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PIPERIDINE-DIONE DERIVATIVES
FIELD OF THE INVENTION

The present invention relates to organic compounds useful for therapy and/or

prophylaxis in a mammal, and in particular to the inhibition of useful for treating cancer.

Many tumors exhibit altered metabolic characteristics relative to normal,
non-transformed tissues (Ward, P. S. et al. Cancer Cell 2012, 21,297, Vander Heiden, M. G. Nature
Rev. Drug Discov. 2011, 10, 671. Zhao, Y. et al. Frontiers in Bioscience 2011, 16, 1844, Kaelin, W.
G., Jr. et al. Nature 2010, 465, 562. Tennant, D. A, et al. Nature Rev. Cancer 2010, 10, 267). One
example of such altered metabolism is related to the utilization of glucose. Many tumors increase the
rate of glucose uptake relative to normal cells and metabolize this nutrient primarily via glycolysis as
opposed to the more energy-efficient but oxygen-dependent mitochondrial oxidative
phosphorylation process (Vander Heiden, M. G. et al. Science 2009, 324, 1029. Hsu, P. P. et al. Cell
2008, 134, 703). In contrast to normal tissues which typically employ glycolysis only when oxygen
supplies limit oxidative phosphorylation (e.g., strenuously working muscle), such glycolytic glucose
consumption occurs in cancer cells even in the presence of abundant oxygen levels (Vander Heiden,
M. G. et al. Science 2009, 324, 1029, Hsu, P. P. et al. Cell 2008, 134, 703). Originally described by
Warburg, (Warburg, O. Science 1956, 123, 309. Bensinger, S. J. et al. Semin. Cell Dev. Biol. 2012,
doi:10.1016/j.semcdb.2012.02.003. Koppenol, W. H. etal. C. V. Nature Rev. Cancer 2011, 11, 325)
this “aerobic glycolysis” phenotype is currently viewed as an attractive differentiator between
tumors and healthy tissues that can potentially be exploited for the development of new anti-cancer
agents (Hamanaka, R. B. et al. J. Exp. Med. 2012, 209, 211. Jones, N. P. et al. Drug Discov. Today
2011, 17, 232. Pelicano, H. et al. Oncogene, 2006, 25, 4633).

Lactate dehydrogenase A (LDHA; also known as LDH-M and LDH-5) is a
homotetrameric enzyme which catalyzes the cytosolic conversion of pyruvate to lactate in the final
step of glycolysis (Granchi, C. et al. Curr. Med. Chem. 2010, 17, 672. Salaway, J. G. Metabolism at
a Glance, 3 Ed.; Blackwell Publishing: Malden, 2004, ppl0-25. LDHA and B are each
homotetramers comprised of M and H subunits, respectively. LDH heterotetramers containing both
M and H subunits are also known). This process involves a stereospecific hydride transfer from the
reduced form of the associated nicotinamide adenine dinucleotide co-factor (NADH) to the pyruvate
ketone moiety. An alternate lactate dehydrogenase isoform (LDHB; also known as LDH-H and
LLDH-1) can also effect this transformation although it preferentially catalyzes the reverse reaction in
which lactate is converted to pyruvate. LDHA is a HIF1a and Myc target gene induced by hypoxia or
mutations in VHL, FH, SDH, or the RAS/PI3K/ATK signaling pathways, and elevated LDHA levels
are prevalent and associated with poor survival in many cancer indications (Kolev, Y. et al. Ann.

Surg. Oncol. 2008, 15, 2336. Koukourakis, M. L. et al. J. Clin. Oncol. 2006, 24, 4301. Koukourakis,
1.



10

15

20

WO 2015/140133 PCT/EP2015/055495

M. I etal. Br. J. Cancer 2003, 89, 877). These observations suggest that LDHA may be an important
contributor to the metabolic alterations required for the growth and proliferation of certain tumors.
Indeed, shRNA-mediated LDHA knock-down in glycolytic cancer cell lines results in significant
inhibition of tumor growth (Seth, P. et al. Neoplasia 2011 13, 60. Qing, G. et al. Cancer Res. 2010,
70, 10351, Fantin, V. R. et al. Cancer Cell 2006, 9, 425) Consistent with the function of LDHA in
glycolysis, this growth reduction is more pronounced under hypoxic conditions where cells rely
primarily on glycolytic energy production for survival. Similarly, an LDHA inhibitor (FX-11, Le, A
et al. Natl. Acad. Sci. 2010, 107, 2037) exhibited in vivo activity against glycolytically dependent
tumor xenograft models, although specific inhibition of the LDHA enzyme by this compound was
not confirmed in recent experiments by others (Ward, R. A. et al. J. Med. Chem. 2012, 55, 3285).
Importantly, humans who lack LDHA through hereditary deficiency display mild phenotypes
suggesting that inhibition of the enzyme will not lead to significant intolerable side-effects.12
Collectively, these data implicate LDHA as an attractive target for the development of new

anti-cancer agents for use against hypoxic and/or highly glycolytic tumors.

LLDHA inhibitors have been reported in the literature (Le, A. et al. Proc. Natl. Acad. Sci.
2010, 107,2037. Ward, R. A. et al. J. Med. Chem. 2012, 55, 3285. Granchi, C. et al. J. Med. Chem.
2011, 54, 1599). Some of these molecules were recently described to exhibit ambiguous and/or weak
LLDHA associations suggesting that the enzyme’s biochemical activity may be susceptible to

non-specific inhibition effects.

SUMMARY OF THE INVENTION

In one aspect the invention relates to compounds of Formula (I):

RS

and stereoisomers, geometric isomers, tautomers, and pharmaceutically acceptable salts

thereof,
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wherein AL, A%, A%, A* RL R* R%, R®, R” and R® are as defined herein. Compounds of Formula

(D) can be useful as LDHA inhibitors.

In one aspect the invention relates to tautomers of compounds of Formula (1), such as:

RS

wherein AL, A%, A%, A* RL R* R%, R®, R” and R® are as defined herein. Compounds of Formula

(I) can be useful as LDHA inhibitors.

Another aspect of the invention provides a pharmaceutical composition comprising a

Formula (I) compound and a pharmaceutically acceptable carrier, glidant, diluent, or excipient.

Another aspect of the invention provides the use of a Formula (I) compound in the

manufacture of a medicament for treating cancer.

The invention also relates to methods of using the Formula (I) compounds for in vitro,
in situ, and in vivo diagnosis or treatment of mammalian cells, organisms, or associated pathological

conditions, such as cancer.

The invention also relates to the use of compounds of Formula (I) and compounds

described herein according to the invention in the inhibition of LDHA for the treatment of cancer.

Another aspect of the invention provides a method of treating a disease or disorder

which method comprises administering a Formula (I) compound to a patient with cancer.

The methods of treating cancer include where the cancer is breast, ovary, cervix,
prostate, testis, genitourinary tract, esophagus, larynx, glioblastoma, neuroblastoma, stomach, skin,
keratoacanthoma, lung, epidermoid carcinoma, large cell carcinoma, non-small cell lung carcinoma
(NSCLC), small cell carcinoma, lung adenocarcinoma, bone, colon, adenoma, pancreas,

adenocarcinoma, thyroid, follicular carcinoma, undifferentiated carcinoma, papillary carcinoma,

-3-
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seminoma, melanoma, sarcoma, bladder carcinoma, liver carcinoma and biliary passages, kidney
carcinoma, pancreatic, myeloid disorders, lymphoma, hairy cells, buccal cavity, naso-pharyngeal,
pharynx, lip, tongue, mouth, small intestine, colon-rectum, large intestine, rectum, brain and central
nervous system, Hodgkin’s, leukemia, bronchus, thyroid, liver and intrahepatic bile duct,
hepatocellular, gastric, glioma/glioblastoma, endometrial, melanoma, kidney and renal pelvis,
urinary bladder, uterine corpus, uterine cervix, multiple myeloma, acute myelogenous leukemia,
chronic lymphoid leukemia, chronic myelogenous leukemia, lymphocytic leukemia, myeloid

leukemia, oral cavity and pharynx, non-Hodgkin lymphoma, melanoma, or villous colon adenoma.

Another aspect of the invention provides a kit for treating a condition modulated by the
inhibition of , comprising a first pharmaceutical composition comprising a Formula (I) compound;

and instructions for use.

Other aspects of the invention include: (i) method for preventing or treating conditions,
disorders or diseases mediated by the activation of the LDHA enzyme, in a subject in need of such
treatment, which method comprises administering to said subject an effective amount of a compound
of Formula (I) or a pharmaceutically acceptable salt thereof, in free form or in a pharmaceutically
acceptable salt form as a pharmaceutical, in any of the methods as indicated herein; (ii) a compound
of the Formula (I) in free form or in pharmaceutically acceptable salt form for use as a
pharmaceutical in any of the methods described herein, in particular for the use in one or more
LDHA mediated diseases; (iii) the use of a compound of Formula (I) in free form or in
pharmaceutically acceptable salt form in any of the methods as indicated herein, in particular for the
treatment of one or more LDHA mediated diseases; (iv) the use of a compound of Formula (I) in free
form or in pharmaceutically acceptable salt form in any of the methods as indicated herein, in
particular for the manufacture of a medicament for the treatment of one or more LDHA mediated

diseases.
DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to certain embodiments of the invention,
examples of which are illustrated in the accompanying structures and formulas. While the invention
will be described in conjunction with the enumerated embodiments, it will be understood that they
are not intended to limit the invention to those embodiments. On the contrary, the invention is
intended to cover all alternatives, modifications, and equivalents which may be included within the
scope of the present invention as defined by the claims. One skilled in the art will recognize many
methods and materials similar or equivalent to those described herein, which could be used in the
practice of the present invention. The present invention is in no way limited to the methods and
materials described. In the event that one or more of the incorporated literature, patents, and similar
materials differs from or contradicts this application, including but not limited to defined terms, term

usage, described techniques, or the like, this application controls.

-4 -
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DEFINITIONS

The term “alkyl” as used herein refers to a saturated linear or branched-chain
monovalent hydrocarbon radical of one to twelve carbon atoms (C,—C;,), wherein the alkyl radical
may be optionally substituted independently with one or more substituent(s) described below. In
another embodiment, an alkyl radical is one to eight carbon atoms (C,—Cs), or one to six carbon
atoms (C,—Cs). Examples of alkyl groups include, but are not limited to, methyl (Me, -CHs), ethyl (Et,
-CH,CH3), 1-propyl (n-Pr, n-propyl, -CH,CH,CHj3), 2-propyl (i-Pr, i-propyl, -CH(CHj;),), 1-butyl
(n-Bu, n-butyl, -CH,CH,CH,CHj;), 2-methyl-1-propyl (i-Bu, i-butyl, -CH,CH(CHjs),), 2-butyl (s-Bu,
s-butyl, -CH(CH;)CH,CH3), 2-methyl-2-propyl (t-Bu, t-butyl, -C(CHs);), 1-pentyl (n-pentyl,
-CH,CH.CH,CH,CHs),  2-pentyl  (-CH(CH5;)CH,CH,CHs),  3-pentyl  (-CH(CH,CHs),),
2-methyl-2-butyl (-C(CH;),CH,CH3), 3-methyl-2-butyl (-CH(CH5)CH(CH3),), 3-methyl-1-butyl
(-CH,CH,CH(CHs),), 2-methyl-1-butyl (-CH,CH(CH3)CH,CH5), 1-hexyl
(-CH,CH,CH,CH,CH,CHs5), 2-hexyl (-CH(CH3)CH,CH,CH,CHs5), 3-hexyl
(-CH(CH,CH3)(CH,CH,CH3)), 2-methyl-2-pentyl (-C(CH3),CH,CH,CH3), 3-methyl-2-pentyl
(-CH(CH;)CH(CH3)CH,CH3), 4-methyl-2-pentyl (-CH(CH3;)CH,CH(CHs;),), 3-methyl-3-pentyl
(-C(CH3)(CH,CHjs),),  2-methyl-3-pentyl  (-CH(CH,CH;)CH(CHs3),),  2,3-dimethyl-2-butyl
(-C(CH3),CH(CHs),), 3,3-dimethyl-2-butyl (-CH(CH3)C(CHs;)5, 1-heptyl, 1-octyl, and R? groups as

exemplified therein.

The term “C;-Cj;-alkoxy” means a C;-Ci-alkyl group, wherein alkyl is as defined
herein, that is linked to the rest of a molecule or to another group through an oxygen atom.
Ilustrative, non limiting examples of alkoxy include methoxy, ethoxy, n-propoxy, isopropoxy and

the different butoxy isomers and R' groups as exemplified therein.

The expression “(Cy-Cyp-alkylenyl),-C, -Cy,-alkoxy” means either a
(C;-Cyp-alkylenyl)-C;-Cyz-alkoxy or a C;-C,-alkoxy group, wherein alkylenyl and alkoxy are as

defined herein.

The term “alkylene” or “alkylenyl” as used herein refers to a saturated linear or
branched-chain divalent hydrocarbon radical of one to twelve carbon atoms (C,—C;,), wherein the
alkylene radical may be optionally substituted independently with one or more substituent(s)
described below. In another embodiment, an alkylene radical is one to eight carbon atoms (C,—Cs),
or one to six carbon atoms (C,—Cs). Examples of alkylene groups include, but are not limited to,
methylene (-CH,-), ethylene (-CH,CH,-), propylene (-CH,CH,CH»-), and R groups as exemplified

therein.

“Aryl” means a monovalent aromatic hydrocarbon radical of 6-20 carbon atoms
(Ce—Cyp) or Cs—Cyo-aryl, derived by the removal of one hydrogen atom from a single carbon atom of

a parent aromatic ring system. Some aryl groups are represented in the exemplary structures as “Ar”.

-5-
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Aryl includes bicyclic radicals comprising an aromatic ring fused to a saturated, partially unsaturated
ring, or aromatic carbocyclic ring. Typical aryl groups include, but are not limited to, radicals
derived from benzene (phenyl), substituted benzenes, naphthalene, anthracene, biphenyl, indenyl,
indanyl, 1,2-dihydronaphthalene, 1,2,3,4-tetrahydronaphthyl, and the like. Aryl groups are
optionally substituted independently with one or more substituent(s) described herein. Further non

limiting examples of aryl groups can be found in the definition of R herein,

“aryloxy” as used herein denotes an —O-aryl group, wherein aryl is as defined herein.

Non-limiting examples of —O-aryl groups are —O-phenyl and —O-naphthyl groups.

The term “cyanoalkyl” as used herein refers to an alky group as defined herein that is
substituted by one or more cyano group, for example one cyano group. In certain embodiments
“cyanoalkyl” are C;-Ci;-cyanoalkyl groups. In other embodiments “cyanoalkyl” are

C,-Cs-cyanoalkyl groups, for example cyanomethyl and cyanoethyl.

LT

The terms “carbocycle”, “carbocyclyl”, “carbocyclic ring” and “cycloalkyl” refer to a
monovalent non-aromatic, saturated or partially unsaturated ring having 3 to 12 carbon atoms
(C5—C,2) as a monocyclic ring or 7 to 12 carbon atoms as a bicyclic ring. Partially unsaturated rings
can also be designated as cycloalkenyl rings. Bicyclic carbocycles having 7 to 12 atoms can be
arranged, for example, as a bicyclo [4,5], [5.5], [5,6] or [6,6] system, and bicyclic carbocycles having
9 or 10 ring atoms can be arranged as a bicyclo [5,6] or [6,6] system, or as bridged systems such as
bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane and bicyclo[3.2.2]nonane. Examples of monocyclic
carbocycles or cycloalkyls include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl,
1-cyclopent-1-enyl, 1-cyclopent-2-enyl, 1-cyclopent-3-enyl, cyclohexyl, I-cyclohex-1-enyl,
1-cyclohex-2-enyl, 1-cyclohex-3-enyl, cyclohexadienyl, cycloheptyl, cyclooctyl, cyclononyl,

cyclodecyl, cycloundecyl, cyclododecyl, adamantanyl, and R* groups as exemplified therein.
y YL Cy YL Cy y y group p

The term “halo” denotes chloro, iodo, fluoro and bromo, In an embodiment halo are

fluoro, chloro and bromo, and yet in another embodiment fluoro and chloro.

The term “haloalkyl” denotes an alkyl group as defined above wherein at least one of
the hydrogen atoms of the alkyl group is replaced by a halogen atom, preferably fluoro or chloro,
most preferably fluoro. Examples of haloalkyl include C;-C;,-haloalkyl groups, but are not limited to,
methyl, ethyl, propyl, isopropyl, isobutyl, sec-butyl, tert-butyl, pentyl or n-hexyl wherein one or
more hydrogen atoms are replaced by Cl, F, Br or I atom(s), as well as those haloalkyl groups
specifically illustrated by the examples herein below. Among the preferred haloalkyl groups are
monofluoro-, difluoro- or trifluoro-methyl, -ethyl or -propyl, for example 3,3,3-trifluoropropyl,
2-fluoroethyl, 2,2.2-trifluoroethyl, fluoromethyl, trifluoromethyl. The term “C;-Ci,-haloalkyl”

means a haloalkyl group having 1 to 12 carbon atoms, wherein the haloalkyl is as defined herein.

The term “haloalkoxy” denotes an alkoxy group as defined herein wherein at least one
-6-
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of the hydrogen atoms of the alkoxy group is replaced by a halogen atom, preferably fluoro or chloro,
most preferably fluoro. Examples of haloalkoxy include C,-Ci,-haloalkoxy groups, but are not
limited to, methoxy, ethoxy, propyloxy, isopropyloxy, isobutyloxy, sec-butyloxy, tert-butyloxy,
pentyloxy or n-hexyloxy wherein one or more hydrogen atoms are replaced by Cl, F, Br or I atom(s),
as well as those haloalkoxy groups specifically illustrated by the examples herein below. Among the
preferred haloalkoxy groups are monofluoro-, difluoro- or trifluoro-methoxy, -ethoxy or -propyloxy,
for example 3,3,3-trifluoropropyloxy, 2-fluoroethoxy, 2,2,2-trifluoroethoxy, fluoromethoxy,

trifluoromethoxy. In a certain embodiment C;-C;,-haloalkoxy groups are C,-Cs-haloalkoxy groups.

The terms “heterocycle,” “heterocyclyl” and “heterocyclic ring” are used
interchangeably herein and refer to a saturated or a partially unsaturated (i.e., having one or more
double and/or triple bonds within the ring) carbocyclic radical of 3 to about 20 ring atoms in which at
least one ring atom is a heteroatom selected from nitrogen, oxygen, phosphorus and sulfur, the
remaining ring atoms being C, where one or more ring atoms is optionally substituted independently
with one or more substituent(s) described below. Examples of heterocyclyl groups are 4 to 10
membered heterocyclyl, i.e. heterocyclyl groups comprising 2 to 9 carbon atoms and 1, 2, 3 or 4
heteroatoms selected from N, O, P, and S. A heterocycle may be a monocycle having 3 to 7 ring
members (2 to 6 carbon atoms and 1 to 4 heteroatoms selected from N, O, P, and S) or a bicycle
having 7 to 10 ring members (4 to 9 carbon atoms and 1 to 6 heteroatoms selected from N, O, P, and
S), for example: a bicyclo [4,5], [5,5], [5,6], or [6,6] system. Heterocycles are described in Paquette,
Leo A.; “Principles of Modern Heterocyclic Chemistry” (W.A. Benjamin, New York, 1968),
particularly Chapters 1, 3, 4, 6, 7, and 9; “The Chemistry of Heterocyclic Compounds, A series of
Monographs” (John Wiley & Sons, New York, 1950 to present), in particular Volumes 13, 14, 16, 19,
and 28; and J. Am. Chem. Soc. (1960) 82:5566. “Heterocyclyl” also includes radicals where
heterocycle radicals are fused with a saturated, partially unsaturated ring, or aromatic carbocyclic or
heterocyclic ring. Examples of heterocyclic rings include, but are not limited to, pyrrolidinyl,
tetrahydrofuranyl,  dihydrofuranyl, tetrahydrothienyl, tetrahydropyranyl, dihydropyranyl,
tetrahydrothiopyranyl, piperidino, piperidonyl, morpholino, thiomorpholino, thioxanyl, piperazinyl,
homopiperazinyl, azetidinyl, oxetanyl, thietanyl, homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl,
diazepinyl, thiazepinyl, 2-pyrrolinyl, 3-pyrrolinyl, indolinyl, 2H-pyranyl, 4H-pyranyl, dioxanyl,
1,3-dioxolanyl, pyrazolinyl, dithianyl, dithiolanyl, dihydropyranyl, dihydrothienyl, dihydrofuranyl,
dihydroisoquinolinyl,  tetrahydroisoquinolinyl,  pyrazolidinylimidazolinyl, = imidazolidinyl,
2-oxa-5-azabicyclo[2.2.2]octane, 3-oxa-8-azabicyclo[3.2.1]octane, 8-oxa-3-azabicyclo[3.2.1]octane,
6-oxa-3-azabicyclo[3.1.1]heptane, 2-oxa-5-azabicyclo[2.2.1]heptane, 3-azabicyco[3.1.0]hexanyl,
3-azabicyclo[4.1.0]heptanyl, azabicyclo[2.2.2]hexanyl, 3H-indolyl quinolizinyl and N-pyridyl ureas.
Spiro moieties are also included within the scope of this definition. Examples of a heterocyclic group
wherein 2 ring carbon atoms are substituted with oxo (=0) moieties are pyrimidinonyl and
1,1-dioxo-thiomorpholinyl. The heterocycle groups herein are optionally substituted independently

with one or more substituent(s) described herein.

-7-
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The term “heteroaryl” refers to a monovalent aromatic radical of 5-, 6-, or 7-membered
rings, and includes fused ring systems (at least one of which is aromatic) of 5-20 atoms containing
one or more heteroatoms independently selected from nitrogen, oxygen, and sulfur. Examples of
heteroaryl groups include 5 to 10 membered heteroaryls which denotes monocyclic of bicyclic
heteroaryl having 2 to 9 carbon atoms and one or more heteroatoms independently selected from
nitrogen, oxygen, and sulfur, for example, 1, 2, 3 or 4 heteroatoms independently selected from
nitrogen, oxygen, and sulfur. Examples of heteroaryl groups include 5 or 6 membered heteroaryls
which denotes monocyclic of bicyclic heteroaryl having 2 to 5 carbon atoms and one or more
heteroatoms independently selected from nitrogen, oxygen, and sulfur, for example, 1, 2, 3 or 4
heteroatoms independently selected from nitrogen, oxygen, and sulfur. Non limiting examples of
heteroaryl groups are pyridinyl (including, for example, 2-hydroxypyridinyl), imidazolyl,
imidazopyridinyl, pyrimidinyl (including, for example, 4-hydroxypyrimidinyl), pyrazolyl, triazolyl,
pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, oxadiazolyl, oxazolyl, isothiazolyl,
pyrrolyl, quinolinyl, isoquinolinyl, tetrahydroisoquinolinyl, indolyl, benzimidazolyl, benzofuranyl,
cinnolinyl, indazolyl, indolizinyl, phthalazinyl, pyridazinyl, triazinyl, isoindolyl, pteridinyl, purinyl,
oxadiazolyl, triazolyl, thiadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl, benzothiophenyl,
benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl, naphthyridinyl, and furopyridinyl.
Heteroaryl groups are optionally substituted independently with one or more substituent(s)
described herein, for example alkyl, alkoxy, cyano, halo, oxo, NH,, OH, hydroxyalkyl, amido groups.
Further examples of heteroaryl groups and of possible substituents can be found in the definition of

R2

The term “heteroaryloxy” as used herein means an —O-heteroaryl, wherein heteroaryl is

as defined herein.

The heterocycle or heteroaryl groups may be carbon (carbon-linked), or nitrogen
(nitrogen-linked) bonded where such is possible. By way of example and not limitation, carbon
bonded heterocycles or heteroaryls are bonded at position 2, 3, 4, 5, or 6 of a pyridine, position 3, 4,
5, or 6 of a pyridazine, position 2, 4, 5, or 6 of a pyrimidine, position 2, 3, 5, or 6 of a pyrazine,
position 2, 3, 4, or 5 of a furan, tetrahydrofuran, thiofuran, thiophene, pyrrole or tetrahydropyrrole,
position 2, 4, or 5 of an oxazole, imidazole or thiazole, position 3, 4, or 5 of an isoxazole, pyrazole, or
isothiazole, position 2 or 3 of an aziridine, position 2, 3, or 4 of an azetidine, position 2, 3, 4,5, 6, 7,
or 8 of a quinoline or position 1, 3, 4, 5, 6, 7, or 8 of an isoquinoline. Ring nitrogen atoms of the

heterocycle or heteroaryl groups may be bonded with oxygen to form N-oxides.

By way of example and not limitation, nitrogen bonded heterocycles or heteroaryls are
bonded at position 1 of an aziridine, azetidine, pyrrole, pyrrolidine, 2-pyrroline, 3-pyrroline,
imidazole, imidazolidine, 2-imidazoline, 3-imidazoline, pyrazole, pyrazoline, 2-pyrazoline,
3-pyrazoline, piperidine, piperazine, indole, indoline, 1H-indazole, benzimidazole, position 2 of a

isoindole, or isoindoline, position 4 of a morpholine, and position 9 of a carbazole, or 3-carboline.
-8-
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The term “hydroxy” denotes a group of formula —OH.

The term “hydroxyalkyl” denotes an alkyl group as defined above wherein at least one
of the hydrogen atoms of the alkyl group is replaced by a hydroxy group. Examples of hydroxyalkyl
include, but are not limited to, methyl, ethyl, propyl, isopropyl, isobutyl, sec-butyl, tert-butyl, pentyl
or n-hexyl wherein one or more hydrogen atoms are replaced by OH, as well as those hydroxyalkyl
groups specifically illustrated by the examples herein below. The term “C,-C,,-hydroxyalkyl” means
a hydroxyalkyl group having 1 to 12 carbon atoms, wherein hydroxyalkyl is as defined herein.

Oxo denotes a group of formula =O.

The expression “one or more substituent” denotes a substitution by 1, 2, 3,4, 5,6, 7, 8,
9, 10, 11 or 12 substituent(s) that can be independently selected from the list following this
expression. In an embodiment, one or more substituent(s) denotes 1, 2, 3, 4 or 5 substituents. In an

embodiment, one or more substituent(s) denotes 1, 2 or 3 substituents.

The terms “treat” and “treatment” refer to both therapeutic treatment and prophylactic
or preventative measures, wherein the object is to prevent or slow down (lessen) an undesired
physiological change or disorder, such as the development or spread of cancer. For purposes of this
invention, beneficial or desired clinical results include, but are not limited to, alleviation of
symptoms, diminishment of extent of disease, stabilized (i.e., not worsening) state of disease, delay
or slowing of disease progression, amelioration or palliation of the disease state, and remission
(whether partial or total), whether detectable or undetectable. ‘““Ireatment” can also mean prolonging
survival as compared to expected survival if not receiving treatment. Those in need of treatment
include those already with the condition or disorder as well as those prone to have the condition or

disorder or those in which the condition or disorder is to be prevented.

The phrase “therapeutically effective amount” means an amount of a compound of the
present invention that (i) treats or prevents the particular disease, condition, or disorder, (ii)
attenuates, ameliorates, or eliminates one or more symptoms of the particular disease, condition, or
disorder, or (iii) prevents or delays the onset of one or more symptoms of the particular disease,
condition, or disorder described herein. In the case of cancer, the therapeutically effective amount of
the drug may reduce the number of cancer cells; reduce the tumor size; inhibit (i.e., slow to some
extent and preferably stop) cancer cell infiltration into peripheral organs; inhibit (i.e., slow to some
extent and preferably stop) tumor metastasis; inhibit, to some extent, tumor growth; and/or relieve to
some extent one or more of the symptoms associated with the cancer. To the extent the drug may
prevent growth and/or kill existing cancer cells, it may be cytostatic and/or cytotoxic. For cancer
therapy, efficacy can be measured, for example, by assessing the time to disease progression (1TP)

and/or determining the response rate (RR).
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The terms “cancer” refers to or describe the physiological condition in mammals that is
typically characterized by unregulated cell growth. A “tumor” comprises one or more cancerous
cells. Examples of cancer include, but are not limited to, carcinoma, lymphoma, blastoma, sarcoma,
and leukemia or lymphoid malignancies. More particular examples of such cancers include
squamous cell cancer (e.g., epithelial squamous cell cancer), lung cancer including small-cell lung
cancer, non-small cell lung cancer (“NSCLC”), adenocarcinoma of the lung and squamous
carcinoma of the lung, cancer of the peritoneum, hepatocellular cancer, gastric or stomach cancer
including gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer,
liver cancer, bladder cancer, hepatoma, breast cancer, colon cancer, rectal cancer, colorectal cancer,
endometrial or uterine carcinoma, salivary gland carcinoma, kidney or renal cancer, prostate cancer,
vulval cancer, thyroid cancer, hepatic carcinoma, anal carcinoma, penile carcinoma, head and neck
cancer, multiple myeloma, acute myelogenous leukemia, chronic lymphoid leukemia, chronic
myelogenous leukemia, lymphocytic leukemia, myeloid leukemia, oral cavity and pharynx,

non-Hodgkin lymphoma, melanoma, and villous colon adenoma.

The term “chiral” refers to molecules which have the property of non-superimposability
of the mirror image partner, while the term “achiral” refers to molecules which are superimposable

on their mirror image partner.

The term “stereoisomers” refers to compounds which have identical chemical
constitution, but differ with regard to the arrangement of the atoms or groups in space. Stereoisomers

include enantiomers and diastereomers.

“Diastereomer” refers to a stereoisomer with two or more centers of chirality and whose
molecules are not mirror images of one another. Diastereomers have different physical properties,
e.g. melting points, boiling points, spectral properties, and reactivities. Mixtures of diastereomers
may separate under high resolution analytical procedures such as electrophoresis and
chromatography. Diastereomers include geometric isomers, cis/trans and E/Z isomers, and

atropisomers.

“Enantiomers” refer to two stereoisomers of a compound which are

non-superimposable mirror images of one another.

Stereochemical definitions and conventions used herein generally follow S. P. Parker,
Ed., McGraw-Hill Dictionary of Chemical Terms (1984) McGraw-Hill Book Company, New York;
and Eliel, E. and Wilen, S., “Stereochemistry of Organic Compounds”, John Wiley & Sons, Inc.,
New York, 1994. The compounds of the invention may contain asymmetric or chiral centers, and
therefore exist in different stereoisomeric forms. It is intended that all stereoisomeric forms of the
compounds of the invention, including but not limited to, diastereomers, enantiomers and

atropisomers, as well as mixtures thereof such as racemic mixtures, form part of the present
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invention. Many organic compounds exist in optically active forms, i.e., they have the ability to
rotate the plane of plane-polarized light. In describing an optically active compound, the prefixes D
and L, or R and S, are used to denote the absolute configuration of the molecule about its chiral
center(s). The prefixes d and 1 or (+) and (-) are employed to designate the sign of rotation of
plane-polarized light by the compound, with (-) or 1 meaning that the compound is levorotatory. A
compound prefixed with (+) or d is dextrorotatory. For a given chemical structure, these
stereoisomers are identical except that they are mirror images of one another. A specific
stereoisomer may also be referred to as an enantiomer, and a mixture of such isomers is often called
an enantiomeric mixture. A 50:50 mixture of enantiomers is referred to as a racemic mixture or a
racemate, which may occur where there has been no stereoselection or stereospecificity in a
chemical reaction or process. The terms “racemic mixture” and “racemate” refer to an equimolar

mixture of two enantiomeric species, devoid of optical activity.

The term “tautomer” or “tautomeric form” refers to structural isomers of different
energies which are interconvertible via a low energy barrier. For example, proton tautomers (also
known as prototropic tautomers) include interconversions via migration of a proton, such as
keto-enol and imine-enamine isomerizations. Valence tautomers include interconversions by
reorganization of some of the bonding electrons. As stated above, the compounds of Formula (I) also

covers tautomers thereof, such as depicted in the following formulae:

R8
RS

R1

The phrase ‘“pharmaceutically acceptable salt” as wused herein, refers to
pharmaceutically acceptable organic or inorganic salts of a compound of the invention. Exemplary
salts include, but are not limited, to sulfate, citrate, acetate, oxalate, chloride, bromide, iodide,
nitrate, bisulfate, phosphate, acid phosphate, isonicotinate, lactate, salicylate, acid citrate, tartrate,
oleate, tannate, pantothenate, bitartrate, ascorbate, succinate, maleate, gentisinate, fumarate,
gluconate, glucuronate, saccharate, formate, benzoate, glutamate, methanesulfonate “mesylate”,
ethanesulfonate, benzenesulfonate, p-toluenesulfonate, and pamoate (ie.,
1,1’-methylene-bis(2-hydroxy- 3-naphthoate)) salts. A pharmaceutically acceptable salt may involve

the inclusion of another molecule such as an acetate ion, a succinate ion or other counter ion. The

-11 -
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counter ion may be any organic or inorganic moiety that stabilizes the charge on the parent
compound. Furthermore, a pharmaceutically acceptable salt may have more than one charged atom
in its structure. Instances where multiple charged atoms are part of the pharmaceutically acceptable
salt can have multiple counter ions. Hence, a pharmaceutically acceptable salt can have one or more

charged atoms and/or one or more counter ion.

If the compound of the invention is a base, the desired pharmaceutically acceptable salt
may be prepared by any suitable method available in the art, for example, treatment of the free base
with an inorganic acid, such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
methanesulfonic acid, phosphoric acid and the like, or with an organic acid, such as acetic acid,
trifluoroacetic acid, maleic acid, succinic acid, mandelic acid, fumaric acid, malonic acid, pyruvic
acid, oxalic acid, glycolic acid, salicylic acid, a pyranosidyl acid, such as glucuronic acid or
galacturonic acid, an alpha hydroxy acid, such as citric acid or tartaric acid, an amino acid, such as
aspartic acid or glutamic acid, an aromatic acid, such as benzoic acid or cinnamic acid, a sulfonic

acid, such as p-toluenesulfonic acid or ethanesulfonic acid, or the like.

If the compound of the invention is an acid, the desired pharmaceutically acceptable salt
may be prepared by any suitable method, for example, treatment of the free acid with an inorganic or
organic base, such as an amine (primary, secondary or tertiary), an alkali metal hydroxide or alkaline
earth metal hydroxide, or the like. Illustrative examples of suitable salts include, but are not limited
to, organic salts derived from amino acids, such as glycine and arginine, ammonia, primary,
secondary, and tertiary amines, and cyclic amines, such as piperidine, morpholine and piperazine,
and inorganic salts derived from sodium, calcium, potassium, magnesium, manganese, iron, copper,

zinc, aluminum and lithium.

The phrase “pharmaceutically acceptable” indicates that the substance or composition
must be compatible chemically and/or toxicologically, with the other ingredients comprising a

formulation, and/or the mammal being treated therewith.

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

water, isopropanol, ethanol, methanol, DMSO, ethylacetate, acetic acid, and ethanolamine.

The terms “compound of this invention,” and “compounds of the present invention” and
“compounds of Formula (I)” include compounds of Formulas (I), (I-a) and (I-a-1), specific
compounds described herein and stereoisomers, tautomers, solvates, metabolites, and
pharmaceutically acceptable salts and prodrugs thereof. As stated above, particular tautomers of the

compounds of Formula (I) are as depicted below:
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R8

RS

Any formula or structure given herein, including Formula (I) compounds, is also

intended to represent hydrates, solvates, and polymorphs of such compounds, and mixtures thereof.

Any formula or structure given herein, including Formula (I) compounds, is also
intended to represent isotopically labeled forms of the compounds as well as unlabeled forms.
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 atomic mass or mass number. Examples
of isotopes that can be incorporated into compounds of the invention include isotopes of hydrogen,
carbon, nitrogen, oxygen, phosphorous, fluorine, and chlorine, such as, but not limited to 2H
(deuterium, D), 3H (tritium), 11C, 13C, 14C, 15N, 18F, 31P, 32P, 35S, 36Cl, and 125I1. Various
isotopically labeled compounds of the present invention, for example those into which radioactive
isotopes such as 3H, 13C, and 14C 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.
Deuterium labelled or substituted therapeutic compounds of the invention 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 or reduced dosage requirements. An 18F labeled compound may be useful for PET or
SPECT studies. Isotopically labeled compounds of this invention 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 a
non-isotopically labeled reagent. Further, substitution with heavier isotopes, particularly deuterium
(i.e., 2H or D) may afford certain therapeutic advantages resulting from greater metabolic stability,
for example increased in vivo half-life or reduced dosage requirements or an improvement in
therapeutic index. It is understood that deuterium in this context is regarded as a substituent in the
compound of the formula (I). The concentration of such a heavier isotope, specifically deuterium,
may be defined by an isotopic enrichment factor. In the compounds of this invention any atom not
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specifically designated as a particular isotope is meant to represent any stable isotope of that atom.
Unless otherwise stated, when a position is designated specifically as "H" or "hydrogen", the
position is understood to have hydrogen at its natural abundance isotopic composition. Accordingly,
in the compounds of this invention any atom specifically designated as a deuterium (D) is meant to

represent deuterium.

INHIBITORS OF LDHA

In one aspect, the invention relates to compounds of Formula (I):

RS

and stereoisomers, tautomers, and pharmaceutically acceptable salts thereof, wherein:
A'is O,CH,, or S;

A”is NH or N-C;-Cs-alkyl;

A’is N or CR%;

A*is N or CR?, provided that A? and A* are not N at the same time;

R' is CL, NO,, or CN;

R? and R® are independently selected from the group consisting of H, halo, hydroxy,
C,-Cs-hydroxyalkyl, and NH,;

R’ and R’ are independently selected from the group consisting of:
H;
hydroxy;
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halo;

-C,-Ce-alkyl-R";

-C,-Ce-alkenyl-R";

—C,-Cg-alkoxy-R";

-NR'R";

~NR*(C;-Ce-alkyl)-R®;

-NR*-S(0),-(4 to 10 membered heterocycloalkyl);

-NR*-(C3-Cg-cycloalkyl), which cycloalkyl is unsubstituted or substituted by
C,-Ce-alkyl or a C;-Cs-alkylene bridge;

—NR®-aryl, which aryl is unsubstituted or substituted by one or more substituent(s)

selected from the group consisting of:

halo, hydroxy, -NH,, C,-Cs-alkyl, C;-Cs-alkoxy, C;-Cs-haloalkyl,
C,-Cs-hydroxyalkyl, C,-Cs-haloalkoxy and C;-Cg-cycloalkyl;

-NR*-(4 to 10 membered heterocycloalkyl), which heterocycloalkyl is unsubstituted
or substituted by one or more substituent(s) selected from the group consisting of: C;-Ce-alkyl,

C,-Ce-hydroxyalkyl, or -CO-alkyl;

-NR*~(5 or 6 membered heteroaryl), which heteroaryl is unsubstituted or substituted

by one or more substituent(s) selected from the group consisting of: halo, -NR*R” and C,-Cs-alkyl;
~NR*(CO)-C,-Cg-alkyl;
-NR*(CO)-aryl;
-NR*(CO)-(5 or 6 membered heteroaryl);
-NR*(CO)O-C;-Cs-alkyl;
—S-(alkyl),-R";
-S(O),-aryl, which aryl is unsubstituted or substituted by one or more halo;
-C(0)-R%

~C(O)NR*-(C;-Cg-alkyl),-R®;
215 -
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~C(O)NR*-C;-Cg-alkoxy;

—0-C;5-Cg-cycloalkyl, which cycloalkyl is unsubstituted or substituted by one or
more substituent(s) selected from the group consisting of: halo or hydroxy, C;-Ces-alkyl,
C,-Ce-alkoxy, C,-Cs-haloalkoxy, C;-Cs-alkoxyaryl, C;-Cs-haloalkyl, C;-Cs-hydroxyalkyl, NRaRb,
aryl, C;-Cs-akyl-aryl, 5 or 6 membered heteroaryl, and -(C;-Cs-alkyl)-(C;-Cs-alkoxy);

—O-aryl, which aryl is unsubstituted or substituted by one or more substituent(s)

selected from the group consisting of:

halo, C;-C¢-alkyl, C;-Cs-alkoxy, C;-Cs-alkyl-C;-Cs-alkoxy, C;-Cg-haloalkyl,
C,-Ces-haloalkoxy, C;-Cs-hydroxyalkyl, -S-C;-Cs-akyl, -C;-Cs-alkyl-C;-Cg-cycloalkyl,
C,-Ce-alkoxy-C5-Cs-cycloalkyl, C,-Cs-alkyl-(4 to 10 membered heterocycloalkyl), C;-Ces-alkyl-(5 or
6 membered heterocycloalkyl), or 5 or 6 membered heteroaryl unsubstituted or substituted by one or
more substituent(s) selected from the group consisting of: C,-Cg-alkyl, -(C,-Cs-alkyl)-(C,-Cs-alkoxy),
C,-Cs-haloalkoxy and a C,-Cg-alkylene bridge;

—0O-(4 to 10 membered heterocycloalkyl), which heterocycloalkyl is unsubstituted

or substituted by one or more substituent(s) selected from the group consisting of:
halo, hydroxy, C;-Cs-alkyl, C,-Cs-hydroxyalkyl and -C(O)-C,-Cs-alkyl;

—0O-(5 to 10 membered heteroaryl), which heteroaryl is unsubstituted or substituted

by halo, C;-Cs-alkyl, C;-Cs-hydroxyalkyl, or -NR*(CO)-C,-Cs-akyl;
(C;5-Cs-cycloalkyl, which cycloalkyl may be fused to a phenyl;

aryl unsubstituted or substituted by one or more substituent(s) selected from the

group consisting of:

halo, hydroxy, -C(O)OH, C,-Cs-hydroxyalkyl, C;-Cs-alkoxy, -S(O),-NH(alkyl) and
-S(O)>-N(alkyl)o;

4 to 10 membered heterocycloalkyl unsubstituted or substituted by one or more

substituent(s) selected from the group consisting of:

halo, C;-Cg-alkyl, -C(O)-Cs;-Cs-cycloalkyl, oxo and 5 or 6 membered
heterocycloalkyl;

5 to 10 membered heteroaryl unsubstituted or substituted by one or more

substituent(s) selected from the group consisting of:
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hydroxy, —NRaRb, C;-Ces-alkyl, C;-C¢-hydroxyalkyl, and 4 to 10 membered
heterocycloalkyl;

R*is:
H,
cyano,
halo,
hydroxy,
NR'R",
C,-Ce-alkyl,
C,-Ces-haloalkyl,
C,-Cs-hydroxyalkyl,
C,-Cs-alkoxy unsubstituted or substituted by hydroxy, C,-Ce-alkoxy or NR*R®,

-(C,-Ces-alkyl),~(C;5-Cs-cycloalkyl), unsubstituted or substituted by one or more
substituent(s) selected from the group consisting of: halo, hydroxy, -NR°R", C;-Ce-alkyl,
C,-Cs-alkoxy, C;-Ces-haloalkyl, -C(0)-C;-Cs-alkyl, -C(0O)-C;-Cs-cycloalkyl; -C(O)-(5 or 6 membered
heterocycloalkyl);

-(C;-Ce-alkyl),-(C5-Cs-cycloalkenyl), unsubstituted or substituted by one or more
substituent(s) selected from the group consisting of: halo, hydroxy, -NR°R", C;-Ce-alkyl,
C,-Cg-alkoxy, C;-Cg-haloalkyl, -C(O)-C;-Cs-alkyl, -C(O)-C;-Cs-cycloalkyl and -C(O)-(5 or 6

membered heterocycloalkyl);

-(C,-Cs-alkyl),~(5 or 6 membered heteroaryl), unsubstituted or substituted by one or
more substituent(s) selected from the group consisting of: halo, hydroxy, -NR*R?, C;-Cs-alkyl,
C,-Cg-alkoxy, C;-Cs-haloalkyl and -C(O)-C;-Cg-alkyl, -C(O)-C;-Cs-cycloalkyl and -C(O)-(5 or 6

membered heterocycloalkyl);

-(C,-Cs-alkyl),~(4 to 10 membered heterocycloalkyl) unsubstituted or substituted by
one or more substituent(s) selected from the group consisting of: halo, hydroxy, cyano, -NR*R",
C,-Ce-alkyl, C,-Cs-alkoxy, C;-Cs-haloalkyl, C,-Cs-hydroxyalkyl, -C(O)OH, a C,-C,-alkylene bridge,
-C(0)-C-Ce-alkyl, -C(O)-C;5-Cg-cycloalkyl, -C(O)-aryl, -C(O)(4 to 10 membered heterocycloalkyl)
and -C(O)-(5 or 6 membered heterocycloalkyl);
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R’ is aryl, a 5 or 6 membered heterocycle or 5 or 6 membered heteroaryl which aryl,
heterocycle or heteroaryl is unsubstituted or substituted by one or more substituent(s) selected from
the group consisting of halo, C;-Cs-alkyl, C;-Cs-cycloalkyl, —O-aryl, -S-aryl, -NH-aryl, and
-(Cy-Cg-alkyl),-aryl;

or R® and R’ together with the carbon atoms to which they are attached form a 5

membered ring selected from a cycloalkyl or heterocycloalkyl having 5 ring members;
R*is OH, —NRaRb, C;-Cs-alkoxy or -C(0)0O-C,-Ce-alkyl;

or R” and R’ together with the atoms to which they are attached form a naphthyl or 9 or
10 membered heteroaryl, each of which is unsubstituted or substituted by one or more substituent(s)

selected from the group consisting of:
halo, hydroxy, —NRaRb, C,-Cs-alkyl, C,-Cs-alkoxy and C;-Ce-haloalkyl;

or R® and R* together with the atoms to which they are attached form a naphthyl or 9 or
10 membered heteroaryl, each of which is unsubstituted or substituted by one or more substituent(s)

selected from the group consisting of:
halo, hydroxy, —NRaRb, C,-Cs-alkyl, C,-Cs-alkoxy and C;-Ce-haloalkyl;

or R* and R” together with the atoms to which they are attached form a naphthyl or 9 or
10 membered heteroaryl, each of which is unsubstituted or substituted by one or more substituent(s)

selected from the group consisting of:
halo, hydroxy, —NRaRb, C,-Cs-alkyl, C,-Cs-alkoxy and C;-Ce-haloalkyl;

or R’ and R® together with the atoms to which they are attached form a naphthyl or 9 or
10 membered heteroaryl, each of which is unsubstituted or substituted by one or more substituent(s)

selected from the group consisting of:
halo, hydroxy, —NRaRb, C,-Cs-alkyl, C,-Cs-alkoxy and C;-Ce-haloalkyl;
R*is H or C;-Cg-alkyl;
R®is H or C,-Cs-alkyl;

R® is H, hydroxy, halo, -NR*R®, C,-Cs-alkoxy, C;-Cs-alkenyl, 4 to 6 membered
heterocycloalkyl unsubstituted or substituted by oxo or C;-Ce-alkyl, 5 or 6 membered heteroaryl
unsubstituted or substituted by C,-C¢-alkyl, or Cs5-Cg-cycloalkyl unsubstituted or substituted by one

or more substituent(s) selected from the group consisting of:
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halo, C,-Cs-alkyl or C,-Cs-hydroxyalkyl, aryl unsubstituted or substituted by halo, 4
to 9 membered heterocycloalkyl unsubstituted or substituted by oxo or C;-Ce-alkyl, and 5 or 6
membered heteroaryl unsubstituted or substituted by C,-C¢-alkyl;

R%is H, hydroxy, C,-Cs-alkyl, C5-Cg-cycloalkyl or aryl unsubstituted or substituted by
one or more substituent(s) selected from the group consisting of halo and

-NR*-S(0),-N(C,-Cg-alkyl),;

R° is C;-Cg-alkyl, aryl, C;-Cg-cycloalkyl, 5 to 9 membered heterocycloalkyl or 5 or 6
membered heteroaryl and wherein said aryl, Cs;-Cg-cycloalkyl, 5 to 9 membered heterocycloalkyl or
5 or 6 membered heteroaryl is unsubstituted or substituted by one or more substituent(s) selected

from the group consisting of: halo, C;-Cs-alkoxy, C;-Cs-alkyl and C;-Cs-haloalkyl;

R'is H, C;5-Cs-cycloalkyl, 4 to 10 membered heterocycloalkyl, aryl, or 5 or 6 membered
heteroaryl, which cycloalkyl, heterocycloalkyl, aryl, or heteroaryl is unsubstituted or substituted by
one or more substituent(s) selected from the group consisting of halo, C,-C¢-haloalkyl, C,;-Cs-alkyl,
C,-Cs-alkoxy and C,-Cg-hydroxyalkyl;

R® is C;-C¢-alkoxy, C;-Cg-cycloalkyl, aryl, 5 or 6 membered heteroaryl, 5 to 9
membered heterocycloalkyl, wherein said aryl, Cs;-Cg-cycloalkyl, 5 to 9 membered heterocycloalkyl
or 5 or 6 membered heteroaryl is unsubstituted or substituted by one or more substituent(s) selected

from the group consisting of halo, C,-C¢-alkoxy and C,-Cg-hydroxyalkyl;

R" is aryl, 5 or 6 membered heteroaryl, 4 to 10 membered heterocycloalkyl,

(C5-Cs-cycloalkyl, each of which is unsubstituted or substituted by halo;
nisOor 1.

In an embodiment, the invention relates to compounds of Formula (I) can be:

RS
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and stereoisomers, geometric isomers, tautomers, and pharmaceutically acceptable salts

thereof, wherein A', A’, A*, R!, R?, RS, R6, R®, R’ and R' are as described herein.

In an embodiment, the invention relates to compounds of Formula (I) can be:

RS

R1

5 and stereoisomers, geometric isomers, tautomers, and pharmaceutically acceptable salts

thereof, wherein A°, A*, R', R*, RS, R6, R” and R® are as described herein.

In an embodiment, the invention relates to compounds of Formula (I) can be:

RS

wherein A', A%, A’, R', R*, R, RS, R6, R®, R’ and R' are as described herein.

10 In an embodiment, the invention relates to compounds of Formula (I) can be:
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In an embodiment, the invention relates to compounds of Formula (I) can be:

R1

and stereoisomers, geometric isomers, tautomers, and pharmaceutically acceptable salts

5 thereof, wherein A®, R', R?, R?, R’ and R® are as described herein are as described herein.

In an embodiment, the invention relates to compounds of Formula (I) can be:

and stereoisomers, geometric isomers, tautomers, and pharmaceutically acceptable salts

thereof, wherein A°, R' and R’ are as described herein are as described herein.
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In an embodiment, the invention relates to compounds of Formula (I) can be:

and stereoisomers, geometric isomers, tautomers, and pharmaceutically acceptable salts

thereof, wherein A°, R' and R’ are as described herein are as described herein.

5 In an embodiment, the invention relates to compounds of Formula (I) can be:

and stereoisomers, geometric isomers, tautomers, and pharmaceutically acceptable salts

thereof, wherein R' and R are as described herein are as described herein.

In an embodiment, the invention relates to compounds of Formula (I) can be:

10

-2
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and stereoisomers, geometric isomers, tautomers, and pharmaceutically acceptable salts

thereof, wherein R' and R are as described herein are as described herein.

In an embodiment, the invention relates to compounds of Formula (I) can be:

R3

5 and stereoisomers, geometric isomers, tautomers, and pharmaceutically acceptable salts

thereof, wherein R', R*and R are as described herein are as described herein.

In an embodiment, the invention relates to compounds of Formula (I) can be:

and stereoisomers, geometric isomers, tautomers, and pharmaceutically acceptable salts

10 thereof, wherein R', R*and R are as described herein are as described herein.

In an embodiment, the compounds of Formula (I) and stereoisomers, geometric isomers,

tautomers, and pharmaceutically acceptable salts thereof, wherein:
AlisOorS;
A”is NH or N-C;-Cs-alkyl;

15 A’is N or CR%;
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R!is Cl, NO,, or CN;

R? and R® are independently selected from the group consisting of H, halo, hydroxy and

R’ and R’ are independently selected from the group consisting of:
H;
hydroxy;
halo;

—Cl—CG—alkyI—Rf, wherein R’ is 4 to 10 membered heterocycloalkyl, aryl, or 5 or 6
membered heteroaryl, which C;-Cg-cycloalkyl, 5 to 9 membered heterocycloalkyl, aryl, or 5 or 6
membered heteroaryl is unsubstituted or substituted by one or more substituent(s) selected from the

group consisting of:
halo, C;-Cs-alkoxy and C;-Cs-hydroxyalkyl;

—C;-Cg-alkoxy-R®, wherein R® is H, hydroxy, halo, -NR°R®, C,-Cs-alkoxy,
C,-Cs-alkenyl, C;-Cs-cycloalkyl unsubstituted or substituted by one or more substituent(s) selected

from the group consisting of:

halo, C,-Cs-alkyl or C,-Cs-hydroxyalkyl, aryl unsubstituted or substituted by halo, 4
to 9 membered heterocycloalkyl unsubstituted or substituted by oxo or C;-Ce-alkyl, and 5 or 6
membered heteroaryl unsubstituted or substituted by C,-C¢-alkyl;

-NR*R’, wherein R* and R” are independently selected from H or C;-Cs-alkyl;

—NRa—(Cl—CG—alkyl)—Rd, wherein R* is H or C;-Cg-alkyl and RY is H, hydroxy,
C,-Ce-alkyl, C5-Cs-cycloalkyl or aryl unsubstituted or substituted by one or more substituent(s)

selected from the group consisting of:
halo and ~NR*-S(0),-N(C;-C¢-alkyl),;
~NR*-S(0),-(4 to 10 membered heterocycloalkyl), wherein R* is H or C;-Cs-alkyl;

—NR*-(C3-Cg-cycloalkyl), wherein R* is H or C;-Cs-alkyl and which cycloalkyl is

unsubstituted;

-NR®*aryl, wherein R* is H or C;-Cs-alkyland which aryl is unsubstituted or

substituted by one or more substituent(s) selected from the group consisting of:
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halo, C;-Cs-alkoxy, C,-C¢-haloalkyl, and C;-Cs-hydroxyalkyl;
~NR*-(4 to 10 membered heterocycloalkyl), wherein R* is H or C;-Cg-alkyl;

~NR*-(5 or 6 membered heteroaryl), wherein R* is H or C;-Cg-alkyl and which
heteroaryl is unsubstituted or substituted by one or more substituent(s) selected from the group

consisting of:
halo, -NH, or C,-C¢-alkyl;
~NR*(CO)O-C;-Cs-alkyl, wherein R* is H or C;-Cg-alkyl;

—-C(0O)-R®, wherein R® is aryl and wherein said aryl is substituted by halo, or
C,-Cs-haloalkyl;

~C(O)NR*(C;-Cg-alkyl),-R®, wherein R* is H or C;-Cs-alkyl and R* is C;-Cs-alkoxy,
(C5-Cs-cycloalkyl;

—0-C5-Ce-cycloalkyl, which cycloalkyl is unsubstituted or substituted by halo or
hydroxy, C;-Cs-alkyl, C;-Cs-alkoxy, which alkoxy is unsubstituted or substituted by
C,-Ce-alkoxyaryl, C,-C¢-haloalkyl;

—O-aryl, which aryl is unsubstituted or substituted by one or more substituent(s)

selected from the group consisting of:

halo, C;-Ce-alkyl, C;-Cs-alkoxy, C;-Cs-haloalkyl, C;-Cs-haloalkoxy,
C,-Ce-hydroxyalkyl, -S-C;-Cg-akyl, -C;-Cs-alkyl-C5-Cs-cycloalkyl, 4 to 10 membered
heterocycloalkyl, 5 or 6 membered heteroaryl unsubstituted or substituted by C;-Cg-alkyl, and
C,-Ce-alkylene bridge;

—0O-(4 to 10 membered heterocycloalkyl), which heterocycloalkyl is unsubstituted

or substituted by one or more substituent(s) selected from the group consisting of:
hydroxyl, C;-Cs-hydroxyalkyl, -C(O)-C,-Ce-alkyl;

—0O-(5 to 10 membered heteroaryl), which heteroaryl is unsubstituted or substituted
by halo, or -NR*(CO)-C;-Cs-akyl;

aryl substituted by one or more -S(O),-N(alkyl);
4 to 10 membered heterocycloalkyl unsubstituted or substituted by one or more 5 or

6 membered heterocycloalkyl;
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5 to 10 membered heteroaryl unsubstituted or substituted by one or more4 to 10

membered heterocycloalkyl;
R*is:
H,
hydroxy,
C,-Cs-alkoxy unsubstituted or substituted by hydroxy or C,-C¢-alkoxy,
-(C-Cg-alkyl),-(C5-Cs-cycloalkyl),
-(C-Ce-alkyl),-(C5-Cs-cycloalkenyl),

-(C;-Cg-alkyl),-(4 to 10 membered heterocycloalkyl) unsubstituted or substituted by

one or more substituent(s) selected from the group consisting of:
halo, C;-Cs-alkyl, or -C(O)-C,-Cg-alkyl;

R’ is 5 or 6 membered heteroaryl which is unsubstituted or substituted by one or more

substituent(s) selected from the group consisting of:
halo, alkyl, or —O-aryl, -S-aryl, -NH-aryl, -(C,-Cs-alkyl),-aryl;
R¥is OH, -NH,, C;-Cs-alkoxy, -C(0)O-C;-Cs-alkyl;

or R” and R’ together with the atoms to which they are attached form a naphthyl or 9 or
10 membered heteroaryl, each of which is unsubstituted or substituted by one or more substituent(s)

selected from the group consisting of:

halo, hydroxy, -NH,, -NH(C;-C¢-alkyl), -N(C,-Cg-alkyl),, C,-Cs-alkyl, C,-Cs-alkoxy,
and C,-C¢-haloalkyl;

or R® and R* together with the atoms to which they are attached form a naphthyl or 9 or
10 membered heteroaryl, each of which is unsubstituted or substituted by one or more substituent(s)

selected from the group consisting of:

halo, hydroxy, -NH,, -NH(C;-C¢-alkyl), -N(C,-Cg-alkyl),, C,-Cs-alkyl, C,-Cs-alkoxy,
and C,-C¢-haloalkyl;

or R* and R” together with the atoms to which they are attached form a naphthyl or 9 or
10 membered heteroaryl, each of which is unsubstituted or substituted by one or more substituent(s)

selected from the group consisting of:
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halo, hydroxy, -NH,, -NH(C;-C¢-alkyl), -N(C,-Cg-alkyl),, C,-Cs-alkyl, C,-Cs-alkoxy,
C,-Cs-haloalkyl;

or R’ and R® together with the atoms to which they are attached form a naphthyl or 9 or
10 membered heteroaryl, each of which is unsubstituted or substituted by one or more substituent(s)

selected from the group consisting of:

halo, hydroxy, -NH,, -NH(C;-C¢-alkyl), -N(C,;-Cs-alkyl),, C,-Cs-alkyl, C,-Cs-alkoxy
and C,-C¢-haloalkyl;

nisQor 1.

Unless specifically stated otherwise herein, all of the following embodiments can be

combined with one another:
In an embodiment A' is O. In an embodiment A' is S. In an embodiment A" is CH,.
In an embodiment A? is NH. In an embodiment A? is N-C;-Cs-alkyl.
In an embodiment A® is N. In an embodiment A°® is CR?,
In an embodiment A* is N. In an embodiment A* is CR®,

In an embodiment, A’ is CR? and A is CR”. In an embodiment, A’ is NH and A* is CR®.
In one embodiment A® is CR? and A* is NH.

In an embodiment R' is CL. In an embodiment R is NO,. In an embodiment R" is CN.

In an embodiment R is H. In an embodiment R* is halo. In an embodiment R* is
hydroxy. In an embodiment R* is C;-Cs-hydroxyalkyl. In an embodiment R* is NH,. In an
embodiment R® is halo. In an embodiment R® is hydroxy. In an embodiment R’ is

C,-Ce-hydroxyalkyl.

In an embodiment R®> or R’ is H. In an embodiment R* or R’ is hydroxy. In an
embodiment R® or R is halo. In an embodiment R® or R’ is —Cl—CG—alkyI—Rf, wherein R'is as defined
herein. In an embodiment R® or R’ is —Cl—CG—alkenyl—Rf, wherein R is as defined herein. In an
embodiment R® or R is —C;-Cs-alkoxy-R°, wherein R is as defined herein. In an embodiment R’ or
R’ is —NRaRb, wherein R* and R’ are as defined herein. In an embodiment R® or R’ is
—NRa—(Cl—CG—alkyl)—Rd, wherein R* and R? are as defined herein. In an embodiment R® or R’ is
-NR*-S(0),-(4 to 10 membered heterocycloalkyl), wherein R* is as defined herein. In an
embodiment R’ or R’ is -NR*(C;-Cg-cycloalkyl), wherein R* is as defined herein and the cycloalkyl

is unsubstituted or substituted by C,-Cg-alkyl. In an embodiment R* or R” is -NR*-aryl, wherein R* is
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as defined herein and the aryl is unsubstituted or substituted by one or more substituent(s) selected

from the group consisting of:

halo, hydroxy, -NH,, C,-Cs-alkyl, C;-Cs-alkoxy, C;-Cs-haloalkyl,
C,-Cs-hydroxyalkyl, C;-Cs-haloalkoxy and C;-Cg-cycloalkyl.

In an embodiment R’ or R’ is -NR*-(4 to 10 membered heterocycloalkyl), wherein R* is
as defined herein and the heterocycloalkyl is unsubstituted or substituted by one or more

substituent(s) selected from the group consisting of: C;-Cs-alkyl, C,-Cs-hydroxyalkyl, or -CO-alkyl.

In an embodiment R* or R® is ~NR*(5 or 6 membered heteroaryl), wherein R* is as
defined herein and the heteroaryl is unsubstituted or substituted by one or more substituent(s)

selected from the group consisting of: halo, -NR*R" and C;-Cg-alkyl.
In an embodiment R® or R’ is ~NR*CO)-C,-Cg¢-alkyl wherein R* is as defined herein.
In an embodiment R® or R’ is ~NR*CO)-(aryl).
In an embodiment R® or R’ is ~NR*CO)-(5 or 6 membered heteroaryl).
In an embodiment R® or R is ~NR*(CO)O-C;-Cg-alkyl wherein R* is as defined herein.
In an embodiment R® or R’ is —S—(alkyl)n—Rh and R" is as defined herein.

In an embodiment R® or R” is -S(O),-aryl, which aryl is unsubstituted or substituted by

one or more halo.
In an embodiment R® or R’ is <C(O)-R® and R°® is as defined herein.

In an embodiment R® or R is —C(O)NR*-(C,-Cs-alkyl),-RE, wherein R* and R® are as

defined herein.

In an embodiment R® or R” is ~0-C;-Cs-cycloalkyl, which cycloalkyl is unsubstituted or
substituted by halo or hydroxy, C;-C¢-alkyl, C;-Cs-alkoxy, which alkoxy is unsubstituted or
substituted by halo, C;-Cs-alkoxyaryl, C;-Cs-haloalkyl, aryl, C,-C¢-akyl-aryl, 5 or 6 membered
heteroaryl, C,-C¢-haloalkoxy, C;-Ce-hydroxyalkyl, NRaRb, -(C;-Ce-alkyl)-(Cy-Ce-alkoxy).

In an embodiment R? or R” is —O-aryl, which aryl is unsubstituted or substituted by one
or more substituent(s) selected from the group consisting of halo, C;-Cs-alkyl, C;-Cs-alkoxy,
C,-Ces-haloalkyl, C;-Cs-haloalkoxy, C;-Cs-hydroxyalkyl, -S-C;-Cs-akyl,
-C1-Cg-alkyl-Cs-Cg-cycloalkyl, C;-Cg-alkyl-4 to 10 membered heterocycloalkyl, 5 or 6 membered
heteroaryl unsubstituted or substituted by one or more substituent(s) selected from the group
consisting of: Cy-Ce-alkyl, -(C;-Cs-alkyl)-(C;-Cs-alkoxy), C;-Cs-haloalkoxy, C,-Ces-alkylene bridge.
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In an embodiment R’ or R’ is ~O-(4 to 10 membered heterocycloalkyl), which
heterocycloalkyl is unsubstituted or substituted by one or more substituent(s) selected from the

group consisting of halo, hydroxy, C,-Cs-hydroxyalkyl and -C(O)-C,-Cs-alkyl.

In an embodiment R® or R’ is ~O-(5 to 10 membered heteroaryl), which heteroaryl is

unsubstituted or substituted by halo, or -NR*(CO)-C;-Cs-akyl and R* is as defined herein.

In an embodiment R* or R’ is C5-Cg-cycloalkyl, which cycloalkyl may be fused to a
phenyl.

In an embodiment R® or R’ is aryl unsubstituted or substituted by one or more
substituent(s) selected from the group consisting of halo, hydroxy, -C(O)OH, C;-Cs-hydroxyalkyl,
C,-Ce-alkoxy, -S(0O),-NH(alkyl) and -S(O),-N(alkyl),.

In an embodiment R® or R’ is 4 to 10 membered heterocycloalkyl unsubstituted or

substituted by one or more 5 or 6 membered heterocycloalkyl.

In an embodiment R* or R’ is 5 to 10 membered heteroaryl unsubstituted or substituted
by one or more substituent(s) selected from the group consisting of hydroxy, -NR*R®, C;-Cs-alkyl,
C,-Cs-hydroxyalkyl, and 4 to 10 membered heterocycloalkyl.

In an embodiment R* or R® is ~NR*-S(0),-(4 to 10 membered heterocycloalkyl), for

example:

o\ /o

~ S
\H/ \ND

In an embodiment R® or R” is -S(O),-aryl, which aryl is unsubstituted or substituted by

one or more halo, for example:

\

o=s-§_

In an embodiment R® or R” is C;-Cg-cycloalkyl which cycloalkyl may be fused to a

phenyl, or which may be partially unsaturated for example:
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%@Q@

In an embodiment R® or R’ is NRa—(C1—C6—:¢1lkyl)—Rd , Wherein R%is C5-Cg-cycloalkyl, for

‘}é\ﬁ%

5 In an embodiment R or R’ is Cl—C6—alkenyl—Rf, wherein R is C;-Cs-cycloalkyl, for

;f\/w
In an embodiment R® or R’ is aryl, for example phenyl unsubstituted or substituted by

one or more halo, hydroxy, -C(O)OH, C;-Cs-hydroxyalkyl, C;-Cg-alkoxy, -S(O),-NH(alkyl) and
10 -S(O),-N(alkyl),, for example:

i

example:

example:

ﬁ F
@]
A
/L\ —°
(@]
F
HO F
F HO

OH
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In an embodiment R or R” is -NR*aryl, for example , -NR*-phenyl, which aryl or
phenyl is unsubstituted or substituted by one or more halo, C;-Cs-alkoxy, C;-Cs-haloalkyl,
C;-Cg¢-hydroxyalkyl, C;-Cg-cycloalkyl and R* is H or C;-Cg-alkyl, for example:

%, Q/ | £, Q \Q\N%
| 2 F\©\N3{ g S
| .

\OO\NB{ ' 5 5

I | |
F \N_; HN—%—

‘%NH HO HO
Cl F
HN—%—
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~ ~ OH
>N ~N
H H

In an embodiment R® or R” is —O-aryl, for example —O-phenyl, which aryl or phenyl is
unsubstituted or substituted by one or more: halo, C;-Cs-alkyl, -S-C;-Cs-akyl, C;-Cs-haloalkyl,
C,-Ce-alkoxy, C;-Cs-alkoxy-C;-Cs-cycloalkyl, C;-Cs-haloalkoxy, C-Cs-hydroxyalkyl,
C,-Cs-alkyl-C,-Cs-alkoxy, C;-Cg-alkyl-(5 or 6 membered heterocycloalkyl), 5 or 6 membered
heterocycloalkyl which 5 or 6 membered heteroaryl is unsubstituted or substituted by C,-Cs-alkyl,
C,-Cs-haloalkoxy, C;-Ces-alkylene bridge, naphthalene partially hydrogenated which is unsubstituted

or substituted by halo for example:

F

3 /

Cl
Br:
F
N ?< F oF,
o)
o X
F 0
F Br
F

N
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% ;Jio/@s\ Q\O
%,

HO

—
oy

In an embodiment R® or R” is “NR*(5 or 6 membered heterocycloalkyl), for example:

O PSY

In an embodiment R* or R” is -NR*-(5 or 6 membered heteroaryl), which heteroaryl is

unsubstituted or substituted by halo or C;-Cs-alkyl, for example:

=

o
i /< e
SIS I

% + % =
K/“\ K( )
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HN%_ _HN% _HN__

In an embodiment R® or R® is —NR*(Cs-Cs-cycloalkyl), which cycloalkyl is
unsubstituted or substituted by C;-Cg-alkyl or a C,-C;-alkylene bridge and R* is H or C;-Cg-alkyl, for

N~s
NaNe

H
N\;\

example:

In an embodiment R® or R’ is halo, for example Cl, F or Br.

5 In an embodiment R’ or R’ is -NR*R’, wherein R* and R” are independently selected
from H and C,-Cg¢-alkyl, for example —NH,, -NHMe or -N(Me),.

In an embodiment R® or R” is hydroxy.

In an embodiment R® or R® is -NR*(CO)O-C;-Cg-alkyl, wherein R* is H or C;-Cg-alkyl,

# ALK

10 In an embodiment R* or R’ is ~O-(5 to 10 membered heteroaryl), which heteroaryl is
unsubstituted or substituted by halo, C;-Cs-alkyl, C,-Cs-hydroxyalkyl, or -NR*C(O) C,-Cs-alkyl, for

example:

for example:
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In an embodiment R® or R’ is Cl-C6-alkyl-Rf and R' is aryl. In one embodiment, R'is

3\

7
/
N\

/
X
e
N

x

-

/
—Z
e

1
%
>

-7

Z

X
x

unsubstituted phenyl. In one embodiment, R' is phenyl substituted by one or more substituent(s)
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selected from the group consisting of halo, C;-Cs-alkoxy, C,-Ce¢-haloalkyl, and C,-C¢-hydroxyalkyl,

for example:

% °<E©» ié @

A~
Q, o,
QS
g 8
o} Qe
¢ O
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Cl

HO,

.

HO,

In an embodiment R® or R’ is —C;-Cg-alkoxy-R®, wherein R is hydroxy, halo,
C,-Cg-alkoxy, C;-Cs-alkenyl, phenyl unsubstituted or substituted by halo, 4 to 6 membered
heterocycloalkyl unsubstituted or substituted by oxo or C;-Cs-alkyl, 5 or 6 membered heteroaryl
unsubstituted or substituted by C,-Cs-alkyl, or C;-Cs-cycloalkyl unsubstituted or substituted by halo
or C;-Cs-hydroxyalkyl, C,-Ce-alkyl, for example:

-l NN
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ﬁﬁ/< ?%/\/“Q

o5 ?io/\Q(F

In an embodiment R* or R’ is C;-Cs-alkyl-R" and R'is 5 or 6 membered heterocycloalkyl,

for example:

o}

In an embodiment R® or R” is ~0-C;-Cg-cycloalkyl, which cycloalkyl is unsubstituted or

substituted by halo, hydroxy, C,-Ce¢-alkyl, phenyl, C;-Cs-alkoxy, for example:

HO 04%_
e <5 N | Q

2 AT % EE
9

o

Q.

A%
7
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In an embodiment R’ or R’ is —O-(5 or 6 membered heterocycloalkyl), which

heterocycloalkyl is unsubstituted or substituted by C;-C¢-alkyl or —C(O)C,-Cs-alkyl, for example:

O ok A

N o

o

In an embodiment R? or R’ is —NRa—Cl—CG—alkyl—Rd, wherein R is:

(C5-Cs-cycloalkyl, or phenyl unsubstituted or substituted by halo, for example:

o+
XH/\/A F

Cl

-43 -



5

WO 2015/140133 PCT/EP2015/055495

t oyt
™

In an embodiment R® or R’ is 5 to 10 membered heteroaryl unsubstituted or substituted

m IZ%Q\L |
% & g

by —hydroxy, NH,, C;-Cs-alkyl or C;-Cs-hydroxyalkyl, for example:

Or inh
j\g

In an embodiment R® or R’ is 5 or 6 membered heterocycloalkyl unsubstituted or
substituted by halo, C,-Ce-alkyl, -C(0)-C;-Cg-cycloalkyl, oxo, 5 or 6 membered heterocycloalkyl,

for example:

-44 -



WO 2015/140133 PCT/EP2015/055495

s, s, N%
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In an embodiment R® or R’ is —C(O)NR*(C,-Cg-alkyl),-RE. In an embodiment R* or R’
is -C(O)NR*-(C,-C¢-alkyl)-R® and R® is C5-Cs-cycloalkyl or phenyl, which phenyl is unsubstituted or
substituted by halo or R® or R” is —C(Q)NR*-C,-Ce-alkoxy, for example:
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ﬁfn\o/\

o)

In an embodiment R* or R’ is —S-(alkyl),-R". In one embodiment, R® or R’ is —S-phenyl

and said phenyl is unsubstituted or substituted by halo, for example:

NS/O/ F

In an embodiment R* or R’ is —C(0)-R® and R® is phenyl which phenyl is unsubstituted

or substituted by halo, for example:

F
(0]
5 In an embodiment R® or R’ is ~NR*-S(0),-(4 to 6 membered heterocycloalkyl), for
example:
HN%—
O\S/
/ o

o
In an embodiment R* is H. In an embodiment R* is halo. In an embodiment R* is
hydroxy. In an embodiment R* is C;-Cs-alkyl. In an embodiment R* is C,-Cs-haloalkyl. In an
embodiment R* is C;-Cs-hydroxalkyl. In an embodiment R* is CN. In an embodiment R* is
10 C,-Cg-alkoxy unsubstituted or substituted by hydroxy or C;-Cs-alkoxy. In an embodiment R* is
-(C;-Ce-alkyl),-(C5-Cs-cycloalkyl). In an embodiment R* is -(C-Cs-alkyl),-(C5-Cg-cycloalkenyl). In
an embodiment R* is -(Ci-Ce-alkyl),-(4 to 10 membered heterocycloalkyl) unsubstituted or

substituted by one or more substituent(s) selected from the group consisting of halo, C,-Cg-alkyl, or
-C(0)-C;-Ce-alkyl.

15 In an embodiment R* is -NR*R" and R* and R" are as defined herein, for example:
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In an embodiment R* is C;-Ce-alkoxy unsubstituted or substituted by hydroxy,

C,-Ce-alkoxy or —NRaRb, wherein R* and R® are as defined herein, for example:
o—%— o_g_ o—%—
HO 0 N\

In an embodiment R* is C5-Cs-cycloalkyl or C;-Cs-cycloalkenyl, for example:

In an embodiment R* is 4 to 10 membered heterocycloalkyl unsubstituted or substituted
by halo, hydroxy, cyano, oxo, C;-Ce-alkyl, C;-Cs-alkoxy, C,-Ce-hydroxyalkyl, -C(O)OH,
-C(0)-C-Cg-alkyl, -C(0O)-C;-Cg-cycloalkyl, -C(O)-phenyl, 4 to 10 membered heterocycloalkyl,

10 -C(O)(5 or 6 membered heteroaryl), -C(O)(4 to 10 membered heterocycloalkyl), C,-C,-alkylene

bridge, for example:

=5 F‘G“'%‘ N/_\N_g_
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° /_\N_g_ . N_g_

In an embodiment of the present invention R’ is 5 or 6 membered heteroaryl which is
unsubstituted or substituted by one or more substituent(s) selected from the group consisting of halo,

C,-Cg-alkyl, C;-Cg-alkoxy or —O-aryl, -S-aryl, -NH-aryl, -(C,-C¢-alkyl),-aryl, for example.
7 N

—

AN

6]

In an embodiment of the present invention R® is OH. In an embodiment of the present
invention R® is -NH,. In an embodiment of the present invention R® is C;-Ces-alkoxy. In an

embodiment of the present invention R¥is -C(0)0O-C;-Cs-alkyl.

In an embodiment of the present invention or R® and R together with the carbon atoms
to which they are attached form a 5 membered ring selected from a cycloalkyl or heterocycloalkyl

having 5 ring members, so that the compounds of Formula (I) are as following:
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R1

In an embodiment of the present invention R” and R together with the atoms to which
they are attached form a naphthyl or 9 or 10 membered heteroaryl, each of which is unsubstituted or
substituted by one or more substituent(s) selected from the group consisting of halo, hydroxy, -NH,,

-NH(C,;-Cs-alkyl), -N(C,-C¢-alkyl),, C;-Cs-alkyl, C;-Cs-alkoxy and C,-Ces-haloalkyl.

In an embodiment of the present invention R’ and R* together with the atoms to which
they are attached form a naphthyl or 9 or 10 membered heteroaryl, each of which is unsubstituted or
substituted by one or more substituent(s) selected from the group consisting of halo, hydroxy, -NH,,

-NH(C,;-Cs-alkyl), -N(C,-C¢-alkyl),, C;-Cs-alkyl, C;-Cs-alkoxy and C,-Ces-haloalkyl.

In an embodiment of the present invention R” and R® together with the atoms to which
they are attached form a naphthyl or 9 or 10 membered heteroaryl, each of which is unsubstituted or
substituted by one or more substituent(s) selected from the group consisting of halo, hydroxy, -NH,,

-NH(C,;-Cs-alkyl), -N(C,-C¢-alkyl),, C;-Cs-alkyl, C;-Cs-alkoxy and C,-Ces-haloalkyl.

In an embodiment of the present invention n is 0. In an embodiment of the present

invention nis 1.

In an embodiment R’ is H. In an embodiment R’ is C;-Cs-alkyl. In an embodiment R’ is
C5-Cg-cycloalkyl. In an embodiment R’ is halo. In an embodiment R’ is —O-aryl, for example
—O-phenyl. In an embodiment R’ is -S-aryl, for example —S-phenyl. In an embodiment R’ is -NH-aryl,
for example —-NH-phenyl. In an embodiment R’ is -(C;-Cs-alkyl),-aryl, for example
-(C,-Cs-alkyl),-phenyl.

In an embodiment R' is H. In an embodiment R' is C;-Cs-alkyl. In an embodiment RY
is C3-Cg-cycloalkyl. In an embodiment R' is halo. In an embodiment R'’ is —O-aryl, for example

—O-phenyl. In an embodiment R" is -S-aryl, for example —S-phenyl. In an embodiment R" is
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-NH-aryl, for example -NH-phenyl. In an embodiment R' is -(C,-Cs-alkyl),-aryl, for example
-(C,-Cs-alkyl),-phenyl.

In one embodiment A’ is NH. In one embodiment A is CR?, wherein R” is selected from the
group consisting of H, halo, hydroxy, C;-Cs-hydroxyalkyl, and NH. In one embodiment, R’ and R" are H.
In one embodiment R' is CL In one embodiment R’ is NH-phenyl or NH-pyridinyl, which phenyl or

pyridinyl is substituted by halo. In one embodiment R*, R, R® and R® are H.

In an embodiment A' is O, A% is NH, R'is CI, A* is NH, A*is CR?> and R’ is NH-phenyl
or NH-pyridinyl, which phenyl or pyridinyl is substituted by halo, R*, R® and R® are H, R’ is
thiophenyl.

Inan embodiment A' is S, A% is NH, R is halo, A’ is NH, A*is CR® and R* is NH-phenyl
or NH-pyridinyl, which phenyl or pyridinyl is substituted by halo, R*,R’ and R® are H, R’ is
thiophenyl.

In an embodiment, the compound of Formula (I) is selected from the compounds of the
following compounds and stereoisomers, tautomers, and pharmaceutically acceptable salts thereof.
These compounds can also be prepared as a racemate, mixture of diastercisomer or as single

stereoisomers, all of which forms fall within the scope of the invention:

1-[4-[5-(2-chlorophenyl)sulfanyl-4,6-dioxo-2-(3-thienyl)-2-piperidyl |phenylpiperidine-4-carbonitr

ile;
2-[[6-(6-bromo-2-pyridyl)-2,4-dioxo-6-(3-thienyl)-3-piperidyl |sulfanyl]benzonitrile;

3-(2-chloro-5-hydroxy-phenyl)sulfanyl-6-[4-(1-piperidyl)phenyl]-6-(3-thienyl)piperidine-2,4-dione

3-(2-chlorophenoxy)-6-(4-morpholinophenyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenoxy)-6-[4-(1-piperidyl)phenyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenoxy)-6-[6-(2-cyclopropylethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenoxy)-6-[6-(3,4-diflucrophenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenoxy)-6-[6-(4-fluoroanilino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenoxy)-6-[6-(4-fluorophenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-1-methyl-6-(3-tetrahydropyran-4-yloxyphenyl)-6-(3-thienyl)piperidine-
2,4-dione;
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3-(2-chlorophenyl)sulfanyl-1-methyl-6-[3-(tetrahydropyran-4-ylamino)phenyl]-6-(3-thienyl)piperid

ine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-(1H-indol-4-y1)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(2-fluorophenyl)- 1-methyl-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(2-hydroxy-4-morpholino-phenyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(2-hydroxyphenyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(2-naphthyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(3-fluoro-4-morpholino-phenyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(3-hydroxyphenyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(3-tetrahydropyran-4-yloxyphenyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)-6-(4-thiomorpholinophenyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)-6-[ 6-(2,2,2-trifluoro-1-methyl-ethoxy)-2-pyridyl]piperidin

e-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)-6-[6-(2,2,2-triflucroethoxy)-2-pyridyl |piperidine-2,4-dion

€

3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)-6-[6-(4,4,4-triflucrobutoxy)-2-pyridyl]piperidine-2,4-dion

€

3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)-6-[ 6-[ 3-(trifluoromethyl)phenoxy]-2-pyridyl]piperidine-2,

4-dione;

3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)-6-[ 6-[4-(trifluoromethoxy)phenoxy]-2-pyridyl]piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)-6-[ 6-[4-(trifluoromethyl)cyclohexoxy]-2-pyridyl |piperidi

ne-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)-6-[ 6-[4-(trifluoromethyl)phenoxy]-2-pyridyl]piperidine-2,

4-dione;
3-(2-chlorophenyl)sulfanyl-6-(4-cyclohexylphenyl)-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-(4-cyclopropylphenyl)-6-(3-thienyl)piperidine-2,4-dione;
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3-(2-chlorophenyl)sulfanyl-6-(4-hydroxyphenyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(4-morpholino-3-phenyl-phenyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(4-morpholinophenyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(4-morpholinophenyl)-6-(5-phenyl-3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-(4-morpholinophenyl)-6-(6-tetrahydropyran-4-yloxy-2-pyridyl)piperi

dine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(4-morpholinophenyl)-6-thiazol-4-yl-piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(4-piperazin-1-ylphenyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(4-pyrrolidin-1-ylphenyl)-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-(5-chloro-3-thienyl)-6-[6-(4-fluorophenoxy)-2-pyridyl |piperidine-2,4

-dione;
3-(2-chlorophenyl)sulfanyl-6-(5-methyl-3-thienyl)-6-(4-morpholinophenyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(6-chroman-4-yloxy-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(6-ethoxy-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(6-indan-5-yloxy-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(6-isobutoxy-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(6-isopentyloxy-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(6-isopropoxy-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-(6-isopropoxy-5-morpholino-2-pyridyl)-6-(3-thienyl)piperidine-2,4-d

ione;
3-(2-chlorophenyl)sulfanyl-6-(6-morpholino-3-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(6-pent-2-enoxy-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(6-phenoxy-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(6-phenyl-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-(6-pyrimidin-5-yloxy-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;
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3-(2-chlorophenyl)sulfanyl-6-(6-tetrahydrofuran-3-yloxy-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dio

ne;
3-(2-chlorophenyl)sulfanyl-6-(6-tetralin- 1-yloxy-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[3-(4-fluoroanilino)phenyl]- 1-methyl-6-(3-thienyl)piperidine-2,4-dio

ne;
3-(2-chlorophenyl)sulfanyl-6-[3-(4-fluoroanilino)phenyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[3-(4-fluoroanilino)phenyl]-6-phenyl-piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[3-(4-fluoro-N-methyl-anilino)phenyl]-6-phenyl-piperidine-2,4-dione

3-(2-chlorophenyl)sulfanyl-6-[3-(4-fluorophenoxy)phenyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[3-(cyclohexylamino)phenyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[3-(tetrahydropyran-4-ylamino)phenyl]-6-(3-thienyl)piperidine-2,4-di

one;

3-(2-chlorophenyl)sulfanyl-6-[3-[(6-fluoro-5-methyl-3-pyridyl)amino]phenyl]-6-(3-thienyl)piperidi

ne-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[4-(1-piperidyl)phenyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[4-(2,2-dimethylmorpholin-4-yl)phenyl]-6-(3-thienyl)piperidine-2,4-

dione;

3-(2-chlorophenyl)sulfanyl-6-[4-(2,6-dimethylmorpholin-4-yl)phenyl]-6-(3-thienyl)piperidine-2,4-

dione;
3-(2-chlorophenyl)sulfanyl-6-[4-(2-ethylmorpholin-4-yl)phenyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[4-(2-hydroxyethoxy)phenyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[4-(2-methoxyethoxy)phenyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[4-(2-methylmorpholin-4-yl)phenyl]-6-(3-thienyl)piperidine-2,4-dion
<
3-(2-chlorophenyl)sulfanyl-6-[4-(2-oxa-5-azabicyclo[2.2.1]]heptan-5-yl)phenyl]-6-(3-thienyl)piperi

dine-2,4-dione;
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3-(2-chlorophenyl)sulfanyl-6-[4-(2-oxa-6-azaspiro[ 3.3 Jheptan-6-yl)phenyl]-6-(3-thienyl)piperidine
-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[4-(2-oxa-7-azaspiro[3.5 nonan-7-yl)phenyl]-6-(3-thienyl)piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[4-(3,3-difluoroazetidin- 1-yl)phenyl]-6-(3-thienyl)piperidine-2,4-dio

ne;

3-(2-chlorophenyl)sulfanyl-6-[4-(3,3-difluoropyrrolidin-1-yl)phenyl]-6-(3-thienyl)piperidine-2,4-di

one;
3-(2-chlorophenyl)sulfanyl-6-[4-(3-fluoroazetidin-1-yl)phenyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[4-(3-fluoropyrrolidin-1-yl)phenyl]-6-(3-thienyl)piperidine-2,4-dione

3-(2-chlorophenyl)sulfanyl-6-[4-(3-hydroxypropoxy)phenyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[4-(3-methoxypropoxy)phenyl ]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[4-(3-methoxypyrrolidin-1-yl)phenyl]-6-(3-thienyl)piperidine-2,4-dio

ne;

3-(2-chlorophenyl)sulfanyl-6-[4-(4,4-difluoro- 1-piperidyl)phenyl]-6-(3-thienyl)piperidine-2,4-dion

<
3-(2-chlorophenyl)sulfanyl-6-[4-(4-fluoro-1-piperidyl)phenyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[4-(4-methoxy-1-piperidyl)phenyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)phenyl]-6-(3-thienyl)piperidi

ne-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[4-(cyclohexen-1-yl)phenyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[4-(dimethylamino)phenyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[4-(tetrahydropyran-4-ylamino)phenyl]-6-(3-thienyl)piperidine-2,4-di

one;

3-(2-chlorophenyl)sulfanyl-6-[5-(4-fluoroanilino)-2-hydroxy-phenyl]-6-(3-thienyl)piperidine-2,4-di

one;
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3-(2-chlorophenyl)sulfanyl-6-[5-[(4-fluorophenyl)methyl]-3-thienyl]-6-(4-morpholinophenyl)piperi
dine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(1,2,3,4-tetrahydroquinolin-8-yloxy)-2-pyridyl]-6-(3-thienyl)piperi

dine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(1-cyclohexylethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione

>

3-(2-chlorophenyl)sulfanyl-6-[6-(1-cyclopropylethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dion

€

3-(2-chlorophenyl)sulfanyl-6-[6-(1-cyclopropylethylamino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-

dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(1H-indazol-4-yloxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione

3-(2-chlorophenyl)sulfanyl-6-[6-(2,2-difluoroethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(2,2-dimethylchroman-4-yl)oxy-2-pyridyl]-6-(3-thienyl)piperidine
-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(2,2-dimethylpropoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dion

€

3-(2-chlorophenyl)sulfanyl-6-[6-(2,3-difluorophenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dion

€

3-(2-chlorophenyl)sulfanyl-6-[6-(2,4-difluorophenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dion

<
3-(2-chlorophenyl)sulfanyl-6-[6-(2-cyclobutylethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(2-cyclohexylethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione

>

3-(2-chlorophenyl)sulfanyl-6-[6-(2-cyclohexylethylamino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-d

ione;

3-(2-chlorophenyl)sulfanyl-6-[6-(2-cyclopentylethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dion

€
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3-(2-chlorophenyl)sulfanyl-6-[6-(2-cyclopropyl-1-methyl-ethoxy)-2-pyridyl]-6-(3-thienyl)piperidin

e-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(2-cyclopropylethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dion

€

3-(2-chlorophenyl)sulfanyl-6-[6-(2-cyclopropylethylamino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-

dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(2-cyclopropylpropoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dio

ne;

3-(2-chlorophenyl)sulfanyl-6-[6-(2-ethoxy-1-methyl-ethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4

-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(2-ethoxyethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(2-fluorophenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(2-methoxy-1-methyl-ethoxy)-2-pyridyl ]-6-(3-thienyl)piperidine-2

,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(2-methoxyphenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(2-methylbutoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(2-morpholino-4-pyridyl)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-di

one;
3-(2-chlorophenyl)sulfanyl-6-[6-(2-pyridyloxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(3,4-difluoroanilino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(3,4-difluorophenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dion

<
3-(2-chlorophenyl)sulfanyl-6-[6-(3,4-difluorophenoxy)-2-pyridyl]-6-(4-morpholinophenyl)piperidi

ne-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(3,4-difluorophenoxy)-2-pyridyl]-6-[4-(1-piperidyl)phenyl |piperid

ine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(3,5-difluorophenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dion
<
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3-(2-chlorophenyl)sulfanyl-6-[6-(3-fluoro-4-methoxy-phenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(3-fluorophenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(3-hydroxy-3-methyl-butoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,

4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(3-hydroxycyclopentoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-di

one;

3-(2-chlorophenyl)sulfanyl-6-[6-(3-methoxy-3-methyl-butoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2

,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(3-methoxy-N-methyl-anilino)-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(3-methoxyphenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(3-methoxypropoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(3-pyridyloxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(3-tetrahydropyran-4-ylazetidin- 1-yl)-2-pyridyl]-6-(3-thienyl)piper

idine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4,4-difluorocyclohexoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-

dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-cyclopropyl-2-fluoro-anilino)-2-pyridyl]-6-(3-thienyl)piperidin

e-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoro-2-isopropyl-phenoxy)-2-pyridyl]-6-(3-thienyl)piperidine
-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoro-2-methoxy-phenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;

(6S)-3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoro-2-methoxy-phenoxy)-2-pyridyl]-6-(3-thienyl)piperi

dine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoro-2-tetrahydropyran-4-yl-phenoxy)-2-pyridyl]-6-(3-thienyl
)piperidine-2,4-dione;
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3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoro-3-methoxy-phenyl)-2-pyridyl]-6-(3-thienyl)piperidine-2,

4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoro-3-methyl-phenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,

4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoroanilino)-2-pyridyl]-1-methyl-6-(3-thienyl)piperidine-2,4-

dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(cyclohexoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoroanilino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoroanilino)-2-pyridyl]-6-(4-morpholinophenyl)piperidine-2,4

-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoroanilino)-5-morpholino-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorobenzoyl)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoro-N-methyl-anilino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4

-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorophenoxy)-2-pyridyl]-1-methyl-6-(3-thienyl)piperidine-2,4

-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorophenoxy)-2-pyridyl]-6-(1H-pyrazol-3-yl)piperidine-2,4-di

one;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorophenoxy)-2-pyridyl]-6-(2-hydroxyphenyl)piperidine-2,4-

dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorophenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorophenoxy)-2-pyridyl]-6-(4-morpholinophenyl)piperidine-2

,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorophenoxy)-5-morpholino-2-pyridyl]-6-(3-thienyl)piperidin

e-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorophenyl)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
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3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorophenyl)sulfanyl-2-pyridyl]-6-(3-thienyl)piperidine-2,4-di

one;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-hydroxy-4-methyl-pentoxy)-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-iodophenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-methoxycyclohexoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-di

one;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-methoxy-N-methyl-anilino)-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-methoxyphenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-methylsulfanylphenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-

dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(4-pyridyl)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(4-pyridylmethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(5-fluorotetralin-1-yl)oxy-2-pyridyl]-6-(3-thienyl)piperidine-2,4-di

one;
3-(2-chlorophenyl)sulfanyl-6-[6-(5-isoquinolyloxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(5-quinolyloxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(6-fluorotetralin-1-yl)oxy-2-pyridyl]-6-(3-thienyl)piperidine-2,4-di

one;
3-(2-chlorophenyl)sulfanyl-6-[6-(6-quinolyloxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(7-fluorotetralin-1-yl)oxy-2-pyridyl]-6-(3-thienyl)piperidine-2,4-di

one;

3-(2-chlorophenyl)sulfanyl-6-[6-(8-fluorochroman-4-yl)oxy-2-pyridyl]-6-(3-thienyl)piperidine-2,4-

dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(8-hydroxy-3,4-dihydro-2H-quinolin-1-yl)-2-pyridyl]-6-(3-thienyl)

piperidine-2.,4-dione;
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3-(2-chlorophenyl)sulfanyl-6-[6-(8-isoquinolyloxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(8-quinolyloxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(cyclobutoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(cyclobutylmethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(cycloheptoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(cyclohexoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(cyclohexoxy)-2-pyridyl]-6-(4-morpholinophenyl)piperidine-2,4-d

ione;

3-(2-chlorophenyl)sulfanyl-6-[6-(cyclohexoxy)-2-pyridyl]-6-[4-(1-piperidyl)phenyl |piperidine-2,4-

dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(cyclohexylamino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(cyclohexylmethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione

3-(2-chlorophenyl)sulfanyl-6-[6-(cyclopentoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(cyclopentylamino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(cyclopentylmethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dion

€

3-(2-chlorophenyl)sulfanyl-6-[6-(cyclopropylmethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dion

<
3-(2-chlorophenyl)sulfanyl-6-[6-(dimethylamino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(N-ethyl-4-fluoro-anilino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-d

ione;

3-(2-chlorophenyl)sulfanyl-6-[6-(oxetan-3-ylmethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione

>

3-(2-chlorophenyl)sulfanyl-6-[6-(tetrahydrofuran-2-ylmethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;
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3-(2-chlorophenyl)sulfanyl-6-[6-(tetrahydrofuran-3-ylamino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4

-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(tetrahydropyran-4-ylamino)-2-pyridyl]-6-(3-thienyl)piperidine-2,

4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(tetrahydropyran-4-ylmethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(tetrahydropyran-4-ylmethyl)-2-pyridyl]-6-(3-thienyl)piperidine-2,

4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(thiazol-2-ylamino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(1,5-dimethylpyrazol-3-yl)amino]-2-pyridyl]-6-(3-thienyl)piperidi

ne-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(1-methyl-1,2,4-triazol-3-yl)amino]-2-pyridyl]-6-(3-thienyl)piperi

dine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(1-methylcyclopropyl)methoxy]-2-pyridyl]-6-(3-thienyl)piperidin

e-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(1-methylimidazol-2-yl)amino]-2-pyridyl]-6-(3-thienyl)piperidine
-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(1-methylimidazol-2-yl)methoxy]-2-pyridyl]-6-(3-thienyl)piperidi

ne-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(1-methylpyrazol-3-yl)amino]-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(2,4-difluorophenyl)methyl]-2-pyridyl ]-6-(3-thienyl)piperidine-2,

4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(2,5-dimethylpyrazol-3-yl)amino]-2-pyridyl]-6-(3-thienyl)piperidi

ne-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(2-methylcyclopropyl)methoxy]-2-pyridyl]-6-(3-thienyl)piperidin

e-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(2-methylpyrazol-3-yl)amino]-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;
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3-(2-chlorophenyl)sulfanyl-6-[6-[(3,3-difluorocyclobutyl)methoxy]-2-pyridyl]-6-(3-thienyl)piperidi

ne-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(3,4-difluorophenyl)methyl]-2-pyridyl ]-6-(3-thienyl)piperidine-2,

4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(3,5-difluorophenyl)methyl]-2-pyridyl ]-6-(3-thienyl)piperidine-2,

4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(3-ethyloxetan-3-yl)methoxy]-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;

5-(2-chlorophenyl)sulfanyl-4-hydroxy-2-[6-(4-methoxycyclohexoxy)-2-pyridyl]-2-(3-thienyl)-1,3-d
ihydropyridin-6-one;

3-(2-chlorophenyl)sulfanyl-6-[6-[(3-fluoro-5-methoxy-phenyl)methyl]-2-pyridyl]-6-(3-thienyl)pipe

ridine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(3-fluorophenyl)methyl]-2-pyridyl]-6-(3-thienyl)piperidine-2,4-di

one;

3-(2-chlorophenyl)sulfanyl-6-[6-[(4-fluoro-3-methoxy-phenyl)methyl]-2-pyridyl]-6-(3-thienyl)pipe

ridine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(4-fluorophenyl)methoxy]-2-pyridyl]-6-(3-thienyl)piperidine-2,4-

dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(4-fluorophenyl)methyl]-2-pyridyl]-6-(3-thienyl)piperidine-2,4-di

one;

3-(2-chlorophenyl)sulfanyl-6-[6-[(4-fluorophenyl)methylamino]-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(4-methylthiazol-2-yl)amino]-2-pyridyl]-6-(3-thienyl)piperidine-2

,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(5-fluoro-3-pyridyl)oxy]-2-pyridyl]-6-(3-thienyl)piperidine-2,4-di

one;

3-(2-chlorophenyl)sulfanyl-6-[6-[(5-fluoro-8-quinolyl)oxy]-2-pyridyl]-6-(3-thienyl)piperidine-2,4-

dione;
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3-(2-chlorophenyl)sulfanyl-6-[6-[(5-methyl- 1 H-imidazol-2-yl)amino]-2-pyridyl]-6-(3-thienyl)piper

idine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(5-methylthiazol-2-yl)amino]-2-pyridyl]-6-(3-thienyl)piperidine-2

,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(5-oxotetrahydrofuran-2-yl)methoxy]-2-pyridyl]-6-(3-thienyl)pip

eridine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(6-fluoro-3-pyridyl)amino]-2-pyridyl]-6-(3-thienyl)piperidine-2,4

-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(6-fluoro-5-methyl-3-pyridyl)amino]-2-pyridyl]-6-(3-thienyl)pipe

ridine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[[3-(hydroxymethyl)phenyl Jmethyl]-2-pyridyl]-6-(3-thienyl)piperi

dine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[[4-(hydroxymethyl)cyclohexylJmethoxy]-2-pyridyl]-6-(3-thienyl)
piperidine-2.,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[1-(3,4-difluorophenyl)ethoxy]-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[ 1-(3-fluorophenyl)ethoxy]-2-pyridyl]-6-(3-thienyl)piperidine-2,4-

dione;
3-(2-chlorophenoxy)-6-[6-(4-fluoroanilino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[ 1-(4-fluorophenyl)ethoxy]-2-pyridyl]-6-(3-thienyl)piperidine-2,4-
dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[ 1-(4-fluorophenyl)ethylamino]-2-pyridyl]-6-(3-thienyl)piperidine
-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[1-(4-flucrophenyl)propoxy]-2-pyridyl]-6-(3-thienyl)piperidine-2,

4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[1-(4-flucrophenyl)propylamino]-2-pyridyl]-6-(3-thienyl)piperidin

e-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(1H-pyrazol-4-yl)phenoxy]-2-pyridyl]-6-(3-thienyl)piperidine-2

,4-dione;
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3-(2-chlorophenyl)sulfanyl-6-[6-[2-(1-methylcyclopropyl)ethoxy]-2-pyridyl]-6-(3-thienyl)piperidin
e-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(2,2-difluorocyclopropyl)ethoxy]-2-pyridyl]-6-(3-thienyl)piperi

dine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(2,2-dimethyl-1,3-dioxolan-4-yl)ethoxy]-2-pyridyl]-6-(3-thienyl
)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(2-oxopyrrolidin-1-yl)ethoxy]-2-pyridyl ]-6-(3-thienyl)piperidin

e-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(3-methyltriazol-4-yl)phenoxy]-2-pyridyl]-6-(3-thienyl)piperidi

ne-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(4-fluorophenyl)ethyl |-2-pyridyl ]-6-(3-thienyl)piperidine-2,4-di

one;

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(cyclopropylmethoxy)-4-fluoro-phenoxy]-2-pyridyl]-6-(3-thien
yD)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(cyclopropylmethyl)-4-fluoro-phenoxy]-2-pyridyl]-6-(3-thienyl
)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(methoxymethyl)phenoxy]-2-pyridyl]-6-(3-thienyl)piperidine-2,

4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(0xetan-3-yl)ethoxy]-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dio

ne;

3-(2-chlorophenyl)sulfanyl-6-[6-[3-(1-hydroxyethyl)anilino]-2-pyridyl]-6-(3-thienyl)piperidine-2,4

-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[3-(difluoromethyl)-4-fluoro-phenoxy]-2-pyridyl ]-6-(3-thienyl)pip

eridine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[3-(difluoromethyl)phenoxy]-2-pyridyl]-6-(3-thienyl)piperidine-2,

4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[3-(hydroxymethyl)anilino]-2-pyridyl]-6-(3-thienyl)piperidine-2,4-

dione;
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3-(2-chlorophenyl)sulfanyl-6-[6-[3-(hydroxymethyl)-N-methyl-anilino]-2-pyridyl ]-6-(3-thienyl)pip

eridine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[3-fluoro-5-(hydroxymethyl)phenoxy]-2-pyridyl]-6-(3-thienyl)pipe

ridine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[4-fluoro-3-(hydroxymethylanilino]-2-pyridyl]-6-(3-thienyl)piperi

dine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[4-fluoro-3-(trifluoromethyl)phenoxy]-2-pyridyl]-6-(3-thienyl)pip

eridine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[6-(hydroxymethyl)indolin-1-yl]-2-pyridyl]-6-(3-thienyl)piperidin

e-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[N-methyl-3-(trifluoromethyl)anilino]-2-pyridyl]-6-(3-thienyl)pipe

ridine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-phenyl-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-phenyl-6-thiazol-4-yl-piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-thiazol-4-yl-6-(3-thienyl)piperidine-2,4-dione;

4-[3-[5-(2-chlorophenyl)sulfanyl-2-(4-morpholinophenyl)-4,6-dioxo-2-piperidyl [phenyl ]-N,N-dime

thyl-benzenesulfonamide;

4-[3-[5-(2-chlorophenyl)sulfanyl-4,6-dioxo-2-(3-thienyl)-2-piperidyl | phenyl ]-N,N-dimethyl-benzen

esulfonamide;

4-[6-[5-(2-chlorophenyl)sulfanyl-4,6-dioxo-2-(3-thienyl)-2-piperidyl]-2-pyridyl]-N,N-dimethyl-ben

zenesulfonamide;

3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)-6-[ 6-[ 3-(trifluoromethyl)phenoxy]-2-pyridyl]piperidine-2,

4-dione;

6-(3-aminophenyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;
6-(3-anilinophenyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;
6-(3-bromo-4-morpholino-phenyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;

6-(3-bromophenyl)-3-(2-chlorophenyl)sulfanyl-1-methyl-6-(3-thienyl)piperidine-2,4-dione;
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6-(3-bromophenyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;
6-(5-bromo-6-morpholino-3-pyridyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;
6-(6-benzyl-2-pyridyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;
6-(6-benzyloxy-2-pyridyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;
6-(6-bromo-2-pyridyl)-3-(2-chloro-5-hydroxy-phenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;
6-(6-bromo-2-pyridyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;
6-(6-bromo-5-morpholino-2-pyridyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;

6-[3-chloro-5-(4-fluoroanilino)phenyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dion

€

6-[4-(1,3,3a,4,6,6a-hexahydrofuro[3,4-c]pyrrol-5-yl)phenyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thien
yD)piperidine-2,4-dione;

6-[4-(2-azaspiro[ 3.3 ]heptan-2-yl)phenyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-di

one;

6-[4-(3-azabicyclo[2.1.1]hexan-3-yl)phenyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,

4-dione;
6-[4-(4-acetylpiperazin-1-yl)phenyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;

6-[5-(2-chlorophenyl)sulfanyl-4,6-dioxo-2-(3-thienyl)-2-piperidyl]-N-(cyclopropylmethyl)pyridine-

2-carboxamide;

6-[6-(2-amino-5-methyl-imidazol-1-yl)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidi

ne-2,4-dione;
6-[6-(2-bromophenoxy)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;

6-[6-(2-chloro-3,4-difluoro-anilino)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-
2,4-dione;

6-[6-(2-chloro-4-fluoro-anilino)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-
dione;
6-[6-(2-chloro-4-fluoro-phenoxy)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,

4-dione;
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6-[6-(2-tert-butoxyethoxy)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione

6-[6-(3-bromo-4-fluoro-phenoxy)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,

4-dione;

6-[6-(3-chloro-4-fluoro-anilino)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-

dione;

6-[6-(3-chloro-4-fluoro-phenoxy)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,

4-dione;
6-[6-(3-chlorophenoxy)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;

6-[6-(4-bromo-2-chloro-phenoxy)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,

4-dione;

6-[6-(4-bromo-2-fluoro-phenoxy)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,

4-dione;

6-[6-(4-chloro-N-methyl-anilino)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4

-dione;
6-[6-(4-chlorophenoxy)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;

6-[6-(7-bromotetralin-1-yl)oxy-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-d

ione;

6-[6-[(2-chloro-6-fluoro-3-pyridyl)oxy]-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidi

ne-2,4-dione;

6-[6-[(4-chloro-3-fluoro-phenyl)methyl]-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperid

ine-2,4-dione;

6-[6-[[1-(3-chloro-4-fluoro-phenyl)-2-hydroxy-ethyl Jamino]-2-pyridyl]-3-(2-chlorophenyl)sulfanyl
-6-(3-thienyl)piperidine-2,4-dione;

6-[6-[1-(3-chloro-4-fluoro-phenyl)propylamino]-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl
)piperidine-2,4-dione;

6-[6-[1-(4-chlorophenyl)ethoxy]-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-

dione;
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N-[6-[5-(2-chlorophenyl)sulfanyl-4,6-dioxo-2-(3-thienyl)-2-piperidyl]-2-pyridyl |azetidine-1-sulfon
amide tert-butyl;

5-(2-chlorophenyl)sulfanyl-4-hydroxy-2-[4-(1-piperidyl)phenyl]-2-(3-thienyl)-1,3-dihydropyridin-6

-one; and
N-[6-[5-(2-chlorophenyl)sulfanyl-4,6-dioxo-2-(3-thienyl)-2-piperidyl]-2-pyridyl |carbamate.

In an embodiment, the invention relates to a compound according to the invention for

use as therapeutically active substance.

In an embodiment, the invention relates to a pharmaceutical composition comprising a

compound according to the invention and a therapeutically inert carrier.

In an embodiment, the invention relates to a compound according to the invention for

the treatment or prophylaxis of cancer.

In an embodiment, the invention relates to the use of a compound according to the

invention for the preparation of a medicament for the treatment or prophylaxis of cancer.

In an embodiment, the invention relates to a compound according to the invention for

the treatment or prophylaxis of cancer.

In an embodiment, the invention relates to a method for the treatment or prophylaxis of
cancer which method comprises administering an effective amount of a compound according to the

invention.

In an embodiment, the invention cancer is selected from the groups consisting of the
following cancers: breast, ovary, cervix, prostate, testis, genitourinary tract, esophagus, larynx,
glioblastoma, neuroblastoma, stomach, skin, keratoacanthoma, lung, epidermoid carcinoma, large
cell carcinoma, non-small cell lung carcinoma (NSCLC), small cell carcinoma, lung
adenocarcinoma, bone, colon, adenoma, pancreas, adenocarcinoma, thyroid, follicular carcinoma,
undifferentiated carcinoma, papillary carcinoma, seminoma, melanoma, sarcoma, bladder
carcinoma, liver carcinoma and biliary passages, kidney carcinoma, pancreatic, myeloid disorders,
lymphoma, hairy cells, buccal cavity, naso-pharyngeal, pharynx, lip, tongue, mouth, small intestine,
colon-rectum, large intestine, rectum, brain and central nervous system, Hodgkin’s, leukemia,
bronchus, thyroid, liver and intrahepatic bile duct, hepatocellular, gastric, glioma/glioblastoma,
endometrial, melanoma, kidney and renal pelvis, urinary bladder, uterine corpus, uterine cervix,
multiple myeloma, acute myelogenous leukemia (AML), chronic lymphoid leukemia, chronic
myelogenous leukemia, lymphocytic leukemia, myeloid leukemia, oral cavity and pharynx,

non-Hodgkin lymphoma, melanoma, or villous colon adenoma
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PHARMACEUTICAL FORMULATIONS

In order to use a Formula (I) compound for the therapeutic treatment (including
prophylactic treatment) of mammals including humans, it is normally formulated in accordance with
standard pharmaceutical practice as a pharmaceutical composition. According to this aspect of the
invention there is provided a pharmaceutical composition comprising a compound of this invention

in association with a pharmaceutically acceptable diluent or carrier.

A typical formulation is prepared by mixing a compound of the present invention and a
carrier, diluent or excipient. Suitable carriers, diluents and excipients are well known to those skilled
in the art and include materials such as carbohydrates, waxes, water soluble and/or swellable
polymers, hydrophilic or hydrophobic materials, gelatin, oils, solvents, water and the like. The
particular carrier, diluent or excipient used will depend upon the means and purpose for which the
compound of the present invention is being applied. Solvents are generally selected based on
solvents recognized by persons skilled in the art as safe (GRAS) to be administered to a mammal. In
general, safe solvents are non-toxic aqueous solvents such as water and other non-toxic solvents that
are soluble or miscible in water. Suitable aqueous solvents include water, ethanol, propylene glycol,
polyethylene glycols (e.g., PEG 400, PEG 300), etc. and mixtures thereof. The formulations may
also include one or more buffers, stabilizing agents, surfactants, wetting agents, lubricating agents,
emulsifiers, suspending agents, preservatives, antioxidants, opaquing agents, glidants, processing
aids, colorants, sweeteners, perfuming agents, flavoring agents and other known additives to provide
an elegant presentation of the drug (i.e., a compound of the present invention or pharmaceutical

composition thereof) or aid in the manufacturing of the pharmaceutical product (i.e., medicament).

The formulations may be prepared using conventional dissolution and mixing
procedures. For example, the bulk drug substance (i.e., compound of the present invention or
stabilized form of the compound (e.g., complex with a cyclodextrin derivative or other known
complexation agent) is dissolved in a suitable solvent in the presence of one or more of the excipients
described above. The compound of the present invention is typically formulated into pharmaceutical
dosage forms to provide an easily controllable dosage of the drug and to enable patient compliance

with the prescribed regimen.

The pharmaceutical composition (or formulation) for application may be packaged in a
variety of ways depending upon the method used for administering the drug. Generally, an article for
distribution includes a container having deposited therein the pharmaceutical formulation in an
appropriate form. Suitable containers are well known to those skilled in the art and include materials
such as bottles (plastic and glass), sachets, ampoules, plastic bags, metal cylinders, and the like. The
container may also include a tamper-proof assemblage to prevent indiscreet access to the contents of
the package. In addition, the container has deposited thereon a label that describes the contents of the

container. The label may also include appropriate warnings.
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Pharmaceutical formulations of the compounds of the present invention may be
prepared for various routes and types of administration. For example, a compound of Formula (I)
having the desired degree of purity may optionally be mixed with pharmaceutically acceptable
diluents, carriers, excipients or stabilizers (Remington’s Pharmaceutical Sciences (1980) 16" edition,
Osol, A. Ed.), in the form of a lyophilized formulation, milled powder, or an aqueous solution.
Formulation may be conducted by mixing at ambient temperature at the appropriate pH, and at the
desired degree of purity, with physiologically acceptable carriers, i.e., carriers that are non-toxic to
recipients at the dosages and concentrations employed. The pH of the formulation depends mainly
on the particular use and the concentration of compound, but may range from about 3 to about 8.

Formulation in an acetate buffer at pH 5 is a suitable embodiment.

The compound ordinarily can be stored as a solid composition, a lyophilized

formulation or as an aqueous solution.

The pharmaceutical compositions of the invention will be formulated, dosed and
administered in a fashion, i.e., amounts, concentrations, schedules, course, vehicles and route of
administration, consistent with good medical practice. Factors for consideration in this context
include the particular disorder being treated, the particular mammal being treated, the clinical
condition of the individual patient, the cause of the disorder, the site of delivery of the agent, the
method of administration, the scheduling of administration, and other factors known to medical
practitioners. The “therapeutically effective amount” of the compound to be administered will be
governed by such considerations, and is the minimum amount necessary to prevent, ameliorate, or

treat the hyperproliferative disorder.

As a general proposition, the initial pharmaceutically effective amount of the inhibitor
administered parenterally per dose will be in the range of about 0.01-100 mg/kg, namely about 0.1 to
20 mg/kg of patient body weight per day, with the typical initial range of compound used being 0.3 to
15 mg/kg/day.

Acceptable diluents, carriers, excipients and stabilizers are nontoxic to recipients at the
dosages and concentrations employed, and include buffers such as phosphate, citrate and other
organic acids; antioxidants including ascorbic acid and methionine; preservatives (such as
octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium chloride,
benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or propyl
paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (less
than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins;
hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine,
asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides and other carbohydrates
including glucose, mannose, or dextrins; chelating agents such as EDTA; sugars such as sucrose,

mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal complexes (e.g.,
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Zn-protein complexes); and/or non-ionic surfactants such as TWEEN™, PLURONICS™ or
polyethylene glycol (PEG). The active pharmaceutical ingredients may also be entrapped in
microcapsules prepared, for example, by coacervation techniques or by interfacial polymerization,
for example, hydroxymethylcellulose or gelatin-microcapsules and poly-(methylmethacylate)
microcapsules, respectively, in colloidal drug delivery systems (for example, liposomes, albumin
microspheres, microemulsions, nano-particles and nanocapsules) or in macroemulsions. Such

techniques are disclosed in Remington’s Pharmaceutical Sciences 16" edition, Osol, A. Ed. (1980).

Sustained-release preparations of compounds of Formula (I) may be prepared. Suitable
examples of sustained-release preparations include semipermeable matrices of solid hydrophobic
polymers containing a compound of Formula (I), which matrices are in the form of shaped articles,
e.g., films, or microcapsules. Examples of sustained-release matrices include polyesters, hydrogels
(for example, poly(2-hydroxyethyl-methacrylate), or poly(vinyl alcohol)), polylactides (US
3773919), copolymers of L-glutamic acid and gamma-ethyl-L-glutamate, non-degradable
ethylene-vinyl acetate, degradable lactic acid-glycolic acid copolymers such as the LUPRON
DEPOT™ (injectable microspheres composed of lactic acid-glycolic acid copolymer and leuprolide

acetate) and poly-D-(-)-3-hydroxybutyric acid.

The formulations include those suitable for the administration routes detailed herein.
The formulations may conveniently be presented in unit dosage form and may be prepared by any of
the methods well known in the art of pharmacy. Techniques and formulations generally are found in
Remington’s Pharmaceutical Sciences (Mack Publishing Co., Easton, PA). Such methods include
the step of bringing into association the active ingredient with the carrier which constitutes one or
more accessory ingredients. In general the formulations are prepared by uniformly and intimately
bringing into association the active ingredient with liquid carriers or finely divided solid carriers or

both, and then, if necessary, shaping the product.

Formulations of a compound of Formula (I) suitable for oral administration may be
prepared as discrete units such as pills, capsules, cachets or tablets each containing a predetermined
amount of a compound of Formula (I). Compressed tablets may be prepared by compressing in a
suitable machine the active ingredient in a free-flowing form such as a powder or granules,
optionally mixed with a binder, lubricant, inert diluent, preservative, surface active or dispersing
agent. Molded tablets may be made by molding in a suitable machine a mixture of the powdered
active ingredient moistened with an inert liquid diluent. The tablets may optionally be coated or
scored and optionally are formulated so as to provide slow or controlled release of the active
ingredient therefrom. Tablets, troches, lozenges, aqueous or oil suspensions, dispersible powders or
granules, emulsions, hard or soft capsules, e.g., gelatin capsules, syrups or elixirs may be prepared
for oral use. Formulations of compounds of Formula (I) intended for oral use may be prepared
according to any method known to the art for the manufacture of pharmaceutical compositions and

such compositions may contain one or more agents including sweetening agents, flavoring agents,
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coloring agents and preserving agents, in order to provide a palatable preparation. Tablets containing
the active ingredient in admixture with non-toxic pharmaceutically acceptable excipient which are
suitable for manufacture of tablets are acceptable. These excipients may be, for example, inert
diluents, such as calcium or sodium carbonate, lactose, calcium or sodium phosphate; granulating
and disintegrating agents, such as maize starch, or alginic acid; binding agents, such as starch, gelatin
or acacia; and lubricating agents, such as magnesium stearate, stearic acid or talc. Tablets may be
uncoated or may be coated by known techniques including microencapsulation to delay
disintegration and adsorption in the gastrointestinal tract and thereby provide a sustained action over
a longer period. For example, a time delay material such as glyceryl monostearate or glyceryl

distearate alone or with a wax may be employed.

For treatment of the eye or other external tissues, e.g., mouth and skin, the formulations
may be applied as a topical ointment or cream containing the active ingredient(s) in an amount of, for
example, 0.075 to 20% w/w. When formulated in an ointment, the active ingredients may be
employed with either a paraffinic or a water-miscible ointment base. Alternatively, the active
ingredients may be formulated in a cream with an oil-in-water cream base. If desired, the aqueous
phase of the cream base may include a polyhydric alcohol, i.e., an alcohol having two or more
hydroxy groups such as propylene glycol, butane 1,3-diol, mannitol, sorbitol, glycerol and
polyethylene glycol (including PEG 400) and mixtures thereof. The topical formulations may
desirably include a compound which enhances absorption or penetration of the active ingredient
through the skin or other affected areas. Examples of such dermal penetration enhancers include
dimethyl sulfoxide and related analogs. The oily phase of the emulsions of this invention may be
constituted from known ingredients in a known manner, including a mixture of at least one
emulsifier with a fat or an oil, or with both a fat and an oil. A hydrophilic emulsifier included
together with a lipophilic emulsifier acts as a stabilizer. Together, the emulsifier(s) with or without
stabilizer(s) make up the so-called emulsifying wax, and the wax together with the oil and fat make
up the so-called emulsifying ointment base which forms the oily dispersed phase of the cream
formulations. Emulsifiers and emulsion stabilizers suitable for use in the formulation of the
invention include Tween® 60, Span® 80, cetostearyl alcohol, benzyl alcohol, myristyl alcohol,

glyceryl mono-stearate and sodium lauryl sulfate.

Aqueous suspensions of Formula (I) compounds contain the active materials in
admixture with excipients suitable for the manufacture of aqueous suspensions. Such excipients
include a suspending agent, such as sodium carboxymethylcellulose, croscarmellose, povidone,
methylcellulose, hydroxypropyl methylcellulose, sodium alginate, polyvinylpyrrolidone, gum
tragacanth and gum acacia, and dispersing or wetting agents such as a naturally occurring
phosphatide (e.g., lecithin), a condensation product of an alkylene oxide with a fatty acid (e.g.,
polyoxyethylene stearate), a condensation product of ethylene oxide with a long chain aliphatic

alcohol (e.g., heptadecaethyleneoxycetanol), a condensation product of ethylene oxide with a partial
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ester derived from a fatty acid and a hexitol anhydride (e.g., polyoxyethylene sorbitan monooleate).
The aqueous suspension may also contain one or more preservatives such as ethyl or n-propyl
p-hydroxybenzoate, one or more coloring agents, one or more flavoring agents and one or more

sweetening agents, such as sucrose or saccharin.

The pharmaceutical compositions of compounds of Formula (I) may be in the form of a
sterile injectable preparation, such as a sterile injectable aqueous or oleaginous suspension. This
suspension may be formulated according to the known art using those suitable dispersing or wetting
agents and suspending agents which have been mentioned above. The sterile injectable preparation
may also be a sterile injectable solution or suspension in a non-toxic parenterally acceptable diluent
or solvent, such as a solution in 1,3-butanediol or prepared as a lyophilized powder. Among the
acceptable vehicles and solvents that may be employed are water, Ringer’s solution and isotonic
sodium chloride solution. In addition, sterile fixed oils may conventionally be employed as a solvent
or suspending medium. For this purpose any bland fixed oil may be employed including synthetic
mono- or diglycerides. In addition, fatty acids such as oleic acid may likewise be used in the

preparation of injectables.

The amount of active ingredient that may be combined with the carrier material to
produce a single dosage form will vary depending upon the host treated and the particular mode of
administration. For example, a time-release formulation intended for oral administration to humans
may contain approximately 1 to 1000 mg of active material compounded with an appropriate and
convenient amount of carrier material which may vary from about 5 to about 95% of the total
compositions (weight:weight). The pharmaceutical composition can be prepared to provide easily
measurable amounts for administration. For example, an aqueous solution intended for intravenous
infusion may contain from about 3 to 500 ng of the active ingredient per milliliter of solution in order

that infusion of a suitable volume at a rate of about 30 mL/hr can occur.

Formulations suitable for parenteral administration include aqueous and non-aqueous
sterile injection solutions which may contain anti-oxidants, buffers, bacteriostats and solutes which
render the formulation isotonic with the blood of the intended recipient; and aqueous and

non-aqueous sterile suspensions which may include suspending agents and thickening agents.

Formulations suitable for topical administration to the eye also include eye drops
wherein the active ingredient is dissolved or suspended in a suitable carrier, especially an aqueous
solvent for the active ingredient. The active ingredient is preferably present in such formulations in a
concentration of about 0.5 to 20% w/w, for example about 0.5 to 10% w/w, for example about 1.5%

wiw.

Formulations suitable for topical administration in the mouth include lozenges

comprising the active ingredient in a flavored basis, usually sucrose and acacia or tragacanth;
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pastilles comprising the active ingredient in an inert basis such as gelatin and glycerin, or sucrose

and acacia; and mouthwashes comprising the active ingredient in a suitable liquid carrier.

Formulations for rectal administration may be presented as a suppository with a suitable

base comprising for example cocoa butter or a salicylate.

Formulations suitable for intrapulmonary or nasal administration have a particle size
for example in the range of 0.1 to 500 microns (including particle sizes in a range between 0.1 and
500 microns in increments microns such as 0.5, 1, 30 microns, 35 microns, etc.), which is
administered by rapid inhalation through the nasal passage or by inhalation through the mouth so as
to reach the alveolar sacs. Suitable formulations include aqueous or oily solutions of the active
ingredient. Formulations suitable for aerosol or dry powder administration may be prepared
according to conventional methods and may be delivered with other therapeutic agents such as

compounds heretofore used in the treatment or prophylaxis disorders as described below.

Formulations suitable for vaginal administration may be presented as pessaries,
tampons, creams, gels, pastes, foams or spray formulations containing in addition to the active

ingredient such carriers as are known in the art to be appropriate.

The formulations may be packaged in unit-dose or multi-dose containers, for example
sealed ampoules and vials, and may be stored in a freeze-dried (lyophilized) condition requiring only
the addition of the sterile liquid carrier, for example water, for injection immediately prior to use.
Extemporaneous injection solutions and suspensions are prepared from sterile powders, granules
and tablets of the kind previously described. Preferred unit dosage formulations are those containing
a daily dose or unit daily sub-dose, as herein above recited, or an appropriate fraction thereof, of the

active ingredient.

The invention further provides veterinary compositions comprising at least one active
ingredient as above defined together with a veterinary carrier therefore. Veterinary carriers are
materials useful for the purpose of administering the composition and may be solid, liquid or gaseous
materials which are otherwise inert or acceptable in the veterinary art and are compatible with the
active ingredient. These veterinary compositions may be administered parenterally, orally or by any

other desired route.
COMBINATION THERAPY

The compounds of Formula (I) may be employed alone or in combination with other
therapeutic agents for the treatment of a disease or disorder described herein, such as inflammation
or a hyperproliferative disorder (e.g., cancer). In certain embodiments, a compound of Formula (I) is
combined in a pharmaceutical combination formulation, or dosing regimen as combination therapy,

with a second therapeutic compound that has anti-inflammatory or anti-hyperproliferative properties
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or that is useful for treating an inflammation, immune-response disorder, or hyperproliferative
disorder (e.g., cancer). The second therapeutic agent may be an NSAID anti-inflammatory agent.
The second therapeutic agent may be a chemotherapeutic agent. The second compound of the
pharmaceutical combination formulation or dosing regimen preferably has complementary activities
to the compound of Formula (I) such that they do not adversely affect each other. Such compounds
are suitably present in combination in amounts that are effective for the purpose intended. In an
embodiment, a composition of this invention comprises a compound of Formula (I), or a
stereoisomer, tautomer, or pharmaceutically acceptable salt or prodrug thereof, in combination with

a therapeutic agent such as an NSAID.

The combination therapy may be administered as a simultaneous or sequential regimen.
When administered sequentially, the combination may be administered in two or more
administrations. The combined administration includes coadministration, using separate
formulations or a single pharmaceutical formulation, and consecutive administration in either order,
wherein preferably there is a time period while both (or all) active agents simultaneously exert their

biological activities.

Suitable dosages for any of the above coadministered agents are those presently used
and may be lowered due to the combined action (synergy) of the newly identified agent and other

therapeutic agents or treatments.

The combination therapy may provide “synergy” and prove “synergistic”, i.e., the effect
achieved when the active ingredients used together is greater than the sum of the effects that results
from using the compounds separately. A synergistic effect may be attained when the active
ingredients are: (1) co-formulated and administered or delivered simultaneously in a combined, unit
dosage formulation; (2) delivered by alternation or in parallel as separate formulations; or (3) by
some other regimen. When delivered in alternation therapy, a synergistic effect may be attained
when the compounds are administered or delivered sequentially, e.g., by different injections in
separate syringes, separate pills or capsules, or separate infusions. In general, during alternation
therapy, an effective dosage of each active ingredient is administered sequentially, i.e., serially,
whereas in combination therapy, effective dosages of two or more active ingredients are

administered together.

In a particular embodiment of therapy, a compound of Formula (I), or a stereoisomer,
tautomer, or pharmaceutically acceptable salt or prodrug thereof, may be combined with other
therapeutic, hormonal or antibody agents such as those described herein, as well as combined with
surgical therapy and radiotherapy. Combination therapies according to the present invention thus
comprise the administration of at least one compound of Formula (I), or a stereoisomer, tautomer, or
pharmaceutically acceptable salt or prodrug thereof, and the use of at least one other cancer

treatment method. The amounts of the compound(s) of Formula (I) and the other pharmaceutically
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active chemotherapeutic agent(s) and the relative timings of administration will be selected in order

to achieve the desired combined therapeutic effect.

METABOLITES OF COMPOUNDS OF FORMULA (I)

Also falling within the scope of this invention are the in vivo metabolic products of
Formula (I) described herein. Such products may result for example from the oxidation, reduction,
hydrolysis, amidation, deamidation, esterification, deesterification, enzymatic cleavage, and the like,
of the administered compound. Accordingly, the invention includes metabolites of compounds of
Formula (I), including compounds produced by a process comprising contacting a compound of this

invention with a mammal for a period of time sufficient to yield a metabolic product thereof.

Metabolite products typically are identified by preparing a radiolabelled (e.g., “C or
*H) isotope of a compound of the invention, administering it parenterally in a detectable dose (e.g.,
greater than about 0.5 mg/kg) to an animal such as rat, mouse, guinea pig, monkey, or to man,
allowing sufficient time for metabolism to occur (typically about 30 seconds to 30 hours) and
isolating its conversion products from the urine, blood or other biological samples. These products
are casily isolated since they are labeled (others are isolated by the use of antibodies capable of
binding epitopes surviving in the metabolite). The metabolite structures are determined in
conventional fashion, e.g., by MS, LC/MS or NMR analysis. In general, analysis of metabolites is
done in the same way as conventional drug metabolism studies well known to those skilled in the art.
The metabolite products, so long as they are not otherwise found in vivo, are useful in diagnostic

assays for therapeutic dosing of the compounds of the invention.
ARTICLES OF MANUFACTURE

In another embodiment of the invention, an article of manufacture, or “kit”, containing
materials useful for the treatment of the diseases and disorders described above is provided. In an
embodiment, the kit comprises a container comprising a compound of Formula (I). The kit may
further comprise a label or package insert, on or associated with the container. The term “package
insert” is used to refer to instructions customarily included in commercial packages of therapeutic
products, that contain information about the indications, usage, dosage, administration,
contraindications and/or warnings concerning the use of such therapeutic products. Suitable
containers include, for example, bottles, vials, syringes, blister pack, etc. The container may be
formed from a variety of materials such as glass or plastic. The container may hold a compound of
Formula (I) or a formulation thereof which is effective for treating the condition and may have a
sterile access port (for example, the container may be an intravenous solution bag or a vial having a
stopper pierceable by a hypodermic injection needle). At least one active agent in the composition is
a compound of Formula (I). The label or package insert indicates that the composition is used for

treating the condition of choice, such as cancer. In addition, the label or package insert may indicate
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that the patient to be treated is one having a disorder such as a hyperproliferative disorder,
neurodegeneration, cardiac hypertrophy, pain, migraine or a neurotraumatic disease or event. In an
embodiment, the label or package inserts indicates that the composition comprising a compound of
Formula (I) can be used to treat a disorder resulting from abnormal cell growth. The label or package
insert may also indicate that the composition can be used to treat other disorders. Alternatively, or
additionally, the article of manufacture may further comprise a second container comprising a
pharmaceutically acceptable buffer, such as bacteriostatic water for injection (BWFI),
phosphate-buffered saline, Ringer’s solution and dextrose solution. It may further include other
materials desirable from a commercial and user standpoint, including other buffers, diluents, filters,

needles, and syringes.

The kit may further comprise directions for the administration of the compound of
Formula (I) and, if present, the second pharmaceutical formulation. For example, if the kit comprises
a first composition comprising a compound of Formula (I) and a second pharmaceutical formulation,
the kit may further comprise directions for the simultaneous, sequential or separate administration of

the first and second pharmaceutical compositions to a patient in need thereof.

In another embodiment, the kits are suitable for the delivery of solid oral forms of a
compound of Formula (I), such as tablets or capsules. Such a kit preferably includes a number of unit
dosages. Such kits can include a card having the dosages oriented in the order of their intended use.
An example of such a kit is a “blister pack”. Blister packs are well known in the packaging industry
and are widely used for packaging pharmaceutical unit dosage forms. If desired, a memory aid can be
provided, for example in the form of numbers, letters, or other markings or with a calendar insert,

designating the days in the treatment schedule in which the dosages can be administered.

According to one embodiment, a kit may comprise (a) a first container with a compound
of Formula (I) contained therein; and optionally (b) a second container with a second pharmaceutical
formulation contained therein, wherein the second pharmaceutical formulation comprises a second
compound with anti-hyperproliferative activity. Alternatively, or additionally, the kit may further
comprise a third container comprising a pharmaceutically-acceptable buffer, such as bacteriostatic
water for injection (BWFI), phosphate-buffered saline, Ringer’s solution and dextrose solution. It
may further include other materials desirable from a commercial and user standpoint, including other

buffers, diluents, filters, needles, and syringes.

In certain other embodiments wherein the kit comprises a composition of Formula (I)
and a second therapeutic agent, the kit may comprise a container for containing the separate
compositions such as a divided bottle or a divided foil packet, however, the separate compositions
may also be contained within a single, undivided container. Typically, the kit comprises directions
for the administration of the separate components. The kit form is particularly advantageous when

the separate components are preferably administered in different dosage forms (e.g., oral and
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parenteral), are administered at different dosage intervals, or when titration of the individual

components of the combination is desired by the prescribing physician.

BIOLOGICAL EVALUATION

Within the scope of the present invention the inventors have identified LDHA

inhibitors.

The relative efficacies of Formula (I) compounds as inhibitors of an enzyme activity (or
other biological activity) can be established by determining the concentrations at which each
compound inhibits the activity to a predefined extent and then comparing the results. Typically, the
preferred determination is the concentration that inhibits 50% of the activity in a biochemical assay,
i.e., the 50% inhibitory concentration or "ICs,". Determination of ICs, values can be accomplished
using conventional techniques known in the art. In general, an ICs, can be determined by measuring
the activity of a given enzyme in the presence of a range of concentrations of the inhibitor under
study. The experimentally obtained values of enzyme activity then are plotted against the inhibitor
concentrations used. The concentration of the inhibitor that shows 50% enzyme activity (as
compared to the activity in the absence of any inhibitor) is taken as the ICs, value. Analogously,
other inhibitory concentrations can be defined through appropriate determinations of activity. For
example, in some settings it can be desirable to establish a 90% inhibitory concentration, i.e., ICq,

etc.

Accordingly, a "selective LDHA inhibitor" can be understood to refer to a compound
that exhibits a 50% inhibitory concentration (ICs) with respect to LDHA that is at least at least
10-fold lower than the ICs, value with respect to any or all of the other LDHA family members.

Determination of the activity of LDHA kinase activity of Formula (I) compounds is
possible by a number of direct and indirect detection methods. The range of IC50 values for
inhibition of LDHA was less than 1 nM (nanomolar) to about 10 pM (micromolar). Certain
exemplary compounds of the invention had LDHA inhibitory ICs, values less than 10 nM. Certain
Formula (I) compounds may have antiproliferative properties and may be useful to treat disorders
such as cancer. The Formula (I) compounds may inhibit LDHA in mammals and may be useful for

treating human cancer patients.

The Example section of this patent application herein shows Formula (I) compounds
that were made, characterized, and tested for inhibition of LDHA and selectivity according to the
methods of this invention, and have the corresponding structures and names (ChemBioDraw Ultra,

Version 11.0, CambridgeSoft Corp., Cambridge MA).

PREPARATION OF FORMULA (I) COMPOUNDS
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The compounds of Formula (I) may be synthesized by synthetic routes that include
processes analogous to those well-known in the chemical arts, particularly in light of the description
contained herein, and those for other heterocycles described in: Comprehensive Heterocyclic
Chemistry 1I, Editors Katritzky and Rees, Elsevier, 1997, e.g. Volume 3; Liebigs Annalen der
Chemie, (9):1910-16, (1985); Helvetica Chimica Acta, 41:1052-60, (1958); Arzneimittel-Forschung,
40(12):1328-31, (1990), each of which are expressly incorporated by reference. Starting materials
are generally available from commercial sources such as Aldrich Chemicals (Milwaukee, WI) or are
readily prepared using methods well known to those skilled in the art (e.g., prepared by methods
generally described in Louis F. Fieser and Mary Fieser, Reagents for Organic Synthesis, v. 1-23,
Wiley, N.Y. (1967-2006 ed.), or Beilsteins Handbuch der organischen Chemie, 4, Aufl. ed.

Springer-Verlag, Berlin, including supplements (also available via the Beilstein online database).

Synthetic chemistry transformations and protecting group methodologies (protection
and deprotection) useful in synthesizing Formula (I) compounds and necessary reagents and
intermediates are known in the art and include, for example, those described in R. Larock,
Comprehensive Organic Transformations, VCH Publishers (1989); T. W. Greene and P. G .M. Waults,
Protective Groups in Organic Synthesis, 3" Ed., John Wiley and Sons (1999); and L. Paquette, ed.,
Encyclopedia of Reagents for Organic Synthesis, John Wiley and Sons (1995) and subsequent

editions thereof.

Compounds of Formula (I) may be prepared singly or as compound libraries comprising
at least 2, for example 5 to 1,000 compounds, or 10 to 100 compounds. Libraries of compounds of
Formula (I) may be prepared by a combinatorial ‘split and mix’ approach or by multiple parallel
syntheses using either solution phase or solid phase chemistry, by procedures known to those skilled
in the art. Thus according to a further aspect of the invention there is provided a compound library

comprising at least 2 compounds, or pharmaceutically acceptable salts thereof.

In preparing compounds of Formulas I, protection of remote functionality (e.g., primary
or secondary amine) of intermediates may be necessary. The need for such protection will vary
depending on the nature of the remote functionality and the conditions of the preparation methods.
Suitable amino-protecting groups include acetyl, trifluoroacetyl, t-butoxycarbonyl (BOC),
benzyloxycarbonyl (CBz) and 9-fluorenylmethyleneoxycarbonyl (Fmoc). The need for such
protection is readily determined by one skilled in the art. For a general description of protecting
groups and their use, see T. W. Greene, Protective Groups in Organic Synthesis, John Wiley & Sons,
New York, 1991.

For illustrative purposes, the following schemes show general methods for preparing
compounds of Formula (I) according to the invention, as well as key intermediates. For a more
detailed description of the individual reaction steps, see the Examples sections. Those skilled in the

art will appreciate that other synthetic routes may be used to synthesize the inventive compounds.
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Although specific starting materials and reagents are depicted and discussed in the General
Procedures, Examples, and schemes, other starting materials and reagents can be easily substituted
to provide a variety of derivatives and/or reaction conditions. In addition, many of the exemplary
compounds prepared by the described methods can be further modified in light of this disclosure

using conventional chemistry well known to those skilled in the art.
EXAMPLES

The invention will be more fully understood by reference to the following examples.

They should not, however, be construed as limiting the scope of the invention.

The chemical reactions described in the Examples may be readily adapted to prepare a
number of other LDHA inhibitors of the invention, and alternative methods for preparing the
compounds of this invention are deemed to be within the scope of this invention. For example, the
synthesis of non-exemplified compounds according to the invention may be successfully performed
by modifications apparent to those skilled in the art, e.g., by appropriately protecting reactive
functional groups, by utilizing other suitable reagents known in the art other than those described,
and/or by making routine modifications of reaction conditions. Alternatively, other reactions
disclosed herein or known in the art will be recognized as having applicability for preparing other

compounds of the invention.

"H NMR spectra were recorded at ambient temperature using an NMR spectrometer,
including a Varian Unity Inova (400MHz) spectrometer with a triple resonance Smm probe.
Chemical shifts are expressed in ppm relative to tetramethylsilane. The following abbreviations have
been used: br = broad signal, s = singlet, d = doublet, dd = double doublet, t = triplet, q = quartet, m

= multiplet.

High Pressure Liquid Chromatography / Mass Spectrometry (LCMS) experiments to
determine retention times (Rt) and associated mass ions may be performed. The spectrometers may
have an electrospray source operating in positive and negative ion mode. Additional detection is

achieved using an evaporative light scattering detector.

Unless otherwise stated, all reactions were performed under an inert, i.e. argon or

nitrogen, atmosphere.
ABBREVIATIONS

AcOH: Acetic acid; BOC: Di-tert-butyl dicarbonate; DCM: Dichloromethane; DIPEA:
Diisopropylethylamine; DMAP: 4-Dimethylaminopyridine; EtOAc: Ethyl acetate; HATU:
(2-(7-Aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate); HCI:
Hydrochloric acid; MeOH: Methanol; NaBH,: Sodium borohydride, NBS: N-Bromosuccinimide;
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NH,Cl:  Ammonium chloride; NMR: Nuclear magnetic resonance; Pd(dppf)Cl,:
[1,1'-Bis(diphenylphosphino)ferrocene]dichloropalladium(Il), complex with dichloromethane; RT:

Room temperature; TFA: Trifluoroacetic acid; THF: Tetrahydrofuran.

Example 1

6-(6-bromo-2-pyridyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl) piperidine-2,4-dione

NS
Br—\. /
\N'o\ Br

o] H 0 @ o]
Bra Ny OH HATU, DIEA B Ny N’O\ n-BulLi Bra N \
| P DCM, rt, 3 h | P | isopropyl ether | P ! g

-78°C,3h
141 1-2 1-3

+ 23
'.S~ \i/ O/ >< <
O>"NH, NaH s° P

Ti(OEt), o*>*N nBuli  _ HN HCI
—_— > —_—
THF, A, 160 Br N THF, 0°C, 2h Ne({ P s O— MeOH,0°C, 1h

|
| P S Br \ /
14 15
o 0 . of
O |
H,N K,CO3 S \ cho3 \©
N= P s O~ MeOH, 4, 2h o MeCNAZh w={ N O
Br
\ 7/ Br \ / Br—\ /
1-6 1-8
Example 2 o %
NaH, ROH S S
THF, A, 12h \
L x
Example 3 N= N 0
ROH, Cul, Cs,CO, )
N N-diMe-glycine RN\
dioxane, 120 °C, 3 h 1-9
Scheme 1
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Step A: N,O-Dimethylhydroxylamine hydrochloride (39 g, 0.40 mol), (dimethylamino)-
N, N -dimethyl(3 H -[1,2,3]triazolo[4,5-b]pyridin-3-yloxy)-methaniminium hexafluorophosphate
(152 g, 0.40 mol) and N, N -diisopropylethylamine (130.3 g, 1.01 mol) was added to a solution of
6-bromopicolinic acid (68 g, 0.34 mol) in DCM (1 L). The mixture was stirred at ambient
temperature for 3 hours. The reaction mixture was washed with 1 N HCI (600 mL x 2), dried over
anhydrous Na,SO, and concentrated. The crude residue was purified by silica gel chromatography
eluting with a  gradient of 10% - 30% EtOAc/hexanes to  afford
6-bromo-N-methoxy-N-methylpicolinamide (80 g, 0.33 mol, 97% yield) as light color oil.

Step B: n-BuL.i (158 mL, 0.4 mol) was slowly added to a solution of 3-bromothiophene
(65.2 g, 0.4 mol) in isopropyl ether (1 L) at =78 °C. After stirring at =78 °C for 30 min, the reaction
mixture was then slowly treated with 6-bromo-N-methoxy-N-methylpicolinamide (80 g, 0.33 mol)
and stirred at —78 °C for 3 hours. The reaction mixture was quenched with saturated NH,Cl1 (300 mL),
then warmed to ambient temperature. The mixture was diluted with EtOAc (400 mL), washed with
water (500 mL x 2), dried over anhydrous Na,SO, and concentrated. The crude residue was purified
by silica gel chromatography eluting with a gradient of 0% —10% EtOAc/hexanes to afford
(6-bromopyridin-2-yl)(thiophen-3-yl)methanone (75 g, 0.28 mol, 86% yield) as yellow solid.

Step C: (6-Bromopyridin-2-yl)(thiophen-3-yl)methanone (75 g, 0.28 mol) and Ti(OEt),
(191.5 g, 0.84 mol) was added to a solution of 2-methylpropane-2-sulfinamide (67.8 g, 0.56 mol) in
THF (1 L). The mixture was heated at 70 °C for 16 hours. The suspension was allowed to cool to
ambient temperature. The mixture was pour into ice water, filtered, washed with EtOAc. The filtrate
was extracted with EtOAc (500 mL x 2), dried over anhydrous Na,SO, and concentrated. The crude
was purified by silica gel chromatography eluting with a gradient of 10% — 30% EtOAc/hexanes to
afford N-((6-bromopyridin-2-yl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide (80 g,
215.6 mmol, 77% yield) as orange oil.

Step D: Methyl 3-oxobutanoate (50.0 g, 431.2 mmol,) was added to a suspension of
NaH (10.35 g, 431.2 mmol,) in THF (1 L) under O °C. The reaction mixture was then slowly treated
with n-Bulii (172 mL, 431.2 mmol,) and stirred under 0 °C for 30 minutes,
N-((6-bromopyridin-2-y)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide (80 g, 215.6
mmol,) was added to the mixture and stirred at O °C for another 2 hours. The reaction mixture was
quenched with saturated NH,CI (500 mL), then warmed to ambient temperature. The mixture was
diluted with EtOAc (400 mL), washed with water (500 mL x 2), dried over anhydrous Na,SO, and
concentrated to afford methyl
5-(6-bromopyridin-2-y1)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl)pentanoate (95 g,
194.9 mol, 90% yield) as yellow oil.

Step E: HCI/MeOH (150 ml) was slowly added to a solution of
5-(6-bromopyridin-2-y1)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl)pentanoate (95 g,
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194.9 mol) in MeOH (1 L) at 0 °C. The mixture was stirred at ambient temperature for 1 hour, and
then slowly acidified to pH 7 using 2 N NaOH at 0 °C. The solvent was removed under vacuum. The
crude product was extracted with EtOAc (800 mL x 2), dried over anhydrous Na,SO, and
concentrated to afford methyl 5-amino-5-(6-bromopyridin-2-yl)-3-oxo-5-(thiophen-3-yl)pentanoate
(62 g, 161.9 mmol, 83% yield) as dark color oil.

Step F: Potassium carbonate (67.1 g, 485.7 mmol) was added to a solution of methyl
5-amino-5-(6-bromopyridin-2-yl)-3-oxo-5-(thiophen-3-yl)pentanoate (62 g, 161.9 mmol) in MeOH
(800 mL). The mixture was heated at 80 °C for 2 hours. The suspension was allowed to cool to
ambient temperature. The solvent was removed under vacuum, the crude product was dissolved in
water (1 L), washed with EtOAc (1 L x 2). The aqueous layer was acidified to pH 4 using 3 N HCI.
The mixture was extracted with EtOAc (800 mL x 2). The organic layer was dried over anhydrous
Na,SO, and concentrated to afford
6'-bromo-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1H)-one (31 g, 88.3 mmol,
55% yield) as yellow solid.

Step G: Potassium carbonate (36.6 e, 264.9 mmol) and
1,2-bis(2-chlorophenyl)disulfane (15.2 g, 53.0 mmol) was added to a solution of
6'-bromo-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2"-bipyridin]-6(1 H)-one (31 g, 88.3 mmol) in
MeOH (800 mL). The mixture was heated at 80 °C for 2 hours. The suspension was allowed to cool
to ambient temperature. The solvent was removed under vacuum, the crude product was dissolved in
water (800 mL), washed with EtOAc (800 mL x 2). The aqueous layer was acidified to pH 4 using 3
N HCI. The mixture was extracted with EtOAc (800 mL x 2). The organic layer was dried over
anhydrous Na,SO, and concentrated to afford
6'-bromo-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1H)-one (38 g, 76.9 mmol,
87% yield) as light color solid.

Example 2

3-(2-chlorophenyl)sulfanyl-6-(6-isopropoxy-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione

o cl
s
A
~ N"o
/(N/H

o\

Step A: NaH (73 mg, 3.04 mmol) was added to a solution of propan-2-ol (182 mg, 3.04
mmol) in THF (10 mlL) at 0 °C. After stirring 30 minutes,
6'-bromo-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-one (300 mg, 0.61 mmol)
was added to the mixture at 0 °C, and then the mixture was refluxed for 12 hours. The suspension
was cooled to 0 °C, quenched with water (10 mL), diluted with EtOAc (20mL), acidified to pH 7
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using 1 N HCI, washed with brine, dried over anhydrous Na,SO., and concentrated. The crude
residue was purified by  preparative HPLC (formic acid) to afford
3-((2-chlorophenyl)thio)-6-(6-isopropoxy-pyridin-2-yl)-6-(thiophen-3-yl)piperidine-2,4-dione (112
mg, 0.24 mmol, 39% vyield) as white solid. Mixture of diastereoisomers; 'H NMR (400MHz,
CD;0D) 6 7.68 (dd, J=8.4,3.6 Hz, 1H), 7.43 (dd, J=5.2,2.8 Hz, 1H), 7.26 - 7.11 (m, 4H), 6.92 (dd,
J=28.0, 8.0 Hz, 1), 6.76 - 6.67 (m, 2I), 5.97 (dd, J = 8.0, 1.2Hz, 1H), 5.39 - 5.32 (m, 1H), 3.88 (d,
J=16.4Hz, 110),3.45(d,J=16.4 Hz, 1H), 1.31 (d, J = 6.4 Hz, 311), 1.26 (d, /= 6.4 Hz, 31). LCMS
M+1 =472.8. Stereoisomer 1: '"H NMR (400MHz, CD;0D) 6 7.68 (dd, J = 8.4, 3.6 Hz, 1H), 7.43 (dd,
J=5.2,2.8Hz, 1H),7.26 - 7.11 (m, 41), 6.92 (dd, J = 8.0, 8.0 Hz, 1I), 6.76 - 6.67 (m, 2H), 5.97 (dd,
J=28.0,1.2Hz, 1H), 5.39 - 5.32 (m, 1H), 3.89 (d, J =16.4 Uz, 1), 3.45 (d, J = 16.4 HZ, 110), 1.31 (d,
J=06.4Hz, 3H), 1.26 (d, J = 6.4 Hz, 3H). LCMS M+1 = 472.8. Stercoisomer 2: "H NMR (400MHz,
CD;0D) 6 7.68 (dd, J=8.4,3.6 Hz, 1H), 7.43 (dd, J=5.2,2.8 Hz, 1H), 7.26 - 7.11 (m, 4H), 6.92 (dd,
J=28.0, 8.0 Hz, 1), 6.76 - 6.67 (m, 2I), 5.97 (dd, J = 8.0, 1.2Hz, 1H), 5.39 - 5.32 (m, 1H), 3.89 (d,
J=16.4Hz, 1H),3.45 (d, J=16.4 Hz, 1), 1.31 (d, J = 6.4 Hz, 3H), 1.26 (d, J = 6.4 Hz, 3I). LCMS
M+1=472.9.

Example 3

6-[6-(2-chloro-4-fluoro-phenoxy)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidi
ne-2.,4-dione
(6] Cl
S
o SN
N=\_H
I o\

Cc
Step A: 6'-Bromo-5-(2-chloro-phenylsulfanyl)-4-hydroxy-2-thiophen-3-yl-2,3-

dihydro-1H-[2,2'bipyridinyl-6-one (500 mg, 1 mmol), 2-chloro-4-fluoro-phenol (178
mg, 1.2 mmol), 2-(dimethylamino)acetic acid hydrochloride (28 mg, 0.2 mmol), Cul (39 mg, 0.2
mmol) and Cs,CO; (0.99 g, 3 mmol) were combined. Dioxane (5 ml) was added, the mixture was
stirred at 120 °C for 3 h under nitrogen atmosphere. After the suspension was cooled to ambient
temperature, EtOAc (20mlL) was added, and the mixture was filtered over Celite. The resulting
solution was washed three times with brine, dried anhydrous Na,SQO., filtered, and the solvent
evaporated under reduced pressure. The crude residue was purified by preparative HPLC (formic
acid) to give the product (mixture of diastereoisomers, 230 mg, 41%, 10 mg was delivered) as white
solid. The mixture of diastereoisomers (220 mg) was purified by SFC (neutral) to give the isomers
(stereoisomer 1, 80 mg and stereoisomer 2, 128 mg) as white solid. Mixture of diastereoisomers: "H
NMR (400MHz, (CD;),SO) 8 7.93 (dd, J = 8.0, 8.0 Hz, 1H), 7.60 - 7.53 (m, 1H), 7.44 (dd, J = 4.8,
2.1 Hz, 1H),7.37 (d, J=7.6 Hz, 1H), 7.30 - 7.23 (m, 3H), 7.18 (dd, J=2.8, 1.2 Hz, 11), 7.04 (d, J =
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8.4 Hz, 1H), 6.98 - 6.93 (m, 1H), 691 (dd, J=4.2, 1.2 Hz, 1H), 6.78 - 6.74 (m, 1H), 5.88 (dd, J=7.6,
1.2 Hz, 1H), 3.37 (d, J=16.4 Hz, 1H), 3.13 (d, /= 16.4 Hz, 1H). LCMS M+1 = 558.7. Stereoisomer
1: "H NMR (400MHz, CD;0D) & 7.88 (dd, J = 8.0, 8.0 Hz, 1H), 7.36 (dd, J = 3.9, 2.4 Hz, 1H), 7.35
-7.32 (m, 2H), 7.22 (dd, J = 8.0, 1.2 Hz, 1H), 7.19 - 7.09 (m, 3H), 7.07 (d, / = 8.2 Hz, 1H), 6.96 (dd,
J=39,09Hz, 1H), 6.94 (dd, /=8.0, 1.2 Hz, 1H), 6.81 - 6.74 (m, 1H), 5.88 (dd, J=8.4, 1.2 Hz, 1H),
348 (d, J=16.4 Hz, 1H), 3.20 (d, J = 16.4 Hz, 1H). LCMS M+1 = 558.7. Stereoisomer 2: '"H NMR
(400MHz, CD;0D) 6 7.89 (dd, J = 8.0, 8.0 Hz, 1H), 7.36 (dd, J = 3.9, 2.4 Hz, 1H), 7.35 - 7.32 (mm,
2H),7.22 (dd, /=8.0, 1.2 Hz, 1H), 7.19 - 7.09 (m, 3H), 7.07 (d, J=8.2 Hz, 1H), 6.96 (dd, /= 3.9, 0.9
Hz, 1H), 6.94 (dd, /=8.0, 1.2 Hz, 1H), 6.81 - 6.74 (m, 1H), 5.97 (dd, /= 8.4, 1.2 Hz, 1H), 3.48 (d, J
=16.4 Hz, 1H), 3.20 (d, /= 16.4 Hz, 1H). LCMS M+1 = 558.8.

Example 4

3-(2-chlorophenyl)sulfanyl-6-[6-(cyclohexylamino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione

Cl
S
S N0
N=\ H
NN\ /
Step A:

6-(6-Bromopyridin-2-yl)-3-((2-chlorophenyl)thio)-6-(thiophen-3-yl)-piperidine-2,4-dione (300 mg,
607.5 pumol), cyclohexanamine (90.4 mg, 911.3 umol), Brettphos (65.2 mg, 121.5 pmol), Pd,(dba);
(55.6 mg, 60.8 umol) and NaOrBu (116.8 mg, 1.2 mmol) were combined, dioxane (5 ml) was added.
The mixture was stirred at 120 °C for 8 hours under nitrogen atmosphere. After the suspension was
cooled to room temperature, ethyl acetate (15 ml) was added, and the mixture was filtered over
Celite. The resulting solution was washed three times with brine, dried over sodium sulphate, filtered,
and the solvent evaporated under reduced pressure. The residue was purified by preparative HPLC
(formic acid) to give the desired product (mixture of diastereoisomers, 75.4 mg, 24%, 7.4 mg was
delivered) as yellow solid. The mixture of diastereoisomers (68.0 mg) was purified by SFC (neutral)
to give the desired product (stereoisomer 1, 10 mg and stereoisomer 2, 5.8 mg) as yellow solid.
Mixture of diastereoisomers: "H NMR (400MHz, CD;0D) & 7.88 (dd, J = 7.6, 7.6 Hz, 1H), 7.69 (d,
J=2.8Hz, 1H), 7.63 (d, J =2.8 Hz, 1H), 7.28 - 7.26 (m, 2), 7.19 (d, J = 7.6 Hz, 1H), 7.10 (d, J =
7.4Hz,1H), 6.85(d, J=7.6 Hz, 1H), 6.47 (d, J=7.2 Hz, 1), 6.03 (d, /= 8.0 Hz, 1H), 3.70 - 3.66 (m,
1H), 3.88 - 3.67 (m, 5H), 3.59 (d, J = 16.0 Hz, 2H), 1.93 - 1.91 (m, 2H), 1.73 - 1.70 (m, 2H), 1.60 -
1.41 (m, 2H), 1.28 - 1.22 (m, 4H). LCMS M+1 = 511.9. Stereoisomer 1: 'H NMR (400MHz,
CD;0D) 8 7.40 (dd, J=7.6,7.6 Hz, 1H), 7.28 (d, J = 2.8 Hz, 1H), 7.18 (d, J = 2.8 Hz, 1H), 7.15 (d,
J=28MHz, 1), 6.91 (d, J =7.6 Hz, 1), 6.77 (d, /= 7.4 Hz, 11), 6.64 (d, J=7.6 Hz, 1H), 6.40 (d,
J=72Hz, 11, 6.06 (d, J = 8.0 Hz, 1), 3.81 - 3.77(m, 11, 3.76 (d, J = 16.0 Hz, 11), 3.41(d, J =
16.0 Hz, 1H), 2.01 - 1.95 (m, 2I1), 1.77 - 1.73 (m, 2H), 1.70 - 1.40 (m, 2H), 1.27 - 1.17 (m, 4H).

-86 -



10

15

20

25

WO 2015/140133 PCT/EP2015/055495

LCMS M+1 =511.8. Stereoisomer 2: 'H NMR (400MHz, CD;0D) 6 7.40 (dd, J=7.6, 7.6 Hz, 1H),
7.28 (d, J=2.8 Hz, 1H), 7.18 (d, J =2.8 Hz, 1H), 7.15 (d, / = 2.8 Hz, 1H), 6.91 (d, /= 7.6 Hz, 1H),
6.77 (d, J=7.4Hz, 1H), 6.62 (d, J = 7.6 Hz, 1H), 6.40 (d, J =7.2 Hz, 1H), 6.06 (d, J = 8.0 Hz, 1H),
3.80 - 3.78(m, 1H), 3.76 (d, J =16.0 Hz, 1H), 3.42 (d, J = 16.0 Hz, 1H), 2.01 - 1.95(m, 2H), 1.74 -
1.71 (m, 2H), 1.62 - 1.40 (m, 2H), 1.27 - 1.17 (m, 4H). LCMS M+1 =511.9.

Example 5

3-(2-chlorophenyl)sulfanyl-6-[6-[(3-fluorophenyl)methyl]-2-pyridyl]-6-(3-thienyl)piperidine-

2,4-dione
0 cl
S
SN
=~ N"o
)
(0] Cl
== S
200
N™~0
N=\H O Cl
Br/\/Br Br—\ J 1 S
@\/ = /©\/ —— S
—_— o
F B THRm8h  F e THF. I 12h ~ AN
F
5-1 5.2 ~ /] 5

Step A: 1,2-Dibromoethane (100 mg, 0.53 mmol) and
1-(bromomethyl)-3-fluorobenzene (1 g, 5.3 mmol) was added to a suspension of zinc powder (345
mg, 5.3 mmol) in anhydrous THF (10 mL). The reaction mixture was stirred at room temperature for

8 hours. The resultant solution was used directly in the next step.

Step B: (3-Fluorobenzyl)zinc(Il) bromide (5.7 mL, 3.04 mmol) was added to a solution
of Pd(PPh;), (69 mg, 0.06 mmol) and
6'-bromo-5-((2-chlorophenyl)thio)-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-
one (300 mg, 0.61 mmol) in anhydrous THF (5 mL). The suspension was stirred at room temperature
for 12 hours, and then quenched with water, filtered over Celite. The resulting solution was dried
over anhydrous Na,SO, and concentrated. The crude residue was purified by preparative HPL.C
(formic acid) to afford 3-(2-chlorophenyl)sulfanyl-6-[6-[(3-flucrophenyl)methyl]-2-pyridyl]-
6-(3-thienyl)piperidine-2,4 dione, (61 mg, 0.12 mmol, 20% yield) as white solid. The mixture of
diastereoisomers was purified by SFC (neutral) to give the separated stereoisomers. Mixture of
diastereoisomers: 'H NMR (400MHz, CD;0D) 6 7.75 (dd, /= 8.0, 8.0 Hz, 1H), 7.41 - 7.39 (m, 2H),
7.22 -7.17 (m, 4H), 7.10 - 7.09 (m, 2H), 7.08 (d, J = 8.0 Hz, 1), 6.87 - 6.86 (m, 2H), 6.55 (dd, J =
8.0, 0.8 Hz, 1H), 5.82 (dd, J = 8.0, 1.6 Hz,11), 4.17 (s, 2H), 3.97 (d, J = 16.8 Hz, 1H), 3.47 (d, J =
16.4 Hz, 1H). LCMS M+1 =522.9, Stereoisomer 1: "H NMR (400MHz, CD;0D) 8 7.74 (dd, J = 8.0,
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8.0 Hz, 1H), 7.43 - 7.41 (m, 2H), 7.24 - 7.17 (m, 4H), 7.15 - 7.09 (m, 2H), 7.07 (d, J = 8.0 Hz, 1H),
6.84 - 6.82 (m, 2I1), 6.55 (dd, J = 8.0, 0.8 Hz, 1), 5.87 (d, /= 8.4 Hz, 1H), 4.16 (s, 2), 3.85(d, /=
16.0 Hz, 1H), 3.45 (d, J = 16.4 Hz, 1H). LCMS M+1 = 522.9, Stereoisomer 2: '"H NMR (400MHz,
CD;0D) 6 7.73 (dd, J=8.0, 8.0 Hz, 1H), 7.42 - 7.36 (m, 2H), 7.24 - 7.21 (m, 4H), 7.09 - 7.08 (m, 2H),
7.07 (d, J=8.0 Hz, 1), 6.84 - 6.82 (m, 2H), 6.57 (dd, J = 8.0, 0.8 Hz, 1), 5.90 (dd, J = 8.0, 1.6 Hz,
1H), 4.16 (s, 2H), 3.78 (d, J = 16.0 Hz,1H), 3.44 (d, /= 16.4 Hz, 1H). LCMS M+1 = 522.9.

Example 6

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorobenzoyl)-2-pyridyl]-6-(3-thienyl)piperid

ine-2,4-dione

@] Cl
S
F D o
=N
)
O
ol 0 cl
4-F-PhB(OH), S
S KoCO3, PdCly(PPhs), s
A CO(O5MPa) . F A
=~ 0 > = N O
AN THF, 100° C, 20 h N//
Br \/ 2 \\
1 6

Step A: 6'-Bromo-5-((2-chlorophenyl)thio)-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-

[2,2-bipyridin]-6(1H)-one (300 mg, 0.61 mmol) and (4-fluorophenyl)boronic acid (94
mg, 0.67 mmol) was added to a solution of K,COj; (253 mg, 0.83 mmol) and PdCl,(PPhs;), (21 mg,
0.02 mmol) in THF (6 mL). The mixture was heated at 100 °C for 20 hours under carbon monoxide
atmosphere (0.5 MPa). After cooling to room temperature, the reaction was filtered over Celite. The
resulting solution was dried over anhydrous Na,SO, and concentrated. The crude residue was
purified by preparative HPLC (formic acid) to afford
-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorobenzoyl)-2- pyridyl]-6-(3-thienyl)piperidine-2,4-dione (78
mg, 0.15 mmol, 24% yield) as white solid. The mixture of diastereoisomers was purified by SFC
(neutral) to give the separated stereoisomers. Mixture of diastereoisomers: mixture of
diastereoisomers: "H NMR (400MHz, CD;0D) 8 7.68 (dd, J=8.4,3.6 Hz, 1H), 7.43 (dd, J=5.2, 2.8
Hz, 1), 7.26 - 7.11 (m, 4H), 6.92 (dd, J = 8.0, 8.0 Hz, 1H), 6.76 - 6.67 (m, 2H), 5.97 (dd, J = 8.0,
1.2Hz, 1H), 5.39 - 5.32 (m, 1H), 3.88 (d, /= 16.4 Hz, 1H), 3.45 (d, /= 16.4 Uz, 1), 1.31 (d, /J=6.4
Hz, 3H), 1.26 (d, /= 6.4 Hz, 3H). LCMS M+1 =472.8. Stereoisomer 1: '"HNMR (400MHz, CD;0D)
07.68(dd, ) =8.4,3.6 Hz, 1H), 7.43 (dd, J = 5.2, 2.8 Hz, 1H), 7.26 - 7.11 (m, 4H), 6.92 (dd, J = 8.0,

8.0 Hz, 1), 6.76 - 6.67 (m, 2H), 5.97 (dd, J = 8.0, 1.2Hz, 1H), 5.39 - 5.32 (m, 1H), 3.89 (d, J =16.4
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Hz, 1H), 3.45(d,J =164 HZ, 1H), 1.31 (d, J = 6.4 Hz, 3H), 1.26 (d, J = 6.4 Hz, 3H). Stereoisomer

2: '"H NMR (400MHz, CD;0D) § 7.68 (dd, J = 8.4, 3.6 Hz, 1H), 7.43 (dd, J = 5.2, 2.8 Hz, 1H), 7.26

-7.11 (m, 4H), 6.92 (dd, J = 8.0, 8.0 Hz, 1H), 6.76 - 6.67 (m, 2H), 5.97 (dd, J = 8.0, 1.2Hz, 1H), 5.39
-5.32 (m, 11), 3.89 (d, J=16.4 Hz, 11), 3.45 (d, J = 16.4 Hz, 1), 1.31 (d, /= 6.4 Hz, 3I), 1.26 (d,

5 J=6.4Hz 3H).

Example 7

3-(2-chlorophenyl)sulfanyl-6-[4-(2-methylmorpholin-4-yl)phenyl]-6-(3-thienyl)pi

peridine-2,4-dione

o) cl
S O
N NS0
=\ H
Ly

o Y

LS.

(@] 0% NH,
n- BuL| MnO, N Ti(OEt),
_ —_—
Tisopropylether DCM, 60 °C, 8 h L/ THF. A 6h
-78°C, 3 h Br
7-3
o 0 >< o
PG L0 0
0 S o 0
2S. NaH HN RN
ON n-BuLi P HCI ANg 0—
N THF,0°C, 2h S MeOH, 0 °C, 1 h =
Br S B Br
7.4 r 7-5 7-6

0
S\\ ©/ \© Pd (db) t-BuON
>(dba)sz, u a
K2C03 H K2C03 Brettphos -
MeOH, A, 2 h MeCN A,2h dioxane, 110 °C, 16 h
Br
7-7
o] Cl
S 0
N
O\ / N™ ~0O
=\ H
s-4
7

Scheme 2

10

Step A: To a solution of 3-bromothiophene (14.43 g, 220.74 mmol) in anhydrous
isopropyl ether (500 ml) was added n-Bul.i (88.2 ml, 220.74 mmol) at —78 °C under nitrogen
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atmosphere. The reaction mixture was stirred for 1 hour. 4-Bromobenzaldehyde (100 g, 183.95
mmol) was added and the reaction mixture was stirred at —78 °C for 2 hours. The reaction was
quenched with MeOH and acidified to pH 4 with 1 N HCl, extracted with DCM (100 mL x 2). The
combined organic layers were dried over anhydrous Na,SO., and concentrated. The crude residue
was purified by silica gel chromatography (petroleum ether : EtOAc = 3 : 1) to give
(4-bromophenyl)(thiophen-3-yl)methanol (100 g, 69%) as a yellow solid.

Step B: To a solution of (4-bromophenyl)(thiophen-3-yl)methanol (100 g, 371.5 mmol)
in CHCl; (200 ml) was added MnO, (322.9 g, 3715 mmol). The reaction mixture was stirred at 60 °C
for 12 hours. After cooling to room temperature, the reaction mixture was filtered over Celite and the
filtrate was concentrated under vacuum. The crude residue (86 g, 86% yield) was used in the next

step without further purification.

Step C:
(E)-N-((4-Bromophenyl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide was prepared
in 86% yield according to the Example 1, Step C substituting
(6-bromopyridin-2-yl)(thiophen-3-yl)methanone for (4-bromophenyl)(thiophen-3-yl) methanone.

Step D: Methyl
5-(4-bromophenyl)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl) ~ pentanoate = was
prepared in 85% yield according to the Example 1, Step D: Substituting
(£)-N-((6-bromopyridin-2-yl)(thiophen-3-yl)methylene)-2-methyl-propane-2-sulfinamide for
(E)-N-((4-bromophenyl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide.

Step E:

Methyl 5-amino-5-(4-bromophenyl)-3-oxo-5-(thiophen-3-yl)pentanoate was prepared
in 90% yield according to the Example 1, Step E substituting methyl
5-amino-5-(6-bromopyridin-2-yl)-3-oxo-5-(thiophen-3-yl)pentanoate for methyl
5-(4-bromophenyl)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl) pentanoate.

Step F:

6-(4-Bromophenyl)-4-hydroxy-6-(thiophen-3-yl)-5,6-dihydropyridin-2(1H)-one ~ was
prepared in  75% yield according to the Example 1, Step F substituting
6'-bromo-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-one for methyl
5-amino-5-(4-bromophenyl)-3-oxo-5-(thiophen-3-yl)pentanoate.

Step G
6-(4-Bromophenyl)-3-((2-chlorophenyl)thio)-4-hydroxy-6-(thiophen-3-yl)-5,6-dihydro

pyridin-2(1H)-one was prepared in 90% yield according to the Example 1, Step G substituting
=90 -
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6'-bromo-5-((2-chlorophenyl)thio)-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-
one for 6-(4-bromophenyl)-4-hydroxy-6- (thiophen-3-yl)-5,6-dihydropyridin-2(1H)-one.

Step H: To a solution of 6-(4-bromophenyl)-3-((2-chlorophenyl)thio)-4-hydroxy-6-
(thiophen-3-y1)-5,6- dihydropyridin-2(1H)-one (0.25 g, 0.5 mmol) in dioxane (6 ml) was added
2-methylmorpholine (500 mg, 5 mmol), Brettphos (25 mg, 0.05 mmol), Pd,(dba); (45 mg, 0.05
mmol) and -BuONa (0.5 g, 5 mmol). The reaction mixture was stirred at 110 °C for 16 hours under
nitrogen atmosphere. After cooling to room temperature, the reaction mixture was filtered through a
short pad of silica gel. The filtrate was concentrated under vacuum. The crude residue was purified
by preparative HPLC (formic acid) to afford the product (10 mg, 3.8% yield) as white solid. 'H NMR
(400 MHz, (CD3),S0) 8 8.35 (s, 1H), 7.57 (d, J = 5.2Hz, 1), 7.32 (m, 4H), 7.16 (m, 1), 6.98 (m,
3H), 6.73 (m, 1H), 5.92 (m, 1H), 3.93 (m, 1), 3.64 (m, 31), 3.58 (m, 1H), 3.37 (m, 2H), 2.69 (m,
1), 2.34 (m, 1), 1.15 (d, /= 6.4 Hz, 31). LCMS M+1 =512.9.

Example 8

3-(2-chlorophenyl)sulfanyl-6-[4-(cyclohexen-1-yl)phenyl]-6-(3-thienyl)piperidine-

0@ pae

S

2,4-dione

Step A: To a solution of 6-(4-bromophenyl)-3-((2-chlorophenyl)thio)-
6-(thiophen-3-yl) piperidine-2,4-dione (0.25 g, 0.5 mmol ) in dioxane (6 mL) and water (2 mL) was
added cyclohex-1-en-1-ylboronic acid (126 mg, 1 mmol), Pd(dppf)Cl, (36 mg, 0.05 mmol) and
K,COs; (0.27 g, 2 mmol). The reaction mixture was microwaved at 100 °C for 1 hour under nitrogen
atmosphere. After cooling to room temperature, the reaction mixture was filtered through a short pad
of silica gel. The filtrate was concentrated under vacuum and the crude residue was purified by
preparative HPLC (formic acid) to afford the product (11.7 mg, 5% yield). '"H NMR (400 MHz,
(CD3),S0) 6 8.47 (s, 1H), 7.56 - 7.55 (m, 1H), 7.54 - 7.39(m, 2H), 7.32 - 7.20 (m, 3H), 7.27 (d, /=8
Hz, 1), 7.14 (dd, J=5.2,4.8 Hz, 1H), 6.93 (dd, / =7.6, 4.8z, 111), 6.15 (s, 1H), 5.85 (d, J=8.0 Hz,
1), 3.39 (s, 2H), 2.47 (s, 2H), 2.33 (s, 2H), 1.71 - 1.68 (m, 2H), 1.58 - 1.56 (m, 2H). LCMS M+1 =
493.9; 495.9.

Example 9

3-(2-chlorophenyl)sulfanyl-6-(4-cyclohexylphenyl)-6-(3-thienyl)piperidine-2,4-di

one

-9] -



10

15

20

WO 2015/140133 PCT/EP2015/055495

0 |
Sé
N 6]
s; /E

Step A: To a solution of GNT_C349_986 (0.8 g,1.6 mmol ) in acetic acid (20 mL) was
added Pd/C (0.1 g). The reaction mixture was stirred at room temperature for 24 hours under
hydrogen atmosphere (60 Psi). After relieving the pressure, the reaction mixture was filtrated over
Celite and the filtrate was concentrated under vacuum. The crude residue was purified by preparative
HPLC (formic acid) to afford the product (10 mg, 1.2% yield) as white solid. "H NMR (400 MHz,
(CD3):S0) 6 7.49 (s, 1), 7.35-7.32 (m, 2H), 7.26-7.25 (m, 411), 7.19 (d, /= 8.0 Hz, 11), 6.93 (dd, J
=0.8,6.8 Hz, 1), 6.72 (dd, /= 6.8, 6.8 Hz, 1H), 598 (d, /= 6.8 Hz, 1H), 3.45 (s, 2H), 1.96 - 1.74 (m,
5H), 1.48 - 1.27 (m, SH). LCMS M+1 =495.8.

Example 10

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(1-methylcyclopropyl)ethoxy]-2-pyridyl]-6-(3-
thienyl)piperidine-2,4-dione

o) cl
s
57N
~ N0
=\ H
N
N\

~ %

N=\_H S
)kﬂ ZnEt,, CH,l, Xﬂ NaH > s N0
—_— >
OH H

OH pcMm, rt, 12 h THF, A, 12 h

—
10-1 10-2 N\
O/\X

Step A: Diethylzinc (40.6 ml, 40.6 mmol) and diiodomethane (9.3 g, 34.8 mmol) was
added to a solution of 3-methylbut-3-en-1-ol (1 g, 11.6 mmol) in DCM (80 mL) at —10 °C. The
reaction mixture was stirred at O °C for 1 hour and then room temperature for additional 12 hours.
The reaction was quenched with saturated NH,Cl, extracted with DCM (50 mL x 2), dried over
anhydrous Na,SO, and concentrated to afford 2-(1-methylcyclopropyl)ethanol (600 mg, 6 mmol,
52% yield) as light color oil.

Step B: 5-((2-Chlorophenyl)thio)-4-hydroxy-6'-(2-(1-methylcyclopropyl)ethoxy)-
-92-
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2-(thiophen-3-y1)-2,3-dihydro-[2,2"-bipyridin]-6(1 H)-one was prepared in 39% yield
according to the Example 2, Step A substituting propan-2-ol for 2-(1-methylcyclopropyl)ethanol.

Mixture of diastereoisomers: 'H NMR (400MHz, CD;0D) 6 7.74 (dd, J = 8.0, 8.0 Hz,
1H),7.47 (dd, J =5.2,3.2 Hz, 1H), 7.30 - 7.15 (m, 4H), 6.96 (dd, J = 8.0, 8.0 Hz, 1H), 6.77 - 6.75 (m,
2H), 6.01 (dd, J=8.4,1.6 Hz, 1H), 4.49 (t, J=7.2 Hz, 2H), 3.93 (d, /= 16.0 Hz,1H),3.48 (d, /= 16.4
Hz,1H), 1.70 (t, J = 6.8 Hz, 2H), 1.09 (s, 3H), 0.34 - 0.23 (m, 4H). Stereoisomer 1: '"H NMR
(400MHz, CD;0D) 6 7.50 (dd, J = 8.0, 8.0 Hz, 1H), 7.48 (dd, J = 5.2, 3.2 Hz, 1H), 7.30 - 7.22 (m,
2H), 7.06 - 7.00 (m, 2H), 6.93 (dd, J = 8.0, 8.0 Hz, 1H), 6.54 - 6.52 (m, 2H), 5.79 (dd, J = 8.0, 1.6 Hz,
1H), 4.26 (t, /= 6.8 Hz, 2H), 3.70 (d, /= 16.0 Hz,1H), 3.25 (d, /= 16.4 Hz,1H), 1.46 (t, J = 6.8 Hz,
2H), 0.86 (s, 3H), 0.11 - 0.00 (m, 4H). Stereoisomer 2: '"H NMR (400MHz, CD;0D) 6 7.48 (dd, J =
8.0, 8.0 Hz, 1H), 7.46 (dd, J =5.2, 3.2 Hz, 1H), 7.21 - 7.20 (m, 2H), 7.05 - 7.03 (m, 2H), 6.93 (dd, J
= 8.0, 8.0 Hz, 1), 6.53 - 6.50 (m, 2H0), 5.77 (dd, J = 8.0, 1.6 Hz, 1H), 4.24 (t, /= 6.8 Hz, 21), 3.68
(d, J=16.0 Hz,1H), 3.23 (d, J = 16.4 Hz,1H), 1.45 (t, J = 6.8 Hz, 2H), 0.85 (s, 31, 0.10 - 0.01 (m,
4H).

Examples 11 and 12

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoroanilino)-2-pyridyl]-1-methyl-6-(3-thieny

I)piperidine-2,4-dione and
3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorophenoxy)-2-pyridyl]-1-methyl-6-(3-thienyl)piperidin
e-2,4-dione
O [
S
F ST\
= N™ "0
N=X_ |
o/
1 12

-03 .



10

15

WO 2015/140133 PCT/EP2015/055495

O |
S
SN NaH, Mel
—_— =
~ AN 0 THF, rt, 12 h
Br—\_/
1
O |
4-fluoroaniline, Pd(dba)s S
Bretephos, t-BuONa F SN
111 > =~ N”~0
dioxane, A, 18 h N=N |
NN
11
O |
S
4-fluorophenol, Cul, Ko2CO3 g S\
111 »> - N0
dioxane, A, 18 h N=\_ |
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Step A: To a stirred solution of

6'-bromo-5-((2-chlorophenyl)thio)-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-
one (1 g, 2 mmol) in anhydrous THF (20 mL) at 0 °C was added NaH (288 mg, 12 mmol). The
reaction mixture was stirred at the same temperature for 0.5 hour, and then the reaction was added
iodomethane (1.65 g, 12 mmol) and stirred at room temperature for 12 hours. The reaction was
quenched with water, dried and concentrated. The crude residue was purified by silica gel
chromatography eluting with a gradient of 10% - 50% EtOAc/hexanes to afford
6'-bromo-5-((2-chlorophenyl)thio)-4-hydroxy-1-methyl-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridi
n]-6(1H)-one (475 mg, 0.94 mol, 46% yield) as yellow solid.

Step B:
5-((2-Chlorophenyl)thio)-6'-((4-fluorophenyl)amino)-4-hydroxy-1-methyl-2-(thiophen-3-yl)-2,3-di
hydro-[2,2-bipyridin]-6(1H)-one was prepared in 8% yield according to the Example 4, Step A

substituting cyclohexanamine for 4-fluoroaniline.

Step C:
5-((2-Chlorophenyl)thio)-6'-(4-fluorophenoxy)-4-hydroxy-1-methyl-2-(thiophen-3-yl)-2,3-dihydro-
[2,2"-bipyridin]-6(1H)-one was prepared in 4% yield according to the Example 3, Step A
2-Chloro-4-fluoro-phenol for 4-fluorophenol and

-04 -
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6'-bromo-5-((2-chlorophenyl)thio)-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-
one for
6'-bromo-5-((2-chlorophenyl)thio)-4-hydroxy-1-methyl-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridi
n]-6(1H)-one.

5 Example 11: '"H NMR (400MHz, CD;0D) & 7.59 - 7.46 (m, 4H), 7.20 (dd, J = 8.0,
1.2Hz, 1H), 7.15 (dd, J=5.2, 1.6 Hz, 1H), 7.07 (dd, /= 2.8, 1.6 Hz, 1H), 6.94 - 6.84 (m, 4H), 6.78 (dd,
J=8.4,0.8Hz, 1), 6.63 (dd, J=7.6,0.4 Uz, 11), 6.23 (dd, /=7.0, 1.6 Hz, 1H), 3.88 (d, /= 16.8 Hz,
1), 3.56 (d, J =16.8 Hz, 1), 2.86 (s, 3H). LCMS M+1 =537.8.

Example 12: "H NMR (400MHz, CD;0D) 8 7.88 (dd, J=8.4, 7.6 Hz, 1H), 7.49 (dd, J =
10 5.2,2.8 Hz, 1H), 7.23 (dd, J = 8.0, 1.6 Hz, 1H), 7.09 - 6.95 (m, 8 H), 6.89 - 6.83 (m, 2H), 6.04 (dd, J
= 8.0, 1.2Hz, 1H), 3.57 - 3.46 (mm, 2H), 2.65 (s, 3H). LCMS M+1 = 538.8.

Example 13

3-(2-chlorophenyl)sulfanyl-6-(2-fluorophenyl)-1-methyl-6-(3-thienyl)piperidine-2

,4-dione

F

15
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Step A: 2-Fluoro-N-methoxy-N-methylbenzamide was prepared in 73% yield according

to the Example 1, Step A substituting 6-bromopicolinic acid for 2-fluorobenzoic acid.

Step B: (2-Fluorophenyl)(thiophen-3-yl)methanone was prepared in 99% yield
according to the Example 1, Step B substituting 6-bromo-N-methoxy-N-methylpicolinamide for
2-fluoro-N-methoxy-N-methyl-benzamide.

Step C:
(£)-N-((2-Fluorophenyl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide was prepared in
46% yield according to the Example 1, Step C substituting
(6-bromopyridin-2-yl)(thiophen-3-yl)methanone for (2-fluorophenyl)(thiophen-3-yl)-methanone.

Step D: Methyl
5-(1,1-dimethylethylsulfinamido)-5-(2-fluorophenyl)-3-oxo-5-(thiophen-3-yl)pentanoate was

prepared in  91% yield according to the Example 1, Step D substituting
-96 -
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N-((6-bromopyridin-2-yl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide for
(2)-N-((2-fluorophenyl)(thiophen-3-yl)methylene)-2-methyl-propane-2-sulfinamide.

Step E: Methyl 5-amino-5-(2-fluorophenyl)-3-oxo-5-(thiophen-3-yl)pentanoate was
prepared in 33% yield according to the Example 1, Step E substituting methyl
5-(6-bromopyridin-2-yl)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl)pentanoate ~ for
methyl 5-(1,1-dimethylethylsulfinamido)-5-(2-fluorophenyl)-3-oxo-5-(thiophen-3-yl)pentanoate.

Step F: 6-(2-Fluorophenyl)-6-(thiophen-3-yl)piperidine-2,4-dione was prepared in 89%
yield according to the Example 1, Step F substituting
methyl-5-amino-5-(6-bromopyridin-2-yl)-3-oxo-5-(thiophen-3-yl)pentanoate for methyl
5-amino-5-(2-fluorophenyl)-3-oxo-5-(thiophen-3-yl)pentanoate.

Step G
3-((2-Chlorophenyl)thio)-6-(2-fluorophenyl)-6-(thiophen-3-yl)piperidine-2,4-dione was prepared in
83% yield according to the Example 1, Step G substituting
6'-bromo-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-one for
6-(2-fluorophenyl)-6-(thiophen-3-yl)piperidine-2,4-dione.

Step H:
3-(2-chlorophenyl)sulfanyl-6-(2-fluorophenyl)-1-methyl-6-(3-thienyl)piperidine-2,4-dione was
prepared in 30% yield according to the Example 11, Step B substituting
6'-bromo-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-one for
3-((2-chlorophenyl)thio)-6-(2-fluorophenyl)-6-(thiophen-3-yl)piperidine-2,4-dione.  'H ~ NMR
(400MHz, CD;0D) § 7.57 (d, J = 4.0 Hz, 1H), 7.50 - 7.47 (m, 1H), 7.28 - 7.16 (m, 5 H), 6.99 - 6.85
(m, 3H), 6.26 (dd, J = 8.0, 4.0 Hz, 1H), 3.76 - 3.67 (m, 2H), 2.82 (s, 3H). LCMS M+1 = 445.9.

Example 14

3-(2-chlorophenyl)sulfanyl-6-[5-(4-fluoroanilino)-2-hydroxy-phenyl]-6-(3-thienyl
)piperidine-2.4-dione

o)y
X
HOH

N
H

z
@)
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Step A: Chloro(methoxy)methane (19.1 g, 0.23 mol) was added to a solution of

5-bromo-2-hydroxybenzaldehyde (30 g, 0.15 mol) and di-iso-propyl-ethylamine (38.5 g, 0.30 mol) at
0°Cin DCM. The mixture was warmed to ambient temperature and stirred for 18 hours. The reaction
dried over anhydrous Na,SO, and concentrated to afford

was quenched with water,

5-bromo-2-(methoxymethoxy)benzaldehyde (30 g, 0.12 mol, 82% yield) as light color oil.
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Step B: (5-Bromo-2-(methoxymethoxy)phenyl)(thiophen-3-yl)methanol was prepared
in 77% yield according to the Example 2, Step A substituting 4-bromobenzaldehyde acid for
5-bromo-2-(methoxymethoxy)benzaldehyde.

Step C: (5-Bromo-2-(methoxymethoxy)phenyl)(thiophen-3-yl)methanol was prepared
in 91% yield according to the Example 7, Step B substituting
(4-bromophenyl)(thiophen-3-yl)methanol for
(5-bromo-2-(methoxymethoxy)phenyl)(thiophen-3-yl)methanone.

Step D: A mixture of (5-bromo-2-(methoxymethoxy)phenyl)(thiophen-3-yl)methanone
(10 g, 27.0 mmol), 4-fluoroaniline (10 g, 53.9 mmol), Xantphos (3.85 g, 5.39 mmol), Pd,(dba); (3.72
g, 2.7 mmol), Cs,CO; (39.5 g, 80.9 mmol) and 1,4-dioxane (200 ml.) was stirred at 110 °C for 16
hours. The reaction was cooled to room temperature, then filtered. The filtrate was concentrate under
vacuum. The crude residue was purified by silica gel chromatography eluting with a gradient of 10%
- 50% EtOAc/hexanes to afford
(5-((4-fluorophenyl)amino)-2-(methoxymethoxy)phenyl)(thiophen-3-yl)methanone (14 g, 39.2
mmol, 85% yield) as yellow solid.

Step E: A mixture of
(5-((4-fluorophenyl)amino)-2-(methoxymethoxy)phenyl)(thiophen-3-yl)methanone (14 g, 39.2 mol),
di-tert-butyl dicarbonate (16.9 g, 78.3 mmol), 4-dimethylaminopyridine (2.37 g, 19.6 mmol) and
DCM (200 mL) was stirred at room temperature for 12 hours. The mixture was diluted with DCM
(200 mL), washed with water (300 mL x 2), brine, dried over Na,SO, and concentrated. The crude
was purified by silica gel chromatography eluting with a gradient of 10% — 50%EtOAc/hexanes to
afford tert-butyl (4-fluorophenyl)(4-(methoxymethoxy)-3-(thiophene-3-carbonyl)phenyl)carbamate
(11.8 g, 25.8 mol, 91% yield) as yellow solid.

Step F: (Z£)-tert-Butyl
(3-(((tert-butylsulfinyl)imino)(thiophen-3-yl)methyl)-4-(methoxymethoxy)phenyl)(4-fluorophenyl)
carbamate was prepared in 56% yield according to the Example 1, Step C substituting
(6-bromopyridin-2-yl)(thiophen-3-yl)methanone for tert-butyl
(4-fluorophenyl)(4-(methoxymethoxy)-3-(thiophene-3-carbonyl)phenyl)carbamate.

Step G: Methyl
5-(5-((tert-butoxycarbonyl)(4-fluorophenyl)amino)-2-(methoxymethoxy)phenyl)-5-(1,1-dimethylet
hylsulfinamido)-3-oxo-5-(thiophen-3-yl)pentanoate was prepared in 78% yield according to the
Example 1, Step D substituting
N-((6-bromopyridin-2-yl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide for
(Z)-tert-butyl
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(3-(((tert-butylsulfinyl)imino)(thiophen-3-yl)methyl)-4-(methoxymethoxy)phenyl)(4-fluorophenyl)

carbamate.

Step H: Methyl
5-amino-5-(5-((tert-butoxycarbonyl)(4-fluorophenyl)amino)-2-(methoxymethoxy)phenyl)-3-oxo-5-
(thiophen-3-yl)pentanoate was prepared in 86% yield according to the Example 1, Step E
substituting methyl methyl
5-(6-bromopyridin-2-y1)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl)pentanoate ~ for
methyl
5-(5-((tert-butoxycarbonyl)(4-fluorophenyl)amino)-2-(methoxymethoxy)phenyl)-5-(1,1-dimethylet
hylsulfinamido)-3-oxo-5-(thiophen-3-yl)pentanoate.

Step It tert-Butyl
(3-(4,6-dioxo-2-(thiophen-3-yl)piperidin-2-yl)-4-(methoxymethoxy)phenyl)(4-fluorophenyl)carbam
ate was prepared in 93% yield according to the Example 1, Step F substituting methyl
5-amino-5-(6-bromopyridin-2-yl)-3-oxo-5-(thiophen-3-yl)pentanoate for methyl
5-amino-5-(5-((tert-butoxycarbonyl)(4-fluorophenyl)amino)-2-(methoxymethoxy)phenyl)-3-oxo-5-
(thiophen-3-yl)pentanoate.

Step IJ: tert-Butyl
(3-(5-((2-chlorophenyl)thio)-4,6-dioxo-2-(thiophen-3-yl)piperidin-2-yl)-4-(methoxymethoxy)pheny
1)(4-fluorophenyl)carbamate was prepared in 70% yield according to the Example 1, Step G
substituting  6'-bromo-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1H)-one  for
tert-butyl
(3-(4,6-dioxo-2-(thiophen-3-yl)piperidin-2-yl)-4-(methoxymethoxy)phenyl)(4-fluorophenyl)carbam

ate.

Step K: To a stirred solution of tert-butyl
(3-(5-((2-chlorophenyl)thio)-4,6-dioxo-2-(thiophen-3-yl)piperidin-2-yl)-4-(methoxymethoxy)pheny
)(4-fluorophenyl)carbamate (600 mg, 0.88 mmol) in methanol (10 ml.) was added HC1-MeOH (10
ml) in an ice bath. The reaction was stirred at room temperature for 1 hour. The mixture was
neutralized by addition of 1 N NaOH. Then the mixture was extracted with EtOAc and water. The
organic layer was dried over anhydrous NaSO, and concentrated. The crude was purified by
prep-HPLC (formic acid) to afford
3-((2-chlorophenyl)thio)-6-(5-((4-fluorophenyl)amino)-2-hydroxyphenyl)-6-(thiophen-3-yl)piperidi
ne-2,4-dione (150 mg, 0.28 mmol, 32% yield) as white solid. '"HNMR (400MHz, CD;0D) 6 7.41 (dd,
J=52,52,1H),7.27 - 7.26 (m, 2I1), 7.13 - 7.10 (m, 2H), 6.96 - 6.81 (m, 8 ), 6.25 (dd, J = 8.0, 1.6
Hz, 1H), 4.79 - 473 (m, 1H), 3.79 (d, J = 17.2 Hz, 1), 3.43 (d, J = 16.8 Hz, 1I). LCMS M+1 =
538.8.
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Example 15

3-(2-chlorophenyl)sulfanyl-6-(1H-indol-4-yl)-6-(3-thienyl)piperidine-2,4-dione
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Step A: 1H-Indole-4-carbaldehyde (10 g, 69.0 mmol) was added to a suspension of Nall
(2.0 g, 82.6 mmol) in anhydrous THF (150 mL) at O °C. The resultant suspension was stirred at 0 °C

for 30 minutes, followed by addition of 2-(trimethylsilyl) ethoxymethyl chloride (13.8 g, 82.6 mmol).
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The reaction mixture was stirred at room temperature for 3 hours. The reaction was quenched with
water, dried over anhydrous Na,SO, and the filtrate was concentrated under vacuum. The crude
residue was purified by silica gel chromatography eluting with a gradient of 10% — 30%
EtOAc/hexanes to afford 1-((2-(trimethylsilyl)ethoxy)methyl)-1H-indole-4-carbaldehyde (817 g,
61.4 mmol, 89% yield) as dark yellow solid.

Step B: Thiophen-3-yl(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-indol-4-yl)methanol
was prepared in 68% yield according to the Example 2, Step A substituting 4-bromobenzaldehyde
acid for 1-((2-(trimethylsilyl)ethoxy)methyl)-1H-indole-4-carbaldehyde.

Step C: Thiophen-3-yl(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-indol-4-yl)methanone
was prepared in 94% yield according to the Example 7, Step B substituting
(4-bromophenyl)(thiophen-3-yl)methanol for
thiophen-3-yl(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-indol-4-yl)methanol.

Step D:
(E)-2-Methyl-N-(thiophen-3-yl(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-indol-4-yl)methylene)prop
ane-2-sulfinamide was prepared in 64% yield according to the Example 1, Step C substituting
(6-bromopyridin-2-yl)(thiophen-3-yl)methanone for
thiophen-3-yl(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-indol-4-yl)methanone.

Step E: Methyl
5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl)-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-
1H-indol-4-yl)pentanoate was prepared in 88% yield according to the Example 1, Step D
substituting  N-((6-bromopyridin-2-yl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide
for
(E)-2-methyl-N-(thiophen-3-yl(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-indol-4-yl)methylene)prop

ane-2-sulfinamide.

Step F: Methyl
5-amino-3-0xo-5-(thiophen-3-y1)-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-indol-4-yl)pentanoate
was prepared in 65% yield according to the Example 1, Step E substituting methyl methyl
5-(6-bromopyridin-2-yl)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl)pentanoate ~ for
methyl
5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl)-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-
1H-indol-4-yl)pentanoate.

Step G:
6-(Thiophen-3-yl)-6-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-indol-4-yl)piperidine-2,4-dione was
prepared in 43% yield according to the Example 1, Step F substituting methyl

5-amino-5-(6-bromopyridin-2-yl)-3-oxo-5-(thiophen-3-yl)pentanoate for methyl
-102 -



10

15

20

WO 2015/140133 PCT/EP2015/055495

5-amino-3-oxo-5-(thiophen-3-y1)-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-indol-4-yl)-pentanoat

c.

Step H:
3-((2-Chlorophenyl)thio)-6-(thiophen-3-y1)-6-(1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-indol-4-yl)
piperidine-2,4-dione was prepared in 59% yield according to the Example 1, Step G substituting
6'-bromo-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-one for
6-(thiophen-3-y1)-6-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-indol-4-yl)piperidine-2,4-dione.

Step I: To a stirred solution of
3-((2-chlorophenyl)thio)-6-(thiophen-3-y1)-6-(1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-indol-4-yl)p
iperidine-2,4-dione (250 mg, 0.43 mmol) in THF (4 mL) was added TBAF (4 mL, 1M in THF). The
reaction was heated at 80 °C for 12 hours. After cooling to room temperature, the reaction mixture
was diluted with EtOAc (20 mL), washed with water and concentrated under vacuum. The crude was
purified by preparative HPLC (formic acid) to afford
3-((2-chlorophenyl)thio)-6-(1 H-indol-4-y1)-6-(thiophen-3-yl)piperidine-2,4-dione (24 mg, 0.05
mmol, 12% yield) as white solid. 'H NMR (400MHz, CDs0D) § 7.58 (dd, J = 8.0, 8.0 Hz, 1H), 7.43
-7.41 (m, 2H), 7.27 - 7.19 (m, 3H), 7.05 (dd, J = 8.0, 8.0 Hz, 1), 6.91 - 6.88 (m, 1), 6.77 - 6.75 (m,
2H), 6.53 (d, J = 8.4 Hz, 1H), 6.08 (dd, J = 8.0, 4.0 Hz, 1H), 3.88 (d, /= 16.0 Hz, 1H), 3.50 (d, J =
16.0 Hz, 1H). LCMS M+1 =452.8.

Example 16

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(oxetan-3-yl)ethoxy]-2-pyridyl]-6-(3-thienyl)pi

peridine-2,4-dione

O Cl
S
STN
S N- ~O
/NH 0O
N\
@]
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Step A: To a suspension of NaH (688 mg, 27.8 mmol) in THF (80 mL) was added
diethyl malonate (7.45 g, 46.5 mmol) dropwise. Then ((2-bromoethoxy)methyl)benzene (5 g, 23.2
mmol) was added. The reaction was heated to 90 °C for 5 hours. After cooling to room temperature,
the mixture was diluted with EtOAc (50 mL), washed with water (50 mL x 2), dried over anhydrous
Na,SO, and concentrated under vacuum. The crude residue was purified by silica gel
chromatography eluting with a gradient of 10% — 30% EtOAc/hexanes to afford diethyl
2-(2-(benzyloxy)ethyl)malonate (6.6 g, 22.5 mmol, 81% yield) as a colorless oil.

Step B: To a suspension of LiAlH,4 (1.71 g, 45.0 mmol) in anhydrous THF (80 mL.) was
added diethyl 2-(2-(benzyloxy)ethyl)malonate (6.6 g, 22.5 mmol) dropwise in an ice bath. The
reaction was warmed to room temperature and stirred for 12 hours. The reaction was quenched with
water, diluted with EtOAc (50 mL), washed with water (50 mL x 2), dried over anhydrous Na,SOy,
and concentrated under vacuum. The crude residue was purified by silica gel chromatography
eluting with a gradient of 10% - 30% EtOAc/hexanes to  afford
2-(2-(benzyloxy)ethyl)propane-1,3-diol (2.2 g, 10.6 mmol, 47% yield) as a colorless oil.

Step C: To solution of 2-(2-(benzyloxy)ethyl)propane-1,3-diol (2.2 g, 10.6 mmol) in
THF (20 mL) was added n-BuLi (4.2 mL, 10.6 mmol) in an ice bath. The mixture was stirred at 0 °C
for 30 minutes, then TsCl (404 mg, 2.12 mmol) was added. The reaction mixture was stirred at 0 °C
for 1 hour and then n-Buli (4.2 mL, 10.6 mmol) was added. The reaction mixture was stirred at 60 °C
for 6 hours, then cooled to room temperature. The mixture was diluted with EtOAc (30 mL), washed
with water (50 mL x 2), dried over anhydrous Na,SO, and concentrated under vacuum. The crude
residue was purified by silica gel chromatography eluting with a gradient of 0% — 15%
EtOAc/hexanes to afford 3-(2-(benzyloxy)ethyl)oxetane (550 mg, 2.86 mmol, 27% yield) as a

colorless oil.
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Step D: A mixture of 3-(2-(benzyloxy)ethyl)oxetane (550 mg, 2.86 mmol), Pd/C (350
mg) and ethanol (5 ml.) was stirred at room temperature under hydrogen atmosphere for 2 days. The
mixture was filtered and the filtrate was concentrate to afford 2-(oxetan-3-yl)ethanol (200 mg, 1.96

mmol, 66% yield) as a colorless oil.
Step E:

5-((2-Chlorophenyl)thio)-4-hydroxy-6'-(2-(oxetan-3-yl)ethoxy)-2-(thiophen-3-yl)-2,3-
dihydro-[2,2'-bipyridin]-6(1 H)-one was prepared in 35% yield according to the Example 2, Step A
substituting propan-2-ol for 2-(oxetan-3-yl)ethanol. "HNMR (400MHz, CD;0D) 6 7.70 (dd, J = 8.0,
8.0 Hz, 1), 7.40 (dd, J = 2.8, 2.8 Hz, 1H), 7.27 (d, /= 2.8 Hz, 1H), 7.17 - 7.14 (m, 3H), 6.88 (dd, J
=8.0, 8.0 Hz, 1), 6.75 - 6.73 (m, 2H), 6.00 (dd, J=9.6, 1.6 Hz, 111), 4.38 - 4.28 (m, 2I1), 3.83 - 3.69
(m, 5 ), 3.43 - 3.41 (m, 1H), 2.71 - 2.67 (m, 1H), 2.06 - 2.02 (m, 1H), 1.75 - 1.71 (m, 1H). LCMS
M+1 =514.9.

Example 17

3-(2-chlorophenyl)sulfanyl-6-[6-[[3-(hydroxymethyl)phenylJmethyl]-2-pyridyl]-6
-(3-thienyl)piperidine-2,4-dione

@) Cl
S
ST\
S N~ ~O
HO N=\_H
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Step A: To a stirred solution of methyl 3-(bromomethyl)benzoate (5 g, 21.8 mmol) in
toluene (50 mL) was added DABAL-H (43.6 ml, 43.6 mmol) in an ice bath. The reaction was stirred
at 0 °C for 2 hours. The mixture was quenched with 1 N HCI, extracted with EtOAc and water. The
organic layer was dried over anhydrous Na,SO, and concentrated to afford

(3-(bromomethyl)phenyl)methanol (4.0 g, 19.9 mmol, 91% yield) as a colorless oil.

Step B: A mixture of (3-(bromomethyl)phenyl)methanol (2.0 g, 10.0 mmol),
2,6-lutidine (2.13 g, 19.9 mmol), rerr-butyl dimethylsilyl trifluoromethanosulfonate (3.1 g, 14.9
mmol) and DCM (30 mL) was stirred at room temperature for 2 hours. The reaction was quenched
with water (20 mL), extracted with DCM. The organic layer was dried over anhydrous Na,SO4and
concentrated. The crude residue was purified by chromatography on silica gel (petroleum ether /
EtOAc = 20/1) to afford (3-(bromomethyl)phenyl)methanol (2.8 g, 8.9 mmol, 89% vyield) as a

colorless oil.

Step C: To a mixture of zinc powder (408 mg, 6.3 mol) in anhydrous THF (30 mL.) was
added 1,2-dibromoethane (107 mg, 0.57 mmol) and
((3-(bromomethyl)benzyl)oxy)(tert-butyl)dimethylsilane (1.8 g. 5.7 mmol) under nitrogen
atmosphere. The mixture was stirred at room temperature for 8 hours. The reaction solution was used

in next step directly.
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Step D: To a stirred solution of
6'-bromo-5-((2-chlorophenyl)thio)-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-
one (example 1, 300 mg, 0.61 mmol) and Pd(PPh;), (69 mg, 0.06 mmol) in THF (1 mlL) was added
(3-(((tert-butyldimethylsilyl)oxy)methyl)benzyl)zinc(II) bromide (5.3 mlL., 3.04 mmol) . The mixture
was stirred at room temperature for 12 hours. The reaction was quenched with water, then filtered
over Celite. The filtrate was concentrated under vacuum and the crude residue was purified by
preparative HPLC (formic acid) to afford
6'-(3-(((tert-butyldimethylsilyl )oxy)methyl)benzyl)-5-((2-chlorophenyl)thio)-4-hydroxy-2-(thiophe
n-3-y1)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-one (80 mg, 0.12 mmol, 20% yield) as white solid.

Step E: To a stirred solution of
6'-(3-(((tert-butyldimethylsilyl )oxy)methyl)benzyl)-5-((2-chlorophenyl)thio)-4-hydroxy-2-(thiophe
n-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1H)-one (80 mg, 0.12 mmol) in MeOH (5 ml.) was added
HC1-MeOH (5 mL) in an ice bath. The mixture was stirred at 0 °C for 1 hour. The reaction was added
water, then filtered and washed with water. The solid was dried to afford
5-((2-chlorophenyl)thio)-4-hydroxy-6'-(3-(hydroxymethyl)benzyl)-2-(thiophen-3-yl)-2,3-dihydro-[ 2
,2-bipyridin]-6(1H)-one (50 mg, 0.09 mmol, 76% yield) as a white solid. Mixture of
diastereoisomers: 'H NMR (400MHz, CD;0D) 6 7.74 (dd, J = 8.0, 8.0 Hz, 1H), 7.42 - 7.40 (m, 2H),
7.22-7.17 (m, 6 H), 7.11 - 7.09 (m, 2H), 6.85 (dd, J = 8.0, 8.0 Hz, 1), 6.51 (dd, /= 8.0, 8.0 Hz, 1H),
5.78 (dd, J = 8.4, 1.6 Hz, 1H), 4.47 (s, 2H), 4.17 (s, 2H), 4.00 (d, J = 16.4 Hz, 1H), 3.47 (d, J=16.4
Hz, 1H). LCMS M+1 = 534.9, Stereoisomer 1: "H NMR (400MHz, CD;0D) 6 7.75 (dd, J= 8.0, 8.0
Hz, 1), 7.44 - 7.42 (m, 2H), 7.31 - 7.14 (m, 8 ), 6.85 (dd, J = 8.0, 8.0 Hz, 1H), 6.56 (dd, J=8.0, 8.0
Hz, 1), 5.87 (d, J = 8.0 Hz,1H), 4.51 (s, 2H), 4.20 (s, 2l), 3.92 (d, /= 16.4 Hz, 1H), 3.49 (d, J =
16.4 Hz, 1H). Stereoisomer 2: '"H NMR (400MHz, CD;0D) 6 7.74 (dd, J = 8.0, 8.0 Hz, 1H), 7.44 -
7.41 (m, 2), 7.16 - 7.13 (m, 8 H), 6.87 (dd, J = 8.0, 8.0 Hz, 11, 6.56 (dd, J = 8.0, 8.0 Hz, 1H), 5.87
(d, J=8.0Hz, 1H), 4.51 (s, 2H), 4.20 (s, 21), 3.91 (d, /= 16.4 Hz, 11), 3.49 (d, J = 16.0 Hz, 11I).

Example 18

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(1H-pyrazol-4-yl)phenoxy]-2-pyridyl]-6-(3-thi
enyl)piperidine-2,4-dione

Cl
S
SN
= N™ ~0O
/NH
N\
0]
TN
N-N
H
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Step A: To a stirred suspension of 2-(2-hydroxyethyl)phenol (5 g, 36.2 mmol) and
Cs,CO; (38.9 g, 108.7 mmol) in acetone (100 mL) was added iodomethane (6.2 g, 43.4 mmol) in an
ice bath. The reaction mixture was stirred at O °C for 50 minutes. The mixture was filtered, the filtrate
was concentrated under vacuum. The crude materials were extracted with EtOAc and water. The
dried Na,SO, afford
2-(2-methoxyphenyl)ethanol (4.5 g, 29.6 mmol, 82% yield) as a yellow solid.

organic layer was over anhydrous and concentrated to

Step B: To a stirred solution of 2-(2-methoxyphenyl)ethanol (4.5 g, 29.6 mmol) in
DCM (80 mL) was added Dess-Martin reagent (51.1 g, 35.5 mmol) in an ice bath. The reaction
mixture was stirred at O °C for 1 hour. The mixture was diluted with DCM (100 mL), washed with
saturated NaHCO; (100 mL x 2), brine, dried over anhydrous Na,SO,and concentrated. The crude
residue was purified by silica gel chromatography eluting with a gradient of 10% — 50%
EtOAc/hexanes to afford 2-(2-methoxyphenyl)acetaldehyde (2.5 g, 16.7 mmol, 56% yield) as yellow

oil.

Step C: A mixture of 2-(2-methoxyphenyl)acetaldehyde (2.5 g, 16.7 mmol) and
1,1-dimethoxy-N,N-dimethylmethanamine (5 ml) was stirred at room temperature for 5 hours. The

mixture was diluted with DCM (30 mL), washed with saturated NaHCO; (20 mL x 2), brine, dried
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over anhydrous Na,SO, and concentrated. The crude residue was purified by silica gel
chromatography eluting with a gradient of 10% - 50% EtOAc/hexanes to afford
(E)-3-(dimethylamino)-2-(2-methoxyphenyl)acrylaldehyde (350 mg, 1.7 mmol, 12% yield) as

yellow solid.

Step D: A mixture of (E)-3-(dimethylamino)-2-(2-methoxyphenyl)acrylaldehyde (350
mg, 1.7 mmol,), hydrazine hydrate (2 mL) and ethanol (5 mL) was heated to 80 °C for 30 minutes.
The mixture was diluted with DCM 10 mL), washed with saturated NaHCO; (10 mL x 2), brine,
dried over anhydrous Na,SO, and concentrated to afford 4-(2-methoxyphenyl)-1 H-pyrazole (260 mg,
1.5 mmol, 88% yield) as yellow solid.

Step E: To a stirred solution of 4-(2-methoxyphenyl)-1H-pyrazole (260 mg, 1.5 mmol)
in DCM (5 mL) was added boron tribromide (750 mg, 3.0 mmol) in an ice bath. The reaction mixture
was stirred at 0 °C for 12 hours. The mixture was diluted with DCM (20 mL.), washed with saturated
NaHCO; (20 mL x 2), brine, dried over anhydrous Na,SO, and concentrated to afford
2-(1H-pyrazol-4-yl)phenol (200 mg, 1.25 mmol, 84% yield) as yellow oil.

Step F:
6'-(2-(1 H-Pyrazol-4-yl)phenoxy)-5-((2-chlorophenyl)thio)-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydr
0-[2,2-bipyridin]-6(1 H)-one was prepared in 3% yield according to the Example 3, Step A
2-Chloro-4-fluoro-phenol for 2-(1H-pyrazol-4-yl)phenol. "H NMR (400MHz, (CDs),SO) § 11.75 (s,
1H), 9.92 (s, 1H), 9.08 (s, 1H), 9.64 (s, 1H), 8.30 (s, 1H), 8.07 (dd, J = 8.0, 8.0 Hz,1H), 7.90 (d, J =
8.4 Hz,1H), 7.59 - 7.53 (m, 31), 7.40 (s, 1H), 7.23 - 7.21 (m, 2H), 7.08 (dd, J = 8.0, 4.0 Hz, 1H), 6.93
- 6.84 (m, 3H), 6.60 (dd, /=8.0, 8.0 Hz, 1H), 5.85 (d, J=8.4 Hz, 1H), 4.04 (d, /= 16.0 Hz, 1H), 3.43
(d, J=16.4 Hz, 1H). LCMS M+1 =573.1.

Example 19

3-(2-chlorophenyl)sulfanyl-6-(5-chloro-3-thienyl)-6-[6-(4-fluorophenoxy)-2-pyrid
yllpiperidine-2,4-dione

. I
ST\ \é
= H O

\//No’O/F

Cl
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Step A: To a solution of thiophene-3-carbaldehyde (20.0 g, 178.3 mmol) and
N-chlorosuccinimide (23.8 g, 178.3 mmol) in AcOH (180 mlL) was stirred at 110 °C for 4 hours.

5  After the completion of reaction, the solution was cooled to room temperature, and then was diluted
with EtOAc (120 mL), washed with H,O (100 mL x 3), saturated NaHCO; (50 mL x 2), brine, dried

over anhydrous Na,SO, and concentrated to afford 5-chlorothiophene-3-carboxylic acid (8.0 g, 54.6
mmol, 31% yield) as yellow solid, which was used directly in the next step without further

purification.

10 Step B: (5-Chlorothiophen-3-yl)(6-(4-fluorophenoxy)pyridin-2-yl)methanol ~ was
prepared in 50% yield according to the Example 7, Step A substituting 4-bromobenzaldehyde for
5-chlorothiophene-3-carbaldehyde

and 3-bromothiophene for 2-bromo-6-(4-fluorophenoxy)

pyridine

Step C:
79%

(5-Chlorothiophen-3-y1)(6-(4-fluorophenoxy)pyridin-2-yl)methanone  was

15  prepared in yield according to the Step B
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(4-bromophenyl)(thiophen-3-yl)methanone for (5-chlorothiophen-3-yl)(6-(4-fluorophenoxy)
pyridine-2-yl)methanone.

Step D:
(E)-N-((5-Chlorothiophen-3-y1)(6-(4-fluorophenoxy)pyridin-2-yl)methylene)-2-methylpropane-2-s
ulfinamide was prepared in 74 % yield according to the Example 7, Step C substituting
(E)-N-((4-bromophenyl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide for
(E)-N-((5-chlorothiophen-3-y1)(6-(4-fluorophenoxy)pyridin-2-yl)methylene)-2-methylpropane-2-su

Ifinamide

Step E: Methyl
5-(5-chlorothiophen-3-yl)-5-(1,1-dimethylethylsultinamido)-5-(6-(4-fluoro
phenoxy)pyridin-2-yl)-3-oxopentanoate was prepared in 86 % yield according to the Example 7,
Step D substituting methyl
5-(4-bromophenyl)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl)pentanoate for methyl
5-(5-chlorothiophen-3-yl)-5-(1,1-dimethylethylsultinamido)-5-(6-(4-fluoro
phenoxy)pyridin-2-yl)-3-oxopentanoate

Step F: Methyl
5-amino-5-(5-chlorothiophen-3-yl)-5-(6-(4-fluorophenoxy)pyridin-2-yl)-3-oxopentanoate was
prepared in 49 % yield according to the Example 7, Step E substituting methyl
5-amino-5-(4-bromophenyl)-3-oxo-5-(thiophen-3-yl)pentanoate for methyl
5-amino-5-(5-chlorothiophen-3-yl)-5-(6-(4-fluorophenoxy)pyridin-2-yl)-3-oxopentanoate

Step G:
6-(5-Chlorothiophen-3-y1)-6-(6-(4-fluorophenoxy)pyridin-2-yl)piperidine-2,4-dione was prepared
in 57% yield according to the Example 7, Step F substituting
6-(4-bromophenyl)-4-hydroxy-6-(thiophen-3-yl)-5,6-dihydropyridin-2(1 H)-one for
6-(5-chlorothiophen-3-y1)-6-(6-(4-fluorophenoxy)pyridin-2-yl)piperidine-2,4-dione.

Step H:
5-((2-Chlorophenyl)thio)-2-(5-chlorothiophen-3-yl)-6'-(4-fluorophenoxy)-4-hydroxy-2,3-dihydro-[
2,2"-bipyridin]-6(1 H)-one was prepared in 5.4 % yield according to the Example 7, Step G

substituting
6-(4-bromophenyl)-3-((2-chlorophenyl)thio)-4-hydroxy-6-(thiophen-3-yl)-5,6-dihydropyridin-2(1 H
)-one for

5-((2-chlorophenyl)thio)-2-(5-chlorothiophen-3-yl)-6'-(4-fluorophenoxy)-4-hydroxy-2,3-dihydro-[ 2
,2"-bipyridin]-6(1 H)-one. Mixture of diastereoisomers: '"H NMR (400MHz, CD;0D) § 7.89 (dd, J =
7.6,7.6 Hz, 11),7.31 (d,J=8.0Hz, 1), 7.21 (d, /=7.8 Hz, 1H),7.12 - 7.08 (m, 4H), 7.01 - 6.89 (m,
3H), 6.98 - 6.89 (m, 2H), 6.07 (dd, J=8.0, 1.2 Hz, 1), 3.54 (d, J=16.0 Hz, 1H), 3.25 (d, J=16.0 Hz,
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1H). LCMS M+1 = 558.9. Stereoisomer 1: '"H NMR (400MHz, CD;0D) 6 7.89 (dd, J=7.6, 7.6 Hz,
1H), 7.33 (d, J=8.0 Hz, 1H), 7.22 (d, /=7.8 Hz, 1H), 7.10 - 7.07 (m, 4H), 7.01 - 6.89 (m, 3H), 6.89
- 6.81 (m, 2H), 6.07 (d, J = 6.8 Hz, 1), 3.55 (d, J = 16.0 Hz, 1), 3.28 (d, J = 16.0 Hz, 1H).
Stercoisomer 2: 'H NMR (400MHz, CD;0D) 6 7.89 (dd, J = 7.6, 7.6 Hz, 1H), 7.33 (d, J = 8.0 Hz,
1), 7.12 (d, J = 7.8 Hz, 1H), 7.10 - 7.08 (m, 4H), 7.01 - 6.99 (m, 3H), 6.89 - 6.81 (m, 2H), 6.08 (d,
J=6.8Hz, 1H), 3.54 (d, J=16.0 Hz, 1H), 3.28 (d, /= 16.0 Hz, 11).

Example 20

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(2,2-difluorocyclopropyl)ethoxy]-2-pyridyl]-6-
(3-thienyl)piperidine-2,4-dione

O Cl
S S
\\
N O
=
N\
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Step A: Benzyl chloride (2.0 g, 14.2 mmol) was added dropwise to a solution of
but-3-en-1-0l (1.2 g, 17.1 mmol) and Et;N (2.9 g, 28.5 mmol) at 0 °C in DCM (35 mL) The reaction
mixture was then warmed to ambient temperature and stirred for 3 hours. The reaction mixture was
quenched with saturated aqueous NH4Cl (10 mL). The organic layer was washed with saturated
NaHCO; solution (5 mL x 2), brine, dried over anhydrous Na,SO, and concentrated to afford crude
product which was purified by silica gel chromatography eluting with 20% EtOAc/hexanes to afford
but-3-enyl benzoate (2.3 g, 13.1 mmol, 91% yield) as yellow oil.

Step B: A mixture of but-3-enyl benzoate (500 mg, 2.8 mmol), trimethylsilyl
2,2-difluoro-2-(fluorosulfonyl)acetate (1.4 g, 5.7 mmol) and NaF (5.9 mg, 141.8 pmmol) was heated
under neat conditions at 110 °C for 2 hours. After cooling to room temperature, DCM (10 mL) and
H,O (6 mL) were added, separated. The DCM extract was concentrated. The crude residue was
purified by silica gel chromatography eluting with 10% EtOAc/hexanes to afford
2-(2,2-difluorocyclopropyl)ethyl benzoate (330 mg, 1.5 mmol, 51% yield) as yellow oil.

Step C: To a suspension of potassium hydroxide (409 mg, 7.3 mmol) in MeOH/H,O
(3:2, 5 mL) was added 2-(2,2-difluorocyclopropyl)ethyl benzoate (330 mg, 1.5 mmol) at O ° C,
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followed by stirring at room temperature for 1 hour. The reaction was quenched with saturated brine
solution (5 mL), and extracted with EtOAc (10 mL x 4). The combined organic layer was dried over
anhydrous Na»SO, and concentrated under vacuum to afford crude
2-(2,2-difluorocyclopropyl)ethanol (150 mg, 84%) as colorless oil which was used directly in the

next step.
Step D:

5-((2-Chlorophenyl)thio)-6"-(2-(2,2-difluorocyclopropyl)ethoxy)-4-hydroxy-2-(thioph
en-3-yl)-2,3-dihydro-[2,2-bipyridin]-6(1 H)-one was prepared in 21% yield according to the
Example 2, Step A substituting propan-2-ol for 2-(2,2-difluorocyclopropyl)ethanol. 'H NMR
(400MHz, CD;0D) 6 7.73 (dd, J = 7.6, 7.6 Hz, 1H), 7.43 (d, J = 2.8 Hz, 1H), 7.27 - 7.14 (m, 4H),
7.14 (d, J=2.8 Hz, 1H), 6.93 - 6.74 (m, 2H), 5.96 (d, J = 8.0 Hz, 1H), 4.43 (t, J = 3.6 Hz, 2H), 3.88
(d, J=16.0 Hz, 1H), 3.47 (d, J=16.0 Hz, 1H), 1.95 - 1.67 (m, 3H), 1.36 - 1.34 (m, 1H), 1.00 - 0.96
(m, 1H). LCMS M+1 =534.9.

Example 21

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(3-methyltriazol-4-yl)phenoxy]-2-pyridyl]-6-(3
-thienyl)piperidine-2,4-dione

-
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Step A: A solution of 1H-1,2,3-triazole (1.0 g, 14.5 mmol), methyl iodide (3.1 g, 21.7
mmol) and K,CO; (4.0 g, 28.9 mmol) in THF (15 mL) was stirred at room temperature for 3 hours.
EtOAc (20 mL) and H,O (10 mL) were added, separated. The solvent was concentrated under
vacuum. The crude residue was purified by silica gel chromatography eluting with 10%
MeOH/DCM to afford 1-methyl-1H-1,2,3-triazole (860 mg, 10.4 mmol, 71% yield) as yellow oil.

Step B: To a solution of 1-methyl-1H-1,2,3-triazole (860 mg, 10.4 mmol) in THF (10
ml) at —78 °C, was added dropwise n-BuLi (5.0 mL, 12.4 mmol, 2.5 M). The mixture was stirred at
—78 °C for 2 hours before addition of Bu;SnCl (3.7 g, 11.4 mmol). The mixture was stirred at —78 °C
for 1 hour and then room temperature for 1 hour. The mixture was concentrated under vacuum and
hexane was added. The insoluble material was filtered and the filtrate was concentrated under
vacuum to afford 1-methyl-5-(tributylstannyl)-1H-1,2,3-triazole (3.1 g, 80 %) as yellow oil which

was used directly in the next step.

Step C: A solution of 1-methyl-5-(tributylstannyl)-1H-1,2,3-triazole (3.1 g, 8.3 mmol),
2-bromophenol (1.7 g, 10.0 mmol), Et;N (1.7 g, 16.7 mmol) and PdCl,(PPh;), (1.1 g, 1.7 mmol) in
PhMe (16 mL) was stirred at 110 °C for 14 hours. After cooling to room temperature, DCM (25 mL)
and H,O (10 mL) were added, separated. The DCM was concentrated under vacuum. The crude
residue was purified by silica gel chromatography eluting with a gradient of 20% EtOAc/hexanes to
10% MeOH/DCM to afford 2-(1-methyl-1H-1,2,3-triazol-5-yl)phenol (110 mg, 8.0 %yield) as white
solid.

Step D:
5-((2-Chlorophenyl)thio)-4-hydroxy-6'-(2-(1-methyl-1H-1,2,3-triazol-5-yl)phenoxy)-2-(thiophen-3-
y1)-2,3-dihydro-[2,2"-bipyridin]-6(1H)-one was prepared in 8.3% yield according to the Example 3,
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Step A substituting 2-chloro-4-fluoro-phenol for 2-(1-methyl-1H-1,2,3-triazol-5-yl)phenol. '"H NMR
(400MHz, CD;0D) 6 7.80 (dd, J = 7.6, 7.6 Hz, 1H), 7.47 (d, J = 2.8 Hz, 1H), 7.41 - 7.39 (m, 4H),
7.30(d, J=2.8 Hz, 1H), 7.21 (d, J =7.6 Hz, 2H), 7.08 (s, 11), 6.94 - 6.92 (m, 31), 6.73 (dd, J =7.2,
7.2Hz,1H),5.94 (d, J=8.0 Hz, 1H), 3.87 (s, 3H), 3.50 (d, /=16.0 Hz, 1H), 3.31 (d, J = 16.0 Hz, 1H).
LCMS M+1 = 587.8.

Example 22

3-(2-chlorophenyl)sulfanyl-6-(3-tetrahydropyran-4-yloxyphenyl)-6-(3-thienyl)pip

eridine-2,4-dione
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Step A: The suspension of methyl 3-hydroxybenzoate (22.0 g, 144.6 mmol),
tetrahydro-2H-pyran-4-ol (22.2 g, 216.9 mmol), PPh; (3.8 g, 14.5 mmol) and DEAD (28.0 g, 159.1
mmol) in THF (150 ml) was refluxed for 8 hours. The reaction mixture was then cooled to room
temperature, diluted with water (60 ml) and EtOAc (120 mL). The organic layer was separated and
concentrated. The crude residue was purified by column chromatography on silica gel with

petroleum ether: EtOAc = 3:1 as eluent to afford methyl 3-(tetrahydro-2H-pyran-4-yloxy)benzoate
(18.1 g, 53% yield) as brown oil.
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Step B: A solution of methyl 3-(tetrahydro-2H-pyran-4-yloxy)benzoate (18.1 g, 76.6
mmol) and LiOH (9.2 g, 383 mmol) in methanol/H,O (80 mL/5 ml) was stirred at room temperature
for 3 hours. The reaction mixture was filtered and the filtrate was adjusted to pH= 2-3 with aqueous
HCl solution (1 M). The resultant solution was extracted with EtOAc (80 mL x 2), and concentrated.
The crude residue 3-(tetrahydro-2H-pyran-4-yloxy)benzoic acid (14.3 g, 84% yield) as yellow solid

was used directly in the next step without further purification.

Step C: N-Methoxy-N-methyl-3-(tetrahydro-2H-pyran-4-yloxy)benzamide = was
prepared in 85% yield according to the Example 1, Step A substituting 6-bromopicolinic acid for
3-((tetrahydro-2 H-pyran-4-yl)oxy)benzoic acid.

Step D: (3-(Tetrahydro-2H-pyran-4-yloxy)phenyl)(thiophen-3-yl)methanone was
prepared in 67% yield according to the Example 1, Step B substituting
6-bromo-N-methoxy-N-methylpicolinamide for

(3-(tetrahydro-2 H-pyran-4-yloxy)phenyl)(thiophen-3-yl)methanone.

Step E:
(E)-2-Methyl-N-((3-(tetrahydro-2H-pyran-4-yloxy)phenyl)(thiophen-3-yl)methylene)propane-2-sul
finamide was prepared in 63% yield according to the Example 1, Step C substituting
(£)-N-((6-bromopyridin-2-yl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide for
(E)-2-methyl-N-((3-(tetrahydro-2H-pyran-4-yloxy)phenyl)(thiophen-3-yl)methylene)propane-2-sulf

inamide.

Step F:
Methyl-5-(1,1-dimethylethylsulfinamido)-3-ox0-5-(3-(tetrahydro-2 H-pyran-4-yloxy)phenyl)-5-(thi
ophen-3-yl)pentanoate was prepared in 58% yield according to the Example 1, Step D substituting
methyl
5-(6-bromopyridin-2-yl)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl)pentanoate ~ for
methyl5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(3-(tetrahydro-2 H-pyran-4-yloxy)phenyl)-5-(thio
phen-3-yl)pentanoate.

Step G

Methyl5-amino-3-0x0-5-(3-(tetrahydro-2 H-pyran-4-yloxy)phenyl)-5-(thiophen-3-yl)pe
ntanoate was prepared in 74% yield according to the Example 1, Step E substituting methyl
5-amino-5-(6-bromopyridin-2-yl)-3-oxo-5-(thiophen-3-yl)pentanoate for
methyl-5-amino-3-oxo-5-(3-(tetrahydro-2 H-pyran-4-yloxy)phenyl)-5-(thiophen-3-yl)pentanoate

Step H:
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4-Hydroxy-6-(3-(tetrahydro-2 H-pyran-4-yloxy)phenyl)-6-(thiophen-3-yl)-5,6-dihydrop
yridin-2(1H)-one was prepared in 87% yield according to the Example 1, Step F substituting
6'-bromo-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-one for
4-hydroxy-6-(3-(tetrahydro-2 H-pyran-4-yloxy)phenyl)-6-(thiophen-3-yl)-5,6-dihydropyridin-2(1 H)

-one
Step I:

3-(2-Chlorophenylthio)-4-hydroxy-6-(3-(tetrahydro-2 H-pyran-4-yloxy)phenyl)-6-(thio
phen-3-yl)-5,6-dihydropyridin-2(1 H)-one was prepared in 5.0% yield according to the Example 1,
Step G substituting
6'-bromo-5-((2-chlorophenyl)thio)-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-
one for
3-(2-chlorophenylthio)-4-hydroxy-6-(3-(tetrahydro-2 H-pyran-4-yloxy)phenyl)-6-(thiophen-3-y1)-5,
6-dihydropyridin-2(1H)-one. "H NMR (400MHz, CD;0D) & 7.48 (dd, J = 8.0, 8.0 Hz, 1H), 7.32 (dd,
J=2.0,2.0Hz, 1H),7.22 (d, J =8.0 Hz, 1H), 7.21 (d, J=8.0 Hz, 1), 7.18 (d, /= 8.0 Hz, 1), 7.16
-7.14 (m, 2H), 7.15 - 7.03 (m, 210), 6.69 (d, J = 3.2Hz, 11), 5.92 (dd, /= 7.6, 2.4z, 11), 4.54 - 4.50
(m, 1H), 3.89 (t, J = 5.6 Hz, 2H), 3.56 (d, J = 16.0 Hz, 1H), 3.54 (t, J = 5.6 Hz, 2H), 3.51 (d, J=16.0
Hz, 1H), 1.98 - 1.92 (m, 2H), 1.70 -1.60 (m, 2H). LCMS M+1 =513.9.

Example 23

3-(2-chlorophenyl)sulfanyl-1-methyl-6-(3-tetrahydropyran-4-yloxyphenyl)-6-(3-t
hienyl)piperidine-2,4-dione

Step A: To a suspension of Nall (60% weight, 47 mg, 1.2 mmol) in anhydrous THF (5
mlL) was added dropwise methyl iodide (166 mg, 1.2 mmol) at O °C under nitrogen atmosphere and
then the reaction was stirred for 30 minutes. The compound of example 22 (200 mg, 389 umol,) in
THF (3 mL) was added dropwise to the reaction mixture and the reaction was stirred at 0 °C for 1
hour followed by stirring at room temperature for another 1 hour. The reaction was quenched by HCl
solution (1 M), and separated. The solvent was removed. The crude residue was purified by
preparative HPLC (formic acid) to give the desired product (5.5 mg, 3% yield) as white solid. 'H
NMR (400MHz, CD;0D) 8 7.58 (dd, J=8.0, 8.0 Hz, 1H), 7.57 (dd, J=2.0, 2.0 Hz, 1H), 7.37 (d, J =
8.0Hz, 1H), 7.23 (d, J=8.0 Hz, 1), 7.21 (d, /= 8.0 Hz, 11), 7.16 (d, /= 7.2Hz, 1H), 7.15 - 7.02(m,
2H), 6.97 - 6.79 (m, 2H), 6.10 (dd, J = 8.0, 1.2Hz, 1H), 4.51 - 4.49 (m, 11, 3.90 (t, J = 5.6 Hz, 2H),
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3.66 (d, J=16.0 Hz, 1H), 3.55 (t, /= 5.6 Hz, 2H), 3.51 (d, /= 16.0 Hz, 1H), 2.84 (s, 3H), 1.96 - 1.92
(m, 2H), 1.69 - 1.63 (m, 2H). LCMS M+1 = 527.9.

Example 24

3-(2-chlorophenyl)sulfanyl-6-[3-(4-fluorophenoxy)phenyl]-6-(3-thienyl)piperidin
e-2,4-dione

F

(o

O Cl
N @]
=\ H
S/
Br

S

0O 0O
B ] mBuli B N\ o e N
ispropyl ether \ DCM, 70 °C, 3 h |
-78°C, 3h S S

24-1 24-2 24-3
0" *NH, _S. )\)‘o/_ HE O
Ti(OEt), o~ |N NaH, n-BuLli HCl _
—_—» > = o— S -
THF, A, 16 h Brm THF. 0°C, 2 h 8 MeOH, 0°C, 1 h
S
Br
24-4 24-5
cl
O s
a¥ad 0 cl
Cl S
K2C03 - S \ KzCOg S \
ol — H O — o
MeOH, A, 2 h MeCN, A, 2 h N
B Br
24-6 24-7 24-8

|
Hoj\/N\ 0 Cl

4-fluorophenol s
CSQCOg, Cul
dioxane, 120 °C, 12 h F\QO 0
Y

Iz
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Step A:

(3-Bromophenyl)(thiophen-3-yl)methanol was prepared in 95% yield according to the
Example 7, Step A substituting 4-bromobenzaldehyde for 3-bromobenzaldehyde.

Step B:

(3-Bromophenyl)(thiophen-3-yl)methanone was prepared in 95% yield according to the
Example 7 Step B substituting (4-bromophenyl)(thiophen-3-yl)methanol for
(3-bromophenyl)(thiophen-3-yl)methanol.

Step C:

(E)-N-((3-Bromophenyl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide
was prepared in 97% yield according to the Example 1, Step C substituting
(6-bromopyridin-2-yl)(thiophen-3-yl)methanone for (3-bromophenyl)(thiophen-3 -yl)methanone.

Step D:

Methyl
5-(3-bromophenyl)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl)pentanoate was
prepared in 68% yield according to the Example 1, Step D substituting
(£)-N-((6-bromopyridin-2-yl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide for
(E)-N-((3-bromophenyl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide.

Step E:

Methyl 5-amino-5-(3-bromophenyl)-3-oxo-5-(thiophen-3-yl)pentanoate was prepared
in 74% yield according to the Example 1, Step E substituting methyl
5-amino-5-(6-bromopyridin-2-yl)-3-oxo-5-(thiophen-3-yl)pentanoate for methyl
5-(3-bromophenyl)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl)pentanoate.

Step F:

6-(4-Bromophenyl)-4-hydroxy-6-(thiophen-3-yl)-5,6-dihydropyridin-2(1H)-one ~ was
prepared in  80% yield according to the Example 1, Step F substituting
6'-bromo-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-one for methyl
5-amino-5-(3-bromophenyl)-3-oxo-5-(thiophen-3-yl)pentanoate.

Step G

6-(3-Bromophenyl)-3-((2-chlorophenyl)thio)-4-hydroxy-6-(thiophen-3-yl)-5,6-dihydro
pyridin-2(1H)-one was prepared in 92% yield according to the Example 1, Step G substituting
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6'-bromo-5-((2-chlorophenyl)thio)-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-
one for 6-(3-bromophenyl)-4-hydroxy-6-(thiophen-3-yl)-5,6-dihydropyridin-2(1 H)-one.

Step H:

3-((2-Chlorophenyl)thio)-6-(3-(4-fluorophenoxy)phenyl)-6-(thiophen-3-yl)piperidine-
2,4-dione was prepared in 6.6% yield according to the Example 3, Step A substituting

chloro-4-fluoro-phenol for 4-fluorophenol and
6'-bromo-5-((2-chlorophenyl)thio)-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-
one for

6-(3-bromophenyl)-3-((2-chlorophenyl)thio)-4-hydroxy-6-(thiophen-3-yl)-5,6-dihydropyridin-2(1 H
)-one. 'H NMR (400MHz, CD;0D) § 7.49 (dd, J = 4.8, 2.8 Hz, 1H), 7.29 (dd, J = 8.0, 8.0 Hz, 1H),
7.30-7.26 (m, 1), 7.23 - 7.21 (m, 2H), 7.14 (d, J = 4.8 Hz, 1H), 7.06 - 7.02 (m, 3H), 6.96 - 6.92 (m,
4H), 6.80 - 6.75 (m, 1H), 598 (dd, /=7.6, 1.2 Hz, 1H), 3.47 - 3.45 (m, 2H). LCMS M+1 = 523.8.

Example 25

6-(6-bromo-5-morpholino-2-pyridyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)pip

eridine-2,4-dione

Cl
S
\\
Lo
Br \/
N
»
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Step A: Methyl 5-bromopicolinate (60.0 g, 277 mmol), morpholine (72 g, 833 mmol),
Pd,(dba); (5.0 g, 5.55 mmol), 2,2-bis(diphenylphosphino)-1,1'-binaphthyl (6.9 g, 11.1 mmol) and
Cs,CO; (135 g, 417 mmol) were combined in a flask (2 L). Dioxane (1 L) was added, and the mixture
was stirred at 120 °C for 18 h under nitrogen atmosphere. The reaction mixture was cooled to room
temperature, filtered and washed with EtOAc (300 ml x 3). The filtrate was dried over anhydrous
MgSO, and concentrated. Silica gel chromatography eluting with 50% EtOAc/hexanes provided
methyl 5-morpholinopicolinate (25 g, 112.6 mmol, 40% yield) as yellow solid.

Step B: Methyl 5-morpholinopicolinate (25.0 g, 113 mmol) in DCM (500 ml),
N-bromosuccinimide (22 g, 123 mmol) was added. The mixture was stirred at room temperature for

16 hours. The reaction mixture was concentrated. The residue was purified by silica gel
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chromatography to afford methyl 6-bromo-5-morpholinopicolinate (23 g, 69.6 mmol, 62% yield) as

yellow solid.

Step C: 6-Bromo-5-morpholinopicolinate (23.0 g, 69.6 mmol) in THF (200 ml), LiOH
(9.62 g, 229.1 mmol) in H,O (100 ml) was added. The reaction mixture was stirred at room
temperature for 8 hours. The mixture was concentrated, the resultant aqueous solution was adjusted
to pH < 4 with HCI solution (1 M), extracted with DCM (100 ml x 3), dried with anhydrous Na,SOs,,
and concentrated to afford 6-bromo-5-morpholinopicolinic acid (21.0 g, 73.1 mmol, 96%) as yellow
solid.

Step D: 6-Bromo-N-methoxy-N-methyl-5-morpholinopicolinamide was prepared in
75% yield according to the Example 1, Step A substituting 6-bromopicolinic acid for

6-bromo-5-morpholinopicolinic acid.

Step E: (6-Bromo-5-morpholinopyridin-2-yl)(thiophen-3-yl)methanone was prepared
in 22% yield according to the Example 1, Step B substituting
6-bromo-N-methoxy-N-methylpicolinamide for

6-bromo-N-methoxy-N-methyl-5-morpholinopicolinamide.

Step F:
(£)-N-((6-Bromo-5-morpholinopyridin-2-yl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfina
mide was prepared in 82% yield according to the Example 1, Step C substituting
(6-bromopyridin-2-yl)(thiophen-3-yl)methanone for
(6-bromo-5-morpholinopyridin-2-yl)(thiophen-3-yl)methanone.

Step G

Methyl
5-(6-bromo-5-morpholinopyridin-2-yl)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl)p
entanoate was prepared in 84% yield according to the Example 1, Step D substituting
(£)-N-((6-bromopyridin-2-yl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide for
(£)-N-((6-bromo-5-morpholinopyridin-2-yl)-(thiophen-3-yl)methylene)-2-methylpropane-2-sulfina

mide.
Step H:

Methyl
5-amino-5-(6-bromo-5-morpholinopyridin-2-yl)-3-oxo-5-(thiophen-3-yl)pentanoate was prepared in
88%  yield according to the Example 1, Step E  substituting  methyl
5-amino-5-(6-bromopyridin-2-yl)-3-oxo-5-(thiophen-3-yl)pentanoate for Methyl
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5-(6-bromo-5-morpholinopyridin-2-yl)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl)p

entanoate.

Step I:
6'-Bromo-4-hydroxy-5'-morpholino-2-(thiophen-3-yl)-2,3-dihydro-[2,2"-bipyridin]-6(1 H)-one ~ was
prepared in  89% yield according to the Example 1, Step F substituting
6'-bromo-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-one for Methyl
5-(6-bromo-5-morpholinopyridin-2-yl)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl)p

entanoate.

Step J:
6'-Bromo-5-((2-chlorophenyl)thio)-4-hydroxy-5'-morpholino-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bi
pyridin]-6(1H)-one was prepared in 36% yield according to the Example 1, Step G substituting
6'-bromo-5-((2-chlorophenyl)thio)-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-
one for Methyl 5-amino5-(6-bromo-5-morpholinopyridin-2-yl)-3-oxo-5-(thiophen-3-yl) pentanoate.
"H NMR (400MHz, (CD3),S0) & 11.70 (br s, 1H), 8.47 (s, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.63 (d, J =
8.0 Hz, 1), 7.53 - 7.51 (m, 1H), 7.31 - 7.27 (m, 2H), 7.12 (dd, / =5.2, 1.6 Hz, 1H), 6.96 (d, J = 8.0
Hz, 1H), 6.81 - 6.78 (m, 1H), 5.95 (dd, /=8.0, 1.2 Hz, 1H), 3.80 - 3.72 (m, 5H), 3.36 (d, /= 16.4 Hz,
1H), 3.01 - 2.99 (m, 4H). LCMS M+1 = 579.8.

Example 26

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoroanilino)-5-morpholino-2-pyridyl]-6-(3-t
hienyl)piperidine-2,4-dione

H
NN/
H

»

Step A:
5-((2-Chlorophenyl)thio)-6'-((4-fluorophenyl)amino)-4-hydroxy-5'-morpholino-2-(thiophen-3-yl)-2

0O Cl
S
F. S\
Q\ o
N=

,3-dihydro-[2,2'-bipyridin]-6(1 H)-one was prepared in 6% yield according to the Example 4, step A

substituting cyclohexanamine for 4-fluoroaniline and
6'-bromo-5-((2-chlorophenyl)thio)-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1H)-
onel for

6'-bromo-5-((2-chlorophenyl)thio)-4-hydroxy-5'-morpholino-2-(thiophen-3-yl)-2,3-dihydro-[2,2"-bi

pyridin]-6(1H)-one. '"H NMR (400MHz, CD;0D) § 7.61 - 7.58 (m, 2H), 7.50 (d, J = 8.0 Hz, 1H),

7.49-7.48 (m, 1), 7.33 (s, 1H), 7.28 - 7.22 (m, 1H), 7.17 - 7.12 (m, 1H), 7.06 -7.01 (m, 4H), 6.86 -
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6.82 (m, 1H), 6.25 (d, J = 8.0 Hz, 1H), 3.93 (m, 4H), 3.82 (d, J = 16.4Hz, 1H), 3.49 (d, J = 16.4Hz,
1H), 2.98 - 2.96 (m, 4H). LCMS M+1 = 608.8.

Example 27

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorophenoxy)-5-morpholino-2-pyridyl]-6-(3-

L0

thienyl)piperidine-2,4-dione

foly

o\/
»

5-((2-Chlorophenyl)thio)-6'"-(4-fluorophenoxy)-4-hydroxy-5'-morpholino-2-(thiophen-
3-yD)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-one was prepared in 3% yield according to the Example 2,

Step A substituting propan-2-ol for 4-fluorophenol and
6'-bromo-5-((2-chlorophenyl)thio)-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-
onel for

6'-bromo-5-((2-chlorophenyl)thio)-4-hydroxy-5'-morpholino-2-(thiophen-3-yl)-2,3-dihydro-[2,2"-bi
pyridin]-6(1H)-one. '"H NMR (400MHz, CD;0D) § 7.42 (d, J = 8.4 Hz, 1H), 7.37 - 7.36 (m, 1H),
7.26 -7.22 (m, 2H), 7.12 - 7.01 (m, 5H), 6.98 - 6.94 (m, 2H), 6.82 - 6.78 (m, 1H), 6.02 (dd, /=8.0, 1.2
Hz, 1H), 3.87 - 3.84 (m, 4H), 3.52 (d, /= 16.8 Hz, 1H), 3.24 - 3.17 (m, 5H). LCMS M+1 = 609.8.

Example 28

3-(2-chlorophenyl)sulfanyl-6-[4-(3-hydroxypropoxy)phenyl]-6-(3-thienyl)piperidi

ne-2.,4-dione

~O

HO(CH,)3
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Step A: To a solution of 4-hydroxybenzaldehyde (25 g, 205 mmol) and
(3-bromopropoxy)(tert-butyl)dimethylsilane (57 g, 225 mmol) in MeCN (200 mlL) was added
5 K,COs (85 g, 614 mmol). The reaction mixture was heated at 80 °C for 12 hours. After cooling to

room temperature, DCM (50 mL) was added, and the mixture was filtered over Celite. Then the

filtrate was concentrated, purified by silica gel column (petroleum ether / EtOAc = 20/1) to afford

4-(3-((tert-butyldimethylsilyl)oxy)propoxy)benzaldehyde (36 g, 60% yield) as white solid.

Step B: (4-(3-((tert-Butyldimethylsilyl)oxy)propoxy)phenyl)(thiophen-3-yl)methanol

10 was prepared in 84% yield according to the Example 7, Step A substituting 4-bromobenzaldehyde

for 4-(3-((tert-butyldimethylsilyl)oxy)propoxy)benzaldehyde.

Step C: (4-(3-((tert-Butyldimethylsilyl)oxy)propoxy)phenyl)(thiophen-3-yl)methanone

was prepared in 56% yield according to the Example 7, Step B substituting

(4-bromophenyl)(thiophen-3-yl)methanone
15 (4-(3-((tert-butyldimethylsilyl)oxy)propoxy)phenyl)(thiophen-3-yl)methanol.
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Step D:
(2)-N-((4-(3-((tert-butyldimethylsilyl)oxy)propoxy)phenyl)(thiophen-3-yl)methylene)-2-methylpro
pane-2-sulfinamide was prepared in 71% yield according to the Example 7, Step C substituting
(E)-N-((4-bromophenyl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide for
(4-(3-((tert-butyldimethylsilyl)oxy)propoxy)phenyl)(thiophen-3-yl)methanone.

Step E: Methyl
5-(4-(3-((tert-butyldimethylsilyl)oxy)propoxy)phenyl)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(t
hiophen-3-yl)pentanoate was prepared in 82% yield according to the Example 7, Step D substituting
(E)-N-((4-bromophenyl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide for
(£)-N-((4-(3-((tert-butyldimethylsilyl )oxy)propoxy)phenyl)(thiophen-3-yl)methylene)-2-methylpro

pane-2-sulfinamide.

Step F: Methyl
5-amino-5-(4-(3-hydroxypropoxy)phenyl)-3-oxo-5-(thiophen-3-yl)pentanoate was prepared in 82%
yield according to the Example 7, Step E substituting methyl
5-(4-bromophenyl)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl)pentanoate for methyl
5-(4-(3-((tert-butyldimethylsilyl)oxy)propoxy)phenyl)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(t
hiophen-3-yl)pentanoate.

Step G: 6-(4-(3-Hydroxypropoxy)phenyl)-6-(thiophen-3-yl)piperidine-2,4-dione was
prepared in 90% yield according to the Example 7, Step F substituting methyl
5-amino-5-(4-bromophenyl)-3-oxo-5-(thiophen-3-yl)pentanoate for methyl
5-amino-5-(4-(3-hydroxypropoxy)phenyl)-3-oxo-5-(thiophen-3-yl)pentanoate.

Step H:
3-((2-Chlorophenyl)thio)-4-hydroxy-6-(4-(3-hydroxypropoxy)phenyl)-6-(thiophen-3-yl)-5,6-dihydr
opyridin-2(1 H)-one was prepared in 29% yield according to the Example 7, Step G substituting
6-(4-bromophenyl)-4-hydroxy-6-(thiophen-3-yl)-5,6-dihydropyridin-2(1 H)-one for
6-(4-(3-hydroxypropoxy)phenyl)-6-(thiophen-3-yl)piperidine-2,4-dione. '"H NMR (400 MHz,
(CD5):S0) 6 11.41 (s, 1H), 8.41 (s, 1H), 7.55 (dd, J = 5.0, 3.0 Hz, 1H), 7.25 - 7.30 (m, 4H), 7.12 (d,
J=5.1Hz, 1H), 6.88 - 6.96 (m, 3H), 6.72 (dd, J =7.6, 7.6 Hz, 1H), 5.84 (dd, J = 6.0, 1.2 Hz, 1H),
4.45 (s, 1H), 4.00 (t, J=6.3 Hz, 2H), 3.52 (t, /= 6.2 Hz, 2H), 3.39 - 3.46 (m, 2H), 1.85 - 1.79 (m, 2H).
LCMS M+1 =487.9.

Example 29

3-(2-chlorophenyl)sulfanyl-6-[4-(2-hydroxyethoxy)phenyl]-6-(3-thienyl)piperidin

e-2,4-dione
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Step A: 4-(2-((tert-Butyldimethylsilyl)oxy)ethoxy)benzaldehyde was prepared in 90%
yield according to the Example 27, Step A substituting (3-bromopropoxy)(tert-butyl)dimethylsilane
for (2-bromoethoxy)(tert-butyl)dimethylsilane.

Step B: (4-(2-((tert-Butyldimethylsilyl)oxy)ethoxy)phenyl)(thiophen-3-ylymethanol
was prepared in 26% yield according to the Example 7, Step A substituting 4-bromobenzaldehyde
for 4-(3-((tert-butyldimethylsilyl)oxy)propoxy)benzaldehyde.
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Step C: (4-(2-((tert-Butyldimethylsilyl)oxy)ethoxy)phenyl)(thiophen-3-yl)methanone
was prepared in 97% yield according to the Example 7, Step B substituting
(4-bromophenyl)(thiophen-3-yl)methanone for
(4-(2-((tert-butyldimethylsilyl)oxy)ethoxy)phenyl)(thiophen-3-yl)methanol.

Step D:
(Z£)-N-((4-(2-((tert-butyldimethylsilyl)oxy)ethoxy)phenyl)(thiophen-3-yl)methylene)-2-methylprop
ane-2-sulfinamide was prepared in 48% yield according to the Example 7, Step C substituting
(E)-N-((4-bromophenyl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide for
(4-(2-((tert-butyldimethylsilyl)oxy)ethoxy)phenyl)(thiophen-3-yl)methanone.

Step E: Methyl
5-(4-(2-((tert-butyldimethylsilyl)oxy)ethoxy)phenyl)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(th
iophen-3-yl)pentanoate was prepared in 66% yield according to the Example 7, Step D substituting
(E)-N-((4-bromophenyl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide for
(Z)-N-((4-(2-((tert-butyldimethylsilyl)oxy)ethoxy)phenyl)(thiophen-3-yl)methylene)-2-methylprop

ane-2-sulfinamide.

Step F: Methyl
5-amino-5-(4-(2-hydroxyethoxy)phenyl)-3-oxo-5-(thiophen-3-yl)pentanoate was prepared in 79%
yield according to the Example 7, Step E substituting methyl
5-(4-bromophenyl)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl)pentanoate for methyl
5-(4-(2-((tert-butyldimethylsilyl)oxy)ethoxy)phenyl)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(th
iophen-3-yl)pentanoate.

Step G: 6-(4-(2-Hydroxyethoxy)phenyl)-6-(thiophen-3-yl)piperidine-2,4-dione  was
prepared in 93% yield according to the Example 7, Step F substituting methyl
5-amino-5-(4-bromophenyl)-3-oxo-5-(thiophen-3-yl)pentanoate for methyl
5-amino-5-(4-(2-hydroxyethoxy)phenyl)-3-oxo-5-(thiophen-3-yl)pentanoate.

Step H:
3-((2-Chlorophenyl)thio)-6-(4-(2-hydroxyethoxy)phenyl)-6-(thiophen-3-yl)piperidine-2,4-dione
was prepared in 35% yield according to the Example 7, Step G substituting
6-(4-bromophenyl)-4-hydroxy-6-(thiophen-3-yl)-5,6-dihydropyridin-2(1 H)-one for
6-(4-(2-hydroxyethoxy)phenyl)-6-(thiophen-3-yl)piperidine-2,4-dione. '"H NMR  (400MHz,
CD;0D) 0 8.38 (s, 1H), 7.54 (dd, J = 4.8, 2.8 Hz, 1H), 7.29 - 7.25 (m, 4H), 7.13(dd, J = 5.2, 1.2 Hz,
1H), 6.95 - 6.89 (m, 3H), 6.74 - 6.69 (m, 1H), 5.85 (dd, /7 =8.0, 1.2 Hz, 1H), 4.84 (s, 1H), 3.96 (t, J =
4.8 Hz, 21, 3.66 (d, J =4.4 Hz, 211), 3.34 (d, / = 4.4 Hz, 2H). LCMS M+1 =473.8.

Example 30
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3-(2-chlorophenyl)sulfanyl-6-[4-(2-methoxyethoxy)phenyl]-6-(3-thienyl)piperidin
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Step A: 4-(2-Methoxyethoxy)benzaldehyde was prepared in 81% yield according to the
Example 27, Step A  substituting (3-bromopropoxy)(fert-butyl)dimethylsilane  for

1-bromo-2-methoxyethane.

Step B: (4-(2-Methoxyethoxy)phenyl)(thiophen-3-yl)methanol was prepared in 91%
yield according to the Example 7, Step A substituting 4-bromobenzaldehyde for
4-(2-methoxyethoxy)benzaldehyde.
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Step C: (4-(2-Methoxyethoxy)phenyl)(thiophen-3-yl)methanone was prepared in 50%
yield according to the Example 7, Step B substituting (4-bromophenyl)(thiophen-3-yl)methanone for
(4-(2-methoxyethoxy)phenyl)(thiophen-3-yl)methanol.

Step D:
(£)-N-((4-(2-Methoxyethoxy)phenyl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide
was prepared in 58% yield according to the Example 7, Step C substituting
(E)-N-((4-bromophenyl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide for
(4-(2-methoxyethoxy)phenyl)(thiophen-3-yl)methanone.

Step E: Methyl
5-(1,1-dimethylethylsulfinamido)-5-(4-(2-methoxyethoxy)phenyl)-3-oxo-5-(thiophen-3-yl)pentano
ate was prepared in 78% yield according to the Example 7, Step D substituting
(E)-N-((4-bromophenyl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide for
(£)-N-((4-(2-methoxyethoxy)phenyl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide.

Step F: Methyl
5-amino-5-(4-(2-methoxyethoxy)phenyl)-3-oxo-5-(thiophen-3-yl)pentancate  in  90%  yield
according to the Example 7, Step E substituting methyl
5-(4-bromophenyl)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl)pentanoate for methyl
5-(1,1-dimethylethylsulfinamido)-5-(4-(2-methoxyethoxy)phenyl)-3-oxo-5-(thiophen-3-yl)pentano

ate.

Step G: 6-(4-(2-Methoxyethoxy)phenyl)-6-(thiophen-3-yl)piperidine-2,4-dione  was
prepared in 26% yield according to the Example 7, Step F substituting methyl
5-amino-5-(4-bromophenyl)-3-oxo-5-(thiophen-3-yl)pentanoate for methyl
5-amino-5-(4-(2-methoxyethoxy)phenyl)-3-oxo-5-(thiophen-3-yl)pentanoate.

Step H:
3-((2-Chlorophenyl)thio)-6-(4-(2-methoxyethoxy)phenyl)-6-(thiophen-3-yl)piperidine-2,4-dione
was prepared in 30% yield according to the Example 7, Step G substituting
6-(4-bromophenyl)-4-hydroxy-6-(thiophen-3-yl)-5,6-dihydropyridin-2(1 H)-one for
6-(4-(2-methoxyethoxy)phenyl)-6-(thiophen-3-yl)piperidine-2,4-dione. 'H NMR (400 MHz,
(CD5),80) 8 8.45 (s, 1H), 7.58 (dd, J =5.0, 3.0 Hz, 1H), 7.28 - 7.33 (m, 4H), 7.16 (dd, J=5.1, 1.1 Hz,
1H), 6.93 - 6.98 (m, 3H), 6.72 - 6.76 (m, 1H), 5.87 (dd, J = 8.0, 1.2Hz, 1H), 4.09 - 4.11 (m, 2H), 3.65
-3.67 (m, 2H), 3.42 (s, 2H), 3.31 (s, 31). LCMS M+1 = 487.9.

Example 31

3-(2-chlorophenyl)sulfanyl-6-[4-(3-methoxypropoxy)phenyl]-6-(3-thienyl)piperid
ine-2,4-dione
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Step A: 4-(3-Methoxypropoxy)benzaldehyde was prepared in 96% yield according to
the Example 27, Step A substituting (3-bromopropoxy)(tert-butyl)dimethylsilane for

1-bromo-3-methoxypropane.

Step B: (4-(3-Methoxypropoxy)phenyl)(thiophen-3-yl)methanol was prepared in 97%
yield according to the Example 7, Step A substituting 4-bromobenzaldehyde for
4-(3-methoxypropoxy)benzaldehyde.

Step C: (4-(3-Methoxypropoxy)phenyl)(thiophen-3-yl)methanone was prepared in 68%
yield according to the Example 7, Step B substituting (4-bromophenyl)(thiophen-3-yl)methanone for
(4-(3-methoxypropoxy)phenyl)(thiophen-3-yl)methanol.
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Step D:
(£)-N-((4-(3-Methoxypropoxy)phenyl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide
was prepared in 51% yield according to the Example 7, Step C substituting
(E)-N-((4-bromophenyl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide for
(4-(3-methoxypropoxy)phenyl)(thiophen-3-yl)methanone.

Step E: methyl
5-(1,1-dimethylethylsulfinamido)-5-(4-(3-methoxypropoxy)phenyl)-3-oxo-5-(thiophen-3-yl)pentan
oate was prepared in 93% yield according to the Example 7, Step D substituting
(E)-N-((4-bromophenyl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide for
(£)-N-((4-(3-methoxypropoxy)phenyl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide.

Step F: methyl
5-amino-5-(4-(3-methoxypropoxy)phenyl)-3-oxo-5-(thiophen-3-yl)pentanoate  in  90%  yield
according to the Example 7, Step E substituting methyl
5-(4-bromophenyl)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl)pentanoate for methyl
5-(1,1-dimethylethylsulfinamido)-5-(4-(3-methoxypropoxy)phenyl)-3-oxo-5-(thiophen-3-yl)pentan

oate.

Step G: 6-(4-(3-Methoxypropoxy)phenyl)-6-(thiophen-3-yl)piperidine-2,4-dione was
prepared in 33% yield according to the Example 7, Step F substituting methyl
5-amino-5-(4-bromophenyl)-3-oxo-5-(thiophen-3-yl)pentanoate for methyl
5-amino-5-(4-(3-methoxypropoxy)phenyl)-3-oxo-5-(thiophen-3-yl)pentanoate.

Step H:
3-((2-Chlorophenyl)thio)-6-(4-(3-methoxypropoxy)phenyl)-6-(thiophen-3-yl)piperidine-2,4-dione
was prepared in 33% yield according to the Example 7, Step G substituting
6-(4-bromophenyl)-4-hydroxy-6-(thiophen-3-yl)-5,6-dihydropyridin-2(1 H)-one for
6-(4-(3-methoxypropoxy)phenyl)-6-(thiophen-3-yl)piperidine-2,4-dione. 'H NMR (400 MHz,
(CD3):S0) 6 8.41 (s, 1H), 7.54 (dd, J=5.1, 2.9 Hz, 1H), 7.25 - 7.30 (in, 4H), 7.13 (dd, J=5.1, 1.1 Hz,
1H), 6.88 - 6.95 (m, 3H), 6.68 - 6.72 (m, 1H), 5.83 (dd, /=7.9, 1.1 Hz, 1H), 4.00 (t, J = 6.4 Hz, 2H),
344 (t, J = 6.3 Hz, 21), 3.21 (s, 2H), 3.25 (s, 3I), 1.90 (t, J = 6.3 Hz, 2I). LCMS M+1 = 501.9.

Example 32

3-(2-chlorophenyl)sulfanyl-6-(2-naphthyl)-6-(3-thienyl)piperidine-2,4-dione
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Step A: N-Methoxy-N-methyl-2-naphthamide was prepared in 90% yield according to
the Example 1, Step A substituting 6-bromopicolinic acid for 2-naphthoic acid.

Step B: Naphthalen-2-yl(thiophen-3-yl)methanone was prepared in 25% yield
according to the Example 1, Step B substituting 6-bromo-N-methoxy-N-methylpicolinamide for
N-methoxy-N-methyl-2-naphthamide.

Step C:
(E)-2-Methyl-N-(naphthalen-2-yl(thiophen-3-yl)methylene)propane-2-sulfinamide was prepared in
78% yield according to the Example 1, Step C substituting
(6-bromopyridin-2-yl)(thiophen-3-yl)methanone for naphthalen-2-yl(thiophen-3-yl)methanone.

Step D: Methyl
5-(1,1-dimethylethylsulfinamido)-5-(naphthalen-2-yl)-3-oxo-5-(thiophen-3-yl)pentanoate was
prepared in  80% yield according to the Example 1, Step D substituting
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(£)-N-((6-bromopyridin-2-yl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide for
(E)-2-methyl-N-(naphthalen-2-yl(thiophen-3-yl)methylene)propane-2-sulfinamide.

Step E: Methyl 5-amino-5-(naphthalen-2-yl)-3-oxo0-5-(thiophen-3-yl)pentanoate was
prepared in 80% yield according to the Example 1, Step E substituting methyl
5-amino-5-(6-bromopyridin-2-yl)-3-0xo0-5-(thiophen-3-yl)pentanoate for methyl
5-(1,1-dimethylethylsulfinamido)-5-(naphthalen-2-yl)-3-oxo-5-(thiophen-3-yl)pentanoate.

Step F:
4-Hydroxy-6-(naphthalen-2-y1)-6-(thiophen-3-y1)-5,6-dihydropyridin-2(1H)-one was prepared in
92% yield according to the Example 1, Step F substituting
6'-bromo-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2"-bipyridin]-6(1 H)-one for methyl
5-amino-5-(naphthalen-2-yl)-3-oxo-5-(thiophen-3-yl)pentanoate.

Step G
3-((2-Chlorophenyl)thio)-4-hydroxy-6-(naphthalen-2-yl)-6-(thiophen-3-yl)-5,6-dihydropyridin-2(1
H)-one was prepared in 9% yield according to the Example 1, Step G substituting
6'-bromo-5-((2-chlorophenyl)thio)-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-
one for 4-hydroxy-6-(naphthalen-2-yl)-6-(thiophen-3-yl)-5,6-dihydropyridin-2(1H)-one. 'H NMR
(400MHz, (CD5),S0) 6 11.53 (s, 1H), 8.65 (s, 1H), 7.69 - 7.62 (m, 4H), 7.61 - 7.52 (m, 4H), 7.41 (dd,
J=238,1.2Hz, 1H),7.26 - 7.22 (m, 2H), 6.88 - 6.84 (m, 1H), 6.30 - 5.79 (m, 1H), 5.77 (d, /= 8.0 Hz,
1H), 3.61 (d, J=16.8 Hz, 1H), 3.61 (d, /= 16.8 Hz, 1H). LCMS 463.8.

Example 33

3-(2-chlorophenyl)sulfanyl-6-(4-cyclopropylphenyl)-6-(3-thienyl)piperidine-2,4-d

ione
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Step A: 4-Cyclopropylbenzaldehyde was prepared in 80% yield according to the

Example 8, Step A substituting cyclohex-1-en-1-ylboronic acid for cyclopropylboronic acid and

6-(4-bromophenyl)-3-((2-chlorophenyl)thio)-6-(thiophen-3-yl) piperidine -2,4-dione
5  4-bromobenzaldehyde.

Step B: (4-Cyclopropylphenyl)(thiophen-3-yl)methanol was prepared in 91% yield

according to the Example 7, Step A substituting 4-bromobenzaldehyde
4-cyclopropylbenzaldehyde.

Step C: (4-Cyclopropylphenyl)(thiophen-3-yl)methanone was prepared in 88% yield

10 according to the Example 7, Step B substituting (4-bromophenyl)(thiophen-3-yl)methanol for

(4-cyclopropylphenyl)(thiophen-3-ylymethanol.

Step D:

(£)-N-((4-Cyclopropylphenyl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide was

prepared in  71% yield according to the Example 1, Step C substituting
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(6-bromopyridin-2-yl)(thiophen-3-yl)methanone for
(4-cyclopropylphenyl)(thiophen-3-yl)methanone

Step E: Methyl
5-(4-cyclopropylphenyl)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl)pentanoate  was
prepared in  98% yield according to the Example 1, Step D substituting
(£)-N-((6-bromopyridin-2-yl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide for
(£)-N-((4-cyclopropylphenyl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide.

Step F: Methyl 5-amino-5-(4-cyclopropylphenyl)-3-oxo-5-(thiophen-3-yl)pentanoate
was prepared in 72% yield according to the Example 1, Step E substituting methyl
5-amino-5-(6-bromopyridin-2-yl)-3-0xo0-5-(thiophen-3-yl)pentanoate for methyl
5-(4-cyclopropylphenyl)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl)pentanoate.

Step G: 6-(4-Cyclopropylphenyl)-6-(thiophen-3-yl)piperidine-2,4-dione was prepared
in 55% yield according to the Example 1, Step F substituting
6'-bromo-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-one for methyl
5-amino-5-(4-cyclopropylphenyl)-3-oxo-5-(thiophen-3-yl)pentanoate.

Step H:
3-((2-Chlorophenyl)thio)-6-(4-cyclopropylphenyl)-6-(thiophen-3-yl)piperidine-2,4-dione was
prepared in  38% yield according to the Example 1, Step G substituting
6'-bromo-5-((2-chlorophenyl)thio)-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-
one for 6-(4-cyclopropylphenyl)-6-(thiophen-3-yl)piperidine-2,4-dione. 'H NMR (400MHz,
(CD3):S0) 8 7.47 (dd, J = 8.0, 8.0 Hz, 1H), 7.31 - 7.27 (m, 3H), 7.18 (dd, J=4.0,4.0 Hz, 1H), 7.11
(dd, J=8.0,4.0Hz, 1H), 7.02 (d, /= 8.0 Hz, 2H), 6.84 (dd, J = 8.0, 8.0 Hz, 1H), 6.67 (dd, J=8.0, 8.0
Hz, 1H), 598 (d, /= 8.0 Hz, 1H), 3.24 (d, /= 5.2 Hz, 2H), 1.92 - 1.86 (m, 1H), 0.96 - 0.91 (m, 2H),
0.67 - 0.63 (m, 2H). LCMS M+1 =453.8.

Example 34

3-(2-chlorophenyl)sulfanyl-1-methyl-6-[3-(tetrahydropyran-4-ylamino)phenyl]-6
-(3-thienyl)piperidine-2,4-dione

Cl

- 138 -



10

15

WO 2015/140133 PCT/EP2015/055495

o oy,

0 cl 0
S 8 S S Pd,(dba)s, Brettphos
9 \© Mel, NaH & \ \© t-BUONa

N™ ~O DMF, 0 °C, 5 h N™ ~O dioxane, A, 24 h
H I
Br Br

24-8 341

O Cl
S S
S \fj
ITI O
HN
34

&
Step A:

6-(3-Bromophenyl)-3-((2-chlorophenyl)thio)-4-hydroxy-1-methyl-6-(thiophen-3-y1)-5,6-dihydropyr

Y

idin-2(1H)-one was prepared by Example 11 in 15% yield, step A substituting
6'-bromo-5-((2-chlorophenyl)thio)-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6
(1H)-one for 6-(3-bromophenyl)-3-((2-chlorophenyl)thio)-4-hydroxy-6-  (thiophen-3-y1)-5,6-
dihydropyridin- 2 (1H)-one.

Step B:
3-(2-Chlorophenyl)sulfanyl-1-methyl-6-[3-(tetrahydropyran-4-ylamino)phenyl]-6-(3-thieny
Dpiperidine-2,4-dione was prepared in 6% yield, according to Example 7. Step H substituting
2-methylmorpholine for tetrahydro-2H-pyran-4-amine. 'H NMR (400 MHz, (CD5),S0) & 11.3 (s,
1), 7.67 (dd, J =5.2, 3.2 Hz, 1), 7.31 (dd, J = 8.0, 1.6 Hz, 1), 7.15 - 7.10 (m, 3H), 6.98 (dd, J =
7.6,1.2 Hz, 1H), 6.88 (dd, J=7.6, 1.2 Hz, 1H), 6.61 (dd, J = 8.4, 1.6 Hz, 1), 6.43 (m, 2H), 6.15 (d,
J=8.4Hz, 1H), 3.85 (m, 2H), 3.60 (d, /= 16.8 Hz, 1H), 3.48 (d, J=16.8 Hz, 1H), 3.44 (m, 3H), 2.69
(s, 3H), 1.82 (m, 2H), 1.34 (m, 2H). LCMS M+1 = 527.0.

Example 35

3-(2-chlorophenyl)sulfanyl-6-(2-hydroxy-4-morpholino-phenyl)-6-(3-thienyl)pipe

ridine-2,4-dione

o
®

@)
- 139 -



WO 2015/140133 PCT/EP2015/055495
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F F
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THF, rt, 2 h MeOH, rt, 1 h //
S 0
Q
\
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O
S
STN
Cl = H (@]
KoCO3 < 5 § §§ ch03 . o
MeOH, 80 °C, 2 h' CH3CN,60°C,2h
N

359 0O

Step A: 4-Fluoro-2-hydroxy-N-methoxy-N-methylbenzamide was prepared in 75%
yield according to the Example 1, Step A substituting 6-bromopicolinic acid for
4-fluoro-2-hydroxybenzoic acid.

5 Step B: 4-Fluoro-N-methoxy-2-(methoxymethoxy)-N-methylbenzamide was prepared
in 62% yield according to Example 13, Step A substituting 5-bromo-2-hydroxybenzaldehyde for
4-fluoro-2-hydroxy-N-methoxy-N-methylbenzamide.

Step C: (4-Fluoro-2-(methoxymethoxy)phenyl)(thiophen-3-yl)methanone was prepared

in 41% yield according to the Example 1, Step B substituting

10 6-bromo-N-methoxy-N-methylpicolinamide for 4-fluoro-N-methoxy-2
-(methoxymethoxy)-N-methylbenzamide.
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Step D: To a solution of
(4-fluoro-2-(methoxymethoxy)phenyl)(thiophen-3-yl)methanone (10 g, 38 mmol) in NMP (50 mL)
was added morpholine (16.4 g, 188 mmol) and K,COj; (10.4 g, 75 mmol). The solution was stirred at
120 °C for 8 hours. The reaction was quenched with water, adjusted to pH = 5 with HCI solution,
extracted with DCM, and concentrated under vacuum. The crude residue was purified by silica gel
column to afford (6-(4-fluorophenoxy)pyridin-2-yl)(2-(methoxymethoxy)phenyl)methanone (7.2 g,
60% yield).

Step E:
N-((2-Hydroxy-4-morpholinophenyl)(thiophen-3-yl)methylene)-2-methylpropane-  2-sulfinamide
was prepared in 10% yield according to the Example 1, Step C substituting
(6-bromopyridin-2-yl)(thiophen-3-yl)methanone for (6-(4-fluorophenoxy)pyridin-2-yl)
(2-(methoxymethoxy)phenyl)methanone.

Step F: Methyl
5-(1,1-dimethylethylsulfinamido)-5-(2-hydroxy-4-morpholinophenyl)-3-oxo -5-
(thiophen-3-yl)pentanoate was prepared in 36% yield according to the Example 1, Step D
substituting  N-((6-bromopyridin-2-yl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide
for N-((2-hydroxy-4-morpholinophenyl)(thiophen-3-yl)methylene)- 2-methylpropane-

2-sulfinamide.

Step G: Methyl
5-amino-5-(2-hydroxy-4-morpholinophenyl)-3-oxo-5-(thiophen-3-yl)pentanoate was prepared in
40%  yield according to the [Example 1, Step E  substituting  methyl
5-(6-bromopyridin-2-y1)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl)pentanoate ~ for
methyl 5-(1,1-dimethylethylsulfinamido)-5-(2-hydroxy-4-morpholinophenyl)-3-oxo -5-
(thiophen-3-yl)pentanoate.

Step H: 3-(2-Chlorophenyl) sulfanyl-6-(2-hydroxy-4-morpholino-phenyl)-6-(3-thienyl)
piperidine-2,4-dione was prepared in 2% yield, according to Example 1, Step G substituting
6'-bromo-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-one as methyl
5-amino-5-(2-hydroxy-4-morpholinophenyl)-3-oxo-5-(thiophen-3-yl)pentanoate. '"H NMR (400
Mz, (CDs),S0) 6 7.36 (d, J=5.2 Hz, 1H), 7.20 - 7.15 (m, 31), 7.06 (d, /= 5.2 Hz, 1), 6.92 (dd, J
=17.6,1.6 Hz, 1H), 6.77 (dd, J=7.6, 1.6 Hz, 1H), 6.50 (m, 2H), 6.19 (d, J = 8.0 Hz, 1H), 3.83 (dd, J
=4.8,4.8 Hz,41),3.68 (d,/=16.4 Hz, 11),3.36 (d, J=16.4 Hz, 1H),3.13 (dd, /=4.8, 4.8 Hz, 4H).
LCMS M+1 =514.9.

Example 36

3-(2-chlorophenyl)sulfanyl-6-(2-hydroxyphenyl)-6-(3-thienyl)piperidine-2,4-dion
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Step A: 2-(Methoxymethoxy)benzaldehyde was prepared in 82% according to Example
13, Step A substituting 5-bromo-2-hydroxybenzaldehyde for 2-hydroxybenzaldehyde.

Step B: (2-(Methoxymethoxy)phenyl)(thiophen-3-yl)methanol was prepared in 60%
yield according to the Example 7, Step A substituting 4-bromobenzaldehyde for
2-(methoxymethoxy)benzaldehyde.
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Step C: (2-(Methoxymethoxy)phenyl)(thiophen-3-yl)methanone was prepared in 71%
yield according to the Example 7, Step B substituting (4-bromophenyl)(thiophen-3-yl)methanol for
(2-(methoxymethoxy)phenyl)(thiophen-3-yl)methanol.

Step D:
N-((2-(Methoxymethoxy)phenyl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide =~ was
prepared in  50% yield according to the Example 1, Step C substituting
(6-bromopyridin-2-yl)(thiophen-3-yl)methanone for (2-(methoxymethoxy)phenyl) (thiophen-

3-yl)methanone.

Step E: Methyl
5-(1,1-dimethylethylsulfinamido)-5-(2-(methoxymethoxy)phenyl)-3-oxo-5-
(thiophen-3-yl)pentanoate was prepared in 47% yield according to the Example 1, Step D
substituting  N-((6-bromopyridin-2-yl)(thiophen-3-yl)methylene)-2-methylpropane-2-sulfinamide
for N-((2-(methoxymethoxy)phenyl)(thiophen-3-yl)methylene)-2-methylpropane-2- sulfinamide.

Step F: Methyl 5-amino-5-(2-hydroxyphenyl)-3-oxo-5-(thiophen-3-yl)pentanoate was
prepared in 51% yield according to the Example 1, Step E substituting methyl
5-(6-bromopyridin-2-y1)-5-(1,1-dimethylethylsulfinamido)-3-oxo-5-(thiophen-3-yl)pentanoate ~ for
methyl 5-(1,1-dimethylethylsulfinamido)-5-(2-(methoxymethoxy)phenyl)-3-oxo-5-
(thiophen-3-yl)pentanoate.

Step G: 6-(2-Hydroxyphenyl)-6-(thiophen-3-yl) piperidine-2,4-dione was prepared in
60%  yield according to the Example 1, Step F  substituting  methyl
5-amino-5-(6-bromopyridin-2-yl)-3-oxo-5-(thiophen-3-yl)pentanoate for methyl
5-amino-5-(2-hydroxyphenyl)-3-oxo-5-(thiophen-3-yl)pentanoate.

Step H:
3-((2-Chlorophenyl)thio)-4-hydroxy-6-(2-hydroxyphenyl)-6-(thiophen-3-yl)-5,6-dihydropyridin-2(
1H)-one was prepared in 7% yield according to the Example 1, Step G substituting
6'-bromo-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-one for
6-(2-hydroxyphenyl)-6-(thiophen-3-yl) piperidine-2,4-dione. '"H NMR (400 MHz, (CD5),SO) § 9.81
(s, 1), 7.69 (s, 1H), 7.46 (d, J=5.2 Hz, 1H), 7.29 (m, 3H), 7.26 (m, 1H), 7.17 (m, 1H), 6.96 (m, 111),
6.86 (m, 2H), 6.74 (m, 11), 6.10 (d, /= 8.0 Hz, 1H), 3.74 (d, J = 16.4 Hz, 11), 3.42 (d, J =16.4 Hz,
1H). LCMS M+1 =429.8.

Example 37
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Step A: To a stirred solution of 6-(4-bromophenyl)-6-(thiophen-3-yl)piperidine-
2,4-dione (5 g, 14.3 mmol) in DMF (50 mL) was added NBS (3.05 g, 17.8 mol) in an ice bath. The

reaction was stirred at O °C for 30 min. The reaction mixture was used in next step directly.

Step B: The solution of  3-bromo-6-(4-bromophenyl)-6-(thiophen-3-yl)
piperidine-2,4-dione (14.3 mmol) in DMF (50 mL) was added 2-chlorophenol (2.8 g, 21.5 mmol)
and potassium carbonate (5.9 g, 42.9 mmol). The reaction was stirred at 80 °C for 12 hours. The
reaction mixture was extracted with EtOAc and brine. The organic layer was dried and concentrated.
The crude was purified by chromatography on silica gel (PE/EA = 2 /1) to afford
6-(4-bromophenyl)-3-(2-chlorophenoxy) -6-(thiophen-3-yl)piperidine-2,4-dione (2 g, 4.2 mmol,
29%) as light color solid.

Step C: In a solution of 6-(4-bromophenyl)-3-(2-chlorophenoxy)-6-(thiophen-3-yl)
piperidine-2,4-dione (600 mg, 1.26 mmol ) in dioxane (10 ml.) was added morpholine (328 mg, 3.77
mmol), Brettphos (65 mg, 0.13mmol), Pd,(dba); (64 mg, 0.07 mmol) and t-BuONa (362 mg, 3.77
mmol). The solution was stirred for 8 h at 110 °C under nitrogen. The solvent was removed under
vacuum and the residue was purified by Prep-HPLC (FA) and SFC to afford
(65)-3-(2-chlorophenoxy)-6-(4-morpholinophenyl) -6-(thiophen-3-yl)piperidine-2,4-dione (35 mg,
6%) as white solid.

Step D: (65)-3-(2-chlorophenoxy)-6-(4-(piperidin-1-yl)phenyl)-6-
(thiophen-3-yl)piperidine-2,4-dione was prepared in 8% yield according to the Method 37, Step C

substituting morpholine for piperidine.
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Example 38

6-(6-bromopyridin-2-yl)-3-((2-chlorophenyl)thio)-6-(4-morpholinophenyl)piperid

ine-2,4-dione

Br<_ N Br \l/

i _ o/\\N on o/\\N O">"NH,
n-BuLi (o MnO, | v ° Ti(OE),
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¢ e
N N~ 3*/0 ” NaH, n-Bui__ __HOIMeOH
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cl
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— @ N s
K»COs N KOs ~ RN
- N70
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MeCN, A, 3 h (= N“S0 yeen, a,2h
Br—\\ / Br-—\\ /
38-7 38
5 Step A: To a solution of 2,6-dibromopyridine (8.39 g, 31.4 mmol) in isopropyl ether

(500 mL) was added n-Bul.i (12.6 ml, 31.4 mmol) at -78 °C under N, protection. Then the mixture
was stirred for 1 h. 4-Morpholinobenzaldehyde (5 g, 26.2 mmol) was added to above solution and the
mixture was stirred at -78 °C for 2 h. TLC showed the reaction was completed. The mixture was
quenched with MeOH and acidified to pH 4 with 1 N HCl, extracted with DCM (100 mL x 2). The
10 combined organic lays were dried over Na,SO, and the crude product was purified by silica gel

chromatography (PE : EA =3 : 1) to give the desired product (6.8 g, 79%) as a yellow oil.

Step B: (6-Bromopyridin-2-yl)(4-morpholinophenyl)methanone was prepared in 69%
yield according to the method 7 Step B substituting (4-bromophenyl) (thiophen-3-yl)methanol for
(6-bromopyridin-2-yl) (4-morpholinophenyl)methanol.

15 Step C: (£)-N-((6-Bromopyridin-2-yl)(4-morpholinophenyl) methylene)-
2-methylpropane-2-sulfinamide was prepared in 58% yield according to the Method 1, Step C
substituting (6-bromopyridin-2-yl)(thiophen-3-yl) methanone for
(6-bromopyridin-2-yl)(4-morpholinophenyl)methanone..
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Step D: methyl 5-(6-bromopyridin-2-yl)-5-(1,1-dimethylethylsulfinamido)-
5-(4-morpholinophenyl)-3-oxopentanoate was prepared in 79% yield according to the Method 1,
Step D substituting (£)-N-((6-bromopyridin-2-yl)(thiophen-3-yl)
methylene)-2-methylpropane-2-sulfinamide for (£)-N-((6-bromopyridin-2-yl)
(4-morpholinophenyl)methylene)-2-methylpropane-2-sulfinamide.

Step E: methyl 5-amino-5-(6-bromopyridin-2-yl)-5-(4-morpholinophenyl)
-3-oxopentanoate was prepared in 67% yield according to the Method 1, Step E substituting methyl
5-amino-5-(6-bromopyridin-2-yl)-3-oxo-5-(thiophen-3-yl) pentanoate for methyl
5-(6-bromopyridin-2-y1)-5-(1,1-dimethylethylsulfinamido)

-5-(4-morpholinophenyl)-3-oxopentanoate.

Step F: 6'-bromo-4-hydroxy-2-(4-morpholinophenyl)-2,3-dihydro-
[2,2"-bipyridin]-6(1 H)-one was prepared in 47% yield according to the Method 1, Step F substituting
6'-bromo-4-hydroxy-2-(thiophen-3-yl)-2,3-dihydro-[2,2"-bipyridin] ~ -6(1H)-one  for = methyl
5-amino-5-(6-bromopyridin-2-yl)-5- (4-morpholinophenyl) -3-oxopentanoate.

Step G: 6'-bromo-5-((2-chlorophenyl)thio)-4-hydroxy-2-(4-morpholinophenyl)
-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-one was prepared in 96% yield according to the Method 1, Step
G substituting 6'-bromo-5-((2-chlorophenyl)thio)-4-hydroxy
-2-(thiophen-3-yl)-2,3-dihydro-[2,2"-bipyridin]-6(1 H)-one for
6'-bromo-4-hydroxy-2-(4-morpholinophenyl)-2,3-dihydro-[2,2"-bipyridin]-6(1 H)-one.

Example 39
Cl
O/\\N S
(7
0
N=\ H
HNN /

F

Step A: 3-((2-chlorophenyl)thio)-6-(6-((4-fluorophenyl)amino)

pyridin-2-y1)-6-(4-morpholinophenyl)piperidine-2,4-dione was prepared in 42% yield according to
the Method 4, Step A substituting 6-(6-bromopyridin-2-yl)-3- ((2-chlorophenyl) thio)-
6-(thiophen-3-yl) piperidine-2,4-dione for 6-(6-bromopyridin-2-yl)
-3-((2-chlorophenyl)thio)-6-(4-morpholinophenyl) piperidine-2,4-dione and cyclohexanamine for
4-fluoroaniline. 1H NMR (400MHz, METHANOL-d4) d =7.57 (dd, J=8.0, 8.0 Hz, 1H), 7.54-7.50
(m, 2H), 7.36 (d, J=9.2, 2H), 7.20 -6.92 (m, 6H), 6.73 — 6.67 (m, 2H), 6.12 (d, J=7.2 Hz, 1H), 3.84 (dd,
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J=9.2, 4.4 Hz, 4H), 3.75 (d, J=16.4 Hz, 1H), 3.49 (d, J=16.4 Hz, 1H), 3.16 (dd, J=9.2, 4.4 Hz, 4H),

single stereoisomer. 1H NMR (400MHz, METHANOL-d4) d = 7.51 (dd, J=8.0, 8.0 Hz, 1H),

7.49-7.47 (m, 2H), 7.33 (d, J=8.8, 2H), 7.18 (d, J=8.0, 1), 6.99 -6.89 (m, 6I1), 6.71 — 6.69 (m, 2H),

6.07(dd, J=6.4, 1.6 Hz, 1H), 3.81 (dd, J=4.8, 4.8 Hz, 4H), 3.78 (d, J=16.8 Hz, 1H), 3.47 (d, J=16.8 Hz,
5 1H), 3.15 (dd, J=4.8, 4.8 Hz, 4H), mixture of diastereoisomers,

Example 40
Cl
O/\\N S
N
N™ ~O
N=\ H
o\ /
F
F

Step A: 3-(2-chlorophenyl)sulfanyl-6-[6-(3,4-difluorophenoxy)-2-pyridyl]
6-(4-morpholinophenyl)piperidine-2,4-dione was prepared in 47% yield according to the Method 3,
10 Step A substituting 6-(6-bromopyridin-2-yl)-3-((2-chlorophenyl)
thio)-6-(thiophen-3-yl)piperidine-2,4-dione for 6-(6-bromopyridin-2-yl)-3-

((2-chlorophenyl)thio)-6-(4-morpholinophenyl)piperidine-2,4-dione and 2-Chloro-4-fluoro-phenol
for 3,4-difluorophenol. 1H NMR (400MHz, METHANOL.-d4) d=7.88 (dd, J=8.0, 8.0 Hz, 1H), 7.33
(d,J=7.2,1H),7.20-7.16 (m, 411), 7.02 -6.92 (m, 5SH), 6.85 (d, J=7.2, 1H), 6.72 (dd, J=8.0, 8.0, 111),

15 5.91(dd, J=8.0, 1.2 Hz, 1H), 3.81 (dd, J=4.8, 4.8 Hz, 4H), 3.55 (d, J=16.8 Hz, 1H), 3.31 (d, J=16.8 Hz,
1H), 3.12 (dd, J=4.8, 4.8 Hz, 4H), mixture of diastereoisomers. 1H NMR (400MHz,
METHANOIL-d4) d = 791 (dd, J=7.6, 7.6 Hz, 1H), 7.37 (d, J=7.6, 1), 7.36— 7.21 (m, 410), 7.04
-6.96 (m, 2H), 6.93 -6.85 (m, 4H), 6.75 (dd, J=7.6, 7.6, 111), 3.84 (dd, J=4.8, 4.8 Hz, 411), 3.55 (d,
J=16.8 Hz, 1H), 3.33 (d, J=16.8 Hz, 1H), 3.16 (dd, J=4.8, 4.8 Hz, 4H), single stereocisomer.

20 Example 41
0 Cl
O/\\N S
(N
N™ ~O
N=\_H
o\ /
Step A: 3-((2-chlorophenyl)thio)-6-(6-(cyclohexyloxy)pyridin-2-yl)

-6-(4-morpholinophenyl)piperidine-2,4-dione was prepared in 11% yield according to the Method 4,
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Step A substituting 6-(6-bromopyridin-2-yl)-3-((2-chlorophenyl)thio)
-6-(thiophen-3-yl)piperidine-2,4-dione for  6-(6-bromopyridin-2-yl)-3- ((2-chlorophenyl)
thio)-6-(4-morpholinophenyl)piperidine-2,4-dione and propan-2-ol for cyclohexanol.

Example 42
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Step A: N-methoxy-N-methylthiazole-4-carboxamide was prepared in 67% yield

according to the Method 1, Step A substituting 6-bromopicolinic acid for thiazole-4-carboxylic acid.

Step B: (4-fluorophenyl)(thiazol-4-yl)methanone was prepared in 72% yield according
to the Method 36, Step A substituting 4-bromothiophene-2-carbaldehyde  for
10 N-methoxy-N-methylthiazole-4-carboxamide.

Step C: (4-morpholinophenyl)(thiazol-4-yl)methanone was prepared in 56% yield
according to the Method 34, Step D substituting (4-fluoro-2-(methoxymethoxy)
phenyl)(thiophen-3-yl)methanone for (4-fluorophenyl)(thiazol-4-yl)methanone.

Step D: (£)-2-methyl-N-((4-morpholinophenyl)(thiazol-4-yl)methylene)
15  propane-2-sulfinamide was prepared in 56% yield according to the Method 1, Step C substituting
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(6-bromopyridin-2-yl)(thiophen-3-yl)methanone for (4-morpholinophenyl)
(thiazol-4-yl)methanone.

Step E: methyl 5-(1,1-dimethylethylsulfinamido)-5-(4-morpholinophenyl)
-3-0x0-5-(thiazol-4-yl)pentanoate was prepared according to the Method 1, Step D substituting
(£)-N-((6-bromopyridin-2-yl)(thiophen-3-yl)  methylene)-2-methylpropane-2-sulfinamide  for
(£)-2-methyl-N-((4-morpholinophenyl) (thiazol-4-yl)methylene)propane-2-sulfinamide.

Step F: methyl 5-amino-5-(4-morpholinophenyl)-3-oxo-5-(thiazol-4-yl) pentanoate was
prepared according to the Method 1, Step E substituting methyl
5-amino-5-(6-bromopyridin-2-yl)-3-0xo0-5-(thiophen-3-yl)pentanoate for methyl
5-(1,1-dimethylethylsulfinamido)-5-(4-morpholinophenyl)-3-oxo-5-(thiazol-4-yl)pentanoate.

Step  G: 4-hydroxy-6-(4-morpholinophenyl)-6-(thiazol-4-yl)-  5,6-dihydropyridin
-2(1H)-one was prepared in 18% yield over three steps according to the Method 1, Step F
substituting methyl 5-amino-5-(6-bromopyridin-2-yl)-3-oxo-5- (thiophen-3-yl)pentanoate for
methyl 5-amino-5-(4-morpholinophenyl) -3-oxo- 5- (thiazol-4-yl)pentanoate.

Step H: 3-((2-chlorophenyl)thio)-6-(4-morpholinophenyl)-6-(thiazol-4-yl)
piperidine-2,4-dione was prepared in 3% yield according to the Method 1, Step G substituting
6'-bromo-5-((2-chlorophenyl)thio)-4-hydroxy-2- (thiophen-3-yl)
-2,3-dihydro-[2,2'-bipyridin]-6(1 H)-one for 4-hydroxy-6-(4-morpholinophenyl)-6-
(thiazol-4-y1)-5,6-dihydropyridin-2(1H)-one.

Example 43
K2003 \©Pd2(dba)3 t-BuONa, Brettphos
MeCN. A 21 dioxane, 110°C, 16 h
431 43-2 43

Step A: 6-(4-bromophenyl)-3-((2-chloro-5-hydroxyphenylthio) -6-(thiophen-3-yl)
piperidine-2,4-dione was prepared in 68% yield according to the method 7 Step B substituting
1,2-bis(2-chlorophenyl)disulfane for 4-chloro-3-mercaptophenol.

Step B: In a solution of 6-(4-bromophenyl)-3-((2-chloro-5-hydroxyphenyl)thio)
-6-(thiophen-3-yl)piperidine-2,4-dione (200 mg, 0.4 mmol ) in dioxane (4 ml.) was added piperidine
(136 mg, 1.6 mmol), Brettphos (20 mg, 0.04 mmol), Pd,(dba); (18 mg, 0.02 mmol) and -BuONa
(154 mg, 1.6 mmol). The solution was stirred for 8 h at 110 °C under nitrogen atmosphere. The
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solvent was removed under vacuum and the residue was purified by Prep-HPLC (FA) to afford

compound 43 (12 mg, 6%) as white solid.

The following compounds were prepared as indicated in the table, unless indicated

PCT/EP2015/055495

otherwise, these compounds were prepared according to methods described herein.

No. ST Compoun d IUPAC'name/ Characterization data
synthesis (NMR or MS)
'H NMR 400MHz,
CD;0D) 6 7.49 (dd, J
= 7.6, 7.6 Hz, 1H),
o o 743 (dd, J=52,52
Hz, 2H), 7.37 (d, J =
. s in(zlzh(lzrziheifl);ff 28 Hz, 1H),7.35d, J
\ ; Y A 3_;? 1 P =28 Hez, 1H), 7.27
N enyD-6-G-thienylpip | 4" ) 5 ¢ 11y, 1),
N 0 eridine-2,4-dione was B
din 10 % vield 721 (dd, J = 5.2,
4 | MD Ia’zizi‘;?n . ythe 5.2Hz, 2H), 7.14 (d, J
Exampleg 7. Swp 1 | = 76 T 1), 6.94
substituting d, J =76 He, 1H),
: 2-methylmorpholine 399 (d, J = 8.0 He,
Q for morpholine. LH), 3.86 (t. J = 3.6
o Hz, 4H), 3.45(d, J =
16.0 Hz, 1H), 3.31 (d,
J = 16.0 Hz, 1H),
325 (t, J = 3.6 Hz,
4H).
'H NMR 400MHz,
3-(2-chlorophenyl)sulf CD;0D) 8743 (dd, J
anyl-6-[4-(2-oxa-6-aza = 5.2, 32 Hz, 1H),
: 7.29 (d, J = 3.2 Hg,
spiro[3.3]heptan-6-yl)
i 7 phenyl]-6-(3-thienyl)pi 1H), 7.26 (d, J =
s peridine-2,4-dione was 24Hz, 1H), 7.25 -
,’ ) 7.24 (m, 3H), 7.06 (d,
prepared in 26 % yield
) J =2.4 Hz, 1H), 6.83
45 MD | @ N according to  the
<><> N ) Example 7. Step H (dd, J= 5.2, 24 Hz,
= substituting 1H), 6.66 (dd, J=5.2
S / 2-methylmorpholine 24 Hz, 1H), 6.35(d, J
for = 8.0 Hz, 2H), 6.02
2-oxa-6-azaspiro[3.3]h (dd, J =80 Hz, 1.2
Hz, 1H), 4.68 (s, 4H),
eptane. 3.92 (s, 4H), 3.01 (s,
2H).
'H NMR (400 MHz,
o 3-(2-chlorophenylsulf | (CD;),SO) & 8.14 (m,
anyl-6-[6-(2-pyridylox | 1H), 7.92 (m, 2H),
y)-2-pyridyl]-6-(3-thie | 7.74 (d, J = 8.0 Hz,
nyl)piperidine-2,4-dio 1H), 7.54 (m, 2H),
46 MD ne was prepared in | 7.39 (m, 1H), 7.26
0.5% yield according | (m, 2H), 6.90 (m,
to Example 2, Step A | 1H), 6.56 (m, 1H),
substituting 6.52 (m, 1H), 6.40
propan-2-ol for | (m, 1H), 5.78 (m,
pyridin-2-ol. 1H), 3.79 (m, 1H),
3.33 (m, 1H).
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47

MD

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(3-fluorophe
noxy)-2-pyridyl]-6-(3-
thienyl)piperidine-2,4-
dione was prepared in
8 % yield according to
the Example 3, Step A
substituting

2-Chloro-4-fluoro-phe
nol for 3-fluorophenol.

'H NMR 400MHz,
CD;0D) 8 7.92 (dd, J
= 7.6, 7.6 Hz, 1H),
744 - 741 (m, 3H),
738 (d, J =2.8 Hz,
1H), 7.25 (d, J = 2.8
Hz, 1H), 7.23 - 7.33
(m, 2H), 7.07 - 7.05
(m, 2H), 7.03 - 6.95
(m, 3H), 6.06 (dd, J =
8.0, 1.2 Hz, 1H), 3.68
d, J=16.0 Hz, 1H),
3.34 (d, J = 16.0 Hz,
1H).

48

MD

Cl

3-((2-chlorophenyl)thi
0)-6-(6-(cyclopentylox
y)pyridin-2-y1)-6-(thio
phen-3-yl)piperidine-2
J4-dione was prepared
in 31% yield according
to the Example 2, Step
A substituting
propan-2-ol for
cyclopentanol

'H NMR 400MHz,
CD,0D) 8 7.77 (dd, J
= 8.0, 8.0 Hzl1H),
747 (dd, J=52,3.2
Hz,1H), 7.29 - 7.22
(m, 3H), 7.17 (dd, J =
5.2, 5.2Hz, 1H), 6.96
dd, 7 = 7.6, 7.6 Hz,
1H), 6.83 - 6.74 (m,
2H), 5.98 (dd, J = 8.0,
40 Hz, 1H), 5.64 -
5.62 (m, 1H), 4.05 -
3.79 (m, 5 H), 3.50
(dd, 7=16.4, 1.6 Hz,
1H), 2.34 - 2.30 (m,
1H), 2.25 - 2.03 (m,
1H).

49

MD

Cl

3-((2-chlorophenyl)thi
0)-6-(6-((tetrahydrofur
an-3-yhoxy)pyridin-2-
y1)-6-(thiophen-3-yl)pi
peridine-2.4-dione was
prepared in 29% yield
according  to  the
Example 2, Step A
substituting
propan-2-ol for
tetrahydrofuran-3-ol

'H NMR 400MHz,
CD,0D) 8 7.77 (dd, J
= 8.0, 8.0 Hz, 1H),
747 (dd, J=32,1.6
Hz, 1H), 7.29 - 7.15
(m, 3H), 7.09 (dd, J =
8.0, 8.0 Hz, 1H), 6.96
dd, 7 = 7.6, 7.6 Hz,
1H), 6.83 - 6.74 (m,
2H), 5.99 - 5.96 (m,
1H), 5.64 - 5.62 (m,
1H), 4.05-3.79 (m, 5
H), 3.49 (dd, J = 16 4,
1.6 Hz, 2H) , 2.34 -
230 (m, 1H), 2.25 -
2.03 (m, 1H).
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50

MD

3-(2-chlorophenyl)sulf
anyl-6-[6-(2,4-difluoro
phenoxy)-2-pyridyl]-6
-(3-thienyl)piperidine-
2.4-dione was prepared
in 1% yield according
to the Example 3, Step

A substituting
2-Chloro-4-fluoro-phe
nol for

2 4-difluorophenol.

'H NMR (400MHz,
CD;0D) 67.89 (dd, J
= 7.6, 7.6 Hz, 1H),
738 - 7.33(m, 2H),
733 - 7.23(m, 2H),
721 - 7.12(m, 3H),
7.11 - 6.92 (m, 3H),
6.78 (dd, J = 8.0, 8.0
Hz, 1H), 5.96 (d, J =
8.0 Hz, 1H),3.51(d, J
= 16.0 Hz, 1H), 3.24
(d, J=16.0 Hz, 1H).

51

MD

Cl

5-((2-chlorophenyl)thi
0)-6'-(4-fluoro-3-meth
ylphenoxy)-4-hydroxy
-2-(thiophen-3-yl)-2,3-
dihydro-[2,2'-bipyridin
1-6(1H)-one was
prepared in 0.3 % yield
according  to  the
Example 3, Step A

substituting
2-Chloro-4-fluoro-phe
nol for

4-fluoro-3-methylphen
ol.

'H NMR (400 MHz,
(CD3),S0) §8.32 (s,
1H), 7.90(dd, J = 8.0,
.0 He, 1H), 7.47 (dd,
J =49, 3.1 Hz, 1H),
7.39 (d, J = 7.5 Hz,
1H), 7.35 d, J = 7.7
Hz, 1H), 7.23 (dd, J =
1.2, 1.2 Hz, 1H), 7.13
(dd, J = 9.2, 8.8 Hz,
1H), 7.00 - 7.02 (m,
1H), 6.91 - 6.97 (m,
4H), 675 (1, J = 7.4
Hz, 1H), 5.91 (d, J =
7.9Hz, 1H),3.53d, J
= 16.3 Hz, 2H), 3.22
(d, J = 16.3 Hz, 1H),
2.17 (s, 3H).

52

MD

3-(2-chlorophenyl)sulf
anyl-6-[6-(2-fluorophe
noxy)-2-pyridyl]-6-(3-
thienyl)piperidine-2,4-
dione was prepared in
8.2% yield according
to the Example 3, Step
A substituting
2-Chloro-4-fluoro-phe
nol for2-fluorophenol

'H NMR (400MHz,
CD;0D) 8 7.68 (dd, J
= 80, 8.0 Hz, 1H),
7.40 (dd, J = 4.8,2.0
Hz, 1H), 7.36 - 7.24
(m, 6H), 7.23 - 7.17
(m, 1H), 7.02 (d, J =
8.0 Hz, 1H), 6.98 -
6.75 (m, 3H), 5.91
(dd, J = 8.0, 1.6 Hz,
1H), 3.42 (d, 7= 16.0
Hz, 1H), 3.17 (d, J =
16.0 Hz, 1H).

53

MD

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(2,3-difluoro
phenoxy)-2-pyridyl]-6
-(3-thienyl)piperidine-
2.4-dione was prepared
in 2% yield according
to the Example 2, Step
A substituting
propan-2-ol for
2,3-difluorophenol.

'H NMR (400MHz,
CD;0D) §7.92 (dd, J
= 80, 8.0 Hz, 1H),
7.41 - 7.35 (m, 2H),
7.23 - 7.15 (m, 4H),
7.09 (d, J = 8.3 Hz,
1H), 7.00 (dd, J =5.2,
1.2 Hz, 1H), 6.96 -
6.89 (m, 1H), 6.83 -
6.76 (m, 1H), 6.08 (d,
J = 8.5 Hz, 1H), 3.46
(d, J =16. 0 Hz, 1H),
3.26 (d, J = 16. 0 Hz,
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1H).

54

MD

Cl

3-(2-chlorophenyl)sulf
anyl-6-(6-pyrimidin-5-
yloxy-2-pyridyl)-6-(3-t
hienyl)piperidine-2,4-
dione was prepared in
6% yield according to
Example 2, Step A
substituting
propan-2-ol for
pyrimidin-5-ol.

'H NMR 400 MHz,
(CD3),S0) § 9.08 (s,
1H), 8.73 (s, 2H),
8.45 (s, 1H), 8.13 (dd,
J = 8.0, 8.0 Hz, 11D,
750 (m, 2H), 7.31
(dd, 7 = 6.8, 4.8 Hz,
1H), 7.24 (m, 2H),
7.02 (m, 2H), 6.83
(dd, 7 = 8.8, 4.4 Hz,
1H), 5.93 (d, J = 8.0
Hz, 1H), 3.38 (s, 1H),
3.28 (s, 1H).

55

MD 0 N

Cl

3-(2-chlorophenyl)sulf
anyl-6-[4-(2,6-dimethy
Imorpholin-4-yl)pheny
1]-6-(3-thienyl)piperidi
ne-2,4-dione was
prepared in 24 % yield
according  to  the
Example 7, Step H
substituting
2-methylmorpholine
for
2,6-dimethylmorpholi
ne.

'H NMR 400MHz,
CD;0D) 8 7.48 (dd, J
= 52, 32 Hz, 1H),
734 - 732 (m, 2H),
731 d, J = 3.2Hz,
1H), 7.28 (d, J = 2.4
Hz, 1H), 7.27 (d, J =
2.4 Hz, 1H), 6.99 -
697 (m,  2H),
6.90(dd, J = 5.2, 2.4
Hz, 1H), 6.73 (dd, J =
5.2,2.4 Hz, 1H), 6.06
(dd, 7 = 8.0, 1.2 Hz,
1H), 3.85 - 3.78 (m,
2H), 3.36 (d, /= 16.0
Hz, 2H), 332 (t, J =
5.2 Hz, 2H),3.38 (1, J
=5.2Hz, 2H), 1.38 (s,
610).

56

MD | { N

Cl

3-(2-chlorophenyl)sulf
anyl-6-[4-(1-piperidyl)
phenyl]-6-(3-thienyl)pi
peridine-2.4-dione was
prepared in 12 % yield
according  to  the
Example 7, Step H
substituting
2-methylmorpholine
for piperidine.

'H NMR 400MHz,
CD;0D) 8 7.47 (dd, J
= 52, 32 Hz, 1H),
733 - 7.31 (m, 2H),
727 d, J = 3.2Hz,
1H), 7.19 - 7.17 (m,
2H), 7.16 - 7.14 (m,
2H), 6.90 (dd, J=5.2,
2.8 Hz, 1H), 6.76 (dd,
J=52,28Hz, 11,
6.08 (dd, J = 8.0,
1.2Hz, 1H), 335, J
= 16.0 Hz, 2H), 3.20
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t, J = 5.2Hz, 4H),
1.77 - 1.72 (m, 4H),
1.66 - 1.60 (m, 4H).

57

MD

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(3,4-difluoro
phenoxy)-2-pyridyl]-6

-(3-thienyl)piperidine-
2.4-dione was prepared
in 7 % yield according
to the Example 3, Step
A substituting
2-chloro-4-fluoro-phe

nol for
3. 4-difluorophenol.

'H NMR (400MHz,
CD;0D) 67.88 (dd, J
= 7.6, 7.6 Hz, 1H),
7.41 - 7.37 (m, 2H),
735 - 7.21 (m, 3H),
7.18 - 6.97 (m, 4H),
6.95 - 6.78 (m, 2H),
598 (d, J = 8.0 Hz,
1H), 3.61 (d, 7= 16.0
Hz, 1H), 334 (d, J =
16.0 Hz, 1H)

58

MD

Cl

Cl

6'-(4-chlorophenoxy)-

5-((2-chlorophenyl)thi
0)-4-hydroxy-2-(thiop

hen-3-yl)-2,3-dihydro-
[2,2-bipyridin]-6(1H)-
one was prepared in
15.6% yield according
to the Example 2, Step
A substituting
propan-2-ol for
4-chlorophenol.

'H NMR 400 MHz,
(CD3),S0) § 11.50 (s,
1H), 8.50 (s, 1H),
7.98 (dd, J=7.8,7.8
Hz, 1H), 7.51 (dd, J =
5.0,3.0 Hz, 1H), 7.40
- 7.48 (m, 3H), 7.29 -
735 (m, 1H), 7.27
(dd, J =29, 1.3 Hz,
1H), 7.09 - 7.15 (m,
2H), 6.96 - 7.06 (m,
3H), 6.77 - 6.83 (m,
1H),5.93 (dd, /=79,
1.3 Hz, 1H),3.59 (d, J
=16.5 Hz, 1H), 3.25
(d, J=16.5 He, 1H).

59

MD

_—0.

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(4-methoxyp
henoxy)-2-pyridyl]-6-(
3-thienyl)piperidine-2,
4-dione was prepared
in 41% yield according
to the Example 2, Step
A substituting
propan-2-ol for
4-methoxyphenol.

'H NMR 400MHz,
CD;0D) 8 7.80 (dd, J
= 8.0, 8.0 Hz, 1H),
736 (dd, J =48, 2.8
Hz, 1H), 7.28 (d, J =
8.4 Hz, 1H), 7.26 (dd,
J=52,12Hz, 11),
7.15(dd, J =76, 1.2
Hz, 1H), 7.07 - 6.96
(m, 5H), 6.88 - 6.81
(m, 2H), 6.78 - 6.73
(m, 1H), 6.17 (dd, J =
8.0, 1.2 Hz, 1H), 3.83
(s, 30,342 @, J =
16.0 Hz, 1H), 3.30 (d,
J=16.0 Hz, 1H).
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60

MD

Cl

5-((2-chlorophenyl)thi
0)-6'-((2,3-dihydro-1H
-inden-5-yl)oxy)-4-hy
droxy-2-(thiophen-3-yl
)-2,3-dihydro-[2,2'-bip
yridin]-6(1H)-one was
prepared in 7% yield
according  to  the
Example 2, Step A
substituting
propan-2-ol for
2,3-dihydro-1H-inden-
5-ol.

'H NMR 400MHz,
(CD5),S0) § 8.40 -
8.29 (m, 1H), 7.88 (d,
J = 8.0, 8.0 Hz, 11D,
748 - 7.42 (m, 1H),
737 (d, J = 7.6 Hz,
1H), 7.26 - 7.25 (m,
2H), 7.20 (d, J = 5.2
Hz, 1H), 7.04 (d, J =
6.4 Hz, 1H), 6.9% -
6.92 (m, 1H), 6.8% -
6.83 (m, 3H), 6.80 -
6.75 (m, 1H), 5.92 (d,
J=8.0Hz, 1H),3.65 -
3.58 (m, 1H), 3.42 -
3.38 (m, 1H), 2.88 -
278 (m, 4H), 2.05 -
1.99 (m, 2H).

61

MD

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(2-methoxyp
henoxy)-2-pyridyl]-6-(
3-thienyl)piperidine-2,
4-dione was prepared
in 24% yield according
to the Example 2, Step
A substituting
propan-2-ol for
2-methoxyphenol.

'H NMR 400MHz,
CD;0D) §7.82 (dd, J
= 84, 8.4 Hz, 1H),
737 (dd, J = 5.6, 3.2
Hz, 1H), 7.28 - 7.24
(m, 2H), 7.22 (dd, J =
8.0, 1.6 Hz, 1H), 7.17
(dd, 7 = 2.8, 1.6 Hz,
1H), 7.12 dd, J =
4.4,1.6Hz, 1H),7.10
(dd, 7 =52, 1.6 Hz,
1H), 7.02 - 6.98 (m,
2H), 6.97 - 6.90 (m,
2H), 6.84 - 6.76 (m,
1H), 6.08 (dd, 7= 6.4,
1.6 Hz, 1H), 3.61 (s,
3H), 3.52(d, J=16.4
Hz, 1H), 3.26 (d, J =
16.0 Hz, 1H).

62

MD

3-(2-chlorophenyl)sulf
anyl-6-[6-(3,5-difluoro
phenoxy)-2-pyridyl]-6

-(3-thienyl)piperidine-

2.4-dione was prepared
in 2 % yield according
to the Example 3, Step
A substituting
2-chloro-4-fluoro-phe

nol for
3,5-difluorophenol.

'H NMR 400MHz,
CD;0D) 8 7.92 (dd, J
= 75, 7.5 Hz, 1H),
740 (d, J = 32 Hz,
2M), 7.22 (d, J = 2.8
Hz, 2H), 7.06 (d, J =
2.4 Hz, 2H), 6.95 (dd,
J =176, 7.6 Hz, 11D,
6.81 - 6.03 (m, 4H),
6.01 (d, 7 = 8.0 Hz,
1H), 3.65 (d, 7= 16.0
Hz, 1H), 3.34 (d, J =
16.0 Hz, 1H)
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63

Cl

6'-(3-chlorophenoxy)-

5-((2-chlorophenyl)thi

0)-4-hydroxy-2-(thiop

hen-3-yl)-2,3-dihydro-
[2,2-bipyridin]-6(1H)-
one was prepared in
13.9% yield according
to the Example 2, Step
A substituting
propan-2-ol for
3-chlorophenol.

'H NMR 400 MHz,
(CD3),S0) 8 11.49 (s,
1H), 8.50 (s, 1H),
7.99 (dd, J = 8.0, 8.0
Hz, 1H), 7.51 (dd, J =
5.1,2.9 He, 1H), 7.47
d, J =75 Hz, 10),
739 - 7.45 (m, 1H),
726 - 7.34 (m, 3H),
720 (dd, J=12.1,2.1
Hz, 1H), 7.02 - 7.09
(m, 3H), 6.94 - 7.02
(m, 2H), 6.81 (dd, J =
7.2,7.2 He, 1H), 5.92
- 597 (m, 1H), 3.60
d, J=16.5 Hz, 1H),
3.26 (d, J = 16.5 Hz,
1H).

WO 2015/140133
MD
Cl
MD
N

cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(3-methoxyp
henoxy)-2-pyridyl]-6-(
3-thienyl)piperidine-2,
4-dione was prepared
in 9% yield according
to the Example 2, Step
A substituting
propan-2-ol for
3-methoxyphenol.

'H NMR 400MHz,
CD;0D) §7.85 (dd, J
= 78, 7.8 Hz, 1H),
739 (dd, J=52,2.8
Hz, 1H), 7.34 (d, J =
7.6 Hz, 1H), 7.32 -
728 (m, 1H), 7.26
(dd, 7 =28, 1.2 Hz,
1H),7.19 (dd, J = 7.6,
1.2 Hz, 1H), 7.08 (dd,
J =48, 1.2 Hz, 11,
6.93 (d, J = 7.8 Hz,
1H), 6.92 - 6.88 (m,
1H), 6.81 - 6.77 (m,
2H), 6.90 - 6.66 (m,
2H), 6.13 (dd, 7= 8.0,
1.6 Hz, 1H), 3.76 (s,
3H), 3.54 (d, J = 16.0
Hz, 1H),3.34 (d, J =
16.0 Hz, 1H).

65

MD

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-[(5-fluoro-3-
pyridyDoxy]-2-pyridyl
1-6-(3-thienyl)piperidi
ne-2,4-dione was
prepared in 6.9% yield
according  to  the
Example 3, Step A

substituting
2-Chloro-4-fluoro-phe
nol for

S-fluoropyridin-3-ol

'H NMR 400MHz,
(CD5),S0) § 8.45 (d,
J=2.8Hz, 1H), 8.32
(s, 1H), 7.80 (dd, J =
7.6,7.6 Hz, 1H), 7.55
dd, 7 = 7.6, 7.6 Hz,
1H), 7.44 (dd, 7 =72,
72 Hz, 2H), 7.25 -
721 (m, 2H), 7.10 (d,
J = 8.0 Hz, 1H), 7.00
(s, 1H), 6.97 - 693 (m,
1H), 6.76 (dd, J =
7.6, 7.6 Hz, 1H), 5.91
@ J = 76 Hz
1H)..93
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66

MD

cl

3-(2-chlorophenyl)sulf
anyl-6-[4-(2-ethylmor
pholin-4-yl)phenyl]-6-
(3-thienyl)piperidine-2
J4-dione was prepared
in 8 % yield according
to the Example 7, Step
H substituting
2-methylmorpholine
for 2-ethylmorpholine.

'H NMR 400MHz,
CD;0D) 8 7.43 (dd, J
= 52, 32 Hz, 1H),
736 - 7.27 (m, 2H),
7.12 (d, J = 32 Hz,
1H), 7.10 d, J = 2.4
Hz, 1H), 6.98 (d, J =
2.4 Hz, 1H), 6.96 -
6.81 (m, 2H), 6.78
(dd, 7 =52, 2.4 Hz,
1H), 6.71 (dd, J=5.2,
2.4 Hz, 1H), 6.17 (dd,
J=8.0, 1.2 Hz, 11,
403 - 3.99 (m, 1H),
3.79 (d, J = 16.0 Hz,
1H), 3.56 (d, 7= 16.0
Hz, 1H), 3.54 (t, J =
4.4 Hz,2M),3.18 (d, J
= 4.8 Hz, 2H), 2.80
(dd, 7 = 4.4, 1.6 Hz,
1H), 2.77 (dd, T = 4.4,
1.6 Hz, 1H), 1.96 -
1.62 (m, 2H), 1.01 (t,
J =3.6 Hz, 30).

67

MD

Cl

6-[4-(4-acetylpiperazin
-1-yl)phenyl]-3-(2-chl
orophenyl)sulfanyl-6-(
3-thienyl)piperidine-2,
4-dione was prepared
in 2 % yield according
to the Example 7, Step
H substituting
2-methylmorpholine
for
1-(piperazin-1-yl)etha
none.

'H NMR 400MHz,
CD;0D) 8 7.48 (dd, J
= 28, 2.8 Hz, 1H),
737 736 (m, 2H),
733 (d, J = 2.8 Hz,
1H), 7.28 (d, J = 2.4
Hz, 1H), 7.19 (d, J =
2.4 Hz, 1H),7.16 (d, J
=28 Hz, 1H), 7.04 -
7.01 (m, 2H), 6.90
(dd, 7 =52, 2.4 Hz,
1H), 6.73 (dd, J=5.2,
2.4 Hz, 1H), 6.07 (dd,
J = 8.0, 1.2Hz, 11,
3.77 - 3.70 (m, 4H),
3.36 (d, J = 16.0 Hz,
2H), 3.33 - 3.19 (m,
4H), 2.17 (s, 3H).

68

MD

Cl

6'-(benzyloxy)-5-((2-c
hlorophenyl)thio)-4-hy
droxy-2-(thiophen-3-yl
)-2,3-dihydro-[2,2'-bip
yridin]-6(1H)-one was
prepared in 2.1% yield
according  to  the
Example 2, Step A
substituting
propan-2-ol for
phenylmethanol.

'H NMR 400 MHz,
CD;0D) 8 7.63 (dd, J
= 8.0, 8.0 Hz, 1H),
737 (d, J = 6.8 Hz,
2H), 7.24-732 (m, 5
H), 7.15 (d, J = 9.0
Hz, 2H), 7.10 (s, 1H),
701 (d, J = 7.5 Hz,
1H), 6.95 (d, J = 4.0
Hz, 1H), 6.90 (dd, J =
8.0, 8.0 Hz, 1H), 6.71
- 6.78 (m, 2H), 6.04
d, J = 8.3 Hz, 1H),
5.32 - 5.43 (m, 2H),
3.78 (d, J = 16.8 Hz,
1H), 3.40 (d, J = 16.6
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Hz, 1H).

69

MD HN

Cl

3-(2-chlorophenyl)sulf
anyl-6-(4-piperazin-1-
ylphenyl)-6-(3-thienyl)
piperidine-2,4-dione
was prepared in 2 %
yield according to the
Example 7, Step H
substituting
2-methylmorpholine
for piperazine.

'H NMR 400MHz,
CD;0D) 8 7.42 (dd, J
= 7.6, 7.6 Hz, 1H),
7.34(dd, J=52,52
Hz, 2H), 7.26 (d, J =
3.2 Hz, 1H), 7.12 -
7.11 (m, 2H), 6.97
(dd, 7 = 4.8, 4.8 Hz,
2H), 6.81 (d, J = 7.6
Hz, 1H), 6.77 (d, J =
7.6 Hz, 1H), 6.17 (dd,
J=8.0, 1.2 Hz, 11,
3.19 - 3.16(m, 6H),
3.01 - 2.99(m, 4H).

70

w0

Cl

3-(2-chlorophenyl)sulf
anyl-6-(4-pyrrolidin-1-
ylphenyl)-6-(3-thienyl)
piperidine-2,4-dione
was prepared in 3 %
yield according to the
Example 7, Step H
substituting
2-methylmorpholine
for pyrrolidine.

'H NMR 400MHz,
CD;0D) 8 7.44 (dd, J
= 48, 2.8 Hz, 1H),
723 - 7.20 (m, 3H),
7.15 d, J = 3.2Hz,
1H), 7.12 @, J =
3.2Hz, 1H), 6.85 (dd,
J =176, 1.6 Hz, 11D,
6.67 (d, J = 7.6 Hz,
1H), 6.62 d, J =
1.2Hz, 1H), 6.57 d, J
= 1.2Hz, 1H), 6.02
(dd, 7 = 8.0, 1.2 Hz,
1H), 3.34 (d, J=12.0
Hz, 2H), 3.30 - 3.26
(m, 4H), 2.03 - 2.00
(m, 4H).

71

MD

Cl

3-((2-chlorophenyl)thi
0)-6-(6-(pyridin-3-ylo

xy)pyridin-2-y)-6-(thi
ophen-3-yl)piperidine-
2.4-dione was prepared
in 1% yield according
to the Example 2, Step
A substituting
propan-2-ol for
pyridin-3-ol.

'H NMR 400MHz,
CD;0D) 88.73 -8.72
(m, 1H), 8.69 - 8.56
(m, 1H), 8.27 - 8.22
(m, 1H), 8.02 - 7.96
(m, 2H), 7.42 - 7.36
(m, 2H), 7.19 -7.13
(m, 3H), 6.97 (dd, J =
5.2, 1.2 He, 1H), 6.90
- 6.85 (m, 1H), 6.78 -
6.70 (m, 1H), 5.90 (d,
J=8.0Hz, 1H), 3.43
d, J=16.0 Hz, 1H),
3.36 (d, J = 16.0 Hz,
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1H).

72

MD

I=

cl

3-(2-chlorophenyl)sulf
anyl-6-[4-(4,4-difluoro
-1-piperidyl)phenyl]-6
-(3-thienyl)piperidine-
2.4-dione was prepared
in 7.4% yield
according  to  the
Example 4, Step A
substituting

cyclohexanamine  for
4 4-difluoropiperidine

'H NMR 400MHz,
CD;0D) 8 7.49 (dd, J
= 52, 2.8 Hz, 1H),
731 (d, J =92 Hz,
2H), 7.27 (dd, 7=3.2,
1.6 Hz, 1H), 7.20 (dd,
J =176, 0.8 Hz, 11,
7.14(dd, J =52, 1.2
Hz,1H), 7.03 (d, J =
8.8 Hz, 1H), 6.93 -
6.89 (m, 2H), 6.76 -
6.72 (m, 1H), 5.98
dd, J = 8.0, 1.2Hz,
1H), 3.44 d, J =12
Hz, 2H), 340 (t, J =
5.6 Hz, 4H), 2.12 -
2.02 (m, 4H).

73

MD

3-((2-chlorophenyl)thi
0)-6-(6-isopropoxy-5-
morpholinopyridin-2-y
D-6-(thiophen-3-yl)pip
eridine-2,4-dione was
prepared in 25% yield
according  to  the
Example 2, Step A
substituting
6'-bromo-5-((2-chloro
phenyl)thio)-4-hydrox
y-2-(thiophen-3-y1)-2,
3-dihydro-[2,2-bipyrid
in]-6(1H)-onel for
6'-bromo-5-((2-chloro
phenyl)thio)-4-hydrox
y-5'-morpholino-2-(thi
ophen-3-y1)-2,3-dihydr
0-[2,2-bipyridin]-6(1
H)-one

'H NMR 400MHz,
CD;0D) 8 7.44 (dd, J
= 52, 32 Hz, 1H),
727 - 7.23 (m, 3H),
7.16 (dd, J =48, 1.2
Hz, 1H), 7.09 (d, J =
7.6 Hz, 1H), 6.95 (dd,
J = 8.0, 6.0 Hz, 11D,
6.78 (dd, J = 8.0, 1.6
Hz, 1H), 6.03 (dd, J =
7.6, 1.2 Hz, 1H), 5.46
-5.43 (m, 1H), 3.90 -
3.86 (m, 5 H), 3.45 (d,
J=16.0Hz, 1), 3.14
(d, J = 4.0 Hz, 410,
1.36 (dd, 7=18.0, 6.4
Hz, 6 H).
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'H NMR 400MHz,
CD;0D) 6 7.72 (dd, J
0 ¢ 3-(2-chlorophenylsulf | = 8.0, 8.0 Hz, 1H),
anyl-6-(6-ethoxy-2-pyr | 7.46-7.44 (m, 1H),
s idyD)-6-(3-thienyDpipe | 7.30-7.15 (m, 4H),
\ ridine-2,4-dione  was | 6.98-6.94 (m, 1H),
74 MD A prepared in 4.9% yield | 6.79-6.75 (m, 2H),
H according to the | 6.02 (d, J = 7.2 Hz,
N Example 2, Step A | 1H), 4.45 - 4.39 (m,
/\O / substituting 2H), 3.92 (d, J = 16.0
\ propan-2-ol for ethanol | Hz, 1H), 3.48 (d, J =
16.0Hz, 1H), 1.36 (t,
J=17.2Hz, 3H).
'H NMR 400MHz,
CD;0D) 6 7.74 (dd, J
= 7.6, 7.6 Hz, 1H
o ol 3—(2—ch10r9phenyl)sulf 746 _’ 744 (m’, 1H;:
any'1—6—(6—1sobut'oxy—2— 730 - 7.14 (m. 4H),
pyridyD-6-(3-thienyl)p
s L . 6.97 - 6.93 (m, 1H),
\ 1per1d1ne—2,4—d.10ne 679 - 6.75 (m. 2H).
75 | MD N was prepared in 6.7% | ¢y (4 ;7 _ 75 1,
N yield according to the
_— H Example 2. Step A 1H), 4.18 - 4.10 (m,
substituting’ 2H), 3.91 (d, J = 16.0
© \ / propan-2-ol for Hz, 1H), 347, J =
2-methylpropan-1-ol 160 Hz, 1),
2.10-2.00 (m, 2H),
1.00 (t, J = 6.4 Hz,
6H).
3-(2-chlorophenyl)sulf
an(y1—6—(3—tlﬁenyil)—)6—[6 'H NMR (400MEz,
-[4-(trifluoromethoxy) CD;0D) 8791 (dd, J
f phenoxy]-2-pyridyl]pi = 80, 80 Hz, 1H),
L . 740 - 7.36 (m, 2H),
pendlne—2,4—d10ne Was 730 - 7.23 (m. 3H).
prepar(?d in 3 % yield 7.18 - 713 (m. 3H),
76 MD according to  the
Example 3. Step A 7.05 - 6.94 (m, 3H),
substituting’ 6.81 (dd, J = 6.8, 6.8
2-chloro-4-fluoro-phe Hz, 1H), 6.02(d, J =
1ol for 7.2Hz, 1H),3.63 (d,J
4-(trifluoromethoxy)p = 160 Hz, 1H), 3.34
(d, J=6.8 Hz, 1H)
henol.
'H NMR 400MHz,
CD;0D) 6 7.89 (dd, J
3-(2-chlorophenyDsulf | = 7.6, 7.6 Hz, 1H),
cl anyl-6-[6-(3,4-difluoro | 7.40 (d, J = 2.3Hz,
phenoxy)-2-pyridyl]-6 | 1H), 7.38 (d, J = 2.5
-(3-thienyl)piperidine- | Hz, 1H), 7.36 - 7.19
2.4-dione was prepared | (m, 3H), 7.06 - 7.00
77 SS in 7 % yield according | (m, 3H), 6.95 (d, J =
to the Example 3, Step | 7.5 Hz, 1H), 6.87 (d,J
A substituting | = 8.0 Hz, 1H), 6.78
2-chloro-4-fluoro-phe (d, J = 7.5 Hz, 1H),
nol for | 6.01 (d, J = 8.0 Hz,
3. 4-difluorophenol. 1H), 3.58 (d, /= 16.0
Hz, 1H), 349 (4, J =
16.0 Hz, 1H).
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78

SS

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(3,4-difluoro
phenoxy)-2-pyridyl]-6

-(3-thienyl)piperidine-

2.4-dione was prepared
in 7 % yield according
to the Example 3, Step
A substituting
2-chloro-4-fluoro-phe

nol for
3. 4-difluorophenol.

'H NMR 400MHz,
CD;0D) 8 7.88 (dd, J
= 75, 7.5 Hz, 1H),
740 d, J = 2.3Hz,
1H), 733 d, J =
24Hz, 1H), 7.37 -
7.19 (m, 3H), 7.06 -
7.01 (m, 3H), 6.96 (d,
J=7.5Hz, 1H), 6.89
d, J = 8.0 Hz, 1H),
6.82 (d, J = 75 Hz,
1H), 6.02 (d, J = 8.0
Hz, 1H), 3.57 (d, J =
16.0 Hz, 1H), 3.46 (d,
J=16.0 Hz, 11).

79

SS

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(3-fluorophe
noxy)-2-pyridyl]-6-(3-
thienyl)piperidine-2,4-
dione was prepared in
7.9% yield according
to the Example 3, Step
A substituting
2-Chloro-4-fluoro-phe
nol for3-fluorophenol

'H NMR 400MHz,
CD;0D) 8 7.91 (dd, J
= 8.0, 8.0 Hz, 1H),
7.45 - 7.39 (m, 1H),
726 - 7.20 (m, 1H),
7.01 - 6.94 (m, 6H),
6.87 (dd, J = 7.6, 7.6
Hz, 1H), 6.73 (dd, J =
7.6,7.6 Hz, 1H), 6.01
d, J = 8.0 Hz, 1H),
3.16 (d, J = 16.0 Hz,
1H), 3.07 (d, 7= 16.0
Hz, 1H).

80

SS

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(3-fluorophe
noxy)-2-pyridyl]-6-(3-
thienyl)piperidine-2,4-
dione was prepared in
7.9% yield according
to the Example 3, Step
A substituting
2-Chloro-4-fluoro-phe
nol for3-fluorophenol

'H NMR 400MHz,
CD;0D) §7.85 (dd, J
= 8.0, 8.0 Hz, 1H),
7.39 - 7.33 (m, 3H),
722 - 7.15 (m, 2H),
7.03 (dd, J =48, 1.2
Hz, 1H), 6.96 - 6.76
(m, 5H), 6.73 (dd, J =
8.0, 8.0 Hz, 1H), 6.08
(dd, 7 = 8.0, 1.2 Hz,
1H), 3.61 (d, J = 16.0
Hz, 1H), 329 (d, J =
16.0 Hz, 1H).

81

MD

3-((2-chlorophenyl)thi
0)-6-(6-(2-cyclopropyl
ethoxy)pyridin-2-y1)-6
-(thiophen-3-yl)piperi
dine-2,4-dione was
prepared in 34% yield
according  to  the
Example 2, Step A
substituting

propan-2-ol for
2-cyclopropylethanol.

'H NMR 400MHz,
(CD3),S0) § 11.55 (s,
1H), 8.45 (s, 1H),
773 @, J = 84,
8.4Hz, 1H), 7.48 (d, J
= 8.4 Hz, 1H), 7.30 -
7.29 (m, 1H), 7.26 (d,
J=9.2Hg, 1H),7.18 -
7.16 (d, J = 7.2 Hz,
1H), 7.13 - 7.10 (m,
1H), 6.95 - 6.88 (m,
1H), 6.72 (d, J = 7.6
Hz, 2H), 5.83 (d, J =
8.0 Hz, 1H), 432 -
4.28 (m, 2H), 3.80 (d,
J=16.4Hz, 1), 3.30
d, J =164 Hz, 10,
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1.53 - 1.51 (m, 2H),
0.82 - 0.70 (m, 1H),
0.35 - 0.32 (m, 2H),
0.02 - 0.00 (m, 2H).

82

MD

Iz

Cl

3-(2-chlorophenyl)sulf
anyl-6-(3-thienyl)-6-[6
-(2,2,2-trifluoroethoxy
)-2-pyridyl]piperidine-
2.4-dione was prepared
in 20% yield according
to Example 2, Step A
substituting
propan-2-ol for
2,2, 2-trifluoroethanol.

'H NMR 400 MHz,
(CD3),S0) & 11.66 (s,
1H), 8.63 (s, 1H),
7.93 (dd, J = 8.0 Hz,
1H), 7.53 (m, 1H),
7.38 (m, 2H), 7.31 (d,
J=8.0 Hz, 1H), 7.19
@, T = 52Hz, 1H),
6.99 (m, 2H), 6.75
(dd, J = 8.4, 1.2 Hz,
1H), 5.80 (d, J = 8.4
Hz, 1H), 5.12 (m,
2H), 3.96 (d, J = 16.8
Hz, 1H), 3.40 (d, J =
16.8 Hz, 1H).

83

MD

o]

6-(6-(3-chloro-4-fluor
ophenoxy)pyridin-2-yl
)-3-((2-chlorophenyl)t
hio)-6-(thiophen-3-yl)
piperidine-2,4-dione

was prepared in 3%
yield according to the
Example 3, Step A

substituting
2-Chloro-4-fluoro-phe
nol for

3-chloro-4-fluorophen
ol

'H NMR 400MHz,
CD;0D) § 7.92 d, J
= 8.0, 8.0 Hz, 1H),
7.44 - 738 (m, 2H),
7.29 - 7.22 (m, 4H),
7.06 - 6.96 (m, 4H),
6.82 (dd, 7 =72,7.2
Hz, 1H), 6.02 (d, J =
8.0Hz, 1H),3.63 (d, J
= 16.4 Hz, 1H), 3.34
(d, J=16.4 Hz, 1H).

84

MD

3-(2-chlorophenyl)sulf
anyl-6-[6-(cyclopropyl
methoxy)-2-pyridyl]-6
-(3-thienyl)piperidine-
2.4-dione was prepared
in 6.5% yield
according  to  the
Example 2, Step A

substituting
propan-2-ol for
cyclopropylmethanol

'H NMR 400MHz,
CD;0D) 8 7.75 (dd, J
= 8.0, 8.0 Hz, 1H),
745 (dd, T=52,28
Hz, 1H), 7.29 - 7.24
(m, 1H), 7.23 (d. J =
12 He, 1H), 7.17 -
7.15 (m, 1H), 6.98 -
694 (m, 1H), 6.77
(m, 1H), 5.99 (dd, J =
8.0, 1.2 Hz, 1H),4.19
(m, 2H), 3.90 (d, J =
16.4 Hz, 1H), 3.47 (d,
J=16.4Hz, 1), 1.31
~1.21 (m, 1H), 0.56 -
0.52 (m, 2H), 0.32 (¢,
J=2.0 He, 2H).
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85

MD

3-((2-chlorophenyl)thi
0)-6-(6-(dimethylamin
o)pyridin-2-yl)-6-(thio
phen-3-yl)piperidine-2
J4-dione was prepared
in 8% yield according
to the Example 4, Step
A substituting
cyclohexanamine  for
cyclopropanol.

'H NMR 400MHz,
(CD3),S0) & 8.39 (s,
1H), 7.58 - 7.54 (m,
1H), 7.50 -7.48 (m,
1H), 7.37 - 7.36 (m,
1H), 7.31 - 7.28 (m,
1H), 7.18 - 7.16 (m,
1H), 6.99 - 6.95 (m,
1H), 6.82 (d, J=7.2
Hz, 1H), 6.76 - 6.72
(m, 1H), 6.57 (d, J =
8.4 He, 1H), 5.96 (dd,
J =8.0, 1.6 Hz, 11,
397 d, J =164 Hz,
1H), 3.29 (d, J = 16.4
Hz, 1H), 3.04 (s, 6H).

86

SS

3-(2-chlorophenyl)sulf
anyl-6-(3-thienyl)-6-[6
-(2,2,2-trifluoroethoxy
)-2-pyridyl]piperidine-
2.4-dione was prepared
in 6.6%
according  to  the

yield

Example 2, Step A
substituting

propan-2-ol for
2,2, 2-trifluoroethanol.

'H NMR 400MHz,
CD;0D) 8 7.80 (dd, J
= 7.6, 7.6 Hz, 1H),
739 (dd, J = 4.8,2.8
Hz, 1H), 7.32 - 7.29
(m, 2H), 7.18 (dd, J =
4.8, 1.6 Hz, 2H), 6.91
(dd, J = 8.4, 8.4 Hz,
2H), 6.76 (dd, J=7.2,
7.2 Hz,,1H), 6.07 (d,
J=7.2Hz, 1H),4.99 -
4.89 (m, 2H), 3.65 (d,
J=16.0Hz, 1H), 3.41
(d, J=16.0 Hz, 1H).

87

SS

3-(2-chlorophenyl)sulf
anyl-6-(3-thienyl)-6-[6
-(2,2,2-trifluoroethoxy
)-2-pyridyl]piperidine-
2.4-dione was prepared
in 6.6%
according  to  the

yield

Example 2, Step A
substituting

propan-2-ol for
2,2, 2-trifluoroethanol.

'H NMR 400MHz,
CD;0D) §7.83 (dd, J
= 7.6, 7.6 Hz, 1H),
743 (dd, J = 4.8,2.8
Hz, 1H), 7.29 - 7.27
(m, 2H), 7.15 (dd, J =
5.2,5.2 Hz, 2H), 6.87
- 6.82 (m, 2H), 6.72
(dd, 7 = 72,72 Hz,
1H), 6.05 (d, J =72
Hz, 1H), 4.95 - 4.88
(m, 2H), 3.58 (d, J =
16.0 Hz, 1H), 3.36 (d,
J=16.0 Hz, 11).

88

MD

33-(2-chlorophenyl)su
Ifanyl-6-[6-(8-quinolyl
oxy)-2-pyridyl]-6-(3-t

hienyl)piperidine-2,4-

dione was prepared in
11.6% yield according
to the Example 3, Step
A substituting
chloro-4-fluoro-phenol
for quinolin-8-ol.

'H NMR 400MHz,
(CD5),S0) § 8.65 (dd,
J =44, 1.6 Hz, 11,
8.43 (dd, J = 84, 1.6
Hz, 1H), 7.89 (d, J =
7.2 Hz, 1H),7.80(d, J
= 8.0 Hz, 1H), 7.64
(dd, J = 8.0, 8.0 Hz,
1H), 7.54 - 7.52 (m,
2H), 7.26 (d, J = 7.2
Hz, 1H), 7.19 - 7.12
(m, 4H), 6.93 (d, J =
8.0 Hz, 1H), 6.87 -
6.85 (m, 2H), 6.73
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(dd, J = 8.0, 8.0 Hz
1H), 6.51 (d, J = 4.8
Hz, 1H), 6.00 (d, J =
8.0 Hz, 1H),2.98 (d, J
=16.0 Hz, 1H), 2.83
(d, J=16.0 Hz, 1H).

89

MD

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(8-isoquinol
yloxy)-2-pyridyl]-6-(3-
thienyl)piperidine-2,4-
dione was prepared in
6.9% yield according
to the Example 3, Step
A substituting
2-Chloro-4-fluoro-phe
nol forisoquinolin-8-ol

'H NMR 400MHz,
CD;0D) & 9.74 (s,
1H), 8.58 - 8.52 (m,
2H), 8.19 - 8.06 (m,
4H), 7.59 d, J = 7.6
Hz, 1H), 7.51 (d, J =
7.6, 1H), 7.39 - 7.35
(m, 2H), 7.23 d, J =
8.0 Hz, 1H), 7.11 (s,
1H), 6.97 - 6.90 (m,
1H), 6.84 (dd, J=7.2,
7.2Hz, 1H), 6.01 (d, J
= 7.6 Hz, 1H), 3.42
d, J=16.8 Hz, 1H),
3.25(d, J = 16.8 Hz,
1H).

90

MD

Cl

3-((2-chlorophenyl)thi
0)-6-(6-(isoquinolin-5-
yloxy)pyridin-2-y1)-6-(
thiophen-3-yl)piperidi
ne-2,4-dione was
prepared in 6% yield
according to Example
3, Step A substituting
2-Chloro-4-fluoro-phe
nol for
isoquinolin-5-o0l

'H NMR 400MHz,
CD;0D) & 9.30 (s,
1H), 8.25 (d, J = 6.0
Hz, 1H), 8.02 - 7.94
(m, 2H), 7.73-7.69
(m, 2H), 7.49 (dd, J =
7.6,0.8 Hz, 1), 7.38
d, J = 6.0 Hz, 1H),
7.26 - 7.20 (m, 3H),
7.01-6.93 (m, 2H),
6.96 (dd, J = 8.0, 1.6
Hz, 1H), 332 (d, J =
16.8 Hz,1H), 3.10 (d,
J=16.8 Hz, 11]).

91

MD

Cl

5-((2-chlorophenyl)thi
0)-4-hydroxy-6'-(quino
lin-5-yloxy)-2-(thioph
en-3-yl)-2,3-dihydro-[
2,2-bipyridin]-6(1H)-
one was prepared in
13% yield according to
the Example 3, Step A
substituting
2-Chloro-4-fluoro-phe
nol for 4-fluorophenol.

'H NMR 400MHz,
(CD5),S0) & 8.95 -
8.94 (m, 1H), 8.25 (d,
J = 8.4 Hz, 1H), 8.00
-7.99 (m, 1H), 7.93
d, J = 8.4 Hz, 1H),
770, J=7.6,7.6
Hz, 1H), 7.38 - 7.35
(m, 1H), 7.30 (d, J =
7.6 Hz, 2H), 7.13 (d,J
= 8.0 Hz, 2H), 7.01 -
6.90 (m, 1H), 6.84 -
6.78 (m, 2H), 5.95 (d,
J =8.0 Hz, 1H), 3.30
(d, J=16.0 Hz, 10,
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32 (d, J = 16.0 Hz,
1H).

92

SS

(6S)-3-((2-chlorophen
yDthio)-6-(6-(2-cyclop
ropylethoxy)pyridin-2-
y1)-6-(thiophen-3-yl)pi
peridine-2.4-dione was
prepared according to
the Example 2, Step A
substituting
propan-2-ol for
2-cyclopropylethanol.

'H NMR 400MHz,
CD;0D) § 7.40 d, J
= 8.0 Hz, 1H), 7.42
d, J = 8.0 Hz, 1H),
728 - 7.27 (m, 1H),
725 - 721 (m, 2H),
7.14 (d, J = 6.4 Hz,
1H), 7.12 (d, J = 8.0
Hz, 1H), 6.95 - 6.90
(m, 1H), 6.73 (d, J =
8.4 Hz, 1H),6.02 (d, J
=8.0 Hz, 1H), 4.48 -
4.41 (m, 2H), 3.70 (d,
J=16.4Hz, 1), 3.44
d, J=16.4 Hz, 1H),
1.61 d, J = 6.8 Hz,
2H), 0.85 - 0.75 (m,
1H), 0.42 - 0.38 (m,
2H), 0.07 - 0.02 (m,
2H).

93

SS

3-(2-chlorophenyl)sulf
anyl-6-[6-(cyclopropyl
methoxy)-2-pyridyl]-6
-(3-thienyl)piperidine-
2.4-dione was prepared
in 6.5% yield
according  to  the
Example 2, Step A

substituting
propan-2-ol for
cyclopropylmethanol

'H NMR 400MHz,
CD;0D) 8 7.36 (dd, J
= 8.0, 8.0 Hz, 1H),
7.08 (dd, J=52,28
Hz, 1H), 6.99 (dd, J =
1.2,1.2 Hz, 1H), 6.85
- 6.80 (m, 3H), 6.56 -
6.52 (m, 1H), 6.43 -
6.39 (m, 1H), 5.81 (d,
J =8.0 Hz, 1H), 3.87
(dd, 7 =72, 2.0 Hz,
2H), 3.24 (d, J=16.4
Hz, 1H), 3.05 (d, J =
16.4 Hz, 1H), 0.98 -
0.89 (m, 1H), 0.25
022 (m, 4H).
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94

SS

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-[4-fluoro-3-(
trifluoromethyl)pheno
xy|-2-pyridyl]-6-(3-thi
enyl)piperidine-2,4-di
one was prepared in
10 % yield according
to the Example 3, Step
A substituting
2-chloro-4-fluoro-phe
nol for
2-(methoxymethyl)phe
nol

'H NMR 400MHz,
CD;0D) 8 7.86 (dd, J
= 8.0, 8.0 Hz, 1H),
748 (d, J = 8.4 Hz,
1H), 7.37 -7.32 (m, 5
H), 713 d, J = 7.6
Hz, 1H), 7.02 - 6.93
(m, 4H), 6.79 (dd, J =
8.0, 8.0 Hz, 1H), 5.97
d, J = 8.0 Hz, 1H),
430 (s, 2H), 3.55 (d,
J=16.0 Hz,1H), 3.26
d, J = 16.4 Hz,1H),
3.16 (s, 3H).

95

SS

(6R)-3-((2-chlorophen
yDthio)-6-(6-(2-cyclop
ropylethoxy)pyridin-2-
y1)-6-(thiophen-3-yl)pi
peridine-2.4-dione was
prepared according to
the Example 2, Step A
substituting
propan-2-ol for
2-cyclopropylethanol.

'H NMR 400MHz,
CD;0D) § 7.70 (d, J
= 8.0, 8.0 Hz, 1H),
743 (d, J = 8.0 Hz,
1H), 7.27 - 7.25 (m,
1H), 7.20 (d, J = 8.0
Hz, 1H), 7.15 - 7.12
(m, 2H), 6.98 - 6.90
(m, 1H), 6.75-6.73
(m, 2H), 5.98 (d, J =
8.0 Hz, 1H), 4.42 -
4.41 (m, 2H), 3.89 (d,
J = 16.4 Hz, 1H),
3.45(d, J = 16.4 Hz,
1H), 1.61 (d, J = 6.8
Hz, 2H), 0.85 - 0.72
(m, 1H), 0.42 - 0.38
(m, 2H), 0.06 -0.05
(m, 2H).

96

MD

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(2-pyridylox
y)-2-pyridyl]-6-(3-thie
nyl)piperidine-2,4-dio
ne was prepared in 4%
yield according to
Example 3, Step A
substituting
2-Chloro-4-fluoro-phe
nol for pyridin-2-ol.

'H NMR 400 MHz,
(CD3),S0) & 11.53 (s,
1H), 8.51 (s, 1H),
8.23 (s, 1H), 7.99 (dd,
J =84, 8.4 Hz, 11,
791 (m, 1H), 7.52
(m, 2H), 7.32 (m,
2H), 7.25 (m. 1H),
7.11 (m, 3H), 6.98
(dd, 7 = 6.8 Hz, 1H),
6.86 (dd, J = 7.2 Hz,
1H), 5.98 (d, J = 6.4
Hz, 1H), 3.69 (d, J =
16.8 Hz, 1H), 3.35 (d,
J=16.8 Hz, 11]).
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'H NMR 400MHz,
CD;0D) 6 7.36 (dd, J

= 8.0, 8.0 Hz, 1H),
3-(2-chlorophenyDsulf | 7.08 (dd, J =5.2, 2.8
anyl-6-[6-(cyclopropyl | Hz, 1H), 6.99 (s, 1H),
methoxy)-2-pyridyl]-6 | 6.88 - 6.80 (m, 3H),
-(3-thienyl)piperidine- | 6.54 (dd, J = 8.0, 8.0
2.4-dione was prepared | Hz, 1H), 6.43 - 6.39
97 SS in 6.5% yield | (m, 2H), 5.81 (d, J =
according to the | 8.0 Hz, 1H), 3.88 (dd,
Example 2, Step A | J =72, 2.0 Hz, 2H),
substituting 325 (d, J =164 Hz,
propan-2-ol for | 1H), 3.06 (d, J=16.4
cyclopropylmethanol Hz, 1H), 0.98-0.91
(m, 1H), 0.23 (dd, J =

6.8, 4.8 Hz, 2H), 0.01

(t, J = 2.0 Hz, 2H).

'H NMR 400MHz,

(CD3),S0) 6 8.71 (d,
J =4.0 Hz, 1H), 8.54

3-(2-chlorophenylsulf | (d, J = 8.0 Hz , 1H),
anyl-6-[6-[(5-fluoro-8- | 7.87 (dd, J = 8.0, 8.0
quinolyloxy]-2-pyridy | Hz, 1H ) 7.63 (d, J =
1]-6-(3-thienyl)piperidi | 2.8 Hz, 1H), 7.54 -
ne-2,4-dione was | 7.50 (m, 2H), 7.31 -
98 MD prepared in 8.7% yield | 7.26 (m, 3H), 7.22 (d,
according to the | /J=2.8 Hz, 1H), 7.05 -
Example 3, Step A | 7.03 (m, 2H), 6.93
substituting (dd, J = 8.0, 8.0 Hz,
chloro-4-fluoro-phenol | 1H), 6.55 (d, J = 4.0
for 4-fluorophenol. Hz, 1H), 5.95 d, J =
8.0Hz, 1H),3.10(d, J

=16.0 Hz, 1H), 2.91

(d, J=16.0 Hz, 1H).

'H NMR 400MHz,

(CD3),S0) 6 8.67 (d,

J = 2.4Hz, 1H), 8.46

(d, J = 7.2Hz, 1H),

3-((2-chlorophenyl)thi 7:92 - 7.83 (m, 2H),
O)Eé_ . (quirrl)olini)—yl 7.66 (dd, J = 4.0, 4.0
L Hz, 1H), 7.55 - 7.54
oxypyridin-2-yD-6-(th |\ o531 709
99 | SS lzpfj,l'3'yl)plpe“dlne (m, 3H), 7.28 (d, J =
oraene WA 56 Hz, 2H), 7.01 -
pre}})larzd accc()irdlngb tZ 695 (m. 3H). 6.82
Ezze?ns e (@d, 7 = 8.0, 8.0 Hz,
1H), 6.60 (d, J = 4.8

Hz, 1H), 5.98 (d, J =
7.6 Hz, 1H),3.20(d, J

=16.0 Hz, 1H), 2.97

(d, J =16.0 Hz, 1H).
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'H NMR 400MHz,
(CD3),S0) § 8.67 (dd,
J =4.0, 1.6 Hz, 1H),
845 (d, J = 6.8 Hz,
1H), 7.92 - 7.86 (i,
3-((2-chlorophenyl)thi 2H), 7.65 (dd, J = 8.0,
0)-6-(6-(quinolin-8-yl 8.0 Hz, 1H), 7.56 -
L 7.53 (m, 2H), 7.29 -
oxypyridin2-yD-6-th | 550 oy, 707
100 | SS lzpf‘zﬁieyl)plpe“dgl:s dd, J =12, 1.2 Hz,
pr;pared according to 1H), 6.97 (d, J =80
methods described Hz, 1H), 692 - 6.91
therein (m, 2H), 6.78 (dd, J =
8.0, 8.0 Hz, 1H), 6.57
(d, J = 4.4 Hz, 1H),
6.00 (d, J = 7.6 Hz,
1H), 3.10 (d, J = 16.0
Hz, 1H), 2.90 (d, J =
16.0 Hz, 1H).
'H NMR 400MHz,
Cl 3-((2-chlorophenyl)thi | CD;0D) 8 7.90 (dd, J
0)-6-(6-(2-(methoxym | = 8.0, 8.0 Hz, 1H),
ethyl)phenoxy)pyridin | 7.51 (d, J = 8.4 Hz,
-2-yD)-6-(thiophen-3-yl | 1H), 7.38 - 7.30 (m, 5
)piperidine-2.4-dione H), 727 (d, J = 7.6
101 MD Was prepareq in 19% | Hz, 1H), 7.06 - 7.00
yield according to the | (m, 4H), 6.82 (dd, J =
Example 3, Step A | 8.0, 8.0 Hz, 1H), 6.03
substituting (d, J = 8.0 Hz, 1H),
propan-2-ol for | 4.33 (s, 2H), 3.52 (d,
2-(methoxymethyl)phe | J=16.0Hz, 1H), 3.34
nol (d, J = 16.4 Hz,1H),
3.20 (s, 3H).
'H NMR 400MHz,
3-(2-chlorophenyl)sulf | (CD3).SO) & 9.49 (s,
anyl-6-[6-(1,2,3,4-tetra | 1H ), 8.38 (s, 1H ),
hydroquinolin-8-yloxy | 7.56 - 7.44 (m, 3H),
)-2-pyridyl]-6-(3-thien | 7.32 - 7.25 (m, 2H),
yDpiperidine-2,4-dion | 7.01 - 6.94 (m, 3H),
e was prepared in | 6.80 (d, J = 8.0 Hz
102 | MD 14.2% yield according | 1H), 7.71 - 6.69 (m,
to the Example 3, Step | 2H), 6.30 (d, J = 8.0
A substituting | Hz 1H), 5.89 (d, J =
2-chloro-4-fluoro-phe 8.0 Hz, 1H), 4.21 -
nol for | 3.79 (m, 2H), 3.38 (d,
1,2,3,4-tetrahydroquin | J=5.2 Hz, 2H),2.70 -
olin-8-ol. 2.63 (m, 2H), 1.78 -
1.75 (m, 2H).
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103

MD

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(1H-indazol-
4-yloxy)-2-pyridyl]-6-(
3-thienyl)piperidine-2,
4-dione was prepared
in 11% yield according
to Example 3, Step A

substituting
2-Chloro-4-fluoro-phe
nol for

1H-indazol-4-ol.

'H NMR 400 MHz,
(CD3),S0) & 8.35 (s,
1H), 7.99 - 7.97 (m,
2H), 7.95 d, J = 4.4
Hz, 1H), 7.61 (d, J =
7.6 Hz, 1H), 7.44 -
7.42 (m, 2H), 7.26 (d,
J=8.4Hz, 1H),7.24
(m, 1H), 7.20 (d ,J =
5.2 Hz, 1H), 6.76 (m,
1H), 6.57 (m, 2H),
6.06 (d, J = 7.2 Hz,
1H), 3.49 (d, J=15.2
Hz, 1H), 3.10 (d, J =
15.2 Hz, 1H).

104

MD

Cl

OH

3-((2-chlorophenyl)thi
0)-6-(6-((3-hydroxycy
clopentyl)oxy)pyridin-
2-y1)-6-(thiophen-3-yl)
piperidine-2,4-dione
was prepared in 35%
yield according to the
Example 2, Step A
substituting
propan-2-ol for
cyclopentane-1,3-diol

'H NMR 400MHz,
CD;0D) & 8.46 (d, J
= 11.2Hz, 1H), 7.73
(dd, 7 = 84, 4.0
Hz,1H), 7.52 (dd, J =
24,24 Hz, 1H),7.35
- 7.17 (m, 4H), 6.96
(dd, J = 4.0, 4.0 Hz,
1H), 6.71 - 6.69 (m,
2H), 5.86 (dd, J=9.2,
1.6 Hz, 1H), 5.46 -
5.45 (m, 1H), 4.62 (s,
1H), 4.25 (s, 1H),
390 (s, 1H),
2.19-1.83 (m, 4H),
1.62 - 1.53 (m, 2H).

105

MD

3-(2-chlorophenyl)sulf
anyl-6-[6-(8-hydroxy-
3,4-dihydro-2H-quinol
in-1-yD)-2-pyridyl]-6-(
3-thienyl)piperidine-2,
4-dione was prepared
in 3.3% yield
according  to  the
Example 3, Step A
substituting
chloro-4-fluoro-phenol
for
1,2,3,4-tetrahydroquin
olin-8-ol.

'H NMR 400MHz,
(CD3),S0) § 11.61 (s,
1H), 9.45 (s, 1H),
8.34 (dd, J = 8.0, 8.0
Hz, 1H), 7.52 - 7.39
(m, 3H), 7.26 - 7.21
(m, 2H), 6.96 - 6.90
(m 3H), 6.66 - 6.46
(m, 3H), 6.25 (d, J =
8.0Hz, 1H),5.84 (d, J
= 8.0 Hz, 1H), 4.16 -
3.75 (m, 3H), 2.66 -
2.59 (m, 1H), 3.17 (d,
J=5.2Hz,2H),1.72 -
1.70 (m, 2H).
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106

SS

3-((2-chlorophenyl)thi
0)-6-(6-((3-hydroxycy
clopentyl)oxy)pyridin-
2-y1)-6-(thiophen-3-yl)
piperidine-2,4-dione
was separated from
example 97.

'H NMR 400MHz,
CD;0D) 88.46 (d, J
=11.2 He, 1H), 7.73
(dd, 7 = 84, 4.0
Hz,1H), 7.52 (dd, J =
24,24 Hz, 1H),7.35
- 7.16 (m, 4H), 6.96
d, J = 4.0 Hz, 10),
6.71 - 6.69 (m, 2H),
5.88 - 5.83 (m, 1H),
5.30 - 5.25 (m, 1H),
4.62 (s, 1H), 4.10 (s,
1H), 3.93 - 3.87 (m,
1H), 2.40 - 2.37 (m,
1H), 1.99 - 1.48 (m, 5
H).

107

MD

Iz

O

Cl

3-(2-chlorophenyl)sulf
anyl-6-[4-(4-fluoro-1-
piperidyDphenyl]-6-(3
-thienyl)piperidine-2.4
-dione was prepared in
9% yield according to
Example 7, Step H
substituting
2-methylmorpholine
for 4-fluoropiperidine.

'H NMR 400 MHz,
(CD3),S0) § 7.47 -
7.46 (m, 2H), 7.27 (s,
1H), 7.26 - 7.21 (m,
3H), 7.09 d, J = 4.0
Hz, 1H), 6.89 - 6.87
(m, 3H), 6.70 (d, J =
8.4 Hz, 1H),5.99 (d, J
=72 Hz, 1H), 4.88 -
474 (m, 1H), 3.35 -
3.30 (m, 2H), 3.13 -
3.05 (m, 4H), 1.96 -
1.90 (m, 2H), 1.77 -
1.73 (m, 2H).

108

SS

Cl

6-(6-(3-chloro-4-fluor
ophenoxy)pyridin-2-yl
)-3-((2-chlorophenyl)t
hio)-6-(thiophen-3-yl)
piperidine-2,4-dione
was separated from
example 76.

'H NMR (400MHz,
CD;0D) § 7.89 (d, J
= 80, 8.0 Hz, 1H),
7.40 - 7.35 (m, 2H),
7.24 - 7.19 (m, 4H),
7.03 - 7.01 (m, 4H),
678 (dd, J=72,7.2
Hz, 1H), 6.02 (d, J =
8.0 Hz, 1H), 3.55 (d. J
= 16.4 Hz, 1H), 3.31
(d, J =16.4 Hz, 1H).

109

SS

3-((2-chlorophenyl)thi
0)-6-(6-((1,2,3,4-tetrah
ydroquinolin-8-yl)oxy)
pyridin-2-yD)-6-(thioph
en-3-yl)piperidine-2,4-
dione was prepared
according to methods
described therein

'H NMR 400MHz,
(CD5),S0)§  7.84
(dd, J = 8.0, 8.0 Hz,
1H), 7.45 (dd, J=4.8,
2.0 Hz, 1H), 7.33 -
7.26 (m, 3H), 7.07 (d,
J=4.4Hz, 1H), 6.93
(dd, 7 = 2.0, 2.0 Hz,
1H), 6.79 - 6.69 (m,
4H), 6.45 (dd, 7 =8, 8
Hz, 1H), 6.00 (d, J =
7.6 Hz, 1H), 5.12 (s,
1H), 3.12 (d, J = 5.2
Hz, 2H), 2.73 - 2.72
(m, 2H), 1.80 - 1.78
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(m, 2H) 1.20 - 1.23
(m, 2H).

3-(2-chlorophenyl)sulf
anyl-6-[6-(2-cycloprop
ylethylamino)-2-pyrid
y1]-6-(3-thienyl)piperi
dine-2,4-dione was
prepared in 21 % yield

'H NMR 400MHz,
CD;0D) 8 7.74 (dd, J
= 7.6, 7.6 Hz, 1H),
7.56 (d, J = 2.0 Hz,
1H), 7.55 d, J = 2.8
Hz, 1H), 7.16 (d, J =
5.6 Hz, 1H), 6.93 (dd,
J = 8.0, 8.0 Hz, 21D,
6.76 (d, J = 7.4Hz,
1H), 6.43 (d, J = 7.6

10 MD according to the | Hz, 1H), 597 (d, J =
Example 4, Step A | 8.0Hz, 1H),3.47(d,J
substituting = 16.0 Hz, 1H), 3.41
cyclohexanamine for | (d, J = 16.0 Hz, 1H),
2-cyclopropylethanami | 3.38 (t, J = 7.4 Hz,
ne 2H), 1.43 - 1.38 (m,
2H), 0.66 - 0.62 (m,
1H), 0.40 - 0.35 (m,
2H), 0.02 - 0.00 (m,
2H).
'H NMR 400MHz,
(CD3),S0) & 7.84
cl (dd, J = 8.0, 8.0 Hz,
1H), 7.45 (dd, J = 4.8,
3-((2-chlorophenyl)thi 20 He, 1H), 7.33 -
0)-6-(6-((12.3 4-tetrah 7.26 (m, 3H), 7.07 (d,
droquinolin-8-yl)oxy) J =44 Hz, 1H), 6.93
vered YIORY) N (dd, J = 2.0, 2.0 Hz,
111 | SS pyridin-2-yD-6-(thioph | 110 " 26 6 60 (m,

en-3-yl)piperidine-2,4-
dione was prepared
according to methods

described therein

4H), 6.45 (dd, J = 8.0,
8.0 Hz, 1H), 6.00 (d, J
= 7.6 Hz, 1H), 5.12
(s, 1H), 3.12 (d, J =
52 Hz, 2H), 2.70 -
2.71 (m, 2H), 1.79 -
1.76 (m, 2H), 1.20 -
1.23 (m, 2H).
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112

SS

Cl

o]

Cl

6-(6-(3-chloro-4-fluor
ophenoxy)pyridin-2-yl
)-3-((2-chlorophenyl)t
hio)-6-(thiophen-3-yl)
piperidine-2,4-dione
was separated from
example 76.

'H NMR (400MHz,
CD;0D) § 7.89 (d, J
= 80, 8.0 Hz, 1H),
7.40 - 7.24 (m, 2H),
7.22 - 7.20 (m, 4H),
7.03 - 7.01 (m, 4H),
6.78 (dd, J=72,72
Hz, 1H), 6.01 (d, J =
8.0 Hz, 1H),3.56 (d, J
= 16.4 Hz, 1H), 3.31
(d, J=16.4 Hz, 1H).

113

MD

cl

3-((2-chlorophenyl)thi
0)-6-(6-(2-cyclopentyl
ethoxy)pyridin-2-y1)-6
-(thiophen-3-yl)piperi
dine-2,4-dione was
prepared in 31% yield
according  to  the
Example 2, Step A
substituting
propan-2-ol for
2-cyclopentylethanol

'H NMR 400MHz,
CD;0D) 8 7.68 (dd, J
= 84, 4.0 Hz, 1H),
7.46 (dd, J = 8.0, 1.2
Hz,1H), 7.27 - 7.12
(m, 4H), 6.93 (dd, J =
4.0,4.0 Hz, 1H), 6.75
- 6.73 (m, 2H), 5.95
d, J = 6.8 Hz, 1H),
439 - 436 (m, 2H),
3.90 (d, J = 16.4 Hz,
1H), 3.44 (d, J = 16.0
Hz, 1H), 1.93-1.48
(m, 9 H), 1.13 - 1.11
(m, 2H).

114

MD

Cl

3-((2-chlorophenyl)thi
0)-6-(6-((4-hydroxy-4-
methylpentyl)oxy)pyri
din-2-yl)-6-(thiophen-
3-yDpiperidine-2,4-dio
ne was prepared in
28% yield according to
the Example 2, Step A
substituting
propan-2-ol for
4-methylpentane-1,4-d
iol

'H NMR 400MHz,
CD;0D) § 11.56 (s,
1H), 8.47 (s, 1H),
7.74 (dd, J = 8.0, 4.0
Hz, 1H), 7.48 (dd, J =
5.2, 3.2Hz, 1), 7.33
- 7.14 (m, 4H), 6.87
(dd, J = 4.0, 4.0 Hz,
1H), 6.74 - 6.71 (m,
2H), 4.30 - 421 (m,
2H), 3.91 (d, J = 16.0
Hz, 1H), 3.34 (d, J =
16.0 Hz, 1H), 1.72 -
1.68 (m, 2H), 1.37 -
1.39 (m, 2H), 1.03 (d,
J =2.8 He, 6H).

115

MD

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-[3-(difluoro

methyl)phenoxy]-2-py
ridyl]-6-(3-thienyl)pip
eridine-2,4-dione was
prepared in 33% yield
according  to  the
Example 3, Step A

substituting
2-Chloro-4-fluoro-phe
nol for

3-(difluoromethyl)phe
nol

'H NMR 400MHz,
(CD5),S0) §8.47 (s,
1H), 7.97 (dd, J = 7.6,
7.6 Hz, 1H), 7.53 (dd,
J =178, 7.8 Hz, 11D,
747 (dd, J=52,3.2
Hz, 1H), 7.44 (d, J =
7.6 Hz, 1H),7.40 (d, J
= 7.2 Hz, 1H), 7.30
(dd, 7 = 8.0, 1.2 Hz,
1H), 7.27 722 (m,
3H), 7.12 - 6.83 (m,
4M), 6.81 - 6.75 (m,
1H), 591 (dd, J =
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8.4, 1.2 Hz, 1H), 3.56
d, J = 16.4 Hz, 1H),
325 (d, J = 16.4 Hz,
1H).

116

MD

Cl

Br

6-[6-(2-bromophenoxy
)-2-pyridyl]-3-(2-chlor
ophenyl)sulfanyl-6-(3-
thienyl)piperidine-2,4-
dione was prepared in
6 % yield according to
the Example 3, Step A
substituting
2-chloro-4-fluoro-phe
nol for 2-bromophenol.

'H NMR 400MHz,
CD;0D) 8 7.88 (dd, J
= 7.6, 7.6 Hz, 1H),
7.67 (d, J = 6.8 Hz,
1H), 7.39 -7.30 (m,
3H), 7.15 -7.13 (m,
4H), 7.03 (d, J = 2.8
Hz, 1H), 6.96 (d, J =
2.8 Hz, 1H), 6.79 (d, J
= 7.6 Hz, 1H), 5.99
d, J = 8.0 Hz, 1H),
3.51 (d, J = 16.0 Hz,
1H), 321 (d, 7= 16.0
Hz, 1H).

117

SS

3-(2-chlorophenyl)sulf
anyl-6-[6-(6-quinolylo
xy)-2-pyridyl]-6-(3-thi
enyl)piperidine-2,4-di

one was prepared in
10 % yield according
to the Example 3, Step
A substituting
2-chloro-4-fluoro-phe

nol for quinolin-6-ol.

'H NMR 400MHz,
CD;0D) & 9.30 (s,
1H), 8.25 (dd, 7 ="7.6,
7.6 Hz, 1H), 8.02 -
7.96 (m, 2H), 7.69 (d,
J =17.6 Hz, 1H), 7.50
d, J = 7.2Hz, 10),
737 (d, J = 7.6 Hz,
1H), 7.24 722 (m,
3H), 7.01 - 7.00 (m,
2M), 6.77 (d, J = 5.2
Hz, 1H), 5.96 (d, J =
8.0Hz, 1H),3.32(d,J
= 16.0 Hz, 1H), 3.10
(d, J=16.0 Hz, 1H).

118

MD

Cl

6-(6-benzylpyridin-2-y
D-3-((2-chlorophenyl)t
hio)-6-(thiophen-3-yl)
piperidine-2,4-dione
was prepared in 8%
yield according to the
Example 5, Step B
substituting
-Bromomethyl-3-fluor
o-benzene for
(bromomethyl)benzene

'H NMR 400MHz,
CD;0D) 8 7.76 (dd, J
= 8.0, 8.0 Hz, 1H),
727 -7.22 (m, 6 H),
7.20 - 7.09 (m, 2H),
6.86 (dd, J = 8.0, 8.0
Hz, 1H), 6.56 (dd, J =
8.0, 8.0 Hz, 1H), 5.86
(dd, 7 = 8.0, 1.6 Hz,
1H), 4.18 (s, 2H),
398 (d, J = 16.4 Hz,
1H), 3.49 (d, 7= 16.0
Hz, 1H).
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119

MD

3-(2-chlorophenyl)sulf
anyl-6-(6-isopentyloxy
-2-pyridyl)-6-(3-thieny
Dpiperidine-2,4-dione
was prepared in 7.8%
yield according to the
Example 2, Step A
substituting
propan-2-ol for
3-methylbutan-1-ol.

'H NMR 400MHz,
(CD3),S0) § 11.61 (s,
1H), 8.53 (s, 1H),
7.77 (dd, J = 8.0, 8.0
Hz, 1H), 7.52 (dd, J =
8.0, 4.0 Hz 1H), 7.35
(dd, 7 =12, 1.2 He,
1H), 7.30 (dd, J=5.2,
1.2Hz, 1H),7.22(d, J
= 8.0 Hz, 1H), 7.16
d, J = 4.0 Hz, 10),
6.97 (dd, J = 8.0, 8.0
Hz, 1H), 6.78 - 6.71
(m, 2H), 5.84 (d, J =
8.0 Hz, 1H), 4.35 -
429 (m, 2H), 3.93 (d,
J=16.0Hz, 1H), 3.37
(d, 7 = 16.0 Hz, 1H),
1.75 - 1.68 (m, 1H),
1.58 -1.53 (m, 2H),
0.92 - 0.83 (m, 6H).

120

SS

3-(2-chlorophenyl)sulf
anyl-6-[6-(6-quinolylo
xy)-2-pyridyl]-6-(3-thi
enyl)piperidine-2,4-di
one was prepared in
10 % yield according
to example 3, Step A
substituting
2-chloro-4-fluoro-phe
nol for quinolin-6-ol.

'H NMR 400MHz,
CD;0D) & 9.30 (s,
1H), 8.25 (dd, 7 ="7.6,
7.6 Hz, 1H), 8.02 -
7.96 (m, 2H), 7.70 (d,
J=17.6Hz, 1H), 7.54
d, J = 7.2Hz, 10),
737 (d, J = 7.6 Hz,
1H), 7.26 - 7.20 (m,
3H), 7.01 - 7.00 (m,
2M), 6.77 (d, J = 5.2
Hz, 1H), 5.96 (d, J =
8.0Hz, 1H),3.32(d, J
= 16.0 Hz, 1H), 3.10
(d, J=16.0 Hz, 1H).

121

MD

3-(2-chlorophenyl)sulf
anyl-6-(3-thienyl)-6-[6
(4,4 4-trifluorobutoxy
)-2-pyridyl]piperidine-
2.4-dione was prepared
in 11.7% yield
according  to  the
Example 2, Step A
substituting
propan-2-ol for
3,3,3-trifluoropropan-
1-ol

'H NMR 400MHz,
(CD3),S0) & 8.47 (s,
1H) 7.80 (dd, J = 8.0,
8.0Hz, 1H),7.51 (d, J
= 3.6 Hz, 1H), 7.36
(dd,J = 1.2, 1.2 Hz,
1H), 7.29 - 7.24 (m,
2M), 7.17 (d, J = 5.2
Hz, 1H), 6.96 (dd, J =
8.0, 8.0 Hz, 1H), 6.80
d, J = 8.0 Hz, 1H),
6.73 (dd, J = 8.0, 8.0
Hz, 1H), 5.84 (d, J =
40Hz, 1H),4.37 (t,J
= 8.0 Hz, 1H), 3.89
d, J=16.0 Hz, 1H),
336 (t, J = 8.0 Hz,
1H), 2.39 - 2.32 (m,
2H), 1.94 - 1.88 (m,
2H).
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122

MD

6-[6-(3-bromo-4-fluor
o-phenoxy)-2-pyridyl]
-3-(2-chlorophenyl)sul
fanyl-6-(3-thienyl)pipe
ridine-2,4-dione  was
prepared in 6.8% yield
according  to  the
Example 3, Step A

substituting
2-Chloro-4-fluoro-phe
nol for

3-bromo-4-fluorophen
ol

'H NMR 400MHz,
CD;0D) 8 7.99 (dd, J
= 8.0, 8.0 Hz, 1H),
742 - 733 (m, 3H),
7.24 - 7.18 (m, 3H),
7.08 - 7.02 (m, 3H),
6.95 (dd, J = 8.0, 8.0
Hz, 1H), 6.89 (dd, J =
8.0, 4.0 Hz, 1H), 5.99
(d, 7 = 8.0 Hz, 1H),
3.60 (d, J = 16.0 Hz,
1H), 3.31 (d, J=16.0
Hz, 1H).

123

MD

3-(2-chlorophenyl)sulf
anyl-6-[6-[4-fluoro-3-(
trifluoromethyl)pheno
xy|-2-pyridyl]-6-(3-thi
enyl)piperidine-2,4-di
one was prepared in
15 % yield according
to the Example 3, Step
A substituting
2-chloro-4-fluoro-phe
nol for
4-fluoro-3-(trifluorom
ethyl)phenol.

'H NMR 400MHz,
CD;0D) §7.93 (dd, J
=76, 7.6 Hz, 1H),
7.40 - 7.37(m, 5H),
734 (d, J = 2.8 Hz,
1H), 732 d, J = 2.8
Hz, 1H), 7.17 (d, J =
7.6 Hz, 1H), 7.16 -
7.07(m, 2H), 6.80 (d,
J=7.6 Hz, 1H), 5.99
(d, 7 = 8.0 Hz, 1H),
3.56 (d, J = 16.0 Hz,
1H), 3.29 (d, J = 16.0
Hz, 1H).

124

SS

3-((2-chlorophenyl)thi
0)-6-(6-(isopentyloxy)
pyridin-2-yD)-6-(thioph
en-3-yl)piperidine-2,4-
dione was prepared
according to methods
described therein

'H NMR 400MHz,
(CD3),S0) § 11.61 (s,
1H), 8.53 (s, 1H),
7.77 (dd, J = 8.0, 8.0
Hz, 1H), 7.52 (dd, J =
8.0, 4.0 Hz 1H), 7.35
(dd, 7 =12, 1.2 He,
1H), 7.30 (dd, J=5.2,
1.2Hz, 1H),7.22(d, J
= 8.0 Hz, 1H), 7.16
d, J = 4.0 Hz, 10),
6.97 (dd, J = 8.0, 8.0
Hz, 1H), 6.78 - 6.71
(m, 2H), 5.84 (d, J =
8.0 Hz, 1H), 4.35 -
429 (m, 2H), 3.93 (d,
J=16.0Hz, 1H), 3.27
(d, 7 = 16.0 Hz, 1H),
173 - 1.69 (m, 1H),
1.58 -1.53 (m, 2H),
0.92 - 0.83 (m, 6H).
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125

SS

Cl

3-((2-chlorophenyl)thi
0)-6-(6-(2-cyclopentyl
ethoxy)pyridin-2-y1)-6
-(thiophen-3-yl)piperi

dine-2,4-dione was
separated from

example 113.

'H NMR 400MHz,
CD;0D) §7.71 (dd, J
= 84, 4.0 Hz, 1H),
743 (dd, J=28,2.8
Hz,1H), 7.26 (d, J =
2.0Hz,1H), 7.26 d, J
= 2.0 Hz, 1H), 7.20
d, J = 2.8 Hz, 1H),
7.14 - 7.12 (m, 2H),
6.92 (dd, J = 2.0, 2.0
Hz, 1H), 6.75 - 6.73
(m, 2H), 5.95 (dd, J =
8.4, 1.6 Hz,1H), 4.40
- 433 (m, 2H), 3.89
d, J=16.4 Hz, 1H),
3.44 (d, J = 16.4 Hz,
1H), 1.91 - 1.48 (m, 9
H), 1.13 - 1.10 (m,
2H).

126

SS

cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(4-hydroxy-
4-methyl-pentoxy)-2-p
yridyl]-6-(3-thienyl)pi
peridine-2.4-dione was
prepared according to
methods described

therein

'H NMR 400MHz,
CD;0D) 8 7.69 (dd, J
= 8.0, 8.0 Hz, 1H),
741 (dd, T=52,3.2
Hz, 1H), 7.27 (d, J =
12 He, 1H), 7.16 -
7.12 (m, 2H), 6.88
(dd, J = 4.0, 4.0 Hz,
1H), 6.74 - 6.72 (m,
2H), 4.38 - 433 (m,
2H), 3.79 (d, J = 16.0
Hz,1H), 342 (d, J =
16.4 Hz, 1H), 1.83 -
1.79 (m, 2H), 1.58 -
1.54 (m, 2H), 1.15 (d,
J=2.4Hz, 6 H).

127

SS

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-[3-(difluoro
methyl)phenoxy]-2-py
ridyl]-6-(3-thienyl)pip
eridine-2,4-dione was
separated from

example 115.

'H NMR 400MHz,
CD;0D) 8 7.90 (dd, J
= 7.6, 7.6 Hz, 1H),
7.50 (dd, J = 8.0, 8.0
Hz, 1H), 741 - 7.33
(m, 3H), 7.24 - 7.20
(m, 3H), 7.18 (dd, J =
1.6, 1.6 Hz, 1H), 7.04
d, J = 84 Hz, 1H),
701 (dd, J=42,1.2
Hz, 1H), 6.98 - 6.93
(m, 1H), 6.82 - 6.78
(m, 1H), 6.74 (t, J =
56.0 Hz, 1H), 6.01
(dd, 7 =76, 1.2 Hz,
1H), 3.61 (d, J = 16.8
Hz, 1H), 3.30 (d, J =
16.8 Hz, 1H).
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'H NMR 400MHz,
(CD3),S0) 8 8.94 (dd,
J =2.8, 1.2 Hz, 1H),
B e e
xy)-2-pyridyl]-6-(3-thi 1H), 7.99 - 7.92 (m,
enyl)piperidine-2,4-di 2H), 7.77 (dd, = 8.0,
’d . 8.0 Hz, 1H), 7.46 -
to the gxample 3, Steﬁ 712 (m, 2H), 695
A substituting (dd, /= 8.0, 8.0 Hz,
2-chloro-4-fluoro-phe 1H). 6.83 - 6.77 (m,
nol for quinolin-5-ol. 2H), 5.93 (d, /=80
Hz, 1H), 340 (d, J =
16.0 Hz, 1H), 3.11 (d,
J=16.0 Hz, 1H).
'H NMR 400MHz,
CD;0D) 6 7.77 (dd, J
3-((2-chlorophenyl)thi = 80, 80 Hz, 15),
0)-6-(6-(3,5-difluorobe 746 @ J = 80
cl nzyl)pyridin-2-y1)-6-(t He 1H). 7.41 (dd, J =
hiophen-3-yl)piperidin 08,04 Hz 1) , 7.30
e-2,4-dione was @ J =80 HzlH),
prepared in 26 yield 722 - 717 (m, 2H),
o | v rconding 1o the | 708 (4.7 =56,08
Example 5. Step B Hz,1H), 6.90 - 6.84
substituting (m, 3H), 6.66 (dd, J =
|-Bromomethyl-3-fluo 8.0, 8.0 Hz, 1H), 6.54
ro-benzene for (dd, /= 80,80 Hz,
1-(bromomethyl)-3,5-d 1), 5.78 (ad, 7= 8.0,
ifluorobenzene ’ 4.0 Hz1H), 4.16 G,
2H), 3.97 (d, J=16.8
Hz, 1H), 347 (d, J =
16.8 Hz, 1H).
'H NMR 400MHz,
6-(6-(4-chloro-3-fluor CD;0D) 87,69 (dd, 1
obenzyl)pyridin-2-yl)- = 80, 80 Hz, 1H),
cl .| 741 (d, J = 8.0 Hz,
3-((2-chlorophenyl)thi
o6 (hiosten Ayhp | 1D 733 (@.7=80,
o , 8.0 Hz, 1H), 7.29 -
pe“dmed'z,’“x;ne W?j 727 (m, 2H), 7.19 -
130 | MD deconting 10 the | 717 (m 21D .08 -
Example 5, Step B 707 (m, 2H), 6.74
substituting (ad, 7= 8.0, 8.0 Hz,
1-Bromomethyl-3-fluo LH), 6.53 (dd, /= 8.0,
ro_benzene for 8.0Hz, 1H),5.99(d, J
4-(bromomethyl)-1-chl =8.8Hz, 1), 4.14(,
oro-2-fluorobenzene 2H), 3.51(d, /=160
Hz, 1H), 3.36 (d, J =
16.0 Hz, 1H).
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131

SS

3-(2-chlorophenyl)sulf
anyl-6-[6-(2-cycloprop
ylethylamino)-2-pyrid
y1]-6-(3-thienyl)piperi
dine-2,4-dione was
prepared in 21% yield
according  to  the
Example 4, Step A
substituting
cyclohexanamine  for
2-cyclopropylethanami
ne

'H NMR 400MHz,
CD;0D) §7.73 (dd, J
= 7.6, 7.6 Hz, 1H),
7.56 (d, J = 2.0 Hz,
1H), 7.55 d, J = 2.8
Hz, 1H), 7.16 (d, J =
5.4Hz, 2H), 6.94 (dd,
J = 8.0, 8.0 Hz, 21D,
6.76 (d, J = 7.4 Hz,
1H), 6.43 d, /=75
Hz, 1H), 597 (d, J =
8.0Hz, 1H),3.48 (d, J
= 16.0 Hz, 1H), 3.42
d, J=16.0 Hz, 1H),
337 (t, J = 74 Hz,
2H), 1.41 - 1.39 (m,
2H), 0.65 - 0.61 (m,
1H), 0.38 - 0.37 (m,
2H), 0.01 - 0.00 (m,
2M)

132

MD

Cl

3-((2-chlorophenyl)thi
0)-6-(6-(2-cyclobutylet
hoxy)pyridin-2-y1)-6-(t
hiophen-3-yl)piperidin
e-2,4-dione was
prepared in 34% yield
according  to  the
Example 2, Step A
substituting
propan-2-ol for
2-cyclobutylethanol

'H NMR 400MHz,
CD;0D) 8 7.69 (dd, J
= 8.0, 4.0 Hz, 1H),
745(dd, J=52,1.2
Hz,1H), 7.30 - 7.20
(m, 2H), 7.15 - 7.12
(m, 2H), 6.93 (dd, J =
8.0, 4.0 Hz, 1H), 6.73
- 6.71 (m, 2H), 5.97
(dd, 7 =76, 1.2 Hz,
1H), 4.36 - 4.26 (m,
2H), 3.88 (d, J = 16.0
Hz, 1H), 3.44 (d, J =
160 Hz,  1H),
245241 (m, 1H),
2.02 - 2.00 (m, 2H),
1.83 - 1.64 (m, 6 H).

133

SS

3-(2-chlorophenyl)sulf
anyl-6-(6-isopentyloxy
-2-pyridyl)-6-(3-thieny
Dpiperidine-2,4-dione
was separated from
example 112.

'H NMR 400MHz,
(CD3),S0) § 11.61 (s,
1H), 8.53 (s, 1H),
7.77 (dd, J = 8.0, 8.0
Hz, 1H), 7.52 (dd, J =
8.0, 4.0 Hz 1H), 7.35
(dd, 7 =12, 1.2 He,
1H), 7.30 (dd, J=5.2,
1.2Hz, 1H),7.22(d, J
= 8.0 Hz, 1H), 7.16
d, J = 4.0 Hz, 10),
6.97 (dd, J = 8.0, 8.0
Hz, 1H), 6.78 - 6.71
(m, 2H), 5.84 (d, J =
8.0 Hz, 1H), 4.35 -
429 (m, 2H), 3.83 (d,
J=16.0Hz, 1), 3.30
(d, 7 = 16.0 Hz, 1H),
1.75 - 1.68 (m, 1H),
1.58 -1.53 (m, 2H),
0.90 - 0.86 (m, 6H).

-178 -




WO 2015/140133

PCT/EP2015/055495

134

SS

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(2-cyclopent
ylethoxy)-2-pyridyl]-6
-(3-thienyl)piperidine-
2.4-dione was prepared
according to methods
described therein

'H NMR 400MHz,
CD;0D) 8 7.71 (dd, J
= 84, 4.0 Hz, 1H),
743 (dd, J=28,2.8
Hz, 1H), 7.26 (d, J =
2.0Hz,1H), 7.26 d, J
=2.0Hz,1H), 7.20 (d,
J =28, 1H), 7.14 -
7.12 (m, 2H), 6.92
(dd, J =2.0, 2.0 Hz,
1H), 6.75 - 6.73 (m,
2H), 5.95 (dd, J = 8.0,
1.6 Hz,1H), 4.40 -
4.33 (m, 2H), 3.89 (d,
J=16.4Hz, 1), 3.44
d, J=16.4 Hz, 1H),
1.91-1.48 (m, 9 H),
1.13 - 1.10 (m, 2H).

135

SS

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(4-hydroxy-
4-methyl-pentoxy)-2-p
yridyl]-6-(3-thienyl)pi
peridine-2.4-dione was
prepared according to
methods described
therein

'H NMR 400MHz,
CD;0D) 8 7.68 (dd, J
= 8.0, 8.0 Hzl1H),
741 (dd, J=52,3.2
Hz, 1H), 7.27 (d, J =
12 He, 1H), 7.16 -
7.12 (m, 2H), 6.88
(dd, J = 4.0, 4.0 Hz,
1H), 6.74 - 6.72 (m,
2H), 4.37 - 435 (m,
2H), 3.68 (d, J=16.4
Hz,1H), 3.39 (d, J =
16.0 Hz,1H), 1.80 -
1.79 (m, 2H), 1.59 -
1.55 (m, 2H), 1.15 (d,
J=1.6 Hz, 6H).

136

SS

3-(2-chlorophenyl)sulf
anyl-6-[6-[3-(difluoro
methyl)phenoxy]-2-py
ridyl]-6-(3-thienyl)pip
eridine-2,4-dione was
separated from
example 115.

'H NMR 400MHz,
CD;0D) §7.88 (dd, J
= 7.6, 7.6 Hz, 1H),
7.50 (dd, J = 8.0, 8.0
Hz, 1H), 7.38 - 7.34
(m, 3H), 7.22 - 7.18
(m, 4H), 7.02 -7.00
(m, 2H), 6.94 - 6.90
(m, 1H), 6.80 - 6.76
(m, 1H), 6.74 (t, J =
56.0 Hz, 1H), 6.04
(dd, 7 =76, 1.2 Hz,
1H), 3.56 (d, /= 16.8
Hz, 1H), 3.30 (d, J =
16.8 Hz, 1H).
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137

SS

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(5-quinolylo
xy)-2-pyridyl]-6-(3-thi
enyl)piperidine-2,4-di
one was prepared in
4.2% yield according
to the Example 3, Step
A substituting
chloro-4-fluoro-phenol
for quinolin-5-ol.

'H NMR 400MHz,
(CD3),S0) §8.94 (dd,
J=27,1.2 Hz, 11),
8.25 (d, J = 8.0 Hz,
1H), 7.98 - 7.92 (m,
2H), 7.78 (dd, 7= 8.0,
8.0 Hz, 1H), 7.45 -
743 (m, 2H), 7.34 -
730 (m, 3H), 7.12
(m, 2H), 6.94 (dd,J =
8.0, 8.0 Hz, 1H), 6.82
- 6.75 (m, 2H), 5.95
d, J =72 Hz, 10),
3.08 (d, J = 16.0 Hz,
1H), 2.52 (d, 7= 16.0
Hz, 1H).

138

SS

3-(2-chlorophenyl)sulf
anyl-6-[6-(2-cycloprop
ylethylamino)-2-pyrid
y1]-6-(3-thienyl)piperi
dine-2,4-dione was
prepared in 21% yield
according  to  the
Example 4, Step A
substituting
cyclohexanamine  for
2-cyclopropylethanami
ne

'H NMR 400MHz,
CD;0D) §7.74 (dd, J
= 7.6, 7.6 Hz, 1H),
7.56 (d, J = 2.0 Hz,
1H), 7.55 d, J = 2.8
Hz, 1H), 7.16 (d, J =
5.4Hz, 2H,), 6.94 (dd,
J = 8.0, 8.0 Hz, 21D,
6.76 (d, J = 7.4Hz,
1H), 6.43 d, /=75
Hz, 1H), 597 (d, J =
8.0Hz, 1H),3.47 (d, J
= 16.0 Hz, 1H), 3.44
d, 7 =16.0 Hz, 1H),
338 (t, J = 7.4 Hz,
2H), 1.41 - 1.39 (m,
2H), 0.65 - 0.61 (m,
1H), 0.38 - 0.37 (m,
2H), 0.01 - 0.00 (m,
2M)

139

MD

3-(2-chlorophenyl)sulf
anyl-6-[6-[3-(difluoro
methyl)-4-fluoro-phen
oxy]-2-pyridyl]-6-(3-t
hienyl)piperidine-2,4-
dione was prepared in
7.2% vyield according
to the Example 3, Step

A substituting
2-Chloro-4-fluoro-phe
nol for

4-(difluoromethyl)-3-f1
uorophenol

'H NMR 400MHz,
CD;0D) 8 7.90 (dd, J
= 8.0, 8.0 Hz, 1H),
7.40 - 7.35 (m, 2H),
7.30(d, J = 4.0 Hz,
1H), 7.24 - 7.18 (m,
4H), 7.09 - 6.93 (m,
4H), 6.79 (dd, J =8.0,
8.0 Hz, 1H), 6.00 (d, J
= 8.0 Hz, 1H), 3.57
d, J=16.0 Hz, 1H),
3.27 (d, J = 16.0 Hz,
1H).
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140

MD

Cl

-

3-(2-chlorophenyl)sulf
anyl-6-(3-thienyl)-6-[6
-[3-(trifluoromethyl)ph
enoxy]-2-pyridyl]piper
idine-2,4-dione ~ was
prepared in  11.2%
yield according to the
Example 3, Step A
substituting
2-chloro-4-fluoro-phe
nol for
3-(trifluoromethyl)phe
nol.

'H NMR 400MHz,
(CD3),S0) & 8.52 (s,
1H), 8.02 (dd, 7 = 8.0,
8.0 Hz, 1H), 7.66 -
7.58 (m, 2H), 7.50 -
7.47 (m, 3H), 7.40 (d,
J=8.0 Hz, 1H), 7.32
(dd, J = 8.0, 4.0z,
1H), 7.26 - 7.27 (m,
1H), 7.09 @, J =
8.0Hz, 1H), 7.04 -
6.98 (m, 2H), 6.81
(dd, J = 8.0, 4.0 Hz,
1H), 5.95 d, J = 8.0
Hz, 1H), 3.96 (d, J =
16.0 Hz, 1H), 3.28 (d,
J=16.0 Hz, 11).

141

SS

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(2-cyclobuty
lethoxy)-2-pyridyl]-6-(
3-thienyl)piperidine-2,
4-dione was prepared
according to methods
described therein

'H NMR 400MHz,
CD;0D) 8 7.69 (dd, J
= 8.0, 4.0 Hz, 1H),
745(dd, J=52,1.2
Hz,1H), 7.30 - 7.20
(m, 2H), 7.15 - 7.12
(m, 2H), 6.93 (dd, J =
8.0, 40 Hz, 1H),
6.73-6.71 (m, 2MH),
597 (dd, J=76,1.2
Hz,1H), 4.30 - 4.26
(m, 2H), 3.88 (d, J =
16.0 Hz, 1H), 3.44 (d,
J=16.0Hz, 1H), 2.45
241 (m, 1H), 2.03 -
1.64 (m, 8 H).

142

SS

Cl

3-(2-chlorophenyl)sulf
anyl-6-(3-thienyl)-6-[6
(4,4 4-trifluorobutoxy
)-2-pyridyl]piperidine-
2.4-dione was
separated from
example 121.

'H NMR 400MHz,
(CD3),S0) §7.80 (dd,
J = 8.0, 8.0 Hz, 11D,
750 (d, J = 4.8 Hz,
1H),7.36 (dd, J=1.2,
12 Hz, 1H), 7.29 -
7.24 (m, 2H), 7.17 (d,
J = 4.8 Hz, 1H), 6.93
(dd, J = 4.0, 4.0 Hz,
1H), 6.80 - 6.73 (m,
2H), 5.87 (d, J = 8.0
Hz, 1H), 437 (t, J =
5.6 Hz, 2H),3.80 (d, J
= 16.0 Hz, 1H), 3.34
d, 7 =16.0 Hz, 1H),
239 - 2.32 (m, 2H),
1.92 - 1.88 (m, 2H).
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143

SS

6-[6-(3-bromo-4-fluor
o-phenoxy)-2-pyridyl]
-3-(2-chlorophenyl)sul
fanyl-6-(3-thienyl)pipe
ridine-2,4-dione  was
prepared in 6.8% yield
according  to  the
Example 3, Step A

substituting
2-Chloro-4-fluoro-phe
nol for

3-bromo-4-fluorophen
ol

'H NMR 400MHz,
CD;0D) 8 7.86 (dd, J
= 8.0, 8.0 Hz, 1H),
7.38 - 7.33 (m, 3H),
725 - 7.14 (m, 3H),
7.11 - 7.07 (m, 1H),
7.03 (d, J = 4.0 He,
1H), 6.96 (d, J = 8.0
Hz, 1H), 6.96 (dd, J =
8.0, 8.0 Hz, 1H), 6.74
(dd, 7 = 8.0, 8.0 Hz,
1H), 6.09 d, J = 8.0
Hz, 1H),3.42 (d, J =
16.0 Hz, 1H), 3.27 (d,
J=16.0 Hz, 11).

144

SS

3-(2-chlorophenyl)sulf
anyl-6-[6-[4-fluoro-3-(
trifluoromethyl)pheno
xy|-2-pyridyl]-6-(3-thi
enyl)piperidine-2,4-di
one was prepared in
15 % yield according
to the Example 3, Step
A substituting
2-chloro-4-fluoro-phe
nol for
4-fluoro-3-(trifluorom
ethyl)phenol.

'H NMR 400MHz,
CD;0D) §7.93 (dd, J
= 7.6, 7.6 Hz, 1H),
7.40 - 7.37(m, 5H),
734 (d, J = 2.8 Hz,
1H), 732 d, J = 2.8
Hz, 1H), 7.17 (d, J =
7.6 Hz, 1H), 7.16 -
7.07 (m, 2H), 6.80 (d,
J=7.6 Hz, 1H), 5.99
d, J = 8.0 Hz, 1H),
3.56 (d, J = 16.0 Hz,
1H), 3.28 (d, 7= 16.0
Hz, 1H).

145

MD

3-(2-chlorophenyl)sulf
anyl-6-[6-(3-hydroxy-
3-methyl-butoxy)-2-py
ridyl]-6-(3-thienyl)pip
eridine-2,4-dione was
prepared in 13% yield
according  to  the
Example 2, Step A
substituting
propan-2-ol for
3-methylbutane-1,3-di
ol.

'H NMR 400MHz,
CD;0D) 8 7.74 (dd, J
= 7.6, 7.6 Hz, 1H),
7.46 (dd, J = 5.0, 3.0
Hz, 1H), 7.29 (dd, J =
3.0, 1.5 Hz, 1H), 7.24
(dd, 7 = 8.0, 1.3 Hz,
1H), 7.20 - 7.16 (m,
2H), 6.98 - 6.94 (m,
1H), 6.78 (d, J = 8.0
Hz, 1H), 6.78 - 6.74
(m, 1H), 5.97 (dd, J =
8.0, 1.6 Hz, 1H), 4.59
- 444 (m, 1H), 3.97
d, J=16.3 Hz, 1H),
3.48 (d, J = 16.6 Hz,
1H), 193 1, J = 7.2
Hz, 2H), 125 (d, J =
5.3 He, 6H).
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146

SS

3-(2-chlorophenyl)sulf
anyl-6-[6-[(3,5-difluor
ophenyl)methyl]-2-pyr
idyl]-6-(3-thienyl)pipe
ridine-2,4-dione  was
prepared according to
methods described
therein

'H NMR 400MHz,
CD;0D) 8 7.79 (dd, J
= 8.0, 8.0 Hz, 1H),
7.48 - 7.46 (m, 2H),
730 - 7.17 (m, 4H),
6.90 - 6.88 (m, 3H),
6.68 (dd, J = 8.0, 8.0
Hz, 1H), 6.56 (dd, J =
8.0, 8.0 Hz, 1H), 5.83
d, J = 8.8 Hz, 1H),
4.17 (s, 2H), 3.90 (d,
J=16.4Hz, 1H), 3.47
(d, J=16.0 Hz, 1H).

147

MD

Cl

3-((2-chlorophenyl)thi
0)-6-(6-(3-fluoro-5-me
thoxybenzyl)pyridin-2
-yD)-6-(thiophen-3-yDp
iperidine-2,4-dionewas
prepared in 28% yield
according  to  the
Example 5, Step B
substituting

Bromomethyl-3-fluoro
-benzene for
1-(bromomethyl)-3-flu
oro-5-methoxybenzene

'H NMR 400MHz,
CD;0D) 8 7.79 (dd, J
= 8.0, 8.0 Hz, 1H),
7.48 - 7.43 (m, 2H),
731 - 7.13 (m, 4H),
6.89 (dd, J = 8.0, 8.0
Hz,1H), 6.69 - 6.37
(m, 2H), 6.57 (d, J =
6.4 Hz, 1H), 6.46 (d, J
= 10.8 Hz, 1H), 5.82
(dd, 7 = 8.0, 1.6 Hz,
1H), 4.15 (s, 2H),
402 (d, 7 = 16.8 Hz,
1H), 3.70 (s, 3H),
3.51 (d, J = 16.8 Hz,
1H).

148

SS

3-(2-chlorophenyl)sulf
anyl-6-(3-thienyl)-6-[6
(4,4 4-trifluorobutoxy
)-2-pyridyl]piperidine-
2.4-dione was
separated from
example 121.

'H NMR 400MHz,
(CD3),S0) §7.80 (dd,
J = 8.0, 8.0 Hz, 11D,
752 (d, J = 4.8 Hz,
1H), 7.36 (dd, J =
1.2, 1.2 Hz, 1H), 7.30
- 726 (m, 2H), 7.19
d, J = 4.8 Hz, 10),
6.96 (dd, J = 8.0, 8.0
Hz, 1H), 6.80 (d, J =
8.0 Hz, 1H), 6.74 (dd,
J = 8.0, 8.0 Hz, 11D,
5.89 (d, J = 8.0 Hz,
1H), 439 (t, J = 8.0
Hz, 2H), 3.72 (d, J =
16.0 Hz, 1H), 3.27 (d,
J = 160 Hz, 1H),
238 - 2.28 (m, 2H),
1.93 - 1.88 (m, 2H).
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149

SS

6-[6-(3-bromo-4-fluor
o-phenoxy)-2-pyridyl]
-3-(2-chlorophenyl)sul
fanyl-6-(3-thienyl)pipe
ridine-2,4-dione  was
prepared in 6.8% yield
according  to  the
Example 3, Step A

substituting
2-Chloro-4-fluoro-phe
nol for

3-bromo-4-fluorophen
ol

'H NMR 400MHz,
CD;0D) 8 7.86 (dd, J
= 8.0, 8.0 Hz, 1H),
7.39 - 7.33 (m, 3H),
725 - 7.15 (m, 3H),
7.10 - 7.06 (m, 1H),
7.03 (d, J = 4.0 He,
1H), 6.97 (d, J = 8.0
Hz, 1H), 6.87 (dd, J =
8.0,8.0 Hz, 1H), 6.75
(dd, J = 8.0, 8.0 Hz,
1H), 6.08(d, J = 8.0
Hz, 1H), 3.44 (d, J =
16.0 Hz, 1H), 3.28 (d,
J=16.0 Hz, 11).

150

SS

3-(2-chlorophenyl)sulf
anyl-6-[6-[4-fluoro-3-(
trifluoromethyl)pheno
xy|-2-pyridyl]-6-(3-thi
enyl)piperidine-2,4-di
one was prepared in
15 % yield according
to the Example 3, Step
A substituting
2-chloro-4-fluoro-phe
nol for
4-fluoro-3-(trifluorom
ethyl)phenol.

'H NMR 400MHz,
CD;0D) 8 7.93 (dd, J
= 7.6, 7.6 Hz, 1H),
7.40 - 7.37 (m, 5H),
734 (d, J = 2.8 Hz,
1H), 732 d, J = 2.8
Hz, 1H), 7.17 (d, J =
7.6 Hz, 1H), 7.16 -
7.07 (m, 2H), 6.80 (d,
J=7.6 Hz, 1H), 5.99
d, J = 8.0 Hz, 1H),
3.56 (d, J = 16 Hz,
1H), 328 d, J = 16
Hz, 1H).

151

SS

]

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-[(3,5-difluor
ophenyl)methyl]-2-pyr
idyl]-6-(3-thienyl)pipe
ridine-2,4-dione  was
prepared according to
methods described

therein

'H NMR 400MHz,
CD;0D) 8 7.76 (dd, J
= 8.0, 8.0 Hz, 1H),
746 (d, J = 8.0 Hz,
1H), 7.42 (dd, 7= 0.8,
0.4 Hz, 1H), 7.28 -
723 (m, 2H), 7.15
(dd, J = 8.0, 8.0 Hz,
1H), 7.08 (dd, 7= 5.6,
0.8 Hz,1H), 6.89 -
6.84 (m, 3H), 6.68
(dd, J = 8.0, 8.0 Hz,
1H), 6.56 (dd, J = 8.0,
8.0Hz, 1H),5.85(d,J
=8.4Hz, 1H),4.16 (s,
2H), 3.83 (d, /= 16.4
Hz, 1H), 345 (d, J =
16.0 Hz, 1H).
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152

SS

3-(2-chlorophenyl)sulf
anyl-6-[6-[3-(difluoro
methyl)-4-fluoro-phen
oxy]-2-pyridyl]-6-(3-t
hienyl)piperidine-2,4-
dione was prepared in
7.2% vyield according
to the Example 3, Step

A substituting
2-Chloro-4-fluoro-phe
nol for

4-(difluoromethyl)-3-f1
uorophenol

'H NMR 400MHz,
CD;0D) 8 7.86 (dd, J
= 8.0, 8.0 Hz, 1H),
7.34 (dd, J = 8.0, 8.0
Hz, 2H), 7.26 - 7.21
(m, 3H), 7.20 (s, 1H),
7.14 (d, J = 8.0 Hz,
1H), 6.98 - 6.92 (m,
3H), 6.84 (dd, J =
8.0, 8.0 Hz, 1H), 6.73
(dd, 7 = 8.0, 8.0 Hz,
1H), 6.09 d, J = 8.0
Hz, 1H), 339 (d, J =
16.0 Hz, 1H), 3.25 (d,
J=16.0 Hz, 11).

153

SS

O

3-(2-chlorophenyl)sulf
anyl-6-(3-thienyl)-6-[6
-[3-(trifluoromethyl)ph
enoxy]-2-pyridyl]piper
idine-2,4-dione ~ was
separated from
example 140.

'H NMR 400MHz,
(CD5»LS0)§  7.99
(dd, J = 8.0, 8.0 Hz,
1H), 7.66 - 7.58 (m,
2H), 7.48 - 7.40 (m,
4M), 7.30 - 7.25 (m,
2H), 7.07 (d, J = 8.0
Hz, 1H), 7.01 (d, J =
4.0 Hz, 1H), 6.96 (dd,
J = 8.0, 8.0 Hz, 11D,
6.79 (dd, J = 8.0, 8.0
Hz, 1H), 595 (d, J =
8.0Hz, 1H),3.38 (d, J
= 16.0 Hz, 1H), 3.21
(d, J=16.0 Hz, 1H).

154

MD

e
C

<\

| f
0]
F
Cl
E
E
c

Cl
F
F
F
|

C

3-(2-chlorophenoxy)-6
-(6-(2-cyclopropyletho
xy)pyridin-2-y)-6-(thi
ophen-3-yl)piperidine-
2.4-dione was prepared
in 32% yield according
to the Example 2, Step
A substituting
propan-2-ol for
2-cyclopropylethanol

'H NMR 400MHz,
CD;0D) §7.75 (dd, J
= 8.0, 8.0 Hz, 1H),
7.44 (dd, J = 8.0, 4.0
Hz, 1H), 7.30 - 7.29
(m, 2H), 7.19 - 7.16
(m, 2H), 6.87 - 6.85
(m, 2H), 6.76 (d, J =
8.0 Hz, 1H), 6.01 (dd,
J = 8.0, 4.0 Hz, 11D,
4.50 - 4.42 (m, 2H),
3.82 (d, J = 16.0 Hz,
1H), 3.33 (d, /= 16.0
Hz, 1H), 1.69 - 1.64
(m, 2H), 0.85 - 0.83
(m, 1H), 0.46 - 0.43
(m, 2H), 0.12 - 0.08
(m, 2H).
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155

SS

Cl

OH

3-(2-chlorophenyl)sulf
anyl-6-[6-(3-hydroxy-
3-methyl-butoxy)-2-py
ridyl]-6-(3-thienyl)pip
eridine-2,4-dione was
prepared in 13% yield
according  to  the
Example 2, Step A
substituting
propan-2-ol for
3-methylbutane-1,3-di
ol.

'H NMR 400MHz,
CD;0D) 8 7.72 (dd, J
=72, 7.2 Hz, 1H0),
743 (dd, J =48, 2.8
Hz, 1H), 7.30 (dd, J =
2.8, 1.2 Hz, 1H), 7.20
(dd, 7 =28, 1.6 Hz,
1H), 7.18 d, J = 1.6
Hz, 1H), 7.17 (d, J =
72Hz, 1H), 6.92 -
6.88 (m, 1H), 6.75 -
6.72 (m, 2H), 6.05
(dd, 7 = 8.0, 1.6 Hz,
1H), 4.55 - 4.50 (m,
1H), 3.79 (d, J = 16.0
Hz, 1H), 342 (d, J =
16.0 He, 1H), 1.92 (1,
J =7.2Hz, 2H), 1.25
(d, 7 =2.8 Hz, 6H).

156

SS

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-[(3-fluoro-5-
methoxy-phenyl)meth
yl]-2-pyridyl]-6-(3-thi
enyl)piperidine-2,4-di
one was prepared
according to methods
described therein

'H NMR 400MHz,
CD;0D) 8 7.77 (dd, J
= 8.0, 8.0 Hz, 1H),
748 - 7.42 (m, 2H),
730 - 7.13 (m, 4H),
6.68 - 6.57 (m, 3H),
6.47 (d, J = 6.4 Hz,
1H), 6.46 (d, J=11.2
Hz, 1H), 5.85 (d, J =
8.0 Hz, 1H), 4.15 (s,
2H), 3.97 (d, J = 16.4
Hz,1H), 3.70 (s, 3H),
3.50 (d, J = 16.0 Hz,
1H).

157

MD

I=

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(cyclohexox

y)-2-pyridyl]-6-(3-thie
nyl)piperidine-2,4-dio

ne was prepared in
13.2% yield according
to the Example 2, Step

A substituting
propan-2-ol for
cyclohexanol.

'H NMR 400MHz,
(CD5),S0) & 8.45 (s,
1H), 7.75 (dd, 7= 8.0,
8.0 Hz, 1H), 7.52 (dd,
J =20, 2.0 Hz, 11,
736 (dd, J =14, 1.4
Hz, 1H), 7.28 (dd, J =
4.0,4.0Hz, 1H), 7.21
- 7.17 (m, 2H), 6.97
(dd, J = 4.0, 4.0 Hz,
1H), 6.73 - 6.70 (m,
2H), 5.87 (d, J = 8.0
Hz, 1H), 5.03 - 4.97
(m, 1H), 3.83 (d, J =
16.0 Hz, 1H), 3.36 (d,
J=16.0Hg, 1H), 1.89
- 1.87 (m, 2H), 1.70 -
1.67 (m, 2H), 1.55 -
1.24 (m, 6H).
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'H NMR 400MHz,
CD;0D) 8 7.74 (dd, J
= 7.6, 7.6 Hz, 1H),
o 746 (dd, 7 =52,2.8
3-(2-chlorophenyl)sulf | Hz, 1H), 7.29 (dd, J =
anyl-6-[6-[(1-methylcy | 2.8, 1.6 Hz, 1H), 7.24
clopropylDmethoxy]-2- | (dd, J = 8.0, 1.2 Hz,
pyridyl]-6-(3-thienyl)p | 1H), 7.17 - 7.15 (m,
iperidine-2,4-dione 2H), 6.98 - 6.94 (m,
158 MD Was preparéd in 7% | 1H), 6.81 (d, J =
yield according to the | 8.4Hz, 1H), 6.80
Example 2, Step A | -6.76 (m, 1H), 5.98
substituting (dd, J = 7.6, 1.2 Hz,
propan-2-ol for | 1H), 4.17 (d, J = 1.6
(1-methylcyclopropyl) | Hz, 2H), 3.89 (d, J =
methanol. 16.4 Hz, 1H), 3.47 (d,
J = 164 Hz, 1H),
1.19 (s, 3H), 0.57 -
0.49 (m, 2H), 0.41 -

0.34 (m, 2H).
'H NMR 400MHz,
CD;0D) 8 7.69 (dd, J
cl = 8.0, 1.6 Hz,1H),
3-((2-chlorophenyl)thi | 7.43 (dd, J =52, 3.2
0)-6-(6-(1-cyclopropyl | Hz,1H), 7.28 - 7.16
ethoxy)pyridin-2-y1)-6 | (m, 2H), 7.15 - 7.06
-(thiophen-3-yDpiperi | (m, 2H), 6.93 (dd, J =
dine-2,4-dione was | 4.0, 4.0 Hz, 1H), 6.71
159 | MD prepared in 32% yield | - 6.69 (m, 2H), 5.95
according to the [ (dd, J = 8.0, 6.8
Example 2, Step A | Hz,1H), 4.79 - 4.73
substituting (m, 1H), 3.83 (dd, J =
propan-2-ol for | 16.0, 2.4 Hz1H),
1-cyclopropylethanol 349 - 341 (m, 1H),
1.36 - 1.28 (m, 3H),
1.10 - 1.07 (m, 1H),

0.46 - 0.16 (m, 4H).

'H NMR 400MHz,
CD;0D) 8 7.63 (dd, J
= 8.0, 8.0 Hz, 1H),
Cl 3-(2-chlorophenylsulf | 7.61 - 7.56 (m, 2H),
anyl-6-[6-(4-fluorophe | 7.39 (dd, J =5.2, 3.0
nyDsulfanyl-2-pyridyl] | Hz, 1H), 7.29 (dd, J =
-6-(3-thienyl)piperidin | 7.7, 0.7 Hz, 1H), 7.23
e-2,4-dione was | - 7.17 (m, 4H), 7.04
160 | MD prepared in 14% yield | (dd, J = 7.9, 0.7 Hz,
according to the | 1H), 6.98 (dd, J=5.1,
Example 2, Step A | 1.3 Hz, 1H), 6.97 -
F substituting 6.92 (m, 1H), 6.79 -
propan-2-ol for | 6.75 (m, 1H), 598
4-fluorobenzenethiol. (dd, J = 8.0, 1.4 Hz,
1H), 3.70 (d, J = 16.5
Hz, 1H), 3.34 (d, J =

16.5 Hz, 1H).
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'H NMR 400MHz,
CD,OD) & 848 (s,
o ¢l 1H), 7.74 (dd, J = 8.0,
— s 8.0 Hz, 1H), 7.49 (dd,
S 3-(2-chlorophenyl)sulf | J = 4.0, 4.0 Hz, 1H),
= anyl-6-[6-(2-cyclohexy | 7.32 (s, 1H), 7.27 (d,
lethoxy)-2-pyridyl]-6-( | J=28.0 Hz, 1H), 7.19
N ° 3-thienyl)piperidine-2, | (d, J = 8.0 Hz, 1H),
N 4-dione was prepared | 7.13 (d, J = 4.0 Hz,
161 MD / in 7.4% yield | 1H), 6.94 (dd, J=8.0,
o \ according  to  the | 8.0 Hz, 2H), 5.80(d, J
Example 2, Step A | = 8.0 Hz, 1H), 4.32 -
substituting 4.26 (m, 2H), 3.90 (d,
propan-2-ol for | J=16.0Hz, 1H),3.34
2-cyclohexylethanol (d, J =16.0 Hz, 1H),
1.69 - 1.59 (m, 7H),
1.55 - 1.50 (m, 1H),
1.13 - 1.08 (m, 3H),
0.91 - 0.83 (m, 2H).
'H NMR 400MHz,
CD,0D) §7.65 (dd, J
= 76, 7.6 Hz, 1H),
3-(2-chlorophenyl)sulf 748 (d, J = 2.8 Iz,
o cl anyl-6-[6-(3-tetrahydr 1), 7.35, /=238
S opyran-4-ylazetidin-1- Hz, 1H), 724, J =
) o2 pyridylL6. oty | SO F D697/
= enyl)piperidine-2,4-di = 7.6 Hz, 1H), 6.79
N e (d, J = 7.4Hz, 1H),
162 | MD W= one was prepared in | (o0 4 g _ g op,
10 % yield according
/ to the Example 4, Step 1H), 6.50 @, J = 7.2
TN A substi;uting Hz, 1H), 60 (d, J =
cyclohexanamine for 80 Hz, 1H), 4.16 -
3-(tetrahydro-2H-pyra 3:93(m, 21D, 391 -
n-4-yl)azetidine. 3.78(m, SH), 345 -
3.34(m, 3H), 2.51 -
249 (m, 1H), 1.59 -
1.56 (m, 3H), 1.22 -
1.14 (m, 2H).
'H NMR 400MHz,
CD,0D) §7.72 (dd, J
3-((2-chlorophenyl)thi = 80, 80 Hz, 1H),
0)-6-(6-((tetrahydro-2 743 (dd, J=5.2,3.2
cl H-pyran-4-yhmethoxy Hz,1H), 7.25 - 7.13
Jpyridin-2-y1)-6-(thiop | (% 4FD- 6-77 (dd. J =
hen-3-yl)piperidine-2, 7.6, 7.6 Hz, 1H), 6.73
4-dione was prepared | 6.69 (m, 2H), 5.90
163 MD in 36% yield according (dd, /=80, 1.6 Hz,
to the Example 2, Step 1H), 4.31 - 4.29 (m,
A substituting 1H), 4.15 - 4.11 (m,
2ol for 1H), 3.92 - 3.81 (m,
a“ifaal? . © - 3H), 3.46 - 3.25 (m,
4_emeZ ﬂf:nol PYRR 1 3my, 2.14 2197 (m,
1H), 1.97 - 1.63 (m,
2H), 1.39 - 1.31 (m,
2H).
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'H NMR 400MHz,
(CD3),S0O) b 8.34 (s,
1H) 7.73 (dd, J = 8.0,
8.0 Hz 1H), 7.48 (dd,
J =43, 4.8 Hz, 1H),
3-(2-chlorophenyl)sulf | 7.32 (d, J = 1.6 Hz,
o ¢l anyl-6-[6-(2-methylbut | 1H), 7.24 (d, J = 8.0
S s oxy)-2-pyridyl]-6-(3-t | Hz, 1H), 7.18 (d, J =
hienyl)piperidine-2,4- 7.6Hz, 1H),7.13(d,J
=F dione was prepared in | = 5.2 Hz, 1H), 6.92
164 MD N 5 9.7% yield according | (dd, J = 8.0, 8.0 Hz,
= N to the Example 2, Step | 1H), 6.74 - 6.70 (m,
A substituting | 2H), 5.84 (d, J = 8.0
/Y\o \ / propan-2-ol for | Hz, 1H), 4.16 - 4.05
(S)-2-methylbutan-1-0 | (m, 2H), 3.82 (d, J =
L 16.0 Hz, 1H), 3.35 (d,
J=16.0Hz, 1H), 1.76
-1.71 (m, 1H), 1.46 -
143 (m, 1H), 1.17 -
1.14 (m, 1H), 0.90 -
0.81 (m, 6H).
'H NMR 400MHz,
(CD3),S0O) b 8.52 (s,
1H), 7.77 (dd, T = 8.0,
8.0 Hz, 1H), 7.50 (dd,
3-(2-chlorophenyl)sulf /=40, 4.0 Hz, 1H),
: 7.34 (d, J = 4.0 Hg,
o al anyl-6-[6-[(3,3-difluor IH), 7.28 - 7.21 (m.
ocyclobutyl)methoxy]-
— s 2-pyridyl]-6-(3-thienyl 2H), 7.15 (d, J = 4.0
T . Hz, 1H), 6.94 (dd, J =
= )plpendlne—2,4'—d10ne 8.0.8.0 Hz. 1H). 6.77
165 | MD N o was prepared in 7.3% | © e 6 1, 1m,
V= yield according to the 6.70 (dd. J = 8.0, 8.0
. | Example 2. Step A\ 1y 1. 579 (d, J =
70/\0 N\ Sl;sszgugni op | 80z 1H).433d.J
] I()3,3p—diﬂu01rocyclobuty = 8.0 Hz, 21D, 3.90
Dmethanol (d, J =16.0 Hz, 1H),
3.36 (d, J = 16.0 Hz,
1H), 3.26 (d, /= 16.0
Hz, 1H) 2.65 - 2.57
(m, 2H), 2.42 - 2.36
(m, 2H).
'H NMR (400 MHz,
Q ¢l 3-(2-chlorophenyDsulf | (CD3),SO) & 9.44 (s,
s anyl-6-(4-hydroxyphe | 1H), 8.32 (s, 1H),
nyl)-6-(3-thienyl)piper | 7.55 - 7.54 (m, 1H),
HO idine-2,4-dione  was | 7.28 - 7.25 (m, 2H),
166 | MD prepared in 38% yield | 7.17 - 7.11 (m, 3H),
H 0 according to Example | 6.94 (dd, J = 8.0, 8.0
e 7, Step H substituting | Hz, 1H), 6.73 - 6.71
/ 2-methylmorpholine (m, 3H), 5.84 (d, J =
for sodium hydroxide. 8.0 Hz, 1H), 3.30 (s,
2H).
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167

SS

Cl

Cl

6-[6-(4-chlorophenoxy
)-2-pyridyl]-3-(2-chlor
ophenyl)sulfanyl-6-(3-
thienyl)piperidine-2,4-
dione was prepared
according to methods
described therein

'H NMR 400MHz,
CD;0D) 8 7.91 (dd, J
=79, 79 Hz, 1H),
742 (dd, J=52,3.2
Hz, 1H), 7.40 - 7.37
(m, 3H), 7.25 (dd, J =
8.0, 1.2 Hz, 1H), 7.21
(dd, 7 =32, 1.2 Hz,
1H), 7.10 - 7.03 (m,
4H), 7.00 - 6.94 (m,
1H), 6.85 - 6.78 (m,
1H), 6.04 (dd, J = 8.0,
1.2 Hz, 1H), 3.64 (d, J
=16.3 Hz, 1H), 3.34
(d, J=16.3 Hz, 1H).

168

SS

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(2-cyclobuty
lethoxy)-2-pyridyl]-6-(
3-thienyl)piperidine-2,
4-dione was prepared
according to methods
described therein

'H NMR 400MHz,
CD;0D) §7.71 (dd, J
= 84, 4.0 Hz, 1H),
746 (dd, J=52,1.2
Hz, 1H), 7.30 - 7.20
(m, 2H), 7.15 - 7.12
(m, 2H), 6.93 (dd, J =
8.0, 4.0 Hz, 1H), 6.73
- 6.71 (m, 2H), 6.05
dd, 7 = 8.0, 1.6
Hz,1H), 434 - 4.29
(m, 2H), 3.92 (d, J =
16.0 Hz, 1H), 3.47 (d,
J = 16.0 Hz, 11,
2.49-239 (m, 1H),
2.09 - 1.67 (m, 8 H).

169

SS

Cl

-

3-(2-chlorophenyl)sulf
anyl-6-(3-thienyl)-6-[6
-[3-(trifluoromethyl)ph
enoxy]-2-pyridyl]piper
idine-2,4-dione ~ was
separated from
example 140.

'H NMR 400MHz,
(CD5»LS0)§  7.99
(dd, J = 8.0, 8.0 Hz,
1H), 7.66 - 7.58 (m,
2H), 7.48 - 7.40 (m,
4M), 7.30 - 7.25 (m,
2H), 7.07 (d, J = 8.0
Hz, 1H), 7.01 (d, J =
4.0 Hz, 1H), 6.96 (dd,
J = 8.0, 8.0 Hz, 11D,
6.79 (dd, J = 8.0, 8.0
Hz, 1H), 595 (d, J =
8.0 Hz, 1H),3.46 (d, J
= 16.0 Hg, 1H), 3.19
(d, J=16.0 Hz, 1H).
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'H NMR 400MHz,
CD;0D) 4 7.71 (dd, J
= 8.3, 7.5 Hz, 1H),
c . 743 (dd, J =50, 3.0
3.0, 1.5 He, 1H), 7.20
3-methyl-butoxy)-2-py
ridyl]-6-(3-thienylypip (dd, J = 3.6, 1.6 Hz,
eridine-2,4-dione was 1H), 7.18 d, /=16
d" 13% vield Hz, 1H), 7.17 (4, J =
170 | SS Ia’zizi‘;?n " . ythe 6.8 Hz, 1), 6.92 -
Exampleg 2 Swep A | 688 (o 1D 676 -
substituting 6.72 (m, 2H), 6.04
propan-2-ol for (1(1;11)’ ]4:5 58'0’ 415'? ?Z’
OH i . 4.55 - 4.51 (m,
zimethylbutane—lﬁ—dl 2H).3.79 (d. J = 16.4
’ Hz, 1H), 342 (d, J =
16.1 Hz, 1H), 1.92 (t,
J =172 Hz, 2H), 1.25
(d, J=3.3 Hz, 6H).
'H NMR 400MHz,
CD;0D) 6 7.77 (dd, J
N = 8.0, 8.0 Hz, 1H),
3-(2-chlorophenylsulf | 7.48 - 7.42 (m, 2H),
anyl-6-[6-[(3-fluoro-5- | 7.30 - 7.13 (m, 4H),
methoxy-phenyl)meth | 6.68 - 6.57 (m, 3H),
171 SS yl]-2-pyridyl]-6-(3-thi | 6.47 (d, J =64
enyl)piperidine-2,4-di Hz,1H), 6.46 (d, J =
one was prepared | 11.2 Hz,1H), 5.85 (d,
according to methods | J = 8.0 Hz, 1H), 4.15
described therein (s, 2H), 396 (d, J =
16.4 Hz,1H), 3.70 (s,
3H), 3.50 (d, J = 16.0
Hz, 1H).
'H NMR 400MHz,
CD;0D) 6 7.88 (dd, J
6-[6-(2-bromophenoxy | = 7.6, 7.6 Hz, 1H),
)-2-pyridyl]-3-(2-chlor | 7.67 (d, J = 6.8 Hz,
ophenyl)sulfanyl-6-(3- | 1H), 7.39 -7.30 (m,
thienyl)piperidine-2,4- | 3H), 7.15 -7.13 (m,
172 SS dione was prepared in | 4H), 7.03 (d, J = 2.8
6 % yield according to | Hz, 1H), 6.96 (d, J =
the Example 3, Step A | 2.8 Hz, 1H), 6.79 (d,J
substituting = 7.6 Hz, 1H), 5.99
2-chloro-4-fluoro-phe (d, J = 8.0 Hz, 1H),
nol for 2-bromophenol. | 3.51 (d, J = 16.0 Hz,
1H), 3.21(d, J = 16.0
Hz, 1H).
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173

MD

3-(2-chlorophenyl)sulf
anyl-6-[6-(2-cycloprop
ylethylamino)-2-pyrid
y1]-6-(3-thienyl)piperi
dine-2,4-dione was
prepared according to
methods described
therein.

174

MD

3-(2-chlorophenyl)sulf
anyl-6-[6-(2-cycloprop
ylethylamino)-2-pyrid
y1]-6-(3-thienyl)piperi
dine-2,4-dione was
prepared according to
methods described
therein.

175

SS

Cl

6-[6-(4-chlorophenoxy
)-2-pyridyl]-3-(2-chlor
ophenyl)sulfanyl-6-(3-
thienyl)piperidine-2,4-
dione was prepared
according to methods
described therein.

'H NMR 400MHz,
CD;0D) 8 7.88 (dd, J
=79, 79 Hz, 1H),
739 (dd, J=52,32
Hz, 1H), 7.41 - 7.37
(m, 3H), 7.22 (dd, J =
8.0, 1.2 Hz, 1H), 7.17
dd, J = 3.2, 1.2Hz,
1H), 7.07 - 6.98 (m,
4H), 6.97 - 6.92 (m,
1H), 6.82 - 6.75 (m,
1H), 6.01 (dd, J= 8.0,
1.2 Hz, 1H),3.61 (d, J
= 16.3 Hz, 1H), 3.30
(d, =163 He, 1H).

176

MD

3-(2-chlorophenyl)sulf
anyl-6-[6-[3-fluoro-5-(
hydroxymethyl)pheno
xy|-2-pyridyl]-6-(3-thi
enyl)piperidine-2,4-di
one was prepared in
7.2% vyield according
to the Example 3, Step

A substituting
2-Chloro-4-fluoro-phe
nol for

3-fluoro-5-thydroxyme
thyl)phenol

'H NMR 400MHz,
CD;0D) & 8.50 (s,
1H), 7.96 (dd, J = 8.0,
8.0 Hz, 1H), 7.49
743 (m, 2H), 7.30 -
7.25 (m, 2H), 7.06 -
6.95 (m, 4H), 6.79 -
6.73 (m, 3H), 5.90 (d,
J=8.0 Hz, 1H), 5.37
(s, 1H), 445 d, J =
7.6 Hz, 2H),3.61 (d, J
=16.0 Hz, 1H), 3.23
(d, J=16.0 Hz, 1H).
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177

MD

o} Cl
S. f
N 6}
H
OH
@

3-(2-chlorophenyl)sulf
anyl-6-[6-[6-(hydroxy
methyl)indolin-1-y1]-2
-pyridyl]-6-(3-thienyl)
piperidine-2,4-dione

was prepared in 3.5%
yield according to
Example 3, Step A

substituting
2-Chloro-4-fluoro-phe
nol for

indolin-6-ylmethanol.

'H NMR 400 MHz,
(CD5),S0) & 8.48 (s,
1H), 8.12 (s, 1H),
778 (dd, 7 =176, 7.6
Hz, 1H), 7.49 -7.47
(m, 2H), 7.26 - 7.23
(m, 2H), 7.12 - 7.09
(m, 2H), 6.83 (d, J =
8.4 Hz, 1H), 6.79 -
6.77 (m, 3H), 5.99 (d,
J=8.0Hz, 1H),4.50 -
449 (m, 2H), 4.04
(dd, J = 8.0, 8.0 Hz,
2H), 3.96 (d, J = 16.8
Hz, 1H), 3.50 (d, J =
16.4 Hz, 1H), 3.12 (¢,
J =8.0 Hz, 2H).

178

SS

o] Cl
O« i
0]

0]

3-(2-chlorophenoxy)-6
-[6-(2-cyclopropyletho
xy)-2-pyridyl]-6-(3-thi
enyl)piperidine-2,4-di
one was prepared
according to methods
described therein

'H NMR 400MHz,
CD;0D) 8 7.65 (dd, J
= 8.0, 8.0 Hz, 1H),
7.36 (dd, J = 8.0, 4.0
Hz, 1H), 7.26 - 7.23
(m, 2H), 7.10 - 7.08
(m, 2H), 6.79 - 6.76
(m, 2H), 6.69 (d, J =
.0 He, 1H), 5.94 (dd,
J = 8.0, 4.0 Hz, 11D,
441 - 434 (m, 21,
3.74 (d, J = 16.0 Hz,
1H), 3.35 (d, /= 16.0
Hz, 1H), 1.61 - 1.56
(m, 2H), 0.78 - 0.73
(m, 1H), 0.39 - 0.36
(m, 2H), 0.04 - 0.00
(m, 2H).

179

MD

e
A

3-((2-chlorophenyl)thi
0)-6-(6-(2-cyclopropyl
propoxy)pyridin-2-yl)-
6-(thiophen-3-yl)piper
idine-2,4-dione ~ was
prepared in 5% yield
according  to  the
Example 2, Step A
substituting
propan-2-ol for
2-cyclopropylpropan-1
-ol

'H NMR 400MHz,
CD;0D) 8 7.73 (dd, J
= 84, 1.6 Hz.1H),
745 d, J = 24
Hz,1H), 7.28 - 7.14
(m, 4H), 6.95 (1, J =
4.0,4.0 Hz, 1H), 6.78
- 6.76 (m, 2H), 6.02
d, J = 8.0 Hz, 1H),
446 - 442 (m, 1H),
425 - 423 (m, 11,
391 (d, J = 16.0 Hz,
1H), 3.47 (d, 7= 16.0
Hz, 1H), 1.18 - 1.06
(m, 4H), 0.65 - 0.63
(m, 1H), 0.42 - 0.39
(m, 2H), 0.19 - 0.06
(m, 2H).
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180

SS

Cl

6-(6-benzyl-2-pyridyl)
-3-(2-chlorophenyl)sul
fanyl-6-(3-thienyl)pipe
ridine-2,4-dione  was
prepared according to
methods described
therein

'H NMR 400MHz,
(CD3),S0) 8 11.66 (s,
1H), 827 (s, 1H),
7.74 (dd, J = 8.0, 8.0
Hz, 1H), 747 (d, J =
2.0 Hz, 2H), 7.31 -
7.10 (m, 9H), 6.89
(dd, J = 8.0, 8.0 Hz,
1H), 6.58 (dd, J=8.0,
8.0 Hz, 1H),5.86 (d,J
=8.0Hz, 1H),4.10 (s,
2H), 3.84 (d, 7= 16.0
Hz, 1H), 333 (,
J=16.0 Hz, 1H).

181

SS

@]

N="

I=

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(cyclohexox

y)-2-pyridyl]-6-(3-thie
nyl)piperidine-2,4-dio

ne was separated from
example 157.

'H NMR 400MHz,
(CD5),S0) §7.71 (dd,
J = 8.0, 8.0 Hz, 11D,
748 (dd, J = 2.0, 2.0
Hz, 1H)7.33 (dd, J =
14, 1.4Hz, 1H), 7.25
(dd, J = 4.0, 4.0 Hz,
1H), 7.18 - 7.13 (m,
2H), 6.92 (dd, J = 4.0,
40 Hz, 1H), 6.70 -
6.65 (m, 2H), 5.86 (d,
J=8.0Hz, 1H),5.00 -
4.95 (m, 1H), 3.76 (d,
J=16.0H, 1H), 3.33
d, 7 =16.0 Hz 1H),
1.85 - 1.49 (m, 4H),
1.37 - 1.21 (m, 6H).

182

SS

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-[(1-methylcy
clopropyl)methoxy]-2-
pyridyl]-6-(3-thienyl)p
iperidine-2,4-dione
was prepared in 7%
yield according to the
Example 2, Step A
substituting
propan-2-ol for
(1-methylcyclopropyl)
methanol.

'H NMR 400MHz,
CD;0D) §7.70 (dd, J
= 7.6, 7.6 Hz, 1H),
741 (dd, J=52,28
Hz, 1H), 7.27 (dd, J =
2.8, 1.6 He, 1H), 7.19
(dd, 7 = 8.0, 1.2 Hz,
1H), 7.14 - 7.11 (m,
2H), 6.92 - 6.88 (m,
1H), 6.76 (d, J = 7.6
Hz, 1H), 6.75 -6.71
(m, 1H), 5.99 (dd, J =
8.0, 1.2 Hz, 1H), 4.14
d, J = 2.0 Hz, 20),
3.76 (d, J = 16.4 Hz,
1H), 341 (d, J=16.4
Hz, 1H), 1.16 (s, 3H),
0.54 - 0.47 (m, 2H),
0.38 - 0.32 (m, 2H).
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183

MD

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-[(2-methylcy
clopropyl)methoxy]-2-
pyridyl]-6-(3-thienyl)p
iperidine-2,4-dione
was prepared in 10.4%
yield according to the
Example 2, Step A
substituting
propan-2-ol for
(2-methylcyclopropyl)
methanol.

'H NMR 400MHz,
(CD3),S0) § 11.60 (s,
1H), 8.48 (s, 1H),
7.77 (dd, J = 8.0, 8.0
Hz, 1H), 7.51 (dd, J =
26, 2.6 Hz, 1H ),
7.33(d, J = 2.8 Hz,
1H), 7.28 (d, J = 2.8
Hz, 1H), 7.22 7.16
(m, 2H), 6.96 (dd, J =
8.0, 8.0 Hz, 1H), 6.76
(dd, J = 8.0, 8.0 Hz,
2H), 5.84 (d, J = 8.0
Hz, 1H), 4.15 - 4.10
(m, 2H), 3.90 (d, J =
16.0 Hz, 1H), 3.30 (d,
J=16.0Hz, 1), 1.04
-0.91 (m, 4H), 0.93 -
091 (m, 1H), 0.35 -
0.50 (m, 1H), 0.25 -
0.23 (m, 1H).

184

SS

3-(2-chlorophenyl)sulf
anyl-6-[6-(1-cycloprop
ylethoxy)-2-pyridyl]-6

-(3-thienyl)piperidine-

2.4-dione was prepared
as in example 159.

'H NMR 400MHz,
CD;0D) 8 7.73 (dd, J
= 8.0, 40 Hz1H),
747 (dd, J=52,3.2
Hz, 1H), 7.30 - 7.20
(m, 2H), 7.17 - 7.12
(m, 2H), 6.96 (1, J =
4.0,4.0 Hz, 1H), 6.81
- 6.71 (m, 2H), 5.97
(dd, 7 = 8.0, 6.8
Hz,1H), 4.85 - 4.75
(m, 1H), 3.85 (dd, J =
16.0, 2.4 HzlH),
3.34 - 3.32 (m, 1H),
1.39 - 1.32 (m, 3H),
1.13 - 1.10 (m, 1H),
0.49 - 0.29 (m, 4H).

185

SS

Iz

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(2-cyclohexy
lethoxy)-2-pyridyl]-6-(
3-thienyl)piperidine-2,
4-dione was prepared
in 7.4% yield
according  to  the
Example 2, Step A
substituting
propan-2-ol for
2-cyclohexylethanol

'H NMR 400MHz,
CD;0D) & 8.48 (s,
1H), 7.74 (dd, J = 8.0,
.0 He, 1H), 7.49 (dd,
J = 4.0, 4.0 Hz, 11,
732 (s. 1H), 7.27 (d,
J=8.0 Hz, 1H), 7.19
d, J = 8.0 Hz, 1H),
7.13 (d, J = 4.0 He,
1H), 6.94 (dd, J = 8.0,
8.0 Hz, 2H), 5.80 (d, J
=8.0 Hz, 1H), 4.32 -
426 (m, 2H), 3.90 (d,
J=16.0Hz, 1), 3.34
d, 7 =16.0 Hz, 1H),
1.69 - 1.59 (m, 7H),
1.55 - 1.50 (m, 1H),
1.13 - 1.08 (m, 3H),
0.91 - 0.83 (m, 2H).
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186

MD

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(4-pyridylme
thoxy)-2-pyridyl]-6-(3

-thienyl)piperidine-2.4
-dione was prepared in
7.3% vyield according
to the Example 2, Step
A substituting
propan-2-ol for
pyridin-4-ylmethanol

'H NMR 400MHz,
(CD5),S0) § 8.74 (d,
J=5.6 Hz, 1H), 8.47
(s, 1H), 7.91 - 7.87
(m, 3H), 7.39 (d, J =
8.0Hz, 1H),7.27 (d., J
= 7.6 Hz, 2H), 7.00 -
6.72 (m, 4H), 5.76
(dd, J = 6.8, 4.0 Hz,
1H), 5.64 (d, J = 8.0
Hz, 1H), 3.87 (d, J =
16.0 Hz, 1H), 3.28 (d,
J=16.0 Hz, 11).

187

SS

— S
S
=
H o}
N="
N
! A
e
Gl
O,

3-(2-chlorophenyl)sulf
anyl-6-[6-(tetrahydrop
yran-4-ylmethoxy)-2-p
yridyl]-6-(3-thienyl)pi
peridine-2.4-dione was
prepared according to
methods described

therein

'H NMR 400MHz,
CD;0D) §7.75 (dd, J
= 8.0, 8.0 Hzl1H),
746 (dd, J=52,3.2
Hz,1H), 7.29 - 7.17
(m, 4H), 6.91 (dd, J =
7.6, 7.6 Hz,1H), 6.81
- 6.74 (m, 2H), 5.95
dd, 7 = 8.0, 1.6
Hz,1H), 431 - 4.29
(m, 1H), 4.19 - 4.15
(m, 1H), 3.91 - 3.87
(m, 3H), 3.48 - 3.29
(m, 3H) , 2.05 - 2.00
(m, 1H), 1.70 - 1.66
(m, 2H), 1.42 - 133
(m, 2H).

188

SS

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(2-methylbut
oxy)-2-pyridyl]-6-(3-t
hienyl)piperidine-2,4-
dione was separated

from example 164.

'H NMR 400MHz,
(CD3),S0) & 11.6 (s,
1H), 8.48 (s, 1H),
7.74 (dd, J = 8.0, 8.0
Hz, 1H), 7.48 (dd, J =
4.0,4.0 Hz, 1H), 7.35
(dd, 7 = 2.0, 2.0 Hz,
1H), 7.28 (d, J = 8.0
Hz, 1H), 721 (d, J =
7.6 Hz, 1H),7.16 (4, J
= 4.8 Hz, 1H), 6.92
(dd, J = 8.0, 8.0 Hz,
1H), 6.77 - 6.73 (m,
2H), 5.85 (d, J = 8.0
Hz, 1H), 4.17 - 4.07
(m, 2H), 3.90 (d, J =
16.0 Hz, 1H), 3.28 (d,
J=16.0Hz, 1H), 1.77
-1.75 (m, 1H), 1.49 -
147 (m, 1H), 1.18 -
1.15 (m, 1H), 0.93 -
0.83 (m, 6H).
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3-(2-chlorophenyl)sulf
anyl-6-[6-[2-(2-0xopyr

'H NMR 400 MHz,
(CD5),S0) & 8.52 (s,
1H), 7.79 d, J = 8.0
Hz, 1H), 7.50 (s, 1H),
734 (s, 1H), 7.33 -

f ¢ rolidin-1-ylethoxy]-2- | 7.28(m, 2I1), 7.28 (d.
== pyridyl]-6-(3-thienyl)p | J=7.6 Hz, 1H),7.17 -
S iperidine-2,4-dione 7.16 (m, 1H), 6.77 (d,
189 MD o = was prepared in 13% | J=8.4Hz, 1H), 6.69 -
N yield according to | 6.68 (m, 1H), 5.78 (d,
| N=" Example 2, Step A | /J=8.0Hz, 1H),4.39-
\/\ / substituting 4.36 (m, 2H), 3.94 (d,
SN propan-2-ol for | J=16.4Hz, 1H), 3.59
1-(2-hydroxyethyl)pyrr | - 3.56 (m, 1H), 3.45 -
olidin-2-one. 341 (m, 2H), 3.32 -
3.27 (m, 2H), 2.16 -
2.12 (m, 2H), 1.82 -
1.76 (m, 2H).
'H NMR 400MHz,
CD;0D) § 7.65 (dd, J
= 8.0, 7.2 Hz, 1H),
7.35(dd, J =438, 2.8
Hz, 1H), 7.33 - 7.28
3-(2-chlorophenyl)sulf z 11,
: (m, 1H), 7.16 (dd, J =
anyl-6-[6-[2-(2,2-dime
o o , 48,12 Hz, 1H), 7.13
thyl-1,3-dioxolan-4-yl)
: d, J = 7.6 Hz, 1H),
== ethoxy]-2-pyridyl]-6-(
s 3-thienyDpiperidine-2, | 2 @, J = 80,
Z 4_dioney VI;aI: e al_rec’i 1.2Hz, 1H), 6.81 -
190 | MD T Was PIEPAIEC ) 6 75 (m. 1H), 6.70 -
0 N in 13% yield according
R NZ= to the Example 2, Step 6.66 (m, 2H), 6.12 (@,
/ A substi;utin J=7.6Hz, 1H), 4.55 -
0=\ il fo“i 446 (m, 1H), 4.46 -
5(5 > dimethyl-1 3di | 437 (@ 1ED. 4.28 -
o;iol’ar; 4 l)et}llla_ln’ol_ 4.18 (m, 1H), 4.06 -
-y © | 3.96 (m, 1H), 3.58 -
3.50 (m, 1H), 3.36 -
3.32 (m, 2H), 2.03 -
1.93 (m, 2H), 1.35 (s,
3H), 1.30 (s, 3H).
'H NMR 400MHz,
CD;0D) § 7.66 (dd, J
= 8.0, 7.6 Hz, 1H),
7.35(dd, J =438, 2.8
3-(2-chlorophenyl)sulf (dd, ;
. Hz, 1H), 7.33 - 7.28
anyl-6-[6-[2-(2,2-dime
, (m, 1H), 7.16 (dd, J =
¢! thyl-1,3-dioxolan-4-yl)
. 4.8, 1.2 Hz, 1H), 7.13
S5 ethoxy]-2-pyridyl]-6-(
3-thienylpiperidine.2, | & 7 = 7:6 Hz 1H.
; Z 4_dioney VI;aI: e al_rec’i 709 (dd, J =80, 1.2
191 |SS M was prepared |y 1H), 6.80 - 6.76
0 N in 13% yield according
% N to the Example 2, Step (m, 1H). 6.70 - 6.66
/ A substi;utin (m, 2H), 6.12(d, J =
=" \\ el fo“;’ 6.8 Hz, 1H), 4.55 -
5(5 > dimethyl-13.di | 46 (@ 1ED. 446 -
o;iol’ar; 4 l)et}llla_ln’ol_ 4.37 (m, 1H), 4.28 -
Y © | 418 (m, 1H), 4.06 -
396 (m, 1H), 3.58 -
3.50 (m, 1H), 3.36 -
3.32 (m, 2H), 2.00 -
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1.93 (m, 2H), 1.35 (s,
3H), 1.30 (s, 3H).

192

MD

cl

3-(2-chlorophenyl)sulf
anyl-6-[6-[(5-oxotetra
hydrofuran-2-yl)metho
xy|-2-pyridyl]-6-(3-thi
enyl)piperidine-2,4-di
one was prepared in
13% yield according to
Example 2, Step A
substituting
propan-2-ol for
5-(hydroxymethyl)
dihydrofuran-2(3H)-on
e.

'H NMR 400 MHz,
(CD3),S0) & 8.48 (s,
1H), 7.81(dd, J = 8.4,
8.4 Hz,1H), 7.50 (s,
1H), 7.33 (s, 1H),
727 - 723 (m, 2H),
7.16 (d, J = 5.2 Hz,
1H), 6.95 (dd, J=7.6,
7.6 Hz, 1H), 6.83 (d, J
= 8.0 Hz, 1H), 6.70
(m, 1H), 5.81 (d, J =
8.0 Hz, 1H), 4.80 (s,
1H), 4.51 - 4.36 (m,
2H), 3.89 (d, J= 164
Hz, 1H), 3.31 (s, 1H),
2.52 - 2.50 (m, 2H),
226 - 2.24 (m, 1H),
1.96 (s, 1H).

193

SS

I=

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-[(5-oxotetra
hydrofuran-2-yl)metho
xy|-2-pyridyl]-6-(3-thi
enyl)piperidine-2,4-di
one was prepared in
13% yield according to
Example 2, Step A
substituting
propan-2-ol for
5-(hydroxymethyl)
dihydrofuran-2(3H)-on
e.

'H NMR 400 MHz,
(CD3),S0) 3
776774 (m, 1H),
745 - 7.44 (m, 1H),
7.34 (s, 1H), 7.33 (s,
1H), 7.24 722 (m,
1H), 7.18 - 7.16 (m,
1H), 7.15 - 7.14 (m,
1H), 6.85 - 6.84 (m,
1H), 6.77 (d, J = 8.0
Hz, 1H), 6.66 - 6.65
(m, 1H), 5.87 (d, J =
7.6 Hz, 1H), 4.80 (m,
1H), 4.50 (d, J=12.0
Hz, 1H), 438 (d, J =
12.0 Hz, 1H), 3.31 (s,
2H), 2.51 - 2.47 (m,
2H), 2.29 - 2.24 (m,
1H), 1.97 - 1.95 (m,
1H).
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'H NMR 400MHz,
(CD3),S0O) 8 11.54 (s,
1H), 8.37 (s, 1H),
7.70 (dd, J = 8.0, 8.0
Hz, 1H), 7.46 (dd, J =
3-(2-chlorophenyl)sulf | 2.6,2.6 Hz, 1H), 7.31
0 cl anyl-6-[6-(cyclopentyl | (d, J = 2.8 Hz, 1H),
— s methoxy)-2-pyridyl]-6 | 7.23 (dd, J = 4.0, 4.0
S -(3-thienyl)piperidine- | Hz, 1H), 7.18 - 7.16
= 2.4-dione was prepared | (m, 2H), 7.11 (dd, J =
194 MD N 0 in 11.1% yield | 8.0, 8.0 Hz, 1H), 6.70
N H according to the | (dd, J = 4.0, 4.0 Hz,
/ Example 2, Step A | 2H), 5.80 (d, J = 8.0
Q/\o \ substituting Hz, 1H), 4.11 (d, J =
propan-2-ol for | 16.0 Hz, 2H), 3.83 (d,
cyclopentylmethanol. J=16.0Hz, 1H), 3.30
(d, J = 16.0 Hz, 1H),
2.22 - 2.20 (m, 1H),
1.68 - 1.65 (m, 2H),
1.51 - 1.43 (m, 4H),
1.36 - 1.24 (m, 2H).
'H NMR 400MHz,
(CD3),S0O) b 8.51 (s,
1H), 7.76 (dd, J = 8.0,
8.0 Hz, 1H), 7.50 (dd,
3-(2-chlorophenyl)sulf | J = 4.0, 4.0 Hz, 1H),
o ol anyl-6-[6-(tetrahydrof | 7.33 - 7.14 (m, 4H),
uran-2-ylmethoxy)-2-p | 6.94 (dd, J = 8.0, 8.0
= s yridyl]-6-(3-thienyl)pi | Hz, 1H), 6.77 - 6.70
s / peridine-2,4-dione was | (m, 2H), 5.83 (d, J =
195 MD . 5 prepar(?d in 6.9% yield | 7.6 Hz, 1H), 4.30 -
q according to the | 4.17 (m, 2H), 4.10 -
o NF Example 2, Step A | 4.07 (m, 1H), 3.90 (d,
/ substituting J=16.4Hz, 1H),3.76
Q/\O \ propan-2-ol for | - 3.69 (m, 1H), 3.61
(tetrahydrofuran-2-yl) (dd, J =16.0, 8.0 Hz,
methanol 1H), 3.34 (d, /=164
Hz, 1H), 1.98 - 1.89
(m, 1H), 1.84 -1.72
(m, 2H), 1.63 - 1.55
(m, 1H).
'H NMR 400MHz,
(CD3),S0) 6 7.75 (dd,
J = 8.0, 8.0 Hz, 1H),
0 o in(yzlzhézr?ghgndyl%ifrf 748 (dd, J = 4.0, 4.0
Hz, 1H), 7.33 (s, 1H),
=== s ocyclobutyl)methoxy]-
S 2 pyridyl]-6-(3-thieny] 7.23 (dd, J = 8.0, 8.0
= )piperidine-2,4-dione Hz, 2H), 7.15 @, J =
N 0 was prepare(i in 7.3% 4.0 Hz, 1H), 6.91 (dd,
196 185 N " yield according to.the /=80, 8.0 Hz, 1H),
E e 2 Step A 6.75 (d, J = 8.0 Hz,
F>Q/\O \ / su):slzlt)utin ’ ’ IH). 6.68 (dd, /=80,
£ 8.0 Hz, 1H),5.82 (d, J
F 1(’;031’21']2'01 ob ftor = 8.0 Hz, 1H), 4.33
1)I;1ethlan1£mcyc Ul d, 7 = 40 Hz, 2H),
3.80 (d, J = 16.0 Hz,
1H), 3.37 (d, J = 16.0
Hz, 1H), 3.25 (d, J =
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16.0 Hz, 1H) 2.66 -
2.58 (m, 2H), 2.40 -
2.30 (m, 2H).

Cl

6-[6-(2-bromophenoxy
)-2-pyridyl]-3-(2-chlor
ophenyl)sulfanyl-6-(3-
thienyl)piperidine-2,4-
dione was prepared in

'H NMR 400MHz,
CD;0D) 8 7.88 (dd, J
= 7.6, 7.6 Hz, 1H),
7.67 (d, J = 6.8 Hz,
1H), 7.39 -7.30 (m,
3H), 7.15 -7.13 (m,
4H), 7.03 d, J = 2.8

197 S8 & 6 % yield according to | Hz, 1H), 6.96 (d, J =
the Example 3, Step A | 2.8 Hz, 1H), 6.79 (d,J
substituting = 7.6 Hz, 1H), 5.99
2-chloro-4-fluoro-phe (d, J = 8.0 Hz, 1H),
nol for 2-bromophenol. | 3.51(d, J = 16 Hz,
1H), 3.21(d, J = 16
Hz, 1H).
'H NMR 400MHz,
CD;0D) 8 7.64 (dd, J
f 3-(2-chlorophenyl)sulf = 80, 80 Hz, 1H),
anyl-6-[6-(4-fluorophe 7.61 - 7.58 (m, 2H),
) 7.39 (dd, J=5.2,3.0
nyl)sulfanyl-2-pyridyl]
-6-(3-thienyl)piperidin He, 1H), 7.30 (d, J =
e-2,4-dione was 3'(1)7H(Z’ 13;)7'27304;
. . . m, , 7.
o
Example 2. Step A (dd, J =5.1, 1.3 Hz,
F substituting 1H). 6.96 - 6.92 (m,
propan-2-ol for 1H), 6.79 - 6.75 (m,
4-fluorobenzenethiol 1H). 5.99 (dd, J = 8.0,
’ 1.4 Hg, 1H), 3.68 (d, J
= 16.4 Hz, 1H), 3.34
(d, J=16.4 Hz, 1H).
'H NMR 400MHz,
ol CD;0D) & 8.55 (s,
3-(2-chlorophenyl)sulf | 1H), 7.77 (dd, J=8.0,
anyl-6-[6-(oxetan-3-yl | 8.0 Hz, 1H), 7.50 (dd,
methoxy)-2-pyridyl]-6 | J = 8.0, 2.0 Hz, 1H),
-(3-thienyl)piperidine- | 7.34 - 7.10 (m, 3H),
2.4-dione was prepared | 6.97 - 6.92 (m, 1H),
199 MD in 7.3% yield | 6.77 (d, J = 8.0 Hz,

according  to  the
Example 2, Step A
substituting
propan-2-ol for
oxetan-3-ylmethanol

1H), 6.68 (dd, J = 8.0,
8.0 Hz, 1H),5.78 (d. J
= 8.0 Hz, 1H), 4.63 -
4.58 (m, 2H), 4.49 (d,
J=6.8 Hz, 2H), 4.38 -
4.32 (m, 2H), 3.93 (d,
J=16.0Hz, 1H),3.35
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d, J = 16.4 Hz, 1H),
327 (d, J= 164 Hz,
1H).

200

MD

3-(2-chlorophenyl)sulf
anyl-6-[6-(2-ethoxyeth
oxy)-2-pyridyl]-6-(3-t
hienyl)piperidine-2,4-
dione was prepared in
41% yield according to
the Example 2, Step A
substituting
propan-2-ol for
2-ethoxyethanol.

'H NMR 400MHz,
CD,0D) 8 7.77 (dd, J
= 7.6, 7.6 Hz, 1H),
747 (dd, J = 8.0, 4.0
Hz, 1H), 7.31 - 7.28
(m, 1H), 7.24 d, J =
8.0Hz, 1H),7.20 (d, J
= 8.0 Hz, 1H), 7.19
(dd, 7 = 7.6, 0.8 Hz,
1H), 6.96 (dd, J =7.6,
7.6 Hz, 1H), 6.84 (4, J
= 8.0 Hz, 1H), 6.77
dd, 7 =7.6, 7.6 Hz,
1H), 5.97 d, J = 8.0
Hz, 1H), 4.57 - 4.45
(m, 2H), 3.93 (d, J =
16.4 Hz, 1H), 3.76 (t,
J=4.8Hz, 2H), 3.55 -
3.49 (m, 2H), 3.48 (d,
J = 164 Hz, 1H),
117 (. J = 7.2Hz,
30).

201

MD

3-(2-chlorophenyl)sulf
anyl-6-[6-(3-methoxyp
ropoxy)-2-pyridyl]-6-(

3-thienyl)piperidine-2,

4-dione was prepared
in 40% yield according
to the Example 2, Step
A substituting
propan-2-ol for
3-methoxypropan-1-ol

'H NMR 400MHz,
CD;0D) 8 7.71 (dd, J
= 7.6, 7.6 Hz, 1H),
743 (dd, J=52,3.2
Hz, 1H), 7.27 (dd, J =
2.8, 1.6 Hz, 1H), 7.21
dd, 7 =76, 1.6 Hz,
1H), 7.15 d, /= 5.2,
1.2Hz, 1H),7.14 (d, J
= 7.2Hz, 1H), 6.95 -
6.91 (m, 1H), 6.76 (d,
J=8.4Hz, 1H),6.76 -
6.72 (m, 1H), 5.95
(dd, 7 = 8.0, 1.6 Hz,
1H), 4.45 - 4.39 (m,
2H), 3.89 (d, J = 16.0
Hz, 1H), 3.52 - 3.47
(m, 2H), 3.45 (d, J =
16.0 Hz, 1H), 3.29 (s,
3H), 2.00 - 1.94 (m,
2H).
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202

SS

3-(2-chlorophenyl)sulf
anyl-6-[6-[(5-fluoro-3-
pyridyDoxy]-2-pyridyl
1-6-(3-thienyl)piperidi
ne-2,4-dione was
prepared in 6.9% yield
according  to  the
Example 3, Step A

substituting
2-Chloro-4-fluoro-phe
nol for

S-fluoropyridin-3-ol

'H NMR 400MHz,
(CD3),S0) & 8.46 (s,
1H), 8.33 (s, 1H),
8.00 (dd, J = 8.0, 8.0
Hz, 1H), 7.56 (d, J =
8.0 Hz, 1H), 7.47 (dd,
J = 8.0, 8.0 Hz, 21D,
728 (d, J = 8.0 Hz,
1H), 7.23 (d, J = 4.0
Hz, 1H), 7.13 (d, J =
8.0 Hz, 1H), 7.01 -
6.94 (m, 2H), 6.78
dd, 7 = 7.6, 7.6 Hz,
1H), 5.88 (d, J = 7.6
Hz, 1), 347 (d, J =
16.0 Hz, 1H), 3.23 (d,
J=16.0 Hz, 11).

203

SS

3-(2-chlorophenoxy)-6
-[6-(2-cyclopropyletho
xy)-2-pyridyl]-6-(3-thi
enyl)piperidine-2,4-di
one was prepared
according to methods
described therein

'H NMR 400MHz,
CD;0D) 8 7.65 (dd, J
= 8.0, 8.0 Hz, 1H),
7.36 (dd, J = 8.0, 4.0
Hz, 1H), 7.26 - 7.23
(m, 2H), 7.10 - 7.08
(m, 2H), 6.79 - 6.76
(m, 2H), 6.69 (d, J =
.0 He, 1H), 5.94 (dd,
J = 8.0, 4.0 Hz, 11D,
441 - 434 (m, 21,
3.74 (d, J = 16.0 Hz,
1H), 3.35 (d, /= 16.0
Hz, 1H), 1.61 - 1.56
(m, 2H), 0.78 - 0.74
(m, 1H), 0.38 - 0.35
(m, 2H), 0.04 - 0.01
(m, 2H).

204

SS

Cl

6-(6-benzyl-2-pyridyl)
-3-(2-chlorophenyl)sul
fanyl-6-(3-thienyl)pipe
ridine-2,4-dione  was
prepared according to
methods described
therein

'H NMR 400MHz,
(CD3)>S0) § 11.65 (s,
1H), 8.13 (s, 1H),
7.72 (dd, J = 8.0, 8.0
Hz, 1H), 7.44 (d, J =
2.0 Hz, 2H ), 7.28 -
7.08 (m, 9H), 6.87
(dd, J = 8.0, 8.0 Hz,
1H), 6.57 (dd, 7= 8.0,
8.0Hz, 1H),5.86 (d, J
= 8.0 Hz, 1H), 4.07
(s, 2H), 3.79 d, J =
16.0 Hz, 1H), 3.31 (d,
J = 16.0 Hz, 1H).
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WO 2015/140133
——=
S,
/
N="
SS /
S N

Iz

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(cyclohexox

y)-2-pyridyl]-6-(3-thie
nyl)piperidine-2,4-dio

ne was separated from
example 157.

'H NMR 400MHz,
(CD3),S0) §7.70 (dd,
J = 8.0, 8.0 Hz, 11D,
748 (dd, J = 2.0, 2.0
Hz, 1H),7.32(dd, J=
14, 1.4Hz, 1H),7.24
(dd, J = 4.0, 4.0 Hz,
1H), 7.18 - 7.13 (m,
2H), 6.92 (dd, J = 4.0,
40 Hz, 1H), 6.70 -
6.65 (m, 2H), 5.86 (d,
J=8.0Hz, 1H),5.03 -
4.99 (m, 1H), 3.73 (d,
J=16.0H, 1H),3.13
d, 7 =16.0 Hz 1H),
1.85 - 1.49 (m, 4H),
1.47 - 1.21 (m, 6H).

206

SS

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-[(1-methylcy
clopropyl)methoxy]-2-
pyridyl]-6-(3-thienyl)p
iperidine-2,4-dione
was prepared in 7%
yield according to the
Example 2, Step A
substituting
propan-2-ol for
(1-methylcyclopropyl)
methanol.

'H NMR 400MHz,
CD;0D) 8 7.69 (dd, J
= 8.0, 7.2 Hz, 1H),
741(dd, J=52,3.2
Hz, 1H),7.27(dd, J =
52,12 Hz, 1H),7.18
(dd, 7 = 8.0, 1.2 Hz,
1H), 7.13 (dd, J=2.8,
1.2Hz, 1H),7.12(d, J
=72 Hez, 1H), 6.92 -
6.87 (m, 1H), 6.76 (d,
J=17.6Hz, 1H), 6.75
6.71 (m, 1H), 6.00
d, J= 8.0, 1.2 Hz,
1H), 4.14 d, J = 1.6
Hz, 2H), 3.75 (d, J =
16.0 Hz, 1H), 3.41 (d,
J=16.4Hz, 1H), 1.16
(s, 3H), 0.54 - 0.47
(m, 2H), 0.37 - 0.31
(m, 2H).

207

SS

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(1-cycloprop
ylethoxy)-2-pyridyl]-6

-(3-thienyl)piperidine-

2.4-dione was prepared
as in example 159.

'H NMR 400MHz,
CD;0D) 8 7.71 (dd, J
= 8.0, 4.0 Hz, 1H),
749 (dd, J=52,32
Hz, 1H), 7.30 - 7.20
(m, 2H), 7.17 - 7.12
(m, 2H), 6.96 (dd, J
=8.0, 40 Hz, 1H),
6.81 - 6.71 (m, 2H),
5.97 (dd, J = 8.0, 6.8
Hz, 1H), 4.81 - 4.77
(m, 1H), 3.84 (d, J =
16.0 Hz, 1H), 3.44 (d,
J=16.0Hz, 1H), 1.38
d, J = 5.1 Hz, 10),
1.13 - 1.10 (m, 1H),
0.49 - 0.22 (m, 4H).
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208

SS

Iz

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(2-cyclohexy
lethoxy)-2-pyridyl]-6-(
3-thienyl)piperidine-2,
4-dione was prepared
in 7.4%
according  to  the

yield

Example 2, Step A
substituting
propan-2-ol for
2-cyclohexylethanol

'H NMR 400MHz,
CD;0D) & 8.48 (s,
1H), 7.74 (dd, J = 8.0,
.0 He, 1H), 7.49 (dd,
J = 4.0, 4.0 Hz, 11,
732 (s. 1H), 7.27 (d,
J=8.0 Hz, 1H), 7.19
d, J = 8.0 Hz, 1H),
7.13 (d, J = 4.0 He,
1H), 6.94 (dd, J = 8.0,
8.0 Hz, 2H), 5.80 (d, J
=8.0 Hz, 1H), 4.32 -
426 (m, 2H), 3.90 (d,
J=16.0Hz, 1), 3.34
d, 7 =16.0 Hz, 1H),
1.69 - 1.59 (m, 7H),
1.55 - 1.50 (m, 1H),
1.13 - 1.08 (m, 3H),
0.91 - 0.83 (m, 2H).

209

SS

i 3-(2-chlorophenyl)sulf
anyl-6-[6-(tetrahydrop
yran-4-ylmethoxy)-2-p
yridyl]-6-(3-thienyl)pi
peridine-2.4-dione was
prepared according to
methods described

therein.

'H NMR 400MHz,
CD;0D) 8 7.76 (dd, J
= 8.0, 8.0 Hzl1H),
746 (dd, T=52,3.2
Hz,1H), 7.30-7.17
(m, 4H), 6.95 (dd, J =
7.6,7.6 Hz, 1), 6.81
- 6.79 (m, 2H), 5.96
(dd, 7 = 8.0, 1.6 Hz,
1H), 4.33 - 4.32 (m,
1H), 4.19 - 4.17 (m,
1H), 3.92 - 3.88 (m,
3H), 3.48 - 3.32 (m,
3H), 2.03 - 2.02 (m,
1H), 1.70 - 1.67 (m,
2H), 1.41 - 1.31 (m,
2H).

210

SS

I=

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(2-methylbut
oxy)-2-pyridyl]-6-(3-t
hienyl)piperidine-2,4-
dione was separated

from example 164.

'H NMR 400MHz,
(CD3),S0) & 11.6 (s,
1H), 8.46 (s, 1H),
7.76 (dd, J =8.0, 8.0
Hz, 1H), 7.51 (dd, J =
4.0,4.0Hz, 1H),7.35
d, J = 1.6 Hz, 10),
727 (d, J = 8.0 Hz,
1H), 7.21 (d, J = 8.4
Hz, 1H), 7.16 (d, J =
5.2 Hz, 1H), 6.92 (dd,
J = 8.0, 8.0 Hz, 11D,
6.77 - 6.72 (m, 2H),
5.84 (d, J = 8.0 Hz,
1H), 4.19 - 4.05 (m,
2H), 3.89 (d, J = 16.0
Hz, 1H), 335 (d, J =
16.0 Hz, 1H), 1.78 -
175 (m, 1H), 1.47 -
1.45 (m, 1H), 1.19 -
1.16 (m, 1H), 0.91 -
0.83 (m, 6H).
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'H NMR (400MHyz,
CD;0D) §7.58 (dd, J
= 80, 7.6 Hz, 1H),
7.28 (dd, J = 4.8, 3.2
Hz, 1H), 7.22 - 7.22
3-(2-chlorophenyl)sulf z 11,
, (m, 1), 7.07 (dd, J =
anyl-6-[6-[2-(2,2-dime
o o , 5.2, 1.2 Hz, 1), 7.05
thyl-1,3-dioxolan-4-yl)
, d, J = 8.0 Hz, 1H),
=S s ethoxy]-2-pyridyl]-6-(
$ 3-thienyl)piperidine-2 7.02 (dd, /=80, 1.2
= 4_dioney VI;aI: re al_rec’i He, 1H), 673 - 6.69
211 | SS Y, Cone WaR PIEPAREC (. 1H), 6.62 - 6.58
0 N in 13% yield according
© N to the Example 2, Step (m, 2H), 6.03 - 5.99
/ A substi;utin (m, 1H), 4.46 - 4.39
0=\ el fo“i (m, 1H), 4.36 - 4.30
5(52 dimethyl-1.3-q | (% LED 4.18 - 4.11
o;iol’ar;él l)et}llla_ln’ol_ (m, 1H), 3.94 - 3.89
-y © | (m, 1H), 3.49 - 3.36
(m, 2H), 3.26 - 3.22
(m, 1H), 1.91 - 1.86
(m, 2H), 1.26 (s, 3H),
1.21 (s, 3H).
'H NMR (400 MHz,
CD;),S0) §7.76 (dd
3-(2-chlorophenyl)sulf (CD3):30) 3 (ad,
anyl-6-[6-[(5-oxotetra J =76, 7.6 Hz, 1H),
yEoo” 745 (s, 1H), 7.35 (s,
0 c hydrofuran-2-yl)metho
xy]-2 pyridyll-6.(3.thi 1H), 7.24 - 7.16 (m,
T ° ez _1)_Ii)yerici/in(; ragi | JE 687 (m 1,
° = onz Izvla)s prep;\r:ad_ in 6.78 (d, J = 84 Hz,
, , 1H), 6.67 (m, 1H),
212 SS 13% yield ding t
N ° Exa‘glfe chogt;ngz 5.87 (m, 1H), 4.80 (s,
o NZZ Subsﬁfuﬁn e 1H), 4.52 (d, J = 12.0
° o~ N\ / ropan-2 ogl for Hz, 1H), 4.36 (d, J =
propan-=- 12.0 Hz, 1H), 331 (s,
5-(hydroxymethyl)
dihydrofuran-2(3H)-on 1H), 247 - 2.46 (m,
: Y RO ol 226 - 221 (m,
' 1H),1.96 - 1.94 (m,
1H).
'H NMR 400MHz,
CD;0D) §7.64 (dd, J
= 80, 80 Hz, 1H
¢l 3-(2-chlorophenyl)sulf ’ z 1),
7.61 - 7.58 (m, 2H),
anyl-6-[6-(4-fluorophe
, 7.39 (dd, J =52, 3.0
nyl)sulfanyl-2-pyridyl] B
6-(3-thienyDpiperidin | 7 D> 730 (d. /=
o dioney PP |80 Hz 1, 723 -
e , 7.17 (m, 4H), 7.04 (d,
213 SS d in 14% 1d
wconding 1o the | =80 11D 6.98 @
e leg 2 et |7 =513 Hz 1,
. Subsﬁfuﬁn P 6.96 - 6.92 (m, 1H),
B Ogl op | 679 - 675 (m. 18D,
Z ﬂlilor;)b_enzenethiol 599 (dd, J =80, 1.4
) " | Hz, 1H), 3.68 (d, J =
16.4 Hz, 1H), 3.34 (d,
J=16.4Hz, 1H).
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214

SS

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(1-cycloprop
ylethoxy)-2-pyridyl]-6

-(3-thienyl)piperidine-

2.4-dione was prepared
as in example 159.

'H NMR 400MHz,
CD;0D) §7.72 (dd, J
= 8.0, 4.0 Hz, 1H),
745 (dd, J=52,3.2
Hz,1H), 7.30 - 7.20
(m, 2H), 7.17 - 7.12
(m, 2H), 6.96 (1, J =
4.0, 4.0 Hz,1H), 6.81
- 6.71 (m, 2H), 5.97
(dd, J = 8.0, 6.8 Hz,
1H), 4.83 - 4.79 (m,
1H), 3.81 (d, J= 16.0
Hz, 1H), 3.46 (d, J =
16.0 Hz, 1H), 1.33 (d,
J=6.4Hz, 1H),1.13 -
1.10 (m, 1H), 0.55 -
0.34 (m, 4H).

215

SS

I=

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-[(3,3-difluor
ocyclobutyl)methoxy]-
2-pyridyl]-6-(3-thienyl
)piperidine-2.4-dione
was prepared in 7.3%
yield according to the
Example 2, Step A
substituting
propan-2-ol for
(3,3-difluorocyclobuty
Dmethanol

'H NMR 400MHz,
(CD5),S0) & 8.23 (s,
1H), 7.75 (dd, 7= 8.0,
8.0 Hz, 1H), 7.48 (dd,
J = 4.0, 4.0 Hz, 11,
733 (d, J = 4.0 He,
1H), 7.25 - 7.21 (m,
2H), 7.15 (d, J = 4.0
Hz, 1H), 6.91 (dd, J =
8.0, 8.0 Hz, 1H), 6.74
d, J = 8.0 Hz, 1H),
6.68(dd, J = 8.0, 8.0
Hz, 1H),5.82 (d, J =
8.0Hz, 1H),4.32(d, J
= 8.0 Hz, 2H), 3.78
d, J=16.0 Hz, 1H),
3.31 (d, J = 16.0 Hz,
1H), 3.24 (d, 7= 16.0
Hz, 1H) 2.67 - 2.57
(m, 2H), 2.40 - 2.31
(m, 2H).

216

SS

3-(2-chlorophenyl)sulf
anyl-6-[6-[3-fluoro-5-(
hydroxymethyl)pheno
xy|-2-pyridyl]-6-(3-thi
enyl)piperidine-2,4-di
one was prepared in
7.2% vyield according
to the Example 3, Step

A substituting
2-Chloro-4-fluoro-phe
nol for

3-fluoro-5-thydroxyme
thyl)phenol

'H NMR 400MHz,
CD;0D) 8 7.87 (dd, J
= 8.0, 8.0 Hz, 1H),
736 (d, J = 8.0 Hz,
2H), 7.17 - 7.09 (m,
2H), 7.04 (d, J = 4.0
Hz, 1H), 6.98 - 6.86
(m, 4H), 6.76 - 6.72
(m, 2H), 6.07 (d, J =
8.0Hz, 1H),4.55(d, J
= 7.6 Hz, 2H), 3.48
d, J=16.0 Hz, 1H),
3.27 (d, J = 16.0 Hz,
1H).
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217

MD

3-(2-chlorophenoxy)-6
-[6-(3.,4-difluoropheno
xy)-2-pyridyl]-6-(3-thi
enyl)piperidine-2,4-di

one was prepared in
16.6% yield according
to the Example 3, Step
A substituting
2-chloro-4-fluoro-phe

nol for
3. 4-difluorophenol.

'H NMR 400MHz,
(CD3),S0) §7.92 (dd,
J =176, 7.6 Hz, 11D,
7.46 - 7.43 (m, 3H),
734 - 727 (m, 3H),
7.03 - 6.98 (m, 3H),
6.91 (dd, J = 8.0, 8.0
Hz, 1H), 6.84 (dd, J =
8.0, 8.0 Hz, 1H), 6.09
d, J =7.6 Hz, 10),
3.36, (d, J = 16.0 Hz,
1H), 3.09 (d, 7 = 16.0
Hz, 1H).

218

MD

3-((2-chlorophenyl)thi
0)-6-(6-((1-cyclopropy
Ipropan-2-yl)oxy)pyrid
in-2-yl)-6-(thiophen-3-
yl)piperidine-2.4-dion
e was prepared in 33%
yield according to the
Example 2, Step A
substituting
propan-2-ol for
1-cyclopropylpropan-2
-ol

'H NMR 400MHz,
CD;0D) 8 7.69 (dd, J
= 8.0, 4.0 Hz, 1H),
742 (dd, J = 44,28
Hz, 1H), 7.14-7.10
(m 2H), 6.93 (d, J =
2.0Hz, 1H),7.20(d, J
=2.8,1H),7.27-7.25
(m, 2H), 7.14 - 7.10
(m, 2H), 6.91 (dd, J =
4.0,2.0Hz, 1H), 6.75
- 6.73 (m, 2H), 5.98
(dd, J =9.2, 1.6 Hz,
1H), 541 - 5.34 (m,
1H), 3.89 (d, /= 16.4
Hz, 1H), 3.45 (d, J =
16.4 Hz, 1H), 1.65 -
1.60 (m, 1H), 1.43 -
1.28 (m, 4H), 0.73 -
0.69 (m, 1H), 0.40 -
038 (m, 20,
0.07-0.00 (m, 2H).

219

MD

6-(5-((2-chlorophenyl)
thio)-4,6-dioxo-2-(thio
phen-3-yDpiperidin-2-
y1)-N-(cyclopropylmet
hyl)picolinamide was
prepared in 12% yield
according  to  the
Example 6, Step A
substituting
(4-fluorophenyl)boron
ic acid for
cyclopropylmethanami
ne.

'H NMR 400MHz,
CD;0D) & 8.85 (s,
1H), 8.15 (d, J = 8.0,
8.0 Hz, 1H), 8.08 (dd,
J = 8.0, 8.0 Hz, 11D,
779 (d, J = 8.0 Hz,
1H),7.51 (dd, J=5.2,
2.0 Hz, 1H), 7.38 (dd,
J=172,1.6 Hz, 11,
723 (d, J = 8.0 Hz,
1H), 7.18 (dd, 7= 5.2,
1.2 Hz, 1H), 6.95 (dd,
J=8.0, 1.6 Hz, 11D,
6.71 (dd, J = 8.0, 8.0
Hz, 1H), 5.91 (dd, J =
8.0, 1.6 Hz, 1H), 3.87
d, J=16.4 Hz, 10),
3.62 (d, J = 16.4 Hz,
1H), 3.32 - 3.28 (m,
2H), 1.09 - 1.05 (m,
1H), 0.51 - 0.48 (m,
2H), 0.29 - 0.26 (m,
2H).
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220

MD

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(2-cyclohexy
lethylamino)-2-pyridyl
1-6-(3-thienyl)piperidi
ne-2,4-dione was
prepared in 3 % yield
according  to  the
Example 4, Step A
substituting
cyclohexanamine  for
2-cyclohexylethanami
ne.

'H NMR 400MHz,
CD;0D) 8 7.71 (dd, J
= 7.6, 7.6 Hz, 1H),
745 (d, J = 2.0 Hz,
1H), 7.23 d, J = 2.8
Hz, 1H), 7.21 - 7.18
(m, 3H), 6.96 (dd, J =
8.0, 8.0 Hz, 1H), 6.80
(dd, J = 8.0, 8.0 Hz,
1H), 6.58 (d, J =
7.2Hz, 1H), 6.05 (d, J
= 8.0 Hz, 1H), 3.78
d, J=16.0 Hz, 1H),
349 (d, J = 16.0 Hz,
1H), 338 (t, J = 7.5
Hz, 2H), 1.92 - 1.72
(m, 5H), 1.50 - 1.45
(m, 2H), 1.37 - 1.23
(m, 4H), 1.20 - 1.96
(m, 2H).

221

SS

I=

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(tetrahydrof
uran-2-ylmethoxy)-2-p
yridyl]-6-(3-thienyl)pi
peridine-2.4-dione was
prepared in 6.9% yield
according  to  the
Example 2, Step A
substituting
propan-2-ol for
(tetrahydrofuran-2-yl)
methanol

'H NMR 400MHz,
CD;0D) §7.70 (dd, J
= 8.0, 8.0 Hz, 1H),
739 (dd, J=4.0,4.0
Hz, 1H), 7.28 (s, 1H),
7.15 (dd, J = 4.0, 4.0
Hz, 3H), 6.86 (dd,
J=8.0, 80 Hz, 1H),
6.73 (dd, 7 = 16.0, 8.0
Hz, 2H), 6.05 (d, J =
8.0 Hz, 1H), 4.41 (dd,
J=12.0,4.0Hz, 11,
431 - 420 (m, 2H),
3.86 (dd, J = 16.0 ,
8.0Hz, 1H), 3.75 (dd,
J=12.0,8.0 Hz, 11,
3.66 (d, J = 16.0 Hz,
1H), 3.38 (d, 7= 16.0
Hz, 1H), 2.06 - 2.00
(m, 1H), 1.97 - 1.84
(m, 2H), 1.76 - 1.67
(m, 1H).

222

MD

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(cyclobutox

y)-2-pyridyl]-6-(3-thie
nyl)piperidine-2,4-dio

ne was prepared in
10.2% yield according
to the Example 2, Step

A substituting
propan-2-ol for
cyclobutanol.

'H NMR 400MHz,
(CD5),S0) & 8.45 (s,
1H), 7.73 (dd, 7= 8.0,
8.0Hz, 1H),7.48 (d, J
= 2.8 Hz, 1H), 7.33
(dd, 7 = 4.4, 1.6 Hz,
1H), 7.22 (d, J = 8.0
Hz, 1H), 7.20 (d, J =
8.0 Hz, 1H), 7.13 (dd,
J=52,1.6 Hz, 11,
6.94 (dd, J = 8.0, 8.0
Hz, 1H), 6.72 - 6.68
(m, 2H), 5.81 (d, J =
8.0 Hz, 1H), 5.16 -
5.13 (m, 1H), 3.87 (d,
J=16.0Hz, 1), 3.34
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(d, J =16.0 Hz, 1H),
240 - 2.38 (m, 2H),
1.99 - 1.96 (m, 2H),
1.73 - 1.60 (m, 2H).

223

MD

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(2,2-difluoro
ethoxy)-2-pyridyl]-6-(
3-thienyl)piperidine-2,
4-dione was prepared
in 20% yield according
to Example 2, Step A
substituting
propan-2-ol for
2,2-difluoroethanol.

'H NMR 400 MHz,
CD;0D) §7.81 (dd, J
= 8.0, 8.0 Hz, 1H),
745 - 7.44 (m, 1H),
727 - 7.23 (m, 3H),
7.16 - 7.14 (m, 1H),
6.88 (dd, J = 84
Hz,1H), 6.74 - 6.73
(m, 1H), 6.12 - 6.11
(m, 1H), 5.96 (d, J =
8.4 Hz, 1H), 4.86 -
4.50 (m, 2H), 3.87 (d,
J=16.4Hg, 1H), 3.49
(d, J=16.4 Hz, 1H).

224

MD

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(cyclobutyl
methoxy)-2-pyridyl]-6
-(3-thienyl)piperidine-
2.4-dione was prepared
in 11.7% yield
according  to  the
Example 2, Step A
substituting
propan-2-ol for
cyclobutylmethanol.

'H NMR 400MHz,
(CD5),S0) & 8.45 (s,
1H), 7.75 (dd, 7= 8.0,
8.0 Hz, 1H),7.49 (d, J
= 2.8 Hz, 1H), 7.33
(dd, J = 4.4, 1.6 Hz,
1H), 7.21 (d, J = 8.0
Hz, 1H), 7.19 (d, J =
8.0 Hz, 1H), 7.15 (dd,
J=52,1.6 Hz, 11,
6.92 (dd, J = 8.0, 8.0
Hz, 1H), 6.75 - 6.69
(m, 2H), 5.83 (d, J =
8.0Hz, 1H),4.24 d,J
= 8.0 Hz, 1H), 3.91
(d, J = 16.4 Hz, 20),
333 (d, J = 16.4 Hz,
1H), 2.65 - 2.59 (m,
1H), 2.00 - 1.95 (m,
2H), 1.84 - 1.75 (m,
41).
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'H NMR (400MHz,
3-(2-chlorophenyl)sulf | CD;0OD) 4 7.69 (dd, J
anyl-6-[6-(oxetan-3-yl | = 8.0 , 8.0 Hz, 1H),
methoxy)-2-pyridyl]-6 | 7.38 (dd, J=4.0, 4.0
-(3-thienyl)piperidine- | Hz, 1H), 7.29 (s, 1H),
2.4-dione was prepared | 7.17 - 7.12 (m, 3H),
225 SS in 7.3% yield | 6.82 (dd, 7 = 8.0, 8.0
according to the | Hz, 1H), 6.74 - 6.66
Example 2, Step A | (m, 2H), 6.08 (d, J =
substituting 7.6 Hz, 1H), 4.80 -
0/\ propan-2-ol for | 4.77 (m, 2H), 4.59 -
_‘ oxetan-3-ylmethanol 4.53 (m, 4H), 3.55 -
L 3.29 (m, 3HD).
'H NMR 400MHz,
(CD3),SO) & 8.47 (s,
1H), 7.75 (dd, J = 8.0,
3-(2-chlorophenyl)sulf | 8.0 Hz, 1H), 7.50 (dd,
anyl-6-[6-(2,2-dimethy | J = 2.6, 2.6 Hz, 1H),
Ipropoxy)-2-pyridyl]-6 | 7.32 (d, J = 2.0 Hz,
-(3-thienyl)piperidine- | 1H), 7.26 (d, J = 8.0
2.4-dione was prepared | Hz, 1H), 7.19 (d, J =
226 MD in 7.0% yield | 8.0Hz, 1H),7.16 (d,J
according to the | = 11.2 Hz, 1H), 6.90
Example 2, Step A | (dd, J = 8.0, 8.0 Hz,
substituting 1H), 6.77 - 6.71 (m,
propan-2-ol for | 2H), 5.84 (d, J = 8.0
2,2-dimethylpropan-1- | Hz, 1H), 4.00 (d, J =
ol. 10.4 Hz, 2H), 3.90 (d,
J=16.0Hz, 1H), 3.45
(d, J =16.0 Hz, 1H),
0.93 (s, 9H).
'H NMR 400MHz,
CD;0D) 6 7.70 (dd, J
= 8.0, 8.0 Hz, 1H),
3-(2-chlorophenyl)sulf 740 (dd, J =52, 2.8
Hz, 1H), 7.28 - 7.26
anyl-6-[6-(2-ethoxyeth
oxy)-2-pyridyl]-6-(3-t (m, 1H), 7.18 — 7.15
hienyl)piperidine-2,4- (m. 3H), 6.87 (dd, ] =
dione was prepared in 7.2,7.2 Hz, 1H), 6.76
227 | 58 38% yield according to d J =80 Hz 1H),
the Example 2. Step A 6.71 (dd, J =17.6,7.6
substituting Hz, 1H), 6.01 (d, J =
ol for 8.0 Hz, 1H), 4.51 -
propati-=-o 448 (m, 2H), 3.75
2-ethoxyethanol. 1370 (m. 3H), 3.52 -
3.47 (m, 2H), 3.40 (d,
J=16.0Hz, 1H),1.14
(t, J =7.2Hz, 3H).
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228

SS

3-(2-chlorophenyl)sulf
anyl-6-[6-(3-methoxyp
ropoxy)-2-pyridyl]-6-(
3-thienyl)piperidine-2,
4-dione was prepared
in 40% yield according
to the Example 2, Step
A substituting
propan-2-ol for
3-methoxypropan-1-ol

'H NMR 400MHz,
CD;0D) 8 7.68 (dd, J
= 84, 8.4 Hz, 1H),
7.40 (dd, J =48, 3.2
Hz, 1H), 7.28 (dd, J =
4.8,3.2 Hz, 1H), 7.18
-7.12 (m, 3H), 6.89 -
6.85 (m, 1H), 6.73 -
6.69 (m, 2H), 6.01
(dd, 7 = 8.0, 1.2 Hz,
1H), 4.45 - 4.39 (m,
2H), 3.72 (d, J = 16.0
Hz, 1H), 3.52 -3.48
(m, 2H), 3.40 d, J =
16.0 Hz, 1H), 3.29 (s,
3H), 2.00 -1.94 (m,
2H).

229

MD

3-(2-chlorophenyl)sulf
anyl-6-[6-[(1-methyli
midazol-2-yl)methoxy]
-2-pyridyl]-6-(3-thieny
Dpiperidine-2,4-dione
was prepared in 10%
yield according to
Example 2, Step A
substituting
propan-2-ol for
(1-methyl-1H-imidazol
-2-yD)methanol.

'H NMR 400 MHz,
(CD5),S0) & 8.48 (s,
1H), 7.82 (dd, 7 = 8.0,
8.0 Hz, 1H), 4.77 -
7.46 (m, 1H), 7.35 (s,
1H), 7.25 - 7.23 (m,
2H), 7.19 (s, 1H),
7.09 - 7.07 (m, 1H),
691 - 6.85 (m, 2H),
6.83 (d, J = 8.4 Hz,
1H), 6.64 - 6.63 (m,
1H), 5.74 d, J = 7.6
Hz, 1H), 5.46 (d, J =
13.2 Hz, 1H), 5.34 (d,
J=12.8Hz, 1H), 3.85
d, J=15.6 Hz, 1H),
3.26 (d, J = 15.6 Hz,
1H).

230

MD

6-[6-(2-tert-butoxyeth
oxy)-2-pyridyl]-3-(2-c
hlorophenyl)sulfanyl-6
-(3-thienyl)piperidine-
2.4-dione was prepared
in 9.4% yield
according  to  the
Example 2, Step A
substituting

propan-2-ol for
2-(tert-butoxy)ethanol

'H NMR 400MHz,
(CD3),S0) & 8.50 (s,
1H), 7.77 (dd, 7= 8.0,
8.0 Hz, 1H),7.49 (d, J
= 2.0 Hz, 1H ),
7.32(d, J = 2.8 Hz,
1H), 7.26(d, J = 2.8
Hz, 1H), 7.26
7.21(m, 21,
7.15(dd, J = 8.0, 8.0
Hz, 1H), 6.74 (dd, J =
8.0, 8.0 Hz, 2H), 5.85
(dd, 7 = 8.0, 2.4 Hz,
1H), 433 ( J =
44Hz, 2H), 3.91 d, J
= 16.0 Hz, 1H), 3.57
t, J = 5.2 He, 20),
3.32 (d, J = 16.0 Hz,
1H), 1.07 (s, SH).
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a 3—(2—ch10roPhenyl)sulf I NMR (400 MHz,
anyl-6-(3-thienyD-6-[6 | 1y 1y 57 83 7.81
-(2,2,2-trifluoro-1-met
hyl_ethoxy)-2-pyridyl] (m, 1H), 7.45 - 7.44
o i (m, 1H), 7.28 - 7.26
plperldlne—2,4—§11one (m. 3H), 7.22 - 7.20
231 | MD W,aidprepared d,m 20% 1 . 11). 6.93 - 6.85
substilt)uting’ v (m, 1H), 5.93 - 5.82
. propan-2-ol for (m, 2H), 3.88 - 3.29
) (m, 2H), 1.44 - 1.36
NG 1,1,1-trifluoropropan- (. 3H).
2-ol.
'H NMR 400MHz,
CD;0D) 6 7.53 (dd, J
= 7.6, 7.6 Hz, 1H),
7.38 (d, J = 2.8 Hz,
3-(2-chlorophenyDsulf | 1H), 7.27 (d, J = 2.8
o c anyl-6-[6-(3-tetrahydr | Hz, 1H), 7.19 (d, J =
. s opyran-4-ylazetidin-1- | 8.0Hz, 1H),7.11 (d,J
S yD)-2-pyridyl]-6-(3-thi | = 7.6 Hz, 1H), 6.78
= enyl)piperidine-2,4-di (d, J = 7.4Hz, 1H),
N °© one was prepared in | 6.78 - 6.73 (m, 2H),
232 SS — . .
10 % yield according | 6.33 (d, J = 7.2 Hz,
N \ / to the Example 4, Step | 1H), 5.96 (d, J = 8.0
A substituting | Hz, 1H), 4.09 - 4.05
o cyclohexanamine for | (m, 2H), 3.91 - 3.87
3-(tetrahydro-2H-pyra | (m, 2H), 3.75 - 3.71
n-4-yDazetidine. (m, 3H), 3.39 - 3.34
(m, 3H), 2.46 - 2.44
(m, 1H), 1.60 - 1.53
(m, 3H), 1.21 - 1.16
(m, 2H).
'H NMR 400MHz,
CD;0D) 6 7.73 (dd, J
3-((2-chlorophenyl)thi | = 8.0, 8.0 Hz, 1H),
0)-6-(6-((4-(hydroxym | 7.46 (dd, J=5.2, 3.2
o al ethyl)cyclohexyl)meth | Hz, 1H), 7.29 - 7.16
s oxy)pyridin-2-yD)-6-(th | (m, 4H), 6.94 (dd, J =
s iophen-3-yl)piperidine | 8.0, 8.0 Hz, 1H), 6.77
% -2,4-dione was | - 6.74 (m, 2H), 5.97
233 | MD N o prepared in 35% yield | (dd, J = 8.0, 1.6 Hz,
HO, N according to the | 1H), 4.29 - 4.25 (m,
o \ / Example 2, Step A | 1H), 4.17 - 4.15 (m,
substituting 1H), 3.92(d, /=16.8
propan-2-ol for | Hz,1H), 347 (d, J =
cyclohexane-1,4-diyldi | 16.4 Hz,1H), 1.90 -
methanol 1.79 (m, 5 H), 1.43 -
1.41 (m, 1H), 1.10 -
0.89 (m, 4H).

-212 -




WO 2015/140133

PCT/EP2015/055495

'H NMR 400MHz,
3-(2-chlorophenyl)sulf CD;0D) 87.85 (dd, J
cl anyl-6-[6-[ 3-fluoro-5-( = 80, 80 Hz, 1H),
7.37 - 7.33 (m, 2H),
hydroxymethyl)pheno
xy]-2-pyridyl]-6-(3.-thi 7.21 (s, 1H), 7.13 (d,
enylypiperidine 2.4-di | 7 - o0 He 1H). 7.04
yopp @, 7 = 8.0 He, 1H),
one wa§ prepared. in 696 - 6.90 (. 3H).
234 | SS F 7.2% yield according
to the Example 3, Step 6.83 (dd, /=80, 8.0
A substituting He, 1H), 6.72 (dd, J =
2-Chloro-4-fluoro-phe 8.0, 8.0 Hz, 1H), 6.10
ol for (d, J = 8.0 Hz, 1H),
OH 3-fluoro-5-(hydroxyme 435 (dd, J = 160,
thylphenol 12.0 Hz, 1H), 3.41 (d,
J=16.0Hz, 1H), 3.25
(d, J=12.0 Hz, 1H).
'H NMR 400MHz,
CD;0D) 6 7.67 (dd, J
= 8.0, 8.0 Hz, 1H),
7.37 (dd, T = 4.0, 4.0
Hz, 1H), 7.29 (s, 1H),
3-(2-chlorophenyDsulf | 7.14 (dd, J = 4.0, 4.0
anyl-6-[6-(tetrahydrof | Hz, 3H), 6.82 (dd, J =
i ¢ uran-2-ylmethoxy)-2-p | 8.0, 8.0 Hz, 1H), 6.72
== s yridyl]-6-(3-thienyl)pi | - 6.66 (m, 2H),
S / peridine-2.4-dione was | 6.10(d, J = 8.0 Hz,
235 S y 5 prepared in 6.9% yield | 1H), 4.42 (dd, J =
H according to the | 12.0, 4.0 Hz, 1H),
o N Example 2, Step A | 4.30 - 4.21 (m, 2H),
Q/\O N / substituting 385 (dd, J = 16.0 ,
propan-2-ol for | 8.0 Hz, 1H), 3.75 (dd,
(tetrahydrofuran-2-yl) J=12.0,8.0 Hz, 1H),
methanol 3.53 (d, J = 16.0 Hz,
1H), 3.35(d, /= 16.0
Hz, 1H), 2.05 - 1.99
(m, 1H), 1.95 - 1.86
(m, 2H), 1.77 - 1.70
(m, 1H).
'H NMR 400MHz,
al 3-(2-chlorophenyl)sulf | CD;OD) 4 7.69 (dd, J
anyl-6-[6-(oxetan-3-yl | = 8.0 , 8.0 Hz, 1H),
methoxy)-2-pyridyl]-6 | 7.38 (dd, J=4.0, 4.0
-(3-thienyl)piperidine- | Hz, 1H), 7.29 (s, 1H),
2.4-dione was prepared | 7.17 - 7.12 (m, 3H),
236 SS in 7.3% yield | 6.82 (dd, 7 = 8.0, 8.0
according to the | Hz, 1H), 6.74 - 6.66
Example 2, Step A | (m, 2H), 6.08 (d, J =
substituting 7.6 Hz, 1H), 4.80 -
propan-2-ol for | 4.77 (m, 2H), 4.59 -
oxetan-3-ylmethanol 4.53 (m, 4H), 3.55 -
3.29 (m, 3H).
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'H NMR 400MHz,
CD;0D) 6 7.69 (dd, J
= 8.0, 8.0 Hz, 1H),
3-(2-chlorophenyDsulf | 7.41 (dd, J = 4.8, 2.8
anyl-6-[6-(3-methoxyp | Hz, 1H), 7.27 (dd, J =
ropoxy)-2-pyridyl]-6-( | 3.2, 1.2 Hz, 1H), 7.20
3-thienyl)piperidine-2, | - 7.13 (m, 3H), 6.92 -
4-dione was prepared | 6.87 (m, 1H), 6.75 -
237 | SS in 40% yield according | 6.70 (m, 2H), 5.98
to the Example 2, Step | (dd, J = 8.0, 1.2 Hz,
A substituting | 1H), 4.44 - 4.40 (m,
propan-2-ol for | 2H),3.79 (d, J=16.4
3-methoxypropan-1-ol | Hz, 1H), 3.52 -3.49
(m, 2H), 3.43 (d, J =
16.4 Hz, 1H), 3.29 (s,
3H), 2.00 -1.94 (m,
2H).
'H NMR 400MHz,
CD;0D) 8 7.68 (dd, J
= 8.0, 8.0 Hz, 1H),
7.38 (dd, J = 4.0, 4.0
Hz, 1H), 7.29 (s, 1H),
3-(2-chlorophenylsulf | 7.14 (dd, J = 4.0, 4.0
o anyl-6-[6-(tetrahydrof | Hz, 3H), 6.83 (dd, /=
uran-2-ylmethoxy)-2-p | 8.0, 8.0 Hz, 1H), 6.72
= yridyl]-6-(3-thienyl)pi | (dd, J=16.0, J=8.0
S — peridine-2,4-dione was | Hz, 2H), 6.09 (d, J =
238 S prepared in 6.9% yield | 8.0 Hz, 1H), 4.41 (dd,
according to the | /=12.0,4.0 Hz, 1H),
o N Example 2, Step A | 431 - 4.21 (m, 2H),
/ substituting 3.85 (dd, /= 16.0,8.0
Q/\O \ propan-2-ol for | Hz, 1H), 3.75(dd, J =
(tetrahydrofuran-2-yl) 12.0, 8.0 Hz, 1H),
methanol 3.56 (d, J = 16.0 Hz,
1H), 3.36 (d, J = 16.0
Hz, 1H), 2.06 - 1.99
(m, 1H), 1.95 - 1.86
(m, 2H), 1.77 - 1.70
(m, 1H).
'H NMR 400MHz,
CD;0D) 8 7.68 (dd, J
= 8.0, 8.0 Hz, 1H),
3-(2-chlorophenyl)sulf 7.38 (dd, J = 4.0, 4.0
Hz, 1H), 7.29 (s, 1H),
¢l anyl'g'[i'(tegahy?r;’f 714 (dd, J = 4.0, 4.0
uran-2-ylmethoxy)-2-
— i dyl]_z_ o thiegyl)pf Hz, 3H), 6.83 (dd, J =
g . ) 8.0, 8.0 Hz, 1H), 6.72
= pendlne—2,4—d10ne Was (dd. J = 16.0. 8.0 Hz.
239 | SS prepared in 6.9% yield | "6 09 (4. 7 = 8.0
according to the Hz, 1H), 4.41 (dd. J =
N Example 2, Step A
0 / substituting 12.0, 4.0 Hz, 1H),
Q/\O N e oo | 431 - 420 (n, 2m),
propan-2-o or
(tetrahydrofuran-2-yl) 3.86 (dd, J=16.0, 8.0
methanol Hz, 1H), 3.75 (dd, J =
12.0, 8.0 Hz, 1H),
3.56 (d, J = 16.0 Hz,
1H), 3.35(d, /= 16.0
Hz, 1H), 2.09 - 2.01
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(m, 1H), 1.97 - 1.85
(m, 2H), 1.76 - 1.69
(m, 1H).

240

SS

I=

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(3-tetrahydr

opyran-4-ylazetidin-1-
y1)-2-pyridyl]-6-(3-thi

enyl)piperidine-2,4-di

one was prepared in
10 % yield according
to the Example 4, Step
A substituting
cyclohexanamine  for
3-(tetrahydro-2H-pyra

n-4-yDazetidine.

'H NMR 400MHz,
CD;0D) 8 7.54 (dd, J
= 7.6, 7.6 Hz, 1H),
740 (d, J = 2.8 Hz,
1H), 7.27 d, J = 2.8
Hz, 1H), 721 (d, J =
8.0Hz, 1H),7.11 (d, J
= 7.6 Hz, 1H), 6.92
d, J = 7.4Hz, 10),
6.80 - 6.74 (m, 2H),
6.34 (d, J = 7.2 Hz,
1H), 5.93 (d, J = 8.0
Hz, 1H), 4.07 - 3.91
(m, 2H), 3.88 -
3.67(m, 5H), 3.40 -
3.34 (m, 3H), 2.46 -
244 (m, 1H), 1.59 -
1.52 (m, 3H), 1.21 -
1.16 (m, 2H).

241

SS

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(2-cycloprop
yl-1-methyl-ethoxy)-2-
pyridyl]-6-(3-thienyl)p
iperidine-2,4-dione
was prepared
according to methods
described therein

'H NMR 400MHz,
CD;0D) §7.73 (dd, J
= 84, 40 Hz1H),
746 d, J = 3.2
Hz,1H), 731 (d, J =
1.6 Hz, 1H), 7.19 -
7.14 (m, 3H), 6.94
(dd, J =8.0, 4.0 Hz,
1H), 6.74 - 6.72 (m,
2H), 6.06 (dd, J = 8,
12 Hz, 1H), 5.45 -
5.40 (m, 1H), 3.86 (d,
J=16.4Hz, 1H), 3.47
d, J=16.4 Hz, 1H),
1.70 - 1.65 (m, 1H),
1.47 - 133 (m, 41,
0.76 - 0.73 (m, 1H),
0.36 - 0.32 (m, 2H),
0.06 - 0.01 (m, 2H).
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242

SS

6-[5-(2-chlorophenyl)s
ulfanyl-4,6-dioxo-2-(3
-thienyl)-2-piperidyl]-
N-(cyclopropylmethyl)
pyridine-2-carboxamid
e was prepared
according to methods
described therein

'H NMR 400MHz,
CD;0D) & 7.89 (d, J
= 8.0, 8.0 Hz, 1H),
7.81 (dd, J = 8.0, 8.0
Hz, 1H), 7.53 (d, J =
8.0 Hz, 1H), 7.25 (dd,
J=52,2.0Hz, 11),
7.13(dd, =72, 1.6
Hz, 1H), 6.97 - 6.91
(m, 2H), 6.68 (dd, J =
8.0, 1.6 Hz, 1H), 6.46
(dd, J = 8.0, 8.0 Hz,
1H), 5.66 (dd, J=8.0,
1.6 Hz, 1H), 3.60 (d, J
= 16.4 Hz, 1H), 3.35
d, J=16.4 Hz, 10),
3.04 - 3.02 (m, 2H),
0.84 - 0.80 (m, 1H),
025 - 0.22 (m, 2H),
0.04 - 0.01 (m, 2H).

243

SS

0]

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(cyclopentyl
methoxy)-2-pyridyl]-6
-(3-thienyl)piperidine-
2.4-dione
separated

was
from
example 194.

'H NMR 400MHz,
CD;0D) 8 7.70 (dd, J
= 8.0, 8.0 Hz, 1H),
741 (dd, J=26,2.6
Hz, 1H), 7.27 (d, J =
2.8 Hz, 1H), 7.19 (dd,
J = 4.0, 4.0 Hz, 11,
7.16 - 7.12 (m, 2H),
6.91 (dd, J = 8.0, 8.0
Hz, 1H), 6.73 (dd, J =
4.0, 4.0 Hz, 2H), 6.00
(d, 7 = 8.0 Hz, 1H),
426 - 420 (m, 2H),
3.81 (d, J = 16.0 Hz,
1H), 343 (d, J=16.4
Hz, 1H), 2.35 - 2.29
1H), 1.79 - 1.63
2H), 1.62 - 1.54
(m, 4H), 1.36 - 1.33
(m, 2H).

(m,
(m,

244

SS

Iz

cl

O

3-(2-chlorophenyl)sulf
anyl-6-[6-[[4-(hydroxy
methyl)cyclohexyl]met
hoxy]-2-pyridyl]-6-(3-
thienyl)piperidine-2,4-
dione was prepared
according to methods
described herein.

'H NMR 400MHz,
CD;0D) 8 7.70 (dd, J
= 8.0, 8.0 Hz, 1H),
741(dd, J=52,3.2
Hz, 1H), 7.25 - 7.12
(m, 4H), 6.94 (dd, J =
8.0, 8.0 Hz, 1H), 6.75
- 6.70 (m, 2H), 5.95
(dd, 7 = 8.0, 1.6 Hz,
1H), 4.25 - 4.21 (m,
1H), 4.15 - 4.12 (m,
1H), 3.88 (d, /= 16.4
Hz, 1H), 343 (d, J =
16.4 Hz, 1H), 1.86 -
1.68 (m, 5 H), 1.38 -
1.34 (m, 1H), 1.06 -
0.86 (m, 4H).
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245

SS

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(2,2-difluoro
ethoxy)-2-pyridyl]-6-(
3-thienyl)piperidine-2,
4-dionewas prepared in
20% yield according to
Example 2, Step A
substituting
propan-2-ol for
2,2-difluoroethanol.

'H NMR 400 MHz,
(CD3),S0) & 8.40 (s,
1H), 7.84 (dd, J=7.6,
76 Hz, 1H),
748735 (m, 1H),
735 G, 1H),
730725 (m, 2H),
7.24 (@, 1H), 7.17 (d,
J =3.6 Hz, 1H), 6.88
(dd, J = 8.4, 8.4 Hz,
1H), 6.71 - 6.70 (m,
1H), 6.33 - 6.32 (m,
1H), 5.82 (d, J = 7.6
Hz, 1H), 4.61 - 4.50
(m, 2H), 3.85 (d, J =
16.0 Hz, 1H), 3.32 (d,
J=16.0 Hz, 11).

246

MD

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(2-methoxy-
1-methyl-ethoxy)-2-py
ridyl]-6-(3-thienyl)pip
eridine-2,4-dione was
prepared in 8.8% yield
according  to  the
Example 2, Step A
substituting

propan-2-ol for
1-methoxypropan-2-ol

'H NMR 400MHz,
(CD5),S0)  §7.72
(dd, J = 8.0, 8.0 Hz,
1H), 7.44 (s, 1H),
727 - 7.16 (m, 4H),
6.94 (dd, J = 8.0, 8.0
Hz, 1H), 6.75 - 6.74
(m, 2H), 5.97 (d, J =
8.0 Hz, 1H), 5.47 -
5.44 (m, 1H), 3.90 (d,
J=16.0Hz, 1H), 3.57
- 3.48 (m, 3H), 3.36
(s, 2H), 3.25 (s, 1H),
1.32 - 1.24 (m, 3H).

247

MD

3-((2-chlorophenyl)thi
0)-6-(6-((1-ethoxyprop
an-2-ylhoxy)pyridin-2-
y1)-6-(thiophen-3-yl)pi
peridine-2.4-dione was
prepared in 6% yield
according  to  the
Example 2, Step A
substituting
propan-2-ol for
1-ethoxypropan-2-ol

'H NMR 400MHz,
CD;0D) 8 7.71 (dd, J
= 84, 40 Hz1H),
742 d, J = 24
Hz,1H), 7.25 - 7.14
(m, 4H), 6.95 (dd, J
=40, 40 Hz, 1H),
6.75 - 6.73 (m, 2H),
5.95 (dd, /= 8.0, 1.8
Hz 1H), 5.45 - 5.42
(m, 1H), 4.25 - 4.23
(m, 1H), 3.90 (dd, J =
16.0, 12 Hz 1H),
3.59 - 3.43 (m, 5 H),
1.31 - 1.05 (m, 6 H).
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248

SS

o

C

O

(6S)-3-((2-chlorophen
yDthio)-6-(6-((3-ethyl
oxetan-3-yl)methoxy)p
yridin-2-y1)-6-(thiophe
n-3-yDpiperidine-2,4-d
ione was prepared in
11% yield according to
the Example 2, Step A
substituting
propan-2-ol
for(3-ethyloxetan-3-yl)
methanol

'H NMR 400MHz,
CD;0D) 8 7.73 (dd, J
= 8.0, 8.0 Hz, 1H),
743 (dd, J = 8.0, 8.0
Hz,1H), 727 d, J =
2.8 Hz1H), 7.19 -
7.14 (m, 2H), 6.84
(dd, J = 8.0, 8.0 Hz,
1H), 6.82 (d, J = 8.4
Hz,1H), 6.72 (dd, J =
8.0, 8.0 Hz, 1H), 5.93
(dd, 7 = 8.0, 2.4 Hz,
1H), 4.55 - 4041 (m, 6
H), 3.88 (d, J = 16.4
Hz, 1H), 3.46 (d, J =
16.4 Hz, 1H), 1.81
(dd, 7 =14.8, 3.2 Hz,
2H), 0.88 (&, J = 7.2
Hz, 3H).

249

MD

Cl
Cl

>

3-(2-chlorophenyl)sulf
anyl-6-[6-(3-methoxy-
3-methyl-butoxy)-2-py
ridyl]-6-(3-thienyl)pip
eridine-2,4-dione was
prepared in 6.3% yield
according  to  the
Example 2, Step A
substituting
propan-2-ol for
2-methoxy-2-methylpr
opan-1-ol

'H NMR 400MHz,
CD;0D) & 7.58 d, J
= 7.6 Hz, 1H), 7.46
(dd, 7 = 48, 1.2 Hz,
1H), 7.29 - 7.16 (m,
4H), 6.96 (s, 1H),
677 d. J = 88
Hz ,1H), 599 (d, J =
8.0 Hz, 1H), 4.49 -
4.45 (m, 1H), 3.95 (d,
J = 164 Hz, 1H),
3.46 (d, J = 16.4 Hz,
1H), 3.20 (s, 3H),
197 (t, J = 72 He,
2H), 1.22 (d, J = 4.0
Hz, 6H).

250

MD

Cl

e

3-(2-chlorophenyl)sulf
anyl-6-(6-pent-2-enox
y-2-pyridyl)-6-(3-thien
yl)piperidine-2.4-dion
e was prepared in 12 %
yield according to the
Example 2, Step A
substituting
propan-2-ol for
(E)-pent-2-en-1-ol.

'H NMR 400MHz,
CD;0D) 8 7.71 (dd, J
= 7.6, 7.6 Hz, 1H),
742 (d, J = 2.0 He,
1H), 7.25 d, J = 2.8
Hz, 1H), 7.19 (d, J =
2.8 Hz, 1H), 7.15 -
6.92 (m, 2H), 6.92
(dd, J = 8.0, 8.0 Hz,
1H), 6.75 (dd, 7= 8.0,
8.0 Hz, 2H), 5.96 (d, J
= 8.0 Hz, 1H), 5.85 -
5.82 (m, 1H), 5.81 -
5.65 (m, 1H), 4.80 (d,
J = 6.4Hz, 2H), 3.89
d, J=16.0 Hz, 1H),
3.45 (d, J = 16.0 Hz,
1H), 2.05 - 1.98 (m,
2H), 095 (t, J =
7.2Hz, 3H).
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251

SS

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(2-cycloprop
yl-1-methyl-ethoxy)-2-
pyridyl]-6-(3-thienyl)p
iperidine-2,4-dione
was prepared
according to methods
described therein.

'H NMR 400MHz,
CD;0D) 8 7.67 (dd, J
= 8.0, 40 Hz1H),
739 @, J = 32
Hz,1H), 7.23 - 7.08
(m, 4H), 6.89 (dd, J =
4.0,4.0 Hz, 1H), 6.68
- 6.66 (m, 2H), 5.99
dd, 7 = 80, 1.2
Hz,1H), 5.39 - 5.34
(m, 1H), 3.83 (d, J =
16.4 Hz, 1H), 3.43 (d,
J=16.4Hz, 1H), 1.65
~1.61 (m, 1H), 1.42 -
1.31 (m, 1H), 1.27 (,
J=6.0Hz, 3H),0.76 -
073 (m,  1H),
038036 (m, 2H),
0.07-0.00 (m, 2H).

252

SS

Cl

3-(2-chlorophenyl)sulf
anyl-6-[6-(cyclopentyl
methoxy)-2-pyridyl]-6

-(3-thienyl)piperidine-
2.4-dione was prepared
as in example 187.

'H NMR 400MHz,
CD;0D) 8 7.70 (dd, J
= 8.0, 8.0 Hz, 1H),
741 (dd, J=26,2.6
Hz, 1H), 7.26 (d, J =
2.8 Hz, 1H), 7.20 (dd,
J = 4.0, 4.0 Hz, 11,
7.14 - 7.11 (m, 2H),
6.91 (dd, J = 8.0, 8.0
Hz, 1H), 6.73 (dd, J =
4.0, 4.0 Hz, 2H), 5.97
d, J = 8.0 Hz, 1H),
427 - 417 (m, 2H),
3.84 (d, J = 16.0 Hz,
1H), 3.43 (d, 7= 16.0
Hz, 1H), 234 -
227(m, 1H), 1.78 -
1.75 (m, 2H), 1.61 -
1.53 (m, 4H), 1.34 -
1.31 (m, 2H).

253

SS

cl

Prepared according to
methods described

therein.

'H NMR 400MHz,
CD;0D) §7.70 (dd, J
= 8.0, 8.0 Hz, 1H),
741 (dd, J=52,3.2
Hz, 1H), 7.25 - 7.12
(m, 4H), 6.94 (dd, J =
8.0, 8.0 Hz, 1H), 6.75
- 6.72 (m, 2H), 5.95
(dd, 7 = 8.0, 1.6 Hz,
1H), 4.25 - 4.21 (m,
1H), 4.15 - 4.12 (m,
1H), 3.88 (d, /= 16.4
Hz, 1H), 343 (d, J =
16.4 Hz, 1H), 1.86 -
1.76 (m, 5 H), 1.39 -
1.36 (m, 1H), 1.06 -
0.86 (m, 4H).
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'H NMR 400 MHz,
(CD3),S0) &: 8.47 (s,
1H),7.85 (dd, J = 8.0,
3-(2-chlorophenyl)sulf | 8.0 Hz, 1H), 7.49 -
anyl-6-[6-(2,2-difluoro | 7.48 (m, 1H), 7.35 (s,
ethoxy)-2-pyridyl]-6-( | 1H), 7.30 -7.27 (m,
3-thienyl)piperidine-2, | 2H), 7.17 (d, J = 3.6

254 SS 4-dionewas prepared in | Hz, 1H), 6.88 (d, J =
20% yield according to | 8.0 Hz, 1H), 6.87 -
Example 2, Step A | 6.86 (m, 1H), 6.71 -
substituting 6.70 (m, 1H), 6.33 -
propan-2-ol for | 6.19 (m, 1H), 5.81 (d,
2,2-difluoroethanol. J=7.6Hz, 1H), 4.64 -

4.49 (m, 1H), 3.87 (d,
J=16.4Hz, 1H), 3.34
(d, J=16.4Hz, 1H).
1H NMR (400 MHz,
3-((2-chlorophenyl)thi DMSO) & 1182 -
0)-6-(6-(4-fluoro-3-me 11.57 (m, 1H), 8.45
o (s, 1H), 8.04 — 7.85
thoxyphenyl)pyridin-2
i (m, 3H), 7.82 — 7.71
-yD)-6-(thiophen-3-yDp (.
cl 1per1d1ne—2,4(—1dl.0n65 - 1H). 7.62 (dd, J = 6.2,
Example 418 J =5.1, 3.0 Hz, 1H),
o "1 740 (dd, J =209, 1.4
255 | SS substituting
) Hz, 1H), 7.34 —
N,N-dimethyl-4-(4.4,5
,5-tetramethyl-1,3,2-di 721 (m, 2H), 7.17
oxaborolan-2-yl)benze dd, J = 5.1, 1.4 Hz,
nesulfonamide for 1H). 687 (1, J =76
2-(4-fluoro-3-methoxy Hz, 1H), 6.54 (t, J =
phenyl)-4,4,5,5-tetram é'l He, 1H), 587 (. J
ethyl-1,3,2-dioxaborol ;5 Hz, 1H).3.91 (d. J
ane = 8.9 Hz, 3H), 3.43
3.32 (m, 2H).
al 3-((2-chlorophenyl)thi 'H NMR 400 MHz,
0)-6-(6-(3,4-difluorobe | DMSO) & 11.57 (s,
nzyDpyridin-2-yD)-6-(t | 1H), 8.39 (s, 1H),
hiophen-3-yl)piperidin | 7.79 (t, J = 7.8 Hz,
e-2,4-dione was | 1H), 7.56 — 7.47 (m,
prepared in 36.9% | 2H),

256 | SS yield according to the | 7.38 — 7.06 (m, 7H),
Example 5, Step B | 6.91 — 6.82 (m, 1H),
substituting 649 (t, J = 7.1 Hz,
1-(bromomethyD)-3-flu | 1H), 5.69 (d, J = 7.8
orobenzene for | Hz, 1H), 4.08 (s, 2H),
4-(bromomethyl)-1,2-d | 3.35 (d, J = 16.5 Hz,
ifluorobenzene 2H).
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'H NMR 400 MHz,
DMSO) § 11.82 —
Q ¢ 3-((2-chlorophenyl)thi | 11.44 (m, 1H), 8.36 —
0)-6-(6-(4-fluorobenzy | 8.00 (m, 1H), 7.73 (t,
T Dpyridin-2-y1)-6-(thio | J=7.8 Hz, 1H), 7.50
s P phen-3-yDpiperidine-2 | —7.41 (m, 2H), 7.36 —
N J4-dione was prepared | 7.27 (m, 3H), 7.20 (t,
257 SS /N " in 13% yield according | J = 8.2 Hz, 2H), 7.09
— to the Example 5, Step | (dd, J = 5.1, 1.4 Hz,
B substituting | 1H), 7.02 (t, J =
\ 1-(bromomethyl)-3-flu | 8.9 Hz, 2H), 6.84 (t, J
orobenzene for | =7.6 Hz, 1H), 6.56 (t,
1-(bromomethyl)-4-flu | J = 7.1 Hz, 1H), 5.87
orobenzene (s, 1H), 4.08 (s, 2H),
3.26 —3.20 (m,
2H).
'H NMR 400 MHz,
DMSO) § 11.79 —
cl 3-((2-chlorophenyl)thi 1140 (m, M), 7.78
0)-6-(6-(2,4-difluorobe ( J =78 Hz, 1H),
s 7.51 — 7.44 (m, 2H),
nzyl)pyridin-2-y1)-6-(t 736
hiophen 3YUpIPErdn | G’y 155 67 1
pre;)ared in 85.5% 21D, 7.30 = 7.23 (m,
258 | MD yield according to the 2H), 7.20 - 7.12 (m,
Example 5, Step B 2H), 7.05 (dd, J=5.1,
substituting 1.3 Hz, 1H), 6.97 —
1-(bromomethyl)-3-flu 684 (m, 2H), 6.61 (&
orobenzene for J=7.6 Hz, 1H), 5.83
1-(bromomethyl)-2,4-d @ J =738 Hz, 1H),
ifluorobenzene ’ 413 (L J =94 Hz,
2H), 3.76 (d, 7= 15.1
Hz, 1H), 3.50 (dt, J =
25.6, 6.5 Hz, 1H).
'H NMR 400 MHz,
DMSO) § 11.73 —
11.50 (m, 1H), 8.40 —
o 3-((2-chlorophenyl)thi | 8.23 (m, 1H), 7.77 (t,
0)-6-(6-(4-fluoro-3-me | J=7.8 Hz, 1H), 7.53
thoxybenzyl)pyridin-2 | — 7.45 (m, 2H), 7.31
-yD-6-(thiophen-3-yDp | (dd, J =2.9, 1.4 Hz,
iperidine-2,4-dione 1H), 7.25 d, J =7.1
was prepared in 46.5% | Hz, 2H), 7.11 (dd, J =
259 MD yield according to the | 5.1, 1.4 Hz, 1H),
Example 5, Step B | 7.03 (ddd, J = 15.6,
substituting 8.9,5.1 Hz, 2H), 6.92
1-(bromomethyl)-3-flu | — 6.80 (m, 2H), 6.54
orobenzene for | (t, J = 7.7 Hz, 1H),
4-(bromomethyl)-1-flu | 5.78 (d, /= 8.5 Hz,
oro-2-methoxybenzene | 1H), 4.07 (s, 2H),
3.90 (s, 1H), 3.72 (s,
3H), 3.36 (d, /=164
Hz, 1H).

-221-




WO 2015/140133

PCT/EP2015/055495

'H NMR 400 MHz,
DMSO 12.04 -
6-([2,4"-bipyridin]-6-yl ) 9
11.67 (m, 1H), 8.70
)-3-((2-chlorophenyl)t
hio)-6-(thiophen 3.yl | (9% 7 = 43 1.6 Hz,
iperidine 2p4 di_or;z 2H), 8.18 - 8.07 (m,
T Evalljs e al_rec’i i_n 15.1% 3H), 802 (t, /=738
ieldp Izlccordin . ts Hz, 10), 7.77(d, J =
Exam . J ats, | 72 He 1), 7.49 @,
.p . | J=5.1, 2.9 Hz, 1H),
260 | MD substituting
. 7.39 (dd, J=2.9,
N,N-dimethyl-4-(4.4,5
. 1.3 Hz, 1H), 7.19 (dd,
,5-tetramethyl-1,3,2-di
oxaborolan-2-yl)benze /=51, 13 Hz, 2H),
nesulfonam_id:ay for 682 (t, J = 7.7 Hz,
1H), 6.52 (dd, J =
4-(4,4,5,5-tetramethyl-
. 17.1, 9.4 Hz, 2H),
1,3,2-dioxaborolan-2- 5.85
1 idi ’
yDpyridine (s, 1H), 3.88 (s, 1H),
3.31 (s, 1H).
'H NMR 400 MHz,
DMSO 11.83 -
3-((2-chlorophenyl)thi ) 9
; 11.59 (m, 1H), 8.23
0)-6-(2'-morpholino-[2
o | 4-bipyridin)-6yh-6-( | &7 =20 He 1D,
ADIPYIARISYDD | g 07 — 7.96 (m, 2H),
thiophen-3-yl)piperidi 771
-2,4-di :
Ia)ch())lrdin to.E):azl le 7.33 = 746 (m, 2H),
418 : substitutil 744 - 7.37 (m, 2H),
261 | MD . 1722 @ J=73Hz
N,N-dimethyl-4-(4.4,5
5-tetramethyl-1,3,2-di 1H). 7.16 (dd, J=5.1,
;)X_aborolan g \ 1’)b’erize 1.4 Hz, 1H), 6.85 (¢, J
nesulfonam_id:ay for | 6.8 Hz, 1H), 6.52
4(4-(4,45 5-tetrametn | O 7 = 170102
S Hz, 2H), 5.85 (s, 1H),
yl-1,3,2-dioxaborolan-
2 yDpyridin-2-ylmo 3.99 —3.87 (m, 1H),
hlﬁmiy TYUMOTP 395 _ 366 (m, 4H),
3.51(dd, J =83, 44
Hz, 4H), 3.32 (s, 1H).
'H NMR 400 MHz,
DMSO) 6 11.80 -
11.38 1H), 8.13
3-((2-chlorophenyl)thi (m, L),
¢ 0)-6-(6-((4-fluorophen (s, 1H), 7.57 = 7.45
OB A LIUOTOPRen | oH), 7.32 (dddd,
yD(methyl)amino)pyri | =
din-2-yl)-6-(thiophen- |
;HD fiﬂ din;ozp;;o 17.6, 13.5, 6.0, 1.9
n(_ay Vlzlaps re a_m;d_ in He, SH), 7.17 (dt, J =
262 | MD (Preparec 560 63 Hz, 1H),
10.2 % yield according
to the Example 4, Ste 701 = 6.90 (m, 2H),
N sI:] bsﬁ;uﬁnp 6.77 (dd, J=17.0,8.9
cyclohexanamine foi Hz, 1H), 639 (d, /=
4yﬂu0r0 N-methylanili 8.4 Hz, 1H), 6.03 ./
e Y = 8.0 Hz, 1H), 3.79
(d, J=14.2 Hz, 1H),
3.40 (s, 3H), 3.31
(s, 2H).
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'H NMR 400 MHz,
DMSO) & 11.79 -
11.35 (m, 1H), 8.16
d, J=123.6 Hz, 1H
cl 3-((2-chlorophenyl)thi (7’51 (dd. J= SZ(; 3 O)’
e | 7407000
12) 1)y6 i hpy \ 1) (m, 2H), 7.29 (d, J =

i_yer_id_ine lgljl (eililc;n;y 6.9 Hz, SH), 7.19 (dd,

Iv)v:s repared in 117 % | 7 = 51 14 Hz, 1H),
263 | SS as prepared I L1770 6 99 _ 6.89 (m, 2H),
yield according to the 679 — 6.72 (m, 1H)
Example 4. Step A\ 6 19 4, 7 = 84 1y,
substituting 1H). 6.03 (dd, J = 8.0
cyclohexanamine for g ; o
1.3 Hg, 1H), 3.98 (dt
N-ethyl-4-fluoroanilin z, 1H), 3.98 (dt,
. J=14.1,7.1 He,
1H), 385 (dt, J =
29.0, 10.4 Hz, 2H),
3.35 (s, 1H), 1.10 (t, J
=7.0 Hz, 3H).
'"H NMR (400 MHz,
DMSO) & 11.59 —
11.35 (m, 1H), 8.76
(s, 1H), 8.12 — 7.95
1H), 7.65 — 7.60
3-((2-chlorophenyl)thi EE’ )
cl P i ,
01)H6 6 ((1,13 5dlnll)eth}'fl 1), 7.50 (dd. J = 5.0.
TEPYIAZOTO YA | 3 0 Hy, 1H), 7.34 (dd,
o)pyridin-2-yl)-6-(thio B
hon-3-yDpiperidine.-2 J =3.0, 1.4 Hz, 1H),
o 1H), 7.14 (dd, J =
264 | SS in 309 % yield | [ 7-14dd
ccordine 1o he | 31 14 Hz 1H). 7.01
Exampleg 4, Step A @, J =173 He, 1H),
bstituting 6.96 (t, J = 7.5 Hz,
st flhu ne oo | 1D, 680 47 = 7.0
iy3c Z, elellaf]f;e | Hz, 1H), 6.71 (d, J =
s ;Eieney' PYIZ | ¢ 1 Hz, 1H), 6.08 (d, J
o =6.7Hz, 1H), 6.00 (s,
1H), 3.62 (s, 1H),
3.56 (s, 3H), 3.37 (d,
J=19.5 Hz, 1H),
2.10 (s, 3H).
3-((2-chlorophenyl)thi 'H NMR (400 MHz
0)-6-(6-((-luorophen 1 1y g 5y 76
yD(methyl)amino)pyri 1134 (m, 1H), 8.18
g ?lnif'flifgﬁﬂﬁozpiei; (s, 1H), 7.54 — 7.45

YOPIPERANE A0 |y oH), 7.39 — 7.23
ne was prepared m
7.8 % yield according (m,

@ the Lxamblo 4. Sten | OH- 718 (dd.7=5.1,
%5 | ss N L P | 14 1y, 1H), 695
oh Substil lfng J =823, 3.5 Hz, 2H),
cyclo exana@ne or 6.80 — 672 (m. 1H),
was prepared in 11.7 %

1 e o (he | 640 7=83
g:amalce °°r4 m“?’SteO : Hz, 1H), 6.02 (dd, J =
Subsﬁfuﬁn o DeP 8.0, 1.4 Hz, 1H), 3.83
cyclohexafamjne for @, J=15.4 Hz, 1H),
N-ethyl-4-fluoroanilin 340 (s, 3H), 3.33 G5,
. Y 2H).
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266

SS

Cl

3-((2-chlorophenyl)thi
0)-6-(6-((4-fluorophen
yD(methyl)amino)pyri
din-2-yl)-6-(thiophen-
3-yDpiperidine-2,4-dio
ne was prepared in
7.1 % yield according
to the Example 4, Step
A substituting
cyclohexanamine  for
was prepared in 11.7 %
yield according to the
Example 4, Step A
substituting
cyclohexanamine  for
N-ethyl-4-fluoroanilin
e

'H NMR 400 MHz,
DMSO) § 11.71 -
11.29 (m, 1H), 8.18 —
8.00 (m, 1H), 7.54 —
7.46 (m, 2H), 7.38
(dd, 7 = 3.0, 1.4 Hz,
1H), 7.34 — 7.25 (m,
4M), 7.18 (dd, J=5.1,
1.4 Hz, 1H), 6.95 (1, J
=6.1 Hz, 21D,

6.79 — 6.72 (m, 1H),
639 (d, J = 83 Hz,
1H), 6.03 (d, J = 6.6
Hz, 1H), 3.78 (s, 1H),
3.40 (s, 3H), 3.32 (s,
2H).

267

MD

Cl

3-((2-chlorophenyl)thi
0)-6-(6-((tetrahydro-2

H-pyran-4-yl)methyl)p
yridin-2-y1)-6-(thiophe
n-3-yDpiperidine-2,4-d
ione was prepared in
2.0% vyield according
to the Example 5, Step
B substituting
1-(bromomethyl)-3-flu
orobenzene for
4-(bromomethyl)tetrah
ydro-2H-pyran

m/z: 513.1
100% purity by UV
254nm

268

MD

o]

3-((2-chlorophenyl)thi
0)-6-(6-(4-fluorophene
thyDpyridin-2-y1)-6-(t
hiophen-3-yl)piperidin
e-2,4-dione was
prepared in 7.1% yield
according  to  the
Example 5, Step B
substituting
1-(bromomethyl)-3-flu
orobenzene for
1-(2-bromoethyl)-4-flu
orobenzene

'H NMR 400 MHz,
DMSO) § 11.76 -
11.42 (m, 1H), 8.25 —
7.98 (m, 1H), 7.72 (,
J=7.7Hz, 1H), 7.50
~7.43 (m, 2H), 7.30 —
7.22 (m, 2H), 7.16 —
7.10 (m, 3H), 6.94
(ddd, J = 153, 8.8,
5.5 Hz, 3H), 6.71 —
6.66 (m, 1), 5.88 (d,
J=17.6Hz, 1H), 3.85
(s, 1H), 3.31 (s, 2H),
3.03 (dt, 7=11.8, 6.6
Hz, 4H).

269

MD

Cl

3-((2-chlorophenyl)thi

0)-6-(6-((1-methyl-1H

-pyrazol-5-yl)amino)p

yridin-2-y1)-6-(thiophe
n-3-yDpiperidine-2,4-d
ione was prepared in
30.5 % yield according
to the Example 4, Step
A substituting
cyclohexanamine  for
1-methyl-1H-pyrazol-5
-amine

'H NMR 400 MHz,
DMSO) § 11.67 -
1135 (m, 1H), 8.85
(s, 1H), 7.63 (t, J =
7.9 Hz, 1H), 7.48 (dd,
J

= 5.0, 3.0 Hz, 1H),
7.36 — 7.30 (m, 2H),
727 (d, J = 8.0 Hz,
1H),7.13 (dd, J=5.1,
1.3 Hz, 1H),7.03(d, J
=7.4Hz, 1H), 6.95 (t,
J = 6.9 Hz, 1H), 6.85
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~6.71 (m, 2H), 6.27
d, J = 1.9 Hz, 1H),
6.08 (d, J=17.3 Hz,
1H), 3.65 (s, 4T,
3.32 (s, 2H).

270

MD

Cl

3-((2-chlorophenyl)thi

0)-6-(6-((1-methyl-1H

-pyrazol-3-yl)amino)p

yridin-2-y1)-6-(thiophe
n-3-yDpiperidine-2,4-d
ione was prepared in
24.3 % yield according
to the Example 4, Step
A substituting
cyclohexanamine  for
1-methyl-1H-pyrazol-3
-amine

'H NMR 400 MHz,
DMSO) § 11.45 -
1099 (m, 1H), 9.24
(s, 1H), 7.90 — 7.71
(m, 1H), 7.59 — 7.53
(m,

1H), 7.50 (d, J = 2.2
Hz, 1H), 7.47 (dd, J =
5.1, 3.0 He, 1H), 7.36
(dd, J =29, 1.3 Hz,
1H), 7.25(d, J =

7.8 Hz, 1H), 7.18 (dd,
J=5.1,1.3 Hz, 1H),
7.02 (d, J = 83 Hz,
1H), 692 (1, J = 8.5
Hz, 2H), 6.77 (t, J =
7.6 Hz, 1H), 6.35 (d, J
= 2.2 Hz, 1H), 6.11
d, J = 6.9 Hz, 1H),
3.73 (s, 3H), 3.61 (s,
1H).

271

MD

3-((2-chlorophenyl)thi
0)-6-(6-((1-methyl-1H
-1,2,4-triazol-3-yDami
no)pyridin-2-y1)-6-(thi
ophen-3-yl)piperidine-
2.4-dione was prepared
in 20.8 % yield
according  to  the
Example 4, Step A
substituting
cyclohexanamine  for
1-methyl-1H-1,24-tria
zol-3-amine

'H NMR 400 MHz,
DMSO) § 11.71 -
1127 (m, 1H), 9.45
(s, 1H), 8.25 (s, 1H),
8.13 (s, 1), 7.76 —
7.65 (m, 2H), 7.50
(dd, 7 = 5.1, 3.0 Hz,
1H), 7.41 (dd, 7= 3.0,
14 Hz, 1H), 7.34 —
723 (m, 2H), 7.03
(dd,

J =170, 1.2 H, 11,
694 (td, J = 7.6, 1.5
Hz, 1H), 6.84 — 6.74
(m, 1H), 6.05 (dd, J =
8.0, 1.4 Hz, 1H),

3.85 — 3.78 (m, 3H),
3.70 (d, J = 15.7 Uz,
1H), 3.42 (d, J=15.9
Hz, 1H).

272

MD

3-((2-chlorophenyl)thi
0)-6-(6-((1,5-dimethyl
-1H-pyrazol-3-yl)amin
o)pyridin-2-yl)-6-(thio
phen-3-yl)piperidine-2
J4-dione was prepared
in 399 % yield
according  to  the
Example 4, Step A
substituting

cyclohexanamine  for
1,5-dimethyl-1H-pyraz

'H NMR 400 MHz,
DMSO) § 11.58 -
1134 (m, 1H), 9.11
(s, 1H), 8.19 (s, 1H),
7.61 —7.54 (m, 1H),
7.51(dd, J = 5.0, 3.0
Hz, 1H), 7.38 (dd, J =
3.0, 1.4 Hz, 1H), 7.29
dd, J =79, 1.2 Hz,
1H), 7.19(dd, J =
5.1, 1.4 Hz, 1H), 7.07
d, J = 8.3 Hz, 10,
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ol-3-amine

6.95 (ddd, J = 21.6,
10.6, 4.5 Hz, 2H),
6.83 —6.77 (m, 1H),
6.07 (dd, J = 8.8, 2.2
Hz, 2H), 3.75 (d, J =
16.1 Hz, 1H), 3.60 (s,
3H), 3.43 (d, J = 16.6
Hz, 1H), 2.21 (s,
3H).

Cl

3-((2-chlorophenyl)thi
0)-6-(6-((4-methoxyph
enyl)(methyl)amino)py
ridin-2-yl)-6-(thiophen
-3-yl)piperidine-2.4-di
one was prepared in

'H NMR 400 MHz,
DMSO) § 11.67 -
11.41 (m, 1H), 7.89 —
7.80 (m, 2H), 7.49
(dd, 7=5.0,3.0 Hz,

1H), 7.45 — 7.38 (m,
2H), 7.21 — 7.19 (m,
2H), 7.13 — 7.10 (m,
2H), 7.03 — 6.97 (m,

273 MD _° 20 % yield according | 2H), 6.88 (d,/=7.3
to the Example 4, Step | Hz, 1H), 6.74 (dd, J =
A substituting | 11.2, 4.1 Hz, 1H),
cyclohexanamine for | 6.27 (d, J = 8.5 Hz,
4-methoxy-N-methyla | 1H), 6.04 (d, J = 7.8
niline Hz, 1H), 4.02 (s, 1H),
3.86 (s, 3H), 3.78 (s,
3H), 3.17 (d, /= 10.0
Hz, 1H).
'H NMR 400 MHz,
DMSO) & 12.12 -
11.49 (m, 1H), 8.04
3-((2-chlorophenyl)thi | (d, J = 8.1 Hz, 1H),
cl 0)-6-(6-((3-methoxyph | 7.74 (t, J = 7.9 Hz,
enyl)(methyl)amino)py | 1H),
ridin-2-y1)-6-(thiophen | 7.53 — 7.37 (m, 3H),
-3-yDpiperidine-2,4-di | 7.27 — 7.15 (m, 3H),
274 MD one Was' prepared. in | 695 - 6.87 (m, 2H),
22.7 % yield according | 6.84 — 6.73 (m, 3H),
to the Example 4, Step | 6.50 — 6.47 (m, 1H),
\o A substituting | 6.07 (dd, J=20.5,8.2
cyclohexanamine for | Hz, 1H), 4.02 (t, J =
3-methoxy-N-methyla | 9.1 Hz, 1H), 3.82 —
niline 3.69 (m, 3H), 3.46 (d,
J=36.8 Hz, 3H),
3.16 (t, J = 8.0 Hz,
1H).
3-((2-chlorophenyl)thi 'H NMR 400 MHz,
0)-6-(6-(methyl(3-(trifl | DMSO) & 11.69 -
¢ voromethyl)phenyl)am | 11.39 (m, 1H), 8.13
ino)pyridin-2-yD)-6-(th | (s, 1H), 7.65 — 7.57
iophen-3-yl)piperidine | (m, 4H), 7.55 — 7.48
-2,4-dione was | (m,
275 MD prepared in 209 % | 2H),7.37 (dd, J=3.0,

yield according to the
Example 4, Step A
substituting
cyclohexanamine  for
N-methyl-3-(trifluoro
methyl)aniline

1.4 Hz, 1H),7.28 (d,J
= 8.0 Hz, 1H), 7.16
dd, J = 5.1, 1.4 Hz,
1H), 7.06 (d, J =

7.4 Hz, 1H), 6.94 (t, J
= 6.8 Hz, 1H), 6.75
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(dd, J=11.3, 4.0 Hz,
1H), 6.64 (d, J = 8.3
Hz, 1H), 6.00 (d, J =
6.8 Hz, 1H), 4.12 —
3.94 (m, 1H), 3.78 (s,
1H), 3.47 (s, 3H).

276

MD

3-((2-chlorophenyl)thi
0)-6-(6-((5-methyl-1H
-imidazol-2-yl)amino)
pyridin-2-yD)-6-(thioph
en-3-yl)piperidine-2,4-
dione was prepared in
2.2 % yield according
to the Example 4, Step
A substituting
cyclohexanamine  for
S-methyl-1H-imidazol-
2-amine

m/z: 510.1
100% purity by UV
254nm

277

MD

3-((2-chlorophenyl)thi
0)-6-(6-((1-methyl-1H

-imidazol-2-yl)amino)

pyridin-2-yD)-6-(thioph
en-3-yl)piperidine-2,4-
dione was prepared in
12.2 % yield according
to the Example 4, Step
A substituting
cyclohexanamine  for
1-methyl-1H-imidazol-
2-amine

m/z: 510.0
91.5% purity by UV
254nm

278

MD

6-(6-(2-amino-5-meth
yl-1H-imidazol-1-yl)p
yridin-2-y1)-3-((2-chlo
rophenyl)thio)-6-(thio
phen-3-yl)piperidine-2
J4-dione was prepared
in 32 %
according  to

yield
the
Example 4, Step A
substituting
cyclohexanamine  for
S-methyl-1H-imidazol-
2-amine

m/z: 510.1
96.5% purity by UV
254nm

279

MD

6-(6-((4-chlorophenyl)
(methyl)amino)pyridin
-2-y1)-3-((2-chlorophe

nyl)thio)-6-(thiophen-

3-yDpiperidine-2,4-dio
ne was prepared in
21.2 % yield according
to the Example 4, Step
A substituting
cyclohexanamine  for
4-chloro-N-methylanil
ine

'H NMR 400 MHz,
DMSO) § 11.72 -
11.47 (m, 1H), 8.13
(s, 1H), 7.60 — 7.42
(m, 4H), 7.37 (dd, J =
3.0, 1.4 Hz, 1H), 7.36
~7.24 (m, 3H), 7.17
(dd, 7 =5.1, 1.4 Hz,
1H), 7.02 — 6.93 (m,
2M), 6.75 (t, J=7.7
Hz, 1H), 6.56 (t, J =
5.8 Hz, 1H), 6.00 (d, J
=6.9 Hz, 1H),3.41 (s,
3H), 3.31 (s, 2H).
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'H NMR 400 MHz,
DMSO) & 11.32 (s,
1H), 8.14 (s, 1H),
772 (t, J =79 Hz,
¢l 3-((2-chlorophenyl)thi | 1H), 7.49 — 7.43 (m,
0)-6-(6-(thiazol-2-yla 2H),
mino)pyridin-2-y1)-6-( | 7.39 (d, J = 3.6 Hz,
thiophen-3-yDpiperidi | 1H), 7.23 (ddd, J =
ne-2,4-dione was | 19.8, 8.4, 4.7 Hz,
280 | SS prepared in 11 % yield | 3H), 7.05 (d, J = 3.6
according to the | Hz, 1H), 6.95 (d, J =
Example 4, Step A | 8.1
substituting Hz, 1H), 6.88 (d, J =
cyclohexanamine for | 7.7 Hz, 1H), 6.73 (t, J
thiazol-2-amine =7.2 Hz, 1H), 6.54 (s,
1H), 6.05 (d, J = 8.0
Hz, 1H), 3.90 -
3.72 (m, 1H), 3.31 -
3.29 (m, 1H).
3-((2-chlorophenyl)thi 'H NMR 400 MHz,
¢ 0)-6-(6-(3,4-difluorobe | DMSO) § 11.77 —
nzyl)pyridin-2-y1)-6-(t | 11.53 (m, 1H), 8.35 —
hiophen-3-yl)piperidin | 8.10 (m, 1H), 7.78 (t,
e-2,4-dione was | J=7.8 Hz, 1H), 7.55
prepared in 7.2% yield | —7.44 (m, 2H), 7.36 —
281 SS according to  the | 7.06 (m, 7H), 6.85 (1,
Example 5, Step B | J=6.9 Hz, 1H), 6.49
substituting (t, J = 7.2 Hz, 1H),
1-(bromomethyl)-3-flu | 5.72 (s, 1H), 4.08
orobenzene for | (s, 2H), 3.90 — 3.78
(3,4-difluorophenyl)m | (m, 1H), 3.30 — 3.26
ethanamine (m, 1H).
o 3—((2—chlorophenyl)thi 'H NMR (400 MHz,
0)-6-(6-(3,4-difluorobe
nzyl)pyridin-2-y1)-6-(t DMSO) '8 11.84 -
hiophen-3-yl)piperidin 1140 (m, 1H), 8.35 -
.2 4-dione was 8.05 (m, 1H), 7.77 (t,
’ . . J=17.8 Hz, 1H), 7.58
prepar(?d in 7.2% yield _7.42 (m. 2H). 7.40 -
282 | MD according to  the
Example 5, Step B 7.03 (m, 7H), 6.84
substituting (dd, 7=10.8, 4.5 Hz,
1-(bromomethyl)-3-flu 1H), 649 (& 7 =174
orobenzene for Hz, 1H), 5.73 (s, 1H),
(3,4-difluorophenyl)m 4.08 (s, 210), 3.81 (s,
’ . 1H), 3.27 (s, 1H).
ethanamine
3-((2-chlorophenyl)thi 'H NMR 400 MHz,
¢ 0)-6-(6-(4-fluoro-3-me | DMSO) 6 11.91 -
thoxybenzyl)pyridin-2 | 11.41 (m, 1H), 8.31
-yD)-6-(thiophen-3-yDp | (s, 1H), 7.77 (t, J =
iperidine-2,4-dione 7.8 Hz, 1H), 7.54 -
was prepared in 8.9% | 7.42
283 | MD yield according to the | (m, 2H), 7.36 — 7.16
Example 5, Step B | (m, 3H), 7.15 - 6.98
substituting (m, 3H), 6.92 — 6.81
1-(bromomethyl)-3-flu | (m, 2H), 6.52 (t, J =
orobenzene for | 7.1 Hz, 1H),5.76 (d, J
(4-fluoro-3-methoxyph | =7.7 Hz, 1H), 4.07 (s,
enyl)methanamine 2H), 3.89 (s, 1H),
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3.71 (s, 3H), 3.37 (s,
1H).

284

MD

Cl

3-((2-chlorophenyl)thi
0)-6-(6-(4-fluoro-3-me
thoxybenzyl)pyridin-2
-yD)-6-(thiophen-3-yDp
iperidine-2,4-dione

was prepared in 10.7%
yield according to the
Example 5, Step B

substituting
1-(bromomethyl)-3-flu
orobenzene for

(4-fluoro-3-methoxyph
enyl)methanamine

'H NMR 400 MHz,
DMSO) § 11.82 -
11.47 (m, 1H), 8.32
(s, 1H), 7.78 (t, J =
7.8 Hz, 1H), 7.54 —
7.44

(m, 2H), 7.31 (dd, J =
3.0, 1.4 Hz, 1H), 7.25
d, J = 7.8 Hz, 20),
7.11(dd, J=5.1, 1.4
Hz, 1H), 7.03

(ddd, J = 149, 85,
5.1 Hz, 2H), 6.86
(ddd, J = 127, 6.8,
1.7 Hz, 2H), 6.52 (t, J
= 7.1 Hz, 1H), 5.76
@ J

=7.4Hz, 1H), 4.07 (s,
2H), 3.89 (s, 1H),
3.71 (s, 3H), 3.37 (s,
1H).

285

MD

Cl

3-((2-chlorophenyl)thi
0)-6-(6-((4-fluorobenz
ylamino)pyridin-2-yl)
-6-(thiophen-3-yl)pipe
ridine-2,4-dione  was
prepared in 59.6 %
yield according to the
Example 4, Step A
substituting
cyclohexanamine  for
(4-fluorophenyl)metha
namine

'H NMR 400 MHz,
DMSO) § 11.65 -
1137 (m, 1H), 8.13
(s, 1H), 7.42 — 7.33
(m, 4H), 7.30 — 7.14
(m,

3H), 7.12 — 7.03 (m,
2H), 6.99 — 6.89 (m,
2H), 6.81 — 6.70 (m,
2H), 6.44 (d, J = 8.2
Hz, 1H), 6.02 (d, J =
6.9 Hz, 1H), 4.61 —
454 (m, 1H), 4.38
(dd, J = 15.3, 5.8 Hz,
1H), 3.78 (s, 1H),
320 (d, J =164 Hz,
1H).

286

MD

Cl

N-(6-(5-((2-chlorophe
nyl)thio)-4,6-dioxo-2-(
thiophen-3-yl)piperidi
n-2-yDpyridin-2-yl)aze
tidine- 1-sulfonamide
was prepared in 7 %
yield according to the
Example 4, Step A
substituting
cyclohexanamine  for
azetidine-1-sulfonamid
e

m/z: 549.1
94% purity by UV
254nm
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'H NMR 400 MHz,
DMSO) § 11.22 (s,
¢ 3-((2-chlorophenyl)thi 1H), 7.71 (dd, J =
0)-6-(6-((4-methylthia | 2> 155 Hz. 2H),
i L 7.58 (s, 1H), 7.49 —
zol-2-yl)amino)pyridin 740
“2-yD-6-(thiophen-3-y1 | 5 551 (qdd, 7
)plpendlne—Z,'él—dlone 9.8, 13.3. 4.6 Hz.
2 |
Example 4 z(D;tep A 13.9, 78 Hz, 2H),
T 6.77 — 6.70 (m, 1H),
substituting 6.59
cyclohexanamine  for
4}—/methy1thiazol—2—amj @, J = 1.0 Hz, 1H),
6.08 (d, J = 7.0 Hz,
ne 1H), 3.73 (s, 2H),
2.21 (t, J = 13.6 Hz,
3H).
'H NMR 400 MHz,
DMSO) § 11.82 —
11.53 (m, 1H), 11.23
3-((2-chlorophenyl)thi | 10.94 (m, 1H), 8.37
o 0)-6-(6-((5-methylthia | ~ o> (™ 1HD). 7.85
zol-2-yl)amino)pyridin  J =78 He, 1H),
-2-yl)-6-(thiophen-3-yl 772 J =78 He,
)piperidine-2,4-dione 1), 7.63 d, J =77
din 75 % Hz, 1H), 7.60 — 7.41
s |
Example N i‘tep | 29 1482 11,729
substituting —7:25 (m, 1H),7.20 -
cyclohexanamine for 7.13 (m, 1H), 6.95 (d,
5-methylthiazol-2-ami J=7.1Hz, 1H), 6.79
(t,J=7.7 Hz,
ne 1H), 5.94 (d, J = 7.9
Hz, 1H), 3.74 (4, J =
25.7 Hz, 1H), 3.35 (s,
1H), 2.51 (s, 3H).
'H NMR 400 MHz,
DMSO) § 11.82 —
11.47 (m, 1H), 8.35
(s, 1H), 7.84 — 7.73
(m, 1H), 7.52 — 7.40
3-((2-chlorophenyl)thi | (m,
o N 0)-6-(6-((4-fluorobenz | 3H), 7.28 (ddd, J =
s yDoxy)pyridin-2-y)-6- | 13.9, 8.1, 4.3 Hz,
\ (thiophen-3-yl)piperidi | 3H), 7.15 (ddd, J =
\ ne-2,4-dione was | 8.9, 5.8, 2.5 Hz, 2H),
289 MD N prepared in  35.6% | 7.06 (dd,J=5.1, 14
/N \ yield according to | Hz,
o Example 2, Step A | 1H), 6.95 (td,J="7.7,
F_@J — substituting 1.5 Hz, 1H), 6.82 (d, J
propan-2-ol for | =8.2 Hz, 1H), 6.77 —
(4-fluorophenyl)metha | 6.69 (m, 1H), 5.91 (d,
nol J=6.9 Hz, 1H),
545 (d, J =124 Hz,
1H),5.31(d, /=124
Hz, 1H), 3.89 (4, J =
16.1 Hz, 1H), 3.34 (s,
1H).
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290

MD

cl

HO

3-((2-chlorophenyl)thi
0)-6-(6-((3-(hydroxym
ethyl)phenyl)amino)py
ridin-2-yl)-6-(thiophen
-3-yl)piperidine-2.4-di
one was prepared in
25.8 % yield according
to the Example 4, Step
A substituting
cyclohexanamine  for
(3-aminophenyl)metha
nol

'H NMR 400 MHz,
DMSO) § 11.58 -
1121 (m, 1H), 9.10
(s, 1H), 8.28 (s, 1H),
7.70 (s, 1H), 7.65 —
758 (m, 1H), 7.51
(dd, 7 = 5.1, 3.0 Hz,
1H), 7.48 — 7.39 (m,
2H), 7.29 (dd, J =7.9,
1.3 Hz, 1H), 7.26 —
7.17 (m, 2H), 7.05 —
6.94 (m, 2H), 6.87 —
6.73 (m, 3H), 6.07
(dd, 7 = 8.0, 1.4 Hz,
1H), 5.51 — 5.24 (m,
1H), 4.50 (s, 2H),
3.83 (d, J = 16.0 Hz,
1H), 3.44 (d, J=16.2
Hz, 1H).

291

SS

\_/

I=

3-((2-chlorophenyl)thi
0)-6-(6-((4-fluorobenz
ylamino)pyridin-2-yl)
-6-(thiophen-3-yl)pipe
ridine-2,4-dione  was
prepared in 12 % yield
according  to  the
Example 4, Step A
substituting
cyclohexanamine  for
(4-fluorophenyl)metha
namine

'H NMR 400 MHz,
DMSO) § 11.56 -
1131 (m, 1H), 8.10
(s, 1H), 7.43 — 7.32
(m, 4H), 7.28 (dd, J =
7.9, 1.2 He, 1H), 7.24
~7.17 (m, 2H), 7.07
(ddd, 7 =8.9,5.8,2.6
Hz, 2H), 6.99 — 6.91
(m, 2H), 6.80 —

6.70 (m, 2H), 6.44 (d,
J=8.2Hz, 1H), 6.03
(dd, 7 = 8.0, 1.4 Hz,
1H), 4.58 dd, J =
15.1, 5.8 Hz, 1H),
439

(dd, 7=15.2, 5.5 Hz,
1H), 3.81 (d, J=16.5
Hz, 1H), 322 (d, J =
15.9 Hz, 1H).

292

SS

Cl

3-((2-chlorophenyl)thi
0)-6-(6-((4-fluorobenz
ylamino)pyridin-2-yl)
-6-(thiophen-3-yl)pipe
ridine-2,4-dione  was
prepared in 11 % yield
according  to  the
Example 4, Step A
substituting
cyclohexanamine  for
(4-fluorophenyl)metha
namine

'H NMR 400 MHz,
DMSO) § 11.60 -
11.34 (m, 1H), 8.15 —
7.99 (m, 1H), 7.43 —
7.32 (m, 4H), 7.28
dd, J =79, 1.2 Hz,
1H), 7.23 — 7.17 (m,
2H), 7.10 — 7.02 (m,
2H), 6.99 — 6.89 (m,
2H), 6.81 — 6.70 (m,
2H), 6.44 (d, J = 8.1
Hz, 1H), 6.04 (d, J =
6.7 Hz, 1H), 4.58 (dd,
J=14.9, 5.8 Hz, 1H),
4.39 (dd, J = 15.0,
5.5 Hz, 1H), 3.77 (s,
1H), 321 (d, J=16.0
Hz, 1H).
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293

SS

cl

3-((2-chlorophenyl)thi
0)-6-(6-(4-fluorophene
thyDpyridin-2-y1)-6-(t
hiophen-3-yl)piperidin
e-2,4-dione was
prepared in 13% yield
according  to  the
Example 5, Step B
substituting
1-(bromomethyl)-3-flu
orobenzene for
1-(2-bromoethyl)-4-flu
orobenzene

'H NMR 400 MHz,
DMSO) § 11.92 -
11.37 (m, 1H), 8.15 —
7.93 (m, 1H), 7.71 (,
J=7.7Hz, 1H), 7.50
—7.43 (m, 2H), 7.26
(ddd, 7 =9.1,54,1.3
Hz, 2H), 7.17 — 7.08
(m, 4H), 6.98 — 6.87
(m, 3H), 6.71 — 6.66

(m, 1H), 5.89 (d, J =
7.8 Hz, 1H), 3.81 (s,
1H), 3.33 (s, 1H),
3.09 — 2.97 (m, 4H).

294

SS

cl

3-((2-chlorophenyl)thi
0)-6-(6-(4-fluorophene
thyDpyridin-2-y1)-6-(t
hiophen-3-yl)piperidin
e-2,4-dione was
prepared in 12% yield
according  to  the
Example 5, Step B
substituting

1-(bromomethyl)-3-flu
orobenzene for
1-(2-bromoethyl)-4-flu
orobenzene

'H NMR 400 MHz,
DMSO) § 11.88 -
11.29 (m, 1H), 8.22 —
7.96 (m, 1H), 7.71 (,
J=7.7Hz, 1H), 7.47
(d, J = 7.1 Hz, 2H),
725, J = 9.1 Hz,
2H), 7.12 (dd, J =
109, 6.0 Hz, 4H),
6.94 (dd, J=15.0,6.4
Hz,

3H), 6.69 (d, J = 7.5
Hz, 1H), 5.87 (s, 1H),
3.83 (s, 1H), 3.32 (s,
1H), 3.04 (d, J = 10.1
Hz, 4H).

295

SS

Cl

3-(2-chlorophenoxy)-6
-[6-(4-fluoroanilino)-2
-pyridyl]-6-(3-thienyl)
piperidine-2,4-dione
was prepared
according to methods
described in example
422.

296

SS

6-(6-(((S)-1-(3-chloro-
4-fluorophenyl)-2-hyd
roxyethylamino)pyrid
in-2-y1)-3-((2-chlorop

henyl)thio)-6-(thiophe
n-3-yDpiperidine-2,4-d
ione was prepared in
12.3 % yield according
to the Example 4, Step
A substituting
cyclohexanamine  for
(S)-2-amino-2-(4-fluor
ophenyl)ethanol

'H NMR (400 MHz,
DMSO) § 11.65 —
1117 (m, 1H), 8.17
(d, J = 32.5 Hz, 1H),
7.84 (s, 1H), 7.61 —

7.52 (m, 1H), 7.45 —
7.34 (m, 3H), 7.33 —
7.23 (m, 2H), 7.23 -
7.09 (m, 1H), 7.07 —
6.87 (m, 3H), 6.81 —

6.66 (m, 2H), 6.60
(dd, J =26.8, 6.4 Hz,
1H), 6.47 (d, J = 8.4
Hz, 1H), 5.99 (dd, J =

-232-
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15.2, 8.1 Hz, 1H),
5.08 — 4.83 (m, 2H),
3.65 (s, 2H).
6-(6-(((R)-1-(3-chloro-
4-fluorophenyl)propyl)
¢ amino)pyridin-2-yl)-3-
((2-chlorophenyl)thio) | m/z: 600.1
-6-(thiophen-3-yl)pipe | 100% purity by UV
ridine-2,4-dione  was | 254nm
2907 | SS prepared in 4.1 % yield
according  to  the
Example 4, Step A
substituting
cyclohexanamine  for
(R)-1-(4-fluorophenyl)
propan-1-amine
'H NMR 400 MHz,
DMSO) & 11.85 —
1144 (m, 1H), 8.13
3-((2-chlorophenyl)thi . 11HH)’ 77%12 - ;471?)
ol 0)-6-(6-((4-fluorobenz EE’ ). 749 = 7.
s yhoxy)pyridin-2-yD-0- | 5p g 50 755 (m,
- e TP | 0,720 - 710
208 | SS N N prepar(?d in 24% yield ?I;I)’Pllf)f}iidé]gg (St’ll’
o 4 \ according to Example — 7.6 Hz, 1H)
FO/ _ 2, Step A substituting 6.8.1 . ’] _ ’8.2 Hy,
piofll’an'z'(l’ll 1 ﬂflor 1H), 6.73 (t, J = 7.0
Elo'l uorophenyhmetha \ o "1y 593 (d, g =
7.5Hz, 1H), 544 (d, J
=12.4 Hz, 1H), 5.31
(d, 7 =12.4 Hz, 1H),
3.82 (d, J = 15.9 Hz,
1H), 3.32 (s, 1H).
'H NMR 400 MHz,
3-((2-chlorophenyl)thi | DMSO) & 11.81 -
0)-6-(6-((4-fluorobenz | 11.34 (m, 1H), 8.26
yhoxy)pyridin-2-yD)-6- | (s, 1H), 7.84 — 7.75
(thiophen-3-yl)piperidi | (m, 1H), 7.51 — 7.38
&l ne-2,4-dione was | (m,
prepared in 22% yield | 3H), 7.35 — 7.21 (m,
according to Example | 3H), 7.14 (dd, J =
300 SS 2, Step A substituting | 124, 5.5 Hz, 2H),
propan-2-ol for | 7.10 — 7.01 (m, 1H),
(4-fluorophenyl)metha | 6.94 (t, J = 7.1 Hz,
nol 1H),
6.82 (d, J = 8.1 Hz,
1H), 6.73 (t, J = 7.6
Hz, 1H), 592 (d, J =
7.6 Hz, 1H), 544 (d, J
=12.4 Hz, 1H), 5.31
(d, 7 =12.4 Hz, 1H),
3.86 (d, J = 174 Hz,
1H), 3.33 (s, 1H).
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'H NMR 400 MHz,
DMSO) & 11.84 —
11.50 (m, 1H), 8.45 —
820 (m, 1H), 7.74
3-((2-chlorophenyl)thi (&tl’)’] =69, 48 Hz,
e o 0)-6-(6-(1-(4-fluoroph | 5y 5 1o opyy,
s enyl)ethoxy)pyridin-2-
) | 7.35 (ddd, J = 5.6,
\ \ yD-6-(thiophen-3-yDpi |\ 2 ' (1 151y 7.31
peridine-2.4-dione was
) ) —7.25(m, 1H), 7.19 -
301 SS N N prepared in 31% yield 7.07 (m. 3H), 6.98 -
—~ o Gep & subiing | 080 (m 2D 078 -
F@/< — : p2 1 fg 6.63 (m, 2H), 6.26 —
Iljr?faf;lllo;z hen l)et}?ar 6.14 (m, 1H), 5.87 (d,
o phetly J=6.7 Hz, 1H), 3.82
(d, J=16.1 He,
1H), 3.35 (d, J=25.8
Hz, 1H), 1.54 (dd, J =
6.5, 3.3 Hz, 3H), 1.30
(t, J =4.7 Hz, 1H).
'H NMR 400 MHz,
DMSO) & 11.54 —
3-((2-chlorophenyl)thi | 11.37 (m, 1H), 8.23 —
0)-6-(6-((1-(4-fluorop 8.06 (m, 1H), 7.44 —
cl henyl)ethyl)amino)pyri | 7.35 (m, 3H), 7.28 —
din-2-yl)-6-(thiophen- | 7.16 (m, 3H), 7.11 -
3-yDpiperidine-2,4-dio | 7.04 (m, 2H), 6.93 (d,
302 MD ne was prepared in | J=3.9 Hz, 2H), 6.74
7.2 % yield according | (s, 1H), 6.67 (d, J =
e to the Example 4, Step | 6.9 Hz, 1H), 6.48 —
F@—\ A substituting | 6.38 (m, 1H), 6.01 (s,
cyclohexanamine for | 1H), 5.05 (s, 1H),
(R)-1-(4-fluorophenyl) | 3.78 (s, 1H), 3.51 (s,
ethanamine 1H), 1.41 (dd, J=9.4,
7.0 Hz, 3H), 1.26 (d,
J=6.9 Hz, 1H).
'H NMR 400 MHz,
DMSO) & 11.55 -
11.38 (m, 1H), 8.13
3-((2-chlorophenyl)thi | (s, 1H), 7.45 — 7.35
0)-6-(6-((1-(4-fluorop (m, 3H), 7.30 — 7.18
cl henyl)ethyl)amino)pyri | (m,
din-2-y)-6-(thiophen- | 3H), 7.12 — 7.03 (m,
3-yDpiperidine-2,4-dio | 2H), 6.99 — 6.91 (m,
ne was prepared in | 2H), 6.76 (d,J=11.0
303 MD 7.9 % yield according | Hz, 1H), 6.68 — 6.64
to the Example 4, Step | (m, 1H), 6.43 (d,J =
A substituting | 25.5 Hz, 1H), 6.00 (d,
cyclohexanamine for | J = 8.0 Hz, 1H), 5.06
(S)-1-(4-fluorophenyl) | (s, 1H), 3.88 — 3.78
ethanamine (m, 1H), 3.51 (s, 1H),
1.41(dd, J=9.3,
7.0Hz, 3H),1.26 (d,J
=6.9 Hy, 1H).
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304

MD

cl

3-((2-chlorophenyl)thi
0)-6-(6-((1-(4-fluorop

henyl)propyl)amino)py
ridin-2-yl)-6-(thiophen
-3-yl)piperidine-2.4-di
one was prepared in
3.9 % yield according
to the Example 4, Step
A substituting
cyclohexanamine  for
1-(4-fluorophenyl)pro

pan-1-amine

m/z: 566.1
89% purity by UV
254nm

305

SS

Cl

3-((2-chlorophenyl)thi
0)-6-(6-(1-(4-fluoroph
enyl)propoxy)pyridin-
2-y1)-6-(thiophen-3-yl)
piperidine-2,4-dione
was prepared in 25.8%
yield according to
Example 2, Step A
substituting
propan-2-ol for
1-(4-fluorophenyl)pro
pan-1-ol

'H NMR 400 MHz,
DMSO) § 11.79 -
11.44 (m, 1H), 8.46 —
.18 (m, 1H), 7.76 —
7.69 (m, 1H), 7.45
(ddd, J = 142, 7.8,
5.1 Hez, 2H), 7.34 -
7.22 (m, 2H), 7.18 —
7.01 (m, 3H), 7.00 —
6.80 (m, 2H), 6.79 —
6.69 (m, 1H), 6.64
(dd, J =10.2, 5.1 Hz,
1H), 6.00 dt, J =
455, 6.9 Hz, 1H),
5.86 (dd, J=15.5,7.8
Hz,

1H), 3.81 (d, J = 16.3
Hz, 1H), 3.63 (s, 1H),
336 (d, J = 20.0 Hz,
1H), 1.95 @dt, J =
14.7,7.6 Hz, 1H),
1.82(td, J=13.7, 6.6
Hz, 1H), 0.95 — 0.78
(m, 3H).

306

MD

Cl

3-((2-chlorophenyl)thi
0)-6-(6-((4,4-difluoroc
yclohexyl)oxy)pyridin-
2-y1)-6-(thiophen-3-yl)
piperidine-2,4-dione
was prepared in 22.1%
yield according to
Example 2, Step A
substituting
propan-2-ol for
4.4-difluorocyclohexa
nol

'H NMR 400 MHz,
DMSO) § 11.55 (s,
1H), 8.39 (s, 1H),
7.84 — 7.73 (m, 1H),
7.52 (dd, J=5.1,3.0
Hz,

1H), 7.37 (dd, J = 3.0,
14 Hz, 1H), 7.31 -
721 (m, 2H), 7.17
(dd, J = 5.1, 1.4 Hz,
1H), 6.95 (td, J = 7.7,
1.5 Hz, 1H), 6.81 —
6.65 (m, 2H), 5.83 (d,
J=6.7 Hz, 1H), 5.25
(s, 1H), 3.83 (d, J =
16.4 Hz, 1H), 3.34 (d,
J=16.4Hg, 1H),2.08
—1.66 (m, 8H).
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307

SS

HO

Iz

Cl

3-((2-chlorophenyl)thi
0)-6-(6-((3-(1-hydroxy
ethyl)phenyl)amino)py
ridin-2-yl)-6-(thiophen
-3-yl)piperidine-2.4-di
one was prepared in
3.9 % yield according
to the Example 4, Step
A substituting
cyclohexanamine  for
1-(4-aminophenyl)etha
nol

m/z: 550.2
91% purity by UV
254nm

308

MD

cl

3-((2-chlorophenyl)thi

0)-6-(6-(cyclohexylme
thoxy)pyridin-2-y1)-6-(
thiophen-3-yl)piperidi

ne-2,4-dione was
36.9%
according to

prepared in
yield
Example 2, Step A
substituting
propan-2-ol for
cyclohexylmethanol

'H NMR 400 MHz,
DMSO) § 11.56 (s,
1H), 8.29 (s, 1H),
7.79 — 7.70 (m, 1H),
7.50 (dd, J = 5.1, 3.0
Hz,

1H), 7.35 (dd, J = 3.0,
1.4 Hz, 1H), 7.27 (dd,
J=179,1.2 Hz, 1H),
7.24 — 7.12 (m, 2H),
6.94 (td, J=7.7,

1.5 Hz, 1H), 6.78 —
6.68 (m, 2H), 5.89 (d,
J=7.6Hz, 1H), 4.11
(d, J = 6.4 Hz, 2H),
3.83 (d, J=17.0 He,
1H), 3.32 (d, J = 6.6
Hz, 1H), 1.69 (dd, J =
36.8, 11.2 Hz, 6H),
1.16 (dd, J = 192,
10.0 Hz, 3H), 0.98 (s,
2H).

309

SS

HO

I=z

Cl

3-((2-chlorophenyl)thi
0)-6-(6-((3-(hydroxym
ethyl)phenyl)(methyl)a
mino)pyridin-2-y1)-6-(
thiophen-3-yl)piperidi
ne-2,4-dione was
prepared in 1.0 % yield
according  to  the
Example 4, Step A
substituting

cyclohexanamine  for
(4-(methylamino)phen
yl)methanol

m/z: 550.1
100% purity by UV
254nm

310

SS

HO

cl

3-((2-chlorophenyl)thi
0)-6-(6-((3-(hydroxym
ethyl)phenyl)(methyl)a
mino)pyridin-2-y1)-6-(
thiophen-3-yl)piperidi
ne-2,4-dione was
prepared in 5.9 % yield
according  to  the
Example 4, Step A
substituting

cyclohexanamine  for

'H NMR 400 MHz,
DMSO) § 11.77 -
11.44 (m, 1H), 8.19 —
8.04 (m, 1H), 7.54 —
7.45 (m, 2H), 7.38

(dd, J = 9.2, 6.3 Hz,
2H), 7.28 (d, J = 9.1
Hz, 2H), 7.23 — 7.12
(m, 3H), 6.95 (1, J =
6.0 Hz, 2H), 6.76 (t, J
= 7.6 Hz, 1H), 6.47
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(4-(methylamino)phen
ylmethanol

d, J = 8.4 Hz, 1H),
6.02 (d, J = 8.1 Hz,
1H), 5.39 — 5.18 (m,
1H), 4.50 (s, 2H),
3.81

(s, 2H), 3.42 (s, 3H).

311

MD

cl

6-(6-(1-(4-chlorophen
yDethoxy)pyridin-2-yl)
-3-((2-chlorophenyl)th
i0)-6-(thiophen-3-yl)pi
peridine-2.4-dione was
prepared in  47.6%
yield according to
Example 2, Step A
substituting
propan-2-ol for
1-(4-chlorophenyl)etha
nol

'H NMR 400 MHz,
DMSO) § 11.61 (s,
1H), 8.30 (d, J=91.8
Hz, 1H), 7.80 — 7.71
(m, 1H), 7.49 — 7.42
(m, 2H), 7.40 — 7.36
(m, 1H), 7.35 — 7.25
(m, 3H), 7.18 (dd, J =
7.1, 4.4 Hz, 1H), 7.07
- 6.89 (m, 2H),

6.86 — 6.58 (m, 3H),
6.26 — 6.10 (m, 1H),
5.85 (d, J = 8.0 Hz,
1H), 3.78 dd, J =
35.1, 153 Hz, 1H),
3.41

~3.32 (m, 1H), 1.55
(d, J = 6.4 Hz, 3H).

312

MD

I=

Cl

3-((2-chlorophenyl)thi
0)-6-(6-(1-(3-fluoroph
enyl)ethoxy)pyridin-2-
y1)-6-(thiophen-3-yl)pi
peridine-2.4-dione was
prepared in  20.6%
yield according to
Example 2, Step A
substituting
propan-2-ol for
1-(3-fluorophenyl)etha
nol

'H NMR 400 MHz,
DMSO) § 11.72 -
11.48 (m, 1H), 8.13
(s, 2H), 7.80 — 7.72
(m, 1H), 7.48 — 7.36
(m,

1H), 7.36 — 7.22 (m,
4H),7.18 (dd, T =7.5,
3.5 Hz, 1H), 7.12 —
7.03 (m, 1H), 6.98 —
6.88 (m, 1H), 6.82
(dd, T =21.6, 8.1 Hz,
1H), 6.76 — 6.47 (m,
2H), 6.19 (dd, J =
35.5, 6.6 Hz, 1H),
5.87 (1, T = 8.0 Hz,
1H),

3.84 — 3.63 (m, 1H),
3.14 (s, 1H), 1.61 —
1.46 (m, 3H)..

313

MD

cl

3-((2-chlorophenyl)thi
0)-6-(6-(1-(3,4-difluor
ophenyl)ethoxy)pyridi
n-2-y1)-6-(thiophen-3-
yl)piperidine-2.4-dion
e was prepared in 9.6%
yield according to
Example 2, Step A
substituting
propan-2-ol for
1-(3,4-difluorophenyl)
ethanol

'H NMR 400 MHz,
DMSO) 4 11.78 —
1137 (m, 1H), 8.13
(s, 1H), 7.70 (d, T =
19.1 Hz, 1H), 7.43 (d,
7

=11.3 Hz, 1H), 7.09
(dddd, T = 44.9, 29.6,
169, 8.5 Hz, 6H),
6.81 — 6.41 (m, 2H),
5.96 (d, J = 86.0 He,
2H), 5.46 (s, 1H),
4.04 (s, 1H), 3.51 (s,
1H), 1.56 — 1.43 (m,
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3H), 1.33 — 1.23 (m,
1H).

314

MD

CT

3-(2-chlorophenyl)sulf
anyl-6-phenyl-6-thiazo
1-4-yl-piperidine-2,4-d
ione was prepared
according to methods

described therein.

'H NMR (400 MHz,
DMSO0-d6) § 9.15 (d,
J=2.0 Hg, 1H), 8.26
(s, 1H), 7.66 (d, J =
1.9 Hz, 1H), 7.47 -
7.27 (m, 6H), 7.02 —
6.89 (m, 1H), 6.84 —
6.75 (m, 1H), 6.00 —
5.89 (m, 1H), 3.65 (d,
T=16.5Hz, 1H), 3.49
(d,J =16.5 Hz, 1H).

315

MD

3-(2-chlorophenyl)sulf
anyl-6-(3-thienyl)-6-[6
-[4-(trifluoromethyl)ph
enoxy]-2-pyridyl]piper
idine-2,4-dione ~ was
prepared in 41% yield
according  to  the
Method 3, Step A
substituting
2-chloro-4-fluorophen
ol for
4-(trifluoromethyl)phe
nol

'H NMR 400MHz,
DMSO-dg) & =11.55
(s, 1H), 8.57 (s, 1H),
8.04 (dd, J=8Hz, 8Hz,
m, 775 @
J=8.0Hz, 2H), 7.53
(d, J=8.0Hz, 1H),
732727 (m, 4H),
713 (d, J=8Hz,
1H),7.06 (d, J=8.0Hz,
1H), 699  (dd,
J=8.0Hz, 8.0Hz, 1H),
6.81 (dd, J=8.0Hz,
8.0Hz 1H), 5.93 (d,
J=8.0Hz, 1H), 3.59
(d, J=16Hz, 1H), 3.34
(d, J=16Hz, 1H)

316

SS

(6S)-3-(2-chloropheny
Dsulfanyl-6-(3-fluoro-

4-morpholino-phenyl)-
6-(3-thienyl)piperidine
-2,4-dione
prepared according to
described

was

methods
therein

5.58 min, 517.0,

317

SS

(6R)-3-(2-chloropheny
Dsulfanyl-6-[6-[(6-fluo
ro-3-pyridyl)amino]-2-
pyridyl]-6-(3-thienyl)p
iperidine-2,4-dione

was prepared as in

example 397.

318

SS

(6S)-3-(2-chloropheny
Dsulfanyl-6-[6-(3,4-dif
Iuorophenoxy)-2-pyrid
y1]-6-(4-morpholinoph
enyl)piperidine-2,4-di
one

1H NMR (400MHz,
METHANOL-d4) d =
791 (dd, 1=7.6, 7.6
Hz, 1H), 7.37 (@,
J=7.6, 1H), 7.36-
721 (m, 4H), 7.04
-6.96 (m, 2H), 6.93
6.85 (m, 4H), 6.75
(dd, J=7.6, 7.6, 1H),
3.84 (dd, J=4.8, 4.8
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Hz, 4H), 3.55 (@,
J=16.8 Hz, 1H), 3.33
d, J=16.8 Hz, 1H),
3.16 (dd, J=4.8, 4.8
Hz, 4H)

319

SS =

(6S)-3-(2-chloropheny
Dsulfanyl-6-[6-(4-fluor
0-2-isopropyl-phenoxy
)-2-pyridyl]-6-(3-thien
yl)piperidine-2.4-dion
e was prepared in 17%
yield according to
method 3. Step A
substituting
2-chloro-4-fluorophen
ol for
4-fluoro-2-isopropylph
enol

1H NMR (400MHz,
METHANOL-d4) d =
7.89 (dd, J=8.0, 8.0
Hz, 1H), 7.42-7.41
(m, 1H), 732 @,
J=7.2, 1H), 7.25(d,
J=7.2,1H),7.20-7.16
(m, 2H), 6.99 — 6.75
(m, SH), 6.73 (dd,
J=8.0, 8.0 Hz, 1H),
5.87(d, J=8.0, 1H),
339 (d, J=16.8 Hz,
1H), 3.11 (d, J=16.4
Hz, 1H), 2.94 -2.90
(m, 1H), 1.02 @,
J=6.8 Hz, 3H) , 0.98
(d, J=6.8 Hz, 3H),

320

SS O

/O

5-(2-chlorophenyl)sulf
anyl-4-hydroxy-2-[6-(

4-methoxycyclohexox

y)-2-pyridyl]-2-(3-thie
nyl)-1,3-dihydropyridi
n-6-one

321

MD

5-(2-chlorophenyl)sulf
anyl-4-hydroxy-2-(6-te
tralin-1-yloxy-2-pyridy
1)-2-(3-thienyl)-1,3-dih
ydropyridin-6-one

322

SS =

3-((2-chlorophenyl)thi
0)-6-(6-((1-cyclopropy
Ipropan-2-yl)oxy)pyrid
in-2-yl)-6-(thiophen-3-
yl)piperidine-2.4-dion
e was prepared in 15%
yield according to the
Method 2, Step A
substituting
propan-2-ol for
1-cyclopropylpropan-2
-ol

1H NMR (400MHz,
METHANOL-d4) d=
7.60 (dd, J = 8.0, 8.0
Hz,1 H), 7.35 (dd, J
=5.6, 1.6 Hz,1 H),
7.17-7.16 (m, 2 H),
7.07- 7.03(m, 2 H),
6.84 (dd, T =8.0, 8.0
Hz, 1 H), 6.63- 6.61
(m, 2 H), 5.92(d,J =
8.0 Hz, 1 H), 5.32 -
5.29 (m, 1 H),3.79 (,
J =16.0 Hz, 1 H),
3.38(d,J=16.0Hz, 1
H), 1.60 - 1.56 (m, 1
H), 1.39 - 1.33 (m, 1
H), 1.22 (d, J=6.0 Hz,
3H),0.72-0.69 (m, 1
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H), 0.34 - 0.31 (m, 2
H), 0.06 - 0.01 (m, 2
H)
1H NMR (400MHz,
METHANOL-d4) &=
8.56 (s, 1H), 8.05 (dd,
J=8.0, 8.0 Hz, 1H),
3-(2-chlorophenyDsulf | 7.51 (dd, J=7.2,7.2
anyl-6-[6-[2-(cyclopro | Hz, 1H), 7.49-7.40
0 cl pylmethoxy)-4-fluoro- | (m, 2H), 7.39 (d,
s phenoxy]-2-pyridyl]-6 | J=3.2 Hz, 1H), 7.11
S \© -(3-thienyl)piperidine- | (dd, J=4.8, 4.8 Hz,
~ NSO 2.4-dione was prepared | 1H), 7.07-7.05 (m,
323 MD — '\I-| in 3.6% yield | 3H), 7.02 (d, J=6.4
N QF according to  the | Hz, 1H), 7.01-6.90
0 Method 3, Step A | (m, 2H), 6.15 (d,
substituting J=8.0 Hz, 1H), 3.87
O\/A 2-chloro-4-fluorophen | (dd, J=3.2, 3.2 Hz,
ol for | 1H), 3.74 (dd, J=3.2,
2-(cyclopropylmethox | 3.2 Hz, 1H), 3.67 (d,
y)-4-fluorophenol J=16.4 Hz, 1H), 3.37
(d, J=16.4 Hz, 1H),
0.94-0.90 (m, 1H),
0.39-0.36  (m, 2H),
0.08-0.03 (m, 2H)
1H NMR (400MHz,
6-[6-[(2-chloro-6-fluor METHANOL-d4) o=
o—g—p[}fri dyloxy]-2-pyr 7.94 (dd, 1=8.0, 8.0
o) Cl idyl]-3-(2-chloropheny He, 1H), 7.68 (dd,
S Dsulfanyl-6-(3-thienyl) 1=8.0, 8.0 Hz, 1H),
L . 7.37-726 (m, 2H),
S A plperldlne—2,4—F11one 725 (d, J=32 H.
=~ N0 was prepared in 5.6% IH)., 723.7.02 (m
324 [ MD = yield according to the T ' ’
N\ /, F Method 3, Step A 3H), 6.95-6.80 (m,
O"N\_N substituting 2H), 6.76 (dd, I=4.8,
4.2 Hz, 1H), 5.93 (d,
Cl iichloro—él—ﬂuorophizr J=7.6 Hz. 1H). 341
) (d, J=16.4 Hz, 1H),
izl;_cil_lglm'&ﬂuompy“d 320 (d, J=16.4 Hz,
1H)
1H NMR (400MHz,
METHANOL-d4) &=
(6S)-6-[6-[(2-chloro-6 | 7.94 (dd, J=8.0, 8.0
-fluoro-3-pyridyDoxy] | Hz, 1H), 7.65 (dd,
9 Cl -2-pyridyl]-3-(2-chloro | J=8.0, 8.0 Hz, 1H),
S phenyl)sulfanyl-6-(3-t | 7.36-7.28 (m, 2H),
S A hienyl)piperidine-2,4- [ 7.19 (d, J=8.0 Hz,
= N ™0 dione was prepared in | 1H), 7.14-7.09 (m,
325 [ SS = 5.6% vyield according | 2H), 7.02 (d, J=6.4
N\ —F to the Method 3, Step | Hz, 1H), 6.95-6.91
O™\ N A substituting | (m, 2H), 6.75 (dd,
Cl 2-chloro-4-fluorophen | J=4.8, 4.8 Hz, 1H),
ol for | 596 (d, J=7.6 Hz,
2-chloro-6-fluoropyrid | 1H), 3.39 (d, J=16.4
in-3-0 Hz, 1H), 3.20 (,
J=16.4 Hz, 1H)
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1H NMR (400MHz,
METHANOL-d4) 6=
7.86 (dd, J=8.0, 8.0
H 1H), 7.67
(65)-6-{6-(4-bromo-2- | L= 1 (@
J=2.4 Hz, 1H), 7.49
@) Cl chloro-phenoxy)-2-pyr
. (dd, J=8.6, 2.4 Hz,
S s idyl]-3-(2-chloropheny
\ Dsulfanyl-6-(3-thienyl) 1H),7.33-7.16 - (m,
N\ i eridiille 2.4 dioney 2H), 7.15-7.10 - (m,
N PP b 2H), 7.09 (d, J=8.8
H was prepared in 1.8%
74 \ . . Hz, 1H), 7.01 (d,
326 | SS N yield according to the 1=8.2 Hz, 1H), 695
— Method 3, Step A (; .J—48’ HZ’ ﬁ{)
N substituting 6 é6 (dc.i J=7’6 - 6’
< > iichloro—él—ﬂuorophizr Hz, 1H). 673 (dd.
(0] J=7.2, 7.6 Hz, 1H
4-bromo-2-chlorophen 6.05 ’ (d J_7Z’6 H;’
] . , I=7. \
© 1H), 3.35 (d, J=16.4
Hz, 1H) , 3.18 (d,
J=16.4 Hz, 1H)
1H NMR (400MHz,
METHANOL-d4) 6=
7.86 (dd, J=8.0, 8.0
Hz, 1H), 7.67 (d,
(65)-6-(6-(4-bromo-2- |\ 1y 7,49
chloro-phenoxy)-2-pyr (dd. 1=8.6. 2.4 Hz
0] Cl idyl]-3-(2-chloropheny 1H)’ 73 3:7 16 (m’
S 1)'su1f.an'yl—6—(3—t}'11enyl) SH), 715710 (m.
S A piperidine-2,4-dione SH). 7.09 (d. 1-8.8
=~ N0 was prepared in 1.8% T ’ )
. . Hz, 1H), 7.01 (d,
327 SS = yield according to the 1=8.2 Hz, 1H), 695
! Br le 3, Step A| 0 "
5 betitting | @ J=48 Hz 1,
6.86 (dd, J=7.6, 7.6
cl 2-chloro-4-fluorophen Hy 1(H)’ 6.73 ’ dd
ol for ’ > ’
J=7.2, 7.6 Hz, 1H
4-bromo-2-chlorophen 6.05 ’ (d J_7Z’6 H;’
] . , I=7. \
© 1H), 3.35 (d, J=16.4
Hz, 1H) , 3.18 (d,
J=16.4 Hz, 1H)
'H NMR 400 MHz,
DMSO-d6) 6 8.44 (s,
1H), 7.58 (dd,J=5.1,
. 3-(2-chlorophenyDsulf | 2.9 Hz, 1H), 7.36 —
anyl-6-(3-fluoro-4-mor | 6.96 (m, 7H), 6.79 —
328 | MD pholino-phenyl)-6-(3-t | 6.71 (m, 1H), 5.93
hienyl)piperidine-2,4- (dd, J = 8.0, 1.5 Hz,
dione 1H), 3.74(dd, ] =5.8,
34 Hz 4H),3.43 (d,]
=2.3 Hz, 2H), 3.14 -
2.89 (m, 4H).
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6-[6-(2-chloro-3,4-difl | 1H NMR (400 MHz,
voro-anilino)-2-pyridy [ DMSO-d6) § 8.41 (s,
0 Cl 1]-3-(2-chlorophenyl)s | 1H), 7.72-7.70 (m,
S ulfanyl-6-(3-thienyl)pi | 2H), 7.53 (dd, J=4.2 ,
S A \© peridine-2.4-dione was | 4.2 Hz, 1H),
=~ N0 prepared in 24% yield | 7.34-7.30 (m, 3H),
329 | MD = ,\ﬁ according  to  the | 7.13-7.12 (m, 2H),
N/ F example 4, Step A | 7.01-6.99 (m, 2H),
N substituting 6.81 (dd, J = 8.0, 8.0
H cl F cyclohexanamine for | Hz, 1H), 6.00 (d,
2-chloro-3,4-difluoroa | J=8.0Hz 1H), 3.66 (d,
niline. J=16Hz, 1H), 3.41

(d, J=16Hz, 1H)
1H NMR (400 MHz,
DMSO-d6) & 11.52
(6S)-3-(2-chloropheny | (s, 1H), 8.32 (s, 1H),
Dsulfanyl-6-(3-thienyl) | 8.01 (dd, J = 8.0, 8.0
-6-[6-[4-(trifluorometh | Hz, 1H), 7.74 (d,
0 Cl yDphenoxy]-2-pyridyl] | J=8.0  Hz, 2H),
S piperidine-2,4-dione 7.53-749 (m, 2H),
S A\ was prepared in 19% | 7.28 (m, 4H), 7.11 (d,
330 | SS = N"~0 yield according to the | J=8.0Hz, 1H), 7.04
=\ F example 3, Step A | (d, T = 4.8 Hz, 1),
N\ ‘@’k,: substituting 678 (dd, J=8.0,
o 2-chloro-4-fluorophen | 8.0Hz 1H), 6.70 (d,
ol for | dd, J=8.0, 8.0Hz
4-(trifluoromethyl)phe | 1H) , 594 (d,
nol. J=8.0Hz, 1H), 3.52
(d, J=16Hgz, 1H), 3.25

(d, J=16Hz, 1H)
1H NMR (400 MHz,
MeOD-d4) & 7.69
(dd, J=7.6 Hz, 7.6
Hz, 1H), 7.58 (d, J =
3-(2-chlorophenylthio 2.8 Hz, 1H),7.48 (. J
_65(6-(1-cy(1:)10pr(})/pylet) = 2.8 Hz, 1H),7.25 -
. L 722 (m, 3H), 6.96
o al hylamino)pyridin-2-yl) (dd. J=2.8Hz. 2.8Hz.
TN e are(’i in 2 % yield Hz, 8.0 Hz, 1H), 6.56
331 | MD ~ N No prepare Y| (dd, J = 8.0 Hz, 8.0
N=3\ M izcolfd;ng A t;’ th: Hz, 1H), 6.04 (d, J =
N/ Sul‘ztstimmg’ tep 72 Hz, 1H), 3.67 d, J
cyclohexanamine for = 160 Hz, 1H),
1-cyclopropylethanami 3:46-3.34 (m, 2H),
e, 1.28 (d, J = 2.8 Hz,
3H), 0.99 — 0.98 (m,
1H), 0.54— 0.49 (m,
2H), 0..39 — 0.30 (m,

2H).

O Cl 3-(2-chlorophenyl)sulf | 1H NMR (400 MHz,
S anyl-6-[6-(2-cycloprop | MeOD-d4) & 7.69
- \© ylethylamino)-2-pyrid | (dd, J=7.6 Hz, 7.6
332 | MD SI N0 ylI]-6-(3-thienyl)piperi | Hz , 1H), 7.57 (d, J =
N=\ H dine-2,4-dione was | 2.8 Hz, 1H), 7.47(d,J
” \_/ prepared in 2% vyield | = 2.8 Hz, 1H), 7.26 —
according to the | 7.22 (m, 3H), 6.95
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Method 4, Step A
substituting
cyclohexanamine  for
1-cyclopropylethanami
ne

(dd, J=3.2Hz,3.2Hz,
1H), 6.81 (dd, /= 3.2
Hz, 3.2 Hz, 1H), 6.55
(dd, J = 8.0 Hz, 8.0
Hz, 1H), 6.04 (d, J =
7.2 Hz, 1H), 3.64d, J
= 160 Hz 1),
3.53-343 (m, 2H),
129 (d, J = 2.8 Hz,
3H), 1.00 — 0.98 (m,
1H), 0.54— 0.49 (m,
2H), 0.40 — 0.30 (m,
2H).

333

MD

5-(2-chlorophenyl)sulf
anyl-2-[6-(5-fluorotetr
alin-1-ylh)oxy-2-pyridyl
]-4-hydroxy-2-(3-thien
y1)-1,3-dihydropyridin
-6-one

334

MD

3-(2-chlorophenyl)sulf
anyl-6-[6-(4-fluoro-2-
methoxy-phenoxy)-2-p
yridyl]-6-(3-thienyl)pi
peridine-2.4-dione was
prepared in 38% yield
according  to  the
Method 3, Step A
substituting
2-chloro-4-fluorophen
ol for
4-fluoro-2-methoxyph
enol.

'H NMR 400MHz,
DMSO-dg) & = 7.86
(dd, J=8Hz, 8Hz, 1H),
749 (dd, J=42
4.2Hz, 1H),7.33-7.27
(m, 2H), 720 (,
J=1.2Hz, 1H), 6.94
(dd, J=8.0Hz, 8.0Hz,
1H), 689 «, I=
8.0Hz, 1H), 6.80-6.78
(m, 3H), 6.85-6.74
(m, 2H), 595 (@,
J=8.0Hz, 1H), 4.11
d, J=16Hz, 1H),
3.56, (s, 3H), 3.11 (d,
J=16Hz, 11)

335

SS

0
SN
=~ N
=N
\I
N
H

(6S)-3-(2-chloropheny
Dsulfanyl-6-[6-[(6-fluo
ro-5-methyl-3-pyridyl)
amino]-2-pyridyl]-6-(3
-thienyl)piperidine-2.4
-dione was prepared in
15% yield according to
method 4. Step A
substituting
cyclohexanamine  for
6-fluoro-5-methylpyri
din-3-amine .

1H NMR (400MHz,
METHANOL-d4) d =
9.28 (s, 1H), 8.16 (s,
1H), 8.09 (d, J=8.0,
1H), 7.62 (dd, J=8.0,
8.0 Hz, 1H), 7.47 (dd,
J=4.8, 2.0 Hz, 1H),
7.34 (d, J=1.6, 1H),
7.23(d, J=8.0, 1H),
7.13(d, J=5.2, 1H),
7.03(d, J=7.6, 1H),
6.90 (dd, J=8.0, 8.0
Hz, 1H), 6.72 (dd,
J=8.0, 8.0 Hz, 1H),
6.70(d, J=7.6, 1H),
6.03(d, J=7.6, 1H),
3.62 (d, J=152 Hz,
1H), 3.35 (d, J=15.2
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Hz, 1H), 2.20 (s, 3H)
1H NMR (400MHz,
METHANOL-d4) &=
7.85 (dd, 1=8.0, 8.0
Hz, 1H), 7.38-7.36
(m, 2H), 7.34 (d,

(6R)-3-(2-chloropheny 7o4.8 Hi 1H). 7.30
o cl 1)su1fany1—6—(6—phenpx . 1=72 Hz 1H)
y-2-pyridyl)-6-(3-thien 718715 (m. 2H)
Dpiperidine-2,4-di ' ' ’ ’
5™\ yDpiperidine Ny 112?7 7.14 d, J=32 Hz,
336 | SS <~ N ¢ Was preparediil - ) 7.06-7.04  (m,
N=A H yield according to the H). 703 (d. 1=4.8
/ Method 3, Step A R T
0\ o Hz, 1H), 6.95 (m,
substituting
2H), 6.76 (dd, J=8.0,
2-chloro-4-fluorophen 8.0 Hz, 1H), 601 (d
1 for phenol ' ’ I ’
0% for phetio J=8.0, 8.0 Hz, 1H),
3.64 (d, I=164 Hz,
1H), 3.32 (d, J=16.4
Hz, 1H)
O CI
S \ 5-(2-chlorophenyl)sulf
N\ anyl-4-hydroxy-2-[6-(
N 2-methoxyphenoxy)-2-
337 SS N H
o—{ \ pyridyl]-2-(3-thienyl)-
1,3-dihydropyridin-6-0
ne
5-(2-chlorophenyl)sulf
anyl-2-[6-(4-fluorophe
noxy)-2-pyridyl]-4-hy
338 SS
droxy-2-(2-hydroxyph
enyl)-1,3-dihydropyrid
in-6-one
5-(2-chlorophenyl)sulf
anyl-2-(6-chroman-4-y
339 | MD loxy-2-pyridyl)-4-hydr
oxy-2-(3-thienyl)-1,3-
dihydropyridin-6-one
5-(2-chlorophenyl)sulf
N anyl-2-[6-(8-fluorochr
340 MD o— \ oman-4-yl)oxy-2-pyrid
= yl]-4-hydroxy-2-(3-thi
enyl)-1,3-dihydropyrid
o) in-6-one
F
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341

SS

3-((2-chlorophenyl)thi
0)-6-(6-(2-cyclopropyl
propoxy)pyridin-2-yl)-
6-(thiophen-3-yl)piper
idine-2,4-dione ~ was
prepared in 15% yield
according  to  the
Method 2, Step A
substituting
propan-2-ol for
2-cyclopropylpropan-1
-ol

1H NMR (400MHz,
METHANOL-d4) d=
7.70 (dd, J = 8.0, 8.0
Hz,1 H), 7.42 (dd, T =
40, 1.6 Hzl H),
7.26- 7.11 (m, 4 H),
6.92 (dd, T =8.0, 8.0
Hz, 1 H), 6.76 - 6.74
(m, 2 H), 5.99 (d, J
8 Hz, 1 H), 443 -
438 (m, 1 H), 4.22 -
4.16 (m, 1 H), 3.85 (d,
J =16 Hz, 1 H), 3.47
d, T =16 Hz, 1 H),
1.15 - 1.03 (m, 4 H),
0.62 - 0.60 (m, 1 H),
0.39 - 0.37 (m, 2 H),
0.15 - 0.03 (m, 2 H)

342

MD

5-(2-chlorophenyl)sulf
anyl-2-[6-(7-fluorotetr
alin-1-ylh)oxy-2-pyridyl
]-4-hydroxy-2-(3-thien
y1)-1,3-dihydropyridin
-6-one was prepared
according to methods
described herein.

343

MD

2-[6-(7-bromotetralin-
1-yDoxy-2-pyridyl]-5-(
2-chlorophenyl)sulfan
yl-4-hydroxy-2-(3-thie
nyl)-1,3-dihydropyridi
n-6-one was prepared
according to methods
described herein.

344

MD

5-(2-chlorophenyl)sulf
anyl-2-[6-[4-fluoro-3-(
hydroxymethylanilino
1-2-pyridyl]-4-hydroxy
-2-(3-thienyl)-1,3-dihy
dropyridin-6-one

345

MD

5-(2-chlorophenyl)sulf
anyl-2-[6-(3-fluoro-4-

methoxy-phenoxy)-2-p
yridyl]-4-hydroxy-2-(3
-thienyl)-1,3-dihydrop
yridin-6-one
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346

SS

Cl

(6S)-6-[6-(2-chloro-4-
fluoro-anilino)-2-pyrid
yl1]-3-(2-chlorophenyl)
sulfanyl-6-(3-thienyl)p
iperidine-2,4-dione
was prepared in 12.4%
yield according to the
Method 4, Step A
substituting
cyclohexanamine  for
2-chloro-4-fluorobenz
enamine

1H NMR (400MHz,
METHANOL-d4) §=
7.86 (dd, 1=5.2, 5.2
Hz, 1H), 7.58 (dd,
J=6.4, 6.4 Hz, 1H),
728 (dd, I=5.4, 3.2
Hz, 1H), 7.22 (s, 1H),
721-7.13 (m, 2MH),
712 (d, J=52 Hz
1H), 7.08-7.06 (m,
2H), 7.04 (dd, J=6.4,
6.4 Hz, 1H), 6.85 (dd,
J=5.2, 5.2 Hz, 1MH),
6.82-6.81 (m, 2H),
6.09 (d, J=72 Hz
1H), 3.76 (d, J=16.4
Hz, 1H), 344 ,
J=16.4 Hz, 1H)

347

SS

(6S)-3-(2-chloropheny
Dsulfanyl-6-[6-(4-met
hylsulfanylphenoxy)-2
-pyridyl]-6-(3-thienyl)
piperidine-2,4-dione
was prepared in 18%
yield according to
method 3. Step A
substituting

2-chloro-4-fluorophen
ol for
4-(methylthio)phenol.
(6S)-3-(2-chloropheny
Dsulfanyl-6-[6-(4-met
hylsulfanylphenoxy)-2
-pyridyl]-6-(3-thienyl)
piperidine-2,4-dione
was prepared in 18%
yield according to
method 3. Step A
substituting

2-chloro-4-fluorophen
ol for
4-(methylthio)phenol.

1H NMR (400MHz,
METHANOL-d4) d =
7.87 (dd, J=8.4, 8.4
Hz, 1H), 7.38 (dd,
J=4.0, 4.0 Hz, 1M),
7.33 — 7.28 (m, 3M),
723 (d, J=84 Uz
1H), 7.18 (d, J=4.0
Hz, 1H), 7.03 - 6.95
(m, SH), 6.76 (dd,
J=8.4, 8.4 Hz, 1M),
6.02 (dd, J=8.0, 1.6
Hz, 1H), 3.75 (.
J=16.4 Hz, 1H), 3.32
d, I=16.4 Hz, 1H),
247 (s, 3H)

348

SS

3-((2-chlorophenyl)thi
0)-6-(6-((1-cyclopropy
Ipropan-2-yl)oxy)pyrid
in-2-yl)-6-(thiophen-3-
yl)piperidine-2.4-dion
e was prepared in 15%
yield according to the
Method 2, Step A
substituting
propan-2-ol for
1-cyclopropylpropan-2
-ol

1H NMR (400MHz,
METHANOL-d4) d=
7.69 (dd, J = 8.0, 8.0
Hz,1 H), 7.41 (dd, J
=76, 2.8 Hz1 H),
7.26-7.18 (m, 2 H),
7.14- 7.09(m, 2 H),
6.72 (dd, T =8.0, 8.0
Hz, 1 H), 6.70- 6.68
(m, 2 H), 5.98 (d,J =
8.0 Hz, 1 H), 5.39 -
5.34 (m, 1 H), 3.85 (d,
J =16.0 Hz, 1 H),
342(d,T=160Hz 1
H), 1.63 - 1.59 (m, 1
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H), 1.43 - 1.33 (m, 4
H), 0.70 - 0.67 (m, 1
H), 0.31 - 0.26 (m, 2
H), 0.04 - 0.01 (m, 2
H)
1H NMR (400 MHz,
MeOD-d4) 8
(6R)-3-(2-chloropheny 7.68-7.65 (m, 2H),
0 Cl Dsulfanyl-6-[6-(4-cycl 749 (d, J = 3.2 Hz,
S opropyl-2-fluoro-anili 1H), 7.38 , /=12
. .| Hz, 1H), 7.23 — 7.21
S \ no)—Z—PyHQYI]—6—(3—th1 (m. 2H). 6.90 (d, J =
~ N7 0 enyDpiperidine-2.4-di | 3,11 111 6.89.6.81
349 | SS =\_H one was prepared in |\ or 600 (dd, J =
/N 6 % yield according to 6.8 Hz. 1.2 Hz, 1H),
\ the Metbod 4, Step A 376 (. J = 160 Hz.
N substituting 1H), 3.51 (d. J = 16.0
: e | 5150
aniline. (m, 1H), 0.99- 0.95
(m, 2H), 0.69 — 0.66
(m, 2H).
1H NMR (400MHz,
METHANOL-d4) d =
11.36 (s, 1H), 8.46 (s,
1H), 7.92 (dd, J=8.0,
8.0, 1H), 7.45 (dd,
3-(2-chlorophenyl)sulf 1=8.0, 1.2 Hz, 1H),
7.37 (d, J=7.6 Hz,
0 Cl anyl-6-[6-(4-fluoro-2-t \H), 727 . 1=7.6.
S etrahydropyran-4-yb-p 140 550G 1210,
SN henoxy)-2-pyrdyl-6-C | 4y 7 19 (g, J=12,
~ (N O iﬁﬁfﬁfﬁ;ﬁ;i& 1H), 7.05 - 7.03 (m,
350 | MD \ F in 5% yield according ii;’ ggg (_d(61'9;l:é13’
O Zibiiﬁ?:g& StP A g0 Ha, 1H), 579 (d,
2-chloro-4-fluorophen 1=7.6, 1H), 3.66 -
o ol for 3.61 (m, 2H), 3.49 (d,
4-fluoro-2-(tetrahydro- J=164 Hz, 1H), 3.12
2H-pyran-4-yl)phenol. @, J=164 Hz, 1H),
3.02 (dd, J=8.0, 8.0
Hz, 1H), 2.94 (dd,
J=8.0, 8.0 Hz, 1H),
2.76 (dd, 1=8.0, 8.0
Hz, 1H), 1.58 — 1.37
(m, 4H),
1
(6R)-3-(2-chloropheny 1 NMR (400MHz,
T ¢ Dsulfanyl-6-[6-(3.4-dif | DMSO-de) 8 =11.42,
C \© luorophenoxy)—Z—’pyrid (s, 1D, 8.31 (s, LH),
N o 7.95 (dd, J=8Hz, 8Hz,
y1]-6-[4-(1-piperidyl)p
N NS 1H), 7.45-729 (m,
N=\ H henyl]piperidine-2,4-d
351 SS ione was prepared in 20, 7.11-6.97 (m,
o N\_1 vas prepar 5H), 6.85 (d, J=8l1z,
11% yield according to
the Method 40, Step A 1F), 673 (dd, J=8.0
F substituting ’ 8.0Hz, 1H),5.85 (d,
K morpholine for J=8.0Hz, 1H), 3.46
L (d, J=16Hz, 1H), 3.20
piperidine . J-16Hz 1H).
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3.13-3.10 (m, 4H),
1.59-1.52 (m, 6H)

352

MD

5-(2-chlorophenyl)sulf
anyl-2-[6-(6-fluorotetr
alin-1-ylh)oxy-2-pyridyl
]-4-hydroxy-2-(3-thien
y1)-1,3-dihydropyridin
-6-one

353

SS

5-(2-chlorophenyl)sulf
anyl-2-[6-(cycloheptox
y)-2-pyridyl]-4-hydrox
y-2-(3-thienyl)-1,3-dih
ydropyridin-6-one

354

SS

Cl

5-(2-chlorophenyl)sulf
anyl-2-[6-[1-(4-fluoro

phenyl)ethoxy]-2-pyri

dyl]-4-hydroxy-2-(3-th
ienyl)-1,3-dihydropyri

din-6-one

355

MD

6-[4-(1,3,3a,4,6,6a-he
xahydrofuro[3,4-c|pyr
rol-5-yDphenyl]-3-(2-c
hlorophenyl)sulfanyl-6
-(3-thienyl)piperidine-
2.4-dione was prepared
in 4 % yield according
to the Method 7, Step
H substituting
2-methylmorpholine
for
hexahydro-1H-furo[3,
4-c]pyrrole.

1H NMR (400 MHz,
MeOD-d4) § 7.47
dd, J =52 Hz 52
Hz, 1H), 7.28 (d, J =
8.8 Hz, 2H),7.23 (d, J
= 3.2 Hz, 1H), 7.21
d, J = 3.2 Hz, 1H),
720 (d, J = 32 Hz,
1H), 7.13 d, J =
3.2Hz, 1H), 6.76 (d, J
= 8.8 Hz, 2H), 6.71
dd, J=17.6 Hz, 7.6
Hz, 1H), 5.93(d, J =
7.6 Hz, 1H), 3.93 (dd,
J = 20 Hz 2.0
Hz,1H), 3.67 (dd, J =
2.0 Hz, 2.0 Hz, 1H),
3.47 — 342 (m, 4H),
327, J=20Hz,
2H), 3.09 (d, J = 2.0
Hz, 2H).

356

MD

3-((2-chlorophenyl)thi
0)-6-(6-((1-cyclopropy
Ipropan-2-yl)oxy)pyrid
in-2-yl)-6-(thiophen-3-
yl)piperidine-2.4-dion
e was prepared in 33%
yield according to the
Method 2, Step A
substituting
propan-2-ol for

1H NMR (400MHz,
METHANOL-d4) d=
7.69 (dd, T = 8, 4 Hz,
1 H), 742 dd, J =
44, 2.8 Hz, 1 H),
7.26-7.22 (m 2 H),
7.14 - 7.10 (m, 2 H),
6.91 (dd, J = 4.0, 2.0
Hz, 1 H), 6.75 - 6.73
(m, 2 H),5.98 (dd, T =
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1-cyclopropylpropan-2
-ol

9.2,1.6Hz, 1 H),5.41
-5.34 (m, 1 H), 3.89
(d,J=16.4Hz, 1 H),
345(d,J=164Hz, 1
H), 1.65 - 1.60 (m, 1
H), 143 - 1.28 (m, 4
H), 0.73 - 0.69 (m,
1H), 0.40 - 0.38 (m, 2
H), 0.07-0.00 (m, 2
H)

357

MD

o) cl
S
SN
=~ NS0 g
\IW’OXF
o F

3-(2-chlorophenyl)sulf
anyl-6-(3-thienyl)-6-[6
-[4-(trifluoromethyl)cy
clohexoxy]-2-pyridyl]
piperidine-2,4-dione
was prepared in 23%
yield according to the
Method 2, Step A
substituting
propan-2-ol for
4-(trifluoromethyl)cycl
ohexanol

1H NMR (400MHz,
METHANOL-d4) d=
7.71 (dd, T = 8, 4 Hz,
1 H), 742 dd, J =
44, 2.8 Hz, 1 H),
724720 (m 2 H),
7.16-7.11 (m, 2 H) ,
6.93 (dd, J = 8.0, 8.0
Hz, 1 H), 6.71 - 6.69
(m, 2 H),5.92 (dd, T =
8.0,4.0Hz, 1 H), 5.03
—4.86 (m, 1 H), 3.85
(d,7=16.0Hz 1 H),
344(d,T=160Hz, 1
H), 2.21-1.96 (m, 4
H), 1.60 - 1.34 (m, 5
130)

358

SS

(6S)-3-(2-chloropheny
Dsulfanyl-6-[6-(cycloh
exoxy)-2-pyridyl]-6-[4
-(1-piperidyl)phenyl]pi
peridine-2.4-dione was
prepared in 8% yield
according  to  the
Method 41, Step A
substituting

morpholine for
piperidine

'H NMR 400MHz,
DMSO-dg) & = 7.70
(dd, J=8Hz, 8Hz, 1H),
725 (d, J=7.2Hz,
1H), 7.19-7.16 (m,
2H), 6.92-6.85 (m,
30, 680  (d,
J=8.0Hz, 1H),
6.68-6.64 (m, 2MH),
584 (d, I=8.0Hz,
1H), 5.01-4.99 (m,
1H), 3.39 (d, J=16Hz,
1H), 3.29 (d, J=16Hz,
1H), 3.11-3.05 (m,
4H), 1.91-1.84 (m,
2H), 1.69-1.51 (m,
OH), 1.40-123 (m,
5H)

359

MD

5-(2-chlorophenyl)sulf
anyl-4-hydroxy-2-[6-(
4-iodophenoxy)-2-pyri
dyl]-2-(3-thienyl)-1,3-
dihydropyridin-6-one
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360

SS

(6S)-3-(2-chloropheny
Dsulfanyl-6-[6-[2-(cyc
lopropylmethoxy)-4-fl
uoro-phenoxy]-2-pyrid
y1]-6-(3-thienyl)piperi
dine-2,4-dione was
prepared in 16% yield
according  to  the
Method 3, Step A
substituting
2-chloro-4-fluorophen
ol for
2-(cyclopropylmethox
y)-4-fluorophenol

'H NMR 400MHz,
DMSO-dg) & = 7.83
(dd, J=8Hz, 8Hz, 1H),
7.42 (dd, J=4.2 42Hz
m, 732 @
J=7.2Hz, 1H),
7.19-7.15 (m, 3H),
703 (d, I=8.0Hz,
1H), 6.90-6.80 (m,
5),  6.07 (.
J=8.0Hz, 1H),
3.69(dd, J=6.8 Hz,
6.8Hz, 1H), 3.60 (dd,
1=6.8Hz, 6.8z, 11),
3.42 (d, J=16Hz, 1H),
3.04 (d, J=16Hz, 1H),
0.81-0.77 (m, 1H),
023-021 (m, 2H),
0.12-0.10 (m, 2H)

361

SS

5-(2-chlorophenyl)sulf
anyl-2-[6-(1-cyclohexy
lethoxy)-2-pyridyl]-4-
hydroxy-2-(3-thienyl)-
1,3-dihydropyridin-6-0
ne

362

MD

3-(2-chlorophenyl)sulf
anyl-6-[4-(3,3-difluoro
pyrrolidin-1-yDphenyl
1-6-(3-thienyl)piperidi
ne-2,4-dione was
prepared in 18% yield
according  to  the
Method 4, Step A
substituting

cyclohexanamine  for
3,3-difluoropyrrolidine

'H NMR 400MHz,
DMSO-dg) & = 7.49
(dd, J=8.0, 8.0Hz,
1H), 7.31-726 (m,
3H), 7.20-7.15 (m,
2H), 6.88 (dd, J=8.0,
8.0Hz, 1H), 6.66-6.64
(m, 3H), 598 (@,
J=7.6Hz, 1H), 3.68 (t,
1=13.2Hz, 2H), 3.54
(t, J=7.2Hz, 2H), 3.32
(s, 2H), 2.582.47
(m,2H)

363

MD

5-(2-chlorophenyl)sulf
anyl-2-[6-(2,2-dimethy
Ichroman-4-yl)oxy-2-p
yridyl]-4-hydroxy-2-(3
-thienyl)-1,3-dihydrop
yridin-6-one

364

SS

HN

w
wn

(6S)-3-(2-chloropheny
Dsulfanyl-6-[3-(tetrahy
dropyran-4-ylamino)p
henyl]-6-(3-thienyl)pip
eridine-2,4-dione was
prepared in 10 % yield
according  to  the
example 7, Step H
substituting
2-methylmorpholine
for

1H NMR (400 MHz,
MeOD-d4) & 7.53
dd, J =52 Hz 5.2
Hz, 1H), 7.32 (dd, J =
5.2 Hz, 5.2 Hz, 2H),
721 (d, J = 32 Hz,
1H), 7.18-7.17 (m,
4H), 6.94 (dd, 7= 3.2
Hz, 3.2 Hz, 1H), 6.76
dd, J = 4.8 Hz, 4.8
Hz, 1H), 5.95 (dd, J =
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tetrahydro-2H-pyran-4 | 6.8 Hz, 6.8 Hz, 1H),
-amine. 3.94(d, J = 5.6 Hz,
2H), 3.59-3.56 (m,
1H), 3.51 (d, 7= 5.6
Hz, 2H), 3.37 (d, J =
16.0 Hz, 2H),
1.86-1.83 (m, 2H),
) 1.59-1.56 (m, 2H).
5-(2-chlorophenyl)sulf
anyl-4-hydroxy-2-(6-m
orpholino-3-pyridyl)-2
365 SS -(3-thienyl)-1,3-dihydr
opyridin-6-one  was
prepared according to
methods described
herein.
1H NMR (400MHz,
METHANOL-d4) d =
: o |5 0
sulfanyl-6-[6-(4-fluor
S 0-2-isopropyl-phenoxy ‘;_33 2'6’( dliz?z’ 1E§’
ST\ »-2-pyridyll-6-Gothien | o0y 067 1)
~ N 0 yl)plperldlne—2,4'l—d10n 7.18 717 (m. 2H),
A H e.was prepareq in 12% 7.05 — 6.90 (m. SH),
366 | SS yield according to 673 (dd. 1=8.0. 8.0
\ F method 3. Step A |10 T
substituting ’ ; O
© 2-chloro-4-fluorophen 1=8.0, 1H), 3.40 (d,
ol for J=16.4 Hz, 1H), 3.12
4-fluoro-2-isopropylph @, J=164 Hz, 1H),
enol 294 -2.90 (m, 1H),
1.02 (d, J=6.8 Hz,
3H) , 0.98 (d, I=6.8
Hz, 3H),
1H NMR (400MHz,
METHANOL-d4) d =
(o) Cl 3-(2-chlorophenyl)sulf 8.31 s, 1),
7.25-7.20 (m, 5 H),
S anyl-6-[5-[ (4-fluoroph 705 (dd. I=8.4. 8.4
O/_\N enyl)methyl]-3-thienyl 1H), 7. 0’3 s, ’ 1H),
367 |Mp | A N © J-6-(4-morpholinophe 1 o) ¢ o1 4p),
S / nyl)piperidine-2,4-dio 6.60 (dd. =72, 7.2
ne was  prepared 1)), 407 (s, 2H)
Q F according to methods 3.71’(dd J:4,’4 4.4;
described therein. Hy, 4H),’3. ;S (s,’ oH).
3.09 (dd, 1=9.2, 4.4
Hz, 4H)
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368

MD

3-(2-chlorophenyl)sulf
anyl-6-[6-[2-(cyclopro
pylmethyl)-4-fluoro-p

henoxy]-2-pyridyl]-6-(
3-thienyl)piperidine-2,
4-dione was prepared
in 13% yield according
to the Method 3, Step
A substituting
2-chloro-4-fluorophen

ol for
2-(cyclopropylmethyl)

-4-fluorophenol

'H NMR 400MHz,
DMSO-dg) & = 7.88
(dd, J=8Hz, 8Hz, 1H),

737 (dd, J=42,
4.2Hz, 1H), 7.31 (d,
J=8.0Hz 1H),

723721 (m, 1H),
713 (s,  1H),
7.00-6.97 (m, SH),
678 (dd, I=8.0,
8.0Hz, 1H), 5.96 (d,
J=8.0Hz, 1H), 3.55
(d, J=16Hz, 1H), 3.23
(d, J=16Hz, 1H), 2.30
d, J=6.8Hz, 2H),
0.88-0.82 (m, 1H),
0.38-0.36 (m, 2H),
0.03-0.02 (m, 2H)

369

MD

HO

Cl

6-(6-bromo-2-pyridyl)
-3-(2-chloro-5-hydrox
y-phenyl)sulfanyl-6-(3
-thienyl)piperidine-2.4
-dione

'H NMR 400 MHz,
DMSO-d6) & 11.70
(s, 1H), 9.43 (s, 1H),
8.55 (s, 1H), 7.82 (t,J
= 7.8 Hz, 1H), 7.67
@, J =76 Hz 1),
759 d, J = 7.6 Hz,
1H), 7.53 (dd, T =5.1,
3.0 Hz, 1H), 7.34 (dd,
T=3.0, 1.4 Hz, 11,
7.17 — 7.01 (m, 2H),
6.42 (dd, J = 8.6, 2.8
Hz, 1H), 591 (d, J =
2.7 Hez, 1H), 3.90 (d,7J
= 16.6 Hz, 1H), 3.39
(d,J=16.5 Hz, 1H).

370

SS

(6R)-6-[6-(2-chloro-4-
fluoro-anilino)-2-pyrid
yl1]-3-(2-chlorophenyl)
sulfanyl-6-(3-thienyl)p
iperidine-2,4-dione
was prepared in 5.6%
yield according to the
Example 4, Step A
substituting
cyclohexanamine  for
(2-chloro-4-fluorobenz
enamine

1H NMR (400MHz,
METHANOL-d4) =
8.44 (s, 1H), 7.93 (dd,
J=5.2, 5.2 Hz, 1H),
7.50 (dd, J=8.0, 8.0
Hz, 1H), 7.43-7.33
(m, 2H), 7.31 (5, 1H),
721 (d, J=8.0 Hz
1H), 7.10-7.06 (m,
3H), 6.88-6.85 (m,
2H), 6.73 (dd, J=5.2,
5.2 Hz, 1H), 6.06 (d,
J=7.6 Hz, 1H), 3.75
(s, 2H)

371

MD

SN

S/

0

N"~0

Cl

Cl

Br

6-[ 6-(4-bromo-2-chlor
o-phenoxy)-2-pyridyl]
-3-(2-chlorophenyl)sul
fanyl-6-(3-thienyl)pipe
ridine-2,4-dione  was
prepared in 1.9% yield
according  to  the
Example 3, Step A
substituting

1H NMR (400MHz,
METHANOL-d4) §=
791 (dd, 1=8.0, 8.0
Hz, 1H), 7.69 (s, 1H),
747 (d, J=32 Hz
1H), 7.36 (dd, J=4.0,
4.0 Hz, 2H),7.20 ,
J=4.8 Hz, 1),
7.11-7.08 (m, 3H)
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2-chloro-4-fluorophen

ol for
4-bromo-2-chlorophen
ol

7.06-6.95 (m, 2H),
6.70 (dd, J=5.2, 5.2
Hz, 1H), 596 (@,
J=5.2 Hz, 1H) , 3.49
d, J=16.4 Hz, 1H) ,
321 (d, J=16.4 Hz,
1H)

372

SS

Iz

Iz

Cl

(6S)-3-(2-chloropheny
Dsulfanyl-6-[3-[(6-fluo
ro-5-methyl-3-pyridyl)
amino]|phenyl]-6-(3-th
ienyl)piperidine-2.4-di
one was prepared in
6% yield according to
335
substituting6-(6-brom

opyridin-2-y1)-3-((2-ch
lorophenyl)thio)-6-(thi
ophen-3-yl)piperidine-
2.4-dione for
6-(3-bromophenyl)-3-(
(2-chlorophenyDthio)-
6-(thiophen-3-yl)piper

example

idine-2,4-dione.

1H NMR (400MHz,
METHANOL-d4) d =
8.26 (s, 1H), 7.66 (s,
1H), 7.52 (dd, J=4.4,
32 Hz, 1H), 7.33
7.32 (m, 2H), 7.23 —
7.21 (m, 2H), 7.14(,
J=5.2, 1H), 7.07(.
1H), 6.90 -6.89 (m,
3H), 6.70 (dd, J=8.0,
8.0 Hz, 1H), 5.95 (d,
J=7.6, 1H), 3.28 (s,
2H), 2.11 (s, 3H)

373

MD

Br

6-[ 6-(4-bromo-2-fluor
o-phenoxy)-2-pyridyl]
-3-(2-chlorophenyl)sul
fanyl-6-(3-thienyl)pipe
ridine-2,4-dione  was
prepared in 8% yield
according  to  the
Example 3, Step A
substituting
2-chloro-4-fluorophen
ol for
4-bromo-2-fluorophen
ol

'H NMR 400MHz,
DMSO-dg) & = 7.91
(dd, J=8Hz, 8Hz, 1H),
7.46 (d, 1=8.0Hz 1H),
738735 (m, 3H),
722 (d, J=8.0Hz,
1H), 7.13-7.08 (m,
3H), 6.98-6.97 (m,
2H), 679  (dd,
J=8.0H, 8.0Hz, 1H),
598 (d, J=8.0Hz
1H), 3.53 (d, J=16Hz,
1H), 3.25 (d, J=16Hz,
1H)

374

SS

5-(2-chlorophenyl)sulf
anyl-4-hydroxy-2-(4-m
orpholinophenyl)-2-(3
-thienyl)-1,3-dihydrop
yridin-6-one was
prepared in 4% yield
according  to  the
Method 7, Step H
substituting
2-methylmorpholine
for morpholine

'H NMR 400MHz,
DMSO-dg) & = 8.40
G, 1w,  7.75
(dd,J=8.0,  8.0Hz,
1H), 7.31-723 (m,
4, 714 @,
J=8.0Hz, 1H),
6.95-6.93 (m, 3H),
6.75 (dd, J=8.0
8.0Hz, 1H), 5.88 (d,
I=8Hz 1H), 3.73 (t,
J=4.4Hz, 4H), 3.48
(d, I=16Hz 1H), 3.28
(d, J=16Hz, 1H), 3.11
(t, J=4.4 Hz 41)
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\ / 5-(2-chlorophenyl)sulf
. . anyl-2-[4-(4-fluoro-1-
i piperidyDphenyl]-4-hy
375 55 droxy-2-(3-thienyl)-1,
" 3-dihydropyridin-6-on
e
1H NMR (400MHz,
METHANOL-d4) &=
743 (dd, I=7.6, 2.4
Hz, 1H), 7.30 (d,
1-[4-[5-(2-chlorophen | J=8.8 Hz, 2H), 7.23
yDsulfanyl-4,6-dioxo- (d, I=3.2 Hz, 1H),
®) Cl 2-(3-thienyl)-2-piperid | 7.13-7.10 (m, 2H),
S yllphenyl]piperidine-4 | 6.97 (d, J=8.8 Hz,
-carbonitrile was | 2H), 6.82 (dd, J=7.6,
376 | MD N:—CN N O\© prepared in 3 % yield | 7.6Hz, 1H), 6.70 (dd,
=\ H according to the | J=7.6, 7.6Hz, 1H),
S Y/, Method 7, Step H | 6.05 (d, J=7.6 Hz,
substituting 1H), 342 (t, J=5.2
2-methylmorpholine Hz, 2H), 3.28 (s, 2H),
for cyanozinc. 3.09 (t, J=52 Hz,
2H), 3.01-2.94 (m,
1H), 2.03 (t, J=5.2
Hz, 2H), 1.92 (,
J=5.2 Hz, 2H)
1H NMR (400MHz,
METHANOL-d4) &=
7.58 (dd, I=5.2, 5.2
Hz, 1H), 7.54 (,
J=8.8 Hz, 2H), 7.46
6-[4-(3-azabicyclo[2.1 | (d, J=8.8 Hz, 2H),
.1Thexan-3-yl)phenyl]- | 7.36 (d, J=3.2 Hz,
3-(2-chlorophenyDsulf | 1H), 7.22 (d, J=8.8
0 cl anyl-6-(3-thienyDpiper | Hz, 1H), 7.21 (d,
S idine-2,4-dione  was | J=3.8 Hz, 1H), 6.94
prepared in 7 % yield | (dd, J=7.6, 7.6Hz,
377 MD EN N O\© according  to  the | 1H), 6.82 (dd, J=7.6,
=\ H Method 7, Step H | 7.6Hz, 1H), 6.08 (dd,
sS4 substituting J=4.8, 12Hz, 1H),
2-methylmorpholine 4.70-4.68 (m, 1H),
for 3.85 (d, J=3.6 Hz,
2-azabicyclo[2.1.1]hex | 2H), 3.49 (dd, J=16.0,
ane. 16.0 Hz, 2H),
3.08-3.06 (m, 1H),
231 (dd, I=2.4, 24
Hz, 2H), 1.73 (dd,
J=2.0, 2.0 Hz, 2H)
O Cl (6S)-3-(2-chloropheno | 1H NMR (400 MHz,
O\© xy)-6-[4-(1-piperidyl)p | Methanol-d6) 8
henyl]-6-(3-thienyDpip | 7.46(dd, J=5.2, 3.2
378 S8 CN » N O eridine-2,4-dione was | Hz, 1H), 7.31-7.27
S / prepared in 8% yield | (m, 4 H), 7.13(d,
according to the | J=4.0 Hz, 1 H), 7.00
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example 37, step C
substituting
morpholine for

piperidine

d, J =8 Hz, 2 H),
6.82-6.79 (m, 2 H),
594 (dd, J = 8.0, 4.0
Hz, 1H), 3.34-3.32
(m, 2 H), 3.19-3.17
4 H), 1.82-1.70
(m, 4 H), 1.62-1.60
(m, 2 H)

(m,

'H NMR 400MHz,
DMSO-dg) h)
=7.80-7.72 (m, 3H),
7.65-7.63 (m, 2H),

7.24 (d, J=8.0Hz,
3—(2—ch10r0phenyl).sulf ;EEE).’OHZ, 7'1151)’ 6.(9d7’
anyl-6-(4-morpholinop

O Cl henyl)-6-(6-tetrahydro (1(1;11)’ J:86'(; 4 S'OIECZ{

O/\:\/N S pyran-4-yloxy-2-pyrid |\ oo 676

N0 yl)plperldlne—2,4'l—d10n dd. 1=80. 8.0Hz.

379 MD N=\ H e.was preparfad in 14% 1), 504 .
0\ y/ yield according to the J=8.01z, 1),

<’> Is\ﬁle)t:ziiﬁj;’ S A 53527 (m 10,

O cyclohexanol for A411(t, J=4.8Hz, 4H),

tetrahydro-2H-pyran-4 3.93-3.88 (m, 3H),

ol 3.71 (t, JI=4.8Hz, 4H),

3.54-3.50 (m, 2H),

3.42 (d, J=16Hz, 1H),

2.06-2.05 (m, 1H),

1.93-191 (m, 1H),

1.76-1.73 (m, 1H),

1.60-1.57 (m, 1H)

'H NMR 400 MHz,

DMSO-d6) & 11.37

(s, 1H), 8.27 (s, 1H),

“ 3-(2-chlorophenyl)sulf 7:32 - 721 (m, 3H),

2 anyl-6-(5-methyl-3-thi 704, J =16 Hz,

’ enyl)-6-(4-morpholino 1), 6.99 — 6.8 (m,

380 | MD i N//\ ; phenyl)piperidine-2,4- 3H), 6.86 ~ 671 (m.
o \J dione was prepared 2H), 5.97(dd, 1 =179,

according to methods 1.4 Hz, 1H), 3.74 (dd,

AN described therein. 1=5.9,3.7 Hz, 4H),

| 333 (d, ] = 5.4 Hz,

S 2H), 3.18 — 3.04 (m,

4H), 2.42 (d, 1 =1.0

Hz, 3H).

1H NMR (400 MHz,
3-(2-chlorophenylsulf | Methanol-d6) 1)
anyl-6-[4-(8-oxa-3-aza | 7.46(dd, J=5.2, 3.2

0 Cl bicyclo[3.2.1]Joctan-3- | Hz, 1H), 7.27-7.11

s yDphenyl]-6-(3-thienyl | (m, 5 H), 6.88(dd,

)piperidine-2.4-dione J=7.6, 7.6 Hz, 1 H),

381 SS F<>N N g was prepared in 9% | 6.73 (dd, J = 7.6, 7.6
A\ H yield according to the | Hz, 1 H), 6.52 (d,

s / Method 7, Step H | J=8.0 Hz, 2 H), 5.99

substituting
2-methylmorpholine
for 3-fluoroazetidine

(d, T =8.0Hz 1 H),
542(d,J=172Hz, 1
H), 422-4.14 (m, 2
H), 3.93-3.85 (m, 2
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), 3.35 (s, 2 H)

382

MD

O Cl
- RS
EN N0
=\ H
S //

3-(2-chlorophenyl)sulf
anyl-6-[4-(3-methoxyp
yrrolidin-1-yl)phenyl]-
6-(3-thienyl)piperidine
-2,4-dione was
prepared in 4.5% yield
according to example
7, Step H substituting
2-methylmorpholine
for
3-methoxypyrrolidine

1H NMR (400MHz,
METHANOL-d4) =
745 (dd, J=5.2, 3.2
Hz, 1H), 7.24 (@,
J=9.2 Hz, 2H),
723720 (m, 1H),
7.15 (d, J=8.0 Hz
1H), 7.13 (d, J=4.8
Hz, 1H), 6.85 (dd,
J=7.6, 7.6 Hz, 1H),
6.66 (dd, J=7.2, 7.2
Hz, 1H), 6.57 (@,
J=8.4 Hz, 2H), 5.95
d, 1=72 Hz, 1H),
413 (d, J=2.8Hz,
1H), 348  (dd,
J=10.87, 5.2 Hz, 1H),
3.36-3.37 (m, 8H),
2.16-2.11(m, 2H)

383

MD

O Cl
O
XN NS0
=\ H
S Y

6-[4-(2-azaspiro[3.3]h
eptan-2-yl)phenyl]-3-(
2-chlorophenyl)sulfan
yl-6-(3-thienyl)piperid
ine-2,4-dione was
prepared in 5.2% yield
according to example
7, Step H substituting
2-methylmorpholine
for
2-azaspiro[3.3]heptane

1H NMR (400MHz,
METHANOL-d4) =
746 (dd, J=5.2, 2.8
Hz, 1H), 7.24-7.21
(m, 3H), 7.18 @,
J=7.2 Hz, 1H), 7.12
d, J=48 Hz, 1H),
6.88 (dd, J=7.2, 6.4
Hz, 1H), 6.72 (dd,
J=7.2, 7.2 Hz, 1H),
647 (d, J=8.4 Hz,
2H), 596 (d, J=7.2
Hz, 1H), 3.37 (s, 2H),
3.80 (s, 4H), 2.22 (¢,
J= 72 Hz 4H),
1.92-1.85 (m, 2H)

384

MD

O Cl
RS
\N
N™ O
/ =\ H
S/

3-(2-chlorophenyl)sulf
anyl-6-[4-(dimethylam
ino)phenyl]-6-(3-thien
yl)piperidine-2.4-dion
e was prepared in 1.6%
yield according to
example 7, Step H
substituting
2-methylmorpholine
for dimethylamine

1H NMR (400MHz,
METHANOL-d4) §=
745 (dd, J=5.2, 3.2
Hz, 1H), 7.25 (@,
J=8.8 Hz, 2H),
723721 (m, 1H),
7.16-7.13 (m, 2H),
6.86 (dd, J=7.2, 6.4
Hz, 1H), 677 (@,
J=8.8 Hz, 2H), 6.68
(dd, J=8.0, 8.8 Hz,
1H), 599 (d, J=8.4
Hz, 1H), 3.37 (s, 2H),
2.94(s, 6H)
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385

SS

(6S)-3-(2-chloropheny
Dsulfanyl-6-[6-(4-fluor
ophenoxy)-2-pyridyl]-
6-(4-morpholinopheny
Dpiperidine-2,4-dione
was prepared in 13%
yield according to the
Method 40, Step A
substituting
3.4-difluorophenol for
4-fluorophenol

'H NMR 400MHz,
DMSO-ds) & =7.87
(dd, J=8Hz, 8Hz, 1H),
731 (d, J=8.0Hz,
1H), 7.20-7.18 (m,
3H), 7.10-7.06 (m,
4H), 6.98-6.93 (m,
4H), 6.73 (dd, J=8.0
8.0Hz, 1H), 5.95 (d,
J=8.0Hz, 1H), 3.56
(d, I=16Hz 1H), 3.28
(d, J=16Hz, 1H), 3.14
(t, J=4.8Hz, 41)

386

SS

(6R)-3-(2-chloropheny
Dsulfanyl-6-[6-(4-fluor
ophenoxy)-2-pyridyl]-
6-(4-morpholinopheny
Dpiperidine-2,4-dione
was prepared in 15%
yield according to
example 40, Step A
substituting
3.4-difluorophenol for
4-fluorophenol

'H NMR 400MHz,
DMSO-dy) 7.84 (dd,
1=8.0, 8.0Hz, 1),
729 (d, J=8.0Hz
1H), 7.19-7.17 (m,
3H), 7.09-7.05 (m,
4H), 6.96-6.89 (m,
41), 6.71 (dd, J=8.0,
8.0Hz, 1H), 5.94 (d,
J=8.0Hz, 11), 3.81 (t,
J=4.8Hz, 1H), 3.53
(d, J=16Hz, 1H), 3.26
@, J=16Hz , 1H),
3.12 (t, J=4.8Hz, 11

387

SS

(6R)-6-[4-(3-azabicycl
0[2.1.1]hexan-3-yl)ph
enyl]-3-(2-chlorophen
yDsulfanyl-6-(3-thieny
Dpiperidine-2,4-dione
was prepared in 7 %
yield according to
example 7, Step H
substituting
2-methylmorpholine
for
2-azabicyclo[2.1.1]hex
ane.

1H NMR (400MHz,
METHANOL-d4) =
746 (dd, J=2.0, 5.2
Hz, 1H), 7.25-7.23
(m, 3H), 722 @,
J=8.8 Hz, 1H), 7.17
d, J=32, 12 Hz
1H), 7.12 (dd, J=4.8,
4.8 Hz, 1H),6.79-6.75
(m, 3H), 604 (d,
J=7.6 Hz, 1H),
438437 (m, 1H),
337 (d, J=3.6 Hz,
2H), 3.3 (d, J=16.0
Hz, 2H), 2.93-2.92
(m, 1H), 1.96 (dd,
J=2.4, 2.4 Hz, 2H),
138 (dd, J=2.0, 2.0
Hz, 2H)

388

MD

0] Cl
O O
N O
N=A\, H
o\ /
F
0] Cl
O O
N O
N=
o\ /
F
(o] Cl
S
)
N 6]
= H
L)
(0] Cl
'S O
N NS0
-\ H
S /

3-(2-chlorophenyl)sulf
anyl-6-[4-(2,2-dimethy
Imorpholin-4-yl)pheny
1]-6-(3-thienyl)piperidi
ne-2,4-dione was
prepared in 4 % yield
according to example
7, Step H substituting
2-methylmorpholine
for
2,2-dimethylmorpholi

1H NMR (400 MHz,
MeOD-d4) & 7.48
dd, J =52 Hz 5.2
Hz, 1H), 7.33 (d, J =
8.8 Hz, 2H), 7.24 (d, J
= 3.2 Hz, 1H), 7.18
d, J = 8.8 Hz 1H),
715 (d, J = 32 Hz,
1H), 7.14(d, J = 8.8
Hz, 2H), 7.01 (dd, J =
7.6 Hz, 7.6 Hz, 1H),
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ne. 6.75(dd, J = 7.6 Hz,
7.6 Hz 1H), 5.94(dd,
J =76 Hz, 7.6 Hz
1H), 3.88 (t, J = 4.8
Hz, 2H), 3.40 (s, 2H),
3.16 (t, J = 4.8 Hz,
2H), 3.03 (s, 2H),
1.32 (s, 6H).
1H NMR (400 MHz,
MeOD-d4) & 7.48
(dd, J =52 Hz, 52
Hz, 1H), 7.28 (d, J =
8.8 Hz, 2H),7.23 (d, J
(6S)-6-[4-(1,3,32,4,6,6 | = 3.2 Hz, 1H), 7.23
a-hexahydrofuro[3.4-¢ | (d, J = 3.2 Hz, 1H),
lpyrrol-5-ylphenyl]-3- | 7.20 (d, J = 3.2 Hz,
(2-chlorophenylDsulfan | 1H), 7.13 (d, J =
o Cl y1-6-(3-thienyl)piperid | 3.2Hz, 1H), 6.76 (dd,
@ ine-2,4-dione was | J = 4.8 Hz, 4.8 Hz,
380 | SS OIN N prepared in 4 % yield | 2H), 6.73 (d, J = 8.8
=\ H according to example | Hz, 2H), 6.71 (dd, J =
SN 7, Step H substituting | 7.6 Hz, 7.6 Hz, 1),
2-methylmorpholine 5.93(d, J = 7.6 Hz,
for 1H), 393 (dd, 7=2.0
hexahydro-1H-furo[3, Hz, 2.0 Hz,1H), 3.67
4-c]pyrrole. (dd, J = 2.0 Hz, 2.0
Hz, 1H), 3.47 — 3.42
(m, 4H), 3.26 (d, J =
2.0 Hz , 2H), 3.09 (d,
J=2.0Hz,2H).
'H NMR 400MHz,
Methanol-dy) 8 =7.73
(dd, J=8Hz, 8Hz, 1H),
7.23-7.13 (m, 4H),
(6S)-3-(2-chloropheny | 6.9-6.92 (m, 3H),
Dsulfanyl-6-(4-morpho | 6.76 (d, J=8.0Hz,
o Cl linophenyl)-6-(6-tetrah | 1H), 6.67 (dd, J=8.0
O/\\ ydropyran-4-yloxy-2-p | 8.0Hz, 1H),5.90 (d,
s N yridyl)piperidine-2,4-d | J=8.0Hz, 1H),
390 SS N=\l H ione was prepared in | 5.31-5.26 (m, 1H),
0o\ / 6% yield according to | 3.94-3.81 (m, 5H),
example 41, Step A | 3.76 (d, J=16Hz, 1H),
substituting 3.70-3.60 (m, 3H),
cyclohexanol for | 3.39 (d, J=16Hz, 1H),
tetrahydro-2H-pyran-4 | 3.15-3.13 (d, J=16Hz,
-ol 1H), 2.40-2.38 (m,
4H), 2.05-192 (m,
2H), 1.74-1.71(m,
1H), 1.61-1.58, (m,
1H)
o ¢l (6R)-6-[4-(4-acetylpip
—\ \© erazin-1-yl)phenyl]-3-(
391 SS O>_N\_/N N 2-chlorophenyl)sulfan
= ) H yl-6-(3-thienyl)piperid
s ine-2,4-dione
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(6S)-3-(2-chloropheny
Dsulfanyl-6-[6-[(6-fluo
ro-3-pyridyl)amino]-2-
392 [ SS pyridyl]-6-(3-thienyl)p
iperidine-2,4-dione
was prepared as in
example 397
(6S)-3-(2-chloropheny
Dsulfanyl-6-(5-methyl-
393 [ SS 3-thienyl)-6-(4-morph
olinophenyl)piperidine
-2,4-dione
5-(2-chlorophenyl)sulf
anyl-2-[6-(2,2-dimethy
Ichroman-4-yl)oxy-2-p
394 SS
yridyl]-4-hydroxy-2-(3
-thienyl)-1,3-dihydrop
yridin-6-one
5-(2-chlorophenyl)sulf
anyl-2-[6-(8-fluorochr
oman-4-yl)oxy-2-pyrid
395 SS
yl]-4-hydroxy-2-(3-thi
enyl)-1,3-dihydropyrid
in-6-one
1H NMR (400MHz,
METHANOL-d4) &=
7.51 (dd, 1=5.2, 5.2
Hz, 1H), 7.29-7.21
3-(2-chlorophenyl)sulf (n?’ 3H;’ - 292 d
anyl-6-[4-[(1S,48)-2-0 J:7’ ) HZ’ 1H) . 17’
xa-5-azabicyclo[2.2.1] d ’ 123 ’2HZ ’ ﬁ{)
o cl heptan-5-yl|phenyl]-6- 6 ’94 (dd. st’ s 52’
S (3-thienyl)piperidine-2 Hy 1H)’ 6.76 ’ dd
4-dione was prepared . o ’
2 ) prep 1=2.0, 2.0 Hz, 1H
306 | MD O\L\\/N N0 in 2 % yield according P 67. ’(d. J—SZ’O H;’
// H to example 7, Step H 2H) ’ 4 6_5. ( d’
bstituti ’ ’ .
S substituting J=20.0Hz, 2H), 3.85
2-methylmorpholine . 1=20Hz. 2H)
for P ’
3.60 (d, J=9.6H
(15.45) 20 S-azabi | | 3( s (39 2H§’
cyclo[2.2.1]heptane. 3 12’ ((i J:9’2 HZ’
1H), 2.07-197 (m,
2H)
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1H NMR (400MHz,
METHANOL-d4) 8=
8.33 (s, 1H), 8.21 (dd,
(6R)-3-(2-chloropheny | J=3.2, 2.4 Hz, 1H),
Cl Dsulfanyl-6-[6-[(6-fluo | 7.59 (dd, J=8.0, 8.0
S ro-3-pyridyl)amino]-2- | Hz, 1H), 7.41 (d,
S \ pyridyl]-6-(3-thienyl)p | J=2.0 Hz, 1H), 7.30
A iperidine-2,4-dione (s, 1H), 7.14-7.08 (m,
397 | SsS H (@] was prepared in 18.5% | 2H), 7.02 (d, J=7.6
— yield according to | Hz, 1H), 6.86 (d,
S N\ F example 4, Step A | J=7.6 Hz, 1H), 675
/ substituting (dd, J=8.0, 8.0 Hz,
N/Q/ cyclohexanamine for | 1H), 6.70-6.59 (m,
H 6-fluoropyridin-3-ami | 2H), 6.15(d, J=7.6
ne Hz, 1H), 3.65 (d,
J=16.4 Hz, 1H), 3.40

(d, I=16.4 Hz, 1H)
'H NMR 400MHz,
DMSO-dg) )
=7.42-739 (m,2H),
(6R)-3-(2-chloropheny 2;?7'1? i d(m, JiI;)(;
Cl Dsulfanyl-6-[6-(tetrahy | _° ’ )
dropyran-4-ylamino)-2 8.0Hz, 1H), 6.77 (dd,
s S S PSIL6. thienay | 180 80Hz 1H,
\ Pyney YD 670 (d, 1=7.6Hz,
A plperldlne—2,4—§11one IH).644 (d, 1=8.0,
398 | SS ” 0 was prepared in 24% | U coa (@,
— yield according to J=8.01z, ’ 1),
\ :Eligﬁiin4’ Sep Al 408406 (m 1m0,
N cyclohexafamjne for 3.91-3.87 (m, 2H),
H tetrahydro-2H-pyran-4 3.79(d, J=16Hz, 1H),
amine 3.56-3.53 (m, 2H),
3.39 (d, J=16Hz, 1H),
2.40-2.38 (m, 2H),
1.97-1.90 (m, 2H),

1.51-1.39 (m, 2H)
1H NMR (400 MHz,
Methanol-d6) 1)
3-(2-chlorophenylDsulf | 7.47(dd, J=5.2, 3.2
anyl-6-[4-(8-oxa-3-aza | Hz, 1H), 7.29-7.25
bicyclo[3.2.1]Joctan-3- | (m, 3 H), 7.19 (d,
yDphenyl]-6-(3-thienyl | J=8.0 Hz, 1 H), 7.13
0 Cl )piperidine-2,4-dione | (d, J=8.0 Hz, 1 H),
@ was prepared in 5% | 6.98(d, J=8.8 Hz, 2
399 [ MD O:><:N N yield according to | H), 6.90 (dd, J =
=\ H example 7, Step H | 8.0,8.0 Hz, 1 H), 6.73
s substituting (dd, 7=8.0 8.0 Hz, 1
2-methylmorpholine H), 598 (d, J] = 7.6
for Hz, 1 H), 448 (s, 4
2-oxa-7-azaspiro[3.5]n | H),3.40(s,2 H), 3.14
onane (t, J=5.6 Hz, 4 H),
1.99 (t, J=5.6 Hz, 4

H),
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1H NMR (400 MHz,
3-(2-chlorophenyl)sulf Methanol-d6) 0
an(y1—6—[4—(iioxa}—/3)—aza 7.43(dd, =438, 238
) Hz, 1H), 7.29-7.23
bicyclo[3.2.1]octan-3-
Q % Dphenyl]-6-(3-thienyt | O 3 - 713711
E S yoPReny MY (m, 2 H), 6.81(dd,
)piperidine-2.4-dione
400 MD \E:N @ was prepared in 4% J=8.0, 80 Hz, 1 H),
= H © yield according to the 6.64-6.59 (m, 3 H),
S Method 7, Step H | 002 I=76Hz1
’ P
substituting H), 529 (d, T = 13.6
2-methylmorpholine Hz, 1 H)3.62-3.40
for 3-fluoropyrrolidine (m. 5 H),3.28 (d,J=16
Hz, 1 H), 2.33-2.15
(m, 2 H)
1H NMR (400MHz,
METHANOL-d4) 8=
3-(2-chlorophenyDsulf | 7.48 (dd, J=2.8, 2.8
anyl-6-[4-(3,3-difluoro | Hz, 1H), 7.30 (d,
azetidin-1-yl)phenyl]- | J=4.8 Hz, 2H), 7.26
6-(3-thienyl)piperidine | (d, J=3.2 Hz,
O S cl -2,4-dione was | 1H),7.25 (d, J=1.2
F prepared in 6.7% yield | Hz, 1H), 7.17 (d,
401 | MD F><:N N0 according  to  the | J=10.4 Hz, 1H), 6.92
= Method 7, Step A | (dd, J=5.2, 52 Hz,
S substituting 1H), 6.70 (dd, J=5.2,
2-methylmorpholine 5.2 Hz, 1H), 6.60 (d,
for J=8.8 Hz, 2H), 5.96
3,3-difluoroazetidine (d, I=6.8 Hz, 1H),
422 (t, J=12.0 Hz,
4H), 3.36 (s, 2H)
1H NMR (400MHz,
METHANOL-d4) 8=
3-(2-chlorophenyl)sulf 745 (dd, J=7.6, 2.4
anyl-6-(3-thienyl)-6-(4 He, 1H), 730 (.
i i J=8.8 Hz, 2H), 7.26
O Cl -thiomorpholinopheny
S Dpiperidine-2,4-dione @, J=32 Hz, 1H)
7 @ was prepared in 1% 7.18 = 7.13 (m, 2H),
402 | MD S\_/N NS0 1d g 6.94 (d, J=8.0 Hz,
A H yield according 10| 1 6 85 (dd, T=7.6,
S :Egiﬁiinl Step 15 Gz, 11, 6.73 (dd,
2—methylmirpholine 1=1.6, 7.6 He, 1H),
for thiomorpholine. 604 d, J=76 Hz,
1H), 3.57 (t, J=5.2
Hz, 4H), 3.32 (s, 2H),
2.72 (t,J=5.2Hz, 1H)
'H NMR 400MHz,
3-(2-chlorophenyl)sulf | DMSO-de) )
anyl-6-[4-(4-methoxy- | =7.60-7.55 (m, SH),
o cl 1-piperidyl)phenyl]-6- | 7.37 (dd, J=4.2,
S\@ (3-thienyl)piperidine-2 | 4.2Hz, 1H ) 7.24 (d,
\ J4-dione was prepared | J=8.0Hz, 1H), 7.17
403 | MD O_CN AN © in 24% yield according | (d, J=4 .0Hz, 1),
S / to the Method 4, Step | 6.96 (dd, J=8.0, 8.0
A substituting | Hz, 1H), 6.10 (d,
cyclohexanamine for | J=8.0Hz, 1H),
4-methoxypiperidine 3.76-3.74 (m, 2H),
3.57-3.55  (m,1H),
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3.52-345 (m, 4H),
342 (s, 3H),
2.24-2.06 (m, 4H)

404

MD

O Cl
O
O@” N"So
=\ H
S /

3-(2-chlorophenyl)sulf
anyl-6-[4-(8-oxa-3-aza
bicyclo[3.2.1]octan-3-
yDphenyl]-6-(3-thienyl
)piperidine-2.4-dione
was prepared in 6%
yield according to the
Method 7, Step H
substituting
2-methylmorpholine
for
8-oxa-3-azabicyclo[3.
2.1]octane

1H NMR (400 MHz,
Methanol-d6) 1)
7.46(dd, J=4.8, 2.8
Hz, 1H), 7.28 (d,
J=8.8 Hz, 2H),
7.21-7.13 (m, 3 H),
6.88-6.86 (m, 3 H),
6.71(dd, 1=8.0, 8.0
Hz, 1 H), 590 (d, ] =
8.0 Hz, 1 H), 4.46 (s,
2 H),3.45-3.42 (m, 4
H), 2.92 (d,]=7.2 Hz,
2 H), 1.95 (s, 2 H)

405

SS

CI

FQ”

3-(2-chlorophenyl)sulf
anyl-6-[3-(4-fluoroanil
ino)phenyl]-6-phenyl-
piperidine-2,4-dione

406

SS

O CI
HN~N S
3

N 6]

H

5-(2-chlorophenyl)sulf
anyl-2-[6-(4-fluorophe
noxy)-2-pyridyl]-4-hy
droxy-2-(1H-pyrazol-3
-yD-1,3-dihydropyridi
n-6-one

408

SS

5-(2-chlorophenyl)sulf
anyl-4-hydroxy-2-(4-m
orpholinophenyl)-2-(3
-thienyl)-1,3-dihydrop
yridin-6-one was
prepared in 55% yield
according  to  the
example 7, Step H
substituting
2-methylmorpholine
for morpholine

'H NMR (400MHyz,
DMSO-ds) 8=8.38 (s,
1H), 7.57 (dd, J=8.0,
8.0Hz, 1H),7.31-7.25
(m, 4H), 723 (,
J=8.0Hz, 1H),
6.95-6.92 (m, 3H),
6.74 (dd, J=8.0
8.0Hz, 1H), 5.89 (d,
J=8.0Hz, 1H), 3.73 (t,
J=4.0Hz, 4H), 3.48
(d, J=16Hz, 1H), 3.23
(d, J=16Hz, 1H), 3.11
(t, J=4.0Hz, 1)

409

MD

N
ot \
F
0 Cl
S )
9P
N7 Y0
H
<—N
)
0 Cl
S
HN

N0
(__> )"
0O W

3-(2-chlorophenyl)sulf
anyl-6-[4-(tetrahydrop
yran-4-ylamino)phenyl
1-6-(3-thienyl)piperidi
ne-2,4-dione was
prepared in 3.8% yield
according  to  the
example 7, Step H
substituting

'H NMR 400MHz,
DMSO-dg) §=8.23 (s,
1H), 7.46 (dd, J=8Hz,
8Hz, 1H), 7.24 (s,
1H ) 7.19-7.14 (m,
3H), 6.87 (dd, J=8.0
8.0Hz, 1H), 6.76 (dd,
J=8.0 8.0Hz, 1),
6.67 (d, I=8.0Hz,
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2-methylmorpholine
for
tetrahydro-2H-pyran-4
-amine

2H), 6.02 (d, J=8.0
Hz 1H), 3.98-3.95 (m,
2H), 3.56-3.50 (m,
3H), 3.35 (s, 2H).
2.00-197 (m, 2MH),
1.50-1.47 (m. 2H)

410

.l :{>
1o¥s)

3-(2-chlorophenyl)sulf
anyl-6-[3-(4-fluoro-N-
methyl-anilino)phenyl]
-6-phenyl-piperidine-2
J4-dione

411

MD

6-(5-bromo-6-morphol
ino-3-pyridyl)-3-(2-chl
orophenyl)sulfanyl-6-(
3-thienyl)piperidine-2,
4-dione was prepared
in 17% yield according
to the Method 1
substituting
6-bromopicolinic acid
for
5-bromo-6-morpholin
onicotinic acid

1H NMR (400MHz,
METHANOL-d4) d=
8.22(dd, T =2.4Hz, 1
H), 8.02(dd, T = 2.0
Hz, 1 H), 7.61 (dd, T =
5.2,3.2Hz, 1 H),7.41
(dd,7=2.8,1.6Hz, 1
H), 7.26 (dd, J = 8.0,
1.6 Hz, 1 H), 7.21
(dd, 7=8.0,8.0Hz, 1
H), 6.98 (dd, J = 8.0,
80 Hz, 1 H), 6.83
(dd, 7=8.0,8.0Hz, 1
H), 6.07 (dd, J = 8.0,
1.6 Hz, 1 H),3.86 (¢, J
= 4.4 Hz, 4 H), 3.51
(s. 2 H), 3.36 (. J =
44 Hz, 4H)

412

SS =

(6S)-3-(2-chloropheny
Dsulfanyl-6-[6-(4-fluor
0-2-methoxy-phenoxy)
-2-pyridyl]-6-(3-thieny
Dpiperidine-2,4-dione
was  prepared  as
described in example
334.

413

Cl

SS

3-(2-chlorophenyl)sulf
anyl-6-[6-(4-fluorophe
noxy)-2-pyridyl]-6-(4-
morpholinophenyl)pip
eridine-2,4-dione

-263 -




WO 2015/140133

PCT/EP2015/055495

414

SS /'\ﬁ

3-(2-chlorophenyl)sulf
anyl-6-(3-thienyl)-6-[6
(4,4 4-trifluorobutoxy
)-2-pyridyl]piperidine-
2.4-dione was prepared
in 41% yield according
to example 3, Step A
substituting
propan-2-ol for
cyclobutylmethanol

'H NMR 400MHz,
DMSO-dg) & =7.67
(dd, J=8.0, 8.0Hz,
1H), 740  (dd,
J=4.2Hz, 4.2Hz, 1H)
728 (d, J=2.8Hz,
1H), 7.16-7.11 (m,
3H), 6.88 (dd, J=8.0,
8.0Hz, 1H), 6.72-6.70
(m, 2H), 6.02 (,
J=8.0Hz, 1H), 4.31
(d, J=84Hz, 1H),
3.74 (d, J=16H, 1H),
3.41 (d, J=16Hz 1H),
278270 (m, 1H),
2.082.06 (m, 2H),
1.89-1.86 (m, 4H)

415

MD

4-[3-[5-(2-chlorophen

yDsulfanyl-2-(4-morph
olinophenyl)-4,6-diox

0-2-piperidyl]phenyl]-
N.N-dimethyl-benzene
sulfonamide

416

MD S 4

3-(2-chlorophenyl)sulf
anyl-6-thiazol-4-yl-6-(
3-thienyl)piperidine-2,
4-dione was prepared
in 3% yield according
to example 1
substituting
6-bromopicolinic acid
for
thiazole-4-carboxylic
acid.

1H NMR (400MHz,
METHANOL-d4) =
9.05 (d, J=2.0 Hz,
1H), 7.49-747 (m,
1H), 7.45 (d, J=2.0
Hz, 1H), 7.28 (dd,
J=5.2, 1.2 Hz, 1H),
724720 (m, 2H),
6.98 (dd, J=5.2, 5.2
Hz, 1H), 6.88 (dd,
J=5.2, 5.2 Hz, 1H),
6.14 (dd, J=6.8, 1.2
Hz, 1H), 3.82 (@,
J=16.8 Hz, 1H), 3.52
(d, J=16.8 Hz, 1H)

* ST: Stereochemistry : SS = Single Stereoisomer; MD = Mixture of Diastereoisomers

Example 417

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoroanilino)-2-pyridyl]-6-(3-thienyl)piperidine-2

,4-dione (racemate)
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/S\
=0 o "NH -
Bra N B E\g 1. n-BuLi, THF, -78 \ijo 2, Br | N \ A
+
| _ | o 2. Des-Martin perlodlnane (0] Ti(iOEt)y, / g

or MnO,, DCM 417-3 THF, 80 °C

417-4
4171 417-2 16 h
x
s
s”/o o Kfo 0
EtOAc, LDA HN J 1. 4N HCI-1,4 dioxane o J NaOMe, Toluene
(o) e
—_ >
N=— ) ;
0°C,THF B ) = @ ANg 80°C, 15 min.
S/\[(OH Br \ /
417-6
417-5

HATU, DIPEA, DMF, RT,16h

NH,
o} Cl /©/ > \ \©
s F

S
\ .
= o Brettphos-Admix, or HN \ /
=X N Pd.,(dba)s.tert-BuX-phos
B / NaOtBu 417
110 °C, dioxane or tert-BuOH
417-7 microwave, 20 min F

or 110 °C, 20h

To a solution of 2,6-dibromopyridine (5.0 g, 21 mmol) in dry THF (50 mL) cooled in

dry-ice acetone bath was added 2.5 M butyl lithium (8.4 mL, 21 mmol) and the resulting mixture was

5  stirred for 10 min. To this solution was added thiophene-3-carbaldehyde (2.4 g, 21 mmol) and the

resulting mixture was stirred at -78 for 10 min. The reaction mixture was quenched with water and

allowed to warm to room temperature and extracted with ethyl acetate. The organic layer was

washed with brine, dried over sodium sulfate and concentrated. The residue was purified by flash

chromatography (silica gel, 0-50 %o EtOAc/heptane) to obtain

10 (6-bromo-2-pyridin-2-yl)-thiphen-3-yl-methanol (2.6 g, 46 %). MS (ESI): m+H = 272. 1H NMR

(400 MHz, Chloroform-d) 6 7.51 (t,J =7.7 Hz, 1H), 7.40 (d, J = 7.8 Hz, 11), 7.29 (dd, ] = 5.0, 3.0 Hz,

1), 7.05 - 7.01 (m, 1H), 7.26 (s, 1H), 7.20 (d, ] =7.6 Hz, 1H), 7.03 (dd, J =5.0, 1.2 Hz, 1), 5.84 (d,
J=4.0Hz, 1H), 4.17 (d, J =4.9 Hz, 1H).

A mixture of (6-bromo-2-pyridin-2-yl)-thiphen-3-yl-methanol (2.6 g, 9.6 mmol) and des

15  martin periodinane (6.3 g, 14 mmol) in DCM (50 ml.0O was stirred at ambient temperature for 2 h.
The solids were removed by filtration through celite and washed well with ethyl acetate. The organic

layer washed with aqueous sodium bicarbonate, water, brine and dried over sodium sulfate and

concentrated. The residue was purified by flash chromatography (silica gel, 0-50 % EtOAc/heptane)
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to obtain (6-bromo-pyridin-2-yl)-thiophen-3-yl-methanone (1.8 g, 70%). MS (ESD: m+H = 270; H
NMR (400 MHz, Chloroform-d) ¢ 8.92 (dd, J = 3.0, 1.1 Hz, 1), 8.14 — 8.08 (m, 1H), 7.88 (dd, J =
5.1, 1.2 Hz, 1H),7.75 (t, J =7.7 Hz, 1H), 7.67 (d, ] = 7.8 Hz, 1H), 7.34 (dd, J = 5.1, 3.0 Hz, 1H).

A mixture of (6-bromo-pyridin-2-yl)-thiophen-3-yl-methanone (2.5 g, 9.3 mmol),
2-Methyl-propane-2-sulfinic acid amide (1.7 g, 14 mmol) and titanium tetraethoxide (4.3 g, 19
mmol) in THF was heated at reflux for 20h. The reaction mixture was cooled, diluted with water and
stirred over ethyl acetate. The solids were removed by filtration through celite. Organic layer
separated, washed with brine, dried over sodium sulfate and concentrated. The residue was purified
by flash chromatography (silica gel 0-100%  EtOAc/heptane) to afford the
2-Methyl-propane-2-sulfinic acid 1-(6-bromo-pyridin-2-yl)-1-thiophen-3-yl-meth-(7)-ylideneamide
(2.1 g, 61%). MS (ESD): m+H = 373.

To a solution of ethyl acetate in dry THF (0.47 g, 5.4 mmol) cooled in dry-ice-acetone
bath was added 2M LDA in heptane/ethylbenzene (2.7 ml., 5.4 mmol) and the mixture was stirred
for 10 min and a solution of 2-methyl-propane-2-sulfinic acid
1-(6-bromo-pyridin-2-yl)-1-thiophen-3-yl-meth-(Z)-ylideneamide (1.0 g, 2.7 mmol) in THF (3 mL)
was added slowly. The resulting mixture was stirred for 10 min, quenched with saturated ammonium
chloride, allowed to warm to ambient temperature and extracted with ethyl acetate. The organic layer
separated, washed with brine, dried over sodium sulfate and concentrated. The was purified by flash
chromatography (silica gel 0-100% EtOAc/heptane) to afford
3-(6-bromo-pyridin-2-yl)-3-(2-methyl-propane-2-sulfinylamino)-3-thiophen-3-yl-propionic acid
ethyl ester (1.1 g,). MS (ESI): m+H = 461.

3-(6-Bromo-pyridin-2-yl)-3-(2-methyl-propane-2-sulfinylamino)-3-thiophen-3-yl-prop
ionic acid ethyl ester (1.1 g, 2.0 mmol) was dissolved in DCM ( 5 mL) and 4N HCl-1,4-dioxane (4
mL, 16 mmol) was added and the mixture stirred for 15 min. The solvents were removed and to the
residue were added (2-Chloro-phenylsulfanyl)-acetic acid (0.52 g, 2.6 mmol) HATU (1.1 g, 2.8
mmol) and DMF (5 mL) followed by DIPEA (1.4 mL, 7.8 mmol). The resulting mixture was stirred
1 h and then diluted with water and extracted with ethyl acetate. The organic layer was washed with
brine several times, dried over sodium sulfate and concentrated. The residue was dissolved in
toluene (5 ml) and 25 % sodium methoxide in methanol (1.5 mL, 6.5 mmol) was added and the
resulting dark solution heated at 80 °C for 15 min. The reaction mixture was cooled, acidified with
1IN HCI and extracted with ethyl acetate. The organic layer washed with brine, dried over sodium
sulfate and concentrated. Purification of the residue by column chromatography (silica gel, 0-100%
EtOAc/heptane) afforded
6-(6-bromo-2-pyridyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione (0.56 g). MS
(ESD: m+H =566. 1H NMR (400 MHz, DMSO-d6) & 11.62 (s, 1I), 8.68 (s, 1H),7.73 - 7.61 (m, 2H),
7.61 —7.53 (m, 2H), 7.43 —7.33 (m, 4H), 7.30 (dd, J = 8.0, 1.3 Hz, 1H), 7.03 — 6.93 (m, 1H), 6.77 —

6.69 (m, 1H), 5.84 (dd, J = 8.0, 1.5 Hz, 1H), 3.49 (s, 2H).
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A mixture of
6-(6-bromo-2-pyridyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione  (0.50 g, 1
mmol), 4-fluoroaniline (0.22 g, 2 mmol) and Brettphos-Admix (0.13 g, 0.1 mmol) and sodium
tert-butoxide (0.3 g, 3 mmol) in a mixture of tert-butanol and 1,4-dioxane (1:1 mixture, 10 ml) was
heated 105 °C in a sealed tube for 1h. The reaction mixture was cooled and the solid collected by
filtration. The solid was acidified with 1N HCI and then dissolved in ethyl acetate. The ethyl acetate
layer washed with brine, dried over sodium sulfate and concentrated. Purification by column
chromatography (silica gel, 20-100% EtOAc/heptane) afforded
3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoroanilino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione
(racemate) (0.30 g, 56%). MS(ESI): m+H = 524; 1H NMR (400 MHz, DMSO-d6) 6 11.48 (s, 1H),
9.12 (s, 1H), 8.37 (s, 1H), 7.66 —7.57 (m, 3H), 7.53 (dd, J = 5.1, 3.0 Hz, 1H), 7.39 (dd,  =3.0, 1.4 Hz,
1H),7.30(dd, J =7.9,1.3Hz, 10),7.18 (dd, J =5.1, 1.4 Hz, 11), 7.11 — 7.03 (m, 3H), 6.99 — 6.92 (m,
1), 6.81 (ddd, J =8.5,7.3, 1.3 Hz, 1H), 6.72 (dd, J =8.3,0.7 Hz, 1H), 6.06 (dd, ] = 8.0, 1.5 Hz, 1H),
3.77(d,J=16.4 Oz, 1), 3.45 (d, ] = 16.5 Hz, 11).

Enantiomer 1: Chiral SFC (column: AS, EtOH w/0.1%FA): RT = 0.892 min.; 1H NMR
(400 MHz, DMSO-d6) 6 11.49 (s, 1H), 9.12 (s, 1H), 7.67 — 7.57 (m, 3H), 7.52 (dd, J = 5.1, 2.9Hz,
1H), 7.39 (dd, J = 3.0, 1.4 Hz, 1H), 7.30 (dd, /=79, 1.3 Hz, 1H), 7.18 (dd, J = 5.1, 1.4 Hz, 1H),
7.12—7.00 (m, 3H), 6.99 — 6.92 (m, 1H), 6.85 — 6.78 (m, 1), 6.72 (d, /= 8.3 Hz, 11), 6.06 (dd, J =
8.0, 1.5Hz, 1H), 3.76 (d, /= 16.5 Hz, 1H), 3.44 (d, J = 16.5 Hz, 1H).

Enantiomer 2: Chiral SFC (column: AS, EtOH w/0.1%FA): RT = 1.276 min. 1H NMR
(400 MHz, DMSO-d6) ¢ 11.48 (s, 1H), 9.12 (s, 1H), 8.36 (s, 1H), 7.67 — 7.55 (m, 3H), 7.53(dd, J =
5.0,3.0Hz, 1H),7.39 (dd, /=3.0, 1.4 Hz, 1H),7.30(dd, /=79, 1.3 Hz, 1H), 7.18 (dd, /=5.1,1.4 Hz,
1), 7.11 -7.02 (m, 3H), 7.00 - 6.93 (m, 1H), 6.86 —6.78 (m, 1H), 6.72 (d, J = 8.3 Hz, 1), 6.06 (dd,
J=179,1.5Hz, 1H),3.77 (d, /= 16.4 Hz, 1H), 3.45 (d, J = 16.4 Hz, 1H).

Example 418

L%
0
O\B

(PPh3P),PdCl,
————
N82CO3
Os 1,4-dioxane, water O:,\\
0*°"N" 110 °C, 20 min N
| microwave
418-2
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4-[6-[5-(2-chlorophenyl)sulfanyl-4,6-dioxo-2-(3-thienyl)-2-piperidyl]-2-pyridyl]-N,N-

dimethyl-benzenesulfonamide (racemate)

A mixture of

6-(6-bromo-2-pyridyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-

24-dione (050 g, 1 mmol), 4-fluoroanili (0.06 g, 0.10 mmol),
N.N-dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzenesulfonamide (0.05 g, 0.12
mmol), PdCL(PPhs), (0.015 g, 0.014 mmol) and sodium carbonate (0.05 g, 0.47 mmol) in
1,4-dioxane was heated at 110 °C for 20 min in a microwave reactor. The reaction mixture was
cooled, acidified by with 1N HCI and extracted with ethyl acetate. The organic layer was washed
with brine, dried over sodium sulfate and concentrated. Purification by column chromatography
(silica gel, 0-100% EtOAc/heptane) afforded
4-[6-[5-(2-chlorophenyl)sulfanyl-4,6-dioxo-2-(3-thienyl)-2-piperidyl]-2-pyridyl]-N,N-dimethyl-ben
zenesulfonamide (0.04 g, ): MS(ESI): m+H = 598; 1H NMR (400 MHz, DMSO-d6) 6 11.69 (s, 1H),
8.65 (s, 11, 8.51 — 8.43 (m, 2H), 8.16 — 8.03 (m, 2H), 7.88 — 7.81 (m, 2H), 7.74 (d, ] = 7.7 Hz, 111),
7.54(dd,J=5.1,3.0 Hz, 1H), 7.38 (dd, J = 3.0, 1.4 Hz, 1H), 7.26 (dd, J =7.9, 1.2 Hz, 1H), 7.19 (dd,
J=5.0,13Hz, 1H),6.89 (td,J=7.7, 1.5 Hz, 1H), 6.56 (td, J =7.7, 1.3 Hz, 1H), 5.81 (dd, J =8.0, 1.5
Hz, 1H), 4.14 (d, J = 16.3 Hz, 1H), 3.45 (d, J = 16.2 Hz, 1), 2.65 (s, 611).

Example 419

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorophenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione

OH
Pd,(dba)s, tert-BuX-phos
+ -
NaOt-Bu, 1,4-Dioxane
F 110 9C, 20 min, microwave
419-1 4192
A mixture

6-(6-bromopyridin-2-yl)-3-((2-chlorophenyl)thio)-6-(thiophen-3-yl)piperidine-2,4-dione (0.50 g, 1
mmol), 4-fluorophenol (0.34 g, 3 mmol), Pd,(dba); (0.10 g, 0.1mmol), (0.10 g, (0.10 g, 0.24 mmol)
and sodium tert-butoxide (0.3 g, 3 mmol) in 1,4-dioxane (10 ml) was heated at 110 °C for 30 min in
the microwave reactor. The reaction mixture was cooled and the solid collected by filtration. The
solid was acidified with 1N HCI and then dissolved in ethyl acetate. The ethyl acetate layer washed

with brine, dried over sodium sulfate and concentrated. Purification by column chromatography
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(silica gel, 20-100% EtOAc/heptane) afforded
3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorophenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione
racemate (0.30 g, 56%). LC/MS: m+H = 525. 1H NMR (400 MHz, DMSO-d6) 8 11.44 (s, 11), 8.43
(s, 1H), 7.98 — 7.87 (m, 1H), 7.50 (dd, J = 5.1, 3.0 Hz, 1H), 7.41 (d, J =7.5 Hz, 1H), 7.32 - 7.22 (m,
3H), 7.16 — 7.08 (m, 2H), 7.08 — 6.91 (m, 3H), 6.84 — 6.75 (m, 1H), 5.95 (dd, J = 8.0, 1.5 Hz, 1H),
3.57(d, J =16.5 Hz, 1), 3.25 (s, 11I).

Enantiomer 1: Chiral SFC (Column: AD; MeOH/0.1 % NH,OH): RT = 0.521

Enantiomer 2: Chiral SFC (Column: AD; MeOH/0.1 % NH,OH): RT =0.775

Example 420

S KoCOs, AcCN
S —_—

80 9C, 1h

2-[[6-(6-bromo-2-pyridyl)-2,4-dioxo-6-(3-thienyl)-3-piperidyl|sulfanyl Jbenzonitrile
(MD)

A mixture of 6-(6-bromo-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione (0.14 g, 0.40
mmol), 2-[(2-cyanophenyl)disulfanyl]benzonitrile (0.21 g, 0.80 mmol) and potassium carbonate
(0.17 g, 1.20 mmol) was heated in acetonitrile (5 mL) for 1h. The reaction mixture was cooled,
acidified with dil HCI and extracted with ethyl acetate. The organic layer was washed with brine,
dried over sodium sulfate and concentrated. Purification of the residue by column chromatography
(silica gel, 0-100% EtOAc/heptane) afforded
2-[[6-(6-bromo-2-pyridyl)-2,4-dioxo-6-(3-thienyl)-3-piperidyl|sulfanyl]benzonitrile (0.04 g, 20%):
MS (ESD: m+H = 484; 1H NMR (400 MHz, DMSO-d6) 6 11.94 (s, 1H), 8.58 (s, 1H), 7.86 (t, ] =7.8
Hz, 1), 7.72—-7.62 (m, 3H), 7.56 (dd, } =5.1, 3.0 Hz, 1), 7.37 - 7.30 (m, 1H), 7.15 (td, J =5.2, 4.6,
1.7 Hz, 3H), 6.16 — 6.00 (m, 1), 3.84 (d, ] = 16.4 Hz, 1H), 3.43 (d, ] = 16.4 Hz, 1H).

Example 421
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Cl
Cl
X :
3 o 0
O O ,
NH
NH
HO |\
Br |\ s
S
4211 421
A mixture of

6-(3-bromophenyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione (0.50 g, 1 mmol),
4-fluorophenol (0.34 g, 3 mmol), Pd,(dba); (0.10 g, 0.1mmol), (0.10 g, (0.10 g, 0.24 mmol) and
5 sodium tert-butoxide (0.3 g, 3 mmol) in 1,4-dioxane (10 ml) was heated at 110 °C for 30 min. . The
reaction mixture was cooled, acidified by with 1N HCl and extracted with ethyl acetate. The organic
layer was washed with brine, dried over sodium sulfate and concentrated. Purification by column
chromatography (silica gel, 0-100% EtOAc/heptane) afforded
3-(2-chlorophenyl)sulfanyl-6-(3-hydroxyphenyl)-6-(3-thienyl)piperidine-2,4-dione (25 mg): MS
10 (ESD: m+H = 430; DMSO-d6) 6 11.44 (s, 1H), 9.43 (s, 1I), 8.33 (s, 11, 7.56 (dd, J = 5.1, 2.9 Hz,
1H),7.35(dd, J =3.0, 1.4 Hz, 1H), 7.28 (dd, J = 8.0, 1.3 Hz, 1H), 7.20—7.13 (m, 2H), 7.02 — 6.92 (m,

1), 6.87 — 6.67 (m, 41, 5.94 (dd, J = 8.0, 1.5 Hz, 1H), 3.44 — 3.36 (m, 2H).

Qm
Cl 0

Example 422

—_— Br — NN
o]
K2C0236i° C, Brettphos-Admix k|
NaO-t-Bu, t-BuOH N
120°C, 18 h
422
F

15

To a solution of 1-7 (0.21 g, 0.60 mmol) in DCM (10 mL) was added NBS ( 0.10 g, 0.60
mmol) and the resulting mixture was stirred for 1h. The reaction mixture was washed with water,
brine, dried over sodium sulfate and concentrated. The resulting residue was dissolved in acetonitrile
(5 ml) and 2-chlorophenol (0.15 g, 1.2 mmol) and potassium carbonate (0.16 g, 1.2 mmol) were

20 added and the mixture heated at 85 °C for 20 h. The reaction mixture was cooled, acidified with
dil.HCI and extracted with ethyl acetate. Organic layer washed with brine, dried over sodium sulfate
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and concentrated. Purification by column chromatography (silica gel, 0-100% EtOAc/heptane)
afforded 6-(6-bromo-2-pyridyl)-3-(2-chlorophenoxy)-6-(3-thienyl)piperidine-2,4-dione  (0.20 g,
70 %): MS (ESD: m+H = 479; 111 NMR (400 MHz, DMSO-d6) 6 10.74 (s, 11), 8.33 (s, 11), 7.89 —
7.81 (m, 1H), 7.70 - 7.61 (m, 2H), 7.58 — 7.51 (m, 1H), 7.43 — 7.29 (m, 2H), 7.15 (dd, } =5.1, 1.4 Hz,
1H), 6.99 — 6.83 (m, 2H), 6.13 (dd, J = 8.2, 1.5 Hz, 1H), 3.74 — 3.66 (m, 1H), 3.36 (d, J = 16.2 Hz,
1.

6-(6-bromo-2-pyridyl)-3-(2-chlorophenoxy)-6-(3-thienyl)piperidine-2,4-dione (0.05 g,
0.10 mmol) was converted to
3-(2-chlorophenoxy)-6-[ 6-(4-fluoroanilino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione (0.42 mg,
80%) as described previously: MS(ESI): m+H = 508. 1H NMR (400 MHz, DMSO-d6) 6 9.10 (s, 1H),
8.04 (s, 1H), 7.66 — 7.57 (m, 3H), 10.87 — 10.41 (m, 1H), 7.49 (dd, J =5.1, 3.0 Hz, 1H), 7.40 (dd, J =
3.0, 1.4 Hz, 1H), 7.34 (dd, J =7.8, 1.7 Hz, 1H), 7.17 (dd, J = 5.1, 1.4 Hz, 1H), 7.10 — 6.97 (m, 3H),
6.97 - 6.83 (m, 2H), 6.70 (d, ] = 8.2 Hz, 1H), 6.17 (dd, J =8.2, 1.6 Hz, 1H), 3.63 (d, ] = 16.2 Hz, 1H),
3.36 (s, 1H).

Example 423

- r

o 1. Brettphos-Admix O
NJ\O NaO-t-Bu, t-BuOH
120 °C, 1h N
2. 4N HCI-1,4-dioxane S A
423
A mixture of

6-(3-bromophenyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione  (0.07 g, 0.14
mmol), tert-butyl carbamate (0.05 g, 0.43 mmol), Brettphos-Admix (0.02 g, 0.02 mmol) and sodium
tert-butoxide (0.04 mg, 0.43 mmol) in tert-butanol was heated at 120 °C for 1h. The reaction mixture
was cooled, acidified with dil HCI and extracted with ethyl acetate. The organic layer was washed
with brine dried over sodium sulfate and concentrated. The residue was dissolved in DCM (2 mL)
and 4N-HCI-1,4-dioxane was added and stirred for 30 min. The reaction mixture was concentrated,
treated with sodium bicarbonate and extracted with ethyl acetate. The organic layer was washed with
brine, dried over sodium sulfate. Purification by column chromatography (silica gel, 0-100%
iPrAc/heptane) afforded
6-(3-aminophenyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione (0.02 g, 32%)>
MS(ESD: m+H =429; 1H NMR (400 MHz, DMSO-d6) 6 8.29 (s, 1H), 7.56 (dd, J = 5.0, 3.0 Hz, 1H),
7.34(dd, J =29, 1.4 Hz, 11), 7.29 (dd, J =7.9, 1.3 Hz, 1H), 7.16 (dd, J = 5.1, 1.4 Hz, 1), 7.05 —
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6.95 (m, 2H), 6.85 - 6.75 (m, 1H), 6.61 (t,J =2.0 Hz, 1H), 6.56 — 6.48 (m, 2H), 5.96 (dd,J=7.9, 1.5
Hz, 1H), 3.42 — 3.33 (m, 2H).

Example 424

424-4 5
1 HATU, DIPEA B I E\g i
) r - Br.
Br oH + \”,O\ N SO
s DMF, RT,20h  F -0 787C F
F 75% (iPrO),
424-2 o
424-1 424-3 17 %

424-5

H 4246 424.8 \N/
N O \l/ /S\
[ j Br -S- o I EtOAc, LDA
O \ \ O NH2 Br C:
[ \
e ) S |

NMP, 120 °C

e
Ti(iOEY),, S 0°C,THF
N ]
4% oS THF, 80 °C & 424-9
b 0 \)
16h
424-7 87% uj@
S
o 0O 0
1. 4N HCI-1,4 d|oxine Kf J NaOMe, Toluene
c 42411 HN o —>
2 C[ > 80 °C, 15 min.
S/YOH Br = 19 % over four steps
(\N 0
o\) HATU, DIPEA, DMF, RT,16h (—N 49419
424-10 o—)

Br CLPA(I)(PPh), O
N Na,CO,, 1,4-dioxane/water ( N
(J microwave, 120 °C, 20 min O)
@] 25%

424
424-13

All steps and conditions are described in examples hereinabove.

Example 425
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425-2
OH
H,-cl N ©/ OH ‘o MgBr
B N /©/ 425-6
5~ S HATU, DIPEA | s\ > | s .
Br CLPd(I)(PPhj) -
425-1 DMF, RT, 20h - 2 3)2
75% 0 425-3 Na,COj, 1,4-dioxane/water 4255  (.05°C THF
reflux, 20h 20% '
62 %
F H
> O "N S 0 \I/ 425-10
[ j 0"5'NH,
N 0 N -
s —_— \
O NMP, 120°C [~ N S Ti(IOEY),,
4257 KoCOs4 o\) 425.9 THF, 80 °C
56% 16 h

92%
>|/ \~/o 3 1. 4N HCI-1,4 dioxane
.S .

O0”™°N EtOAc, LDA >
| ) cl
O I O 0°C,THF @ OH
(\N S S/Y

425-13 0

Cl HATU, DIPEA, DMF, RT,1¢

X o a

S

Kfo 0 NaOMe,Toluene S \

> X

HN OJ 80 °C, 15 min. O H ©
O = 19 % over four steps O
N

425-14

All steps and conditions are described in examples hereinabove.

TUPAC o
Ex. ST* Structure NAME Characterization data
No. . (NMR or MS)
/synthesis

-273 -



WO 2015/140133

PCT/EP2015/055495

426

MD

Cl

4-[3-[5-(2-chl
orophenyl)sul
fanyl-4,6-dio
x0-2-(3-thien
yI)-2-piperidy
IJphenyl]-N,N
-dimethyl-ben
zenesulfonam
ide

H NMR (400 MHz, DMSO-d6) 5
11.52 (s, 1H), 8.62 (s, 1), 7.98 —
7.91 (m, 3H), 7.87 — 7.80 (m, 21,
7.73 (d, T = 7.9 Hz, 1H), 7.63 —
7.50 (m, 2H), 7.48 — 7.41 (m, 2,
731 — 7.21 (m, 2H), 6.97 — 6.89
(m, 1H), 6.66 (t, J = 7.5 Hz, 1H),
5.88 (dd, T =8.0, 1.4 Hz, 11), 3.64
~3.48 (m, 2H), 2.64 (s, 61D

427

MD

6-(3-bromoph
enyl)-3-(2-chl
orophenyl)sul
fanyl-6-(3-thi
enyl)piperidin
e-2,4-dione
(synthesized
as in example
1 starting with
1,3-dibromob
enzene)

81H NMR (400 MHz, DMSO-d6)
8 11.85-11.00 (m, 1H), 8.53 (s,
1H), 7.65 (t, T = 1.9 Hz, 1H), 7.64
~7.53 (m, 2H), 7.45 — 7.25 (m,
SH),7.18 (dd,T=5.1, 1.4 Hz, 11D,
7.04 — 6.94 (m, 1), 6.77 (td, T =
7.7, 1.3 Hz, 1H), 5.89 (dd, T = 8.0,
1.4 Hz, 1H), 3.46 (d, J = 4.3 Hz,
2H), 11.85 — 11.00 (m, 11D

428

MD

3-(2-chloroph
enyl)sulfanyl-
6-[3-(4-fluoro
anilino)pheny
1]-6-(3-thienyl
)piperidine-2,
4-dione
Synthesized
asinex 1

1H NMR (400 MHz, DMSO-d6) &
8.30 (s, 1H), 8.16 (s, 1H), 7.58
(dd,J=5.1,2.9 Hz, 1), 7.37 (dd,
1=29, 1.4 Hz, 1H), 11.95 — 10.89
(m, 1H), 7.28 (dd, T = 7.8, 1.3 Hz,
1H), 7.25 —7.16 (m, 2H), 7.07 (1, T
=2.1Hz, 1H), 7.02 (d, ] = 6.7 Hz,
41), 6.97 — 6.91 (m, 2H), 6.86 —
6.81 (m, 1H), 6.80 — 6.76 (m, 1),
5.98 (dd, T=8.1, 1.5 Hz, 1H), 3.43
(m, 21

429

MD

Cl

3-(2-chloroph
enyl)sulfanyl-
6-phenyl-6-(3
-thienyl)piper
idine-2,4-dion
e

Synthesized
asinex 1

1H NMR (400 MHz, DMSO-d6) &
11.46 (s, 1H), 8.48 (s, 1H), 7.58
(dd, J = 5.1, 2.9 Hz, 1H), 7.46 —
7.26 (m, 7H), 7.17 (dd, T = 5.1, 1.4
Hz, 1H), 6.96 (td, J = 7.6, 1.5 Hz,
1H), 6.81 — 6.67 (m, 1H), 5.86 (dd,
1=8.0, 1.4 Hz, 1H), 3.44 (s, 210).
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430

MD

Cl

tert-butyl
N-[6-[5-(2-ch
lorophenyl)su
Ifanyl-4,6-dio
x0-2-(3-thien
yI)-2-piperidy
1]-2-pyridyl]c
arbamate

DMSO0-d6) & 11.40 (s, 1H), 9.63
(s, 1HD), 8.33 (s, 1), 7.80 (t, J =
7.9 Hz, 1H), 7.69 (d, J = 8.2 Hz,
1H),7.52 (dd, T = 5.1, 3.0 Hz, 11D,
743 ~ 736 (m, 1H), 7.30 d, T =
7.8 Hz, 1H), 7.25 — 7.16 (m, 2,
6.98 (1,1 =7.6 Hz, 1), 6.80 (1, ] =
7.7 Hz, 11D, 5.97 (dd, T = 8.0, 1.5
Hz, 1H), 3.77 (d, J = 16.4 Hz, 11D),
345 (d, ] = 16.3 Hz, 1H), 1.48 (s,
o)

431

MD

3-(2-chloroph
enyl)sulfanyl-
6-[6-(tetrahyd
ropyran-4-yla
mino)-2-pyrid
yl]-6-(3-thien
yDpiperidine-
2,4-dione

was prepared
according to
example 417

1H NMR (400 MHz, DMSO-d6) &
11.39 (s, 1H), 8.25 (s, 1H), 7.49
(dd,J=5.1,3.0 Hz, 1H), 7.39 (t, J
=7.8 Hz, 1H), 7.29 (d, ] = 7.8 Hz,
1H), 7.16 (d, T = 5.1 Hz, 1H), 6.96
(tJ=7.6Hz 1H), 678 (1, T =75
Hz, 1H), 6.71 (d, T = 7.3 Hz, 11,
6.55(d, J =7.4 Hz, 1H), 6.40 (d, J
= 82 Hz, 1H), 6.06 — 5.95 (m,
1H), 3.82 (1,1 = 12.2 Hz, 410), 3.43
(dt,J=11.9,9.3 Hz, 2H), 1.84 (d,
J=12.8 Hz, 2H), 1.45 — 1.26 (m,
2H)

432

MD

3-(2-chloroph
enyl)sulfanyl-
6-[3-(tetrahyd
ropyran-4-yla
mino)phenyl]

-6-(3-thienyl)

piperidine-2.4
-dione

was prepared
according to
example 417

1H NMR (400 MHz, DMSO-d6) &
11.39 (s, 1H), 8.30 (s, 1H), 7.56
(dd, J = 5.1, 3.0 Hz, 11, 7.39 —
7.34 (m, 1H), 7.28 (d, ] = 7.8 Hz,
1H), 7.21 — 7.15 (m, 1H), 7.00 (dt,
1=337,76Hz, 2H), 676 (t, I =
7.7 Hz, 1H), 6.63 (d, J = 2.0 Hz,
1H), 6.59 — 6.49 (m, 2H), 5.93 (d,
J=78Hz IH), 555, T = 8.1
Hz, 1H), 3.83 (dd, J = 10.5, 5.1
Hz, 21, 3.44 — 3.33 (m, 5H), 1.84
(d,J7=15.3 Hz, 2ID), 1.34 (dd, J =
11.8, 6.4 Hz, 2H).

433

SS

3-(2-chloroph
enyl)sulfanyl-
6-[3-(4-fluoro
anilino)pheny
1]-6-(3-thienyl
)piperidine-2,
4-dione

was prepared
according to
example 417

M+H =523
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434

SS

3-(2-chloroph
enyl)sulfanyl-
6-[3-(4-fluoro
anilino)pheny
1]-6-(3-thienyl
)piperidine-2,
4-dione

was prepared
according to
example 417

M+H =523

435

MD

6-(3-bromoph
enyl)-3-(2-chl
orophenyl)sul
fanyl-1-methy
1-6-(3-thienyl)
piperidine-2.4
-dione

was prepared
as in example
11.

H NMR (400 MHz, DMSO-d6) 5
11.40 (s, 1H), 7.75 — 7.62 (m, 2,
749 — 729 (m, 4H), 7.18 d, T =
4.0 Hz, 21, 7.01 (td, T = 7.6, 1.6
Hz, 1H), 6.94 — 6.87 (m, 11, 6.12
(dd, J = 8.0, 1.5 Hz, 1I), 3.78 —
3.50 (m, 2H), 2.67 (s, 3H)
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/ /CI
3-(2-chloroph
A \s enyl)sulfanyl- | 1HNMR (400 MHz, DMSO-d6) &
o )YO 6-[3-(4-fluoro | 11.33 (s, 1H), 8.24 (s, 1H), 7.76 —
AN anilino)pheny | 7.61 (m, 110, 7.36 - 7.13 (m, 5H),
1]-1-methyl-6- | 7.11 — 7.00 (m, 5H), 6.91 — 6.81
436 | MD N (3-thienyl)pip | (m, 2H), 6.80—6.71 (m, 1H), 6.18
eridine-2,4-di | (dd,1=8.0,1.6 Hz, 1H), 3.69 (d, J
¥ / \ one =16.6 Hz, 1H), 3.48 (s, 1H), 2.69
was prepared | (s, 3H)
S according to
example 11
/CI 1H NMR (400 MHz, DMSO-d6) &
11.39 (s, 1H), 8.33 (s, 1H), 7.57
g 3-(2-chloroph | (dd, 7 =5.1, 2.9 Hz, 1H), 7.41 —
S enyl)sulfanyl- | 7.34 (m, 1H),7.29 (dd, T =8.0,1.3
o o 6-[3-(cyclohe | Hz, 1H),7.18 (dd, 7 =5.1, 1.4 Hz,
AN xylamino)phe | 1H), 7.07 — 6.94 (m, 2H), 6.78 (td,
nyl]-6-(3-thie | 1=7.7, 1.4 Hz, 1H), 6.59 (s, 1H),
437 | MD NH nyDpiperidine | 6.51 (d, J = 8.0 Hz, 2H), 5.95 (dd,
-2,4-dione I=8.0, 1.5 Hz, 1H), 543 (s, 1H),
H / \ was prepared | 3.50 — 3.35 (m, 2H), 1.86 (t, J =
according (O | 14.3 Hz, 2H), 1.74 — 1.64 (m, 2H),
S example 417 1.64 — 1.51 (m, 1H), 1.34 — 1.24

(m, 2H), 1.21 — 1.02 (m, H)
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438

MD

Cl

3-(2-chloroph
enyl)sulfanyl-
6-(6-phenyl-2
-pyridyl)-6-(3
-thienyl)piper
idine-2,4-dion
e

was prepared
according to
example 418
with using
phenylboroni
cacid

1H NMR (400 MHz, DMSO-d6) &
11.68 (s, 1H), 8.62 (s, 11D), 8.24 —
8.13 (m, 21D, 8.03 — 7.93 (m, 2H),
7.71 — 7.61 (m, 1H), 7.56 — 7.43
(m, 4H), 7.37 (dd, T = 3.0, 1.4 Hz,
1H), 7.25 (dd, T = 8.0, 1.3 Hz, 11D,
7.18 dd, T=5.1, 1.4 Hz, 11D, 7.01
~ 6.77 (m, 1H), 6.66 — 6.50 (m,
1H), 5.81 (dd, T = 8.0, 1.5 Hz, 11D),
4.15 (d, T =16.2 Hz, 1H), 3.41 (d,
1=162Hz, 1H0)

439

MD

6-(3-anilinop
henyl)-3-(2-c
hlorophenyl)s
ulfanyl-6-(3-t
hienyl)piperid
ine-2,4-dione
was prepared
according to
example 417

1H NMR (400 MHz, DMSO-d6) &
8.19 (s, 1H), 8.13 (s, 1H), 7.57
(dd,J=5.1,2.9 Hz, 1), 7.38 (dd,
1=30, 1.4 Hz, 1H), 728 — 7.14
(m, 6H), 7.03 — 6.85 (m, 5H), 6.82
~6.74 (m, 2H), 6.00 (dd, T = 8.0,
1.5 Hz, 1H).

440

MD

3-(2-chloroph
enyl)sulfanyl-
6-[6-(tetrahyd
rofuran-3-yla

mino)-2-pyrid
yl]-6-(3-thien
yDpiperidine-
2,4-dione

was prepared
according to
example 417

1H NMR (400 MHz, DMSO-d6) &
1146 (s, 1H), 8.14 (s, 1H), 7.48
(ddd, J = 5.0, 2.9, 1.9 Hz, 1H),
745 — 7.38 (m, 1H), 7.37 — 7.32
(m, 1H), 7.29 —7.25 (m, 1H), 7.23
~7.12 (m, 1H), 6.98 — 6.92 (m,
1H), 6.88 — 6.83 (m, 1H), 6.79 —
6.73 (m, 2H), 6.43 (d, ] = 8.2 Hz,
1H), 6.03 — 5.95 (m, 1H), 4.46 —
434 (m, 1H), 3.95 - 3.67 (m, 410,
349 — 341 (m, 1H), 2.24 — 2.11
(m, 11, 1.82 — 1.70 (m, 1H)

441

MD

Cl

3-(2-chloroph
enyl)sulfanyl-
6-[6-(cyclope
ntylamino)-2-
pyridyl]-6-(3-
thienyl)piperi
dine-2,4-dion
e

was prepared
according to
example 417

1H NMR (400 MHz, DMSO-d6) &
11.41 (s, 1H), 8.23 (s, 11D, 7.56 —
7.47 (m, 1H), 7.40 — 7.33 (m, 21,
7.33 —7.26 (m, 1H), 7.22 — 7.13
(m, 1H), 7.04 — 6.90 (m, 1H), 6.85
~6.76 (m, 1H), 6.69 (d, ] =7.4 Hz,
1H), 6.56 (d, T = 6.5 Hz, 11), 6.38
(d, T =8.3 Hz, 11D, 6.02 (dd, ] =
8.0, 1.5 Hz, 1H), 4.15 (q. T = 6.6
Hz, 1H), 3.96 — 3.77 (m, 2H), 1.97
~1.88 (m, 2H), 1.69 — 1.34 (m,
6H).
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442

MD

Cl

3-(2-chloroph
enoxy)-6-[6-(
4-fluorophen
oxy)-2-pyridy
1]-6-(3-thienyl
)piperidine-2,
4-dione

was prepared
according to
example 419

1H NMR (400 MHz, DMSO-d6) &
7.96 — 7.86 (m, 1H), 7.49 — 7.33
(m, 3H), 7.30 - 7.14 (m, 5H), 7.01
(dd, J = 5.1, 1.4 Hz, 11, 6.97 —
6.82 (m, 3H),6.10 (dd, T =8.1, 1.6
Hz, 1H), 3.42 (d, J = 16.0 Hz, 1),
3.15 (d, T = 16.3 Hz, 1H)

443

MD

3-(2-chloroph
enyl)sulfanyl-
6-[6-(4-fluoro
phenyl)-2-pyr
1dyl]-6-(3-thie
nyl)piperidine
-2,4-dione

was prepared
according to
example 418
with using
4-F-phenylbo
ronic acid)

1H NMR (400 MHz, DMSO-d6) &
11.68 (s, 1H), 8.59 (s, 1), 8.31 —
8.17 (m, 21D, 8.03 — 7.92 (m, 2H),
7.64(dd, T=5.8,2.9 Hz, 1H), 7.52
(dd, J = 5.1, 2.9 Hz, 1H), 7.40 —
7.25 (m, 4H),7.17 (dd, T =5.1, 1.4
Hz, 1H), 6.89 (td, J = 7.6, 1.5 Hz,
1H), 6.62 — 6.55 (m, 1H), 5.81 (dd,
1=80, 1.5 Hz, 1H), 412 (d, T =
162 Hz, 1H), 3.41 (d,J = 16.2 Hz,
1H).

444

MD

6-(3-bromo-4
-morpholino-

phenyl)-3-(2-

chlorophenyl)
sulfanyl-6-(3-
thienyl)piperi

dine-2,4-dion
e

(see example.
8)

H NMR (400 MHz, DMSO-d6) 5
847 (s, 1H), 7.66 (d, J = 2.2 Hz,
1H), 7.59 (dd, T = 5.0, 2.9 Hz, 11D),
7.39 — 7.35 (m, 2H), 7.30 (dd, J =
7.9, 1.3 Hz, 1H), 7.20 — 7.14 (m,
2H), 7.02 — 6.94 (m, 1H), 6.81 —
6.74 (m, 1), 5.94 (dd, ] =8.0, 1.5
Hz, 1H), 3.78 — 3.70 (m, 4H), 3.49
~ 339 (m, 2H), 3.01 — 2.93 (m,
41)

445

MD

3-(2-chloroph
enyl)sulfanyl-
6-(4-morpholi
nophenyl)-6-(
5-phenyl-3-th
ienyl)piperidi
ne-2,4-dione
(see example
9

1H NMR (400 MHz, DMSO-d6) &
8.37 (s, 1H), 7.61 (dd, T =77, 1.5
Hz, 3H), 7.45 — 7.39 (m, 2H), 7.34
~7.25 (m, 5H), 7.02 — 6.89 (m,
3H), 6.76 —6.67 (m, 1H), 6.02 (dd,
1=80, 1.5 Hz, 1ID), 3.78 — 3.71
(m, 4H), 3.48 (d, T = 16.7 Hz, 2H),
3.16 — 3.09 (m, 41
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446

MD

6-[3-chloro-5
-(4-fluoroanil
ino)phenyl]-3
-(2-chlorophe
nyl)sulfanyl-6
-(3-thienyl)pi
peridine-2,4-
dione (MD)
was prepared
according to
example 417

1H NMR (400 MHz, DMSO-d6) &
11.51 (s, 1H), 8.44 (s, 1H), 8.41 (s,
1H), 7.61 (dd, T =5.1,2.9 Hz, 11D,
7.40 (dd, T=2.9, 1.4 Hz, 1H), 7.30
(dd,7=7.9, 1.3 Hz, 1), 7.19 (dd,
I=51, 1.4 Hz, 1H), 7.12 — 6.96
(m, 6H), 6.91 —6.79 (m, 3H), 6.01
(dd, J = 7.9, 1.5 Hz, 1H), 3.47 —
3.35 (m, 21D

447

SS

Cl

6-[3-chloro-5
-(4-fluoroanil
ino)phenyl]-3
-(2-chlorophe
nyl)sulfanyl-6
-(3-thienyl)pi
peridine-2,4-
dione

(SS)

M+H = 557

448

MD

NH

3-(2-chloroph
enyl)sulfanyl-
6-[6-(3,4-difl
uoroanilino)-
2-pyridyl]-6-(
3-thienyl)pipe
ridine-2,4-dio
ne

was prepared
according to
example 417

1H NMR (400 MHz, DMSO-d6) &
11.48 (s, 1H), 9.33 (s, 1H), 8.40 (s,
1H), 7.83 — 7.73 (m, 1H), 7.66 (d,
J=8.1Hz, IH), 7.54 (dd, T = 5.1,
2.9 Hz, 1H), 7.41 (dd, T = 3.0, 1.4
Hz, 11, 7.34 — 7.24 (m, 3H), 7.20
(dd,T=5.1, 1.4 Hz, 1H), 7.08 (d, J
=7.5Hz, 1H),6.98 (td,1=7.6, 1.5
Hz, 1H), 6.85 — 6.80 (m, 1H), 6.75
(d, T =8.2 Hz, 11, 6.06 (dd, ] =
8.0, 1.5 Hz, 1H), 3.74 (d, T = 16.5
Hz, 1H), 3.49 (d, J = 16.5 Hz, 1.

449

MD

Cl

Cl

6-[6-(3-chlor
o-4-fluoro-ani
lino)-2-pyridy
1]-3-(2-chloro
phenyl)sulfan
yl-6-(3-thieny
Dpiperidine-2
,4-dione

was prepared
according to
example 417

M+H =558
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450

SS

3-(2-chloroph
enyl)sulfanyl-
6-[6-(3,4-difl
uoroanilino)-
2-pyridyl]-6-(
3-thienyl)pipe
ridine-2,4-dio
ne (SS)

was prepared
according to
example 417

M+H =542

451

SS

3-(2-chloroph
enyl)sulfanyl-
6-[6-(3,4-difl
uoroanilino)-
2-pyridyl]-6-(
3-thienyl)pipe
ridine-2,4-dio
ne (SS)

was prepared
according to
example 417

M+H =542

452

SS

4-[6-[5-(2-chl
orophenyl)sul
fanyl-4,6-dio
x0-2-(3-thien
yI)-2-piperidy
1]-2-pyridyl]-
N,N-dimethyl
-benzenesulfo
namide

(SS)

was prepared
according to
example 418

M+H = 598

453

SS

5-(2-chloroph
enyl)sulfanyl-
4-hydroxy-2-[
4-(1-piperidyl
)phenyl]-2-(3-
thienyl)-1,3-d
ihydropyridin
-6-one  was
prepared  as
described in
example 56.
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0O Cl 3-(2-chloroph
S S enyl)sulfanyl-
N\ \ 6-[4-(1-piperi

dyl)phenyl]-6
-(3-thienyl)pi
peridine-2,4-
dione was
prepared  as

N
described in
example 56.

N
454 | SS H

* ST: Stereochemistry : SS = Single Stereoisomer; MD = Mixture of Diastereoisomers

LDHA Enzyme Inhibition Assay Protocol

Human recombinant carboxy-terminal his-tagged LDHA (amino acids 2-332) was
expressed and purified from E. coli. The enzyme assay was performed in uClear low volume
384-well plates (Greiner #788092), 10 pl. volume with the following final enzyme and buffer
conditions: 50 mM Hepes (pH 7.2), 0.01% (v/v) TritonX-100, 0.01% (0.1 mg/mL) Bovine Gamma
Globulin, 2 mM DTT, 1 nM LDHA, 50 uM NADH , and 50 pM pyruvate. Test compounds were
diluted in 100% DMSO with 1:3 serial dilutions. Oxamate (Sigma #02751) was used as a positive
control and was diluted in H,O (10-point 1:3 serial dilutions, final DMSO 1%). For the enzyme
reaction, serially diluted compounds were added to a mixture of enzyme and NADH. The assay
plates were then incubated at room temperature for 10 minutes and a baseline read was conducted on
the FDSS700 (Hamamatsu) with excitation at 340 nm and emission at 480 nm for 12.5 seconds to
identify any compounds which interfere with NADH fluorescence. Following the baseline read,
pyruvate was added to the assay plates and the plates were read with excitation 340 nm and emission
480 nm for 10 minutes every 2.5 seconds. A suitable linear timeframe was selected (150-400 s) to
calculate the slope of each concentration tested. The raw data were fitted to 4-parameter

dose-response curves using the following equation:
Jit = (A+((B-A)/(1+((C/x)"D))))
inv = (CA(((B-A)/(y-A))-1)Y(1/D)))
res = (y-fit)
where A = minimum y, B = maximum y, C = 50% y max, and D = slope factor.

The curve bottom was set to the background rate (initial 5 second recording prior to
addition of pyruvate) and curve top was set to no inhibitor (DMSO only) control wells rate. Oxamate
was used as a positive control and exhibited a mean ICs, value of 57.2 uM + 13.1 uM (n = 202). For
previous descriptions of LDH enzyme assays, see: Rossmann, M. G. et al. Evolutionary and

structural relationships among dehydrogenases. In: Boyer, P. D. Ed., The Enzymes, vol. XI. New
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York: Academic Press, 1975; pp61-102. See also the Supplementary Material section of: Moorhouse,
A.D. eta. Chem. Commun. 2011, 47, 230.

The compounds of the present invention were tested for their capacity to inhibit LDHA
activity and activation as described in the enzyme inhibition assay described above. The following

table summarizes the results of this assay by reference to the exemplified compounds of the

invention:
Ex No. | Stereochemistry LDHA ICsy (uM)
1 Mixture of Diastereomers 0.006
2 Mixture of Diastereomers 0.082
3 Mixture of Diastereomers 0.003
3 Mixture of Diastereomers 0.123
3 Mixture of Diastereomers 0.569
4 Mixture of Diastereomers 0.003
4 Mixture of Diastereomers 0.003
4 Mixture of Diastereomers 0.211
5 Mixture of Diastereomers 0.028
5 Mixture of Diastereomers 0.009
5 Mixture of Diastereomers 0.066
6 Single Stereoisomer 0.008
6 Single Stereoisomer 0.002
6 Mixture of Diastereomers 0.165
7 Mixture of Diastereomers 0.009
8 Mixture of Diastereomers 0.004
9 Single Stereoisomer 0.026
10 Mixture of Diastereomers 0.013
10 Mixture of Diastereomers 0.042
10 Single Stereoisomer 0.004
11 Single Stereoisomer 0.002
12 Mixture of Diastereomers 0.027
13 Mixture of Diastereomers 0.058
14 Mixture of Diastereomers 0.098
14 Mixture of Diastereomers 0.004
14 Mixture of Diastereomers 0.063
15 Mixture of Diastereomers 0.016
15 Mixture of Diastereomers 0.092
15 Mixture of Diastereomers 0.022
15 Mixture of Diastereomers 0.043
15 Mixture of Diastereomers 0.008
16 Mixture of Diastereomers 0.105
16 Mixture of Diastereomers 0.076
17 Mixture of Diastereomers 0.114
17 Mixture of Diastereomers 0.023
17 Mixture of Diastereomers 1.270
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Ex No. | Stereochemistry LDHA ICsy (uM)
18 Mixture of Diastereomers 0.012
19 Single Stereoisomer 0.006
19 Single Stereoisomer 0.203
19 Mixture of Diastereomers 0.005
20 Mixture of Diastereomers 0.039
21 Mixture of Diastereomers 0.119
22 Mixture of Diastereomers 0.086
23 Mixture of Diastereomers 0.026
24 Mixture of Diastereomers 0.018
25 Mixture of Diastereomers 0.023
26 Mixture of Diastereomers 0.038
27 Mixture of Diastereomers 0.050
28 Mixture of Diastereomers 0.031
29 Mixture of Diastereomers 0.009
30 Mixture of Diastereomers 0.053
31 Mixture of Diastereomers 0.008
32 Mixture of Diastereomers 0.010
33 Mixture of Diastereomers 0.007
34 Mixture of Diastereomers 0.033
35 Mixture of Diastereomers 0.007
36 Mixture of Diastereomers 0.021
36 Mixture of Diastereomers 0.008
36 Mixture of Diastereomers 0.025
37 Mixture of Diastereomers 0.034
37 Mixture of Diastereomers 0.029
37 Mixture of Diastereomers 0.040
38 Mixture of Diastereomers 0.004
39 Mixture of Diastereomers 0.003
39 Mixture of Diastereomers 0.012
40 Mixture of Diastereomers 0.036
41 Mixture of Diastereomers 0.016
42 Mixture of Diastereomers 0.005
42 Mixture of Diastereomers 0.010
42 Mixture of Diastereomers 0.017
43 Mixture of Diastereomers 0.017
44 Mixture of Diastereomers 0.022
45 Mixture of Diastereomers 0.069
46 Mixture of Diastereomers 0.005
47 Mixture of Diastereomers 0.120
48 Mixture of Diastereomers 0.052
49 Mixture of Diastereomers 0.025
50 Mixture of Diastereomers 0.022
51 Mixture of Diastereomers 0.149
52 Mixture of Diastereomers 0.045
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Ex No. | Stereochemistry LDHA ICsy (uM)
53 Mixture of Diastereomers 0.011
54 Mixture of Diastereomers 0.201
55 Mixture of Diastereomers 0.029
56 Mixture of Diastereomers 0.007
57 Mixture of Diastereomers 0.086
58 Mixture of Diastereomers 0.010
59 Mixture of Diastereomers 0.056
60 Mixture of Diastereomers 0.009
61 Mixture of Diastereomers 0.020
62 Mixture of Diastereomers 0.036
63 Mixture of Diastereomers 0.037
64 Mixture of Diastereomers 0.126
65 Mixture of Diastereomers 0.056
66 Mixture of Diastereomers 0.089
67 Mixture of Diastereomers 0.224
68 Mixture of Diastereomers 0.008
69 Single Stereoisomer 0.004
70 Single Stereoisomer 0.104
71 Mixture of Diastereomers 0.056
72 Mixture of Diastereomers 0.025
73 Single Stereoisomer 0.111
74 Single Stereoisomer 0.014
75 Mixture of Diastereomers 0.070
76 Mixture of Diastereomers 0.015
77 Mixture of Diastereomers 0.031
78 Single Stereoisomer 0.023
79 Single Stereoisomer 0.199
80 Mixture of Diastereomers 0.056
81 Mixture of Diastereomers 0.229
82 Mixture of Diastereomers 0.049
83 Mixture of Diastereomers 0.013
84 Mixture of Diastereomers 0.008
85 Mixture of Diastereomers 0.018
86 Mixture of Diastereomers 0.022
87 Mixture of Diastereomers 0.010
88 Mixture of Diastereomers 0.017
89 Mixture of Diastereomers 0.018
90 Mixture of Diastereomers 0.013
91 Mixture of Diastereomers 0.011
92 Single Stereoisomer 0.007
93 Single Stereoisomer 0.319
94 Single Stereoisomer 0.023
95 Single Stereoisomer 0.290
96 Mixture of Diastereomers 0.019
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Ex No. | Stereochemistry LDHA ICsy (uM)
97 Mixture of Diastereomers 0.030
98 Mixture of Diastereomers 0.167
99 Mixture of Diastereomers 0.006
100 Single Stereoisomer 0.046
101 Mixture of Diastereomers 0.018
102 Mixture of Diastereomers 0.018
103 Mixture of Diastereomers 0.141
104 Mixture of Diastereomers 0.118
105 Single Stereoisomer 0.125
106 Single Stereoisomer 0.732
107 Mixture of Diastereomers 0.131
108 Mixture of Diastereomers 0.108
109 Mixture of Diastereomers 0.010
110 Mixture of Diastereomers 0.018
111 Mixture of Diastereomers 0.012
112 Mixture of Diastereomers 0.010
113 Single Stereoisomer 0.014
114 Single Stereoisomer 0.053
115 Single Stereoisomer 0.031
116 Single Stereoisomer 0.376
117 Mixture of Diastereomers 0.076
118 Single Stereoisomer 0.622
119 Single Stereoisomer 0.293
120 Mixture of Diastereomers 0.016
121 Mixture of Diastereomers 0.008
122 Single Stereoisomer 0.022
123 Single Stereoisomer 0.006
124 Mixture of Diastereomers 0.003
125 Mixture of Diastereomers 0.003
126 Mixture of Diastereomers 0.238
127 Mixture of Diastereomers 0.008
128 Mixture of Diastereomers 0.024
129 Mixture of Diastereomers 0.020
130 Mixture of Diastereomers 0.005
131 Mixture of Diastereomers 0.046
132 Mixture of Diastereomers 0.009
133 Mixture of Diastereomers 0.089
134 Single Stereoisomer 0.008
135 Mixture of Diastereomers 0.040
136 Single Stereoisomer 0.222
137 Mixture of Diastereomers 0.073
138 Mixture of Diastereomers 0.025
139 Mixture of Diastereomers 0.009
140 Mixture of Diastereomers 0.012
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Ex No. | Stereochemistry LDHA ICsy (uM)
141 Single Stereoisomer 0.003
142 Single Stereoisomer 0.031
143 Mixture of Diastereomers 0.033
144 Single Stereoisomer 0.143
145 Single Stereoisomer 0.088
146 Single Stereoisomer 0.189
147 Single Stereoisomer 0.008
148 Mixture of Diastereomers 0.014
149 Mixture of Diastereomers 0.069
150 Mixture of Diastereomers 0.019
151 Mixture of Diastereomers 0.015
152 Mixture of Diastereomers 0.006
153 Single Stereoisomer 0.012
154 Mixture of Diastereomers 0.027
155 Mixture of Diastereomers 0.025
156 Single Stereoisomer 0.072
157 Mixture of Diastereomers 0.030
158 Mixture of Diastereomers 0.018
159 Mixture of Diastereomers 0.004
160 Mixture of Diastereomers 0.008
161 Single Stereoisomer 0.019
162 Single Stereoisomer 0.004
163 Single Stereoisomer 0.194
164 Single Stereoisomer 0.009
165 Single Stereoisomer 0.004
166 Mixture of Diastereomers 0.004
167 Mixture of Diastereomers 0.006
168 Single Stereoisomer 0.190
169 Mixture of Diastereomers 0.010
170 Single Stereoisomer 0.145
171 Single Stereoisomer 0.101
172 Single Stereoisomer 0.056
173 Single Stereoisomer 0.183
174 Single Stereoisomer 0.068
175 Single Stereoisomer 0.013
176 Mixture of Diastereomers 0.010
177 Mixture of Diastereomers 0.016
178 Single Stereoisomer 0.155
179 Single Stereoisomer 0.014
180 Single Stereoisomer 0.002
181 Single Stereoisomer 0.006
182 Mixture of Diastereomers 0.056
183 Single Stereoisomer 0.005
184 Single Stereoisomer 0.002
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Ex No. | Stereochemistry LDHA ICsy (uM)
185 Mixture of Diastereomers 0.055
186 Mixture of Diastereomers 0.021
187 Mixture of Diastereomers 0.025
188 Mixture of Diastereomers 0.015
189 Single Stereoisomer 0.150
190 Single Stereoisomer 0.092
191 Single Stereoisomer 0.158
192 Single Stereoisomer 0.232
193 Single Stereoisomer 0.059
194 Single Stereoisomer 0.005
195 Single Stereoisomer 0.143
196 Single Stereoisomer 0.036
197 Single Stereoisomer 0.010
198 Single Stereoisomer 0.177
199 Single Stereoisomer 0.012
200 Mixture of Diastereomers 0.229
201 Single Stereoisomer 0.037
202 Single Stereoisomer 0.018
203 Single Stereoisomer 0.044
204 Mixture of Diastereomers 0.007
205 Mixture of Diastereomers 0.058
206 Mixture of Diastereomers 0.027
207 Mixture of Diastereomers 0.020
208 Mixture of Diastereomers 0.149
209 Mixture of Diastereomers 0.006
210 Mixture of Diastereomers 0.008
211 Mixture of Diastereomers 0.183
212 Mixture of Diastereomers 0.030
213 Mixture of Diastereomers 0.034
214 Mixture of Diastereomers 0.017
215 Mixture of Diastereomers 0.014
216 Single Stereoisomer 0.002
217 Single Stereoisomer 0.010
218 Single Stereoisomer 0.117
219 Single Stereoisomer 0.240
220 Single Stereoisomer 0.162
221 Single Stereoisomer 0.320
222 Single Stereoisomer 0.322
223 Single Stereoisomer 0.057
224 Mixture of Diastereomers 0.020
225 Mixture of Diastereomers 0.103
226 Single Stereoisomer 0.020
227 Single Stereoisomer 0.015
228 Single Stereoisomer 0.419
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Ex No. | Stereochemistry LDHA ICsy (uM)
229 Mixture of Diastereomers 0.011
230 Mixture of Diastereomers 0.022
231 Mixture of Diastereomers 0.009
232 Mixture of Diastereomers 0.009
233 Mixture of Diastereomers 0.017
234 Mixture of Diastereomers 0.004
235 Mixture of Diastereomers 0.021
236 Mixture of Diastereomers 0.025
237 Single Stereoisomer 0.094
238 Mixture of Diastereomers 0.018
239 Single Stereoisomer 0.015
240 Single Stereoisomer 0.003
241 Single Stereoisomer 0.003
242 Mixture of Diastereomers 0.004
243 Single Stereoisomer 0.001
244 Single Stereoisomer 0.023
245 Mixture of Diastereomers 0.018
246 Single Stereoisomer 0.010
247 Single Stereoisomer 0.010
248 Single Stereoisomer 0.005
249 Mixture of Diastereomers 0.099
250 Single Stereoisomer 0.036
251 Single Stereoisomer 0.019
252 Mixture of Diastereomers 0.079
253 Mixture of Diastereomers 0.081
254 Single Stereoisomer 0.047
255 Mixture of Diastereomers 0.102
256 Single Stereoisomer 0.062
257 Mixture of Diastereomers 0.016
258 Mixture of Diastereomers 0.087
259 Single Stereoisomer 0.011
260 Single Stereoisomer 0.006
261 Single Stereoisomer 0.039
262 Mixture of Diastereomers 0.104
263 Mixture of Diastereomers 0.086
264 Mixture of Diastereomers 0.077
265 Mixture of Diastereomers 0.022
266 Single Stereoisomer 0.099
267 Single Stereoisomer 1.640
268 Single Stereoisomer 0.402
269 Single Stereoisomer 0.073
270 Single Stereoisomer 0.099
271 Single Stereoisomer 0.355
272 Single Stereoisomer 0.459
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Ex No. | Stereochemistry LDHA ICsy (uM)
273 Single Stereoisomer 0.072
274 Single Stereoisomer 0.157
275 Single Stereoisomer 0.233
276 Single Stereoisomer 0.175
277 Single Stereoisomer 0.337
278 Single Stereoisomer 0.339
279 Single Stereoisomer 0.272
280 Single Stereoisomer 0.311
281 Single Stereoisomer 0.189
282 Mixture of Diastereomers 0.012
283 Mixture of Diastereomers 0.037
284 Mixture of Diastereomers 0.041
285 Single Stereoisomer 0.010
286 Mixture of Diastereomers 0.057
287 Mixture of Diastereomers 0.010
288 Mixture of Diastereomers 0.141
289 Mixture of Diastereomers 0.022
290 Mixture of Diastereomers 0.017
291 Single Stereoisomer 0.093
292 Mixture of Diastereomers 0.037
293 Mixture of Diastereomers 0.091
294 Mixture of Diastereomers 0.036
295 Single Stereoisomer 0.081
296 Mixture of Diastereomers 0.039
297 Single Stereoisomer 0.149
298 Single Stereoisomer 0.063
300 Mixture of Diastereomers 0.144
301 Mixture of Diastereomers 0.092
302 Mixture of Diastereomers 0.030
303 Single Stereoisomer 0.434
304 Mixture of Diastereomers 0.021
305 Mixture of Diastereomers 0.025
306 Single Stereoisomer 0.129
307 Single Stereoisomer 0.095
308 Single Stereoisomer 0.825
309 Single Stereoisomer 0.408
310 Single Stereoisomer 0.365
311 Single Stereoisomer 0.590
312 Single Stereoisomer 0.119
313 Single Stereoisomer 0.105
314 Single Stereoisomer 0.082
315 Mixture of Diastereomers 0.014
316 Mixture of Diastereomers 0.044
317 Mixture of Diastereomers 0.225
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Ex No. | Stereochemistry LDHA ICsy (uM)
318 Single Stereoisomer 0.010
319 Single Stereoisomer 0.197
320 Single Stereoisomer 0.093
321 Single Stereoisomer 0.246
322 Single Stereoisomer 0.012
323 Single Stereoisomer 0.035
324 Single Stereoisomer 0.084
325 Mixture of Diastereomers 0.162
326 Mixture of Diastereomers 0.076
327 Single Stereoisomer 0.035
328 Mixture of Diastereomers 0.054
329 Mixture of Diastereomers 0.037
330 Single Stereoisomer 0.041
331 Single Stereoisomer 0.148
332 Single Stereoisomer 0.168
333 Single Stereoisomer 0.198
334 Single Stereoisomer 0.739
335 Single Stereoisomer 0.002
336 Mixture of Diastereomers 0.368
337 Single Stereoisomer 0.021
338 Single Stereoisomer 0.009

The foregoing description is considered as illustrative only of the principles of the
invention. Further, since numerous modifications and changes will be readily apparent to those
skilled in the art, it is not desired to limit the invention to the exact construction and process shown as
described above. Accordingly, all suitable modifications and equivalents may be considered to fall

within the scope of the invention as defined by the claims that follow.

The words "comprise," "comprising,” "include," "including," and "includes" when used
in this specification and in the following claims are intended to specify the presence of stated
features, integers, components, or steps, but they do not preclude the presence or addition of one or

more other features, integers, components, steps, or groups thereof.
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CLAIMS

1. Compounds of Formula (I):

R1

and stereoisomers, tautomers, and pharmaceutically acceptable salts thereof, wherein:
A'is O,CH,or S;

A”is NH or N-C;-Cs-alkyl;

A’is N or CR%;

A*is N or CR?, provided that A? and A* are not N at the same time;

R' is CL, NO,, or CN;

R? and R® are independently selected from the group consisting of H, halo, hydroxy,
C,-Cs-hydroxyalkyl, and NH,;

R’ and R’ are independently selected from the group consisting of:
H;
hydroxy;
halo;
—Cl—CG—alkyI—Rf;

—Cl—CG—alkenyl—Rf;

-202 -



10

15

20

25

WO 2015/140133 PCT/EP2015/055495

—C,-Cg-alkoxy-R";

-NR'R";

~NR*(C;-Ce-alkyl)-R®;

-NR*-S(0),-(4 to 10 membered heterocycloalkyl);

-NR*-(C3-Cg-cycloalkyl), which cycloalkyl is unsubstituted or substituted by
C,-Ce-alkyl or a C;-Cs-alkylene bridge;

—NR®-aryl, which aryl is unsubstituted or substituted by one or more substituent(s)

selected from the group consisting of:

halo, hydroxy, -NH,, C,-Cs-alkyl, C;-Cs-alkoxy, C;-Cs-haloalkyl,
C,-Cs-hydroxyalkyl, C,-Cs-haloalkoxy and C;-Cg-cycloalkyl;

-NR*-(4 to 10 membered heterocycloalkyl), which heterocycloalkyl is unsubstituted
or substituted by one or more substituent(s) selected from the group consisting of: C;-Ce-alkyl,

C,-Ce-hydroxyalkyl, or -CO-alkyl;

-NR*~(5 or 6 membered heteroaryl), which heteroaryl is unsubstituted or substituted

by one or more substituent(s) selected from the group consisting of: halo, -NR*R” and C,-Cs-alkyl;
-NR*(CO)-C,-Cg-alkyl;
-NR*(CO)-aryl;
-NR*(CO)-(5 or 6 membered heteroaryl);
-NR*(CO)O-C;-Cs-alkyl;
—S-(alkyl),-R";
-S(O),-aryl, which aryl is unsubstituted or substituted by one or more halo;
-C(0)-R%
~C(O)NR*-(C;-Cg-alkyl),-R®;
~C(O)NR*-C,-Cg-alkoxy;

—0-C;5-Cg-cycloalkyl, which cycloalkyl is unsubstituted or substituted by one or

more substituent(s) selected from the group consisting of: halo or hydroxy, C;-Ces-alkyl,
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C,-Ce-alkoxy, C,-Cs-haloalkoxy, C;-Cs-alkoxyaryl, C;-Cs-haloalkyl, C;-Cs-hydroxyalkyl, NRaRb,

aryl, C;-Cs-akyl-aryl, 5 or 6 membered heteroaryl, and -(C;-Cs-alkyl)-(C;-Cs-alkoxy);

—O-aryl, which aryl is unsubstituted or substituted by one or more substituent(s)

selected from the group consisting of:

halo, C;-C¢-alkyl, C;-Cs-alkoxy, C;-Cs-alkyl-C;-Cs-alkoxy, C;-Cg-haloalkyl,
C,-Ces-haloalkoxy, C;-Cs-hydroxyalkyl, -S-C;-Cs-akyl, -C;-Cs-alkyl-C;-Cg-cycloalkyl,
C,-Ce-alkoxy-C5-Cs-cycloalkyl, C,-Cs-alkyl-(4 to 10 membered heterocycloalkyl), C;-Ces-alkyl-(5 or
6 membered heterocycloalkyl), or 5 or 6 membered heteroaryl unsubstituted or substituted by one or
more substituent(s) selected from the group consisting of: C,-Cg-alkyl, -(C,-Cs-alkyl)-(C,-Cs-alkoxy),
C,-Cs-haloalkoxy and a C,-Cg-alkylene bridge;

—0O-(4 to 10 membered heterocycloalkyl), which heterocycloalkyl is unsubstituted

or substituted by one or more substituent(s) selected from the group consisting of:
halo, hydroxy, C;-Cs-alkyl, C,-Cs-hydroxyalkyl and -C(O)-C,-Cs-alkyl;

—0O-(5 to 10 membered heteroaryl), which heteroaryl is unsubstituted or substituted

by halo, C;-Cs-alkyl, C;-Cs-hydroxyalkyl, or -NR*(CO)-C,-Cs-akyl;
(C;5-Cs-cycloalkyl, which cycloalkyl may be fused to a phenyl;

aryl unsubstituted or substituted by one or more substituent(s) selected from the

group consisting of:

halo, hydroxy, -C(O)OH, C,-Cs-hydroxyalkyl, C;-Cs-alkoxy, -S(O),-NH(alkyl) and
-S(O)>-N(alkyl)o;

4 to 10 membered heterocycloalkyl unsubstituted or substituted by one or more

substituent(s) selected from the group consisting of:

halo, C;-Cg-alkyl, -C(O)-Cs;-Cs-cycloalkyl, oxo and 5 or 6 membered
heterocycloalkyl;

5 to 10 membered heteroaryl unsubstituted or substituted by one or more

substituent(s) selected from the group consisting of:

hydroxy, —NRaRb, C;-Ces-alkyl, C;-C¢-hydroxyalkyl, and 4 to 10 membered
heterocycloalkyl;

4.
R is:
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H,

cyano,

halo,

hydroxy,

NR'R",

C,-Ce-alkyl,

C,-Ces-haloalkyl,

C,-Ce-hydroxyalkyl,

C,-Cs-alkoxy unsubstituted or substituted by hydroxy, C,-Ce-alkoxy or NR*R®,

-(C;-Ce-alkyl),-(C5-Cs-cycloalkyl), unsubstituted or substituted by one or more
substituent(s) selected from the group consisting of: halo, hydroxy, -NR°R", C;-Ce-alkyl,
C,-Cs-alkoxy, C;-Ces-haloalkyl, -C(0)-C;-Cs-alkyl, -C(0O)-C;-Cs-cycloalkyl; -C(O)-(5 or 6 membered
heterocycloalkyl);

-(C;-Ce-alkyl),-(C5-Cs-cycloalkenyl), unsubstituted or substituted by one or more
substituent(s) selected from the group consisting of: halo, hydroxy, -NR°R", C;-Ce-alkyl,
C,-Cg-alkoxy, C;-Cg-haloalkyl, -C(O)-C;-Cs-alkyl, -C(O)-C;-Cs-cycloalkyl and -C(O)-(5 or 6

membered heterocycloalkyl);

-(C,-Cs-alkyl),~(5 or 6 membered heteroaryl), unsubstituted or substituted by one or
more substituent(s) selected from the group consisting of: halo, hydroxy, -NR*R?, C;-Cs-alkyl,
C,-Cg-alkoxy, C;-Cs-haloalkyl and -C(O)-C;-Cg-alkyl, -C(O)-C;-Cs-cycloalkyl and -C(O)-(5 or 6

membered heterocycloalkyl);

-(C,-Cs-alkyl),~(4 to 10 membered heterocycloalkyl) unsubstituted or substituted by
one or more substituent(s) selected from the group consisting of: halo, hydroxy, cyano, -NR*R",
C,-Ce-alkyl, C,-Cs-alkoxy, C;-Cs-haloalkyl, C,-Cs-hydroxyalkyl, -C(O)OH, a C,-C,-alkylene bridge,
-C(0)-C-Ce-alkyl, -C(O)-C;5-Cg-cycloalkyl, -C(O)-aryl, -C(O)(4 to 10 membered heterocycloalkyl)
and -C(O)-(5 or 6 membered heterocycloalkyl);

R’ is aryl, a 5 or 6 membered heterocycle or 5 or 6 membered heteroaryl which aryl,
heterocycle or heteroaryl is unsubstituted or substituted by one or more substituent(s) selected from
the group consisting of halo, C;-Cs-alkyl, C;-Cs-cycloalkyl, —O-aryl, -S-aryl, -NH-aryl, and
-(Cy-Cg-alkyl),-aryl;
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or R® and R’ together with the carbon atoms to which they are attached form a 5

membered ring selected from a cycloalkyl or heterocycloalkyl having 5 ring members;
R*is OH, —NRaRb, C;-Cs-alkoxy or -C(0)0O-C,-Ce-alkyl;

or R” and R’ together with the atoms to which they are attached form a naphthyl or 9 or
10 membered heteroaryl, each of which is unsubstituted or substituted by one or more substituent(s)

selected from the group consisting of:
halo, hydroxy, —NRaRb, C,-Cs-alkyl, C,-Cs-alkoxy and C;-Ce-haloalkyl;

or R® and R* together with the atoms to which they are attached form a naphthyl or 9 or
10 membered heteroaryl, each of which is unsubstituted or substituted by one or more substituent(s)

selected from the group consisting of:
halo, hydroxy, —NRaRb, C,-Cs-alkyl, C,-Cs-alkoxy and C;-Ce-haloalkyl;

or R* and R” together with the atoms to which they are attached form a naphthyl or 9 or
10 membered heteroaryl, each of which is unsubstituted or substituted by one or more substituent(s)

selected from the group consisting of:
halo, hydroxy, —NRaRb, C,-Cs-alkyl, C,-Cs-alkoxy and C;-Ce-haloalkyl;

or R’ and R® together with the atoms to which they are attached form a naphthyl or 9 or
10 membered heteroaryl, each of which is unsubstituted or substituted by one or more substituent(s)

selected from the group consisting of:
halo, hydroxy, —NRaRb, C,-Cs-alkyl, C,-Cs-alkoxy and C;-Ce-haloalkyl;
R*is H or C;-Cg-alkyl;
R®is H or C,-Cs-alkyl;

R® is H, hydroxy, halo, -NR*R®, C,-Cs-alkoxy, C;-Cs-alkenyl, 4 to 6 membered
heterocycloalkyl unsubstituted or substituted by oxo or C;-Ce-alkyl, 5 or 6 membered heteroaryl
unsubstituted or substituted by C,-C¢-alkyl, or Cs5-Cg-cycloalkyl unsubstituted or substituted by one

or more substituent(s) selected from the group consisting of:

halo, C,-Cs-alkyl or C,-Cs-hydroxyalkyl, aryl unsubstituted or substituted by halo, 4
to 9 membered heterocycloalkyl unsubstituted or substituted by oxo or C;-Ce-alkyl, and 5 or 6
membered heteroaryl unsubstituted or substituted by C,-C¢-alkyl;
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R%is H, hydroxy, C,-Cs-alkyl, C5-Cg-cycloalkyl or aryl unsubstituted or substituted by
one or more substituent(s) selected from the group consisting of halo and

-NR*-S(0),-N(C,-Cg-alkyl),;

R° is C;-Cg-alkyl, aryl, C;-Cg-cycloalkyl, 5 to 9 membered heterocycloalkyl or 5 or 6
membered heteroaryl and wherein said aryl, Cs;-Cg-cycloalkyl, 5 to 9 membered heterocycloalkyl or
5 or 6 membered heteroaryl is unsubstituted or substituted by one or more substituent(s) selected

from the group consisting of: halo, C;-Cs-alkoxy, C;-Cs-alkyl and C;-Cs-haloalkyl;

R'is H, C;5-Cs-cycloalkyl, 4 to 10 membered heterocycloalkyl, aryl, or 5 or 6 membered
heteroaryl, which cycloalkyl, heterocycloalkyl, aryl, or heteroaryl is unsubstituted or substituted by
one or more substituent(s) selected from the group consisting of halo, C,-C¢-haloalkyl, C,;-Cs-alkyl,
C,-Cs-alkoxy and C,-Cg-hydroxyalkyl;

R® is C;-C¢-alkoxy, C;-Cg-cycloalkyl, aryl, 5 or 6 membered heteroaryl, 5 to 9
membered heterocycloalkyl, wherein said aryl, Cs;-Cg-cycloalkyl, 5 to 9 membered heterocycloalkyl
or 5 or 6 membered heteroaryl is unsubstituted or substituted by one or more substituent(s) selected

from the group consisting of halo, C,-C¢-alkoxy and C,-Cg-hydroxyalkyl;

R" is aryl, 5 or 6 membered heteroaryl, 4 to 10 membered heterocycloalkyl,

(C5-Cs-cycloalkyl, each of which is unsubstituted or substituted by halo;
nisOor 1.

2. The compounds of claim 1, wherein it has the following general Formula:

R8

wherein A', A%, A’, R', R*, R, RS, R6, R®, R’ and R" are as defined in claim 1 or 2.

3. The compounds of claim 1 or 2, wherein it has the following general Formula:
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wherein A’, R!, R®, R?, RS, R6, R®, R’ and R" are as defined in claim 1 or 2.

4. The compounds of claim 1 or 2, wherein it has the following general Formula:

RS

wherein A’, R!, R®, R?, RS, R6, R®, R’ and R" are as defined in claim 1 or 2.
5. The compounds of any one of claims 1 to 4, wherein A’ is NH.

6. The compounds of any one of claims 1 to 7, wherein A’ is CR?, wherein R” is selected from

the group consisting of H, halo, hydroxy, C,-Ce-hydroxyalkyl, and NH.

7. The compounds of any one of claims 1 to 6, wherein R” and R'’ are H.
8. The compounds of any one of claims 1 to 7, wherein R" is CL.
9. The compounds of any one of claims 1 to 8, wherein R’ is NH-phenyl or NH-pyridinyl,

which phenyl or pyridinyl is substituted by halo.

10. The compounds of any one of claims 1 to 9, wherein RY, RS, R® and R® are H.
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11. The compounds of any one of claims 1 to 10 wherein it is selected from the group consisting
of the following compounds as racemates, single stereoisomers, tautomers and pharmaceutically

acceptable salts thereof:

1-[4-[5-(2-chlorophenyl)sulfanyl-4,6-dioxo-2-(3-thienyl)-2-piperidyl|phenyl piperidine-4-carbonitr

ile;
2-[[6-(6-bromo-2-pyridyl)-2,4-dioxo-6-(3-thienyl)-3-piperidyl |sulfanyl]benzonitrile;

3-(2-chloro-5-hydroxy-phenyl)sulfanyl-6-[4-(1-piperidyl)phenyl]-6-(3-thienyl)piperidine-2,4-dione

3-(2-chlorophenoxy)-6-(4-morpholinophenyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenoxy)-6-[4-(1-piperidyl)phenyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenoxy)-6-[6-(2-cyclopropylethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenoxy)-6-[6-(3,4-diflucrophenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenoxy)-6-[6-(4-fluoroanilino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenoxy)-6-[6-(4-fluorophenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-1-methyl-6-(3-tetrahydropyran-4-yloxyphenyl)-6-(3-thienyl)piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-1-methyl-6-[3-(tetrahydropyran-4-ylamino)phenyl]-6-(3-thienyl)piperid

ine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-(1H-indol-4-y1)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(2-fluorophenyl)- 1-methyl-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(2-hydroxy-4-morpholino-phenyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(2-hydroxyphenyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(2-naphthyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(3-fluoro-4-morpholino-phenyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(3-hydroxyphenyl)-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-(3-tetrahydropyran-4-yloxyphenyl)-6-(3-thienyl)piperidine-2,4-dione;
-299 -



10

15

20

25

WO 2015/140133 PCT/EP2015/055495

3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)-6-(4-thiomorpholinophenyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)-6-[ 6-(2,2,2-trifluoro-1-methyl-ethoxy)-2-pyridyl]piperidin

e-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)-6-[6-(2,2,2-triflucroethoxy)-2-pyridyl |piperidine-2,4-dion

€

3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)-6-[6-(4,4,4-triflucrobutoxy)-2-pyridyl]piperidine-2,4-dion

€

3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)-6-[ 6-[ 3-(trifluoromethyl)phenoxy]-2-pyridyl]piperidine-2,

4-dione;

3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)-6-[ 6-[4-(trifluoromethoxy)phenoxy]-2-pyridyl]piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)-6-[ 6-[4-(trifluoromethyl)cyclohexoxy]-2-pyridyl |piperidi

ne-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)-6-[ 6-[4-(trifluoromethyl)phenoxy]-2-pyridyl]piperidine-2,

4-dione;

3-(2-chlorophenyl)sulfanyl-6-(4-cyclohexylphenyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(4-cyclopropylphenyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(4-hydroxyphenyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(4-morpholino-3-phenyl-phenyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(4-morpholinophenyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(4-morpholinophenyl)-6-(5-phenyl-3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-(4-morpholinophenyl)-6-(6-tetrahydropyran-4-yloxy-2-pyridyl)piperi

dine-2,4-dione;

5-(2-chlorophenyl)sulfanyl-4-hydroxy-2-[6-(4-methoxycyclohexoxy)-2-pyridyl]-2-(3-thienyl)-1,3-d
ihydropyridin-6-one;

3-(2-chlorophenyl)sulfanyl-6-(4-morpholinophenyl)-6-thiazol-4-yl-piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-(4-piperazin-1-ylphenyl)-6-(3-thienyl)piperidine-2,4-dione;
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3-(2-chlorophenyl)sulfanyl-6-(4-pyrrolidin-1-ylphenyl)-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-(5-chloro-3-thienyl)-6-[6-(4-fluorophenoxy)-2-pyridyl |piperidine-2,4

-dione;
3-(2-chlorophenyl)sulfanyl-6-(5-methyl-3-thienyl)-6-(4-morpholinophenyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(6-chroman-4-yloxy-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(6-ethoxy-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(6-indan-5-yloxy-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(6-isobutoxy-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(6-isopentyloxy-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(6-isopropoxy-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-(6-isopropoxy-5-morpholino-2-pyridyl)-6-(3-thienyl)piperidine-2,4-d

ione;

3-(2-chlorophenyl)sulfanyl-6-(6-morpholino-3-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(6-pent-2-enoxy-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(6-phenoxy-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(6-phenyl-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-(6-pyrimidin-5-yloxy-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-(6-tetrahydrofuran-3-yloxy-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dio

ne;
3-(2-chlorophenyl)sulfanyl-6-(6-tetralin- 1-yloxy-2-pyridyl)-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[3-(4-fluoroanilino)phenyl]- 1-methyl-6-(3-thienyl)piperidine-2,4-dio

ne;
3-(2-chlorophenyl)sulfanyl-6-[3-(4-fluoroanilino)phenyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[3-(4-fluoroanilino)phenyl]-6-phenyl-piperidine-2,4-dione;
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3-(2-chlorophenyl)sulfanyl-6-[3-(4-fluoro-N-methyl-anilino)phenyl]-6-phenyl-piperidine-2,4-dione
3-(2-chlorophenyl)sulfanyl-6-[3-(4-fluorophenoxy)phenyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[3-(cyclohexylamino)phenyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[3-(tetrahydropyran-4-ylamino)phenyl]-6-(3-thienyl)piperidine-2,4-di

one;

3-(2-chlorophenyl)sulfanyl-6-[3-[(6-fluoro-5-methyl-3-pyridyl)amino]phenyl]-6-(3-thienyl)piperidi

ne-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[4-(1-piperidyl)phenyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[4-(2,2-dimethylmorpholin-4-yl)phenyl]-6-(3-thienyl)piperidine-2,4-

dione;

3-(2-chlorophenyl)sulfanyl-6-[4-(2,6-dimethylmorpholin-4-yl)phenyl]-6-(3-thienyl)piperidine-2,4-

dione;
3-(2-chlorophenyl)sulfanyl-6-[4-(2-ethylmorpholin-4-yl)phenyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[4-(2-hydroxyethoxy)phenyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[4-(2-methoxyethoxy)phenyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[4-(2-methylmorpholin-4-yl)phenyl]-6-(3-thienyl)piperidine-2,4-dion

€

3-(2-chlorophenyl)sulfanyl-6-[4-(2-oxa-5-azabicyclo[2.2.1]]heptan-5-yl)phenyl]-6-(3-thienyl)piperi

dine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[4-(2-oxa-6-azaspiro[ 3.3 Jheptan-6-yl)phenyl]-6-(3-thienyl)piperidine
-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[4-(2-oxa-7-azaspiro[3.5 nonan-7-yl)phenyl]-6-(3-thienyl)piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[4-(3,3-difluoroazetidin- 1-yl)phenyl]-6-(3-thienyl)piperidine-2,4-dio

ne;

3-(2-chlorophenyl)sulfanyl-6-[4-(3,3-difluoropyrrolidin-1-yl)phenyl]-6-(3-thienyl)piperidine-2,4-di
one;

-302 -



10

15

20

25

WO 2015/140133 PCT/EP2015/055495

3-(2-chlorophenyl)sulfanyl-6-[4-(3-fluoroazetidin-1-yl)phenyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[4-(3-fluoropyrrolidin-1-yl)phenyl]-6-(3-thienyl)piperidine-2,4-dione

3-(2-chlorophenyl)sulfanyl-6-[4-(3-hydroxypropoxy)phenyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[4-(3-methoxypropoxy)phenyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[4-(3-methoxypyrrolidin-1-yl)phenyl]-6-(3-thienyl)piperidine-2,4-dio

ne;

3-(2-chlorophenyl)sulfanyl-6-[4-(4,4-difluoro- 1-piperidyl)phenyl]-6-(3-thienyl)piperidine-2,4-dion

<
3-(2-chlorophenyl)sulfanyl-6-[4-(4-fluoro-1-piperidyl)phenyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[4-(4-methoxy-1-piperidyl)phenyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)phenyl]-6-(3-thienyl)piperidi

ne-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[4-(cyclohexen-1-yl)phenyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[4-(dimethylamino)phenyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[4-(tetrahydropyran-4-ylamino)phenyl]-6-(3-thienyl)piperidine-2,4-di

one;

3-(2-chlorophenyl)sulfanyl-6-[5-(4-fluoroanilino)-2-hydroxy-phenyl]-6-(3-thienyl)piperidine-2,4-di

one;

3-(2-chlorophenyl)sulfanyl-6-[5-[(4-fluorophenyl)methyl]-3-thienyl]-6-(4-morpholinophenyl)piperi

dine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(1,2,3,4-tetrahydroquinolin-8-yloxy)-2-pyridyl]-6-(3-thienyl)piperi

dine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(1-cyclohexylethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione
3-(2-chlorophenyl)sulfanyl-6-[6-(1-cyclopropylethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dion

€
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3-(2-chlorophenyl)sulfanyl-6-[6-(1-cyclopropylethylamino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-

dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(1H-indazol-4-yloxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione

3-(2-chlorophenyl)sulfanyl-6-[6-(2,2-difluoroethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(2,2-dimethylchroman-4-yl)oxy-2-pyridyl]-6-(3-thienyl)piperidine
-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(2,2-dimethylpropoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dion

€

3-(2-chlorophenyl)sulfanyl-6-[6-(2,3-difluorophenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dion

€

3-(2-chlorophenyl)sulfanyl-6-[6-(2,4-difluorophenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dion

<
3-(2-chlorophenyl)sulfanyl-6-[6-(2-cyclobutylethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(2-cyclohexylethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione

>

3-(2-chlorophenyl)sulfanyl-6-[6-(2-cyclohexylethylamino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-d

ione;

3-(2-chlorophenyl)sulfanyl-6-[6-(2-cyclopentylethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dion

€

3-(2-chlorophenyl)sulfanyl-6-[6-(2-cyclopropyl-1-methyl-ethoxy)-2-pyridyl]-6-(3-thienyl)piperidin

e-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(2-cyclopropylethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dion

€

3-(2-chlorophenyl)sulfanyl-6-[6-(2-cyclopropylethylamino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-

dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(2-cyclopropylpropoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dio

ne;
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3-(2-chlorophenyl)sulfanyl-6-[6-(2-ethoxy-1-methyl-ethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4

-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(2-ethoxyethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(2-fluorophenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(2-methoxy-1-methyl-ethoxy)-2-pyridyl ]-6-(3-thienyl)piperidine-2

,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(2-methoxyphenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(2-methylbutoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(2-morpholino-4-pyridyl)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-di

one;
3-(2-chlorophenyl)sulfanyl-6-[6-(2-pyridyloxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(3,4-difluoroanilino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(3,4-difluorophenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dion

€

3-(2-chlorophenyl)sulfanyl-6-[6-(3,4-difluorophenoxy)-2-pyridyl]-6-(4-morpholinophenyl)piperidi

ne-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(3,4-difluorophenoxy)-2-pyridyl]-6-[4-(1-piperidyl)phenyl |piperid

ine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(3,5-difluorophenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dion

€

3-(2-chlorophenyl)sulfanyl-6-[6-(3-fluoro-4-methoxy-phenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(3-fluorophenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(3-hydroxy-3-methyl-butoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,

4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(3-hydroxycyclopentoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-di

one;
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3-(2-chlorophenyl)sulfanyl-6-[6-(3-methoxy-3-methyl-butoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2

,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(3-methoxy-N-methyl-anilino)-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(3-methoxyphenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(3-methoxypropoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(3-pyridyloxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(3-tetrahydropyran-4-ylazetidin- 1-yl)-2-pyridyl]-6-(3-thienyl)piper

idine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4,4-difluorocyclohexoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-

dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-cyclopropyl-2-fluoro-anilino)-2-pyridyl]-6-(3-thienyl)piperidin

e-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoro-2-isopropyl-phenoxy)-2-pyridyl]-6-(3-thienyl)piperidine
-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoro-2-methoxy-phenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;

(6S)-3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoro-2-methoxy-phenoxy)-2-pyridyl]-6-(3-thienyl)piperi

dine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoro-2-tetrahydropyran-4-yl-phenoxy)-2-pyridyl]-6-(3-thienyl
)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoro-3-methoxy-phenyl)-2-pyridyl]-6-(3-thienyl)piperidine-2,

4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoro-3-methyl-phenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,

4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoroanilino)-2-pyridyl]-1-methyl-6-(3-thienyl)piperidine-2,4-

dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoroanilino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
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3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoroanilino)-2-pyridyl]-6-(4-morpholinophenyl)piperidine-2,4

-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoroanilino)-5-morpholino-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorobenzoyl)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluoro-N-methyl-anilino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4

-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorophenoxy)-2-pyridyl]-1-methyl-6-(3-thienyl)piperidine-2,4

-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorophenoxy)-2-pyridyl]-6-(1H-pyrazol-3-yl)piperidine-2,4-di

one;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorophenoxy)-2-pyridyl]-6-(2-hydroxyphenyl)piperidine-2,4-

dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorophenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorophenoxy)-2-pyridyl]-6-(4-morpholinophenyl)piperidine-2

,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorophenoxy)-5-morpholino-2-pyridyl]-6-(3-thienyl)piperidin

e-2,4-dione;
3-(2-chlorophenoxy)-6-[6-(4-fluoroanilino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorophenyl)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-fluorophenyl)sulfanyl-2-pyridyl]-6-(3-thienyl)piperidine-2,4-di

one;

3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)-6-[ 6-[ 3-(trifluoromethyl)phenoxy]-2-pyridyl]piperidine-2,

4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(cyclohexoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-hydroxy-4-methyl-pentoxy)-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-iodophenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
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3-(2-chlorophenyl)sulfanyl-6-[6-(4-methoxycyclohexoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-di

one;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-methoxy-N-methyl-anilino)-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-methoxyphenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(4-methylsulfanylphenoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-

dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(4-pyridyl)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(4-pyridylmethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(5-fluorotetralin-1-yl)oxy-2-pyridyl]-6-(3-thienyl)piperidine-2,4-di

one;
3-(2-chlorophenyl)sulfanyl-6-[6-(5-isoquinolyloxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(5-quinolyloxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(6-fluorotetralin-1-yl)oxy-2-pyridyl]-6-(3-thienyl)piperidine-2,4-di

one;
3-(2-chlorophenyl)sulfanyl-6-[6-(6-quinolyloxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(7-fluorotetralin-1-yl)oxy-2-pyridyl]-6-(3-thienyl)piperidine-2,4-di

one;

3-(2-chlorophenyl)sulfanyl-6-[6-(8-fluorochroman-4-yl)oxy-2-pyridyl]-6-(3-thienyl)piperidine-2,4-

dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(8-hydroxy-3,4-dihydro-2H-quinolin-1-yl)-2-pyridyl]-6-(3-thienyl)
piperidine-2.,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(8-isoquinolyloxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(8-quinolyloxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(cyclobutoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(cyclobutylmethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(cycloheptoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
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3-(2-chlorophenyl)sulfanyl-6-[6-(cyclohexoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(cyclohexoxy)-2-pyridyl]-6-(4-morpholinophenyl)piperidine-2,4-d

ione;

3-(2-chlorophenyl)sulfanyl-6-[6-(cyclohexoxy)-2-pyridyl]-6-[4-(1-piperidyl)phenyl |piperidine-2,4-

dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(cyclohexylamino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(cyclohexylmethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione

3-(2-chlorophenyl)sulfanyl-6-[6-(cyclopentoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(cyclopentylamino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(cyclopentylmethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dion

€

3-(2-chlorophenyl)sulfanyl-6-[6-(cyclopropylmethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dion

<
3-(2-chlorophenyl)sulfanyl-6-[6-(dimethylamino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(N-ethyl-4-fluoro-anilino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-d

ione;

3-(2-chlorophenyl)sulfanyl-6-[6-(oxetan-3-ylmethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione

>

3-(2-chlorophenyl)sulfanyl-6-[6-(tetrahydrofuran-2-ylmethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(tetrahydrofuran-3-ylamino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4

-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(tetrahydropyran-4-ylamino)-2-pyridyl]-6-(3-thienyl)piperidine-2,

4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-(tetrahydropyran-4-ylmethoxy)-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;
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3-(2-chlorophenyl)sulfanyl-6-[6-(tetrahydropyran-4-ylmethyl)-2-pyridyl]-6-(3-thienyl)piperidine-2,
4-dione;
3-(2-chlorophenyl)sulfanyl-6-[6-(thiazol-2-ylamino)-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(1,5-dimethylpyrazol-3-yl)amino]-2-pyridyl]-6-(3-thienyl)piperidi

ne-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(1-methyl-1,2,4-triazol-3-yl)amino]-2-pyridyl]-6-(3-thienyl)piperi

dine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(1-methylcyclopropyl)methoxy]-2-pyridyl]-6-(3-thienyl)piperidin

e-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(1-methylimidazol-2-yl)amino]-2-pyridyl]-6-(3-thienyl)piperidine
-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(1-methylimidazol-2-yl)methoxy]-2-pyridyl]-6-(3-thienyl)piperidi

ne-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(1-methylpyrazol-3-yl)amino]-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(2,4-difluorophenyl)methyl]-2-pyridyl ]-6-(3-thienyl)piperidine-2,

4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(2,5-dimethylpyrazol-3-yl)amino]-2-pyridyl]-6-(3-thienyl)piperidi

ne-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(2-methylcyclopropyl)methoxy]-2-pyridyl]-6-(3-thienyl)piperidin

e-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(2-methylpyrazol-3-yl)amino]-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(3,3-difluorocyclobutyl)methoxy]-2-pyridyl]-6-(3-thienyl)piperidi

ne-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(3,4-difluorophenyl)methyl]-2-pyridyl ]-6-(3-thienyl)piperidine-2,

4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(3,5-difluorophenyl)methyl]-2-pyridyl ]-6-(3-thienyl)piperidine-2,

4-dione;
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3-(2-chlorophenyl)sulfanyl-6-[6-[(3-ethyloxetan-3-yl)methoxy]-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(3-fluoro-5-methoxy-phenyl)methyl]-2-pyridyl]-6-(3-thienyl)pipe

ridine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(3-fluorophenyl)methyl]-2-pyridyl]-6-(3-thienyl)piperidine-2,4-di

one;

3-(2-chlorophenyl)sulfanyl-6-[6-[(4-fluoro-3-methoxy-phenyl)methyl]-2-pyridyl]-6-(3-thienyl)pipe

ridine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(4-fluorophenyl)methoxy]-2-pyridyl]-6-(3-thienyl)piperidine-2,4-

dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(4-fluorophenyl)methyl]-2-pyridyl]-6-(3-thienyl)piperidine-2,4-di

one;

3-(2-chlorophenyl)sulfanyl-6-[6-[(4-fluorophenyl)methylamino]-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(4-methylthiazol-2-yl)amino]-2-pyridyl]-6-(3-thienyl)piperidine-2

,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(5-fluoro-3-pyridyl)oxy]-2-pyridyl]-6-(3-thienyl)piperidine-2,4-di

one;

3-(2-chlorophenyl)sulfanyl-6-[6-[(5-fluoro-8-quinolyl)oxy]-2-pyridyl]-6-(3-thienyl)piperidine-2,4-

dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(5-methyl- 1 H-imidazol-2-yl)amino]-2-pyridyl]-6-(3-thienyl)piper

idine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(5-methylthiazol-2-yl)amino]-2-pyridyl]-6-(3-thienyl)piperidine-2

,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(5-oxotetrahydrofuran-2-yl)methoxy]-2-pyridyl]-6-(3-thienyl)pip

eridine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[(6-fluoro-3-pyridyl)amino]-2-pyridyl]-6-(3-thienyl)piperidine-2,4

-dione;

-311-



10

15

20

25

WO 2015/140133 PCT/EP2015/055495

3-(2-chlorophenyl)sulfanyl-6-[6-[(6-fluoro-5-methyl-3-pyridyl)amino]-2-pyridyl]-6-(3-thienyl)pipe

ridine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[[3-(hydroxymethyl)phenyl Jmethyl]-2-pyridyl]-6-(3-thienyl)piperi

dine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[[4-(hydroxymethyl)cyclohexylJmethoxy]-2-pyridyl]-6-(3-thienyl)
piperidine-2.,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[1-(3,4-difluorophenyl)ethoxy]-2-pyridyl]-6-(3-thienyl)piperidine-
2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[ 1-(3-fluorophenyl)ethoxy]-2-pyridyl]-6-(3-thienyl)piperidine-2,4-

dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[ 1-(4-fluorophenyl)ethoxy]-2-pyridyl]-6-(3-thienyl)piperidine-2,4-

dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[ 1-(4-fluorophenyl)ethylamino]-2-pyridyl]-6-(3-thienyl)piperidine
-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[1-(4-flucrophenyl)propoxy]-2-pyridyl]-6-(3-thienyl)piperidine-2,

4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[1-(4-flucrophenyl)propylamino]-2-pyridyl]-6-(3-thienyl)piperidin

e-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(1H-pyrazol-4-yl)phenoxy]-2-pyridyl]-6-(3-thienyl)piperidine-2

,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(1-methylcyclopropyl)ethoxy]-2-pyridyl]-6-(3-thienyl)piperidin

e-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(2,2-difluorocyclopropyl)ethoxy]-2-pyridyl]-6-(3-thienyl)piperi

dine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(2,2-dimethyl-1,3-dioxolan-4-yl)ethoxy]-2-pyridyl]-6-(3-thienyl
)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(2-oxopyrrolidin-1-yl)ethoxy]-2-pyridyl ]-6-(3-thienyl)piperidin

e-2,4-dione;
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3-(2-chlorophenyl)sulfanyl-6-[6-[2-(3-methyltriazol-4-yl)phenoxy]-2-pyridyl]-6-(3-thienyl)piperidi

ne-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(4-fluorophenyl)ethyl |-2-pyridyl ]-6-(3-thienyl)piperidine-2,4-di

one;

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(cyclopropylmethoxy)-4-fluoro-phenoxy]-2-pyridyl]-6-(3-thien
yD)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(cyclopropylmethyl)-4-fluoro-phenoxy]-2-pyridyl]-6-(3-thienyl
)piperidine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(methoxymethyl)phenoxy]-2-pyridyl]-6-(3-thienyl)piperidine-2,

4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[2-(0xetan-3-yl)ethoxy]-2-pyridyl]-6-(3-thienyl)piperidine-2,4-dio

ne;

3-(2-chlorophenyl)sulfanyl-6-[6-[3-(1-hydroxyethyl)anilino]-2-pyridyl]-6-(3-thienyl)piperidine-2,4

-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[3-(difluoromethyl)-4-fluoro-phenoxy]-2-pyridyl ]-6-(3-thienyl)pip

eridine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[3-(difluoromethyl)phenoxy]-2-pyridyl]-6-(3-thienyl)piperidine-2,

4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[3-(hydroxymethyl)anilino]-2-pyridyl]-6-(3-thienyl)piperidine-2,4-

dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[3-(hydroxymethyl)-N-methyl-anilino]-2-pyridyl ]-6-(3-thienyl)pip

eridine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[3-fluoro-5-(hydroxymethyl)phenoxy]-2-pyridyl]-6-(3-thienyl)pipe

ridine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[4-fluoro-3-(hydroxymethylanilino]-2-pyridyl]-6-(3-thienyl)piperi

dine-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[4-fluoro-3-(trifluoromethyl)phenoxy]-2-pyridyl]-6-(3-thienyl)pip

eridine-2,4-dione;
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3-(2-chlorophenyl)sulfanyl-6-[6-[6-(hydroxymethyl)indolin-1-yl]-2-pyridyl]-6-(3-thienyl)piperidin

e-2,4-dione;

3-(2-chlorophenyl)sulfanyl-6-[6-[N-methyl-3-(trifluoromethyl)anilino]-2-pyridyl]-6-(3-thienyl)pipe

ridine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-phenyl-6-(3-thienyl)piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-phenyl-6-thiazol-4-yl-piperidine-2,4-dione;
3-(2-chlorophenyl)sulfanyl-6-thiazol-4-yl-6-(3-thienyl)piperidine-2,4-dione;

4-[3-[5-(2-chlorophenyl)sulfanyl-2-(4-morpholinophenyl)-4,6-dioxo-2-piperidyl [phenyl ]-N,N-dime

thyl-benzenesulfonamide;

4-[3-[5-(2-chlorophenyl)sulfanyl-4,6-dioxo-2-(3-thienyl)-2-piperidyl | phenyl ]-N,N-dimethyl-benzen

esulfonamide;

4-[6-[5-(2-chlorophenyl)sulfanyl-4,6-dioxo-2-(3-thienyl)-2-piperidyl]-2-pyridyl]-N,N-dimethyl-ben

zenesulfonamide;

6-(3-aminophenyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;
6-(3-anilinophenyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;
6-(3-bromo-4-morpholino-phenyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;
6-(3-bromophenyl)-3-(2-chlorophenyl)sulfanyl-1-methyl-6-(3-thienyl)piperidine-2,4-dione;
6-(3-bromophenyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;
6-(5-bromo-6-morpholino-3-pyridyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;
6-(6-benzyl-2-pyridyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;
6-(6-benzyloxy-2-pyridyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;
6-(6-bromo-2-pyridyl)-3-(2-chloro-5-hydroxy-phenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;
6-(6-bromo-2-pyridyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;
6-(6-bromo-5-morpholino-2-pyridyl)-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;

6-[3-chloro-5-(4-fluoroanilino)phenyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dion
<
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6-[4-(1,3,3a,4,6,6a-hexahydrofuro[3,4-c]pyrrol-5-yl)phenyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thien
yD)piperidine-2,4-dione;

6-[4-(2-azaspiro[ 3.3 ]heptan-2-yl)phenyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-di

one;

6-[4-(3-azabicyclo[2.1.1]hexan-3-yl)phenyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,

4-dione;
6-[4-(4-acetylpiperazin-1-yl)phenyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;

6-[5-(2-chlorophenyl)sulfanyl-4,6-dioxo-2-(3-thienyl)-2-piperidyl]-N-(cyclopropylmethyl)pyridine-

2-carboxamide;

6-[6-(2-amino-5-methyl-imidazol-1-yl)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidi

ne-2,4-dione;
6-[6-(2-bromophenoxy)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;

6-[6-(2-chloro-3,4-difluoro-anilino)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-
2,4-dione;

6-[6-(2-chloro-4-fluoro-anilino)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-

dione;

6-[6-(2-chloro-4-fluoro-phenoxy)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,

4-dione;

6-[6-(2-tert-butoxyethoxy)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione
6-[6-(3-bromo-4-fluoro-phenoxy)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,

4-dione;

6-[6-(3-chloro-4-fluoro-anilino)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-

dione;

6-[6-(3-chloro-4-fluoro-phenoxy)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,

4-dione;
6-[6-(3-chlorophenoxy)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;
6-[6-(4-bromo-2-chloro-phenoxy)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,

4-dione;
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6-[6-(4-bromo-2-fluoro-phenoxy)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,
4-dione;

6-[6-(4-chloro-N-methyl-anilino)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4

-dione;
6-[6-(4-chlorophenoxy)-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-dione;

6-[6-(7-bromotetralin-1-yl)oxy-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-d
ione;
6-[6-[(2-chloro-6-fluoro-3-pyridyl)oxy]-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidi

ne-2,4-dione;

6-[6-[(4-chloro-3-fluoro-phenyl)methyl]-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperid

ine-2,4-dione;

6-[6-[[1-(3-chloro-4-fluoro-phenyl)-2-hydroxy-ethyl Jamino]-2-pyridyl]-3-(2-chlorophenyl)sulfanyl
-6-(3-thienyl)piperidine-2,4-dione;

6-[6-[1-(3-chloro-4-fluoro-phenyl)propylamino]-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl
)piperidine-2,4-dione;

6-[6-[1-(4-chlorophenyl)ethoxy]-2-pyridyl]-3-(2-chlorophenyl)sulfanyl-6-(3-thienyl)piperidine-2,4-
dione;
N-[6-[5-(2-chlorophenyl)sulfanyl-4,6-dioxo-2-(3-thienyl)-2-piperidyl]-2-pyridyl |azetidine-1-sulfon

amide tert-butyl;

5-(2-chlorophenyl)sulfanyl-4-hydroxy-2-[4-(1-piperidyl)phenyl]-2-(3-thienyl)-1,3-dihydropyridin-6
-one; and

N-[6-[5-(2-chlorophenyl)sulfanyl-4,6-dioxo-2-(3-thienyl)-2-piperidyl]-2-pyridyl |carbamate.

12. A pharmaceutical composition comprising a compound in accordance with any one of

claims 1 to 11 and a therapeutically inert carrier.

13. The use of a compound according to any one of claims 1 to 11 for the treatment or

prophylaxis of cancer.
14. The use of a compound according to any one of claims 1 to 11 as an LDHA inhibitor.

15. The use of a compound according to any one of claims 1 to 11 for the preparation of a

medicament for the treatment or prophylaxis of cancer.
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16. A compound according to any one of claims 1 to 11 for use in the inhibition of LDHA.

17. A compound according to any one of claims 1 to 11 for use against hypoxic and/or highly

glycolytic tumors.

18. A compound according to any one of claims 1 to 11 for use in the inhibition of cell survival.
19. A compound according to any one of claims 1 to 11 for use in the treatment or prevention of
cancer.

20. A method for the treatment or prophylaxis of cancer which method comprises administering

an effective amount of a compound as defined in any one of claims 1 to 11.

21. The invention as hereinbefore described.
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