H), 1.21(s, 6H). LC-MS (Method
F): m/z = 273.9 {M+H]", 0.98 mim. e.e.=99.9% as determined on a Chiralpak 1C-3 (5 x 0.46 cm), 3 uu
column using amoabile phase of (n-hexane + 0.1% diethylamine)/ethanol 70/30 % v/v, flow rate: 1.0
mL/min, retention time: 1.86 min.
5 EXAMPLE 105
PREPARATION OF (9)-3-(2-(3-CYANO-2,2-DIMETHYL PROPANOYL)ISOXAZOLIDIN-3-YL)-5
FLUOROBENZONITRILE (199)
O

> f Br._-CN Z LIOH

0— LDA, THF, 78°C-t, oln oo O MeOH, Hy0, i, ofn
step 1 step 2

V2
A oy
NC
O HATU, DIEA, DMF, i, 2 h NC\’I/W
step 3 \\//7
F

The title compound was isolated by chiral HPLC on a Chiralpak IA (25 x 2.0 cm), 5 pm column
10 using amobile phase of n-hexane/ethanol 70/30 % v/v, flow rate: 20 mL/min. 'H NMR (300 MHz,
CDJOD) & 7.55-7.53 (rn, 1H), 7.51-7.39 (m, 2H), 5.49-5 .36 (m, 1H), 4.46-4.33 (rn, 1H), 4.08-3 .99 (m,
iH), 3.07-2.9 1(m, 1H), 2.91-2.70 (m, 2H), 2.37-2.25 (m, 1H), 1.47 (s, 3H), 1.43 (s, 3H). LC-MS
(Method Q): m/z = 302.0 [M+H]*, 1.33 mm. €.e=99.9% as determined on a Chiralpak 1A-3 (5 x 0.46
cm), 3 m column using a mobile phase of (n-hexane + 0.1% diethylamine)/ethanol 60/40 % v/v, flow
15  rate: L0 mL/min, retention time: 1.99 min.
EXAMPLE 106
PREPARATION OF (9)-5-(2-(3,3-DIFLLORO-2,2-DIMETHYLPROPANOYL)ISOXAZOLIDIN-3-

YL)NICOTINONITRILE {2060}

F oo
TFA HN-Q i
i F OH
N
| £ HATU, DIEA, DMF, 1, 2 h
CN
20 The title compound was isolated by chiral HPLC on a EnantioPak Al-5 (25 x 2.12 cm), 5 unt

column using amobile phase of n-hexane/ethanol 70/30 % v/v, flow rate: 20 mL/min. 'li NMR (400
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MHz, DMSG ;) 8 8.94 (d, J=2.Q Hz, 1H), 8.74 (d, .7=2.2 Hz, 1H), 8.18-8.16 (m, 1H), 6.38 (t, ,7=56.7
Hz, IH), 5.52-5.34 (m, IH), 4.39-4.34 (m, 1H), 3.99- 3.93 (m, IH), 2.94-2.87 (m, IH), 2.33-2.24 (m,
1H), 1.27 (s, 3H), 1.25 (s, 3H). LC-MS (Method F): m/z = 295.9 [M+H]*, 1.11mm. e.e=97.0% as
determined on a Chiraipak AS-3 (5 x 0.46 cm), 3 um: column using a mobile phase of (n-hexane + 0.1%
diethyiamine)/ethano3 50/50 % v/v, flow rate: 1.0 ItiL/min, retention time: 1.37 min.

EXAMPLE 187
PREPARATION OF (S)-3*-DSFLUORO-2,2-DMETH¥L -1-(3-(6-METHYLPYRAZIN-2-YL)K OXAZOL I DIN-
2-YL)PROPAN-I-ONE (201)
F O F

Gl HN-O 2
HCI HN-

F%OH F%N’Q
NS )
%,;N HATU. DIEA, DME. it th N7

“\fN

The title compound was isolated by chiral HPLC on a Chiralcel OJH (25 x 2.0 cm), 5 pnx
column using a mobile phase of n-hexane/ethanol 80/20 % v/v, flow rate: 20 mL/min. 'H NMR (400
MHz, CDOD) & 8.40 (s, {H), 8.34 (s, 1H), 6.36 (t, J=57. 1Hz, [H), 5.46- 542 (m, IH), 4.45-4.40 (m,
1H), 4.12-4.07 (m, IH), 2.93-2.85 (m, IH), 2.59-250 (m, 4H), 1.34-1 .32 (m, 6H). LC-MS (Method R):
m/z = 286.0 [M+H]I", 2.55 min. e.=99.9% asdetermined on a Chiraipak 1A-3 (5x 0.46 cm), 3um
column using a mobile phase of (n-hexane + 0. 1% diethylamine)/ethanol  70/30 % v/v, flow rate: 1.0
mL/min, retention time: 156 min.

EXAMPLE 108
PREPARATION OF 3,3-DIFLLORO-2,2-DIMETHYL-I-[(39)-3-(6-METHYLPYMDIN-3-YL)-I,2-

OXAZOLIDIN-2-YL]PROP AN- 1-ONE {262}

To a tirred solution of 3,3-dif3uoro-2,2-dimethylpropanoic acid (150 mg, 109 mnioS),
N,N,N*,N'-tetraniethy]-0-(7-azabenzotriazol- | -yl)uronium hexafluorophospate (619 mg, 163 mmol)
and N,N-diisopropylethylamine (42 1mg, 3.26 mmol) in DMF (6 mL) was added 2-methyl-5-( |,2-
oxazo3idin-3-yl)pyridine (357 mg, 2.17 mmol). After being stirred a room temperature for 4 h, the
reaction mixture was quenched by the addition of water (20 mL), and extracted with EtOAc (3 x 20
mL). The combined organic layers were washed with brine (20 mL), dried over anhydrous Na, S}, and
concentrated under reduced pressure. The residue was purified by preperative-HPLC with the following
conditions. column: Xbridge Prep C18, 19 x 150 mm, 5 wn; Mobile phase: Phase A : water (10 mmol/L
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NH,HCO 5); Phase B: acetonitrile (20% to 85% over 10 min); Detector, UV 220 & 254 nm to afford 3,3-
difluoro-2,2-dimethyl-I-[ 3-(6-methyl pyridin-3-yI)-I ,2-oxazolidin-2-yl]propan-l  -one as a mixture of
enantiomers (180 mg, 58%) as awhite solid. This mixture was resolved by chiral HPLC on a Chiralpak
1C (25 x 2.0 cm), 5 pm column using amobile phase of n-hexane/ethanol 80/20 % v/v and aflow rate of
20 mL/min to afford the title compound. '"H NMR (400 MHz, DMSQ-4,) & 8.34 (d, / = 2.0 Hz, 1H),
7.52 (dd, J = 8.0, 24 Hz, 1H), 7.23 (d,J = 80Hz, 1H), 6.39 (t, J = 56.8 Hz, 1H), 5.35- 5.31(m, 1H),
4.38-4.33 (m, 1H), 3.96- 3.90 (m, 1H), 2.93-2.85 (m, 1H), 2.44 (s, 3H), 2.24-2.17 (m, 1H), 1.27 (s,
3H), 1.26 (s, 3H). LC-MS (Method J): m/z = 285.4 |\I-+H|", 1.156 min. e.e. = 99.9% as determined on a
Chiralpak 1C-3 (5x 0.46 cm), 3 un: column using a mobile phase of (n-hexane + 0.1%
diethy]amine)/ethano3 80/20 % v/v, flow rate: 1.0 mL/min, retention time: 2.056 min.
EXAMPLES 109 AnD 110
PREPARATION  OF 5-[(3R)-2-(3,3-DIFLLORO-2,2-DIMETHYLPROPANOYL )-1,2-OXAZOLIDIN-3-
YL] THIOPHENE -2-CARBONITRILE AND 5-[(3S)-2-(3,3-DIFL UORO-2,2-DIMETHYL PROPANOYL)-I,2-

OXAZOLIDIN -3-YL]TinOPirENE-2-CARBONITRILE (203 AND 204)

F F

o 0 o 0

T O R

These compound was synthesized by the same method as described for 3,3-difluoro-2,2-
dimethyl- 1-[(3S)-3-(6-methylpyridin-3-yl)- 1,2-oxazolidin-2-yl]propan- 1-one except 5-( 1,2-oxazolidin-
3-ythiophene-2-carbonitrile (50 mg, 0.28 mmol) was used instead of 2-methyl-5-(1,2-oxazolidin-3~
yl)pyridine. Thetitle compounds were isolated by chiral HPLC on a CHIRALART Ceiluiose-SB-
KSB99S05-2520WX 12806 (25 x 2.0 cm), 5 pm column using a mobile phase of n-hexane/ethanol
85/15 % vl/v, flow rate: 20 mL/min.

5-[(3R)-2-(3,3-difluoro-2,2-dimethyl propanoyl)-l,2-oxazoli din-3-yl] thiophene-2-carbonitril e.
'H NMR (400 MHz, CD,0D) §7.62 (d, J = 4.0 Hz, iH), 7.13 (d, ./ = 3.6 Hz, 1H), 6.33 (t,J = 57.2 Hz,
1H), 5.72-5.68 (in. 1H}, 4.41-4.36 (m, 1H), 4.06-4.00 (m, 1H), 2.98-2.92 (in. 1H), 2.52-2.45 (m, 1H),
1.33 (s, 6H). LC-MS (Method D): m/z = 301.1 [M+Hf, 1.751 min. e e=97.7% as determined on a
CHIRAL Ceélulose-SB (0.46 x 15 cm) 5 unt column using a mobile phase of (n-hexane + 0.1%
diethylamine)/ethanol = 80/20 % vl/v, flow rate: 1.0 mL/min, retention time: 4.296 min.

5-[(39)-2-(3,3-difiuoro-2,2-dimethylproparo  vi}-1.2-oxazclidin-3-yiithiophene-2-carbonitrile.
'H NMR (400 MHz, CD,0D) 87.62 (d,J = 40Hz, 1H), 7.13 (d,/ = 40 Hz, 1H). 6.33 (t,J = 57.2 Hz,
1H), 5.72- 5,68 (m, 1H), 4.41-4.36 (m, 1H), 4.06-4.00 (m, IH), 2.99-2.91(m, 1H), 2.52-2.45 (m, 1H),
1.32 (s, 6H). LC-MS (Method D): rn/z = 301.1 [M+Hf, 1.751 min. e.e.==99.7% as determined on a
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CHIRAL Cellulose-SB  (0/46 x 15 cm) 5 un column using a mobile phase of (n-hexane + 0.1%
cUethylamme)/ethanol  80/20 % v/v, flow rate; 1.0 mL/min, retention time: 4.786 min.
EXAMPLE 111
PREPARATION OF 4-[(39)-2-(2,2-DIMETHYLPROPANOQYL)-I,2-OXAZOLr0iN-3-YL]-I-METHYL-IH-
5 PYRROLE-2-CARBONITRILE (205)

The title compound was isolated by chiral HPLC on a Chiralpak [C (25 x 2.0 cm), 5 pm column
using amobile phase of n-hexane/ethanol  70/30 % v/v, flow rate: 20 mL/min. "H NMR (300 MHz,
DM SO-dg)  7.09 (d, ; - 1.8Hz, 1H).6.83(d, ; - 1.8Hz, 1H), 5.24-5 .18 (m, 1k, 4.25-4.20 (m, 1H),
10 3.83-3 .75 (m, 1H), 3.70 (s, 3H), 2.73- 2.60 (tn, 1H), 2.27-2. 17 (m, 1H), 1.16 (s, 9H). LC-MS (Method
F): miz =262.0 {M+H]", 1.233 mm. ee==99.9% as determined on a Lux {¢llulose-4 (10 x 0.46 cm), 3
pin column using a mobile phase of (n-hexane + 0.1% diethylamine)/ethanol ~ 70/30 % v/v, f ow rate: 1.0
mL/min, retention time 2.939 min.
EXAMPLE 112
15 PREPARATION OF (Z)-4-[(39)-2-(3,3-DIFH]ORO-2,2-DIMETHYLPROPANOQOYL)-,2-OXAZOLIDIN-3-YL]-
N'-HYDROX YBENZENE-1-CARBOXIMIDAMIDE (206)

F

To a solution of 4-[(3S)-2-(3,3-difluoro-2,2-climethylpropanoyl)-1,2-oxazolidm-3-yl]benzonitrile
(1g,3.4 mmol) in DMF (10 mL) was added hydroxyiamine (50% ag. solution) (1.12 mL, 16 mmol). The
20 reaction mixture was dlowed to stir at room temperature for 2 h. After completion of the reaction, DMF
was removed under reduced pressure. Hie residue was diluted with EtOAc (50 mL) and washed with sat.
NaHCOa solution (20 mL). The agueous layer was extracted further with EtOAc (3 x 30 mL). The
combined organic layers were washed with brine and dried over anhydrous Na;sc»4 and evaporated under

reduced pressure. Tire crude product was purified by column chromatography (Petroleum ether/EtOAC,
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60:40 to 57:43) to afford the title compound (960 mg, 86%) as awhite solid. "H NMR (400MHz, DM SO-
d6) & 9.61(s, 1H), 7.63 (d, /=X.4 Hz, 2H), 7.24 (d, ./=8.4 Hz, 2H), 6.41 (t, /=56.8 Hz, 1H), 5.79 (s, 2H),
5.37-5 .30 (m, 1H), 4.50-4.31(m, 1H), 3.97-3 .87 (m, 1H), 2.94-2.86 (m, IH), 2.26-2 12 (m, 1H), 1.32-
1.24 (m, 6H). L(M S (Method T): m/z = 328.3 [M+H]’, 2.014 mm. Melting range = 67.3°-75 .6°C,
[6jp27=-132.89° (c = 0.152, MeOH). e.e.=100% as determined on aLux C2 (25 x 0.46 cm), 5 um
column using a mobile phase of (n-hexane + 0.1% diethy3amine)/etlianoi 60/40 % v/v, flow rate; 1.0
mL/'min, retention time: 9.439 mm.
EXAMPLE 113

PREPARATION OF 3,3-DIFLIJORO-2,2-DIMETirYL-I-[(35)-3-[4-(I ,2,4-OXADIAZOL-3-YL)PHENYL|-I,2-

OXAZOLIDIN-2-YLjPROPAN-I-ONE (207)

(2)-4-[(3 9)-2-(3, 3-Difluoro-2,2-dimethylpropanoyl)- 1,2-oxazolidin-3-yl]-N'-hydroxybenzene-  1-
carboximidamide (3.4 g, 10.4 mmol) was suspended in ethanol (10.2 mL) and triethyl orthofonnate (10.2
mL). The reaction mixture was heated to 100°C for 2 days in a sealed tube. After completion of the
reaction, the reaction mixture was cooled to room temperature and ethanol was removed under reduced
pressure. The crude product was purified by column chromatography (petroleum ether/EtOAc, 75:25 to
72:27) and then by preparative HPLC with the following conditions: column: Sunfire OBD, Ci8; 250x30
mm, 5 uM ; Mobile phase: 0.1% TFA in H,0/ACN, Flow rate: 22 mL/min, to afford the title compound
(950 mg, 27%) as an off-white solid. "H NMR (400MHz, CDC1;) & 8.77 is. 1H), 8.18-8.07 (m, 2H),
7.48-7.39 (m, 2H), 6.35 {t, J=57.0 Hz, 1H), 5.55-5.43 (m, iH), 4.40-4.30 (m, 1H), 4.05-3 .94 (m, 1H),
2.98-2.87 (m, 1H), 2.47-2.33 (in. iH), 1.46- 1.34 (m, 6H). LC-MS (Method T): m/z = 338.3 | M+H]",
2.696 min. Melting range -- 87.9°-88.9°C, |a]?®* = -156.87° (c = 0.160, MeOH). e.e.==100% as
determined on alLux C2 (25 x 0.46 cm), 5 umqi column using a mobile phase of (n-hexane + 0.1%

diethy]amine)/ethano3 60/40 % v/v, flow rate: 1.0 mL/min, retention time: 6. 708 min.
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EXAMPLE 114
PREPARATION OF | -[(39)-3- [4-(5-CYCLOPROPYL-,2,4-OXA» AZOL-3-YL)PHENYL]-I,2-

OXAZOLIDIN-2-YL]-3,3-DIFH]JORO-2,2-DIMETHY L PROPAN-I-ONE (208)

To asolution of cyclopropane carboxylic acid (421 mg, 4.9 mol) and (5)-4-(2-(3,3-difluoro-2,2-
diinethyipropanoyl)isoxazolidin~3~yl)~N-hydroxybenzimidamide (19, 3.1 mumof) in EtOAc (10 mL) was
added Et;N (2.11 mL, 15.1 mmol) followed by T3P (50% solution in EtOAc, 5.8 mL, 7 nimol). The
reaction mixture was heated to 8Q°C under an inert atmosphere for 20 h. The reaction mixture was cooled
to room temperature, diluted with ice water (30 mL) and extracted with EtOAc (3 x 50 mL). The
combined organic layers were washed with brine and dried over Na,S0 ,. The crude product was purified
twice by column chromatography (petroleum ether/EtOAc, 80:20 to 75:25) to afford the title compound
(360 mg, 31%) as an off-white solid. 'H NMR (400MHz, CDC1,) & 8.08-7.98 (m, 2H), 7.43-7.33 (m,
2H), 6 34 (t, =57.2 Hz, 1H), 552-5.41 (m, 1H), 4.38-4.28 (m, 1H), 4 03-3.92 (m, 1H), 2.95-2.82 (m,
1H). 2.44-2.30 (m, 1H), 2.30-2.20 (m, 1), 1.45-1.18 (m, 10H). LC-MS (Method T): m/z = 378.3
[M+HI". 2924 min. Melting range = 92.1° - 95.6°C, ja] ;22 = -147.61° (c = 0.105, MeOH). e.e==99.3%
as determined on a Chiralcel OD-H (25 x 0.46 cm), 5 unt column using a mobile phase of n-
heptane/ethanol  70/30 % vlv, flow rate: 1.0 mL/min, retention time: 6.141 min.

EXAMPLE 115
PREPARATION OF 4-[(39)-2-[(29)-3-CYANO-2-METHYLPROPANOQYL]-1,2-OXAZOLIDIN-3-

YLJBENZONITRILE DIASTEREOISOMER 1 (209)

DIASTERBOISOMER 1
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The title compound was isolated by chiral HPLC on a Chiralpak AS-H (25 x 2.0 cm), 5um
column using a mobile phase of n-hexane/(ethanol + 0.1% isopropy] amine) 50/50 % v/v, flow rate: 18
mL/mm. 'FINMR (400MHz, CDCL;)s 7.69-7.64 (m, 2H), 7.44-7.39 (m, 2H), 5.45 (dd, /=8.8. 6.3 Hz,
1H), 4.32 (dt, /=3.1. 7.8 Hz, IH), 4.00 (ddd, J=9.5, 8.2, 6.7 Hz, IH), 3.36 (sextet, ./=7.2 Hz, IH), 3.01-
2.88 (m, IH), 2.69 (dd, ./=16.8, 7.8 Hz, IH), 2.45 (dd, /=16.8. 6.8 Hz, IH), 2.35 (dddd, ./=12 5, 9.5, 7.6,
6.3 Hz, 1H), 1.40 (d, J=7.0 Hz, 3H). LC-MS (Method A): m/z = 270.2 [M+H] *, 0.84 mm. e.e.=100% as
determined on a Chiralpak AS-H (25 x 0.46 cm) 5 um column using amobile phase of n-hexane/(ethanol
+ 0.1% isopropylamine) 50/50 % v/v, flow rate: 1.0 mL/min, retention time: 7.7 min.
EXAMPLE 116
PREPARATION OF 4-[(39)-2-[(25)-3-CYANO-2-METHYL PROPANOYL]-1,2-OXAZOLIDIN-3-

YL] BENZONITRILE DIASTEREOISOMER 2 (210)

DIASTEREOISOMER. 2

Thetitle compound was isolated by chiral HPLC on a Chiralpak AS-H (25 x 2.0 cm), 5 jm
column using a mobile phase of n-hexane/(ethanol + 0.1% isopropylamine) 50/50 % v/v, flow rate: 18
mL/min. "H NMR (400MHz, CDCl ) s 7.70-7.63 (m, 2H), 7.47-7.40 (m, 2H), 5.41 (dd, ./=8.8, 6.3 Hz,
1H), 4.34 (dt, J=3.9, 7.7 Hz, IH), 4.06-3 .95 (m, IH), 3.37 (sextet, /=7.0 Hz, 1H), 3.00-2.87 (in. IH),
2.69 (dd, /=16.6, 6.5 Hz, 1H), 2.54 (dd, ./=17.3. 8.0 Hz, IH), 2.37 (dddd, ./=12 5, 9.1, 7.4, 6.1Hz, IH),
131(d, 7.0 Hz, 3H). LC-MS (Method A): m/z = 270.2 [M+H}", 0.81 min. e.e.=100% as determined on
aChiralpak AS-H (25 x 0.46 cm) 5 . column using a mobile phase of n-hexane/(ethanol + 0.1%

isopropylamine) 50/50 % v/v, flow rate: 1.0 mL/min, retention time: 6.6 min.
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EXAMPLE 117
PREPARATION OF (39)-3-(3,4-DIFLUOROPHENYL)-2-(3-METHYLOXOLANE-3-CARBONYL)-1,2-

OXAZOLIDINE DIASTEREOISOMER 1 (211)

DIASTEREOISOMER i

Thetitle compound was isolated by chiral HPLC on a Chiralpak AD-H (25 x 2.0 cm), 5 am
column using a mobile phase of n-hexane/(ethanol + 0.1% isopropylamine) 60/40 % v/v, flow rate: 18
mL/mm. 'H NMR (400MHz, (IXl5)} 8 7.18-7.07 (m, 2H), 7.06- 6.99 (m, IH), 5.35 (dd, J=8.7, 6.4 Hz,
IH), 4.28 (dt, /=3.1, 7.8 Hz, IH), 4.18(d, .7=9.0 Hz, IH), 4.00- 3.79 (m, 3H), 3.73 (d, J=9.0 Hz, iH),
2.86 (dddd, /=12.2, 9.2, 6.3, 3.1Hz, 1H), 2.47 (td, J=7.8, 12.7Hz, IH), 2.32 (dddd, J=12.5,9.6, 7.5, 6.5
Hz, IH), 1.86 (ddd, J=12.8, 7.3, 5.5 Hz, IH), 143 (s, 3H). LC-MS (Method A): m/z = 298.2 {\i+H[",
0.96 min. e.e.=97.5% asdetermined on a Chiralpak AD-H (25 x 0.46 cm), 5 uin column using a mobile
phase of n-hexane/(ethanol + 0.1% isopropylamine) 60/40 % v/v, flow rate: 1.0 mL/min, retention time:
7.8 min.
EXAMPLE 118
PREPARATION OF (3S)-3-{3,4-DIFLUOROPHENYL)-2-(3-METHYL OXOLANE-3-CARBONYL)-1,2-
OXAZOLIDINE DIASTEREGISOMER 2 {212)

DIASTEREOISOMER 2

Thetitle compound was isolated by chira HPLC on a Chiralpak AD-H (2.5 x 2.0 cm), 5 uin
column using a mobile phase of n-hexane/(ethanol + 0.1% isopropylamine) 60/40 % v/v, flow rate: 18
mL/mm. 'FINMR (400MHz, CDC1;) 5 7.18-7.08 (m, 2H), 7.07-7.00 (m, IH), 5.34 (dd, J=8.8, 6.5 Hz,
1H), 4.29 (dt, ./=3.0. 7.9 Hz, IH), 3.98 (d, J=9.0 Hz, IH), 3.96-3 .88 (m, 2H), 3.84 (dt, /=5.8, 8.3 Hz,
IH), 3.77 (d, J=9.0 Hz, IH), 2.91-2.8 1(m, IH), 2.62 (ddd, /=128, 8.2, 6.9 Hz, 1H), 2.32 (dddd, ./=12.5.
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9.6, 7.5, 6.5 Hz, 1H), 1.81 (ddd,}=13.0, 7.3, 6.0 Hz, 1H), 1.48 (s, 3H). LC-MS (Method A): m/z = 298.2
[M+H]~, 0.97 min. ee.=100% asdetermined on a Chiralpak AD-H (25 x 0.46 cm), 5 wun column using a
mobile phase of n-hexane/(ethanol + 0.1% isopropy] amine) 60/40 % vl/v, flow rate: 1.0 mL/min, retention
time: 8.7 rnin.

EXAMPLE 119

L

PREPARATION OF 4-[(3S)-2-(2-CY CLOPROPYLPROPANOYL)-1,2-OXAZOLIDIN-3-YL]BENZONITRILE
DIASTEREOISOMER 1 (213)

N

DIASTEREOISOMER 1
The title compound was isolated by chira HPLC on a Chiralpak OJH (25 x 2.0 cm), 5 pn
10 column using a mobile phase of n-hexane/(ethanol + 0.1% isopropylamine) 50/50 % v/v, flow rate: 18
mL/mm. % NMR (400MHz, CDCL1;) 8 7.70-7.62 (m, 2H), 7.47-7.42 (m, 2H), 548 (dd, .7=9.0, 6.3 Hz,
1H), 4 24 (dt, J=3.1, 7.8 Hz, 1H), 3.87 (ddd, ./=9.5, 8 1, 6.8 Hz, iH}.294-2 83 (m, 1H), 2.41-2.24 (m,
2H), 122 (d, ,7=7.0 Hz, 3H), 1.12-0.98 (m, 1H), 0.62- 0.36 (m, 3H), 0.26-0.15 (m, 1H). LC-MS (Method
A): m/z =271.2 [M+Hf, 1.01 min. e.e=100% asdetermined on a Chiralpak OJH (25 x 0.46 cm), 5 un

15 column using amobile phase of n-hexane/(ethanol + 0.1% isopropylamine) 50/50 % v/v, flow rate: 1.0
mL/min, retention time: 7.0 min.
EXAMPLE 120
PREPARATION OF 4-[(3S)-2-(2-CY CLOPROPY L PROPANOYL)-1,2-OXAZOLIDIN-3-YL]BENZONITRILE
DIASTEREOISOMER 2 (214)
O .‘—‘-Q
NF
DIASTEREOISOMER 2
20

The title compound was isolated by chiral HPLC on a Chiralpak OJH (25 x 2.0 cm), 5 pm

column using a mobile phase of n-hexane/(ethanol + 0.1% isopropylamine) 50/50 % v/v, flow rate: 18
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mL/min. '"H NMR (400MHz, CDC1.) & 7.68-7.6 1(m, 2H), 7.47-7.40 (m, 2H), 5.48 (dd, ./=8.8, 6.5 Hz,
1H),4.25 (dt, /=26.7.7Hz, iH), 3.88(ddd, 9.7, 8.0, 6.7 Hz, 1H), 2.90 (dddd, }=12.2, 9.2, 6.5, 3.0 Hz,
1H), 2.39-2. 19 (m, 2H), 1.29 (d, J=7.0 Hz, 3H), 1.04 (Itd, J=8. 1, 5.0, 9.7 Hz, IH), 0.63-0.45 (m, 2H),
0.24-0. 12 (m, 2H). LC-MS (Method A): m/z = 2712 |[M-+H", 1.01 rain. e.e.=100% as determined on a
Chirapak OJH (25 x 0.46 cm), 5 pm column using a mobile phase of n-hexane/(ethanol + 0.1%
isopropylatnine) 50/50 % v/v, flow rate: 1.0 mL/min, retention time: 9.6 min.
EXAMPLE 121
PREPARATION OF 4-[(35)-2-(2-TRANS-METHYLCYCL OPROPANECARBONYL)-1,2-OXAZOLIDIN-3-

YL] BENZONITRILE DIASTEREOISOMER 1(215)

DIASTEREOISOMER 1

The title compound was isolated by chiral HPLC on a Chiralpak AD-H (25 x 2.0 cm), 5 urn
column using amobile phase of n-hexane/(ethanol/methanol 1/1 + 0.1% isopropylamine) 30/70 % vlv,
flow rate: 17 mL/min. 'H NMR (400MHz, DMSO-rf'i5) & 7.86- 7.79 (m, 2H), 7.54-7.46 (in. 2H). 5.41 (dd,
/=88, 6.3 Hz, IH), 4.28 (dt, J=3.0, 7.9 Hz, 1H), 3.85 (ddd, /=9.5, 8.0, 6.8 Hz, IH), 2.92 (dddd, J =12.1,
9.1, 6.5, 2.9 Hz, IH), 2.19 (dddd, J=12.2, 9.5, 7.7, 6.3 Hz, IH), 197 (far. s, IH), 1.26-1 .16 (m, IH), 1.10
(d, /=6.0 Hz, 3H), 1.04-0.94 (m, IH), 0.75-0.66 (m, IH). LC-MS (Method A): m/z = 257. 1 [M+H] *,
0.90 mm.
EXAMPLE 122
PREPARATION OF 4-[(35)-2-(2-TRANS-METHYLCYCL OPROPANECARBONYL)-1,2-OXAZOLIDIN-3-

YL]BENZONITRILE DIASTEREOISOMER 2 (21 6)

DIASTEREOISOMER 2
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Thetitle compound was isolated by cliiraS HPLC on a ChiraSpak AD-H (25 x 2.0 cm), 5 un
column using amabile phase of n-hexane/(ethanol/methanol 171 + 0.1% isopropylamine) 30/70 % vlv,
flow rate: 17 mL/mm. *H NMR (400MHz, DMSO.i#6)  7.87-7.78 (m, 2H), 7.52-7.46 (m, 2H), 5.43 (dd,
J=88,6.3Hz, 1H), 4.29 (dt, 3=2.8, 7.8 Hz, 1H), 3.86 (ddd, ,7=9.5, 8.0, 6.8 Hz, 1H), 2.93 (dddd, J=12.2,
9.2, 6.5, 3.0Hz, 1H), 2.19 (dddd, ,/=i2.1, 9.5, 7.7, 6.0 Hz, 1H), 1.96 (br. s, 1H), 1.24-1 .15 (m, 1H),
1.112-1.04 (m, 3H), 0.99 (ddd, J=8.5, 4.8, 3.5 Hz, 1H), 0.77-0.68 (m, 1H). LC-MS (Method A): m/z =
257.1 [M+H]*, 0.89 mm.

U

EXAMPLE 123
PREPARATION OF 2-CYCLOPROPYL-1 -[(39)-3-(5-FLI]JORO-6-METHYLPYRIDIN-3-YL)-1,2-

10 OXAZOLIDIN-2-YL]JPROPAN-L-ONE ~ DIASTEREOISOMER 1 (217)

u

e
N
N
DIASTEREOISOMER 1

The title compound was isolated by cliiraS HPLC on a ChiraSpak AD-H (25 x 2.0 cm), 5 uim
column using amobile phase of n-hexane/ethanol  80/20 % v/v, flow rate: 17 mL/min. ‘H NMR
(400MHz, (CIX>138 8.31(s, 1Fi), 7.30 (dd, J=9.8, 1.8 Hz, 1H), 5.47 (dd, ./=8.X, 6.0 Hz, 1H), 4.25 (di,

15 JF3.4,7.7Hz 1H), 3.88 (ddd, J=9. 1, 8.1, 6.9 Hz, 1H), 2.88 (dddd, }=12.3, 8.9, 6.7, 3.4 Hz, 1H), 2.52 (d,
J=2.8 Hz, 3H), 2.39-2.29 (m, 2H), 1.22 (d, /=7.0 Hz, 3H), 1.09-0.99 (m, 1H), 0.61-0.38 (m, 3H), 0.20
(qd, /=4.8, 9.4 Hz, 1H). LC-MS (Method A): m/z = 279.3 [M+H|", 0.9 1mim. e.e=100% as determined
on a Chirapak AD-H (25 x 0.46 cm), 5 uni column using a mobile phase of n-hexane/ethanol  80/20 %
vlv, flow rate: 1.0 mL/min, retention time: 9.8 min.

20 EXAMPLE 124

PREPARATION OF 2-CYCLOPROPYL-I-[(39)-3-(5-FLUORO-6-METHYLPYRIDIN-3-YL)-I,2-
OXAZOLIDIN-2-YL]PROPAN-I-ONE DIASTEREOISOMER 2 (218)

F
el

SN
N

DIASTEREOISOMER 2
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The title compound was isolated by chiral HPLC on a Chiralpak AD-H (25 x 2.0 cm), 5 urn
column using amobile phase of n-hexane/ethanol  80/20 % viv, flow rate: 17 mL/min. ‘H NMR
(400MHz, (CIX %36 8.30 (s, iFi). 7.31--7.27 (m, 1H), 5.48 (dd, /=8.8. 6.3 Hz, 1H), 4.27 (dt, ,7=2.9, 7.7
Hz, IH), 3.89 (ddd, J=9.3, 8.1, 6.7 Hz, 1H), 2.93-2.84 (m, 1H), 2.52 (d, J=3.0 Hz, 3H), 2.41-2.21 (i,
2H), 1.29 (d, ./=6X Hz, 3H), 1.10-1.00 (m, 1H), 0.62-0.48 (m, 2H), 0.24-0.13 (m, 2H). LC-MS (Method

U

A): m/iz = 279.3 [M+H]", 0.90 min. e.e.=100% as determined on a Chiralpak AD-H (25 x 0.46 cm), 5 pm
column using amobile phase of n-hexane/ethanol 80/20 % v/v, flow rate: 1.0 mL/min, retention time:
14.8 min.
EXAMPLE 125
16 PREPARATION OF 5-[(3S)-2-(2,2-DIMETHYLPROPANQYL)-1 ,2-OXAZOLIDIN-3-YL]-2-
METHYLPYRIDINE-3-CARBONITRILE (219)

N
N
S
=
NS
B

The title compound was isolated by chiral HPLC on a Chiralpak AD-H (25 x 2.0 cm), 5 gm

column using a mobile phase of n-hexane/ethanol  70/30 % v/v, flow rate: 18 mL/min. 'H NMR

15 (400MHz, CDC1,) 6 8.65 (d, J=2.5 Hz, 1H), 7.82 (d, J=2.3 Hz, IH), 5.42 (dd, ./=8.8, 7.0 Hz, 1H), 4.33
(dt, .7=2.5, 7.9 Hz, {H), 3.93 (ddd, 7=10.1, 8.2, 6.3 Hz, 1H), 2.89 (dddd, J=12.4, 8.8, 6.3, 2.5 Hz, IH),
2.77 (s, 3H), 2.29 (tdd, J=7.4, 12.2,9.9 Hz, IH), 129 (s, 9H). LC-MS (Method A): m/z = 274. 1 [M+H] ",
0.90 min. e.e.=100% as determined on a Chiralpak AD-H (25 x 0.46 cm), 5 uun column using a maobile
phase of n-hexane/ethanol 70/30 % v/v, flow rate: 1.0 mL/min, retention time: 24.0 rnin.

20 EXAMPLE 126

PREPARATION OF 5-[(39)-2-(3,3-DIFLUORO-2,2-DIMETHYLPROPANOYL)-1,2-OXAZOLIDIN-3-YL]-2-
METHYLPYRIDINE-3-CARBONITRILE (220)

N
S
N
~
N
N

The title compound was isolated by chiral HPLC on a Chiralpak AD-H (25 x 2.0 cm), 5 pn

25  column using amobile phase of n-hexane/(ethanol + 0.1% isopropylamine) 50/50 % v/v, flow rate: 18

177



10

20

WO 2017/096301 PCT/US2016/064818

mL/min. '"H NMR (400MHz, CDC1,) & 8.64 (d, /=2.3Hz, 1H), 7.79 (d, /=2.5 Hz, IH), 6.30 (t, J=57.0
Hz, 1H), 543 (dd, .7=8.8, 7.0 Hz, 1H), 4.38 (dt, .7=2.8, 7.7 Hz, 1H), 3.99 (ddd, .7=9.9, 8.2, 6.3 Hz, IH),
2.94 (dddd, /=125,89, 6.2,2.8Hz, IH), 278 (s, 3H), 2.34 (tdd, .7=7.4, 12.4, 9.8 Hz, tH), 1.39-1.35 (m,
6H). LC-MS (Method A): m/iz = 310.3 [M--H]". 0.94 mim. e.e.=100% as determined on a Chiralpak AD-
H (25 x 0.46 cm), 5 wn column using a mobile phase of n-hexane/(ethanol + 0.1% isopropyiamine)
50/50 % vlv, flow rate: 1.0 mL/min, retention time: 17.9 min.
EXAMPLE 127
PREPARATION OF | -{(3S)-3~6-(DiFLUOROMETim ,)PYRiDIN-3-YL]-l ,2-0xAz0oLiDiN-2-YL]-3,3-

D(FLUORO-2,2-DIMETHYLPROPAN -I-ONE (221)

The title compound was isolated by chiral HPLC on a Chiralpak AD-H (25 x 2.0 cm), 5 urn
column using amobile phase of n-hexane/(ethanol + 0.1% isopropyiamine) 50/50 % v/v, flow rate: 18
mL/min. 'H NMR (400MHz, CDCI ,) & 861 (d, .7=2.3 Hz, IH), 7.75 (dd, J=8.0, 2.3Hz, IH), 7.64 (d,
J=80Hz, IH), 6.64 (t, J=55.5 Hz, 1H), 6.31 (t, /=57.0Hz, IH), 5.49 (dd, /=85, 7.0 Hz, 1H), 4.37 (dt,
J=2.6, 7.7Hz, IH), 4.00 (ddd, .7=9.8, 8.2, 6.4 Hz, IH), 2.94 (dddd, .7=12.2, 9.2, 6.3, 2.9 Hz, IH), 2.37
(dddd, J=12.3,9.8, 7.5,6.8 Hz, IH), 141- 136 (m, 6H). LC-MS (Method A): m/z = 321.0 [M+H]*, 0.96
min. e.e.=100% asdetermined on a Chiralpak AD-H (25 x 0.46 cm), 5 un: column using amobile phase
of n-hexane/(ethanol + 0.1% isopropyiamine) 50/50 % v/v, flow rate: 1.0 mL/min, retention time: 7.4
min.

EXAMPLE 128
PREPARATION OF 3-BROMO-5- [(39)-2-(2,2-DIMETHY|.PROPANOYL)-1,2-OXAZOLIDIN-3-

YL]BENZONITRILE (222)




L
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The title compound was isolated by chiral HPLC on a Chiralpak 1C (25 x 2.0 cm), 5 pm column
using amobile phase of n-hexane/ethanol  70/30 % viv, flow rate: 17 mL/min. ‘H NMR (400MHZ,
CDCl1y) 6 7.71-7.64 (m, 2H), 7.53 (t, /=1.3 Hz, IH), 5.37 (dd, =8.9, 6.9 Hz, 1H), 4.29 (dt, ./=30. 7.5 Hz,
1¥#1), 3.90 (ddd, /=1i0.2, 8.2, 6.3 Hz, IH), 2.87 (dddd, /=125, 8.9, 6.3, 2.5 Hz, IH), 2.32-2.19 (rn, IH),
1.30 (s, 9H). LC-MS (Method A): m/z = 336.0 |[M+Ei". 1.19 mim. e.e.=100% as determined on a
Chiralpak 1C (25 x 0.46 cm), 5 pm: column using amobile phase of n-hexane/ethanol 70/30 % v/v, flow
rate: 1.0 mL/min, retention time: 8.2 min.

EXAMPLE 129
PREPARATION OF 2,2-DIMETHYL-1-[(3S)-3-(6-NI TROPYRIDIN-3-YL)-1 ,2-OXAZOLIDIN-2-YL] PROPAIN-
1-ONE (223)

s

O,N Y
The title compound was isolated by chiral HPLC on a Chiralpak 1A (25 x 2.0 cm), 5 un: column

using a mobile phase of n-hexane/(ethanol + 0.1% isopropylamine) 50/50 % v/v, flow rate: 18 mL/min.
'H NMR (400MHz, CDCI ,) & 8,61 (d, ./=2.3 Hz, IH), 8.24 (d, /=83 Hz, IH), 7.96 (dd, /=83, 23 Hz,
IH), 556 (dd, J=9.0, 7.0 Hz, iH), 4.36 (dt, J=2.4, 8.0 Hz, IH), 3.98 (ddd, J=10.0, 8.3, 6.3 Hz, IH), 3.02-
2.91 (rn, IH), 2.34 (tdd, /=7.4. 12.3, 10.0 Hz, IH), 1.31 (s, 9H). LC-MS (Method A): m/z = 280.3
i\l -+i1f”, 0.92 min. e.e.=100% as determined on a Chiralpak IA (25 x 0.46 cm), 5 unt column using a

mobile phase of n-hexane/(ethanol - + 0.1% isopropylamine) 50/50 % v/v, flow rate: 1.0 mL/min, retention

time: 11.3 min.

EXAMPLE 130
5-[(35)-2-(3,3-D(FLUORO-2,2-DIMETHYLBUTANOYL )-1,2-OXAZOLIDIN-3-YL] PYRID(NE-3-
CARBONTf RILE (224)

'"FINMR (400MHz, DMSG-¢/6) & 8.95 (d, /=1.8 Hz, 1H), 8.76 (d, /=2.3 Hz, IH), 8.19 (t,
/=20 Hz, IH), 5.45 (dd, /=%.5. 7.0 Hz, IH), 4.35 (dt, /=2.4, 7.8 Hz, IH), 3.94 (ddd, J=9.9, 8.0, 6.4
Hz, 1H), 3.01-2.82 (in. IH), 2.27 (tdd, /=7.4, 12.2, 9.9 Hz, IH), 1.67 (t, /=19.7 Hz, 3H), 1.42 (s, 3H),
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1.37 (s, 3H). LC-MS (Method A): m/z = 310.2 [M+H]*, 0.93 mm.
EXAMPLE 131
PREPARATION OF 5-}{35)-2-(PROPANE-2-SULFONYL)-,2-OXAZOL IDIN-3-YL]PYRIDINE-3-

CARBONITRILE (225)

The title compound was isolated by chiral HPLC on a Chiralpak 1A (15 x 2.12 cm), 5 g column

using a mobile phase of n-hexane/ethanol 70/30 % v/v, flow rate: 20 niL/min. 'H NMR (400 MHz,

DM SO-iv4) 5897 (d,J = 1.6 Hz, 1H), 8.87 (d, / = 2.0 Hz, 1H), 8.29-8.24 (m, 1H), 5.52- 546 (m, 1H),

4.33-412 (m, 2H), 3.80- 3.66 (m, 1H), 2.96-2.82 (m, iH), 2.42-2.30 (m, 1H), 1.36- 128 (m, 6H). LC-
10 MS(Method F): m/z = 281.9 |M-+H]", 1.024 mm. e.e.==99.3% as determined on a Chiralpak AS-3 (5 x

0.46 cm), 3 uni column using a mobile phase of (n-hexane + 0.1% diethylamine)/ethanol  50/50 % viv,

flow rate; 1.0 mL/min, retention time: 3.39 min.

EXAMPLE 132
PREPARATION OF 3-[(3S)-2-(3,3-DIFLUORO-2,2-DIMETHYLPROPANOYL)-1,2-OXAZOLIDIN-3-YL]-5

15 FLUOROBENZONITRILE (226)

The title compound was isolated by chiral HPLC on a Lux 5z Cellulose-4, AXIA Packed (25 x
2.12 cm), 5 pmi column using a mobile phase of n-hexane/ethanol  70/30 % viv, flow rate: 20 mL/min. 'H
NMR (300 MHz, CD,0D) & 7.50-7.46 (m, 2H), 7.40-7.35 (m, 1H). 6.39 (t, 3 = 57.0 Hz, 1H), 5.45-5.40
20 (m, 1H), 443- 4,37 (m, 1H), 4.06-3.98 (m, 1H), 3.00- 2.95 (m, 1H), 2.34-2.27 (m, 1H), 1.36 (s, 3H),
1.34 (s, 3H). LC-MS (Method D): m/z = 313. 1 [M+H]*, 1.796 min. e.e.==99.9% as determined on a Lux
Cellulose-4 (5x 0.46 cm), 3 um column using amobile phase of (n-hexane + 0.1% diethyiamme)/ethanol

70/30 % viv. flow rate: 1.0 mi/min . retention time: 1543 min.
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EXAMPLE 133
PREPARATION OF 5-[(39)-2-(3,3-D(FLUORO-2,2-DIMETHYL PROPANOYL)-1,2-OXAZOLIDIN-3-YL]-2-
(DIFLUOROMETHYL)BENZONITRILE (227)

The title compound was isolated by chiral HPLC on a Phenomenex Lux (25 x 2.1cm), 5 um
column using amobile phase of n-hexane/'ethanol 75/25 % viv, flow rate: 20 mL/min. '"H NM R (300
MHz, DM SO/, 8 7.92 (s, 1H), 7.84 (d,; - 8.1Hz, iH). 7.73 (d. ./ = 8.2 Hz, 1i{), 7.26 (t, / = 54.2 Hz,
1H), 6.42 I:, ./ = 56.8 Hz, 1H), 5.50-5 .40 (m, 1H), 4.45-4.3 1(m, 1H), 4.10-3.92 (m, 1H), 3.03-2.90 (m,
iF) 2.33-2.16 (M, IH), 1.30 (s, 3H), 1.29 (s, 3H). LC-MS (Method D): m/z = 345.1 [M+H]*, 1.804 min.
e.e.=99.9% asdetermined on a Chiralpak IF-3 (5x 0.46 cm), 3 wm column using amobile phase of (n-
hexane + 0.1% diethylamine)/ethanol 50/50 % v/v, flow rate: 1.0 mL/min, retention time: 3.05 min.

EXAMPLE 134
PREPARATION OF 5-[(39)-2-(3-CYANO-2,2-DIMETHYLPROPANOQYL)-1,2-OXAZOLIDIN-3-YL]-2-

(DIFLUOROMETHYL)BENZONITRILE (228)

/j}'

The title compound was isolated by chiral HPLC on a Chiralpak 1A (15 x 2,1cm), 5 pmr column
using amobile phase of n-hexane/ 2-propanol 50/50 % v/v, flow rate: 20 mL/min. s NMR (300 MHz,
CD;0D) & 7.82 (s, IH), 7.80-7.71 (m, 2H), 7.01(i, / = 54.6 Hz, 1H), 5.52-5 .41 (m, 1H), 4.46-4.34 (m,
iH), 4.11-4.00 (m, IH), 3.10-2.93 (m, IH), 2.91-2.70 (m, 2H), 2.37-2.2 1(m, IH), 1.46 (s, 3H), 143 (s
3H). LC-MS (Method S): m/z =334.4 [M+H]", 2.349 min. e.e.=99.9% as determined on a Chiralpak |A- 3
(5% 0.46 cm), 3 um column using amobile phase of (n-hexane + 0.1% diethylamine)/ethanol 50/50 %

v/v, flow rate; 1.0 mL/min, retention time: 1.60 min.



WO 2017/096301

PCT/US2016/064818

The following compounds were prepared according to the Examples above and/or

general procedures described herein.

Comp. | Name Structure 'HNMR M+H"

No.

28 4-J{38}-3-(4- o "H NMR (500 MHz, CDCl) & {Method
Fluorophenyi)~1,2- Nz 7.32-724 (m, 2H), 7.05 ¢, By miz=
oxazohidime-2- o J=8 7 Hz, 2H), 5.394{dd, J=8.7, | 3040
carbonyljoxane-4- 6.7Hz 1H), 4338 {(d, =81, [MH],
carbonitrile 27 Hz, 1H). 417 (ddd, /=9 .8, (.93 min

§.3,6.9Hz 1H), 4.05-3.91 (m,
2H), 3.85-3.78 (m, 2H), 2.93
(dddd, /=12.2,9.1.6.5. 2.9 Hz,
1H), 2.47-2.33 (m, 2H}, 2.19
(ddd. /=139, 11.6, 4.4 Hz, 1H),
2.07{ddd, =137, 11 4,43 Hz,
1H), 2.00 (dg, J=2.3, 14 0 Hz,
1H).

29 (38)-3-{(4- F "H NMR (400 MHz, CDCL) {Method
Huorophenyl}-2-f1- FF 7.33-7.26 {m, ZH}, 7.67-7.00 Ay m/z =
(trifluoromethylievelop o (O (m, 2H), 541 (dd, /~88,63%8 3322
entanecarbonyvl]-1,2- \) Hz, 1H), 4.29 ¢td, J=8.0, 2.8 Hz, | [M+H],
oxazolidine = 1H), 4.00-3.91 (m, 1H}, 2.89- 1.24 mun

e e 2.80 (m, 1H), 2.47-2.28 (m,
3H), 2.24-2.11 {m, 2H), 1.80-
1.60 (m, 4H).

30 1-{(3R)-3-(2,3- "H NMR (400 MHz, CDCL) & {(Method
Difluorophenyi)-1.2- 7.12-7.00 (m, 3H), 5.68 {dd, Ay m/z=
oxazohdin-2-y1}-2,2- J=8.8, 68 Hz TH), 427 (id, 2763
dimethylpropan-1-one J=8.0, 2.8 Hz, 1H}, 3.96-3 89 IM+H]

{m, 1H), 2.97-2 88 {(m, 1H), 1.16 min

2.33-2.22 (m, 1H), 1.33 (s. 9H).
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Comp. | Name Structure "H NMR MAH"
No.

31 1-{(35)-3-{2,3- "H NMR (400 MHz, CDCL) & (Method
Difluorophenyi)-1,2- 7.12--7.00 (m, 3H), 568 (dd, Ay m/z =
oxazolidin-2-y1}-2.2- J=8.8, 68 Hz, 1H), 4.27 (1d. 2763
dimethylpropan-1-one J=8.0, 2.8 Hz, 1H), 3.96-3.89 IVHT,

{m, 1H), 2.97-2 88 (m, 1H), 1.16 min
2.33-222 (m, 1H), 133 (s, OH}.

32 (38)-2- 'H NMR (400 MHz, CDCl) 8 LC-MS
{Bicyclo[1.1.1]pentanc 7.34-7.25 (m, 2H), 7.07-6.99 {Method
~t-carbonyl}-3-{4- (m, 2H), 542 (dd, J/=8.7,3 9 Ay m/z=
fluorophenyly-1,2- Hz, 1H}, 425 (d, J=7.8,3. 1 Hz, | 2622
oxazoliding 1H}, 3.89-377 (m, 1H}. 282 IM+HT,

(dddd. /=122, 89, 70,33 Hz, {102 mun
1H}), 2.49 (br s, 1H), 2.33 {dddd,
J=123,93,77 58 Hz, 1H),

2.19 (br s, 6H}.

33 (38)-3-(4- O "H NMR (400 MHz, CDCL) & LC-MS
Fluorophenyl}-2-(3- 7.33-7.23 (m, ZH), 7.12-7.00 {Method
methyloxetane-3- 0 O {m, 2H), 5.35(dd, /=85, 60 Ay m/z =
carbonyl)-~1,2- Hz, 1H}, 5.08 (d, /=6.3 Hz, 2662
oxazolidme 1H). 491 (d, /=6.0Hz, IH), [M+H],

441{d, /=63 Hz, IH),438(d, | 083 mmn
J=65Hz, 1H), 4.25 (td, S=7.9,

3.8 Hz, 1H), 3.93 (ddd, ./=9.0,

8.0, 6.8 Hz, 1H), 2.92-2.82 {m,

1H}, 2.42-231 {m, 1H}, 1.71 (s,

3H}.

34 (38)-2-(1- . "H NMR (400 MHz, CDCL) & LC-MS
Fluorocyclopropanecar 7.37-7 .30 (m, ZH), 7.10-7.00 {Method
bonyl}-3-{4- {m, 2H), 5.60-5 48 {(m, 1H), Ay m/z =
fluorophenvi}-1,2- 431¢dd, /=154, 46 Hz, 1H), 254 1
oxazolidme 4.10-4.02 (m, 1H), 2.95-2 86 [M+H],

(m, 1HD), 2.40 {(dtd, /=125, 78, {091 mun

5.0 Hz, 1H), 1.50-1.39 (m, 1H).
1.36-1.11 (m, 3H).
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Comp. | Name Structure ¥ NMR M+H *
No.

35 (39)-3-(4- H NMR (400 MHz, CDC1,) &
Fluorophenyl) -2-[3- & 7.31-7.26 (m, 5H) 7.02 (t,
methyloxane -3- o J=8.8 Hz, 2H) 5.50-5 .38 (m,
carbonyl]-l,2- 1) 4.24 (s, 2H) 3.96-3 .86 (m,
oxazolidine 1H) 3.64 (d, ./=5.3 Hz, 2H) 351
diasterecisomer 2 (d../=1i.5Hz, 1H) 2.87-2.75

DIASTEREOISOMER 2 (m, 1H) 2.36-2.24 (m, 1H)
(Second eluting 2.22-2. 12(m, 1H) 171-1.59
diastereoi somer) (m, 3H) 1.29 (s, 3H)

36 (39)-3-(4- "HNMR (400 MHz, CDC1;) &
Fluorophenyl)-2 -[3- j) 7.29-7.25 (m, 2H), 7.04-6.98
methyloxane -3- (m, 2H), 5.43 (dd, ; =8.8, 6.6
carbonyl]-l,2- Hz, 1H), 4.27 (td, J=7.7. 2.5 Hz,
oxazolidine 1. 4.18(dd, .7=115, 14 Hz,
diasterecisomer 1 1H), 3.92 (ddd, /=9.8, 8.0, 6.6

DIASTEREOISOMER 1 Hz, 1H), 3.73-3 .64 (m, 1H),
(First eluting 3.61-3 .53 (m, 1H), 3.37 (d,
diastereoi somer) J1 14 Hz, 1H), 2.82 (dddd,
7=12.1,9.1, 6.4, 29 Hz, 1H),
2.36-2.2 1(m, 2H), 1.81- 1.68
(m, 1H). 1.68-1 .59 (m, 2H),
1.26 (s, 3H).

37 (39)-3-(4- F H NMR (400 MHz, CDC1,) 3 (Method
Fluorophenyl)-2- [1- :; 7.32-7.22 (m, 2H), 7.10-7.00 A): m/z =
(trifluoromethyl)cyclop o (m, 2H), 5.42 (dd, J=8.8, 6.0 304.§
ropanecarbonyl]-l ,2- Hz, 1H), 4.31(td, ;=7.7, 3.3 Hz, { [M+Hf,
oxazolidine 1H), 3.99 (ddd, ,7=9.2, 8.1, 6.8 1.06 min

Hz, 1H), 2.87 (dddd. /=12.3,
88,69, 35Hz 1H), 2.37
(dddd, 7=123,92,7.7,6 0Hz,
iHy, 141-1.16 (m, 44).




WO 2017/096301 PCT/US2016/064818
Comp. | Name Structure "H NMR MAH"
No.

38 (38)-2-(3- "H NMR (400 MHz, CDCL) & (Method
Ethyloxetane-3- o ppm 732-725 (m, ZHY 705 (1, | Ay m/z=
carbonvl}-3-(4- J=8.7 Hz, 2H) 5.44-5.38 (m, 280.1
fluorophenvi}-1,2- TH) 5.07-5.02 (m, TH3 483 (d, | [M+H],
oxazohidine J=6.5 Hz, 1H} 445 (d, /=63 0.97 min

Hz, 1H} 439 (d, /=65 Hz, IH)
426-4.19 (m, 1H) 3.94-3 .84
(m, 1H) 2.92-2.78 (m, 1H)
2.42-2.29 (m, 1H) 2.24-2 05
(m, 2ZH}3 0.94 (t, /=7.5 Hz, 3H).

39 (358)-3-(4~ F "H NMR (400 MHz, CDClL) 8 {(Method
Fluorophenyiy-2-f 1~ i_ 7.33-7.26 (m, 2ZH), 7.10-7 .01 Ay m/z =
(triftluoromethylicyclob o (m, 2H), 541 {dd, /=88, 65 3182
utanecarbonyli-1,2- Hz, iH}, 426 (td, J=7.8, 3.5 Hz, | [M+HJ".
oxazohidine 1H), 3.98-3.90 {m, 1H), 2.90- 115 min

273 {m, 2H), 2.67-2.49 (m,
3H), 2.40-230 {(m, 1H), 2.17-
2.03 {m, 1H), 1.92-1 80 (m,
1H).

40 (35)-3-(4~ "H NMR (500 MHz, CDC13} {Method
Fluorophenyi}-2-(3- r/\ﬁ 7.32-7.22 {m, 2H}, 7.03 (1, By m/z=
methyloxolane-3- OI/ o J=8 8 Hz, 2H), 536 (dd, /=86, {2790
carbonyli}-1.2- ' 6.6 Hz, 1H), 4.28 (td, /=7.8,3.4 | [M+HJ",
oxazolidine Hz, 1H), 3.98 (d, /=93 Hz, (.92 min

diastereoisomer |

(First eluting

diastercoisomer)

DIASTERECISOMER 1

1H), 3.95-3.87 (m. 2H). 3.83
{td. J=8.3, 5.9 Hz, 1H), 3.77 (4,
J=8.8 Hz, 1H), 2.84 (dddd.
J=12.2.9.1, 6.4, 3.2 Hz, 1H),
261 (dt, =127, 7.6 Hz, 1H),
2.39-2.29 (m, 1H), 1.80 (dt,
J=12.8, 6.5 Hz, 1H), 1.46 (s,
3H).
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41 (39)-3-(4- H NMR (500 MHz, CDC1) & | (Method
Fluorophenyl)-2-(3- ° 7.31-7.24 (m, 2H), 7.03 (t, B): miz =
methyloxolane-3 - o O J8.8 Hz, 2H), 5.38 (dd, 7=8.6, | 279.0
carbonyl)-1,2- 6.6 Hz, 1H),4.28 (td, ./=7.7, 3.2 | [M+Hf,
oxazolidine Hz, IH), 4.18 (d, J =8.8 Hz, 0.91 min
diastereoisomer 2 1H), 3.73 {d. /=8.8 Hx, IH),

DIASTEREOISOMER 2 3.97-3.78 (m, 3H), 2.84 (ddt,

(Second eluting .7=15.4, 9.0, 3.2 Hz, IH), 2.48

diaster eoisomer) (dt, 7=12.7, 7.6 Hz, IH), 2.39-
2.29 (rn, IH), 1.85 (ddd, J>=12.8,

7.2, 59 Hz, IH), 1.43 (s, 3H).

42 (39)-2-(1,3- N/ H NMR (400 MHz, DM SO-¢;) | LC-MS
Dmiethylazeiidine -3- 0 7.36-7.27 (m, 2H), 7.22-7.13 | (Method
carbonyl)-3-(4- (m, 2H), 5.29 (dd, J=8.5, 6.8 A): m/iz =
fluor ophenyl)-l ,2- Hz, IH), 423 (td, J=7.8, 3.3 Hz, | 279.1
oxazolidine IH), 3.86 (ddd, .7=9.6, 8.0, 6.5 | {M+H\",

Hz, 1H), 3.23 (d, J=7.0 Hz, 0.47 min
IH), 3.10 (s, 2H), 3.06 (d, 7=7.0

Hz, 1H), 2.88 (dddd, .7=12.0,

9.0, 6.3, 3.0 Hz, IH), 2.22-2.11

(m, 4H), 1.49 (s, 3H).

43 (39)-3-(4- NH H NMR (400 MHz, CDC15) & LC-MS
Fluor ophenyl)-2-(3- 7.35-7.25 (m, 2H), 7.12-6.99 (Method
methy lazeti dine-3- o 0 (m, 2H), 5.39 (dd, J =8.7, 6.1 A): m/z =
carbonyl)-1,2- Hz, IH), 4.24 (td, J=7.8, 3.6 Hz, | 265.2
oxazolidine 1H), 4.17 (d, 3=8.5 Hz, iH), [M+Hf,

4.00 id. /=8.3 Hz, IH), 3.96- 0.43 min

3.86 (m, IH), 3.42-3.33 (m,
2H), 2.92-2.80 (m, IH), 2.42-
2.28 (m, 1H), 1.68 (s, 3H).
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44 tert-Butyl 3-[(35)-3-(4~ "H NMR (400 MHz, CDCL) & L{E-MS
fluorophenyly-1,2- 9\0 7.34-7.24 (m, 2H), 7.10-7 01 {(Method
oxazolidine-2- NAO (m, 2H), 537 (dd, J=8.7, 6.1 Ay m/z=
carbonvl|-3- f Hz, 1H}, 435 ({d, /=88 Hz, 3653
methylazetidine-1- 1H}, 427 (¢td, J=7.7,3.5 Hz, IMAH],
carboxylate 1H}, 4.16(d, /=8.8 Hz, 1H}, 1.13 min

3.96 (ddd. J=9.0, 8.0, 6.8 Hz,
1H), 3.71 (d, /=8.8 Hz, IH),
3.67(d, =90 Hz, 1H), 292-
2.82 {m, 1H}, 2.42-2.31 (m,
1H}, 1.62 (5, 3H), 146 {5, 9H).

45 1-{(3R)-3-(2~ "H NMR (400 MHz, CDCL) & (Method
Fhuoropyridin-4-v1- 8.19{d, J=53 Hz, 1H}, 7 14~ Ay m/z =
1,2-oxazolidin-2-v1j- 0 O 730 (m, 1H), 6.87 (s, 1H), 543 {2532
2. 2-dimethvipropan-1- /\/> {dd, /=63, 8.8 Hz, 1H} 429 IVHT,
one | Sy (td, /=7.8, 2.2 Hz, 1H), 3.96- 0.93 min

N, 3.89 (m, 1H), 2.93-2.84 (m,
: 1H), 2.33-2.22 {m, 1H), 1.32 (s,
OH).

46 1-{{38)-3-(2- "H NMR (400 MHz, CDCl) 8 {Method
Fluoropvridin-4-v1}- 8.19(d, J=53 Hz, 1H), 7.14- Ay m/z =
1,2~oxazolhidin-2-yij- o O 710 {m, 1H), 6.87 (s, 1H), 543 | 2552
2,2~-dimethylpropan-1- {dd, /=6.8, 8.8 Hz, 1H}, 4.29 IMAHT,
ong N (td, /=78, 2.2 Hz, 1H}, 3 96~ 0.93 min

Nl e 3.89 (m, 1H), 2.93-2.84 (m,
L 1H), 2.33-2.22 {m, 1H}, 1.32 (s,

oH).
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47 1-{{(35)-3-{4- "H NMR (400 MHz, CDCL) & LO-MS
Chlorophenyl)-1,2- 7.34-7.29 (m, 2H), 7.28-7 23 {(Method
oxazolidin-2-y1}-2.2- (o, 2H), 539 (dd, /=88, 65 Ay m/z=
dimethyipropan-1-one Hz, IHL 427 4d, =77 2.6Hz, { 2682

1H), 3.90{ddd, J=99,8.0,64 IMAH],
Hz, 1H), 2.82 {dddd, /=12.2, 111 min
01,63, 28Hz 1H), 229

(dddd, J=12.3,99,77, 6.8 Hz,

1H). 1.30 (s, OH).

4% 1-{(3R)-3-(4- "H NMR (400 MHz, CDCly) 8 LC-MS
Chlorophenyi)-1,2- i 7.35-7.29 (m, 2H), 7.28-7 23 {(Method
oxazolidin-2-y1}-2 2~ <o N (m, 2H), 539 {dd, /=89, 6.7 Ay m/z =
dimethylpropan-1-ong N [\\) Hz, 1H), 427 {td, J=7.8, 23 Hz, { 2682

= 1H}, 3.90 (ddd, /=9.8,8.0,65 IM+H]™.
o Hz, 1H), 2.82 {dddd, /=121, 112 min
8.1,64,28Hz 1H) 229
{dddd, .#=123,99,77,865 Hz,
1H), 1.30 (s, 9H).

49 rer-Butyl 3-(4- "H NMR (400 MHz, CDCL) LC-MS
chlorophenyly-1,2- 7.36-7.28 {(m, 4H), 5.19 (dd, {Mecthod
oxazolidme-2- J=35.5,8.5 Hz, 1H), 4.20 (ds, Ay m/z=
carboxvlate J=33,7.8 Hz, 1H), 3.91 (dt, 2841

J=7.0, 8.5 Hz, 1H), 2.79 (dddd, | [M+H[",
J=3.6,7.0,87,12.2 Hz, 1H), 113 min
2.33-2.22 (m, 1H), 1 .48 (s, 9H).

30 1-{{38}-3-(3.4- "H NMR (400 MHz, CDCL) & LE-MS
Difluorophenyi)-1.2- 7.18-7.07 (m, 2H), 7.06-7 00 {Method
oxazohdm-2-vij-2,2- {m, 1H), 537 (dd, /=8.7, 69 Ay miz=
dimethylpropan-1-one Hz, 1H}, 427 (d, /=78, 26Hz {2701

1H}, 3.89{(ddd, J=98,80,65 (M+H],
Hz, 1H}, 2.88-2.76 (m, iH), 1.09 min.

2.27 (dddd, J=123,99, 75,67
Hz, 1H), 1.30 (s, 9H).
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51 1-{{(3R)-3-(3.4- "H NMR (400 MHz, CDCL) & L{E-MS
Difluorophenyi)-1,2- 7.18-7.08 (m, 2H), 7.067-7.00 (Method
oxazolidin-2-y1}-2.2- (mm, 1H), 537 (dd, /=88, 6.8 Ay m/z=
dimethyipropan-1-one Hz, 1H), 4.28 (td, /=7.8, 2.8 Hz, { 270 1

1H), 3.89 (ddd, J=10.0,8.1, 65 | IM+H]",
Hez, 1H), 2.82 (dddd, /=12.1, 1.09 min.
01,64, 28Hz 1H), 228

(dddd, J=12.3,99,77, 6.5 Hz,

1H). 1.30 (s, OH).

52 (38)-2-(Oxctane-2- "H NMR (400 MHz, CDCly) 8 {(Method
carbonyi}-3-phenyi-1,2- © 7.40-7.29 (m, 5H), 5.63-5 .45 Ay m/z=
oxazolidine {m, 2H), 4.80-4.66 (m, 2H), 2341
diasteresisomer 2 426 {dt, /=75, 45 Hz, 1H), IM+HT,

392 (brs, 1H), 3.02-2.76 (m, 0.73 min
{Second eluting 3H}, 2.47-2 35 (m, {H).
diastercoisomer) DIASTEREOISOMER 2

53 (358)-2-(Oxetanc-2~ "H NMR (400 MHz, CDClL) 8 {Method
carbonyl}-3-phenyt-1.2- : 7.40--7.29 (m, 5H), 5.58-548 A)m/z
oxazolidine (m, 2H), 473 {t, /=75 Hz 2H), | =234.1
diastercoisomer 1 424 {dt, =77, 36 Hz, 1H), IMA+H],

391 (g, =79 Hz, 1H), 3.07- 0.75 min
(First eluting 2.82 {m, 3H), 2.45-2.35 (m,
diastereoisomer} DIASTERBOISOMER 1 iH).

54 (38)-3-Phenyl-2-{1- F ‘H NMR (400 MHz, DMSO-d6) | (Method
{trifluoromethyijcyciop E,; &1 7.34-7.33 (m, ZH), 730~ AY m/z
ropanccarbonvi-1,2- o 7.24 {m, 3H}, 5.34 (dd, /=88, =286.2
oxazolidme 6.5 Hz, 1FD, 4.29 (dt, J=3.3, 7.7 | [M+H],

Hz, 1H), 3.94 (ddd, J=9.7, 7.9,
6.5 Hz, 1H), 2.91 (s, 1H), 2.24~
2.12 (m, 1H), 129 (dd. J=7.2.
2.4 Hz, 4H).

.08 min
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55 3,3,3-Trifluoro-2,2- F F H NMR (400 MHz, CDC1,) & (Method
dimethyl-I-[(39)-3- F 7.38 - 7.28 (m, 5H), 5.45 (dd, A): m/z
phenyl- 1,2-oxazolidin- J8.8, 6.5 Hz, IH), 4.31 (dt, = 288.1
2-yl]propan- i-one J=8.0, 2.8 Hz, 1¥1), 3.94 (ddd, [M+H] *,

J=9.7. 8.0, 6.7 Hz, IH), 2.84 1.19 min
(dddd, J12.0, 9.1, 6.5, 3.0 Hz,

IH), 2.36 (dddd, J=12.3, 9.8,

7.8,6.5Hz, IH), 158 (s, 3H),

1.57 - 156 (m, 3H).

56 2-Fluoro-2 -methyl- i - E "HNMR (400 MHz, DM SO-¢;) | (Method
[(39)-3-phenyl-I,2- 0i:7.39-7.34 (m, 2H), 7.30- A): m/z
oxazolidin-2 -y Jpropan- ') O 7.25 (m, 3H), 5.37 (dd, J=8.5, = 238.2
1-one ~ ' 6.5 Hz, 1H),4.29 (dt, /=7.7,3.3 | [M+H] ¥,

Hz, IH), 3.89 (ddd, J=9.5, 7.9, 0.95 min
6.7 Hz, 1H), 2.91 (dddd,

/=12.2.9.1, 6.3, 3.0 Hz, {H),

219 (dddd, .7=12.1, 9.6, 7.7, 6.5

Hz, 1H), 161 (s, 3H), 155 (s,

3H).

57 (39)-2-(3,3-difluoro-I- F " NMR (400 MHz, CDC1,) & (Method
methy Icyclobutanecarb F 7.41- 7.29 (in, 5H), 5.41 (dd, A): m/z
onyl)-3-phenyl- 1,2- J =89, 6.1 Hz, iH), 4.28 (dt, = 282.3
oxazolidine o N J=7.9. 4.0 -/, 1H), 3.96 (ddd, IM+H]",

J=9.0, 8.0, 6.8 Hz, IH), 3.25- 1.11 min

3.11 (m, IH), 3.02-2.82 (m,
2H), 2.59-2.34 (m, 3H), 1.58 (s,
3H).
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58 2.2-Dimethyl-1-{3- *H NMR (400 MHz, DMSO-d,;) | LC-MS
{pyridin-3-y1)-1,2- I & 8.50-8.45 (m, 2H), 7.64 (dt, {(Method
oxazolidin-2-vljpropan- o} e J=8.0, 1.8 Hz, 1H), 7.41-7.34 Ay miz=
1-one {m, 1H), 536 (dd, /=8.8, 7.0 2352

C‘\j/l\) Hz, 1H), 432 (td, J=7.7, 2.5 Hz, | [M+H]",
N/ 1H), 388 (ddd. /=10.0,8.0,64 | 050 mmn
Hz, 1H}, 2.95-2 84 (m, iH),
2,19 {ddt, /=12.0,99, 73 Hz,
1H), 1.2 (s, 9H).

59 5-[(3R)-3-(4- N\ "H NMR (400 MHz, CDCly) 8 {(Method
fluorophenyl)-1,2- N 7.41-7.32 {m, 2H}, 7.07 (1, Ay m/z=
oxazolidine-2- W J=R.6 He, 2H), 7.00(d, /=4 3 300.2
carbonyli-1-methyl- r Hz, 1H), 6.78(dd. /=43 07 IMA+HT,
1H-pyrrole-2- © N—O Hz, 1H), 5.63-554 (m, 1H), 1.05 min
carbonitrile PN !\) 435 (td, /=7.8,3.5 Hz, 1H).

\\\ 4.04-3 94 (m, 4H), 2.95-2.85
PN (m, 1H) 2.48-2 34 (m, 1H).

60 5-{(38)-3-{4- N "H NMR (400 MHz, CDCL) & (Method
fluorophenyly-1,2- \\ 7.41-731 (m, 2H), 7.12-7 .01 Ay m/z =
oxazolidine-2- N = {mm, 2H), 7.00 (d, J=4 3 Hz, 1H), | 3002
carbonvl{-1-methyl- = 6.77(d, /=43 Hz, 1H), 558 IVHT,
1H-pyrrole-2- o N0 (dd, /=7, 6.1 Hz, 1H}, 4.39- 1.05 min
carbonitrile 4.26 (m, 1H}), 4.01 {5, 3H},

4.02-3.93 (m, 1H), 2.89 (dddd,

J=12.2,87,67, 3.5 Hz, 1H),

2.40 (dddd, J=12.4,93,7.5,6.1
Hz, 1H).
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64 1-{{(35)-3-{4- "H NMR (400 MHz, CDCL) & (Method
Fluorophenyiy-1,2- 7.34-7.27 (m, 2H), 7.09-6 98 Ay mjz=
oxazohidm-2-yi]-2- {m, 2H). 540 (dd, =88, 59 2382
methylpropan-1-one Hz, 1H}, 4.32-4.22 {(m, 1H}, IVHT,

3.90 (ddd, /=92, 80,68 Hz, 0.97 min.
1H), 3.08-2.99 {m, 1H), 2.43

(dddd, /~=123.88,6.8 35 Hz,

1H), 2.35 (dddd, /=12.2,9.2,

76,59 Hz 1H), 122(d, =69

Hz, 3H}, 1.12 {(d, /=68 Hz,

3H).

65 1-{(3R)-3-(4- "H NMR (400 MHz, CDCL) & {(Method
Fluorophenyiy~1,2- I 7.35-7.25 (my, 2H), 7.09-6 98 Ay nvz=
oxazohdm-2-vi]-2- @ N {m, 2H), 540 (dd, /=8.8, 5.9 2382
methylpropan-1-one e wﬂ..k) Hz, 1H), 431-422 (m, 1H}, IM+H]

\ 3.90 (ddd, /=9.2, 8.0, 6 8 Hz, 0.96 min.
PN 1H), 3.08-2.99 (m, 1H), 2.83

(dddd, /=123, 85, 6.8, 35 Hz,

1H}), 2.34 (dddd, /=12.3,9.2,

7.5, 59Hz 1H), 122{d, J=69

Hz, 3H), 1.12 {d, /=69 Hz,

3H).

63 1-{(3R)-3-(2- "H NMR (400 MHz, CDCL) &
Fluoropyridin-3-yi}- 813 (dt, J=4 .8, 1.5 Hz, 1H).
1,2-oxazolidin-2-vij- o o 7.72-7.65 (m, 1H), 7.18 (1d,

2, 2-dimethvlpropan-1- v J=5.0,2.4 Hz, 1H}, 5.59 {dd,
one R J=87,6 9 Hz, TH} 426 (1d,
' - J=7.9,2.8 Hz, 1H), 3.93 (ddd.
" " J=9.38,8.0,65 Hz, 1H), 3.00-
2.90 {m, 1H}, 2.35-2.21 (m,
1H}, 1.34 (5. SH).
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66 1-{{(38)-3-2- "H NMR (400 MHz, CDCL) & LO-MS
Fhuoropyridin-3-v1- B A2 {dt, J=4 8 135 Hz 1H), {(Method
1,2-oxazolidin-2-v1j- o o 7.68 (ddt, J=9.7.6.7 13 Hz, Ay m/z=
2, 2-dimethvlpropan-1- N 1H), 7.18(ddd, /=7.2,5.1, 1.8 2332
one N Hz, 1H), 559 (dd, /=89, 6.7 IMAH],

l o Hz, 1H) 4.29-4.22 (m, 1H), 0.92 min
" F 393 (ddd, /=98,80, 65 Hz,
1H), 3.00-2.87 (m, 1H}, 2.34-
2.22 {m, 1H}, 1.33 (s, 9H).

67 1-{(3R)-3-(2,6- "H NMR (400 MHz, CDCly) 8 {(Method
Difluorophenyi)-1,2~ 7.26-7.16 {m, 1H}, 6.92-6.83 Ay m/z=
oxazolidin-2-y1}-2 2~ (m, ZH}, 5.68 {1, J=8 &, 1H), 2702
dimethylpropan-1-ong 440 (td, /=78, 1.8 Hz, 1H), IMA+HT,

3.95-3.87 (m, 1H), 2.81-2.73 1.09 min
(m, 1H), 2.56-2.45 (m, 1H),
1.27 (s, 9H).

68 1-{(358}-3-(2,6-~ "H NMR (400 MHz, CDCL) & {(Method
Dhiluorophenyi)-1,.2- 7.26-7.16 (m, 1H), 6.92-6.83 A) m/z =
oxazohidim-2-y1}-2 2~ {m, 2H), 5.68 (1, /=38, 1H), 2702
dimethylpropan-1-one 4.46 (td, /=78, 1.8 Hz, 1H), IM+H]

3.95-3.87 (m, 1H), 2.81-2.73 .09 mun
(m, 1H}, 2.56-2.45 (m, 1H),
1.27 {s, OH}.

69 (38)-2-(4-methyloxane- o "HNMR (400 MHz, CDCL) 8 | LC-MS
4-carbonyl)-3-phenyi- 7.41-7.23 (m, 5H)} 5 .48 (dd, {Method
1.2-oxazolidine Oﬁo J=8.8, 635 He 1H), 427 (td, BY: m/z

\ J=7.5,33 Hz, 1H) 3.91 (ddd, =275.00
J=95,8.0,6.5 Hz, 1H) 385~ IM+HT,

3.72 (m, 2H) 3.59 (dddd,
J=119.9.3. 6.3, 2.9 Hz, 2H)
2.90-2.77 (m, 1H) 2.47-2.27
(m, 2H) 2.21 (ddt, J=13.6.4.7.
2.6 Hz, 1H) 1.86-1.46 (m, 2H)
1.34 (s, 3H).

.94 min
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75 (1r.313-3-[(38)-3- OH "H NMR (400 MHz, CDCL) & (Method
Phenyl-1.2- 7.39-7.29 (m, 5H), 549-536 AY m/z
oxazolidine-2- \ (o, 1H), 458449 (m, 1H), = 248.2
carbonvijeyclobutan-1- o :f-ﬁf\ 424 (dt, /=7.8,3 8 Hz, 1H). IM+HT,
ol 3.91-3.82 (m, 1H), 3.49 (brs, 0.71 min

1H). 2 84 (dddd, /=123, 8.8,
6.8, 3 8 Hz, 1TH), 2.71-2.55 (m,
2H), 2.38 (dddd, /=123, 9.0,
7.5, 58 Hz, 1H), 2.32-2.23 (m,
i1H), 2.18 (brs, 1H), 1.78{d,
J=33 Hz, 1H).

76 (38}-2-{1- N "H NMR (400 MHz, , DMSO- (Method
{(Methoxymethylieyclo 2 de) 6739722 {m, 5H), 536 AY m/z
propanecarbonyvl]-3- (dd,/=8.7.6.1Hz 1H) 424 =262.3
phenyl-1,2-oxazohdine {dt, =78, 3.0 Hz, 1H}, 3.80- IM+HT,

3.80 (m, 2H), 3.35-3.33 (m, (.90 min
1H). 323 (s, 3H), 2 86 (1dd,
J=152.9.0,32Hz, 1H), 2.16

(dddd, J=12.1,96,77, 6.3 Hz,

1H), 1.07-1.00 (m, 1H), 0.91

(dt. S=6.0, 2.8 Hz, 1H), 0.75~

0.66 (m, 2H).

77 (38)-2-(1- "H NMR (400 MHz, DMSO-d,) | (Method
Methyloyclobutanacarb & 7.39-7.21 {m, 5H), 529 (dd, AY m/z
onyh-3-phenyl-1,2- J=88, 65 Hz 1H), 421 (dt. J= | =246.1
oxazohidine 7.8,3.0Hz, 1H), 3.84 (ddd, (M+HT,

J=07. 79, 65Hz 1H), 2.94 - 1.08 min

2.82 (m, 1H), 2.48-2.41 (m,
1H), 2.37-2.28 (m, 1H), 2.15
(dddd, J=12.1,9.7.7.5. 6.5 Hz,
1), 2.02-1.88 (m, 1H), 1.84-
1.59 (m, 3H), 1.43 (s, 3H).
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78 2-Methyi-1-[(35)-3- "H NMR (400 MHz, DMSO-ds) | (Method
phenyl-1,2-oxazolidin- & 7.39-7.23 {m, 5H), 531 (dd, AY m/z
2-vijpropan-1-one J=8.8, 63 Hz, 1H), 4.25 (dt. =220.0

J=77,2.9Hz, TH), 3.86 {ddd, IM+HT,
J=9.4.8.0,67Hz, 1H), 303~ (.95 min
292 (m, 1H), 2.92-2 83 (m,

1H), 2.24-2.12 {m, 1H), 110

(d, /=7.0Hz, 3H), 1.00{d,

J=6.8 Hz, 3H).

79 1-{(38)-3~Phenyi-1,2- N \::\ "H NMR (400 MHz, DMSO-d,) | (Method
oxazoliding-2- 8 743-734(m, 2H), 733-725 | Ay m/z
carbonvlicvelobutane- {m, 3H), 536 {dd, /=85, 6.8 = 2572
1-carbonitrile Hz, 1H), 4.34 (dt, J=7.7, 2.5 Hz. | [M+H]",

1H}, 3.99(ddd, ./=9.9,79,63 0.98 min
Hz, 1H), 2.97 {dddd, /=12.0,

6.0,63, 28 Hz 1H), 277-2.62

{m, 2H), 2.61-2 .45 {(m, 2H),

2.31-2.08 {(m, 2H), 1 .91 (1td,
J=114,94,56Hz, 1H)

30 2-Methoxy-2-methvl-1- {, "H NMR (400 MHz, DMSO-d,} | (Method
[(35)-3-phenyi-1,2- o 8 7.39-7.22 (m, 5H), 5.40 (dd, AY m/z
oxazolidin-2-yipropan- J=8.5,6.5 He, 1H), 4.26 (dt, = 2501
i-one @ N—C J=7.7,3.0 Hz, 1H), 3.86 (ddd, IM-+HT,

J=0.4,7.9 6.8 Hz, 1H), 3.13 s,
3H), 2.87 (dddd, J=12.1, 0.1,
6.5,3.0 Hz, 1H), 2.15 (dddd,
J=12.1,9.5,7.5, 6.3 Hz, 1H),
1.37 (s, 3H), 1.36 (s, 3H).

0.87 min
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Comp. | Name Structure "H NMR MAH"
Ne.
15 (25)-2-Hydroxy-1- O "H NMR (400 MHz, BMSO-d;) | (Method
[(35}-3-phenyi-12- & 7.40-7.23 (m, 5H), 5.34 (dd, A m/z
oxazolidin-2-vljpropan- o O J=89,64Hz 1H), 484 (d, =2222
I-one ' J=T.0Hz, TH), 4.54-4.44 {(m, IM+HT,
1H), 4.25(dt, /=78, 2.6 Hz, .73
1H}, 3.86{ddd. /=9.5,8.0. 638 min.
Hz, 1H}, 2.93-2.85 (m, 1H},
218 (dddd, /=12.2,9.6,7.6,63
Hz, 1H}, 1.30(d, /=6.8 Hz,
3H).

1-(3-(2-fluoropvrdm-

) 3-vlnsoxazohdim-2-vl}-

o 2, 2~-dimethvipropan-1-
one

O
(R)-1-(3-(3~ WN” 5

- fluorophenyhisoxazolid (\)
in-2-yH-2 2-
dimethylpropan-1-one
tert-butyl 3-

33 phenviisoxazolidine-2-
carboxvlate
(R)-2.2-dimethyl-1-(3-

34 phenviisoxazolidim-2-
viypropan-1-one
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Comp. | Name Structure ¥ NMR M+H *
No.

(R)-I hyl-5-(3 § i
A -methyl-56 b
Nz -0
phenylisoxazolidine-2- m b

85
carbonyl) -1H-pyrrole - ©\
2-carbonitrile ~F

0
2,2-dimethyl-1 -(3-
LS b S

86 phenylisoxazolidin-2- /
yl)propan-l-one (o

L/

155 F H NMR (400 MHz, CDC1y) & | LC-MS
(39)-2-(3,3-difluoro-I- F | 7.33-7.23 (m, 2H), 7.11-6.98 (Method
methy]cyclobutanecarb (m, 2H), 5.38 (dd, J=8.7, 6.1 A): m/'z =
onyl)-3-(4- Hz, 1H), 4.28 (dt, /=3.6, 7.6 Hz, | 287.2
fluorophenyl)- 1,2- 1H), 3.95 (ddd, J=9.2, 8.0, 6.7 [M+H]
oxazolidine Hz, iH), 3.25-3 .07 (m. iH), 1.18 min

3.02-2.79 (ro, 2H), 2.62-2.29
(m, 3H), 1.57 (s, 3H)
156 ‘HNMR (500 MHz, CDC1,) 5 LC-MS
o NQ 7.32- 7.23 (m, 2 H), 7.05-6.96 (Method
2-(azetidin- 1-yl)-1-
(m, 2H), 5.59-5 .44 (m, IH), A): miz =
[(39)-3-(4-
4.24 (td, 7=7.8,2.7 Hz, IH), 293.2
fluorophenyl)- 1,2- .
3.96-3 .84 (m, 1H), 3.53-3.35 [M+H] =,
oxazolidin-2-yl]-2- _
(rn, 4H), 2.84-2.75 (in, 1), 0.91min

metliy lpropan- 1-one

2.33- 2.24 (m, 1H), 2.01(quin,
J=7. 1Hz, 2 H), 1.36-1 .28 (m,
6H)
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157 "H NMR (400 MHz, CDCL) § LO-MS
2.2-dimethyl-1-{3- 8.2-9.13 {m, 2H), 7.39 (dd, {(Method
{(pyndazin-4-yi)-1,2- J=53,2.2Hz, 1H), 544 (dd, Ay m/z=
oxazohidin-2-vljpropan- J=88, 68 Hz, 1H), 431 ¢1d, 236.2
l-one J=8.0,2.5 Hz, 1H}, 4.0-3.91 IMAH],

{m, 1H), 2.97-2 89 (m, 1H), 0.69 min.
2.36-2.26 (m, 1H), 1 32 (s, 9H}.

158 'H NMR (400 MHz, CDCL) LC-MS

7.66(d, J=8.3 Hz, 2H), 747 {d, | (Mecthod

J=85 Hz, 2H), 551 (dd, J=R8, { Ay m/z=
4-{(38)-2-(1- _ .
evelopropyleselopropa 6.0 Hz, 1H), 4.29 (td, /=8.0,33 ;33.2 )
necarbonsl)-1 2- Hz, 1H}, 4.0-3.94 (m, 1H), [M+H],
oximolidin.3. 2.94-2.85 (m, 1H), 2.38-2.28 1.00 man,
Abenzonitrile (o, 1H), 1.66-1.58 (m, 1H),

1.06-0.99 (m, 1H), 0.90-0.84

{m, 1H), 0.68-0.61 (m, 1H),

0.55-0.39 (m, 3H), 0.27-0.13

(m, 2H).

159 "H NMR (400 MHz, CDCL) LC-MS

8.23(d, /=25 Hz, 1H), 7.78 (td, | (Method

J=8.0,2.5 Hz, 1H), 6.93 {dd, Ay m/z=
5-1(38)-2-(1- ° —~O J=R.0,2.5 He, 1H), 5.51 {dd, 2772
cvelopropyleyclopropa ™ J=9.0, 6.0 Hz, 1H), 432 (1d, IMA+HT,
necarbonyl)-1,2- P J=8.0,33 He, 1H), 4.0-3.94 091 min.
oxazohidm-3-yi]-2- F " {mm, 1H), 2.94-2.85 (m, 1H),
fluoropyndine 2.41-231 (m, 1H), | 66-1 58

{m, 1H), 1.06-0.99 (m, 1H),

0.90-0 84 (m, 1H), 0.68-0.61

{m, 1H), 0.55-0.39 (m, 3H),

0.27-0.15 (m, 2H).

198
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160 o "HNMR (400 MHz, CDCL) § | LC-MS

r 8.21 (d. J=2.0 Hz, 1H), 7.78 (td, | (Method
2-fluoro-3-[(38)-2-{3- J=8.1,2.4 Hz, 1H), 6.92 (dd, Ay mfz=
oxabicyclof3.1.0thexan o= J=8.4,2.9 Hz, 1FD, 5.46 {dd, 2792

O
e-6-carbonyl}-1,2- J=8.9, 8.9 Hz, 1H), 435-429 | [M+H]J",
oxazohdm-3- = {m, 1H), 3.99(d, /=88 Hz, 1H), | 0.66 min.
vijpyridine Ry, 3.98-3.89 {m. 2H), 3.81-3.77
(m, 2FD, 2.94-2.83 (m, 1H),
2.43-2.25 (m, 2H), 2.21-2.17
{m, 2H).
161 . 0 "H NMR (400 MHz, CDC1} 8 | LC-MS
D
, P 8.20 (d, J=2.3 Hz, 1H), 7.74 (td, | (Method
1-§(38)-3-(6- 7
q iyl 2 D | J=7.9 2.5 Hz, 1H), 6.92 (dd, A miz =
UOTOPYIGHE~ D~V )~ L~ ful
i' 7 1}.7 2 © o | J=8.4,2.9Hz 1H), 5.46 (dd, 262.2
oxazohdm-2-yij-2,2- .
et J=8.9, 6.9 Hz, 1H), 435-4.28 | [M+H]",
.k(z‘q ct '("q
= 1 2Jmethyl(CHs)pro = {(m, 1H), 3.93 (ddd, /=9.8, 8.1, | 0.92 min.
an-1-one . )
P Ry 6.4 Hz, 1H), 2.87 (dddd.
J=12.1.9.1, 6.4, 2.8 Hz. IH),
2.38-2.26 (m, 1H).

162 3.3, 3-trifluoro- 1-[(38)- - "H NMR (400 MHz, CDCL} 8 | LC-MS
3~{6-fluoropyridin-3- E 8.19(d, =2 5 Hz, 1H), 7.72 (td, | (Method
y1)-1,2-oxazolidin-2- J=8.0,2.6 Hz, 1H), 6.93 (dd, AY m/z=

]
ylj-2-methyipropan-1- N -0 J=8.4, 2.9 Hz, 1H), 5.45 (dd, 293.1
one SN J=8.8. 6.0 Hz, 1H), 4.34 (1d, IMAH]
N J=7.8,3.6 Hz, 1H), 3.98 (id. 0.89 min.

DIASTERBOISOMER 2

J=8.7, 6.8 Hz, 1F), 3.85 (dt,
JF=15.2, 7.6 Hz, 1H), 2.98-2.89
(m, 1H), 2.40 (dddd, J=12.5,
9.0,75,6.1 Hz, 1H). 139 (d,
J=7.0 Hz. 3H).
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163 3.3, 3-triftuore-1-[{35)- r "H NMR (400 MHz, CDCL) & LO-MS
3-{6-flacropyridin-3- :.- 8214{d, J=25Hz 1H}, 7.75 (td, | (Method
vij-1,2-oxazolidin-2- J=79,2.5Hz, 1H), 6.94 {dd, Ay nvz=
v1]-Z-methylpropan-1- © e J=8.5,3.0Hz, 1H), 549 (dd, 2931
one N =88, 63 Hz, TH), 4.34 (1d, IVHH],

J=8.0, 2.9 Hz, 1H). 3.99 {ddd, 0.91 min.
P
F N J=9.7,82.68Hz, 1H), 3.94-
DIASTEREOISOMER 1 3.84 {m, 1H), 2.93 (dddd,
J=123,92 65,29 Hz, 1H),
242 {dddd, /=12.5,97,77,65
Hz, 1H), 1 43 (d, /=73 Hz,
164 £ "H NMR (400 MHz, CDCL) & LC-MS
F
( ] F>< R.19{d, /=25 Hz 1H), 776~ {Method
1-{{35)-3-(6~ 0
, o 7.68 {(m, 1H}, 6.92 (dd, ./ =8 4, Ay miz=
Hluoropyridin-3-y1)-1,2-
2.9 Hz, 1H), 5.46 (dd, /=3.8, 3372
oxazohdm-2-v1}-2.2- ) .
o] o 6.5 Hz, 1H), 4.39-431 (m, 1H), | {M+H]",
dimethyi-3- - - 4 (
o ‘ 416 (s, 2H), 3.99 (ddd, ./=9.7, 1.06 man.
(trifluoromethoxv)prop T ) )
8.1, 6.5 Hz, 1H), 2.89 {dddd,
an~-one P
F K J=122,6.2,63,2.9 He, 1H),
2.39-2.27 (m, 1H), 1 34-136
{m, 6H).
165 N "H NMR (400 MHz, CDCL) & LC-MS
i 8.19 (d. J=2.5 Hz, 1H), 7.73 (td, | (Method
J=8.0,2.6 Hz, 1H), 6.93 (dd, Ay mz=
4-J(35)-3-(6-~ J=8.5,3.0Hz, TH), 545 {dd, 2782
o .
Ruoropyridin-3-yi)-1,2- -0 J=8.7, 6.9 Hz, TH), 4.38 {(td, [MAH],

-

oxazohidin-2-y1}-3 3~
dimethyl-4-

oxobutanentrile

J=7.9,2.5 Hz, 1H), 4.00 (ddd,
J=9.7.8.1.65 Hz, 1H). 2.92
(dddd, J=12.3.92. 63,29 Hz,
1H), 2.73 (d. J=16.6 Hz, 1H),
2.66 {d. J=16.6 Hz, 1H), 2.36
{dddd. J=12.5, 9.7, 7.5, 6.7 Hz,
1H), 1.49 (s, 3H), 1.47 (s. 3H).

0.79 min.

200
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166 £ "H NMR (400 MHz, CDCL) & LO-MS
(28)-3.3.3-trifluoro-1- : >f ot 8.23 (d. J=1.8 Hz, 1H), 7.75 (Method
[(35)-3~(6- / {(ddd. /=8.3,7.5, 28 Hz, IH), Ay mz=
fluoropyrnidmn-3-yi)-1,2- © -0 697 (dd, /=84, 34 Hz, 1H}, 3092
oxazohidin-2-vij-2- R 5.48 (dd, /=87, 6.9 Hz, 1H}, IMAH],
hydroxy-2- e 470 (s, 1H), 442 (1d, /=82,24 | 080 mun.
methylpropan-1-one y Hz, 1H), 4.04 (ddd, /=102, 8 4,

6.5 Hz, 1H), 2.98 (dddd,
J=126,89,67, 2.4 He, 1H),
2.43 {dddd, /=12.7, 10.2, 7 8,
6.7Hz 1H), 1.76 (s, 3H).

167 2. 2-dicyclopropyi-1- "H NMR (400 MHz, CDCL) & LO-MS
[(38)-3-(6- $.21{(d. =25 Hz, 1H), 7.76 (1d, | (Method
fluoropyndin-3-yi}-1,2- J=8.1,2.9Hz, 1H), 6.93 {dd, Ay nvz=
oxazohdm-2-vijethan- © -0 J=8.5, 2.8 Hz, 1H}, 5.52 {dd, 2912
i-one N J=87, 6.1 Hz, 1H), 4.24 (1d, IM+H]

P J=T7.8,2.8 Hz, 1H). 3.85 {ddd, 0.99 min.
N

J=9.5.8.0.6.8 Hz, 1H)., 2.95-
2.84 (m, 1H), 2.34 (dddd,
J=12.3,9.6,7.6, 6.1 Hz. 1H),
1.68 {t..J=9.4 Hz, 1H), 126~
1.07 (m, 2H), 0.68-0.55 (m,
2H), 0.54-0.38 (m. 2H), 0.36-
0.24 (m, 3H), 0.17-0.04 (m,
1H).

201
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168 "H NMR (400 MHz, CDCL) & L{E-MS

£ B19{d, J=23Hz 1H}, 7.72 (td, | (Method

J=8.0,2.6 Hz, 1H), 6.93 (dd, AY vz
3-{{358)-2-[1- CX J=8.5, 28 Hz, TH), 6.24 (1, =301.2
(difluoromethyljcyclob J=57.5 Hz, 1H), 5.47 {dd, IMHHT,
utanecarbonvi-1.2- = J=85,65Hz 1H), 429 (td, 0.95 min.
oxazohdm-3-yi]-2- F NT J=7.9,3.3 Hz, 1H), 3.96 (ddd.
fluoropyndine J=94 82 635 Hz, IH), 3.01-

2.83 (m, 1H), 2.69-2.58 (m,

1H), 2.54-2.29 (m, 4H}, 2.08~

1.94 (m, 1H), 1.94-1 81 (m,

1H).

169 3,3-difluoro-1-[{35)-3~ "H NMR (400 MHz, CDCL) & LE-MS
{(6-fluoropyridin-3-yl}- e 8.19{d, =25 Hz, 1H), 7.72 (td, | (Method
1,2-oxazolidin-2-vij- J=7.9,2.5 Hz, 1H), 6.93 (dd, Ay miz=
2, 2-dimethvlpropan-1- ¢ e J=8.4 29 Hz IH), 6321, 2862
one J=58.0 Hz, 1H), 5.46 (dd, (M+H],

= J=83, 68 Hz, 1H), 436 (td, 0.94 mn.
F N J=7.7,2.6 Hz, 1H), 3.99 (ddd,

J=9.7, 81,65 Hz, 1H), 2.91

{dddd. /=123, 9.1, 63,29 Hz,

1H}, 2.36 (dddd, /~12.5, 9.7,

7.5,68Hz, 1H), 1.40-1.36 (m,

6H}.

202




WO 2017/096301 PCT/US2016/064818
Comp. | Name Structure "H NMR MAH"
No.

176 5-{{(38)-2-{1- E "H NMR (400 MHz, CDCL) & L{E-MS
(difluoromethyl)cyclop . % 8.20 (A, J=2.5 Hz, 1H), 7.75 (td, | (Method
ropanccarbonyl}-1,2- J=8.0,2.6 Hz, 1H), 6.94 {dd, Ay nvz=
oxazohdin-3-y1}-2- o ~C J=8.4,29Hz TH), 6.65 {dd, 287.1
Auoropyridine J=59.5 58 5 Hz, 1H), 551 (dd, | [M+H]",

~ J=88, 65 Hz, 1H), 436 {(td, 0.8% min.
F NZ J=7.9,3.0Hz, 1H), 3.98 (ddd.
J=9.5,83, 68 Hz, 1H), 2.99-
2.83 {m, 1H)}, 2.38 (dddd,
J=12.5,6.5, 7.7, 65 He, 1H),
1.44-133 (m, 1H), 1 31-1.09
{m, 3H).

171 4-1(38}3-3-{4- N "H NMR (400 MHz, CDCL) & LE-MS
fluorophenyl)-1,2- l/ l/ 7.33-7.23 (m, 2H), 7.10-6 99 {Method
oxazohdim-2-vij-3,3- {m, 2H), 540 (dd, /=88,6.5 Ay miz=
dimethyi-4- Hz, 1H), 434 (td, /=78, 3.1 Hz, | 2772
oxobutanenitrile 1H), 398 (ddd. /=9.6,8.1,65 (M+H],

Hz, 1H), 2.86 {dddd, /=12.2, 0.97 mn.
8§.7.65 3.1 Hz, 1H), 2.79-2.63

{m, 2H), 2.34 (dddd, J=12 4,
9.6,76,65Hz 1H), 149 (s,

6H).

172 6-{{38}-3-(4- N o "H NMR (400 MHz, CDCL) & LE-MS
fluorophenyl)-1,2- Q\ 7.33-724 (m, 2H), 7.12-7 .00 {Method
oxazohiding-2- {m, 2H), 533 (dd, /=88,6.2 Ay miz=
carbonyl]-2- Hz, 1H), 4.82 (s, 2H}, 4.64-452 | 3172
oxaspiro] 3.3 theptane-6- {m, 2H), 4. 41-4 31 {(m, 1H), (M+H],
carbonitrile 4.18-4.07 (m, 1H), 3.06-2.86 0.89 min

(m, 4H), 2.81 (dd, /=13.0, 2.5
Hz, 1H), 2.43 (dddd, J=12.5,
9.4, 7.6, 6.1 Hz 1H).

203
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173 "H NMR (400 MHz, CDCL) & L{E-MS
1-{{(38)-3-(4- 7.33-7.24 (m, 2H), 7.08-6 .97 {(Method
fluorophenyl)-1,2- (o, 2H), 541 {(dd, /=88, 65 Ay nvz=
oxazolidin-2-y1}-2 2~ Hz, 1H), 4.27 (tdd, J=7.8, 2.9, 2612
bis(*Hzymethvl(FHgpro 0.7 Hz, 1H), 3.89 (ddd, J=9 38, IMAH],
pan-1-one 8.0,65Hz 1H),288-275(m, | 1.09 min

1H}), 2.30 (dddd, /~12.2, 9.8,
7.7, 6.4 Hz, 1H).

174 1-[(38)-3~(5- "H NMR (400 MHz, CDC13) 8 LC-MS
chloropvridin-3-y1}-1 2~ 849 (d, J=2 3 Hz 1H)}, 847 (d. | (Method
oxarohidin-2-y1}-2 2- o o J=2 0 Hz TH), 7.60 (1, /=21 Ay m/z =
dimethylpropan-1-one Hz, 1H)}543(dd, J=8.9,6.7Hz, | 269.1

CE\EYJ 1H}, 4.36-4.26 {m, 1H), 3.92 IVHT,
N (ddd, /=10.0,8.1,6 4 Hz, 1H), | 097 min
2,88 (dddd, J=124,90,64.26
Hz, 1H), 2.31 {dddd, /=123,
100,776 7THz 1H)L131 (s,
OH).

175 "H NMR (400 MHz, CDCly) 8 LC-MS
1-[(38)-3-]2- i §.05-8.58 (m, 1H}, 7.56 (s, 1H), | (Method
{(diflugromethyDpyridin s Q N0 7.34-7.33 (m, 1H), 6.64 (i, Ay m/z =
-d-yi}-1 2-oxazchidin-2- . % | J=35.6 Hz, 1H), 5.45 (dd, 2852
vl}-2,2- Ni _ J=0.0, 6.7 Hz, 1H), 4.35-4.75 IM+H]™.
dimethyipropan-1-one (m, 1H), 3.93 (ddd, /=9.9, 8.1, 0.95 min

6.4 Hz, 1H), 2.96-2 .84 (m, 1H),
2.35-221 (m, 1H), 1.32 (s, OH}.

176 1-{{358)-3~(4~ £ 'H NMR (400 MHz, CDCL) & LC-MS
Huorophenyl}-1.2- f >< 7.31-7.22 (m, 2H), 7.08-6.97 {Method
oxazohidim-2-y1}-2 2~ 1 {m, 2H), 541 (dd, /=88, 64 Ay m/z =
dimethyi-3- Hz, 1H),4304d, /=79, 33 Hz, | 3362
(trifluoromethoxyprop 1H). 4.16 (s, 2H), 3.96 {ddd, [M+H],
an-1-one J=95, 8.0, 66Hz, 1H), 2.83 1.20 nun

(dddd. J=12.2, 8.8, 6.5, 3.2 Hz,
1H), 2.31 (dddd, /=123, 9.5,
7.6, 6.4 Hz, 1H), 1.35 (s, 6H).

204
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177 1-{{(38)-3-{5- F "H NMR (400 MHz, CDCL) & LO-MS
chloropyridin-3-yi}-1,2- FF >< 8.50(d, J=2.5Hz, 1H), 846 (d, | (Method
oxazolidin-2-y1}-2.2- 7 J=20Hz 1H), 7.60 (1, J=1.9 Ay m/z=
dimethyi-3- Hz, 1H}, 545 (dd, /=89, ,6.6 3532
(triflucromethoxyprop o o Hz, 1H), 435 (td, J=7.7, 2.8 Hz, | [M+H]",
an-i-one - 1H), 416 (s, 2H), 4.04-3 93 (m, | 1.09 min

w 1H), 2.91 (dddd, /=121, 9.2,
N 6.4.3.0 Hz, 1H). 2 34 (dddd,
J=124,97,75, 65 Hz, 1H),

1.36 {5, 6H}

178 1-[(38)-3~{4- "H NMR (400 MHz, CDClL) 8 LC-MS
fluorophenyly-1,2- N@ 747 {dd, /=19, 0.7 Hz, 1H), (Method
oxarohidin-2-y1}-2 2- 7.39{dd, J=23,0.7 Hz, 1H), Ay m/z =
dimethyi-3-(1H-~ 7.35-7.26 (m, 2H), 7.08-6.97 3182
pyrazol-l-ylpropan-1- o 0 {m, 2H), 6.19 (t, J=2.1 Hz, 1H), | [M+H]",
one ' 541 (dd, /=88, 6.6 Hz, 1H), 0.94 min

458 (d, /=14 0 Hz, 1H} 438~
4.25 (m, 2H), 4.15 (ddd, /=97,
7.8, 6.5 Hz, 1H), 2.88 {dddd,
J=12.0,8.8, 6.5, 3.1 He, 1H),
233 (dddd, /=122,96,76,66
Hz, 1H), 1.33 (s, 3H), 1.26 (s,
3H).

179 4-1(383-2-(3,3,3- F "H NMR (400 MHz, CDCL) & LE-MS
trifluoro-2- ;-,, B 7.70-7.63 (m, 2H), 7 44-7 38 (Method
methyipropanovi)-1,2- (m, 2H), 5.45 (dd, /=89, 6.1 Ay miz=
oxazolidin-3- Hz, 1H), 4.33 (td, /=7.8, 3.6 Hz, | 299.1
vitbenzonitrile 1H), 3.99 (td, J=8.6, 6.6 Hz, (M+H],

IH). 3.92-383 (m, 1H), 3.01- | 0.99mimn

(Sccond eluting

diastereoisomer)

DIASTEREOLSOMER 2

2.88 (m, 1H), 2.44-2.31 (m,
IH), 1.39 (d, J=7. 1Hz, 3H).
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180 4-1(35)-2-¢3,3,3- F "H NMR (400 MHz, CDCL) & LO-MS
trifluoro-2- ; 7.70-7.62 (m, 2H), 7 46-7 38 {(Method
methylpropanovi)-1.2- o o (o, 2H), 548 {(dd, /=8.9, 6.5 Ay m/z=
oxazohidin-3- Hz, 1H), 437427 (m, 1H), 2991
vilbenzonitrile 4.04-3 82 (m, 2H), 3.00-2.87 IVHH],

N (m, 1H), 2.38 (dddd. J=12 4, 1.00min
(First cluting DIASTEREOISOMPR ] 9.8,77,65Hz 1H), 145 (d,
diastereoisomer) J=7.2 Hz, 3H).

181 4-{{35)-2-(3-cyano-2.2- N "H NMR (400 MHz, CDCL) LC-MS
dimethylpropanovi)- / 7.70-7.61 {m, ZH), 7.45-7.37 {(Method
1,2-oxazolidin-3- (o, 2H), 5.44 {dd, /=875, 658 Ay m/z=
yllbenzonitrile Hz, 1H}, 4 40-4 .30 {m, 1H), 2842

399{(ddd, /=98 81,63 Hz, IMA+HT,
1H), 2.91 (dtd, /=12.0,6.3,32 | 0.89min
Hz, 1H), 2.75-2.63 (m, ZH},

232 (dddd, J=124,98,76,68

Hz, 1H}, 1.50 (s, 3H), 147 (5,

182 3-{{35)-3-(4- N "HNMR (400 MHz, CDCH) 8 | LC-MS
fluorophenvi}-1,2- \\ : 7.32-7.25 (m, 2 H), 7.09-7.00 {Method
oxazolidm-2-y1{-2,2~ - (o, 2H), 537 (dd, /=8.8,6.5 A} m/z
dimethyi-3- Hz, 1 H), 442-434 (m, 1 H), =263 .2
oxopropanenitrife 4.16 (ddd, /=98,8.3,6.8Hz. 1 | IM+H]",

H), 2.99-287(m, 1 H), 2.43 .97
(dddd. /=12.5,99,78,65Hz, | nun.

TH). 171 (s, 3 H), 1.60 (s, 3
H).

206
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183 1-{{(35)-3-{4- E "H NMR (400 MHz, CDCL) & LO-MS
fluorophenyly-1,2- F%F 7.33-7.22 (m, 2H), 7.09-7 .00 {(Method
oxazohidm-2-yi]-2- o (m, 2H), 5.45-5.32 (m, 1H), Ay m/z=
(trifluoromethoxyprop 0{ 5.26-5.14 (m, 1H), 430 (d, 308.1
an-1-one - J=T7.6, 4.1 Hz, TH), 3.99 (1d, IMAH],

J=82,69Hz 1H), 2.88 {dddd, | 1.07 min.
(First cluting J=12.5, 86,68, 43 Hz, 1H),
diastercoisomer} DIASTEREQISOMER 1 2.49-2 30 (m, 1H)Y, 1.54(d,

J=6.5 Hz, 3H).

184 1-{{38}-3-(6- o F "H NMR (400MHz, CDCL) 8 LC-MS
fluoropynidmn-3-yi)-1,2- Vl/F .19 (d, J=2.5 He, 1H), 7.73 (dt, | (Micthod
oxazohdm-2-vi]-2- © J=2.6,8.0 Hz, 1H}, 6.94 {dd, Ay mv/z
(triflucromethoxyprop o . J=2.9, 8.4 Hz 1H), 541 {dd, = 3091
an-1-one N J=8.7,6.1 Hz, 1H). 520 (q. (MVEHHT

S J=6.8 Hz, 1H), 435 (dt, J=4.0, {091
{(Second eluting . l N 7.7 Hz, 1), 4.00 (dt, /=6.8 85 | mn.
diastercoisomer) DEASTEREOQISOMER 2 Hz, 1H}, 3.02-2.86 {m, 1H),
2.51-2.36 (m, 1H), 1 58-1.50
{m, 3H).

185 1-{{38}-3-(6- e "H NMR (400MHz, CDCL) 8 LE-MS
fluoropyndin-3-yi}-1,2- F\}/F R22-8.17 (m, 1H), 7.74 (dt, {Method
oxazohdm-2-vi]-2- o J=2.6,8.0Hz, 1H), 6.94 (dd, Ay miz=
(triflucromethoxyprop % J=8.5, 2.8 Hz, 1H}, 5.50 {dd, 2742
an-1-one © ~Q J=87, 6 4Hz, 1H), 524 {(q, IMA+H]

SN J=6.8 Hz, 1H), 436 {dt, /=26, | 1L.OS min
(First cluting l P 7.8 Hz, 1H), 3.95 (ddd, J=9 8,
diastercoisomer} i Dmszmoxsomm 8.3, 6.8 Hz, 1H), 2.99-2 85 (m,

1H), 2.41 (dddd, /=12.5,9.7,
7.7.6.3 Hz, 1H), 1.65-1.57 (m,
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186 2-{dimethyl-1 2-oxazol- *H NMR (400MHz, CDCl3) 8 LC-MS
4-y1}-1-{(38)-3-{4- 7.16-7.08 (m, 2H), 7.03-6 .94 {(Method
fluorophenyl)-1,2- {mm, 2H), 535 (dd, /=8.5,6.0 Ay m/z=
oxazohdm-2-vijpropan- Hz, IHL4214d, =78,38Hz, 13192
1-ong 1H}, 3.98-3.82 {m, 2H), 2.90- IMAH],

2.76 (m, 1H}, 2.34-2.24 (m, 0.97 min.
{(5econd eluting DIASTEREGISOMER 2 4H), 2.20 (s, 3H), 1.35(d, =73
diastercoisomer} Hz, 3H)

187 4-{{38)-2-{1- E "H NMR (400MHz, CDCL) 8 LC-MS
{(difluoromethylicyclop F 7.69-7.62 (m, 2H), 7.45-7.39 {Method
ropanccarbonyi-1,2- {m, 2H), 6.83-6.49 (m, 1H), Ay m/z=
oxazolidin-3- 5.50 {dd, /=89, 6.4 Hz, 1H), 29317
yllbenzouitrile 433 {dt, /=28, 7.8 Hz, 1H), IMA+HT,

397 {(ddd, /=96,8.1,6.7Hz, 0.97 min
1H), 2.91 (dddd, =122, 9.2,

6.5,3.0 Hz, 1H), 2.33 (dddd,

J=123.96, 77 65Hz, 1H),

143-1.32 (m, 1H), 1.29-1.12

{m, 3H)

184 3, 3~difluoro-1~[{35)-3- £ "H NMR (400 MHz, CDC13} 8 LC-MS
{(4-fluorophenyl)-1,2- - 7.32-7.24 (m, 2H}, 7.09-7.00 {(Method
oxazolidin-2-yi]-2- {m, 2H), 5.95 {ddd, J=56.2, Ay m/z =
methylpropan-1-one 547, 6.8 Hz, ZH), 542 (dd, 2560

J=9.2, 59 Hz, 1H), 433-4725 IM+Nal™,

(First cluting

diastercoisomer)

DIASTEREOISOMER 1

(. 1HD), 3.94 (ddd, /=94, 8.0,
6.9 Hz, 1H), 3.60-3 44 (m. 1F),
2.86 (dddd, J=12.2. 8.8.6.8.33
Hz. 1H), 2.37 (dddd, J=12.3,
9.5, 78, 6.0 Hz, 1H), 134 (d,
J=7.3 Hz. 3H).

§.02 mun.
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189 3.3-difluoro-1-f{35}-3- e "H NMR (400 MHz, CDCL) & L{E-MS
{4-flporophenyl}-1,2- ¢ 7.34-7.22 (m, 2H), 7.08-7 .01 (Method
oxazohidm-2-yi]-2- (m, 2H), 6.00 (td, /=567, 7.5 Ay m/z=
methylpropan-1-one D/i__o Hz, 1H), 540 (dd, J=87,39 296.0

, . > | Hz, 1H), 4.38-4.22 (m, 1H), IM+Nal™,
(Second eluting O h 4.04-3.91 (m. 1H), 3.58-3.35 | 1.00 min.
diastereoisomer) g N (m, 1H), 2.97-2.78 {(m, 1H),
DIASTEREGISOMER. 2 248230 (m, 1H), 1.27 (d,
J=6.5 Hz, 3H).

190 2 2-dimethyi-1-[(38)-3- "H NMR (400 MHz, CDCL) LC-MS
(1H-pyrazol-3-v1)-1,2- 8.10 (brs, 1H), 767 (d, /=22 {Method
oxazohdm-2-vijpropan- o O Hz, 1H), 632 (d, /=22 Hz, Fym/z=
I-one IH). 558 (t,J=77Hz, 1H}, 2240

HNij/l\) 4.35-4.31(m, 1H), 3.99-3.85 IMHHT,
— (m, 1H), 2.85-2.79 (m, 1H), 0.90 min.
2.72-2.65 (m, 1H), 1.27 (s, 9H).

191 {58)-5-[(38)-3-(4~ *H NMR (300 MHz, DMSO-d;) | LC-MS
fluorophenyl)-1,2- & 7.80 (s, 1H), 7.31-7.26 (im, {Method
oxazohiding-2- 2H), 718-7.12(m, 2H), 529 (1, | Hy m/z=
carbonvl-3- J=T7Hz, 1H}, 4.28-4.23 {m, 585.0
methylpyrrolidin-2-ong 1H}, 3.95-3.87 {m, 1H), 2 89~ [2ZMHH],

2.85 {m, 1H), 2.49-2.10 (m, 1.03 min.
SH). 1.46 (s, 3H).

192 2-{{38)-2-(2,2~ "H NMR (400 MHz, DMSO-d,) | LC-MS
dimethylpropanovi)- S8.80(dd, /=4 5,1 5Hz 1H), | (Method
1,2-oxazolidin-3- c o | 7.79(dd../=45, 1.5 Hz, IH), Hy m/z=
vlipyriding-4- N”\\ y 7.66 (s, 1H}, 542-538 {m, 1H), | 2600
carbonitrile - EN 435430 (m, 1H), 3.95-389 IM+H,

{mn, 1H), 2.85-2.80 (m, 1H),
2.41-236 (m, 1H), 1.22 (5, OH)

§.23 mun.

209
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193 2-cyclopropyl-1-{{(38}- "H NMR (300 MHz, CD;0D) & | LC-MS
3-{4-flucrophenyi}-1.2- 7.36-731 (m, 2H), 7.10-7 .04 (Method
oxazohidm-2-yi]-2- (m, 2H), 5.40-5.37 (m, 1H). Py m/z=
methylpropan-1-one 4.36-431 (m, 1H), 4.03-3.94 2782

{m, 1H), 2.93-2 .87 (m, 1H), IMAH],
230-222 (m, 1H), 143138 1.66 min.
(m, 1H), 1.14 (s, 3H), 1.10 (s,

3H), 0.40-031 (m, 4H).

194 1-{{35)-3~(4- "HNMR (300 MHz, CD,0D) 8 | LC-MS
fluorophenvi}-1,2- O;;;,Si 7.37-7.33 (m, 2H), 7.09 (d, {Mecthod
oxazolidm-2-yi]-2- J=8.7 Hz, 2H). 5.44-539 (m, Py m/z=
methanesulfonyl-2- 1H), 440434 (m, IH), 4.11- 316.2
methylpropan-1-one 4.03 (m, 1H), 3.06 (s, 3H), IMA+HT,

2.98-2 88 (m, 1H), 2.36-2.24 1.22 min.
{m, 1H), 1.62 (s, 6H).

229 4-J(38})-2-{1- 3 "H NMR (400MHz, CDCL3) 8 LC-MS
{(difluoromethylicyclob e 7.66(d, /=8.2 Hz, 2H). 740 (d. | (Method
utanecarbonyi}j-1.2- J=86Hz 2H), 6.03-6.58 (m, |B)m/z=
oxazolidin-3- ° g 1H), 5.46 (dd, /=8.6, 6.7 Hz, 3072
ylJbenzonitrile 1H), 4.26 (@, J=3.1, 78 Hz, | [M+H],

1H), 3.94 (ddd, /=94,8.2, 6.7 103 mun.

Hz, 1H), 2.92 (dddd, J=12.3,
82,63,3.1 He, 1H), 2.73-2.58
{m, 1H), 2.52-2.26 (m, 4H),
211194 (m, 1H), 1.93-1.80
{m, 1H).

b
o
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230 4-{(38)-2-(4,4.4- . 'H NMR (400MHz, CDCL) & | LC-MS
trifluoro-2- F%/I 7.69-7.62 (m, 2H), 7.45-7 38 {(Method
methylbutanovi}-1,2- ) o e {m, 2H), 5.44 (dd, /=8.8,6.3 By mw/z=
oxazolidin-3- | Hz, 1H), 429 (dt, J=3.8, 7.8 Hz, | 312.0
vljbenzonitrile 1H), 3.92 (ddd, /=9.3,8.0, 6.8 | [M+HJ",

Hz, 1H), 3.47-3.35 (m, 1), 1.03 min.
Diastereoisomer 1 DIASTEREOISOMER 2.95-2 86 (m, 1H}, 2.77 (dqd,

J=15.1,11.0, 8.8 Hz, 1H), 2.33

(dddd. /=12.4,9.6,7.7, 6.3 Hz,

1H), 2.10 (dgd, J=15210.9, 4.5

Hz, 1H), 1.33 (d, J=7.0 Hz, 3H)

23] 4-[(38)-2-(4 4,4- F "HNMR (400MHz, CDCL) 8 | LC-MS
trifluoro-2- F%/I 7.71-7.61 (m, 2H), 7.44-7.38 | (Method
methylbutanoyl)-1.2- "o o | (m 21D, 541 (dd, J88,63 | Brm/z=
oxazolidin-3- | Hz, 1H), 4.31(dt, J=3.4, 7.7 Hz, | 312.0
yllbenzonitrile 1H), 4.03-3.94 (m., 1H). 347- | [M+H],

3.30 (m, 1H), 2.98-2.87 (m, 1.01 min.
Diastercoisomer 2 THASTEREGISOMER 2 1H}, 2.73 {dgd, =150, 11.1,

7.8 Hz, 1H), 2.35 (dddd.

JS=124.9.2.7.3, 6.3 Hz, 1H),

2.23-2.07 {m, 1H), 124 (d,

J=7.0 Hz, 3H)

232 4-[(38)-2~(4 4-difluoro- e "HNMR (400MHz, CDCL) 8 | LC-MS
Z2-methyibutanovl)-1,2- q 7.70-7.61 (m, 2H), 7.45-738 {(Method
oxazolidin-3- "o 0 | (0. 2H), 6.07-5.73 (m, 1H), | Bym/z=
vljbenzonitrile 5.43 (dd, S=8.8, 6.3 Hz, 1H), 294.0

4.28 (dt. J=2.8, 7.8 Hz, 1H), IMHHY,
Diastercoisomer | vz 3.93 (ddd. J=9.5. 8.2, 6.7 Hz. 0.98 min.

DIASTEREOCISOMER

1H). 3.37-3.22 (m, 1H), 2.95-
2.85 {m, 1H), 2.47- 2.26 (m,
2H), 1.87 (idt, J=16.9, 145, 4.8
Hz, 1H). 131 (d. /=73 Hz.

b
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233 4-[(38}-2-(4 4-difluoro- , *H NMR (400MHz, CDCls) LC-MS
2-methylbutanoyiy-1,2- 8 7.72-7.61 (m, 2H). 7.44-738 | (Method
oxazolidin-3- {m, 2H), 6.01-5.68 (m. 1H), By m/z=
vi]benzonitrile 542 (dd, /=88, 6.3 Hz, 1H), 294 0

431 {(dt, J=3.5,7.8 Hz, 1H), IMAH]
hastereoisomer 2 4.02-3.93 {m, 1H), 3.37-3.18 0.95 min.
DIASTEREOISOMER2 | (1yy [Ff), 2.97-2.87 (m, 1H),
2.46-2.27 (m, 2H), 1.93 (ud,
J=15.1,5.3, 173 Hz, 1H), 1.21
{d, J=7.0 Hz, 3H).

234 5-(38)-2-(4.4.4- r 'H NMR (400MHz, CDCLY 8 | LC-MS
trifluoro-2.2- F%/} 8.82(d, J=2.0Hz, 1H). 8.79 (d. | (Method
dimethylbutanoyl)-1,2- ) 0P o |J=2.3 Hz 1H), 7.88 (t, /=19 Ay miz =
oxazolidin-3- SN Hz, 1H), 5.49-539 (m, 1H), 3283
viipyriding-3- \'@VA\) 4.37 (dt, J=2.6, 8.0 Hz, 1H), IV+HT,
carbonitrile Sy 4.04 (ddd, /=99, 8.1, 6.4 Hz, 0.95 nun.

1H), 2.95 (dddd, J=12.2, 9.1,
6.3,2.% Hz, 1H), 2.80 (gd,
J=11.5,15.4 Hz, 1H), 2.58 (gd.
J=11.3,15.5 Hz, 1H), 2.35 (tdd,
J=73.12.4.9.8 Hz. 1H), 1.43
(s. 3H), 1.39 (s, 3H).

233 5-{(38)-2-(2- 'HNMR (400MHz, CDCL) 8 | LC-MS
cyclopropyl-2- 8.80 (t, J=1.9Hz, 2H), 791 (t. | (Method
methylpropanoyl)-1.2- J=1.9Hz TH),5.51(dd, J=§8, | Aym/z=
oxazolidin-3- N ° , O\ | 7.0 Hz, 1H), 434 (dt, J=2.8. 7.8 | 2863
ilpyridine-3- N Hz. 1H). 3.99 (ddd, /=102, 82, | [M+H]",
carbonitrile Ry 6.5 Hz, 1H), 3.01-2.89 (m, 1H), | 0.96 mmn.

2.38-2.25 (m, 1H), 1.41-1.32
(m, THD, 1.17 (s, 3H), 112 (s,
3H), 0.49-0.31 (m, 4H).

-
»]
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236 (39)-2-(2,2- . 'HNMR (400MHz, CDC1y) & LC-MS
difluorocyclopropaneca F 7.36-7.29 (m, 2H), 7.08-7.0 1 (Method
rbonyl)-3-(4- (m, 2H), 5.45 (dd, J=8.7. 6.1 A): miz=
fluorophenyl)-l ,2- Hz, 18), 4.33 (dt, /=3.3. 7.9 Hz, | 272.0
oxazolidine IH), 3.99-3.90 (m, tH), 3.11- [M+Hf,

297 (m, 1H), 2.87 (dddd, 0.96 min.
Diasterecisomer 1 J=12.2, 89, 6.8, 3.1Hz, IH),
DIASTEREOI SOMER | 2.38 (dddd, 3--12.4, 9.5, 7.8, 6.0
Hz, IH), 2 16 (dtd, 3=12.6, 8.0,
5.9Hz, 1H), 1.78-1 .66 (m, iH).

237 (39)-2-(2,2- . ‘HNMR (400MHz, CDC1;)s; | LC-MS
difluorocyclopropaneca F/L\, 7.34-7.26 (m, 2H), 7.09-7.00 (Method
rbonyl)-3-(4- Y (m, 2H), 5.47-5.36 (m, 1H), A): miz=
fluorophenyl)- 1,2- 4.31idt. /=36, 7.7 Hz, IH), 272.3
oxazolidine 3.98 (q. /=8.1 F.. IH), 3.03 (br. | [M+Hf,

s, IH), 2.93-2.82 (m, iH), 0.97 min.
Diasterecisomer 2 AT ERBOISOM ER 2 245-2.33 (m, IH), 2.21-2.09
(rn, 1H), 1.76- 1.64 (m, 111)

238 4-[(3S)-2-(cubane-| - "H NMR_ (300 MHz, CDL0D) & | LC-MS
carbonyl)-I,2- @ 7.69 (d, 7 =8.4Hz 2H), 7.48 (Method
oxazolidin-3- ) (d,J =84 Hz 2H), 5.44-5 .32 E): m/z =
yljbenzonitrile \ (m, IH), 431420 (m, 4H), | 3051

4,05 383 (m, 5H), 3.04-291 | [M+H]*,
(m, 1H), 2.32-2. 17 (m, 1H). 2.902
min.

239 3-[(35)-2-(3,3-difluoro- ¢ 'H'NMR (400 MHz, CD,0D) 5 | LC-MS
2,2- F«—%L 7.64-758 (m, 3H), 7.58-7.52 (Method
dimethylpropanoyl)- OA‘N..‘-C (m, IH), 6.38 (i. ./ = 57.2 Hz, E): m/z =
|,2-oxazolidin-3- ; 1H), 5.45-5 .38 (m. |H), 441 | 295.1
yljbenzomtrile 4.36 (m, IH), 4.04- 3.98 (m, [M+Hf,

IH), 2.98-2.94 (m, IH), 2.34-. | 2991
226 (m, IH), 134 (s, 3H), 1.33 | min.

(s, 3b».

b3
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240 5-[(38)-2-{1- . F 'HNMR (400MHz, CDCLY & | LC-MS
{trifluoromethyljcyclop £ 8.83 (d, /=1.8 Hz, 1H), 8.79 (d, | (Method
ropanecarbonyl}-1,2- % J=23Hz 1H), 7.88 (1. J=2.1 Ay m/z=
oxazolidin-3- ™~ ° ~O | Hz. 1H), 5.49 (dd, /=8 8, 6.5 3122
vijpyridine-3- NP Hz, 1H), 438 (dt, J=2.9, 8.0 Hz, | [M+H]",
carbonitrile U/L\) 1H), 4.03 (ddd, /=9.7,8.4,65 | 0.85 min.

Hz, 1F), 2.99 (dddd, J=12.3,
9.2,6.5, 2.9 Hz, 1H), 2.47-2.32
(m, 1H), 1.47-1.20 (m, 4H).

241 3-[(38)-2-(3.3,3- . F "HNMR (400MHz, CDCL) & | LOC-MS
trifluoro-2,2- . 8.83 (d, J=2.0 Hz, 1H). 8.79 (d, | (Method
dimethvipropanovi)- % J=23Hz. 1H). 7.88 {t, J=2.1 Ay miz=
1,2-oxazolidin-3- Ne © O Hz, 1H), 5.49 (dd, J=8.8, 7.3 3142
Vlpyridine-3- N Hz, TH), 4.40 (dt, J=2.4, 8.0 Hz, | [M+H],
carbonitrile \\L:j 1H), 3.99 (ddd, /=102.83,63 | 094 min.

Hz, 1H), 3.03-2.90 (m, 1H),
2.36 (tdd, J=7 4, 12.5, 10.2 Hz,
1H), 1.58 (s, 3H), 1.57 (s, 3H).

242 5-1(38)-2- "H NMR (400MHz, CDCL) LC-MS
(tricvclopropylacetyl)- & 8.80 (s, 2HD, 791 (t, J=19 {(Method
1,2-oxazolidin-3- Hz, 1H), 5.55(dd, /=88, 7.1 B): m/z =
vijpyndine-3- O N0 | Hz, 1H), 431 (dt, J=18, 79 Hz, | 3383
carbonitrile NS P | 1H), 3.97 (ddd, /=10.4. 8.1, 63 | [M+H],

~ Hz, 1H), 2.98-2.88 (m, 1H), 1.11 min.
N

2.28 (tdd, J=7.5. 12.0, 10.4 Hz,
1H), 0.86 (it /=8.5, 5.7 Hz,
3H), 0.69-0.62 (m, 6H), 0.46-
0.36 (m, 6H).

b
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243 5-](38)-2-{4,4-difleoro- £ "H NMR (400MHz, DMSO- LC-MS
2.2-dimethylbutanoyl)- i d6yd 894 (d, =20 Hz, 1H), {(Method
1.2-oxazolidin-3- 8.77 (d, /=2.0 Hz, 1H), 8.16 (t. Ay nvz=
vijpyndine-3- 0=\ o |21 Hz 1H). 6.13 (tt, /=565, | 3102
carbonitrile " ’ 5.03 Hz, 1H). 5.43-3.34 (m, [MAH],

~ iH), 4.36 (dt, /=26, 7.7 Hz, 0.90 min.
S iH}, 3.95 (ddd, /=9.7,8.2, 6.0
Hz, 1H), 2.92 (dddd, J=12.1,
9.0,6.1,29Hz, 1H), 2.36-2.20
{m, 3H), 1.28 (s, 3H), 1.26 (s,
3H}.

244 5-[(38)-2-(3-
cyclopropyl-3,3- .
diftuoro-2.2- F\é
dimethylpropanovi)- o N~—0C

. N
i ;?orgzzjgiiijn-} W
yvlipyriding-3-
carbonitrile "

245 5-1(38)-2-(2- £
{difluoromethyl)-2- F
methytbutanoyi)-1,2- o -
oxazolidin-3- M
vifpyridine-3- \(\j”’l\)
carbonttrile N/

246 5-1(383-2-(3,3,3- F

trifluoro-2-
methylpropanoyh-1.2-
oxazolidin-3-
vijpyridine-3-

carbonitrile

-
(¥, }
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Comp.
No.

Name

Structure

¥ NMR

M+H*
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5-[(39)-2-(2,2-
dicyclopropyl-5,5-
difluoropentanovl)- 1,2-
oxazolidin-3-
yl]pyridine-3-

carbonitrile

Further details for the separation of the compounds described herein are asfollows:

RT RT Flow rate/ Flow rate /
Nao. first second e.e. column column Solvent Comment
eloting” | cluting® preparative analytical
second eluting
Int I mL/min/ ‘ enantiomer is
4.6 140 90.6 ‘ as described ‘ '
28 as described major enantiomer
47953
i mL/min/ .
. , only first ehiting
) ISmb/min/ | as described, S ( .
2 6.4 139 976 . as described enantiomer is
as described | column (25 x ‘
described
0.46 cm}
i ml/min/ ‘
. ‘ only first chiting
» ) I8 mb/fmwin/ | asdescribed, ‘ ‘ .
23 6.0 7.6 160 . 3 as described enantiomer is
as described | column (25 x .
_ _ described
0.46 cmj
61 100 . .
6 mL/min / I mL/min / .
and 50 6.9 and A . as described
i as described | as described
62 100
. . {Only second
18 mb/min / I ml/min / . . A
61 50 7.1 160 . ‘ as described cluting enantiomer
as described | as described ( ‘
is described
73 100 ‘ o
18 mb/min / i mi/min/ ‘
and 4.7 6.3 and . ‘ as described
) as described as described
74 100

b
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RT RT Fiow rate/ Flow rate/
No. first second ee. column column Solvent Comment
eluting® | euting* preparative analytical
18 mi/min / ImL/min/
n-hexane/
Whelk 0-1 Whelk O-I
(EtOH/MeOH
30 7.7 100 | (RR) (25 x (RR) (25 x
1
2.0 cm) 10 0.46 cm) 10 )
30/70% viv
mM mM
18 mL/min/ ImL/min/
n-hexane/
Whelk O-I Whelk O-l
(EtOH/MeOH
31 38 100 | (RR) (25 x (R,R) (25 x
11
2.0cm) 10 0.46 cm) 10 )
30/70% viv
mM mM
£& mL/min/ _
o ImL/min/
Chiraipak o n-hexane/
Chiraipak AD-
35 10.1 100 AD-H (25 x EtOH
H (25 x 0.46
20cm) 5 50/50% viv
cm) 5mM
mM
14 mL/min / _
o ImL/min/
Chiraipak o n-hexane/
Chiraipak AD-
36 5.8 100 | AD-H (25 x EtOH
H (25 x 0.46
20cm) 5 50/50% viv
cm) 5mM
mM
17 mL/min/
o ImL/min/
Chiraipak o n-hexane/
Chiraipak AD-
40 12.0 100 i AD-H (25 x EtOH
H (25 x 0.46
20cm) 5 75/25% viv
cm) 5mM
mM
17 mL/min/ _
o ImL/min/
Chiraipak o n-hexane/
Chiraipak AD-
41 17.0 100 { AD-H (25x EtOH
H (25 x 0.46
20cm) 5 75/25% viv
cm) 5mM
mM
18mL/min/ ImL/min/
o o n-hexane/
Chiraipak IC | Chiraipak IC
45 8.1 100 EtOH
(25 x 20cm) | (25 x 0.46 cm)
50/50% viv
5mM 5mM

b3
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RT RT Fiow rate / Flow rate /
Ne. first second ee. column column Solvent Comment
eluting®* | euting* preparative analytical
18 mi/min / ImL/min/
_ _ n-hexane/
Chiralpak IC | Chirapak IC
46 5.0 100 EtOH
(25 x 20cm) | (25 x 0.46 cm)
50/50% viv
5mM 5mM
18 mL/min / ImL/min/
_ _ n-hexane/
Chiralpak IC | Chiralpak IC
47 6.1 100 EtOH
(25 x 2.0cm) | (25 x 0.46 cm)
80/20% viv
5mM 5mM
IS mL/min/ ImL/min/
_ _ n-hexane/
Chiralpak §C | Chirapak IC
48 4.7 100 EtOH
(25 x2.0cm) | (25 x 0.46 cm)
80/20% viv
5mM 5mM
45mL/min/ { 25 mL/min/
Chiralpak IC { Chiralpak IC 2-propanol
50 9.8 100 P P i
(25 x2.0cm) | (25 x 0.46 cm) 4% SFC
5mM 5mM
45mL/min/ { 25 mL/min/
Chiralpak IC | Chiralpak IC 2-propanol
31 6.0 100
(25 x2.0cm) | (25 x 0.46 cm) 4% SFC
5mM 5mM
Separated by
column
chromatography
52
(Cyclohexane-
EtOAcCc, 955 to
50:50)
Separated by
column
chromatography
53
(Cyclohexane-
EtOAcCc, 955 to
50:50)

b
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RT RT Fiow rate / Flow rate /
No. first second ee. column column Solvent Comment
euting* | euting* preparative analytical
40 mE/min / ImL/min/
Whelk 0-1 Whelk O-l n-hexane/
59 15.7 100 | (RR) (25 x (R,R) (25 x EtOH
3.0 cm) 1 0.46 cm) 10 40/60% viv
mM mM
40 mL/min / ImL/min/
Whelk Ol Whelk O-l n-hexane/
60 6.7 100 (R,R) (25 x (R,R) (25 x EtOH
3.0cm) 10 0.46 cm) i0 40/60% viv
mM mM
18 mL/min /
ImL/min/
Chiraipak o n-hexane/
Chiraipak QJF
64 8.1 100 OJH (25 x EtOH
H (25 x 0.46
20cm) 5 70/30% viv
cm) 5mM
mM
18mL/min /
ImL/min/
Chiraipak n-hexane/
Chiraipak (3-
63 4.8 100 OJH (25 x EtOH
H (25 < 0.46
20cm) 5 70/30% viv
cm) 5mM
mM
18 mL/min /
o ImL/min /
Chiraipak n-hexane/
Chiraipak AD-
63 6.8 97 AD-H (25 x EtOH
H (25 x 0.46
20cm) 5 82/18% v/v
cm) 5mM
mM
18 mL/min /
ImL/min/
Chiraipak o n-hexane/
Chiraipak AD-
66 5.8 100 { AD-H (25x EtOH
H (25 x 0.46
20cm) 5 82/18% viv
cm) 5mM
mM

b
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RT RT Fiow rate / Flow rate /
Mo, first second ee. column column Solvent Comment
eluting®* | euting* preparative analytical
40 mE./muin / ImL/min /
Whelk 0-1 Whelk O- n-hexane/
67 8.8 100 (R,R) (25X (RR) (25X EtOH
3.0cm) 10 0.46 cm) 10 65/35% Vv/v
mM mM
40 mL/min / ImL/min /
Whelk O- Whelk O-l n-hexane/
68 55 100 (R,R) (25 x (R,R) (25 x EtOH
3.0cm) 10 0.46 cm) 10 65/35% v/v
mM mM

J—
L

*Enantiomer or Diastereomer

INVITRO ASSAY 1

RECEPTOR INTERACTING PROTEIN KINASE 1INHIBITION BY COMPOUNDS OF STRUCTURE (1)

Compound potency at receptor interacting protein kinase 1and selectivity a receptor interacting

protein kinase 2 and receptor interacting protem kinase 3 was determined in autophosphorylation mode,

using an ADP-Glo luminescence assay, which measures the conversion of ATP to ADP.

GST-hRIPKI (8-327) enzyme was generated by Proteros GmbH by Baculovirus expression
system. GST-hRIPK2 (1-299) and GST-hRIPK3 (1-518) enzymes were purchased from SignaiChem.

Test compounds were diluted in DMSO and 0.1k, of solution was dispensed to each well of a
384-well white solid microplates. The assay buffer was 50mM HEPES pH 7.5, 50mM NaCl, 30mM
MgCl, . The buffer was supplemented with 0.02% CHAPS. 0.01% of Piuronic F127, o.Img/mL BSA and

ImM DTT. Only for receptor interacting protein kinase 15mM MnC12, was included in the assay buffer

on the day of the experiment. The enzymatic reaction consisted of 1.5pg/mL GST-hRIPKI (8-327) and
50uM ATP for receptor interacting protein kinase 1, O*"g/mL  GST-hRIPK2 (1-299) and 150uM ATP,

G4itg/mL GST-hRIPK3 (1-518) and 15uM ATP. 5ul of enzyme and 5ui. of ATP were added to the

plate a twice the final assay concentration and incubated at room temperature for 3 hours. Following this

reaction, | oul. of ADP-Glo reagent (Promega) was added to each well and incubated for 40 minutes at

room temperature. This stops the kinase reaction and depletes any remaining ATP. 20 i:L. of ADP-Glo

detection reagent was then added to each well and incubated a room temperature for at least 15minutes.

The detection reagent converts ADP to ATP and introduces luciferase and luciferin to detect ATP. The

luminescence isthen measured with the Envision (PerkinElmer) plate reader. Test compound inhibition

was expressed as percent inhibition of internal assay controls. For concentration response curves,

normalized data is fit and plCso determined using XL-fit (IDBS) for Excel. The plCso were averaged to

determine amean value, for aminimum of two independent experiments.
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Fluorescent Polarization Binding (FP Binding) assay (Berger S.B. et al. (2815) Cell Death
Discovery, 1: 15009; Maki J.L. et a. (2012) Anal Biochem., 427(2): 164-174) was performed in
polystyrene low volume 384-well black plate, at Room Temperature (RT) in afinal volume of 10.1
pl/well using 10 &M of GST-hRIPKI (8-327) enzyme and 5 nM of fluorescent-labeled iigand (14-(2-{[3-
({ 2-{[4~(cyanomethyl)phenyl]aniino} -6-[ (5-cyclopropyl-IH-pyrazo  i-3-yhamino]-d-pyrimidinyi }amino)
propylamine }-2-oxoethyl)- 16,16, 18,18-tetramethyl-6,7,7a,8a,9, 10,16, 18-octahydrobenzo
[2",3"]indolizino[8",7":5',6 pyrano  [3',2":3,41pyrido[l,2-a]lindol-5-him-2  -sulfonate.

Test compounds were serially diluted in DMSO at 100 fold final concentrations in the assay (1%
DMSO final). In each well of a 384-weil Plate were dispensed 0.1 pl. of compound solution (or DM SO
for controls) followed by 5 fiL of GST-hRTPKI (8-327) & twice the final concentrations in assay
buffer (50 niM HEPES pH 7.5, 10 mM NaCl, 50 mM MgCl ,, 0.02% CHAPS, 0.5 mM DTT and 0.01%
Pluronic F127). For negative control the enzyme addition was replaced by assay buffer only.

After addition of 5 i of fluorescent-labeled ligand at twice the final concentrations in assay
buffer, the plate was incubated a RT for 30 min. At the end, the binding was measured as FP value with
the Envision (PerkinElmer) plate reader using filter for an excitation A = 531 nm FP and an emission A =
595 nin FP (S & P-poal).

Certain compounds were tested in the following. Compound potency at receptor interacting
protein kinase 1and selectivity at receptor interacting protein kinase 2 and receptor interacting protein
kinase 3was determined in autophosphorylation mode, using an ADP-Glo luminescence assay (Berger
S.B. et a. (2015) Cell Death Discovery, 1: 15009), which measures the conversion of ATP to ADP.

GST-hRIPKI (8-327) enzyme was generated by Proteros GmbH by Bacuiovirus expression
system.

Test compounds were diluted in DMSO and 0.1 pi. of solution was dispensed to each well of a
384-well white solid microplate. The assay buffer was 50 mM HEPES pH 7.5, 50 mM NaCl, 30 mM
MgC12 . The buffer was supplemented with 0.02% CHAPS, 0.01% of Pluronic FI27, 0.1 mg/mL BSA
and 1mM DTT. Only for receptor interacting protein kinase 15 mM MnC12, was included in the assay
buffer on the day of the experiment. The enzymatic reaction comprised 1.5 ug/mL GST-hRTPKI (8-327)
and 50 uM ATP for receptor interacting protein kinase 1and 15 uM ATP. 5 pL of enzyme and 5 pL of
ATP were added to the plate a twice the final assay concentration and incubated at room temperature for
3 hours. Following this reaction, 10 pf. of ADP-Glo reagent (Promega) was added to each well and
incubated for 40 minutes a room temperature. This stops the kinase reaction and depletes any remaining
ATP. 20 pi. of ADP-Glo detection reagent was then added to each well and incubated at room
temperature for at least 15 minutes. The detection reagent converts ADP to ATP and introduces
iuciferase and luciferin to detect ATP. The luminescence isthen measured with the Envision
(PerkinElmer) plate reader. Test compound inhibition was expressed as percent inhibition of internal
assay controls. For concentration response curves, normalized data isfit and 1Cso determined using XL-
fit (IDBS) for Excel. The ICs, were averaged to determine amean value, for aminimum of two

independent experiments.
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Test compound inhibition was expressed as percent inhibition of internal assay controls. For

concentration response curves, normalized datais fit and |1 C,, determined using XL-fit (IDBS) for

Excel. I1C, were averaged to determine amean value, for aminimum of two independent experiments.

Receptor interacting protein kinase 1activity of exemplarv' compounds was determined

according to the above general procedures. Results are summarized in Table 2.

Table 2
No | ADPICs | FPIC, No | ADPICy | FPIC, No | ADPICs | FPICs,
i ot e 35 it 65 +
2 Aotk -+ 36 b 66 b
3 +++ 37 +++ 57 ++
4 it A 38 bt 68 Foteed
5 SR 39 Foid 69 ++ bt
6 ++ 40 4+ 70 -+ +4+
7 ++ 41 +++ 71 +++ +++
8 ot 4+ 42 + 72 tot 4+
G 43 + 73 ot 4+
iy + 44 ++ 74 n
i1 ++ 45 4 75 +t
12 +t ot 46 Foid 76 ++
13 ++ 47 4+ 77 -+ +4+
14 + 48 + 78 +++ +++
15 + 49 it 79 tot 4+
16 Aotk A+ 50 b 30 ot 4+
17 +++ -+ 531 ++ 31 F++ 4+
I8 it A 52 82 ++
19 +t ot 33 o &3 ++
20 +++ -+ 54 4+ &4 +
Z1 ++ 55 -+ 83 +
22 +t 56 it 87 tot 4+
23 Aotk A+ 57 b 33 ot 4+
28 +++ 38 +++ g9 4+
29 et 39 90 -4
30 e 60 ot 91 foi
31 -+ 61 -+ 92 +++
32 -+ 62 ++ 93 ++
33 o 63 -t 94 it
34 bt 64 bt 4+ 95 b
222
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No ADP ICso FP ICso No ADP ICso FP ICso No ADP ICso FP ICso
96 4-4-4- 132 +++ 168 +++
97 +++ 444 133 +++ 169 +++
98 444- 134 +++ 170 +++
99 44-4- 135 +++ 171 +++
100 4-4-4- 136 ++ 172 +++
101 +bet +4-4- 137 4-4- 173 +++
102 +++ 138 +++ 174 +++
103 +++ 139 +++ 175 +++
104 +++ 140 +++ 176 +++
105 +++ 141 +++ 177 +++
106 4-4-4- +++ 142 +++ 178 +++
107 +++ 143 +++ 179 +++
108 44-4- +++ 144 +++ 180 +++
109 +++ 145 +++ 181 +++
110 +++ 146 +++ 182 +++
11 ++ 147 +++ 183 +++
112 +++ 148 +++ 184 +++
113 +++ 149 ++ 185 ++
114 +++ 150 +++ 186 ++
115 +++ 151 +++ 187 +++
116 +++ 152 +++ 188 +++
117 +++ 153 +++ 189 +++
118 N/A 154 +++ 190 +++
119 N/A 155 +++ 191 +++
120 +++ 156 ++ 192 +++
121 +++ 157 ++ 193 +++
122 +++ 158 +++ 194 +4-
123 ++ 159 +++ 195 +++
124 +++ 160 ++ 196 +++
125 +++ 161 +++ 198 +++
126 +++ 162 +++ 200 +++
127 +++ 163 +++ 202 +++
128 +++ 164 +++ 203 +++
129 +++ 165 +++ 204 +++
130 +++ 166 ++ 205 +++
131 +++ 167 +++ 206 ++

223
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No | ADP ICso | FPICso No | ADP ICy i FPICy No | ADPIC:, | FPIC,,
207 +++ 217 4+ 228 +4+
208 4-4-4- 218 +++ 229 +++
209 44-4- 219 +4-4- 230 444
210 4-4- 220 4-4+ 231 2-4-4-
211 4-4-4- 221 +++ 232 +++
212 4-4-4- 222 4-4-4 233 444
213 44-4- 223 4-4-4 236 444
214 4-4-4- 225 ++ 237 -+
215 444 226 -+ 238 -+
216 4-4- 227 A+ 239 4-4-4-

44-4- indicates 1Cg, less than 1uM

4-4- indicates 1Cg, from 1pM to 10 uM

4 indicates 1C, greater than 10 pM

Receptor interacting protein kinase 1activity of certain compounds was determined according to

the above general procedures. These results in nM are summarized in Table 3.

Table 3
No | FPICq (nb) No | FPICs(nM) No | FPICs(nM)
61 28 171 T 198 51
88 16 193 5 200 9
101 & 195 10 221 70
109 7 196 9 242 3

Although various embodiments of the disclosure are disclosed herein, many adaptations and

modifications may be made within tlie scope of the disclosure in accordance with tlie common general

knowledge of those skilled in this art. Such modifications include the substitution of known equivaents
for any aspect of the disclosure in order to achieve the same result in substantially the same way.
Numeric ranges are inclusive of the numbers defining the range. The word ™comprising” isused herein
as an open-ended term, substantially equivalent to the phrase "including, but not limited to" and the word
“'comprises " has a corresponding meaning. Asused herein, the singular forms “'a", "an" and "the"
include plura referents unless the context clearly dictates otherwise. Thus, for example, reference to "a
thing" includes more than one such thing. Citation of references herein isnot an admission that such
references are prior art to the present disclosure. Any priority document(s) and all publications, including
but not limited to patents and patent applications, cited in this specification are incoiporated herein by
reference asif each individual publication were specifically and individualy indicated to be incorporated
by reference herein and asthough fully set forth herein. The disclosure includes all embodiments and

variations substantially ashereinbefore described and with reference to the examples and drawings.
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CLAIMS

1. A method for inhibiting receptor interacting protein kinase lin acell, comprising
contacting the cell with areceptor interacting protein kinase linhibitor.

2. A method for screening acompound for receptor interacting protein kinase linhibitory
activity in acell, comprising contacting the cell with a compound and measuring the cellular conversion
of ATP to ADP.

3. The method of claim 2, which the measuring is a colorimetric assay, a fluorescence
assay, or aluminometric assay.

4. A compound having the following structure (Xa):

R?A*N»G R3
RZ/L\ R
R (Xay

or a pharmaceutically acceptable salt, prodrug, sterecisomer or amixture Of sterecisomers
thereof, wherein:

A i -CL=()i S0 -S(=0) 2 O -SI=0))(=NH -

R'is-NR'RS, Ci-6 alkyl, ca.6 alkoxy, C,. Cycloalkyl, heterocyclyl or heteroaryl;

R?isaryl or heteroaryl;

R’is hydrogen, deuterium, {;~ akyl or ¢z cycloakyl;

R* ishydrogen or deuterium:;

R4ishydrogen, halo. Cy; alkyl or ca.,, cycloakyl;

R5and R6are each independently H, C,¢alkyl, Cs.iocycloalkyl, aryl, heteroaryl or heterocyclyl,

wherein each Cys akyl, Cs;% akoxy, c3-C, cycloalkyl, heterocyclyl, heteroar}! and aryl group of
R R2, R*, R",R*, R’ and R®is optionally substituted with one, two or three R'o;

R in each instance isindependently deuterium, halo, hydroxy, cyano, ml.ro. (I 4 akyl, V.
akoxy, C,s akenyl, C,s akynyl, caiocycloakyl, heterocyclyl, aryl, heteroaryl, -C(=0)R o
CEOORY, ({=IINRIRY, -S(=R', -S(=(0SR", NRURY, A RICE=OR or
-NR!!C(==0)0R*};

wherein the C, 4 akyl, C;; alkoxy, C,¢ akenyl, C,gakynyl, C54cycloakyl,
heterocyclyl, aryl and heteroaryl of R' are optionally substituted with one, two or three
substituents independently  selected from halo, hydroxy, cyano, amino, nitro, Cy. akyl, C-.¢
alkoxy, Cj. haloalkoxy, c2-6akenyl, c2-6 akynyl, Cs1,cycloalkyl, heterocyclyl, aryl or
heteroaryl; and

R'"in each instance isindependently hydrogen, Ci- alkyl, c3-,cycloalkyl, heterocyclyl,
heteroaryl or aryl;

wherein the c 3, cycloalkyl, heterocyclyl, heteroaryl or aryl of R is optionally-
substituted with one, two or three Cj_4 akyl;

provided the compound is not ethyl 3-phenylisoxazolidine-2-carboxylate, benzyl 3-(4-amino-2-

oxopyrimidin-1(2H)-yl)isoxazolidine-2-carboxylate, 2-(methylsulfonyl)-3-phenyl-isoxazolidine, tert-

RIAS
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butyl 5-benzyl-3-phenylisoxazolidine-2-carboxylate, tert-butyl 5-(napb.thalen-2-ylmethyi)-3-
phenylisoxazolidine-2-carboxylate, tert-butyl 5-([I ,1'-bipheny]]-4-ylmethyl)-3-phenylisoxazolidine-2-
carboxylate or 2,2-dimethyl-I-(3-phenylisoxazolidin-2-yl)butan-I-one or 2,2-dimethyl-|-(3-

phenylisoxazolidin-2-yl)but-3-en-1-one.

5. The compound of claim 4, wherein R is optionally substituted Cy.; alkyl, ¢ s+ akoxy, C,
w cycloalkyl or heterocyclyi .

6. The compound of claim 4, wherein R is optionally substituted ci_, alkyl.

7. The compound of claim 5or 6, wherein R’ is substituted with at least one substituent

selected from deuterium, hydroxy, halo, C,« aikyl. C;+ haloalkyl, C,~ alkoxy, (. haloakoxy, cyano,
Cs,,cycloalkyl, heterocyclyi and heteroaryl,
wherein the heterocyclyi or heteroaryl isoptionally substituted with one, two or three {;~ akyl.
8. The compound of claim 6, wherein R' is substituted with at least one substituent selected

from hydroxy, halo, Ci haloakyl, c:_g akoxy, C; haloalkoxy and cyano.

9. The compound of claim 4, wherein R’ is optionally substituted Cs4 alkoxy.
10. The compound of claim 9, wherein R' ist-butoxy.
1. The compound of claim 4, wherein R' is-NR “R6 and at least one of RS or Réis

optionally substituted Ci_s aikyl or optionally substituted aryl.

12. The compound of claim 11, wherein R' is dimethylamino, t-butylamino or phenylamino.

13. The compound of claim 4, wherein R' is optionally substituted cs10 cycloalkyl.

14. The compound of claim 13, wherein the C;_;; cycloalkyl is substituted with at least one
substituent selected from hydroxy, halo, cyano, C;¢ alkoxy, C,,haloalkoxy, C aikyl, C; haloalkyl, Ci_
 hydroxy alkyl and ci_, akoxyalkyl.

I5. The compound of claim 13, wherein ca. ;¢ cycloakyl is cyclopropyl, cyclobutyl, or
bicycle [1.1.1jpentyl .

16. The compound of claim 4, wherein R is optionally substituted heterocyclyi or optionally
substituted heteroaryl.

17. The compound of claim 16, wherein R' is oxetanyl, pyrrolidinyl, tetrahydropyranyl or
azetidinyl.

18. The compound of claim 16, wherein R! is pyrroiyi, pyrazoiopyndinyl or
benzoisoxazolyl.

19. The compound asin one of claims 16-18, wherein R' isoptionally substituted with a C;+

alkyl, cyano or both.

20. The compound asin one of claims 4-19, wherein R2isaryl.

21. The compound of claim 20, wherein R” is phenyl.

22, The compound asin one of claims 4-19, wherein R2is heteroaryl.

23. The compound of claim 22, wherein R? is pyridinyl.

24. The compound asin one of claims 20-23, wherein R?is unsubstituted.
25. The compound asin one of claims 20-23, wherein R2is substituted.
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26. The compound of claim 25, wherein R’ is substituted with one or more halo.

27. A compound selected from Table 1A, Table 1B, or Table 1C, or a pharmaceutically
acceptable salt, prodrug, stereoisomer or a mixture of stereoisomers thereof.

28. A composition comprising a pharmaceutically acceptable carrier and acompound asin
one of claims 4-27.

29. A method for treating a necrotic cell disease, the method comprising administering an
effective amount of the composition of claim 28to a subject in need thereof.

30. The method of claim 29, wherein the necrotic cell disease istrauma, ischemia, stroke,
cardiac infarction, infection, Gaucher's disease, Krabbe disease, sepsis, Parkinson's disease, Alzheimer's
disease, amyotrophic lateral sclerosis, Huntington's disease, HIV-associated dementia, retinal
degenerative disease, glaucoma, age-related macular degeneration, rheumatoid arthritis, psoriasis,
psoriatic arthritis or inflammatory bowel disease.

3L A method for treating an inflammatory disorder, the method comprising administering an
effective amount of the composition of claim 29to a subject in need thereof.

32. The method of claim 31, wherein the inflammatory' disorder is inflammatory' bowel
disease.

33. The method of claim 32, wherein the inflammatory disorder is Crohn’s disease or
ulcerative colitis.

34, A compound asin one of claims 4-27 for use in therapy.

35. A compound asin one of claims 4-27 for use in the treatment of anecrotic cell disease or
an inflammatory disease.

36. Use of acompound asin one of claims 4-27 for the manufacture of a medicament for
treating a necrotic cell disease or an inflammatory disease.

37. A method of preparing a compound of structure (Xa) of claim 4, comprising coupling a

compound of formula (A -2):

HN-CQ RS
sz\{>< R¥
RY  (A-2)
with a compound of formula (B-2):
R L6 (B-2)

under conditions to provide the compound of structure (Xa), wherein A, R', R*, R5 R¥, and R*

are asdefined in claim 4 and LG isaleaving group.
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