2 -AMINOPYRIDINE ANALOGS AS GLUCOKINASE ACTIVATORS

PRIORITY OF INVEMTION
f0001] This application claims priority to United States Provisional Application Number
60/785,460 that was filed on 24 March 2006, which is hereby incorporated herein by reference in its
eptirety. . .
FIBLD OF THE INVENTION

{00023 Provided are compounds that are useful in the treatment and/or prevention of diseases

mediated by deficient levels of glucokinase activity, such as diabetes mellitus, and methods of

preparing such compounds.‘ Also provided are methods of treating diseases and disorders

characterized by underactivation of glucokinase activity or which can be treated by activating

glucokinase, comprising administering an effective amount of a compound of this invention.
BACKGROUND OF THE INVENTION ’

[6603] Diabetes mellitus comprises a group of syndromes characterized by an inability of the

body to produce adequate insulin or to properly use insulin. Most diabetes patients can be classified
clinically as having either insulin-dependent diabetes mellitus (IDDM) or non-insulin-dependent
© diabetes mellitus (NIDDM). Nearly all forms. of diabetes mellitus result from either a decrease in the
secretion and blood concentration of insulin or a decrease in the response of tissues to insnlin (insulin
resistance), often associated with an elevated level of hormones (e.g., glucagon) that act contrary to
insulin. Such abnormalities give rise to changes in carbohydrate, lipid and protein metabolism. The
syndron;e’s hallmark is hyperglycemia; other complications can include cardiovascular disease,
‘ retinopathy, neuropathy, nephropathy, skin disorders and gastroparesis.
100041 Diabetes mellitus affects millions of persons worldwide, including over 18 million in
the United States. It is estimated that IDDM (Type I diabetes), which results from the body’s failure
to produce insulin, accounts for 5-10% of the cases of diabetes diagnoséd in the United States. The
majority of diabetes patients in the United ‘States are diagnosed with NIDDM (Type I diabetes),
which results from insulin resistance combined with the inability of the pancreas to secrete sufficient
insulin to overcome such resistance. 'i‘ype- I diabetes occurs in at least 5% of the United States
population, and in 1996 alone NIDDM affected 16 million people (Roman, S. H.; Harris, M. L,
Endocrinology and Metabolism Clinics of North Amerz‘ca; 1997, 26.3, 443-474). Impaired glucose
tolerance (1GT), a syndrome characterized by impairéd glucose processing that presents symptoms
similar to a mild form of Type 11 diabetes, is even more prevalent, affecting 35 to 40 million adults in
the United States. _
{8005} Diabetes is most frequently diagnosed either by the presentation of a fasting plasma
glucose of greater than or equal to 126 mg/dL on two occasions, or by an oral glucose tolerance test

(OGTT) with a 2 hour post load value of greater than 200 mg/dL plus classic symptoms such as
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polydipsia, polyphagia and/or potyuria {(The Expert Committee on the Diagnosis and Classification of
Diabetes Mellitus, Digberes Care, 1998, 21,.85-19). In the case of IGT, a fasting plasma glucose of
less than 126 mg/dL but a 2-hour post-oral glucose challenge lever greater than 140 mg/dL is
observed. .

{6006] A primary goal in the treatment of each of these conditions is the reduction and
control of blood glucose levels. The reduction of hyperglycemia in. insulin-dependent diabetes
(IDDM) can attenuate the development of many of the attendant complications of IDDM (Diabetes
Control and Complications Trial Research Group, New England J. Med., 1993, 329, 977-986). For
example, tight control of blood glucose levels through intensive insulin therapy can reduce the
development of retinopathy, nephropathy and neuropathy by >50% each in IDDM patiénts. These
findings, together with the similarity of the pathologies seen in IDDM and NIDDM, suggest that
control of blood glucose levels would produce similar benefits in NIDDM patients (American
Diabetes Association, Digbetes Care, 1998, 21, S88-90), as has been reported (Ohkubo, Y., et al,
Diabetes Res. Clin. Pract. 1995, 28, 103-117).

[0007] Several methods to treat hyperglycemia have been aftempted. Patients with Type 1
diabetes receive insulin. In patients with Type. Il diabetes, the pancreas secretes insulin, but in
insufficient amounts to overcome the intrinsic insulin resistance of the disease. The administration of
agents such as metformin (De Fronzo, R. A.; Goodman, A. M. N, Engl. J. Med., 1995, 333, 541-549;
Bailey, C. J. Biguanides and NIDDM, Diabefes Care 1992, .15, 773-784) and glitazone (PPAR
" agomnist class of drugs; Willson, T. M., et al., J. Med Chem. 1996, 39, 665-668) can at least partially
ameliorate insulin resistance, but these agents do not promote insulin secretion. Treatment with
certain sulfonylureas has been shown o promote insulin secretion by affecting an ion channel;
however, the increase in insulin caused by this class of drugs is not glucose dependent or even
glucose sensitive, and such treatment can actually raise the risk of overt hypoglycemia. DPP-IV
inhibitors, such as Januvia, or GLP or a GLP mimetic (such as Exedin), promote cAMP secretion at
the B-cell through an incretin mechanism, and administration of these agents promotes insulin release
in a glucose dependent manner (Vahl, T. P., D'Alessio, D. A., Expert Opinion on Trvest. Drugs 2004,
13, 177-188). However, even with these potential treatments, it is difficult to achieve tight control of
blood glucose levels in NIDMM pe;tients in accordance with the guidelines recommended by the
American Diabetes Association. Accordingly, there is signiﬁc;ant demand for novel therapeutic
approaches that allow sufficient glycemic control.

[6008] Possible approaches to glycemic control include enhancing clearance of glucose from
the blood and increasing the rate of glucose storage or utilization. Glucose enters most celis by a
specific transport protein, where it is phosphorylated to form glucose-6-phosphate in a reaction

catalyzed by a hexokinase. Inside the cell, gluncose~6-phosphate has one of several fates: it can be



broken down by the glycolytic pathway, converted into glycogen or it can be oxidized by the pentose .
phosphate pathway. ) : ‘
{0009] Glucokinase (GK) (ATP:D-hexaose 6—phospﬁot_mnsferasc},— one of the four types of
mammalian hexokinases (hexokinase IV), plays an essential role in biced glucose homeostasis. _
Expression of glucokinase is fargely localized in the Hver and pancreatic B-cells, where sever:;i types
of glucokinase are expressed: these types differ in the sequence of the 15 N-terminal amino acids due
to differences in splicing, but their enzymatic properties are virtually identical. Glucokinase is also
expressed in a population of neurons in the hypothalamus.

{0010} Unlike the enzymatic activities of the other three hexokinases (1, Ii, IID), each of
which becomes saturated at a glucose concentration of below 1 mM, glucokinase has a Ky, for
glugase of 8 mM, which is close to the physioclogical glucose level (5 mM). Thus, at lower glucose
levels, glucose is more rapidly utilized in brain, muscle and other peripheral tissues — through
conversion by a hexokinase other than glucokinase ~ than in the liver. At elevated ghucose levels,
such as afler a nie:al or gvernutrition (the postprandial glucose level can exceed 10-15 mM),
glucokinase-mediated glucose metabolism in the liver and pancreas is accelerated. Moreover,
hexokinases I, II and Il are inhibited by high concentrations of glucose-6-phosphate, lowering
glucose utilization, whereas glucokinase continues to catalyze utilization of glucose even at high
levels of glucose-6-phosphate. . . '

[6611] In tissues where glucokinase is expressed, it plays an important role in glucose uptake
and utilization: in the B-cell, the glucose-6-phosphate produced is a necessary signal for insulin
release; in the hypothalamus glucose-6-phosphate acts as a satiety signal and might contribute to the
secretion of enteroincretins; anci‘ in the liver, where glicose-6-phosphate pro&lucficm by the action of
glucokinase acts as a mechanism for digsposal of excessive glucose through storage as glycogen
(Printz, R. L., et al., Amnw. Rev. Nupr., 1993, 13, 463-496).  Glucokinase-catalyzed glucose
phosphorylation is the rate-limiting reaction for glycolysis in hepatocytes and pancreatic f-cells. In
the liver, glucokinase determines the rates of both glucose uptake and glycogen synthesis, and it is
also thought to be essential for the regulation of various glucose-responsive genes (Givard, T, et al.,
Anny. Rev. Nutr., 1997, 17, 325-352). In both liver and pancreatic B-cells, glucokinase is rate
limiting for glucose utiiizatién, and consequently is a major component of the regulation of insulin
secretion from the B-cell and glycogen storage in the liver. The conirol of insulin secretion and the
control of glycogen storage are deficient in diabetes (DeFronzo, R. A., Diabetes, 1988, 37, 667-687).
[6612] The theoretical impeortance of glucokinase in diabetes is supporteﬁ by studies of
genetic populations and genetic manipulation of animal models of NIDDM. Mutation of glucckinase
to a less active form of the kinase is the cause of the Maturity Onset of Diabeies in the Young
(MODY-2) (Froguel, P., et al., New England J. Med., 1993, 328, 697-702; Bell, G. L, et al., dnnual
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Rev, of Physiol., 1996, 58, 171-186). Conversely, humans with a glucokinase activation mutation
are less prone to hyperglycemia and have increased insulin secretion in response to a glucose
challenge (Christesen, H. B., et a}.; Diaberes, 2002, 51, 1240-1246; Gloyn, A. L, et al., Diabetes,
2003, 52, 2433-2440; ‘Giaser, B., et al.,, New Englqnd J. Med., 1998, 338, 22647;30)‘ Also, NIDDM
patients have been reported to have iﬁapproiariateiy low glucokinase activity. Eurthemiore, over
expression of glucokinase in dietary or génetic animal models of diabetes either prevents,
ameliorates, or reverses the progress of pathological symptoms in the disease (Caro, I. F., et al.,
Hormorne & Metabolic Res., 1995, 27, 19-22). For these reasons, compounds that activate
glucokinase have bzen sought by the phamabeuficai industry. .

f0613] Substituted benzyl carbamoyl, substituted heterobenzyl carbamoyl!, substituted phenyl
carbamoy!, and substituted heteroaryl carbamoy! compounds have been disclosed as glucokinase
activators. See, for example, WO (3/000267, WO 03/015774, WO 04/045614, WO 04/046139, WO’
05/04480, WO 057054200, WO 05/054233, WO 05/044801, WO 05/056530, WO 03/080585, WO
04/076420, WO 04/081001, WO 04/063104, WO 04/050645, WO 03/055482, WO 04/002481, WO
03/066145, WO 04/072031, WO 04/072066, US 6,610,846, WO (0/058293, WO 03/095438, WO
01/44216, WO 017083465, WO 01/083478, WO 01/085706, WO (41/085707, WO 02/008209, WO
02/014312, WO 02/046173, WO 02/048106, WO 03/095438, WO 04/031179, and WO 04/052869.

These compounds either Jower the Ky, for glucose and/or increase the Vi, of glucokinase.

SUMMARY

[0014] The present disclosure relates to novel compounds that are activators of glucokinase
which are useful in the treatment of diseases and disorders that would benefit from activation of

glucokinase.

[0014a] In one aspect, there is provided a compound selected from the Formula

and salts thereof, wherein:

Lis O, S, C(=0) or CHRY;
Y is CRY;

Zis CR%

Gis CRY;
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R! is a heteroaryl ring represented by the formula

Di—p2
/4\—\ ox
N
D'is S
D is N or CR*%;

D*is S, O or CR¥;

R? is aryl, heteroaryl, saturated or partially unsaturated cycloalkyl, or saturated or
partially unsaturated heterocyclyl, wherein said aryl, heteroaryl, cycloalkyl and heterocyclyl are
monocyclic or bicyclic and are optionally substituted with one or more groups independently
selected from CL-C& alkyl, Co-Cy alkenyl, Co-Cg alkynyl, saturated and partially unsaturated Cs-
Cs cycloalkyl, saturated and partially unsaturated C,-Cs heterocyclyl, aryl, heteroaryl, F, CL Br,
L CF;, CN, NO; OR’, CE=OR’, CE=OOR), OCE=OR’, O(CHLCE=O)OR,
O(CH2LC(=O)NRR’, C(=0)NR’R’, NR’R’, NR’C(=0)R’, SRS, S(O)R®, and S(ORRS, and
wherein said alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl, and hetercary} are optionally
substituted with one or more groups independently selected from oxo, C;-Cs alkyl, Cp-Cg
alkenyl, C;-Cs alkynyl, saturated and partially unsaturated Cs3-Cg V-cycloalkyl, saturated and

partially unsaturated C;-Cs Vy-heterocyclyl, Vy-aryl, Vy-heteroaryl, V-F, V,-Cl, Vo-Br, VoL, V-
CFs, Va-CN, V,-OR?, V,-C(=0)R, V,-C(=0)OR?, V,-OC(=0)R?, V,-C(=0)NR*R’, V,-NR*R’,
Vo-NREC(=0)R?, V,-SR, V,-S(O)R?, and V,-S(O}R",;

R*is SR, SiO}Rs, S(O)R” or S(O)NR'R’;

RYis H;

RS and R are independently H, C,-Cy, alkyl, C,-Cyy alkenyl, C-Cy, alkynyl, saturated or
partially unsaturated C3-Cyp cycloalkyl, saturated or partially unsaturated C;-Ci, heterocyclyl,
V,-aryl, or Vy-heteroaryl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl and
heterdaryl portions are optionally substituted with one or more groups independently selected

from oxo, Cy-Cy alkyl, C2-Cs alkenyl, C»-Cs alkynyl, saturated and partially unsaturated Cs-Ce
cycloalkyl, saturated and partially unsaturated C;-Cg heterocyclyl [optionally substituted with
C(0)O(1-6C alkyl), (1-6C)alkyl or (1-6C alkyl)OH], Vg-aryl, Vy-heteroaryl, V,-F, V;-Cl, V,-Br,
V.1 Vy-CPs, Vi-CN, Vo-ORE, V,-CE=OR’, V,-C=0)OR?, V,-OC(=OR?, V,-C=ONR'R,
V,NR'RY, Vi-NRICEOR’, ViSRS, VirS(O)R?, V,-S(O)RY, Vi-S(OLNR'R’, and (Ci-Ce
dlkyOR; |
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or R® and R’ together with the atoms to which they are attached form a saturated or
partially unsaturated heterocyclic ring, wherein said heterocyclic ring optionally comprises one
- or more additiopal ring hetercatoms independently selected from N, O or S, wherein said
heterocyclic ring is optionally substituted with one or more groups independently selected from
0x0, Vi-F, Vo-Cl, Va-Br, Vil V4-OR®, Vo-C(=0)OR?, V,-C=ONR'R®, V,-NRPR’, V,-
NR*C(=0)R’, Vo-NR!C(=0)NR’R", C-Cy alkyl, C,-Cg alkenyl, and Cy-Cy allcynyl;

R®, RY and R' are independently H, C;-Cg alkyl, C2-Cy alkenyl, Co-Cy alkynyl, saturated
and partially unsaturated C;-Cg cycloalkyl, saturated and partially unsaturated C;-Cqg
heterocyclyl, aryl or heteroaryl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl,
aryl and heteroaryl are optionally substituted with one or more groups independently selected
from oxo, Ci-C¢ alkyl, Cr-Cs alkenyl, Cz-C'(, alkynyl, saturated and partially unsaturated Cs;-Cg
cycloalkyl, saturated and partially unsaturated Cy-Cg beterocyclyl, V,-aryl, V,-heteroaryl, V,-F,
Vu-Cl, Ve-Br, VoI, Vo-OR?, Vi-NR'R®, Vor-C(=0)OR?, Vo-C(=O)NR*R?, and V,-NR*C(=0)R",

or R® and R® together with the atoms to which they are attached form a saturated or
partially unsaturated heterocyclic ring, wherein said heterocyclic ring optionally comprises one
or more additional ring heteroatoms independently selected from N, O or S, wherein said
heterocyclic ring is optionally substituted with one or more groups independently selected from
ox0, C-Cs alkyl, Co-Cy alkenyl, Co-Cq alkynyl, Vi-F, V,-Cl, Vy-Br, VL, V;-OR?, and V4-CN,

or R® and R'° together with the atoms to which they are attached form a satrated or
partially unsaturated heterocyclic ring, wherein said heterocyclic ring optionally comprises one
or more additional ring heteroatoms independently selected from N, O or S, wherein said
heterocyclic ring 1s optionally substituted with one or more groups independently selected from
0x0,C-Cy alkyl, Cy-Cs alkenyl, Co-Cq alkynyl, Vyu-F, Vi-Cl, V-Br, Vy-L, V3-OR?, and V,-CN;

RM s H;

R* and R" are independently H, C;-Cs alkyl, C,-Cy alkenyl, C,-Cg alkcynyl, saturated and
partially unsaturated C3-Cg cycloalkyl, saturated and partially unsaturated C;-Cs heterocyclyl,
CHy-heterocyelyl, aryl, heteroaryl, (1-3C alkyl)heteroaryl, (CHy)u(CR*RV)C(OINR'R’,
(CHp(CR'R)C(OYNH-N=CHNR’R’, , Cl, Br, I, CF;, CN, OR’, C(=OR®, C(=O)OR’,
OC(=0)R’, C(=O)NRR’, NR'R’, NR’C(=0)R”, SR, S(O)R®, S(O),R®, wherein said alkyl,
alicenyl, alkynyl, cycloalkyl, heterocyclyl, aryl and hetercaryl are optionally substituted with one
or more groups independently selected from oxo, Vy-F, Vi-Cl, V-Br, V-1, V-CF3, Vi-CN, Vy-
OR?, V,-C(=0)ORE, V,-OC(E=O)RE, V,-CEONRPRY, V,-NR*R®, V,NREC(=O)R?, C(O)(C;-Cs
alkyl), C(O)-heterocycle [optionally substituted with O~(C,-Cg alkyl], SR?, SO.R’, SONR'R®,
COXC-Cs  alkyNR°RY,  C(OXCi-Cs alkyDOR®,  C(O)CH,C(O)Ci-Cs  alkyl),
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C(=0)CHRENHC(=0)(Ci-Cs  alkyl), C(=0)CHL0C(=0)C)-Cs alkyl), C-C aligl, Co-Ce
alkenyl, C;-Cs alkynyl, samrated and partially unsaturated C;-Cs cycloalkyl, saturated and
partially unsaturated C;-Cyg heterocycelyl, Vy-aryl, and V-heteroaryl, wherein said heterocyelyl is
optionally substituted with one or more 0x0,

or R and R* together with the atoms to which they are attached form a saturated,
partially unsaturated or aromatic carbocyclic or heterocyclic ring, wherein said carbocyclic and :
heterocyclic rings are optionally substituted with one or more groups independently selected
from Ci-Cs allyl, Cr-Ce alkenyl, C-Ce alkynyl, saturated and partially unsaturated C;-Cg
cycloalkyl, saturated and partially unsaturated Cy-Cg heterocyclyl, aryl, heteroaryl, oxo, F, C1, Br,
I, CFs, CN, OR®, C(=O)R’, C(=0)0R®, OC(=O)R’, C(=0)NRR", NR'R, NR®C(=0)R’, SR®,
S(O)Ri S(O)2R6 and SO-NRPR’, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, beterocyclyl,
aryl and heteroary! are optionally substituted with one or more groups independently selected
from 0%0, V-F, Vi-Cl, Vy-BI, VoL, Va-CFs, Va-CN, V,-0RE, V,-C(=0)OR?, V,-OC(=O)R", V-
CEONRR’, Vo-NR'RY, Vo NR'C(=0)R’, C1-Cs alkyl, C,-Cg alkenyl, C,-Cg alkynyl, saturated
and partially unsaturated C;-Cg cycloalkyl, saturated and partially unsaturated C,-Cy
heterocyclyl, Vy-aryl, and Vy-heteroaryl;

R is H, methyl, ethyl or OH;

R* and R® are independently H, C;-Cs alkyl, C,-Cq alkenyl, Co-Cs alkynyl, saturated and
partially unsaturated Vy-C3-Ce cycloalkyl, saturated and partially unsaturated V,-C;-C
heterocyclyl, Vyp-aryl, or Vy-heteroaryl, wherein said alkyl, alkenyl, alkynyl, saturated or partially
unsaturated Vy-cycloalkyl, saturated or partially unsaturated Vp-heterocyelyl, Vy-aryl, and V-
heteroaryl are optionally substituted with one or mare OHj |

each R, R® and R® is independently H or C,-C; alkyi;

RYis H, C;-Cs alkyl or C(OYO(C1-Ce alkyl);

Ris C,-Cs alkyl or (Cy-Ce alkyl)NHy;

R*is H or C;-Cy alkyl;

RYis H, C;-Cq alkyl, or -O(C1-Cg alkyl);

V is alkylene having from 1 to 12 carbons, or alkenylene or alkynylene each having from ‘
2 to 12 carbons, wherein said alkylene, alkenylene, or alkynylene are optionally substituted with
one or more groups independently selected from C,-Cq alkyl, C,-Cs alkenyl, Co-Cs alkynyl,
safurated and partialty unsaturated C;-Cg cycloalkyl, saturated and partially unsaturated C;-Cg
heterocyclyl, aryl, heteroaryl, F, Cl Br, I, CFs, cyano, ORS, C(=0)OR?, OC(*O)R{‘,
C(=0)NR®*R®, NR*R?, (C;-Cs alkyDNR'R®, and NR}C(=0)R"; and

nisQorl.
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[0016]

4d

More specifically, one embodiment of this disclosure provides compounds of Formula I

and solvates, metabolites, salts and pharmaceutically acceptable prodrugs thereof, -

wherein L, Y, Z, G, R' and R* are as defined below.

[0017]

The disclosure also provides pharmaceutical compositions comprising a compound of

Formula I, or a solvate, metabolite, and solvate, metabolite, salt or pharmaceuntically acceptable

prodrugs thereof, and a pharmaceutically acceptable carrier.

[0017a]

In one aspect, there is provided a composition comprising a compound as defined above and a

pharmaceutically acceptable diluent or carrier.



[0018] " The inventive compounds may be used advantageously in combination with other
know therapeutic agents. Accordingly this disclosure also provides pharmaceutical compositions

comprising a compound of Formula I or & solvate, metabolite, or pharmaceutically acceptable sait or
prodrug thereof, in combination with a second therapeutic a‘gent.

[0019] This disclosure also provides methods of preventing or treating a disease or disorder
characterized by underactivation of glucokinase or which can be trezted by activating glucokinase in
a fnammal, comprising administrating to said mammal one or more compounds of Formula I, or'a
metabolite, solvate, or pharmaceutically acceptable salt or prodrug thercdf, in an amount effective to
treat said disease or disorder. The compounds of the present disclosure can be used, for example, as
prophylactics or therapeutic agents for treating diseases or disorders mediated by deficient levels of
glucokinass acti'{ity, including, but not limited to, diabetes mellitus (type I and type II), impaired
glucose tolerance, [FG (impaired fasting glucose} and IFG (impaired fasting glycemia), as well as
other diseases and disorders characterized by underactivation of ghucokinase or which can be treated
by activation of glucokinase, such as those discussed below.

10020] This disclosure also provides compounds of Formula I-for use in therapy.

[0021] An additjonal embodiment of the disclosure is the use of a compound of Formula I for the

preparation of a medicament for use as a glucokinase activator.

[0022} This disclosure further provides kits for the treatment or prevention of a disease or

disorder characterized by underactivation of glucokinase, said kit comprising a2 compound of Formula
I, or a solvate, metabolite, or pharmaceutically acceptable salt or prodrug. thersof, a container, and
opticnally 2 package insert or label indicating a treatment. The kits may further comprise a second

" compound or formulation comprising a second phiarmaceutical agent useful for treating said disease

or disorder.

[0023] This disclosure further includes methods of preparing, methods of separating, and methods of
purifying of the compounds of this disclosure.

[0023a) In onéhai‘épect, there is provided a method of preparing a compound as defined above, said method
comprising:

(2) reacting a compound of the formula

with & compound of the formula R'NH, in the presence of a base catalyst or metal catalyst; or
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(b) reacting 2 compound of the formula

PEN
Z° SN

il
=
NH,

re*

with a compound of the formula R'-X, wherein X is Cl or Br, in the presence of 2 base catalyst

or metal catalyst; or
(c) for a compound of Formula I wherein R! is

R"l?
s—g\
T‘5/4\!\! RY

reacting a compound of the formula

ot

with a compound of the formula R®*COCHR™X, wherein X is a leaving group, in the presence of
a base; or

(@) for a compound of Formula [ wherein R is
S—N
A
s I
\?%.. N R1 3

reacting a compound of the formula

with a compound having the formula
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O
O§$,R'
20
N
P
~N R
ZC”

where R' is C;-Ce.alky! or aryl optionally substitated with C,-Ce alkyl, in the presence of a base;
or

(e) for a compound of Formula I wherein Z is CR> and R® is SR, reacting a

corresponding compound having the formula

with a compound having the formula R®X wherein X is leaving group or atom in the presence

of a base; or

() for 2 compound of Formula I wherein R} is

reacting a corresponding compound having the formula

Br G
R
Yl =~
\‘/KNHz

ret
with a2 compound having the formula
Cl N
- -\%._—-RZO
. N \
P
257

at elevated temperatures; or
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g) for 2 compound of Formula I wherein Z is CR®, reacting a corresponding compound

having the formula

R
wherein X° is a leaving group or atom (e.g., 2 halogen such as Br, Cl or L) with a compound

having the formula R*-X” wherein X" is a leaving group or atom, in the presence of a suitable

base; or

h) for 2 compound of Formula I wherein Z is C-SR® and R® is alkyl, CHy-aryl, heteroaryl,

or aryl and wherein said RS groups are optionally substituted, reacting a corresponding
compound having the formula

HS _-Gx
VD
YA, R
.
H

RZ

l‘_..

with a compound having the formula R*-X° wherein X° is a leaving group or atom, in the

presence of a suitable base; or

" 1) for 2 compound of Formula I wherein L is O, reacting a corresponding compound
having the formula

OH

with a cornpound having the formula R%-X®, wherein X%is a leaving group or atormn, in the

presepce of a base, or in the presence of a copper or palladium catalyst; or

i) for a compound of Formula I wherein L is O or S, reacting a corresponding compound
having the formula
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wherein X° is a leaving group or atom with a compound having the formula R2LH wherein L is

O or S, respectively; in the presence of a palladium catalyst and a suitable base; or

k) for a compound of Formula I wherein I is CH,, reacting 2 corresponding compound
having the formula '

wherein X’ is a leaving group or atom (e.g., CL, Br, I, OTf or acetyloxy) in the presence of an
organozinc compound having the formula R*-Zn-X? wherein X® is a halide, and a nickel or

palladivm catalyst; and

removing any protecting group or groups and, if desired, forming a salt.

[0623b] In one aspect, there is provided a compound selected from the group consisting of:
N-(4-methylthiazo}-2-yi)-3-phenoxy-5-(phenyithio)pyridin-2-amine;
methyl 3-(6~(4-methylthiazol-2-ylamino)-S-phenoxypyridin-3-ylthioypropanoate;
N-(5-(cyclohexylthio)-3-phenoxypyridin-2-yl}-4-methylthiazo!-2-amine;
N-(5-(benzylthio)-3-phenoxypyridin-2-yl)-4-methylthiazol-2-amine;
4-methyl-N-(3-phenoxy-5-(pyridin-2-yhnethyithio)pyridin-2-yl)thiazol-2-amine;
4-methyl-N-(3-phenoxy-5-(piperidin-4-yimethylthio)pyridin-2-yl ythiazol-2-amine;
5-(2-methoxybenzyithio)-N-(4-methylthiazol-2-y1)-3-phenoxypyridin-2 -amine;
5-(4-methoxybenzylthio)-N-(4-methyithiazol-2-¥1)-3-phenoxypyridin-2 -amine;
5-(2-chlorobenzylthio)-N-(4-methylthiazol-2-yl)-3-phenoxypyridin-2-amine;
N-(4-methylthiazol-2-yl)-3-phenoxy-5-(1-(pyridin-2-ylethylthio)pyridin-2-amine;
5-(3-methoxybenzylthio)-N-(4-methylthiazol-2-y1)-3-phenoxypyridin-2-amine;
5-(3-(dimethylamino)propylthio)-N-(4-methylthiazol-2-yl)-3-phenoxypyridin-2-amine;
N-(3-(2-chlorophenylthio}-5-(phenylthio)pyridin-2-yl)-4-methylthiazol-2-amine;
methyl 3~(3-(2-chlorophenylthio)-6-(4-methylthiazol-2-ylamino)pyridin-3-ylthio)propancate;
N-(3-(2-chiorophenylthio)-5-(1-(pyridin-2-ylethylthio)pyridin-2-yl)}-4-methyithiazol-2-amine;
N-(3 -(2~chloropheny1tbio)-S-(pi§eridin—4-y1mcthylthio)pyﬁdin~2—y1)—4~methyltbiazol~2aamine;
N-(3 —(2-chlorophenylthio)-'5-¢(3-(dimethyiamino)propylfbio)pyridin-Z-yl)#methylthiazol—Z-

amine;
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N-(5~(2-chlorophenylthio}-3-phenoxypyridin-2-yl)-4-methylthiazol-2-amine;
N-(5-(3-chlorophenylthio)-3-phenoxypyridin-2-yl)-4-methyithiazol-2-amine;
N-(5-(2-methoxyphenylthio}-3-phenoxypyridin-2-y1}-4-methylthiazol-2-amine;

N-(5~(3 —mcthpxyphenylthio}-3—phaﬁoxypyﬁdin-z-yl)~4—methylthiazol—2—amjne;
3-(6~(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio )phenol;
2-(3-(6~(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)phenoxy)acetic acid;
4-methyl-N-(3-phenoxy-5-(3-(2-(piperidin-1-yl)ethoxy)phenylthio)pyridin-2-yljthiazel-2~amine;
N-(5-(3-(3~(dimethylaminoypropoxy)phenylthio)-3-phenoxypyridin-2-y1)-4-methylthiazol-2-
amine;

5-(2-fluorobenzylthio)-N-(4-methylthiazol-2-y1)-3-phenoxypyridio-2-amine;
N-(4-methylthiazol-2-y1)-3-phenoxy-5-(1-(pyridin-2-yljpropylthio)pyridin-2-amine;
2-((6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-yithio)methylypyridin-3-ol;
3-(2-(3-phenoxy-5-(1-(pyridin-2-yethylthio)pyridin-2-ylamino)thiazol-4-yljpropanoic acid;
4-chloro-3-(2-(4-methylthiazol-2-ylamino)-5-(phenylthic )pyridin-3-yloxy)benzoic acid;
4-chloro-N-(2-(dimethylamino)ethyl)-3-(2-(4-methvithiazol-2-ylamino)-5-(phenylthio jpyridin-3-
yloxy)benzamide;
4-chloro-3-(2-(4-methylthiazol-2-ylamino)-5-(1-(pyridin-2-y1)ethylthio)pyridin-3-yloxy)benzoic
acid;
4-chloro-N-(2-(dimethylamino)ethyl)-3-(2-(4-methylthiazol-2-yiamino}-5-(1-(pyridin-2-
yl)ethylthio)pyndin-3-yloxy)benzamide;
N-(5-(2-chiorophenylthio)-3-phenoxypyridin-2-yl)-4-methylthiazol-2-amine;
N-(5-(3-chiorophenylthio}-3-phenoxypyndin-2-y1)-4-methylthiazol-2-amine;
N-(5~(2-methoxyphenylthio)-3-phenoxypyridin-2 -yl)-4-methylthiazol-2-amine;
N-(5-(3-methoxyphenylthio)-3-phenoxypyridin-2 -yl)-4-methylthiazol-2-amine;

methyl 3-(5-(2-chlorophenylthio}-6~{4-methylthiazol-2-ylamino )pyridin-3-ylthio)propanoate;
N-(5-(2,5-dimethoxyphenylthio)-3-phenoxypyridin-2-yl)-4-methylthiazol-2-amine;
N-(5-(2,5-dichlorophenyithio)-3-phenoxypyridin-2-yl)-4-methylthiazol-2-amine;
N-(5-(2,5-dimethylphenylthio}-3-phenoxypyndin-2-yl)-4-methylthiazol-2 -amine;
N-(5-(1-(2~{dimethylamino)ethyl)- 1 H-tetrazol-5-ylthio)-3-phenoxypyridin-2-yl)-4-
methylthiazol-2-amine;

4-methyl-N-(5-(4-methyl-4H-1,2, 4-triazol-3-yithio}-3-phenoxypyridin-2-yl)thiazol-2-amine;
3-(2-chlorophenylthio)-N-(4-methylthiazol-2-yl)- 5-(phenylthio)pyridin-2-amine;

N-(5-([ 1,2,4]triazolo4,3-2pyridin-3~yithio)-3-phenoxypyridin-2-yl)}-4-methylthiazol -2 -amine;
2-(4-methyl-5-(6~(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio}-4H-1,2,4-riazo]-3-

yl)acetonitrile;
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methyl 3-(6-(4-phenethylthiazol-2-ylamino)-5-phenoxypyridin-3-yithio)propanoate;

methyl 3-(6{4—(1~nle’d:.tylpi'.;)cridin--’-!»yl)thita.zol-?.»ylax:njno)-5~'_c>hr.=:noxyp'_vn'din-?>~
ylthio)propanoate;

methyl 3-(5-(4-fluorophenoxy}-6-(4-phenethylthiazol-2-ylamino)pyridin- 3-ylthio)propanocate;
methyl 3-(5-(2-chlorophenylthio)-6-(4-methylthiazol-2-ylamino)pyridin-3-yithio)propancate;
methyl 3-(6-(4-methylthiazol-2-ylamino)-5~(phenylthio)pyridin-3-yithio)propanoate;
tert-butyl 4-(5-(3 -(4—ﬁuorophenoxy)-5;(3-methoxy-B-ox0propy1thio)py1idin-2»ylamino)-l 2.4
thiadiazol-3-yl)piperidine-1-carboxylate;

tert-butyl 4-((5~(3~(4-fluorophenoxy)-35-(3-methoxy-3-oxopropylthio)pyridin-2-ylamino)-1,2,4-
thiadiazol-3-yl)methyl)piperidine-1-carboxylate;

N-(3-(2-chlorophenylthio}-5-(1 -(pyridin-Z-yl)ethylthio)pyﬁdin~2-y1)-4—méthy1ﬁﬁazol-2 -amine;
N-(3-(2-chlorophenylthio)-5-(piperidin-4-ylmeth yithio)pyridin-2-yl)-4-methylthiazol-2-amine;
N-(3-2 -ch}orophenylﬂaio}-S-(3~(dimethy1anﬁno)propy1thio)pyﬁdiﬁ-2~y1)»4-mcthy1thiazol—2»
amune;

4-phenethyl-N~(3-phenoxy-5-(piperidin-4-yimethylthio )pyridin-2-yljthiazol-2-amine;
3-(6-(4-methylthiazol-2-ylamino)- S-phenoxypyridin-3-ylthio)phenol;
4-methyl-N-(3-phenoxy-5-(3-(2~(piperidin-1 -yDethoxy)phenyithio)pyridin-2-yl)thiazol-2-amine;
2-(3~{6—(4-mefhylmiazoi-2-ylamino)-Suphenoxypyridin—B -ylthio)phenoxy)acetic acid;
N-(5-(3-(3-(dimethylamino)propoxy)phenylthio)}-3-phenoxypyridin-2-yl)-4-methyithiazol-2-
amine; , ‘
4—methy1«§\3—(3-phenoxy-5-(pyridin~2~y1fh.io)pyridin—2~y1)tbiazol-2—amine;
4-methyl-N-(3-phenoxy-5-(pyridin-4-ylthio)pyridin-2-yl)thiazol-2-amine;
4-methyl-N-(3-phenoxy-5-(pyrimidin-2-yithio)pyridin-2-yl)thiazo]-2-amine;

- 4-methyl-N-(5-(6-methylpyridin-2-ylthio)- 3-phenoxypyridin-2-yl )thiazol-2-amine;
4-methyl-N-~(5-(4-methylthiazol-2-ylthio)-3-phenoxypyridin-2-yl)thiazol-2-amine;
N-(3-(2-chlorophenylthio}-5-(pyridin-4-ylthio)pyridin-2-yl)-4-methylthiazol-2-amine;
4-(1-methylpiperidin-4-yl)-N-(3-phenoxy:5-(phenylthio)pyridin-2-yl)thiazol-2-amine;
N-(3,5-big(phenylthio)pyridin-2-yl)-4-methylthiazol-2 -amine;
4-methyl-N-(3-(phenylthio)-5-(pyridin-2-ylthio)pyridin-2-yl)thiazol-2-amine;
3-methyl-N~(3-phenoxy-5-(pyridie-2-ylhio)pyridin-2-yl}-1,2,4-thiadiazol-5-amine;
N-(5-(4-methoxyphenylthio)-3-phenoxypyridin-2-y1}-3.-methyl-1,2,4-thiadiazol-5-amine;
N-(3-(4-fluorophenoxy)-5-(pyridin-2-yithio)pyridin-2-yl}-3-isobutyl-1,2,4-thiadiazol-5-amine;
5-(2-chloropyridin-4-ylthio)-N-(4-methylthiazol-2-y1)-3-phenoxypyridin-2-amine;
N-(5-(2~chioropyrimidin-4-ylthio)-3-phenoxypyridin-2-yl)-4-methylithiazol-2-arnine;
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S~(4,6—dimethy1pyrimidin-2~y1thio)—N-(Lmethylthiazol—-?.—yl}-3-phenoxyp§ridin-2—amine;
N-(S-(4,6-dimethoxypyrimidin~2—yltbio)»3-phenoxypyﬁdjn—2-y1)-4~mcthylthiazol-Z»amm,
5-(4-methoxypyrimidin-2-ylthio}-N-(4-methylthiazol-2-yl)-3-phenoxypyridin-2-amine;
N-(4-methylthiazol-2-y1)-3-phenoxy-5-(thieno[3,2-bpyridin-7-ylthio)pyridin-2-amine;
4-pethyl-N-(5-(3-methylisoxazolo[ 5,4-b Ipyridin-4-ylthio)-3-phenoxypyridin-2-yl)thiazol-2-
amine;
N-(5-(2~(methoxymethyljpyrimidin-4-ylthio}- 3-phenoxypyridia-2-yl)-4-methylthiazol-2-amine;
4-phenethyl-N-(3-phenoxy-5-(thieno[ 3,2-b]pyridin-7-yithio)pyridin-2-yl)thiazol-2-amine;
N-(5-(3 -methylisoxazolo{5 4-bJpyridin-4-ylthio)- 3-phenoxypyridin-2-yl)-4-phenethylthiazol-2-
ammine;

N-(5-(5-methylpyrazolo]1,5-ajpyrimidin-7-ylthio}-3-phenox ypyridin-2-yl}-4-phenethylthizzol-
2-amine;
4-phenethyl-N-(3-phenoxy-5-(thieno[ 3 ,2-d}pyrimidin-4-ylthio)pyridin-2-yl)thiazol-2-amine;
4-methyl-N-(5-(5-methylpyrazolo[1,5-alpyrimidin.7-ylthio)- 3-phenoxypyridin-2-yl)thiazol-2-
amine;
4-methyl-N-(3-phenoxy-5-(thieno[3,2-d Jpyrimidin-4-ylthio)pyridin-2-yl)thiazol-2-amine;
4-(1—mafhyipiparidinv—ét-yl)—N-(S-phenoxy-S-(thieno[S,2-B}pyridin-7wylthio)pyﬁdin-a—yljthiazoi~
2-amine;
N-(S«(S~methy}isoxazoio[5,4—b}pyridin—4—y1tbio)-3-§henoxypyridin-2-yl)-4-(1~methy1piperidin—
4-ylthiazol-2-amine;
N-(5-(2~iodothienof3,2-blpyndin-7-ylthio}-3-phenoxypyndin-2 -yl )-4-methyithiazol-2 -amine;
4-methyl-N-(5-(2-methylthieno[3,2-b jpyridin-7-ylthio}-3-phenoxypyridin-2-yl)thiazol-2-amine;
N-{5-(2-~methylthieno{3,2-b] jpyndm~7~ylthlo) -3-phenoxypyridin-2 -yl)—4-pnenethy1th1azo§ 2~
amine;
N-(5-(2,5-dimethylipyrazolo[1,5-a}pyrimidin-7-ylthio)-3-phenoxypyridin-2 -yl)-4-
phenethylthiazol-2-amine;
N-(3-(4-fluorophenoxy)-5-(thieno(3,2-bpyridin-7-yithio)pyridin-2-yl)-4-phenethylthiazol-2-
amine;
N-(3~(4-fluorophenoxy)-5-(3-methylisoxazolo[5,4-blpyridin-4-yithio)pyridin-2-y1)-4-
phenethylthiazol-2-amine;
N-(3-(4-fluorophenoxy)-5-(5-methylpyrazolo[1,5-ajpyrimidin-7-ylthio))pyridin-2-y1)-4-
phenethylthiazol-2-amine;
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N-(5-(2,5-dimethylpyrazolo] 1,5-a}pyrimidin-7-y1thio)-3-(4- fluorophenoxy)pyridin-2-y1)-4-
phenethylthiazol-2-amine;
N-(3-(4-fluorophenoxy)-5-(2-methylthieno| 3,2-b Jpyridin-7-ylthio )pyridin-2-yl}-4-
phenethylthiazol-2-amine;
4-(6-(4~methylthiazol-2-ylamino)-5-phenoxypyridin-3-yithio)benzonitrile;
N-(3-(2-chlorophenylthio)-5-(thieno(3,2-b]pyridin-7-ylthio)pyridin-2-y1)-4-methylthiazol-2-
amine;

4-(5-phenoxy-6-(4-(piperidin-4-yl)thiazol-2-ylamino)pyridin-3-yithic)oenzonitrile;
N-(5-(furo[3,2-c]pyridin-4-ylthio)-3-phenoxypyridin-2-yl)-4-methylthiazol-2-amine;
N-(5-(2-iodothieno(3,2-b]pyridin-7-ylthio)-3-phenoxypyridin-2-yl}-4-(piperidin-4-yljthiazol-2-
amine;
4-methyl-N-(3-(phenylthio)-5-(thieno[3,2-blpyridin-7-ylthio)pyridin-2-yl)thiazol-2-amine;
4-methyl-N-(5-(3-methylisoxazolo[ 5,4-b]pyridin~4-ylthio}-3-(phenyithio)pyridin-2-yl)thiazol-2-
arine; : a '
4-(6-(4-methylthiazol-2-ylamino)-5-(phenylthio)pyridin-3-ylthio }benzonitrile;
4-methyl-N-(3-(phenylthio)-5-(5,6,7 8-tetrahydropyrido[4,3-djpyrimidin-4-yithio)pyridin-2 -
yl)thiazol-2-amine;

tert-butyl 4-(5-(3-(4-fluorophenoxy)-5-(thieno[3,2-bpyridin-7-ylthic )pyridin-2-ylamino)-1,2,4-
thiadiazol-3-yl)piperidine-1-carboxylate;
N-(4~cyclopropylthiazol-2-y1}-3-phenoxy-5~(pyridin-4-ylthio)pyridin-2-amine;
4-isobutyl-N-(3-phenoxy-5-(pyndin-4-ylthio)pyridin-2-yl)thiazol-2-amine;
4-cyclohexyl-N-(3-phenoxy-5-(pyridin-4-yithioypyridin-2-yl)thiazol-2-amine;
N»-(3-phenoxy-S-(p;aidin—A:-ylﬂﬁo)pyridin-Z~yi)-4-(h‘iﬂuoromethy1) thiazol-2-amine;

methyl 3-(2-(3-phenoxy-5~(pyridin-4-yithio)pyridin-2-ylamino)thiazol-4-yljpropanoate;
N-(3-phenoxy-5-(pyridin-4-ylthio)pyridin-2-yl)-4-(pyridin-2-yl)thiazol-2-amine;
N-(3-phenoxy-5-(pyridin-4-ylthio)pyridin-2-yl}-4-phenylthiazol-2-amine;
N-(3-phenoxy-5-{pyridin-4-ylthio)pyridin-2-yl}-4-(thiophen-3-yl)thiazol-2-amine;
4-phenethyl-N-(3-phenoxy-5-(pyridin-4-yithio)p yridin-2-yl)thiazol-2-amine;
4-ethyl-N-(3-pbenoxy-5-(pyridin-4-ylthio)pyridin-2-yl)thiazol-2-amine;
N-(3-phenoxy-3-(pyridin-4-ylthio)pyridin-2-yl)thiazol-2-amine;

4-isopropyl-N-(3-phenoxy- 5-(pyridin-4-ylthio)pyridin-2-yl)thiazol-2-amine;
N—(S-(Z—chiom-Swmethoxyphenylthio}%~phenoxypyridin—2—yi)~4~methylthiazo1—2~amine;
(R)~4-methyl-N-(5~(5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-ylthio)-3-
phenoxypyridin-2-yljthiazol-2-amine;
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3-(2-(3 -phenoxy«5-(pyridjn—4-yltbio)pyﬁdin~2-ylamino)thiazol-4~y1)propanoic acid;
N-(5-(3,5-dimethylisoxazolo[4,5-b]pyridin-7-ylthio}-3-phenox ypyridin-2-yl)-4-methylithiazol-2-
amine;

1-(4-(2~(3-phenoxy-5-(thieno| 3,2-bJpyridin-7-ylthio)pyridin-2-ylamino)thiazol-4-yl)piperidin-1-
ylethanone;
1-(4~(3-(3-phenoxy-5-(thienol3,2-b]pyridin-7-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol- 3
yhpiperidin-1-yl)ethanone; . |

1-(4-(5-(3-(phenylthio)-5-(thieno[3,2-bJpyridin-7-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-
yl)piperidin-1-y})ethanone;

1-(4-(2-(3-(phenylthio)-5-(pyrdin-2 -ylﬂno)pymiln—2~y1ammo)’ckuazol—4-y1)pmendm-l-
yl)ﬁthanone '

methyl 4-(2-(3-(phenylthio)-5-(pyridin-2-yithio)p yridin-2-ylamino)thiazol-4-yl)piperidine-1-
carboxylate;

1-(4-(2~(3~(phenylthio)-5-(thieno[3,2-b]pyndin-7 —ylth;o)pyndm-}yiammo)thlazohﬂr-
yhpiperidip-1-yl)ethanone;
4~(1-(methylsulfonyl)piperidin-4-yl)-N-(3-(phenylthio}-5~(thieno[3,2-b pyridin-7-yithio )pyridin-
2-yl)thiazol-2-amine; ‘
2-(dimethylamino)-1~(4-(2-(3-(phenylthio)-5-(thieno{3,2-blpyridin-7-yithio)pyridin-2-
ylamino)thiazol-4-yl)piperidin-1-yl)ethanone; |

1-(4-(5~ (3—(4—ﬂu0rophenoxy) 5-(5-methylpyrazolo[1,5- a]pmmldm-%yith]o)pyndm-}ylammo)
1,2, 4-thiadiazol-2-yDpiperidin-1-yl)ethanone;
1~(4—(5-(3-(4-ﬂuorophenoxy)~5-(thmno{3,2-b1pyridin—?—y]thio}pyzidin»2~ylamino)-l,2,4-
thiadiazol-3-yl)piperidin-1-ylethanone;

N-(3~(4-fluorophenoxy)- 5-(thieno{3,2-b Jpyridin- 7-ylthio)pyridin-2-y1}-3-(1~
(methylsulfonyl)piperidin-4-yl}-1,2,4-thiadiazol- 5-amine;
2-(dimethylamino)-1-(4-(5-(3~(4-fluorophenoxy)-5-(thieno[3,2-b]pyridin-7-ylthio)pyridin-2-
ylamino}-1,2 4-thiadiazol-3-ylpiperidin-1-yhethanone;
3-(phenylthio}-N-(3-(piperidin-4-yl)-1,2,4-thiadi azo}-5-y1}-5~(thieno[ 3,2-b]pyridin-7-
ylithio)pyridin-2-amine; :
N-(B{phenylthjo}-5-—(pyridin—2-y1tbio)pyﬁdin-z—yl)~4~(piperidi.n~4«yl)ﬂ1ia.zol-2~amim;
tert-butyl 4-(2-(3-(phenyithio)-5-(thieno[3 ,Z-b]pyrid-in—7;y1fbio)pyridin~2-y1amino)thiazol-4—
yhpiperidine-1 -carboxylate;



tert-butyl 4-(5-(3-(4-fluorophenoxy)-5-(5-methylpyrazolo[1,5-alpyrimidin-7-ylthio)pyridin-2-
ylamino)-1,2,4-thiadiazol-3-yl)pip e;idiﬁc-l -carbo xylate;

sodium 4-(6-(4-methylthiazol-2-ylamino)- 3-phenoxypyridin-3-yithio)benzoate;
3-methyl-7-(6-(4-phenethylthiazol-2-ylamino}-5-phenoxypyridin-3-ylthio Jthieno[3,2-b]pyridine-
6-carboxylic acid,
3-methyl-7-(6-(4-methylthiazol-2-ylamino)-S-phenoxypyridin-3-ylthio)thieno[ 3,2 -bjpyridine-6-
carboxylic acid; _
N-(5-(6,7-dihydro-5H-pyrrolo[3,4-b]pyridin-4-ylthio)-3-phenoxypyridin-2-yl)-4-methylthiazol-
2-amine;

N-(4-methylthiazol-2-y1)-3-phenoxy-5-(5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-4-
ylthio)pyridin-2-amine;
1-(4-((5~(3-(4-fuorophenoxy)-5-(thieno[3,2-b]pyridin-7-ylthio)pyridin-2-ylamino)-1,2,4-
thiadiazol-3-vl)methyl )piperidin-1 -yl}ethanone;
1-(4-(5-(3-(4-fluorophenoxy)-35-(3-methylisoxazolo [5,4-blpyridin-4-yithio)pyridin-2-ylamino)-
1,2,4-thiadiazol-3-yl)pipenidin- 1 -yl)ethanone;
2~(dimethylamino)-1-(4-(5-(3-(4-fluorophenoxy)-5-(3-methylisoxazolo [5,4-blpyridin-4-
ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-yl)piperidin-1 -yl)ethanone;

tert-butyl 4-(5-(3-phenoxy-5-(thieno[3,2-bJpyridin-7-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-

‘ 3—y1)piperidme*1Q»carboxy’zaie; . |
N~(5-((3-methoxypyridin-2-y])methylthio)- 3-phenoxypyridin-2-yl)-4-methylthiazol-2-amine:
4-methyl-N-(3-phenoxy-5-(pipendin-4-yl(pyridin-2-ylymethylthio pyridin-2-yl ythiazol-2-amine;
4-methyl-N-(3-phenoxy-5-(piperidin-4-y)(pyrazin-2-yljmethylthio)pyridin-2-ylthiazol-2 -amine;
4-methyl-N-(3-phenoxy-5-(piperidin-4-yl(pyrimidin-2-yymethylthio))pyridin-2-yl)thiazol-2-
amne,; '
N-(5-((3-chioropyrdin-2-yl)(piperidin-4-yl)meth yithio)-3-phenoxypyridin-2-y1)-4-
metbyltbiazci-Z—mne;
N-(2-(dimethylamino)ethyl)-3-(2-(4-isobutylthiazol-2-ylamino)-5-(pyrimidin-2-vyithio jpyridin-3-
vioxy)benzamide;
2-(4-((6~(4-methylthiazol-2-ylamino)-S-phenoxypyridin-3-ylthio)(pyridin-2-yl)ymethyl)piperidin-
1-yDethanol; ‘
4-methyl-N-(5-((1-methylpiperidin-4-yl)(pyridin-2-yl)methylthio}-3-phenoxypyridin-2-
yi)thiazol-2-amine; |
N-(5-((1-1sopropyl piperidin-4-yl)(pyridine -2-yl)methylthio)-3-phenoxypyridin-2-y1)-4-
methyltht azol-2-amine;
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1-((6-(4-methylthiazol-2-ylamino)- 5-phenoxypyridin-3-ylthio )methyl)pyrrolidin-2-one;

Ethyl 2-(1-methylpiperidin-4-yl)-2-(6~(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-
ylthio)acetate;
2-(1-methylpiperidin-4-yl)-2-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-yithio)ethanol;
N-ethyl-2-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)-2-(piperidin-4- '
ylyacetamide;
2-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)-2~(piperidin-4-yl)-1-(pyrrolidin-1-
yl)ethanone;

'1-(indolin-1-y1}-2~(6-(4-methylthiazol-2-ylamino }-5-phenoxypyridin-3-ylthio)-2-(piperidin-4-
yl)ethanone; |

1-(7-azabicyclo[2.2.1 Theptan-7-y1)-2-(6~(4~methylthiazol-2-ylamino)-5-phenoxypyridin-3-
yithio)-2~(piperidin-4-yl)ethanone;

1-(2-methylpiperidin-1-yl)-2-(6- (4-methy1thzazol 2-ylamino)- 5-phenoxypyndm»3 yithio)-2-
(piperidine-4-yl)ethanone *mixture of diastersomers;
2-(4-((6-(4-phenethyithiazol-2-ylamino)- 5-phenoxypyndm~ -ylth;o)(pyndm-2~

vl)methyl)piperidin-1-yl)ethanol;
4-methyl-N~(3-phenoxy-5-(1-(pyridin-2-yhethylthiojpyridin-2-yl)thiazol-2-amine;
N-(5-(3-(dimethylamino}-1-phenylpropylthio)-3-phenoxypyridin-2-yl)-4-methylthiazol-2-amine;
5-((5-cyclopropyl-1,3,4-thiadiazol-2-yl)methylthio)-N-(4-methylthiazol-2-y1}-3-phenoxypyridin-
2-amine; ' |
5-((1,2,4~0xadiazol-3-yl)methylthio)-N-(4-methylthiazol-2-yl)-3-phenoxypyridin-2-amine;
5-((5-methylisoxazol-3-yl)methylthio)}-N-(4-methylthiazol-2-y1)-3-phenoxypyridin-2-amine;
5-((3,5-dimethylisoxazol-4-ylymethylthio -N-(4-methylthiazol-2-yl)-3-phenoxypyridin-2-amine;
5-({(5-chloro-1,2,4~thiadiazol-3-yl)methylthio}-N-(4-methylthiazol-2-y])-3-phenox ypyridin-2-
amine; |
N-(5-(isoquinolin-1-yimethyithio)-3-phenoxypyridin-2-ylj-4-methylthiazol-2-amine;
N-(4-((6-(4-methyithiazol-2-ylamino)-5-phenoxypyrdin-3-yithio)methyl)thiazol-2-yl)acetamide;
N—(S»((S«cyclopmpyl-l ,3,4~thiadiazol-2-yl)methylthio}-3-(phenylthio)pyridin-2-yI)-4-
methylthiazol-2-amine; ‘
4—-mathy1»N-(5-((5~methy1isoxazol—3~y1)methy1tb.i0)-3-(phenylthio)p}q-idin—Z-yl)thiazoLZ—amine;
N-(5-((3,5-dimethylisoxazol-4-yDmethylthio}-3-(phenylthio)pyridin-2-y1}-4-methylthiazol-2-
amine;

2-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)- 1 -(pyrrolidin-1-yl Jethanone:
N-(2-(dimethylamino) ethyl)}-N-methyl-2-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-
 pitojocamide;
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1-(4-methylpiperazin~1 -yl)-z-(6*(4-me_thylthiazol-2-ylafnjno )}-5-phenoxypyridin-3-
ylthio)ethanone; .
2-(6~(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)-N-(2-(pyrrolidin-1~
yhethyl)acetamide; A

{5-[(1,1-dioxo-hexahydro-1 A8 -thiopyran-4-yl}-pyridin-2-yl-methylsulfanyl]-3-phenoxy-pyridin-
2-y1}~(4-methyi-thiazol-2-yl)-amine;

4-methyl-N-(3-phenoxy-5-(1-(piperidin-4-yleth ylthio)pyridin-2-yl)thiazol-2-amine;
2,2~dimethyl-3-(2-(3-phenoxy- 5-(thieno[3,2-bjpyridin-7-yithio)pyridin-2-ylamino thiazol-4-
yl)propanoic acid; ~

tert-butyl 4-(5-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-
yhpiperidine-1-carboxylate;

3-isobutyl-N-(3-phenoxy- 5-(pyridin-2-ylthio)pyridin-2-yi)-1,2,4-thiadiazol-5-amine;
3-isopropyl-N-(3-phenoxy- 5-(pyridin-2-ylthiojpyridin-2-y1)-1,2 4-thiadiazol-5-amine;

N-(3 -pheﬁoxy-s-(pyrldin-?.-yl‘fnio)pyﬁdjn-E-yl)-B -(tetrahydrofuran-2-yl)-1,2,4~thiadiazol-5-
amine; ,

N-(3-phenoxy-5-(pyridin-2-yithio)pyridin-2-y)-3~(piperidin-4-y1)-1,2 4-thiadiazol-5-amine;
1-(4~(5-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2 -ylamino)-1,2,4-thiadiazol-3-yl)piperidin-1-
ylyethanone;
2-methoxy-1-(4~(5-(3-phenoxy-5-(piperidi-2-ylthio)piperidi-2-ylamino)-1,2,4-thiadiazo]- 3 -
yl)pipeﬁd.{ﬁe-l ~yl)ethanone; ’
2-(dimethylamino)-1-(4-(5-(3-phenoxy-5-(pynidin-2-ylthio)pyridin-2-ylamino)- 1,2, 4-thiadiazol-
3-yl)piperidin-1-yl)ethanone; | .
N,N-dimethyl-4-(5-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol- 3-
yl)piperidine-1-carboxamide; |

N N-dimethyl-4-(5-(3-phenoxy-5-(pyridin-2-yithio)pyridin-2-ylamino}- 1,2 4-thiadiazol-3-
yl)piperidine-1-sulfonamide;

2-methyl-1-(4-(5-(3-phenoxy- 5-(pyridin-2-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol- 3
vlpiperidin-1-yljpropan-1-one;
3-(1-(methylsulfonyl)piperidin-4-y1}-N-(3-phenoxy-5-(pyridin-2-yithio)pyridin-2-y1)-1,2, 4~
thiadiazol-5-amine;



2-0%0-2-(4-(5-(3-phenoxy-5-(pyridin-2-ylthioypyridin-2-ylamino)- 1,2 4-thiadiazol-3-
yhypiperidin-1-yl)ethyl acetate;
4-(5-(3-phenoxy-5 -&pyndma-ylthw)pyndmﬁ~y1ammo) 1,2,4-thiadiazol-3-yl)piperidine-1-
carboxamide; _
2-hydroxy-1-(4-(3-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-ylamino}- 1,2, 4-thiadiazol- 3~
yl)piperidin-1-yl)ethanone; »
tert-butyl 2-0%0-2~(4~(5~(3-phenoxy-S-(pyridin-2-yithio)pyridin-2-ylamino)-1,2 4-thiadiazo}-3-
yl)piperidin-1-yDethylcarbamate;
(R)-2-hydroxy-1-(4-(5-(3-phenoxy-5-(pyridin-2-ylthio )pyridin-2-ylamino}- 1,2,4-thiadiazol-3-
yl)piperidin-1-yl)propan-1-one;
2-methyl-1-(4-(5-(3-phenoxy-5- (pyndm-2—y1th10)pyndm-2 vlamino)-1,2 4-tbaadxaz01—_->—
yhpipendin-1-yl)propan-1-one;
2-amino-1-(4-(5-(3-phenoxy-5-(pyndin-2-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-
yl)piperidin-1-yl)ethanone;
2-(4-(5~(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2 -ylamino)- 1,2, 4-thiediazol-3-yl)piperidin-1-
yl)ethanol;

4-(5-(3-Phenoxy-5-(pyridin-2-yithio)pyridin-2-ylamino)-1,2 4-thiadiazol- 3-y])piperidine- 1 -
suifonamide;
3-(1-(2-aminoethylsulfonylpiperidin-4-yl)-N-(3-phenoxy-5~(pyridin-2-yithio)pyridin-2-y1)-
1,2,4-thiadiazol-5-amine;
tert-bu‘fyi 3-methyl-4-(2~(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-ylamino thiazol-4-
yD)piperidine-1-carboxylate;

1+(3-methyl-4~(2-(3-phenoxy-5-(pyridin-2 -ylthlo)pyndm- -ylamino thiazol-4-y])piperidin-1-
yl)etbanone;
1-(4~(2~(3-phenoxy-5-(pyridin-2-ylthio)pyndin-2 -ylamino)thiazol-4-yl)piperidin-1-yl )ethanone;
Methyl 3-(5-phenoxy-6-(thiazolo[3,4-bpyridin-2-ylamino)pyridin-3-ylthio)propanoate;
N-(3-phenoxy-5-(pyridin-4-ylthio)pyridin-2-yl)thiazolo[5,4-bIpyridin-2-amine;
4-(5-phenoxy-6-(thiazolo[3,4-blpyridin-2-ylamino )pyridin- 3-ythio)benzomitrile;
N-(3-phenoxy-5-(pyrimidin-2-ylthio)pyridin-2-yl)thiazolo[3,4-blpyridin-2-amine;
N-(.’-S-phsnoxy—S{thieno[B,2-b}py:idin-7—y1thio)pyzidin~2-yl)thiazoio{S,4~b]pyridjn-2-amine;
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N-(5-(pyridin-2-ylthio)- 3-(4—(mﬂuoromc‘fhy})phenoxy)pyndm-z-yl) 3 (wtrahydrofuran 2-y1)-
1.2, 4-thiadiazol-5-amine;
N-(4—(2—(5—methyioxazol-Z-ji)ethyl)thiazol-}yl)»3-phenoxy~5-(‘rhjeno[3,2-—b]pyzidin—7—
ylthio)pyridin-2-amine;
4-(2-(5-methyloxazol-2-yl)ethyl)-N-(3-phenoxy- S-(piperidin-4-yimethylthio)pyridin-2-
vl)thiazol-2-amine;
2-(dimethylamino)-1-(4-(5-(3-(4~fluorophenoxy)-5-(thieno[ 3,2-bIpyridin-7-ylthio)pyridin-2-
ylamino)-1,2,4-thiadiazol-3-yl)piperidin-1-yl)ethanone;

1-(4-((5-(3- (4—ﬁuorophcnoxy}-5 ~(thieno[3,2-b]pyridin-7-ylthio)pyridin-2-ylamino)-1,2,4-
thiadiazol-3- yl)methyl)pzpendm—l -yDethanone;
1+(4-(5~(3-(4-fluorophenoxy)- 5~(3~methyhsoxazolo{5 4-blpyndin-4-yithio)pyridin-2-ylamino)-
1,2 4-thiadiazol-3-ylpiperidin-1-yljethanone;
2-(dimethylamino)-1-(4-(5-(3~(4-fluorophenoxy)-5-(3-methylisoxazolo[5,4-blpyridin-4-
ylthio )pyridin-2-ylamino)-1,2,4-thiadiazol-3-yl)piperidin-1-yl)ethanone;
3-(2-bromo-4-fluorophenoxy)-3-(3-methoxyphenylthio)-N-(4-(piperidin-4-yl)thiazol-2-
ypyridin-2-amine;
4-(2-(3-(4-fluorophenoxy}-5- (3-meﬂ:oxyphenylthm)pyndm-zwy}ammo)tbzazol—4~v1)p1pcname-1-
carboxylate trifluoroacetate;
1+(4-(2-(3~(4-fluoro-2-methylphenoxy)-5-(3-methoxyphenylthio )pyridin-2-ylamino ythiazol-4-
yDpiperidin-1-yljethanone;
1-(4-(2~(3-(4-fluorophenoxy)- -(3-methoxyphen ylthio)pyridin-2~ylamino )thiazol-4-yl)piperidin-
1-yl)ethanone; '
1-(4-(2~(3-(2-bromo-4-fluorophenoxy)-5-(3-methoxyphenylthio)pyridin-2-ylamino )thiazol-4-
yi)piperidin-1-ylethanone;
1-(4-(2-(3-(2-bromo-4-fluorophenoxy)-5-(3-methoxyphenylthio)pyridin-2-ylamino thiazol-4-
yl)piperidin-1-y1)-2~(dimethylamino jethanone;
1~(4-(2-(5~(thieno[3,2-b]pyndin-7-ylthio)-3-(4-(trifluoromethyl)phenoxy)pyridin-2-
ylamino)thiazol-4-yl)piperidin-1-ylethanone;
1-(4-(2-(5-(thieno[3,2-b]pyridin-7-yltho}- 3-(2-(trifluoromethyl)phenoxy)pyridin-2-
yiamine)thiazol-4-ylpiperidin-1-ylethanone;
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1-(4-(2~(5-(2-methylthieno[3,2-b]pyridin-7-ylthio}-3-phenoxypyridin-2-ylamino )thiazol-4-
yl)piperidin-1-ylethanone;

1-(4-(2 —‘(5 -(4-methoxypyrimidin-2-ylthio}-3 ~phcnoxypyﬁdin-2-ylamino Jthiazol-4-yD)piperidin-1~
yl)ethanone;

4-(6-(4-(1-acetylpiperidin-4-yl)thiazol-2-ylamino }-5-phenoxypyridin-3-ylthio }benzonitrile;
4-(6~(4-(1~acetylpiperidin-4-yl)thiazol-2-ylamino )- 5-phenoxypyridin-3-yithio)-3-
(trifluoromethyl)benzonitrile;

4~(6-(4-(1-acetylpiperidin-4-yl)thiazol-2-ylamino )-5-phenoxypynidin-3-ylthio)-2-
(trifluoromethyl )benzonitrile;

6-(6-(4-(1-acetylpipenridin-4-yl)thiazol-2-ylamino )-5-phenoxypyridin-3-ylthio)nicotinonitrile;
5-(6~(4-(1-acetylipiperidin-4-yhithiazol-2-ylamino )-5-phenoxypyridin-3-ylthio)-3-
methoxypicolinonitrile;

Ethyl 6-(6-(4-(1-acetylpiperidin-4-yhthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)picolinate;
1-(4-(2-(3-phenoxy-5-(6-(trifluoromethyl)pyridin-3-ylthio ypyridin-2-ylamino)thiazol-4-
yh)piperidin-1-yl)ethanone;

1-{4~(2-(5~{6~-bromothieno[3,2-b]pyridin-7-ylthio)-3-phenox ypyridin-2-ylaminojthiazol -4-
yl)piperidin-1-yl)ethanone;
1-(4-(5~(5~(thieno[3,2-b]pyridin-7-ylthio)-3-(2-(trifluoromethyl)phenoxy)pyridin-2-ylamino)-
1,2,4-thiadiazol-3-yl)pipendin-1-yljethanone;

tert-butyl 4-(2-(3-(4-fluoropbenoxy)-5-(thieno[3,2-bpyridin-7-ylthio)pyridin-2-ylamino )thiazol-
4-yhpiperidine-1-carboxylate;

N-(3 —(4—ﬁuoréphenoxy)-5—(thicno[B ,2-blpyridin- 7§yltbio Jpyndin-2-yl}-4-(piperidin-4-y1)thiazol-
2-amine; '

1-(4-(2-(3-(4-fluorophenoxy)-5-(thieno[3,2-blpyridin-7-ylthio )pyridin-2-ylamino thiazol-4-
yl)piperidin-1-yljethanone;

2-(4~(2~(3-(4-fluorophenoxy}- 5-(thieno[3,2-blpyridin-7-ylthio pyridin-2~ylamino)thiazol-4-
yl)piperidin-1-yl}-2-oxoethyl acetate;

Isopropyl 4-(2-(3-(4-fluorophenoxy)-5-(thieno[3 ,2-b]pyridin-7-ylthio)pyridin-2-ylamino ythiazol-
4-yDpiperidine-1-carboxylate;
2-(dimethylamino}-1-(4~(2-(3-(4-fluorophenoxy)-5-(thieno[3,2-blpyridin-7-ylthio)pyridin-2-
ylamino ythiazol-4-yl)piperidin-1-yljethanone;
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N-(3-(4-fluorophenoxy)-5-(thieno[3,2-blpyridin-7-ylthio)pyridin-2-y1)-4-(1-
(methylsquonyI)piperidiﬁ»Al— ylythiazol-2-amine;
N-(1-(4~2-(3-(4-fluorophenoxy)-S-(thieno{3,2-b Jpyridin-7 -ylthio)pyridin-2-ylamino)thiazol-4~
yl)piperidin-1-y1)-1-oxopropan-2-yljacetamide;
N-(2-(4-(2-(3-(4-fluorophenoxy)-5-(thieno[3,2-bIpyridin-7 -ylthio)pyridin-2-ylamino)thiazol-4-
yl)piperidin-1-yl)-2-oxoethyl)acetarnide;

4-(1-(2-aminoethylsulfonyl)pip éridin~4~y1)-N—(3 -(4-fluorophenoxy)-5-(thieno[3,2-bJpyridin-7-
ylthio)pyridin-2-yl)thiazol-2-amine;

4-(2-(3~(4-fluorophenoxy)-5-(thieno[3,2-b]pyridin-7 »ylthio)pyridin—z-ylamino)thiazol-4~
yl)piperidine-1-sulfonamide 2,2, 2-trifluoroacetate;
4-(2-(3-(4-fluorophenoxy)-5-(thieno(3,2-b]pyridin-7-ylthio )pyridin-2-ylamino)thiazol-4-
yl)piperidine-1-carboxamide;

tert-butyl 4-(2-(3-(4-fluorophenoxy)-5-(3-methylisoxazolo[5,4-b]pyridin-4-ylthio)pyridin-2-
ylamino)thiazol-4-yl)piperidine-1-carboxylate;

N-(3-(4-fluorophenoxy)-5-(3-methylisoxazolo[ 5,4-bpyridin-4-ylthio)pyridin-2-y1)-4-(piperidin-
4-ylythiazol-2-amine;
1-(4-(2-(3~(4-fluorophenoxy)-5-(3-methylisoxazolo[5,4-bpyridin-4-ylthio )pyridin-2-
ylamino)thiazol-4-yDpiperidin-1-yl)ethanone;

2-(dimethylamino)-1-{4-(2-(3~(4-fluorophenoxy)-5-(3-methylisoxazolo[5,4-b]pyridin-4-
yithio)jpyridin-2-ylamino jthiazol-4-yijpiperidin-1 -yl)ethanone;

Methyl 4-(5-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-yl )piperidine-
1-carboxylate;-

1-(4-(2-(5-(3-methylthieno[3,2-blpyridin-7-ylthio)-3-phenoxypyridin-2-ylamino thiazol-4-
yD)piperidin-1-yl)ethanone;
1-(4-(2-(5-(5-chiorothieno[3,2-bpyridin-7-ylthio)-3-phenoxypyridin-2-ylamino)thiazol-4-
ylpiperidin-1-yl)ethanone;

1-(4-(2-(3-phenoxy-5-(thieno[2,3-d Jpyrimidin-4-yithio)pyridin-2-ylamino)thiazol-4-yl)piperidin-
1-yl)ethanone;

tert-butyl 4-((2-(5-(3-methoxy-3-oxopropylthio)-3-phenoxypyridin-2-ylamino)thiazol-4-
ymethyl)piperidine-1-carboxylate;
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tert-butyl 4-(2-(3-(4-cyanophenoxy)-3-(3-methoxy-3-oxopropylthio)pyridin-2-ylamino)thiazol-
4-yl)piperidine-1-carboxylate;

tert-butyl 3~(5-(5-(3-methoxy-3-oxopropylthio)-3 -phenoxypyridin-2-yiamino)-1,2,4-thiadiazol-
3-yDpyrrolidine-1-carboxylate;

tert-butyl 3-(2-(5-(3-methoxy-3-oxopropylthio)-3 -phenoxypyridin-2-ylamino)thiazol-4-
ylpiperidine-1-carboxylate; -

tert-butyl 3-(2-(5-(3-methoxy-3 -oxopropylthio)-3 -phenoxypyridin-2-ylarnino)thiazol-4-
yhpyrrolidine-1-carboxylate; '

tert-butyl 4-((2-(3-phenoxy-5-(thieno[3,2-blpyridin-7-ylthio)pyridin-2 -ylamino Jthiazol-4-
ylmethyl)piperidine-1-carboxylate;

tert-butyl 4-{(2-(5-(4-cyanophenylthio}-3 »phcnoxyp&ridin—Z-ylamino)thiazolJi—
ylmethyljpiperidine-1-carboxylate; ‘

tert-butyl 3-((2-(3-phenoxy-5-(thieno[3,2-bJpyridin-7-ylthio)pyridin-2~ylamino jthiazol-4-
vmethyljpiperidine-1-carboxylate;

tert-butyl 3-(5-(3-phenoxy-5-(thieno[3,2-bIpyridin-7-yithio)pyridin-2-ylamino}-1,2 4-thiadiazol-
3-yDpyrrolidine-1-carboxylate;

tert-butyl 3-(2-(3-phenoxy-5-(thieno[3,2-b]pyridin-7-ylthio)pyridin-2-ylamino)thiazol-4-
yhpyrrolidine-1-carboxylate;

tert-butyl 3-(2-(5-(4-cyanophenylthio)-3-phenox ypyridin-2-ylamino)thiazol-4-yl)piperidine-1-
carboxylate;

tert-butyl 3-(5-(5-(4-cyanophenyithio})-3-phenox ypyridin-2-ylamino)-1,2, 4-thiadiazol-3~
ylpyrrolidine-1-carboxylate;
N-(3-phenoxy-3-(thieno[3,2-b]pyridin-7-ylthio)pyridin-2-y1)-4-(piperidin-4-ylmethylthiazol-2-
amine;
N-(3-phenoxy-5-(thieno[3,2-b]pyridin-T-yithio)pyridin-2-y1)-4-(piperidin-3-yl)thiazol-2-amine;
N-(3-phenoxy-S-(thieno[3,2-bipyridin-7-ylthio)pyridin-2-y1)-3~(pyrrolidin-3-y1)-1,2,4-
thiadiazol-5~-amine;
N-(3-phenoxy-5-(thieno[3,2-bJpyndin-7-ylthio)pyridin-2-yI)-4-(pyrrolidin-3-yl)thiazol-2-amine;
4-(5-phenoxy-6-(4-(piperidin-4-ylmethyl)thizzol-2-ylamino)pyridin-3-ylthio)benzonitrile;
4-(5-phenoxy-6-(3-(pyrrolidin-3-yl}-1,2,4-thiadiazol-5-ylamino)pyridin- 3~ylthioYoenzonitrile;
4-(5-phenoxy-6-(3-(piperidin-3 ~yi)- 1,2,4-thiadiazol-5-ylamino)pyridin-3-yithio)benzonitrile;
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1-(4-((2-(3-phenoxy-5-(thieno[3,2-b]pyridin-7-ylthio)pyridin-2-ylamino jthiazol-4-
vhmethylpiperidin-1-yl)ethanone;

1-(3-(2-(3-phenoxy-5~(thieno[3,2-b Jpyridin-7-ylthio)pyridin-2-ylamino)thiazol-4-yl)piperidin-1-
yl)ethanone;
1-(3-(5-(3-phenoxy-5-(thieno[3,2-b]pyridin-7-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-
yl)pyrrolidin-1-yl)ethanone; . | A ‘ ’
'1-(3-(2-(3-phenoxy-5-(thieno[3,2-b pyridin-7-ylthio)pyridin-2 -ylamino)thiazol-4-yl)pyrroldin-
1-yl)ethanone;

4~(6~(4~{1-acetylpiperidin-3-yl)thiazol-2-ylamino )-5-phenoxypyridin-3-yithio benzonitrile;
4-(6-(3-(1-acetylpyrrolidin-3-yl)-1,2,4-thiadiazol - 5-ylamino - 5-phenoxypyridin-3-
yithio)benzonitrile; |
4-(6-(4-((1-acstylpiperidin-4-yl)methyl)thiazol-2-ylamino)-5-phenoxypyridin-3-
yithio)benzonitrile; and
1-(4-(2-(5-(2-chloropyxidin—4vylthio}-3-phenoxypyridin—%ylamﬁo)thiazol%-yl)piperidin-1—
yl)ethanone;

or a pharmaceutically acceptable salt thereof.

100624) Additional advantages and novel features of this disclosure shall be set forth in part in

the description that follows, and in part will becoms apparent to those skilled in the art upon
examination of the following specification or may be learned by the practice of the disclosure. The

advantages of the invention may be realized and attained by means of the instrumentalities,

combinations, compositions, and methods particularly pointed out in the appended claims.

DETAILED DESCRIPTION OF THE INVENTION
[06025] Reference will now be made in detzil to certain embodiments of the invention,
examples of which ere illustrated in the accoinpanying structures and formulas. While the invention

will be described in conjunction with the enumerated embodiments, it will be understood that they



are pot intended to limit the mvention to those embodiments.‘ On’ the contrary, the invention is
intended to cover all altermatives, modifications, and aquivaiénts 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 equivaient to those desoribed herein, which could be-used in the
practice of iche present mventmn "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 and similar materials
differs from or contradicts this application, including but not limited to defined terms, tem usage,
described techniques, or the like, this application controls.

DEFINITIONS -

{6026} The term "alkyl" as used herein refers to a saturated linear or branched-chain
monovalent hydrocarbon radical of one to twelve carbon atoms, wherein the alkyl radical may be
optionally substituted independently with one or more substituents described below. Examples of
alkyl groups include, but are-not limited to, methyl (Me, -CHy), ethyl (Et, —C’H;CH;),} -propyl (n-Pr,
n-propyl, -CH,CH,CH;), 2-propyl (-Pr, i-propyl, -CH(CHa),), Il-butyl (n-Bu, p-butyl, -
CHCHRCHCH;), 2-methyl-1-propyt (i-Bu, i—bu‘fﬁ, -CHRCH(CH;),), 2-butyl (s-Bu, s-butyl, -
CH(CH;)CHCHy),  2-methyl-2-propyl  (t-Bu, tbutyl, -C(CHs)s), l-pentyl (n-pentyl,
CH,CH,CH,CH,CH), 2-pentyl (-CH(CH3)CH,CH,CH;i), 3-per'\ty§ (-CH(CH:CH;)p), 2-methyl-2-
butyl (-C(CH3)CH,CHz), 3-methyl-2-butyl (-CH(CH;)CH(CHs);), 3-methyl-I-butyl (-
CH,CH,CH(CHz)p), 2-methyl-1-butyl (-<CHCH(CH3)CHCH;), 1-hexyl («CHCH,CH,CH;CH,CH3),
Z~hexyl (-CH(CH;)CH,CH2CH,CHs), 3-hexyl (—CH(CH;CHg)(CH2CH2CH3)), 2~—methyl~2~;;entyl (-
C(CH:),CH,CHoCHy),  3-methyl-2-pentyl  (-CH(CH3;)CH(CH:)CHzCHa), 4-methyl-2-pentyl (-
CH(CH3)CH,CH(CH;),),  3-methyl-3-penityl  (~C(CH:3}(CH,CHs),), 2—methy!~3«pcntyi {-
CH(CHoCH;)YCH(CHs),), 2,3-dimethyl-2-butyl  (-C(CHa),CH(CH:),), 3,3-dimethyl-2-butyl (-
CH(CH:)C(CHa)s, 1-heptyl, 1-octyl, and the like.

[6G27] In certain embodiments, the term “alkyl" refers to a saturated linear or branched-chain
monovalent hydrocarbon radical of one to six carbon atoms, wherein the alkyl radical may be
optionally substituted independently with one or more substituents described below,

{60281 The term "alkylene” as used herein refers to a linear or branched saturated divalent
hydrocarbon radical of one to twelve carbon atoms, wherein the alkylene radical may be optionally
substituted independently with one or more substituents described herein. Examples include, but are
not limited to, methylene, sthylene, propylene, 2-methylpropylene, pentylene, and the like.

(06291 In certain embodiments, the term "alkylene” rvefers to a linear or branched saturaied
divalent hydrocarbon radical of one to four carbon atoms, wherein the alkylene radical may be

optionally substituted independently with one ot mote substituents deseribed herein.



{6038] The term "alkenyl" as used herein refers to a linear or branched-chain monovalent
hydrocarbon radical of two to twelve carbon atoms with at least one site of unsaturation, ie., a
" carbon-carbon  sp? double bond, wherein the alkenyl radical may be opticxnaluly. substituted
independently with one or more substituents described herein, and includes radicals having “cis" and
"trans” orientations, or alternatively, "E" and "Z" orientations. Examples include, but are not limited
to, ethylenyl or vinyl (-CH=CHy), allyl (-CH,CH=CH,), 1-buten-1-yl, I-buten-2-yl, and the like.
{8031) In certain embodiments, the term “alkenyl" as used hersin refers to a linear or
branched-chain monovalent hydrocarbon radical of two to six carbon atoms with at least one site of
unsaturation, wherein the alkenyl radical may be optionally substituted independently with one or
more substituents described herein, and includes radicals having "cis" and "trans” orientations..
60321 The term "alkenylene" as used herein refers to a linear or branched divalent
hydrocarbon radical of two to twelve carbons containing at least one double bond, wherein the
alkenylene radical may be optionally substituted independently with one or more substituents
described herein. Examples include, but are not limited to, ethenylene, propenylene, and the Tike,
[0033] The term "alkenylene" includes. linear or branched divalent hydrocarbon radical of
two to four carbons containing at least one double bond, wherein the alkenylene radical may be
optionally substituted independently with one or more substituents described herein.

[3034] The term “alkynyl” as used herein refers to a linear or branched monovalent
hydrooarbon radical of two to twelve carbon atoms with at least one site of unsaturation, iLe., a
carbon~carbon .sp triple bond, wherein the allkkynyl radical may be optionally substituted’
independently with one or more substituents described herein. Examples inciude, but are not limited
to, ethynyl (-C=CH), propyny! (propargyl, -CH,C=CH) and the like.

{0035} In certain embodiments, the term "alkynyl" refers to a linear or branched monovalent
hydrocarbon radical of two to six carbon atoms with at least one carbon-carbon sp triple bond.

{0636} The term "alkynylene” as used herein refers to a linear or branched divalent
hydrocarbon radical of two to twelve carbons containing at least one triple bond, wherein the
alkynylene radical may be optiox;xally substituted independently with one or more substituents
described herein. Examples include, but are not limited to, ethynylene, propynyléne, and the like.
[8037] In certain embodiments, the term "alkynylene” refers to & linear or branched divalent
hydrocarbon radical of two to four carbons containing at least one triple bond.

jO038] The terms "cycloalkyl," “carbocyele,” "carbocyclyl” and "carbocyclic ring" are used
interchangeably and refer to a saturated or partially unsaturated cyclic hydrocarbon radical having
from three to twelve carbon atoms. The term "oycloalkyl™ includes monocyelic and polycyclic (e.g..

bicyclic and tricyclic) cycloalkyl structures, wherein the polycyclic structures optionally include a



saturated or partially unsaturated cycloalkyl fused to a saturated, partially unsaturated or aromatic
cycloalkyl or heterocyclic ring. Examples of cycloalkyl groups include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, - cyciohexyl, cyclohexen}}}, cycloheptyl,
cyeloheptenyl, and the like. Bicyclic carbocyeles include those having 7 to 12 ring atoms arranged,
for example, as a bicyclo [4,5], [5,5]; 5,61 or {6,6} system, or as bridged systems such as
bicyclo[2.2.1heptane, bicycio{E.Z.Z]octane, and bicyclo[3.2.2Inonane. The cycloalkyl may be '
optionally substituted mdependently with one or more substituents described herein.

8039} "Aryl" as used herein means a monovalent aromatic. hydrocarbon radical of 6-20
carbon ' atoms derived by the removal of one hydrogen atom from z single carbon atom of a parent
aromatic ring system. Aryl includes bicyclic radicals comprising an aromatic ring fused to a
saturated, partially unsaturated ring, or aromatic carbocyclic or heterocyclio ring. Exemplary aryl
-groups include, but are not limited to, radicals derived from bénzenc, ﬁaphtiaaicnc, anthracene,
biphenyl, indene, indane, 1,2-dihydronapthalene, 1,2,3,4-tetrahydronapthalene, and the like. Aryl
groups mnay be optionally substituted independently with one or more substituents described herein.
[0840] The terms "heterocycle”, "hetercyclyl” and "heterocyclic ring” as used herein are used
interchangeably and refer to a saturated or partially unsaturated carbocyclic radical of 3 to 12 ring
atoms in which at least one ring atom is a heteroatom independently selected from nitrogen, oxygen
and sulfur, the remaining ring atoms being C, where one or more ring atoms may be optionally
substituted independently with one or more substituents described below, The radical may be a
carbon radical or heteroatom radical. The term "heterocycle" includes heterocycloalkoxy,
“Heterocyclyl” alse includes radicals where heterocycle radicals are fused with a saturated, partially
unsaturated, or aromatic carbocyclic or heterocyclic ring. - Examples of heterocyelic rings include, but
are not limited to, pyrrolidinyl, tetrahydrofuranyl, dihydrofuranyl, tetrahydrothienyl,
tetrahydropyranyl, dihydropyranyl, tetrahydrothiopyranyl, piperidino, 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,
dibydrofuranyl, pyrazolidinylimidazolinyl, imidazolidinyl, 3-azabicyco[3.1.0Jhexanyl, 3-
azabicyclo[4.1.0lheptanyl, azabicyclo[2.2.2}bexanyl, 3H-indolyl quinolizinyl and N-pyridyl ureas.
Spiro moieties are also included within the scope of this definition. The heterocycle may be C-
attached, or N-attached where such is possible. For instance, a group derived from pyrrole may be
pyrrol-1-yl (N-attached) or pyrrol-3-yl (C-attached). Further, a group derived from imidazole may be
imidazol-1-yl (N-attached) or imidazol-3-y! (C-attached). BExamples of heterocyclic groups wherein

2 ring carbon atoms are substituted with oxo (=Q) moieties are isoindoline-1,3-dionyl and 1,1-dioxo-



thiomorpholinyl. The heterocycle groups herein are unsubstituted or, as specified, substituted in one
or more substitutable positions with various groups described herein.
{0041} In certain embodiments, the term “heiaroéycle“ includes bridged heterocycles.
[0042] The term "heteroaryl" as used herein refers to a monovalent aromatic radical of a 5-,
G-, or 7-membered ring, and includes fused ring systems (at Jeast one of which is aromatic) of 5-12
atoms, containing at least one heteroatom independently selected from nitrogen, oxygen, and sulfur,
Examples of heteroaryl groups include, but are mnot limited to, pyridinyl, imidazolyl,
imidazopyridinyl, pyrirhidin’yi, pyrazolyl, triazolyl, pymzin;,;i, tetrazolyl, furyl, thienyl, isoxazolyl,
thiazolyl, oxazolyl, isothiazolyl, pyrrolyl. quinolinyl, isoquinolinyl, indolyl, benzimidazolyl,
benzofuranyl, cinnolinyl, indazolyl, indolizinyl, phthalazinyl, pyridazinyl, triazinyl, isoindolyl, '
pteridinyl, purinyl, oxadiazolyl, triazolyl, thiadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl,
benzothiophenyl, benzothiazolyl, benzoﬁ;;azolyl,' quinazolinyl, quinoxalinyl, naphthyridinyl, and
furopyridinyl. Spir5 moieties are also included within the scope of this definition. Heteroaryl groups
may be optionally substituted independently at one or more substitutable positions with one or more
substituents described herein. Particular examples of heteroaryl groups include thiazolyl,
thiadiazolyl, oxadiazolyl, oxazolyl, thiazolo[5,4-bipyridinyl, thiazolo{53,4-blpyrazinyl, and
thiazolo[5,4-e}[1,2,4Jtriazine.
{0043} By way of example and not limitation, carbon bonded heterocycles and 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,
{e;:mhydmf—ufaﬁ, 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, 3, 6, 7, or 8 of a quinoline or position I,
3, 4, 5, 6, 7, or 8 of an isoquinoline. Further examples of carbon bonded heterocycles include 2-
pyridyl, 3-pyridyl, 4-pyridyl, 5«pyridyi, 6-pyridyl, 3-pyridazinyl, 4-pyridazinyl, 5-pyridazinyl, 6-
pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, S-pyrimidinyl, 6-pyrimidinyl, 2-pyrazinyl, 3-pyraziny}, 5-
pyrazinyl, 6-pyrazinyl, 2-thiazolyl, 4-thiazolyl, or 5-thiazolyl.
{0044} By way of example and not limitation, nitrogen ‘bonded heterocycles and heteroaryls
are bonded at position 1 of an aziridine, azetidine, pymole, pyrrolidine, 2-pyrroline, 3-pyrroline,
imidazole, imidazolidine, Z-imidazoline, 3-imidazoline, pyrazole, pyrazoline, 2-pyrazoline, 3-
pyrazoline, piperidine, piperazine, indole, indoline, 1H~indazole; position 2 of an isoindole, or
isoindoline, position 4 of a morpholine, and position § of a carbazole, or p-carboline. Still more
typically, nitrogen bonded heterccycles include 1-aziridyl, 1-azetedyl, 1-pyrrolyl, 1-imidazolyl, 1~
pyrazolyl, and 1-piperidioyl.

[0045] The term "halogen” as used herein means fluoro, chloro, bromo or iodo.
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[o046] The term "2" as used herein means one or more.

16047} As used herein, the terms "compound of this invention," "compounds of the present
invention" and “compounds of Formula I" include compounds of Formula I and tautomers, resolved
enantiomers, resolved diastereomers, racemic mixtures, solvates, metaboli’tes, salts and prodrugs
thereof, including pharmaceutically acceptable salts and prodrugs.

j0848) In génerai, the various moleties or functional groups of the ;:‘,GmpOHHdS of thié
invention may be optionally substituted by one or more substituents. Examples of substituents
suitable for purposes of this invention include, but are not limited to, oxo, halogen, CN, nitro,
trifluoromethyl, diffuoromethyi, ﬂuérornethyl, fluoromethoxy, diffucromethoxy, trifluoromethoxy,
azido, V-NR"SO;R!, V-SONR'R", V-C(=O)R!, V,-CEOOR!, V-OCEOIR!, V,-NR"CE=0)OR,
Vi-NR"C(=0)R!, V-C(=OINR'R", Vi-NR'R", Vi-NR"C(=O)NR", V-OR!, V-8R, V,-S(O)R!, Vi~
S(O)RR!, alkyl, alkenyl, alkynyl, Vy-cycloalkyl;, Vy-heterooycelyl, Vy-aryl, and Vy-heteroaryl, where R,
R" and R™ are independently H, alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl.
(06043} .It is to be understood that in instances where two or more radicals are used in
sucoession to define a substituént attached to a structure, the first named radical is cénsidered to be
terminal and the last named radical is considered to be attached to'the structure in question. Thus, for
example, an arylalky! radical is attached to the structure in question by the alkyl group.
GLUCOKINASE ACTIVATORS _
[G056] The present invention provides compounds, and pharmaceutical formulations thereof,
that are useful in the treatment of diseases, conditions and/or disorders characterized by
underactivation of glucokinase or which can be treated by activation of giucokinase.

{0651} One aspect of the invention provides compounds of Formula ¥
7O
]l .
R§
H
re "
I

and tautomers, resolved enantiomers, resolved diastereomers, racemic mixtures, solvates,

metabolites, salts and pharmaceutically acceptable prodrugs thereof, wherein:

[6052] Lis O, 8, C(=0) or CHR';

10053] Y is N or CRY;

[0634] Z is N or CR?, wherein at least one of G or Z is not N
[0655] " GisNorCRY; ‘

[0056] R! is a heteroary! ring represented by the formula
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-D'E_._,,.DQ
/Q\\'D?’
.
[0057] D'is S, O, or N;
{0058} D? is N or CR'%;
[8059] D*is 8, O or CRY;
{88607 R? is aryl, heteroaryl, saturated or partially unsaturated cycloalkyl, or saturated or

partially unsaturated heterocyclyl, wherein said aryl, heteroaryl,. cycloalkyl and hetercoyclyl are
monocyclic or bicyelic and are optionally substituted with one or more groups independently selected
from Ci-Cs alkyl, Co-Cs alikenyl, C-Cq éikyny}, saturated and partially unsaturated C;-Cg oycloalkyl,
saturated and partially unsaturated C;-Cg heterocyclyl, aryl, heteroaryl, F, Cl, Br, I, CF;, CN, NO,,
ORS, C=OYRS, CEOYORS, OCEORS, O(CHLCEOYORS, O(CH).CE=OINRSR?, C(=O)NRCRY,
NRPR?, NRC(=0)R’, SRS, S(O)RS, and S(O)R®, and wherein said alkyl, alkenyl, alkynyl,
cycloalkyl, heterocyclyl, aryl, and heteroaryl are optionally substituted with one or more groups
. independently selected from oxo, C;-Cs alkyl, Cz-Cs alkenyl, C,-Cs alkynyl, saturated and partially
unsaturated C3-Cs V-oycloalkyl, saturated and partially unsaturated Ci-Cs Vi-heterocyelyl, Vy-aryl,
Vy-heteroaryl, VioF, Vip-Cl, Vi-Br, VoL, V,-CFs, Vi-CN, V-ORE, V,-CE=OIRE, V-C(=0)ORE, V,-
OCEO)RE, V,-CEOINRIRY, V-NRER?, V-NRICEOIR®, V-8R, V-S(OIR?, and V,-S(O),R%;
[6061] R®. is H, Ci-Cia alkyl, Cp-Cyy alkenyl,. C»-Ciy alkynyl, satarated or partiaily
unsaturated C;mC;;; cyeloalkyl, saturated or partially unsaturated Cy-C 1z heterocyclyl, aryl, heteroaryl,
F, Cl, Br, I, CN, OR% C(EOJRS CEO)ORS, OC(=ORS, CEOWNRCR', OCE=OINROR,
OC(=S)NRR’, NR°R’, NRSC(=OIR7, SR®, S(O)R®, S(O)R® or S(ORNRCR’, wherein said afkyl,
alkenyl, alkynyl, cycloalkyl, heterocyelyl, aryl and heteroaryl are optionally substituted with one or
more groups independently selected from oxo, C1-Cs alkyl, Cp-Ce alkenyl, Cp-Cs alkynyl, saturated
and partially unsaturated Cs-Cs cycloalkyl, saturated and partially unsaturated Ci-Cg heterocyelyl, V-
aryl, Vi-heteroaryl, Vo-F, Vi-Cl, Vi-Br, Vy-I, Va-CF3, Vo-CN, V4=ORE, V,-C(=0)RE, V,-C(=0)OR?,
Vi-OCEO)RE, V-CEOINRR®, V-NRPR, V-NRE*CEOIR?, Vi-SRE, Vi-S(OIRY, V,-S(O)R® and
V-S(0)NR*R?;
[0062] R* is H, methyl, ethyl, ¥, C1, Br, I, CFs, CHF; or CH.F;
{00631 R® and R are independently H, C;-Ci» alkyl, Cp~Cy; alkenyl, Co-Cy, alkynyl, saturated
or partially unsaturated C3-Cy3 cycloalkyl, saturated or partially unsaturated Cy-Cy, heterocyclyl, V-
aryl, or V -heteroaryl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl. aryl and
heteroaryl portions are optionally substituted with one or r:nore groups indepcncientljf selected from

CFs, oxo, C3-C¢ alkyl, Cx-Cs alkenyl, C,-Cs alkynyl, saturated and partially unsaturated C;-Ce
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cycloalkyl,. saturated and partially unsaturated C;-Cs heterocyelyl [optionally substituted with
COYO-6C alkyl), (1-6C)alkyl or (1-6C alky)OH], Ve-aryl, Vp-heteroaryl, V-F, V,-Cl, V-Br, V-
I, V;-CFy, V-CN, V4-ORE, V,-C(=O)R?, Vi-CE=0YORE, Vy-OCEOIRY, V,-C=OINRIRY, V,-NR'R®,
V-NR*C(=0)R?, VSR, Vi-8(O)R’, V-S(O)RY, Vo-S(0)NRIR®, and-(C-Cs alkyYOH;

(0064} or R® and R’ together with the atoms to which they are attached form a saturated-or
partially unsaturated heterocyclic ring,lwherein said heterocyclic ring optionally comprises one or
more additional ring heteroatoms independently selected from N, O or S, wherein said heterocyclic
ring is optionally substituted with one or more groups independentily selected from oxd, V,,»F; Vo Cl,
ViBr, ViI, Vo-OR%, V,-CEOORY, V-CEONR'RY, Vo -NRER®, ifn~z\m3ccmO)R9, Vo
NRC(=O)NRPR'S, C;-Ce alkyl, Ca-Cs alkenyl, and Cp-Cs alkynyl; ,

[8065] . R R® and R‘? are independently H, C-Cs alkyl, Cp-Cs alkenyl, Cp-Cs alkynyt,
saturated aﬁd. partially unsaturate;j Cs-Cs cycloalkyl, saturatéd_ and partially unsaturated C;-Cs
heterocyclyl, aryl or heteroaryl, wherein said alkyl, alkenyl, alkynyl, éycloalkyl, heterocyclyl, aryl
and heteroaryl are optionéliy substituted with one or more groups independently selected from oxo,
Ci-Cs alkyl, C,-Cs alkenyl, Cp-Cs alkynyl, saturated and parti:etily unsaturated C3-Cg cycloalkyl,
saturated and partially unsaturated C,-Cs heterocyclyl, Vy-aryl, Va-heteroaryl, V,-F, ¥V nnCl,lV,,«Br, V-
L VirOR?, V-NRR, V-C(=0)OR?, Vi-C=O0INRR®, and Vi-NR*C=O)R”,

[0666] or R® and R together with the atoms to which they are attached form a saturated or
partially unsaturated ‘heterocyclic ring, wherein said heterocyclic ring optionally comprises one or
more additional ring heteroato-ms independently selected from N, O or 8, wherein said heterocyclic
ring is optionally substituted with one or more groups mdspendently selected from oxo, Ci-Cs alkyl,
Co-C alkenyl, Co~Cy alkynyl, V,-F, V-Cl, V-Br, V-, Vi-OR?, and V-CN,

[6067) " or R® and RM together with the atoms to which they are attached form-a saturated or
- partially unsaturated heterocyclic ring, wherein said heterocyclic ring optionally comprises one or
more additional ring heteroatoms independently selected from N, O or S, wherein said heterocyclic
ring is optionally substituted with one or more groups independently selected from 0x0,Cy-Cg alkyl,
Ca-Cs alkenyl, Co-Cs alkynyl, Vi-F, V-Cl, Vi-Br, VL, Vp-OR, and V-CN;

[6068] R'' is H, methyl, ethyl, F, Cl, Br, I, CFs, CHF;, CHyF, OH, O-(C;-C; alkyl), or NHy;
[0869] R¥ and R¥are independently H, C,-Cs alkyl, C-Cs .alkenyl, Cy-Cs alkynyl, saturated
and partially unsaturated C3-Cg cycloalkyl, saturated and partially unsaturated C;-Cs heterocyelyl,
CHy-heterocyclyl, aryl, heteroaryl, (1-3C alkyDheteroaryl, (CHz)o(CR*RNHC(OINRR’, F, Cl, Br, 1,
CFs, CN, OR®, C(=0)R®, C(=0)ORS, OC(=0)RS, C=ONRR, NRR!, NRSC(=O)R’, SR®, S(O)RS,
S(O)R®, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl and heteroaryl are
optionally substituted with one or more groups independently selected from o%o, Vo-F, Vy-Cl, Vu-Br,
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Viel, Vp-CFs, Vp-CN, -Vp-ORY, V,-C=0)ORE, Vor-OC(=0IRY, VieC(=OINRPR®, V,-NR'R®, Vi
NRYCEOR?, CIONC-Cs alkyl), C(O)-heterocycle [optionally substituted with O—(C;«Cs alkyl], SR?,
SO,R’, SONR RS, CONC1-Cs alkyl)NRRAY, C(OY(C-Cs alkyDOR®, C(O)YCHLC(OXC:-Cs alkyl),
C(=0)CHRENHC(=O)YC,-Cs alkyl), CEOYCH0CEGYC-Cs alkyl), Ci1-Cs alkyl, Cr-Cs alkenyl,
CqCg alkynyl, saturated and partially unsaturated C3-Cs cycloalkyl, saturated and partially
unsaturated Ci-Cg heéerocyclyl, Vy-aryl, and V-heteroaryl, wherein said heterocycly! is optionally
substituted with one or more oxo,

[0876] or R and R® together with the atoms to which they are attached form a saturated,
partially unsaturaied or aromatic carbocyelic or heterocyclic ririg, wherein said carbooyclic and
heterocyclic rings are optionally substituted with one or more groups independently selected from Cy~
' Cf, alkyl, C»-Cg alkenyl, C-C alkynyl, saturated and partially unsaturated Cs-Cg cycloalkyl, saturated
and partially unsaturated C,-Cg heterocyclyl, aryl, heteroaryi oxo, F, Cl, Br, I, CF;, CN, ORS,
C(=OIR®, C(=0)ORS, OC(E=OIRS, C=OINRERY, NRCRY, NROC(=O0)R’, SRS, S(O)RS, S(O):R® and
SO,NRR, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl and heteroarg/l are
optionally substituted with one or more groups independently selected from oxo, V,-F, Vp-Cl, Vnwﬁr,
Vpl, VieCF3, Vi-CN, V,-OR%, V,-CEOYOR?, Vi-OCEOR?, V,-CEONRRY, V-NRPRY, V-
NREC(=O)R?, C;-Cs alkyl, Co-Cq alkenyl, C2-Cs alkynyl, saturated and partially unsaturated C3-Cs
cycloalkyl, saturated and partially unsaturated C;-Cg heterocyelyl, Vy-aryl, and V,-heteroaryl;

[6071] RMisH, me:thyi; ethyl or OH; _ |

0072} R? and R® are independently H, C,-Cs alkyl, Co-Cs alkenyl, Co-Cs alkynyl, saturated
and partiaily unsaturated C3-Cs cyc}oaikyi, saturated and partially unsaturated C;-Cg heterocyelyl, Vp-
© aryl, or Vy-heteroaryl, wherein said alkyl, alkenyl, alkynyl, saturated or partially unsaturated V-
cycloalkyl, saturated or partially unsaturated V,-heterocyclyl, Vy-aryl, and V,-heteroaryl are

optionally substituted with one or more OH;

[0G73} each R®, R® and R® is indepcnciéntly H or C;-Cs alkyl;

[0674] RYis H, CpCs alkyl or C{OYO(C-Cs alkyl);

[6075] Rfis C-Cs alkyl or (Ci-Ce alky!)NH,;

[0076] R*is H or C1-Cs alkyl;

[0077] R is H, C1-Cs alkyl, or -O(C:-Cs alkyD);

{6678} ¥ is alkylene having from 1 to 12 carbons, or alkenylene or alkynylene each having

from 2 to 12 carbons, wherein said alkylene, alkenyiene, or alkynylene are optionally substituted with
one or more groups independently selected from C-Cg alkyl, Cp-Cy alkenyl, Co-Cs alkynyl, saturated
and partially unsatarated Cs-Cq cycloalkyl, saturated and partially unsaturated C;-Cs heterocyclyl,
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aryl, heteroaryl, F, CL, Br, 1, CFs, cyano, ORS, C(=0)OR®, OC(=0)R®, C(=0)NR'R’, NR*R’, (Ci-Cs
alkyDNRR®; and NRA*C(E=O)R?; and
{6679] nis Gor L.
{0680 In-certain embodiments, R® and R are optionally substituted with one or more groups
independently selected from oxo, C-Cg alkyl, Co-Cs alkenyl, Cp-Cs aikyns}l, saturated and partially
unsaturated Ci3-Cg oycloalkyl, saturated and partially unsaturated Cy-Cs heterocyclyl, Vy-aryl, V-
heteroafyl, VyF, Va-Cl, Vy-Br, Vi, Vi-CFs, Vo-CN, Vo-OR?, V,-C(=O)R®, V,-C(=O0)OR’, V-
OC(=O)R®, V;-C=ONRPR’, V,-NRR?, V,-NRICEOR?, Vi-SRE, Vi-S(O)R®, Vo-S(O)RS, and Vi~
S(O)NRIR’. - | o ‘
[0081] In certain embodiments, R'? and R are independently H, C-Cs alkyl, Cs-Cs alkenyl,
C2-Cs alkynyl, saturated and partially unsaturated C3-Cs cycloalkyl, saturated and partially
unsaturated C;-Cg heterocyclyl, aryl, heteroaryl, F, Cl, Br, 1, CF;, CN, OR®, C=O)RS, C(=0)OR’,
OC(=OIRS, CEOINRR’, NRPR7, NR°C(=O)R’, SR®, S(O)R® or S(O)R®, wherein said alkyl,
alkenyl, alkynyl, cycioa!kyi heterocyclyl, aryl and heteroaryl are optionally substituted with one or
more groups mciependently selected from oxo, ViF, Vo-ClL, Vi¢-Br, Vi-l, V-CFs, V,-CN, V,-OR?,
Vo-C(=0)ORE, Vi-OCEOR?, Vi-C=O)NRR®, V.NRPR®, V,-NREC(=O)R®, C;-Cs alkyl, Cr-Cs
alkenyl, C,-Cs alkynyl, saturated and partially unsaturated C3-Cg cycloalkyl, saturated and partially
unsaturated C,-Cs heterocyclyl, V-aryl, and V, -heteroaryl, wherein said heterocyclyl is optionally
substituted with one or more 6x0.

[00682] Iri certain embodiments of compounds of Formula I, G is R'%.
{0083] . In certain embodiments of compounds of Formula I, R'' is hydrogen.
{06084} In certain embodiments of compounds of Formula ¥, Y is N,
[0085] In other embodiments, Y is CR*. In certain embodiments, R* is H.
[6086] In certain embodiments of compounds of Formula I, L is O.
[6687] In certain embodiments of compounds of Formula §, L is S.
-{0088] In certain embodiments of compounds of Formula ¥, L is CHR™. In certain
embodiments, R' is H. ’
{0089} The compounds of Formula I include compounds having the Formula a:
R3\l/\ SWDz
\KL /[\ >\ R
re™"
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and tautomers, resolved enantiomers, resolved diastersomers, racemic mixtores, solvates,
metabolites, salts and pharmaceutically acceptable prodrugs thereof, wherein:
{6096 LisO, S, or CHy

[0091] Y is N or CH;
[0692] D? is N or CR'%; .
[6093] "R? is aryl, heteroaryl, saturated or partially unsaturated cycloalkyl, or saturated or

partially unsaturated heterocyclyl, wherein said aryl, heteroaryl, cycloalkyl and heterocyelyl are
monocyclic or hi;:yolic and are optionally substituted with one or more groups independently selected
~from Ci-Cs alkyl, (Cy-Cs alkyDOH, C:-Cs heterocyelyl, F, Cl, Br, CF;, CN, NO,, ORS, C(=0)RS,
C(=0)YOR®, C(=0INRR7, S(0):R®, C(OYCHNH,, and C(OYCH,NR'R;

{0094] R*is H, Ci-Cyz alkyl, aryl, heterogryl, F, Cl, Br, 0R6,0r SRS, wherein said alkyl, aryl
and heteroaryl are o;}tionaliy 'substituted with one or more groups independently selected from Cy-Cg'
" alkyt, Cy-Cs alkenyl, saturated and partially unsaturated C,-Cq heterocyclyl, V, -OR“ Vo-C(E=0YORE,
and V,-NR®R®; . ’

16095} fRs and R’ are independently H, C;-Cy alkyl, saturated or partially unsaturated C3-Cys
cycloalkyl, saturated or partially unsaturated C,-Ciz hetemcyclyl', Vy-aryl, or Viy-hetercaryl, wherein
said alkyl, cycloalkyl, heterocyclyl, aryl and heteroaryl portions are optionally substituted with one or
more groupé independently selected from C,-Cg alkyl, saturated and partially unsaturated Ci-Cg
heterocyclyl {optionally substituted with C(OYO(C;-Cs alkyl) or (Ci-Cs alkyhOH], aryl, heteroaryl,
F, ClL Br, [, CN, OR?, C(=O)R?, C(=0)YORE, C=OINR®R®, NR*R?, NREC(=O)R® or (C-Cs alky)OH,
A{€B€)96} or RS and R together with the atoms to which they are atached form a saturated or
partially unsaturated heterocyclic ring, whetmn said heterocyclic rmg optionally cempmses one or
more additional ring heteroatoms independently selected from N, O or S;

{9097} RE, R9 and R are md&pendenﬂy H, C-Ce aiky , or saturdted and partially
unsaturated C;-Cs heterocyelyl, wherein said alkyl and heterocycly! are optionally substituted wiﬁ;
" one or more groups independently selected from C-Cs alkyl, saturated and partially unsaturated C-
Cs heterocyclyl, OR®, NR'R®, C(=0)OR® and C(=O)NR'R",

[6098] or R® and R’ together with the atoms to which they are attached form a saturated or
partially unsaturated heterocyclic ring;

[6099] or R” and R together with the atoms to which they are attached form a saturated or
partially unsaturated heterocyclic ring;
-[00100} R¥is H or €;-Cy alkyl;

[00101] RPis H, C;-Cs alkyl, saturated and partially unsaturated C3-Cs cycloalkyl, saturated

and partially unsaturated Ci~Cg heterocyelyl, CHp-heterocyclyl, aryl, heteroaryl, (1-3C
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alkybhheteroaryl, or (CH)(CR*RNC(ONRIR?, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, CHa~
heterocyclyl, heterooyclyl, aryl, heteroaryl ‘and (1-3C alkyDheteroaryl are optionally substituted with
one or more groups independently selected from oxo, F, Cl, CFs, CN, OR®, C(=0)OR®, C(=0)NR®R’,
NRR®, C(OXC1-Cs alkyl), C(O)-heterocycle [optionally substituted with O-(Cy-Cs alkyl) or oxo],
SR?, SOuR', SONRR®, CLOXC-Cs alkyl)NR R4S, CLONC1-Cs alkylYORE, C{OYCHC(OXC:-Css
alkyl), CEOYCHRENHCEOWC-Cs alkyl), CEOYCHOCHE0)C-Cy alkyl), Ci-Cg alkyl, 5-6

membered heterocycle (optionally substituted with oxo) and aryi,

[60162] . or R'? and R" together with the atoms to which they are attached form an heteroaryl
ring; ,

601831 R® and R® are independently H, C;~-Cs alkyl, saturated or partially unsaturated C;-Cq
heterosyclyl; ‘ _

[06104]°  each RS, R® and RE is independeritly H or C;-Cs alkyl;

[60105] R%is H, C;-Cs alkyl or C(OYO(C-Cs alkyl);

[06106] R is C-Cy alkyl or (C;-Cs alky)NH;; ‘ ,
160107} .V is slkylene having from 1 to 4 carbons, or alkenylene having from 2 to 4 carbons,

wherein said alkylene and alkenylene are optionally substituted with C;-Cq aikyl, O(C4-Cg altkyl), or
(C1-Cs alky)NRR®; and '

{00108] nisQorl. )
{60109] Exemplary embodiments of R' include, ‘but are not limited to, heteroaryl rings
selected from
R‘IZ R12 R‘12
S—f\ N::< S—N - N:{ - O—N
NN xS 2 R a~ O 2N 13
G S o Y &) W R
R20 ' :
RZO 20
R“z - .N ! N\{R
) g = L e N
‘ R
S 4 S T S S
=S\TR ° . ) NN , BNON .
{00114} wherein R® is H, alkyl, alkenyl, alkynyl, saturated or partially unsaturated

cycloalkyl, saturated or partially unsaturated heterocyclyl, aryl, heteroaryl, F, Cl, Br, I, CF;, CN,
OR®, C(=O)R®, C(=O)OR®, OC=O)R®, C(=0INR°R’, NRR", NR°CE=O)R’, SRS, S(C)R®, S(O)1R®
or SO,NRR’, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl and hetercaryl are
optionally substituted with one or more groups independently selected from oxa, Vp-F, Vo-Cl, Vi-Br,
" Vel, Vi-CFi, Vi-CN, V,-OR%, Vi-CEOYOR?, Vp-OCEORS, ViCEONRPR, V-NRUR®, V-
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N’RSC(':—'O)Ri alkyl, alkenyl, aiklynyi, saturated and partially unsaturated V,-cycloalkyl, saturated and
partially unsaturated V-heterocyclyl, V-aryl, and V,-heteroaryl, '

(68111} and each R* is independent of the other. ’ )
[00112] - In certain embodiments, R is .
) ‘ R20
,.‘ N'--_.,
TR i2 g \
S R20
/Qvﬁ\ 35/4\ 7
Y R - N 20
N or R .
001137 wherein R* and R' are as defined herein.
[00114] In particular embodiments, R*® is H.
[60115] In other embodiments, R' is
) SN
:‘/A\N »\R?S
(60116} in cer‘cair{ embodiments, R'? and R" are independently selected from H, alkyl, or

cycloalkyl, wherein said alkyl and cycloalkyl are optionally substituted. For example, in certain
embodiments R'? and R* are independently selected from H, methyl, ethyl, iSopropyl, butyl,
isobutyl, eyclopropyl, CH,CH,COOMe, CH,COOH, and CH,CH,COOH.

{60117] In certain embodiments, R'? is H or C,-Cg alkyl.
(06118} In certain embodiments, R'? is H.
[66119] In other embodiments, RY is selected from H, C;-Cg alkyl, eyeloalkyl, heterocyelyl,

" - CHy-heterocyelyl, aryl, heteroaryl, (1-3C alkyDheteroaryl, or (CHp)u(CR*RY)C(OINRR®, wherein
said alkyl, cycloalkyl, heterocyclyl, CHi-heterocyclyl, aryl, hetercaryl, and (1-3C alkyDheteroaryl
are optionally substituted with one or more groups independently selected from oxo, F, Cl, CF;, CN,
OR’, C(=0)OR®, C(=0)NR'R’, NR*R®, C(OX(C:-Cs alkyl), C(O)-heterocycle [optionally substituted
with O-(C-Cs alkyl], SRY, SO,RY, SO,NRRS, _C{O)(C;-Cé alky)NRRdY, é(o)(crcs allyYORS,
CIOYCHC(OXC-Ce alkyl), C(";O)CHRWHC@O)(CPCG. alkyl), C(=EO)YCHL0CEOWC-Cs alkyl),
CCq alkyl, C)-Cg heterocyelyl (optionally substituted with oxo), and aryl.

[6t126] For example, in certain embodiments R' is selected from 'H, C;-Cg alkyl, chloro(C;-
Ce alkyl), CFs, (3-6C)cycloalkyl, (C;-Cs atkyDCN, (C)-Cs aik_yi)COzRg, (Cy-Cs alkyD)SR?, (Cy-Cs
aiky[)SO;Ri (C1-Cs alkyBaryl, (C;-Cg alkyDORE, (C1-Cs alkyl)NRER®, (CHa)(CR*RYYC(ONRIR?,
(CHOWCRRNHC(OINH-N=CHNR®R®, (C-Cs alkyD)C(O)-heterocyclyl, aryl, heteroaryl, (C;-Csg
alkylyhetAr', CHy(CR*RMC(O)ORE, CHy(CR*RY)C(OYheterocyclyl [optionally substituted with one ox
two groups selected from O-(C~Ce alkyl) and oxo], CHCH(COH}-CH.CH,NHR?,  hetCyc! and
CHhetCyc?, wherein:
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[06121] R¥ and RY ars independently H, methy! or OMe,
{00122] nisOorl, _
[066123] hetCye! is a hétemcyclic ring optionally substituted with one or more groups

independently selected from C;-Cg alkyl, C{OXC1-Cs alkyl), (Ci-Cs alkyDOH, C(O)YO(C;-Cy alkyl),
CONC-Cs alkyDNRRY, C(O)Ci-Cs alkyDORS, COYEHC(ONC-Cs  alkyl), C(OINRRY,
SO.NRR®, SO.R', C(=0)CHRENHC(=0)(C;-Cs alkyl), and C(=0)CHOC(=0)(C;-Cs alkyl).

-

{66124 hetCye? is a heterocyclic ring optionally substituted with one or more gr;Qups
independently selected from C,~Cq alkyl, C{OXC1-Cq alkyD), C(O};Q(Crcﬁ alkyl}, and oxo, and,

ﬁ@@ 125} hetAr' is a heteroaryl ring optionally substitute(i with C-Cg alky, OH or CFs,

[60126] and RY, R®, R®, RY, R® and R are as defined herein.

(00127 Examples of R’-’t’ when represented by Ci-Cg aikyl‘ include methyl, ethyl, isogropyl,
isobutyl, and butyl. _ .

[66128] Examples R when represented by chloro(C1-Cs alkyl) include alky! groups wherein
any one of the hydrogens is replaced with a chloro group. A particular example is CHyCL

[60129] Examples of RY when represented by (3-6C)cycloalkyl include .cycloalkyl and
cyclohexyl. ' ' '

[60130] Examples of R'? when represented by (Cy+Cg alkyD)CN include alkyl groups wherein

. any one of the hydrogens is replacs& with a nitrile group. A particular example is CHoCIN.

[60131] Examples of R'® when represented by (Ci-Cs alkyD)CO,R® include alkyl groups
wherein any one of the hydrogens is replaced with a CO.R® group. In certain embodiments, R® is H
or C;-Cs alkyl. Particular values of R™ include CH,CH,CO.H, CH,CH,CO;Me, CH,COH,
C(CH3),CO-H, CH>C(CH3),CO-H, and C(CHa):CH.COH. ' '
[80132] Examples of R™ when represented by (C;-Cs alky)SR® include alkyl groups wherein
any one of the hydrogens is replaced with a SR® group. In certain embodiments, R® is Cy-Cs alkyl,
ayyl or heteroaryl. Examples of heteroaryl groups include 5-membered rings having 1-3 atoms
independently selected from N and O (provide the ring does not contain an O-O bond). In certain
embodiments, the heteroary! is substituted with C;-Cs dlkyl. Particular values of R'? and R'® when
represented by (Ci-Cy alkyD)SR® include CHCHpSMe, CHoSPh and CHp-S-(Z-methyl-1,3,4~
oxadiazol-5-y1). ' . .
[06133] Examples of R™ when represented by (Ci-Cs alkyDSO,R® include alkyl groups
wherein any one of the hydrogens is replaced with a SO.R group. In certain embodiments, R' is (C)~
Ce alkyl). Particular values of R'? and R include CH,CH, 80, Me. ‘

[00134] " Examples of RY when represented by (C;-Cs alkyDaryl include CHyPh and
CH,CH,Ph, ‘

~
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[ea135y Examples of R* when represented by (C-Cs alkyl)OR® include alky! groups wherein
any one of the hydrogens is replaceci with a OR® group. In certain embodiments, R® is aryl or
heteroaryl: © Examples of heteroaryl groups include S-membered rings having 1-3 atoms
independently selected from N and O (provide the ring doss not contaln an O-O bond). In certain
embédimems, the heteroaryl ring is substituted with one or more groups independently selected from
€,-Cs alkyl and CF, Particular values of R'® when represented by (C1-Cs alkyDOR? include CH,OPh
and CHyO-(1-methyl-3-(triflucromethyl)-1H-pyrazol-5-yl).

[66136] Examples of R™ when represented by (C;-Cs alky)NR®R® include alkyl groups
_wherein any one of the h}ydmgens is replaced with a NRZR® group. In certain embodiments, RY is H
or methyl and R’ is aryl or heteroaryl. Examples of heteroaryl groups include 5-membered rings
having 1-3 atoms independently selected from N and O (provide the ring does not contain an O-O
bond). In certain embodiments, the heteroaryl ring is substituted with C;-Cq alkyl. Particular values
of R and R' when represented by (Ci-Cs alkyDNRPR® include CH,NHPh and CH,NH(2-methyl-
1,3,4-oxadiazol-5-yi}. -
{60137] In certain embodiments, R* are an alkyl group that is substituted with two or three
groups independently selected from C,-Cs alkyl, O(Cy-Cs alkyl) and NR®R?. In one embodiment, R
and R™ can be represented by the formula (CH)(CR*RY)C(ONR®R? wherein R* and RY are
independently H, Me or COMeandnis 0 or 1. ) \

[06138] Examples of R'® when represented by (CH;)n(CR”Ry)C(Q)NRSRQ include groups
wherein R® and R? are independently H or {C-Cs alkyl), and R* and R” are H. Particular values
include CH>CH,C(ONHMe, CHCHyC(O)YNMe,, CHC{OYNHMe, and CH>C(O)NMes.

[80139] Additional examples of R} when represented by (CHy)o(CR*RY)YC(OYNR®R® include
groups whersin RS is H or Me, R? is (C1-Cs alkylOH or (C-Cg alkyDO(C1-Cs alkyl), R* is H or M,
and RY is H, Me, or OMe. Particular values include CH.CH,C(OYNHCH,CH,OMe,
CHCHC(OYNHCH,CH,OH, CH,C(O)NHCH-CH,OMe, CH,C(OYNHCH,CHOH,
CﬁgC(éHg)gC(O}NHCH;CHQOH, CH,C{CH3XOMe)C(OYNHCH,CH,OH, and
CHC(CH:)(OMe)C(OYNHCH,CH,OMe.

(60146} Additional examples of R'> when represented by (CHa)(CR*RY)C(OINR®R® include
groupé wherein R* and RY are H, R® is H or Me, and R® is (C;-Cs alkyDNR®R®. In certain
embodiments, R® and R® are indepencienﬁy H or C;-Cq aii&yl. Particular values include
CHoCHC{OYNHCH,CHaNMe; and CHyC(O)NHCH,CH;NMe,.

[00141} Examples of * when represented by (CHo)(CR*R)C(O)NH-N=CHNR'R® include
groups wherein R® and R" are independently H or C;-Cs alkyl. Particular values include
CHRC(CH; (OMe)C(O)NH-N=CHNMe,.
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[8a142] Examples of R'® when represented by (C1-Ce alkyl)C(O)-heterocyclyl include alkyl
groups -wherein any one of the hydrogens is'rep}aced with a C(O)heterocyclyl moiety. In certain
embodiments, the heterocyclyl is a 5-6 membered ring having at least one nitrogen atom, for example
a pyrrolidinyl ring. Particular values include CH,CH,C(OY pyrrolidin-1-yl) and CH,C(O)(pyrrolidin-
I-yh. ' . :
106143] An example of R'® when represented by aryl is a phenyl group.
[66144] Examples of R’ when represented by heteroaryl include 5-6 membered heteroaryl
rings having one or two atoms independently selected from N and 8. Particular values include
pyridyi and thienyl.
[00145] Examples of R when represented by. (Ci-Cs alkyDhetAr' include alkyl groups
wherein any one of the hydrogens is replaced with 2 hetAr! group. In certain embodiments, hetAr! ig
a 5-6 membered heteroaryl ring having 2-4 atoms independently selected from N and O (provided the
ring does not have an O-0O bond). Examples include oxazolyl, oxadiazolyl and tetrazoly! rings. In
certain embodiments, hetAr! is substituted with C4-Cs alkyl or OH. Particular values of R' when
represented by (C-Cs alkybhetAr' include the structures:
R

' o NN
N _ 7o
% /\/(}\ s \/ﬁ;\}\ ae~ Ay %"7<\0)\

- N ,\( N ,‘\( ) N-N N0
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[60146] Examples of R when represented by CHo(CR*RY)C(C)OR? include groups wherein
R® is H or C;-Cs alkyl Particular values include CH;C(CHYOMeYCOMe and
CHC(CH (OMe)CORH. )

00147} Examples of R' when represented by CHz2(CR*R")C(O)heterocyolyl include groups
wherein the heterocyclyl is a 5-membered heterocyclyl baving at least one nitrogen, for example
pyrrolidinyl. In certain embodiments the heterocyelyl is substituted with O-(Cy-Cg alkyl). Particular
values  include  CH,C(CH:)(OMe)C(O)(pyrrolidin-1-y)  and  CHaC(CH,)(OMe)C(O)-(3-
methoxypyrrolidin-1-y1). . .

[60148] . Examples of R'® when represented by CHyCH(CO,H)-CH,CHoNHR? include groups
wherein R® is H or C;-Cg alkyl. Particular valnes include CHCH{CO,H)-CH,CH,NH:, and
CH,CH(CO>H)-CH,CH,NHCOy-(t-butyl).
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[00149] Examples of R when represented by netCye' include groups wherein hetCyc' is a 5-
& membered ring havmv an atom selected from N and O. '
{60350} An exemplary embodiment of hetCye' is tcfrahydrofuranyi:

(00151} Further exemplary embodiments of hetCyc! include pipeddinyl and
pyrrolidinyl.rings. ' . .

[06152] A © In certain embodiments, hetCyc' is C-linked, that i 13, hetCyc' is Imked o R! through a

carbon atom of the hetCyc’ ring. ‘ , .

{60153} * In-certain embodiments, hetCyc' is a piperidinyl or pyrrolidinyl.ring substituted by
one or two éroups independently selected from C;-Ce alkyl, C(O)(C;-Cs alkyl), (Ci-Cs alkyyOH,
C(O)YO(C1-Cs alkyl), CLONC-Cs alkyDNRRY, C(O)(Ci-Cs alkyDORS, C(O}CHZC(C})(C;-CS alkeyD,
C{OYNRR®, SO,NR°R?, and SO.RE. _
j00154] For example, in certain embodiments, hetCy& is a piperidinyl or pyrrolidinyl.ring
optionally substituted with one or two groups inde;ééndenﬂy selected from methyl, C(OXC;~Cq alkyl),
(C1-Cg alkyDOH, CIOYO(C-Cs alkyl), CLOWC1-Cs alkylINE(C-Cs alkyl), CIOYC,-Cs allkylINH(C,~
Cs alkyl), C{ONC-Ce alkyDNHCOHC~Cs alkyl), COYC1-Cs alkyDOH, C(OYCH,C(OWC1-Cs alkyl),
C(O)NH,, C(O)NH(Ci-Cs alkyD, C(OYN(Cy-Cs alkylz, SO;NHy, SO;NMe;, SO;Me, SOx(Ca-Cs
alkyhNH,, C(=0)CHRENHC(=0)(C1-Cs alkyl); and C(=O)CH,0C(=0)C1-Cs alkyl).

(00155} In certain embodiments, the substituent is on the N atom of hetCyc'.

- [80156] . Particular values for R'> whien represented by hetCyc! include the structures:

O 2O e HOL®
g‘t\ 0~tBu éc Me éCN{MHQ é_CN{NHCOzt—Bu
OO O

—~ )
\ N
é*C/N“SOZNMﬁ‘z Q_CN‘_ SOzCHZCHzN H;?_ C)>/-_

-O>.-

| 3
O HORS RO
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6061573 . In particular embodiment of Formula I, hetCyc' has the formula
{66158] wherein A is CEOY)C-Cs alkyl), CEOINH,, CE=ONMe;, COMe, or SO.NHa,

wherein any one of the carbons atoms of hetCyc' is optionaily‘substimted with methyl. Particular

values of hetCyc' include the formulas:

= X .s-CN{“ =

E‘CN—Q&Z E—’Cwsozmz E‘CN“SOzMe

{60159} Examples of R?® when represented by CHyhetCye? include groups wherein hetCye? is
a 5-6 membered ring having one or two nitrogen atoms. Examples include piperidinyl, pyrrolidinyl
and piperazinyl groups. In certain embodiments, hetCyc? is substituted with one or more groups
independently selected from C;-Cs alkyl, C(O)C;-Cs alkyl), C{OYO(Cy-Cs alkyl), and oxo. Particular

values for R when represented by CHzhetCyc? include the structures:

&5
S A A N
5 \ O & O g M
\.<“jw —40_th N—4 —nN, : Z‘/

Py Y . Q o
T N o ~
R Y W

Ot-Bu N
Q .
}— >"OE~BU
5 ‘ N : N ; NH
e O O D
[00160] In certain embodiments, R'? is H. ,
{60161 In certain embodiments of Formula I, R? includes, but are not limited to, an aryl, or a

Q

saturated or partially unsaturated- cycloalkyl ring selected from phenyl, I-naphthyl, 2-naphthyl,
1-tetrahydronaphthalenyl, Z-tetrahydronaphthalenyl, 3-tetrahydronaphthalenyl,
4-tetrahydronaphthalenyl, S-tetrahydronaphthalenyl, : 6-tetrahydronaphthaienyl,



7-tetrahydronaphthalenyl, 8-tetrahydronaphthalenyl, cyciohaxy!', cyclopentyl, cyclohexenyl, and
substituted forms thereof.

[00162] In certain embodiments, R? is selected from

_ )

~ O
{06163} wherein R? is optmnai}y substimxed with one or more R* groups, wherein R* is

selected from alkyl, a!i{enyl, alkynyl, saturated or partially unsaturated cycloalkyl, saturated or
partially unsaturated heterooyclyl, aryl, heteroaryl, F, CL, Br, I, CF;, CN, ORS, C(=0)R®, C(=0)OR’,
OC=O)RE, CEOINRR, NRER, NRC(=O)R, SRS, S(O)RS, S{O}gR" and SO,NRR’,

[60164] For example, in cerfain embodiments, Rz‘is'phcnyi optionally substituted with one or
more groups independently selected from F, Cl, Br, L, CN, alkyl, NO,, SO;R®, OR®, C(=0)OR°, and
NRGC(=O}R7, wherein said alkyl is optionally substituted with V,-NR®*R®, V,-C(=0)OR®, or V-
OCE=O)RE,

[60165]) In other embodiments, R? is phenyl optionally substituted with one or more groups
independently selected from F, Cl, Br, CN, CF;, Ci-Cs alkyl, NOy, -80,(C)-Cs alkyl), OH, -O(Cy-Cs
alkyl), -CO,H, -COx(C;-Cs alkyl), -C(O)hetercyclyl [optionally substituted -with C,-C¢ alkyl],
heterocyclyl and ~C(OYNRP®R’. In certain embodiments, R® is H or C;-Ce alkyl and R? is H or C,-Cs
alkyl optionally substituted with NHy, NH(Ci-Cs aligl) or N(C1-Ce alkyl). Examples of the
heterocycle group for the C(O)heteroyclyl substituent of R? include 5-6 membered heterocyclic rings
having one or two atoms selactéd from N and O (for example mcrphoiinylj. ‘
[00166] In particular embodiments of Formula I, R? is phenyl optionally substituted with one
or two groups independently selected from F, Cl, Br, CN, CF, NO,, 80;Me, OMe, OH, COyH,
COxMe, CO.EL, C(ONHCH,CHNMe,, C(OYNH», C(O)(4-methylpiperazinyl), and morpholinyl.
{00167} Exemplary embodiinents of R? include, but are not limited to, the structures:

!
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[00168) Further exemplary embodiments of R, include the structures:
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[00169] Exemplary embodiments of R? further include, but are not limited to, heteroaryl and
saturated or partially unsaturated heterocyclic rings selected from 2-pyridyl, 3-pyridyl, 4-pyridyl,
2-quinolinyl, 3-quinolinyl, 4-quinolinyl, S-quinolinyl, 6-guinolinyl, 7-quinolinyl, 8&-quinolinyl,
2-quinoxalinyl, 3-quinoxalinyl, 5-quinoxalinyl, 6-quinoxalinyl, 7-quinoxalinyl, 8-quinoxalinyl,
benzo[d}thiazol-2-y1, 4-benzofd]thiazolyl, 5-benzof[dlthiazolyl, 6-benzofd]thiazolyl,
7-benzofdithiazolyl, 2-1H-benzo[d}imidazolyl, 1 H-benzold}imidazole-4-yi, 1H-benzo[d}imidazole-5-
vl 1H-benzofdlimidazole-6-yl, 1H-benzo[d}jimidazole-7-yl,  2-thiophenyl,  3-thiophenyl,
5-tetrahydroquinolinyl,  6-tetrahydroguinolinyl,  7-tetrahydroquinolinyl, 8-tetrahydroquinolinyl,
S-tetrshydroisoquinolinyl, 6-tetrahydroisoquinolinyl, 7-tetrahydroiscquinelinyl, —8-tetrahydroiso-
°31*«1i_noii>_:;yls 1-pyrazolyl, 2-pyrazolyl, 3-pyrazolyl, 4-pyrazolyl, S-pyrazolyl, I-piperidinyl,
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2-piperidinyl, 3-piperidinyl, 4-piperidinyl, 2-pyrrolinyl, 3-pyrrolinyl, 4'»pyrrolinyl, S-pyrrolinyl,
2-piperidinyl, 3-piperidinyl, 4-piperidinyl, S-piperidinyl, 6-piperidinyl, 2-pyreolidinyt, 3-pyrrolidinyl,
4-pyrrolidinyl, 5-pyrrolidinyl, and substituted forms thereof.

- [60176] In other embodiments, R® is.a 5-6 membered heteroaryl ring having 1 2 nitrogen
atoms. Examples of heteroaryl rings include 2-pyridyl, 3-pyridyl, 4-pyridyl, Z-pyrimidyl, 2-
imidazolyl, and 4-imidazolyl. In certain embodiments, R? is a heteroary! ring optionally substitutéd
with ons or two groups independently selected from C-Cy alkyl, CO(Cy-Ce alicyl), C(O)NH(C1»{36
alkylD), CCOYNH(C,-Cs alkyIN(di-Cy-Cs alkyl), or (C1-Cs alkyYOH.

[00171] In other embodiments, R is a 9-10 membered bicyclic heteroaryl rfng having a
having 1 to 2 ring atoms jndependently selected from N and S. .

[60172] ln other embodiments, R? is a 5 membered heterocyclic rmg having at-least one
nitrogen atom, for example a pyrrolidinyl ring. In certain embodiments, the heterocyclic ring is
substituted with CO,~(Cy-Cs alkyl), CONH(C-Cs alkyl), COYCHN(C,-Cs alkyl),, C(OXCi-Cs
alkyl)CO.H, or SOs-(heteroaryl), wherein said heteroaryl of the SOtheterarﬁfol group is a 5-

membered ring having 1-2 nitrogen atoms and optionally substituted with C,-Cjs alkyl.

(06173} For example, in certain embodiments R? is selected from the structures:
N SN =N
H

N ' :
Mej) \N’Ev}ir% Memi;;
H ' :
[+ oo N K
HN >( \H/N Qg}gsgéq[}\g*
I“’D‘f" )NWNr}f* VQE}/NO‘%

O

and substituted forms thercof.

88174} Further exemplary embodiments of R* when represented by a heteroaryl ring include
the structures:

"N ™ N
{*’::{L' . MeOWJ.EN\}—-g \N/\fﬁ‘!#?\?_é ﬁO\/.[N‘}_g

H
Me o  Me ‘ 0 Me



26

N

@»\r’%“’ Nz s

=N . =/ .
[60175] In certain embodiments of Formula I, Z is N.
[0L761 In other embodiments of Formula §, Z is CR®.
[66177} In certain embodiment, R® is selected from halogen, C(=O)R®, SRS, ORS®, heteroaryl,
alkyl, or alkenyl, wherein said heteroaryl, alky! and alkenyl are optionally substituted.
[66178) In other embodiments, R® is H, Br, Cl, SRE’, ORS, éryl, heteroaryi, or C;-Cs alkyl,

wherein said aryl is optionally substituted with Cl and said alkyl is optionally substituted with
C(OYOR®, NR®R®, or ORY,

[006179] In certain 'embodiments, R? includes Br, Cl and C(=O)H.

[00180] In certain embodiments, R® is H. |

[00181] In certain embodiments, R” is Br.

[00182] In certain embodiments, R is SR®.

[00183] For example, in certain embodiments, R® is SR® wherein R® is Vy-aryl, Vy-heteroaryl,

Va-heterocyelyl, Vi-cyeloalkyl or alkyl, wherein said aryl, heteroaryl, heterocyclyl, cycloalkyl and
alkyl portions are optionally substituted. Exemplary embodiments include, but are not limited to, the

structures:

| ©\S}a, o stj : \O/Q'\/%’; @Ysyf
@’S‘?‘ QV%’ /OQ/S:;’
cr e

OMe Ci
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[063184] and substituted forms thereof.
[60185] In other embodiments, R® is SR® wherein R® is Vy-aryl, n is 0, and aryl is phenyl

optionally substituted with one or two groups independently selected from Cl, OH, CN, CF;, COzH, - -
O{(Cq-Cs alkyl), -O(C-Cs alkyDCOLH, ~O(C1-Cs alkyYNRRP, or -O(C1-C aikyl)hete;"ooycle wherein
heterocycle is a 5-6 membered ring having a nitrogen atom. In certain embodiments, R* and R® are
independently H or C,-Cg alkyl. -

[00186] Particular values of R® when represented by S-(Vy-aryl) include -S-phenyl, -S-(2-
chlompheny]), -3-(3-chlorophenyl), ~S«(4-meth6xypheny1}, -8-=(3-hydroxyphenyl), -5-{4-
cyanophenyl), S-(4-carboxyphenyl), -S;(Z-chl0r0~5«methoxypbcny§), -S-(3-methoxyphenyl), -S-(2,5-
dimethoxyphenyl), -8-(2,5-dichlorophenyl), -S-(2,5-dimethylpyhenyl), -S-{2-hydroxyphenyl}, -8-( 2-
trifluoromethyl-4-cyanophenyl), ~S~(3-triﬂi:orom ethyl-4-cyanophenyl), -S-(4-cyanophenyl),

JyogT C{\Q

O
O\)!\QH O N

{60187} In other embodiments, R® is SR® wherein R® is Vo-aryl, n is 1, V is alkyl optionally
substituted with CH,CH,NR®R®, and aryl is phenyl optionally substituted with F, Cl, or O(C-Cs -
alkyl). In certain embodiments R® and R are independently H or alkyl.

{60188} Particular values of R* when represented by S~(Vy-aryl) further include §-CH,-Ph, S-
CHy-(3-methoxyphenyl), S-CHax-(4-methoxyphenyl), S-CHy-(3-chlorophenyl), S-CHa-(2-
ﬁuoropheny;), and '
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66189 In other embodiments, R’ is SR® wherein R® is V-heteroaryl, n is 1 and V is C1-Cs
alkyl. In certain embodiments, V is substituted 'wvith Cy-Cg alkyl. Examples of heteroaryl groups
- include 5-6 memgered rings having 1-2 atoms independently selected from N, S and O (provi;ied the
ring does not contain an O-O bond). Particular examiales of heteroaryl groups include i)yridyl,
thiazolyl, thiadiazolyl, oxadiazolyl, and oxazolyl rings. In certain embodiments, the heteroaryl ring is
substituted with one or two groups independently selected from Cl, OH, -O(C-Cs alkyl), C,-Cs alkyl,
(3;6C)cycloalkyi and -NHC(OYC-Cs alkyl). Particular values for R® when represented by S-V-

heteroary! include

"Q, Ole
Y N SN SAN
OH
0] s - -
S A S y /s
~ N /U\s P\/ $§ 3)\/$\$55

. No
O~N O~N . q
Oz s
&Nﬁ\”/ij ’Wgh)kxxsjf &:L\/ \?
S~N
Ci /QN/‘)\/S N
100190} In other embodiments, R is SR® wherein RS is Vyheteroaryl, n is 1, V is Cy-Cg alkyl,

and heteroaryl is a 10-membered bicyclic heteroaryl having at least one nitrogen, such as quinolinyl.

A particular value of R® when represented by S-V,-heteroaryl is:

S\?

“ N
S |
{00191} In certain embodiments, R® is ~-SR® wherein R® is Vy-hetercaryl, n is 0, and the -

heteroaryl group is a 5-6 membered ring having 1-4 atoms independently selected from M and S.
Examples include pyridyl, pyrimidyl, thiazolyl, tetrazolyl, and triazolyl rings. In certain

embodiments, the heteroaryl ring is substituted with one ‘or two ‘groups independently selected from
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Cl, CN, C;-Cs alkyl, »O(Cl-'C; alkyl), -(C1-Cs alkyDNR®R®, «(C;-Cs alkyDCN, C(=0)0(C;-Cs alkyl),
and CFs. In certain embodiments, R? and R? are independently H or. C,-Cs alkyl.

{06192} Particular values for R when represented by -S-heteroaryl include -S-(2-pyridyi), -8~
(3-pyridyl),-S-(4-pyridyl), -S—(Z—pyrimidyi), -§-(6-methylpyrid-2-yl}), -5-(2-chloropyrid-4-y1), -5-(2-
chloropyrimind-4-y1), -S-(4,6-dimethylpyrimid-2-yl}, -S-(4-methoxypyrimid-2-¥l), -S-(2~
 methoxymethylpyrimid-4-yl), -S-(4-methylthiazol-2-yl}, -S-(1-(2-dimethylaminoethyl)-1H-tetrazol-
5-y1}, ‘ -5-(4-methyl-4H-1,2 4-triazol-3-y1), ~S—(5-cyanqmethyln4f:{ni,2,4-&iazol«3~yi}, ~S-(5-
cyanopyrid-2-yl), -S-(2-cyano-3-methoxypyrid-5-y1), -S-(2-frifluoromethylpyrid-5-yl), and -S~(2-
ethoxycarbonylpyrid-6-y1}. ]

[60193) In certain embodiments, R? is represented by -S-CHR®R®. In certain embodiments,
R® is pyridy! or pyrimidy! and R* is piperidy! or a group having the formula,

< \; £
=N
. 0 , . .
[80194] wherein R® is optionally substituted with Ci-Cs alkyl, C(OYO(C-Cs alkyl), or C-Cs
alkylYOH. Particular values for R® when represented by S-CHR®R® include:

N
\ 7 \ /N
= e, o
NN NG N g s—3
o ;%swé RS
, oA /. C
HN RN GH
. NN
5% 5%
} O«;$
» ke
[001951 ' In other embodiments, R® is represented by S-CHR*R® wherein R™ is a piperidyl

ring optionally substituted with C;-Cs alkyl, and R® is C(OYO(C;-Cs alkyl), (Ci-Cs alkyhHOH,
CO)NI(Ci-Cg alkyl) or C(O)NH-heterocycle. Examples of heterocycle groups include 5-6
membered rings having at least one nitrogen atom (e.g., pyrrolidinyl or piperidinyl), a 10-membered
partially unsaturated bioyclic ring having at least one nitrogen atom (é,g‘, tetrahydroquinolinyt), and a

. 7-membered bridged  heterocyclic ring having at least one nitrogen atom (e.g., 7-
azabicyclof2.2. 1Theptyl). In certain embodiments, the heterocyclic ring is substituted with Ci-Cs
alkyl. Particular values for R® when represented by S-CHR®R® further include:
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[00196] In other embodiments, R® is represented by S-CHR®™R® wherein R® is piperidyl

optionally substituted with (C;-Cs alkylYOH, and R® is heteroaryl. Examples of heteroaryl groups
include 5 membered rings having 1-3 atoms selected from N and O {provided the ring does not
. contain an O-O bond), for example oxadiazolyl. In certain embodiments, the heteroaryl ring is
substituted with C-Cs alkyl. A particular value of R® when represented by S-CHR®*R® further
includes: '
N~
AR s

ITE

[60197] In other embodiments, R¥ is represented by S-CHR%™R® wherein R® is piperidyt and
R®is H or C;-Cs alkyl. Particular examples include: '

b H g

[60198] In certain embodiments, R® is SR® wherein R® is V,-heteroaryl, n is 0, and the
heteroary! group is a 9-10 membered bicyclic hetercaromatic ring having 2-3 atoms independently
selected from N, S and & (provi&ed the ring does not contain O-O bonds). Examples include 5-6-
membered heteroaryl rings fused to 5-6 membered heteroaryl, heterocyclyl, or cycloalkyl rings.
Particular examples include thienopyridyl, thienopyrimidyl, isoxazolopyridyl, cyclopentapyridyl,
pyrazolopyrimidyl, furopyridyl, tetrahydropyridopyrimidyl, and triazolopyridyl rings. In certain
embogliments, the heteroaryl ring is substituted with one or two groups independently selected from 1,
Br, Ci-Cg alkyl and CO,H.
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[06199] Particular values of R® when represented by S~hatemaryi include:
Y P 5 ki NS
N = N> - N = NN
. s
S\ gé

p= NSOy
e 8 a
f AN \SSS S R “‘\s;f N = O
N N~ O

=N =N N
(\,N S N -
Ny~ N /1 ¥ N
. . - N N N
HN - A 7S
< : S S .
N ™ N N~

N N
5
o [3 s,
: .
. S S . .
%/ \555 N =
NwzN cl
[60200] In certain embodiments, R is SR® wherein R® is cycloalkyl. A particular value of
R?is S-cyclohexyl.
" [06201] In certain embodiments, R° is SR® wherein R® is heterocycle. Examples of

heterocycles include 6 membered rings having at least one nitrogen atom (e.g., piperidinyl). In

certain embodiments, the heterocycle is substituted with oxo. A particular value of R%s

C“fis*f .

[60262) In certain embodiments, R® is SR® wherein R® is (C1-Cs alkyDC(O)ORE. Examples
include alkyl groups wherein any one of the hydrogens is replaced with a C(OYOR® moiety. In
certain embodiments, R¥ is C;-Cs alkyl. A particular value of R® is 8-CH,CH,C(OYOCH;.

[66203] In certain embodiments, R® is SR® wherein RS is CHoC(O)-heterocycle, CHC(O)-
NRYC-Cs alkyh)NR®R?, CH,C(0)-NRY(Cy-C; alkylheterocycle, or (C1-Cs alky)NRPR®. In certain
embodiments, each R%, R®, R* and R" is indepéndenﬂy selected from H and (Cy~Cg alkyl). Examples
of heterocycle groups include 5-6 membered rings having 1-2 nitrogen atoms, wherein the ring is
optionally substituted with (C;-Cs alkyl). Particular values for R? include
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{00264} In certain embodiments, R® is OR® wherein Rg is H, alkyl, Vy-aryl, or Vy-heteroaryl,
wherein said alkyl, Vy-aryl, and V-heteroaryl are optionally substituted.

00205} “In other embodiments, B® is OR® wherein R® is H, C;-Cs alkyl, (C(-Cg alkyDaryl, (Ci-
Ce alkyDheterooyele, {C-Cs éikyl)NRgRg, or phenyl optionally substituted with Br. In certain
embodiments, R® and R® are independently H or (C;-Cs alky!). Examples of heterocycles include 5-6

membered rings having at least one nitrogen atom, for example piperidyl.

[66266] Exemplary embodiments of OR® include, but are not limited to, OH, OMe,
A N |
A, O Ao,
N O.
O\‘Ss‘ )\r 3 ¢‘§
' O o
J Ho)J\/O:e‘
[00207] Further exemplary embodiments of R® when represented by OR® include phenoxy and
3-bromophenoxy.
[60208] In certain embodiments R? is optionally substituted aryl or heteroaryl.
[60209] Examples of R® when represented by an aryl group include phenyl optionally
substituted with a halogen, for example chloro. A particular example is 2-chlorophenyl.
[06216] Examples of R® when represented by a heteroaryl group include 6 membered rings
having at least one nitrogen atom.
[66211] Exemplary embodiments include, but are not limited to, the structures:
= NZ
N 1 é’s N ! ‘Js‘ (ré
[60212] and substituted forms thereof,
[60213) In certain embodiments R? is optionally substituted alkyl or alkenyl.
[00214] In certain embodiments, B> is C;-Cg alkyl, (Ci-C; alkylheterocycle, (Ci-Cy

alkyDheteroaryl, (C)-C; alkyDOH, (C,-C; alkyDCORR®, (Ci-C; alkyDCOH(C)-C; alkyh), (C-C
alkyDNR*R®, or (Co-Cs alkenyl)CO,R®, wherein R® and R’ are independently H or Ci-Cs alkyl.

Examples of heterocyclic rings include 5-6 membered rings having one or two atoms independently
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selected from N and O. Examples of heteroaryl rings include 5-6 membered rings having at least one

nitrogen atom.

[B0215] Exemplary embodiments of £ R? inchude, but are not limited to, the structures:

)\}{ HEO\/\;. (j\/\

-

O 9] O
H 0)!\/\‘-‘*{ ~ O/G\/\r“’{ \O/u\%\;

{00216} and substituted forms thereof. :
{o8217] Additional examples. of R’ include -CH,OH, CH,-(tetrah ydro~2H-pyran—4-yI}, 4-
dimethylaminobuten-1-yl, and 4-dimethylaminobutyl. ‘ ) '
{00218} The compounds of Formula ¥ include compounds having the Formula Ib
R
R 5*‘02

_...

J\ >\R13

R
ib

{60219] and salts thereof, wherein:
{06220} E-C .
[00223] A is CEOYC-Cq 2 kyi CEOYNH,, CEONMe,, SO,Me, or SONH:;
[60223] LisOors;
[69223] Y is CH;
[66224] D?is N or CR?,
[06225] R* is aryl or héteroaryl, wherein said aryl and heteroaryl are optionally substituted -

with one or more groups independently selected from C;-Cs alkyl, F, C1, Br, CF3, CN, OR®, C(=O)RS,

C(=0)OR®, C(=OINR®R’; S(O),R", and C(O}CHz‘\THz,, |

(00226} R is SR® or ORS;

- [eezzTy Réisv n-aryl or V-heteroaryl, wherein said aryl and heteroaryl portions are optionally
substituted with one or more groups independently selected from C;-Cs alkyl, saturated and partially

“unsaturated Cy-Cs heteroaycly! [optionally substituted with C(O)O(C;~Cs alkyl) or (C,-Cs alkylYOH],
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AN
aryl, heteroaryl, F, C, Br, 1, CN, ORS, C(=0)R®, C(=O)OR, C(=O)NRR’, NR'R’, NR*C(=0)R® or
(C1-Cs alkyl)OH; ‘

1962281 R isHor Ci-Cia alkyl;y’
[00229] R'is H; ‘
-[06230] R¥is H or C;-Cs alkyl;
(08231} V is alkylene having from 1 to 4 carbons, wherein said alkylene is optionally
substituted with Cy-Cg alkyl, O(C-Cs alkyl), or (Cy-Cg alkyDINRR®;
f60232] +©  eachR°andRis independenﬂfy H or C-Cg alkyl; and
160233] nisQorl.
[60234] The compounds of Formula I include compounds having the Formula Ye
RA_X 2
{ o ! Nij)\ R3
ot H
Ie
{90235} and salts thereof, wherein:
06236] RS s E'-CN“A ;
[00237) A 18 C(=0)C,-Cs alkyl), C=OINH,, C{(C=0O)NH(C;-Ce alkyl), CEOINC-Cs

alkyl)y, C=O)CH(C-Cs alkyhN(C1-Cs alkyl)y, SOx(Ci-Cs alkyl), SO:NH;, SONH(C:-Cs
© alkyl), S(C-Cs alkyl), or C(OYCH(CH)OH; o

[00238] LisO; :

[06239] D% is Nor CH:

F6024G] R? is aryl optionally substituted with one or more groups independently selected
from C,-Cg alkyl, F, Br, and CFs;
[00241) R? is SRS; _

[00242] R® is aryl, hetAs® or hetAr®, wherein RS is optionally substituted with one or more

groups independently selected from C;-Cs alkyl, Br, Cl, CF3, CN, ORS, and C(=0)OR%,

[00243] RYis C;-Cg alkyl;

{00244} hetAr® is a 5-6 membered heteroaryl ring having {-4 nitrogen atoms; and

[00245] hetAr” is a 9-10 membered bicyclic heteroaromatic ring haviag 2-6 atoms
independently selected from N,Sand O (prévided the ring does not contain an O-0O bond).
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{60246] In one embodiment, A is selected from CHEOYC-Cs alkyl), C(=0)NH,,

C(=0)NMe,, C(=0)CH;NMes, SO:Me, SO;NH,, and C(QOYCH(CH;)OH.
{60247} In certain embodiments of Formula Xe, A is C(=0)(C-Cq alkyl).
[60248] In certain embodiments of Formula Ie, A is CEOYNH;.
[00249] In certain embodiments of Formula Ie, A is C(=ONMe,.
, {0325{;} In certain embodiments of Formula Ie, A is C(=0)CH;NMe;.
[86251] In certain embodirhents of Formula ke, A is SO;Me.
[06252] In cettain embodiments of Formula Ie, A is SO,NH,.
{80253 In certain embodiments of Formula ¥e, A is C(O)YCH{CH;)YOH.
[80254] In certain embodiments, i{'? is aryl optionally substitated with one or more groups

independently selected from C;-Cg alkyl, Br, Cl, CF;, CN, ORS, and C(ﬂO)ORg. In certain
' embodiments; R? is phenyl. Particular values for R? include phenyl optionally substituted with
ong or two groups independently selected from F, Br and CF;.

[00235)] Bxemplary embodiments of R? for Formula Te include, but are not limited to, the
structures:

o 2 T,

AN AN AN
%, 2,
F/©:Br F/©\/Me.

[66256] In certain embodiments of Formula fe, R” is SR® wherein R® is aryl. In particular
embodiment, the aryl group is phenyl. In certain embodiments, the aryl group is substituted with
one or two groups independently selected from CN, CFj, and ~O(C,-Cq alkyl). Particular values
of R? when represented by S-aryl include the structures:

CFq
‘ S\és ) CFa S\SSS S\E‘ e S S\sf
' o
NC , NC , NC ‘ = .

[60257] In certain embodiments of Formula e, R® is SR® wherein R is hetAr®, and hetAr®
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is a 5-6 membered heteroaryl ring having 1-4 nitrogen atoms. In particular examples, hetAr” is a
5-6 membered ring having 1-2 nitrogen atoms. Examples include pyridyl and pyrimidyl rings.
In certain embodiments, hetAx” is substituted-with one or two groups independently selected from
‘Cl, CN, ~O(C-Cg alkyl), C(=O)YO(Cy-C alkyl), and CF3. Particular values for R? for Formula Ye

when represented by S-hetAr® include the structure:

O
. : N S MeO D S
- SN
SN NS NeT N =
A5 S No S~
5 oy oy
CFs N N A
[060258] In certain embodiments of Formula I, R is SR® wherein R® is hetAs” and hetAr® is

a' 9-10 membered bicyclic heteroaromatic ring having 2-6 heteroatoms independently selected
from N, S and O (provided the ring does not contain an O-O bond). In particular embodiments,
hetAr® is a 9-10 membered bicyclic heteroaromatic ring having 2-3 heteroatoms independently
selected from N, S and O. Examples include 5-6-membered heteroaryl rings fused to 5-6
membered heteroaryl rings. Particular examples include thienopyridyl, thienopyrimidyl,
isoxazolopyridyl, pyrazolopyrimidyl and rings. In certain embodiments, hetAr® is substituted

th one or two groups independently selected from Br, Cl and Cy-Cg alkyl.

{60259] Particular values of R® for Formula Ie when represented by S- hetAr” include the
structares
@
8 NS Ne= 8
t 5 N | ot i ¢
N# N N
8 / ) S S
~ —
J oYY g 4 s
(NS N SO oYY
M= Ct N \:,//N Noo” Br

{60260) The compound of Formula I also include compound of Formula Id:



37

RS’ Y — 12
i s\ >\R*3
’ H
r2””
id
160261} and salts thereof, wherein:
[00262]  R%is E‘CN?A
[06263] A is C(=0)C~-Cs alkyl), CEOINH,, C(=O)NMe;, C=0YCHNMe,, SO:Me, or
SO;NHz;
[06264] D? is N or CH;
[80265) R? is;phenyl optionally substituted with F; and
7 S
‘ N ] S 555 } S Sss .
{60266] R? is selected from X and N~F ,
[80267} Exemplary embodiments of compounds of Formula ¥ include, but are not limited to,
compounds of the general formulas ‘
R’IT . R‘H

R:_ N R3 '
i 1 3
/ ,R N\(k /R-
. : N
)\I/\ R )\]/kﬁ . H

RZ"L RZ,L . ' R2—L
[00268] and substituted forms thereof, wherein L, R', R%, R, R* and R" are as defined herein.
[08269] Additional exemplary embodiment of compounds of Formula I include, but are not

limited to, compounds of the general formulas
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R'?'i R'H
R12 R‘12
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R12 R‘EZ
RS N - ORR /l\
7 S——’\g\ \" i ,/SL’\S'\
13 M . 13
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ja! H
R1 R
INE=S R E
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R4 N N R4 N N
H H
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. R'E’]
Ry s = Ra\(gm s =
3 H H
80270} and substituted forms thereof, wherein L, R?, R, R%, R"', R and R* are as defined
herein.
{60271} Additional exemplary embodiment of compounds of Formula I include, but are not

Limited to, compounds of the general formulas

R11 R Rt .
R2 ) R3 RS
N N A RN R Re N R
H : H ’ H _



R'M R‘H
RB . R3
' | N 1 SN
1 ) i
H H -
1 7
' HN
R R'E‘E
R® R%
1 S [ TSN
R’ _R?
R# Z R? Y
H H
o Cr
N o
Z N
[60272] and substituted forms thereof, wherein L, R!, R?, R%, and R'! are as defined herein.
(006273} Additional exemplary embodiment of compounds of Formula I inclade, but are not

limited to, compounds of the general formulas

R'H R’H -
R12 R‘iZ
RS . RS :
RS : =
el Do leY
13 i
ReT N N/&N R reT N NAM R
| H | H )
Rz/o N szs .
100274} and substituted forms thereof, wherein R!, R, R%, and R!' are as defined herein.
[60275] Additional exemplary embodiment of compounds of Formula I include, but are not
limited to, compounds of the general formulas '
11 i
R R'iE R R'iQ
RS R3
St SPel
> 13 ' > R
RN SN R RN SN
. H H
N O g
L | L
[80276] and substituted forms thereof, wherein R, R®, R, R", R™? and R" are as defined

herein. . In certain embodiments, the pﬁenyl ring is optionally substituted with one or more R
groups independently selected from F, CI, Br, I, €N, C1-Cia alkyl, NO,, SO2R%, OR®, C(=G)ORS, and
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NREC(=O)R’, wherein said alkyl is optionally substituted. In certain embodiments, the phenyl group
is optionally substituted with one or more groups independently selected from Cl, OMe, CN, NO,,
C(=0)OMe, C(=0)OEt, $0:Me, and OCH,CH;NMe,. In certain embodiments, R™ is H and R" is
selected from C;-Cs alkyl, C3-Cs cycloalkyl, and (CH )1 ,CO,RS.  In certain embodiments, R™ is
me‘;hyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, cyslopropyl, CH,CH,COOMe, CH,COOEY, -
CHLCOOH, or CHCH,COOH. -

(002771 - Additional exemplary embodiment of compounds of Formula ¥ include, but are not

limited to, compounds of the general formulas

. R'ﬁ " ) =4l i
RES R R5s R
S | SPas
13 13
R4 P ﬁ AN R R4 P ﬁ A\N R
(T (o
/ /
REOE Rz/;a
R‘H i R'H 1n
RGQ R RSO R"
SHal SHal
\:\ 13 . 13
. H ) H
] S O ‘ * N S
= ‘ // =
sta A ' ) REUa ‘
(60278} wherein R%, R, R", R'?, R, and R** are as defined herein.
[06279} Additional exemplary embodiment of compounds of Formula ¥ include, but are not
limnited to, compounds of the general formulas
X I I
S

SN
i
/ R1 I R‘E : R'f
R4 E” Rg/,\%g/ R P ?{w
i
=



41

RrY R . R
) N
N

. N
N
| 1 | 1 f 1
R‘;/%N/R R4 = N/R . P N»-'R
3] H . H
o' o
%}N : NH
R‘H ’
A
! i
4 N"R
H
L .

R4
’ N
- AL
y b o S
Y ® T
[602801 and substituted forms thereof, wherein L, R', R*, and R"! are as defined herein.

[66281] Additional exemplary embodiment of compounds of Formula ¥ include, but are not

limited to, compounds of the general formulas
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and substituted forms thereof, wherein L, R', R®, and R? are as defined herein.

{00282}
[60283] Additional exemplary embodiment of compounds of Formula I include, but are not
limited to, compounds of the general formulas
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[60284] and substituted forms thereof, wherein L, R', R?, and R are as defined herein.
[60285] Additional exemplary embodiment of compounds of Formula ¥ include, but are not
limited to, compounds of the general formulas
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[00286] and substituted forms thereof, wherein L, R®, R®, R, R™ and R are as defined
herein. .
{00287} Additional exemplary embodiment of compounds of Formula I include, but are not
limited to, compounds of the general formulas
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(60288} and substituted forms thereof, wherein L, R3, R*, R" and R*® are as defined herein,
and each R? is independent of the other.
[00289] The compounds of this invention may possess one or more asymmetric centers; such

compounds can therefore be produced as individual (R)- or (S)-stereoisomers or as mixtures thereof.
Unless indicated otherwise, the description or naming of a particular compound in the specification
and claims is intended to include both individual enantiomers and diastereomers, and mixtures,
racemic or otherwise, thereof. Accordingly, this invention also includes all such isomers, inclading
diastereomeric mixtures, pure diastereomers and pure enantiomers of the compounds of this
invention. The term "enantiomer” refers to two siereoisomers of a compound which are non-
superimposable mirror images of one another. The term "diastereomer” refers o a pair of optical
isomers which are not mirror images of one another. Diastereomers have different physical

properties, e.g. melting points, boiling points, spectral properties, and reactivities.
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(30290 The compounds of the present invention may also exist in different tautomeric forms,
and all such forms are embraced within the scope of the invention. The term "tautomer” or
“tautomeric form"” refers to structural isomers of different energies which are interconvertible by a
fow energy barrier. For exaﬁpie, proion tautomers (aiso‘known_as"prototropio tautomers) include
interconversions by migration .of a proton, such as keto-enol and imine-enamine isomerizations.
Valence tautomers include interconversions by reorganization of some of the bonding electrons.
{60291} In the structures shown herein, where the stereochemistry of any particular chival
atom is not specified, then all sterecisomers are contemplated and included as the compounds of the
invention. Where stereochemistry is specified by a solid wedge or dashed line representing a
particular configuration, then that stereoisomer is so specified and defined.

[60292] In addition to compounds of Formulz E, the 'invention also includes solvates,
pharmaceutically acceptable prodrugs, and salts of such compounds.

[86293] 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, ethyl acetate, acetic acid, and ethanolamine. The term
"hydraie" can also be used to refer to a complex wherein the solvent moléoule is water.

100294} A "prodrug” is a compound that may be converted under physiological conditions or
by solvolysis'to the specified compound or to a salt of such compound. Prodrugs include compounds
wherein an amino acid residue, or a polypeptide chain of two or more amino acid residues, is
covalently joined through an amide or ester bond fo a free amino, hydroxy or carboxylic acid group
of a compound of the present invention. The amino acid residues include but are not Iimited to the 20
naturally occurring amino acids commonly designated by three letter symbols and also includes
phosphoserine, phosphothreonine, phosphotyrosine, 4-hydroxyproline, hydroxylysine, demosine,
isodemosine, gamma-carboxyglutamate, hippuric acid, octahydroindole-2-carboxylic acid, statine,
1.2,3.4-tetrahydroisoquinoline-3-carboxylic  acid, penicillamine, omithine, 3-methyihistidine,
norvaline, beta-alanine, gamma-aminobutyric acid, cirtulline, homocysteine, homoserine, methyl-
alanine, para-benzoylphenylalanine, phenylglycine, propargylglycine, sarcosine, methionine sulfone
and tert-butylglycine.

[00285] Additional types of prodrugs are also encompassed. For instance, a free carboxyl
group of a compound of Formula I can be derivatized as an amide or alkyl ester. As another
example, compounds of this invention comprising free hydroxy groups may be derivatized as
prodrugs by converting the hydroxy group into a group such as, but not limited to, a phosphate ester,
hemisuceinate, dimethylaminoacetate, or phosphoryloxymethyloxycarbonyl group, as outlined in

Advanced Drug Delivery Reviews, 1996, 19, 115. Carbamate prodrugs of hydroxy and amino groups
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are also included, as are carbonate prodrugs, sulfonate esters and sulfate esters of hydroxy groups.
Derivatization of hydroxy groups as (acyloxy)methyl and (acyloxy)ethyl ethers, wherein the acyl
group may be an alkyl ester optionally substituted with groups including, but not limited to, ether,
amine and carboxylic acid functionalities, or where the acyl grou;; is an amino acid ester as described
above, are also encompassed. Prodrugs of this type are described in J. Med. Chem., 1996, 39, 10.
More specific examples include replacement of the hydrogen atom of the alcohol group with a group
such a8 {Ci-Co)alkanoyloxymethyl, 1-((C-Cs)alkanoyloxyiethyl, -methyl-1-((Cy-
Csralkanoyloxy)ethyl, {Cll-Cé}alkoxycarbonyonymethyL N-(Ci-Colalkoxycarbonylaminomethyl, -
succinoyl, (Ci-Celalkanoyl, a-amino(C-Cy)alkanoyl, arvlacyl and o~aminoacyl, or a-aminocacyl-a-
aminoacyl, where eatch o~aminoacyl group is independently selected from the naturally ocourring L~
amino acids, P(O)}OH),, -F(O}O(C;-Ce)alkyl): or glycosyl (the radical resulting from the removal of
a hydroxyl group of the hemiacetal form of a carbohydrate).

[00296] Free amines.of compounds of Formula ¥ can also be derivatized as amides,
sulfonamidés or phosphonamides. All of these moieties may incorporate groups including, but not
limited to, ether, amine and carboxylic acid functionalities. For example, a prodrug can be formed by
the replacement of a hydrogen atom in the amine group with a group such as R-carbonyl, RO-
carbonyl, NRR-carbonyl, wherein R and R’ are each independently (C;-Cgalkyl, (C:-Co)oycloalkyl,
or benzyl, or R-carbonyl is a natural c-aminoacyl or natural o-aminoacyl-natural o-aminoacyl, -
C(OHYC(O)OY wherein Y is H, (C;-Cgalky! or benzyl, nC(GYg)Y; wherein Yo is (C~Cy) alkyl and
Yy is (Ci-Coalkyl, carboxy(Ci-Cealkyl, amino(C;-Cyalkyl or mono-N- or di-NN-(Ci-
Ceyalkylaminoatkyl, or -C(Y,)Ys wherein ¥» is H or methyt and Y3 is mono-N- or di-N,N-{C;-
Cg)alkylamino, morpholino, piperidin-1-yl or pyrrolidin-1-yl. ‘

[00297} For additional examples of prodrug derivatives, see, for example, a) Design of
Prodrugs, edited by H. Bundgaard, (Elsevier, 1985) and Methods in Enzymology, Vol. 42, p. 309~
386, edite& by K. Widder, et al. (Academic Press, 1985): b) 4 Textbook of Drug Design and
Development, edited by Krogsgaard-Larsen and H. Bundgaard, Chapter 5 "Design and dpplication of
Prodrugs," by H. Bundgaard p. 113-191 (1991); ¢) H. Bundgaard, Advanced Drug Delivery Reviews,
8:1-38 (1992); d) H. Bundgaard, et al., Jowrnal of Pharmaceutical Sciences, 77:285 (1988); and €)
N. Kakeya, et al,, Chem. Pharm. Bull., 32:692 (1984), each of which is specifically incorporated
herein by reference. _ ‘ ‘ ‘

[60298] A compound of the invention may possess a sufficiently acidic group, a sufficiently
basic group, or both functional groups, and accordingly react with any of a number of inorgamic or
organic bases or acids to form a salt. Examples of salts include those salts prepared by reaction of the

compounds of the present invention with a mineral or organic acid or an imerganic base, such salts
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including, but not limited to, sulfates, pyrosulfates, bisulfates, sulfites, bisulfites) phosphates,
mbnohydmgenphosphates, dihydrogenphosphates, metaphosphates, pyrophosphates, . chlorides,
bromides, iodides, acetates, propionates, decanoates, caprylafes, acrylates; formates, isobutyrates,,
caproates, hep-tanoates, propiolates, oxalates, malonates, succinates, suberétes, sebacates, fumarates,
maleates, butyn-1,4-dioates, hexyne-1,6-dicates, benzoates, chlorobenzoates, methylbenzoates,
dinitrobenzoates, hydroxybenzoates, methoxybenzoates, phthalates, sn}foﬁates, xylenesulfonates,
phenyiécetates, phenylpropionates, phenylbutyrates, citrates, lactates, y-hydroxybutyrates,
glycoilatés, tartrates, methanesulfonates, propanesulfonates, naphthalene-1-sulfonates, naphthalene-2-
sulfonates, and mandelates. Since a single compound of the present invention may include more than
one acidic or basic moiety, the compounds of the present invention may include mono, di or tri-salts
in a single compound. .‘ ,
[66299] If the inventive compound is a base, the desired salt may be prepared by any suitable
method available in the art, for example, by treatment of the free base with an acidic compound, for
example an inorganic acid such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
. phosphoric acid and the like, or with an organic acid, such as acetic 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 galacturenic acid, an alpha hydroxy acid such as citric
acid o tartaric acid, an amino acid such as aspartic acid or glutamic acid, an aromatic acid such as
benzoip acid or cinmamic acid, a sulfonic acid such as p-toluenesulfonic acid or ethanesulfonic acid,
or the like,

160360} If the inventive compound is an acid, the desired salt may be prepared by any suitable
method, for example, by treatment of the free acid with an inorganic or organic base. Examples of
suitable inorganic salts include those formed with alkali and alkaline earth metals such as lithium,
sodium, potassiwm, barium and calcium. Examples of suitable organic base salis include, for
example, ammonium, dibenzylammonium, benzylammonium, 2-hydroxyethylammonium, bis(2-
hydroxyethyDammonium, phenylethylbenzylamine, dibenzylethylenediamine, and the like salts.
Other salts of a,ci’dic moieties may include, for example, those salts formed with procaine, quinine and
N-methylglucosamine, plus salts formed with basic amino acids such as glycine, ornithine, histidine,
phenyf glycine, lysine and arginine. .

{60301] In certain embodiments, the salt of a compound of Formula £ is a pharmaceutically
- acceptable salt. The phrase "pharmaceutically acceptable” indicates that the substance or
composition is compatible chemically and/or toxicologically with the other ingredients comprising a
formulation, and/or the mammal being treated therewith. A “pharmaceutically acceptable salt,”
unless otherwise indicated, includes salts that retain the biclogical effectiveness of the corresponding

free acid or base of the specified compound and are not biologicaﬂ.y or otherwise undesirable.
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168362] The present invention also embraces isotepically-labeled compounds of the present
invention which are identical i those reciied herein, but for the fact that one or more atoms are
replaced by an atom having an atomic mass or mass number different from the atornic mass or mass

number usually found in nature..
METABOLITES OF COMPQOUNDS OF FORMULA I

[60363] Also falling within the scope of this invention are the in vivo metabolic products of

compounds of Formula I described herein. A "metabolite” is a pharmacologically active product
produced through metabolism in the body of a specified compound or salt thereof. 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. ~
SYNTHESIS OF GLUOCOKINASE ACTIVATORS
{00304} Compounds of this invention 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. The starting materials are generally available from commercial sources such as
Aldrich Chemicals (Milwackee, WI) or are readily prepared using methods well known to those
- skilled in the art (eg., prepared by methods generally described in Louis F. Fieser and Mary Fieser,
Reagents for Organic Synthesis, v. 1-19, Wiley, N.Y. (1967-1999 ed.), or Beilsteins Handbuch der
organischen Chemie, 4, Aufl. ed. Springer-Verlag, Berlin, including supplements).

[606305] Compounds of Formula I may be prepared singly or as compound libraries
comprisi{xg at least 2, for example 5 to 1,000 compounds, or 10 to 160 compounds. Libraries of
compounds of Formula I may be prepared by a combinatorial 'split and mix' approach or by multiple
paralie] syntheses using sither 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 of Formula f or salts thereof.

{06386} For illustrative purposes, Schemes A-U show general methods for preparing the
compounds of the present invention as well as key intermediates. For a more detailed description of
the individual reaction steps, see the Examples section below. Those skilled in the art will appreciate
that other synthetic routes may be used to synthesize the inventive compounds. Although specific
starting maierials and reagents are depicted in the Schemes and discussed below, other starting
materials and reagents can be easily substituted to provide & variety of derivatives and/or reaction

conditions. In addifion, many of the compounds prepared by the methods described below can be
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further modified in light of this disclosure using conventional chemistry well known to those skilled '
in the art,

Scheme A
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100347] Scheme A shows a method of preparing compounds (3A) of Formula ¥ wherein R’ is

thiazolyl and L = O or S. To prepare compound (3A), a 2-amincheterocycle (1) is reacted with
benzoylisothiocyanate té afford a benzoylthiourea intermediate, which is ﬁydrc;lyzed to the thiourea
(2 with a base such as, but not limited to, potassium carbonate in a suitable solvent such as, but not
limited to, ethanol. Alternatively, the amincheterocycle (1) can be treated with an inorganic or
ammonium isothiocyanate, e;g., Meckler’s procedure, in the presence of an acid to afford the thiourea
(2) in one step. Treatment of the thiourea (2) with an a-haloketone R®*COCHRX, wherein X =
OTs, Cl, Br,'I, or NR3z (wherein R = C-Cg alkyl), in a suitable base such as iriethylamine, Hunig's
base, DBU, alkali carbonate, sodium hydroxide, etc. and a suitable solvent such as ethanol affords the
thiazole (3A). If the desired a-halo ketone R>COCHR'?X is not commercially available, it can be
prepared by various methods known to those skilled in the art. Examples include, but are not limited
to, bromination of commercially or readily synthesized methyl ketones (Zefrahedron (1970) 5611-
5615, Organic Synthesis (1946) 13-15 ; Tetrahedron (1990) ﬁ943-2964), diazomethané treatment of

carbonyl chlorides, oxidation of i-chloro-2-alkanols, bromination of silyl enol ethers, or halogenation

of B-keto esters followed by decarboxylation.
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{60308} Scheme B shows an aiternative method of preparing a compound of Formula L

According to Scheme B, hydroxylated heteroary! halide (8) (if not commercially available) can be
prepared from heteroaryl halide (4) by: 1) ortho metalation with LDA or another suitable base; 2)
conversion of the anion to the boronate by reaction with B(OR);; and 3) oxidation of the boronate
with a suitable oxidant such as N-methylmorpholine oxide or hydrogen peroxide. The ortho metalated
_ species can also be quenched with (TMSOY), to obtain the hydroxylated material (5) directly upon
acidic workup. The hydroxylated heteroaromatic compound (5) can be alkylated with R™X in the
presence of a base such zs, but not limited to, cesium carbonate or sodium hydride and in a suitable
solvent such as, but not Iimited‘to, DMF to afford compound (6) wherein L is O. Examaples of RZX
that may be utilized include substituted 2- and 4-nitrohalobenzenes, substituted 2- and 4~
cyanohalobenzenes, 2-chlioro-1-fluorobenzene, halogenated pyridines, halogenated pyrimidines, and
other halogenated heterocycles. Compound (6) can be converted to compound (7)‘by the method of
Hartwig et al. (for an example of this transformation by analogy see: Organic Letiers (2001} 2729~
2732}, or by treatment with a Pd catalyst and benzophenone imine, or by heating in the presence of
ammonia (or NH,PG where PG is a protecting group).

[88309] Compounds of the formulas (6) and (7) wherein L is S can be prepared according to
methods described in Schemes I, I, K, M, N, O, and P, Compounds of the formulas (6) and (7)
wherein L is CH, can be prepared according to methods described below in Schemes I, K, M, N, O,
and P. Compounds of formulas (6) and (7) subsequently can be used in Schemes A-H.

[66310] Compound (7) can be converted to compound (3) of Formula I upon reaction with an

aryl or heteroaryl halide R'X in the presence of a base catalyst or metal {e.g., copper or palladium)
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catalyst. Alternatively, compound (6) can be converted directly to a compound (3) of Formula ¥ upon

‘ireatrdent with RINH, by base catalysis or by copper or palladium catalysis; i.e., the Buchwald

reaction.
Scheme C
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{60311} Scheme C shows a method of preparing 2-aminothiazole and 2-bromothiazole

intermediates (8) and (9), respectively, which are suitable for use in preparing compounds of Formula
I 2s shown in Scheme B. According to Scheme C, a-haloketone RPCOCHR™X can be treated with
thiourea in the presence of a suitable base such as potassium carbonate or triethylamine in an
appropriate solvent such as DMF or ethanol to afford aminoi;hiazoie (8). The aminothiazole (8) can
be converted to a diazonium salt intermediate by numerous methods including, but not limited to,
treatment with sodium nitrite in acid or isobutylnitrite. Treatment of the in situ diazonium salt with
Cu(X"); (X' = Cl or Br) or HBr affords the corresponding 2-halothiazole (9). Alternatively, using the
Hantzsch synthetic method, the o-haloketone R*COCHR'ZX can be treated first with KSCN, then
with HX wherein X is Cl or Br, to provide the 2-halothiazole (). The 2-halothiazole compounds (8)
and {9) can be converted into compound (3A) by the methods shown in Scheme B.
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[60312) Scheme D shows a method of preparing 3-aminothiadiazole and 3-bromothiadiazole

intermediates (11) and (]2); respectively, which are suitable for use in preparing compounds of
Formula I as shown in Scheme B. According to Scheme D, acylguanidine (10) (Can. J. Chem.,
(1961) 39, 1017-29) can be treated with Lawesson’s reagent or similar reagent in an appropriate
solvent such as toluene to afford the corresponding thicamide (EP 0307142). Oxidation of the
thivamide to form 3-amino-1,2,4 thiadiazole (11) can be accomplished with bromine, ilodine,
hydrogen peroxide or nitric acid. Cyclization of compound (10) may also be achieved by treatment
with hydroxylamine-O-sulphonic acid in an alcohol solvent such as methanol or ethanol in the
presence of pyridine (EP 0307142). Formation of the diazonium salt of compound (11), followed by
treatinent of the in situ diazonium salt with CuBr, affords the corresponding 3-bromo-1,2,4-
thiadiazole (12) (BP 0307142). The chloro derivative of compound {12) could also be synthesized
through the use of CuCl,. Alternatively, palladium-mediated coupling of the commercially available
3-bromo-5-chlore-1,2,4-thiadiazole (13) with 2 zinc reagent affords 3-bromo-1,2,4-thiadiazole (12)
(WO 2003/0378%4). Intermediate thiadiazoles (11) and (12) can be converted into compound (3B) of
Formula ¥ by the methods shown in Scheme B.
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{00313] Scheme E shows a method of preparing 5-amino-1,2,4-thiadiazole and 5-chloro-1,2,4-
thiadiazole intermediates (15) and (16), respectively, which are suitable for use in preparing
- compounds of Formula I as shown in Scheme B. According to Scheme E, primary amide (14) can be
converted into 5-amino-1,2,4 thiadiazole (15) by heating with KSCN in an appropriate solvent such
as methanol ~<'3r ethanol (dev. Heterocyel. Chem., (1982) 32, 285). Formation of the diazonium salt of
compound (15), followed by treatment of the in situ diazonium sait with CuCl, affords the
corresponding 5-chloro-1,2,4-thiadiazole (16). The corresponding bromo derivative can also be
synthesized through the use of CuBr;. Ah&maﬁw;ly, reaction of amidine (17) with perchioromethyl
mercaptan affords S-chloro-1,2,4-thiadiazole (16) (Bivorg. Med. Chem., (2003) 11, 5529-5537).
Intermediates (15) and (16) can be converted into compound (3C) of Formula I by the methods
shown in Scheme B.
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[60314} Scheme F shows a method of preparing 3-amino-1,2 ,4—0xadiajzc>le and 3-bromo-1,2,4-

oxadiazole intermediates (19) and (20), respectively, which are suitable for use in preparing
compounds of Formula I as shown in Scheme B. According to Scheme F, cyanamide can be reacted
with an appropriate acylchloride (18) or the corresponding anhydride, and subsequently reacted with
hydroxylamine to afford 3-amino-1,2,4-oxadiazole (19) (Hererocycles, (2002) 57, 811-823).
_Formation of the diazoniom salt of (19), followed by treatment of the in situ diazonium salt with
CuBr; affords the corresponding 3-bromo-1,2,4-oxadiazole (20). The chloro derivative could also be
synthesized through the use of CuCly  Alternatively, alkyl nitrile (21) can be reacted with
dibromoformaldoxime (neat) in the presence of an appropriate base such as sodium bicarbonate to
afford 3-bromo-1,2,4-oxadiazole (20} (J. Heterocyclic Chem., (1989) 26, 23-24). The oxadiazole
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.
intermediates (19) and (20) can be converted into compound (3D) of Formula I by the methods

show;] in Scheme B.
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{66315} Scheme G shows a method of preparing 5-amino-1,2,4-0xadiazole and 5-chloro-

1,2,4-oxadiazole intermediates (23) and (24), respectively, which are suitable for use in preparing
compounds of Formula I as shown in Scheme B. According to Scheme G, imidate illydrochloridc salt
(22) {made by the Pinuner rgactioﬁ) can be reacted with cyanamide in a suitable solvent such as
methanol or ethanol to afford. an intermediate N-cyancimidate. Cyclization can be achieved by
reacting the N-cyanoimidate with hydroxylamine hydrochloride in an appropriate solvent such as
methanol or ethanol in the presence of an appropriate base such as triethylamine, Hunig’s base,
pyridine or sodium acetate to aiford 5-amino-1,2,4-0xadiazole (23) (J. Org. Chem., (}963) 28, 1861~
21). Formation of the dla?omum salt of compound (23), followed by treatment of the in situ
diazonium salt with CuCly affords the corresponding 5-chloro-1,2,4-oxadiazole (24). The bromo
_derivative could also be synthesized through the use of CuBry. Alternatively, alky! nitrile (21) can be
converted into 5-chloro-1,2,4-oxadiazole (24) (WO 95/005368) by reaction with hydroxylamine
hydrochloride in an appropriate solvent such as methanol or ethanol, in the presence of an appropriate
base such as triethylamine, Hunig’s base, pyridine or sodium acetate, followed by cyclization o a
1.2.4-oxadiazolone with a bisacylating agent such as ethyl chloroformate, carbonyldiimidazole or
phosgene. In certain embodimeixts, the cyclization requires the use of a base such as NaOFH, NaH or
triethylamine to allow for the formation of the 1,2,4-oxadiazolone. Reaction of the 1,2,4-
oxadiazolone with a dehydrating agent such as POCL, POBr; or PCls affords the S-halo-1,2,4-
oxadiazole (24). The oxadiazole intermediates (23) and (24) can be converted into a compound (3E}

of Formula I by the methods shown in Scheme B.
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[66316] Scheme H shows a method of preparing 2-aminooxazole and 2-halo-oxazole

intermediates (26) and (27), respectively, which are suitable for use in preparing compounds of
Formula I as shown in Scheme B. According to Scheme H, a-hydroxyketone (23) is reacted with
cyanamide to afford 2-amincoxazole (26) (4ust. J. Chem. (1985), 38, 447-458). Formation of the
diazonium salt of compound (26), followed by treatment of the in situ diazonium salt with CuX,
(where X = Cl or Br) affords the corresponding 5-halo-1,2,4-thiadiazole (27). Intermediates (26) and
{27} can be converted into compound (3F) of Formula I by the method of Scheme B.

Scheme I
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[00317] Scheme | shows a method of preparing compound (3G) of Formula ¥ wherein Z is
CR®, According to Scheme I, the halo-substituted heterocycle (28) (prepared by the method of
Scheme A or B) wherein X' = CI, Br or 1, is first treated with an appropriate amount of methyl
lithium solution to remove exchangeable proton(s), and then transmetalated with an alkyl Jithium
reagent such as #-BuLi, sec-butyl or fers-butyl lithium, or a Grignard reagent such as, i-PrMg-halide.
The resulting anion is then quenched with an electrophile to provide compound (3G). Suitable
electrophiles include, but are not mited to: 1) aldehydes, 2) nitriles, 3) N-methoxy-N-methylamides'
(Weinreb amides), 4) dialkylsulphides, 5) hexachloroethane, 6) trialkyl boronates, 7} sulphonyl
chlorides, 8) sulfamy! chlorides, ) isocyanates,” 10) carbon dioxide, (11) alkyl halides, (12)
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trifluoroiodomethane (13) Mander’s reagent, and (14) chioroformates. Exemplary compounds of the
present invention which can be prepared according to the method of Scheme [ include compounds
(3G) wherein R’ is alkyl, phenylalkyl, cycloalkyl, hydroicylaikyi (from R°SI(CH),D), Cl, SH, SR,
SOR!, SO,R', OR', I, SCH,R'", OCH,R', COH, CH(OH)-R', and C(=O)R', wherein R' is alkyl,
alkenyl, alkynyl, cycloalkyl, or aryl. )

[00318] Alternatively, the halo-substituted heterocycle (28) can be converted to compound
(3G) wherein R® is alkyl, aryl, heteroaryl, alkenyl or alkynyl, by a metal (e.g., Cu or Pd) mediated
coupling reaction such as, but not limited to, the Negishi reaction, the Suzuki reaction, the
Sonogashira reaction, or the Stille reaction.

Scheme J
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{66319} Scheme J shows a method of preparing compounds (3H) of Formula ¥, whergin Z =

C-SR? or C-OR?, and Q = O or S, from a halo substituted heterocycie (28). According to Scheme J,
the halo-substituted heterocycle (28), prepared by the method of Scheme A or B, can be converted to
a thiol or alcohol (29) by one of several procedures. According to one method, the halo-substituted
heterocycle (28) is first treated with an appropriate amount of methy! lithiom solution to remove
exchangeable proton(s), and then transmetalated with an alky! lithinm réﬁgant such as »-Buli, sec-
butyl or rers-butyl lithium, or a Grignard reagent such as, /-PrMg-halide. The resulting anion is then
quenched with either elemental sulfur or bis(trimethylsilyl) peroxide to form the corresponding
mercapto- or hydroxyl-substituted compound (29). Alternatively, the anion can be quenched with
trimethyl borate and oxidized with either hydrogen peroxide {J. Med. Chem. (2004) 3089-3104) or N-
methyl morpholine oxide (Syn. Lert. (1995) 931-932) 1o afford the phenol (29). As a third synthetic
route, the halide (28) can be converted under Pd-mediated conditions 1o thiol or phenol (29) utilizing
potassium  triisopropylsilanethiolate (Tefrakedron Letters (1994) 3225-3226) or sodium feri-
butyldimethylsiloxide (/. Org. Chem,, {2002) 5553-5566). The thiol or phenol (29) can be alkylated
with a variety of electrophiles using standard reaction conditions to provide the corresponding ether
(3H) of Formula 1. Suitable electrophiles include, but are not limited to, alkyl halides, benzylic
halides, heteraroyl-CH,X, cycloalkyl halides, Michael acceptors, and activated heteroaryl halides

such as, but not limited to, 2-fluorocyanobenzene, 4-fluorocyanobenzene, 2-flucronitrobenzene, 4~
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fluoronitrobenzene, 2-chloro-4-nitropyridine, 2-halopyridine, 2-halopyrimidine, 4-halopyrimidine,
aryl halides and heteroary] halides. - ‘

[860320] Alternatively, balide (28) can be converied to an alkylAsulﬁde using Pd-mediated
conditions with appropriately functionalized sulfides. Examples of such sulfides include, but are not
fimited "to, esters of  3-mercaptopropancic  acid, 3-mercaptopropanenitrile  or 2~
(trimethyisilyl)ethansthiol, Sulfides of this type can be deprotected to the thiol and alkylated with a
variety of electrophiles under standard conditions (Chemical & Pharmaceutical Bulletin (1990),
38(10), 2667-75). '
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[00321] Scheme K shows a method of adding a linker L, wherein L is O or S, to a core

heterocycle to provide a compound (31) of Formula I wherein G = CRY, Z = C-Br, and ¥ =N .
According to Scheme K, 2-amino-3,5-dibromopyrazine (30) is reacted with R*LH, wherein L is O or
uS, in the presence of a suitable base such as KoCOs; or NaH in a suitable solvent such as DMF or
ethanol to afford compound (31) regioselectively. Compound (31) can be converted to compound
(31) of Formula I by the method of Scheme A or B. Compound (3I) can be converted into additional

5-substituted compounds of Formula I by the methods shown in Scheme I or J.
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[00322] Scheme L shows an alternate method of adding the linker OR? to a core heterocycle

to provide a compound (3) of Formula I wherein L is O. According to Scheme L, a benzy!l ether (32),
prepared by the method of Scheme A or B, can be converted to the hydroxyl substituted heterocycle
(33), for example by hydrolysis with a strong acid (e.g., 6N HCI) or by hydrogenation (e.g., Ha or
ammonium formate in the presence of a metal catalyst). Aikf/iaﬁon of the hydmxyiate& heterocycle

(33) with R*X, wherein X = F, CJ, Br, I, or NR3, in the presence of a base such as, but not limited to,
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cesium carbonate, in a suitable solvent such as, but not limited 1o, DMF, or by copper or palladium

catalysis (i.e., the Ullman reaction) affords compound (3) of Formula L

Scheme M
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{80323] Scheme M shows a method of preparing a compound (3J) of Formula ¥ wherein G =

N, Z=CR% Y =CH, and L = O or S. According to Scheme M, 6-chloropyridazin-3-amine (34) is
regioselectively brominated with a suitable brominating agent such as bromine, NBS, etc., to provide
compound (35). Reaction of compound (35) with R?LH (wherein L is O or 8) in the presence of a
suitable base such cesium carbonate or sodium hydride either with or without 2 metal catalyst (¢.g.,
Cul) in DMSO or DMF regioselectively affords compound (36). Compound (36) can be converted to
the chlorinated compound (37) of Formula I by the method of Scheme A or B. Compound (37) can

be converted into a 5-substituted compound (3) of Formula X by the method of Scheme I or 1.
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[06324] Scheme N shows a method of preparing a compound (3L) of Formula I wherein G =
CR', Z = CR%, Y = CR%, and L is O or §. According to Scheme N, the 2-aminopyridine (38) is
regioselectively brominated with a suitable brominating agent such as NBS or bromine to provide
compound (39). The brominated compound can be converted to compound (40) upon reaction with
R’LH (wherein L is O or § ) in the presence of a snitable base such as cesium carbonate, sodium
hydride or triethylamine in the presence of a metal catalyst (i.e.; Cul or Pd;dbas) in a suitable solvent
such as DMSO or DMF. The chlorinated product (40) can be converted to compound (41) by the
method of Scheme A or B. Compound (41) can be converted to a 5S-substituted compound (3L) of
Formula I by the method of Scheme I or J. Alternatively, the chlorinated 2-aminopyridine (40) can
be converted to a S-substituted compound (42) by the method of Scheme I or J, and then the
heterocyclyl group R can be added to compound (42) by the me‘fhod of Scheme A or B to provide

componnd (3L).
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[60325] Scheme O shows a method of preparing a compound (3L) of Formula I wherein G =

CR", Z=CR®, Y = CR* and L is O or §. According to Scheme O, reaction of compound (43) with
RPLH (wherein L is O or 8) in the presence of a suitable base such cesium carbonate or sodium
hydride either with or without 2 metal catalyst (i.e.; Pdzdbas or Cul) in DMSO or DMF affords
compound (44) wherein L is O or S. Alternatively, reaction of compound (43) with R*CHyZn under

imilar conditions affords compound (44) wherein L is CHy. To prepare compound (44) wherein L is
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C=0, compound {43) can be treated to lithiation conditions as described in Scheme 1, followed by
treatment with R*COMMeOMe).

[60326] The 2-aminopyridine (44) is then regioselectivei& brominated with a suitable
brominating agent such as NBS or bromine to provide compound (45). The brominated product (45}
can be converted to compound (46) by the method of Scheme A or B. Compound (46) can be
converted to S-substituted compounds (3L) of Formula I by the method of Scheme I or J.
Alternatively, the brominéted 2~-aminopyridine (45) can be converted to a S-substituted compound
(47) by the method of Scheme I or J, and then the heterocyclyl group R! can be added to compound
(47) by the method of Scheme A or B to provide compound (3L).
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R“ R’H R‘l“i R‘l?
3 3 3
—_— e . — " 1
Rr’\%\NH_) RAT N NH, RO NH, o RN ﬁ'R
) Br Br
48 49 50 51
R ' <35
RS o RS B
3 R s 1
RS NH, - RN R
L N
R2‘ RQ'
52 3t
©iBe32T) Scheme P shows an alternative method of preparing a compound (3L) of Formula ¥

wherein G = CR", Z=CR?, ¥ = CR%, and L is O, S or CHa. According to Scheme P, reaction of
compound (48) (which if not commercially available can be made from commercial aminopyridines
by regioselective bromination) in the presence of a suitable base such cesium carbonate or sodium
hydride and with or without a metal catalyst (e.g., Pdydbay or Cul) in DMSO or DMF affords
compound (49) by a method such as: ipso replacement (with R°OH or RSSH to provide compound
(49) wherein R? is ORS or SRS, respectively); Buchwald ether or thioether formation (with R°OH or
R°SH to provide compound (49} wherein R® is OR® or SR, respectively); a Negishi reaction (with
R®Zn); an aryl or alkyl Suzuki reaction (with R’B(OH)y); a Heck reaction, efc., according to
procedures well known in the literature and further exemplified in the Examples below. The 2-

aminopyridine (49) is then regioselectively brominated with a suitable brominating agent such as
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NBS or bromine to provide compound (50). The bromininated product {50) can be converted to
compound (51) by the method of Scheme A or B. Compound (51) can be converted to S-substituted
compounds (3L) of Formula I by Buchwald ether or thioether formation (with R*OH when L.= O or
R?SH when L = S), Negishi reactions (with R*CH,Zn when L = CH,), or by lithiation chemistry. as
described in Scheme ii(when L is C=0) to provide compound (3L). Alternatively, the brominated 2-
aminopyridine (50} can first be converted to compound (52} by the Buchwé}d, Negishi, or lithiation
chemistry, and-compound (52) can be converted to compound (3L} by the method of Scheme A or B.
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[60328] Scheme Q shows a method of preparing a compound (3L) of Formula I wherein G =

CRY, Z = CR? Y = CR* and L is O. Treatment of compound (533) with R®*X in the presence of a
suitable base such as cesium carbonate or sedium hydride, with or without a metal catalyst, affords
compound 54. Examples of R*X that can be utilized include substituted 2- and 4-nitrohalobenzenes,
substituted 2- and 4-cyanohalobenzenes, 2-chloro-1-fluorobenzene, halogenated pyridines,
halogenated pyrimidines, and other halogenated heterocycles. When RZX. contains two halogens, the
halogen ortho or para to an electron withdrawing group is selectively displaced in preference to the
meta substituted halogen, and the leaving group potential using sodium hydride as a base is F > C1 >
Br > I In this way, a bromine-containing compound suitable for further functionalization can be
made. For example using a brominated version of 2-chloro-1-fluorobenzene with 3-bydroxy-i—am ino
pyridine affords a brominated version of compound (54). The bromine can be converted fo a variety
of functional groups at this stage to form other analogs of compound (54) ;zsing palladium mediated
or anion chemistry. Subsequently, compound (54) can be regicselectively brominatéd to afford
compound ‘{55). This compound can be converted t¢ compound (56) by the methods described in
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Schemes 1 or J. Compound (36) is then converted fo compound (3L) by the procedures found in
Schemes A or B. Alternatively, compound (53) can be converted to compound (57) by the
procedures found in Schemes A or B, and then converted to compound (3L) by the procedures found

in Schemes T or J.
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[66329] Scheme R shows a method of preparing compounds of Formula I wherein R} is a

substituted thiazolyl. According t0 Scheme R, phthalimide-containing compound (58) wherein V is
alkylene optionally substituted by one or more alkyl groups (which can be prepared by the method of
Scheme A or B), can be converted to amine (59) by treatment with hydrazine. Amine (59) can be
elaborated to the amide, carbamate, urea, thiourea, monoalkylamine, dialkylamine, amidine, or
guanidine (60) by routine methods in the literature.
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[06330] Scheme S shows an alternative method of preparing compounds of Formula I wherein

R’ is a substituted thiazolyl. According to Scheme S, the ester-containing compound (61), whersin V
is alkylene optionally substituted by one or more alkyl groups (which can be prepared by the method
of Scheme A or B), can be converted to carboxylic aeid (62) by reduction or hydrolysis with a

hydride or hydroxide, respectively, Compound (62) can be converted to alcohol (64) upon treatment
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with a lithium reagent R'Li. Alternatively, the carboxylic acid (62) can be converted to a primary,
secondary or terti?zry amide (63} using a variety of amide coupling methods known to those skilled in
the art. Compound (62) can also be converted to compound (65), wherein R? is a heterocyely! group
such as, but not limited to, tetrazolyl, imidazolyl, triazolyl, or thiazoyl, by coupling methods known

1o those skilled in the art.
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60331} Scheme T describes the preparation of intermediates (68), (72) and (75) and

substituted forms thereof suitable for use in preparing compounds of Formula (34) wherein R™ and
R form a fused heterocyclic ring. To prepare intermediate (68), 2-halo-3~-aminopyridine (66) is
reacted with a thiocyanate (for example, sodinm or potassium thiocyanate} in acidic media (for
example, acetic acid) to provide thiazolopyridine (67). Compound (67) is converted to the
corresponding 2-halo compound (68) by standard methods (for example, by diazotization of the
amine with NalNO; and HX?, followed by reaction with Cu(X®),).
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[36332] To prepareg intermediate (72), the 2-amino-3-halopyridazine (69) is reacted with a
protected isothiocyanate to provide protected 2-aminothiazolopyridazine (70), which is deprotected
under standard hydrolytic conditions to provide 2-aminothiazolopyridazine (715 {Koren, B., et al,,
Heterocycles 1987, 26(3), 683%-697). The aminoheterocyciic'compound (71) is converted o the
corresponding 2-halo compound (72), for example, as described above. .

(603331 To prepare intermediate (75), compound (73} is converted to the 2~
aminothiazolotriazine (’2"4), for example, using the method of Jacobsen, et al., (dust. J. Chem. 1987,
40(3), 491-499). The aminoheterocyclic cbmpound (74) is then converted to the corresponding 2-
halo compound (75), for example, as described above. ,

[36334) It will be appreciated that the aminoheterocycles (68), (72) and (75) can be further
functionalized if desired, for example by halogenation of the 6-membered ring (for example with
NBS or bromine). Such halogenated derivatives may be further modified using well known methods.
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[66335] Scheme U shows an alternative method of preparing compounds of Formula (3A)

wherein R and R form a fused heterocyclic ring. Substituted 2-halo-aminoheterocycles (76),
wherein at least one X = N, but no more than two consecutive X are N, is reacted with thiophosgene
to provide the isothiocyanate (77). Refluxing the isothiocyanate (77) with the S-brominated
aminopyridine (45) in a suitable solvent such as ethanol or THF affords the heterocycle (78), which
can be converted to compounds of Formula (3A) by the methods described in Scheme P.
Alternatively, the aminopyridine (47), prepared as in Scheme P, is refluxed with the isocyanate (77)
to afford compounds of structure (3A).
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{60336} Scheme V shows an alternative method for producing compounds of the formula 3C

wherein D? is N. Formation of oxime (80)-from aldehyde (79} allows for the chlorination with N-
chiorosuccinimide in a suitable solvent, such as DMF, to produce compound (81). Compound (81) is
sulfonylated with a sulfonyl chloride having the formula R'SO,Cl wherein R' is, C;1-Cs alkyl (for
example, methyl) or aryl optionally substituted with C;-Cs alkyl (for example, tolyl) in the presence
of a base, such as but not limited to triethylamine, to afford compound (82) (See, for example,
Gibbons, L. US Patent No. 3,983,246). Reaction of compound (82) with a thiocyanate salt, such as
NaNCS, in a suitable solvent, such as ‘acetonitrile, and in the presence of a base, such as but not
limited to pyridine, affords the activated intermediate (83) (see, for example, Takeuchi, K., JP
2001081084). Intermediate (83) can be reacted in situ with an appropriate amino heterocycle (7) to

afford compounds of the structure (3C) of Formula I.
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{60337] Scheme W shows an alternative method for the comstruction of compounds of
Formula T where G and Y are CH, Z is C-SR® or C-OR®, and L is O or S. Starting from the
commercially available 2-cyanopyridine (84), selective nucleophilic displacement can be achieved
with compounds of the formula R?Q'H, where Q' is O or S, and an appropriate base, such as sodium
bydride, in a suifable solvent, such as DMF to provide compound (85). Addition of a second
nucleophile having the formula R®Q?H, wherein Q% is O or S, under similar conditions, affords the
functionalized 2-cyanopyridine (86). Hydrolysis of the nitrile can occur under many conditions, with
NaOH in aqueous ethanol being preferred, to afford the picolinate (87). Curtius rearrangement in the
presence of an appropriate alcohol affords the carbamate (88). The carbamate can be removed using
various conditions, depending on the alcohol used in the previous step, to provide the 2-
aminopyridine (89). Using procedures outlined in Schemes A, B or T, compounds (90) of the
Formula ¥ can be synthesized from compound (89).

[00338] Accordingly, another embodiment of the invention provides a method for preparing 2

compound of Formula I or a salt thereof, corﬁprising:

j60339] {a) veacting a corresponding compound of the formula
7
Y\"fkm
re
[60340] with a compound of the formula R'NH, in the presence of a base catalyst or metal
catalyst; or
(66341} (b} reacting a corresponding compound of the formula
%/GQN .
-
2
[08342] with a compound of the formula R'-X, wherein X is Cl or Br, in the presence of a

base catalyst or metal catalyst; or

[60343] {c) for a compound of Formula I wherein R' is

Ri2
s—(
E/Q\N»\R 18

168344} reacting a corresponding compound of the formuia
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{00345} with a compound of the formula R*COCHR*X, wherein X is a leaving group such as
OTs, Cl, Br, I, or NR; and R is C;-Cg alkyl, in the presence of a base; or V
[60346] (d) for a compound of Formula I wherein R' is
SN
\
‘1%/4\ )\Rm
N
[60347] - reacting a corresponding compound of the formula
/G\
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Yar
re-
[00348] with a compound having the formula
O
oLl R
st
N
AL
2N R
/
S
j00349] where R' is C;-Cg alkyl or aryl optionally substituted with C,-Cs alkyl, in the presence
of a base; or ) o
jG0350] (e) for a compound of Formula I wherein Z is SRS, reacting a corresponding

compound having the formula

G
Br \H/ o
Y\K\\ LR
&

r2
[060351] with a compound having the formula RESSRS in the presence of a suitable base, for
- example, an alkyl lithtum such as methy] Hthium, butyl lithium, or a mixture thereof; or
[O0352] (e) for a compound of Formula ¥ wherein Z is SR®, reacting a corresponding

compound having the formula
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[60353] with a compound having the formula RSX wherein X is a leaving group or atom such
as a halogen (e.g., F, Cl or Br) or a sulfonate (e.g., OMs or OTs) in the presence of a suitable base, for

example an alkali metal atkoxide such as potassium t-butoxide; or

| [00354] {f) for a compound of Formula I wherein R’ is
5 /N\ -
. AL pmop
T I
N .
{00355} reacting a corresponding compound having the formula
B Ga
YN
>
L
R? ,
[80356] with a compound having the formula
’ Cin N
i \ﬂ R20
x
N
o
043571 in a suitable solvent, for example DMF, at elevated temperatures, for example 80-110
*C: or
{60358} g) for a compound of Formula I wherein Z is CR3, fcacting a corresponding

compound having the formula

X’HI/GQN
Y\’,)\N,w
rz" "

[00359] wherein X* is a leaving group or atom (e.g., a halogen such as Br, Cl or I,) with a
* compound having the formula R*X® wherein X is a leaving group or atom, in'the presence of 2
suitable base (e.g., an alkyl lithium such as methy! lithium, buty! lithivm, or a combination thercof);
or -

003601 h) for a compound of Formula I wherein Z is C-SR® and R® is alkyl, CHp-aryl,

heteroaryl, or aryl and whersin said R® groups are optionally substituted, reacting a corresponding

compound having the formula



[G0361] with a compound having the formula R®-X° wherein X° is a leaving group or atom
{e.g., a halogen such as Cl or Br) in the presence of a suitable base; or
[66362] i) for a compound of Formula I wherein L is O, reacting a corresponding compound
having the formuléx ‘
%/G\\N o
Y\)\N,R"

on M
[66363] with a compound having the formuia R*-X%, wherein X® is a Iea;v'ing group or atom
(e.g., a halogen such as Cl or Br; or a triflate or tosylate group), in the presence of a base (e.g., an
alkali metal carbonate such as CsCOs) or in the presence of a copper or palladium catalyst; or
[00364] j) for a compound of Formula I wherein L is O or S, reacting a corresponding

compound having the formula

[60365] wherein X° is a leaving group or atom {(e.g., Br, I or OTf) with a compour;d' having the
formula R*LH wherein L is O or 8, respectively; in the presence of a palladium catalyst (e.g.,
Pd(OAc); and a ligand) and a suitable base (e.g., K2COs, NaH, NaOw-Bu) and a suitable solvent (e.g.,
toluene) at temperatures ranging from ambient temperature to 100°C; or

[00366] ' k) for a compound of Pormula I wherein L is CH,, reacting a corresponding

compound having the formula

[66367} wherein X' is a leaving group o% atom (e.g., Cl, Br, I, OTf or acejtyloxy) in the
presence of an organozine compound having the formula R%Zn-X& wherein X8 is a halide (e.g., Cl,
Br, or I} and a nickel or palladium catalyst; and

160368} removing any protecting group or groups and, if desired, forming a salt.

{60369} " In preparing compounds of Formula I, protect.ian‘ of remote functionalities (e.g.

primary or secondary amines, etc.) of intermediates may be necessary. The need for such protection
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will vary depending on the nature of the remote functionality and the conditions of the preparation
methods. Suitable amino-protecting groups (NH-Pg) 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.

METHODS OF SEPARATION

(663701 In any of the synthetic methods for preparing compounds of Formula I, it may be

advantageous to separate reaction products from one another and/or from starting materials. The
desired products of each step or series of steps is separated and/or purified to the desired degree of
homogeneity by the technigues common in the art.

METHODS OF TREATMENT WITH COMPOUNDS OF FORMULA I

1603711 The compounds of the present invention can be used as prophylactics or therapeutic

agents for treating diseases or disorders mediated by deficient levels of glucokinase activity or which
can be treated by activating glucokinase including, but not limited fo, diabetes mellitus, impaired
glucose tolerance; IFG (impaired fasting glucose) and IFG (impaired fasting glycemia), as well as
other diseases and disorders such as those discussed below. Furthermore, the compounds of the
present invention can be also used to prevent the progression of the borderline type, impaired glucos;a
tolerance, IFG (impaired fasting glucose) or [FG (impaired fasting glycemia) to diabetes mellitus,
166372} Accordingly, another aspect of the invention provides methods of treating or
preventing diseases or conditions described herein by administering to 2 mammal, such as a human, a
therapeutically effective amount of a ¢ompound of Formula 1.

[06373] 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, (i)
attenuates, ameliorates, or eliminates one or more symptoms of the particular disease, condition, or
disorder, or (iif} prevents or delays the onset of one or more symptoms of the particular disease,
condition, or disorder described herein,’ The amount of a2 compound of Formula ¥ that will
correspond to such an amount will vary depending upon factors such as the particular compound,
disease condition and its severity, the identity (e.g., weight) of the mammal in need of treatment, but
can nevertheless be routinely determined by one skilled in the art.

{66374] The terms "freat” and "freatment” 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, 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
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palliation of the disease state, and remission (whether partial or total), whether detectable or
undetectable. "Treatment” 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. .
[60375] As used herein, the term "mammal” refers to a warm-blooded animal that has or is at
risk of developing a disease described herein and includes, but is not limited to, guinea pigs, dogs,
cats, rats, mice, hamsters, and prima{es, including humans.
[00376] In certain embodiments, the methods of this invention are useful for treating diabetes
mellitus, Diabetes mellitus is a condition where the fasting plasma glucose level (glucose
concentration in venous plasma) is greater than or equal to 126 mg/dL (tested on two occasions) and
the 2-hour plasma ghicose level of a 75 g oral glucose tolerance test (OGTT) is greater than or equal
to 200 mg/dL. Additional classic symptoms inclode polydipsia, polyphagia and polyuria.
[88377] In certain embodiments, the methods of this invention are useful for treating the
syndrome of impaired glucose tolerance (IGT). IGT is diagnosed by the presentation of a fasting
plasma glucose level of less than 126 mg/dL. and a 2-hour post-oral glucose challenge lever greater
than 140 mg/dL. | ‘
1003781 The compounds of the present invention can be also used as prophylactics or
therapeutic agents of diabetic complications such as, but not limited fo, neuropathy, nephropathy,
retinopathy, cataract, macroangiopathy, osteopenia, diabetic hyperosmolar coma), infectious diseases
(e.g., respiratory infection, urinary tract infection, gastrointestinal tract infection, dermal soft tissue
infection, lower limb infection etc.), diabefic gangrene, xerostomia, decreased sense of hearing,
cerebrovascular disease, peripheral circulatory disturbance, ete.
1663791 The compounds of the present invention can be alsc used as prophylactics or
therapeutic agents in the treatment of diseases and disorders such as, but not limited to, obesity,
metabolic syndrome (syndrome X), hyperinsulinemia, hyperinsulinemia-induced sensory disorder,
dyslipoproteinemia (abnormal lipoproteins in the blood) including diabetic dyslipidemia,
hyperlipidemia, hyperlipoproteinemis (excess of lipoproteins in the blood) including type I, Il-a
(hypercholesterolemia), I-b, ITI, IV (hypeririglyceridemia) and V (hypertriglyceridemia), low HDL
levels, high LDL léveis, atherosclerosis and its sequelae, vascular restenosis, newrodegenerative
disease, depression, CNS disorders, liver steatosis, osteoporosis, hypertension, renal diseases (e.g.,
diabetic nephropathy, glomerular nephritis, glomerulosclerosis, nephrotic syndrome, hypertensive
nephrosclerosis, terminal renal disorder etc.),  myocardiac infarction, angina pecioris, and

cerebrovascular disease (e.g., cerebral infarction, cerebral apoplexy).
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[60386] The compounds of the present invention can be also used as prophylactics or
thérapeutic agents in the treatment of diseases ar_ld disorders such as, but not limited to, osteoporosis,
fatty liver, hypertension, insulin resistant syndrome, inflammatory diseases (e.g., chronic rheumatoid
arthritis, spondylitis deformans, osteoarthritis, lumbago, gout, postoperative or traumatic
inflammation, remission of swelling, neuvralgia, pharyngolaryngitis, cystitis, hepatitis (including non-
alcoholic steatohepatitis), pneumonia, inflammatory colitls, ulcerative colitis), pancreatifis, visceral
obesity syndrome, cachexia (e.g., carcinomatous cachexia, tuberculous cachexia, diabetic cachexia,
hemopathic cachexia, endocrinopathic cachexia, infectious cachexia, cachexia induced by acquired
immunodeficiency syndrome), polycystic ovary syndrome, muscular dystropby, tumor {e.g.,
leukemia, breast cancer, prostate cancer, skin cancer etc.), irritable bowel syndrome, acute or chranic
diarrhea, spondylitis deformans, ostecarthritis, remission of swelling, neuralgia, pharyngelaryngitis,
cystitis, SIDS, and the like.

[06381} This invention also provides the use of a compound of Formula I in the treatment of
diseases or disorders mediated by deficient levels of glucokinase activity or which can be treated by
activating glucokinase.

[00382] An additional aspect of the invention is the use of 2 compound of Formula I in the
preparation of a medicament for the treatment or prevention of diseases or disorders mediated by
deficient levels of glucokinase activity or which can be treated by activating glucokinase.

[60383] COMBINATION THERAPY ‘

[00384] The compounds of the present invention can be used in combination with one or more
additional drugs such as described below. The dose of the second drug can be appropriately selected
" based on a clinically employed dose. The proportion of the compound of the present invention and
the second drug can be appropriately determined according to the administration subject, the
administration route, the target disease, the clinical condition, the combination, and other factors. In
cases where the administration subject is a human, for instance, the second drug may be used in an
amount of 0.01 to 100 parts by weight per part by weight of the compound of the present invention.
{60385] The second compound of the pharmaceutical combination formulation or dosing
regimen preferably has complementary activities to the compound of this invention such that they do
not adversely affect each other. Such drugs are suitably present in combination in amounts that dre
effective for the purpose intended. Accordingly, another aspect of the present invention provides a
composition comprising a compound of this invention in combination with a second dmg, such as
described herein, _

[00386] A compound of this invention and the additional pharmaceutically active agent(s)

may be administered together in a unitary pharmaceutical composition or separately and, when
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administered separately this may occur simultaneously or sequentially in any order. Such sequential
administration may be close in time or remote in time. The amounts of the compound of this
invention and the second agent(s) and the relative timings of administration will be selected in order
to achieve the desired combined therapeutic effect.

{60387} The combination therapy may provide "synergy" and prove "synergistic”, ie., 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 simultancously in a combined, u_nit
dosage formulation; (2) delivered by alternation or in parallel as separate formulations; or (3) by
some other regimen. When delivered in aitematibn therapy, a synergistic effect may be attained
when the compounds are administered or delivered sequentially, e.g., by different injections in
separate syringes. In general, during alternation therapy, an effective dosage of each active
ingredient is administered §eq3&ntiai]y, i.e., serially, whereas in combination therapy, effective
dosages of two or more active ingredients are administered together. '
[00388] - The compounds of the present invention can be used, for example, in combination
with additional drug(s) such as a therapeutic agent for diabetes mellitus, and/or a therapeutic agent for
diabetic complications, as .defined above. Examples of known therapeutic agents for diabetes
mellitus which can be used in combination with a compound of this invention include insulin
preparations (e.g., animal insulin preparations extracted from the bovine or swine pancreas; human
insulin preparations synthesized by a genetic engineering technique using Escherichia coli or a
yeast), a fragment of insulin or derivatives thereof (e.g., INS-1), agents for improving insulin
resistance (e.g., pioglitazone hydrochloride, troglitazone, rosiglitazohe or its maleate, GI-262570,
JTT-501, MCC-555, YM-440, KRP-297, CS-011, FK~614), rlpha-glucosidase inhiEitors (e.g.,
voglibose, acarbose, miglitol, emiglitate), biguanides (e.g.. phenformin, metformin, buformin),
insulin secretagogues [sulfonylureas (e.g., tolbutamide, glibenclamide, gliclazide, chlorpropamide,
tolazamide, acetohexamide, glyclopyramide, glimepiride, glipizide, glybuzole), repaglinide,
nateglinide, mitiglinide or its calcium salt hydrate, GLP-1], dipeptidylpeptidase IV inhibitors (e.g.,
NVPE-DPP-278, PT-100), beta-3 agonists (e.g., C1L-316243, SR-58611-A, UL-TG-307, SB-226552,
AJ-9677, BMS-196085, AZ-40140, etc.), amylin agonists {(e.g, pramlintide), phosphotyrosine
phosphatase inhibitors (e.g., vanadic acid), gluconeogenesis inhibitors (e.g., glycogen phosphorylase
inhibitors, glucose-6-phosphatase inhibitors, glucagon antagonists), SGLT (sodium-glucose
cotransporter) inhibitors (g.g., T-1095 ), and the like.

[08389] - Examples of known therapeutic agents for diabetic complications include aldose
reductase inhibitors (e.g., tolrestat, epalrestat, zenarestat, zopolrestat, minalrestat, fidarestat (SNK-
860}, CT-112), neurotrophic factors (e.g., NGF, NT-3, BDNF), neurotrophic factor production
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secretion promoters, PKC inhibitors (e.g., LY-333531), AGE inhibitors (e.g., ALT946, pimagedine,
pyratoxathine, N-phenacylthiazolium bromide (ALT766), EX0-226), active oxygen scavengers {(2.8.,
thioctic acid), and cerebral vasodilators (e.g., tiapuride, mexiletine). )

1603903 ‘The compounds of the present invention can also be used, for example in combination
with antihyperlipidemic agents. Epidemioclogical evidence h“as fiumly established hyperlipidemia as a
primary risk factor in causing cardiovascular disease (CVD) duse to atherosciamsisi In recent years,
emphasis has been placed on lowering plasma cholesterol levels, and low density lipoprotein
cholesterol in particular, as an essential step in prevention of CVD. Cardiovascular disease is
especially prevalent among diabetic subjects, at least in part because of the existence of multiple
independent risk factors in this population. Successful treatment of hyperlipidemia in the general
‘population, and in diabetic subjects in particular, is therefore of exceptional medical importance.
Examples of antihyperlipidemic agents inciude, but are not limited to, statin compounds which are
cholesterol synthesis inhibitors (e.g., cerivastatin, pravasiatin, simvastatin, lovastatin, atorvastatin,
fluvastatin, itavastatin or their salts, ete.), squalene synthase inhibitors or fibrate compounds {(e.g.,
bezafibrate, clofibrate, simfibrate, clinofibrate) having a triglyceride lowering action and the like.
{66391} The compounds of the present invention can also be used, for example, in
combination with hypotensive agents. Hypertension has been associated with elevated blood insulin
levels, a condition known as hyperinsulinemia. Insulin, a2 peptide hormone whose primary actions are
to promote glucose utilization, protein synthesis and the formation and storage of neutral lipids, also
acts to promote vascular cell growth aﬁd inerease renal sodiuni retention, among other things. These
latter functions can be accomplished withont affecting glucose levels and are known causes of
hypertension. Peripheral vasculature growth, for example, can cause constriction of peripheral
capillaries, while sodium retention increases blood volume. Thus, the lowering of insulin levels in
hyperinsulinemics can prevent abnormal vascular growth and renal sodium retention caused by high
insulin levels and thereby alleviates hypertension. Examples of hypotensive agents include, but are
not limited to, angiotensin converting enzyme inhibitors {e.g., captopril, enalapril, delapril),
angiotensin II antagonists (e.g., candesartan cilexetil, losartan, eprosartan, valsantan, termisartan,
irbesartan, tasosartan), calcium antagonists (e.g., manidipine, nifedipine, nicardipine, amlodipine,
efonidipine), and clonidine.

{00392} The compounds of the present invention can be used in combination with antiobesity
agents. The term “obesity” implies an excess of adipose tissue. Obesity is a well-known risk factor
for the development of many very common diseases such as diabetes, atherosclerosis, and
hypertension. To some extent appetite is controlled by discrete areas in the hypothalamus: a feeding
centre in the ventrolateral nucleus of the hypothalamus (VIH) and 2 satiety cenire in the

ventromedial hypothalamus (VMH). The cerebral cortex receives positive signals from the feeding
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center that stimulate eating, and the satiety center modulates this process by sending inhibitory
impulses to the feeding center. Several regulatory processes may influence these hypothalamic
centers. The satiety center may be activated by the increases in plasma glucose and/or insulin that
follow a meal. Examples of ami.obesit}; agents include, but are not limited to, anticbesity drugs
acting on the central nervous system (e.g., dexfenfluramine, fenfluramine, phentermine, sibutramine,
anfepramon, dexamphetamine, mazindol, phenylpropanclamine, clobenzorex), pancreatic lipase
inhibitors {e.g. orlistat), beta-3 agonists (e.g., CL-~316243, 8R-58611-4, UL-TG-307, SB-226552,
AJ-9677, BMS-196085, AZ-40140), anorectic peptides (e.g., leptin, CNTF (Ciliary Neurotfrophic
Factor) and cholecystokinin agonists (e.g. lintitript, FPL-15849). '

ROUTES OF ADMINISTRATION

(06393} The compounds of the invention may be administered by any route appropriate to the
condition to be treated. Suitable routes include oral, parenteral (including subcutaneous,
intramuscular, intravenous, intraarterial, intradermal, intrathecal and epidural), transdermal, rectal,
nasal, topical (including buccal and sublingual), vaginal, intraperitoneal, intrapulmonary and
intranasal. Jt will be appreciated that the preferred route may vary with, for example, the condition of
the recipient. Where the compound is administered orally, it may be formulated as a pill, capsule,
tablet, etc. with a pharmaceutically acceptable carrier or excipient. Where the compound is -
administered parenterally, it may be formulated with a pharmaceutically aceeptable parenteral vehicle
and in a unit dosage injectable form, as detailed below.

PHARMACEUTICAL FORMULATIONS

[60394) " In order to use a compound of this invention for the therapeutic treatment (including
prophylactic treatment) of mammals including humans, it is normaliy formulated in accordance with
standard pharmaceutical practice as a pharmaceutical composition. According to this aspect of the
invention there is provided a pharmaceutical composition that comprises a compound of this
invention in association with a pharmaceutically acceptable diluent or carrier.

{¢6395] In another embodiment of the invention, an article of manufacture, or "kit",
containing materials useful for the treatment of the disorders described above is provided. In one
embodiment, the kit comprises a container comprising a compound of this invention. Suijtable
containers include, for example, bottles, vials, syringes, biister pack, etc. The crmtainmf may be
formed from a variety of materials such as glass or plastic. The container may hold a compound of
this invention 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).”
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EXAMPLER
[66396} In order to illustrate the invention, the following examples are included. However, it
is to be understood that these examples do not limit the invention and are only meant to suggest a
method of practicing the invention. Persons skilled in the art will recognize that the chemical
reactions deseribed may be readily adapted to prepare a number of other glucokinase activators of the
‘ invention, and alternative methods for preparing the compounds of this invention are deemed to be
within the scope of this invention. For éxamp!e, 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 interfering 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.
[08357] The compounds of this invention also include the compounds of Examples 1-478
described below, with the exception of the examples labeled as "reference examples”. Compounds
labeled "Reference Examples” were found to be weakly active in the in vitro assays described below,
and are provided to illustrate representative methodology in preparing compounds of Formula L
{60398) In the examples described below, unless otherwise indicated all temperatures are set
forth in degrees Celsius. Reagents were purchased from commercial suppliers such as Aldrich
Chemical Company, Lancaster, TCY or Maybridge, and were used without further purification unless
otherwise indicated.
{60359} The reactions set forth below were done generally under a positive pressm"e of
nifrogen or argon or with a drying tube (unless otherwise stated) in anhydrous solvents, and the
reaction flasks were typically fitted with rubber septa for the introduction of substrates and reagents
by syringe. Glassware was oven dried and/or heat dried.
[00400] Column chromatography was done on a Biotage system {(Manufacturer: Dyax
Corporation) having a silica gel column or on a silica SepPak cartridge (Waters). 'H NMR spectra
were recorded on a Varian instrument operating at 400 MHz. M NMR specira were obtained as
CDCl; or dg-DMSO solutions (reported in ppm), using (7.25 ppm) or tetramethylsilane (0.00 ppm) as
the reference standard (7.25 ppm).  When peak multiplicities are reported, the following
abbreviations are used: s (singlet), d (doublet), t (triplet), m (multiplet), br (broadened), dd (doublet
of doublets), dt (doublet of triplets). Coupling constants, when given, are reported in Hertz (Hz).
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Example 1

4-Methylthiazol-2-viamino idin-3-vioxyYbenzonitrile

N
| / j#&
N N
O H .
: CHN

[80401] Step A: 2-(2-chloropyridin-3-yvioxvbenzonitrile: A 50 mLround bottomn flask was

charged with 2-chloropyridin-3-ol (2.5 g, 19 mmol), 2-fluorobenzonitrile (2.6 g, 21 mmol) and
potassium carbonate (6.7 g, 48 mmol) in DMF (10 mL) and heated at 90 °C for 1.5 days. Water was

added water, and the reaction mixture was extracted with ethyl acetate, dried over magnesium sulfate,
filtered and concentrated. The residue was purified by silica gel column chromatography using 10~
20% ethyl acetate in hexanes as eluent to afford the tiﬂe compound as an off white solid (2.1 g, 47%
vield).

[08462] Step B:
mlround bottom flask was charged with 2—(2—ch10topyridin»3-yloxy)’oenzonitriie 0.667 g, 2.89
mmol), 4~-methylthiazol-2-amine (0.30¢ g, 2.63 mmol}, potassium phosphate (0.614 g, 2.89 mmol)

and toluene (7 mL). The reaction mixture was degassed with nitrogen. Tris(dibenzylideneacetone)-
dipalladium (0) (0.0602 g, 0.0657 mmol) and 4,5-bis(diphenylphosphino)-9,9-dimethyl-9H-xanthene
(00418 g, 0.0723 mmol) were added, and the reaction mixture was degassed with nitrogen. The
reaction mixture was warmed to 90 °C and degagsed water (2 mL) was added. The reaction mixture
was stirred at 90 °C overnight. Water was added and the reaction mixture was extracted with ethyl
acetate. The organic layer was dried over magnesium sulfate, filtered and concentrated . The residue
wag purified by silica gel column chromatography using 10-40% ethyl acetate in hexanes as eluent to
afford the title compound as a yellow solid (0.385 g, 46.6% yield). "H NMR (CDCls) & 8.19 (dd,
1H), 7.68 (44, 1H), 7.49 (m, 1H), 7.19 (dd, 1H), 7.15 (dd, 1ﬁ}, £.85 (m, 2H), 6.39 (m, 1H), 2.29 (4,
3H); Mass spectrum {esi) m/z = 309 (100). :
Example 2 .
4-(2-{4-Methvithiazol-2-vlaminoipyridin-3-vioxyibenzonitrile

N8
QQ\ \
N N
o6 H
NC':

1094031 Prepared according to the method of Example 1, starting with 4-(2-chloropyridin-3-
vloxy)benzonitrile. "H NMR (CDCl;) § £.19 (dd, 13), 7.62 (m, IH), 7.59 (m, 1H), 7.21 (dd,. 1H),
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7.02 (m, 1H), 7.00 (m, 1H), 6.87 (dd, 1F), 6.39 (m, 1H), 2.28 (d, 3H); Mass specirum (esi) m/z = 309
(100).
: Example 3
2-(2-(3-Methvl-1.2.4-thiadiazol-5-vlaminoypyridin

160404} Prepared according to the method of Example 1, Step B, starting with 2~(2-
chloropyridin-3-yloxy)benzonitrile. "H NMR (CDCls) § 9.14 (bs, 1H), 8.28 (dd, 1H), 7.73 (4d, 1H),
7.56 {m, 1H), 7.24-7.29-(m, 2H), 7.00 (dd, 1H), 6.94 (¢, 1H) 2.52 (s, 3H); Mass spectrum (esi) m/z =
310 (100).

Example 4 (Representative Example)

N-{4-methvithiazol-2-v1)-3-(2-nitrophenoxy)pyridin-2-amine
NS A
Q I
N N
o H
: NO,

- [60405] Prepared according to the method of Exzample '1, Step B, starting with 4-
methylthiazol-2-amine. 'H NMR (CDCls) § 10.12 (bs, 1H), 8.13 (r'n, 1H), 7.84 (dd, 1H), 7.71 (di,
1H), 7.59 (m, 2H), 7.41 (dd, 1H), 7.11 (dd, 1H), 6.23 (m, 1H), 2.28 (d, 3H}; Mass spectrum (esi) m/z
= 329 (100). ‘

Example §
N- -3-{4-pitrophenoxyipyridin-2-amine
N ST
| Z /O\
ﬁ N
Yy
O,N7 NF
[60406] Prepared according to the method of Example 1, Step B, starting with 4-

methylthiazol-2-amine, *H NMR (CDCls) 8 9.30 (bs, 1H), 8.24 (m, 1H), 8.22 (m, 1H), 8.00 (dd, 1H),
7.44 (dd, TH), 7.33 (m, 1HD, 7.30 (m, 1H), 7.21 (dd, 1H), 6.53 (m, 1H), 2.36 (d, 3H); Mass spectrum
(esi) m/z = 329 (100). ]
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Example 6
I-(4-(MethvisulfonvDphenoxy)-IN-(4-methyvithiazol-2-vhpvridin-2-amine hvdrochloride

SN ]
| )

I x O .
MeO,s~
[60487] Prepared according to the method of Example 1, starting with 2-chloro-3-(4-

(methylsulfonyt)phenoxy)pyridine. 'H NMR (CDCl) 8 8.28 (dd, 1H), 7.94 (m, 1H), 7.92 (m, 1H),
7.63 (dd, 1H), 7.23 (m, 1H), 7.21 (m, 1H), 7.13 (dd, 1H), 6.74 (bs, 1H), 3.20 (s, 3H), 2.26 (d, 3H);
Mass spectrum (es1) m/z = 362 (100).

Example 7

[00488] Step A: 3-bromo-5-chloropvridin-2-amine: A 250 mDround-bottomed flask was
charged with 5-chloropyridin-2-amine (80 g, 6223 mmol) and CHCl; (100 mL). Added bromine

(31.98 mL, 622.3 mmol) and stirred at room temperature for 30 minutes: The reaction mixture was

poured into saturated bicarbonate and NaHSO; and extracted with CHpCl. The organic layer was
dried with sodium sulfate, filtered and concentraied to afford the title compound (113.8 g, 88.1%
vield) as a tan solid. "H NMR (de-DMSO) 5 7.97 (d, 1H), 7.90 (d, 1), 6.44 (bs, 2H).

[60469] Step B: 3-chioro-3-phenoxypyridin-Z-amine:  3-Bromo-S-chloropyridin-Z-amine
| (50.0 g, 241 mmol), phenol (454 g, 482 mmol), copper(Doxide (1.72 g, 12.1 mmol), E)-2~
hydroxybenzaldehyde oxime (6.61 g, 48.2 mmol), CsxCO; (157 g, 482 mmol), and 3A powdered
molecular (72.3 g) sieves were placed in DMF (300 mL) and heated at 110 °C for 3 days. Reaction
was cooled, then filtered through celite, Reaction was then partitioned between water and ether. An
emulsion was formed and was filtered through a plug of celite. Water was extracted with ether then
dried, filtered, and concentrated, Crude material was purified on a first silica get chromatography (5-

10% EiOAc in hexanes), and then on a second column to provide the title compound (8.00 g, 15.0%
vield). "H NMR (CDCl) 8 7.80 (d, 1H), 7.39 (t, 2H), 7.19 (t, 1H), 7.03 (d, ZH), 6.94 (d, 1H), 4.76
(bs, 2H); Mass spectrum (apei) m/z = 221 (100).

[66410] Step C: 5-chloro-3-
phenoxypyridin-Z-amine (8.493 g, 38490 mmol) and benzoyl isothiocyanate (6.9096 g, 42.339
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mmol) were placed in THF (20(} mL) and stirred at room temperature for 2 hours. THF was
removed. A suspension was made by adding Hexanes:BiOAc (9:1). The suspension was filtered and
the solid was washed with hexanes then dried to afford the title compound (13,752 g, $3.1% yield) as
a yellow solid. "H NMR (de-DMSO) § 12.35 (s, 1H), 11.84 (s, 1H), 8.34 (d, 1H), 7.95 (d, 2H), 7.66
(t, 15, 753 (t, 2H), 7.44 (m, 3ED), 7.24 (¢, 1H), 7.18 (m, 2H); Mass spectrum {(apci) m/z = 383.]
QVIHHD). '

(60411} Step D: 1-(8-chloro-3-phenoxypvyridin-2-vhthiourea: A 250 mLround-bottomed flask
was charged with I-benzoyl-3-(5-chlore-3-phenoxypyridin-2-yljthiourea (13.752 g, 35.826 mmol)
and THF (100 mL). 3M NaOH (119.42 mL, 358.26 mmol) was added and the reaction mixture was -

heated to 90 °C for 18 hours. The reaction mixture was cocled to room temperature and concentrated

. The resulting solids were filtered, washed with water, and dried to provide the title compound (9.49
g, 94.689% vield) as a yellow solid. "H NMR (ds-DMSO) & 9.97 (s, 1H), 9.25 (s, 1H), 8.87 (s, 1H),
8.11 (d, 1H), 7.49 ¢, 2H), 7.31 (d, 1H), 7.28 (m, 2H), 7.23 (d, 2H); Mass spectrum (apcl) m/z = 279.9
VD, '
[00412] Step E: 5
i-chloropropan-2-one (3.827 g, 41.36 mmol), 1-(5-chloro-3-phenoxypyridin-2-yDthiourea (8.265 g,
29.54 mmol), triethylamine (7.001 mL, 50.23 mmol), and ethanol (30 mL) was refluxed for 3 hours.

The ethanol was removed to about one third original volume, and then the reaction mixture was

4-methylthiazol-2-y1}-3-phenoxyp ridin-2-amine: A mixture of

cooled in an ice bath and filtered. The solids were washed with cold ethano! and dried to afford the
title compound (8.35 g, 88.96% vield) as a light yellow powder. "H NMR (d¢-DMSO) & 10.94 (bs,
1H), 8.15 (d, 1MD), 743 (t, 2H), 7.32 (4, 1), 7.20 (, 1H), 7.19 (d, 2H), 6.60 (s, 1H), 2.23 (s, 3H);
Mass spectrum (apel) m/z = 318.2 (M-+H). A ' -
Example 8
N-(4-methylthiazol-2-yD-3-phenoxy-3-(phenyithiolpyridin-2-amine hydrochloride

Sries
o

[60413] 5-Chloro-N-(4-methylthiazol-2-y1}-3-phenoxypyridin-2-amine (0.150 g, 0.472 mmof)
was placed in THF (30 mL) and cooled to -78 °C. MeLi (0.369 mL, 0.590 mmol) was siowly added
and the reaction mixture was stirred for 10 minutes, Butyliithium (0.236 mi, 0.590 mmol) was

added and the reaction mixture was stirred for 30 minutes. 1,2-Diphenyldisulfane (0.103 g, 0.472

mmol} was added and the reaction mixture was warmed to room temperature, then stimed for 15

minutes. The reaction mixture was quenched with ammonium chloride and extracted with CH,Cl,.
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The organic layer was dried, filtered, and concentrated. The residue was purified by silica gel

chromatography {10-20% EiCAc in hexanes), and then by reverse phase chroma’sography to give the

title compound (0.0572 g, 28.3% yield) after salt formation. 'H NMR (de-DMSO) 8 10.94 (bs, 1H),

8.15 (d, 1H), 7.43 (t, 2H), 7.32 (d, 1H), 7.20 (t, 1FD,.7.19 (4, 2H, 6.60 (s, 1H), 2:23 (s, 3H); Mass
spectrum (apei) m/z = 392.2 (M+H-HCI). '
Example 9

N-(d-methylthiazol-2-¢D-3-phenoxy-5-phenyipvridin-2-amine hvdrochioride

4 N N
H
@/ o
[60414] 5-Chloro-N-(4-methyithiazoi-2-yi)-3-phenoxypyridin-2-amine (0.150 g, 0.472 mmol),
1

‘ phenylboronic acid (0.0691 g, 0.566 mmol), Pd(PPha)s (0.0545 g, 0.0472 mmol), in DME (10 mL),
and 2M Na,CO; (5 mL) were placed in a round bottom flask, heated to 80 °C and stirred overnight.
An extra equivalent of PA(PPhy)s (0.0545 g, 0.0472 mmolj, and phenyiboronic acid (0.0691 g, 0.566
mmol) were added and the reaction mixture was heated for 2 weeks. The reaction mixture was
cooled to room temperature and partitioned between CH;;:C!Z énd water. The organ-ic layer was dried,
filtered, and concentrated. The residue was purified by silica gel chromatography and then by reverse
phase chromatography to give the title compound (0.0134 g, 7.17% yield) after salt formation. 'H
NMR {ds-DMSO) & 8.53 (d, 1H), 7.65 (m, 3H), 7.45 (m, 4H), 7.37 (m, 1H), 7.21 x, 1H), 7.16 (d,
2H), 6.78 (s, 1H), 2.29 (s, 3IH); Mass spectrum (épci} m/z = 360.3 (M+H-HCD.

' ‘ Example 10

5-Bromo-N-(4-methyithiazol-2-y1)-3-phenoxypyridin-2-amine

Br SN
\
@*Ni}“
o

' [60415) Step A 3-phenoxypyridin-2-amine: Prepared according to the method of Example 7
Step A, starting with bromopyridin-2-amine, phenol, and (B)-2-hydroxybenzaldehyde oxime (20.61
g, 150.3 mmol). :

[60416] Step B: 5-bromo-3-phenoxypyridin-Z-amine: 3-Phenoxypyridin-Z-amine (20.50 g,

110.1 mmol) was placed in acetic acid (30 mL) and cooled to 0 °C. Bromine {d 3.12) (7.04% mL,

137.6 mumol) was slowly added and the reaction mixture was stirred for 1 hour. The reaction mixture
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was poured onto saturated sodium bisulfite and ice and allowed to sit overnight. Solids were
removed by filtration and washed with water to give pure 5-bromo-3-phenoxypyridin-2-amine. The
filtrate was then extracted with CHyCly several times, combined, and washed with water. Organic
layer was dried, filtered, and concentrated. The residue was purified by silica gel (5-20% EtOAc in

hexanes) to give additional 5-bromo-3-phenoxypyridin-2-amine (total yield: 22.69 g, 77.74% yield).

[60417] Step C: 1-benzoyl-3-(5-bromo-3-phenox idin-2-viythiourea: Prepared according to
the method of Example 7 Step C.
j00418] Step D:  1-{53-bromo-3-phenogypyridin-2~yDthiourea: Prepared "acoording to the

method of Example 7 Step D.
[06419] . Step E S-bromo-N-(4-methylthiazol-2-yl)-3-phenoxypvridin-2-amine:  Prepared

according to the method of Example 7 Step E, using 1-chloropropan-2-one. 'H NMR (d5~DMSQ) &

10.90 (bs, 1), 8.21 (d, 1H), 7.43 (1, 2H), 7.39 (4, 1H), 7.20 (¢, 1H), 7.09 (4, 2H), 6.61 (s, 1H), 2.23
(s, 3H): Mass spectrum (apci) m/z = 364.1 (M+H).

Example 11
N-{4-methylthiazol-2-v1)-3-phenoxy-5-{pyridin-3-vDpyridin-2-amine dihvdrochloride
3
N i S s
e } P Q\
N N
{00420} 5-Bromo-N-(4-methylthiazol-2-yl)-3-phenoxypyridin-2-amine  (0.070 g, 0.1932

mmol), pyridin-3-ylboronic acid (0.02850 g, 0.231% mmol), Pd(PPhs)s (0.02233 g, 0.01932 mmol),
DME (10 mL), and 2M sodium bicarbonate (2 mL) were combined, heated to 80 °C and stirred
overnight. The reaction mixture was cooled and partitioned between CHyCl, and water. The organic
layer was dried, filtered, and concentrated. The residue was purified by silica gel chromatography
(30-40% EtOAc in hexane) to give N*(4“meth$flthiazoi~2~yi)~3~phen0xy~Sﬂ{pyridin-S—yl)pyridinQ»
amine.  MN-{4-methylthiazol-2-y1)-3-phenoxy-5-(pyridin-3-yDpyridin-2-amine was dissolved in
- CHCYLy and 2M HCI in ether was added to give N-(4-methyhthiazol-2-y)-3-phenoxy-5-(pyridin-3-
yhpyridin-2-amine dihydrochloride (0.050 g, 59.71% yield). "H NMR (d-DMSO) 8 9.19 (d, 1H),
8.78 (dd, 1H), 8.70¢ (m, 2H), 7.93 (m, 2H), 7.42 (t, 2H), 7.18 (t, 1H), 7.12 (d, 2¥), 6.74 (s, 1H}, 2.28
(s, 3H); Mass spectrum (apel) m/z = 361.2 (M+H-2HCI).
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Example 12
N-(4-methvithiazol-2-vi }-3-phenoxy-3-(pyridin-4-yDipyridin-2-amine dihvdrochloride

{00421} Prepared according to the method of Example 11, using S-bromo-N-(4-methylthiazol-
2~yh)-3-phenoxypyridin-2-amine and pyridin-4-ylboronic acid. 'H NMR (de-DMSO) 6 8.96 (d, 1H),
8.86 (d, 2H), 8.05 {d, 1H), 7.42 (t, 2H), 7.17 (, 1H), 7.17 (1, 1H), 7.10 (d, 28), 6.73 (s, 1H), 2.26 (s,
3H); Mass spectrum (apci) m/z = 361.3 (M+H-2HCI).

Examptle 13

Methyl 3-(6-(4-methvithiazol-2-vlamino)-S~phenoxypvridin-3-vithio)propanoate

[66422] A 25 mL round-botiomed flask was charged with 5-bromo-N-{4-methylthiazol-2-y)-
3-phenoxypyridin-2-amine (350 mg, 0.966 mmol), Pdadba; (22.1 mg, 0.024 mmol), 4,5-
bis(diphenylphosphino}-9,9-dimethyl-9H-xanthene  (27.9 mg, 0.048 mmol), N-ethyl-N-
isopropylpropan-2-amine (0.33 mL, 1.9 mmol), methyl 3-mercaptopropanoate (0.12 mi, 1.1 mmol),
and dioxane (10 mL). The reaction mixture was heated to 100 °C under nitrogen for 2 hours. The
reaction mixture was cooled to room temperature, filtered and concentrated. The residue was purified
by silica gel chromatography (40% EtOAc in hexanes) to afford the title compound (328 mg, 84.5%
yield) as a pale yvellow solid. HCI salt made for characterization. 'H NMR (de-DMSO) 8 8.18 (4, 1H).
7.45 (m, 2H), 7.36 (4, 1H), 7.22 (t, 1H), 7.13 (4, 2H), 6.79 (s, 1H), 3.55 (s, 3H), 3.07 (t, 2H), 2.57 ¢,
2H), 2.29 (s, 3H); Mass spectrum (esi) n/z = 402.2 (100)(QM+H-HCI).
Example 14
N-(5-{evelohexvithio

~y-4-methyithiazol-2-amine hydrochloride
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[00423} Prepared according to the method of Example 13, using 5-bromo-N-(4-méthylthiazol-
2-yy-3-phenoxypyridin-2-amine and cyclohexanethiol. "H NMR (ds-DMSO) § 8.17 (d, 1H), 7.45 (m,
2H), 7.30 (d, 1H), 7.22 (t, 18), 7.13 (m, 2H), 6.80 (s, 1H), 3.08 (m, 1H), 2.29 (s, 3H), 1.82 (m, 2H),
1.66 (m, 2H), 1.52 (m, 1), 1.23 (m, 5H); Mass spectrum (esi) m/z = 398.2 (100)(M+H-HCI).
Example'15
N-(5-(benzylthic)-3-phenoxypyridin-2-yh-4-methylthiazol-Z-amine hvdroch}oricia

@’0 HHCX

1060424] Prepared according to the method of Example 13, using 5-bromo-N-(4-methylthiazol-
2-y1)-3-phenoxypyridin-2-amine and phenyhmethanethiol. 'H NMR (ds-DMSO) § 8.08 (d, 1H), 7.42
(m, 2H), 7.28-7.15 (m, 7¥), 6.98 (m, 2H), 6.74 (s, 1H), 4.12 (s, 2H), 2.27 (s, 3H); Mass spectrum
{est) m/z = 406.2 (100} (M~+H-HCI).

Example 16
4-Methyl-N-(3-phenoxy-5-{oyridin-2-vlmethvithio)pyridin-2-ylthiazol-2-amine dihydrochioride

[00425] A 20 ml vial was charged with methyl 3-{6-(4-methylthiazol-2-ylamino)-5~ |
phenoxypyridin-3-ylthio)propanoate (135.8 mg, 0.338 mmol) and THF (0.5 mL). IM KOtBu in THF
€1.184 mL, 1.184 mmol) was added and the reaction mixture was stirred at room temperature for 30
seconds. 2-(Bromomethypyridine hydrobromide (85.55 mg, 0.3382 mmol} was added and the
reaction mixture was stirred at room temperature for 30 minutes. Saturated aqueous ammonium
chloride was added and the reaction mixture was extracted with EtOAc. The concentrated residue
was purified on silica gel to afford N-(4-methylthiazol-2-y1)-3-phenoxy-3-(pyridin-2-
yimethylthio)pyridin-2-amine dihydrochloride (98.2 mg, 60.5% yield) as a pale yellow solid after
HCI salt formation. 'H NMR. (de-DMSO) 8 8.66 (dd, 1H), 8.22 (td, 1H), 8.12 (d, 1H), 7.70 (, 1),
. 7.62 (2, 1H), 7.45 (m, 2H), 7.23 (¢, 1H), 7.16 (d, 1H), 7.06 (m, 2H), 6.82 (m, 1), 4.42 (s, 2H), 2.29 .
(s, 3H); Mass spectrum (esi) m/z = 407.2 (100) (M+H-2HCI). ‘
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. Example 17
4-Methyl-N-(3-phenoxv-5-(piperidin-4-vimethyithio

o8

s
SN s
HC \Q_\NQ‘
[ H

o
©/ HCI

Prepared according to the method of Example [6, using methyl 3-(6—(4-

[66426]

methylthiazol-2-ylamino)-S-phenoxypyridin-3-ylthioypropanoate. 'H NMR (de-DMSO) 6 8.83 (i,
1H), 8.52 (m, 1H), 8.18 (dd, 1), 7.43 (m, 2H). 7.36 (dd, 1H), 7.20 (td, 1H), 7.10 (m, 2H), 6.72 (s,
1H), 3.57 (4, 1H), 3.21 (m, 2H), 2.86 (m, 2H), 2.7% (m, 2H), 2.26 (s, 3H), 1.87 {m, 2H)}, 1.67 (m, 1H),
1.35 (m, 2H); Mass spectrum (esi) m/z = 413.1 (100)(M+H-2HCH.
Example I8
N-{5-Chloro-3-phenoxypyridin-2-y}-4-gthylthiazol-2-amine
Cha_s

{
o H

[y

i

o

{00427y Prepared according to the method of Example 7, using I-bromobutan-2-one. Mass
spectrum {(esi) m/z = 332 {100), 334 (38).
Example 9 .
N-(5-chloro-3-phenoxvpyridin-2-vi)}-4.5-dimethylthiazol-2-amine

[00428} Prepared according to the method of Example 7, using 3-chlorobutan-2-one. 'H

NMR (dg-DMSO) & 10.78 (bs, 1H), 8.11 (s, 1), 7.42 (t, ZH), 7.29 (s, 1H), 7.19 (¢, 1H), 7.09 (d, 2H),
2.22 (s, 3H), 2.12 (s, 3H); Mass spectrum (esi) m/z = 332 (100), 334 (38).
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Example 20
N-4-isobutvithiazol-Z-amine

N-{5-Chloro-3-phenox
HA ,L

100429} Prepared accor&ing to the method of Example 7, using l-chioro-4-methylpentan-2-
ne. 'H NMR (de-DMSQ) & 10.89 (bs, 1H), 8.15 (s, 1H), 7.43 (t, 2H), 731 (s, 1H), 7.20 (t, 1H), 7.11
(d, 2H), 6.61 (s, 1H), 2.42 (d, 2H), 1.98 (m, 1H), 0.88 (d, 6H); Mass spectrum (esi) m/z = 360 (100},
362 (37). '
Example 21
4-Butyl-N-(5-chloro-3-phenoxypyridin-2-yDithiazol-2-amine

.'C! i:}NNi}F‘/
H
-

[00430] Pre:pared'according to the method of Example 7, using 1-chlorohexan-2~one. 'H NMR
{de-DMSQO) 6 10.89 (bs, 1H), 8.13 (s, 1H), 7.42 (¢, 2H), 7.32 (s, 1H), 7.21 (¢, 1H), 7.10 (4, -2H), 6.61
(s, 1H), 2.56 (t, 2H), 1.59 (m, 2H), 1.31 {m, 2H), 0.87 {t, 3H); Mass spectrum (esi) m/z = 360 (100),

362 (37).

* Example 22
MN-{5-chloro-3-phenoxypyvridin-2-y-4-cyclopropvithiazol-2-amine

[60431] Prepared according to the method of Example 7, using 2-bromo-1-
cyclopropylethanone. 'H NMR. (de-DMSO) 8 10.82 (bs, 1H), 8.15 (s, 1H), 7.43 (t, 2H), 7.31 (5, 1H),
7.21 (4, 1H}, 7.10 (4, 2H), 6.64 (s, 1H), 1.94 (m, 1H), 0.72-0.85 (m, 4H); Mass spectrum (esi) m/z =
344 (100), 346 (37).
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Example 23
So(2-Methoxvbenzvithio)-N-{4-methvithiazol-2-viy-3-phenoxyoyridin-Z-amine hvdrochloride

@\/S S
@/O H HCE

{86432} Prepared according to the method of Example 16 with ) 1-(chloromethyl)-2-
methoxybenzene. 'H NMR (d-DMSO) & 8.05 (d, 1H), 7.43 (5, 2H), 7.21 (g, 2H), 7.1 (d, 1H), 7.01
(m, 3H), 6.93 (d, 1H), 6.80 (t, 1H), 6.69 (s, 1H), 4.01 (s, QH), 3,68 (s, 3H), 2.26 (s, 3H); Mass
spectrum (apci) m/z = 436.2 (M+H-HCH).
Example 24 ‘
5-{4-Methoxybenzylthio)-N-{4-methylthiazol-2-yD-3-phenoxypyridin-2-amine hydrochloride

8 ~
-

N N
@/o Hel
-f08433] . Prepared according to the method of Example 16 with 1-(chloromethyl)-4-

methox,ybenzene. "H NMR (d6-DMSO) 8 8.09 (4, 1H), 7.42 (&, 2H), 7.21 (t, 1H), 7.14 (d, 1H), 7.10
(d, 2H), 7.00 (d, 2H), 6.81 (d, 2H), 6.75 (s, 1H), 4.06 (s, 2H), 3.71 (s, 3H), 2.27 (s; 3H); Mass
spectrum {apci) m/z = 436.2 (M+H-HCI). |
‘ Exampie 28
3-(2-Chlorobenzylthio)-N-(4-methylthiazol-2-y1)-3-phenoxypyridin-2-amine hydrochloride

5

@\/ \N 8
Ci J = /@y
|

[60434] F Prepared according to the method of Example 16, with I-(bromomethyl)-2-
chlorobenzene (0.0512 g, 0.249 mmol) were reacted to provide 5-(2-chlorobenzyithio)-N-(4-
methylthiazol-2-y1)-3-phenoxypyridin-2-amine hydrochioride (0.073 g, 61.5%) after HCI salt
formation, '"H NMR (ds-DMSO) § 8.09 (d, 1H), 7.42 (m, 3H), 7.27 (dt, 1F), 7.18 (m, 3H), 7.08 (4,
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1H), 7.00 (4, 2H), 6.71 (s, 1H), 4.15 (s, 2H), 2.26 (s, 3H); Mass spectrum (apei) m/z = 440.1 (l\;£+H~
HCh,

) Example 26 (Representative Example)
N-{4-Methvithiazol-2-vD)-3-phenoxy-5-{1-phenviethvlthiopvridin-Z-amine hyvdrochloride

/;‘ -
S Sel
Qr@\wi}__
o "
©/-~ HCI

[60435) Prepared according to the method of Example 16 with 1-(1-bromoethyl)benzene
(00461 g, 0.24% mmol) were reacted to provide N-(4-methyithiazo1—2—y1)-3-phenoxyn5-(i-
};\hcnyicthyithio)pyridin-.’z—amine hydrochloride (0.85'8 g 51.1%). 'H NMR (de-DMSO) & 8.05 (d,
1), 7.42 (t, 2}, 7.22 (m, 6H), 7.03 (d, 1H), 6.94 (d, 2H), 6.73 (s, 1H), 4.43 (g, 1H), 2.26 (5, 3H),
1.51 (d, 3H); Mass spectrum (apoi) m/z= 420.1 (M+H-HCH). “

Example 27

henvithio idin-2-amine hvdrochloride

N N
S H
@” HCI
{68436] Prepared according to the method of Example 13 with 3-bromo-N-(4-methylthiazol-

2-yDpyridin-Z-amine and benzenethiol. 'H NMR (ds-DMSO) § 8.42 (i, 1H}, 7.90 (m, 1H), 7.41-7.25
(m, 5H), 7.12 {(m, 1H), 6.74 (m, 1H), 2.25 (s, 3H); Mass spectrum (esi) m/z = 3002 (100)(M-+H-
HC),

3-(2-Chloronhenylthio

HGE

{66437} Prepared according to the method of Example 13, with 3-bromo-N-(4-methylthiazol-
2-yDpyridin-Z-amine and ,Z—Ghlembenzenethioi. 'H NMR (de-DMSO) § 8.45 (m, 1H), 7.80 (bs, 1H), -
7.57 (m, 1H), 7.27 (m, 2H), 7.07 (m, 1H), 6.84 (m, 1H), 6.62 (m, 1M, 2.21 (s, 3H); Mass specirum
(est) m/z = 334.2 (L00)QM-+H-ECH).
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Example 28

{00438] Prepared according to the method of Example 13, with 3-bromo-N-(4-methylthiazol-
-ylpyridin-2-amine and 3-methoxybenzenethiol. "H NMR (ds-DMSO) & 843 (d, 1H), 7.92 (bs,
VHD, 7.7 (m, 1ED), 7.12 (m, 1H), 6.86 (m, 2ED), 6.80 (d, 1HD, 6.72 (s, 1H), 3.72 (s, 3H), 2.25 (s, 3H).
Example 36
Methvl 2-(2-(4-methylthiazol-2~-viamino)pyridin-3-yithioybenzoate hydrochlioride

s s

[004391 Prepared according to the method of Example 13, with 3-bromo-N-(4-methylthiazol-
2-yDpyridin-2-amine and methyl 2-mercaptobenzoate. 'H NMR (de-DMSO) 5 8.54 (d, 1H), 8.07 {5,
1H), 8.01 (dd, 1H), 7.41 (m, 1H), 7.28 (m, 1H), 7.19 (m, 1H), 6.73 (m, 1H), 6.61 (d, 1H), 3.92 (s,
35D, 2.21 (s, 3H). '
Example 31 .
3-(Cyclopentylthio)-N-(4-methylthiazol-2-yDpyridin-2-amine hydrochloride

O’ S HHCf

[00448] Prepared according to the method of Example 13, with 3-bromo-N-(4-methylthiazol-
2-ylpyridin-2-amine and cyclopentanethiol. 'H NMR (d¢-DMSO) § 8.39 (d, 1H), 8.05 (d, 1H), 7.18
(dd, 1H), 6.89 (s, 1H), 3.64 (m, 1H), 2.33-(s, 3H), 1.95 (m, 2H), 1.75 (m, 2H), 1.53 (m, 4H); Mass
~ spectrum (esi) m/z = 292.1 (100)(M-+HE-HCI).
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Exampie 32
N-(4-methylthiazol-2-v1)-3-phenoxypyridin-Z-amine hydrochlioride

= S
NSy
: O H HCH .

{60441 Prepared according to the method of Example 8, using 5-bromo-N-(4-methylthiazol-

2-yl)-3-phenoxypyridin-2-amine. '"H NMR (d-DMSO) 8 8.20 (d, 1H), 7.46 (, 2H), 7.39 (d, 1H),
7.24 (t, 1H), 7.15 (m, 3H), 6.89 (s, 1H), 2.33 (s, 3H); Mass spectrum (apci) m/z = 284.2 (M-HH-HCI).

4

Example 33
N-{4.mmethyithiazol-2-v)-3-phenoxv-3-( 1-(pvridin-2-vDethvithio)pyridin-2-amine dihydrochloride

Sa

2 HCH

[00442] Step A: Preparation of 2-(1-bromoethyDpyridineg: 2-Ethylpyridine (20.0 g, 186.65
mmol) was placed in carbon tetrachloride (830 mL) and benzoyl peroxide (4.5211 g, 18.665 mmol)

and l-bromopyrrolidine-2,5-dione (33.221 g, 186.65 mmol) were added. The reaction mixture was
heated to reflux for 18 hours, then cooled to room temperature and filtered. The fltrate was
concentrated and the residue was purified over a plug of silica to give 2-(1-bromoethyDpyridine
(17.312 g, 49.9%). '"H NMR (CDCl) 8 8.58.(d, 1H), 7.69 (td, 1H), 7.76 (d, 1H), 7.20 (dd, 1H), 5.24
(g, 1H), 2.08 (d, 3k)

[00443] Step B: Preparation of N-~(4-methvithiazol-2-yD-3-phenoxy-3-(1-(pyridin-2-
yhethvithioypvridin-2-amine dibydrochloride: Following the procedure in Example 16, methyl 3-(6~
(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthic)propanoate (0.325 g, 0.809 mmol), 1M

potassium 2-methylpropan-2-olate (2.83 mlL, 2.83 mmol), and 2-(1-bromoethyDpyridine (0.151 g,
0.809 mmol} were reacted to provide WN-(4-methylthiazol-2-yl)-3-phenoxy-5-(1-(pyridin-2-
yhethylthio)pyridin-2~amine hydrochloride (0.114 g, 30.8%) after reverse phase purification and HCI
salt formation. 'H NMR (de-DMSO) 5 8.58 (d, 1H), 8.09 (m, 1H), 8.04 (d, 1H), 7.58 (d, 2H), 7.45 (¢,
2H), 7.23 (t, 1H), 7.02 (d, 2H), 6.95.(d, 1H), 6.79 (s, 1H), 4.67 (g, tH), 2.28 (s, 3H), 1.62 (d, 3H);
Mass spectrum (esi) m/z = 421.1 (M+H-2HCI).
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Example 34
5-(3-MethoxvbenzvithioWN-(4-methyithiazol-2-yD-3-phenoxvpyridin-2-amine hydrochloride

~~ /©\/S =
"o ) i}‘

N
@/O HCI
[00444] Prepared according to the method of *Example 16, using methyl 3-(6-(4-
methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)propancate and .. I-(chloromethyl)-3~

methoxybenzene. 'H NMR (de-DMSO) § 8.09 (d, 1H), 7.42 (t, 2H), 7.18 (m, 35D, 6.98 (d, 2D, 6.76
(m, 4H), 4,09 (s, 2H), 3.68 (s, 3HD, 2.26 (s, 3H); Mass spectrurm (esi) m/z = 436.2 (M+H-1HCI).
Example 35 - 7
3-(Cvclohex-2-envioxy-N-(4-methvithiazol-2-yDpvridin-2-amine

~N S
@LNA}\
o

[00445] 2»{4—Methy1thiazo1».2~yiamino)pyridih»3-0i (0.250 g, 1.21 mmol) and CsxCO;3 (1.18
£, 3.62 mmol) were added to DMF (3 mL). 3-Bromocyclohex-1-ene (0.216 g, 1.21 mmol) was added,

and the reaction mixture was stirred for 3 hours. Water was added and the reaction mixture was

extracted with ether. The organic layer was dried, filtered, and concentrated. The residue was
purified by silica gel chromatography provide 3-(cyclohex-2Z-enyloxy)-N-(4-methylthiazol-2-
yhpyridin-2-amine (0.130 & 37.5%). "H NMR (de-DMSO) § 9.53 (s, 1H), 7.85 (dd, 1H), 7.41 (d,
1H), 6.90 (dd, 1H), 6.58 (s, 1H), 6.00 (m, 1H), 6.88 (m, 1H), 6.88 (m, 1H), 4.99 (m, 1H), 2.24 (s,
3H), 2.05 (m, 2H), 1.87 (m, 3H), 1.62 (im, 1H); Mass spectrum (apci) m/z = 288.0 (M+H).
Example 36 (Representative Example)
3-(Cyclohexyioxy}-Nu(4-methvithiazol-2-vlpyridin-2-amine hvdrochloride
SN
P
O/O "
[60446] 3-(Cyclohex-2-enyloxy)-N-(4-methylthiazol-2-ylpyridin-2~amine  (0.115 g 0.400
mmol} and 4~-methyibenzenesuifonohydrazide (1.12 g, 6.00 mmol) were placed in dimethoxyethane
(5 mL). NaOAc (0.492 g, 6.00 mmol) was dissolvéd in watef (2 mL) and added to the above solution
and reffuxed. Additional 4-methylbenzenesulfonohydrazide (1.12 g, 6.00 mmol) was added and the
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reaction mixture was refluxed overnight. An aqueous work up was done and the crude material was
| purified by silica gel chromatography to provide 3-(cycichexyloxy)-N-(4-methylthiazol-2-yl)pyridin-
2-amine (0.064 g, 55.3%) after HC! salt formation. 'H NMR (de-DMSO) & 7.79 (4, 1H), 7.57 (d,
1H), 7.09 (m, 1H), 6.83 (s, 1F), 4.54 (m, 1H), 2.32 (s, 3H), 1.97 (m, 2H), 1.79, (m, 2H), 1.57 (m,
3H), 1.36 (m, 3H); Mass spectrum (apci) m/z = 291.1 (M+H-HCI).
Example 37
3-(Cyclopentyloxy)-IN-(4-methyithiazol-2-yl idin-2-amine hydrochloride

NS A
( = D\‘
N Y
T A
G/O HCl
fot447y Prepared according to the method of Example 35 with iodocyclopentane. 'H NMR
(ds-DMSO) & 7.92 (d, LH), 7.46 (d, 1H), 7.08 (dd, 1H), 6.80 (s, 1H), 5.49 (m, 1H), 2.32 (s, 3H), 1.88
{m, 6F), 1.60 (m, 2H); Mass spectrum {apci) m/z = 276.1 (M+H-HCI).
' Example 38

dihvdrochloride

NS Xy s
A
s UL >
H

©/O 2 HC

j60448] Prepared according to Example 15 from methyl 3-(6-(4-methylthiazol-2-ylamino)-5-
phenoxypyridin-3-ylithio)propanoate and potassium 2Z-methylpropan-2-olate, with the exception that
the reaction mixture was heated to 50 °C for 30 minutes. "H NMR. (de-DMSO) § 9.90 (s, 1H), 8.21
(d, 1H), 7.43 (t, 2H), 7.39 (4, 1H), 7.18 (1, 1H), 7.08 (d, 2H), 6.67 (s, 1H), 3.10 (m, 2H), 2.92 ¢, 2HD),
2.72 (d, 6H), 2.24 (s, 38), 1.85 (m, 2H); Mass spectrum (apoi) m/z = 401.2 (M+H-2HCH),
Example 39 (Representative Example)
Ethyl 3-(5-bromo-2-(4-methvithiazol-2-viamino idin-3-vloxy)-4-chlorobenzoate

Br ’:N i/\>\_

O M N

H
o
cl
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{@0449} Step A: Preparation of 3-(5-bromo-2-chlorophenoxyipyridin-2-amine: ~ 4-2-
aminopyridin-3-ol (7.56 g, 68.6 mmol} was added to a mixture of sodium hydride (1.72 g, 71.%
mmol) in DMF (20 mL) and stirred for 10 minutes. 4-Bromo-i-chloro-2-flucrobenzene (13.69 g,
65;4 mmol) was added and the reaction mixture was stirred at 100 °C for 38 hours. The reaction
mixture was cooled fo room temperature and partition between 1IN MNaOH and ether. Ifhc organic
layer was dried over sodium suifaté, fillered, and concentrated .  The residue was triturated with
hexanes to give 3-(5-bromo-2-chlorophenoxy)pyridin-2-amine {1 1.30 g, 57.7%) as a yellow solid.

{00458] Step B: Preparation of ethyl 3-(2-aminopyridin-3-yloxy)-4-chlorobenzoate:  3-(5-

Bromo-2-chlorophenoxy)pyridin-2-amine (11.30 g, 37.72 mmol}, triethylamine (3.817 g, 37.72
mmol), PA(OAc), (0.8469 g, 3.772 mmol), and triphenylphosphine (0.9894 g, 3.772 mmol) were
added to ethanol (100 mL) in a bomb. The bomb was pressurized with 100 psi CO and heated to 100
°C for 4 hours. The reaction mixture was cooled to room temperature and filtered. Dichloromethane
was added and solids were filtered off. The filtrate was washed with water. The organic layer was
dried over sodium sulfate, filtered, and concentrated. The residue was purified by silica gel
chromatography to give ethyl 3-(2-aminopyridin-3-yloxy)-4-chiorobenzoate (7.553 g, 68.42%).
{806451] Step C: Prsparation of ethvl 3-(2-amino-5-bromopyridin-3-yloxy)-4-chlorobenzoate:
Prepared according to the method of Example 10, Step B.

j006452] Step D: Preparation of ethyl 3-(2-(3-benzovlthioureido)-S-bromopyridin-3-yloxy)-4-

chlorobenzoate: Ethyl 3-(2-amino-5-bromopyridin-3-yloxy)-4-chlorobenzoate (9.645 g, 25.95 mmol)
and benzoyl isothiocyanate (4.65% g, 28.55 mmol) were placed in THF (250 mL} and the reaction
mixture was stirred at room temperature for 18 hours, then heated at 55 °C for two days. THF was
removed and the residue was purified by silica gel chromatography (5-25% EtOAc in hexane) to
provide ethy] 3-(2-(3-benzoyithioursido)-S-bromopyridin-3-yloxy)-4-chlorobenzoate (7.08 g, 51.0%%)

as a yellow solid.

[00453] Step E: Preparation of ethyl 3-(5-bromo-2-thioureidopyridin-3-vloxy)-4-

chlorobenzoate: Ethyl 3-(2-(3-benzoylthioureido)-5-bromopyridin-3-yloxy}-4-chlorobenzoate (8.05
g, 15.1 mmol) and K,CO; (10.4 g, 75.3 mmol) were placed in ethanol (150 mL) and heated to reflux
for 2 days and then cooled. The reaction mixture was filtered and the filtrate was concentrated,
triturated with water, and dried. The remaining solid was dissolved in CH,Cl; and purified by silica
gel chromatography to give ethyl 3~(5-hromo~2~th§0ureidopyridin—?x~y§0xy)~4—chlo§obenzoate (1.70
£, 26.2% yield).

{00454} Step F: Ethyl __3~(5-bromo-2-(4-methylthiazol-2-viamino)pyridin-3-yloxy)-4-
chlorobengoate: 1-chloropropan-2-one (0.469 g, 5.07 mmol), ethyl 3-(5-bromo-2-thioureidopyridin-
3-yloxy)-4-chlorobenzoate (1.680 g, 3.3% mmol), triethylamire (0.671 g, 6.63 mmol}, and ethanol (70
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ml) were reacted according to the method of Example 10, Step E, to provide the title compound
(1.40 g, 77% yield). "H NMR (d¢-DMSO) & 8.26 (4, 1H), 7.78 (m, 2H), 7.50 (s, 1FD), 7.46 (d, 1H),
6.59 (s, 1H), 4.29 (g, 2H), 2.23 (s, 3H), 1.28 (1, 3H); Mass spectrum {apei) m/z = 470.1 (M-+H).
Example 40
N-(5-Bromo-3-(phenylthiopyridin-2-v1)-4-methvlthiazo}-2-amine

BF\@ i\’%—-ﬁ. X
N N
: -5 A,

. [80455] Step A:  Preparation of 3-(phenvithiopyridin-2-amine: A mixture of 3-
bromopyridin-2-amine (167 mg, 0.966 mmol), Pdydbay (22.1 mg, 0.024 mmol), 4,5-
bis(diphenyiphosphino)—9,§~dimethyi—9Pl-xanthene (27.9 mg, 0.048 mmol), N-ethyl-N-
isopropylpropan-2-amine (0.33 mL, 1.9 mmol), thiophenol (121 mg, 1.1 mmol), and dioxane (10 mL)

was heated at 100 °C under nitrogen for 2 hours. The reaction mixture was cooled to room
temperature, filtered and concentrated. The reaction mixture was purified by MPLC to afford 3-

(phenylthio)pyridin-2-amine.

[00456] Step B: Preparation of 3-bromo-3-{phenvithio)pyridin-2-amine: Prepared according
to the method of Example 10, Step B.
[00457] Steps  C-E:

Prepared according to the method of Example 7 Steps C-E. 'H NMR (CDCls) 8 9.01 (s, 1H), 8.42

{m, 1H), 7.92 (m, 1H), 7.32-7.15 (m, 5H), 6.44 (m, 1HO, 2.32 (m, 3H). Mass spectrum (apci) m/z

= 379.8 MI+H). ‘ ' "
Example 41 (Representative Example)

Preparation of 6-(4-methvithiazol-2-viamino)-S-phenoxypyridin-3-ol

HO -~
H

= O
«
[66458] N-(5-Bromo-3-phenoxypyridin-2-yl)-4-methylthiazol-Z-amine  (2.66 mmol) is

dissolved in THF (30 ml) and cooled to =78 °C. MeLi (2.07 mL, 3.32 mmol) is slowly added and
the reaction mixture is stirved for 10 minutes. n-Butyllithium (1.33 ml, 3.32 mmol) is added and the
reaction mixture is stirred for 15 minutes. Triisopropylborate (0.613 mL, 2.66 mmol) is added and
the reaction mixture is stirred for 30 minutes. The reaction mixture is warmed to 0 °C, and methano}
(5 mL), 10% agqueous NaOH (5.1 mL, 12.8 mmol), and 30% agueous FH;O; (1.27 mL, 13.3 mmol) are
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added, The reaction mixture is stirred at 0 °C for 1 hour, then purified by silica gel chromatography
(10-20% EtOAc in hexanes) to afford 6-(4-methylthiazoi-2-ylamino)-5-phenoxypyridin-3-ol.
Example 42

Preparation of 5-(2-chlorophenyithioy-6-(4-methylthiazol-2-viamino)pyridin-3-ol

HO W
N S N

\E;L Id—
. NT N
<o

(o2}
F00459] A degassed mixture of N-(5-bromo-3-(2-chlorophenylthio)pyridin-2-yl}-4-
methylthiazol-2-amine (1.10 g, 2.66 mmol), 4,4,4',4",5,5,5".5'-octamethyl-2,2'-bi(1,3,2-dioxaborolane)

{1.35 g, 5.32 mmol), Pd(OAc) (60 mg, 0.27 mmol), tricyclopentylphosphine (83 mg. 0.40 mmol)

and cesium fluoride (3.64 g, 23.9 mmol) in acetonitrile is heated at 90 °C for thours. The reaction

mixture is cooled and partitioned between ether and water. The crude product is dissolved in THF.
N-morpholine N-oxide (1.40 g, 12.0 mmol) i§ added and the reaction mixture is heated at reflux for
12 hours. The reaction mixture is cooled and partitioned between ether and water. The organic layer
is washed with water and brine, dried and concentrated. The residue is purified by silica gel
chromatography, eluting with 10-20% EtOAc in hexanes to ai;f'crd the title compound.

Example 43’

- Preparation of N-( Swmethva*B—nhenox'mvridin-2-vl)«é~m ethvithiazol-2-amine
H 0N \
[ I
N N
e H

[60460] Iodomethane (0.0362 g, 0.255 mmol) is added o a mixture of 6-(4-methylthiazol-2-
ylamino)-S-phenoxypyridin-3-ol (0.255 mmol) and potassium carbonate (0.0794 g, 0.574 mmol) in
DMF (3 mL) and stirred overnight at room temperature. The reaction mixture is partitioned between
water and ether. The organic layer is washed with water, dried, and concentrated. The residue is
purified by silica gel chromatography, eluting with 15-20% EtOCAc in hexanes, to afford the title
compound. ‘
‘ Example 44

Preparation of methvl 3-(6-(4-methvithizzol-2-vlamino}-5-phenoxynvridin-3-vpropanoate

~ -
(») i /N ﬁi:;%‘”-

\'O
e
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(08461} Step A: N-(5-bromo-3-phenoxypyridin-2-yl)-4-methylthiazol-2-amine (724 mg, 2.00
mimol) was dissolved in THF (20 mL) and cooled to —78 °C.” MelLi (1.30 mL, 2.20 mmol} is added
slowly, and stirred for 10 minutes. n-Butyllithium (0.88 mL, 2.20 mmol) was added and the reaction
mixture was stirred for 15 minutes. DMF (0.31.mL, 4.00 mmol) was added, and the reaction mixture
was stirred for 30 minutes. The reaction mixture was warmed to room temperature and AcOH (2
mL) is added. The reaction mixture was stirred at room ternperature for 1 hour, poured into saturated
agueous sodium bicarbonate and extracted with éthyl acetate. The combined organic layers were
dried over sodium sulfate, filtered and concentrated . The residue was purified by silica gel (10-20%
EtOAc in hexanes) to afford 6-(4-methylthiazol-2-ylamino)-5-phenoxynicotinaldehyd.

[60462] . Step B: Step B: To a mixture of mL6-(4-methylthiazol-2~ylamino)-5-
phenoxynicoﬁnéidehyde (311 mg, 1.00 mmol) and THF (10 ml) was added
methyl(triphenylphosphoranylidene)acetate (500 mg, 1.5 mmoband the reaction mixture was
stirred at room temperature. After 4 hours, additional methyl(triphenylphosphoranylidene)acetate
(500 mg, 1.5 mmoly was added and the reaction mixture was stirred overnight. Filtered,
concentrated the filtrate, and purified by silica gel chromatography (1:1 EtOAc in hexa;nes) to
afford (B)-methyl 3-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylacrylate.

[060463} Step C: A mixtwre of mL (E)-methyl 3-(6-(4-methylthiazol-2-ylamino)-5-
phenoxypyridin»i’v-yl)aéryiaée (500 mg, 1.36 mmol), 4-methylbenzenesulfonohydrazide (1.27 g,
6.8 mmol), and toluene (15 ml.) was heated at reflux for 12 hours, cooled to room temperature
and concentrated. The residue was purified by silica gel (20 to 30% EtOAc in hexanes) to afford

the title compound.

Dpropangic acid

[00464] A mixture of mLmethyl 3-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-
~ yDpropanoate (1.50 mmol) and ethanol (30 mL) and 1M NaOH (10 mL) was stirred and heated at
60 °C for 3 hours. Concentrated and water and 6N HCI (2 mL) were added. Filtered and dried to
yield the tifle compound.



97

Example 46 ‘
3-Benzyl-N-(4-methylthiazol-2~-vDpyridin-2-amine hvdrochloride
SN 3 A
(L >

H
HCI

[00465] A mixture of mi3-bromo-N-(4-methylthiazol-2-yDpyridin-2-amine (70 mg, 0.26
mmol), Cs,CO; (250 mg, 0.78 mmol), PACh{dppf) (21.2 mg, 0.026 mmol), and DMF (2 mL) and
water (0.5 ml) was pﬁrgad with nitrogen and 9~bez3.zy1-9-bora—bicyclo[3.S.E]ﬁonane (1.5 mlL,
0.78 mmol) was .added and heated to 60 °C overnight. Additional 9—ben.z5-fl»9~bora~
bicyclo[3.3.1]nonane (1.5 mL, 0.78 mmol) was added and heated again overnight. Poured into

water and extracted with ether. The orgaunic layer was dried with sodium sulfate, filtered and

concentrated. The residue was purified on silica gel (10% EtOAc in hexanes) to afford the title
compound (41,7 mg, 50.6% yield) as a white solid after HCI salt formation. "H NMR (de-DMSO)
8 8.30 (d, 1H), 7.62 (d, 1H), 7.35-7.10 (m, 6H), 6.82 (s, 1H), 4.21 (s, 2H), 2.32 (s, 3EH); Mass
spectrum (esi) m/z = 282.2 (100)(M+H-HCI).

Example 47

[06466] Prepared according to the method of Example 40. "H NMR (CDCk) 6 8.95 (bs, 1H),
$.49 (d, 1h), 7.95 (d, 1h), 7.41 (dd, 1H), 7.19-7.08 (m, 2H), 6.69 (dd, 1H), 6.45 (s, 1H), 2.32 (s, 3H);
Mass spectrum (esi) m/z = 414.1 (M~+H).

Example 48

‘D=-d-methvithiazol-Z-amine b

cl VY
. H
@ HCI
'{064&67} Prepared according to the meﬁxod‘ of Example 13 from N-(5-bromo-3-(2-

chilorophenylthio)pyridin-2-yl)-4-methylthiazol-2-amine (prepared according to Example 47) and |
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benzenethiol. 'H NMR (de-DMSO) § 8.36 (bs, 1H), 7.57 (dd, 1H), 7.40-7.15 (m, 10H), 6.54 (s, 1F),
2.20 (s, 3H); Mass spectrum (esi) m/z = 4422 (M-+H-HCI).
Example 49

130468] Prepared according to the method of Example 13 from N-(5-bromo-3-(2-
chlorophenylthio)pyridin-2-yD-4-methylthiazol-2-amine (prepared according to Example 47) and
me;chy‘i 3-mercaptopropanoate. 'H NMR (CDCls) § 9.01 (bs, 1H), 8.52 (4, 1H), 7.95 (d, 1H), 7.40 (dd,
1H), 7.16-7.06 (m, 2H), 6.66 (dd, 1H), 6.46 (s, 1H), 3.68 (s, 3H), 3.07 (¢, 2H), 2.61 (¢, 2FD), 2.32 (s,
3H).; Mass spectrum {(esi} m/z =452.1 (M-+H).
Example 50
N-(3- Z—ChIorp henylithio)-5-{1-(pyridin-2-vhethyithio

~4-methvithiazol-2-amine

=
|
N l N S"%\
i
ol N*‘N
& H
« 2HCI
[66468] Prepared according to the method of Example 16 from methyl 3-(5-(2-

chiorophenylthio)-6-(4~methylthiazol-2-ylamino)pyridin-3-yithioypropanoate (prepared according to
Example 49), and 2-(1-bromoethyDpyridine. '"H NMR (ds~DMSO) § 8.54 {d, 1H), 8.19 (bs, 1H), 7.97
(m, 1H), 7.61 (@d, 1H), 7.50 (m, 2H), 7.37 (m, 2H), 7.04 (bs, 2H), 6.52 (s, 1H), 4.56 {g, 1H), 2.18 (s,
3H), 1.59 (4, 3H); Mass spectrum (esi) m/z = 471.2 (M+H-2HCI).
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Example 51

E\/I\/S N

ct N7 TN
! g H
= ZHCH
{00470 Prepared according to the method of Example 16 using methyl 3-(5-(2-

chlorophenylthio)-6-(4-methylthiazol-2-ylamino)pyridin-3-yithio)propanocate and tert-butyl 4-

(bromomethyDpiperidine-1-carboxylate. 'H NMR (de-DMSO) & 12.15 (bs, 1H), 10.05 (bs, 1H), 8.64

(m, 1H), 8.32 Gm, 2H), 7.63 (m, 1H), 7.36 (m, 2H), 6.52 (s, 1H), 3.22 (m, 2H), 2.79 (m, 4H), 2.17 (s,

3H), 1.86 (m, 2H), 1.61 (m, 1H), 1.36 (m, 2H); Mass spectrum (esi} m/z = 463.¢ (M+H-2HCI).
Example 52

[00471] Prepared according to the method of Example 16 using methyl 3-(5—(2-
chlorophenylthio)-6-(4-methylthiazol-2~ylamino)pyridin-3-yithio)propanoate  and  3-chloro-N,N-
dimethylpropan-1-amine hydrochloride. 'H NMR (de-DMSO) 8 10.12 (bs, 1H), 8.41 (s, 1H), 7.61 (4,
1H), 7.33 {m, 2H), 7.07 (m, 1H}, 6.52 (s, 1H), 3.09 (m, 2H}, 2.50 (m, 2H), 2.70 {d, 6H), 2.18 (5, 3H),
1.84 (m, 2H); Mass spectrum (esi) m/z = 451.0 (M+H-2HCI). ‘

Example 53
ridin-2-yD}-4-methvithiazol-Z-amine hvdrochloride
Ci
S
= SN 8 A
L i o /1<~’>“
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[G0472} Prepared according to the methed of Example 13, using 5-bromo-N-(4-methylthiazol-
2-yi)~3—bhenoxypyridin@-amine and 2-chlorobenzenethiol. "H NMR (de-DMSO) & 8.26 (d, 1H),
7.49 (dd, 1H), 7.42 (t, 2H), 7.29 (d, 1H), 7.27-7.12 (m, 4H), 6.96 (dd, 1H), 6.80 (s, 1H), 2.30 (s, 3H);
Mass spectrum (esi) m/z = 426.4 (M+H-HCI). ‘ ‘

Ekampké 54
D-4~methylthiazol-2-amine hydrochloride

{60473] Prepared according to-the method of Example 13, using 3-chlorobenzenethiol. '
NMR (dg-DMSO) § 8.27 (d, 1H), 7.42 (t, 2h), 7.35-7.10 (m, 8H), 6.81 (s, 1H), 2.30 (s, 3H); Mass
spectrum (esi) m/z = 426.3 (M-+H-HCD). )

Example 55

[06474] Prepared according to the method of Example 13, using 2-methoxybenzenethiol. 'H
NMR (ds~DMSO) 8 8.14 (d, 1HD), 7.42 (t, 2H), 7.27-7.18 (m, 2H)}, 7.13 (m, 2H), 7.02 (d, 1H), 6.98 (4,
1H). 6.89 (t, 1H), 6.80 (3, 11), 3.77 (s, 3H), 2.30 (5, 3H); Mass spectrum (esi) m/z = 4222 (M+H-
HCI).
Example 56
~4-methylthiazo]-2-amine hydrochloride

[80475] Prepared according to the method of Example 13, using 3-methoxybenzenethiol. 'H
NMR (d¢-DMSO) § 8.22 (s, 1H), 7.42 (m, 2H), 7.27-7.18 (m, 3h), 7.14 (m, 2H), 6.86-6.77 (m, 4H),
3.71 (s, 3H), 2.31 (s, 3H); Mass spectrum {esi) m/z = 422.2 (M+H-HCI).
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(00476} A mixture of N-(5-(3-methoxyphenylthio)-3-phenoxypyridin-2-yl)-4-
methylthiazol-2-amine (prepared according to Example 56; 1.1 g, 2.6 mmol) and CH,Cl (20 mL)
was cooled to 0 °C and tribromoborane (1M m CHCla, 7.83 mL, 7.83 mmol) was added and
stirred at 0 °C for 1 hour. The reaction was slowly poured into saturated aqueous sodium
bicarbonate and extracted with 10% methanol in CHCly. The organic layer was dried with -
sodium sulfate, filtered and concentrated. The residue was purified on silica gel (50 to 80%
EtOAc in hexanes) to afford 3-(6-(4-methylthiazol-2-ylamino)-5~phenoxypyridin-3-yithio)phenol
(692 my, 65.1% vield) as a white solid. 'H NMR {de-DPstO} 5 8.18 (dd, 1H), 7.37 (m, 2H), 7.31
(d, 1H), 7.19 (m, 1H), 7.16 (dd, 1H), 7.11-7.02 (m, 3H), 6.69-6.61 (m, 3H), 6.45 (m, 1H), 2.33 (s,
3H); Mass spectrum (est) m/z = 408.2 QVi--HD.
Example 58

2-(3- i i 5 ridin-3-vIthioYphenoxy)acetic acid hvdrochloride

[00477] A mixture of 3-(6-(4-methyithiazol-2-ylamino)-S-phenoxypyridin-3-yithio)phenol
{prepared according to Example 57; 200 mg, 0.451 mg), potassium carbonate (203 mg, 1.47 mmol),
tert-butyl 2-bromoacetate (0.0725 mL, 049! mmol), and DMF (4 ml) was stirred at room
temperature for.30 minuies. Water (15 mL) was added and the reaction mixture was extracted with
ether. The organic layer was dried with sodium sulfate, filtered and concentrated . The residue was
purified on silica gel (10 to 15% EtOAc in hexanes) to afford the tert-butyl ester of the desired
material. The material was dissolved in CHoClz (3 mL) and 4N HC] in dioxane added (4 mL) and
stitred at room temperature overnight and concentrated. The residue was dissolved in a small amount
of CH,C1, and added to vigorously stirred ether. The resultant precipitate was filtered to afford 2-(3-
(6~(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-vithio)phenoxy)acetic acid hydrochloride (21.1
mg, 8.56% vyield) as a white solid. "H NMR (dg-DMSO) & 9.70 (bs, 1H), 8.17 (d, 1H), 7.36 (., 2H),
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7.19 (d, 15, 7.15 (m, 2H), 6.99 (d, 2H), 6.71 (m, 2H), 6.65 (m, 3H), 4.86 (5, 2H), 2.15 (s, 3H); Mass
spectrum {esi) m/z = 466.1 (M+H-HCI.

Example 59

4-methyl-N-(3-phenoxv-5-(3-(2-(piperidin-1-vDethoxyiphenvithioypvrid in-ﬁZ-yi)thiazoI-ﬁmamine
0] 8 « '
N‘/\/ RN AN S N
OO -
SO

00478} A mixture of 3-(6-{4-methylthiazol-2~ylaminec)-5-phenoxypyridin-3-ylthio)phenol
(prepared according to Example 57; 70.0 mg, 0.172 mmol}, potassium carbonate (71.2 mg, 0.515
mmol), I-(fi-chioroethyl}piperidine hydrochloride (31.6 mg, 0.172 mmol), and DMF (2 mL) was
stirred at room temperature for 30 minutes and heated to 50 °C overnight. The reaction was cooled to
room temperature and water (15 mL) was added and extracted with ether. A white precipitate formed
in the ether layer and was filtered to afford Ne(4-methylthiazol-2-y1)-3-phenoxy-5-(3-(2-(piperidin-1-
| vi)ethoxy)phenylthio)pyridin-2-amine (34.2 mg, 38.4% yield) as a white solid. 'H NMR (de-DMSO)
8 9.56 (s, 1H), 8.29 (dd, 1H), 7.50 (dd; 1H), 7.28 (m, 2H), 7.11 (¢, 1H), 7.00 (+, 1H), 6.82 (m, 2H),
6.65 (m, 1H), 6.58 (m, 1H), 6.54 (m, 1H), 6.35 (m, 1H), 3.79 {1, 2F), 2.23 (s, 3¢}, 2.17 (m, 4H), 2.12
{t, 2HD, 1.38 (m, 4H), 1.31 {m, 2H); Mass spectrum {esi) m/z = 519.1 (M+H).
: ' Example 60 '

[30479] Prepared according to the method of Example 60 using 3-(6-(4-methylthiazol-2-
Sfiamino}ﬁ—ph&nexypyridin—3—ylthio}pheno} and 3-chloro-N,N-dimethylpropan-1-amine
‘11ydroch'1orid€:. "H NMR (de-DMSO) 8 9.55 (s, 1H), 8.28-(dd, 1H), 7.49 (dd, 1), 7.29 (m, 2H), 7.11
(t, 1H), 7.00 (¢, 1H), 6.85 (m, 2H), 6.65 (m, 1), 6.58 (m, 1F), 6.54 (m, 1H), 6.38 (m, 1H), 3.70 (m,
2H), 2.21 (s, 3H), 2.04 (5, 6H) 1.96 (1, 2H), 1.44 (m, 2H); Mass spectrum (esi) m/z =493.1 (M+H).
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Example 61 (Representative Example) ¢
‘tert-butyl 3-(5-bromo-2~{4-methyithiazol-2-viaminopyridin-3-viexypyrrolidine-1-carboxyviate
Br ] N s N
A s
o7
/N .
Boc ,
{0@48@1 » A mixture of 5-bromo-2-(4-methylthiazol-2-ylamino)pyridin-3~ol- hydrochldride (1.0

g, 3.10 mmol), tert-buty! 3~bromopyrrolidine-1-carboxylate (WO 2003/062224) (1.01 g, 4.03 mmol),
K,COs5 (1.29 g, 9.30 mmol), and DMF (20 mL) wer‘e‘reactcd at 50 °C over the weekend. The reaction
was cooled toToom temperature, poured into water (250 mL) and extracted with EtOAc:ether (1:1}.
The organic layer was dried with sodium sulfate, filtered and concentrated . The residue was purified
on silica gel (40% EtOAc in hexanes) to afford tert-butyl 3-(5-bromo-2-(4-methylthiazol-2-
ylamino)pyridin-3-yloxy)pyrrolidine-1 ~carquylate (584 mg, 41.4% vield) as a tan solid. "H NMR
(CDCh:) & 8.42 (bs, 1H), 8.02 (s, 1h), 7.10 (d, 1H), 6.42 (s, 1H), 4.95 (m, 1H), 3.75-3.44 (m, 4H),
235 (d, 3H), 2.21 (m, 2H), 1.50 (s, 9H); Mass spectrum (apci) m/z = 456.9 (M+H).
Example 62 (Representative Example)

N-(5-bromo-3-(pyrrolidin-3-yloxy)pyridin-2-yl}-4-methylthiazol-2-amine dihvdrochloride
Bra__~ '
N S A
| = /&,}\ '
ﬁ N

o
(j/- . 2HCI
HN

593481}' A  mixture of tert-butyl 3-(5-bromo-2-(4-methyithiazol-2-ylamino)pyridin-3-
vioxy)pyrrolidine-1-carboxylate (prepared according to Example 61; 550 mg, 1.21 mmol} and
CH>Cly (10 mL) and MeOH (2 mL) was stirred at room temperature. 4N HCI in dioxane (5 mL) was
added and the reaction mixture was stirred at room temperature for 30 minutes. The reaction was
concentrated and dissolved inn small amount of CH,Cla/methanol and added to vigorously stirred ether
and filtered to afford N-{5-bromo-3-(pyrrolidin-3-yloxy)pyridin-2-yl)-4-methylthiazol-2-amine
dihydrochloride (478 mg, 92.4% yield) as.a white solid. "H NMR (de-DMSO) 8 11.18 (bs, 1H), 9.80
. {bs, 1H), 9.27 (bs, 1H), 8.09 (d, 1H), 7.83 (d, 1H), 6.80 (s, 1H), 5.42 (m, 1H), 3.62-3.30 (m, 4H), 2.31
(s, 3H), 2.22 (m, 2H); Mass spectrum (apei) m/z = 357.0 (V+H-2HCI).
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Example 63
1-(3-(5-bromo-2-{4-methvithiazol-2-viaminopyridin-3-vioxvipyvirolidin-1 -vDethanone hydrochloride

Br SN s
D\
S Ses
H

Q
HCl
Dy
] o :
{00482} A mixture of N-(5-bromo-3-(pyrrolidin-3-yloxy)pyridin-2-yl)-4-methylthiazol-2~

amine dihydrochloride (prepared according to Example 62; 70 mg, 0.16 mmol), triethylamine (0.11
mL, 0.82 mmol), and THF (2 mL)} was stirred at room témp&ratura. Acetyl chloride (8.009 mL, 0.16

mmol) was added and stirred at room temperature for 30 minutes. Water (15 mL) was added and

extracted with EtOAc. The organic layer was dried with sodium sulfate, filtered and concentrated .
The residue was purified on silica gel (10% methanol in EtOAc) to afford' 1-(3~(5-bromo~2-{4~
methylthiazol-2-ylamino)pyridin-3-yloxy)pyrrolidin-1-yDethanone hydrochloride (16 mg, 22.56%
yield) as a white solid after HC1 salt formation. "H NMR (de-DMSQ) 8 11.60 (bs, 1H), 8.11 (m, 1HD),
7.82 {m, 1H), 6.90 (m, 1), 5.28 (m, 1H), 3.81 {m, 1H), 3.59 (m, 3H), 2.33 (5, 3H), 2.25 (m, 2H),
1.97 (m, 3H); Mass spectrum (apei) m/z = 399.1 (M+H-HCI).

Example 64

§00483] Prepared according to the method of Example 63, using 2-(dimethylamino)acetyl
chloride hydrochloride. '"H NMR {de-DMS0) 8 11.13 (bs, 1H), 9.75 (bs, 1H), 8.07 (d, 1H), 7.75 (m,
1H), 6.78 (s, 1H), 5.33 (m, 1H), 4.25 (m, 2H), 4.10 (m, 1H), 3.71 (m 4T, 2.83 (m, 6F), 2.29 (m,
SH); Mass spectrum (apei} m/z = 440.1 (M-+H-2HCI).
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Example 65

3-(5-bromo-2-(4-methvlthiazol-2~-vlamino)pyridin-3-yloxy)-N-isovropyinyrrolidine-1-carboxamide
Br. 2
N S
(L >
g N

DR e

HN

[00484] ' Prepared according to the method of Example 63 using 2-isocyanatopropane. 'H
NMR (de-DMSO) & 10.49 (bs, 1H), 7.97 (m, 1H), 7.52 (m, 1H), 6.61 (m, 1H), 5.82 (d, 1H), 5.17 (m,
1H), 3.75 (m, 1H), 3.56.(m, 2H), 3.45 (m, 2H}, 2.28-2.20 (m, 4H), 2.12 (m, 1H), 1.05 (m, 6H); Mass
spectrum (apci) m/z = 440.1 (M+H).
Example 66
N-(5-bromo-3-(1-(}-methyl-1H-imidazol-4-visulfonyDpyirolidin-3-vioxy)pyridin-2-y1)-4-
methyhthiazol-2-amine

Q pay-
N
O
ST
\:“-N “o
[00485] Prepared accorciing the method of Example 63 using 1-methyl-1H-imidazole-4~
sulfony! chloride. '"H NMR (de-DMSO) & 10:05 (bs, 1H), 7.96 (d, 1H), 7.79 (s, 1H), 749 (m, 2H),
6.65 (s, 1H), 5.07 (m, 1H), 3.63 (m, 2H), 3.55-3.40 (m, 5H), 2.28 (s, 3H), 2.19 (m, 1H), 2.02 (m, 1H);
Mass specteum (apei) m/z = 501.1 (M+H).
Example 67

3-(2-fluorobenzylthio)-N-(4-methylthiazol-2-y-3-phenoxypyridin-2-amine hvdrochloride

. S
N g
F P /L\”\>“
s N
@0 HCH
- [00486] Prepared according to the method of Example 16 using 1-(chloromethy})-2~

fluorobenzene. 'H NMR (d-DMSO) 6 8.06 (d, 1H), 7.42 (1, 2H), 7.28 (m, 1H), 7.15 (m, 4H), 7.09
(m, 1H}, 6.97 (d, 2H), 6.69 (s, 1H), 4.09 (s, 2H), 2.25 {s, 3H); Mass spectrum (esi) m/z = 424.2 (100)
(M+H-HCD).
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Example 68

fthiazol-2-yi}-3- Dipropvithiolpyridin-Z2-amine dihvdrochioride

MN-(4-methy

N N
S © 2HC
oz
{98437} Step A: Preparation of 2-(1-bromopropyl idine: Prepared according to the method

of Example 33, Step A from 2-propylpyridine.

{68488} Step B: Preparatién of _N-(4-methvithiazol-2-yI}-3~phenoxy-3-(1-(pyridin-2-
DpropvithioYpyridin-2-gmine dihvdrochloride: Prepared according to the method of Example 16.

"H NMR (ds-DMSO) 8 8.47 (s, 1H), 7.98 (d, 1H), 7.80 (m, 1H), 7.43 (1, .21-1), 7.33 (m, 2H), 7.20 (1,

1), 6.95 (d, 2H), 6.92 {d, 1H), 6.65 (s, 1H), 4.26 (¢, 1H}, 2.24 (s, 3H), 1.95 (m, 2H), 0.85 (t, 3H).

Mass spectram (esi) m/z = 435.1 (1060) Qv+H-2HCI). '

Example 69
2-((6-(4-methylthiazol-2-ylamino)-3-phenoxypyridin-3-vithioymethyDoyridin-3-ol dihvdrochloride
=
A | 8

x
o /N Ni}

2 S

} = . -
100489} Prepared according 1o the method of Example 16 with 2-(bromomethyl)pyridin-3-ol
hydrobromide. 'H NMR (ds-DMSO) & 8.16 (d, 1H), 8.11 (d, 1H), 7.82 (m, 1H), 7.64 (m, 1H), 7.45
{t, 2H), 7.22 (1, 1H), 7.08 (m, 3H), 6.76 (s, 1H), 4.26 (5, 2H), 2.28 (s, 3H); Mass spectrum {esi) m/z =
423.1 (100) (M+H-2HCI).

Example 70
3-(2-(3-phenoxy-5-( 1 -(pyridin-2-yDethvithio)pyridin-2-ylamino)thiazol-4-vDpropancic acid
dihvdrochloride

Qrt;im

// ’ * 2HCH




d
<
~1

(00490} Step A: Preparation of methyl S-bromo-4-oxopentancate: A solution of bromine

(27.7% g, 173.4 mmol) in methanol (40 mL) was added dropwise to a solution of ethyl 4-
oxopentanoate (25.0 g, 173.4 mmol) in methanol (200 mL) at room temperature over a period of 30
minute, and the reaction mixture was stirred overnight. The reaction mixture was concentrated, and
the residue was partitioned between 3:1 etherwethyl acetate and water, washed with'saturated sodium
bicarbonate, water, brine, dried, and concentrated to afford 17 g of a crude clear oil. The oil was
purified by MPLC (Biotage) cluting with 8:1 hexane ethyl acetate to afford methyl 5-bromo-4-
oxopentanocate (10.65 g, 29.38% vyield) as a clear oil. " NMR (CDCls) § 3.96 (s, 2H), 3.69 (s, 3H),
2.96 (t, 2H), 2.66 (1, 2H).

[G0491] Step B: Preparation of methyl 3-¢(2-(5-bromo-3-phenoxypyridin-2-ylaminothiazol-4-
vDpropanocate: Prepared. according to the method of Example 7, Step E, using 1-(5-bromo-3-
phenoxypyridin-2-yhthiourea. 'H NMR (dg-DMSO) & 10.95 (s, 1H), 8.22 (d, 1H), 7.43 (t, 2H), 7.39
(s, 1H), 7.21 (&, 1H), 7.10 (4, 2H), 6.68 (s, 1H), 3.59 (s, 3H), 2.84 (t, 2H), 2.68 {1, 2H); Mass spectrum
(esi) m/z = 435.1 (100) (M+1).

[60492) Step C: Preparation  of methyl 3-(2-(5-(3-methoxy-3-oxopropylthio}-3-

phenoxypyridin-2-ylaminojthiazol-4-vl)propancate: Prepared according to the method of Example
13. 'H NMR (de-DMSO) 8 10.87 s, 1H), 8.13 (d, 1H), 7.42 (t, 2H), 7.32 (d, 1H), 7.17 (¢, 1), 7.08
{d, ZH), 6.67 (s, 1H), 3.59 (s, 3H), 3.55 (s, 3H), 3.03 (t, 2H), 2.84 (t, 2H), 2.68 (t, 2H), 2.56 (1, 2H);
Mass spectrum (esi) m/z = 474.1 (100) (M+H).

1004931 Step D:  Preparation of 3-(2-(3-phenoxy-5-(1-(pyridin-2-yDethyithio)pyridin-2-
yviaminoithiazol-4-vhipropanoic .acid dibvdrochloride:  Prepared according to Example 16. The

product was further purified by reverse phase to give 106 mg of the t~Butyl ester.  This was

dissolved in CH,Cly, and 4M HCI in dioxane was added and the mixture was stirred at room
temperature for 5 hours, The mixture was concentrated to give impure product. The product was
dissolved in IN NaOH and extracted with ether. The agueous layer was acidified with 1M HCI and
concentrated. The residue was dissolved in 10% MeOH in CHyCl,, filtered, and concentrated. The
residue was dissolved in 1N NaOH and exiract witE 10% EtOAc in BEther. The aqueous layer was
acidified with 1M HCl and concentrated. The residue was dissolved in 10% MeOH in CHyCly,
filtered and concentrated without the aid of heat to give 3-(2-(3-phenoxy-5-(1-(pyridin-2-
yhethylthio)pyridin-2-ylamino)thiazol-4-yl)propanoic acid dihydrochioride (0.027 g, 5.80% yield).
"H NMR (ds-DMSO) 8 8.41 (s, 1H), 7.99 (s, 1H), 7.65 (t, 1H), 7.40 (1, 2H), 7.20 (m, 3H), 6.92 (m,
3H), 6.50 (s, 1H), 4.42 (m, 1H), 2.70 (m, 2H), 2.29 (m, 2H), 1.54 {d, 3H) ; Mass spectrum (esi) m/z =
479.1 (100) (M+H-2HCI). ' ' '
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Example 71
4-chloro-3-(2-(4-methvithiazol-2-viamino)-5-( Qhen}j‘lth io)pyridin-3-vioxyybenzoic acid hydrochloride

, 7R ® NS
O HHC!
HO\”/@/C!

O .
[06494] Step A: Prepamtion of _ethyl 4-chloro-3-(2-(4-methvithiazol-2-viaming)-5-
henyithio)pvridin-3-vioxy)benzoate: Prepared according to the method of Example 13, using Ethyl

3-(5-bromo-2~(4-methylthiazol-2-ylamino)pyridin-3-yloxy)-4-chlorobenzoate and benzenethiol.
[60495] Step By Preparation __of __4-chioro-3-(2-(4-methylthiazol-2-viaming)-5-

phenvithio)pyridin-3-vioxy)henzoic acid hvdrochloride: Prepared according to the method of
Example 45. "H NMR (d;-DMSO) & 8.26 (d, 1H), 7.71 (s, 2H), 7.41 (m, 1H), 7.30 (m, 3H), 7.19 (m,
3H), 6.62 (s, 1H), 2.23 (s, 3H) ; Mass spectrum (esi) m/z = 470.2 (100) (M+H-HCI).
Example 72

loxy)benzamide dihvdrochloride

s
N S
| N
©/ QN’}*‘;}\
& H
« 2RKCl

@
[00456] 4-Chloro-3-(2-(4-methylthiazol-2-ylamino)-5-(phenylthio)pyridin-3-yloxy)benzoic
acid (prepared according to Example 71; 0.131 g, 0.279 mmol) and TEA (0.117 mL, 0.836 mmol)

were placed in a flask and cooled to 0 °C. Ethyl carbonochloridate (0.0303 g, 0.279 mmol) was
added, and the reaction mixture was stirred at 0 °C for 30 minutes. W1,N1-dimethylethane-1,2.

diamine (0.0306 mL, 0.27%9 mmol) was added, and the reaction mixture was stirred at room
temperature for 1 hour. Water was added and the reaction mixture was exiracted with CHyCly. The
organic layer was concentrated and the residue was purified first by silica gel chromatography and
then by reverse phase chromatography to provide the desired product as the free base. The free base
was dissolved in CH,Cl and HCl in ether was‘addad to give 4-chloro-MN~(2-{dimethylamino)ethyl)-3-
(2-(4-methylthiazol-2-ylamino)-5-(phenylthio)pyridin-3-yloxy)benzamide dihydrochioride (0.069 g,
40.4% yield). "H NMR (d¢-DMSO) 5 9.83 (bs, 1H), 8.90 (m, 1H), 8.24 (m, 1H), 7.75 (m, 2H), 7.58
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(s, 1H), 7.30 (m, 2H), 7.19 (m, 4H), 6.67 (s, 1H), 3.59 (m, 2H), 3.23 (m, 2H), 2.80 (d, 6H), 2.25 (5,
3H); Mass spectrum {esi) m/fz = 540.1 (100 (M+H-2HCI).
Example 73

4‘—ch“ioro—3- 2-(4-methylthiazol-2-viaming

- sodium salt
@
I SNy _,\>\
Q X
X N
5 H
.NaD\V/rO/CE

o -

[66497} Step A:  Preparation of ethyl 4-chloro-3-( 5-(3-methoxy-3-oxopropylthio)-2-(4-

methvlthiazol-2-ylamino)pyridin-3-vioxv)benzoate: Prepared according to the method of Example

13 from ethyl 3-(S-bromo-2-(4-methylthiazol-2~ylamino)pyridin-3-yloxy)-4-chlorobenzoate. 23
NMR (dg-DMSO) & 11.12 (bs, IH),‘S.IS (d, 1H), 7.77 (s, 2H), 7.44 (s, 1ED), 7.35 {d, 1H), 6.61 G,
1H), 4.47 (g, 2H), 3.54 (s, 3H), 3.04 (1, 2H), 2.54 (1, 2H), 2.23 (s, 3H), 1.26 (¢, 3H); Mass spectrum
(esi) m/z = 508.2 (100) (M-+ED). '
60498} S:cp B: Preparation of 4-chloro-3-(2- (4~metlwlthsazo}u2-v}amm0) i-{pvridin-2-
in-3-yloxyibenzoic acid sodium salt: Prepared according to the method of Example
16 using 2-(1-bromoethyl)pyridine. "H NMR (de-DMSO) 6 8.49 (mn, 1H), 8.04 (d, 1H), 7.89 (m, 1H),
7.78 {m, 2), 7.40 (m, 3H), 6.98 (d, 1H), 6.68 (s, 1H), 4.60 (m, 1H), 2.25 (s, 3H), 1.58 {d, 3H); Mass
spectrum (esi) m/z = 499.1 (100) (M+H-Na).
' ‘ Example 74
4-chioro-N-(2-(dimethvlaminolethvi}-3-(2-(4-methyithiazol-2-ylamine}-5-(1-(pyridin-2-

Dethvithiolpyridin-3-vioxy)benzamide trihvdrochloride

CNY

H " R

S N - N

N S

\Q,l:%
N7 N
s H

\}V\’g cf  °3HC
O
[00499] 4-chloro-3-(2-(4-methylithiazol-2-ylamino)~-5-(1 »(pyrxdm—z—yi)ethyithlo}pyr;dm—B-

yloxy)benzmc acid (prepared aocordmg to Bxample 73; 0.131 g, 0.263 mmoi), TEA (d. 0. 726)
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(0.0732 mlL, 0.525 mmol), sthyl' carbonochloridate (0.057 g 0525 mmol), and NINI-
dimethylethane~1,2-diamine (0.0231 g, 0.263 mmol) were reacted according the method of Example
72. 1N NaOH was added and the reaction mixture was stitred for 3 hours. The reaction mixture was
extracted with CHyCl;, The combined extracts were concentrated and purified by silica gel
chromatography (4% MeOH in CHCly, using 2% 7N ammonia in MeGH) and then purified by
reverse phase chromatography to give the compound as the free base. The free base was dissolved in
CH,Ch and HCl in ether was added. The mixture was concenirated 1o give 4-chloro-N-(2-
{dimethylamino)ethyl)-3-(2~(4-methylthiazol-2-ylamino)-3-(1 ~(pyridin-2-yljethylthio)pyridin-3-

yloxy)benzamide trithydrochloride (0.025 g, 14.8% yield), 'H NMR {ds-DMSBO) & 9.73 (s, 1H), 8.91
" {m, 1D, 8.42 {m, 1H), 8.01 {(d, 1H), 7.78 (m, 3H), 7.51 (s, 1H), 7.29 (m, 2H), 6.83 (5, 1H), 6.66 {m,
1H), 4.48 (g, 1H), 3.60 (m, 2H), 3.24 (m, 2H), 2.81 (d, 6H), 2.24 (s, 3H), 1.54 {d, 3H); Mass

spectrum (ési) m/z = 569.2 (100} (M+H-3HCL).

100500} Foliowing the procedure of Example 13, the following compounds were also
prepared.
Example Structure Name Data
75 N-(3-(2,6- TH NMR (CDC3) § 12.32 (bs,
E /z\l dichlorophenylthiolpy | 1H), 8.25 (dd, 1H), 7.42 (d, 2H),
ridin-2-y1)-4- 7.38 (4d, 1H), 7.28 (dd, 15D,
s methylthiazol-2-amine | 6.98 (dd, 1H), 6.47 (s, 1H), 2.48
& HGI hydrochloride (s, 3H). Mass spectrum (apci)
cn ) - m/z = 368.2 (M+H-HCI).
X 4-methyl-N-(3- "H NMR (DMSO-ds) 6 8.43 (d,
‘\)/l\ /IS\ (naphthalen-2- 1H), 7.94-7.82 (m, 5H), 7.52
76 yithio)pyridin-2- (m, 2H), 7.39 (dd, 1H), 7.12 (m,
S yhthiazol-2-amine 1H), 6.71 (s, 1H), 2.24 (s, 3H).
HCI hydrochloride Mass spectrum (apcit) m/z =
O 350.2 (M+H-HCL,
77 NN 5 N-(5-(2- "H NMR (DMSO-ds) § 8.26 (4,
[ L T Y I3 | chiorophenylihio)3- | 1), 7.49 (dd, TH), 7.42 (¢, 253,
al NTON phenoxypyridin-2-y}- | 7.29 (d, TH), 7.25 (td, 2H), 7.19
@/O el 4-methylthiazol-2- (t, 1H), 7.15 ¢4, 2H), 6.96 (dd,
amine hydrochloride 1H), 6.80 (s, 1H), 2.30 (s, 3H).
Mass spectrum {apci) m/z =
426.4 (M+H-HCI).
78 Sy s N-(5-(3~ "H NMR (DMSO-~dg) & 8.27 (d,
O ! - /f;-\>— chlorophenylthio)-3- 11), 7.42 (t, 2H), 7.35-7.11 (m,
s NN phenoxypyridin-2-yl)- | 8H), 6.81 (s, 1H), 2.30 (s, 3H).
” ©/0 HCt 4-methylthiazol-2~ Mass spectrum (apei) m/z =
amine hydrochloride 426.3 (M+H-HC).
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79

N-(5-(2~
methoxyphenylthio)-
3-phenoxypyridin-2-
yh-4~methylthiazol-2-
amine hydrochloride

"H NMR (DMSO-dg) § 8.14 (d,
1H), 7.43 (1, 2H), 7.23 (m, 2HD,
7.13 (m, 3H), 7.02 (4, 1H), 6.98
(d, 1HD), 6.89 (1, 1H), 6.80 (s,
1H), 3.77 (s, 3H), 2.30 (s, 3H).
Mass spectrum (apei) m/z =
422 .2 (M+H-HCD).

80

N-(5-(3~
methoxyphenylthio)-
3-phenoxypyridin-2-
yh-4-methylthiazol-2-
amine hydrochloride

YH NMR (DMSO-dg) § 8.22 (d,
1H), 7.42 {m, 2H), 7.27-7.19
(m, 3H), 7.14 (m, 25, 6.85 (s,
1H), 6.84-6.77 (m, 3H), 3.71 (s,
3H), 2.31 {5, 3H). Mass
spectrum (apci) mfz = 422.2
(M--H-HCH.

81

methyl 3-(5-(2~
chlorophenylthio)-6-
(4-methylthiazol-2-
ylamino)pyridin-3-
yithio)propanoate

"H NMR (CDClz) 8 9.01 (s,

1H), 8.52 (d, 1H), 7.95 (d, 1H),
7.40 (dd, 1H), 7.11 (m, 2H),
6.66 (dd, 1H), 6.46 (s, 1H), 3.68
(s, 3H), 3.07 (t, 2H), 2.61 (¢,
2H), 2.32 (s, 3H) Mass spectrum
(apci) miz= 452.1 (M+ED).

82

N-(5-(2,5-
dimmethoxyphenylthio)-
3-phenoxypyridin-2-
yl-4-methylthiazol-2-
amine hydrochloride

"H NMR (DMSO-dg) 8 8.16 (d,
1HD), 7.42 (m, 2H), 7.20 (m, 2H),
7.11 (m, 2H), 6.95 (d, 1H), 6.79
(dd, 1H), 6.75 (s, 1H), 6.44 (4,
1H), 3.72 (s, 3H), 3.61 (s, 3H),
2.28 (s, 3H). Mass spectrum
(apci) m/z = 452.2 (M+H-HCD.

83

N-(5-(2,5-
dichlorophenylthio}-3-
phenoxypyridin-2-yi)-
4-methylthiazol-2-
amine hydrochloride

"H NMR (DMSO0-dg) 6 8.31 (d,
1H), 7.52 (4, 1H), 7.40 (m, 35D,
7.28 (dd, 1H), 7.17 (d, 11, 7.11
(d, 2H), 6.84 (d, 1H), 6.71 (s,
1H), 2.27 (s, 3H). Mass
spectrum (apeiy m/iz = 460.2
(M+H-HCD).

84

N-(5-(2,5-
dimethylphenylthio)-
3-phenoxypyridin-2-
yh-4-methylthiazol-2-
amine hydrochloride

"H NMR (DMSO-ds) & 8.08 (d,
1H), 7.40 (¢, 2H), 7.21-7.06 (m,
5H), 6.99 (d, 1H), 6.92 (s, 1H),
6.75 (s, 11D), 2.28 (g, 3H), 2.25
(s, 3H), 2.19 (5, 3H). Mass
spectrum (apei) m/z = 420.,3
(M~AH-HCD.

85

N-(5-(1-(2-
(dimethylamino)ethyl)
-1H-tetrazol-5-yithio)-
3-phenoxypyridin-2-
yD)-4-methylthiazo]-2-
amine dihydrochioride

"H NMR (DMSO-dg) 8 10,62
(bs, 1H), 8.42 (d, 1H), 7.57 (d,
1H), 7.43 (t, 2H), 7.20 (&, 1H),
7.11{d, 2H), 6.74 (s, 1H), 4.85
{t, 2H), 3.65 (m, 2H), 2.84 (s,
6FD), 2.26 (s, 3H). Mass
spectrum (apei} m/z = 455.0
(M+H-2ZHCH.,
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86 § s . 4-methyl-N-~(5~(4~ "H NMR (DMSO-de) 8 8.72 (s,
S T\ | methyl-4H-1,2,4- 1FD), 8.21 (dd, 1FD), 7.42 (¢, 2HD),
NN \/\Nf*m triazol-3-yithic)-3-. 7.30 (dd, 1H), 7.21 (t, 1H), 7.08
HEL a0 H phenf}gypyridinf} (d, 2¥D), 6.71 (s, 1H), 3.62 (s,
] ) yhythiazol-2Z-amine ~ | 3H), 2.25 (s, 3H). Mass
& Het dihydrochloride spectrum (apei) m/z = 397.1
M+H-2HCH.
87 ENPEN N 3-(2- 'H NMR (DMSO-ds) 8 8.35 (5,
@f 5 oz i;}*‘ chlorophenylthic)M- | 1H), 7.57 (44, 1), 7.40-7.15
JO {4-methylthiazol-2- (rm, 9H), 6.54 (s, 1H), 2.20 (s,
@ HCH yi)-5~ 3ED). Mass spectrum (apci) m/z
ot (phenylthio)pyridin-2- | = 442.2 (M+H-HCI).
amine hvdrochloride
28 = N-~(3- 'H NMR. (DMSO-dg) & 11.00
My Sy Sy FY | (@24maolold3. | (bs, 1H), 8.59 (m, 1H), 827 (m,
NN S sy apyridin-3-yithio}-3- | 1H), 7.87 (m, 1H), 7.50 (m, 1H),
Hel o H phenoxypyridin-2-yl)- | 7.37 (m, 2H), 7.24 (m;, 1H), 7.17
©/ kel 4-methylthiazol-2- (m, 1H), 7.12 (m, 1H), 6.98 (d,
amine dihydrochloride | 2H), 6.62 (s, 1H), 2.21 (s, 3H).
Mass spectrum (apei) m/z =
433.1 (M+H-2HCI).
89 NR\(NVS Ny 2-(4-methyl-5-(6-(4- | "H NMR (DMSO-dg) 5 8.21 (.
C TN I | methylthiazol-2- 1H), 7.43 (m, 2H), 7.32 (¢, 1H),
N NN ylamino)-5- 7.21 (t, 1h), 7.08 (4, 28), 6.72
HG @,o o phenoxypyridin-3- {s, 1H), 4.37 (d, 2H), 3.55 (d,
: yithio)-4H-1,2,4- 3H), 2.26 (s, 3H). Mass
triazol-3~ spectrum {apei) m/z = 436.2
yhacetonitrile (M+H-2HC).
dihvdrochloride
90 I Y methyl 3-(6-(4- "H NMR (CDCl) & 8.76 (bs,
° i ¥ giw phenethylthiazol-2- 1H), 8.16((d, IH)), 742 (m(?ZH),
@"’ ylamino)-5- 7.30-7.16 (m, 6H), 7.14 (d, 1H), -
phenoxypyridin-3- 7.06 (m, 2H), 6.42 (s, 1H), 3.65
yithio)propanoate (s, 3H), 3.05-2.90 (m, 6H), 2.26
(t, 2H). Mass spectrum {apci)
m/z = 492.3 (M+H).
91 f%r‘vsm i@__c methyl 3-(6-(4-(1- "H NMR (DMSOC-de) § 10.92
f{g N N | methylpiperidin-4- (bs, 1H), 10.03 (bs, 1H), 8.15 (d,
= yhthiazol-2-ylamino)- | 1H), 7.43 (m, 2H), 7.33 (4, 1H),
S-phenoxypyridin-3- 7.20 (m, 1H), 7.09 (m, 2H), 6.76
ylthio)propanoate {s, 1H)}, 3.55 (5, 3H), 3.47 (m,
dihydrochloride 2H), 3.04 (m, 4H), 2.81 (m, 1H),
2.75 (d, 3H), 2.56 (t, 2H), 2.15
(m, 2H), 1.85 (m, 2H). Mass
spectrum (apei) m/z = 485.3
\ (M+H-2HCD,.
92 methyl 3-(3-(4-

‘fluorophenoxy)-6-(4-

phenethylthiazol-2-
ylamino)pyridin~3-
ylthioypropanoate

"H NMR (CDCls) 8 8.76 (bs,
1H), 8.15 (d, 1H), 7.28 (m, 2H),
7.20 (m, 3H), 7.15-7.02 (m,
6H), 6.43 (s, 1H), 3.65 (s, 3H),
3.05-2.92 (m, 6H), 2.56 (t, 2H).
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Mass spectrum (apci) m/z =
- 510.3 (MAH),.
93 O, Sy methyl 3-(5-2- "HNMR (CDCi3) 8 9.01 (s,
6(\/ \O\Ni}‘ chioraphenylthio}-6- 1H), 8.52 (d, 1H), 7.95 (d, 1H),
& H {(4-methylthiazol-2- 746 (dd, 1H), 7.11 (m, 2H),
@ yiamino)pyridin-3- 6.66 (dd, 1H), 6.46 (s, 1H), 3.68
c ylthio)propanoate (s, 3H), 3.08 (1 2H), 2.60 (1, 2H),
' 2.32 (s, 3H). Mass spectrum
. {(apci) m/z = 459.1 (M-+H).
94 O SN methyl 3-(6-(4- "HNMR (de-DMSO) § 8.33 (s,
T " :}* methylthiazol-2- 1H), 7.64 (bs, 1H), 7.46-7.33
8 yiamino)-5- {m, SH}, 6.64 (s, TH), 3.56 (s,
@’ Hot (phenylthio)pyridin-3- | 3H), 3.04 (t, 2FD), 2.54 (t, 2H),
. ylthio)propanoate 2.23 (s, 3H). Mass spectrum
hydrochloride {apci) miz = 417.7 (M~+H-HCI).
95 00 St T I ' tert-butyl 4-(5-(3-(4- 'H NMR (CDCl3) 3§ 9.02 (s,
° \@L" \“}Oﬁ{c fluorophenoxy)-5-(3- | 1H), 8.20 (m, 1h), 7.13 (m, 3H),
fos X | methoxy-3- 7.07 (m, 2, 4.15 (m, 2H), 3.65
F oxopropylthioypyridin- | (s, 3H), 3.03 (t, 2H), 2.98 (m,
2~ylamino)-1,2,4- 1h), 2.90 (m, 2H), 2.57 (t, 2H),
thiadiazol-3- 2.04 (m, 2H), 1.81 (m, 2H), 1.46
yDpiperidine-1- (s, 9H). Mass spectrum {apei)
carboxylate m/z=490.3 (M+H-Boc).
96 57 1 tert-butyl 4-((5-(3-(4- | "HNMR (CDCls) § 9.01 (s,
AWS@ )S:%‘Q ﬂ-uo;'Ophenoxy)wi-(Z‘a» 1H), 8.20 (d, 1H), 7.13 (m, 3H),
°© oy methoxy-3- 767 (m, 28), 4.08 (m, 2H), 3.66
@ﬁ oxopropylthio)pyridin- | (s, 3H), 3.03 (¢, 2H), 2.78 (d,
F 2-ylamino)-1,2,4- 2H), 2.71 {m, 2H), 2.57 (¢, 21},
: thiadiazol-3- 2.05 (m, 1), 1.68 (m, 2H), 1.45
yDmethyDpiperidine- | (s, 9H), 1.24 (m, 2H). Mass
1~carboxylate spectrum {apeil) miz= 504.3
(M~+H-Boc).
[60561] Following the procedure of Example 16, the following compounds were also
prepared:
Example Structure Name Data
97 N-(3-(2-

o

lers SN -’>‘

| P )

T Qgih,
@S HCH

_ g

chlorophenylthio)-5-~
{}-(pyridin-2-
yhethylthio)pyridin-2-
yI)-4-methyithiazol-2-
amine dihydrochloride

'H NMR (DMSO-ds) § 8.34
(4, 15), 8.19 (s, 1H), 7.98 (t,
1H), 7.61 (dd, 1H), 7.51 (4,
1¥), 7.47 (d, 1H), 7.37 (m,
2H), 7.04 (bs, 2FD), 6.52 (s,
1H), 4.56 (q, 1H), 2.18 (s,
3D, 1.58 (d, 3EL). Mass
spectrum (apci) m/z = 471.2
(M+H-2HCI. ‘
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98 m@\/ N-(3-(2~ "H NMR (DMSO-~ds) 8 12.20
s 1 S /%* chlorophenylthio)-5- (bs, 1H), 10.05 (bs, 1H), 8.65
- QN)LN (piperidin-d- | (d, \H), 8.34 (m, 2HD), 7.64 (&
S yimethyitbio}pyz:zdm- 1H), 7.38 {m, 2H), 3.22 (4,
@: 2eyl)-4-methylthiazol- | 2H), 2.79 (q, 4H), 2.17 (s,
o 2-amine . 3HD, 1.86 (d, 2H), 1.61 (m,
dihydrochloride 1H), 1.30 (m, 2H). Mass
spectrum (apci} m/z = 463.0
{(M+E-2HCI).
99 éws N-(3-(2- 'H NMR (DMSO-dg) § 10.13
- (o /i:\>__ chiorophenylthic)-5- {bs, 1H), 842 (s, 1H), 7.61 (d,
L (3- 1H), 7.34 (m, 2FD), 7.09 (m,
@3 Hol (dimethylamino)propy | 1H), 6.52 (s, 1H), 3.09 (m,
- Hhio)pyridin-2-yl}-4- | 2H), 2.91 (t, 2HD), 2.70 {d, 6H),
: methylthiazol-2-amine | 2.19 (s, 3H), 1.84 (m, 2H).
dihydrochloride Mass spectrum (apei) m/z =
- 451.1 (MHH-2HCI.
100 B 4-phenethyl-N-(3- "H NMR_ (DMSO-dg) § 11.20
O\’S‘@i i">~/‘© phenoxy-5-~(piperidin- | (bs, 1H), 8.81 (m, 1H), 8.50
NP S . 4- {m, 1H), 8.18 (d, 1H), 7.44
O’O yimethylthio)pyridin- | (m, 2H), 7.36 (4, 1H), 7.30-
2-yDthiazol-2-amine | 7.15 (m, 6H), 7.10 {d, 2H),
dihydrochloride 6.71 (s, 1H), 3.22 (m, 2H),
2.98-2.73 (m, 8H), 1.88 (m,
2 ), 1.67 (m, 1H), 1.34 (m,
2H). Mass spectrum (apci)
m/z = 503.2 (M+H-2HCI).
Example 101
3-(6-(4-methylthiazol-2-vlamino)-3-phenoxypyridin-3-vithioiphenol
By '
OH ©/O H
[06502] Prepared according to the method of Example 57. 'H NMR (CDCL) § 8.18 (dd,

1H), 7.38 (m, 2H), 7.31 (d, 1H), 7.19 (ig, 1ED, 7.16 (dd, 1H), 7.10-7.03 (m, 3H), 6.69-6.61 (m,

3H), 6.45 (&, 1H), 2.33 (s, 3H). Mass Specirum (apci): 408.2 (M-+H).

Example 162

4-methyI-N-(3-phenoxy-5-(3-(2-(piperidin-1 -vDethoxyphenvithio)pyridin-2-viithiazol-2-amine

OO

oG R
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{00503} Prepared according fo the method of Example 59. 'H NMR (d6-DMSO) 8 9.56 (s,
1H), 8.29 (dd, 1H), 7.50 (dd, 1), 7.2%8 (m,‘Z}-}Z), 7.12 (t, THD), 7.00 (t, 1HD, 6.83 (m, 2F), 6.65 (m,
1H), 6.58 (m, 1H), 6.54 (m, 1H), 6.35 (s, 1H), 3.79 (t, ZH), 2.24 (s, SH), 2.18 (m, 41), 2.12 (¢,
2FD), 1.38 (m, 4H), 1.31 (m, 2F). MS (apei): 519.1 (M+H).
' Example 103 ‘
2+(3-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-vithio phenc}xj)acetic acid hydmchloride»

S
\N —
3/ i\>‘
% oy
o) 0
HO ©/ HC

[00504] Prepared according to the method of Example 58. "H NMR (ds-DMSO) § 9.70
(bs; 1HD, 8.17 (d, 1H), 7.36 (t, 2H), 7.19 (4, 1H), 7.15 (m, 2H), 6.99 (d, 2H), 6.71 (d, 1F), 6.66
(d, 1H), 6.63 (d, 2FD), 4.86 (s, 2H), 2.15 (s, 3H). Mass Spectrum (apci): 466.1 (M+H-HC.

’ | Example 104

-4-methylthiazol-2-amine

[66505] Prepared according to the method of Example 60. "H NMR (ds-DMSO) 5 9.55 (s,
1H), 8.28 (d, 11), 7.49 (d, 1H), 7.29 (1, 2H), 7.11 (t, 1H), 7.00 (t, 1H), 6.85 (¢, 2H), 6.65 {d, 1H),
6.58 (dd, 1H), 6.54 (m, 1H), 6.38 (s, 1H), 3.70 (m, 2H), 2.21 (s, 3H), 2.04 (s, 6H), 1.96 (t, 2H),
1.44 (m, 2H). Mass Spectrum (apel): 493.1 (M-+H).
Example 145
- 1-(3-(5-bromo-2-(4-methylthiazol-2-ylaming

& % HOo! ’ \
{60506] Prepared according to the method of Example 63. 'H NMR (de-DMSO) 8 11.55 (bs,
1H), 8.11 (d, 1H), 7.81 (@, 1H), 6.90 (d, 1H), 5.28 (m, 1H), 4.00~3.52 (m, 4H), 2.33 (s, 3H), 2.31-2.09
(m, 2H), 1.98 {(d , 3H). Mass spectrum (apei} m/z = 398.1 (M-+H-HCI).
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jO0547} Following the procedure of Example 105, Step H, the following compounds were also
prepared.
Example | Structure Name Data
106 S 1-(3-(5-bromo-2-(4- "H NMR (ds~-DMSO) 6 11.12
E = A:}‘ methylthiazol-2- (bs, 1H), 9.75 (bs, 1H), 8.08
s N e ylamino)pyridin-3- (d, 1H), 7.75 (d, 1FD), 6.78 (s,
(D/ vioxy)pyrrolidin-1-yD- | 1H), 5.32 (dt, 1H), 4.31-4.06
% HGI 2-{dimethylamino) 1 {m, 2ED, 3.85-3.56 (an, 4H),
o N/ ethanone 2.83 (m, 6H), 2.40-2.10 (m,
N dihydrochloride SH). Mass spectrum (apci)
: m/z = 440.1 (M+H-2HCI).
107 BNy \ 1 4-(3-(5-bromo-2-(4- 'H NMR (de-DMSO) 5 12.20
\Q\N i}“ meﬂxy!thiazol?’b (bs, 1H), 11.65 (bs, 1H), 7.97
o H ylamino)pyridin-3- {m, 1H]}, 7.58 (m, 1H), 6.62
(j/ yioxy)pyrrolidin-1-yi)- (m, 1H}, 5.20 (dt, 11}, 3.92-
7&/}’2 o 4-oxobutanoic acid 3.42 (m, 4H), 2.60-2.40 (m,
o 4¥), 2.32-2.05 (m, 5H). Mass
spectrum (apei) m/z = 457.1
(M+H).
108 By N\ 3-(5-bromo-2-(4~- 'H NMR (dg-DMSO) § 10.48
; A i\} methylthiazol-2- {bs, 1H), 7.96 (m, 1H), 7.52
o H ylamino)pyridin-3- (m, 1H), 6.61 (m, 1H), 5.82
(j/ yloxy)-N- (d, 1H), 5.17 (m, 1H), 3.75
N isopropylpyrrolidineg-1- | (m, 1H), 3.61-3.42 (m, 4H),
oﬁw carboxamide 228-2.05 (m, 5H), 1.05 (4,
6H). Mass spectrum {apci)
| m/z = 440.1 QVI+ED.
109 B Ny 3 N-(5-bromo-3-(1-(1- "H NMR (de-DMSO) 8§ 10.06
[ N /Z} methyl-1H~imiéaqu~4~ (bs, 1H), 7.96 (d, 1H), 7.79 (s,
_é H yisufonyl)pyrrolidin-3- | 1H), 7.49 (m, 2H), 6.65 (s,
(j’ yloxy)pyridin-2-yl)-4- 1H), 5.07 (m, 1H), 3.69-3.30
o-‘sji 5 methylthiazol-2-amine (m, TH), 2.28 (s, 3H), 2.20 (m,

1H), 2.03 (m, 1H). Mass
spectrum {apci) mfz = 501.1

(MAH).

‘Example 11¢

N-{3-bromo-3-(2-chiorophenvithio)pyridin-2-vhH-4-methvithiazol-2-amine

Br SN
T -
N N
@S .H
& Cl-
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‘ [00568) Prepared according to the method of Example 40. " NMR {CDCl3) 8 8.96 {(bs,
1H), 8.49 (d, 1H), 7.95 (d, 1H), 7.41 (dd, 1H), 7.13 (m, 2H), 6.69 (dd, 1h), 6.46 (5, 1H), 2.32 (5,
3H). Mass spectrum {apei) m/z = 414.1 (M+H).

[66509] The following compounds were prepared according to the method of }?,xam;)}e 7.
Example Structure Name Data
111 Nor Sy 4-methyl-N-(3- "M NMR (dg-DMSO) 6 8.39
U \@\N i:}“ phenoxy-3-(pyridin- | (ddd, 1H), 8.35 (dd, 11, 7.70
LoH 2-ylthio)ypyridin-2- (tdd, 1H), 7.45 (m, 3H), 7.20
@’ HO ylthiazol-2-amine | (m, SH), 6.92 (s, 1H), 2.34 (s,
T dihydrochloride 3H). Mass spectrum (apei) m/z
= 303.2 (M+H-2HCH.
112 Sy 4-mmiethy-N-(3- "H NMR (ds-DMSO) 8 8.59 (4,
@/ L . i}« phenoxy-5-(pyridin- | 210, 8.40 (m, 1H), 7.68 (m, 1H),
& H 4-yithio)pyridin-2- 7.66 (4, 1H), 7.51 (m, 1H), 7.43
e HOL yl)thiazol-2-amine (m, 2H), 7.19 (m, 3H), 6.79 (s,
T dihydrochloride 1H), 2.29 (s, 3H). Mass
spectrum (apel) m/z = 393.2
{M+H-2HCD.
113 NN ' 4-methyl-N-(3- TH NMR (dg-DMSO) & 8.61 (m,
: E)N/ L . iﬂ}“ phenoxy-5- 2H), 8.30 (d, TH), 7.48 (d, 15),
JO (pyrimidin-2- 7.43 (m, 2H), 7.25 (¢, 1D, 7.17
@ el yithio)pyridin-2- (m, 3H), 6.75 (s, 1H), 2.28 (s,
yiythiazol-2-amine 3H). Mass spectrum (apci) m/z
hydrochloride = 384.2 (M+H-HCI).
114 A~ Ny 4-methyl-N-(3-(6- | 'H NMR (d~-DMSO) 8 8.31 (d,
g QNAN methylpyridin-2- 1h), 7.58 &, 1H), 7.43 (m, 3H),
Hel 5 H ylthio)-3- 7.20 (m, 3H), 7.04 (d, 1H), 6.89
O phenoxypyridin-2- | (d, 1H), 6.82 (s, 1HD, 2.37 (s,
yhthiazol-Z-amine 3H), 2.30 (3, 3H). Mass
dihydrochloride spectrum (apci) m/z = 407.2
(MEH-2HCD.
115 NS~y s 4-methyl-N-(5-(4~ | 'H NMR (de-DMSO) & 8.38 (d,
x‘/\\f\é/ L NA;}* methylthiazol-2- 1H), 7.49 (d, 1H}, 7.43 (m, 2H),
wer a0 B yithio)-3- 722 (d, 1H), 7.19 (d, 1H), 7.12
U HeH phenoxypyridin-2- | (m, 2H), 6.77 (s, 1H), 2.28 (s,
-yhithiazol-2-amine 3H). Mass spectrum (apei) m/z
dihydrochloride =413.1 (M+H-2HCI).
116 @8 Yoy N-(3-(2- 'H NMR (d¢-DMSO) & 8.58 (m.
No? \Q\uim chlorophenylthio)-5- | 2H), 8.46 (s, 1H), 7.60 (m, 3H),
. - {pyridin-4~ 7.40 (m, 3H), 7.22 (bs, 1H),
@[ o ylthio)pyridin-2-yl)- | 6.53 (s, 1H), 2.21 (s, 3H). Mass
¢l 4-methylthiazol-2- | spectrum (apci) m/z = 443.2
araine (M+H-2HCD.
dihydrochloride
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117 Sy 4-(1- 'H NMR (de-DMSO) 5'11.05
O \‘:/l\ﬁi}@““ methylpiperidin-4- (bs, 11), 10.00 (bs, 15}, 8.20 (d,
HCi @f ° Het yD-N-(3-phenoxy-5- | 1H), 7.40 {m, 2H), 7.32 (m, 2H),
(phenylthio)pyridin- | 7.25-7.15 (i, 5H}, 7.08 (m,
2-yDithiazol-2-amine | 2H), 6.78 (s, 1H), 3.45 (m, 2H),
dihydrochloride 3.06 (mn, 2H), 2.82 (m, 1H), 2.75
{d, 3H), 2.15 (m, 2H), 1.85 (m,
2H}. Mass spectrum (apci) m/z
=475.3 (M+H-2HCD.
118 Crs g N N-(3,5- 1 'H'NMR (ds-DMSO) §'8.33 (s,
\QKN,&N !Esis{phenyithno}pyrzd 1H), 7.44-7.16 (m, 11H), 6.63
s H in-2-yl}-4- (s, 1H), 2.24 (s, 3H). Mass
@’ HCI methylthiazol-2- spectrum (apel) miz =407.7
“ amine hydrochioride | (M~+H-HCI).
119 N SN sy 4-methyl-N-(3- "THNMR (dg-DMSO) 8 8.43 (s,
v L JL ) | (phenylthio)-5- 1HD, 8.36 (m, 1), 7.68 (m, 1H),
[ (pyridin-2- 7.61 (bs, 1H), 7.48-7.32 (m,
©/ Hl ylthio)pyridin-2- 5H), 7.16 Gm, 15D, 7.07 (4, 1H),
yDithiazol-2-amine 6.66 (s, 1H), 2.25 (s, 3H). Mass
hydrochloride spectrum (apci) m/z = 408.7
(M+H-HCD.
120 ~ ~n_ o-N 3-methyl-N-(3- 'H NMR (de-DMSO) & 8.36
ln U . K | (phenylthio)-5- (ddd, 1H), 8.30 (bs, 1H), 7.68
o O (pyridin-2- (m, 1H), 7.50-7.37 (m, 6F),
@/ HCL yithio)pyridin-2-yD- | 7.17 (m, 2H), 2.25 (s, 3H). Mass
1,2, 4-oxadiazol-5- spectrum (apci) m/z = 394.1
amine (M+BE-2HCYH.
. dihvdrochloride :
121 Sy s-N 3-methyl-N-(3- "H NMR (de-DMSO) § 12.30
i ~N \@\ > phenoxy-5-(pyridin- | (bs, 1H), 8.37 {m, 2H), 7.67 (m,
ot - N 2-ylthio)pyridin-2- | 1H), 7.43 (m, 3H), 7.15 (m, 5H),
@’ HG yh-1,2,4-thiadiazol- | 2.43 (s, 3H). Mass spectrum
S-amine (apcl) m/z = 394.2 (M+H-
dihydrochloride 2HCH.
122 SNy N N-(5-(4- TH NMR (ds-DMSO) 6 12.10
\OQ Wi/\\%\N’Lﬂxx\}“ methoxyphenylthio)- | (bs, I1H), 8.10 (m, 1H), 7.38 (m,
- R 3-phenoxypyridin-2- | 4H), 7.18 (m, 1), 7.14 (m, 1H),
» y1)-3-methyl-1,2,4- | 7.05 (m, 2H), 6.94 (m, 2H), 3.74
thiadiazol-5~amine (s, 3H), 2.40 (s, 3H). Mass
hydrochloride spectrum (apei) m/z =423.2
MAH-HCD.
123 s S\QAN j"‘{ Ne(3-(4~ "M NMR (CDCls) 8 §.13 (bs,
N HAN »,3‘}_ fluorophenoxy)-5- | 1E), 8.36 (m, 1H), 8.33 (m, 1H),
H {pyridin-2- 7.50 (m, 1HD), 7.28 (m, 1H), 7.09

yithiojpyridin-2-yi)-
3-isobutyl-1,2,4-

thiadiazol-5-amine

(m, 4H), 7.02 (m, 2H), 2.73 (d,
2H), 2.23 (m, 1H), 0.98 (d, 6H).
Mass spectrum (apci) m/z =
454.2 (MHH).
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. ‘ Example 124
(6-{4-Methyithiazol-2-viamine)-5-phenoxypyridin-3-vDimethanol

HO/\QN/?*;}\
. oo
SN

[60519] To a mixture ofinl 6-(4-methylthiazol-2-ylamino)-5-phenoxynicotinaldehyde
(Example 44, Step A; 150 mg, 0.48 momol) and EtOH (5 mL) was added sodium borohydride
(27.3 mg, 0.72 mmol) and stirred at ambient temperature for 30 minuates. Poured into saturated
aquecus NH,Cl and extracted with CHCla. The organic layer was dried with sodium sulfate,
filtered and concentrated. The residue was purified on silica gel (1:1 EtOAc:hexanes) to afford
the title compound (132 mg, 87.4% yield) as a white solid."H NMR. (CDCL) 8 8.66 (bs, 1H),
8.06 (4, 1H), 7.38 (m, 2H), 7.19 (m, 1H), 7.12 (d, 1H), 7.03 (m, 2H), 6.42 (q, 1H), 4.58 (s, 2H),
2.33 (d, 3H), 1.77 (bs, 1H).

. Example 123
N-(5-(4-{dimethviaminoYbut-1-enyl}-3-phenoxyoyridin-Z-y}-4-methyithiszol-2 -amine
' dihvdrochioride
A
- S Y
. | -
o H
@ HO!
[00511] A mixtare of mL [3-~(dimethylamino)propyl]-triphenylphosphonium bromide (413

mg, 0.964 mmol) and THF (5 mL) was cooled to 0 °C. Butyllithium (0.385mL mL, 0.964 mmol)
was added and stired at 0 °C for 20 minutes. 6-(4-Methylthiazol-2-yiamino}-5-
phenoxynicotinaldehyde (100 mg, 0.321 mmol) was added and stirred at ambient temperature for
20 minutes. The reaction was poured into agqueous NHiCl and extracted with EtOAc. The organic
layer was dried with sodium sulfate, filtered and concentrated. The residue was purified on silica
gel (0 to 20% methanol in BtOAc) to afford both isomers of desired material as white solids after
HCI salt formation. Cis-isomer: "H NMR (CDCls) § 12.82 (bs, ‘TiH}, 12.55 (bs, 1H), 8.06 (s, 1H),
742 (o, 2H), 7.21 (m, 3H), 7.04 (m, 1H), 6.47 (s, 1H), 6.39 (4, 1H), 5.67 (m, 1H), 3.03 (m, 2H).
2.84 (m, 2H), 2.74 (d, 6H), 2.46 (s, 3H). Mass spectrum (apoei) m/z = 381.2 (M+H-2HCI). Trans-
isomer: "H NMR (CDCls) 8 12.73 (bs, 1H), 12.50 (bs, 15}, 8.04 (4, 1H), 7.41 (m, 2H), 7.21 (m,




120

4H), 6.43 (m, 2H), 6.02 (m, 1H), 3.09 (m, 2H), 2.81 (m, 8H), 2.45 (5, 3FL). Mass spectrum (apci)
m/z = 381.2 (M+EH-2HCI).
Example 126
S5-(4-(dimethylamino buty-N-(4-methylthiazol-2~y1}-3-phenoxypyridin-2-amine di}wdrochloride

!
S o 3
o
‘ ©/ HCI

{6es12] Prepared according to the method of Example 44, Step C from 5-(4-
| (dimethylamino)but-] -enyl)-N-(4-methylthiazol-2-yl)-3-phenoxypyridin-2-amine.  'H  NMR
(CDCly) & 12.59 (bs, 1ET), 12.25 (bs, 1EL), 7.94 (s, 1H), 7.40 (m, 2ED), 7.21 (1, 1H), 7.15 (m, 2H),
7.03 (s, 1H), 6.42 (s, 1H), 2.96 (m, 2H), 2.76 (4, 6H), 2.61 (t, 2H). 2.44 (s, 3H), 1.90 (m, 2H),
1.63 (m, 2). Mass spectrum (apci) m/z = 383.2 (M-+H-2HCI).

‘ Example 127
4-methvithiazol-2-yl

ridin-2-amine dihvdrochloride

N N
cl o M
HY ©/ HC
[06513) A mixture of methyl 3-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-

yithio)propanoate (72 mg, 0.18 mmol), 2-chloro-4-nitropyridine (85.3 mg, 0.54 mmol) and
DMSO (2.0 mL) and purged with nitrogen for 5 minutes. Potassium 2-methylpropan-2-olate
(604 mg, 0.54 mmol) was added and stirred for 30 minutes. The reaction was poured into
aquecus NH4Cl and extracted with EtOAc (I x 20 mL). The organic phase was washed with
water, dried with sodium sulfate, filtered and concentrated . The residue was purified on silica gel
(25% EtOAc in hexanes) to afford the title compound (37.1 mg, 41.4% vield) as a white solid
after HCI salt formation. 'H NMR (CDCls) 8 12.89 (bs, 1H), 8.24 (m, 2H), 8.17 (4, 1H), 7.43 (1,
2H), 7.31 (d. 1H), 7.28-7.18 (m, 3H), 6.88 (s, 1H), 6.84 (m, 1H), 6.53 (s, 1H), 3.93 (s, 1H), 2.50
(s, 3H). Mass spectrum (apei) m/z = 427.2 (MHH-2HCI). :
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j6e514] The following compounds. were prepared -according to the method of Example
127. .
Example Structure Name Data
128 PN N-(5-(2- TH NMR (CDCly) & 8.29 (4, 1H),
: (}f P i} chloropyrimidin-4- | 8.24 (d, 1H), 7.42 (m, 3H), 7.26 (m,
\g ' g/\*;‘; ylthio)-3- 3H), 6.94 (d, 1H), 6.52 (d, 1H), 2.48
©/ el phenoxypyridin-2- | (d, 3H). Mass spectrum (apci) m/z =
HCi yi)-4-methylthiazol- | 428.2 (M+H-2HCD.
Z-amine ~
dihydrochloride
129 NSy g 5-(4,6~ "HNMR (CDCls) 8 12.63 (bs, 1H),
\W ZN \H:/‘\N :}‘ dimethylpyrimidin- | 8.25 (m, 1H), 7.57 (m, 1E), 7.35 (1,
Y o A 2-y1¢hio)-N-(4- 2H), 7.25 (m, 3H), 7.18 (m, 1H), -

i /' HOt me’shyiﬂnazoi—_2~yl)'~ 6.73 (s, 1H), 6.46 (s, 1H}, 2.47 (s,
3-phenoxypyridin- 3H), 2.34 (s, 6H). Mass spectrum
2~amine (apel) m/z = 422.2 (M~+H-2HCI).
dihydrochloride : )

130 ANy ~y | N5GE- "H NMR (ds-DMSO) & 8.30 (4, 1H),
T\f_ﬂ P ,Niﬂ dimethoxypyrimidi | 7.52 (d, 1H), 7.42 (m, 2FD), 7.19 &,
P s H n-2-ylthio)-3- 1H), 7.11 (d, 15D, 6.75 (s, 1H), 5.97
HT @l * HOl phenoxypyridin-2- (s, 1H), 3.70 (s, 6H), 2.28 (s, 3H).
yh-4-methylthiazol~ | Mass spectrum (esi) m/z = 454.2
2-amine +HH-ZHCT).
dihydrochloride
131 Nor S 5-(4- "H NMR (dg-DMSO) 8 8.30 (m,
‘ : Ef?: t /i¥ i& methoxypyrimidin- | 2H), 7.50 (m, 1H), 7.43 (m, 2H),
[N N 2 yithio)-N-(4- 7.19 (m, 1H), 7.13 {d, 25D, 6.75 (s,
~0 ©f° o methylthiazol-2-yD)- | 1H), 6.67 (dd, 15, 3.73 (s, 3H),

HC ‘ 3-phenoxypyridin- | 2.28 (s, 3H). Mass spectrum (esi)
2-amine m/z = 424.2 (M+H-2HCI).
dihydrochloride

132 7 N-(4-methylthiazol- | 'H NMR (ds-DMBO) & 8.58 (d, 1H),
NIy N 2-y1)-3-phenoxy-3- | 8.42 (d, 1H), 8.34 (d, 1H), 7.68 (d,
N = Sy (thieno[3,2- 1HY, 747 (d, 18D, 7.40 (m, 2H),
Het & blpyridin-7- 7.19-7.07 (m, 4H}, 6.73 (s, 1H),

[ HCt yithio)pyridin-2- 2.27 (s, 3H). Mass spectrum (apci)
amine m/z = 449.2 Q+H-2HCL,.
dihydrochloride

133 N 4-methyl-N-(5-(3~ "H NMR (ds-DMSO) 8 8.38 (i,
O A ~n methylisoxazolol5, - | 1H), 833 (dd, 1H), 7.42 {m, 3H),
Yo i;& 4-blpyridin-4- 7.17 (m, 3H), 6.74 (m, 2H), 2.6 (s,

ylthio)-3-
phenoxypyridin-2-
yiythiazol-2-amine

3H), 2.28 (s, 3H). Mass spectrum
(apei) m/z = 448.2 (M+H-ZHCI).

dihydrochloride
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134 \i( N-(5~(2~ "H NMR (ds-DMSO) 8 8.48 (d,"1HD,

N S (methoxymethyDpy | 8.35 (dd, 1H), 7.49 (dd, 1H), 743

U7 U 205 rimidined-ylthio)-3- | (m, 2H), 7.18 (m, 3H), 7.08 (4, 1D,
A NN | phenoxypyridin-2- 6.80 (s, 1H), 4.44 (s, 2H), 3.36 (s,
[ HOl yl)-d-methylthiazol- | 3H), 2.30 (s, 3H). Mass spectrum
= 2-amine (apei) m/z = 438.2 (M+H-2HCD).
dihydrochloride
135 7S s 4-phenethyl-N-(3- "H NMR (ds-DMSO) & 8.54 (d, 1H),
I 3 P phenoxy-5- 840 (d, 1H), 8.25 (4, 1H), 7.63 (d,
N 7NN (thieno[3,2- 1H), 7.45 (d, 1H), 7.39 (m, 2H),
Hat @*O ot blpyridin-7- 7.31-7.10 (m, 8H), 7.01 (d, 1H),
ylthio)pyridin-2~ 6.72 (s, 1H), 3.00-2.85 (m, 4H).
yhithiazol-2-amine Mass spectrum (apci) m/z = 53593
dihydrochloride (MHH-2HCI),
136 [ . N-(5-(3- TH NMR (ds-DMSO) & 8.38 (d, 1H).
NNy 5 ~en| methylisoxazolof5, 1 8.33 (d, 1H), 7.42 (m, 3H), 7.31-
N AN A 4-blpyridin-4- 7.15 (m, 8H), 6.74 (m, 2D, 3.00-
oy @ﬁ e ylthio)-3- 2.86 (m, 4H), 2.69 (s, 3H). Mass
phenoxypyridin-2- spectrum (apci) m/z = 538.3 (M+H-
Y4 PHCH).
phenethylthiazol-2-
amine |
dihydrochloride
137 SR N-(5-(5- TH NMR (d6-DMSO) 8 8.43 (d, 1H),
N\T’ i :N iwph methylpyrazolo[1,5 | 820 (d, 1H), 7.56 {4, 1H), 7.42-(m,
i NOW -ajpyrimidin-7- 2h), 7.31-7.14 (m, 8H), 6.75 (s, 1ED),

° wo RO yithio)-3- 6.57 (d, 1H), 6.31 (s, 1H), 3.00-2.87
phenoxypyridin-2- | (m, 4H), 2.42 (s, 3H). Mass
yh-4- spectrum (apei} m/z = 537.3 (M+H-
phenethylthiazol-2- | 2HCH.
amine :
dihydrochloride

138 I3 . 4-phencthyl-N-(3- | "H NMR (de-DMSO) & 8.90 (s, 1H),
3 \‘@ ~\._/~7| phenoxy-5- 8.43 (m, 2H), 7.63 (4, 1H), 7.60 (d,
M £ N (thieno[3,2- 1H), 7.43 (m, 2H), 7.32-7.14 (m,
HOL e HOI dipyrimidin-4- 8, 6.80 (s, 1H), 3.01-2.90 (m,

P yithio)pyridin-2- 4H). Mass spectrum (apei) m/z =
yDthiazol-2-amine 540.3 (M+H-2HCD.
dihydrochloride

139 =N 4-methyl-N-(5-(5- I NMR (ds-DMSO) & 11.28 (bs,
QN } 8 Sy s/\>‘ methylpyrazolo[1,5 | 1H), 8.42 (d, 1H), 8.20 (d, 11), 7.53
N Sy ] -alpyrimidineT- (d, 1H), 7.40 (m, 2H), 7.22-7.10 (m,
H ylthio)-3- 3H), 6.69 (s, 1H), 6.57 (d, 1H), 6.30

phenoxypyridin-2-
yhithiazol-2-amine

(s, 1H}, 2.42 (s, 3H), 2.26 (s, 3H).
Mass spectrum (apei) m/z = 447.2
(M-+H),
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140 J d-methyl-N-3- "H NMR (dg-DMSO) 8 11.18 (bs,
A S jan phenoxy-S- 1ED, 8.89 (s, 1HD, 8.42 (d, 15, 8.39
NN A SN (thieno{3,2- (d, 1H), 7.62 (d, 1H), 7.55 (d, 1H),
o B dipyrimidin-4- 740 (m, 2H), 7.18-7.10 (m, 3H),
s yithio)pyridin-2- 6.67 (s, 1FL), 2.26 (s, 3H). Mass
& yhithiazol-2-amine spectrum {apct) m/z = 450.2 (M-+H).
141 %s . 4-(1{1 - o "I NMR (ds-DMSO) § 10.63 (i;s,
i i ) _| methylpiperidin-4- 1HD, 8.62 (m, 1H), 8.43 (m, 2H),
:c,/ \%\\ﬁim y)-N-(3-phenoxy- 7.74 (4, 1H), 7.51 &, 1H), 7.41 (m,
Cr WO Ha | B (thieno|3,2- 2H), 7.16 (m, 4H), 6.85 (s, 1H),
blpyridin-7- 3.46 (m, 2H), 3.05 (m, 2H), 2.85 (m,
vithio)pyridisn-2- 1H), 2.73 (4, 3H), 2.15 (m, 2H),
yhthiazol-2-amine 1.94 (m, 2H). Mass spectrum (apei)
trihydrochloride m/z = 532.3 (M+H-=3HCI).
142 % - N-(5-(3- "H NMR (d-DMSO) § 11.35 (bs,
SN Sy A methylisoxazolo[5, 1H), 10.34 (bs, 1H), 8.38(d, IR),
Mo Qgi}cﬂ“ 4-bipyridin-4- 8.33 (d, 1H), 7.42 (m, 3H), 7.18 (m,
He @*‘:’ wa - MOl ylthio)-3- 3H), 6.84 (5, 1H), 6.73 {d, 113}, 3.47
phenoxypyridin-2~ {m, 2K}, 3.05 (m, ZH), 2.85 (m,
yi)-4-(1- 1H3, 2.74 (d, 3H), 2.69 (s, 3H), 2.16
methylpiperidin-4- {m, 2D, 1.90 (m, 2H). Mass
yhthiazol-2-amine spectrum (apci) m/z = 531.3 (M+H-
trihydrochloride 3HCI).
143 ; N-(5-(2- TH NMR (CDCl) & 8.86 (bs, 1H),
C . jodothieno[3,2~ 8.37 (m, 1H), 8.29 (m, 1H), 7.75 (s,
NS \H\/”‘N 7\ blpyridin-7-ylthio)- | 1¥1), 7.39 G, 3H), 7.20 (m, 1H),
N A=y | 3-phenoxypyridin- | 7.16 (m, 1H), 7.05 (m, 25, 6.70 (4,
o H 2-y1)-4- 1H), 6.50 (m, 1H), 2.36 (s, 3H).
©’ methylthiazol-2- Mass spectrum (apei) m/z = 575.1
amine (M-+H).
144 s 4-methyl-N-(5-(2~ TH NMR. (ds-DMSO) 8 8.87 (dd,
4 s methylthienof3,2- 1H), 8.45 (dd, 1H), 7.54 (m, 2H),
T i& bpyridin-7-ylthio)- | 7.41 (m, 2H), 7.17 (m, 4H), 6.78 (s,
Noo? A 0S| 3ophenoxypyridin- | THD, 2.74 (s, 3H), 2.29 (s, 3H).
HaY o M 2-yhthiazol-2- Mass spectrum (apei) m/z = 463.2
©/ Het amine (M+H-2HCD).
dihydrochloride _
145 b\( N(5-(2 "H NMR (ds-DMSO) & 8.56 (d, 1H),
S methylthieno[3,2- | 8.43 (4, 1H), 7.52 (m, 2H), 7.41 (m,
T L 03~ blpyridin-7-yithio)- | 2H), 7.31-7.11 (m, 9K, 6.76 (s
He o H 3-phenoxypyridin- 1H), 3.00-2.87 (m, 450, 2.73 (s,
Ty e 2y1)-d- 3H), Mass spectrum (apei) m/z =

phenethylthiazol-2-
amine
dihydrochloride

553.3 (M+H-2HCI).
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146 ZT N-(5-(2,5- "H NMR (ds-DMSO) & 8.42 (dd,
g ~ dimethylpyrazolo[1, | 1H}, 7.54 (dd, 1H), 7.42 (m, 2H),
g 2 ilv 5-alpyrimidin-7- 7.31-7.15 (m, 8H), 6.76 (s, 15D,
"| ylthio)-3- 6.37 (s, 1H), 6.21 (s, 1H}, 3.00-2.87
: ©/ Ha phenoxypyridin-2- (m, 4F), 2.42 (s, 3H), 2.38 (s, 3H).
j y1)-4- Mass spectrum (apei) m/z = 551.3
phenethylthiazol-2- | (M+H-2ZHCD.
amine
dihydrochloride i
147 N-(3~(4- "H NMR (de-DMS0) & 8.62 (8, 1H),
fluorophenoxy)-5- 8.42 (m,2H), 7.73 (4, 1H), 7.51 {d,
(thieno{3,2- 1M, 7.31-7.13 {m, 10H), 6.77 (s,
bipyridin-7- 1), 3.01-2.88 (m, 4H). Mass
ylthiolpyridin-2- spectrum (apci) m/z = 557.3 QM+H-
Y1)~ 2HCI).
phenethylthiazol-2-
amine
dihydrochloride :
148 N-(3-(4~ ' NMR (de-DMSO) & 8.38 (d, 1HD,
s oh ﬂuorophenoxy}-S« 8.32 (d, 1H), 7.45 (d, 1¥), 7.31-7.16
- H%Ni:w G- (m, 9H), 6.80 (s, 1H), 6.74 (d, 15D,
o N methylisoxazolo[5, | 3.02-2.90 (m, 4H), 2.69 (s, 3H).
FO/ Hek 4-blpyridin-4- Mass spectrum (apei) mfz = 556.3
ylthio)pyridin-2- (M+H-2HCI).
yiy-4-
phenethylthiazol-2-
amine
dihydrochioride
149 N(3-(4- TH XMR (de-DMSO) § 8.42 (mm,
. iWFh fluorophenoxy)-5- 1H), 8.20 (d, 1H), 7.54 (d, 1H),
; (5- 7.31-7.16 (m, 9H), 6.75 (s, 1H),
e OO methylpyrazolof1,5 | 6.57 (d, 1), 6.30 (s, 11D, 3.01-2.88
-alpyrimidin-7- {m, 4H), 2.42 (s, 3H). Mass
thlo)pyndm—z— spectrum (apci) m/z = 555.2 (M+H-
y¥>~4~ 2HCY).
phenethylthiazol-2-
amine
dihydrochloride
150 N-(5-(2,5- TH NMR (de-DMSO) 5 8.40 (m,
dimethylpyrazolo{l, | tH), 7.52 (m, 1H), 7.31-7.16 (m,

5-alpyrimidin-7-
ylthio)-3-(4~
fluorophenoxy)pyri
din-2~y g~
phenethylthiazol-2-
amine

9H), 6.73 (s, 1H), 6.37 (s, 1H), 6.20
(m, 1H), 3.01-2,88 {m, 45}, 2.42 (s,
3D, 2.38 (5, 3H). Mass spectrum
(apel) m/z = 569.2 (M+H-2ZHC).

dihydrochloride
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'H NMR (de-DMSO) & 8.55 (m,

151 N-(3-(4~
J AN sy o] Hluorophenoxy)-5- 1H), 8.41 (m, 1E), 7.50 (m, 2H),
U e 7.31-7.16 (m, SH), 7.10 (4, 1H),
Het o H methylthieno[3,2- 6.75 (s, 1H), 3.01-2.88 (i, 4H),
. ,©/ Rt blpyridin-7- 2.73 (s, 3H). Mass spectrum (apci)
yithio)pyridin-2- m/z = 571.3 (M+H-2HCI).
yh-4- e o
phenethylthiazol-2-
amine -
dihydrochloride
152 Sn Ny 4~(6-(4-. ] "H NMR (dg-DMSO) § 8.30 {im,
NCQ LA Ni’}“ methylthiazol-2- 1H), 7.71 (4, 2b), 7.41 (t, 2H), 7.33
5 B ylamino)-5- (m, 1), 7.26 (4, 28), 7.18 (t, 1H),
©/ Hol phenoxypyridin-3- 7.12 {d, 2H), 6.72 (s, 1H), 2.27 (s,
yithio)benzoniwile 3H). Mass spectrum (apei) m/z =
hydrochloride 417.0 (M+H-HCI).
153 VA N-(3-(2~ 'H NMR (ds-DMSO) § 8.66 (dd,
S 5\(\4 s"\>\ chiorophenylthio)- 1H), 8.54 (d, 1H), 849 (d, 1H), 7.78
Nz '\()\N =y 5-(thieno[3,2- (dd, 1h), 7.58 (m, 1H), 7.43-7.31
e & H blpyridin-7- (m, 45D, 7.12 (d, 1H), 6.56 (s, 1H),
: @ HCE yithio)pyridin-2- 2.22 (s, 3H). Mass spectrum (esi)
al yh)-4-methylthiazol- | m/z = 498.8 (M-+H-2HCI).
2-amine.
dihydrochloride
154 SN sy 4-(5-phenoxy-6-(4- | "H NMR (ds-DMSQ) 6 11.30 (bs,
- No’© ~F gi“m‘* (piperidin-4- 1H), 9.01 (m, 1H), 8.85 (m, 1H),
@/" Hol MOl ythiazol-2~ 8.30 (m, 1H), 7.72 (m, 2D, 7.45-
ylamino)pyridin-3- 7.10 (m., 8H), 6.82 (s, 1H), 3.57 (m,
yithioYbenzonitrile 1H), 3.31 {m, 2H), 2.96 (m, 3H),
dihydrochloride 2.12 (m, 2H), 1.82 (m, 2H). Mass
. spectrum (apei) miz = 485.6 (M+H- -
2HCI).
155 I . N-(5-(furo{3,2- "H NMR (ds-DMSO) & 8.28 (m,
S @\ j\& cipyridin-4-yithio}- | 1H), 8.19 (m, 1H), 8.09 (m, 1),
SN PN 3-phenoxypyridin- | 7.48 (m, 1H), 7.41 {m, 1H), 7.37 (m,
o :G} vl 2-yD)-4- 2H), 7.11 (m, 3H), 6.89 (m, 1H),
O methylthiazol-2- 6.74 (s, 1H), 2.24 (s, 3H). Mass
aming spectrum (apoi) m/z = 433.2 (M+H-
dihydrochloride 2HCI).
156 N-(5-(2- "H NMR (dg-DMSO) § 11.25 (bs,
iodothieno[3,2- 1H), 8.80 (m, 1H), 8.58 (m, 1H),

blpyridin-7-ylthio)-
3-phenoxypyridin-
2=-yD-4-(piperidin-
4-yIthiazol-2-
amine
trihydrochlioride

8.44 (m, 1H), 8.38 (m, 1H), 7.40 (m,
3H), 7.12 (m, 4H), 6.95 (m, 1H),
6.81 (s, 1HO, 3.32 (m, 2H), 2.96 (m,
3H), 2.12 (m, 2H), 1.78 (m, 2H).
Mass spectrum {apci) n/z = 644.3
(M-+H-3HC.
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157 7S 4-methyl-N-(3- TH NMR (de-DMSO) 6 8.56 (d, 1H),
q et i XN j\,\>‘” (phenylthio)-5- 8.43 (s, 1H), 8.32 (d, 1H), 7.67 (d,
N~ AN S (thienof3,2~ 1H), 7.47 (m, 2H), 7.39 (m, 35,
o Lo# bipyridin-7- 7.26 (bs, LH), 6.96 (d, 15, 6.52 (s,
©/ HC yithio)pyridin-2- 1H), 2.22 (s, 3H). Mass spectrum
yDthiazol-2-amine | (apeci) m/z = 464.7 (M+H-2HCH),
dihydrochloride :
158 Ne= 1 domethyl-N-(5-3~ 'H NMR (dg-DMSO) § 8.40 (bs,
O Sy methylx:so?gazoio[S, 1H), 8.32(d, 1), 7.51 (mn, 2H), -
D \Q | 4-bipyridin-4- 7.40 (m, 3H), 7.25 (bs, 1H), 6.61 (d,
[ W N | yhthio)-3- 1H), 6.52 (s, 1H), 2.67 (s, 3H), 2.22
Hel ©f $ ha (phenylthio)pyridin | (s, 3H). Mass spectrum {(apoi) mfz =
’ -2-y1)thiazol-2- 463.6 (M+H-2HCI).
amine
dihydrochloride
159 Yoy 4-(6-(A- TH NMR. (de-DMSO) 5 8.36 (s, LH),
NCQ’ P NiN methyithiazol-2- 7.71 (m, 2H), 7.48-7.35 (m, SH),
I ylamino)-5- 7.19 (m, 2H), 6.55 (s, 1H), 2.22 (s,
©/ MGt (phenyithio)pyridin | 3H). Mass spectrum (apci) m/z =
~3- 431.9 (M+H-HCI).
yithio)benzonitrile
hydrochloride
160 H HCH 4-methyl-N-G- TH NMR (ds-DMSO) 8 9.67 (bs,
(phenylthio)-5- 2H), 8.71 (s, 1H), 8.29 (s, 1H), 7.50-
LQ\(S SN (5,6,7.8- 7.35 (m, 6H), 6.53 (s, 1H), 4.18 (m,
NezN AN SN tetrahydropyridof4, | 2H), 3.47 (m, 2H), 3.04 {t, 2H), 2.21
HO g H 3-dlpyrimidin-4- (s, 3H). Mass spectrum (apci) m/z=
HG 1 yithio)pyridin-2- 464.7 QM+H-3HCI).
yhthiazol-2-amine :
trihydrochioride
161 S tert-butyl  4-(5-(3- | '"HNMR (CDCls) 8 9.16 (s, 1H),
LI T L3~ s | (4-fluorophenoxy)- | 8.49 (d, 1H), 8.37 (d, 1H), 7.74 (d,
s P 5-(thieno{3,2- 1H), 756 (d, 1H), 7.17 (d, 1H), 7.08
A blpyridin-7- (m, 4K, 6.76 (d, 1H), 4.16 (m, 2H),
‘ yithio)pyridin-2- 3.00 (m, 1H), 2.91 (m, 2H), 2.05 (m,
yiamino)-1,2,4- 2H), 1.82 (m, 2H), 1.47 (s, 5H),
thiadiazol-3~ Mass spectrum (apei) m/z = 5372
yvhpiperidine-1- (M+H-Boc),
carboxylate
Example 162
N~{4-cvclopropylthiazol-2-y1)-3- idin-2-amine dihydrochloride
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[66515] Step A: Preparation of 4-(2-(pyridin-4-vidisulfanylipyridive: A mixture of 5-

bromo-3-phenoxypyridin-2-amine (2.1 g, 7.9 mmol) THF (80 mL} was purged with nitrogen and
cooled to -78 °C. Methyllithium (5.9 mL, 9.5 mmoly was added and stirred for 5 mimutes.
Butyliithium (3.8 mL, 9.5 mmol) was added and stirred for 10 minutes at -78 °C. 4-(2-(Pyridin-4-
yhdisulfanyl)pyridine (4.4 g, 20 mmol) was added and warmed to ambient temperature. The
reaction was poured into saturated aqueous NHLCI and extracted with EtOAc. The organic layer
was dried, filtered and concenirated. The residue was dissolved in methanol and NaBHy {excess)
added. The reaction was poured into saturated aqueous NH3Cl and extracted with EtQAc 2 x 75
mL). The orgavic layer was dried with sodium sulfate, filtered and concentrated . The residue
was purified on silica gel (50% EtOAc in hexanes to 5% methanol in EtOAc) to afford the tifle
compound (4.4 g, 20 mmol).

[60516] Steps B-D: Preparation of N-{4-¢vclopropylthiazol-2-yD)-3-phenoxy-5-(pyridin-4-
yithioypyridin-2-amine dihvdrochloride: Prepared according to the method of Example 7, Steps
C-E. '"H NMR (ds-DMSO) 8 8.52 (m, 2H), 8.34 (d, 1H), 7.52 '(m, 2H), 7.42 (m, 3H), 7.17 (m,
3H), 6.72 (s, 1H}, 1.97 (m, 1H), 0.84 (m, 2H), 6.78 {m, 2H). Mass spectrum {apci) m/z = 419.3
(MAH-2HC.

[80517] The following compounds were prepared according o the method of Example 7,
Step E.
Example Structure Name Data .
163 S V| 4-isobutyl-N-(3- THNMR (de-DMSO) § 8.57 (m,
,Q \@ i}f phenoxy-5-(pyridin- | 2H), 8.38 (dd, 150, 7.63 (m, 25,
o J N 4-yit¥uo}pyrldm‘-2ﬂ 7.47 (dd, 1H), 7.42 (m, 2k, 7.17
©/ Hol yh)thiazol-2~amine (m, 3H), 6.74 (s, 1H), 2.47 (4,
. dihydrochloride 2H), 2.0 (m, 1H), 0.89 (d, 6.
Mass spectrum (apei) m/fz = 435.3
(M+H-2HCH).
164 @3@\ \ 4-cyclohexyl-N-(3- | '"H NMR (de-DMSO) & 8.57 (m,
nd L Ni}\o phenoxy-5-(pyridin- | 2H), 8.38 (d, 1ED), 7.63 (m, 2H),
Kol L H 4-yithio)pyridin-2- | 7.48 (d, 1H), 7.42 (m, 2H), 7.17
©/ o yl)thiazol-2-amine | (m, 3, 6.72 (s, LH), 2.59 (m,
dihydrochloride 1H), 1.97 (m, 2H), 1.80-1.65 (m,
3H), 1.46-1.14 (m, SH). Mass
spectrum (apci) m/z=461.3
(M+H-2HCI).
165 S Sy N N-(3-phenoxy-5- TH NMR (ds-DMBO) & 12.08 (s,
@ \@g i}ca (pyridin-4- 1H), 8.57 (m, 2H), 8.44 (dd, 11),
e N yithio)pyridin-2-yl}- | 7.92 (s, 1H), 7.62 (m, 2H), 7.56
CTO o 4-(triftuoromethyl) | (dd, 1), 7.43 (m, 2H), 7.19 (m,
o thiazol-2-amine 3H}. Mass spectrum {apci) m/z =
L dihydrochioride 447.3 (M+H-2ZHCI),

S R RN
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166 -~ methyl 3-(2-(3- 'H NMR (dg-DMSO) § 8.56 (m,
OSSN 57\~ | phenoxy-5-(pyridin- | 2H), 8.37 (d, 1), 7.62 (m, 2H),
N? Ny o 4-ylthioypyridin-2- | 7.46 (d, 1H), 7.42 (m, 251), 7.17
fcl o ylamino)thiazol-4- | (m, 3H), 6.77 (s, 1H), 3.59 (5,
©/ HGl yDpropanocate 3H), 2.87 (t, 2H), 2.70 (t, 2H).
dihydrochloride Mass spectrum (apel) m/z = 465.2
: (M+H-2HCD.
167. NSNSy L s e | NH(3-phenoxy-5- "H NMR (de-DMSO) 8 11.70 (bs,
@/ L N,&}-@ (pyridin-4- 1H), 8.70 (m, 1ED), 8.59 (m, 2H),
HE o B yithio)pyridin-2-yD- | 8.44 (4, 1H), 8.25 (m, 3H), 7.68
@’ wo MG | d-(pyridin-2- (m, 2H), 7.62 (m, 1HD, 7.53 (d,
yhthiazol-2-amine | 1H), 7.44 (m, 2H), 7.22 (m, 3H).
trihydrochloride Mass spectrum (apci) m/z = 456.3
(M+H-3HCD.
168 NS N N-(3-phenoxy-3- *H NMR (ds-DMSO) & 11.55 (bs,
, \@Ni\m (pyridin-d- 1H), 8.57 (d, 2H), 8.41 (dd, 1H),
e &8 ylthio)pyridin-2<y1)- | 7.95 (d, 2H), 7.65 (d, 2H), 7.62 s,
©/ A-phenylthiazol-2- | 1H), 7.48 (d, 1H), 7.43 (m, 4H),
amine 7.32 (1, 1H), 7.21 (m, 3H). Mass
dihydrochloride spectrum (apei) m/z = 45353
(M+H-2HCI).
169 SUENGEN N-(3-phenoxy-5- "H NMR (de-DMSO) § 11.55 (bs,
Ne \Q\ im (pyridin-4- 1H), 8.58 (d, 2H), 8.40 (d, 13D,
o JO: ylthioypyridin-2-y1}- | 7.81 (m, 1H), 7.67 (d, 2H), 7.59
©/ M 4-(thiophen-3- (m, 2H), 7.50 (d, 1H), 7.43 (m,
= yhthiazoi-2-amine | 3H), 7.20 (m, 3H). Mass spectrum
dihvdrochloride {apci) m/z = 461.2 (M+H-2HCI).
170 4-phenethyl-N-(3- | "H NMR (ds-DMSO) 5 8.58 (m,
g ? phenoxy-5-(pyridin- | 2H), 838 (dd, 1H), 7.65 (m, 2H),
NS N N 4-ylthio)pyridin-2- | 7.48 (dd, 1H), 7.42 (m, 2H), 7.31-
@/ QNiN yhthiazol-2-amine - | 7.14 (m, 8H), 6.74 (s, 1H), 2.96
Hel o H dihydrochloride {m, 2H), 2.90 {m, 2H). Mass
© HC! spectrum {apci) m/z = 4833
(MHE-2HCD.
171 NI 5y 4-ethyl-N-(3- "H NMR (de-DMSO) & 8.58 (m,
Nz \H/\f;\ :>‘~/ phenoxy-5-{pyridin- | 2H), 8.38 (d, 1H), 7.65 {m, 2H),
: NN 4-ylthio)pyridin-2- | 7.48 (d, 1H), 7.42 (m, 28D, 7.17
AC ©/O e yDthiazol-2-amine | (m, 3HD), 6.74 (s, 1H), 2.63 (g,
dihydrochloride 2H), 1.21 (t, 3H). Mass spectrum
‘ (apci) m/z = 407.3 (M+H-2HCD.
172 Sel N-~(3-phenoxy~5- "H NMR (d-DMSO) 8 8,54 (m,
S T\N _ i’\> (pyridin-4- 2H), 8.38 (m, 1H), 7.55 (m, 2FD),
N \%N N | yithio)pyridin-2- 7.49 (dd, 13D), 7.43 (m, 3H), 7.18
HC) o H yDthiazol-2-amine | (m, 4H). Mass spectrum (apci) -
©/ HCl | dihydrochloride m/z = 379.2 (M+H-2HCI).

AnmnnAS AR LA MO
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173 oSy N 4-{sopropyl-N-(3- "H NMR (ds-DMSC) & 8.58 (m,
o :>~< phenoxy-5-(pyridin- | 2H), 8.38 (m, 1H), 7.63 (m, 2H),
NooH 4eylthio)pyridin-2- | 7.47 (m, 1H), 7.42 (m, 2H), 7.18
HCI @/0 He yDthiazol-2-amine | (m, 3H), 6.72 (s, 1), 2.92 (m,
dihydrochloride 1H), 1.24 (d, 6H). Mass spectrum
) (apci) m/z = 421.3 (M+H-2HCID).

Example 174

N
© HGI
HCY

[00518] Step A: Following the procedure in.Example 7, step E using 1-(5-bromo-3-
phenoxypyridin-2-ylthiourea  and  tert-butyl  4-(2-bromoacetyl)piperidine-1-carboxylate
providediert-butyl 4-(2-(5-bromo-3-phenoxypyridin-2-ylamino)thiazol-4-yl)piperidine-1-
carboxylate.

[006519] Step B: tert-Butyl  4-(2~(5-bromo-3-phenoxypyridin-2-ylamino)thiazol-4-

yDpiperidine-1-carboxylate was dissolved in 1:1 CHyCly:methanol and 4N HCl in dioxane was
- added and stirred at room temperature for 1 hour. The solvents were removed to afford the title
compound. 'H NMR (dg-DMSO) § 10.98 (bs, 1H), 8.90 (bs, 1H), 8.70 (bs, 1H), 8.23 (4, 1H),
745 (m, 2H), 7.40 (d, 1H), 7.22 (m, 1H), 7.12 (m, 2H), 6.76 (s, 1H), 3.31 (m, 2H), 2.98 (m, 2H),
2.89 (m, 1H), 2.16 (m, 2H), 1.79 (m, 2H). Mass spectrum (apci) m/z = 431.2, 433.2 (M+H-
2HCD.

Example 175

~methvipiperidin-4-yhithiazol-2~-amine dihvdrochloride

B
L
A S N
©/O i;{r;; HG
[005201 To a mixture of 5-bromo-3-phenoxy-N-(4-(piperidin-4-yi)thiazol-2-yDpyridin-2-

amine dibydrochloride (80 mg, 0.16 mmol), paraformaldehyde (7.15 mg, 0.24 mmol), and
CICHLCHLCL (2 mL) was added NeBH(OA©)s (134 mg, 0.64 mmeol) and the reaction was stirred

at ambient temperature for 2 days. Poured into saturated aqueous NaHCO; and extracted with
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BtO&c. The organic layer was dried with sodium sulfate, filtered and concentrated. The residue
was purified on silica gel (10% methanol in EtOAc with 0.2% NHs) to afford the title compound
(51.2 mg, 62.3% yield) as a white solid after HCI salt formation. "H NMR (de-DMSO) & 11.00
(bs, 1H), 10.22 (bs, 1H), 8.23 (s, 1H), 7.48-7.38 (m, 3H}, 7.22 (t, 1H), 7.12 (m, 2H), 6.77 (s, 1H),
3.46 (m, 2H), 3.05 (m, 2H), 2.82 (n, 1H), 2.’7‘4' {d, 3H), 2.14 (m, 2H), 1.88 (m, 2H). Mass
spectrum (apei) m/z = 445.3 (M+H-2HCY.
. Example 176
2-(4~(2-(5-bromo-3-phenoxypyridin-2-viaminohthiazol-4-vipiperidin-1-yhethanot dihvdrochloride

l'
) Q i%‘*ﬂ
N |8
@,o . HCH
[60521] Prepared according to the method of Example 175. 'H NMR (de-DMSO) & 11.00
{(bs, 1H), 9.94 (bs, 111, 8.23 (4, 1}1), 7.48-7.38 (m, 3H), 7.23 (m, 1H), 7.12 (m, 2H), 6.76 (s, 1H),
3.79 (m, 2H), 3.74 (m, 1H), 3.58 (m, 2H}, 3.23-3.02 {m, 4H), 2.85 (m, 1H), 2.16 {m, 2H), 1.93

(m, 2H}. Mass spectrum (apei) m/z = 475.3 (M+H-2HCI).
Example 177

1-(4-(2-(5-bromo-3-phenoxy

N
©/0 Hal

1605221 To mL5-bromo-3-phenoxy-N-(4-(piperidin-4-yhthiazol-2-yDpyridin-2-amine
dihydrochloride (80 mg, 0.159 mmol), triethylamine (0.088mL mL, 0.64 mmol) and THF (2 mL)
was added acetic aphydride (0.015mL mL, 0.16 mmol)and stirred at ambient temperature for 30
mimxtes. Powed into saturated squeons NaHCO3 and extract with EtOAc (2 x 20 mL). The

organic layer was dried with sodium sulfate, filtered and concentrated. The residue was purified
on silica gel (5% methanol in EtOAc) to afford the title compound (47.6 mg, 58.8% yield) as a
white solid after HCI salt formation. "H NMR (de-DMSO) § 11.00 (bs, 1H), 8.23 (d, 1H), 7.44
(m, 2H), 7.40 (4, 1H), 7.21 (t, 1K), 7.11 (d, 2H), 6.70 (s, 1H), 4.41 (d, 1H), 3.12 (m, 1H), 2.83 («,
1H), 2.62 (id, 1H), 2.50 (m, 1H), 2.00 (s, 35), 1.93 (m, 2H), 1.55 (qd, 1H), 1.42 (qd, 1H). Mass |
spectrum (apoi) m/z = 475.2 (M+H-HCY).
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Example 178
N-(5-Bromo-3-phenoxypyridin-2-vh-4-phenethvithiazol-2-ammine

Br BN
! { /N Ni\w
o

[60523] Prepared according o the method of Example 7 Step B from 1-(5-bromo-3-
phenoxypyridin-2-y}thiourea and 1-bromo-4-phenylbutan-2-one. "H NMR (de-DMSO) & 8.26
(m, 1H), 745 (m, 3H), 7.31-7.11 {m, 8H), 6.7;1L (s, 1H), 2.92 (m, 4H). Mass spectrum (apci) m/z
= 452.3 (M+H), | '

Example 179
N-(5-Bromo-3-{4-fluorophenoxyipvridin-2- R henethvlthiazol-2-amine

o H -
T

[66524] Step A: S5-bromo-3-(4-fluorophenoxyipicolinonitrile: To a solution of 4-
fluorophenol {0.49g, 4.4 mmol) in DMF (10 mL) cooled to §°C was added 60% sodium hydride

{0.19 g, 4.8 mmo}) was added and the reaction was warmed to ambient temperature. 5-Bromo-3-
'njtrapicoﬁnoniﬁﬂe {1.0g, 4.4 mmol, solution in 5 mL DMTF) and stirred for 3 hours. Powred into
" water, filtered, washed with water, and dried to yield the title compound (1.0 g, 78%).

[Ba525] Step B:  S-bromo-3-(4-fluorophenoxyipicolinamide To  S-bromo-3-(4-

fluoropbenoxy)picolinonitrile  (48.5 g, 165 mmol) was added concentrated sulfuric acid {200

mL) and stirred overnight at ambient temperature, then added portionwise to water (1000 mL)
cooled in an ice bath at a rate such that the solution temperatore did not exceed above 35°C. The
agueous layer was extracted with ethyl acetate, The combined organics were washed with water,
brine, dried, and concentrated to 200 ml, filtered and dried to vield the title compound (49 g,
95%). .

{60526 Step C: 3-bromo-3-(4-flucrophenox idin-2-amine; To a solution of 2M
 sodium hydroxide (300 mL) at 0°C was added bromine (6.94 mL, 135 mmol). The reaction was
stirred at 0°C for 15 minutes, followed by addition of 3-bromo-3-(4-flucrophenoxy)picolinamide
(35g, 113 mmol) in dioxanes (600 mL). Stirred at zoom temperaiure for 1 hour, then heated at 80
°C for 2 hours. The reaction was acidified with 1N B’.Cl {800 mL) until no off gas was produced.

AU LN R R NERNRTSN
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The aqueous layer was basified using 1IN NaOH. The agueous layer was extracted with ethyl
acetate. The organic layer was washed with water, brine, dried and concentrated. The residue was
purified by chromatography using 15% ethyl acetate/CHaCl; as eluent to yield the title compound
(273 ¢, 86%). '
(60527} Step D: Following the procedure in Example 7, Step C, S5-bromo-3-(4-
fluorophenoxy)pyridin-2-amine (800 mg, 2.83 mmol) and benzoyl isothiccyanate (0.457 mL,
3.39 mmol) afforded 1-benzoyl-3-(5-bromo-3-(4-flucrophenoxy)pyridin-2-yl)thicurea (1150 mg,
91.2% yield).
[G0528} Step E: Following the procedure in Example 7, Stép D, 1-benzoyl-3-(5-bromo-3~
(4-fluorophenoxy)pyridin-2-yHthiourea (1150 mg, 2.58 mmol) and 3M sodium hydroxide (1.7
mL, 5.1 mmol) provided 1-(5-bromo-3-(4-fluorophenoxy)pyridin-2-ylthiourea (743 mg, 84.3%
yield) as a white solid. '
[00529] Step F: Following the procedurs in Example 7 Step E, 1-(5-bromo-3-(4-
fluorophenoxy)pyridin-2-yljthiourea (740 mg, 2.163 mmol), I-bromo-4-phenylbutan-2-one
(687.6 mg, 3.028 mmol} and triethylamine (0.5014 mL, 3.676 mmol} afforded 5-brome-3-(4-
flucrophenoxy)-N-{4-phenethylthiazol-2-yDpyridin-2-amine (1040 mg, 102.2% yield) as a white
solid after drying. 'H NMR (CDCL) 8 8.71 (bs, 1F), 8.13 (d, 1H), 7.28 (m, 2H), 7.20 (m, 3H),
7.13 (m, ZH), 7.06 (m, 3H), 6.43 (s, 1H), 3.05-2.92 (m, 4H), Mass spectrum {(zpci} m/z = 470.2,
4722 (M+H).
Example 180
henvithioypyridin-2-vi

- [00530] Step A Preparation of 2-nitro-3-(vhenvithioypyridine: 3-chloro-2-pitropyridine
(30.6 g, 193 mmol) was dissolved in DMSQO (200 mL}. Benzenethiol (20.7 mL, 203 mmol) was
added followed by cesium carbonate (69.3 g, 212 mmol) and stirred at amnbient temperature for
1.5 hours. The solution was diluted with water (750 mL) and the solids filtered. The crude
material was recrystallized from EtOAc (400 mL) and with adding hexanes (1L) to give an A~
crop of 23.5 g. The filtrate was concentrated and recrystallized from EtOAc/hexanes to give 7.87
g. The solids were dried on high vacuum to provide the title compéund (31.38 g, 69.8% yieid)..
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[06531] Step B: Preparation of 5-bromo-3-{phenvithiopyridin-2-amine: ml2-Nitro-3-
(phenylthio)pyridine (16.3 g, 70.2 mmol) and AcOH (250 mL} were cooled in a water bath. Zinc
(22.9 g, 351 mmol) was slowly added and stirred for 5 minutes. Filtered through celite and the
cake washed with CHoCla. The CH,Cly was removed and to the solution was added bromine (3.6

mL, 70.2 mmol). After 10 minutes, the HOAc was removed and partitioned between BtOAc and
saturated agueous sodium bicarbonate. The organic layer was dried with sodium sulfate, filtered
and concentrated. The residue was purified on silica gel (1.5 L Si0O; and 30% EtOAc in hexanes)
to afford the title compound (18.2 g, 92.21% yield). .

[66532] Step C: Preparation of 1-benzoyl-3-(5-bromo-3-(phenvithiolpyridin-2-vi)thiourea:

mL5-Bromo-3-(phenylthio)pyridin-2-amine (17 g, 60.5 mmol), benzoyl iscthiocyanate (9.79 mL,
72.6 mmol), and THF (300 mL) was stirred at 40 °C-ovemight. Concentrated to half of the
original volume and 9:1 hexanes:EtOAc (500 mL) was added. Filtered to afford the title
compound (25.7 g, 95.7% yield).

fO05331 Step D: Preparation of 1-(3-bromo-3-(phenvithiolpyvridin-2-vhthiourea: To 1-
Benzoyl-3-(5-bromo-3-(phenylthio)pyridin-2-ylthiourea (25.7 g, 57.8 romol) and MeOH (250
mlL) was added sodinm hydroxide (38.6 ml., 116 mmol) and stirred at ambient temperature for 8
hours. Diluted with water (250 mL) and filtered and washed with water. The precipitate was
dried in vacuum oven to afford the title compound (19.0 g, 96.5% yield).

[66534] Step E: Preparation of 5-bromo-N-(4-methylthiazol-2-v1)-3-(phenvlthio)pyridin-2-
amine: mL1-(3-Bromo-3-(phenylthio)pyridin-2-yl)thiourea (5.0 g, 14.69 mmol), tﬁe&ylamine
(6.0 mL, 44 mmol), 1-chloropropan-2-one (2.3 mL, 29.4 mmol), and EtOH (100 mL)were heated
to 70 °C for 6 hours. The ethano! was reduced to ~1/2 volume and water (150 mL) added and the
precipitate was filtered to afford the title compound (5.6 g, 100% vyield) as a tan solid after
drying. "H NMR (CDCL) 8 9.01 (s, 1H), 8.42 (m, 1H), 7.92 (m, 1H), 7.32-7.15 (m, 5H), 6.44 (m,
1HO, 2.32 (m, 3H). Mass spectrum (apei) m/z = 379.8 (M+H). ‘

Example 181

[60535] mL3-Bromo-3~(phenylthio)pyridin-2-amine (1.6 g 3.6 mmol), 2-chloro-3-
isothiocyanatopyridine (0.61 g, 3.6 mmol), DMF (2 mL) were heated to 90 °C for 8 hours.
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Cooled to ambient temperature and the solids were diluted with mLCHCl, (2 mL) and filtered
and washed with small amount of CH,Cl; to afford the title compound (0.98 g, 61% yield). 'H
NMR (de-DMSO) & 8.50 (d, 1HD, 8.39 (dd, 1H), 7.98 (s, 1H), 7.92 (dd, 1h), 7.38-7.25 (m, 6H).
-Mass spectrum (apeil) m/z = 414.8 (M+H).
Exampieuisz
N-(5-Bromo-3-(phenvlthiolpyridin-2-v1)-3-methyl-1 ﬂ2.4—oxad‘fazol-5-amine

“n oM
l P NJ*\\ >~

Br

[60536])

dimethylamino)ethylidene)carbamimidothioate: 1-(5-Bromo-3-(phenylthio)pyridin-2-yl)thiourea
(100 mg, 0.29 mmol) and 1,!-dimethoxy-IN,N-dimethylethanamine (0.096 mlL., 0.59 mmol) were
heated to 70 °C for 1 hour, The reaction was cooled to ambient temperature to afford 120 mg of

the title compound as a crude mixture. ,
{00537 Step B: Preparation  of  S-bromo-N-(3-methvi-1.2.4-oxadiazol-5-y1}-3-

(phenylthiopyridin-2-amine: To N'-5-Bromo-3-(phenylthio)pyridin-2-y1-N-(1~

(dimethylamino)ethvlidens)carbamimidothioate {120 mg, 0.283 mmol), sodium acetate (69.8 mg,
- 0.850 mmol), and THF (2 mL) was added hydroxylamine hyérochloﬁde (59.1 mg, 0.850 mmol)
followed by 0.1 mL water, Stirred at 50 °C for 3 hours and poured into saturated agueous
NaHCO; and extracied with EtOAc. The organic layer was dried with sodium sulfate, filtered
and concentrated. The residue was puﬁﬁed on silica gel (1:1 EtOAc in hexanes) to afford the title
compound (89 mg, 86.5% yield). '"H NMR (CDCL) 8 8.54 (m, 1H), 8.49 (bs, 1H), 7.96 (m, 1H),
7.64~7.49 (m, 1H), 7.31 (m, 3H), 7.21 (m, 2H), 2.35 (s, 3H). Mass spectrum (apci) m/z = 362.4,
364.2 (M+H).
Example 183
N-{5-bromo-3-phenoxvpvridin-2-y}-3-(tetrahvdrofuran-2-yI}-1,2 4-thiadiazol-5-amine

BI" X _.,N
S O
e
A s~
S
{66538  Step A: Preparation of tetrahvdrofuran-2-carbaldehvde oxime: Tetrahydrofuran-2-
carbaldehyde (100 g, 500 mmol, 50 wit% in water) was dissolved in wethanol:water (1:1, 1500
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mL) and cooled in an ice bath. Sodium carbonate (26.5 g, 250 mmol) and hydroxylamine
hiydrochloride {(41.6 g, 600 mmol) were added and the reaction was stirred overnight at ambient
temperature. The reaction was concentrated to half volume and extracted Wiﬁl EtQAe (2 x 800
mL). The organic layer was dried over magnesiwm sulfate, filtered and concentrated to afford the
title compound (44.3 g, 80%). '

(08539 Step B: Preparation of tetrahzdmfuran-zlcarbonvi chloride oxime: A 250 mL
round-bottomed flask was charged with tetrahydrofuran~2-carbaldehyde oxime (2.0 g, 17 n&moi}
and DMF (100 mL). 1-chloropyrrolidine-2,5-dione (2.3 g, 17 mmol) was added and stirred at
ambient temperature overnight. The reaction was poured into 1:1 brine:water (800 ml) and
extracted with BtOAc (500 mL). The organic layer was washed twice with water, dried over
sodium suifate, filtered and concentrated to afford the title compound (2.6 g, 100%).

1005401 Step C: Preparation of N-(methylsulfonvloxyvitetrabydrofuran-2-carbimidoyl
chloride: A 500 mL round-bottomed flask was charged with tetrahydrofuran-2-carbonyl chloride
oxime (2.6 g, 17.4 mmol), methanesulfonyl chloride (1.4 mL, 174 mmol), and EO (200 mL).

Triethylamine (2.4 mL, 17.4 mmol) was added dropwise over 1 minute and stirred at ambient

temperature for 10 minutes. The solids were filtered and the filtrate was concentrated. The
residue was purified on silica gel (100% CHyCly) to afford the title compound (2.1 g, 53.07%
yield).

f08341) Step D: Preparation of S-bromo-3-phenoxy-N-{3-(tetrahydrofuran-2-y-1.2.4~
- thiadiazol-5-vDpvridin-2-amine: A 20 mL vial was  charged  with  N-
(methylsulfonyloxy)etrahydrofuran-2-carbimidoyl chloride (129 mg, 0.57 mmol), pyridine
{0.137 mL, 1.7 mmol), NaSCN (45.9 mg, 0.57 mmol) and CH;CN (4 mL). The reaction was
heated to 40 °C for 40 minutes. 5-bromo-3-phenoxypyridin-2-amine (100 mg, 0.38 mmol) was

. added and the reaction was heated to 50 °C overnight. The reaction was poured inte saturated
aqueous NaHCO; and extracted with EtOAc, The organic layer was dried with sodivum sulfate,
filtered and concentrated. The residue was purified on silica gel (30% EtOAc in hexanes) to
afford the title compound (121 mg, 76.5% yield) as a tan solid. 'H NMR (de-DMSO) § 12.22 (s,
1H), 8.32 (d, 1H), 7.47 (d,‘lH}, 7.39 (m, 2H), 7.17 (m, 1H), 7.07 (m, 2H), 3.98 (1, 11}, 3.83-3.68
(m, 3H), 3.53 (m, 1H}. 2.19 (g, ZH). Mass spectrum (apci) m/z = 419.1 QM+H).

{00342} By the procedures in Example 183, the following compounds were also prepared.

AT R R DA
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Example | Structure Name Data
184 Brs oy N N-(5-bromo-3- "H NMR {CDCl) 6 9.10 (s,
| Ji\ }M phenoxypyridin-2- | 1H), 8.20 (m, 1H), 7.45 (m,
1/ NN y1)-3-methyl- 2H), 7.28 (m, 1H), 7.19 (d,
o 1,2,4-thiadiazol-5- | 1H), 7.08 (m, 2H), 2.53 (s,
@ amine 3H). Mass spectrum (apci)
~ - m/z = 363.1, 365.0 (Vi+H).
185 Bre Ny 5N N-(5-bromo-3- 'H NMR (de-DMSO) § 12.20
LA A= i | phenoxypyridin-2- | (s, 1H), 8.6 (bs, 1H), 8.47
o yh-3-(piperidin-4- | (bs, 1H), 8.31 (d, 1H), 7.46 (d,
P HE! HCl y-1,2,4- 1H), 7.40 (m, 2H), 7.18 (¢,
thiadiazol-S-amine | 1H), 7.08 (d, 2H), 3.51 {s,
dihydrochioride 2H), 3.15-2.90 (m, 3H), 2.10
(m, 2H), 1.88 (m, 2H). Mass
spectrum (apci) m/z=432.2 -
. (M+H-2HCD.
186 BNy g-N N-(5-bromo-3- "M NMR (CDCly) § 9.02 (5,
P phenoxypyridin-2- | 150, 8.21 (4, 1H), 7.45 (m,
N N>3-- y)-3-isobutyl- 2H), 7.28 (m, 1H), 7.19 (4,
1,2, 4-thiadiazol-5- | 1H), 7.08 (m, 2H), 2.71 (d,
©/O amine 2H), 2.22 (m, 111}, 0.98 (4,
6H). Mass spectrum (apei)
: m/z = 405.1 (M+H).
187 B Ny s-N N-(5-bromo-3- 'H NMR (CDCly) 8 9.30 (bs,
| Py - {(phenylthio)pyridi | 1H), 8.50 (d, 1H), 7.98 (d,
SN ON n-2-yD-3-methyl- | 1H), 7.30 (m, 3H), 7.20 (m.;
g B 1,2,4-thiadiazol-5- | 2H), 2.51 (s, 3H). Mass
| o amine spectrum (apei) m/z =379.1,
= : 381.0 (M-+H).
188 By N N-(5-bromo-3- 'H NMR {CDCls) 8 9.30 (bs,
gl H (phenylthio)pyridi | 1H), 8.51 (m, [H), 7.96 (m,
N n-2-y)-3- - 1H), 7.30 (m, 3H), 7.20 (m,
8 isopropyl-1,2,4- 2H), 3.14 (m, 1H), 1.35 (d,
©/ HC thiadiazol-5-amine | 6H). Mass spectrum (apci)
hydrochloride m/z = 407.1 (M+H-HCY).
189 BN~y 5N N-(5-bromo-3-(4- | 'H NMR (CDCl3) 8 9.04 (bs,
} - o D fluorophenoxy)pyr | 1H), 8.20 (d, 1H), 7.14 (m,
~ N° N idin-2-yl)-3- 3H), 7.07 (m, 2H), 2.54 (s,
© methyl-1,2,4- 3H). Mass spectrum {apei)
; O thiadiazol-5-amine | m/z = 381.1, 383.1 (M-+H).
190 Brey~y N N-{5-bromo-3-(4- | 'H NMR (CDCl3) 8 8.05 (bs,
L N’L“r«ﬁ* fluorophenoxy)pyr | 1H), 8.21 (d, 1H), 7.14 (m,
Lo idin-2-y1)-3~ 3H), 7.07 (m, 2H), 2.72 (d,
/@’ .| isobutyl-1,2,4- 2H), 2.22 (m, 1H), 0.98 (d,
E thiadiazol-5-amine | 6H). Mass spectrum {apci)
m/iz =423.1, 425.2 (M-+H].
191 By g-N tert-butyl 4-(5-(5- | 'H NMR (CDCl) 8 5.01 (bs,
' . NANH_:\N~(O bromo-3-(4- 1H), 8.20 (d, TH), 7.15 (m,
& H _§<3 fluorophenoxy)pyr | 3H), 7.07 (m, 2H), 4.14 (m,
/@” idin-2-ylamino)- | 2H), 2.93 (m, 3h), 2.04 (m,
F .
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1,2, 4-thiadiazol-3- | 2H), 1.81 {m, 2H), 1.46 (s,
yi)piperidine- 1~ 9H). Mass spectrum (apci)
carboxylate m/z = 45302 (M+H-Boc).
192 . %y_ tert-butyl 4-((5-(5~ | "H NMR_ (CDCl) 6 9.01 (bs,
o bromo-3-{4~ 1HD), 8.21 {m, 1H), 7.15 (m,
e }_p fluorophenoxy)pyr | 3H), 7.08 (m, 25D, 4.09 (m,
(10 idin-2-ylamino)- . | 2D, 2.78 (d, 2H), 2.71 (m,
rw 1,2,4-thiadiazol-3- | 2H),-2.04 (m, 1H), 1.69 (m,
,@ yhmethyDpiperidi | 2H), 1.45 (s, 5H), 1.24 (m,
F - | ne-l-carboxylaie | 2H). Mass spectrum {apci)
m/z = 4642 (Vi+H-Boo).

Example 193

idin-2-vIthiazol-2~amine

hvdrochloride

N S
| D—

mt\i* N
g H

@ HCi
[60543] Step A: Preparation of (6-
vhiltetrahvdro-2H-pyran-4~-vDmethanol hydrochloride: A 10 mlL round-bottomed flask was
charged with 5-bromo-N-(4-methylthiazol-2-y1)-3-(phenylthio)pyridin-2-amine (250 mg, 0.661

mmol), THF (6 mL) and cooled 1o -78 °C and methyllithivan (0.496 mL, 0.793 mmol) was added.
The reaction was stirred for 5 minutes and butyllithium (0.317 mL, 0.793 mmol} was added. The

reaction was stirred for 10 minutes and tetrahydro-2H-pyran-4-carbaldehyde (151 mg, 1.32
mmol) was added. The reaction was warmed to ambient temperature and poured into saturated
équﬁous NH:Cl and extracted with EtOAc (2 x 20 mL). The organic layer was dried with sodium
sulfate, filtered and concentrated. The residue was purified on silica gel (50% EtOAc in hexanes)
to afford the title compound (217 mg, 73.0% yield) after FC} salt formation.

[00544] Step B: i
{{tetrabydropvran-4-viidene)methyDpyridin-2-amine hydrochloride: A 10 mL round-bottomed
flask was charged with (6-(4-methylithiazol-2-ylamino)-3-(phenylthio)pyridin-3-yD(tetrahydro-
2H-pyran-4-ylymethanol hydrochloride (125 mg, 0.278 mmol), 4-methylbenzenesulfonic acid
hydrate (5.28 mg, 0.0278 mmol), Toluene (5 mL} and heated to reflux in dean stark trap for 24 7

hours. The reaction was cooled to ambient temperature and partitioned between saturated

- agqueous sodium bicarbonate and CHoCly. The organic layer was dried with sodinm sulfate, -

filtered and concentrated. The residue was purified on silica gel (25% EtOAc in hexanes) to
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afford the title compound (42 mg, 35.0% yield) as after HCl salt formation. "H NMR (CDChL) &
12.24 (bs, 1H), 8.18 (m, 1H), 771 (m, 1H), 7.54 (m, 2H), 7.30 (m, 3H), 6.40 (s, 1H), 6.20 (s,
1D, 3.78 (¢, 2H), 3.65 (1, 2H), 2.45 (s, 3H), 2.42 (m, 4F). Mass spectrum (apei) m/z = 396.2
(MAH-HCLD.

{05451 Step C: Preparation of N- (
pyran-4-yDmethvlpyridin-2-amine hvdrochloride: Prepared according to the method of Example
44, Step C. 'H NMR (de-DMSO) 8 8.26 (s, 1H), 7.85 (s, 1H), 7.35-7.19 (m, 5H), 6.82 (s, 1H),
3.74 (m, 2H), 3.15 (1, 2H), 2.49 (d, ZED), 2.24 (s, 3H), 1.67 (m, 15D, 1.38 (m, 2E1), 1.12.(m, 2H).
Mass spectrum (apei) mfz = 398.3 (M+H-HCL),

’ Exampie 194
-3

N-(5-{2-chloro-5-methoxvphenvithio henoxvoyridin-2-vl

~methvithiazol-2-amine

hydrochioride
Cl
S N8 A
Q P
N N
e o M
@’ Het

[606546] Step A: Preparation of 1.2-bis(2-chloro-S~-methoxyphenyDdisulfane: To a solution

of 2-bromo-~1-chloro-4-methoxybenzene (4.42 g, 19.9 mmol} in THF stirring at -10 °C under
nitrogen was added isopropylmagnesium chloride (9.9 mL, 18.9 mmol, 2M in THF). The reaction -
was allowed to warm to ambient temperature stirred for 4 hours. The reaction was cooled to -40
°C and zinc(il) chloride (19.9 mL, 12.9 mmol, 1M in ether) was added and the solution stirred for
30 minutes. The reaction was cooled to 78 °C and sulfurothioyl dichloride (0.80 mL, 9.9 mmol)
was added. After stirring for 15 minutes at -78 °C, saturated NH,Cl was added and the mixture
was warmed to ambient temperature and extracted multiple times with EtOAc. The combined
. organic layers were dried with sodium sulfate, filtered, and concentrated fo give a residue which
was purified by silica chromatography (10 % EtOAc in hexanes) to afford the title compound
C(1.52 g, 21.9% yield). '

[60547) Step B: Preparation of 5-~(2-chloro-3-methoxyphenylthio)-N-(4-methylthiazol-2-
vi)-3-phenoxvpyridin-2-amine hvdrochloride: Prepared according to the method of Example 8,
using 1,2-bis(Z-chloro-5~-methoxyphenydisulfane to afford the title compound (0.960 g, 56.5%
yield) after HCI salf formation. "H NMR (dg-DMSQ) & 8.26 (m, 1H), 7.40 (mn, 3155},_7.32 (m, H),

A RN e
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7.18 (1, 1HD, 7.11 (¢, 2H), 6.81 {dd, 1}, 6.73 (s, 1H), 641 (d, 1H), 3.64 (s, 3H), 2.27. (s, 3H).
Mass spectrum (apcl) m/z = 456.3 (MHH-HCI.

Example 195
(R)-d-methyl-N-(5( 5-methv¥-6,'7-‘dibvdro-5H-cvcloncmaI dlpyrimidin-4-yithio)-3-phenoxypyridin-2-

Nthiazel-2-amine dihvdrochloride’

i%m»

[00548] Step Acr Preparation of (2R)-ethvl 2-methvyl-5-(propan-2-
yviidene)cvelopentanecarboxylate: To a 3 L round bottom ﬂas];{ was added (r)-Pulegone (300 g,
1.97 mol), anhydrous NaHCOs (82 g, 0.99 mol) and Ether (1.5 L), The mixture was cooled 1o -5
°C ice-salt bath under No. Then bromine (101 ml, 1.97 mol) was added dropwise over 45
minutes. The mixtare was filtered aﬁd carefully added dropwise (addition is exothermic in
nature) to NaOEt (20 wi%, 4.3 mol) cooled at O °C. The reaction was allowed to stir with
warming to ambient temperatare overnight. Then 1L of 5% HCI and 300 mL of ether was added.

The aqueous phase was extracted with ether and the combined organic layers washed with brine,
dried with MgSQy and concentrated. The resulting brown oil diluted with EtOH was added to a
warm solution of semicarbazide HCI (150 g, 1.3 mol), NaOAc (150 g, 1.8 mol) and HoO (2 L) to
give a brownish solution. The mixture was then refluxed for 3 hours and stirred at ambient
temperature overnight. The mixture was treated with 1 L of water and 500 mL of ether. The
agueous phase was extracted with ether. The combined organic layers were dried with MgSO4
and concentrated to' give a brown oil. The oil was subject to vacuum distillation, and the title
compound (247 g, 64% yield) was collected at 73-76 °C.

1665491 Step B: Preparation of (2R)-ethyl 2-methyl-5-oxocvelopentanecarboxvlate: The
(2R)-ethyl 2-methyl-5-(propan-~2-ylidene)cyclopentanecarboxylate (139 g, 662 mmol) in EtOAc
(900 mL) was cooled to -78 °C using a dry icg~fsopropan01 bath. This mixture was subjected to

ozonolysis until the reaction turn purple in color. Ozone generation ceased and the reaction
removed from the dry-ice bath. Oxygen was bubbled through the reaction until the reaction
turned yellow. The reaction was concentrated and the resulting reszdus dissolved in 60 mL of
glacial acetic acid. The solution was cooled to 0 °C and Zn dust was added portionwise over 30

minutes. The reaction was then allowed to stir for 1 hour, then filtered through celite fo remove
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the zinc. The acetic acid was neutralized to pH 7 with agueous NaOH and NaHCO; and extracted
with ether. The organics were dried with brine, MgSOy and concentrated to give the desired
material as a brownish liquid. The material was passed through a silica plug (eluting 8:1,
hex/EtOAc) to remove polar impurities to afford the title compc;und (82 g, 73% yield).

[60550] Step C: Preparation of
a solution of (R)-ethyl 2-methyl-5-oxocyclopentanecarboxylate (106 g, 622 mmol) in 1.2L
MeOH was added ammonium acetate (240 g, 3.1 mol). The reaction was stirred for 20 hours and

~ethyl 2-amino-S-methvicyclopent-l-enecarboxvlaie: To

" concentrated to remove MeOH. The resulting residue was dissolved in CHpClh, washed with
H,0O, brine, dried (Nap;S0y4), filtered and concentrated to give the title compound (102 g, 97%
yield) as an orange oil.

[00551] Step D: Preparation of (R)-5-methyl-6.7-dihydro-SH-cyclopenta[dipyrimidin-4-ol:
A 2L 3-neck round bottom flask equipped with a condenser, internal temperature probe, wés
charged with (R)-ethyl 2-amino-5-methylcyclopent-1-enecarboxylate (185 g, 1093 mmol) and
ammonium formate (103.4 g, 1640 mmol) in formamide (400 mL) and toluene (200 mL). The

reaction was heated to an internal temperature of 150 °C and stirred for 36 hours. The reaction

was cooled and transferred to a 2L single next flask and excess formamide was removed by high
vacuum distillation. The resulting oil was dissolved in CH;Cl, and washed with brine. The
combined aqueous layers were extracted with CH,Cl. The combined organic layers were dried
over sodium sulfate, filtered and concentrated to give the crude product as a brown semi solid
which was taken into the next step without any further purification.

[60552] Step E: Preparation of (R)-4-chloro-3-methyl-6.7-dihydro-5H-
cyclopentaldipyrimidine: The solution of (R)-5-methyl-6,7-dihydro-5H-cyclopenta{d]pyrimidin-
4-01 (2.08g, 13.9mmol) in POCl; (10ml) was refluxed for 2 hours. After cooling, the excess
POCI; was evaporated and the residue was dissolved in CH,Cl (50ml) and was neutralized with
saturated NaHCO;. The agueous phase was extracted with CH,Cly. The organic phase was dried
and concentrated. The residue purified on silica gel (20% EtOAc in hexanes) to afford the title
compound (1.0 g, 44% vield).

{60553} Step F: Preparation of (R)-5-(5-methyl-6,7-dihydro-SH-cyclopentafd]pyrimidin-4~
ylﬁaio)-N«(ti»met}lyiﬂaiazol.mznyl)-B—phenexypyridin—?amine dihydrochloride: Prepared according
to  the method of Example 127 tising (R)~4-chloro-5-methyl-6,7-dihydro~-5H-
cyclopenta[d]pyrimidine to afford the title compound (51.6 mg, 49.8% yield) after HCI salt
formation. " NMR_ (de-DMSO) & 8.63 (m, 1F), 8.26 (m, 1H), 7.42 (m, 3H), 7.16 (m, 3H), 6.75
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(s, 1H), 3.29 (m, 1H), 3.03 (m, 1H), 2.80 (m, 1H), 2.28 (m, 4H), 1.72 (m, 1H), 1.27 (d, 3H). Mass
spectrum (apel) m/z = 448.3 (M+H-2HCL).
Example 196

idin-2-viaminoihiazol-4-vDipropanocic acid dihvdrochloride

[00554] Prepared according to the method of Example 45 from Methyl 3-(2-(3-phenoxy-5-
(pyridin-4-ylthio)pyridin-2-ylamino)thiazol-4-yl)propanocate. 'H NMR (de-DMSO) & 8.58 (m,
2H), 8.38 (m, 1H), 7.64 (m, 2H), 7.48 (m, 1E), 7.43 (m, 2H), 7.18 (m, 3H), 6.78 (m, 1H), 2.86
(m, 2H), 2.71 (m, 1H), 2.62 (m, 1H). Mass spectrum (apci) m/z = 451.2 (M+H-2HCD.
Example 197
N-(5-(3.5-dimethvlisoxazolol4,5-blpyridin-7-ylthio)-3-phenoxypyridin-2-vl)-4-methylthiazol-2~

amine dihvdrochloride

-~

’

4 S N
N ! } P Ni}\
M

o
HCH @ HC

[08555] Step A: Prepamation of 3.5-dimethvlisoxazolo{4.5-blpyridine 4-oxide: 3,5-
dimethyl-4-gitroisoxazole (2.50 g, 17.6 mmol) in 25 mL EtOH was dissolved. Piperidine (0.174
mL, 1.76 mmol) was added followed by propionaldehyde (1.52 mL, 21.1 mmol). The solution

was heated at 90 °C overnight. The solution was concentrated and chromatographed using EtOAc
to obtain the title compound (0.650 g, 22.5% vield).

[60556] Step B: Preparation of 7-chloro-3.5-dimethylisoxazolol4.5-blpyridine: 3,5-
dimethylisoxazolo[4,5-blpyridine 4-oxide (0.650 g, 3.96 mmol) in chloroform (5 mL), was added
POCI; (1.45 mL, 15.8 mmol) and the mixture was heated at 80 °C for 2 hours. The solution was

cooled and poured onto ice water. The solution was neutralized with saturated NaHCO; and the
solution was then extracted with BtQOAc, dried, and concentrated. The solid was triturated with
ether and filtered twice to obtain two crops of the title compound (0.417 g, 57.7% yield).

{60557] Step C: Preparation of 35-(3,5-dimethylisoxazolo[4,5-b]pyridin-7-ylthio)-N-(4-
methylthiazol-2-y1)-3-phenoxypyridin-2-amine dihydrochloride: Prepared according to the

A
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ethod of Bxample 127. "H NMR (ds-DMSO) & 8.3% {dd, IH); 7.48 (dd, iH), 7.39 (m, 3H), 7.15
(m, 3H), 7.06 (d, 1H), 6.74 (s, 1H), 2.54 (m, 3H), 2.52 (m, 3H), 2.28 (s, 3H). Mass spectrum
(apci) m/z = 461.9 (M+H-ZHCD.

-Example 198 '
1-(4-(2-(3-phenoxy-5-(thieno[3,2-bipvridin-7-vithio)pyridin-2-ylaminothiazol-4-ylpiperidin-1 -
yhethanone dihvdrochioride

J 53
%S S
N = EMN\{
O.
HC"©/ HCI

[060558] Step_A: A 100 mlL round-bottomed flask was charged with tert-butyl 4-(2-(5-
br{}mo—B-phenoxypyridin-2~ylamino)thiazoi-4-yi)pipcridine-1~carboxy}ate (1.6 g, 3.0 mmol), N-
ethyl-N-isopropylpropan-2-amine (1.0 mL, 6.0 mmol), Xantphos (0.087 g, 0.15 mmol), and
Dioxane (25 ml). Nitrogen was bubbled through the solution for 10 minutes. Methyl 3-
mercaptopropanoate (0.40 mL, 3.6 mmol) and Pdadbas (0.068 g, 0.075 mmeol) were added and the

reaction was plunged into a 95 °C oil bath for 6 hours. The reaction was cooled to room

temperature and the solids filtered through celite and concentrated. The residue was purified on
silica (30% EtOAc in hexanes) to afford tert-butyl 4-(2-(5-(3-methoxy-3-oxopropylthic)-3-
phenoxypyridin-2-ylamino)thiazol-4-yl)piperidine-1-carboxylate (1.4 g; 81.48% yield) as a white
foam. ) .

[B0558]) Step B: A 25 mL round-bottomed flask was charged with tert-butyl 4-(2-(5-(3-
methoxy-3-oxopropylthio)-3~phenoxypyridin-2-ylamino)thiazol-4-yDpiperidine-1 -carboxylate
(500 mg, 0.876 mmol), 7-chlorothienof3,2-b]pyridine (178 mg, 1.05 mmol), and DMSO (8 mL).
Nifrogen was bubbled through the solution for 10 minutes. Potassium 2-methylpropan-2-olate
(295 mg, 2.63 mmol) was added and stirred at room temperature for 30 minutes. The reaction
was poured into saturated agueous NH4Cl and extracted with BEtQAe (2 x 20 mL). The organic
layer was dried with sodium siﬁfate, filtered and concentrated. The residue was purified on silica
(50% EtOAc in hexanes) to afford teri-butyl 4-(2-(3-phenoxy-S-(thieno[3,2-bjpyridin-7-
yithio)pyridin-2-ylamino)thiazol-4-yi)piperidine-1-carboxylate.

{60560} Step C: tert-Butyl 4-(2~(3-phenoxy-5-(thieno{3,2-blpyridin-7-ylthio)pyridin-2-
ylamino)thiazol-4-y1)piperidine-1~carboxylate was dissolved in 1:1 CH,Clymethanol and 4N

HC1 in dioxane added and stirred for 1 hour at room temperature. The reaction was concentrated
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and the residue was partitioned between CH,Cly and saturated agueous sodium bicarbonate. The
organic layer was dried over sodium sulfate, filtered and concentrated to afford 3-phenoxy-N-(4-
{piperidin-4-yl)thiazol-2-y1)-5-(thieno[3,2-blpyridin-7-yithio)pyridin-2-amine (238 mg, 52.5%
yield over 2 steps) as a white solid '

[06561] Step D: A 20 mL vial was charged with 3«phenoxy-N-(#(piperidin%—yi}ﬂziazo&%
y1)-5-(thieno[3,2-b]pyridin-7-ylthio)pyridin-2-amine (80 mg, 0.15 mmol), tiethylamine (0.043
" mL, 0.31 mmol), and THF (2 mL). Acetyl chioride (0.011 mL, 0.15 mmol)} was added and stirred
at ambient temperature for 10 minutes. The reaction was poured into saturated agueous NaHCO;3
and extracted with BtOAc. The organic layer was dried with sodium sulfate, filtered and
concentrated. The residue was purified on silica gel (5 to 10% methanol in EtOAc) to afford the
title compound (35.1 mg, 35.9% yield) as 2 yellow solid after HCI salt formation. "H NMR (ds- -
DMSO) & 8.65 (d, 1H), 8.48 (d, 1H), 8.46 (4, 1H), 7.77 (4, 1H), 7.54 (d, 1), 7.41 (m, 2H), 7.18
(m, 4H), 6.82 (s, 1H), 4.43 (m, 1H), 3.88 (m, 1H), 3.14 (m, 1H), 2.89 (m, 1H), 2.64 (m, 1H), 2.01
(s, 3H}, 1.96 (m, 2H), 1.58 (m, 1H), 1.45 (m, 1H}. Mass spectrum (apci} m/z = 560.4 (M+H-
2HC. )

{66562} The following compounds were also prepared according to the procedure of
Example 198, Step D.

Example Structure Name Data
199 v o | @-(5~(5-bromo-3- | THNMR (CDCI3) 5 9.01 (5, 16D,
QNJLNFC%( phenoxypyridin-2- | 821 (d, 1H), 7.46 (m, 2H), 7.30
b F yviaminoy-1,24- | (m, 1h), 7.1 (d, 1H), 7.09 (m,
@’ thiadiazol-3- 2H), 457 (o, 1HD), 3.89 (m, 1h),
yDpiperidin-1- 3.22 {m, 1H), 3.07 (m, 1H}, 2.83
yiethanone (m, 1H), 2.11 (m, 5H), 1.95-1.75

(m, 2H). Mass spectrum (apc¢i)
miz = 476.2 (M+H).
1-(4~(5~(3-phenoxy- | '"H NMR (ds-DMSO) 3 12.48 (bs,

200 IS .
%’ @ﬁ i:”“CN £ 5-(thienof3,2- 1H), 8.56 (d, 1H), 8.53 (d, 1H),
O HE

el blpyridin-7- 8.28 (d, 1H), 7.65 (d, 1H), 7.57 (d,
Cy ylthio)pyridin-2- 1H), 7.40 (m, 2H), 7.18 (m, 1H),
ylamino)-1,2,4- 7.14 (m, 2H), 7.07 (4, 1H), 4.32
thiadiazol-3- (m, 1H), 3.20 (m, 1H), 3.07 (m,
yhypiperidin-1- | THD, 2.77 (m, 1H), 2.01 (m, 5H),
yhethanone 1.73 (m, 1H), 1.539 (m, 1H). Mass
dihydrochioride spectrum {apei) m/z = 561.3
(M+H-2HCD.
201 I3 1-(4-(5-(3~ "H NMR (ds-DMSO) & 8.72 (5,
s }@j\ﬂ i;}‘cw v (phenylthio)-5- 1H), 8.61 (d, 1H), 8.38 (d, 1H),
oy (thieno[3,2- 7.86 (bs, 1H), 7.71 (d, 1H), 7.36
@’ Ho) blpyridin-7- (m, 4K}, 7.31 (m, 1H), 7.09 (4,

ylthio)pyridin-2- 1HD), 4.33 (m, 1H), 3.85 (m, 1H),
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ylamino)-1,2,4~
thiadiazol-3-
yDpiperidin-1-
yhethanone
hydrochioride

3.18 (m, 1H), 3.05 (m, 1H), 2.74
(m, 1H) 2.01 (m, 5H), 1.73 (m,
1H), 1.58 (m, 1H). Mass spectrum
(apei) m/z= 577.3 (M+H-FHCI).

202

1-(4-(2-(3-
{phenylthio)-5-
(pyridin-2-
yithio)pyridin-2-
viamino)thiazol-4-
yhpiperidin-1-
yhethanone
hydrochloride

TH NMR (d6-DMSO) & 8.46 (m,
1H), 8.36 (m, 1H), 7.68 (t, 2H),
7.39 (m, 6H), 7.17 (m, 1H), 7.09
{d, 1H), 6.73 (s, 1H), 4.44 (m,
1H), 3.89 (m, 1H), 3.12 (m, 1H),
2.87 (m, 1H), 2.62 (m, 1H), 2.01
(m, 5H), 1.58 (m, 1H), 1.43 (m,
1H). Mass spectrum (apci) m/z =
520.3 OM+H-HCD.

203

methyl 4-(2-(3-
(phenylthio)-5-
{pyridin-2-
yithio)pyridin-2-

.| ylamino)thiazol-4-

yDpiperidine-1-
carboxylate
hydrochloride

TH NMR (de-DMSQ) 8 8.43 (5,
1H), 8.36 (m, 1H), 7.66 (m, 2H).
7.39 (m, 5H), 7.15 (m, 1H), 7.06
(m, 1H), 6.68 {s, 1H), 4.04 (m,
2H), 3.60 (s, 3H), 2.95-2.75 (m,
3H), 1.93 {m, 2H), 1.50 (m, 2H).
Mass spectrum (apei) m/z = 536.2
(MH-HCD.

204

1-(4-(2-(3-
(phenylthio)-5-
(thieno{3,2-
bipyridin-7-
ylthio)pyridin-2-
ylamino)thiazol-4-
yDpiperidin-1-
yhethanone
dihydrochloride

'H NMR (d¢-DMSO) 8 8.57 {(d,
1H), 8.4% (bs, 1H), 832 (4, 1H),
7.66 {(d, 1H), 7.39 (m, 6H), 6.98
{d, 1), 6.61 (s, 1H}, 4.45 (m,
1H), 3.88 (m, 1H), 3.11 (m, 1H),
2.82 (m, 1H), 2.60 (m, 1H), 2.02
(s, 3H), 1.95 (m, 2H), 1.57 (m,
1H}, 1.43 (m, 1H). Mass spectrum
(apci) m/z = 576.3 (M+H-2HCI).

203

4T~
(methylsulfonyDpipe
ridin-4-y1}-N~(3~
{phenylthio)~5~
{thieno[3,2~
blpyridin-7-
yithio)pyridin-2-
yhithiazol-2-amine
dihydrochloride

"H NMR (de-DMSO) & 8.59 (dd, -
1H), 8.51 (s, 1H), 8.36 (dd, 1H),
7.69 (dd, 1H), 7.40 (m, 6h), 7.02
(d, 1H), 6.67 (s, 1H), 3.64 (m,
25D, 2.89 (s, 3H), 2.81 (m, 2H),
2.70 (m., 1H), 2.07 (m, 2H), 1.63
(m, 2H). Mass spectrum {apci)
m/z = 612.2 (M+H-2HCI).

206

2-(dimethylamino)-
1-(4-2-(3-
(phenylthio)-5-
(thieno{3,2~-
blpyridin-7-
yithio)pyridin-2-
viamino)thiazol-4-
yDpiperidin-1-
yijethanone
trihydrochloride

'H NMR (de-DMSQO) § 9.61 (s,
1H), 8.59 (d, 1H), 8.52 (s, 1H),
8.35 (d, 1H), 7.70 (d, 1H), 7.39
(m, 6D, 7.01 (d, 1H), 6.65 (s,
1HD, 4.44 (m, 1HD), 4.31 (m, 2HD),
3.68 (m, 150), 3.16 (m, 15D, 2.90
(m, 2ED, 2.82 (m, 6H), 2.03 (m,
OFD, 1.62 (m, 1H), 1.50 (m, 1E).
Mass spectrum (apei) miz = 619.2

(M-+H-3HC).
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207

1-{4-(5-(3-(4-
fluorophenoxy)-5-
(5-
methylpyrazolof1,5-
ajpyrimidin-7-
yithio)pyridin-2-
ylamino)-1,2,4~
thiadiazol-3-
yDpiperidin-1-
yvhethanone
dihvydrochioride

"H NMR. (d-DMSO) 6 12.51 (s,
1H), 8.53 (d, 1H), 8.20 (d, 1H),
7.65 (d, 1H), 7.26 (m, 4H), 6.58
(d, 1H), 6.31 (s, 1H), 4.33 (m,
1H), 3.85 (m, 1H), 3.20 {m, 1H),
3.08 (m, 1H), 2.78 (m, 1H), 241"
{s, 38}, 2.02 (m, 5H), 1.74 {m,
1H), 1.60 (m, 1H). Mass spectrum
(apci) m/z = 577.2 (MAH-2HCD.

208

1-(4-(5-(3-(4-
fluorophenoxy)-5-
(thieno[3,2-
bipyridin-7-
yithio)pyridin-2-
ylamino)-1,2,4-
thiadiazol-3~
yDpiperidin-1-
yhethanone
dihydrochloride

'H NMR (ds-DMSO) & 12.49 (bs,
16D, 8.57 (d, 1H), 8.52 (4,
1H),8.32 (d, 1H), 7.67 (d, 1H),
7.58 (d, 1H), 7.21 (m, 4FD), 7.08
(d, 1H), 4.32 (m, 1H), 3.85 (m,
1H), 3.20 (m, 1H), 3.07 (m, 1H),
2.77 (m, 1H), 2.01 (m, 5H), 1.74
(m, 1H), 1.59 (m, 1H). Mass
spectrum (apei) m/z = 5792
(M-+H-2HCI).

209

N-(3-(4-

.fluorophenoxy)-5-

(thieno[3,2-

blpyridin-7-

yithio)pyridin-2-yl)-
3-(1-~
(methylsulfonyl)pipe
ridin-4-y1)-1,2,4~
thiadiazol-5-amine
dihydrochloride

*H NMR (de-DMSO) & 12.53 (bs,
1F), 8.61 (d, 1H), 8.54 (d, 1H),
8.39(d, 1H), 7.72 (d, 1H), 7.61 (d,
1HD, 7.23 (m, 4H), 7.14 (4, 1H),
3.60 (m, 2H),2.92 (m, 2H), 2.88
(s, 3H), 2.14 (m, 2H), 1.82 (m,
2H). Mass spectrum (apoi) m/z =
615.2 (M+H-2HCD).

210

.| 2-(dimethylamino)-

1-(4~(5~(3-(4~
fluorophenoxy}-5-
(thieno[3,2-
blpyridin-7-
yithio)pyridin-2-~
ylamino)-1,2,4-
thiadiazol-3~
yhpiperidin-1-
yhethanone
trihydrochloride

TH NMR (ds-DMSO) 5 12.49 (bs,
1ED, 9.61 (bs, 15D, 8.58 (d, 1FD),
8.52 (d, 1H), 8.33 (d, 1H), 7.69 (d,
1H), 7.59 (d, 1H), 7.23 (m, 4H),
7.08 (d, 1), 4.32 (m, 2H), 3.65
(m, 1H), 3.19 (m, ZH), 2.96 (m,
1H), 2.82 (n, 7H), 2.09 (m, 2H),
1.82 {m, 1H), 1.65 (m, 1H). Mass
spectrum (apei) m/z = 6222
(M+H-3HC).
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Example 251
3~(phenyithio»N-(3-(piperidin-4-vi)-1.2.4-thiadiarol-5-y-5-{thienof3.2-bipvridin-7-vithio)pyridin-
Z-amine dihydrochloride

7N -
’ 3 BN - v .
“TT Y TN
N s N/\‘«*N NH
H
S

HCt ©/ HEl .

[60563] Step A: Preparation of tert-butyl 4-Q2-(5-(3-methoxy-3-oxopropylthio)-3-
(phenylthio)pyridin-2-ylamino)thiazol-4-yl)piperidine-1 -carboxylate: Prepared according to the
method of Eiampie 13 from tert-butyl 4-(2-(5-bromo-3-(phenylthio)pyridin-2-ylamino)thiazol-4~-
yipiperidine-1-carboxylate.

[00564] Step B: Preparation of tert-butyl 4-(5-(3-(phenylthio)-5-(thieno[3,2-b]pyridin-7-
yithio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-ylpiperidine-1-carboxylate Prepared according to
the method of Exaraple 127,

[66565] Step C: Preparation of 3-(phenylthio)-N-(3-(piperidin-4-y1)-1,2,4-thiadiazol-5-yI)-
5-(thieno[3,2-bipyridin-7-ylthio)pyridin-2-amine dihydrochloride: Tert-butyl 4-(5-(3-
(phenylthio)-3-(thieno{3,2-blpyridin-7 »ylmio)pyridinawylamino); 1 ,2,4~t}ﬁadiazol~3-
yDpiperidine-1-carboxylate was dissolved in 1:1 CH:Chimethanol (4 mL) and 4N HCl in dioxane
added (2 mL) and stirred at ambient temperature for I hour. The solvent was removed and placed
on high vacuum to afford the title compound (100 mg, 89..6% yield) as a yellow solid. "H NMR
{d¢-DMSO) 6 8.70 (m, 2H), 8.20 (m, 3H), 7.95 (m, 1H), 7,40 (m, 5H), 3.80-3.05 (m, 9H). Mass
spectrum (apei) m/z = 535.2 (M+H-3HCI).

[06566] Using the procedure in Example 211, steps A and B or steps A-C, the following

compounds were prepared.

Example Structure Name Data
212 PN Sy N-(3-(phenylthio)-5- | '"H NMR (dg-DMSO) & 9.06 (m
§i 2\ o 6 4
g @\ Ni}‘QH (pyridin-2- 1H), 8.84 (m, 1H), 8.48 (s, 1H),
©/s HHC; e ylthio)pyridin-2-yl)- | 8.36 (m, 1H), 7.80 (bs, 1H), 7.68
L

A-(piperidin-4- (m, 1ED), 7.35 (m, 4H), 7.32 (m,
yDthiazol-2-amine 1K), 7.17 (m, 1H), 7.10 (d, I1H),
dihydrochloride 6.77 (s, 1H), 3.69 (m, 1H), 3.49

{m, 15}, 3.31 (m, 1), 2.95 (m,
3H), 2.12 (m, 25), 1.80 (m, 2H).
Mass spectrum {apei) m/z = 478.3
(M-HH-2HCD.
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213 s . tert-butyl 4~(2-(3- "H NMR. (CDCls) 8 9.18 (s, 1),
SR ,?3\@“% (phenylthio)-5- .58 (d, 1H), 8.48 (4, 1H), 7.99 (4,
T (thieno[3,2- 1ED, 7.74 (d, 1H), 7.56 (d, 1H),
91 bipyridin-7- 7.31-7.17 (m, 4H), 6.79 (d, 1H),
yithio)pyridin-2- 6.49 (s, TH), 4.20 (m, 2H), 2.80
ylaminoyhiazol-4- | (m, 3H), 2.00 (m, 2H), 1.65-1.51
yDpiperidine-1- (m, 2HD, 1.47 (s, 9H). Mass .
carboxylate spectrum (apei) m/z = 534.3
(M-+H-Boe). :
214 4;*; . tert-buty] 4-(3-(3-(4- | 'H NMR (CDCls) & 9.26 (5, 1H),
ij’ ‘@?’\N 5 eee | fluorophenoxy)-5- | 8.43 (4, 1H), 8.1 (d, 1H), 7.12
: o A (5- {m, 4H), 6.56 (4, 1H), 5.90 (s, th),
L methylpyrazolo{1,5- | 4,17 (m, 2H), 3.02 (m, 1}, 2.92
F ajpyrimidin-~7~ {m, ZF), 2.45 (s, 3H), 2.07 (m,
ylthio)pyridin-2- 2H), 1.84 (m, 2H), 1.48 (s, 9H).
ylamino)-1,2,4- Mass spectrum (apcei) m/z = 535.2
thiadiazol-3- (M+H-Bog).
yDpiperidine-1-
carboxylaie
Example 215
Sodium 4-(6-(4-methvithiazol-2~vlamino)-5-phenoxypyridin-3-vithio)benzoate
A NSNSy s
| N
Na/-oj)/@/ I = NJ\\.}
0 ©/O H
[66567} Step A: Preparation of methyl  4-(6-(4-methvlthiazol-2-ylamino)-5-

phenoxypyridin-3-vithioYbenzoate: Prepared according to the method of Example 127 from
methyl 3-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-yithiojpropanoate.

[60568] Step B: Preparation of 4-(6-(4-methylthiazol-2-ylaming)-5-phenoxypyridin-3-
vithio)benzoic acid: Prepared according to the method of Example 45 to afford the iitle
compound (10.3 mg, 38.0% yield) as a white solid. "H NMR. (ds-DMSO) & 8.26 (m, 1H), 7.82
(m, 2H), 7.39 (m, 2H}, 7.28 (m, 1H), 7.18 (m, 3H), 7.10 (m, 2H), 6.65 (s, 1H), 2.25 (s, 3H). Mass

spectrum (apeci) m/z = 436.3 (M+H-Na).

[66569] Using the procedure in Example 215, the following compounds were prepared.
[ Example | Structure Name Data
216 N 3~methyl-7-(6-(4- | "H NMR (ds-DMSO) 8 11.20 {bs,
o w/ﬂ//,\\ phenethylthiazol- | 1H), 8.94 (s, 1H), 8.34 (m, 1H),

g

0 Sww
YN A Ph

o

2-ylamino)-5-
phenoxypyridin-3-
yithiojthieno{3,2~
blpyridine-6-

carboxylic acid

7.77 (s, 1H), 7.33-7.14 (m, 98,
7.08 (i, 1H), 6.95 (d, 1H), 6.68 (s,
1H), 2.98-2.83 (m, 4¥), 2.36 (s,
3H). Mass spectrum (apci) m/z =
597.2 M+H). :




148

217 N 3-methyl-7<6-(4~ | 'H NMR (ds-DMSO) b 8.98 (s, 1H),

wo ; X methylthiazol-2~ 8.36 (d, 1H), 7.87 (s, 1), 7.40-7.05
s ylamino)-5- (m, 4H), 6.95 (m, 2H), 6.65 (bs,
o s * = iw%‘- phenoxypyridin-3- { 1H), 2.38 (s, 3H), 2.24 (s, 3H).
N yithio)thieno{3.2- | Mass spectrum (apcl) m/z = 507.1
o B blpyridine-6- (VD).
©/ carboxylic acid ’

Example 218
N(5-(6.7-dihvdro-5H-pyrrotol3.4-blpyridin~4-vithio)-3-phenoxypyridin-2-vi}-4-methyithiazol-2-

amine trthvdrochloride
Q

{00576] Step A: Preparation of ethvl SH—nvrka 3.4-blpyridine~-6(7H)-carboxviate N-
oxide: mCPBA (7.3 g, 30 mmol) was added into ‘a solution of ethyl 5H-pyrrolo[3,4-blpyridine-
6(7TH)-carboxylate (5 g, 26 mmol) in CH,Cl; (200 mL) and stirred for 2 hours. The reaction was
poured into water and extracted with CHoClh. The organic layer was washed with aquecus
sodium bisulfate, NaHCO; and brine, dred with Nap;SQy, filtered and concentrated to afford the
- title compound (4 g, 74% yield) as a white solid. . .

{06571} Step B: Preparation of ethyl _4-chloro-5H-pyrrolof3.4-blpyridine-6(7H)-
carhoxviate: POCl; (20 mL, 218 mmol) was added into ethyl SH-pyirolo[3,4-blpyridine-6(7H)-
carboxylate N-oxide (1 g, 4.80 mmol) and heated to 35 °C for 12 hours and 50 °C for another 5

-3HCI

hours. The solvent was evaporated and poured into water. The material was extracted with
CH,Cl,, washed with NaHCO; and brine, dried with NaySQy, filtered and concentrated. The
residue was purified on silica gel to afford the title compound (0.5 g, 45.9% yield).

{60572} Step C: Preparation of 3-(6.7-dihydro-SH-pyrrolol3.4-blpvridin-4-vithio)-N-(4-
methylthiazol-2-v-3-phenoxypyridin-2-amine tribhvdrochloride: A 10 mL round-botiomed flask
was charged with methyl 3-(6-‘(4«methy1thiazol-2-ylamino}-5~phenoxypyridi;z~3~
yithio)propanoate (65 mg, 0.16 mmol), ethyl 4-chloro-5H-pyrrolof3,4-blpyridine-6(7H)-
carboxylate (55 mg, 0.24 mmol), and DMSO (2 mL). The reaction was bubbled through with

nitrogen and potassium 2-methylpropan-2-olate (54 mg, 0.49 mmol) was added and stirred at

ambient temperature for 30 minutes. The reaction was poured into saturated aqueous NH4Cl and

extracted with EtOAc. The organic layer was dried with sodium sulfate, filtered and concentrated
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. The residue was purified on silica gel (50% EtOAc in hexanes) to afford = residue that was
dissolved in methanol, KOH (xs) and water (0.5 mL) added and heated to 60 °C over the
weekend. The reaction was poured jmto saturated aqueous NHyCl and extracted with EtOAc. The

organic layer was dried with sodium sulfate, filtered and concentrated . The residue was purified
on silica gel (100% EtOAc to 20% methanol in CH.Cl, with 0.2% ammonia) to afford the title
compound (29 mg, 33% yield) as a vellow solid after HCI salt formation. "H NMR (de-DMSO) &
10.12 (bs, 2H), 8.34 (d, 1H), 8.31 (d, 1H), 7.42 (m, 2H), 7.36 (d, 1H), 7.17 (m, 3H), 6.84 (d, 1H),
6.76 (s, 1H), 4.47 (m, 4E), 2.28 (s, 3H). Mass spectrum (apci) m/z = 434.2 (M-+H-3HCI).

' Exampie 219

[00573)
6(5H)-carboxylate: A mixture of PPh; (81.4 g, 310 mmol) and N-chlorosuccinimide (41.4 g, 310
mmol) in dioxane (850 mL) was stirred at ambient temperature for 30 minutes. To this
suspension was added tert-butyl 4-hydroxy-7,8-dihydropyrido[4,3-d]lpyrimidine-6(5H)-
carboxylate aﬁd the mixture stirred at ;50 °C for 18 hours. The ﬁiMe was Subsequenﬂﬁ' treated

with triethylamine (25 mL, 183 mmol) and the resulting brown solution concentrated. The black
oil was dry packed onto silica gel and purified by chromatography eluting with 15-20%
EtOAc/Hexanes to give the title compound as a yellow gom.

[00574) Step B: Preparation of afford MN-(4-methylthiazol-2-yI)-3-phenoxy-~5-(5,6,7,8-
tetrahydropyrido{4,3-d]pyrimidin-4-ylthio)pyridin-2-amine triliydrochloride: Prepared according
to the method of Example 218, Step B. 'H NMR (de-DMSO) & 9.56 (bs, 2H), 8.75 (s, 1H), 8.24
(d. 1H), 7.43 (m, 2H), 7.34 (m, 1H), 7.15 (m, 3H), 6.70 (s, 1H), 4.21 (m, 2H), 3.04 (m, 2F), 2.26
(s, 3H). Mass spectrum (apci) m/z = 449.2 (M+H-3HCI).
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Example 220
4-flucrophenoxy)-5-{thieno!3.2-b idi

3-vDmethvDipiperidin-1-yvDethanone dihvdrochloride

B oo

%S O S"&Q

N. -~ QMANA
ol

-2HCI

E
[GGST5] Step A: Preparation of iert-butyl 4~((5-(3~(4-fluorophenoxy)-5-(thieno[3,2-
bpyridin-7-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-yhmethylypiperidine-1-carboxylate:
Prepared according to the method of Example 127.
[00576] Step B: Preparation of 3-(4-fluorophenoxy)-IN-(3-(piperidin-4-ylmethyl)-1,2,4~
thiadiazol-5-y1)-5-(thieno{3,2-blpyridin-7-ylthio)pyridin-2-amine  tihydrochloride: Prepared
according to the method of Example 196, step C. .
100577} Step C: Preparation of 1-(4-((5-(3-( 4-fluorophenoxy)-5-(thienol3.2-blpyridin-7-
Ithioypvridin-2-viamino)-1.2.4-thiadiazol-3-ylimethyDpiperidin-1-yDethanone _dihydrochloride:
Prepared according io the method of Example 198. "H NMR (de-DMSO) § 12.47 (bs, 1H), 8.57
(d, 1H), 8.51 (4, 1H), 8.33 (d, 1H), 7.68 (d, 1H), 7.57 (&, 1H), 7.23 (m, 4H), 7.08 (d, 1h), 4.34
(m, 15D, 3.78 (m, 1H), 2.98 (t, 1H), 2.72 (d, 2H), 2.09 (m, 1H), 1.57 (s, 3H), 1.65 (m, 2H), 1.18
(i, 1H}, 1.05 (m, 1H). Mass spectrum (apci} m/z = 593 .2 (M+H-2HCI). ’ .
The following compounds were prepared according to the method of Example

{00578}
220.
Example Structure Name . Data
221 R 1-(4~(5-(3~(4~ H NMR (dg-DMSO) 8 12.48
Oyt S IN\>\C o | fluorophenoxy)-5- {bs, 1H), 8.49 (d, 1H), 832 (d,
N APy w~< | (3-methylisoxazolo | 13H), 7.54 (m, 1H), 7.25 (m, 4H),
O" Hes [5.4-blpyridin-4- 6.75 (d, 1H), 4.32 (m, 1H), 3.85

7

ylthio)pyridin-2-
ylamino)-1,2,4~
thiadiazol-3-
yDpiperidin-1-
ylethanone
hydrochloride

(n, 1H), 3.20 (m, 1H), 3.07 (m,
1H), 2.77 (m, 1H), 2.69 (s, 3H),
2.02 (m, 5H), 1.74 (m, 1H), 1.60
{m, 1H). Mass spectrum (esi)
m/z = 578.1 (M+H-HCI),
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222 pess 2-(dimethylamino)- | "H NMR (dse-DMSO) & 12.48
NS S i% o | 1=(4-(5-(3-(4~ (bs, 1H), 9.54 (bs, 1¥1), 8.49(d,
N? 7oy N & fluorophenoxy)-5- 1H), 8.32 (d, 1H}, 7.55 (d, 1H),
/@*" e o (3-methylisoxazolo | 7.25 (m, 4H), 6.74 (d, 1H), 4.32
g {5,4-blpyridin-4- {m, 3H), 3.65 (m, 1H), 3.20 (m,
ylthio)pyridin-2- | 2H), 2.96 (m, 1H), 2.82 (d, 6H),
ylaming)-1,2,4~ 2.70 (s, 3H), 2.09 (m, 2¥), 1.82
thiadiazoi-3- (m, 1H), 1.65 (m, 1H}. Mass
yDhpiperidin-1- spectrum (esi) miz = 621.1
1 yhethanone (M+H-2HCI)
dihydrochleride
Example 223

yDpiperidine-1 -carboxvlate

%Q\f*&-@s

[60579] Step A: Preparation af tert-butyl 4-(5- S-bromo-B-Bhenoxvnvndm-Q vilamino)-
1.2 4~thiadiazol-3-yDipiperidine-1-carboxylate: Prepared according to the method of Example 183
step D.

[06580)

1-carboxylate: Prepared according

to the method of Example 13.
{06}581} Step C: Preparation of tert-butyl 4-(5-(3-phenoxv-5-(thieno[3.2-blpyridin-7-

iperidine-1

2.4-thiadiazol.3-v]
the method of Example 127. '"H NMR {CDCl3) 6 9.18 (s, 1H), 8.48 (d, 1H), 8.37 (d, 1H), 7.79 (d,
1ED), 7.55 (d, 1H), 7.40 (m, 2H), 7.24 (m, 2H), 7.06 {m, ZH), 6.77 (4, 15, 4.16 (m, 2H), 3.00 (m,
1H)}, 2.91 (m, 2H), 2.05 (m, 2H), 1.83 (m, 2H), 1.47 (s, OH). Mass spectruin (esi) m/z = 519.2
(M+H-Boc).

-carboxylate: Prepared according to

Example 224

N-(5-{(3-methoxvpyridin-2-vDimethyithio)-3-phenoxvpyridin-2-yN-4-methvithiazol-2-amine
hvdrochioride

N ST
e

i HCI
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[66582] Placed 2-({6~(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthicymethyl)
. pyridine-3-ol (prepared in Example 69) (0.180 g, 0.426 mmol) in DMF (5 mL) and cooled to 0
°C. Sodium hydride (0.0307 g, 1.28 mmol) was added and stirred for 10 minutes then Mel
(0.0603 g, 0.426 mmol} x,itras added stirred at ambient temperature for 30 mi_nutes. Added water
and extracted with CH;Cl,. The organic layer was concentrated and purified by silica gel. The
product was still impure. Mixture was purified by medium pressure reverse phase followed by
two high pressure reverse phase purifications. Combined all clean fractions then dissolved in
CH,Cl, and added HCl in ether, then concentrated to give the title compound (0.0085 g, 4.22%
yield). "H NMR (ds-DMSO) § 8.14 (m, 1H), 8.10 (d, 1H), 7.65 (m, 1H), 7.55 (m, 1H), 7.34-7.27
(m, 3H), 7.03 (m, 1H), 6.85 tid, 2H), 6.36 (s, 1H), 4.24 (s, 2H), 3.17 (s, 3H), 2.18 (s, 3H).
Example 225 ’
4-methyl-N-(3-phenoxy-5-(piperidin-4-yl(pyridin-2-yDmethvlthio)pyridin-2-ythiazol-2-amine

tris(2,2. 2-trifluorcacetate)

[00583]
1-carboxvlate: Placed 2-bromopyridine (0.833 g, 5.27 mmol) in THF (25 mL) and cooled to -78
°C. ButyHithium (2.11 mL, 5.27 mmol) was slowly added and stirred for 5 minutes. Dissolved
tert-butyl 4-formylpiperidine-1-carboxylate (0.500 g, 2.34 mmol) in THF (3 mL) and added
slowly to the above solution then stirred at -78 °C for 30 minutes. Added ammonium chloride
and extracted with CHyCly. Concenirated and purified by silica gel to give the title compound
(0.229 g, 33.4% yield)

[00584] Step B: Preparation  of  tert-butyl  4-((methvisulfonviox idin-2-
yDmethvhipiperidine-1 -carboxylate: Placed 2—bmmopyrid_iiw (0.833 g, 5.27 mmol) in THF (25
rﬁL) and cooled to -78 °C. Slowly added butyl lithium (2.11 mL, 5.27 mmol) and stirred for §
min, Dissolved tert-butyl 4-formyipiperidine-1-carboxylate (0.500 g, 2.34 mmél) tn THF (3 mL)
and added slowly to the above solution and stirred at -78 °C for 30 min. Added ammonium
chloride and extracted with CHoCl,. Concentrated and purified by silica gel to give the title
compound (0.229 g, 33.4% yield) '
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{00585 Step C: Preparation of gave tert-butyl 4-((6-(4-methyithiazol-2-viamino)-5-
phenoxypyridin-3-vithio)( mfridin-Z»vI}methvl')pineridixm~1-carboxvlate: Prepared according to
the method of Example 16. ‘

[60586] Step D: Preparation of 4-methyl-N-~(3-phenoxy-5-(piperidin-4-vl(pyridin-2-
yDmethyithiopyridin-2-~ I)thiazol-2-amine tris 2.2.2-triflucroacetate}: Placed Me,S (0.0072 g,
0.12 mmol) in Trifluoroacetic acid (10 mL) followed by tert-butyl 4-((6~(d-methylthiazol-2-
ylamino)-5-phenoxypyridin-3-ylthio}{pyridin-2-yDmethyl)piperidine-1-carboxylate  (0.068 g,

0.12 mmol) stirred at ambient temperature for 30 minutes, then concentrated to give the title
compound (0.086 g, 90% vield). 'H NMR (dg-DMSO) & 8.52 (bs, 1H), 8.42 (m, 1H), .17 (bs,
1H), 8.00 (d, 1H), 7.70 (dt, 1H), 7.41 (1, 2H), 7.25-7.16 (m, 3H), 6.92 (d, 2H), 6.90 (s, 1H), 6.63
(s, 1H), 4.22 (d, 1H), 3.32 (d, 1H), 3.17 (d, 1H), 2.98-2.74 (m, 2H), 2.30 (m, 2H), 2.23 (s, 3H),
1.45 (m, 2H)}, 1.30 (m, 1H).

[06587] The following compounds were also made according to the procedure of Example

225,
RN SNy s
N N
& H
N
s
Example R R* Name NMR
226 (\.4 H 4emethyl-N-(3- "H NMR (ds-DMSO) 6 8.53-8.43
N \//,K phenoxy-5-(piperidin~ | (m, 3H), 8.16 (m, 1K), 7.98 (s,
4-yl(pyrazin-2- 1H), 7.42 (t, 2H), 7.19 (&, 1H),
yhmethylthio)pyridin- | 6.92 (d, 2H), 6.63 (s, 1H), 4.34 (d,
2-yi)thiazol-2-amine 1H), 3.33 (d, 1H), 3.17 (d, 1H),
bis(2,2,2- 2.97-2.75 (m, 2H), 2.33 (m, 2H),
trifluoroacetate) 2.23 (s, 3H), 1.47 (m, 2H), 1.28
{m, 1H)
227 SN H | 4-methyl-N-(3- THNMR (de-DMSO) & 8.67 (4,
| A phenoxy-5-(piperidin- | 2H), 8.50 (m, 1H), 8.16 (m, 1H),
N 4-yl(pyrimidin-2- 7.98 (d, 1HD, 7.43 (t, 2H), 7.33 (1,
yDmethylthioypyridin- | 1H), 7.20 (&, 1H), 6.97 (d, 2H),
2-ylthiazol-2-amine | 6.90 (d, 1H), 6.63 (s, 1H), 4.15 (d,
bis(2,2,2- 1H), 3.34 (d, 1H), 3.16 (d, 1),
trifluoroacetate) 2.98-2.75 (m, 2H)}, 2.35 (m, 2H),
2.23 (s, 35D, 1.60-1.23 (m, 31D
228 =y BOC | tert-butyl 4-((3- "H NMR (de-DMSO) & 10.85 (bs,
- > | chioropyridin-2-yI}(6- | 1H), 8.42 (m, 1H), 7.8% (m, 1H),
' . (4-methylihiazol:2- 7.81 (d, 1H), 7.43 (t, 2H), 7.23 (m,
cl yviamino)-5- 2H), 6.97 (d, 2H), 6.78 (m, 1H),
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phenoxypyridin-3-
yithio)methyDpiperidi
ne-1-carboxylate

6.61 (s, 1H), 4.40 (4, 15), 4.01

(m, 1H), 3.80 ¢m, 1H), 2.70 (m,
THD, 2.23 (m, SH), 1.32 (s, 9H),
1.27-1.11 (m, 35D, 0.94 (m, 15D

229 Y H | N(5~((3- "H NMR (de-DMS0) 5 8.55 (d,
P chloropyridin-2- 1H), 8.41 (dd, 1H), 8.15 (m, 1H),
yh(piperidin-4- 7.95(d, 1M, 7.85 (dd, 1K), 744
Cl y)methylthio)-3- (t, 2H), 7.23 (dd, 1H), 7.21 ,

phenoxypyridin-2-yi}-
4-methylthiazol-2-
amine bis(2,2,2-

1H), 6.97 (4, 2H), 6.76 (d, 1H),
6.64 (s, 1H), 4.39 (d, 1H), 3.35 (d,
1H), 3.14 (d, 1HD, 2.93 (m, 1H),

trifluoroacetate) 2.80 (m, 1E), 2.40 (m, 2H), 2.24
(s, 3H), 1.51 (m, 1H), 1.37 (m,
1ED, 1.25 (m, 1H)

Example 230

vioxyYbenzamide dihvdrochloride

S |
o H

-2HCI

[00588]
Placed ethyl 3-(2-aminopyridin-3-yloxy)-4-chlorobenzoate (prepared according to Example 39,
Step B; 8.96 g. 30.6 mmol) and PA(OH)/C (0.86 g, 6.2 mmol) in EtOH (200 mL) and placed

under balloon hydrogen pressure for 18 hours. The reaction mixture was transferred to a Parr

Step A:_Preparation of ethyl 3-(2-aminopyrnidin-3-yloxyibenzoate hydrochloride:

bottle and the pressure was increased to 30 iasi for several hours, and then the hydrogen pressure
was increased to 50 psi for 2 more days. The reaction mixture was filtered though a plug of celite
and concentrated to give the title compound ¢ (8.3 g, 92.04% vield).

[60589] Step B: Preparation of ethyl 3-(2-amino-5-bromopyridin-3-yloxy)benzoate:
Prepared according to the method of Example 10, Step B,.

[00590] Step C: Preparation of ethyl 3-(5-bromo-2-(3~(4-chlorobenzovlithioureido)
pyridine-3-vloxylbenzoate: Prepared according to the method of Example 39, Step D.

[06591] Step D: Preparation of sthyl 3-(5-bromo-2-thicureidopyridin-3-yloxy)benzoate:
Prepared according to the method of Example 39, Step E.

[00592]

vioxvibenzoate: Prepared according to the method of Example 39, Step F.
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[60593] Step F: Preparation of ethyl 3-(2-{4-isobutyithiazol-2-viamino)-5-(3-methoxy-3-
oxopropvithio)pyridine-3-vioxvibenzoate: Prepared according to the method of Example 13.
(00594} Step Gt Preparation of ethyl 3-(2-(4-isobutvithiazol-2-viamine)-5-(pyrimidin-2-

yithioypvridine-3-vioxybenzoate: Prepared according to the method of Example 127.

[86595] Step H: Preparation of 3-(2-(4-isobutyithiazol-2-ylamino)-5-(pyrimidin-2-
ylthio)pyridine-3-vioxy)benzoic acid: Prepared according to the .method of Example 70, Step B.
[68596] Step It Preparation of N-(Z-(dimethvlamino)ethyl)-3-(2-(4-isobutvlthiazol-2-
ylamino)-5-(pyrimidin-2-yithio)pvridine-3-vioxyibenzamide dihydrochloride: Prepared

according to the method of Example 7.
Example 231
2-(4-((6-( 4-methv1thiazo!—Z—vlamino%S-ohenoxvnvridin;S-vlthio)( pyridin-2-yDmethylpiperidin-1-
yhethanol trihvdrochloride .
)

2

S\ Ny
A\
(L >

H
‘)N &) -3HCH
OH
[60557] Prepared according to the method of Example 175 from N-{4-methylthiazol-2-y1)-
3-phenoxy-S-(piperidin-4-yl{pyridin-2-yDmethylthio)pyridin-2-amine and 2-

' hydroxyacetaldehyde. 'H NMR (ds-DMSO) & 9.95 (bs, 1H), 8.50 (d, 1F), 8.04 (s, 1H), 7.88 {m,
1H), 7.48-7.36 (m, 4H), 7.22 (t, 1H), 6.97 (m, 3H), 6.76 (s, 1H), 4.32 (4, 1H), 3.73 (m, 2H), 3.57
(d, 1H), 3.40 (d, 1H), 3.07 (m, 28), 3.01-2.80 (m, 2H), 2.40-2.21 (m, 6H), 1.71 (m, 1H), 1.57 (m,
1H), 1.42 (d, 1H).

{60598] The following compounds were made according to the method of Example 175.
b=
S [\I 3
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Example R" Name Data

232 Me | 4emethyl-N-(5-((1- "H NMR (de-DMSO) § 10.15 (bs, 1H), 847 (4.
methylpiperidin-4- 1H), 8.02 (d, 1H), 7.80 (t, 1H), 7.44 (1, 2H), 7.33
yI(pyridin-2- (m, 2H), 7.21 (t, 1H), 6.96 (m, 3H), 6.72 (s, 1H),
yDmethylthio)-3- 4.26 (d, 1H), 3.44 (m, 1H), 3.27 (m, 1H}, 2.98-
phenoxypyridin-2- 2.76 (m, 2H), 2.67 (d, 3H), 2.38 (d, 1H), 2.2 (s,
yhithiazol-2-amine 3H), 1.63 (m, 1H), 1.45 (m, 2H) )

| trihydrochloride _

233 iPr | N-(5-((1-isopropyl "H NMR. (ds-DMSO) § 9.72 (bs, 1H), 8.46 (d,
piperidin-4- 1H), 8.02 ¢d, 1H), 7.79 (t, 1H), 7.43 (, 2H), 7.32
v (pyridine -2~ (m, 2H), 7.21 (t, 1H), 6.94 (m, 3H), 6.70 (s, 1H),
yhimethylthio)-3- 4.25 (d, 1H), 3.39 (m, 1H), 3.23 (m, 1H), 3.00-
phenoxypyridin-2-yl}- | 2.80 (m, 2H), 2.35 (m, 2H), 2.25 (s, 3H), 1.71 (m,
4-methylithiazol-2- 1H), 1.60~1.43 (m, 2H), 1.28 (m, 1H), 1.22 (dd,
amine trihydrochloride | 6H)

Example 234
ridin-3-vithioymethyl

[68599] Step A: Preparation of 1-(chloromethylypyrrolidin-2~one: Placed pyrrolidin-2-one
(2.00 g, 23.5 mmol), and paraformaldehyde (1.06 g, 35.3 mmol) in chlorotrimethylsilane (60 mL)
and heated to reflux for 2 hours and then concentrated to give the title compound (2.97 g, 94.6%
vield).
100606]
vithioymethyl olidin-2-one: Prepared according to the method of Example 16. 'H NMR (de-
DMSO) 5 10.83 (bs, 1), 8.16 (d, 1H), 7.41 &, 2H), 7.34‘(d, 1H), 7.17 (i, 1FD), 7.07 (4, 2H), 6.62
{s, 1H), 4.59 (s, 2HD), 3.40 (1, 2H), 2.23 (s, 3H), 2.08 (t, 2H), 1.84 (m, 2H).

Example 235

Ethyl 2-(1-methvipineridin-4~y-2-{6-(4-methylthiazol-2~viamine)-S-phenoxypyridin-3-
vithioacetate dihvdrochloride

8
B
-

B N

H
y?g 2HCH .
Me = g
N

/\O
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100601 ] Step A: Preparation of feri-butyl 4-(2.2.2-tzichloro~1-hyvdroxyethvDpiperidine-1-
garboxvlate: Placed 2,2, 2-trichloroacetic acid (5.746 g, 35.17 mmol) in DMF.(5 mL) and added
slowly sodium 2,2,2-trichloroacetate (6.519 g, 35.17 mamol). The reaction was stirred for 10

minutes and tert-butyl 4-formylpiperidine-1-carboxylate (500 g, 23.44 mmol) was added. The
reaction was stirred for 40 minutes then quenched with saturated sodium bicarbonate and filtered.
The solids were washed with water and dried. The product was triturated with water and filtered
to give the title compound (5.734 g, 73.53% yisld}.

[60602] Step B: Preparation of tert-butyl 4-

henoxypyvridin-3-vithio)-2-oxocthyDpiperidine-1-carho

Placed  methyl  3-(6-(4-
methylthiazoi-2-ylamino)-5-phenoxypyridin-3-yithiojpropanocate (2.20 g, 5.48 nunol), tert-butyl
4-(2,2,2-tmchloro-1-hydroxyethyl)piperidine-l-carboxylate (1.86 g, 5.59 mmol), and sodium 3
ethanolate (3.55 g, 10.9 mmol) in ethanol (75 mL) and stirred at amnbient temperature for 4 hours.
The reaction was quenched with sat NHyCI and extracted with CHyCl,. The organic phase was
concentrated and purified by silica gel (10-25% EtOAc in hex) to give the title compound (2.63
g, 75.5% yield).

[00603] Step C: Preparation of ethyl 2-(6-(4-methylthiazol-2-vlamino)-5-phenoxypyridin-
3-ylthio}-2-(piperidin-4-yl)acetate: Prepared according to the method of Example 225, Step D.
[60604] Step D: Preparation of ethyl 2-(1-methylpiperidin-4-y1}-2-(6-(4-methylthiazol-2-

lamino)-5-phenox idin-3-vithio)acetate dihvdrochloride: Prepared according to the method
of Example 230. 'H NMR (de-DMSO) 8 9.84 (bs, 1H), 8.18 (d, 15, 7.44 (1, 2H), 7.30 (4, 1),
7.21 (t, 1H), 7.09 (d, 2H), 6.63 (s, 1H), 3.98 (g, 2H), 3.81 (m, 1H), 3.62 (d, 1H), 3.37 (m, 2H),
2.90 (m, 2H), 2.69 (d, 3H), 2.25 (s, 3H), 1.85-1.70 (m, 2F]), 1.56 (m, 2H), 1.05 (¢, 3H).

Example 236

100605} Placed  ethyl  2-(1-methylpiperidin~4-y1)-2-(6-(4-methylthiazol-2~-ylaming)-5-
phenoxypyridin-3-ylthic)acetate (prepared in Example 235; 0.405 g, 0.812 mmol) in THF (8 mL)
and cooled to 0 °C added LiAIH, (2.44 mlL, 2.44 mmol) and warmed to ambient temperature for
30 minutes. Saturated NH;Cl was slowly added and extracted with CH,Cly. The organic layer
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was dried, filtered, and concentrated to give the title compound (0.315 g, 84.9% yield). "HNMR
{d5~DMSOj 8 10.92 (bs, 1K), 8.16 (4, 11-3’.),_?.41 {t, 28), 7.33 (d,.lH}, 7.17 (4, 1HD, 7.05 (4, 2H),
6.60 (s, 1H), 4.82 {t, 1H), 3.49 (m, 2H), 2.87 {(m, 1H), 2.80 (m, 2H), 2.23 (s, 3H)}, 2.15 (5, 3H).
1.86-1.53 (m, 6H), 1.29 (m, 1H). '
Example 237 '
N-ethyl-2-(6-(4-methylthiazol-2-ylamino)}-5-phenoxypyridin-3-ylthio)-2-(piperidin-4-yDacetamide

bis(2.2.2-trifluoroacetate

O .
. N
H
; N :
H

-2 CF3CO,H

F08606] Step  A: f‘revaration of _2-(1-(tert-butoxvearbonyhpiperidin-4-v)-2-(6-(4-
methylthiazol-2-viamine)-5-phenox idin-3-vithio)acetic _acid: Prepared accordi'ng fo the
method of Example Example 70, Step B, using tert-butyl 4-(2-ethoxy-1-{6-(4-methylthiazol-2~
ylamino)-5-phenoxypyridin-3-ylthio)-2-oxoethyl)piperidine-1-carboxylate (1.51 g, 2.59 mmol)
and 4N NaOH (15 mL); (1.42 g, 98.6% yield).

Step B: Preparation of tert-butyl 4;

to the method of Example 71, using sthyl carbonochioridﬁte {0.0292 g, 0.269 mmol), and
ethanamine; (0.034 g, 21.6% vield).
[06608] Step C: Preparation

phenoxypyridin-3-yithio)-2-(piperidin-4-yDacetamide  bis(2.2 2-trifluoroacetate):  Prepared
according to the method of Example 225, Step D, to provide the title compound (0.040 g, 96%
yield). "H NMR (dg-DMSO) 8 8.53 (m, 1H), 8.20 (m, 1H), 8.17 (d, 1H), 8.02 (t, 1H), 7.42 (4,
2H), 7.29 (4, 1H), 7.17 (1, 1H), 7.07 (4, 1H), 6.65 (s, 1H), 3.33 (d, 1H), 3.25 (¢, 2H), 2.97 (m,
2K}, 2.84 (m, 25H), 2.24 (s, 3H), 2.15 (d, 1H), 1.90 (m, 1H), 1.69 (d, 1H), 1.36 (m, 2H), 0.88 (1,
3H).

[60609] The following compounds were prepared according to the method of Example
237, Steps Band C,
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.2 CF3C0,H

o :
R Sy s N\

Example

Name

NMR Data

238

2-(6-{(4~methyithiazo}-2-
ylamino)-5-phenoxypyridin-3-
ylthio}-2-(piperidin-4-yi)-1-
(pyrrolidin~1-yhethanone
bis(2,2,2-frifluoroacetate)

"H NMR (de-DMSO) 8 8.51 (m, 1H),
2.14 (m, 2H), 7.43 (t, 2H), 7.20 (t,
1H), 7.15 (d, 1H), 7.10 (4, 2H), 6.65
(s, 1H), 3.65 (d, 1H), 3.40 (m, 2H),
3.31 (m, 1H), 3.20 (m, 2H), 3.04 (m,
1H), 2.84 (m, 2H), 2.31 (m, 1H), 2.24
(s, 3H), 1.95-1.78 (m, 2H), 1.46-1.25
(m, 2H)

239

L

1-(indolin-1-y-2-(6-(4~
methylthiazol-2-ylamino)-5-
phenoxypyridin-3-ylthio)-2-
(piperidin-4-yethanone
bis(2,2,2-trifluoroacetate)

'H NMR (CDCls) 8 9.45 (bs, 1H),
9.15 (bs, 1H), 8.13 (d, 1H), 8.04 (d,
1H), 7.30-7.03 (m, 9H), 6.46 (s, 1H),
4.19 (m, 1H), 4.04 (m, 1H), 3.53 (m,
1HD, 3.37 (4, 2H), 3.19 {m, 2H), 2.84
(m, 2H), 2.63 (4, 1H), 2.43 (s, 3H),
2.02 (m, 2H), 1.70 (m, 1H), 1.55 (m,
1H)

240

1-(7-azabicyclo[2.2.1Theptan~
7-yD-2-(6~(4-methylthiazol-2-
ylamino)-5-phenoxypyridin-3-
ylthio)-2-(piperidin-4-
yDethanone bis(2,2,2-
trifluoroacetate)

*H NMR (CDCly) 5 9.45 (bs, 1H),
9.09 (bs, 1H), 8.16 (s, 1H), 7.41 (1,
2H), 7.34 (s, 1HD), 7.18 (m, 3H), 6.46
(s, 1H), 4.56 (m, 1H), 4.03 (m, 1H),
3.50 (m, 1¥0), 3.35 (m, 1H), 3.28 (d,
1H), 2.82 (m, 2H), 2.52 (m, 1H), 2.43
(s, 3H), 1.95 (m, 2H), 1.68 (m, 2H),
1.55-1.35 (m, 6H), 1.26 (m, 2H)

241

1-(2-methylpiperidin- f-yi)-2-
(6-(4-methylthiazol-2-
ylamino)-S-phenoxypyridin-3-
yithio)-2~(piperidine-4-
yhethanone bis(2,2,2-
trifluoroacetate)

*mixiure of diastereomers

TH NMR (CDCIs) § 8.14 (d, 1H), 7.39
@, 2H), 7.30 (s, 1H), 7.16 (m, 3H),
6.47 (s, 1H), 4.76 (bs, 0.5H), 4.35 (m,
0.5H), 4.12 (bs, 0.5H), 3.65-3.25 (m,
3H), 3.10 (m, 0.550D, 2.85 (m, 2E),
2.60 (m, 1H), 2.43 (s, 3H), 2.10-1.85
{m, 2H), 1.71-1.35 (m, 6H), 1.27-0.92
(m, 6H)
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Example 242
2e{4-({6-{4-phenethyithiazol-2-vlamino}-S-phenoxvpyridin-3-vithioYpyridin-2-yDmethyDpiperidin-1-

vDethanol

[60610] Step A: Preparation of tert-butyl 4-((6-(4-phenethvlthiazol-2-ylamino)-5-
phenoxypyri idi {-carboxylate: Prepared according to

the method of Example 16 from methyl 3-(6-(4-phenethylthiazol-2~ylamino)-S-phenoxypyridin-
3-ylthio)propanoate, potassinm 2-methylpropan-2-~olate, and tert-butyl 4-
((methylsulfonyloxy)pyridin-2-ymethyDpiperidine-1-carboxylate.
[60611] Step B: Preparation of N-(4-phenethvithiazol-2-y1}-3~
vi{pyridin-2-yDmethyithio)pyridin-2-amine: Prepared according to the method of Example 225,
Step C.
1666121
3-yithioXpyridin-2-yDmethyvDpiperidin-1-yDethanol: Prepared according to the method of
Example 230, 'H NMR (dg-DMSO) 8 10.95 (bs, 1H), 9.61 (bs, 1H), 8.41 (4, 1H), 8.79 (d, 15D,
7.67 (dt, 1K), 7.42 (t, 2H), 7.30-7.14 {m, 8H), 6.92 (m, 3H), 6.64 (s, 1H), 5.25 (s, 1H), 4.15 (s,
1H), 3.71 {m, 2H), 3.51 (m, 2H), 3.10-2.80 (m, 8H), 2.29 (m, 2H), 1.66 {m, 1H), 1.46 {m, 1H).
' Example 243 ’
2-(4-{3-methvi-1.2 4-oxadiazol-5 -y 6-(4-methvithiazol-2-viamino)-5-phenoxvpvridin-3-

ithiomethyDipineridin-1-vDethanol dibvdrochloride

‘ N N
o H
£y e
[00613] Step A: Preparation of fert-butyl 4-((3-methyl-1.2 4-oxadiazol-S-yh{(6-(4-

methvithiazol-2-viamino '-S-yhenoxypvridin—} ithioymethyvDpiveridine-1 ~carboxylate: Placed 2-
(I-(tert-butsxycarbonyl)piperidin-4-y1)-2-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-




N
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ylthio)acetic acid (.ZSG g, 0.449 mmol), N-cthyl-N-isopropylpropan-2-amine (0.0638 g, 0.494
mmol) in DMF (10 ml) and added N-{{dimethylamino)luoromethylene)-N-
methylmethanaminium hexafluorophosphate(V) (0.119 g, 0.449 mmol) and stirred for 30
minutes. Added N-hydroxyacetamidine (0.0366 g, 0.494 mmol) and heated to 110 °C for 4 days.
The reaction was diluted with EtOAc and washed with water, dried, filtered and concentrated.
The residue was buriﬁed by reverse phase chromatography to provide the title compound (0.122
g, 35.6%) Product was contaminated with ~15% acid. Crude material was used in Step B.

[06614] Step B: Preparation of _ 5-((3-methyl-1.2 4-oxadiazol-S-yD)(piperidin-4-

ridin-2-amine: Prepared according to the
method of Example Example 225, Step D.

{00615] Step (C: Preparation of provide 2-(4-({3-methvi-1.2.4-oxadiazol-5-yD(6-{4-
methvithiazol-2- i i i

dih}gdfoch}ozide: Prepared according to the method of Example 230. 'H NMR (CDCl3) & 11.96
(bs, 1D, 8.02 (s, 1H), 7.44 (¢, 2H), 7.25 (t, 1H), 7.09 (d, 2ED), 6.98 (s, 1H), 6.48 (s, 1H), 4.64 (s,
1H), 4.03 (m, 3H), 3.82 (d, 1H), 3.62 (d, 1H), 3.13 (s, 2H), 2.75 (m, 2H), 2.60 (d, 1H), 2.40 (s,
3H), 2.29 (s, 3H), 2.21 (m, 2H), 1.67 (m, 2H). : ‘
Example 244

4-methvl-N-(3-phenoxy-5-( 1 -(pyridin-2-vDethvithio)pvridin-2-yDthiazol-2~amine hvdrochloride

N s o
N g
. QA\’\%.
ﬁ N
©/o HCl

[60616] 4-Methyl-N-{3-phenoxy-5-(1-(pyridin-2-yhethylthio)pyridin-2~yl)thiazol-2-amine
hydrochloride prepared in Example 33 was purified by chiral chromatography to give two
enantiomers. Enantiomer 1, THNMR (CDCl;) & 8.58 (d, 1H), 8.09 (m, 1H), 8.04 (d, 1H), 7.58 (4,
2H)y, 7.45 (t, 2H), 7.23 (t, 1H), 7.02 (d, 28D, 6.95 (4, 1H), 6.97 (s, 1H), 4.67 (g, 1H), 2.28 (s, 3H),
1.62 (4, 1H). Enantiomer 2, "H NMR (CDCl;) 8 8.58 (d, 1H), 8.09 (m, 1H), 8.04 (d, 1H), 7.58 (d,
2H}, 745 ¢, 2H), 7.23 (4, 1H), 7.02 (4, 2H), 6.95 (d, 1H), 6.97 (s, 1H), 4.67 (g, 1H), 2.28 (s, 3H),
1.62 (d, 1H).

{60617} Following the method of Example 16 the following compounds were m.‘fade:



RS N
1 .
et
0 "
| V
Example R® Name NMR Data g
245 N-(5-(3«(dimethylamino)- | 'H NMR. (de-DMSO)} &6 1041 (bs, 1H),
_ | 1-phenylpropyithic)-3- B.04 (d, 1F), 7.42 (¢, 2H), 7.29-7.17 (m,
Y phenoxypyridin-2-yl-4- | 6H), 6.96 (d, 1H), 6.93 (d, 2F), 6.72 (s,
methyithiazol-2-amine 1), 4.33 (¢, 15D, 2.56 (m, 1H), 2.88 (m,
dihydrochloride 15, 2.71 (d, 6H), 2.28 (m, 2H), 2.25 (s,
~N 3H). Mass spectrum (esi) m/z = 457.2
(M~+H-2HCD
246 NN 5-((5-cyclopropyl-1.3,4- | "H NMR (ds-DMSO) & 8.16 (d, 1H), 7.74
MS)L\;{ thiadiazol-2- (1, 21D, 7.31 (d, 1D, 7.21 (&, 1H), 7.04 (4,
- yDmethylthio)}-N-(4~ 2H), 6.75 (s, 1H), 4.54 (s, 2H), 2.45 (m,
methylthiazol-2~y1}-3- 1H), 2.27 (s, 3H), 1.18 (m, 2H), 0.94 (m,
phenoxypyridin-2-amine | 2H); Mass spectrum (esi) m/z = 453.4
| hydrochloride (MEH-HCD
247 - Oy 5-((1,2,4~oxadiazol-3- 'H NMR (de-DMSQ) 8 9.52 (s, 1H), 8.16
& M s | yDmethylthio)-N-(4- (4, 19D, 7.45 (t, 2H), 7.32 (d, 1HD), 7.22 (4,
N methylthiazol-2-yl)-3- 1H), 7.07 {d, 2H), 6.76 (s, 1H), 4.29 (s,
phenoxypyridin-2-amine 2H), 2.27 (s, 3H); Mass spectrum (esi)
hydrochloride m/z = 397.6 (M+H-HCY
248 N 5-((5-methylisoxazol-3- | "H NMR (ds-DMSO) § 8.15 (d, 1H), 7.74
NN | yBmethylthio)-N-(4- (¢, 2K, 7.25 (4, 1FD), 7.22 (t, 1H), 7.06 (4,
methylthiazol-2-y1)-3- 2H), 6.75 (s, 1H), 6.13 (s, 1H), 4.09 (s,
phenoxypyridin-2-amine | 2H), 2.32 (s, 3H), 2.27 (s, 3H); Mass
hydrochloride spectrum (esi) m/z = 410.6 (M+H-HCI)
249 Nm\“/ 5-{(3,5-dimethylisoxazol- | 'H NMR (ds-DMSO) & 8.08 {(d, 1H), 7.43
O\ . |A-yDmethylthio)-N-(4- (t, 2ED), 7.24 (4, 1H), 7.22 (¢, 1H), 7.03 (4,
7/\% methylthiazol-2-y1)-3- 2H), 6.76 (s, 1H), 3.91 (s, 2H), 2.27 (s,
phenoxypyridin-2-amine . | 3H), 2.12 (s, 3H), 2.02 (s, 3H); Mass
hydrochloride spectrum (esi) m/z = 424.6 (M+H-FHCD
250 S~N 5-((5-chloro-1,2,4- TH NMR (de-DMSO) & 8.50 (d, 1H), 7.66
T, A thiadiazol-3- (d,.1H), 7.43 (t, 2H), 7.18 ¢, 1H), 7.12 (d,
yDmethylthio)-N-(4- ‘2H), 6.73 (s, 1H), 4.85 (s, 2H), 2.27 (s,
methylthiazol-2-y1)-3~ 3H); Mass spectrum (esi) m/z = 447.6
phenoxypyridin-2-amine | (M+H-HCD)
hyvdrochloride ’
251 N-(5-(isoquinolin-1~

yimethylthio)-3-
phenoxypyridin-2-yi}-4-
methylthiazol-2-amine
dihydrochloride,

'H NMR (de-DMSO) 3 8.47 (d, 1H),
8.41 (d, TH), 8.20 (m, 2H), 8.03 (m, 2H),
7.84 (t, 1H), 7.41 (&, 2H), 7.19 (¢, 1H),
6.92 (d, 2H), 6.89 (s, 1H), 6.74 (s, 1FD,

4.93 (s, ZFD), 2.27 (s, 35D).
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52 Q
2 A

HN"‘&l 1\211

"H NMR (de-DMSO) § 12.11 (s, 1H),
8.10 (4, 1ED), 7.3% (t, 2HD), 7.20 (1, 1H),
7.04 (d, 1H), 7.01 €4, 2H), 6.72 (m, 2H),
4.06 (s, 2H), 2.26 (s, 3H), 2.12 (s, 3F).

N-(4-((6-(4-methylthiazol-
2-ylamino)-5-
phenoxypyridin-3-
vithioymethylthiazol-2-
yhacetamide
hydrochioride

[G0618] Following the procedure in Example 16 and using methyl 3-(6-(4-methylthiazol-

2-ylamino)-5-(phenylthio)pyridin-3-ylthio)propanocate hydrochloride (Example 90) the following

compounds were made:

S
RS N 8
L D
H

o
MName

Example

NMR Data

253 N~

N-(5-{(5-cyclopropyl-1,3,4~
thiadiazol-2-yDmethylthic)-3-
{phenylthio)pyridin-2-yl)-4-
methylthiazol-2-amine

'H NMR (de-DMSO) & 8.29 (bs,
1H), 7.44-7.31 (m, 6H), 6.57 (s,
1H), 4.49 (s, 2H), 2.46 (m, 1H),

2.21 (s, 3H), 1.18 (m, 2H), 0.95

(m, 2H)

4-methyl-N~(5-((5~
methylisoxazol-3-
yDmethylthio)-3~
{phenylithio)pyridin-Z-
yi¥thiazol-2-amine

'H NMR (de-DMSO) 5 8.30 (s,
1H), 7.73-7.31 (m, 6H), 6.63 (s,
1HD, 6.12 (s, 1HD, 4.09 (s, 2H),

2.33 (s, 3H), 2.23 (5, 3H)

254 O~
’d&)\}{
255 J.
O =

N-(5-((3,5-dimethylisoxazol-
4-yDmethylthio)-3-
(phenylthio)pyridin-2-y)-4-
methylthiazol-2-amine

"H NMR (dg-DMSO) 6 8.24 (s,
1H), 7.44-7 30 (m, 6H), 6.63 (s,
1H), 3.87 (s, 2H), 2.23 (s, 3H),

2.09 (s, 3H), 1.96 (s, 31D

Example 256

{00619}

chloroacetyl chloride (1.409mL ml, 17.71 mmol) and THF (50 mL)was cooled to 0 °C and

pyrrolidine (1.259 g, 17.71 mmol) was slowly added and stirred at ambient temperature for 3
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hours, Partitioned between CH,Cly and water, and the organic layer was separated, dried, filtered,
and concentrated to give the title compound (1.73 g, 66.19% yield) as a clear oil.
[60620] Step B: Preparation of 2-(6-(4-methyithiazol-2-vlamino)-S-phenoxypyridin-3-

vithio)-1-(pyvrrolidin-1-vlethanone hydrochioride: Prepared according to the method of Example
16. "H NMR (d¢-DMSO) § 8.21 (d, 1H), 7.45 (t, 2H), 7.39 (4, 1H), 7.23 (&, 1H), 7.13 (d, 2H),
6.83 (s, 1H), 3.83 (s, 2H), 3.41 (1, 2H), 2.30 (s, 3H), 1.82 (m, 2H), 1.73 (m, 2H).

[06621} Following the method of Example 32, Step A, and Example 16, the following

compoundé were made:
S
RS NS
@\ T 3—
NT N
Cr H

Example RS . Name NMR Data
257 N2 dimethylaming) "H NMR (d¢.DMS0) 5 9.77 (bs,

Q
;L\/\N/“\;{ ethyl)-N-methyl-2-(6-(4- | 1H), 8.19 (d, 1H), 7.42 (m, 3H),
- ! methylthiazol-2-ylamino)- | 7.19(d, 2H), 6.69 (s, 1H), 3.93 (s,

S-phenoxypyridin-3- 2H), 3.59 (t, 2H), 3.17 (q, 2H),
yithio)acetamide 3.00 (s, 3H), 2.76 (d, 6H), 2.25 {5,
dihydrochloride 3HD.
258 O 1-{(4-methylpiperazin-1- "H NMR (de-DMSO) 8 9.86 (bs,
i ,lk}{ yD)-2-(6-(4-methylthiazol- | 1H), 8.21 (d, 1H), 7.42 (m, 3H),
\/I 2-ylamino)-5- 7.16 (t, 1H), 7.06 (4, 2H), 6.64 (s,
~N : phenoxypyridin-3- 1H), 4.35 (m, 1H), 4.10 (m, 1H),
ylthio)ethanone 3.93 (d, 2H), 3.43 (m, 2H), 3.31
dihydrochloride (m, 1H), 3.04 (m, 1H), 2.87 (m,

2H), 2.81 (s, 3H), 2.24 (s, 3H)
259 O j\ | 2«(6-(4-methylthiazol-2- - | 'TH NMR (ds-DMSO) 8§ 9.84 (bs,
NN g
b

ylamino)-5- 1H), 8.34 (t, 1H), 8.18 (d, 1H),
phenoxypyridin-3-yithio)- | 7.43 ¢, 2H), 7.38 (d, 1H), 7.19 (,
N-(2-(pyrrolidin-1- 1H), 7.07 (d, 2H), 6.64 (s, 1H),
yhethylacetamide 3.55 (s, 2k), 3.52 (m, 2H), 3.34
dihydrochloride (g, 2H}), 3.13 (g, 2H), 2.94 (m,

2H), 2.23 (s, 3%, 1.96 (m, 2H),
1.82 (m, 2H)
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Example 260

15.5(1.1-Dioxo-hexahvdro-12 -thiopyran-4-yD-pyridin-2-vi-methyisulfanyl}-3-phenoxy-pyridin-2-

v1V{4-methyl-thiazol-2-yD-amine dihvdrochioride

S s .
T K-
g N
=S HCT
e Q

[00622] Step A: Preparation of pvridin-2-vl(tetrahydro-2H-thiopyran-4-viymethanol:

Prepared according to the method of Example 225, Step A, from 2-bromopyridineand tetrahydro-
2H-thiopyran-4-carbaldehyde.

[66623] Step B: Preparation of (1 V1~Dioxo-hexah dro-125-thio an~4-vI}-pyridin-2-yi-
wmethanol: Placed pyridin-2-yl(ietrahydro~-2FH-thiopyran-4~yhmethanol (1.560 g, 7.453 mmol) in
glacial acetic acid (2 ml). Sodium perborate tetrahydrate (2.293 g, 14.91 mmol) was added and
stirred for 18 hours. The reaction was partitioned between saturated sodium bisulfite and CH,Cl,.
The solids were filtered off, washed with water and dried to afford the title compound (1.233 g,
68.56% vyield)

160624} Step C: Preparation of methanesulfonic acid gl.]~d§oxo~hexahydrow1 28-thiopyran-

4-y])-pyridin-2-vl-methy] ester: Prepared according to the method of Example 225, Siep B.
[66625] Step D: Preparation of {5-[(1.1-Dioxo-hexahydro-14°-thiopvran-4-v-pyridin-2-

dihvdrochloride:

Prepared according to the method of Example 16 using methyl 3-(6-(4-methylthiazol-2~ylamino)-
\ S~;3henoxypyﬁciin-»3—ylﬂﬁo)pmpanoéte. I NMR (de-DMSO) § 8.47 (d, 1H), 8.02 (d, 1H), 7.76
(t, 1H), 7.43 (t, 28D, 7.29 (t, 2H), 7.20 (&, 1), 7.01 (4, 1H), 6.95 (d, 2H), 6.70 (s, 1H), 4.45 (4,
1H), 3.21-2.95 {m, 5H), 2.36 (m, 1H), 2.25 (s, 3H), 1.85 (m, 1H}, 1.74 (m, 1H), 1.61 (m, 1H).
Example 261
N —bromo~3~g’ﬁencx ridin-2-vH-4-(2-(methyithio)ethyDihiazol-2-amine

(;“ ja St

[66626] Step A: Preparation of 1-chloro-4-(methylthiolbutan-Z-one: LDA prepared from
diisopropylamine (12.44 g, 123.0 mmol) and butyl lithium (44.71 mL, 111.8 mmol) combined in
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CTHE (100 mL) at -78 °C was added dropwise to a solution containing methyl 3-
(methylthio)propanocate (3.00 g, 22.36 mmol}, and chlorciodomethane (15.77 g, 85.42 mmol) in
THF (100 mL) at -78 °C over 30 minutes. The reaction was stirred for an additional 10 minutes
then added a solution of acetic acid 30 mL in THF (200 mL) keeping the temp below ~65 °C. The
solution was stirred for 10 minutes and partitioned between EtOAc and brine. The organic layer
was washed with saturated bicarbonate, concentrated and purified by silica gel fo give the title
compound (1.021 g, 25.92% yield).

{66627} Step ' B: Preparation of _3-bromo-N-
phenoxypvridin-2-amine: Preparéd according to the method of Example 7, Step E. "H NMR (ds-
DMSO) & 10.96 (bs, 1H), 8.22 (d, 1H), 7.43 (1, 2H), 740 (d, 1H), 7.21 (¢, 1H), 7.10 {4, 2H), 6.74
(s, 1H), 2.83 (m, 2H), 2.77 (m, 2H), 2.06 (5, 35).

Example 262

N-(S-bromo-3-phenoxypyridin-2-vi}-4-(2-(methvisulfonyDethvDthiazol-2 -amine

O
Ry \S
L IR
N N

Br

1006281 5-Bromo-N-(4-(2-(methylthio)ethyl)thiazol-2~yl}-3-phenoxypyridin-2-amine
(1.132 g, 2.680 mmol) was dissolved in CH,Cl; (25 mL) and cooled to 0 °C, MCPBA (1.98 g,
8.04 mmol) was added and stirred at ambient temperature overnight. The reaction was gquenched
with sodinm bisulfite and extracted with CH2Ci2.‘ The organic layer was washed with saturated
sodium bicarbonate, dried, filtered, and concentrated. The residue was purified by silica gel (13-
40% EtOAc in hexanes) to provide the title compound (0.503 g, 41.31% vield). H NMR (dg-
DMSO) 8 11.05 (bs, 1H), 8.20 (d, 1H), 7.43 (1, 2H), 7.38 (m, 1), 7.20 (&, 1H), 7.09 (d, 2H), 6.79
(s, 1ED), 3.43 (m, 2H), 3.00 (m, 2H)}, 2.97 (s, 3H).

Exampie 263
4-methyl-N-(3-phenoxy-3-(1-(piperidin-4-viethyithiopyridin-2-yDthiazol-Z-amine bis(2.2.2-
trifluoroacetate)

™

-2CFaCOaH

8
N S
QN/Q“
. o *
o
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[00629] Step A: Preparation of tert-butyl 4-(1-hyvdroxvethvDpiperidine-1-carboxviate:
Placed tert-butyl 4-fommylpiperidine-l-carboxylate (2.00 g, 9.38 mmol) in THF (40 mlL) and
cooled to -78 °C. Slowly added methylmagnesivm bromide (3.44 mi., 10.3 mmol) stirred for 1
hour. Slowly added saturated ammonium chloridg: and extracted with CH;Cl. Concentrated and
redisolved in 5% MeOH in CH.CL. Added ether and filtered off solids. Cancentrate filtrate to
give the title compound (1.94 g, 90.2% yield)

[006630] Step B: DPreparation of fert-butyl 4-(1-Gmethvisulfonvioxyiethvl)piperidine-1-
carboxviate: Prepared according to the method of Example 225, Step B.

[00631] Step C:  -Preparation of ___ 4-methyl-N-(3-phenoxy-5-(1-(piperidin-4-

-frifluorgacetate): A nitrogen purged vial was
charged with - methyl 3-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)propanoate
(.150 g, 0.374 mmol) and THF (5 mL). Potassiwm 2-methylpropan-2-olate {(0.934 mL, 0.934
mmol} was added and stirred at ambient temperature for 30 seconds. Tert-butyl 4-(1-
(methylsulfonyloxy)ethylpiperidine~1-carboxylate (0.144 g, 0.467 mmol) was added and stirred
at ambient temperature under nitrogen for 20 hours. Saturated NH:Cl was added and extracted
with CH,Cl,. The organic layer was dried, filtered, and concentrated. The residue was dissolved
in CHxClz (5 mL) and TFA (2 ml) was added and stirred for 1 hour. The reaction was
concentrated and purified by reverse phase chromatography (with 0.1% TFA) to provide the title
compound (0.0363 g, 14.8% yield). TH NMR (d¢-DMSQ) 5 8.57 (bs, 1H), 8.23 (bs, 1H), 8.18 (d,
1HD), 7.42 (t, 2H), 7.34 (4, 1H), 7.19 (1, 1H), 7.07 (4, 2H), 6.64 (s, 1H), 3.26 (d, 2H), 3.13 (m,
1H), 2.80 (m, 2H), 2.24 (s, 3H), 1.87 (m, 2H), 1.67 (m, 1H), 1.47 (m, 2H), 1.15 {d, 3H).
Example 264
N-(5-(benzvioxy)-3-(phenvithio)pyvridin-2-vI}-4-methyithiazol-2-amine bydrochioride

Q/Q S
N S A
L -
S H
©/. HC
(866321 Step A: Preparation of S-(benzvioxv)-2-chloropvridine: 6«Chi§ropyridh1~3—ol
(30.00 g, 231.6 mmol), l«(bromomethylbenzene (43.57 g, 254.7 mmol), and potassium

carbonate (80.01 g, 579.0 mmol) were added to DMF (500 mL) and stired at ambient

temperature overnight. Water was added and exiracted with ether. The organic phase was
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washed with 1M NaOH, dried, filtered, and concenirated to provide the title compound (50.8 g,
55, 86% vield).

[0:0633) Step B: Preparation of S-(benzyloxy)pyridin-2-amine hydrochloride: To a nitrogen
purged solution of mL Pdy(dba); (10.19 g, 11.12 mmol), 5-(benzyloxy)-2-chloropyridine (48.87
. g 222.5 mipol), (2~diphenyijdicyclohexyl-phosphine (7.797 g, 22.25 mmol) and THF (700 mL)
was added lithium hexamethyl disilazide (267.0mL mL, 267.0 mmol). The reaction was heated at

65 °C overnight and cooled to ambient temperature. 1M HCI (250 mL) was added and stirred for
30 minutes. Saturated sodium bicarbonate was added slowly. The mixture was extracted several
times with CH,Cly, dried, filtered, and concentrated to give the title compound (52.1 g, 98.94%
yield)..

[003634]1 Step C: Preparation of _ S-(benzvloxy)-3-bromopyridin-2-amine:  5-
{(Benzyloxy)pyridin-2-amine hydrochloride (52.3 g, 221 mmol) and sodium acetate {45.3 g, 552
mmol) were dissolved in acetic acid (300 mL). Bromine (11.3 mL, 221 mmol) was added slowly
and stirred at ambient temperature for 18 hours. After an aqueous workup, the material was

purified over silica gel to give the title compound (10.5 g, 17.0% yield).

{60635] Steps  D-F:  Preparation of S-(benzyloxv}-3-bromo-N-(4-methylthiazol-2-
vlpyridin-2-amine: Prepared according to the method of Example 7, Steps C- E.
[60636] Step F: Preparation of S-{benzyloxy)-MN-(4-methvithiazol-2-y1}-3-

(phenvithio)pyridin-2-amine: Prepared according to the method of Example 8 to give the title
compound (2.80 g, 60.5% vield). ' NMR (de~-DMSO) 8 8.22 (s, 1H), 7.57 (bs, 1K), 7.49-7.30
© (m, 11H), 6.68 (5, 1H), 5.18 (g, 2H), 2.25 (s, 3H).

Example 265
4-methvi-N-(3-(phenylthio)-5-(2~(piperidin-4-vhet

trifluoroacetate)
HN

O -

s H
©/ 2CFC0,H

[66637] Prepared according to the method of Example 193, Steps A-C, using 5-bromo-N-
{(4-methyhthiazol-2-y)-3-(phenylthioythiazole-Z-amine and Tert-butyl 4-(2-oxoethyl)piperidine-
1-carboxylate as the starting materials. "H NMR (de-DMSO) 8 8.53 (bs, 1H), 8.27 (s, 1H), 8.22
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(bs, 1H), 7.76 (bs, 1H), 7.36 (t, 2H), 7.28 (t, 1H), 7.23 (d, 2H), 6.60 (s, iH}, 3.25 (d, 2H), 2.82 {q,
2H), 2.53 (t, 2H), 2.21 (s, 3H), 1.82 (m, 2H), 1.51 (m, 3H), 1.27 (m, 2H).
Example 266
2.2-dimethvl-3-(2~(3-phenoxy-5-( thisno1'3,Z-bim'ridin-.’?—vlthio}mfridin-Z—viamino}‘fhiaz:o’i-dr-

vhpropanoic acid

] ‘
(0

S

[060638] Step  A: Preparation of methyl 3-(2-(5-bromo-3-phenoxypyridin-2-

lamino)thiazol-4-v1)-2.2-dimethvlpropanocate: Prepared according to the method of Example 7,
Step E.

[60639] Step B: Preparation of methyl 3-(2-(5-(3-methoxy-3-oxopropylthio)-3~

phenoxypyridin-2-yvlaminoythiazol-4-vl)-2.2-dimethvipropancate: Prepared according to the
method of Example 13.
{60640} Step C: Prepacation of methyl 2.2-dimethyi-3
blpvridin-7-vithio)pyridin-2-viaminoXthiazol-4-vlipropancate: Prepared according to the method
of Example 127,
(06641} Step D: Preparation of 2.2-dimethyl-3-(2~(3-phenoxy=-5-(thienof3.2-b]pyridin-7-
ylthio)pyridin-2-ylamino)thiazol-4-yl)propanoic _acid: Prepared accc:rd‘fmg to the method of
Example 45 to provic‘:ie the title compound (0.024 g, 88% vield). 'H NMR (CDCly) § 8.44 (d,
1HD, 8.28 (d, 1H), 7.71 (d, 1H), 7.54 (d, 1H), 7.31-7.24 (m, 3H), 7.09 (t, 1H), 7.01 {4, 2H), 6.71
{d, 1H), 6.45 (s, 1H), 2.93 (s, 2H), 1.05 (5, 6H).

Example 267
tert-butyl 4-(5-(3-phenoxyv-3-(pyridin-2-yithiopyridin-2-vlamino}-1.2.4-thiadiazol-3-vhpiperidine-1-

carboxylate .
3
BN Y i -
OO L3O
o N 8 N
H 0
PN
/. B
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160642} : : pyridine: Prepared according
to the method of Example 162, Step A from 3-brome-3-phenoxypyridin-2-amine. A
[60643] Step B: Preparation of tert-butyl 4-(5-(3-phenoxy-S-(pyridin-2-vithioypvridin-2-

iperidine-

1-carboxylate: A solution of pyridine (0.493 mL, 6.09
mmol), (Z)y-tert-butyl 4-(chloro(methylsulfonyloxyiminoymethylpiperidine-1-carboxylate (0.165
g, 2.03 mmol), and CH;CN (4 mL). The reaction was heated to 40 °C for 40 minutes. 3-phenoxy-
5-(pyridin-2-ylthio)pyridin-2-amine (0.400 g, 1.35 mmol} was added and stirred at 50 °C over the
weekend. The reaction was cooled to ambient temperature and poured into saturated agueous
NaHCOs; and extracted with EtOAc. The organic layer was dried with sodium sulfate, filtered,
and concentrated . The residue was purified on silica gel (20-25% EtOAc in hexanes) to provide
the title compound (0.598 g, 78.5% vield). 'H NMR (ds-DMSO) & 12.33 (s, 1H), 8.39 (1, 1H),
8.37 (mn, 1H), 7.66 (dt, 1H), 7.47 (d, 1H), 7.42 (t, 2H), 7.21-7.11 (m, 5H), 3.96 (d, 2H), 2.98 (m,
SH), 1.97 (m, 2H), 1.64 (m, 2H), 1.40 (s, 9H). .

[60644) Following the method of Example 267 the following compounds were made:

N
S
Example R"” Name NMR Data
268 iBu 3-isobutyl-N-(3-phenoxy- | 'H NMR (de-DMSO) 6 8.38 (m, 2H),
5-(pyridin-2- 7.67 (dt, 1H), 7.47 (d, 1H), 7.42 (1, 25,
ylthio)pyridin-2-y)-1,2,4- | 7.21-7.11 (m, SH), 2.63 (d, 2H), 0.92 (d,
thiadiazol-5-amine 6H)
dihydrochloride
265 iPr 3-isopropyl-N-(3- "H NMR. (de-DMSO) 8 12.30 (bs, 1H),
phenoxy-5-(pyridin-2- 8.39 (m, 2H), 7.66 (dt, 1H), 748 (4,
ylthioypyridin-2-y)-1,2,4- | 1H), 7.42 (t, 2H), 7.21-7.11 (m, 5H),
thiadiazol-5-amine 3.08 (m, 1H), 1.29 (d, 6H)
270 ¥ oo N-(3-phenoxy-5-(pyridin- | "H NMR (de-DMSO) & 12.30 (5, 1H),
D 2-ylthio)pyridin-2-y[)-3- | 8.40 (d, 1H), 8.37 (m, 1H), 7.66 (dt,
(tetrahydrofuran-2-yl)- 1H), 7.42 ¢, 28D, 7.42 (1, 2H), 7.21-7.11
1,2,4-thiadiazof-5-amine | (m, 5H), 4.06 ¢, 1H), 3.90-3.75 (m,
3HD), 3.60 (m, 1H), 2.27 (q, 25).
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Example 271
N-(3-phenoxy-5-(pvridin-2-vithio)pvridin-2-y1)-3-(piperidin-4-vh-1.2.4-thiadiazol-5-amine

1

trihvdrochloride

\S‘\N S-"N
|

« . \
=N = NAN@H
o H
©/ -3HCI

[60645] Tert-butyl '4-(5-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-ylaming)-1,2,4<
thiadiazol-3-yl)piperidine-1-carboxylate =~ (0.587 g, 1.04 mmol) was dissolved in 1:1

N

CH,Cly/methanol and 4N HC! in dioxane added. The reaction was stirred at ambient temperature
for 1 hour. The reaction was concentrated and dried in a vacuum oven to provide the title -
compound (0.473 g, 98.0% vield). "H NMR (de-DMSO) § 12.39 (s, 1H), 8.95 (bs, 1H), 8.80 (bs,
1H), 8.39 (d, 1H), 8.37 (m, 1H), 7.67 (dt, 1H), 7.47 (d, 1H), 743 (t, 2H), 7.22-7.12 {m, 5H), 3.30
(d, 2H), 3.16-2.99 (m, 3H), 2.17 (d, 2H), 1.98 (m, 2H). -
Example 272 )
1 -(4-(5-(3-phenoxy-5-(pyri dinul.’Z»vifhiMDYrid in-2-vlaming)-1.2.4-thiadiazol-3-ylipiperidin-1-

yhethanone
B N N
U O
SN

[06646] 3-Phenoxy-N-(3-(piperidin-4-yl)-1,2,4-thiadiazol-5-y1)-5-(pyridin-2-ylthio)
pyridin-2-amine (0.075 g, 0.16 mmol), TEA (0.090 mL, 0.65 mmol), and acetic anhydride (0.017
g, 0.16 mmol) were added to THF and stirred for 3hr. Water was added and extracted with
CHyCly. The organic layer was dried, filtered, and concentrated. The residue was purified by
silica gel (§% MeOH in CH,Ch) to provide the title compound (0.044 g, 54% yit:ld)..}H NMR
(ds-DMEBG) & 12.34 (3, 1H), 8.38 (m, 2H), 7.67 (dt, 1H), 7.48 (d, 1H), 7.42 (&, 2H), 7.21-7.11 (m,
5H), 4.32 (d, 1H), 3.84 (4, 15), 3.19 (m, 1H), 3.05 (m, 1H), 2.76 (t,-1H), 2.01 (m, 5H), 1.74 (m,
1HD, 1.59 (m, 1H). '

[060647] The following cornpounds were made according to the method of Example 272,
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. l N\ S ! \\N "’""t\{
~ Lz NLN> MR
o

Example R® MName NMR Data -
273 2-methoxy~1-(4-(5-(3- | "H NMR (ds-DMSO) § 12.34 (s, 1H),
'ﬁlj)kxox phenoxy-5-(piperidi-2~ 8.3% (d, 11), 8.37 (m, 1H), 7.67 (dt,
yithio)piperidi-2- 15}, 7.47 (4, 1H), 7.42 (t, 2H), 7.21-
ylamino)-1,2,4- 7.11 (m, SH), 4.30 (d, 1H), 4.08 (g, 2F),
thiadiazol-3- 3.81 (d, 1H), 3.28 (s, 3H), 3.18-3.03 (m,
yDpiperidine-1- 2H), 2.81 {m, 1), 2.01 (d, 2H), 1.73
yvhethanone {m, 1H), 1.63 (m, 1H).
dihydrochloride :
274 o 2-(dimethylamino)-1-(4- | "H NMR (ds-DMSO) 6 12.34 (s, 1H),
s NN | (5-(3-phenoxy-5- 9.54 (bs, 1H), 8.39 (d, 1H), 8.37 (m,
{pyridin-2-~ A, 7.67 (dt, 1H), 748 (d, 1H), 7.43 (¢,
yithio)pyridin-2- 2H), 7.21-7.11 (m, 5H), 4.32 (m, 3H),
ylamino)-1,2,4- 3.65 (d, 1H), 3.23 (m, 1H), 3.14 (m,
thiadiazol-3- 1H), 2.96 (t, 1H), 2.81 (4, 6H), 2.08 (d,
yDpiperidin-1- 21, 1.85-1.60 (m, 2H).
yhethanone
dihydrochloride
275 0 N,N-dimethyl-4-(3-(3~ | "HNMR (de-DMSO) & 12.34 (s, 1H),
;LLJ\N/ phenoxy-5-(pyridin-2- 8.39 (d, 1H), 8.37 (im, 1H), 7.66 (dt,
| yithio}pyridin-2- 1H), 7.47 (4, 1H), 7.42 (t, 2H), 7.21-
ylamino)-1,2,4~ 7.11 {m, 5H), 3.58 (d, 2H), 2.96 (m,
thiadiazol-3- 1D, 2.84 (1, 2H), 2.73 (s, 6H), 1.96 (m,
vhpiperidine-1- 2H), 1.74 (ma, 2H).
carboxamide .
dihiydrochloride
- 276 9o N,N-dimethyl-4-(5-(3~ "H NMR (de-DMSO) 6 12.36 (5, 1H),
;,;“SQ‘N/ phenoxy-5-(pyridin-2- 8.39 (d, 1H}, 8.37 (m, 1H), 7.67 (4,
| yithioypyridin-2- 1HD, 7.47 (4, 110), 7.42 (1, 2H), 7.21-
ylamino)-1,2.4~ 7.11 (m, SH), 3.60 (d, 2H), 2.99 (m,
thiadiazol-3~ 3H), 2.75 (s, 6H), 2.06 (m, 2H), 1.77
yhpiperidine~1- (m, 2H).
suifonamide B
dihydrochloride
277 ) 2-methyl-1-(4-(5-(3- "HNMR (dg-DMSO) 5 12.34 (s, 1H),
B’zfﬁ/ phenoxy-5-(pyridin-2- 8.39 (d, 1H), 8.37 (m, 1H), 7.66 (dt,
yithioypyridin-2- 1H), 747 (4, 1H), 7.42 (1, 2H), 7.21-
ylamino)-1,2,4- 7.11 (m, 5H), 4.37 (d, 1H), 3.98 (d, 1H),
thiadiazol-3- 3.20 (1, 1H), 3.07 (m, 1H), 2.89 (m, 1H),
yDpiperidin-1- 2,75 (t, 1H), 2.02 (m, 2H), 1.70 (m, 1H),
yDpropan-1-one L.57 (m, IH), 1.00 (4, 6H).
dihydrochloride ‘
- 278 Q0 3(1- "HNMR (de-DMSO) § 12.36 (s, 1H),
285 {methylsulfonyl)piperidi | 8.40 (d, 1H), 8.37 (m, 1H), 7.67 (dt,
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n-d-yD-N-(3-phenaxy-5-
{pyridin-2-
yithio)pyridin-2-yi)-

1,2, 4~thiadiazol-5-amine
dihydrochloride

1H), 7.48 (d, 1), 7.43 (¢, 2HD, 7.21-
7.11 (i, 5H), 3.59 (d, 2H), 2.95-2.86
(m, 6FD), 2.14 (0, 2D, 1.81 (m, 2H).

279

oo

O

2-0x0-2-(4-(5-(3~
phenoxy-5-(pyridin-2-
yithio)pyridin-2-
viamino)-1,2,4-
thiadiazol-3-
yhpiperidin-1-yhethyl
acetate dihydrochloride

'H NMR (de-DMS0) § 12.36 (s, 1H),
8.39 (d, 15), 8.37 (m, 1), 7.66 (dt,
1H), 7.47 (d, 1H), 7.42 (, 2H), 7.21~-
7.11 (m, 5ED), 4.79 (m, 2H), 4.26 (d,
1HD, 3.75 (d, 1H), 3.22-3.04 (m, 2H),
2.83 (¢, 1H), 2.07 (s, 3H), 1.76 (m, 1H),
1.61 (m, 1H).

Example 280

4-(5-(3-phenoxy-S~(pyridin-2-vithio idin-2-ylamino)-1.2.4-thiadiazol-3-ypiveridine-1-

carboxamide dihydrochloride

G B
o’

{00648} To a solution of 3-phenoxy-N-~(3-(piperidine-4-yi)-1,2 4-thiadiazol-5-yl1)-5-
(piperidi-2-yithio)piperidi-2-amine (.055 g, 0.119 mmol) in CH,Cl, (4 mL) was added pyridine
(0.0940 g, 1.19 mmol), acetic acid (0.0714 g, 1.19 mmol), TEA (0.033 mL, 0.238 mmol), and

potassiom cyanate (0.0193 g, 0.238 mmol). The reaction was stirred for 18 hours. Water was

2HCH

added and extracted with CH,Cl,. The organic layer was dried, filtered, and concentrated. The
residue was purified by silica gel (1-4% MeOH in CH,CL) to give the title compound (0.0333 g
48.4% vyield) after HCI salt formation. "H NMR (de-DMSO) § 12.33 (s, 1H), 8.39 (d, 1H), 8.37
(m, 1H), 7.67 (dt, 1H), 7.47 (d, 1H), 7.42 (t, 2H), 7.21-7.11 (m, 5H), 3.94 {d, 2H), 2.97 {(m, 1H),
2.83 (¢, 2H), 1.19 (m, 2H), 1.64 (m, 2H).
Example 281
2-hydroxy-1-(4-(5-(3-phenoxy-5 —_(pvriciim’?««
y Dpiperidin-1-vhethanone

U\CNL 5N

2~OXO-2-(4~(5—(3«phenoxy~ ~(piperidi-2-ylthic)piperidi-2-ylarine)-1,2,4-
thiadiazol-3-yDpiperidine-1-yDethyl acetate (0.089 g, 0.158 mmol) and potassium carbonate

\(‘OH
o]

[00649]
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(0.109 g, 0.791 ramol} were refluxed in ethanol (25 mL) for 2 howrs. The reaction was cooled to
ambient temperature, filtered and concentrated. The residue was purified by silica gel (1-2%
MeOH in EtOAc) to give the title compound {0.030 g, 36.4% yield). 'H NMR (ds-DMSO) 8
12.34 (s, 1H), 8.39 (4, 1H), 8.37 (m, 18), 7.66 (di, 1H), 7.47 (d, 1H), 7.42 (t, 2H), 7.21-7.11 (m,
S5H), 4.49 (t, 1H), 4.31 (d, 1H), 4.10 (t, 2H), 3.71 (4, 1H), 3.10 (m, 2H), 2.86 (t, 1H), 2.02 (m,
2H), 1.79-1.60(m, 2H).
Example 282
tert-Buty] 2-0x0-2-(4~(5-(3-phenoxy-5-( nvridin&»vlthio)nvridin-i!-viéminc‘)»l 2.4-thiadiazol-3-
M

o)
O v
ZN P \N>‘CN“(O\H

o

{68650] 3-Phenoxy-N-(3-(piperidin-4-y1)-1,2,4-thiadiazol-5-y1)-5-(pyridin-2-
yithio)pyridin-2-amine (0.100 g, 0.2162 mmol), 2-(teri-butoxycarbonylacetic acid (0.04544 g,
0.25%94 mmol), Ni1~((ethyliminoymethylene)-N3,N3-dimethylpropane-1,3-diamine hydrochlioride
(0.06216 g, 0.3243 mmol), and N,N-dimethylpyridin-4-amine (0.002641 g, 0.02162 mimol) were
dissolved in CH,Cl; (5 mL). Triethylamine (0.04375 g, 0.4323 mmeol) was added and ihe solution
was stirred at ambient temperdture for 3 hours. Water was added and the solution was extracted
with CHaCl,, dried, filtered, and concentrated. The residue was purified by silica gel (1-2%
MeOH in CH,Cl,) to give the title compound (0.1116 g, 83.30% yield). '"H NMR (ds-DMSQ) &
12.35 (s, 1H), 8.39 (d, 1H), 8.37 (m, 1H), 7.66 (dt, 1H), 7.47(d, 1H), 7.42 (t, 2K}, 7.21-7.11 {m,
5H}, 6.73 (t, 1H), 4.29 (t, 1H), 3.81 (m, 3H), 3.20-3.02 (m, 2H), 2.81 (t, 1H), 2.01 (m, 2H), 1.76~
1.53 (m. 2H), 1.38 (s, 9H).

Example 283
(R)-2-hydroxy~-1-(4-(5-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-ylamine)-1,2,4-thiadiazol-3~
' yhpiperidin-1-yl)propan-1-one

-
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[00651] 3~Phenoxy-N~(3-(pipériczm-4~y1)-1,2,4~ﬁﬁadiazc3_zms~yz)-5«(pyridin-2-
yithio)pyridin-2-amine (Example 39, step C, 0.075 g, 0.16 mmol), (8)-2-hydroxypropanocic acid
{0.018 'g, 0.19  mmol), NIl-((ethylimino)methylene)-N3,N3-dimethylpropane-1,3-diamine
hydrochloride (0.047 g, 0.24 mmol), and N,N-dimethylpyridin-4-amine (0.002 g, 0.016 mmol}
were dissolved in CH,ChL (5 mL). Triethylamine (0.033 g, 0.32 mmol) was added and the
solution was stirred at room temperature for 3 hours. Water was added and extracted with
CH;Clp, dried, filtered, and concentrated. The residue was purified by silica gel (1-2% MeOH in
CH,Cl) to give (R_)mznhydroxy—i~(4—(5-(3~phenoxy»5~(pyridin—2jyltklx'0)pyriciin-2~y§amino)—} R
&ﬁadiazol—B—}’l)pipéﬂdm-l-yl)propan-1-one (0.023 g, 27% yield). '"H NMR (ds-DMSO) § 12.34
(s, 1H), 8.39 (d, 11D, 8.37 (m, 1H), 7.66 (dt, 1H), 7.47 (4, 1H), 742 (¢, 2H), 7.21-7.11 {m, 5H),
4.82 (t,‘ 1H), 4.45 (m, 1H), 4.34 (m, 1H), 4.01 (m, 1H), 3.25-3.04 (m, 2H), 2.84 (m, 1H), 2.02 (d,
2H), 1.81-1.55 (m, 2H), 1.18 (d, 3H).

[80652] The following compound was made according to the method of Example 282:

H
or

Example Rr? Name NMR Data
283 % 2-methyl-1-(4-(5-(3- "H NMR (ds-DMSO) § 12.34 (s, 1H),
_5 ‘{‘ phenoxy-5-(pyridin-2- 8.39 (d, 1H), 8.37 (m, 1H), 7.66 (dt, 1H),
ylthio)pyridin-2-ylamino)- * | 7.47 (d, 1H), 7.42 (t, 2H), 7.21-7.11 {m,
1,2,4-thiadiazol-3- SH), 4.82 (t, 1H), 4.45 (m, 1HD), 4.34 {m,
yhpiperidin-1-yDpropan-1- | 1H), 4.01 (m, 1H), 3.25-3.04 (m, 2H),
one 2.84 (m, 1H), 2,02 (d, 2H), 1.81-1.55 (m,
) 2H), 1.18 (d, 31

Example Z85
tthio)pyridin-2-vlamino)-1.2.4-thiadiazol-3-yDipiperidin-

] 1-vhethanone dihydrochloride
s .
= = ~N
' . { ! N i N I “NHz
=N L N \N N‘*\(\
o H G
©/ ‘ 2HCI

[00553] tert-Butyl 2-0x0-2-(4-(5-(3-phenoxy-5-(pyridin-2-ylithio)pyridin-2-ylamine)-
1,2,4-thiadiazol-3-yDpiperidin-1-yDethylcarbamate (098 g, 0.16 mumol) was dissolved in
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CH;Cl:MeOH (1:1, 20 mL) and added 5 mL of 4M HCI in dioxane and stirred for 2 hows. The
reaction was concentrated and dried In high vacuum oven to provide 2-amino-1-(4-(5-(3~
phenoxy-5-(pyridin-2-yithio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-y)piperidin- 1-yl)ethanone
- dibydrochloride (0.081 g, 78% vield). 'H NMR (de-DMSO) 8 12.34 (s, 1H), 8.39 (d, 1H), 8.37
(m, 1H), 8.13 (m, 3H), 7.67 (dt, 1H), 7.48 (d, 1X), 743 (t, 2H), 7.21-7.11 (m, 5H), 4.32 (d, 1H),
3.90 (m, ZH), 3.70 (m, 2H), 3.48 (m, 1H), 3.26-3.02 (m, 2H), 2.4 (, 1H), 2.06 (4, 2H), 1.76-
1.53 (m, 2H).

Example 286

Dethanol bis(2.2.2-trifluoroacetate

NN _
U A emon
. N N
3 H
@ 2CF4CO,H

[60654] 'Prepaxed according to the method of Example 230 from 3-phenoxy-N-(3-
{(piperidin-4-y1)-1,2,4-thiadiazol-5-y1)-5-(pyridin-2-ylthio)pyridin-2-amine. "H NMR. (e-DMSG)
8 12.37 (s, 1H), 9.26 (bs, 1H), 8.39 (d, 1H), 8.37 (d, 1H), 7.67 {(dt, 1H), 7.48 (d, 1H), 743 (1,
2H), 7.22-7.12 (m, 5H), 3.96 (s, 1H), 3.77 (1, 2H), 3.61 (d, 2H), 3.20-3.06 (m, 5H), 2.26 (d, 2H),
2.00 (m, 2H). '

Exampile 287
4-{5-{3-Phenoxy-S- (mfmdm-2-v!thao)pvndm-z-v!amxno‘} 1.2.4-thiadiazol-3-vDipiperidine-1 -

sulfonamide bis(2.2.2-trifluorcacetate

3
\QK ’N\ MNH2
= N N N‘Q\O
8]
O ZCF;;COZH

[00655] N-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-yI)-3-(piperidin-4-y1)-1,2,4-
thiadiazol-5-amine (Example 34, step C, 7.2 g 14.01 mmol) and sulfamide (1.414 g, 14.71

mmol) were dissolved in dioxane (15 mL) and heated to reflox ovemaght The reaction was

cooled and water was added and extracted with DCM. The organic layer was dried over sodium
sulfate, filtered and concentrated. The residue was purified by silica gel (1:1EtOAc in DCM).
The purified material was dissolved in DCM and 2M HCI in ether was added. The solution was
concentrated and dried in a vacuum oven to afford 4-{5-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-
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2—yiamino)~1,2,4-thiadiazoi—3-yi)piperidin@1~su1f0na.mide hyérochioride (3.145 g, 38.8% vield).
"H NMR (de-DMSO) & 12.35- (s, 1H), 8.39 (&, 1H), 8.37 (m, 1H), 7.67 (dt, 1H), 7.48 (d, 1H),
7.42 (t, 2H), 7.21-7.11 (m, 5H), 6.73 (bs, 2H), 3.47 (4, ZH), 2.87 (m, 1H), 2.71 (¢, 2H), 2.11 (4,
, 2FD), 1.85 (m, 2H).

Example 288

3-{1-(2-aminoethvisulfonvhpiperidi ] idi i idin-2-y1)-1.2.4-

according to the method of Example 272 from 3-phenoxy-N-(3~(piperidin-4-yi)-1,2,4-thiadiazol-
S-y1y-5- (pyndmuzuyiﬂmo)pyndmwz*amme
[08657]

2-(2-(4-(5~(3-phenoxy-5-
(pyridin-2-ylthio)pyridin-2~-ylamino)-1,2,4-thiadiazol-3-ylpiperidin-1-
yisulfonyethylDisoindoline-1,3-dione (O.I 10 g, 0.157 mmol) and hydrazine monohydrate
(0.0236 g, 0.472 mmol) were dissoived in EtQOH (25 mL) and beated to reflux for 8 hours. The
reaction was cooled to ambient temperature and the solids filtered and triturated with EtOH to
afford the title compound (0.013 g, 14.5%1yield}. "H NMR (dg-DMSO) 5 8.38 (4, 1H), 8.36 {m,
1H), 7.66 (dt, 1H), 7.45 (d, 1H), 7.41 (¢, 2H), 7.20-7.10 (m, 5H), 3.61 {d, 2B), 3.12 {, 2H), 3.01-
2.89 (m, SH), 2.09 (d, 2H), 1.79 (m, 2H).
Example 289
tert-buty] 3-methvi-4-(2-(3-phenoxy-3-( nvtidimz:vkhio}nwiciin~2~vlamino‘;thiazol-4~vi}nincridine-I -

carboxylate

Cﬂgﬁb
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[60658) Step  A:  Preparstion  of tert-butyl _4-(methoxv(methvDearbamoyl)-3-
metbvlpiperidine-1-carboxvlate: To a solution of 1-(fert-butoxycarbonyl)-3-methylpiperidine-4-
carboxylic acid (3.00 g, 12.3 mmol) in CHCL, (200 mL) was added di(1H-imidazol-1-
yhmethanone (2.19 g, 13.6 mmol) portionwise. After the bubbling ceased (~60. minutes), N-

methoxymethanamine hydrochloride (1.32 g, 13.6 mmol) was added in one portion. The mixture
was allowed to stir overnight at ambient temperature, then was washed with water, 1N HCI, and
saturated sodium bicarbonate. The organic layer was dried, filtered, and concentrated to give the
desired product (2.29 g, 64.8% vyield) as a colorless oil. .

[00659) Step B: Preparation of tert-butyl 4-acetyl-3-methvylpiperidine-1-carboxylate: 3.0 M

methylmagnesium chloride in THF (4.50 mL, 13.5 mmol) was added dropwise to a solution of
tert-butyl 4-(methoxy(methyl)carbamoyi)-3-methylpiperidine-I-carboxylate (3.10 g, 10.8 mmol)
in THF (50 mL) at 0 °C. The reaction was w.azmed to ambient temperature and stirred for 90
minutes. The reaction was partitioned between ether and 2N HC, washed the organic layer twice
with water, brine, dried, and concentrated to afford the title compound (2.32 g, 84.3% yield) as
clear oil. '

[06660] Step C: Preparation of tert-bniyl 4-(2-bromoacetyl)-3-methyipiperidine-1-
carboxvlate: To a cooled (-78 °C) solution of LDA (5.69 mL, 11.4 mmol) in THF (100 mL) was
added dropwise over 40 minutes a solution of tert-butyl 4-acetyl-3-methylpiperidine-1-
carboxylate (2.29 g, 9.48 mmol) in THF (40 mL). After an additional 25 minutes, |
chlorotrimethylsilane (2.41 mL, 18.9 mmol) was added dropwise over 20 minutes. After stirring

for 1 hour the reaction was poured into 600 mL saturated sodium bicarbonate and extracted with
ether (2 x 400 mL). The combined ether layers were washed with brine, dried, filtered, and
concentrated to afford crude TMS-enol ether, which was then redissolved in 500 mL THF and
cooled to € °C and treated with sodium bicarbonate (1.20 g, 14.2 mmol), followed by NBS (1.69
g 9.48 mmol). The reaction was allowed to warm to ambient temperature while stirring for 90
minutes at which point it was poured into 400 mL of saturated sodium bicarbonate solution and
extracted with Ef,O and the combined organic layers were washed with saturated NaHCO;,
brine, dried, and concentrated to give the title compound (3.35 g, 110% yield) as an orange oil.

[80661) Step D Preparation of _tert-butyl _3-methyl-4-(2-(3-phenoxy-5-(pyridin-2-

late: Prepared according to  the
method of Example 7, Step E; (0.302 g, 68.6% yield). "H NMR (de-DMSO) & 11.06 (s, 1), 8.37
(m, 1H), 8.26 (d, 1H), 7.65 (dt, 1H), 7.41 (t, 2H), 7.32 (d, 1H), 7.20-7.11 (m, 4HD), 7.06 (d, 1H),
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6.67 (s, 1H), 4.10 (m, 1H), 3.85 (m, 1H), 3.01-2.72 (m, 3H), 2.26 (m, 1H), 1.84-1.65 (m, 2H),
1.40 (s, 9H), 0.59 (4, 3H).
. Example 290 ) .
1-(3-methyl-4-(2-3-phenoxy-3-(pyridin-2-vithio)pyridin-2-vlaminoyhiazol-4-vDpiperidin-1-

vhethanone dihydrochloride

G‘(S@ﬁ”& }C’““‘g
S |

2+ Gl

[06662) Step A: Preparation of N-(4-(3-methvipiperidin-4-yDthiazo}-2-yI)-3-phenoxy-3-

din-2-vithio)pyridin-2-amine: Prepared according to the method of Example 271 from tert-
butjrl 3-methyl-4-(2-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-ylamino)thiazol-4~y)piperidine-1-
carboxylate.

[06663] Step B: Preparation of }

2-vlaminoYhiazol-4-yipiperidin-1-vDethanone dihvdrochloride: Prepared according to the

method of Example 272 to provide the title compound (0.0553 g, 51.4% yield) as a 1:1 mixture

of diastereomers. 'H NMR (ds-DMSO) & 8.37 (d, 1H), 8.29 (s, 1H), 7.67 (dt, 1H), 7.43 (t, 2H),

7.37 (4, 1), 7.17 (m, 4H), 7.10 (d, 1H), 6.73 (d, 1H), 4.50 (d, 0.5H), 4.27 (d, 0.5H), 3.94 (d,

0.5H), 3.74 (d, 0.5H), 3.33 (d, 0.5H), 3.15 (1, 0.5}, 3.04 {m, 1H), 2.87 (d. 0.5}, 2.67 (m, 0.5H),

2.32 (m, 1H), 2.05 (s, 1.5H), 1.98 (s, 1.5H), 1.89-1.6% (m, 2H)}, 0.64 (d, 1.5H), 0.56 (d, 1.5H).

Example 291 '
1~(4-(2-(3-phenoxy-5~-(pyridin-2~yIthioyyridin-2-vlaminothiazol-4-yhpiperidin-1 -vDethanone
dihvdrochloride

S S g
| A\
OO
5 H 0
@ 2HCI

- [06664] tep A: Preparation of 1-benzovi-3-(3-phenoxy-5-(pyridin-Z-vithioYpyridin-2-
yhithiourea: Prepared according to the method of Example 7, Step C, from 3-phenoxy-5-{pyridin-
2Z~ylthio)pyridin-2-amine.

[00665] Step B: Preparation of 1-(3-phenoxv-S-(pyridin-2-vithio)pyridin-2-yl)thiourea:
Prepared according to the method of Example 39, Step D.




(80666} Step C: Preparation
viaminojthiazol-4-yvDpiperidin-1-vDethanone dihvdrochloride: Prepared according to the method
of Example 7, Step E in 6.2% yield after HCI salt formation. TH NMR td5~DMSO} & 8.38 (m,
1H), 8.29 (d, 1H), 7:67 (dt, 1H), 7.45-7.37 (m, 3H), 7.21-7.08 (m, 5H), 6.78 (s, 1H), 4.32 (d, 1H),
3.87 (4, iv'H), 3.13 (t, 1H), 2.87 (m, 1H), 2.64 (1, 1H), 2.01 (s, 3H), 1.95 (m, 2H), 1.63-1.3%9 (m,
2H).

Example 292

N-( S-Brom0-3-1313enoxvnvridin~2~y§}thiazolof5.4»b19¥1;§din-2~amine
N ==
Z =N
o

[60667] Heated a mixture of 2~chloro~3-isoﬂiiocyaizatopyridine {0.257 g, 1.51 mmol) and
5-bromo-3-phenoxypyridin-2-amine (0.400 g, 1.51 mmol) in DMF (4 mL) at 80 °C for 3 houwrs.
Heated at 120 °C overnight, Cooled, partitioned between 2N NaOH and ethyl acetate. Washed
the organic layer twice with water, brine, dried, and concentrated. Subjected the residue to
Biotage, eluting with 3:1 héxane:ethyl acetate to afford the title compound (0.465 g, 77.2% yield)
as a white powder. "H NMR (de-DMSO) § 7.15 (d, 2H), 7.23 ¢, 1H), 7.40-7.50 (m, 4H), 7.92 (s,
15D, 8.34 (s, 1D, 8.37 (d, 1H), 11.63 (bs, 1H).
Example 293

j00668] Prepared according to the method of Example 13 from N-(5-bromo-3-
phenoxypyridin-2-yl)thiazolo[5,4-b]pyridin-2-amine, methyl 3-mercaptopr0pax;oatc and N-ethyl-
N-isopropylpropan-2-amine in 75% yield. "H NMR (de-DMSO) 8 2.59 (t, 2H), 3.09 (1, 2H), 3.56
(s, 3H), 7.12 (d, 2H), 7.20 (4, 1H), 7.38-7.46 (m, 4H), 7.91 (bs, 1H), 8.24 (s, 1H), 8.36 (4, 1H),
11.53 (bs, 1H).
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Example 294
N-(3-Phenoxy-5-(pyridin-4-yithio idin-2-vIthiazolof5.4-b idin-2-amine

S

‘\8.\N.‘©'
. N .
>

[00669] Prepared according to the method of Example 292 from 2-~chloro-3-
isothiocyanatopyridine (0.116 g, 0.677 mimol) and 3—pﬁanoxy-—5—(pyridin»4~ylthi0}pyridin~2~
amine. "H NMR (ds-DMSO) 8 7.10 (d, 2FD), 7.17-7.23 (tn, 3H), 7.40-7.47 (m, 4HD, 7.97 (bs, 1H),
8.36-8.41 (m, 4H), 11.88 (bs, 1H). |

[00676] :
Heated a mixture of 2-chloro-3-isothiocyanatopyridine (0.986 g, 5.78 mmol) and 3-
bromopyridin-2-amine (1.00 g, 5.78 mmo}) in DMF (4 mL) at 80°C f(?r 3 hours. Heated at 120
°C overnight. Cooled, partitibned between‘ ethyl acetate and water, washed with 2N NaOH,
water, brine, dried, and concentrated. Crystallized from dichloromethane:hexanes (1:10, 110
mL) and filtered. The filtered material was further purified by dissolving in dichloromethane (10
mL), and subjecting to -MPLC (Biotage) eluting with 3:2 hexane:ethyl acetate. The higher Rf
component was concentrated to afford thé title compound (0.654 g, 36.8% vyield) as a white
powder. ,

100671} Step B: Preparation of methvl 3-(2-(thiazolol5.4-blpyridin-2-ylamino)pyridin-3-
vithio)propanoate: A mixture of N-(3-bromopyridin-2-yl)thiazolo[5,4-blpyridin-2-amine {0.55
g, 1.79 mmol), 4,5-bis(diphenylphosphino)-9,9-dimethyl-9H-xanthene (0.052 g, 0.090 mmol),
Pdadbas (0.041 g, 0.045 mmol), methyl 3-mercaptopropancate (0.21 mL, 1.88 mmol), N-ethyl-N-
isopropylpropan-2-amine (0.62 mL, 3.60 mmol), and dioxane (40 mL) was heated to 95 °C under
nitrogen. Ceoled to ambient temperature and filtered the solids. Concentrated and purified. by
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MPLC (Biotage) eluting with 1:1 hexane:ethyl acetate to afford the fitle compound (0.541 g, 87%
vield) as a dark yellow oil.

{60672} Step C: Preparation of 4-(2-(thiazolol5.4-bipyridin-2-ylamino)pyridin-3-
yithiobenzonitrile: Added potassium 2-methylpropan-2-olate (0.097 g, 0.87 mmol) to a solution
of methyl 3-(2-(thiazolo[5,4-bjpyridin-2-ylamino)pyridin-3-ylthic)propanocate (100 mg, 0.289
mmol} in DMBO (1 mL). Stirred 15 minutes, added 4-fluorobenzonitrile (0.105 g, 0.866 mmol}
and stirred overnight. Partitioned between ethyl acetate and water. Washed the organic layer
with water, brine, drieé, and concentrated. Purified by MPLC eluting with 3:2 hexane:ethyl
acetate to afford the title compound (0.034 g, 33% yield) as a white powder: TH NMR (CDCl3) 8
7.10-7.15 (m, 3H), 7.32 (dd, 1H), 7.52 (d, 2H), 7.87 (d, 1H), 7.96 {d, 1H), 8.42 (d, 1H), 8.58 (d,
1H), 9.10 (bs, 1H). :

Exampie 256

{00673} Freparéd according to the method of Example 295, step C. 'H NMR (CDCls)
8 6.91 (4, 1), 7.11 (dd, 1H), 7.27-7.34 (m, 2H), 7.42 (1, 1H), 7.69 (4, 1H), 7.90 (4, 1H), 7.99 (4,
1H), 8.43 (4, 1H), 8.57 (4, 1H), 2.13 (bs, 1H).
Example 297
4-(5-Phenoxy-6-(thiazolols.4-blpvridin-2-viamino)pyridin-3-yithicYbenzonitrile

/(j@/i\/
Z NT N
N OH

(66674} Prepared according o the method of Example 295, step C. "H NMR (CDCls)
6 7.07-7.16 (m, 4H), 7.25 (m, 1H), 7.35 (dd, 1H), 741-7.46 (m, 2H), 7.49 (d, 2H), 7.93 (d, 1H),
8.30 (s, 1H), 8.44 (d, 1H), 9.00 (bs, 1H).
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Example 298
N-{3-Phenoxy-S-(pyrimidin~2-vithic)pyri din-2-v1}thiazolo[5.4-bIpyridin-2-amine

CrC £
+
N

[60675] Prepared according to the method of Example 295, step C. "H NMR
(CDCl3) 8 7.00 (¢, 1H), 7.13 (4, 2H), 7.23 (1, 1H), 7.31-7.43 (m, 4H), 7.91 (4, 1H), 8.35 (s, 1H),
8.42 (d, 1H), 8.47 (d, 2H), 9.02 (bs, 1E).
Example 299
N-(3 —Phenh oxy-5-(thieno[3.2-blpyridin-7-ylthio)pyridin-2-vDthiazolof5 4-blpyridin-2-amine

/s =
. S \
o

[80676] Prepared according to the method of Example 295, step C. 'H NMR
{CDCl) 8 6.79 (d, 1H), 7.06 (d, 2H), 7.24 (m, 2H), 7.33-7.42 (m, 3H), 7.55 (4, 1H), 7.74 (d, 1H),
7.93 (4, 1H), 8.38 (s, 1H), 8.44 (d, 1HD), 8.49 (d, 1H), 9.07 (bs, 1H).

Example 360
ridin-2-amine
N
\ :;N 4 ‘\ Vj
N~ N
S
N
. S
[60677] Prepared -according to the method of Example 295, step C. " NMR

(CDCl3) & 6.64 (d, 1H), 7.13 (dd, 15, 7.31 (dd, 1H), 7.59 (d, 1), 7.80 (d, 1H), 7.85 (d, 1H),
8.01 (d, 1HD, 8.42 (4, 15D, 8.47 (d, 1H), 8.61 (4, 1F), 9.16 (bs, 1H).
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Example 301

Preparation of N-(5-bromo-3-phenoxypyrazin-2-viythiazolof5 4-blpyridin-2-amine
fedmem
R BeY
N%N \N
o

[BD67E8]} Step A: Preparation of S-bromo-3-pheno azin-Z-amine:  Added sodium
hydride (0.348 g, 8.70 mmol) to a solution of phenol (0.819 g, 8.70 mmol) in THF (50 mL) at 0
°C and stirred 30 minutes. Added 3,5-dibromopyrazin-2~amine (2.060 g, 7.91 mumol) in THF (10
mL). Removed the ice bath and i:eﬁuxed overnight. Partitioned between ethyl acetate and water,
washed with brine, dried, and concentrated. Purified by MPLC (Biotage) eluting with 5:1
hexane:ethyl acetate to afford the title compound (1.36 g, 64.6% yield) as a light yellow solid.

[06679] Step B: Preparation of N-(5 Dithiazolo[5 4-bloyridin-

Z2-amine: 5-Bromo-3-phenoxypyrazin-2-amine (0.100 g, 0.376 mmol) and 2-chloro-3-
isothiocyanatopyridine (0.0641 g, 0.376 mmol) afforded the title compound (0.078 g, 51.9%
yield) as light yellow crystals: 'H NMR (dg-DMSO) 8 7.28-7.33 (m, 3H), 7.43-7.51 (m, 3H),
7.94 (d, 1H), 8.27 (3, 1H), 8.39 (4, 1H), 12.30 (bs, 1H).

' Exawple 302

[06686] Prepared according to the method of Example 301, step B. 'H NMR
(CDCls) § 7.08-7.18 (m, 5H}, 7.34 (dd, 1H), 7.91 (d, 1H), 8.21 (s, 1H), 8.43 (d, 1H), 8.83 (bs,
1H).
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Example 303
Preparation of 4-(5-bromo-2-(thiazolol 5. 4-blpyridin-2-vlamino)pyridin-3-vioxyibenzonitrile

Bre_
| N S@
L
P

N \

(606811 Step A: Preparation of 4-(Z-aminopyridin-3-vioxyvibenzonitrile: Heated a mixture
of potassium carbonate (31.38 g, 227.0 mumol), 2-aminopyridin-3-0l (10.00 g, 90.82 mmol), 4-
fluorobenzonitrile (11.00 g, 90.82 mumol), and DMFE (80 mL} at 90 °C for 3 hours. Cooled,
partitioned between ethyl acetate and water, washed the organic layer twice with water, once -
with 2N NaOH, brine, dried, and concentrated. Dissolved the residue in dichloromethane (20
mlL}, added hexanes (150 ml), concentrated to 130 mL, filtered, and dried to afford the title
compound (13.95 g, 72.72% yield) as a tan powder.

{60682 i
4-(2-aminopyridin-3-yloxy)benzonitrile (13.95 g, 66.05 mmol) m acetic acid (30 mL) and cooled
to 0°C. Slowly added bromine (4.229 mL, §2.56 mmol) and stirred for an hour. The reaction

‘ foxvibenzonitrile: Placed

mixture ‘was poured onto saturated sodium bisnlfite and ice. Extracted with dichloromethane
three times, washed with 2N NaOH, water, brine, diied, and concentrated. Purified by MPLC
eluting with 3:2 hexane:ethyl acetate to afford the title compound (12.7 g, 66.28% yield) as a
light yellow solid.
[00683] Step C:
yloxy)benzonitrile: Prepared according to the method of Example 301, Step B. "H NMR. (dg-
DMSO) & 7.21 (d, 2H), 7.41 (dd, 1H), 7.85-7.88 (m, 3H), 7.94 (s, 1H), 8.36 (d, 1ED), 8.47 (s, 1H),
11.91 (bs, 1H).

Example 304

Preparation of 4-(5-bromoe-2-{4-methylthiazol-2-vlaminoypyridin-3-yioxy)benzonitrile
5 )



[B0684] Step A: Preparation of 1 '
yhihicurea: Prepared according to the method of Exawple 7, step C from  benzoyl

isothiocyanate and 4-(2-amino-5-bromopyridin-3-yloxy)benzonitrile.

[666851 Step B. Preparation of 1-(5-bromo-3-{4-¢cvanophenoxy)pyridin-2-yhithiourea:

Added 3 M aqueous sodium hydroxide (4.41 mlL, 13.2 mmol) to a mixture of l-benzoyl-3-(5-
bromo-3~(4-cyanophenoxy)pyridin-2-yi}thiourea (3.00 g, 6.62 mmol) and MeOH (50 mL) and
heated to 50°C for 2 hours. Cooled, partitioned between ethyl acetate and water, washed twice
with water, brine, dried, and concentrated. Added ethyl acetate (6 mL), heated to try to afford a
solution. Added hexanes (8 mL) slowly, and cooled and iriturated for 15 minutes, Filtered, to
afford the title compound a (1.70 g, 73.6% yield) as a white solid.
{00686} Step C: Preparation of 4-(5-bromo-2-(4-methylthiazol-2-ylamino}pyridin-3-
zon:y-}Eenzonih-iIe: Prepared according to the method of Example 7, step E. 'H NMR (ds-
DMSO0) 8 2.20 (s, 3H), 6.57 (s, 1H), 7.13 (d, 2H), 7.82 (s, 1H), 7.84 (d, 2H), 8.34 (s, 1H), 11.20
(bs, 1H).

~

Example 305

Preparation of methvl 4-(5-bromo-2-{thiazolof5.4-blpyridin-2-viaminolpyridin-3-vithiolbenzoate

hydrochloride

N==
Br N

[ N @

LK

g H

7 HCI
_0 >
O
[G0687] Step A: Preparation of methvl 4-(2-nitropyridin-3-ylthiojbenzoate: Stirred a

mixture of methyl 4-mercaptobenzoate (4.46 g, 26.5 mmol), -3-chloro-2-nitropyridine (4.00 g,
25.2 yamol) and cesium carbonate (9.04 g, 27.8 mmol) in DMSO (60 mL) at ambient temperature
for 90 minutes, The solution was diluted with water, lextracted with EtOAc, dried, and
concentrated. The crude solid was suspended in MeOH (80 mL) and triturated for 0.5 hours,
The solid was filtered and dried to provide the title compound (6.16 g, 84.1% yield)..

[60688]) Step B: Preparation of methyl 4-(Z-aminopyridin-3-yithioYbenzoate: Added zinc
powder (13.88 g, 212.2 mmob slowly to a solution of methyl 4-(2-nitropyridin-3-yithio)benzoate
(6.16 g, 21.22 mmol) in acetic acid (75 mL) at ambient temperature in an ambient water bath.
Stirred for an hour, dituted with dichloromethane, and filtered through celite. Washed the celite

pad several times with dichloromethane. Concentrated the filtrate, and partitioned the residue
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between 2N NaOH and ethyl acetate. The organic layer was washed with water, brine, dried and
concentrated to afford the title compound (5.5 g, 99.57% yield).

[60689] Step C: Preparation of methyl 4- i
Placed methyl 4-(2-aminopyridin-3-yithio)benzoate (5.50 g, 21.1 mmol) in acetic acid (25 mL)

ithioYbenzoate:

and cooled to 0°C. Slowly added bromine (1.35 mL, 26.4 mmotl) and stirred for an hour. Poured
reaction mixture onto saturated sodium bisulfite and ice. Extracted with dichloromethane three
times, washed with 2N NaQH, water, brine, dried, and concenirated. Subjected to MPLC
(Biotage) eluting with 3:2 hexane:ethyl acetate to afford the title compound (4.87 g, 68.0%
vield). _

[60630] Step D: Preparation of methyl 4-(5-bromo-2-(thiazolo[S.4-blpyridin-2-
vlaminolpyridin-3-vlthioYbenzoate hvdrochloride: Added methyl 4-(2-amino-5-bromopyridin-3-
yithio)benzoate (1.00 g, 2.95 mmol) to a mixture of 2-chloro-3-isothiocyanatopyridine (0.503 g,
2.95 mmol) in DMF (4 mL). Stirred at 80 °C for an hour, then at 110 °C for 2 hours. Cooled,
diluted with dichloromethane (8 mL), filtered, washed with dichloromethane, and dried to afford
the title compound (0.625 g, 41.6% yield). 'H NMR (de-DMSO ) § 3.84 (s, 3H), 7.40 (dd, 1H),
7.45 (4, 2H), 7.72 (4, 1H), 7.79 (bs, 1H), 7.96 (4, 2H), 8.34 (d, 1H), 8.56 (s, 1H).

Example 306
Preparation of 4-(5-bromo-2-(thiazolo[5.4-blpyridin-2-viamino)pyridin-3-yloxv)-2-
(wriflucromethyhibenzonitrile

Br S N=
SO
= N N
" O H
/E’j ct
N(/ "

CF,

[60691] Prepared accoiding to the method of Example 303 using 4-fluoro-2-
{rifluoromethyl)benzonitrile . 1 NMR (de-DMSO) & 7.39-7.45 (m, 2H), 7.74 (s, 1H), 7.89 (4,
1H), 8.11 (s, 1H), 8.14 (4, 1H), 8.38 (d, 1H), 8.52 (s, 1H)..
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Example 307

Y
HO ==
O
j00692] Heated a mixture of methyl 4-(5-bromo-2-(thiazolo[S5,4-blpyridin-2-

ylamino)pyridin-3-yithio)benzoate hydrochloride (0.570 g, 1.12 mmol), IN aqueous sodium
hydroxide (2.80 mL, 2.80 mmol), and methanol (6 mL) at 65°C for an hour. Cooled, and
partitioned between saturated NH;Cl (30 mL), IN HCl (3 mL), water (10 mL) and chloroform.
The mixture was filtered, washed with water, and dried to afford the title compound (0.360 g,
70.1% vield). "H NMR (de-DMSO) § 7.35 (dd, 1H), 7.43 (4, 2H), 7.50 (s, 1H), 7.67 (4, 1H), 7.94
(d, 2H), 8.44 (s, 1H).
Example 308
ethvi 2-(5-bromo-2-(thiazolo{3.4-blpyridin-2-viaminolpvridin-3-yithio)-5-fluorobenzoste

hvdrochloride

Br N=
[y i@
4 ﬁ \‘N
S .
; oS HGI
O
F

l/('.')
100693] Prepared according to the method of Example 305 from ethyl 5-flooro-2-
mercaptobenzoate and 3-chlore-2-nitropyridine. "H NMR (CDCls) 5 1.48 (s, 3H), 4.50 (g, 25D,

6.66 (dd, 1HD, 7.07 (m, 1ED), 7.32 (dd, 16), 7.81 (d, 1H), 7.86 (d, 1H), 8.07 (s, 1H), 8.42 (4, 1),
8.61 (s, 1H), 9.19 (bs, 1H). '
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Example 309
4-(5-bromo-2-(thiazolof5 4-bjpyridin-2-ylaminooyridin-3-yloxy)-3-methylbenzonitrile
hydrochloride
A==
Br I\_N s\ /
= NAN
o +H
" /}/@E HC
[60694] Prepared according to the method of Example 303 using 4-fluoro-3-

methylbenzonitrile . H NMR (dg-DMSO) 8 2.47 (s, 3H), 7.02 (d, 1H), 7.16 (s, 1ED), 7.43 (ad,
1FD), 7.78 (3, 1ED), 7.89 (s, 1H), 7.90 (4, 15D, 8.38 (d, 1FD), 8.46 (s, 1H).

[00695] Prepared according to the method of Example 303 using 4-chloro-3-
fluorobenzonitrile "H NMR (dg-DMSO) § 7.20 (¢, 1H), 7.44 (dd, 1H), 7.66 (d, 1H), 7.91 (4, 1H),
7.99 (s, 1H), 8.07 (d, 1H), 8.39 (d, 1), 8.48 (5, 1H). :

Example 311
Preparation of 4-{ S-bromo-2~{thiazolof5.4-blovridin-2~vlamino)pyridin-3-vloxv)-3.

chlorobenzonitrile hvdrochloride

Y QY
= X =N
O
P
> o HG |
(00696} Prepared according to the method of Example 303 using 3-chloro-d-

fluorobenzonitrile . "H NMR. (dg-DMSO) 8 7.14 (4, 1D, 7.41 (dd, 1H), 7.78 (d, 1H), 7.83 (bs,
1D, 7.93 (d, 1H), 8.23 (s, 1H), 8.36 (d, 1H), 8.48 (s, 1H), 11.97 (bs, 1H). ‘
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Example 312
Preparation of 3-(5-bromo-2-(thiazolo[5.4-bipyridin-2-viamino)pyridin-3-vioxy)-4-

chlorobenzonitrile hydrochloride

N ==
Br
l TNOSTN 7
oy
Na o H
o HCL
186697} 3-(2-aminopyridin-3-yloxy-4-chlorobenzonitrile was isolated as a byproduct from

step A of Example 311 and carried through the reactions in Example 303 to afford the title
compound. 'H NMR (de-DMSO) § 7.44 (dd, 1H), 7.71 (4, 1H), 7.74-7.77 (m, 2H), 7.84 (4, 1H),
7.92 (m, 1H), 8.39 (d, 1H), 8.43 (s, 1H).

[68698] Step A Preparation _of methyl  3~(5-amino-6-phenoxvypyrazin-2-

vithio)propanoaie:  Prepared according to the method of Example from 5-Bromo-3-

phenoxypyrazin-2-amine and methyl 3-mercaptopropanoate.

[66699] Step B: Preparation of 5-(3-methylisoxazolof5.4-blpvridin-4-vithio)-3-

phenoxypyrazin-2-amine: Prepared according to the method of Example 127 using methyl 3-(5-
amino-6-phenoxypyrazin-2-yithio}propanoate.
[66760] Step C:  Preparation of 3-methyl-N-(5-(3-methvlisoxazolof5.4-b
yithio)-3~-phenoxvepyvrazin-2-vl)-1.2 4-thiadiazol-5-amine: ' Prepared according to the method of
Example 183, Step D to provide the title compound (3.9 mg, 12.7% yield). "H NMR (CDCI) &
2.59 (s, 3FD), 2.64 (s, 3H), 6.88 (d, T = 5 Hz, 1H), 7.06, (m, 2H), 7.26 (m, 2H), 7.34 (m, 2H), 8.29
(m, 2H). Mass spectrum m/e 450.2/451.2/453.2 (M+H)™.
' ’- Example 314
N-(5-bromo-3-(4-flucrophenoxy)pvrazin-2-yD-3-methyl-1,2.4-thiadiazol-5-amine
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, F
{80701} Step A: Preparation of 5
according to the method of Example 301, Step A, from 3,5-dibromo-2-aminopyrazine.
[00702] Step B: Preparation of N-
1.2.4-thiadiazol-5-amine: Prepared according to the method of Example 183, Step D. "H NMR

(CDCly) § 2.57 (s, 3H), 7.12-7.23 (m, 4H), 8.15 (s, 1H),9.14 (br s, 1H). Mass spectram (ESI+)
m/z 382, 384 (MAH)".

-bromo-3-{4-flucrophenox

im-2-amine: Prepared

Example 315

Preparation of 3-{2-(5-bromo-3-phenoxypyridin-2-vlamino)thiazol-4-vDpropanoic acid

Br Ny mOH
53 S
N N
>
[60703]) Step A:  Preparation of methvl  3-(2-(5-bromo-3-phenoxypyridin-2-
yvlaminojthiazol-4-yhpropanoate: A mixture of methyl S-bromo-4-oxopentancate (2.51 g, 12.0

mmol), 1-(5-bromo-3-phenoxypyridin-2-yDthiourea (3.00 g, 9.25 mmol), triethylamine (2.19 mL,
15.7 ramol), and ethanol (60 ml) was refluxed for 3 hours and then stirred at ambient

temperatire overnight. The solvent was- removed to about one third original volume and
partitioned between CH,Cl; and water. The organics were concentrated aﬁﬁ purified on silica gel
eluting with 40% EtOAc/Hexanes to-give the title compound (3.22 g, 80.1% yield).

[00764] Step B: Preparation of 3-(2-
yDpropanoic acid: To a mixture of methyl 3-(2-(5-bromo-3-phenoxypyridin-2-ylaminoyhiazol-4-
yhpropanoate (0.100 g, 0.230 mmol) in 10 mL THF, and 5 mL water was added sodium

hydroxide (0.0368 g, 0.921 mmol) and the reaciion was stirred overnight. The mixtire was
concentrated to dryness. Water was added and washed with Et,0 and EtOAc. The agueous was
acidified with a saturated NH,CI solution, extracted with 3:1 CH,Cl-THF. The organics were
dried over Nay;SOy4 and concentrated to a residue. The crude solids were recrystallized from
EtOAc/Hexanes to give the title compound (0.050 g, 51.7% yield). 'H NMR: (ds DMSOQ) & 2.58
(t, J=7.5 Hz, 2H), 2.81 (t, J = 7.5 Hz, 2H), 6.66 (s, 1), 7.10 (4, ] = 7.8 Hz, 2H), 7.21 (t, ] = 7.4
Hz, 1H), 7.39 (4, I = 2.0 Hz, 1H), 7.44 (1, ] = 8.0 Hz, 2H), 8.21 (4, ¥ = 2.0 Hz, 1H).. '
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[00705]

yhthiourea and the corresponding l-chioroketone or l-bromoketone, following the methods of

The following compounds were prepared from [-(S-bromo-3-phenoxypyridin.Z-

Example 315.

| Example Structure Name NMR Data
316 _ 3-(2-(5-Bromo-3- "H NMR (ds DMSO) 8 1.13
B M |phenoxypyridin-2- (s, 6H), 2.80 (s, 2H), 6.63
\ N /IS\ A\ 5 yiamino)thiazol-4-yl}- (s, 1H), 7.12 (d, = 8.0 Hz,
A SN 2,2~ 2H), 7.22 (t, J = 7.3 Hz,
S H dimethylpropanoic 1H), 7.36 (d, ] = 2.0 Hz,
SN acid 1H), 7.44 (t, I = 7.9 Hz,
L 2H), 8.20 (d, ] = 2.0 Hz,
1H). -
317 , OH 3-(2-(5-Bromo-3- 'H NMR (ds DMSO) 8
B ~ phen9xypyridin»2~ 135 (s, 6H), 2.57 (s, 2H),
‘ N j\wo ylamino)thiazol-4-yl}-{6.65 (s, 1H), 7.11 (d, I =
AT N 3-methylbutanoic acid 7.8 Hz, 2H), 7.22(, I =74
o . H Hz, 1H), 7.37(d, T =2.0
Hz, 1H), 745 {4, I = 7.9 Hz,
©/ 2H), 8.21 (d, J = 2.0 Hz,
LED).
318 2-(2-(5-Bromo-~3- 'H NMR (d¢ DMSO) &
phenoxypyridin-2- 1.46 (s, 6H), 6.81 (s, 1H),
8r ~ HO, ylamino)thiazol-4-y1}-17.10 (d, I = 7.8 Hz, 2H),
U i’wo 2-methylpfopanoic  |7.21(t,J=7.4 Hz, 1H),
= N \N , acid 7.39(d, J=2.0 Hz, 1H),
é H 7.44 (t, ] =7.9 Hz, 2H),
8.22 (d, = 2.0 Hz, 1),
©/ 11.03 (brs, 2H), 12.17 (br
‘ s, 1H).
319 HO 2-(2-(5-Bromo-3~ 'H NMR (d¢ DMSO) 8
Br oy wo phenoxypyridin-2- 3.57 (s, 2H), 6.84 (s, 1H),
\@\ )1 N ylamino)thiazol-4~  {7.10 (d, I = 8.0 Hz, 2H),
§ N yiacetic acid 720, 1=73Hz 1H),
O 7.41-7.45 (m, 3H), 8.23 {d,
@” 7=2.0 Hz, 1H).
[66796] The following compounds were prepared from 1-(5-bromo-3-phenoxypyridin-2-

yDthiourea and the corresponding 1-chloroketone or 1-bromoketone, following similar methods to
Example 315, Step A.

Example Structure Name WMR Data
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3(2-(5-Bromo-3-

320 TH NMR (dg DMSO) §
Br N A ==\ | phenoxypyridin-2- 2.82-2.89 (m, 4H), 6.84 (s,
\(j/ lx—/m ylamino)thiazol-4- 1H), 7.11 (d, T =78 Hz,
\(\\N N yl)propanenitrile 2H), 7.21 (4, T=74 Hz,
o M THD), 7.40 (d, J = 2.0 Hz,
©/ 1H), 7.4 (1, T = 8.0 Hz,
2H), 8.23 (4, § =2.0 Hz,
1HD, 11.02 (s, 1E).
321 4-Benzyl-N-(5-bromo- |'H NMR (ds DMSO} &
3-phenoxypyridin-2- 3.92 (s, 2H), 6.66 (s, 1H),
Br Y X_Q yi)thiazol-2-amine 7.09 (4, J = 8.4 Hz, 2H),
P l ‘ 7.17 =721 (m, 2H), 7.24~
_ N 7.30 (m, 4H), 7.38 (4, T =
0 2.0 Hz, 1H), 7.42 (¢, I = 8.0
@ Hz, 2H), 8.21 (d, J =2.0
Hz, 1H), 10.96 (s, 1FD.
322 or N-(5-Bromo-3- "H NMR (dg DMSO) 8
‘ N iwl . iphenoxypyridin-2-yl}-4-14.70 (5, 2H), 7.11 (d, J - 7.6
=z > (chloromethyl)thiazol- |Hez, 2H), 7.16 (s, 1H), 7.21
N 2-amine (t, ¥ = 7.4 Hz, 1H), 7.42-
0 7.46 (m, 3H), 8.24 (d, T =
2.0 Hz, 1H), 11.25 (s, 1H).

Example 323

{00767}

A mixture of 3-(2-(5-bromo-3-phenoxypyridin-2-ylamino)thiazol-4-yl)propanoic
acid (0.100 g, 0.238 mmol) (Example 315) HOBT-H;0 (0.0547 g, 0.357 mmol), DIEA (d 0.742)
{0.0870 mL, 0.500 mmol), EDCI (0.0684 g, 0.357 mmol), and methanamme (0.238 mL, 0.476

mimol) in 10 mL acetonitrile was stirred at ambient temperature for 5 hours and then heated at 50

. °C overnight. The mixture was concentrated to a residue, dissolved in THF and precipitated with

the addition of water. The solids were filtered, washed with waier and dried on high vacuwm
overnight to give the title compound (0.072 g, 69.8% yield) as white solids. TH NMR (ds DMSO)
8 2.41 (t, = 7.8 Hz, 2H), 2.56 (d, I =4.7 Hz, 3H), 2.79 (1, ] = 7.7 Hz, 2H), 6.62 (s, 1H), 7.10 (@,
J=8.0Hz, 2H), 7.21 (t, = 7.3 Hz, 1H), 7.40 (d, ] = 2.0 Hz, 1H), 743 (1, ] = 7.9 Hz, 21, 7.77
(d, T =4.3 Hz, 1H), 8.21 (d, T = 2.0 Hz, 1H), 10.94 (br s, TH). ,
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~ The following compounds were prepared from the corresponding acids (Example

322) and amines following the method of Example 323.

Example

_ Structure

Mame

NMR Data

324

\

- Br 3 3
i - m
i~
o (a7

H

3-(2~(5-Bromo-3~
phenoxypyridin-2-
ylamino)thiazo}-4-
YN, N~
dimethylpropanamid
<

H NMR. (ds DMSO) § 2.64 (£, J =
7.6 Hz, 25, 2.76-2.81 (m, SH),
2.95 (s, 3H), 6.66 (s, 1FD), 7.09 (d, J
=7.8 Hz, 2H), 7.20 (1, } = 7.3 Hz,
1H), 7.40 (d, T = 2.0 Hz, 1H), 743
(t, = 7.9 Hz, 2H), 8.22 (d, F =2.0
Hz, 1H), 10.92 (br s, 15).

325

3-(2-(5-Bromo-3-
phenoxypyridin-2-
yiamino)thiazoi-4-
yI)-1-(pyrrolidin-1-
yhpropan-1-one

"H NMR (ds DMSO) 8 1.71-1.78
(m, 2H), 1.81-1.88 (m, 2H), 2.38 (4,
J=17.8 Hz, 2H), 2.80 (t, ] = 7.6 Hz,
2H), 3.27 {t, ] = 6.8 Hz, 2H), 3.38
(t, T = 6.6 Hz, 2H), 6.66 (s, 1H),
1.10(d, J=8.0Hz 2H), 720 (4, I =
7.4 Hz, 1H), 7.40 (4, I = 2.0 Hz,
1HD), 7.43 (t, T = 7.9 Hz, 2H), 8.22
d, T=2.0 Hz, 1¥), 10.92 (brs,
1HD.

326

3-(2-(5-Bromo-3-
phenoxypyridin-2-
ylamino)thiazo}-4-
y)-N-(2-
methoxyethylpropa
namide .

'H NMR (ds DMSO) & 2.43 (1, I =
7.7 Fz, 2HD, 2.79 (t, I = 7.6 Hz,
2H), 3.18-3.27 (m, SH), 3.30-3.32
(m, 2H), 6.62 (s, 1H), 7.10 (d, T =
7.8 Hz, 2H), 7.21 (t, I = 7.4 Hz,
1H), 7.40 (d, J = 2.0 Hz, 1H),
7.43(t, 1 =8.0 Hz, 2H), 7.93 (t, J =
5.5 Hz, 1H), 8.21 (d, T=2.0 Hz,
1H), 10.91 (brs, 1H),

327

3-(2-(5-Bromo-3-
phenoxypyridin-2-
ylamino)thiazol-4-
yD-N-(2-
hydroxyethyDpropa
namide

TH NMR (ds DMSO} & 2.42 (t, J =
7.7 Hz, 2H), 2.79 (t, § = 7.5 Hz,
2H), 3.08-3.13 (m, 2H), 3.37-3.38
(m, 2KD), 4.64 (br s, 1H), 6.63 (s,
1H), 7.10 (d, J = 8.0 Hz, 2H), 7.21
(t, =73 Hz, 1H), 740 (d, T =2.0
Hz, 1H), 7.43 (¢, } = 8.0 Hz, 2H),
7.85 (t, T = 5.6 Hz, 1H), 8.21 (d, I =
2.0 Hz, 15, 10.90 (br s, 1H).

328

N N
o
N/
N
L M/i\;mo '

3-(2~(5-Bromo-3-
phenoxypyridin-2-
ylamino)thiazol-4-
y)-N-(2-
{(dimethylamino)eth
yDpropanamide

TH NMR (dg DMSO) 8 2.13 (s,
6H), 2.26 {t, ] = 6.6 Hz, 2H), 2.42
(t,J=7.7Hz, 2H),2.79(t, 1 = 7.6
Hz, 2H), 3.10-3.15 (m, 2H), 6.63 (s,
1H), 7.10 (d, J = 7.6 Hz, 2H), 7.20
(t, J =74 Hz, 1H), 740 (d, ] =

2.0 Hz, 1H), 743 (t, ] = 8.0 Hz,
2H), 7.76 {t, J = 5.5 Hz, 1H), 8.21
(d,] =2.0 Hz, 1H), 11.00 (brs,

1H).
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5 2.58(d,T=
o3- HNMR (deS(@ 25), 6.78 (s,
- {2-(5.Brom z, 3H), 3.42 (s, 21
Heo 1225 ridin-2-  14.5 Hz, = 7.8 Hz, 2H), 7.
. henoxypyri 7.11(d,J = 7.8 Hz, J=22
5 N |phenc ol-4-  |1H), 1, 7.3 (4,
32 O lylamino)thiaz (. 1=74 Hz, 1H), . 2.0 Hz, 2H),
NSy l’v N e Hz, 1H), 7.44 “*HQ};;D, 822 (d, J
7NN methylaceta 7.82(d, J = 4'330 99 (s, TH).
o H ~ 2.2 Hz, 1H), ‘O) 5 2.82 (5,
mo-3-  |TH MR (de DMS3,66 (s, 2H), 6.75
/ 2_(2,,{5-—81'0 idin-"~ BH), 3.03 (59 31_1)},’ =7.8 Hz, ZZ'D‘»
‘ — phenoxypyridi -4 (s, TED, 7.11 (d. 1H), 7.39 (d, T =
330 0 iylaminc)thiazo 7.21 (&4 = 7.4 Hz, 1H), 7.9 Hz,
B [ i 3 O lynNON- ide 2.0 Hz, 1H), 7.4 (té ;I; 1H), 10.97
Y dimethylacetami 2H), 822 (d,J =2.0 Hz,
R
O ) (s, 1¥). S 1.72-1.79
2_(2-(5'-Br0%? 9. {m’ ZH}$ 1.83-1.8 49 (’t J=67 Hza
. P miriazol . | o8 s oD 3 77 (s, 1H), 7.10
331 N lamino)thiazo 3.60 (s, 2H), 6.77 (s, I=74
b lidin-1- |2H), 1H), 7.21 &,
B Sy N (@] yI)-l-(PYITO (S, 1H)’ 7.12 (3: 7 ;.—: 2.0 Hz, iH)s
! X yDethanone T 1D, 738 IR0 dJ=
Z NN ‘ 7.44 (1,1 =7.9 Hz, ZHT:;H)
o " 2.0 Hz, 110), SO EETRER
"H NMR (ds DMS 345 (s,
- mo-3- H 3.35 (m, 2H),
2-(2~(5-Bror din2- |(m, 5H), 3.32-3.35 10 (s, 150, 7.12
\0 phenOXYPY?I II’;A-. 2y, 6.77 (s, EH)’:'? 4 Haz’ 1H),
332 \ H yjmino)thlﬂzo (S, IH), 7.21 (tn J= I.ED .44 (t, J=
0 {yD-N-(2- aceta |7.39 (d, § =2.0 Hz, J=54 Hz,
4 Br >N i AN methoxyethyDace 7.9 Hz, 2H), 7.99 {% Hz }:H), 10.89
QN =N mide 1H), 8.22(d, J=2.0 Hz,
H (s, 1ED.
S, -3.27
© "HNMR (ds DMSO) 8. 3}'1(}3 45 (s,
2 B | R (e DMS: it 6o
HO\\ phenoxYpyT;dln‘ - ’)H’) 4‘65 (t, }' = 5.5 3 2 (S’ 1H>,
333 N (Viamino)thiazol-4- (s, 1D, 7.10 G, 1H){ ?‘17 39 (d, § =
Y N~ [V, e 721 (t,1=73He, sy
‘ = N SN hydroxyethylac 2.0 Hz, 1H), 7'4;%;’ 8.22{(d,i=2.0
mide H), 7.91 (br s, 1H), 8.22
5 M %2{7);}1) 11,00 (s, 1}1;. ST
©/ -3- |'HNMR (ds DM > (:?)Hz 2H), 3.12-
2-(2~(5-Bromo ~ 16H), 2.27 {1, T=6. 2H), 6.78 (s,
\ idin-2- 16 3.44 (s, 2H),
henoxypyridin-2- 16 (m, 2H), 3.44 (s, 1H), 7.21
334 N phenc thiazol-4- 3. H), 7.12 (s,
/ H  |ylaminojthiaz 1H), 7.19 (s, 1HD), 0@, I=22
N-(2- = 7.4 Hz, 1H), 7.40 (4,
o |vD) inodeth {(t,J=7. = 8.0 Hz, 2H),
- NN yhacetamide '
H B

7.84 ¢, J=5.4Hz, 1H), 8.22(d, I =

2.0 Hz, 1H), 11.02:s, 1.
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335 IOH 3-(2-(5-Bromo-3-  '"HNMR (dgDMSO) 8 1.09 (s,
N HN phenoxypyridin-2-  [6H), 2.78 (s, 2H), 3.10-3.15 (im,
Ows 3 ylaminoythiazol-4- |2H), 3.37 (¢, ] = 6.1 Hz, 2H), 4.83
NOH yD-N-(2- (brs, 1H), 6.61 (s, 1H), 7.12 (4, I =
@,o hydroxyethyD)-2,2- 8.0 Hz, 2H), 7.22 (t, J = 7.4 Hz,
dimethylpropanamid{1H), 7.35 (4, § = 2.1 Hz, 1H), 7.45
e (t, J=8.0 Hz, 2H), 7.57 (1, 1 = 5.6
Hz, 1H), 8.21 (d, J = 2.0 Hz, 1H),
10.60 (br s, 1H).

Example 336
Preparation of W-(5-bromo-3-phenoxypvridin-2-y1-4-(2-(5-methvi-1,3.4-oxadiazol-2-

yhethylthiazol-2-amine

{9@'}799} Step  A:  Preparation  of  N-acetyl-3-(2-(S-bromo-3-phenoxypyridin-2-

laminoythiazol-4-yDpropanehydrazide: A mixture  3-(2-(5-bromo-3-phenoxypyridin-2-
ylaminojthiazol-4-yl)propanoic acid (0.300 g, 0.714 mmol), HOBT-H0 (0.164 g, 1.07 mmol),
DIEA (0.261 mL, 1.50 mmeol), EDCI (0.205 g, 1.07 mmol}, and acetohydrazide (0.106 g, 1.43
mmol) in 10 ml acetonitrile and 2 mlL. THF was stirred at 50 °C for 3 hours and then overnight at

ambient temperature. The mixture was concentrated and diluted with CH,Cl,, washed with
saturated aqueous NaHCQO;, dried over NapSUs, and concentrated to provide the title compound
(0.431 g, 127% vield) that was carried ditectly on to the next step.

[66710] Step B:  Preparmation of _ S5-bromo-N-(4-(2-(5-methvi-1.3.4-oxadiazol-2-
yhethyhithiazol-2-yv1}-3~phenoxypyridin-2-amine: To a mixture of Neacetyl-3-2-(5-bromo-3-
phenoxypyridin-2-ylamino)thiazol-4-yl)propanehydrazide (0.100 g, 0.210 mmol) in 5 mL
acetonitrile was added POCl; (0.0769 mL, 0.840 mmol) and the reaction was heated at 50 °C for
72 hours. The mixture was concentrated to dryness, diluted with water and extxax;teci with

CH,Cl,. The organic layer was dried over NaySOsand purified by preparative HPLC to give the
title compound (0.029 g, 30.1% yield). "H NMR (ds DMSO} & 2.50 (2, 3H), 3.00 (t, ] = 7.4 Hz,
2H), 3.17 (8,1 = 7.5 Hz, 2H), 6.76 (s, 1H), 7.11 (d, I = 7.6 Hz, 2H), 7.21 {t, } = 7.3 Hz, 1H), 7.40
(d,7=2.0 Hz, 1H), 7.44 (1, T = 7.9 Hz, 2H), 8.22 (d, T = 2.2 Hz, 1H), 10.99 (s, 1H).

180711} The following compounds were prepared from the corresponding acid (Example 315}

and corresponding acythydrazine following the method of Example 336.
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Example | Structure . Name ~ NMR Data
337 N-{(5-Bromo-3~ "H NMR. (ds DMSO)Y & 2.44 (s, 3H),

N
Bre N z/ phenoxypyridin-2-14.21 (s, 2H), 6.97 (s, 1H), 7.08 (s,
PN w“ yI)-4-((S-methyl~ [1H), 7.10 (s, 1FD), 7.20 (¢, ] = 7.4 Hz,
A
N
8

1,3,4~oxadiazol-2- | 1H), 7.40-7 45 (m, 3H), 823 (4, J =
yhmethyDthiazol- {2.0 Hz, 1H), 11.14 (s, 1H).

Z2-amine
338 N-(5-Bromo-3-  |"H NMR (d¢DMSO) § 1.25(d, J=
B Ay wo\jf‘\ phenoxypyridin-2-16.8 Hz, 65), 3.00 (t, J = 7.5 Hz, 2H),
\E(K,qim N yD)4-(2-(5- 3.09-3.14 (m, 1FD), 3.18 (¢, J = 7.5 Hz,
6 H isopropyl-1,3,4- |2H), 6.73 (5, 1H), 7.16 (d, T = 7.8 Hz,
@’ oxadiazol-2- 2H), 7.21 (t, ] = 7.3 Hz, 1H), 7.40 (d,
yhethyDthiazol-2- |J =2.0 Hz, 1H), 7.44 (1, J = 8.0 Hz,
amine 2H), 8.22 (d, I = 2.0 Hz, 1H),10.98
(s, 1H).

yD-4-(2-methyl-2- 17.8 Hz, 2H), 7.22 (t, ] = 6.8 Hz, 1H),

339 Bra Ny @ N-(5-Bromo-3- |"HNMR (ds DMSQO) § 1.36 (s, 6H),
@N iN\ \-n  |phenoxypyridin-2-12.44 (s, 3H), 2.95 (s, 2H), 7.12 (d, T =
©,o A (5-methyl-1,3,4- {736 (d, J= 1.8 Hz, 1H), 745 (, ] =

oxadiazol-2- 7.7 Hz, 28D, 820 (d, I =2.0 Hz, 1H),
yhpropyDthiazol- 110.78 (s, 1H).
2-amine

Example 340

Preparation of N~(5-bromo-3~

yhethyDthiazol-2-amine

Br Y S /N W/
\QM'AWO“N
‘ H
o

180712} To a mixture of  3-(2-(5-bromo-3-phenoxypyridin-2-ylamino)thiazol-4-
yhpropanoic acid (0,100 g, 0.238 mmol), DIEA (0.0456 mlL, 0.262 mmol) in 5 mL DMF at
ambient temperature was added N-((dimethylamino)flucromethylene)-N-methylmethanaminium
hexafluorophosphate(V}) (0.0628 g, 0.238 mmol}). The mixture was stirred for 30 minutes at
ambient temperature and then N-hydroxyacetamidine (0.0194 g, 0.262 mmol) was added in one
portion and the reaction was heated at 110 °C overnight, The reaction was then cooled to ambient
temperature and EtOAc was added and the organic layer washed with water (2 X 10 mL), dried
over Na;S0O, and concentrated to a residue that was purified on silica gel eluting with 25 %
EtOAc/Hexanes to give 5 the title compound (0.067 g, 61.4% yield). "H NMR (ds DMSO) §
2.29 (s, 3H), 3.04 (t, 7.6 Hz, 2H), 3.26 (t, T = 7.6 Hz, 2H), 6.74 (s, 1H), 7.11 (4, J = 7.8 Hz, 2H),
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7.2% (¢, ¥ = 7.3 Hz, 1H), 740 (d, J = 2.0 Hz, ,IH}g 7.44 (t, J = 8.0 Hz, 2H), 8.22 (d, J = 2.0 Hz,
1H), 11.00 ¢, 1H).
Example 341
N-(5-Bromo-3-phenoxypvridin-2~yD-4-((3-methyl-1.2 4-oxadiazol-5S«ylimethylithiazol-2-amine

L
Br } S Q_Ow
o

{80713} Prepared from the corresponding acid (Example 3'14) following the method of
Example 340. 'H NMR (dg DMSO) 8 2.29 (s, 3H), 4.29 (s, 2H), 7.00 (s, 1H), 7.08 (s, 1H), 7.10 s,
1H), 7.20 (¢, § = 7.3 Hz, 1H), 7.41-7.45 (m, 3H), 8.23 (¢, J = 2.0 Hz, 1H), 11.13 (s, 1F).

Example 342
Preparation of N-(5-bromo-3-phenoxypyridin-2-y13-4-(2-(5-methyloxazol-2-yDethyhithiazol-2-amine

=
Sh

[606714} Step A: Preparation of 3~(2.
N-(2-oxopropyDpropanamide: A mixture of 3-(2-(5-bromo-3-phenoxypyridin-2-ylaminoythiazol-
4-yipropanoic acid (0.800 g, 1.90 mmol), HOBT-H,O (9,43’-! g, 2.86 mmol), DIEA (1.36 mL,
7.80 mmol), EDCI (0.547 g, 2.86 mmol), and 1-aminopropan-2-one hydrochloride (0.834 g, 7.61
mmol) in 50 mL THF was stirred at 50 °C for 2 days. The mixture was concenirated and diluted

with CH,Cl; and washed with water, dried over sodium sulfate and concentrated to a residue that
wasg carried on to the next step without further purification.

[60715]) Step B: Preparation of 5-bromo-N-{4-(2-(5-methyloxazol-2-yDethyDthiazol-2-y1)-
3-phenoxypyridin-2-amine hydrochloride: Prepared according to the method of Example 336,
Step B (0.043 g, 12.2% vield). "H NMR (d¢ DMSO) 8 2.25 (s, 3H), 3.00-3.08 (m, 4H), 6.72 (s,
1H), 6.81 (s, 1H), 7.14 (4, = 7.8 Hz, 2H), 723 ({, I = 7.4 Hz, 1H), 743.747 (m, 3H), 8.25(d, J
=2.0Hz, 1H).
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. Example 343
N-{5-Brom o-3~phenoxv0vrfdin»2~vl)¥4~( { S-methvloxazol-2-vhimethvDthiazol-2-amine

Br‘ I i iﬁ
QN 8
o

[66716] The following compound was prepared from the corresponding acid (Example
315) following the method of Example 342. 'H NMR (ds DMSO) § 2.22 (4, J = 1.0 Hz, 3H),
4.05 (s, 2H), 6.71 (d, ] = 1.2 Hz, 1H), 6.86 (s, 1H), 7.09 (&, T = 7.8 Hz, 2H), 7.20 (¢, Y = 7.4 Hz,
1H), 7.40-7.45 (m, 3H), 8.22(d, T =2.2 Hz, 1H), 11.09 {5, 1H}.

Example 344

[667171 " To a nitrogen purged vial was added TBAF (0.249 mL, 0.249 ramol), 3-(2-(5-
bromo-3-phenoxypyridin-2-ylamino)thiazol-4-yl)propanenitrile (0.200 g, 0.498 mmol) (Example
320}, and TMSN; (0.0992 mL, 0.748 mmol) were added, and the reaction was stirred at 120 °C
for 24 Hr. The crude reaction mixture was dissolved in CH,Ci, and washed with agueous sodium
bicarbonate solution. The organic layer was concentrated to a residue that was purified on silica
gel by-eluting with 7% MeOH/CH,Cl; and further purified by triturating in refluxing EtCAc to
give the title compound (0.128 g, 57.8% yield). 'H NMR (d; DMSO) § 3.03 @, J = 7.5 Hz, 2H),
325, J= 7.6 Hz, 2H), 6.70 (s, 1H), 7.13 (4, T = 8.0 Hz, 2H), 7.22 (t, T = 7.3 Hz, 1H), 7.38 (d, J
=2,0Hz, 1H), 745 (, J= 7.9 Hz, 2H), 8.22 (4, T = 2.2 Hz, 1H), 11‘01’ s, IH).

' Example 345

Preparation of N-(5-bromo-3-phenoxypyridin-2-y)-4-(phenoxymethyDthiazol-2-amine

Br X N
i 0
L0
N N :
Cre
[00718] Phenol (0.0356 g, 0.378 mamol) was dissolved in 3 mL THF at ambient
temperature. NaH (0.00907 g, 0.378 mmol) was added and the mixture stirred for 30 minutes at
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ambient temperature.  Solid N-(5-Bromo-3 -;phenoxmyriﬁinﬁ—yl)«4~(chloromeihyl}thiazoi-%
amine (0.030 g, 0.0756 mmol) (Example 322) was then added 1o the reaction and the mixture
was stirred at ambient temperature overnight. The reaction was concentrated to dryness,
dissolved in CH-Cl,, washed with water, dried over Na;SQy, and concentrated to dryness. The
residue was purified by preparative HPLC to give the fitle coﬁnpound {0.007 g,.20.4% yield) as
the least polar of the two major products. 'H NMR (CDCl3) 8 5.07 (s, 2H), 6.88 (s, 1H), 6.96 (, },
= 7.3 Hz, 1H), 7.01 (d, J = 8.0 Hz, 2H), 7.07 (4, J = 8.8 Hz, 2H), 7.14 (d, ] = 2.0 Hz, 1H), 7.23-
7.31 (m, 3H), 7.43 (1, I = 8.0 Hz, 2H), 8.14 (d, F = 2.0 Hz, 1H), 8.76 (br 5, H).

166719} The following compounds were prepared from the corresponding phenols and
thiophenols and N-(5-Bromo-3-phenoxypyridin-2-yl)-4-(chloromethyl)thiazol-2-amine (Example
322} following the method of Example 345. .

Example Structure Name NMR Data
346 Brag ~ o N-(5-Bromo-3- [|'H NMR (CDCly) § 2.37 (5, 3H)
N \ S f e ; 3 b £
- Ni\;p \§¢~Z/ phenoxypyridin- 14 46 (s, 2H), 7.04 (s, 1HD, 7.11 (4, J
J ilzg;‘(g 4. |5 82Hz 21,731, T=74He
ethyl-1,3.4~ {13y 7.42.7.46 (m, 3H), 8.23 (d, J =
@” methyl-1,3.4 1), 7.42-7.46 (m, 3H), 8.23 (d, J

1.8 Hz, 1H), 11. )
Jlthioymethylythia | *© 7 1D 1119 (s, 1H)

zol-2-amine
347 \(\FEF 5-Bromo-N-(4- |"H NMR (ds DMSO) & 3.62 (s,
a
) F

8 ™
™y PP Y ((L-methyl-3- 3ED, 3.74 (s, 2H), 6.47 (br s, 1H),
y NN (ifluorometiyl)- |7.15 (d, J = 7.8 Hz, 2H), 7.24 (&, J =

)

1H-pyrazol-5- 7.4 He, 1H), 735 (d, J = 2.0 Hz,
viexy)methyDthia {1H), 7.46 (t, J = 7.9 Hz, 2H), 8.21

z0}-2-y1)-3- (d, T = 2.0 Hz, 1H), 11.21 (br s,
phenoxypyridin- {1H), 11.36 (brs, 1H).
2-amine

Example 348

henviaminodmethyDthiazol-2-amine

{06720] Aniline (0.0352 g, 0.378 mmol) was dissolved in 2 mL NMP at ambient
temperature, Cs,C0; {0.0246 g, 0.0756 zrgm‘oi} and solid 5—bmmmN-'(cé*(chlommemyf)ﬁﬁazoi;2~
y1)-3-phenoxypyridin-2-amine (0.030 g, 0.0756 mmol) were added to the reaction and the
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mixiure was stirred at ambient temperature overnight. The reaction was conoentta‘ted to dryness,
dissolved in CH,Ch, washed with water, dried over NaySUy, and conecentrated to dryness The
residue was purified by preparative HPLC to give the title compound (0.010 g, 29.2% yield) as
tan solids. 'H NMR (CDCls) § 4.34 (brs, 3H), 6.67-6.74 (m, 4H), 7.07 (4, J = 8.0 Hz, 2H), 7.13
(d,7=1.8Hz, 1H), 7.18 (1, J = 7.7 Hz, 2H), 7.24-7.27 (m, 1H), 7.43 (t, = 7.9 Hz, 2H), 8.13 (4, ]
= 1.6 Hz, 1H), 8.74 (br s, 1H).

[6072%] The following compounds were prepared from the corre_{spending amines and N-
(5-Bromo-3-phenoxypyridin-2-y1)-4-(chloromethyljthiazol-2-amine (Example 322) following the
method of Example 348.

Example Structure - Name NMR. Data

343 \Q N\<O7/ N-((2-(3-Bromo-3- | "H NMR (ds DMSO) § 2.12 (s, 3H),

phenoxypyridin-2-  14.71 (s, 2H), 6.12 (s, 1H), 6.89 (s,
ylamino)thiazol-4- {1H), 7.11 (d, = 7.8 Hz, 2H), 7.21
@/Q yDmethyb)-5- (t, I=17.3 Hz, 1H), 7.40-7.46 (m,

methyl-1,3,4- 3H), 8.23 (d, J=2.1 Hz, 1H), 11.13
oxadiazol-2-amine (s, 1H).

350 | N-(5-Bromo-3- "H NMR (ds DMSO) 8§ 1.72 (brs,

447713 | Bnpsy g \ . N [phenoxypyridin-2- |4FD, 2.63 (br s, 4H), 3.69 (br s,
> /k:}\/ yD)-4-(pyrrolidin-1- 12H), 6.88 (s, 1F), 7.10 (s, 1H), 7.12
N~ N yimethylythiazol-2- (s, 1H), 721 (t, I =7.3 Hz, 1H),

o amine 7.41-7.46 (m, 3H), 822 (d, ] = 2.0
©/ Hz, 1H), 11.04 (brs, 1H).

- Example 351
Preparation of 5-bromo-3-phenoxy-N-(4-(phenvithiomethylithiazol-2-vDpyridin-2-amine

hydrochloride
8 HCI
r B
N S \
CL D)
ﬁ N .
oh
{06722} Prepared according to the method of Example 345 using S-bromo-N-(4-
(chloromethyl)thiazol-2-y1)-3-phenoxypyridin-2-amine and benzenethiol. 'H NMR (CDClL) &

413 (s, 2H), 6.48 (s, 1HD), 7.19 (4, T = 8.0 Hz, 2H), 7.26-7.32 (m, 5H), 7.38 (d, J = 7.0 Hz, 2H),
TA4 (L, I = 7.6 Hz, 2D, 8.12 (d, T = 1.6 Hz, 1H), 12.71 (s, 1H).
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Example 352

Preparation of 5-12-(2-(5-hromo-3-phenoxyovridin-Z-viaminoithiazol-4-vDathv])-1.3.4-oxadiazol~2-

ol
N
NP
o

100723] Step A: Preparation of 3-(2-
vDpropanehvdrazide: To a mixture of methyl 3-(2-(5-bromo-3-phenoxypyridin-2-
ylamino}ﬁﬁaz0§~4-yl)propaﬁoate (1.00 g, 2.303 mmol) (Example 315} in 15 mL EtOH was added
hydrazine monohydrate (8.835 mL, 11.51 mmol) 3nd' the mixture heated at 75 °C for 4 hours.

The reaction was cooled to ambient temperature and quenched with water and the solids were
filtered to give the title compound (0.831 g, 83.10% vield) as off white solids there were used
without further purification.

[60724]
yDethvl)-1.3 4-oxadiazol-2-0l: To a mixture of 3-2-(5-bromo-3-phenoxypyridin-2-
yiamino)thiazol-4-ylypropanehvydrazide (0.150 g, 0.345 mmol) in THF (3 mL) was added TEA
{0.04814 mlL, 0.3454 mmol) and cooled in au ice bath. To this mixture was added CDI (0.0672 g,

0.414 mmol) in one portion. The mixture was allowed to warm to ambient temperdture and was
then heated at 50 °C overnight. The reaction was concenirated to dryness, dissolved in CH,Clh
and washed with water, dried over Na,SO., concentrated to a residue that was purified by
preparative HPLC to give the title compound (0.045 g, 28.31% yield) was white solids. "H NMR
{de DMSQO) & 291 (s, 4H), 6.75 (5, 1H), 7.10 (4, T = 7.8 Hz, 2H), 7.21 (t, I = 7.4 Hz, 1H), 7.40
(4, I=2.1Hz, 1H)}, 7.44 (t, J = 7.9 Hz, 2H), 822 (d, J = 2.1 Hz, 1H), 11.03 (br s, 1H), 12.04 (br
s, 1H).
) Example 353
Preparation of N-(3-bromo-3-phenoxypyridin-2-v}~4-(2-(8-methyl-1.2 4-oxadiazo}-3-

vDethyDibiszol-2-amine

N N~
o
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foe725Y Step A: Preparation of (Z)-3-(2-(5-bromo-~3-phenoxypyridin-2-viamineythiazol-4-
yD)-N'-hydroxypropapamidine: To 2 mixtare of 3-~C2~(5wbromc-3-phanoxypyridin~2~»
yviamino)thiazol-4-yDpropanenitrile (1.00 g, 2.49 mmol) (Example 320) in 150 mi EtOH was
added a mixture of hyciroﬁcylsmhe hydrochloride (0.866 g, 12.5 mmol) and NaOH (12.5 mL,

12.5 mmol) and the combined mixture was heated at refiux overnight. To the reaction was then
added hydroxylamine hydrochloride (0.866 g, 12.5 mmol) and IN NaOH (12.5 mL, 12.5 mmol)
and the reaction reluxed overnight. The mixmre was cooled, concentrated to a residue, diluted
with CH,Cl and 1N H(ii, the aqueous layer was made basic with NH;OH aﬁd extracted with
CH,Cl,. The basic organic exiracts were dried on Na;SQOy, filtered and concentrated to give the
title compound (1.02 g, 94.2% vield).

{60726] Step B: Preparation of (Z)-N-acetoxy-3-(2-(5~bromo-3-phenoxvpyridin-2-
vlaminoithiazol-4-yDoropanimidamide: To &  suspension of  (Z)-3~(2~(5-bromo-3-
phenoxypyridin-2-ylamino)thiazol-4-y1)-N'-hydroxypropanamidine (0.200 g, 0.460 mmol) and
KoCO3 (0.070 g, 0.506 mmol) in acetone (5 mL), cooled in an ice bath, was added a solution of

acetyl chloride (0.032 mL, 0.460 mmol) in 3 mL acetone and the mixture was allowed to slowly
warm to ambient temperature. The reaction was concentrated to dryness, dissolved in CH,Cl,
and washed with water, dried over Na,SOy, and concentrated to give the title compound (0.205
g, 93.4% yield) that was used without firther purification.

[66727] Step C: Preparation of  S-bromo-N-(4-(2-( S—methvl 1.2.4~oxadiazol-3-
yhethyiYthiazol-2-y1}-3-phenox idin-2-amine: The =~ (Z)-N'-acetoxy-3-(2-(5-bromo-3-
phenoxypyridin-2-ylaminojthiazol-4~-ylypropanimidamide (0.050 g, 0.10 mmol) was heated
(neat) at 150 °C under high vacuum for 3 hrs. The crude reaction residue was then purified by
preparative HPLC to give the title compound (0.015 g, 31% yield) as a white solid. 'H NMR (de
DMSO) 8 2.55 (s, 3H), 2.97-3.05 (m, 4HD), 6.72 (s, 1H), 7.11 (&, T = 7.8 Hz, 2ED, 721 (t, T=74
Hz, 1H), 7.40 (d, ] = 2.0 Hz, 1H), 7.44 (t, ] = 7.9 Hz, 2H), 8.22 ( 4, J = 2.0 Hz, 1H), 11.00 (s;
1H).

Example 354
P’reparat;on of N-{5-bromo-3-{phenvlthio)pyridin-2-y-4-{2 ~(5-methvi-1,3.4-oxadiazo}-2-

vhethyDithiazol-2-amine

é; A
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[00728] Step A: Preparation _of methyl 3-(2-(5-bromo-3-(phenylthioypvridin-2-
viaminothiazol-4-vDpropanocate: A mixture of methyl 5-bromo-4-oxopentanoate (1.20 g, 5.73
mmol), 1-(5-bromo-3-(phenylthio)pyridin-2-yDthiourea (1.50 g, 4.41 mmol) (Example 179), '
. triethylamine (1.04 ml, 7.49 mrool), and MeOH (25 mL) was refluxed overnight. The reaction

was concentrated to a residue and partitioned between CH»Cl, and water. The organics were
concentrated to a residue and triturated in refluxing EtOAc and the solids filtered (solids are
acid). The flitrate was concentrated and purified on silica gel eluting with 30% EtOAc/Hexanes
to the title compound (1.43 g, 72.0% yield).

[606729] Step B: Preparation of 3-(2-
yDpropanoic acid: To a mixture of methyl 3~(2—(S~bromo~'13~(phenyit‘bio)pyﬁdin~2~
" ylamino)thiazol-4-yl)propanocate (1.40 g, 3.11 mmol) in 50 mL THF was added 25 mL water
followed by sodium hydroxide (0.249 g, 6.22 mmol) and the mixture was stirred overnight. The

mixture was concentrated to dryness, water added and acidified with NH,CL The mixture was
then extracted with THF. The organics were dfied over NapS(4 and concentrated to give the title
compound (1.38 g, 102% yield) that was used as the crude material. ‘
[00730] Step C: Preparation of WN'-acetyl-3~(2-(5-bromo-3~(phenylthio)pyridin-2-
viamino)thiazol-4-yl)propanehydrazide: Prepared according to the method of Example 336, Step
A )

{60731} Step D:  Preparation _of _ S-bromo-N-(4-(2-(5-methvl-1.3 4-oxadiazol~2-
vhethyDthiazol-2-yy-3-(phenvithio)pyridin-2-amine: Prepared according to the method of
Example 336, Step B. 'H NMR (CDCl3) & 2.48 (s, 3H), 3.09-3.22 (m, 4H), 6.53 (s, 1H), 7.19--
7.26 (m, 3H), 7.29-7.32 (m, 2H), 7.92 (d, J= 2.1 Hz, 1H), 8.42 (d, J = 2.1 Hz, 1H), 8.98 (br s,
1H).

Example 358

tetrahydrofuran-2-vl)-

1.2 4-thiadiazol-S-amine
7 N N
o 3!
F ‘

F .
{06732] Step A: Preparation of 3-(2-bromo-4-

A mixture of 2-aminopyridin-3-ol (1.00 g, 9.08 mmol) and DMF (20 mlL) was cooled in a 0 °C
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bath and sodium hydride (0.240 g, 94% mmol) was slowly added in portions with vigorous
stirring (significant gas evolution). After the addition was completed, the mixture was stirred at
ambient temperature for 30 minutes to IﬁDSt}{;B all the NaH was consumed (reaction becomes very
viscous). The 2-bromo-1-fluoro-4-{trifluoromethyDbenzene (1.17 mL, §.26 mmol) was added
" and the mixture heated to 110 °C under nitrogen overnight. The reaction was cooled to ambient
temperature and the DMF removed under reduced pressure. The resulting black sludge was
quenched with 0.5 N NaOH (100 mL) and extracted with Et,O). The organic layer was washed
with 1IN NaQOH and brine, dried over sodium sulfate, Sltered and concenirate& to afford a brown
solid. The solids were purified on silica gel eluting with 40% EtOAc/Hexanes to afford 3-(2-
bromo-4-(rifluoromethyl)phenoxy)pyridin-2-amine the title compound.

[60733] Step B: Proparation of 3-(4-(trifluoromethylphenoxy)pyridin2-amine: Step B:

Preparation of 3-(4-{trifluoromethyvDphenoxy)pyridin-2-amine: A 500mL mL parr shaker was

charged with 3-(2-bromo-4-(trifluoromethyphenoxy)pyridin-2-amine (1.85 g, 5.55 mmol),
NaQGAc (0.911 g, 11.1 mmol) and BfOH (100mL mL), purged with nitrogen and Pd(OH)»/C
(0.200 g, 1.42 mmol) was added and a pressure of 30 psi Hydrogen was maintained. After 2
hours, the mixture was filtered through GFF paper and the filtvate concentrated to a residue. The
residue was dissolved in BiOAc, washed with a sodium bicarbonate solution, dried over Nay S(Xn
filtered, concentrated to a residue and purified on silica gel by eluting with 50% EtOAc/Hexanes
to give the title compound (1.24 g, 87.8% yield) as a white solid.

. [66734} Step C: Preparation of S-bromo-3-{4-(trifluoromethylphenoxyipyridin-2-amine:
A 250 ml round-bottomed flagsk was -charged with 3-(4-(trifluoromethyl)phenoxy)pyridin-2-
amine (1.24-g, 4.88 mmol) and CHCl3 (150 mL), cooled to 0 °C and bromine (0.275 ml, 5.37

mmol) was added dropwise. The reaction was stirred for 60 minutes. The reaction was quenched

into a saturated agueous NaHCO; solution and extracted with CHCL, (2 X 150 mL). The
combined organics were dried over sodium sulfate, filtered and concentrated . The residue was
purified on silica gel eluting with 20% EtOAc/hexanes. The combined fractions of product were
treated with charcoal, filtered through GFF paper and concentrated to afford the title compound
(0.850 g, 52.3% vield) as a tan solid.

{60735] Step D Preparation of 3-bromo-N-(3-(tetrabhydrofuran-2-yh-1.2.4-thiadiazol-5-
1)-3-(4-(trifluoromethyphenox idin-2-amine: Prepared according to the method of

Example 183, Step D. "H NMR (ds DMSO) § 2.21-2.27 (m, 2H), 3.54-3.61 (m, 1H), 3.74-3.86
(m, 3ED), 4.03 (1, = 8.0 Hz, 1H), 7.23 (d, J = 8.6 Hz, 2H), 7.76 (d, ] = 8.8 Hz, 2H), 7.94 (d, T =
2.0 Hz, 1H), 8.48 (d, F = 2.0 Hz, 1H), 12.37 (s, 1H), ‘

W
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Example 356
Prevaration of N-(5-(pyridin-2-vithiok3-(4-{trifluoromethvDphenoxyipvridin-2 -yl -3
(tetrahvdrofuran-2-vi)-1.2.4-thiadiazol-5-amine

F>«©

F
[00736] Prepared from S-bromo-N-(3-(tetrahydrofuran-2-yi}-1,2 4-thiadiazol~5-y1}-3-(4-
(triflucromethyl)phenoxy)pyridin-2-amine according to the method of Exathie 162, Step A. 'H
NMR (d¢ DMSO) & 2.23-2.28 (m, 2H), 3.56-3.63 (m, 1H), 3.75-3.80 (m, 1H), 3.82-3.88 (m, 2H),
4.04 (t,J=8.0Hz, 1H), 7.15-7.19 (m, 2H), 7.26 (d, J = 8.6 Hz, 2H), 7.66-7.70 (m, 1H), 7.76 (4, ¥
= 8.6 Hz, 2H), 7.85 (d, J = 2.0 Hz, 1H), 8.40 (4, T =4.7 Hz, 1H), 8.50 (d, J = 1.8 Hz, 1H), 12.50
(s, 1H).

HC»E

Example 357

Preparation of N-(4-(2-(5-methvloxazol-2-vDethvithiazo]-2-

-ylithio dme-ammc dihydrochloride

%8Q iw i

HGI

{60737 Prepared accordmg to the method of Example 211, Steps A and B, using 5-bromo-
N-(4-(2-(5-methyloxazol-2-yDethyDibiazol-2-vl)-3-phenoxypyridin-Z-amine as the starting
material. 'H NMR (dg-DMSO) & 8.63 (d, 1H), 8.44 (m, 2H), 7.75 (d, 1H), 7.52 (4, 1H), 7.40 (m,
2H), 7.17 (m, 4H), 6.83 (s, 1H), 6.72 (m, 1H), 3.11-2.99 (m, 4H), 2.25 (d, 3H). Mass spectrum
(apel) m/z = 543.5 (M-+H-2HCI).
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Example 358
Preparation of 4-(2-(5-methvioxazol-2=yDethyvD-N-(3-phenoxy-5-(piperidin-4-vimethvithioipyridin-

2-vDithiazol-Z-amine dihvdrochloride

HN .
N
3

HCH | e ©
_ HC
[00738] Prepared according to the method of Examplé 34. "H NMR (d-DMSO) 8 11.40

(bs, 1H), 8.95 (m, 1H), 8.65 (m, 1H), 8.18 (m, 1H), 7.44 (&, 2H), 7.36 (s, .1H), 7.21 (t, 1H), 7.12

(d, 2h), 6.83 (s, 1H), 6.72 (s, 1H), 3.20 (m, 2H), 3.04 (mm, 4H), 2.87 (d, 2H), 2.78 (m, 2H), 2.24 (s,

3H), 1.87 (m, 2H), 1.67 (m, 1H), 1.36 {m, 2H}. Mass spectrum (apci) m/z = 507.5 (M+H-2HCI).
Example 359

N-(5-bromo-3- DthiazololS 4-bipyridin-2-amine hydrochloride
Br SN N=
} f?i N\
Foyw
/@’ s HeH
F
10067391 Step A: Preparation of 3-{4-fluorophenvithio)-2-nitropyridine: Prepared
according to the method of Example 180, Step A using 3-chloro-2-nitropyridine and 4-
fluorobenzenethiol. ' '
[60740] Steps B and C:  Preparation of N-

yDthiazolof5 4-bipyridin-2-amine hydrochloride: Prepared according to the method of Example 181,
Steps B and C. 'H NMR (CDCl) 8 7.05 &, 2H), 7.27 — 7.32 {m, 2H), 7.32 ~ 7.36 (m, 1H), 7.90 —
7.94 (m, 2H), 8.43 (dd, 1H), 8.49 {d, 1H).

Example 360
Methvl 3-(5-bromo-2-(hiazolo!5.4-blpyridin-2-vlaminoipyridin-3-vithioYoenzoate hvdrochloride

Br T -
[ ¥ @
LK,
s H HCI

o7 OMe
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[00741] Prepared according to the method of Example 359. "H NMR (CDCls) § 3.91 (s,
3H), 7.31 — 7.39 (m, 3H), 7.88 — 7.92 (m, 3H), 8.0 (s, 1H), 843 (d, 1H), 8.54 (s, 1H), 9.14 (bs,
1H).
Example 361
N-(3-(1-methvl-1H-imidazol-2-ylthio)pyridin-2-vDthiazolo[ 5.4-blpyridin-2-amine

A=
N \ 7/
s H

.

Q\./NMe ‘
[G0742] © Step A: Preparation of 3-(1-methvl-1H-imidazol-2-yithioypyridin-2
methyl-1H-imidazol-2-yithio)-2-nitropyridine {prepared acccrding to the procedure of Example

~amine: 3-(1-

359 (2.2 g, 9.3 mmol) was dissolved in acetic acid (30 mL) and cooled in a water bath. Zn dust (<
10 micron, 3.0 g, 47 mmol) was slowly added in portions and the reaction stirred at ambient
temperature for 30 minutes. The solution was filtered through celite (rinsing with
dichloromethane) and the filtrate was concentrated. The solution was neutralized with NH,OH
solution and extracted with EtOAc. The organic laver was dried and concentrated to provide the
title compound (1.8 g, 94% vield) as a dark brown solid.

[00743] Step B: Preparation of N-(3-(1-methyl- ;H«imidazol»?.wlﬁﬁo‘)nvriciin—iz-

yhithiazolol5.4-bipyridin-2-amine: Prepared according to the method of Example 181 using 2-
chloro-3-isothiocyanatopyridine. ' NMR (CDCl3) 83.77 (s, 3H), 6.92 — 6.96 (m, 1H), 7.00 (s,
1H), 7.20 (s, 1H), 7.32 (dd, 1H), 7.88 (d, 1H), 8.00 (d, 1H), 8.40 (d, 2F), 10.80 (bs, 1H).

: Example 362

5-bromo-3-~

[00744] Prepared according to the method of Example 7, Steps C, D and E, from S-bromo-
3~{4-fluorophenylthio)pyridin-2-amine. H NMR (CDCl) 8 2.33 (s, 3H), 6.44 (s, 1H), 7.01 (,
2H), 7.23 (dd, 2H), 7.87 (4, 1H), 8.40 (4, 1H).

{00745} The following compounds were also prepared following the procedure of Example
362. | | "
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Br\(\;i j\:\>——

g N
RzS
Example R* Name - ‘ ~ Data
363 i Methyl 2-(5-bromo-2-(4- "H NMR (CDCl3) 8 2.36 (s, 3H), 3.84
N7 e methyithiazol-2- (s, 3H), 4.00 (s, 3H), 6.43 (s, 1H),
. ylamino)pyridin-3-yithio)-1- 7.73 (s, 1H), 7.94 (s, 1H), 8.40 (s,
o | methyl-1H-imidazole-5- 1H).
MeO carboxylate.
364 jw\ 5-bromo-N-(4-methylthiazol- | "H NMR (CDCls) 8 2.31 (s, 3H), 6.44
NSy 2-y1)-3-(pyrimidin-2- (s, 1ED), 7.04 (t, 1H), 8.00 (s, 1H), 8.47
k/ yithio)pyridin-2-amine ~ 8.49 (m, 3H), 8.85 (bs, 1H).
Example 365

3-(5-bromo-2-(thiazoloi3.4-blpyridin-2-viamino)pyridin-3-vithio)benzoic acid

Br S o
B @
S H

O Or
[60746] Prepared according to the method of Example 45 from methyl 3-(5-bromo-2-

(thiazoio{5,4-b]pyri<iin—2-ylamino}pyziciin«?gi-yithio)benzoate. TH NMR (DMSO-dg) & 7.37 — 7.42
(m, 1H), 7.61 (t, 1H), 7.72 (bs, 2H), 7.96 (bs, 3H), 8.32 (dd, 1H), 8.42 (bs, 1H).
’ Example 366 ) ]
3-(5-bromo-2-(thiazolo[5.4-blpyridin-2-vlamino)pyridin-3-vithio)-N-(2-
(dimethvlamino)ethybenzamide

Br X -
B @
L

oy )

e

| .
G AL N
160747} BvS-bmmc-}(thiazolo{S,:4—}3}pyridim}ylammo)pyridm&~y‘1thio)benzoic acid
{0.080 g, 0.17 mmol) and NI1,Nl-dimethylethane-1,2-diamine (0.020 g, 0.23mmol) were
dissolved in DMF. 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloridé (0.037 g, 0.19
-mmol) and HOBT-H,O (0.029 g, 0.19 minol) were then added, N, N-Diisopropylethylamine
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{0.034 mL, 0.19 mmol) was added last. The reaction was stirred at ambient temperature for 2

days. The material was diluted with water and the solid was filtered and recrystallized in
EtOAc/hexanes 1o afford the fitle compound (0.030 g, 33% yield) as a white solid. 'H NMR
(CDCl3) 8 2.25 (s, 6H), 2.50 (&, 2€D), 3.46 ~ 3.51 (m, 2H), 6.91 (bs, 1H), 7.28 — 7.37 (m, 3H),
7.62 (4, 1H), 7.68 (s, 1H), 7.86 (d, 1H), 7.97 (s, 1H), 8.41 (d, 1H), 8.48 (s, 1H).

[6a748] The following compounds were also preparved following the procedure of Example
366. '
fof s
NS j Y
ZZ g \N
r2S
Example R* Name Data
367 o (4-(5-bromo-2- "H NMR (CDCls) 5 2.25 (s, 3H), 2.23
(thiazolof5,4~b]pyridin-2- | —2.38 (m, 2H), 2.40 — 2.50 (m, 2H),
ylamino)pyridin-3- 3.37 = 3.43 (m, 2H), 3.70 — 3.82 (m,
yithio)phenyl)(4- 2H), 7.19 (d, 2H), 7.28 — 7.36 (m,
o N/\l methylpiperazin-1- 3HD, 7.89 (d, 1H), 8.04 (4, 1H), 843
- Lo | yhmethanone. (@, 1H), 8.55 (4, 15, 9.17 (bs, 1H).
368 - 4-(5-bromo-2- "H NMR (CDCl) 8 2.27 (s, 6H), 2.54
(thiazolo[5,4-blpyridin-2- | (bs, 2H), 3.49 - 3.51 (m, 2H), 6.94
ylamino)pyridin-3-ylthio)- | (bs, 1H), 7.18 (d, 2H), 7.32 (¢, 1H),
{4 N-(2- 7.73 (4, 2H), 7.87 (d, 1H), 8.02 (s,
NN | (dimethylamino)ethylben | 1H), 8.42 (s, 1H), 8.55 (s, 1H).
H zamide

The following compounds were also prepared following the procedure of Example 366.

Br =
N
H

3-(5-bromo-2-(4-methyl-
thiazol-2-ylamino)
pyridin-3-yithio)-N-(2-
(dimethylamino)ethyDben
zamide,

RS

Example R* Name Data
369 j\‘” 2-(5-bromo-2-(4- TH NMR (CDCls) 8 2.23 (s, 6H),

N7 N methylthiazol-2- 2.37 (s, 3H), 2.46 (t, 2H), 3.40 —

={ ylamino)pyridin-3-ylthio)- | 3.44 (m, 2H), 4.00 (s, 3H), 6.42 (s,
\\;N\«’\ N-(2- 1H), 6.60 (s, 1H), 7.47 (s, 1H),
o} N7 | (dimethylamino)ethyD-1- | 7.91 (s, 1HD), 8.37 (5, 1HD.
/ methyl-1H-imidazole-5-
carboxamide .

370 - "H NMR (CDCl3) 8 2.31 (s, 3H),

2.36 (s, 6H), 2.62 (bs, 2H), 3.54 —
3.56 (m, 2H), 6.44 (s, 1H), 7.24 —
7.35 (m, 3H), 7.66 (s, 2H), 7.96 (s,
15), 8.44 (s, 1HD).
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) Example 371
{2~(5-bromo-2-(4-methyithiazol-2-vlaminolpvridin-3-vithio}-1-methvi-1H-imidazol-5-vDimethanol

B

s N o
i Mo
=t

%NM&

OH
[60749] Methyl 2-(5-bromo-2~(4-methylthiazol-2-ylamino)pyridin-3-yithio)-1-methyl-1H-
imidazole-5-carboxylate (0.076 g, 0.17 mmol) dissolved in THF (5 mL) was cooled to 0 °C.
DIBAL-H (1M in hexanes, 0.52 mL, 0.52 mmol) was added. After 15 minutes, DIBAL-H (0.52
mL, 0.52 mmol) was added again. The solution was diluted with a saturated solution of
Rochelle’s Salt (10 mL) and the -solution stirred overnight. The material was extracted with
dichloromethane and the orgavic layer was dried, and concentrated. Reverse phase HPLC
purification gave the title compound (0.006 g, 9% vield) as a white solid. "H NMR (DMSO-dg) &
2.18 (s, 3H), 3.64 (s, 3H), 4.50 (d, 21), 5.22 (t, 1H), 5.75 (s, 1H), 6.38 (bs, 1H), 7.11 (5, 1H),

8.22 (bs, 1H).
Example 372

~vithioYbenzoic acid

G7 OH
[0 T58] Prepared from 3-(5-bromo-2-thioureidopyridin-3-yithio)benzoic acid according to
the method of Example 7, Steps C, D and B, "H NMR (DMSO-dg) 8 2.17 (s, 3H), 6.44 (s, 1H),
740 (s, 1H), 7.56 — 7.66 (m, 31{), 7.90 —7.95 (m, 2H), 8.32 (s, 1H), 12.40 (bs, 1H).
Example 373
3-(3~-bromo-2-(4-methylthiazol-Z~viaminolpyridin-3-yithiobenzamide

Br
\QJ\ /&3“
N N
3 H

O NHo
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(88751} 3-{5-bromo-2-{4-methylthiazol-2-ylamino)pyridin-3-ylthic)benzoic acid (0.35 g,
0.83 mmol) was dissolved in DMF (5 mlL). 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (0.24 g, 1.2 mmol), NH4Cl €0.133 g, 2.5 mmol} and HOBT-H,0 (0.19 g, 1.2

mmol) were added. Triethylamine (0.29.mL, 2.1 mmol) was added last. The reaction stirred at

room temperature overnight. The material was diluted with water and the solid was filtered to
give the title compound (0.23 g, 67% yield). 'H NMR (DMSO-de) 8 2.17 (s, 3H), 6.40 (bs, 1H),
7.48 (s, 1H), 7.53 — 7.56 (m, 2H), 7.20 — 7.96 (m, 2H), 8.08 (s, 1), 8.27 (bs, 1HD).

Example 374

CH
[00752] 3~(5-Bromo-2-(4-methylthiazol-2-ylamino)pyridin-3-ylthio)benzamide (0.20 g,
0.48 mmol) was suspended in acetonitrile (4 mL). POCl; (0.11 mL, 1.2 mmol) was added and the
reaction stirred in a sealed tube at 70 °C for 4 howrs. The solution was cooled and neutralized
with saturated NalCOQs; solution. The material was extracted with EBiOAc, dried, and
concentrated. The crude material was triturated with ethe/EtOAc and filtered. The solid was
dried to give the titie compound (0.0GS' g, 33;%). 'H NMR (DMSO-dg) & 2,17 (s, 3H), 6.44 (bs,
1H), 7.58 — 7.68 (m, 3H), 7.83 (d, 1H), 7.92 (s, 1H), 8.36 (s, 1H).

Example 375
4-methvi-N-(3-(2-(trifluoromethyDphenyithio)pyridin-2-y)thiazol-2~amine
e

o

7 CFj
[060753] Step A: Preparation of 1.2-bis(2-(triflucromethyDphenyldisuifaner A solution of
2-(triflucromethyllbenzenethiol (0.185 mL, 140 mmol) in wet acetonitrile - (1:5
water/acetonitrile) was added Todine (0.178 g, 0.702 mumol) and allowed to stir over night at

room temperature, The reaction was concentrated, then diluted with EtOAc and quenched with
agueous sodium thiosulfate, extracted and dried organic with brine, NapSQ,, filtered and

concentrated to afford the title compound (219mg, 44% yield) as a colorless oil.
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[00754]) Step B: Preparation of 4-methyl-N-(3-(Z-(trifluoromethylphenylthio)pyridin-2-
yDihiazol-2-amine: A 25 ml round-bottomed flask was charged with 3-bromo-N-(4-
methylthiazol-2-ypyridin-2-amine (0.082 g, 0.304 mmol) and THF (3mL). The reaction was
cooled to. ~78 °C and methyllithium (0.228 mlL, 0.364 mmol) as a 1.6M solution in ether was
added and stirred for 5 minutes. Butyllithium (0.146 zﬁL, 0.364 mmol) as a 2.5M sclution in

hexane was added and the reaction was stired for 5 minutes. 1,2-Bis(2-

(trifluoromethyl)phenyl)disulfane (0.215 g, 0.607 mmol) was added and the reaction was warmed
to room temperature and stirred for ome hour. Saturated NH4Cl was added, and the reaction
mixture was exiracted with EtOAc. The combined organic layers were dried, filtered, and
concentrated. The residue was purified on silica gél (1-10% BtOAc in hexanes) to afford the title
compound (59 mg, 52% yield) as a white solid. TH NMR (CDClL3) 8 9.04 (s, 1H), 8.47 (dd, 1H),
7.87 (dd, 1H), 7.69 (m, 2H), 7.31 (m, 1H), 6.97 (q, 1H), 6.83 (d, 1H), 6.43 (m, 1H), 2.32 (d, 3H).
Mass spectrum (apci) m/z = 368.2 (M+H).

[06755] The following compounds were prepared according to the method of Example
375.
Example . Structure Name Data
376 [ n ~\>\ 4-methyl-N-(3-(m- 'H NMR (CDClL) 8 12.0 (bs,
A | i\M tolylthio)pyridin-2- 1H), 8.36 (m, 1H), 7.91 {(d, 1H),
~ N yD)thiazol-2-amine 7.31 (m, 3H), 7.17 (¢, 15D, 7.11
j@/s ol hydrochloride (m, 2H), 6.42 (s, 1H), 2.46 (m,
/ 3H), 2.30 (s, 3H). Mass
- spectrum {apci) m/z = 314.2
(M+H-HC).
377 f Y i/\>" 3-(2-(4~methylthiazol-2- | Mass spectrum (apci) m/z =
A ylamino)pyridin-3- 316.2 (M+H).
HO g N yithio)phenol
378 S Ay N | GG "H NMR (CDCl3) 6 9.10 (bs,
©/ LKLN j;}* fluorophenylthio)-5- 1H), 8.45 (4, 1H), 7.92 (4, 1H),
4 H {phenyithio)pyridin-2- 7.27 (m, 611}, 7.15 (mm, 3H), 6.47
@ yi)-d~methyithiazol-2- (m, 15}, 2.33 (m, 3H).Mass
F amine spectrum (apei) m/z = 426.2
(M.
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RExample 379

Preparation of Ne(3-(2-bromo-3-morpholincphenoxyyoyridin-2-vD-4-methylthiazol-2~-amine
N
LN
o Z N :I\}\
v’?@(o H
B

[60756] Step A: 4-(3-(2-Nitropyridin-3-vioxy)phenylimorpholine. In a 125 mL round-
bottom flask, 3-morpholinophenol (0.91 g, 5.07 mmol) was dissolved ~in THF (40 mL). Solution
was cooled to 0 °C and NaHMDS (5.07 mL, 5.07 mmol) (1M in THF) was added slowly. The
mixture was agitated for 15 minutes and solution of 3-fluoro-2-nitropyridine (0.60 g, 4.22 mumol)

r

in THF (5 mL) was added slowly. After agitating for 2 hours the solvent was evaporated and the
residue dissolved in 100 mbL of CH;Cl and washed with diluted sodium bicarbonate solution
twice, dried over magnesium sulfate, filtered and evaporated. Crude material was purified by
chromatography on silica gel, eluted with 25% ethyl acetate/Hexane to give the title compound
{0.93 g, 72%) was obtained as thick red oil,

{00757} Step B: 3-(3-Morpholinophenoxy)pyridin-2-amine. In a 125 mL round-bottom
flask, 4-(3~(2-nitropyridin-3-yloxy)phenyl)morpboline (0.92 g, 3.05 mmol) was dissolved in 30
ml of ethanol and 200 mg of 10% Pd/C (Degussa type, 50% wet) added.' The resulting mixture
was agitated overnight under the atmospheric pressure of hydrogen. The mixfure was filtered
and the solvent was evaporated to give the title compound (0.80 g, 97%) as thick oil.

[06758] Step C: 3~(2-bromo-3-morpholinophenoxypyridin-2-amine. In a 250 mL round-
bottom flask, 3~{3-morpholinophenoxy}pyﬁdin~2~mnine (0.720 g, 2.654 mmol) was dissolved in
25 mL of acetic acid and Bromine (2.654 mL, 2.654 mmol) (IM in AcOH) was added slowly.
After agitating for 1 hour the mixture was evaporated and the residue was distributed between
dichloromethane and sodium bicarbonate solution. The organic phase was separated and
evaporated. The residue was purified by cohunn chromatography on silica gel, eluted with 1-3%
methanol/dicloromethane to give the title compound (0.72g, 77%) as white solid.

[60759] Steps D, E and F: N-(3-(2-bromo-5-morpholinophenoxyipyridin-2-y1)-4~
methylthiazol-2-amine. Prepared according to the method of Example 7, Steps C, D and E;
(0.48g, 61% yield). "H NMR (CDCls) 8 2.35 (s, 3H), 3.10 (&, 4H), 3.82 (1, 4H), 6.42-6.89 (m, .
SE), 7.48 (d, 1H), 8.07 (d, 1ED, 8.71 (d, 1H). '
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Example 380

Preparation of methyl 3-02-(3-bromo-3-phenoxypyridin-2-viaminothiazol-4-vi}-2-methoxy-2-

methvipropanoate

-Br X
1 N
" /i\ ) \
N N O
0 H
{06760} Step A Preparation of methyl 4-bromo-2-methoxy-2-methyipent-4-enoate. A 500

mL round-bottom flask was charged with diisopropylamine (12.89 mlL, 92.00 mmol) and dry
THEF (100 mL) and cooled to -78 °C. Butyllithinm (2.5 M in hexanes) (36.80 mL, 92.00 mmol}
-was added dropwise over 20 minutes and the mixture was agitated for additional 30 minutes.
Methy! 2-methoxypropanoate (10.35 g, 87.61 mmol) was added dropwise over 20 minutes and
the mixture was agitated for 30 minutes. 2,3-Dibromopropene (10.3;0 mlL, 87.61 mmol) was
added dropwise over 20 minutes, the mixture was agitated for 30 minutes and then allowed to
warm up to ambient temperature and agitated for additional 2 hours. The reaction was gquenched
with saturated ammonium chloride solution and extracted twice with ether. Extracts were
washed with sodium bicarbonate solution, brine, dried and evaporated to give the title compound
(22.7 g, 98.4% yield) as pale yellow oil.

[90761] Step B: Preparation of methyl 5-bromo-2-methoxy-2-methvl-4-oxopentanoate. To
a 125 mL round-bottom flask, methyl 4-bromo-2-methoxy-2-methylpent-4-enoate (0.525 g, 2.21
mmol) was added acetonitrile (8 mL), water (2 mL) and N-bromosuccinimide (0.493 g, 2.77
mmol). A catalytic amount of 1M HBr was added (0.066 mL, 0.066 mmol). The resulting
solution was agitated overnight, dituted with 50 mL of dichloromethane and washed twice with
saturated soditum’ bicarbonate, dried and evaporated. The residue was purified by
chromatography on silica gel, eluting with 10% ethyl acetate/hexane to provide the title
compound (0.52 g, 92.8% yield) as clear oil. '

[00762] Step C: Preparation of methyl  3-(2-(5-bromo-3-phenoxvpyridin.2-
viamfno)tlﬂazoi-t@wi)~2~mathoxv—-Q-methvlmovanoate. In a 125 mL round-bottom flask, 1-(5-
bromo-3~phenoxypyridin-2-yDthiourea (.OuSO g, 1.54 munol) (prepared as described in Example
10, Steps A-D) and methyl 5-bromo-2-methoxy-2-methyl-4-oxopentanoate (0.586 g, 2.31 mmol)
were dissolved in dry THF (25 mL), heated to 50 °C and agitated cvemxght The solvent was

evaporated and the residue was dissolved in chloroform znd washed with diluted sodmm

bicarbonate solution twice, dried over magnesivm sulfate, filtered and evaporated. The resulting
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solid was purified by chromatography on silica gel, eluted with 10-15% ethyl acetate/hexane to
give the title compound (0.485 g, 65.7% yield) as yellow solid. TH NMR (CDCly) 8 1.46 (s,
3H), 3.12 (s, 2H), 3.34 (s, 3H), 3.73 (s, 3H), 6.58 (s, 1E), 7.06-7.45 (m, 6H), 8.11 (5, 1H), 8.64
(bs, 1H}.
" Exampie 381
Preparation of 3-(2-{5-bromo-3-phenoxypyridin-2-viaminolthiazol-4-vi)-2-methoxy-2~

methvlpropanoic acid

Br
o
N7 N
o B ~T~COOH
oy o\

106763} Prepared according to the method of Example 45 from methyl 3-(2-(5-bromo-3-
phenoxypyridin-2-ylamino)hiazol-4-yl)-2-methoxy-2-methylpropancate. 'H NMR (DMSO-ds &
1.32 (s, 3H), 3.00 (g, 2H), 3.21 (s, 3H), 6.71 (s, 1H), 7.11-7.23 (m, 3H), 7.36 (s, 1H), 7.44 (t,
2H), 8.12 (s, 1H).

Example 382

Preparation of 3-(2-(5-bromo-3-phenoxvpvridin-2-viamino ythiazol-4-vD-2-methoxy-2-methvi-1-

olidin-1-vpropan-~1-one

Br N -
o - H .
9] oo

[00764] In a 20 mL scintiliation vial, 3-(2~(5-bromo-3-phenoxypynidin-2-ylamino)thiazol~
4-yh)-2-methoxy-2-methylpropanoic acid (0.087 g, 0.187 mmol) was dissolved m CHoCl; (5 mL)
and DMEFE (2 mL) and N-methylmorpholine (0.031 mL, 0.281 mmol}, followed by addition of -
hydroxybenzotriazole. The mixture was cooled to 0 °C and EDCI (0.0467 g, 0.244 mmol) was
added. The resulting mixture was agitated for 30 minutes and pyrrolidine (0.020 g, 0.28 mmol}
was added. The mixture was then agitated overnight, diluted with 50 mL of CH,Cl; and washed

with citric acid solution and sodium bicarbonate solution, dried and evaporated to give crude
product which was purified by chromatography on silica gel, eluting with 50-70% ethyl
acetate/Hexane, to provide the title compound (0.079 g, 79% yield) as white solid. AIH MNMER
(DMSO-dg 5 1.23 (s, 3H), 1.66-1.80 (m, 4ED), 3.03-3.63 (m, OH), 7.01 (m, 1H), 7.16-7.46 (m,
THD, 8.25 (s, 15). |
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Esample 383
Preparation of 3-(2-(5-bromo-3-phenoxypyridin-2-viaminothiazol-4-vD-N-2-hydrowyethy[}-2-

methoxv-2Z-methvlpropanamide
\Q\ i—}\\ (\OH

f80765] Prepared accordmg to the method of Example 382 from 3-(2-(5-bromo-3-
phenoxypyridin-2-ylamino)thiazol-4-y1)-2-methoxy-2-methylpropanoic. 'H NMR: (DMSO-dg §
1.40 (s, 3H), 3.14-3.48 (1, 9H), 7.03 (s, 1H), 7.21-7.53 (m, TH), ‘8.23 (s, 1H).
Example 384 '
Preparation of N'-(3-(2-(5-bromo-3-phenoxvpyridin-2-vlaminolthiazol 4y ]}-2-methoxy-2-

methvipropanovD-N.N-dimethviformohvdrazonamide
Br

e
! :
= N/% \ gf!
: o 7 oS
@( O HN-N
{60766} Step A : Preparation of N-acetyl-3-(2-(5-bromo-3-phenoxvpyridin-2-

lamino)thiazo

-4-yD)-2-methoxy-2-methylpropanehvdrazide: In a 20 mL scintillation vial, 3~(2-
(5-bromo-3-phenoxypyrid'm—Z-ylammo)thia.z/ol-él--y1)—2-111eth_oxyw.'zﬁmethylpropanoio acid (0.087
g, 0.187 mmol) was dissolved in CHpClL (5 mL) and DMF (2 mL) and N-methylmorpholine
(0.0309 mL, 0,281 mmol), followed by addition of HOBT. The mixture was cooled to 0 °C and

"EDCI (0.047 g, 0.244 mmol) was added. The resulting mixture was agitated for 30 minutes and
acetohydrazide (0.021 g, 0.28 mmol) was added. The mixture was then agitated overnight,
diluted with 50 mL of CH,Cl, and washed with citric acid solution, sodium bicarbonate solution
twice, dried and evaporated to give the title compound (0.0975 g, quantitative yield). Crude
product was used in the next step.

[60767] | Step B : Preparation of N'-(3-(2-( 5«bromo-B—phenoxvvvridin-?-«Vlamino)fhiazoi-4-
¥i)-2-methoxy-2-methylpropanoyl-N.N-dimethvlformohydrazonamide: In a 125 mL round-
bottom flask, N'-acetyl-3-(2-(5-bromo-3-phenoxypyridin-2-ylamino)thiazol-4-yl)-2-methoxy-2-
methylpropanehydrazide (0.0975 g, 0.187 mmol) was dissolved in S mL of acetonifrile and
phosphorous xychloride (0.052 mL, 0.56 mmol) was added. The resulting mixture was heated
to 50 °C and agitated for two hours. The solvent was evaporated and the residue was distdibuted
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between CH,Cl, and saturated sodium bicarbonate solution. The organic layer was washed with
sodium bicarbonate solution, dried and evaporated. The residue was purified by chroﬁatography
on silica gel, eluting with 20% ethyl acetate/hexane to afford the title compound (30 mg, 29%) as
white solid. "H NMR (CDCls) § 1.50 (s, 3H), 2.86 (s, 65, 3.16 (dd, 2H), 3.73 (s, 3H), 6.62 (s,
1H), 7.06-7 45 {m, 6H), 7.71 (s, 1H), 8.11 (s, 1), 8.58 (5, 1H), 8.71 (bs, 1H).

Example 385

3-(2-{5-bromo-3-(phenvithiopyridin-2-viaminothiazol-4-yi-2-methoxv-2-methvipropanoic acid

Br e
O34 W
" NT N
o
[66768] Step A: Preparation of methyl  3-(2-(5-bromo-3-(phenvylithio)pyridin-2-
lamino¥yhiazol-4-v1)-2-methoxy-2-methyvlpropanoate. Prepared according to the method of
Example 380, Step C from 1~(5-brémo—3-(phe:nyithia}pyridin&»y})miourea.
[60769) Step B: Preparation of 3-(2-(5-bromoe-3-(phenvithiolpyridin-Z-viaminothiazol-4-
v1)-2-methoxv-2-methvlpropanoic acid. Prepared according to the method of Example 381, 'H
NMR (DMSO-dg & 1.32 (s, 3H), 3.00 (g, 2H), 3.21 (s, 3H), 6.71 (s, 1H), 7.11-7.23 (m, 3H), 7.36
(s, 1H), 7.44 (t, 2H), 8.12 (5, 1H). MS (APC], pos) m/z 481 (M+1).
: "~ Example 386
Preparation of 3-(2~(5-bromo-3-(phenylthiopyridin-2~yvlamino)thiazol-4-yv1)-N-(2-hvdroxvethyl)-2-

methoxy-2-methvipropanamide

e ‘>\7§r
N9 Aps N

..g

e

{0677¢] Prepared according to the method of Example 382 using 2-aminoethanol. 'H
NMR (DMSO-dg 6 1.40 (s, 3H), 3.14-3.48 (m, 8H), 7.03 (s, 1H), 7.21-7.53 (m, 7H), 8.23 (s, 1H).
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Example 387

envithioynyridin-2-viaminoythiazol-4-

3-(2~(5-bromo-3-(ph -2-methoxy-N-~(Z-methoxyvethyl}-2-

methylpropanamide -
B~~~ OMe
G Py e
NN DN
h o o
S
{00771} Prepared according to the method of Example 382 using 2-methoxyethanamine.

'H NMR (DMSO-ds § 1.30 (s, 3H), 3.01-3.38 (m, 12H), 7.03 (s, 1H), 7.21-7.53 (m, 7H), 8.23 (s,
1H),

Example 388 .
3-(2-(5-bromo-3-(phenvlthiolpyridin-2-vlamino)thiazol-4-yN-N-(2-hydroxyethyD-2~methoxy-N.2-

dimethvipropanamide
OMe
B~ ?& m /
N
H G
o
[e0772] Prepared according to the method of Exarnple 382 using 2-{methylamino)ethanol

"H NMR (DMSO-dg § 1.41 (s, 3H), 2.58 (t, 2H), 3.13-3.28 (m, 8H), 4.20-4.35 (m, 2H), 7.03 (s,
18, 7.21-7.53 (m, 7TH), 8.23 (s, 1H).

Example 389
3-(2-(5-bromo-3~(phenylthiopyridin-2-viamino)thiazol-4-y1)-1-((R)-3-hvdroxypyrrolidin-1 -vi}-2-

methoxy-2-methyipropan-1-one

\Q i%\i; OQH

/

§60773] Prepared according to the method of Example 382 with (R)-pyrrolidin-3-ol. 'H
NMR (OMSO-dg § 1.29 (s, 3H), 1.70-1.87 (m, 2H), 3.03-3.48 (m, 7H), 4.25 (bd, 1H), 6.86 (bs,
1H), 7.36-7.50 (m, 5H), 7.79 (bs, 1H), 8.47 (s, 1H).
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Example 396

1-{{2-(5-bromo-3-phenoxypvridin-2-viaminoythiazol-4-yhmethvhpvrrolidin-2-one
Br = Q
N N
7@ I
; N N
Cr h

[606774] Step A: Preparation of 1-(3-chloro-2-hydroxypropyl olidin-2-one. 2~
Pyrrolidinone (4.47 g, 52.5 numpol) was mixed with THF (25 mL) and cooled to -78 °C.
Butyllithiom (1.6 M in hexanes) (32.8 mL, 52.5 mmol) was added slowly then and the mixture

was agitated for 10 minutes. Boron wifluoride ethereate (6.59 mL, 52.5 mmol) was added

dropwise, followed by dropwise addition of epichlorohydrin (4.11 mL, 52.5 mmol). The

resulting mixtare was allowed to warm up overnight, then cooled and quenched with saturated
sodium bicarbonate solufion, and extracted 3 times with ethyl acetate. The extracis were washed
with brine, dried and evaporated to give ~4g of crude oil, The crude oil was purified by
chromatography on silicg gel, eluting with 1-2% methanol/dichloromethane, to provide the title
compound (1.53 g, 16.4% yield) as clear oil.

{00775} Step B: Preparation of 1-(3-chloro-2-oxopropyhpvrrolidin-2-one: 1-(3-Chloro-2-
hydroxypropylpyrrolidin-2-one (0.380 g, 2.14 mmol) was dissolved in dichloromethane (10 mL)
and cooled to 0 °C. Dess-Martin periodinane (0.907 g, 2.14 mumol) was added and the mixture
agitated at ambient temperatare for 2 hours. The mixture was loaded on silica gel
chromatographic column and eluted with 1% methanol/dichloromethane to provide the title
compound, '

[60776) Step C: Preparation of 1-({2-(5-bromo-3-phenoxyvpvridin-2-viamino)thiazol-4~
yhmethyDpyrrolidin-2-one: Prepared according to the method of Example 7, Step E. TH NMR.
(OMSO-dg 6 2.06-2.18 (m, SH), 2.42 (t, 2H), 3.69 (1, 2H), 7.10 (d, 2H), 7.21 &, 1H), 7.42-7.47
(m, 3H), 8.21 (s, 1ED). ‘

Example 391

ridin-2~-vlamino)thiazol-4-yDmethyt
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[66777] Step A:. 3-(2-bromoallyl)-1-methylpvrrolidin-2-one.  1-Methyl-2-pyrrolidinone
(3.87 mkL, 40.3 mmol) was combined with 25 mL of THF and cooled to -78 °C. Lithium
diisopropylamide (26.9 mL, 40.3 mmol} (1.5M in THF) was added slowly and the mixture was
agitated for 30 minutes. 2,3-Dibromopropene (4.93 mL, 40.3 mmol) was added and the mixture
was agitated overnight and allowed to warm up to ambient temperature. The reaction was
quenched with sodium bicarbonate solution and extracted twice with ether. The extracts were
washed with brine and evaporated. The crude product was purified by chromatography on silica
gel, eluting with 30-50% ethyl acetate/hexane, to provide the fitle compound (5.01 g, 56.9%
yicld) as clear oil. | |

{06778 Step B: 3-(3-bromo-2-oxopropyl-1-methvipyrrolidin-2-ope. 3~(2-Bromoallyl)-1-
n’iethylpmolidim}one (1.40 g, 6.42 mmol) was dissolved in acetonitrile (20 mL} and water (5
mL) and N-bromosuccinimide (1.71 g, 9.63 mmol) was added. The resulting mixture was
agitated for 4 hours, diluted with 200 mL of ether, washed with sodium bicarbonate, sodium
thiosulfate, brine, dried and evaporated. The residue was purified by chromatography on silica
gel, etuted with 1-2% methanol/dichloromethane to provide the title compound.

F00779] Step C: 3-((2-(5-bromo-3-(phenvithio)pvridin-2-vlaminoithiazel-4-vDmethvl)-1-
methvlpyrrolidin-2-one. Prepared according to the method of Example 7, step BE. 'H NMR
(BMSO-dg § 1.60-1.72 (m, 1H), 2.08-2.14 (m, 1H), 2.51-2.58 (m, 1H), 2.68-2.78 (m, 5H), 3.00
(d, 15H), 3.21-3.29 (m, 2H), 6.72 (s, 1H), 7.38-7.48 (m, 6H), 8.41 (s, 1H).

Example 392
Br N
Uws o
B4
o "
Ph .
[G0780] Prepared according to the method of Example 391, Step C, from 1-(5-bromo-3-

(phenoxypyridin-2-yl)thiourea and 3-(3-bromo-2-oxopropyl)-1-methylpyrrolidin-2-one. 'H
NMR (DMSO-dg § 1.60-1.72 (m, 1H), 2.08-2.14 (m, 1H), 2.51-2.58 (m, 1H), 2.68-2.78 (m, SH),
3.02 (d, 1H), 3.21-3.29 (m, 2H), 6.80 (s, 1H), 7.13-7.47 (m, 6H), 8.25 (s, 1.
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. UNH
Br ™y 3
PP o
N7 N
| .o H
Ph

{00781 Step A Preparation of tert-butyl 3-(2

In a 250 mL round-bottom flask, tert-butyl 2-oxopyrrolidine-1-carboxylate (4.12 g, 22.2 mmol)
was combined with 25 mL of THF and cooled to -78 °C. Lithium diisopropylamide (1.5M in
THF) (14.8 mlL, 22.2 mmol) was added slowly and the mixmm’w’a‘z‘s Agitated for 30 minutes, 2,3~
Dibromopropene (2.72 mL, 22.2 mmol) was added and the mixture was agitated overnight and
allowed to . warm to ambient temperatore. The reaction: was then guenched with sodivm
bicarbonate solution and extracted twice with ether. The extracts were washed with brine and
evaporated. The crude product was purified by column chromatography, eluting with 20% sthyl
acetate/hexane, to provide the title compound (0.560 g, 8.3% yield). '

{60782}
carboxylate. In a 125 mL round-bottom flask, tert-butyl 3-(2-bromoallyl)-2-oxopyrrolidine-1-
carboxylate (0.560 g, 1.84 mmol) was dissolved in mixture of acetonitrile (8 ﬁnL} and water (2
mL). N-bromosuccinimide (0.41 g, 2.30 mmol) was added and the mixtire was agitated

overnight. The reaction mixture was diluted with 100 mL of ether, washed with sodivm

bicarbonate solution, brine, dried and evaporated to provide the title compouﬁd (0.25 g, 42.4%
vield).

[60783] Step C: Preparation of 3-((2-(5-bromo-3-phenoxypyridin-2-ylamino)thiazol-4~
yhmethyl)-1~-methylpyrrolidin-2-one. Prepared according to the method of Example 7, step E.
[80784] Step D: Preparation of 3~{{2-(5-bromo-3-phenoxypyridin-2-vlamino¥hiazol-4-

vhmethvhpyrrolidin-2-one. In a 20 ml scintillation wvial, tert-butyl 3-((2-(5-bromo-3-
phenoxypyridin-2-ylaminojthiazol-4-yDymethyl)-2-oxopyrrolidine-1-carboxylate  (35mg, 0.064
mmol) was dissolved in CH,;Clh (1 mL) and HCl (4.0M solution in dioxane) (2.00 mL, 8.00
mmol} was added. The resulting mixhuwre was agitated overnight. The solvents and excess HCl
were evaporated, and product was obtained as yellow solid (25mg, 87.5% vyield). 'H NMR
(OMSO-dg & 1.70-1.80 (m, 1H), 2.12-2.20 (m, 1H), 2.60-2.74 (m, 1H), 3.02 d, 1H), 3.16-3.22
(m, 2H), 3.44-3.76 (m, 5H), 6.97 (s, 1¥), 7.19-7.50 (m, 6H), 7.83 (s, 1H), 8.30 (s, 1H).
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Example 394

3-€(2-(5-bromo-3-(phenyithio

B NH
\
L D o
= \NiN
. /S H
Ph -
[80785] Prepared according to the method of Examples -3%1 and 393. H NMR

{((CD3),S0) & 1.70-1.80 (m, 1H), 2.12-2.20 (m, 1H), 2.60-2.74 (m, 1H), 3.02 (d, 1H), 3.16-3.22
(m, 2H), 3.44-3.76 (m, 5H), 6.77 (s, 1H), 7.38-7.50 (xn, 6H), 7.76 (5, 1H), 8.43 (5, 1H).
Example 395
2-({2-(5~-bromo-3-phenoxypyridin-2-ylaminothiazol-4-ylmethv-4-(tert-

butoxvearbonviamino)butanoic acid

X

8]

J—NH

B G/D\\{)H
r S

N A\
o

{60786} tert-Butyl 3-((2-(S-bromo~3~phenc>xypyridin—2—y1amino)thiazol—dr»yi)methyi}é;
oxopyrrolidine-1-carboxylate (0.070 g, 0.128 mmol) (Example 393, Steps A-C) was dissolved in
1 mL of THF and sodium hydroxide (0.963 mi, 1.93 mmol) ZM solution was added. The
resulting solution was heated to 55 °C and agitated for 3 hours. Reaction was quenched with 3
mL of 2M potassium hydrosulfate solution and extracted twice with ethyl acetate. The extracts
were washed with water, brine, dried and evaporated to produce the title compound. " NMR.
(CDCl3) 8 1,40 (s, 95D, 1.60-1.74 (m, 2H), 2.64-3.08 (m, 5H), 4.65 (bs, 1H), 6.47 (s, 1H), 7.09-
7.43 (m, 7H), 8.14 (s,. 1H).



224

Example 396
-{5-bromo-3-(phenvithiolpvridin-2-viaminothiazol-4d-vDimethy -4 -(tert-

butoxvearbonviaminoYbutanoic acid

X

O

A J—NH

o)
Bra Sy Q{’H
L%
o

{06787] Prepared according to the method of Example 395 from tert-butyl 3-((2-(5-
bromo-3 ~(p1ieny1thio)pyridi33~2-ylamino)thia.zol—éi--yl)mcthyl)uz-oxopynolidinév«1 -carboxylate.
'H NMR (CDCl3) 8 1.41 (s, 9H), 1.64-1.86 (m, 2H), 2.80-3.22 (m, 5H), 4.93 (bs, 1H), 6.55 (s,
1), 7.22-7.32 (m, 6k, 7.85 (s, 1H), 8.38 {5, 1H).

Example 397

4-amino=2-{(2-(S-bromo-3-phenoxypyridin-2-vlamino)thiazol-4-yDmethyDbutanoic acid

HaN
Br ™ H
P :Q“()
D%
o ‘

[00788] Prepared according to the method of Example-393, Step D. *H NMR (DMSO-dg &
1.65-1.79 (m, 2H), 2.74-3.10 (m, 5H), 6.55 (s, 1H), 7.12-7.45 {m, TH), 8.26 (s, 1H).
Example 398

S-bromo-3-(phenvithiopvridin-2-viamino)thiazo

[60789] Step A: Preparation of I-acetvl-N-methoxy-N-methylpiperidine-4-carboxamide.

To a solution of l-acetylpiperidine-4-carboxylic acid (58.50 g, 342 mmol) in dichloromethane
(700 mL) was added di(1 H-imidazol-1-yl)methanone (58.18 g, 359 mmol). Afier the addition the
mixture was agitated for two bours and N-methoxymethanamine hydrochloride (35.00 g, 359
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mmol) was added at once. The mixiure was allowed 1o agitate overnight at ambient temperature
and 4M HCl in dioxane (75 mL) was added slowly. The shury was agitated for 30 minutes and
then filtered. Filtrate was washed twice with sodium bicarbonate solution, dried and concentrated
1o give the title compound (59.10 g, 80.72% yield).

{00790} Step B: Preparation of 1,1'-(piperidine-1.4-diylidiethanone. 1-Acetyl-N-methoxy-
N-methylpiperidine-4-carboxamide (59.10 g, 276 mmol) was dissolved in THF (800 ml) and
cooled to 0°C. Methylmagnesivm bromide (110.3 mL, 331 mmol) (3.0M in diethyl ether) was

added slowly and the resulting white slurry was agitated for 1 hour. The reaction was guenched
with 300 mL of 2M HCl and the solvent was evaporated. The resulting aqueous slumry was
filtered and the solids were washed with water and small amount of ether to provide the title
compound (38.4 g, 82.2% yield).
[060791] Step C: Preparation of I1-{1-acetylpiperidin-4-vi)-2-bromoethanone. 1,1-
(Piperidine-1,4-diyl)diethanone (38.0 g, 225 mmol) was dissolved in methanol (700 mL) and
bromine (12,1 mL, 236 mmol) was added. After agitating for 3 hours the solvent was removed .
The resulting solid was washed with ethyl acetate, then distributed between ethyl acetate and
sodium carbonate. The organic phase was separated, washed with brine, dried and evaporated to
give the title compound.
106792}
4-ypiperidin-1-vl)ethanone. Prepared according to the method of Example 7, Step E 'H NMR
{CDCl3) 6 1.58-1 64 {m, 2H), 1.99-2.11 (m, 5H), 2.64-2.86 (m, 2H), 3.16 (t, 1H), 3.88 (d, 1H),
4.68 (d, 1H), 6.44 (s, 1H), 7.18-7.32 (m, 5H), 7.92 (s, 1H), 8.23 (s, 1H), 8.50 (s, 1H).

Example 399

[00793] Prepared according to the method of Example 198. "M NMR (de-DMSO) § 12.49
(bs, 1H), 9.62 (bs, 1H), 8.58 (d, 1H), 8.52 (d, 1H), 8.33 (d, 1H), 7.69 (d, 1H), 7.59 (4, 1H), 7.23
(m, 4H), 7.08 {4, 1H), 4.41-4.22 (m, 3H), 3.66 (d, 1H), 3.28-3.11 (m, 2H), 3.01-2.85 (m, 2H),
2.82 (d, 6H), 2.09 (m, 2H), 1.82 (m, 1H), 1.65 (m, 1H). Mass spactrum {apci) m/z = 622.2
(M+H-3HCI).
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Example 400

3-vDmethyDniperidin-1-yDethanone dihvdrochloride

~o
/
’ S8 Y N

| ; i X

N~ ‘/ N N
MG O H

F -
{60794] Step A: Preparation of tert-butyl 4~({5-(3-(4-fluorophenoxy)-5-(thieno[3.2-
idi i i -1.2 4-thiadiazol-3~yDmethyDpiperidine-1-carboxvlate:

Prepared according to the method of Example 127 from tert-butyl 4-((5~(3-(4-fluorophenoxy)-5-
(3-methoxy-3-oxopropylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-ylymethyl)piperidine-1-

carboxylate (Example 96, 230 mg, 0.381 mmol). )

[60795]) Step B: Preparation of 3-(4~ﬂu0xophenoxy}~N—-(3~(piperidin—4—ylmethy1}~l,2,4-

. thiadiazol-5-y1}-5-(thieno[3,2-b]pyridin-7-ylthio)pyridin-2-amine trihydrochloride: A 10 mL
round-bottomed flask was charged with tert-butyl 4-((5-(3-(4-fluorophenoxy)-5-(thieno{3,2-
blpyridin-7-yithio)pyridin-2-vlamino)}-1,2,4-thiadiazol-3-yDmethyDpiperidine-1-carboxylate
(52.2 mg, 0.0802 mmol) and a 1:1 mix of methanol and CH,ClL (4 mL). 4N HCl in dioxane (2
mL) was added and the reaction stirred at room temperature for 10 minutes. The solvent was

-removed to afford crude 3-(4-fluorophenoxy)-N-(3-(piperidin-4-ylmethyl)-1,2,4-thiadiazol-5~ -
yi)-5-(thieno[3,2-blpyridin-7-yithio)pyridin-2-amine trihydrochloride (52.9 mg, 100%).
[06796} Step C: Preparation of 1~(4-((5-(3-(4-fluorophenoxy)-3-(thieno(3.2-blpyridin-7-

Prepared according to the method of Example 198, 'H NMR (ds-DMSQO) & 12.46 (bs, 1H), 8.58
(4, 1H), 8.52 (d, 1H), 8.33 (d, 1H), 7.68 (4, 1H), 7.57 (d, 1H)}, 7.23 (m, 4H), 7.08 (d, 1H), 4.34 (4,
1H), 3.78 (d, 1H), 2.99 (1, 1H), 2.72 (4, 2H), 2.09 (m, 1H), 1.97 (s, 3H), 1.65 (m, 2H), 1.18 (m,
1H), 1.05 (m, 1H)}. Mass spectrum (apei) m/z = 593.2 (M+H-2HCD.
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Example 461 ..
1-{4-{5-(3-{4-flucrophenoxy)-5-(3-methylisoxazolo{5.4-bIpyridin-4-vithiopvridin-2-viaminoy1.2.4~-

thiadiazol-3-vDIpiperidin-1-vDethanone hvdrochloride
}Q‘“ﬁ»
O s
B BN —
L O
~
‘ N~ NS \~<
o H

F
{86797} Prepared according to Example 400, using tert-butyl 4-(5-(3~(4~fluorophenoxy)-35-

(3-methylisoxazolof5,4-b]pyridin-4-yithio)pyridin-2-ylamino)-1,2,4~-thiadiazol-3-yl)piperidine-1-
carboxylate in Step B.. 'H NMR (ds-DMSO) § 12.48 (bs,.1H), 8.49 (d, 1H), 8.32 (4, 1H), 7.54 ~
(m, 1H), 7.25 (m, 41, 6.75 (d, 1H), 4.33 (4, 1H), 3.85 (d, 1H), 3.20 (m, 1), 3.07 (m, 15, 2.77
(t, 1H), 2.62 (s, 3H), 2.02 (m, 5H), 1.74 (m, 1H), 1.60 (m, 1H). Mass spectrum (apci) m/z = 578.1
(M+H-HCI.

Example 402

[60798] Prepared according to the method of Example 198 using 3-(4-flucrophenoxy)-5-
(3-methylisoxazolo[5,4-b]pyridin-4-yithio)}-N-(3-(piperidin-4-y1)-1,2 4~thiadiazol-5-yDpyridin-2-
amine. "H NMR (de-DMSO) & 12.44 (bs, 1H), 9.55 (bs, 1H), 8.49 (d, 1H), 8.32 (d, 1H), 7.55 (d,
1H), 7.25 (m, 4H), 6.74 (d, 1H), 4.32 (m, 3H), 3.65 (d, 1H), 3.28-3.10 (m, 2H), 2.97 (t, 1H), 2.82
{d, 6H), 2.70 (s, 3D, 2.10 (4, 2H), 1.82 (m, 1H), 1.66 (m, 1H). Mass spectrum (apei) mlz = 621.1
(M+H-2HCI). '
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Example 403
S-{3-bromophenoxyy-3-{3~methoxyvphenvithio)-N~{3-{ tetrabvdmﬁirana»yl% 1.2 d-thiadigzol-5~

vDpyridin-2-amine hydrochloride
BY\@O I =N /i“f"\ O
= g \N>\<—J
0 S
HCl

[06799] Step A: Preparation of S-bromo-3-(3-methoxvphenvithio)picolinonitrile: A 10 mL
round-bottomed flask was charged with 5-bromo-3-nitropicolinonitrile (300 mg, 1.31 mmol), 3-
memoxy'benzeﬁethiol (0.150 mL, 1.31 mmol), and DMF (12 mL}. NaH (37.8 mg, 1.58 mmol)

was added and reaction stirred at room temperature for 10 minutes: The reaction was poured into

water and exfracted with EtOCAc. The organic layer was dried over sodium sulfate, filtered and
concentrated. The resulting residue was purified on silica gel (10% EtOAc in Hexanes) to afford
the title compound (345 mg, 81%).

{06800} Step B: Preparation  of  5-(3-bromophenoxy)-3-(3-methoxyphenylthio)
picolinonifrile: A 16 mL :jound~bottomcd flask was charged with S-bromo-3-(3-
methoxyphenylthio)picolinonitrile (214 mg, 0.666 mmol), 3-bromophenol (138 mg, 0.800
mmol), and DMF (6 mL). NaH (24.0 mg, 0.999 mmol) was added and reaction stirred at room
temperature for 24 hours. The reaction was poured into water and extracted with EtOAc. The

organic layer was dried over sodium sulfate, filtered and concentrated. The resulting residue was
p‘un'ﬁed. on silica gel (10% EtOAc in Hexanes) to afford the title compound (225 mg, 81.7%
vield). '

{60801} Step C: Preparation of 3-(3-bromophenoxy)-3-(3-methoxyphenvlthio)picolinic

acid: A 25 mL round-bottomed flask was charged with 5-(3-bromophenoxy)-3-(3-
methoxyphenylthio)picolinonitrile (225 mg, 0.544 mmol), potassium hydroxide (2.5 M, 1.09 mL,
2.72 mmol), and EtOH (5 mL). The reaction was heated to reflux overnight. After cooling to
room temperature the reaction was poured into water and pH adjusted with IN HCI to ~pH=3.
‘The cloudy solution was extracted with CH,Cl. The organic layer was dried over sodium sulfate,
filtered and concentrated to afford the title compound (235 mg, 100%) which was taken forward
without further purification. -

[60802] Step D: Preparation of 5-(3-bromophenoxy)-3-G-methoxyphenvithio)pyridin-2-

amine: A 25 mL round-bottomed flask was charged with 2-methylpropan-2-0l (0.284 mL, 3.26
mmotl), S~(3«bromophenoxy).-3—(3~methoxyphen?lthio)p‘moﬁnic acid (235 mg, 0.544 mmol},
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triethylamine (0.0985 mL, 0.707 mmol), and Toluene (5 mL}. The reaction was heated to 100 °C
and DPPA (0.118 mL, 0.544 mmol) was added dropwise. The reaction was stirred at 100 °C for
30 minutes after complete addition and then cooled to room temperature and partitioned between
CH,Cl, and water. The organic laver was dried over sodium sulfate, ﬁltéréd and concentrated.
The residue was purified on silica gel (10% EtOAc in hexanes) to afford the Boc protected
material. This residue was dissolved in 1:1 CH,Chimethanol (4 mL) and 4N HCl in dioxane (2
mL) was added and stirred at room temperature for 4 hours. The solvent was removed and
partitioned between aqgueous sodium bicarbonate and CH,Cl,. The organic phase was dried,
filtered and concentrated to afford the title compound (128 mg, 58.4% yield).

{66803} Step E: Preparation of 3-(3-bromophenoxy)-3~(3-methoxyphenyithio)-IN-{3~
{tetrahydrofur iadi idin-2-amine: Prepared according to the method
of Example 183 step D,

[00804] Step F: Preparation of 5-(3-bromophenoxy)-3-(3-methoxyphenyithio)-N~(3-
(tetrahydrofuran-2-y1)-1.2.4-thiadiazol-S-vDpvridin-2-amine hydrochloride: A 10 mL round-

bottom flask was charged with S5-(3-bromophenoxy)-3-(3-methoxyphenylthio)-N-(3-
(tetrahydrofuran-2-yh)-1,2,4-thiadiazol-5-yDpyridin-2-amine (20 mg, 0.036 mmol) and dissolved
m CHCL (1 mL). 2M HCI in ether (0.1 ml, 0.2 mmol) was added and the solvent removed 1o
afford the title compound (21 mg, 100%). "H NMR (ds-DMSO) & 11.51 (bs, 1H), 8.40 (d, 1H),
8.36 (bs, 1H), 7.68 (bs, 1H), 7.51-7.18 (m, 5H), 7.10-6.73 (m, 3H), 4.10-3.74 (m, 3H), 3.72 (s,
3H), 2.25 (m, 4H). Mass spectrum (apei) m/z = 559.1 (M+H-HCI). -

Example 404

[00805] A 10 mL round-bottomed flask was charged with 5-(3-bromophenoxy)-3-(3-
methoxyphenyithio}»«N»(B»(tetrahydroﬁxrén»%yl)»1,2,4«-’£hiadiazol—snyl)pyridinuz-amine (41 mg,
© 0.074 mmol) and THF (2 mL). The reaction was cooled to -78 °C and methyllithium (0.055 mL,
0.088 mmol) was added and stirred for 5 minutes. Butyllithivm (0.035 mL, 0.088 mmol) was
added and stirred for 5 minutes. The reaction was then poured into saturated aqueous WHyCl and |
extract with BtOAc. The organic layer was dried with sodium sulfate, filtered and concentrated .
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The residue was purified on silica gel (35% ethyl acetate in hexanes) to afford the titie compound
(36 mg, 95%) after HCI salt formation. "H NMR (de-DMSO) 8§ 11.47 (bs, 1H), 8.30 (bs, 1b), 7.59
(bs, 1H), 7.37 (m, ZH), 7.28 (£, 1H), 7.14 (t, 1H), 7.03 (d, 2H), 6.88 (1, 3H), 4.04 (t, 1H), 3.90-
3.75 (m, 3H), 3.72 (s, 3H}, 3.57 (m, 1H), 2.25 (m, 2H). Mass spectrum (apci) m/z = 478.2 (M+H-
HCH. '

Example 405
1-(3-(5-(3-methoxvphenyithio)-6-(3-(tetrahydrofuran-2-vi-1.2.4-thiadiazol-3-yvlaminopyridin-3-

loxviphenyDethanol
OH .
OO
A A0
. /OUS H

[66806] A 10 mL round-bottomed flask was charged with 5~(3—Eromophenoxy}'~3~(3*
methoxyphenylthio)-N-(3-(tetrahydrofuran-2-yl1)-1,2,4-thiadiazol-5-yDpyridin-2-amine (43.3 mg,
0.077 mmol) and THF (2 mL). The reaction was cooled to ~78 °C and methyllithium (0.058 mL,
0.093 mmol) was added and stirred for 5 min. Butyllithivm (0.037 mL, 0.093 mmol) was added
and the reaction was stirred for 5 min. Acetaldehyde (0.0086 mL, 0.16 mmol) was added and the
reaction warmed to room temperature and poured into saturated aqueous NHyCl and extracted
with BtOAc. The organic layer was dried with sodium suiféte, filtered and concentrated . The
residue was purified on silica gel (35 to 100% ethyl acetate in hexanes) to afford the title
compound (4.5 mg, 11.1% yield). 'H NMR (CDClL) 8 9.26 (bs, 1H), 8.25 (d, 1F), 7.63 (d, 1H),
7.33 (t, 1HD), 7.21 (1, 18D, 7.14 (4, 1HD), 7.05 (m, 1H), 6.90 (dd, 1H), 6.76 (m, 2H), 6.70 (m, 1),
4.89 (g, 1H), 4.15 (&, 1H), 4.03 (m, 2H), 3:90 (m, 1H), 3.77 (s, 3H), 3.64 (m, 1H), 2.34 (g, 2H),
1.47 (4, 3H). Mass spectrum (apel) m/z = 523.2 (M+H).

Example 406
3-(2-bromo-4-fluorophenoxy}-5-(3-m aﬁmxvohenvlthia;)-NJ 4-(piperidin-4-yDithiazol-2-yDpyridin-2-

aming
O 8
O O
e
= E N N
o
F Br
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[008067] Steps A~ E: Preparation of 1-benzoyl-3-(3-(2-bromo-4-fluorophenoxy)-5-(3=
methoxyphenylthiolpvridin-2-viithiourea: Prepared according to Example 403, Steps A-D.

[00868] Step F: A 250 mL round-bottomed flask was charged with 3-(2-bromo-4-
fluorophenoxy)-5-(3-methoxyphenylithio)pyridin-2-amine (7.4 g, 17.6 mmol), benzoyl

isothiocyanate (3.08 mL, 22.8 mmol), and THF (125 mL). The reaction was stirred at room
temperature overnight. Hexanes (700 mL) was added and stirred at room temperature for 1 hour.
The solid material was decanted to afford 5.6 g of material as a yellow foam. The mother liquor
“was concentrated and resuspended in 9:1 hexanes:EtOAc (200 ml) to afford another 4.7 g of
material. The combined crops affordedthe title compound (10.3g, 100%).
[0OR09] Step G: Preparation of 1-(3-(2-bromo-4-fluorophenoxv)-5-(3-methoxyphenylthio
pyridin-2-yhithiourea: A 250 mi round-bottomed flask was charged with 1-benzoyl-3-(3-(2-
bromo-&ﬂuorophenoxy}—S -(3-methoxyphenylthio)pyridin-2-yDthicurea (10.3 g, 17.6 mmol) and
BtOH (125 ml). 3M Sodium hydroxide (11.7 mL, 35.2 mmol) was added and heated to 50 °C
overnight. The reaction was cooled to room temperature and poured imto 750 mL water and
stirred vigorously for 1 hour. The solids were filiered to afford the title compound (6.5 g, 76.8%
yield).
{00810 Step H: Preparation of tert-butyl 4-(2-(3-(2-bromo-4-flucrophenoxy)-5-(3-
i idj i iperidine-1~carboxvlate: A 50 ml. round-
bottomed flask was charged with 1-(3-(2-bromo-~4-fluorophenoxy)-5-(3~
methoxyphenylthio)pyridin-2-yDthiowrea (1.5 g, 3.12 mmol), triethylamine (0.740 mL, 5.31
mmol), tert-butyl 4~(2-bromoaccty1)pipcridine««1»carboxylate (1.15 g, 3.75 mmol), and EtOH (25

mL). The reaction was heated to 70 °C for 3 hours. The reaction was cooled to room temperature

and partitioned between EtOAc and water. The organic iayer was dried over sodium sulfate,
filtered and concentrated. The residue was purified on silica gel (10% EtOAc in hexanes) to
afford (1.76 g, 82.0% vield).

[06811] Step I Preparation of 3~
4-(piperidin-4~-yDithiazol-2-

idin-2-aming: A 20 mL vial was charged with tert-butyl 4-(2-
(3-(2-bromo-4-flucrophenoxy)-5-(3-methoxyphenylthio)pyridin-2-ylamino)thiazol-4-

yl)piperidine-1~carboxylate (100 mg, 0.145 mmol) and CH>Ch (2 mL). TFA (2 mL) was added
and stirred at room temperature for 5 minutes. The reaction was poured into water and diluted
with CHaCl. Solid NayCO; added slowly to neutralize the TFA. The agueous layer was extracted
and dried to afford the title compound (88 mg, 103% yiéid}. 'H NMR (dG-BMSO} 8 8.16 (d,
1H), 7.74 (m, 1H), 7.30 (m, 2H), 7.21 (4, 1H), 6.92 (4, 1H), 6.78 (m, 1H), 6.70 (m, 3H), 3.69 (s,



232

3H), 3.17 (m, 2H), 2.77 {m, 3H), 2.01 (m, 2H), 1.62 (m, 2H). Mass spectrom (apei) m/z = 587.2,
589.2 (MHH).
Example 407

4-(2~(3-(4-fluorophenoxv)-5~(3-methoxyphenvithiolpyridin-2-vlaminoith iazoi»»&vl)aineridine; 1-

carboxylate friffuorocacetate
e S\ Ny
| i N e
Py X
o ' A<
1 =
F

~ [o0812} A 10 mL, round-bottomed flask was charged with tert-butyl 4-(2-(3~(2-bromo-4-
fluorophenoxy)-5-(3-methoxyphenylthio)pyridin-2-ylamino)thiazol-4-yl)piperidine-1-

carboxylate (200 mg, 0.29 mmol) and THF (3 mL). The reaction was cooled to -78 °C and
methyllithivm (0.22 mL, 0.35 mmol) was added and stirred for 5 min. Butyllithium (0.140 mL,
0.35 mmol) was added and the reaction was stirred for 5 min. Iodomethane (0.0273 mL, 0.436

mmol) was added and the reaction was stirred for 5 min and then poured into saturated aqueous
NH4C! and extracted with EtOAce (1 x 20 mL). The organic layer was dried with sodium sulfate,
filtered and concentrated to afford a mixture of products. The residue was purified on reverse
phase column (35 to 100% acetonitrile in water with 0.1% TFA) to afford the title compound
. (68.3 mg, 33% yield). 'H NMR (CDCL) & 8.13 (d, 1H), 7.28 (d, 1H), 7.22 (m, 1H), 7.04 (m,
4H), 6.85 (m, 1H), 6.80 (m, 2H), 6.43 (s, 1H), 4.22 (m, 2H), 3.76 (s, 3h), 2.89 (m, 3H), 2.06 (m,
2H), 1.56 (m, 2H), 1.47 (s, 9H). ' '
Exanaple 408

g
X0
Jog”
=

trifluoroacetate:

From the reaction mixture in Example 407, the title compound was isolated .from the reverse
phase chromatography (70 mg, 33% yield).
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[06814] Step B: Preparation of N-{3-{4-fluoro-2-methviphenoxv)-5-(3-

inendin-4-viithiazol-2-amine ditrifluoroacetate: A 10 mL

round-bottomed flask was charged with tert-butyl 4-(2-(3-(4-fluoro-2-methylphenoxy)-5-(3-
methoxyphenylthio)pyridin-2-ylamino)thiazol-4-ypiperidine-1-carboxylate trifluoroacetate (70
mg, 0.097 mmol) and CH,Cly (2 mL). TFA (2.mL) was added and stirred at room temperatars for

30 minutes. The solvent was removed and dried on high vacuum overnight. The crude material

was taken on to the next reaction without further purification.
[60815] Step C:  Preparation  of _ 1-(4-(2-(3-(4-fluoro-2-methyiphenoxy)-5-(3-

metho

ml  vial was charged with 3;(4-ﬂuoro»2—methylphcnoxy}-5~(3-meﬂmxyphenylthio)»N—(ﬁff-
(piperidin-4-yDthiazol-2~-yl)pyridin-2-amine ditrifluoroacetate (70 mg, 0.098 mmol) and CH,Cl;
(2 mL). Triethylamine (0.109 mL, 0.78 mmol) was added followed by Ac,0 (0.012 mi, 0.12
mmol) and the reaction was stirred for 5 minutes. The reaction was poured into saturated agqueous
WaHCO; and extracted with CH,Cl, (1 ¥ 20 mL). The organic layer was dried with sodium
sulfate, filtered and concentrated . The residue was purified on silica gel (20 to 40% EtOAc in
he_:xanes) to afford the title-compound (44-3 mg, 76.3% yield) after HCI salt formation. "H NMR
(de-DMSO) 8 11.20 (bs, 1H), 8.14 (d, 1H), 7.22 (m, 2H), 7.04 (m, 2H), 6.88 (4, 1H), 6.77 (m,
2H), 6.71 (m, 2H), 4.43 (d, 1H), 3.88 (4, 1H), 3.69 (s, 3H), 3.14 (¢, 1H), 2.87 (m, 1H), 2.65 (m,
1), 2.19 (s, 3H), 2.01 (s, 3HD, 1.95 (i, 2H), 1.58 {m, 1H), 1.45 (m, 1H). Mass spectrum {(apci)
m/z = 565.3 (M+H-HCI).
Example 409
3-methoxvphenyithio)pyridin-2-ylaminoMhiazol-4-vlipiperidin-1-

yhethanone hyvdrochloride
~0 Sy s
[ T A\ ]
‘ = QAN N\-(
O
) =

[00816] Step A: Preparation of 3-(4-fluorophenoxy)-5-(3~methoxyphenylthio)-N-(4-
{piperidin-4-yHithiazol-2- DpyrdinZ-amine ditrifluoroacetate: A 10 mL round-bottomed flask
was charged with tert-butyl 4-(2—(3~(4-ﬁuomphenoxy)»S-(3-metﬁoxyphenyl‘thio}pyridin—%
.yimino)thiazol«éwl)pipe_ridine*1~carboxy1ate (68 mg, 0.11 mmol) and CHC; (2 mL). TFA

(2mL) was added and stirred at room temperature for 30 minutes. The reaction was concentrated

and taken on to next reaction without further purification.
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{60817} Step B:  Preparation of 1-(4-(2-(3~{4-fluorophenoxv}-5-(3-

Prepared according to the method of Example 198. ' NMR (dg-DMSQ) & 11210 (bs, 1H), 8.19
(m, 1H), 7.22 (m, 45D, 7.15 (m, 2H), 6.79 (m, 1H), 6.74 (m, 3H), 4.42 (d, 1H), 3.87 (d, 1H), 3.70
(s, 3H), 3.13 (t, 1H), 2.85 (1, 1H), 2.63 (t, 1H), 2.01 (d, 3H), 1.94 (m, 2H), 1.57 (m, 1H), 1.44 (m,
1H). Mass spectrum (esi) m/z = 551.0 (M+EH-HC).
Example 410
[«(4-(2-(3-(2-bromo~-4-flucrophenoxy)-5-(3-methoxyphenylthio)pyridin-2-ylamino)thiazoi-4-
yhpiperidin-1-yl)ethanone hydrochloride

| /O\QSQNi}C&{o |
T
F/©:Br "

[66818] A 20 mL vial was charged with 3-(2-bromo-4-fluorophenoxy)-5-(3-
methoxyphenylthio)-N-(4-(piperidin-4-yIithiazol-2-yDpyridin-2-amine (40 mg, 0.068 mmol),
triethylamine (0.0190 mL, 0.14 mmol), and CHCly (2 mL). Ac;O (0.008 mL, 0.082 mmol) was

added and the reaction was stirred at room temperature for 10 minutes. The reaction was

Ci

partitioned between CHyCl; and saturated aqueous sodium bicarbonate. The organic layer was
dried with sodium sulfate, filtered and concentrated to afford the fitle compound (38.2 mg,
84.2% yield) as a white solid after HCI salt formation. 'H NMR {de-DMSO) 8 11.20 (bs, 1H),
8.17 (d, 1H), 7.74 (m, 1H), 7.31 (m, 2H), 7.21 (t, 1H), 6.93 (d, 1H), 6.78 (m, 1H), 6.74 (s, 1H),
6.71 (m, 2H), 4.43 (4, 1H), 3.87 (d, 1H), 3.69 (s, 3H). 3.14 (m, 1H), 2.86 (m, 1H), 2.64 (m, 1H),
2.01 (s, 3H), 1.93 (m, 2H), 1.58 (m, 1H), 1.45 (m, 1H). Mass spectrum (apoi) m/z = 631.4 (M+H-
HCh. '
Example 411
1-(4-(2-(3~(2-bromo-4-fluorophenoxy}-5-(3-methoxyphenvlthiolpyridin-2-vlaminothiazol-4~

vhniperidin-1-v)-2-(dimethyilamino}ethanone dihydrochloride
T IO
DS
/@[O N
’ HCH
F o B HCI

[

{60819} A 20 mlL  vial was charged with. 3-(2-bromo-4-fluorophenoxy)-5-(3-
methoxyphenylthio)-N-(4-(piperidin-4-ylthiazol-2-yDpyridin-2-amine (40 mg, 0.068 mmol),
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triethylamine (0.028 mL, 0.20 mmol), and CH,Cl (2 mL). 2-(Dimethylaminojacetyl chloride
hydrochloride (12.9 mg, 0.0817 mmol) was added and stirred at room temperature for 10

minutes. The reaction was partitioned between CHoCly and saturated agueous ~sodivm

bicarbonate. The organic layer was dried with sodinm sulfate, filtered and concentrated. The

" residue was purified on silica gel (15% MeOH in EtOAc with 0.3% ammonia) to afford lthe title

compound (35.6 mg, 70.1% yield) afier HCI salt formation. "H NMR. (d6-DMSO) 8 11.15 (bs,
1H), 9.60 (bs, 1), 8.17 (d, 1H), 7.75 (m, 1EL), 7.32 (m, 2FD), 7.21 (t, 1E), 6.94 (d, 1H), 6.79 (m,
1H), 6.75 (s, LED, 6.71 (m, 2H), 442 (d, 1H), 4.31 (qd. 2H), 3.69 (s, 3H), 3.19 ¢, 1H), 2.93 (m,
1H), 2.82 (m, 6H), 2.04 (4, 2H), 1.64 (m, 150, 1.52 (m, 1H). Mass spectrum (apci) m/z = 674.3

(M+H-2HCY).
[00820] The following compounds were prepared by the method of Example 127.
Exampie Structure Name NMR. Data

412 1-(4-(2-(5- H' NMR (ds DMSO) & 1.23-1.47

74
A

” e

(Thieno[3,2-
b pyridin-7-ylthio}-

moxy)pyridin-2-
viamino)thiazol-4-
vDpiperidin-1~
yDethanone

8

/ N

Q j\ 3-(4~

o N \N% (triflucromethyl)phe
N\fO

(m, 1H), 1.52-1.60 (m, 11}, 1.93 (&,
T = 15.5 He, 2H), 2.00 (s, 3H), 2.62
(t, J = 12.4 Hz, 1H), 2.83 (brs, 1H),
3.12 (t, T =12.1 Hz, 1H), 3.85(d, J
= 13.1 Hz, 1H), 442 (d, ] = 13.3 Hz,
1H), 6.76 (s, 1H), 6.95(d. J=5.1
Hz, 1H), 7.23 (d, ] = 6.4 Hz, 2H),
7.59(d, ¥=55Hz, 1H),7.72 (d,J =
8.4 Hz, 2H), 7.79 (s, 1H), 8.16 (d, J
= 5.5 Hz, 1H), 8.48 (d,7=2.0 Hz,
1H), 8.51 (d, I=4.9Hz, 1H), 11.44
(s, 1TH). :

413

1-(4-(2~(5~
(Thieno[3,2-
blpyridin~7-yithic)
3 (2~

—={ 8
A (triftuoromethybphe
Q AN noxy)pyridin-2-
N‘fO ylamino)thiazol-4-

yhpiperidin-1-
visthanone

H! NMR (ds DMSO) & 1.40-1.49
(m, 1), 1.54-1,62 (m, 1H), 1.91-
7.00 (m, SH), 2.63 (¢, ] = 12.3 Hz,
15), 2.85 (brs, 1H), 3.13 (4, T = 12.3
Mz, 1H), 3.87 (d, T = 13.8 Hz, 11D,
4,43 (d, J = 13.1 Hz, 1H), 6.76 (br s,
1H), 6.88 (d, T = 5.1.Hz, 1H), 7.21
(br s, 1H), 7.32-7.36 {m, 2H), 7.58
(d, T= 5.5 Hz, 1H), 7.65 (t, T = 7.8
Hz, 1H), 7.77 (4, J = 7.6 Hz, 1H),
8.16 (d, ] = 5.5 Hz, 1H), 8.42 (4, J =
2.0 Hz, 1H), 8.48 (d, ] = 5.1 Hz,
1H), 11.35 (br s, 1H).
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414

1-(4-(2-(5-(2~
Methylthienof3,2-
b)pyridin-7-yithio)-

vlamino)thiazol-4~
vhpiperidin-1-
vi)ethanone

H! NMR (CDCl) & 1.59-1.70 (m,
3-phenoxypyridin-2-

" (s, 1H), 6.66 (d, ] = 5.3 Hz, 1H),

" 1H), 8.37 (d, J = 5.1 Hz, 1H), 8.84

DH), 2.04-2.12 (m, SH), 2.63 (d, ] =
1.2 Hiz, 3H), 2.70 (t, J = 11.5 Hz,
1H), 2.84-2.90 (m, 1H), 3.19 (¢, I =
11.7 Hz, 16D}, 3.91 (4, ] = 13.9 Hz,
LH), 4.72 (d, T = 13.3 Hz, 1H), 6.51

7.04 (s, 1H), 7.06 (d, J = 1.0 Hz,
1H), 7.17-7.23 (m, 3H), 7.39 ¢, T =
7.9 Hz, 2H), 8.29 (d, J = 2.0 Hz,

(brs, 115).

4135

1-(4-(2~(5-(4-
Methoxypyrimidin-
2-yithio)-3-
phenoxypyridin-2-

« [ylamino)thiazol-4-

yDpiperidin-1-

‘fo vi)ethanone

H!' NMR (CDCls) 8 1.59-1.70 (m,
DX}, 2.03-2.12 (m, SH), 2.69 ¢, I =
11.6 Hz, 1), 2.83-2.89 (m, 1H),
3.14-3.22 (m, 1H), 3.76 (s, 3H), 3.90
(d, 7=135Hz, 1H),4.71 (4, 1=
13.2 Hz, 1H), 6.39 (4, ] = 5.7 Hz,
15, 6.48 (s, 1H), 7.08 (s, 1H), 7.10
(s, 1H), 7.20 (t, T = 7.4 Hz, 1H),
7.32(d, I = 1.8 Hz, 18), 7.39 (¢, | =
8.0 Hz, 2H), 8.15 (d, J = 5.9 Hz,
1H), 8.27 (d, 3 =1.8 Hz, 1H), 8.77
(br s, 1H). '

416

4-(6-(4-{1~
Acetylpiperidin-4-

= 8 Dthiazol-2-
| Y
@-O ?{/{\Nj\O vlamino)-5-
NTO

phenoxypyridin-3-
vithio)benzonitrile

H' NMR (CDCl3) 6 1.59-1.71 (m,

DH), 1.96-2.12 (m, 5H), 2.70 (¢, I =
11.5 Hz, 1E), 2.84-2.90 (m, 1H),
3.15-3.22 (m, 1H), 3.91 (d, T = 13.5
Hz, 1H), 4.72 (d, I = 13.3 Hz, 1H),
551 (s, 1H), 7.05 (s, 1H), 7.07 s,
1H), 7.09 (s, 1HD, 7.11 (s, 1HD), 7.12
(d, T = 2.0 Hz, 1ED, 7.22-7.26 (m,
1FD, 7.41 (t, J = 8.1 Hz, 2H), 7.46
(s, 1H), 7.48 (s, 1H), 8.24 (d, ] =2.0
Hz, 15D, 8.83 (br s, 1H).

417

4-(6-(4-(1-
Acetylpiperidin-4-
vDthiazol-2-
ylamino)-5-

- jphenoxypyridin-3-
N\fo yithio)-3-

(trifluoromethyl}ben
zonitrile

' NMR (CDCly) & 1.64-1.70 (m)

DH), 2.04-2.12 (m, SH), 2.70 (1, J =
12.8 Hz, 1H), 2.88 (t, J = 11.5 Hz,
1H), 3.19 (4, J = 12.9 Hz, 1H), 3.91
W4, T=13.7 Hz, 1H), 4.72 (4, 1= 13.3] .
Iz, 1H), 6.53 (s, 1H), 6.97 (d, ] =
0.4 Hz, 1H), 7.07 (d, T = 8.0 Hz,
PH), 7.10 (s, 1H), 7.11-7.26 (m,
1H), 742 (t, I = 7.9 Hz, 2H), 7.54
(d, ] = 8.4 Hz, 1H), 7.87 (s, 1H),
825 (d, J = 1.8 Hz, 1H), 8.88 (br s,
LED).
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418 | PO 4-(6-(4-(1- H' NMR (CDCly) 8 1.59-1.71 (m,
w@’ s — Acetylpiperidin-d- by 5045 12 (m, SH), 2.70 (¢, ) =
< ¢ yljthiazol-2- - 11.5 Hz, 1H), 2.85-2.90 (m, 1H),
azha ! ylamino)-5- 3.15-3.22 (m, 1H), 3.91 (d, I =13.7
' \_ophenoxypyxidin-3- Iy, 11y 470 (d, J = 13.3 Hz, 15D,
T lylthio)-2- 6.53 (s, 1H), 7.06 (s, 1EL), 7.07 (s,
(trifluoromethiyliben hrpy 710 (4, 7= 1.8 Hz, 1H), 7.22-
zonitrile 7.25 (my 2H), 7.39 (s, 1D, 7.42 (t, J
- 8.1 Hz, 2H), 7.63 (d, J = 8.2 Hz,
TH), 8.25 (d, J = 1.94 Hz, 1H), 8.87
(brs, 1H).
419 /@7,3 6-(6-(4-(1~ H' NMR (CDCl3) § 1.62-1.71 (m,
NCTN=S Y Acetylpiperidin-4-  bypy 5 64.2.12 (m, SH), 2.70 (1, T =
= ET yithiazol-2- 11.5 Hz, 1H), 2.84-2.90 (m, 1H),
@’ ° H Nlo ylamino)-3- 3.15-3.22 (m, 1H),3.91 (d, I =13.9
Mo phenoxypyridin-3~ Wy, yyp 475 (4,7 = 13.5 He, 1H),
ylthlo)mcotmommle 5.51 (S, ].H), 7.03 (d., =84 HZ,
1H), 7.09 (s, 1HD, 7.11 (s, 1H), 7.18
(d, T=2.0 Hz, 1H), 7.22-7.26 (m,
1), 7.42 (t, ] = 8.0 Hz, 2HD), 7.66-
7.69 (m, 1H), 8.25 (d,T = 1.8 Hz,
1H), 8.58 (d, J = 1.6 Hz, 1H), 8.84
(brs, 1H).
420 d 5-(6-(4-(1~ H' NMR (CDCl3) & 1.59-1.71 (m,
TN Acetylpiperidin-4-  hin 5 03.0 12 (m, 5H), 2.70 (¢, J =
NN T yDthiazol-2- 11.5 Hz, 1H), 2.84-2.90 (m, 1H),
vy ylamino)-3- 3.18 (1, T=11.7 Hz, 1H), 3.86 (s,
@’0 u N’\O phenoxypyridin-3-  hLypy 391 (4, 7 = 13.7 Hz, 1H), 4.72
Mg yithio)-3- kg j=13.1 Hz, 1H), 6.52 (s, 1H),
methoxypicoimomm 5.96 (d, J=1.18 HZ, zm’ 7.06 (S,
le : 1H), 7.07 (s, 1HD), 7.09 (d, 7= 13.3
iz, 1H), 7.11-7.26 (m, 1H), 743 (t,
7= 8.0 Hz, 2H), 7.87 (d, J = 1.8 Hz,
1H), 8.26 (d, T = 1.8 Hz, 1), $.85
(br s, 1H).
421

Ethyl 6-(6-(4-(1-
acetylpiperidin-4-
yvhithiazol-2-

S ylamino)-5-
N Nl\c phenoxypyridin-3-
&\ro yithio)picolinate

diliydrochloride

H' NMR. (ds DMSO) § 1.28 (1,1 =
7.0 Hz, 3H), 1.39-1.48 (m, 1H),
1.53-1.62 (m, 1H), 1.91-2.00 (m,
SH), 2.63 (t, J=12.6 Hz, 1H), 2.84
(t, F=11.4Hz, 1H), 3.13 (4L, J=11.9
Hz, 1), 3.87 (4, T = 13.7 Hz, 1H),
4.28-4.33 (m, 2H), 4.42 (d,J = 13.1
Hz, 1H), 6.73 (s, 1H), 7.10-7.21 (m,
3H), 7.29 (d, I = 7.8 Hz, 1H), 7.38
(t, 1 =79 Hz, 2H), 742 (d,T=1.8
Hz, 1H), 7.77 (d, § = 7.6 Hz, 1H},
7.83 (t, J=7.7Hz, 1H), 8.31 (4, J =

- R.OHz, 1H), 11.13 (brs, 1H).
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422 @,s 1-(4-(2-(3-Phenoxy- [H' NMR {ds DMSO) & 1.43-1.58
FCTN= TN 5-(6- (m, 2H), 1.91-2.00 (m, 5H), 2.63 (t,
= i 7 (triﬁucmmctﬁyl)pyri I =132 Hz, 1H), 2.83 (brs, 1H),

(e ¥ din-3-ylthio)pyridin-[3.13 (t, J = 11.9 Fiz, 1H), 3.86 (d, J

NTO 2-ylamino)thiazol-4- = 13.5 He, 1H), 4.42 (4, ] = 13.7 Hz,
vpiperidin-1- LH), 6.74 (s, 1H}), 7.12-7.16 (m,
ylethanone 3H), 7.38-7.41 (m, 31), 7.75-7.79

(m, 2H), 8.33 (s, 1H), 8.57 (s, 1H),

11.14 (s, 1H).

423 1/ 1-(4-(2-(5-(6- H' NMR (ds DMSQO) § 1.42-1.46
= ) Sy Bromothieno[3,2-  (m, 1H), 1.55-1.58 (m, 1H), 1.93 (&,
Y @ if§\© bpyridin-T-ylthio)- J = 16.7 Hz, 25, 2.00 (s, 3H), 2.63
T I ;\:N(J 3-phenoxypyridin-2-|(t, J = 12.4 Hz, 1H), 2.83 (br s, 1H),
@/ viaminojthiazol-4- [3.12 (t, J = 12.8 Hz, 1H), 3.86 (d, J
V)piperidin-1- = 13.1 Hz, 1H), 442 (d, ] =123 Hz,
iyhethanone 1H), 6.74 (s, 1H), 7.01 (d, ¥ =72

Hz, 2H), 7.12-7.14 (m, 1H), 7.34 (1,
T = 7.3 Hz, 2H), 7.41 (s, 1H), 7.50
(d,1=5.5Hz, 1H), 8.07 (d,1=5.5
iz, 1H), 8.39 (s, 1HD, 8.73 (s, 1FD),
11.23 (s, 1H).

Example 424
1-{4-{5-(5-{Thienol3.2-blpyridin-7-vithio)-3-(2-(rifluoromethyDphenoxyipyridin-2-vlaming)-1.2.4-

thiadiazol-3-yvIpiperidin-1-yDethanone

%,
7Ny s,
N D\\
—— S-«N
- g
= N

CFg

\fo

f00821] Prepared according to the method of Example 355, Example 13 and Example 127.
B NMR (de DMSO) 8 1.35-1.65 (m, 1H), 1.69-1.79 (m, 1H), 1.97-2.05 (m, 5H), 2.77 (, T = 113
Hz, 1H), 3.05-3.10.(m, 1¥), 3.20 (t, T = 11.5 Hz, 1H), 3.85 (4, J =13.5 He, 1H), 4.33 (d, ] = 13.1 Hz,
1H), 6.91 (d, J = 5.1 Hz, 1H), 7.25 (d, J = 8.0 Hz, 1H), 7.36 (t, J= 7.7 Hz, 1H), 7.48 (d, J = 1.8 Hz,
1H), 7.58 (d, T = 5.5 Hz, 1H), 7.65 (t, = 7.8 Hz, 1H), 7.78 {d, Y = 7.8 Hz, 1H), 8.15 {d, ¥ = 5.5 Hz,
1H), 8.48 (d, I = 5.1 Hz, 1H), 8.54 (d, T = 1.8 Hz, 1H), 12.62 (s, 15).
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Example 425
tert-butyl 4-(2-(3-(4~fluorophenoxy)-5-(thieno[3.2-bloyridin-7-vithio)pyridin-2~ylamino)thiazol-4-

¥ )pipendma- ~carboxviate

[008221

laming)thiazol-4-vl)piperidine-1-carboxvlate: 1-(5-bromo-3-(4-fluorophenoxy)pyridin-2-
yDthiourea (3.00 g, 8.77 mmol; prepared according to Example 179, Step D), TEA (2.08 mL,
14.9 mmol) and tert-butyl 4-(2-bromoacetyl)piperidine-1-carboxylate (3.49 g, 11.4 mmol) were

refluxed in ethanol (75 mL} for 2 hours. The reaction was cooled to room temperature and

filtered to afford the title compound (3.6 g, 74.7% yield).

[06823] Step B:  tert-butvl 4-(2-(3-(4-fluorophenoxy)-5-(3-methoxy-3-oxopropylthio)
idin-2-viaminojthiazol-4-ylpiperidine-1-carboxvlate: Prepared according to the method of

Example 13.
[00824]

Example 127. "H NMR (ds-DMSO0) 8 11.21 (bs, 1H), 8.49 (d, 1H), 8.36 (d, 1H), 8.16 (d, 1H),
7.59 (d, 1H), 7.39 (d, 1H), 7.25-7.15 (m, 4H), 6.90 (d, 1H), 6.74 (s, 1H), 4.03 (m, 2H), 2.81 (m,
3H), 1.93 (m, 2H), 1.50 (m, 2H), 1.41 (s, 9H). - '
Example 426
N-(3-(4-flugrophenoxy)-5-(thieno[3.2-blpyridin-7-ylthio)pyridin-2-yD-4~(piperidin-4-ylythiazol-2~

amine dihvdrochloride

%QJ&C

-2HCH

F
{60825} Prepared according to the method of Example 271, '"H NMR (dg-DMSO) 8 11.26
(bs, 1¥), 8.79 (m, 1H), 8.59 (m, 1H), 8.53 (4, 1H), 8.38 (4, 1H), &. 23 (d, 1H), 7.62 (d, 1H), 743
(d, 1H), 7.26-7. 16 {m, 4H), 6.97 (4, IH), 6 82 (s, 1H}), 3.33 (d, ’7H) 3.06-2.86 (m, 3T, M.13 {,
2H), 1.80 (m, 2H).
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[06826] The following compounds also were made according to the method of Example
272
Y ~N
ot
F
Example R Name NMR data
427 1-(4-2-(3-(4-~ TH NMR (ds-DMSO) 8 11.21 (bs, 1H),

‘Ej\ flucrophenoxy)-5- 8.50 (4, 1FD), 8.37 (d, 1FD), 8.18 (d, 15D,
(thieno[3,2-b]pyridin-7- 7.60 (d, 1H), 7.41 (d, 1H), 7.25-7.14 (m,
ylthio)pyridin-2- 4D, 6.92 (4, 1H), 6.74 (s, 1H), 4.33 (d,
ylaminojthiazof-4- 1), 3.87 (d, 14, 3.13 (t, 1H}, 2.85 (im,
yl)piperidin-1-yl)ethanone | 1H), 2.64 (t, 1H), 2.01 (s, 3H), 1.95 (m,

. hydrochloride 2H), 1.59 (m, 1H), 1.45 (m, 1H).
428 5-(A-(2-(3-(4- " NMR (ds-DMSO) & 1124 (s, 15,

«;&fk/o\n/ fluorophenoxy)-5- 8.49 (d, 1H), 8.36 (d, 1H), 8.16 (d, 11),

(thieno[3,2-blpyridin-7- | 7.59 (d, 1K), 7.40 (d, 1H), 7.26-7.14 (m,
O | yithio)pyridin-2- 4FD), 6.90 (d, 1H), 6.76 (s, 1FD), 4.79 (m,
ylamino)thiazol-4- 2H), 4.36 (d, 1), 3.77 (4, 1H), 3.12 (¢,
yhpiperidin-1-yl)}-2~ TH), 2.87 (m, 1H), 2.72 (&, 18), 2.08 (s,
oxoethyl acetate 3H), 1.96 (m, 2H), 1.62 (m, 1H), 1.49
(m’ II—D‘
429 j\ isopropyl 4-(2~(3~(4- 'H NMR (ds-DMSO) 5 8.61 (4, 1H),
o, J\ fluorophenoxy)-5- 8.41 (d,1H), 8.3% (d, 1H), 7.71 (d, 1K),
= 0 (thienof3,2-blpyridin-7- | 7.48 (4, 1ED), 7.26-7.17 (m, 4H), 7.11 (d,
yithiojpyridin-2- 1H), 6.79 (s, 1H), 4.77 (m, 1H), 4.04 (d,
ylamino)thiazol-4- 2H), 2.85 (m, 3H), 1.94 (d, 2H), 1.51
yDpiperiding-1~ (m, 2H), 1.19 (d, 6H).
carboxylate hydrochloride
430 j\/ | 2<{dimethylamino)-1-(4- "H NMR {ds-DMSO) 8 9.60 (bs, 1H),

% N (2-(3-(4-flmorophenoxy)- 8.58 {d, 1H), 8.406 (d,1X), 8.33 (d, 11),.
S-{thieno[3,2-bipyridin-7- | 7.68 {4, 1H), 747 (d, 1H), 7.27-7.17 (m,
yithioypyridin-2-~ 4H), 7.05 (d, 1H), 6.78 (s, 1E), 4.45~
ylamino)thiazol-4- 4.28 (m, 3, 3.67 (d, 2}, 3.18 (1, 1H),
yhpiperidin-1-yllethanone | 2.93 (m, 1H), 2.82 (d, 6FI), 2.04 (d, 2H),
dihydrochloride 1.65 (m, 1H), 1.50 (m, 1FD)

431 Qo N-(3-(4-fluorophenoxy)-5- | 'H NMR (ds-DMSO) 8 8.57 (d, 1H),
3€S~’\ (thienof3,2-bJpyridin-7- 8.40 (4, 1H), 8.32 (d,15), 7.67 (d, 1H),

ylthioypyridin-2-y1)-4-(1-
(methylsulfonylpiperidin-
4-yhHthiazol-2-amine
hydrochloride

7.46 {d, 1H), 7.26-7.16 (m, 4H), 7.05'(d,
1H), 6.80 (s, 1HD), 3.64 (d, 2H), 2.88 (s,
3H), 2.84 (t, 28, 2.73 (m, 1H), 2.08 (4,
2HD, 1.66 (m, 2FD
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[60827] The following compounds were also made according to the method of Example
282.
/
= S N
P D‘Cﬂ«
N~ G R
ol
F
Example R Name NMR Data
432 ' H N-(1-(4-(2-(3-(4- 'H NMR (de-DMSO) & 8.60 (d, 1H),
g N\[/ fluorophenoxy)-5- 8.41 {d,1H), 8.37 (d, 1H), 8.13 (¢, 1H},
! (thienof3 »2-blpyridin-7- | 7.70 (d, 1H), 7.42 (s, 1H), 7.27-7.17 (m,
O | yithio)pyridin-2- 41), 7.10 (d, 1H), 6.73 (d, 1H), 4.77 (m,
yiamino}thiazol-4- 1H), 4.44 (m, 1H), 3.98 (m, 1H), 3.15 (.,
yDpiperidin-1-yi)-1- 1H), 2.89 (m, 1H), 2.70 (m, 1H), 1.98
oxopropan-2-yhacetamide | (m, 2H), 1.82 (s, 3H), 1.63~1.40 (m,
2HD, 1.15 (¢, 3H).
433 N--(4-(2-(3-(4-

fluorophenoxy)-5-
{thieno[3,2-blpyridin-7-
yhhio)pyridin-2-
ylamino)thiazol-4~
yhpiperidin-1-yl}-2-

"H NMR (ds-DMSO) 6 8.58 (d, 1H),
8.40 (d,1H), 8.33 (d, 1H), 7.96 (m, 1HD),
7.68 (d, 1H), 7.46 (d, 1H), 7.26-7.16 (m,
4H), 7.06 (d, 18D, 6.77 (s, 1H), 4.41 (d,
1H), 4.01-3.84 (m, 3H), 3.12 (¢, 1H),
2.88 (t, LFD, 2.71 (t, THD, 1.97 (m, 25D,

oxoethylacetamide 1.87 (s, 3H), 1.60 (m, 1H), 1.47 (m,
hydrochioride 1H).
Eﬁampie 434

4-(1-{2-aminoethvisulfonvi

Ithio

ridin-2-vhithiazol-2-amine dihvdrochloride

QJ Q‘ i@—@m

F’

Prepared according to the method of Example 288, Step A.
[06829] Step B:

Preparation  of 4+ 1~(2—ammoerhv1su‘ifonvi‘mmendm«4~vi‘)~1\i~u(3~(4w
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Prepared according to the method of Example 288, Step B using hydrazine monohydrate. 'y
NMR (de-DMSO) 8 8.58 (d, 1H), 8.41 (d,1H), 8.34 (d, 1H), 8.15 (bs, 2H), 8.07 (bs, LH), 7.8% {m,
1H), 7.68 (4, 1H), 7.47 (4, 1H), 7.27-7.17 (m, 4H), 7.07 (d, 1H), 6.81 (s, 1H), 3.70 (4, 1K), 3.4;3
(t, 26), 3.17 (m, 2H), 3.00 (t, 2H), 2.80 (m,.1H), 2.08 (d, 2H), 1.65 (m, 2H).
Example 435 ‘
4-(2-(3-(4-fiuorophenoxy)-5-(thienol3.2-b]pyridin-7-vithio)pyridin-2~ylaminojthiazal-4-

iperidine-1-sulfonamide 2.2.2-trifluoroacetate

%SQ Jj}‘C 2 Nty

i‘:
[6¢830] Prepared according to the method of Example 287 from 3-(4-fluorophenoxy)-IN-

(4-(piperidin-4-ylythiazol-2-y1)-5-(thieno[3,2-bpyridin-7-yithio)pyridin-2-amine. "H NMR. (ds-
DMSO) & 11.22 (s, 1H), 8.49 (d, 1H), 8.37 (d,1¥D, 8.16 (d, 1H), 7.59 (4. 1H), 7.41 (4, 1H), 7.26-
7.14 (m, 45, 6.90 (4, 1H), 6.78 (s, 1H), 6.73 (s, 2H), 3.53 (d, 2H), 2.65 (m, 3H), 2.05 (m, 2H),

Exampie 436

ridin-2-

amino)thiazol-4-

iperidine~1-carboxamide hvdrochloride

%Qi’%C
o

{00831} Prepared according to the method of Example 280 from 3-(4-fluorophenoxy)-IN-
(&(piperidin~4~y1)thiazoi~2~yl)~5~(thieno[3,Z—i)]pyridin-7~y1ﬂ1i0)pyriciin~2—amine. 'H NMR (ds-
DMSO) 6 8.62 (d, 1H), 8.43 (m, 2H), 7.73 (d,1H), 7.50 (d, 1H), 7.27-7.18 (m, 4H), 7.14 (d, 1H),
6.79 (s, 1ED, 4.01 (d, 2H), 2.78 (m, 3H), 1.88 (d, 2H), 1.50 (m, 2H).
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Example 437
tert-butvl 4-(2~(3-(4-fluorophenoxy)-3-(3-methviisoxazolo]5.4-blpyridin-4-vithioYpyridin-2-

taminoYthiazol~4-vDipiperidine-1 -carboxviate

e
PSS A
O
o H ) G
F :

[060832] ~ Prepared according to the method of Example 127 from tert-butyl 4-(2-(3-(4-
fluorophenoxy)-S-(3-methoxy-3-oxopropylthio)pyridin-2~ylamino)thiazol-4-ypiperidine-1-
carboxylate. 'H NMR (de-DMSO) 8 11.25 (bs, 1FHD), 8.35 (d, 1H), .32 (d, 1H), 7.40 (d, 1H),
7.27-7.21 (m, 4H), 6.76 (s, 1H), 6.71 (d, 1H), 4.02 (m, 2H), 2.83 (m, 3H), 2.69 (s, 3H), 1.94 (4,
2H), 1.50 (m, 2H), 1.41 (s, 9H). ’

Example 438

vhithiazol-2-amine dibvdrochloride

INN
o
IO
N~ SN NH
o H e
/@’ HC
F.'

[e0e833] Prepared according to the method of Example 271 from tert-butyl 4-(2-(3-(4-
fluorophenoxy)-5-(3-methylisoxazolo5,4-bjpyridin-4-yithio)pyridin-2-ylamino)thiazol-4-
yl)piperidine-1-carboxylate. 'H NMR (dg-DMSO) 8 8.88 (m, 1H), 8.70 (m, 1H), 8.36 (d, 1H),
8.32 (d, 1M, 7.42 (d, 1H), 7.29-7.10 (m, 4H), 6.83 (s, 1H), 6.72 (4, 1H), 3.33 (d, 2H), 3,06-2.85
(m, 3H), 2.69 (s, 3H), 2.14 (d, 2H), 1.81 (m, 2H).

{00834] The following compounds were also made according to the procedure of Example
272,



,N:/

O

XSy g :
LI~

(3-(4-fluorophenoxy}~5-(3-
methylisoxazolof5,4~
blpyridin-4-ylthioypyridin-
2-ylamino)thiazol-4~
yDpiperidin-1-ylethanone
dihydrochloride,

Oy
N
Example R Narme NMER Data
439 ﬁ\ 1-(4~(2-(3~(4~ . "H NMR (de-DMSO) § 11.28 (bs,
e fluorophenoxy)-5-(3~ TTHD, 8.35(d, 1H), 8.32 {d, 1H), 7.41
methylisoxazolo[5,4~ (d, 185), 7.27-7.12 (m, 4H), 6.76 (s,
blpyridin-4-ylthio)pyridin- 1D, 6.72 (d, 1H), 4.43 (4, 11, 3.87
2vylaminojthiazol-4- (d, 1H), 3.14 (£, 1H}, 2.86 (m, 1H),
yhpiperidin-1-yljethanone | 2.69 (s, 3H), 2.65 (m, 1H), 2.01 (5,
hydrochloride, 3H), 1.95 (m, 2H), 1.60 (m, 1H),
‘ . 1.45 (m, 1H). :
4440 i\/ { 2-(dimethylamino)-1-(4-(2- | "H NMR (ds-DMSO) § 11.23 (bs,
3 N

1H), 9.54 (bs, 1H), 8.36 (d, 1H),
8.32 (d, 1), 7.42 (d, 1H), 7.28-7.19
(m, 4H), 6.78 (s, 1H), 6.71 (4, 1),
442 (d, 1H), 4.30 (m, 2H), 3.66 (4,
1H), 3.19 (¢, 1FD), 2.91 (m, 2H), 2.81
(d, 6H), 2.69 (s, 3H), 2.04 (d, 21D,
1.65 (m, 1H), 1.51 (m, 15

methyl 4-(5-(3-nhenoxy-5-

Example 441

N

[06835]

Prepared according to the method of .Example 272 from 3-phenoxy-N-(3-
(piperidin-4-yl}-1,2 4-thiadiazol-5-y1)-5-(pyridin-2-ylthio)pyridin-2-amine.
DMSO) & 12.33 (s, 1H), 8.39 (d, 1HD), 8.37 (m, 1H), 7.66 (dt, 1H), 7.47 (4, 1H), 7.42 (d, 2H),

idin-2-vithio nvridin~2~viamino)-1-2*4-&:iadiagei—E-vi)miueridine-I-

carboxylate hvdrochloride

Ny S N
s
g P~
[; /N/Q:’N N'«
5 H 0
HGI

of

\

7.21-7.11 (m, SH), 3.98 (m, 2H), 3.60 (s, 35, 3.01(m, 3FH), 1.99 (d, 2D, 1.65 (m, 2H).

"HONMR  (de-
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[60836] Step A:  3-amino-4-methvyithio hene-2-carboxylic _acid: Methyl 3-~amino-4-
methylthiophene-2-carboxylate (4.67 g, 27.3 mmol) and NaOH (2N in H,0, 68 mL, 136 mmol)
were stirred at 100 °C for 1 hour. The solution was cooled to 0 °C and acidified to pH = 5 with

addition of concentrated HC1 solution to form a precipitant. The solution was filtered and the
solid was dried under vacuum to give the title compound (2.8 g, 65%).

[60837] Steg B: 4-methylithiophen-3-amine: 3-aminc-4-methylthiophene-2-carboxylic
acid (5.64 g, 36 mmol} in HCI (6N in HyO, 30 mL, 179 mmol} was stirred at 50 °C overnight. It
was cooled to room temperature and neutralized by the addition of solid NaHCO:. The solution
was extracted with dichloromethane (2 fimes), dried over Na,SQy, filtered and concentrated to
yield the title compound (3.8 g, 94% vield).

{60838} Step C:  2.2-dimethyl-5-((4-methylthiophen-3-vlaminoimethviene)-1.3-dioxane-
4.6-dione: A stirred solution of 2,2-dimethyl-1,3-dioxane-4,6-dione (4.85 g, 34 mmol) in
trimethoxymethane (37 ml, 337 mmol) was heated to 90 °C under nitrogen. After 2 hours, a

solution was 4-methylthiophen-3-amine (3.81 g, 34 mmol) was added (as a solution in
trimethoxymethane (37 ml., 337 mmol). The reaction stirred at 90 °C for ¢ hours and then was
allowed to cool to room temperature and conceotrated. The material was placed in the
refrigerator where it solidified after two days to obtain the title compound (9 g, quantitative).

[66839} Step Dt 3-methyithieno{3.2-bjpyridin-7-ol: A. solution of Dowtherm A (7 mL)
was heated in oil bath at 235 °C under nitrogen. 2.2-dimethyl-5-((4-methyithiophen-3-
ylamino)methylene)-1,3-dioxane-4,6-dione (5.0 g, 19 numol) was added in portions over a 20
minutes period. Afier the last portion was added, the solution stirred at 235 °C for aﬁother 5

mimates. The solution was removed from the oil bath and allowed to cool to room temperature.
Upon cooling, the product precipitated out of solution, Diethyl ether was added and the solid

was filtered and dried to give the title compound (3.2 g} with residual amounts of Dowtherm A

remaining,
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{66849 Step E: 7~c‘:ﬁoxo~3wmethylthieﬁo§B.Z-bggm’dine: Phosphorous oxychloride (2.2
mL, 24 mmol) in 1,2-dichloroethane (12 mL) was charged with 3-methyithieno[3,2-b]pyridin-7-

ol (2.0 g, 12 mmol}. The reaction stirred overnight at reflux under nitrogen. The mixture was
. the cooled and concentrated. Saturated NaHCO; solution was carefully added 1o neutralize the
- residue. The biphasic mixture was extracted with dichloromethane, dried, and concentrated.
Flash chromatography (15% EtOAc/hexanes ) gave the title compound (1.23 g, 55%).

{60841} Step F: 1-(4-(2-(5-(3-methylthienof3.2-blpyridin-7-yithio)-3-phenoxypyridia-2~
yviamino)thiazol-4-yDpiperidin-1-yDethanone: 7-ckﬂoro~3«meﬁ1ylthieno[3,2-b}pyridine {0.072 g,
0.39 mmol) and methyl 3-(6-(4-(1-acetylpiperidin-4-yl)thiazol-2-ylamino)-5-phenoxypyridin-3-
ylthio)propanoate (0.20 g, 0.39 mmol) were dissolved in DMSO (3 mL). The solution was

degassed for 15 minuntes under nitrogen. KOtBu (0.13 g, 1.2 mmol) was added and the reaction

stirred at room temperature for two hours. The solution was quenched with water, extracted with
dichloromethane, dried, and concentrated. Flash chromatography gave the title compound (0.100
g, 44% yield). "H NMR (400 MHz, CDCl3) § 1.60 — 1.72 (m, 2H}, 2.03 — 2.09 (m, 2H), 2.11 (s,
3H), 2.51 (s, 3H), 2.66 —2.73 (m, 1), 2.83 — 2.90 (m, 1H), 3.15 ~3.22 (m, 1H), 3.88 — 3.94 (m,
1K), 4.70 — 4.73 (m, 1H), 6.51 (s, 1H), 6.75 (d, 1), 7.05 (d, 2H), 7.17 ~ 7.25 (m, 2H), 7.36 —
7.40 (m, 3H}, 8.30 (4, 1H), 8.48 (4, 1H), 8.84 (bs, 1H).

Example 443

1-{4-(2-{5-(5-chlorothieno]3.2-b

yDpiperidin-] -yDethanone
U s ‘
~ Y
L O
N> \C%LNiN
o) ©/o H .

[00842] Steps A and B: Thiophen-3-amine: Prepared according 1o the method of Example

442, Steps A and B, using methyl 3-aminothiophene-2-carboxylate as the starting material.
[00843] Step C and Dn .
phenoxypyridin-2-ylaminoythiazol-4-vDpiperidin-1-yDethanone: Prepared according to the
method of Example 442, Steps F and F. "H NMR (400 MHz, CDCl3) § 1.60 — 1.73 (1n, 2H), 2.05
~2.10 (m, 2HD), 2.12 (s, 3H), 2.66 (t, 1H), 2.85 —2.91 (m, 1H), 3.17 (t, 1H), 3.91 (4, 1ED), 4.71 (d,
1H), 6.53 (s, 1K), 6.67 (s, 1H), 7.08 (d, 2H), 7.17 (s, 1H), 7.22 — 7.26 (m, 1H), 741 {t, 2H), 7.47
(d, 1H), 7.76 (d, 1K), 8.32 (s, 1H), 8.96 (s, 1H).
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Example 444
Preparation of tert-butyl 4-((2-(5-bromo-3-{4-flucrophenoxyipyridin-Z-viamino)thiazel-4-vlmethyD-

3-oxopiperazine-1-carboxvlate

Br

[00844]
I-carboxvylate. In a 50 Oml round bottom flask with magnetic stirrer 4-Boc-piperazinone (5.08 g,
25.4 mmol)y was dissolved in THF (100 mL) and cooled to ~78 °C. Butyllithium (1.6M in
hexanes) (15.9 mL, 25.4 mmol) was added then and the mixture agitated for 30 minutes at -78
°C. Boron trifluoride ethereate (3.19 mL, 254 mmol) was added slowly and then
epichlorohydrin (1.99 mL, 25.4 mmol). The mixture was agitated for 1 hour at -78 °C and then
allowed to warm up and agitated overnight. Reaction was quenched with saturated ammonium
chloride, exiracted three times with ethyl acetate, extracts washed with brine and evaporated.
Purified by column chromatography on silica gel, eluting with 3% MeOH/CH,Cl; to give the title
compound (3.34 g, 45% yield).

[00845]
carboxylate. In a 125ml round-bottom flask equipped with a magnetic stirrer tert-butyl 4-(3-

chloro-2-hydroxypropyl)-3-oxopiperazine-1-carboxylate (3.30 g, 11.3 mmol) was dissolved in
acetonitrile (10ml) and Dess-Martin periodinape (5.26 g, 12.4 mmol) was added. After agitating
for 3 hours the mixture was diluted with ethyl acetate (100ml1) and washed with sodium.
bicarbonate and brine, dried and evaporated. Purified by column chromatography and eluating
with 3% MeCH/CH,Cl, to give the title compound (0.600 g, 18.31% yield).

{66846} Step C: Preparation of tert-Butyl 4-((2-(5-bromo-3-(4-fluorophenoxyipyridin-2-

yiaminothiazol-4-viymethyl)-3-oxopiperazine-l-carboxylate. In a 20 mL scintillation vial equipped

wit:h magnetic stirrer 1-(5-bromo-3-(4-fluorophenoxy)pyridin-2-yithiourea (0.25 g, 0.73 mmol) was
suspended in ethanol (Sml) and tert-buryl 4-(3-chloro-2-oxopropyl)-3-oxopiperazine-1-carboxylate
(0.32 g, 1.10 mmof) was added followed by DIEA (0.22 ml, 1.28 mmol). Resulting mixture was
heated to 60 °C and agitated for 3 hours. Mixture was then diluted with ethyl acetate and washed
with sodium bicarbonate solution, brine, dried and evaporated.. Purified by column chromatography

on silica gel, eluting with 50-100% ethyl acetate/hexane to give the title compound (0.106 g, 25.1%
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vield). "H NMR (CDCl;) § 1.41 (s, 9H), 2.79-3.42 (m, 6H), 6.55 (s, 2H), 7.03-7.12 (m, 4H), 8.12 (s,
18D, 8.95 (bs, 1H).
Example 448

Preparation of 1-((2-{5-bromo-3-{(4-fluorophenox ridin-2-viaminoYthiazol-4-vDmethvlpinerazin-

2-onez

Br
\Q /L%
ot d
F
[60847} In a 20 mL scintillation vial equipped with magnetic stirrer tert-butyl 4-((2-(5-
bromo~3-(4-flucrophenoxy)pyridin-2-ylamino)thiazol-4-yDmethyl)-3-oxopiperazine-1-

carboxylate (0.020 g, 0.035 mmol) was dissolved in 1ml of CH,CL, and 4M HCI in dioxane (0.50
mL, 2.0 mmol) was added. The resulting mixture was agitated for 2 hours, diluted with 5 mL of

ether and the solvent was decanted off. The residue was dried to provide the title compound
{0.012 g, 73% yield). "H NMR (dg-DMSO) 8 3.25-3.78 (m, 6H), 6.99 (s, 1H), 7.28-7.36 (m, 4H),
8.23 (s, 15D), 8.34 (s, 1H), 10.24 (s, 2H). '

Example 446

{06848] Step  A: Thieno[2.3-dlpyrimidin-4(3H)-one: Methyl 2-aminothiophene-3-
carboxylate (10 g, 64 mmol) was charged with formamide {50 mL). The reaction was heated at
190 °C under nitrégen for 3 hours. The sclution was cooled 1o room temperature. The shury
was poured into 125 mL of water and extracted with chloroform:isopropyl alcohol mixwre (2
times). The solution was concentrated and triturated to afford the title compound (2.25 g, 23%).

{00849] Step B: 4-Chlorothieno[2.3-dlpyrimidine; Thieno[2,3~d]pyrimidin-4(3H)-one (1.2
g. 7.9 mmol) was diluted in 1,2-dichloroethane (10mL). Phosphorous oxychloride (1.4 mL, 15.7
mmol) was added. The reaction was stirred at-90°C for 16 hours. An additional equivaient of

phosphorous oxyehloride (0.7 mL, 7.9 mmol) was added and the solution continued stirring for 4

hours. The solution was cooled, concentrated, and neutralized with saturated NaHCO; solution.
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The material was extracted with a chloroform:isopropyl alcohol mixtwe and the organic layer
was separated and concentrated. Flash chromatography gave the title compound (0.39 g, 29%).

[0B850] Step C: 1-(4~{2-(3~phenoxv-5-{thienol2,3-dlpyrimidin-4-vithioypvridig-2-
viamino)thiazol-4-vDpiperidin-1-vDiethanone: 4-chlorothieno{2,3-d}pyrimidine (0.050 g, 0.29

mmol) and methyl 3-(6-(4-(1-acetylpiperidin-4-yl}thiazol-2~ylamino)-S-phenoxypyridin-3-
yithio)propanocate (0.15 g, 0.29 mmol) were dissolved in DMSO (3 mL). The solution was
degassed for 15 minutes. KOtBu (0.098 g, 0.88 mmol) was added and the reasction stirred at
room temperature for two hours. The solution was guenched with water, extracted with
dichloromethane, dried, and concentrated. Flash chromatography gave the title compound
(0.073, 46%). "H NMR (400 MHz, CDCIs) § 1.60 — 1.72 (m, 2H), 2.08 — 2.15 (m, ZH}, 2.11 (m,
3H), 2.65 - 2.73 (m, 1H), 2.82 - 2.93 (m, 1H), 3.15 — 3.24 {m,‘IH}, 3.91 (d, 1H), 4.72 (d, 1H),
6.49 (s, 1HD), 7.15 (4, 28), 7.19 (x, 1H), 7.27 — 7.2%9 (m, 1H), 7.36 - 7.42 {m, 3H), 7.53 (4, 1H),
8.27 (d, 1H), 8.68 (s, 1H), 8.81 (s, 1H).

tert-butyl 4-((2~

[00851] Step  A: Preparation _ of _tert-butyl _ 4-(2-(methoxy(methylamino)-2-
oxoethvl)piperidine-1-carboxylate: N-methoxymethanamine hydrochloride (2.61 g, 26.7 mmol),
N1-((ethylimino)methylene)-N3,N3~dimethylpropane-1,3-diamine hydrochioride (5.91 g, 30.8
mmol), 1H-benzo[d}{1.2,3}triazol-1-0l hydrate (4.72 g, 30.8 mmol), and triethylamine (11.5 mL,
82.2 mmol) were added seguentiallv to a solution of 2-(I-(tert-butoxycarbonypiperidin-4-
vhacetic acid (5.0G g, 20.6 mmol) in methylene chloride (150 mL) at 0 °C. Stirred at ambient
temperature for 4 hours, and partitioned between ethyl acetate and 2N HCL Washed the organic
layer again with 2N HCl, twice with 2N NaOH, brine, dried, and concentrated to afford the title
. compound (5.93 g, 101% vield) as a clear colorless viscous oil.

[06852] Step B:  Preparation of tert-butyl 4-(2-oxopropyhipiperidine-1-carboxviate:
Added dropwise 3.0 M methylmagnesium chloride in THF (8.63 mL, 25.9 mmol) to a solution of
tert-butyl  4~(2-(metboxy(methyl}amino}-2-oxcethyljpiperidine-1-carboxylate (5.93 g, 20.7
mmol} in THF (100 mL) at 0 °C. Warmed to ambient temperature and stizred for 90 mimates.
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Partitioned between ether and 2N HCl, washed the organic layer twice with water, brine, dried,
and concentrated to afford the title compound (4.95 g, 99.1% yield) as a clear oil.

{66853] . Step C: Preperation of teri-butyl 4-(2-(rimethylsilylogy)aliyhpiperidine-1-
carboxylate: To a cooled (<78 °C) solution of LDA (12.3 mL, 24.6 mmol) in THF (50 mL) was

added dropwise over 40 minutes a solution of tert-butyl 4-(2-oxopropyDpiperidine-1-carboxylate
(4.95 g, 20.5 mmol) in THF (20 mL.). After an additional 25 minutes, chlorotrimethylsilane (5.21
mL, 41.0 mmol) was added dropwise over 20 minutes. After sturing for an hour, the reaction was
poured into satnrated NaHCO; and extracted with ether (2 x 400 mL). The combined ether layers
were washed with brine, dried, filtered and concentrated to afford the title compound (6.95 g,
108% yield) which was used as is in the next step.

[00854] Step IDn Preparation of tert-butyl 4-(3-bromo-2-oxopropyiipiperidine~1-
carboxvlate: -To a solution of tert-butyl 4—(2—(trimemylsﬁyloxy)allyl)piperidmé—1»carboxyiate
(6.43 g, 20.5 mmol) in THF (100 mL) at 0 °C was added sodium bicarbonate (2.58 g, 30.7 mmol)
followed by 1-bromopyrrolidine-2,5-dione (3.65 g, 20.5 mmol), Warmed to ambient temperature

and stirred 90 minutes. Partitioned between ether (150 mL) and saturated sodium bicarbonate.
The aqueous layer was reextracted with ether (100 mL). The combined oréanic layers were
washed with saturated bicarbonate, brine, dried, and concentrated to afford the title compound
(7.2 g, 110% vield) as a yellow oil. Purity was 85% with the major impurity being succinimide.
The crude material was used in the next step. |
[6B855] Step E- Preparation of tert-butyl 4-((2-(5-bromo-3-phenox idin-2-
yvlamino)thiazol-4-yDmethyDpiperidine~1 -carboxviate: Heated a mixture tert-butyl 4-(3-bromo-
2-oxopropyl)piperidine~1-carboxylate (1.38 g, 432 mmol), 1-(5-bromo-3-phenoxypyridin-2-
yiythiourea (1.0 g, 3.08 mmol), tiethylamine (0.731 mlL, 5.24 mmol), and ethanol (50 mL) at
reflux overnight. Cooled to ambient temperature and partitioned between into water and ethyl
acetate. Washed the organic layer with vs}atar, brine, dried and concentrated . Purified by MPLC
(Bictage) eluting with 3:1 hexane:ethyl acetate to afford the title compound (1.54 g, 92%) as a
white powder: "H NMR. (CDCl;) § 8.66 (s, 1H), 8.13 (s, 1H), 7.43 (1, 2H), 7.25 (¢, 1H), 7.12 (s,
1HD), 7.06 (4, 2H), 6.45 (s, 1F), 4.08 (m, 2H), 2.67 (m, 2FH), 2.56 (d, 25), 1.85 (m, 1H), 1.66 (m,
2HD), 1.44 (s, 9H), 1.15 (m, 2H).
[60856] The following compounds were prepared from the appropriate carboxylic acid

according 1o the procedure of Example 447, ,
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—
Example Structure . Name HNMR '
448 X tert-butyl 3-(2-(5- | 'H NMR (CDCls) § 8.64
%c bromo-3- (s, 1H), 8.12 (5, 1H),
Br Ay O phenoxypyridin-2- | 7.44 {t, 2H), 7.25 (,
L) i’%«@ ylamino)thiazol-4- | 1H), 7.06-7.11 (m, 3H),
) NN yl)piperidine-1- 6.53 (s, 1H), 4.22 (m,
©/ carboxylate 1H), 4.02 (m, 1H), 2.99
(m, 1H), 2.84-2.90 (m,
2H), 2.10 (m, 1H), 1.72
. (m, 350, 1.45 (s, 9H).
449 §< tert-butyl 3-(2-(5~ | '"H NMR (de-DMSO) &
. | bromo-3- 10.93 (s, 1H), 8.17 (5,
Bre Sy N O | phenoxypyridin-2- | 1H), 7.36-7.41 {(m, 3H),
Oy i}@ ylaminoythiazol-4- | 7.17 (¢, 1K), 7.04 (d,
O yDpyrrolidine-1- 2H), 6.75 (s, 1H), 3.58
©/ carboxylate (m, 1H), 3.23-3.40 (m,
: 4H), 2.12 (m, 15), 1.97
1-Gm, 1HD), 1.36 (s, 9HD.
450 LAV TN | tert-butyl 4-(2-(5- | 'H NMR (CDCl3) & 8.45
}: g’i}‘o‘{? bromo-3-(4- (s, 1FD), 8.26 (s, 1FL),
/(j cyanophenoxy)pyr | 7.71 (d, 2H), 7.31 (s,
W idin-2- 1H), 7.14 (4, 2H), 6.47
ylamino)thiazol-4- | (s, 1H), 4.17 (m, 2H),
yDpiperidine-1- 2.69-2.87 (m, 3H), 1.97
carboxylate (m, 2H}, 1.57 (m, 2H),
1.46 (s, 9H).
Example 451

tert-butyl 3-(5-(5-bromo-3-phenoxyovridin-2-vlamino)-1.2 4-thiadiazol-3-vDpyrrolidine-1-

carboxylate

[60857] A 40 ml flask was charges withwith tert-butyl 3-(chloro(methylsulfonyl-
oxyimineymethyDpyrrolidine-1-carboxylate (1,60 g, 4.90 mmol) and acetonitrile (25 mL). Added
pyridine (1.22 mL, 15.1 mumol) and isothiocyanatosodium (0.398 g, 4.90 mmol) and heated to 40
°C for 45 minutes. Added 5-bromo-3-phenoxypyridin-2-amine (1.00 g, 3.77 mmol) and heated at
60 °C overnight. The reaction was cooled to ambient temperature, poured into water and
extracted with EtQAc (100 ml). The organic layer were dried with sodium sulfate, filtered and
concentrated . The residue was purified by MPLC (Biotage) eluting with 3:1 hexane:ethyl acetate
o afford tert-butyl 3~(5~(5-bromo-3-phenoxypyridin-2-ylamino)-1,2,4-thiadiazol-3~
yl)pyrrolidine-1-carboxylate as a light yellow/off white solid: "H NMR (de-DMSO) & 12.21 (s,
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1H), 8.34 (s, 1H), 748 (s, 1H), 7.39 (&, 2K, 7.18 (t, 1H), 7.07 (d, 2H), 3.42-3.63 (m, 3H), 3.36
(m, 1H), 2.02-2.21 (m, 3H), 1.35 (s, 9H).
Example 452
tert-buty] 4-((2-(5-(3-methoxy-3-oxopropylthio)-3-phenoxypyridin-2-ylamino)thiazol-4-
yhmethyDipiperidine-1-carboxviate
WS

&
”?f‘;j@ﬁi}ﬂ
[00858] The atmosphere above a mixture of tert-butyl 4-((2-(5-bromo-3-phenoxypyridin-
2-ylamino)thiazol-4-yl)methyDpiperidine-1-carboxylate (1.52 g 2.79 mmol), N-ethyl-N-
isopropylpropan-2-amine (0.971 mL, 5.57 mmol), 4,5-bis(diphenylphosphino)-9,9-dimethyl-9H-~
xanthepe {0.161 g, 0.279 mmol), and dioxane (25 mL) was purged with nitrogen. Methyl 3-
mercaptopropanocate (0.332 mL, 3.07 mmol) and Pdydbaz (0.128 g, 0.139 mumol) were added, and
the reaction was heated at 95 °C overnight. The reaction was cooled to ambient temperature and
filtered through celite. The filtrate was copcentrated and ﬁm’iﬁed by MPLC (Biotage) eluting
with 3:2 hexane: ethy! acetate to afford the title compound (1.54 g, 94.5% yield) as a tacky white
solid: '"H NMR (CDCl3) 8 8.70 (s, 1H), 8.16 (s, 1H), 7.40 (1, 2H), 7.24 (t, 1H), 7.14 (s, 1HD), 7.06
(d, 2H), 6.46 (s, 1H), 4.08 (m, 2H), 3.65 (s, 3H), 2.99 (t, 2H), 2.67 (m, 2H), 2.56 (4, 2H), 2.55 {1,

2H), 1.85 (m, 1ED), 1.66 (m, 2EL), 1.45 (s, 9ED), 1.16 (m, 2H).

[60859] The following compounds were prepared from the appropriate bromide according
to the procedure of Example 452.
Example Structure Name "H NMR
453 YNy tert-butyl 4-(2-(3- | 'H NMR (CDCly) § 8.46 (s,
Qﬁ M'€+ {4-cyanophencxy)- | 1H), 8.27 (s, 1H), 7.70 (d, 2H),
{/(jt’ . 5-(3-methoxy-3- | 7.31 (s, 1HD), 7.13 (d, 2H), 6.47
N oxopropylthio)pyri | (s, 1H), 4.19 (m, 2H), 3.66 (s,
din-2- 3HD), 3.04 (1, 2H), 2.71-2.85 {m,
ylamino)thiazol-4- | 3H), 2.59 (t, 2H), 1.97 (m, 2H),
yDpiperidine~1- 1.59 (m, 2H), 1.46 (s, SH).
carboxylate
454 YT 1Y tert-butyl 3-(5-(5- | "H NMR (CDCly) & 9.02 (s,
° \%T\ﬁ “}Q '\f‘(L (3-methoxy-§» 1H), 8.0 (s, 1H), 7.44 (1, 2H),
Cr oxopropylthio)-3- | 7.28 (¢, 1H), 7.18 (s, 1H), 7.09
phen?xypyndin»m {d, 2H), 3.82 (m, 1H), 3.67 (s,
yigmfnm}-l,2,4x 3H), 3.54-3.67 (m, 2H), 343
th1ad:azo}~%» {m, 15D, 3.04 (t, 2H), 2.57 {1,
yDpyrrolidine-1- | 2H), 2.22-2.35 (m, 35, 146 (s,
carboxylate SH).
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fert-butyl 3-(2-(5-

'H NMR (CDCl3) & 8.68 (s,

453 e e (3-methoxy-3- 1H), 8.15 (s, 1FD, 7.42 (&, 2H),
@iw oxopropylthio)-3- | 7.23 (1, 1H), 7.13 (s, 1H), 7.07
oy phenoxypyridin-2- | (d, 2H), 6.53 (s, 1H), 4.21 (m,
ylamino)thiazoi-4- | 1H), 4.00 (m, 1H), 3.65 (5, 3H),
ylypiperidine~1-~ 2.99 (1, 2H), 2.76-2.90 (m, 4H),
carboxylate 2.55 (t, 2H), 2.09 (m, 1H), 1.7V
(m, 25D), 1.46 (s, 9FD). z
5 thde S IR tert~butyl 3~(2-{5~ | "H NMR (CDCl) § 8.69 (s,
456 ° \@ﬁi‘m{‘# (3-methoxy-3- 1H), 8.16((3, 1H)? 7.42 (t,{ZH),

oxopropylthio)-3-
phenoxypyridin-2-
ylamino)thiazol-4-
yhpyrrolidine-1-~
carboxylate

7.24 (t, 1H), 7.13 (s, 1H), 7.08
(d, 2H), 6.54 (s, 1H), 3.76 (m,
1H), 3.65 (s, 3H), 3.64 (m, 1H),
3.50 (m, 1ED), 341 (m, 2H), 2.99
(&, 2H), 2.56 (t, 2H), 2.24 (m,

1HD, 2.11 {m, 1H), 1.46 (s, 9H).

Example 457 : 5
tert-butyl 4-((2-(3-phenoxy-S-{thieno!3.2-blpyridin~-7-yithio)pyridin-2-ylamino)thiazol-4-

Dmethvlpiperidine-1 -carboxylate

%<
o

Added potassium 2-methylpropan-2-olate (0.443 g, 3.95 mmol}) to a solution of 7-

{00866}
chlorothieno[3,2-blpyridine (0.268 g, 1.58 mmol) and tert-butyl 4-((2-(5-(3-methoxy-3-
oxopropyithio)-3-phenoxypyridin-2-ylamino)thiazol-4~yDmethyl)piperidine-1-carboxylate  (0.77
g, 1.32 mmol) in DMSO (8 mL). The reaction was stirred for two hours, then set aside to react at
ambient temperature for 60 hows. The reaction was partitioned between ethyl ‘acetate and
saturated ammonium chloride. Washed the organic layer twice with water and brine, dred, and
concenirated. The residue was purified by MPLC (Bioctage)} eluting with 1:1 hexane:ethyl
acetate. The major UV active component with an Rf of 0.3 was collected and concentrated to
afford the title compound (0.810 g, 97.4% yield) as a white powder: "H NMR (CDCls) & 8.88 (s,
" 1H), 8.46 {d, 11, 8.32 (s, 1FD), 7.72 (4, 1H), 7.54 (4, 1H), 7.38 (&, 2ED), 7.20 (t, 1ED, 7.18 (s, 1H),
7.04 (4, 2H), 6.73 {d, 1H), 6.51 (s, 1H), 4.09 (m, 2H), 2.68 (m, ZH), 2.59 (4, 2H), 1.87 (m, 1H),
1.66 (m, TZH), 1.45 (s, 9H), 1.16 (m, 2H).
100861} Using the proceciure mn Examp}e 457, the foﬁowmg compounds were prepared

from the appropriate thiopropionate and electrophile.



Exampie

Structure

Name

'H NMR

458

3P
N’/gﬁ\@‘iﬁ i}ﬂ

tert-butyl 4-((2~(5-(4-
cyanophenylthio)-3-
phenoxypyridin-2-
ylamino)thiazol-4-
yDmethyl)piperidine-
i-carboxylate

"H NMR (CDCls) 6 8.85 (5,
1H), 8.24 (s, 1HD, 7.47 (4,
2H), 7.42 (i, 2H), 7.24 (1,
1H), 7.04-7.13 (m, 5H), 6.50

(s, LH), 4.08 (m, 2, 2.69

(m, 2H), 2.59 {d, 2H), 1.87
(m, 1H), 1.67 (m, 2H), 1.45
(s, 9HD), 1.17 (m, 2H).

459

ot
o

tert-butyl 3-((2-(3-
phenoxy-5- .
(thieno[3,2-blpyridin-
7-yithio)pyridin-2-~
ylamino)thiazol-4~
yhmethylpiperidine-
1~carboxylate

"H NMR {CDCly) § 8.85 (s,
1H), 8.46 (d, 1H), 8.32 s,
1H), 7.72 (d, 1H), 7.54 (4,
1H), 7.38 (1, 2H), 7.20 (1,
1H), 7.18 (s, 1HD), 7.05 (4,
2H), 6.73 (d, 1H), 6.59 (s,
1H), 4.22 (m, 1H), 4.00 (m,
1H), 3.00 (m, 1H), 2.78-2.91
(m, 2FD, 2.21 (m, 1H), 1.72
{m, 2H), 1.58 (m, 1H), 1.45
(s, 9HD.

460

tert-butyl 3-(5-(3-
phenoxy-5-
(thieno[3,2-blpyridin-
7-ylthio)pyridin-2-
ylamino)-1,2,4-
thiadiazol-3-
yDpyrrolidine~1-
carboxylate

"H NMR (CDCl3) § 9.21 (5,
1H), 8.49 (d, 1H), 8.37 (s,
1H), 7.73 (4, 1H), 7.55 (d,
1H), 740 (¢, 2F), 7.25 (,
1H), 7.24 (s, 1H), 7.06 (d,
2H), 6.77 (d, 1H), 3.41-3.87
(m, 4H), 2.23-2.35 (m, 2F),
1.46 (s, 9D, 1.27 (i, 2H).

461

tert-butyl 3-(2-(3-
phenoxy-5- '

(thienof3,2-blpyridin-’

7-ylthio)pyridin-2~
ylamino)thiazol-4-
yhpyrrolidine-1-
carboxylate

Y NMR (CDCL) 8 8.87 5,
1H), 8.46 (4, 1H), 8.32 (s,
1H), 7.72 (d, 18, 7.54 (4,
1HD), 7.38 (t, 2H), 7.20 (1,
1H), 7.17 (s, 1H), 7.05 (d,
2H), 6.74 (d, 1H), 6.59 (s,
1H), 3.77 (e, 1H), 3.62 (m,
1H), 3.53 (m, 1H), 3.41 (m,
2H), 2.25 (m, TH), 2.11 {m,
1H), 1.47 (s, 7H).

462

tert-butyl 3-(2-(5-(4~
cyanophenylthio)-3-
phenoxypyridin-2-
ylamino)thiazol-4-
yDpiperiding-1~
carboxylate

"H NMR (CDChL) & 8.82 (s,
1H), 8.24 (s, 1H), 7.47 (4,
26D, 742 (1, 2H), 722 (t,
1H), 7.05-7.13 (m, 5H), 6.58
(s, 1H), 4.21 (m, 1H), 4.00
(m, 1H), 3.00 (m, 1H), 2.78-
2.96 (m, 2H), 2.10 (m, 1H),
1.72 (m, 2H), 1.58 {m, 1H),
1.47 (s, 9FD.
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T 332 [ ter-butyl 3-(5-(5-(~ | "H NMR (CDCl) 5 9.19 (5
O sy | oyanophenylthio)3- | 1K), 8.30 (s, 1H), 749 @,
W e phenoxypyridin-2- 2H), 7.43 (1, 21}, 7.26 (1,
o ylamino)-1,2,4- 1H), 7.18 (s, 1H), 7.12 (4,
thiadiazol-3- 2H), 7.08 (d, 2HY, 3.87 (m,
yD)pyrrolidine-1- 15D, 3.55-3.70 (m, 3H), 3.44
carboxylate {m, 1H), 2.24-2.35 (m, 2H),
1.47 (s, 9H).

Example 464

dihvdrochloride

% H
s
o S
N~ o =

NN
©>>/]\H Hey o HG

{66862]  Added 4N HCl in dioxane (3.0 mL, 12.0 mmol) to a solution of tert-butyl 4-((2-(3-
phenoxy—ﬂ—(thianoB,an}pyridin—’/‘—ylthio}pyridin-2-y1a1nin0)ﬁ1iazol;tf:—yl)metﬁyl}piperidine—I~
carboxylate (0.790 g, 1.25 mmol) in dichloromethane (4 mL) and methanol (4 mL). The reaction
was stirred at ambient temperature for 3 hours. Concentrated, triturated with hexanes, filtered to
afford the title compound (0.745 g, 98.5% vield) as a light yellow powder: "H NMR (d-DMSO)
5 9.13 (zn, 1K), 8.89 (m, 1H), 8.67 (4, 18), 8.51 (4, 1H), 8.47 (s, 1}, 7.80 (d, 11, 7.57 (s, ZH),
7.42 (¢, 2H), 7.16-7.23 (m, 4H), 6.91 (s, 1H), 3.21 (m, 2H), 2.80 (m, 2H), 2.60 (d, 2H), 1 95 (m,
1H), 1.76 {m, 2H), 1.45 (m, 2H).

{66863] Using the procedure in Example 464, the following compmmdé were prepared
from the appropriate Boc-protected cyclic amine.

Example Structure Name "H NMR.
465 Q - N-(3-phenoxy-5- | 'H NMR (ds-DMSO) 5 9.48 (m,
Y Q (thieno[3,2- 1H), 9.31 (m, 15D, 8.67 (d, 1H),
blpyridin-7- 8.51 (d, 1H), 8.46 (s, 1H), 7.81
@’ Hot Hca ylthio)pyridin-2- | (4, 1H), 7.54 (s, 1H), 7.42 (1,
yh)-4-(piperidin-3- | 251, 7.16-7.25 (m, 4H), 6.95 (s,

ylythiazol-2-amine | 1H), 3.48 (m, 1H), 3.27 (m, 1H),
dihydrochloride 3.19 (m, YH), 3.07 (m, 1H), 2.84
(m, THD, 2.08 (m, 15, 1.82-
1.90 (m, 2H), 1.67 (m, 1H).
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~~~~~~~

N-(3-phenoxy-5-

466 7 S.\ N ) "H NMR (de-DMSO) 8 9.48 (m,
i Y N (thienof3,2~ 1H), 8.63 (d, 1H), 8.56 (s, 1H),
N %5"%{\'@, blpyridia-7- 8.43 (d, 1H), 7.78 (d, 1HD), 7.63
& o not Rl | yithio)pyridin-2- (s, 1H), 7.42 (1, 2FD), 7.16-7.20
7 y1)-3~(pyrrolidin- | (m, 4H), 3.73 (m, 1H), 3.60 (m,
3-y1)-1,2,4-. 1), 3.48 (m, 1H), 3.28 (m, 2H),
thiadiazol-5-amine | 2.38 (m, 1H), 2.21 (m, 1H).
dihydrochloride .
457 7S s~ , ?I«(s-ngnzoxy-& * | 'H NMR ¢de-DMSO) § 9.61 (m,
ST SN sy thieno[3,2- 1H), 8.67 (d, 1H), 8.51 (4, 1H),
N %gim bpyridin-7- 8.46 (s, THD), 7.80 (d, 1¥D), 7.54
@/0 ne ot | yithio)pyridin-2-  { (s, 1H), 7.41 (t, 2H), 7.23 (d,
yi)-4-(pyrrolidin- | 1H), 7.16-7.20 (m, 3H), 3.19-
3-yIythiazol-2- 3.60 (m, 5H), 2.30 (m, 1H), 2.06
amine (m, 1H).
ditrydrochloride

Example 468
4-(5-phenoxy-6-t4-{piperidin-4-vimethvithiazol-2-viaminopyridin-3-vithiolbenzonitrile

dihvdrochloride
MK
. s X
i N i’y‘ﬁ)
oran
©ﬂ HCI

Added 2,2,2-trifluoroacetic acid (4 mL, 51.9 mmol) to a solution of tert-butyl 4-

[00864]
((2-(5-{4-cyanophenylthic)-3-phenoxypyridin-2-ylamino)thiazol-4-ylymethyDpiperidine-1-

carboxylate (0.600 g, 1.00 mmol). Partitioned
between ethyl acetate and 2N NaOH. Washed the organic layer with water, brine, dried and

Stirred at ambient teroperature for 3 hours,

concenirated. The residue was dissclved in ether '(5 ml) and 2N HCI in ether was added.
Filtered, filtered to afford 4-(S-phenoxy-6-(4-(piperidin-4-
vimethylthiazol-2-ylamino)pyridin-3-yithio)benzonitrile dibydrochloride (0.454 g, 79.3% yield)
as a white powder: 'H NMR (de-DMSQO) & 8.94 (m, 1H), 8.67 (m, 1H), 8.31 (s, 1HD, 7.72 (4,
ZH), 7.42 (1, 28), 7.35 (s, 1H), 7.10-7.26 (m, 5H), 7.83 (s, 1H), 3.23 {m, 2H), 2.80 (m, 2H), 2.58
(d, 2H), 1.92 (m, 1H), 1.75 (m, 2H), 1.39 (m, 2H).

[00865])

from the appropriate Boc-carbamate.

washed with Thexanes,

Using the procedure in Example 468, the following compounds were prepared
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SN -8
R
ﬂ \Q\ i\"
Z 7 WO
3] o &
Xy

o

HCE

Hel

(3-({piperidin-3-
yD-1,2,4-
thiadiazol-5-
ylamino)pyridin-3-

Example Structure Name "H NMR.
469 S g 4-(5-phenoxy-6- | "H NMR (de-DMSQ) §9.40 (i,
| Y HH / o
N//Q \C;LﬁiN}\O (3-(pyrrofidin-3~ | 1H), 8.43 {s, 1H), 7.72 (d, 2H).
©/° ot HO yiy1,2,4- . 745 (s, 1Hj, 742 (t, 2H), 7.25.
thiadiazol-5- (d, 2H), 7.21 (¢, 1H), 7.15(d, .
ylamino)pyridin-3- | 2H), 3.71 (m, 1H), 3.60 (m, 1H),
yithioybenzonitrile | 3.48 (m, 1H), 3.38 (m, 1H), 3.28
dihydrochloride (m, 1HD, 2.36 (m, 1H), 2.20 (m,
‘ 1H).
470 | 4-(5-phenoxy-6- | 'H NMR (d¢-DMSO) 5 9.23 (m,

1H), 9.10 (m, 1H), 8.30 (s, 15D,
772 (4, 2H), 7.43 (¢, 2H), 7.32
(s, 1HD), 7.26 (d, 2H), 7.19 (t, -
1HD, 7.14 {d, 2H), 3.46 (m, 1H),

yithio)benzoniirile | 3.26 (m, 1H), 3.15 (m, 1H), 2.98

dihydrochloride (m, 1H), 2.85 (m, 1H), 2.07 (m,
1H), 1.72-1.90 (m, 2H), 1.65
{m, 1H}.
Example 471

vDmethvDpi

eridin-1-viethanone

Q

D
NS
e

[00866] Added acetic anhydride (0.0169 g, 0.165 mmol) fo a mixture of 3-phencsxy-N-(4-
{piperidin-4-yimethyl)thiazol-2-yi)-5-(thieno[3,2-b]pyridin-7-ylthio)pyridin-2-amine
dihydrochloride (0.100 g, 0.165 mmol), triethylamine (0.0837 g, 0.827 mmol), and THF (5 mL)
at 0 °C., Warmed to ambient temperature and stirred for 4 hours. Partitioned between ethyl
acetate and 2N WNaOH, washed with water, brine, dried, and concentrated. The residue was
dissolved in dichioromethane (2 mL) and 1IN HCl in ether was added. Diluted in hexanes, and
concentrated, added hexanes again and concentrated to afford the title compound ((Mixtare of
rotamers; 0,092 g, 91.2% vield) as a light yellow powder: "H NMR (dg-DMSO) & 8.65 (d, 1H),
8.47 (d, 1¥), 8.46 (s, 1H), 7.77 (4, 1H), 7.41 (s, 1H), 7.41 (d, 2H), 7.15-7.20 (m, 4H), 6.84 (s,
1H), 0.95-4.36 (m, 118D, 1.97 (s, 3H).

{60867}

from the appropriate amine.

Using the procedure in Example 471, the following compounds were prepared
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n Example

Structure Name "HNMR
472 @\f . 1-(3-(2-(3- (Mixture of rotamers) ' H.INMR
I ;) \T/i“ i:\y\o phenoxy-3- (CDCl3) 8 8.66 (d, 1), 8.50 (d,
~ \*g Vo N | (shieno[3,2- 1H), 8.46 (s, 1H), 7.79 (d, 1H),
@" /=0 blpyridin-7- 7.55 (s, 1H), 7.41 (1, 2H), 7.23
: yithio)pyridin-2- "1 (d, 1H), 7.14-7.19 (m, 3H), 6.89
yiaminojthiazol-4- | (d, 1H), 6.58 (bs, 1H), 1.35-4.63
yhpiperidin-1- (m, 9H}, 2.02 (s, 3H).
ylethanone :
473 7 A ) S 1-(3-(5-(3~ (Mixture of rotamers) ' F NMR.
% i 1 /i:»@* phenoxy-5- (de-DMSO) 8 8.59 (4, 1H), 8.54
rw (thienof3,2- (s, 1H), 8.33 (d, 1H), 7.68 (4,
O blpyridin-7- 18D, 7.59 (s, 1H), 7.41 (d, 2H),
yithio)pyridin-2- | 7.10-7.20 (m, 5H), 2.10-3.93
ylamino)-1,2,4~ (m, 7H), 1.96 (s, 3H).
thiadiazol-3-
yDpyrrolidin-1-
yhethanone
474 J e~ I 1-(3-(2-(3- (Mixture of rotamers) 'H NMR
[ U Oy | phenoxy-5- (ds-DMSO) § 8.47 (d, 1H), 8.32
Ty (thieno[3,2- (s, 1ED), 7.73 (d, 15), 7.54 (@,
» blpysidin-7- 1H), 7.39 (d, 2H), 7.17-7.24 (m,
yithio)pyridin-2~ | 31, 7.06 (@, 2H), 6.75 (4, 1H),
ylamino)jthiazol-4- | 6,62 (s, 1H), 6.59 (s, 1H), 2.12-
yhpyrrolidin=1- | 3.97 (m, 7H), 1.98 (s, 3H).
yhiethanone . .
475 O | 4~(6-(4~(1~ (Mixture of rotamers) ' H NMR
/@s@ i\w acety.lpiperidin{i— (CDCl3) 8 8.83 (m, 1H), 8.24 (s,
7 O y)thiazol-2- 1H), 7.05-7.59 (m, 9T, 6.56 (s,
@/" ylamino)-5- 1H), 2.63-4.70 (m, 6H), 2.12 (s,
phenoxypyridin-3- | 3H), 1.73-2.20 (m, 3H).
‘| yithic)beuzonifrile ' '
476 % | 4-(6-(3-(1- (Mixture of rotamers) *H NMR
/@/s\@«\ 47 | acetylpyrrolidin-3- | (CDCI5) 5 9.16 m, 1H), 8.30 s,
7N yi)-1,2,4- 15D, 7.06-7.53 (m, 9H), 2.29-
o thiadiazol-5- 3.99 (m, 7E), 2.08 (s, 3H).
ylamino)-5-
phenoxypyridin-3-
yithio)benzonitrile
477 & | 4-(6-(4-((1- TH NMR (de-DMSO) § 11.07 (s,
& acetylpiperidin~4- | 1H), 8.23 (s, 1H), 7.66 (d, 2H),
Se sy yDmethyhythiazol- | 7.04-7.37 (m, 8H), 6.65 (s, 1H),
,}/©, ! 7 j‘"“.

2-ylamino)-5-
phenoxypyridin-3-
yithio)penzonitrile

E20018-397

4.27 (m, 1H), 3.71 (m, 1H), 2.8%
(m, 1F), 2.45 (d, 2H), 2.41 (m,
1H), 1.91 (s, 3HD), 1.85 (m, 1ED),
1.54 (m, 2H), 0.89-1.10 (m,
2H).
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Example 478

ylethanone
L O
o
{00868} Using the procedure in Example 16, the title compound was prepared: 'H NMR
(CDCls) 6 8.24 (s, 1HD), 8.13 (d, 1H), 7.42 (, ZH), 7.24 (t, 1H), 7.07-7.12 (m, 2H}, 6.82-6.86 {(m,
2H), 6.52 (s, 1H), 4.72 (m, 1H), 3.91 (m, 1H), 3.19 (m, 1H), 2.88 (m, 1H), 2.70 (m, 1H}, 2.12 (m,
1H), 2.03-2.11 {m, 2H), 1.60-1.71 (m, 2H).
' Example A
In Vitro Glucokinase Assays
[68863] The in vitro efficacy of glucokinase activators of the present invention was assessed
in two separate assays: an ECs assay to evaluate the potency of each compoﬁnd at a fixed,
physiologically relevant concentration of glucose, and a glucose Sg5 assay at a fixed, near saturating
(if possible) concentration of compound to evaluate its effect on the V,, and Sp5 for glucose. For
each of these assays, glucokinase activity was estimated by monitoring the increase in absorbance at
340 nm in a coupled assay system containing NAD" and glucose 6-phosphate dehydrogenase.
Assays were conducted at 30 °C using a thermostatically controlled absorbance plate reader
(S}Sectramax 340PC, Molecular Devices Corp.) and clear, 96-~well, flat bottom, polystyrene plates
(Costar 3695, Corning). Each 50-ul. assay mixture contained 10 mM K'MOPS, pH 7.2, 2 mM
MgeCh, 50 mM KCI, 0.01% Triton X-100, 2% DMSO, 1 mM DTT, 1 mM ATP, 1 mM NADY, 5
U/mL glucose 6-phosphate dehydrogenase, approximately 5 nM human glucokinase and (depending
on the assay) varying concentrations of glucose and test compound. The absorbance at 340 nm was
monitored kinetically over a period of 5 minutes (10 s/cycle), and rates were estimated from the
stopes of linear fits to the raw data.
Glucokinase ECsqp Assay:
(608701 For this assay, the glucose concentration was fixed at 5 mM, while the conirol or test
compound was varied over a 10-point, 3-fold dilution series and typically ranged from a high dose of
50 uM to a low dose of approximately 2.5 nM. A standard, four-parameter logistic model (Equation
1) was fit to the raw data (rate versus concentration of compound):
B4

y=A4+ (1
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008711 where % is the concentration of compound, vy is the estimated rate, A and B are the
lower and upper asymptotes, respectively, C is the ECso and D is the Hill slope. The ECy is defined
as the midpoint or inflection point between the upper and lower asymptotes.

{00872} The compounds exémpliﬁed herein have been found to have an ECsg in the range of 6
and 50,000 nM in the above described assay. Certain compounds exemplified herein have been
found to have an ECy in the range of 3nM and 5000 nM.

Glucose Sps.Assay. _ _
{00873 For this assay, the concentration of control or test compound was fixed at or near a

saturating concentration, if possible, typically 50 pM, while the glucose concentration was varied
over a 10-point, 2-fold dilution series ranging from 80 to approximately 0.16 mM. The same four-
parameter logistic model used for the ECs, assay (Equation 1) was employed to estimate the relevant
kinetic parameters. In this assay, the definitions for the variables and paraméters are similar except
that x represents the concentration of glucose, B is the rate at saturating glucose (Vy,,), C is the Sp 5 for
glucose (the concentration of glucose at Vy,/2) and D is the Hill Coefficient.

[86874] The compounds exemplified herein have been found to have an Sos of between 0.3
and 5 mM in the above described assay.

{0OBT5] 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 resorted to falling
within the scope of the invention as defined by the claims that folfow.

[00876] 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 t:hereof.
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Claims
1. A compound selected from the Formula
G
5o
Y\‘/j\ N -~ R1
H
re""
I

and salts thereof, wherein:

Lis O, S, C(=0) or CHR™;

Y is CRY;
Z is CR?;
Gis CRY; ,
R! is a heteroaryl ring represented by the formula
01—-—0\2
O,
Ez/\\N/D |
D'is S;
D?is N or CR';

D*is S, O or CR*;

R? is aryl, heteroaryl, saturated or partially unsaturated cycloalkyl, or saturated or
partially unsaturated heterocyclyl, wherein said aryl, heteroaryl, cycloalkyl and heterocyclyl are
monocyclic or bicyclic and are optionally substituted with one or more groups independently
selected from Cl-Cﬁ alkyl, C,-Cs alkenyl, C,-Cs alkynyl, saturated and partially unsaturated Cs-
Ce cycloalkyl, saturated and partially unsaturated C;-Cg heterocyclyl, aryl, heteroaryl, F, Cl, Br,
L CF;, CN, NO, OR’ C(=0)R’ C(E=O)OR’, OC(=O)R’, O(CH,),C(=O)OR’,
O(CH2),C(=O)NRR, C(=0)NRR’, NR°R”, NR°C(=O)R’, SR®, S(O)R®, and S(O%R®, and
wherein said alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl, and heteroary! are optionally
substituted with one or more groups independently selected from oxo, C;-Cg alkyl, C,-Cg
alkenyl, Co-Cs alkynyl, saturated and partially unsaturated C3;-Cg Vy-cycloalkyl, saturated and
partially unsaturated C;-Cg Vy-heterocyclyl, Vp-aryl, Vp-heteroaryl, V,-F, V-Cl, Vy-Br, V-1, V-
CFs, Va-CN, V3-OR®, Vi-C(=0)R?, V,-C(=0)OR®, V,-OC=O)R?, V,-C(=0)NR®R’, V,-NR*R’,
Va-NR3C(=0)R’, Vo-SR®, V-S(O)R?, and V,-S(O)RS,
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R’ is SR®, S(O)RS, S(0),R® or S(0)NR°R’;

R*is H;

R® and R7 are mndependently H, C;-C, alkyl, C,-C;, alkenyl, C,-Cy, alkynyl, saturated or
partially unsaturated C;-Cj; cycloalkyl, saturated or partially unsaturated C;-Ci, heterocyclyl,
Vy-aryl, or Vp-heteroaryl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl and
heteroaryl portions are optionally substituted with one or more groups independently selected
from oxo, Ci-Cs alkyl, C2-Cg alkenyl, Co-Cg alkynyl, saturated and partially unsaturated C3-Cs
cycloalkyl, saturated and partially unsaturated C;-Cg heterocycly! [optionally substituted with
C(OYO(1-6C alkyl), (1-6C)alkyl or (1-6C alkyl)OH], Vy-aryl, V,-heteroaryl, Vo-F, V,-Cl, Vo-Br,
VoL, Va-CF3, Va-CN, V,-OR?, V,-C(=0)R?, V,-C(=0)OR?, V,-OC(=0)R®, V,-C(=0)NR*R’,
V,-NRPR®, V-NREC(=O)R®, V,-SR, Vi-S(O)R®, Vi-S(O%R®, V,-S(0)NR®R®, and (Ci-Cg
alkyD)OH;

or R® and R’ together with the atoms to which they are attached form a saturated or
partially unsaturated heterocyclic ring, wherein said heterocyclic ring optionally comprises one
or more additional ring heteroatoms independently selected from N, O or S, wherein said
heterocyclic ring is optionaily substituted with one or more groups independently selected from
0x0, Vi-F, Vy-Cl, Vp-Br, Vil, Vo-OR?, V,-C(=0)OR?, V,-C(=ONR®R’, V,-NR°R’, V,-
NREC(=O)R’, V,-NR]C(=0)NR’R", C}-Cs alkyl, C,-C¢ alkenyl, and C,-Cy alkynyl;

R®, R and R'? are independently H, C;-Cg alkyl, C,-Cs alkenyl, C5-Cy alkynyl, saturated
and partially unsaturated C;-Cg¢ cycloalkyl, saturated and partially unsaturated C;-Cs
heterocyclyl, aryl or heteroaryl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl,
aryl and heteroaryl are optionally substituted with one or more groups independently selected
from oxo, Ci-Cq alkyl, C1-Cg alkenyl, CZ-C.G alkynyl, saturated and partially unsaturated Cs-Cq
cycloalkyl, saturated and partially unsaturated C;-Cg heterocyclyl, Vy-aryl, Vy-heteroaryl, V;-F,
Vy-Cl, ViBr, Vp-L, V,-OR?, Vi-NR*R®, V,-C(=0)OR?, V,-C(=0)NR*R?, and V,-NR*C(=O)R,

or R® and R’ together with the atoms to which they are attached form a saturated or
partially unsaturated heterocyclic ring, wherein said heterocyclic ring optionally comprises one
or more additional ring heteroatoms independently selected from N, O or S, wherein said
heterocyclic ring is optionally substituted with one or more groups independently selected from

OXO, CI-CG alky1, CZ-Cﬁ alkeny]-, CZ'CG alkynyi., VB-Fg Vn"cl’ \’n’Br, Vn'}., Vn'ORa, and Vn'm,
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or R’ and R together with the atoms to which they are attached form a saturated or
partially unsaturated heterocyclic ring, wherein said heterocyclic ring optionally comprises one
or more additional ring heteroatoms independently selected from N, O or S, wherein said
heterocyclic ring is optionally substituted with one or more groups independently selected from
0x0,C1-Cg alkyl, Cp-Cs alkenyl, C5-Cg alkynyl, Vo-F, V,-Cl, V;-Br, V-1, V,-OR?, and V,-CN;

R''is H;

R*? and R" are independently H, C,-Cy alkyl, C,-Cg alkenyl, Co-Cs alkynyl, saturated and
partially unsaturated C;-Cg¢ cycloalkyl, saturated and partially unsaturated C;-C¢ heterocyclyl,
CHy-heterocyclyl, aryl, heteroaryl, (1-3C  alkyDheteroaryl, (CHa)o(CR*RV)C(O)NR®R®,
(CH)o(CR*RY)C(O)NH-N=CHNR®R®, F, Cl, Br, I, CFs, CN, OR®, C(=O)R®, C(=0)OR®,
OCEO)R®, C(=0)NR'R’, NR°R’, NR°C(=0)R’, SR®, S(O)R®, S(O).R®, wherein said alkyl,
alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl and heteroaryl are optionally substituted with one
or more groups independently selected from oxo, V,-F, V,-Cl, Vy-Br, V-1, V,-CFs, V-CN, V-
OR®, V,-C(=O)OR?, V,-OC(=0)R?, V,-C(=0)NRPR®, V,-NR®*R®, V,-NR}C(=O)R®, C(O)(C-Cs
alkyl), C(O)-heterocycle [optionally substituted with O-(C;-Cy alkyl], SR?, SO,RY, SO,NRR®,
CONC-Cs  alkyDNRRY,  C(O)Ci-Cs  alkyhOR®,  C(O)CH.C(OXCi-Cs  alkyl),
C(=0)CHRENHC(=0)(C)-Cs alkyl), C(=0)CH,OC(=0)(C;-C¢ alkyl), C;-Cs alkyl, C»-Cs
alkenyl, C,-Cg alkynyl, saturated and partially unsaturated C;-Cg cycloalkyl, saturated and
partially unsaturated C,-Cg heterocyclyl, Vp-aryl, and V,-heteroaryl, wherein said heterocyclyl is
optionally substituted with one or more 0xo,

or R and R” together with the atoms to which they are attached form a saturated,
partially unsaturated or aromatic carbocyclic or heterocyclic ring, wherein said carbocyclic and
heterocyclic rings are optionally substituted with one or more groups independently selected
from C;-C¢ alkyl, Cr-Ce alkenyl, Cp-C¢ alkynyl, saturated and partially unsaturated C;-Cg
cycloalkyl, saturated and partially unsaturated C;-Cgheterocyclyl, aryl, heteroaryl, oxo, F, Cl, Br,
1, CFs, CN, OR®, C(=0)R®, C(=0)OR®, OC(=0)R®, C(=0)NR’R’, NR*R’, NR°C(=0)R’, SRS,
S(O)R®, S(0)2R® and SO,NRR’, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl,
aryl and heteroaryl are optionally substituted with one or more groups independently selected
from 0x0, Vy-F, Vy-Cl, V;4-Br, Vy-I, Vy4-CFs, V4-CN, V,-OR?, V,-C(=0)OR®, V,-OC(=0)R?, V,-
CEOINRPR’, V-NRPR?, V-NR¥C(=0)R’, C-Cy alkyl, Cp-Cy alkenyl, Cr-Cg alkynyl, saturated
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and partially unsaturated C;-Cg cycloalkyl, saturated and partially unsaturated C;-Cs
heterocyclyl, Vy-aryl, and Vy-heteroaryl;

R is H, methyl, ethyl or OH;

R® and R® are independently H, C,-Cs alkyl, C3-C¢ alkenyl, Co-Cs alkynyl, saturated and
partially unsaturated V,-C3-Cq cycloalkyl, saturated and partially unsaturated V,-Ci-Cg
heterocyclyl, Vy-aryl, or Vy-heteroaryl, wherein said alkyl, alkenyl, alkynyl, saturated or partially
unsaturated Vy-cycloalkyl, saturated or partially unsaturated Vp-heterocyclyl, Vy-aryl, and Vy-
heteroaryl are optionally substituted with one or more OH;

each R°, R® and R® is independently H or C;-Cy alkyl;

R%is H, C;-Cg alkyl or C(O)O(C;-Cy alkyl);

Rfis C;-Cs alkyl or (C;-Cg alky)NHy;

R* is H or C;-Cy alkyl;

R’ is H, C;-Cs alkyl, or -O(C,-Cy alkyl);

V is alkylene having from 1 to 12 carbons, or alkenylene or alkynylene each having from
2 to 12 carbons, wherein said alkylene, alkenylene, or alkynylene are optionally substituted with
one or more groups independently selected from C;-Cg alkyl, C,-Cs alkenyl, C,-Cs alkynyl,
saturated and partially unsaturated C;-Cs cycloalkyl, saturated and partially unsaturated C,-Cg
heterocyclyl, aryl, heteroaryl, F, Cl, Br, I, CF; cyano, OR%, C(=O)OR8, OC(=O)R8,
CEOINRUR?, NRPR®, (C,-Ci alky)NRR®, and NR*C(=0)R’; and

nisOorl.

2. The compound of claim 1, wherein:

R® and R are optionally substituted with one or more groups independently selected from
oxo, C;-Cs alkyl, Cy-C¢ alkenyl, C,-Cs alkynyl, saturated and partially unsaturated C;-Cg
cycloalkyl, saturated and partially unsaturated C;-Cg heterocycelyl, Vy-aryl, Vp-heteroaryl, V;-F,
Va-Cl, Vo-Br, VoI, Vi-CFs, Vi-CN, V,-ORE, V,-C(=0)R®, V-C(=0)OR?, V,-OC(=O)R?, V-
C(=ONR®R’, V,-NR'R’, V,-NR}CEOR’, V,-SR), V,-S(OR®, V,-S(ORLR?, and V.-
S(O),NR®R’, and

R and R are independently H, C-Cs alkyl, C,-Cy alkenyl, C,-Cy alkynyl, saturated and
partially unsaturated C;-Cq cycloalkyl, saturated and partially unsaturated C;-Cg heterocyclyl,
aryl, heteroaryl, F, Cl, Br, I, CFs, CN, OR®, C(=0)R®, C(=0)OR®, OC(=0)R®, C(=O)NR’R’,
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NR®R’, NR*C(=0)R’, SR?, S(O)R® or S(O).R®, wherein said alkyl, alkenyl, alkynyl, cycloalkyl,
heterocyclyl, aryl and heteroaryl are optionally substituted with one or more groups
independently selected from oxo, V4-F, V-Cl, V4-Br, V-1, V,-CF3, V-CN, V,-OR®, V,-
C(=0)ORS, V,-OC(=0)R?, V,-C(=0)NR®R®, V,-NR®R’, V,-NR®C(=0)R®, C;-C; alkyl, C-C
alkenyl, C,-Cy alkynyl, saturated and partially unsaturated C3-Cg cycloalkyl, saturated and
partially unsaturated C;-Cs heterocyclyl, Vy-aryl, and Vy-heteroaryl, wherein said heterocyclyl is
optionally substituted with one or more o0xo,

or R and R” together with the atoms to which they are attached form a saturated,
partially unsaturated or aromatic carbocyclic or heterocyclic ring, wherein said carbocyclic and
heterocyclic rings are optionally substituted with one or more groups independently selected
from Ci-Cg alkyl, C-Cg alkenyl, C;-Cs alkynyl, saturated and partially unsaturated C;-Cg
cycloalkyl, saturated and partially unsaturated C;-Cs heterocyclyl, aryl, heteroaryl, oxo, F, Cl, Bz,
I, CF3, CN, OR®, C(=0)RS, C(=0)OR®, OC(=0)R®, C(=0)NR°R”, NR’R”, NR*C(=0)R’, SR®,
S(O)R, S(O),R® and SO,NRCR’, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl,
aryl and heteroaryl are optionally substituted with one or more groups independently selected
from ox0, Vy-F, Vy-Cl, V-Br, V-1, V-CF3, V,-CN, V,-OR®, V,-C(=0)OR?, V,-OC(=0)RE, V-
C=ONRPR’, V-NR*R®, V-NR]C(=0)R’, C-Cg alkyl, C,-Cs alkenyl, C,-Cs alkynyl, saturated
and partially unsaturated C;-Cs cycloalkyl, saturated and partially unsaturated C,-Cs
heterocyclyl, Vy-aryl, and Vy-heteroaryl.

3. The compound of claim 1 wherein R’ is selected from:
RZO
R‘i2 S N"“
5 \ /TR S—N
/Q\i 13 E/Q\N //\\ >\ 13
BONR , R N R

wherein R% is H, C,-Cs alkyl, Co-Cs alkenyl, C,-Cs alkynyl, saturated and partially
unsaturated C3-Cs cycloalkyl, saturated and partially unsaturated C;-Cg heterocyclyl, aryl,
heteroaryl, oxo, F, Cl, Br, I, CF;, CN, OR®, C(=0)R®, C(=0)OR®, OC(=0)R®, C(=0)NRR’,
NRR’, NR°C(=0)R’, SR®, S(O)R®, S(O),R® and SO,NR°R’, wherein said alkyl, alkenyl,
alkynyl, cycloalkyl, heterocyclyl, aryl and heteroaryl are optionally substituted with one or more
groups independently selected from oxo, Vo-F, V-Cl, V-Br, V-1, Vo-CF;, V,-CN, V,,-ORS, V-
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C(=0)OR?, V,-0C(=0)R®, V,-C(=FONR*R®, V,-NR*R®, V,-NR8C(=O)R®, C;-Cs alkyl, C-Cs
alkenyl, C;-Cs alkynyl, saturated and partially unsaturated Cs;-Cg cycloalkyl, saturated and
partially unsaturated C;-C¢heterocyclyl, Vy-aryl, and Vy-heteroaryl.

4, The compound of claim 3, wherein R* is H.
5. The compound of claim 1, having the Formula Ia
R3\(§ 5
N SR
i \
YY/J\ J\\ >\ R3
N N
H
R? L
Ia
wherein:
Lis O, S, or CHy;
Y is CH; -
D?is N or CR™;

R? is aryl, heteréaryl, saturated or partially unsaturated cycloalkyl, or saturated or
partially unsaturated heterocyclyl, wherein said aryl, heteroaryl, cycloalkyl and heterocyclyl are
monocyclic or bicyclic and are optionally substituted with one or more groups independently
selected from C,-Cs alkyl, (C;-Cs alkyl)OH, C;-Cg heterocyelyl, F, Cl, Br, CFs, CN, NO,, ORS,
C(=0)R®, C(=0)OR®, C(=0)NR’R’, S(O),R®, C(O)CH,NH,, and C(O)CH,NR*R’,

R®is SR

R and R’ are independently H, C,-Cy, alkyl, saturated or partially unsaturated Ca-Cyp
cycloalkyl, saturated or partially unsaturated C;-Cy; heterocyclyl, Vy-aryl, or Vy-heteroaryl,
wherein said alkyl, cycloalkyl, heterocyclyl, aryl and heteroaryl portions are optionally
substituted with one or more groups independently selected from C;-Cg alkyl, saturated and
partially unsaturated C;-Cg heterocyclyl [optionally substituted with C(O)O(C;-Cs alkyl) or (Cy-
Cs alkyl)OH], aryl, heteroaryl, CF3 F, Cl, Br, I, CN, OR®, C(=0)R?, C(=0)OR?, C(=O)NR®R’,
NR®R®, NR¥C(=0)R® or (C;-C alkyl)OH,

or R® and R together with the atoms to which they are attached form a saturated or
partially unsaturated heterocyclic ring, wherein said heterocyclic ring optionally comprises one

or more additional ring heteroatoms independently selected from N, O or S;
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R, R® and R are independently H, C;-Cy alkyl, or saturated and partially unsaturated
C;1-Cg heterocyelyl, wherein said alkyl and heterocyclyl are optionally substituted with one or
more groups independently selected from C;-Cy alkyl, saturated and partially unsaturated C;-Cs
heterocyelyl, OR?, NR*R, C(=0)OR?® and C(=0)NR’R",

or R® and R’ together with the atoms to which they are attached form a saturated or
partially unsaturated heterocyclic ring;

or R’ and R'? together with the atoms to which they are attached form a saturated or
partially unsaturated heterocyclic ring;

R"7 is H or C;-Cg alkyl;

R" is H, C;-Cg alkyl, C5-Cs alkenyl, C,-C alkynyl, saturated and partially unsaturated
C3-Cg cycloalkyl, saturated and partially unsaturated C;-Cg heterocyclyl, CHj-heterocyclyl, aryl,
heteroaryl, (1-3C alkyl)heteroaryl, or (CHZ)H(CR"Ry)C(O)NRSRg, wherein said alkyl, alkenyl,
alkynyl, cycloalkyl, CH;-heterocyclyl, heterocyclyl, aryl, heteroaryl and (1-3C alkyl)heteroaryl
are optionally substituted with one or more groups independently selected from oxo, F, Cl, CF,
CN, OR®, C(=0)OR?, C(=ONR®R?, NR*R®, C(O)(C1-Cs alkyl), C(O)-heterocycle [optionally
substituted with 0-(C;-Cs alkyl) or oxo], SR?, SO,R’, SO,NRR®, C(O)C;-Cq alkyl)NR°RY,
C(OXC;-Cs alkyl)OR®, C(O)YCHC(O)Ci-Cs alkyl), C,-C¢ alkyl, saturated and partially
unsaturated C;-Cg heterocycle (optionally substituted with oxo) and aryl;

or R'? and R" together with the atoms to which they are attached form a heteroaryl ring;

R* and R® are independently H, C,-Cs alkyl, or saturated or partially unsaturated C,-Cg
heterocyclyl;

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

R%is H, C;-Cs alkyl or C(O)O(C;-Cy alkyl);

R is C;-Cs alkyl or (Ci-Cg alkyD)NHy;

V is alkylene having from 1 to 4 carbons, or alkenylene having from 2 to 4 carbons,
wherein said alkylene and alkenylene are optionally substituted with C;-Cg alkyl, O(C,-Cy alkyl),
or (C1-C¢ alkyl)NRR®; and

nisOorl.
6. The compound of claim 1, wherein R is H.

7. The compound of claim 1, wherein R is selected from H, C;-Cs alkyl, chloro(Cy-
Cs alkyl), CFs, (3-6C)cycloalkyl, (C;-Cg alkyl)CN, (Ci-Cs alkyl)COzRS, (C;-Cg alkyl)SR? (C;-
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Cg alkyl)SO,R’, (C1-Cs alkyl)aryl, (C;-Cs alkyl)ORS, (C,-Cg alkyl)NR®R,
(CH2)u(CR*RMC(OINRR?, (CH2)o(CR*RY)C(O)NH-N=CHNR®R®, (C;-Cs alky))C(O)-
heterocyclyl, aryl, heteroaryl, {C;-C; alkyDhetAr!, CHy(CR*RHC(O)ORS,
CH,(CR™R")C(O)heterocyclyl [optionally substituted with one or two groups selected from O-
(Cy-Cs alkyl) and oxo], CH,CH(CO,H)-CH,CH,NHR®, hetCyc! and CH,hetCyc?, wherein:

R* and R’ are independently H, methyl or OMe,

nisCorl,

hetCyc' is a saturated and partially unsaturated C,-Cg heterocyclic ring optionally
substituted with one or more groups independently selected from C;-Cs alkyl, C(0)(C;-Cs alkyl),
(Cs-Cs alky)OH, C(O)O(Cyi-Cs alkyl), C(O)Ci-Cs alkyh)NRR?, C(O)C,-Cs alkyl)ORS,
C(O)CH,C(0)(C,-Cy alkyl), C(O)NR®R®, SONRRE, SO.RE, C(=0)CHRENHC(=0)(C;-Cy alkyl)
and C(=0)CH,0C(=0)(C-Cs alkyl),

hetCyc® is a heterocyclic ring optionally substituted with one or more groups

‘independenﬂy selected from C,;-Cs alkyl, C(O)(C;-Cy alkyl), C(O)YO(C-Cg alkyl), and oxo, and

hetAr' is a heteroaryl ring optionally substituted with C;-Cg alkyl, OH or CF;.

8. The compound of claim 1, wherein R%is:

(i) pheny! optionally substituted with one or more groups independently selected from F,
Cl, Br, CN, CF;, C;-Cs alkyl, NO,y, SO»(C;-Cs alkyl), OH, O(C;-Cs alkyl), CO,H, CO»(C;-Cg
alkyl), C(O) saturated and partially unsaturated C;-Ci, hetercyclyl [optionally substituted with
C;-Cg alkyl), saturated and partially unsaturated C,-Cs heterocyclyl and C(O)NR®R”;

(i1) a 5-6 membered heteroaryl ring having 1-2 nitrogen atoms;

(i) a 9-10 membered bicyclic heteroaryl ring having a having 1 to 2 ring atoms
independently selected from N and S;

(iv) a 5 membered saturated and partially unsaturated heterocyclic ring having at least
on¢ mitrogen atom, wherein the heterocyclic ring is optionally substituted with CO,-(C-Cs
alkyl), C(O)NH(C;-Cs alkyl), C(O)CHoN(C-Cg alkyl),, C(O)Ci-Cq alkyl)CO.H, or SO,-
(heteroaryl); or

(v) a 5-6 membered saturated or partially unsaturated cycloalkyl ring.

9. The compound of claim 1, wherein R® is SR®.

10.  The compound of claim 1, wherein R® is:
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(i) S-Vy-aryl wherein n is 0, and aryl is phenyl optionally substituted with one or two
groups independently selected from Cl, OH, CN, CFs;, COH, O(C;-Cs alkyl), O(Ci-Cs
alkyl)CO.H, O(C-Cq alkyI)NRaRb, or O(Cy-Cs alkyl)- saturated and partially unsaturated C;-Cg
heterocycle;

(ii) S-Vy-aryl wherein n is 1, V is alkylene optionally substituted with CH,CH,NR°R’,
and ary! is phenyl optionally substituted with F, Cl, or O(C,-C¢ alkyl);

(iii) S-Vy-heteroaryl wherein n is 1, V is C,-Cg alkylene optionally substituted with C;-Ce
alkyl, and heteroaryl is a 5-6 membered ring having 1-2 atoms independently selected from N, S
and O;

(iv) S-Vy-heteroaryl wherein n is 1, V is C;-Cq alkylene, and heteroaryl is a 10-membered
bicyclic heteroaryl having at least one nitrogen;

(v) SR® wherein R® is V,-heteroaryl, n is 0, and the heteroaryl group is a 9-10 membered
bicyclic heteroaromatic ring having 2-3 atoms independently selected from N, S and O, and
optionally substituted with one or two groups independently selected from I, Br, C;-C¢ alkyl and
CO,H;

(vi) S-Vy-hetercaryl wherein n is 0, and heteroaryl is a 5-6 membered ring having 1-4
atoms independently selected from N and S and optionally substituted with one or two groups
independently selected from Cl, CN, Ci-Cq alkyl, O~(C-C alkyl), (C;-Cq alkyl)l\ERgR9 , (C-Cy
alkyl)CN, C(=0)O(C,-Cs alkyl), and CFs;

(vi)) S-CHR®R® wherein R® is piperidinyl (optionally substituted with C;-Cg alkyl,
CO,~(C;-Cy alkyl) or (C;-Cg alkyl)OH) or a structure having the formula

R® is pyridyl, pyrimidyl, C(O)O(Cy-Cs alkyl), (C;-Cs alkyl)OH, C(OYNH(C,-Cy alkyl),
C(O)NH-heterocycle, or (C;-Cq alkyl);

(viii) S- saturated and partially unsaturated C3-Cy, cycloalkyl,

(ix) S- saturated and partially unsaturated C;-C;, heterocyclyl which 1s optionally

substituted with oxo;
(x) S-(C;-Cs alky)C(O)OR?; or
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(xi) S-CHxC(O)- saturated and partially unsaturated C,;-Cg heterocycle, S-CH,C(O)-
NR® (C-Cq a}kyi)NRaRb -CHZC(O)NRg(Cl-C.s alkyl)- saturated and pamally unsaturated Cq-
Ce heterocycle, or $- (C;-Cg alky)NR®R®.

5 11. A composition comprising a compound of claim 1 and a pharmaceutically

acceptable diluent or carrier.

12. A method of preparing a compound of claim 1, said method comprising:

(2) reacting a compound of the formula

10 RA"
with a compound of the formula R'NH; in the presence of a base catalyst or metal catalyst; or

(b) reacting a compound of the formula

H
N F
\H\NHZ

re't

with a compound of the formula R'-X, wherein X is Cl or Br, in the presence of a base catalyst
15 or metal catalyst; or

(c) for a compound of Formula I wherein R' is

R12

reacting a compound of the formula



10

271

/G\

g N os
Yoz
Ao
. H

RZ

with a compound of the formula R®*COCHR"X, wherein X is a leaving group, in the presence of

a base; or

(d) for a compound of Formula I wherein R' is
&
?QL/Q\'N)\RW

reacting a compound of the formula

with a compound having the formula

where R' is C;-Cq.alkyl or aryl optionally substituted with C;-Cs alkyl, in the presence of a base;

or

(e) for a compound of Formula I wherein Z is CR® and R® is SR®, reacting a

corresponding compound having the formula



with a compound having the formula R®X wherein X is a leaving group or atom in the presence

of a base; or

(f) for a compound of Formula I wherein R' is

SN
5 %‘—%\/K/\)—R

reacting a corresponding compound having the formula

Br cN
\j( \N
Yo =
R%

L

2

with a compound having the formula

Cli N
- }.,._RZO
i
N N
o~
~C
S/

10  atelevated temperatures; or

g) for a compound of Formula ¥ wherein Z is CR®, reacting a corresponding compound

having the formula
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wherein X* is a leaving group or atom (e.g., a halogen such as Br, Cl or I,) with a compound
having the formula R*-X® wherein X" is a leaving group or atom, in the presence of a suitable

base; or

h) for a compound of Formula I wherein Z is C-SR® and RCis alkyl, CHj-aryl, heteroaryl,
or aryl and wherein said R® groups are optionally substituted, reacting a corresponding

compound having the formula

with a compound having the formula R®X° wherein X° is a leaving group or atom, in the

presence of a suitable base; or

i) for a compound of Formula I wherein L is O, reacting a corresponding compound

having the formula

with a compound having the formula R*-X*, wherein X% is a leaving group or atom, in the

presence of a base, or in the presence of a copper or palladium catalyst; or

j) for a compound of Formula I wherein L is O or S, reacting a corresponding compound

having the formula

wherein X° is a leaving group or atom with a compound having the formula R*LH wherein L is

O or S, respectively; in the presence of a palladium catalyst and a suitable base; or
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k) for a compound of Formula I wherein L is CH,, reacting a corresponding compound

having the formula

wherein X' is a leaving group or atom (e.g., Cl, Br, I, OTf or acetyloxy) in the presence of an
organozine compound having the formula R*-Zn-X® wherein X2 is a halide, and a nickel or

palladium catalyst; and
removing any protecting group or groups and, if desired, forming a salt.
13. The compound of claim 1, wherein R?is selected from the structures:

CF 5

% % .

o o O O
2, %,
?/@Br FgMe.

14,  The compound of claim ! wherein RS is phenyl optionally substituted with one or two
groups independently selected from CN, CFs, and —-O(C;-Cy alkyl).

15. The compound of claim 14, wherein R® is selected from the structures:

CF,
NC NC NG @ .
16.  The compound of claim 1 wherein R® is a 5-6 membered heteroaryl ring having 1-2

nitrogen atoms optionally substituted with one or two groups independently selected from Cl,

CN, -O(C;-Cg alkyl), C(=0)O(C;-C alkyl), and CFs.
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17. The compound of claim 16, wherein R® is selected from the structures:

NC N

Z Sw
e al 84 N S.
CFg N Ny x

N«_-S MeO 8
e e i
XN NG Xy x Y

18.  The compound of claim 1 wherein R® is a 9-10 membered bicyclic heteroaromatic ring
having 2-3 atoms independently selected from N, S and O (provided the ring does not contain an
0-0O bond) and is optionally substituted with one or two groups independently selected from Br,
Cl, and C,-Cg alkyl).

19. The compound of claim 18, wherein R is selected from the structures:

IS Q
M L
Ny IS
N = \555 [ S\sé
N. =~ Br

N/N

20. A compound selected from the group consisting of:
N-(4-methylthiazol-2-yl1)-3-phenoxy-5-(phenylthio)pyridin-2-amine;

methyl 3-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)propanoate;
N-(5-(cyclohexylthio)-3-phenoxypyridin-2-yl)-4-methylthiazol-2-amine;
N-(5-(benzylthio)-3-phenoxypyridin-2-yl)-4-methylithiazol-2-amine;
4-methyl-N-(3-phenoxy-5-(pyridin-2-ylmethylthio)pyridin-2-yl)thiazol-2 -amine;
4-methyl-N-(3-phenoxy-5-(piperidin-4-ylmethylthio)pyridin-2-yl)thiazol-2-amine;
5-(2-methoxybenzylthio)}-N-(4-methylthiazol-2-y1}-3-phenoxypyridin-2-amine;
5-(4-methoxybenzylthio)-N-(4-methylthiazol-2-yl)-3-phenoxypyridin-2-amine;
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5-(2-chlorobenzyithio)-N-(4-methylthiazol-2-yl)-3-phenoxypyridin-2-amine;
N-(4-methylthiazol-2-yl)-3-phenoxy-5-(1-(pyridin-2-yi)ethyithio)pyridin-2-amine;
5-(3-methoxybenzylthio)-N-(4-methylthiazol-2-y1}-3-phenoxypyridin-2-amine;
5-(3-(dimethylamino)propylthio)-N-(4-methylthiazol-2-yl)-3-phenoxypyridin-2-amine;
N-(3-(2-chlorophenyithio)-5-(phenylthio)pyridin-2-yl1)-4-methylthiazol-2-amine;

methyl 3-(5-(2-chlorophenylthio}-6-(4-methylthiazol-2-ylamino)pyridin-3-ylthio)propanoate;
N-(3-(2-chlorophenyithio)-5-(1-(pyridin-2-yl)ethylthio)pyridin-2-yl)-4-methylthiazol-2-amine;
N-(3-(2-chlorophenylthic)-5-(piperidin-4-ylmethylthio)pyridin-2-yl)-4-methylthiazol-2-amine;
N-(3-(2-chlorophenylthio)-5-(3-(dimethylamino)propylthio)pyridin-2-yl)}-4-methylthiazol-2-
amine; ‘ » _

N-(5-(2 ~ch10ropheﬁylﬂ1io)-3-phenoxyp yridin-2-yl)-4-methylthiazol-2-amine;
N-(5-(3-chlorophenylthio)-3-phenoxypyridin-2-yl)-4-methylthiazo}-2-amine;
N-(5-(2-methoxyphenylthio)-3-phenoxypyridin-2-yl)-4-methylthiazol-2 -amine;
N-(5-(3-methoxyphenylthio)-3-phenoxypyridin-2-y1)-4-methylthiazol-2-amine;
3-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)phenol;
2-(3~(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)phenoxy)acetic acid;
4-methyl-N-(3-phenoxy-5-(3-(2-(piperidin-1-yl)ethoxy)phenylthio)pyridin-2-yl)thiazol-2-amine;
N-(5-(3-(3-(dimethylamino)propoxy)phenylthio)-3-phenoxypyridin-2-yl)-4-methylthiazol-2-
amine;

5-(2-fluorobenzylthio)-N-(4-methylthiazol-2-yl)-3-phenoxypyridin-2-amine;
N-(4-methylthiazol-2-yl)-3-phenoxy-5-(1-(pyridin-2-yhpropylthio)pyridin-2-amine;
2-((6~(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)methyl)pyridin-3-ol;
3-(2-(3-phenoxy-5-(1-(pyridin-2-yl)ethylthio)pyridin-2-ylamino)thiazol-4-yl)propanoic acid;
4-chloro-3-(2-(4-methylthiazol-2-ylamino)- 5-(phenylthio)pyridin-3-yloxy)benzoic acid;
4-chloro-N-(2-(dimethylamino)ethyl}-3-(2~(4-methvlthiazol-2-ylamino)-5-(phenylthio)pyridin-3-
yloxy)benzamide;
4-chloro-3-(2-(4-methylthiazol-2-ylamino)- 5-(1-(pyridin-2-yl)ethylthio)pyridin-3-yloxy)benzoic
acid;
4-chloro-N-(2-(dimethylamino)ethyl)-3-(2-(4-methylthiazol-2-ylamino)-5-(1-(pyridin-2-
yDethylthio)pyridin-3-yloxy)benzamide;
N-(5-(2-chlorophenylthio)-3-phenoxypyridin-2-yl)-4-methylthiazol-2-amine;
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N-(5-(3-chlorophenylthio)-3-phenoxypyridin-2-yl)-4-methylthiazol-2-amine;
N-(5-(2-methoxyphenylthio)-3-phenoxypyridin-2-y1)-4-methylthiazol-2-amine;
N-(5-(3-methoxyphenylthio)-3-phenoxypyridin-2 -yl}-4-methylthiazol-2-amine;

methyl 3-(5-(2-chlorophenylthio}-6-(4-methylthiazol-2-ylamino)pyridin-3-ylthio)propanoate;
N-(5-(2,5-dimethoxyphenylthio)-3-phenoxypyridin-2-y1)-4-methylthiazol-2-amine;
N-(5-(2,5-dichlorophenylthio)-3-phenoxypyridin-2-yl)-4-methylthiazol-2-amine;
N-(5-(2,5-dimethylphenylthio)-3-phenoxypyridin-2-y1)-4-methylthiazol-2-amine;
N-(5-(1-(2-(dimethylamino)ethyl)- 1 H-tetrazol-5-ylthio)-3-phenoxypyridin-2-yl)-4-
methylthiazol-2-amine;

4-methyl-N-(5-(4-methyl-4H-1,2 4-triazol-3-ylthio)-3-phenoxypyridin-2-yithiazol-2-amine;
3-(2-chlorophenylthio)-N-(4-methylthiazol-2-yl)-5-(phenylthio)pyridin-2-amine;
N-(5-([1,2,4]triazolo[4,3-a]pyridin-3-ylthio)-3-phenoxypyridin-2-yl)-4-methylthiazol-2-amine;
2-(4-methyl-5-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)-4H-1,2,4-triazol-3-
yl)acetonitrile;

methyl 3-(6~(4-phenethylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)propanoate;

methyl 3-(6-(4-(1-methylpiperidin-4-yl)thiazol-2-ylamino)-5-phenoxypyridin-3-
ylthio)propanoate;

methyl 3-(5-(4-fluorophenoxy)-6-(4-phenethylthiazol-2-ylamino)pyridin-3-ylthio)propanoate;
methyl 3-(5-(2-chiorophenylthio)-6-(4-methylthiazol-2-ylamino)pyridin-3-yithio)propanoate;
methyl 3-(6-(4-methylthiazol-2-ylamino)-5-(phenylthio)pyridin-3-ylthio)propanoate;

tert-butyl 4-(5-(3-(4-fluorophenoxy)-5-(3-methoxy-3-oxopropylthio)pyridin-2-ylamino)-1,2,4-
thiadiazol-3-yl)piperidine-1-carboxylate;

tert-butyl 4-((5-(3-(4-fluorophenoxy)-5-(3-methoxy-3-oxopropylthio)pyridin-2-ylamino)-1,2,4-
thiadiazol-3-yl)methyl)piperidine-1-carboxylate;
N-(3-(2-chlorophenylthio)-5-(1-(pyridin-2-yl)ethylthio)pyridin-2-yl)-4-methylthiazol-2-amine;
N-(3-(2-chlorophenylthio)-5-(piperidin-4-yimethylthio)pyridin-2-yl)-4-methylthiazol-2-amine;
N-(3-(2-chlorophenylthio)-5-(3-(dimethylamino)propylthio)pyridin-2-y1)-4-methylthiazol-2-
amine;

4-phenethyl-N-(3-phenoxy-5-(piperidin-4-ylmethylthio)pyridin-2-yl)thiazol-2-amine;
3-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)phenol;
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4-methyl-N-(3-phenoxy-5-(3-(2-(piperidin-1-yl)ethoxy)phenylthio)pyridin-2-yl)thiazol-2-amine;
2-(3-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)phenoxy)acetic acid;
N-(5-(3-(3-(dimethylamino)propoxy)phenylthio)-3-phenox ypyridin-2-yl)-4-methylthiazol-2-
amine; :
4-methyl-N-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-yl)thiazol-2-amine;
4-methyl-N-(3-phenoxy-5-(pyridin-4-ylthio)pyridin-2-yl)thiazol-2-amine;
4-methyl-N-(3-phenoxy-5-(pyrimidin-2-ylthio)pyridin-2-yl)thiazol-2-amine;
4-methyl-N~(5-(6-methylpyridin-2-ylithio)-3-phenoxypyridin-2-yl)thiazol-2-amine;
4-methyl-N-(5-(4-methylthiazol-2-ylthio)-3-phenoxypyridin-2-yl)thiazol-2-amine;
N-(3-(2-chlorophenylthio)-5-(pyridin-4-ylthio)pyridin-2-yl)-4-methylthiazol-2-amine;
4-(1—methylpipeﬂdin~4«yl)—N»(3~phen0xy~'5w(phenyithio)pyridin—Z-yl)ﬂﬁazol-L;-amine;
N-(3,5-bis(phenylthio)pyridin-2-yl)-4-methylthiazol-2-amine;
4-methyl-N-(3-(phenylthio)-5-(pyridin-2-ylthio)pyridin-2-ylthiazol-2-amine;
3-methyl-N-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-y1)-1,2,4-thiadiazol-5-amine;
N-(5-(4-methoxyphenylthio)-3-phenoxypyridin-2-yl}-3-methyl-1,2,4-thiadiazol-5-amine;
N-(3-(4-fluorophenoxy)-5-(pyridin-2-ylthio)pyridin-2-yl}-3-isobutyl-1,2,4-thiadiazol-5-amine;
5-(2-chloropyridin-4-ylthio)-N-(4-methylthiazol-2-y1)-3-phenoxypyridin-2-amine;
N-(5-(2-chloropyrimidin-4-ylthio)-3-phenoxypyridin-2-y1)-4-methylthiazol-2-amine;
5-(4,6-dimethylpyrimidin-2-ylthio)-N-(4-methylthiazol-2-yl)-3-phenoxypyridin-2-amine;
N-(5-(4,6-dimethoxypyrimidin-2-ylthio)-3-phenoxypyridin-2-yl)-4-methylthiazol-2-amine;
5-(4-methoxypyrimidin-2-ylthio)-N-(4-methylthiazol-2-yl)-3-phenoxypyridin-2-amine;
N-(4-methylthiazol-2-yl)-3-phenoxy-5-(thieno[3,2-blpyridin-7-ylthio)pyridin-2-amine;
4-methyl-N-(5-(3-methylisoxazolo[5,4-b]pyridin-4-ylthio)-3-phenoxypyridin-2-yl)thiazol-2-
amine;
N-(5-(2-(methoxymethyl)pyrimidin-4-ylthio)-3-phenoxypyridin-2-yl)-4-methylthiazol-2-amine;
4-phenethyl-N-(3-phenoxy-5-(thienof3,2-bpyridin-7-ylthio)pyridin-2-yi)thiazol-2-amine;
N-(5-(3-methylisoxazolo{5,4-b]pyridin-4-yithio)-3-phenoxypyridin-2-yl)-4-phenethylthiazol-2-
amine;

N-~(5-(5-methylpyrazolo[ 1,5-a]pyrimidin-7-ylthio)-3-phenoxypyridin-2-y1)-4-phenethylthiazol-
2-amine;

4-phenethyl-N-(3-phenoxy-5-(thieno[3,2-d]pyrimidin-4-ylthio)pyridin-2-yl)thiazol-2-amine;
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4-methyi-N-(5-(5-methylpyrazolo[1,5-a]pyrimidin-7-ylthio)-3-phenoxypyridin-2-yl)thiazol-2-
amine;
4-methyl-N-(3-phenoxy-5-(thieno[3,2-d]pyrimidin-4-ylthio)pyridin-2-yl)thiazol-2-amine;
4-(1-methylpiperidin-4-y1)-N-(3-phenoxy-5-(thieno[3,2-b Jpyridin-7-ylthio)pyridin-2-yl)thiazol-
2-amine;

N-(5-(3-methylisoxazolo[5,4-b]pyridin-4-ylthio)- 3-phenox ypyridin-2-yl)-4-(1-methylpiperidin-
4-yhthiazol-2-amine;
N-(5-(2-iodothieno[3,2-blpyridin-7-ylthio)-3-phenoxypyridin-2-yl)-4-methylthiazol-2-amine;
4-methyl-N-(5-(2-methylthieno[3,2-blpyridin-7-ylthio)-3-phenoxypyridin-2-yi)thiazol-2-amine;
N-(5-(2-methylthieno[ 3,2-b]pyridin-7-ylthio)-3-phenoxypyridin-2-yl)-4-phenethylthiazol-2-
amine;

N-(5-(2,5-dimethylpyrazolo[1,5-a)pyrimidin-7-ylthio)-3-phenoxypyridin-2-yl)-4-
phenethylthiazol-2-amine;

N-(3-(4-fluorophenoxy)-5-(thieno{3,2-blpyridin-7-ylthio )p yridin-2-yl)-4-phenethyithiazol-2-
amine;

N-(3-(4-fluorophenoxy)-5-(3-methylisoxazolo[5,4-bIpyridin-4-yithio)pyridin-2-yl)-4-
phenethylthiazol-2-amine;
N-(3-(4-fluorophenoxy)-5~(5-methylpyrazolo[1,5-a]pyrimidin-7-yithio)pyridin-2-y1)-4-
phenethylthiazol-2-amine;
N-(5-(2,5-dimethylpyrazolo[1,5-alpyrimidin-7-ylthio)-3-(4-fluorophenoxy)pyridin-2-yl)-4-
phenethylthiazol-2-amine;
N-(3-(4-fluorophenoxy)-5~(2-methylthieno[3,2-bpyridin-7-yithio)pyridin-2-y1)-4-
phenethylthiazol-2-amine;
4-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)benzonitrile;
N-(3-(2-chlorophenylthio}-5-(thieno{3,2-blpyridin-7-ylthio)pyridin-2-y!)-4-methylthiazol-2-
amine;

4-(5-phenoxy-6-(4-(piperidin-4-yl)jthiazol-2-ylamino)pyridin-3-ylthio)benzonitrile;
N-(5-(furo[3,2-clpyridin-4-ylthio}-3-phenoxypyridin-2-yl}-4-methylthiazol-2-amine;
N-(3-(2-iodothieno[3,2-b]pyridin-7-ylthio)-3-phenox ypyridin-2-yl)-4-(piperidin-4-yl)thiazol-2-
amine;

4-methyl-N-(3-(phenylthio)-5-(thienof3,2-b]pyridin-7-yithio)pyridin-2-yi)thiazol-2-amine;



10

15

20

25

30

280

4-methyl-N-(5-(3-methylisoxazolo[5,4-b]pyridin-4-ylthio)-3-(phenylthio)pyridin-2-yl)thiazol-2-
amine;

4-(6-(4-methylthiazol-2-ylamino)-5-(phenylthio)pyridin-3-ylthio)benzonitrile;
4-methyl-N-(3~(phenylthio)-5-(5,6,7,8-tetrahydropyrido[4,3-d Jpyrimidin-4-ylthio)pyridin-2-
yl)thiazol-2-amine;

tert-butyl 4-(5-(3-(4-fluorophenoxy)-5-(thieno[3,2-blpyridin-7-yithio)pyridin-2-ylamino)-1,2,4-
thiadiazol-3-yl)piperidine-1-carboxylate;

N-(4-cyclopropylthiazol-2-yl)-3-phenoxy- 5-(pyridin-4-ylthio)pyridin-2-amine;
4-isobutyl-N-(3-phenoxy-5-(pyridin-4-ylthio)pyridin-2-yl)thiazol-2-amine;
4-cyclohexyl-N-(3-phenoxy-5-(pyridin-4-ylthio)pyridin-2-yl)thiazol-2-amine;
N-(3-phen0xy—5-(pyridin~4—ylthio)pyridin«2 -yl)-4-(trifluoromethyl) thiazol-2-amine;

methyl 3-(2-(3-phenoxy-5-(pyridin-4-ylthio)pyridin-2-ylamino)thiazol-4-yl)propanoate;
N-(3-phenoxy-5-(pyridin-4-ylthio)pyridin-2-yl)-4-(pyridin-2-yl)thiazol-2-amine;
N-(3-phenoxy-5-(pyridin-4-ylthio)pyridin-2-yl)-4-phenylthiazol-2-amine;
N-(3-phenoxy-5-(pyridin-4-ylthio)pyridin-2-yl)-4-(thiophen-3-yl)thiazol-2-amine;
4-phenethyl-N-(3-phenoxy-5-(pyridin-4-yithio)pyridin-2-yl)thiazol-2-amine;
4-ethyl-N-(3-phenoxy-5-(pyridin-4-ylthio)pyridin-2-yl)thiazol-2-amine;
N-(3-phenoxy-5-(pyridin-4-ylthio)pyridin-2-yljthiazol-2-amine;
4-isopropyl-N-(3-phenoxy-5-(pyridin-4-ylthio)pyridin-2-yl)thiazol-2-amine;
N-(5-(2-chloro-5-methoxyphenylthio)-3-phenoxypyridin-2-yl)-4-methylthiazol-2-amine;
(R)-4-methyl-N-(5-(5-methyl-6,7-dihydro-5H-cyclopentald Jpyrimidin-4-ylthio)-3-
phenoxypyridin-2-yl)thiazol-2-amine;
3-(2~(3-phenoxy-5-(pyridin-4-ylthio)pyridin-2-ylamino)thiazol-4-yl)propanoic acid;
N-(5-(3,5-dimethylisoxazolo[4,5-b]pyridin-7-ylthio)-3-phenoxypyridin-2-yl)}-4-methylthiazol-2-
amine;
1-(4-(2-(3-phenoxy-5-(thieno[3,2-bpyridin-7-ylthio)pyridin-2-ylamino)thiazol-4-yl)piperidin-1 -
yl)ethanone;
1-(4~(5-(3-phenoxy-5-(thieno[3,2-blpyridin-7-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-
yl)piperidin-1-yi)ethanone; '
1-(4-(5-(3~(phenylthio)-5-(thieno{3,2-blpyridin-7-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-
yl)piperidin-1-yl)ethanone;
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1-(4-(2-(3-(phenylthio)-3-(pyridin-2-ylthio)pyridin-2-ylamino)thiazol-4-yDpiperidin-1-
yl)ethanone;

methyl 4-(2-(3-(phenylthio)-5-(pyridin-2-ylthio)pyridin-2-ylamino)thiazol-4-yl)piperidine-1-
carboxylate;
1-(4~(2-(3-(phenylthio)-5-(thieno{3,2-blpyridin-7-ylthio)pyridin-2-ylamino)thiazol-4-
yl)piperidin-1-yl)ethanone;
4-(1-(methylsulfonyl)piperidin-4-yl)-N-(3-(phenylthio)-5-(thieno[3,2-bpyridin-7-ylthio)pyridin-
2-ylythiazol-2-amine;
2-(dimethylamino)-1~(4-(2-(3-(phenylthio)-5-(thieno[3,2-bIpyridin-7-ylthio)pyridin-2-
ylamino)thiazol-4-yl)piperidin-1-yl)ethanone;
1-(4-(5-(3-(4-fluorophenoxy)-5-(S-methylpyrazolo[1,5-a]pyrimidin-7-yithio)pyridin-2-ylamino)-
1,2,4-thiadiazol-3-yl)piperidin-1-yl)ethanone;
1-(4-(5-(3~(4-fluorophenoxy)-5-(thieno[3,2-blpyridin-7-ylthio)pyridin-2-ylamino)-1,2 4-
thiadiazol-3-yl)piperidin-1-yl)ethanone;

N-(3-(4-fluorophenoxy)-5-(thieno[ 3,2-bIpyridin-7-ylthio)pyridin-2-yl)-3-(1-
(methylsulfonyl)piperidin-4-yi)-1,2,4-thiadiazol-5-amine;
2-(dimethylamino)-1-(4-(5-(3-(4-fluorophenoxy)-5-(thieno{3,2-b]pyridin-7-ylthio)pyridin-2-
ylamino)-1,2,4-thiadiazol-3-yl)piperidin-1-yl)ethanone;
3-(phenylthio)-N-(3-(piperidin-4-yl)-1,2,4-thiadiazol-5-yl)-5-(thieno[ 3,2-bpyridin-7-
ylthio)pyridin-2-amine;
N-(3-(phenyithio)-5-(pyridin-2-yithio)pyridin-2-yl)-4-(piperidin-4-yl)thiazol-2 -amine;

tert-butyl 4-(2-(3-(phenylthio)-5-(thieno[3,2-b]pyridin-7-ylthio)pyridin-2-ylamino)thiazol-4-
vl)piperidine-1-carboxylate;

tert-butyl 4-(5-(3-(4-fluorophenoxy)-5-(5-methylpyrazolo[ 1,5-a]pyrimidin-7-ylthio)pyridin-2-
ylamino)-1,2,4-thiadiazol-3-yl)piperidine-1-carboxylate;

sodium 4-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-yithio)benzoate;
3-methyl-7-(6-(4-phenethylthiazol-2-ylamino)-5-phenoxypyridin-3-yithio)thieno[ 3,2-bpyridine-
6-carboxylic acid;
3-methyl-7-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-yithio)thieno[ 3,2-blpyridine-6-

carboxylic acid;



10

15

20

25

30

282

N-(5-(6,7-dihydro-5H-pyrrolo[3,4-bpyridin-4-ylthio)-3-phenoxypyridin-2-y1)-4-methylthiazol-
2-amine;

N-(4-methylthiazol-2-yl}-3-phenoxy-5-(5,6,7,8-tetrahydropyrido[4,3-dlpyrimidin-4-
yithio)pyridin-2-amine;
1-(4-((5-(3-(4-fluorophenoxy)-5-(thieno[3,2-b]pyridin-7-ylthio)pyridin-2-ylamino)-1,2,4-
thiadiazol-3-yl)methyl)piperidin-1-yl)ethanone;
1-(4-(5-(3-(4-fluorophenoxy)-5-(3-methylisoxazolo [5,4-blpyridin-4-yithio)pyridin-2-ylamino)-
1,2,4-thiadiazol-3-yl)piperidin-1-yl)ethanone;
2-(dimethylamino)-1-(4-(5-(3-(4-fluorophenoxy)-5-(3-methylisoxazolo [5,4-b}pyridin-4-
ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-yl)piperidin-1 -yl )ethanone;

tert-butyl 4-(5-(3-phenoxy-5-(thienof3,2-b]pyridin-7-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-
3-yl)piperidine-1-carboxylate;
N-(5-((3-methoxypyridin-2-yl)methylthio)-3-phenoxypyridin-2-yl)-4-methylthiazol-2-amine;
4-methyl-N-(3-phenoxy-5-(piperidin-4-yl(pyridin-2-yl)methylthio)pyridin-2-yljthiazol-2-amine;
4-methyl-N-(3-phenoxy-3-(piperidin-4-yl(pyrazin-2-ymethylthio)pyridin-2-yl)thiazol-2-amine;
4-methyl-N-(3-phenoxy-5-(piperidin-4-yl(pyrimidin-2-yl)methylthio)pyridin-2-yl)thiazol-2-
amine;

N-(5-((3-chloropyridin-2-yl)(piperidin-4-ylymethylthio)-3-phenoxypyridin-2-y1)-4-
methylthiazol-2-amine;
N-(2-(dimethylamino)ethyl)-3-(2-(4-isobutylthiazol-2-ylamino)-5-(pyrimidin-2-ylthio)pyridin-3-
yloxy)benzamide;
2-(4-((6-(4-methylthiazol-2-ylamino)-S-phenoxypyridin-3-yithio)(pyridin-2-y)methyl)piperidin-
1-ylethanol;
4-methyl-N-(5-((1-methylpipendin-4-yl)(pyridin-2-yhmethylithio)-3-phenoxypyridin-2-
yl)thiazol-2-amine;

N-(5-((1-isopropyl piperidin-4-yl)(pyridine -2-yl)methylthio)-3-phenoxypyridin-2-yl)-4-
methylthiazol-2-amine;

1-((6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio ymethyl)pyrrolidin-2-one;

Ethyl 2-(1-methylpiperidin-4-yl)-2-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-
ylthio)acetate;
2-(1-methylpiperidin-4-yl)-2-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)ethanol;
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N-ethyl-2-(6-(4-methylithiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)-2-(piperidin-4-
yl)acetamide;
2-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)-2-(piperidin-4-yl)-1-(pyrrolidin-1-
yhethanone;

1-(indolin-1-y1)-2-(6-(4-methylthiazol-2-ylamino )-5-phenoxypyridin-3-ylthio)-2-(piperidin-4-
yl)ethanone;
1-(7-azabicycio[2.2.1Theptan-7-y1)-2-(6-(4-methylthiazol-2-ylamino}-5-phenoxypyridin-3-
ylthio)-2-(piperidin-4-yi)ethanone;
1-(2-methylpiperidin-1-y1)-2-(6-(4-methylthiazol-2-ylamino)-S-phenoxypyridin-3-yithio)-2-
(piperidine-4-yl)ethanone *mixture of diastereomers;
2-(4-((6-(4-phenethylthiazol-2-ylamino)-5S-phenoxypyridin-3-ylthio Y pyridin-2-
yDmethyl)piperidin-1-yl)ethanol;
4-methyl-N-(3-phenoxy-5-(1-(pyridin-2-yl)ethylthio)pyridin-2-yl)thiazol-2-amine;
N-(5-(3-(dimethylamino)-1-phenylpropylthio)-3-phenoxypyridin-2-yl)-4-methylthiazol-2-amine;
5-({5-cyclopropyl-1,3,4-thiadiazol-2-yDmethylthio)-N-(4-methylthiazol-2-yl)-3-phenoxypyridin-
2-amine;

5-((1,2,4-oxadiazol-3-y)methylthio)-N-(4-methylthiazol-2-yl)-3-phenox ypyridin-2-amine;
5-((5-methylisoxazol-3-yl)methylthio)-N-(4-methylthiazol-2-yl)-3-phenoxypyridin-2-amine;
5-{(3,5-dimethylisoxazol-4-yl)methylthio}-N-(4-methylthiazol-2-yl}-3-phenoxypyridin-2-amine;
5-((5-chloro-1,2,4-thiadiazol-3-yl)ymethylthio)-N-(4-methylthiazol-2-y1)-3-phenoxypyridin-2-
amine;

N-(5-(isoquinolin-1-ylmethylthio)-3-phenoxypyridin-2-yl)-4-methylthiazol-2-amine;
N-(4-((6~(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)methyl)thiazol-2-yl)acetamide;
N-(5-((5-cyclopropyl-1,3,4-thiadiazol-2-yl)methylthio}-3-(phenylthio)pyridin-2-yl)-4-
methylthiazol-2-amine;
4-methyl-N-(5-((5-methylisoxazol-3-yl)methylthio}-3-(phenylthio)pyridin-2-yl)thiazol-2-amine;
N-(5-((3,5-dimethylisoxazol-4-yl)methylthio)-3-(phenylthio)pyridin-2-yl)-4-methylthiazol-2-
amine; |
2-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)-1-(pyrrolidin-1-yl)ethanone;
N-(2-(dimethylamino) ethyl)-N-methyl-2-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-
ylthio)acetamide;
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1-(4-methylpiperazin-1-y1)-2-(6-(4-methylthiazol-2-ylamino)-5-phenoxypyridin-3-
ylthio)ethanone;
2-(6-(4-methylthiazol-2-ylamino)-S-phenoxypyridin-3-ylthio}-N-(2-(pyrrolidin-1-
yhethyl)acetamide;

{5-[(1,1-dioxo-hexahydro-1 28 -thiopyran-4-yb)-pyridin-2-yl-methylsulfanyl}-3-phenoxy-pyridin-
2-yl}-(4-methyl-thiazol-2-yl)-amine;
4-methyl-N-(3-phenoxy-5-(1-(piperidin-4-yl)ethylthio)pyridin-2-yl)thiazol-2-amine;
2,2-dimethyl-3-(2-(3-phenoxy-5-(thieno[3,2-b]pyridin-7-ylthio)pyridin-2-ylamino thiazol-4-
yl)propanoic acid;

tert-butyl 4-(5-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-
yl)piperidine-1-carboxylate;
3-isobutyl-N-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-y1)-1,2,4-thiadiazol-5-amine;
3-isopropyl-N-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-y1)-1,2,4-thiadiazol-5-amine;
N-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-yl1)-3-(tetrahydrofuran-2-yl)-1,2,4-thiadiazol-5-
amine;

N-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-y1)-3-(piperidin-4-y1)-1,2 4-thiadiazol-5-amine;
1-(4-(5-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-yl)piperidin-1-
vl)ethanone;
2-methoxy-1-(4-(5-(3-phenoxy-5-(piperidi-2-ylthio)piperidi-2-ylamino)-1,2,4-thiadiazol-3-
yl)pipeﬁd;ne-i-yl)ethanone;
2-(dimethylamino)-1-(4-(5-(3-phenoxy-5-(pyridin-2-yithio)pyridin-2-ylamino)-1,2,4-thiadiazol-
3-yD)piperidin-1-ybhethanone; _
N,N-dimethyl-4-(5-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-ylamino)-1,2 4-thiadiazol-3-
yhpiperidine-1-carboxamide;
N,N-dimethyl-4-(5-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-ylamino)-1,2 4-thiadiazol-3-
yl)piperidine-1-sulfonamide;
2-methyl-1-(4-(5-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-
yl)piperidin-1-yl)propan-1-one;
3~(1-(methylsulfonyl)piperidin-4-yl)-N-(3-phenoxy-5-(pyridin-2-yithio)pyridin-2-y1)-1,2,4-
thiadiazol-5-amine;
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2-0x0-2-(4-(5-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-
yDpiperidin-1-ylethyl acetate;
4-(5-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-yl)piperidine-1-
carboxamide;
2-hydroxy-1-(4-(5-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-
yl)piperidin-1-yl)ethanone; '

tert-butyl 2-0x0-2-(4-(5-(3-phenoxy-5-(pyridin-2-yithio)pyridin-2-ylamino)- 1,2 4-thiadiazol-3-
yDpiperidin- 1-yDethylcarbamate;
(R)-2-hydroxy-1-(4-(5-(3-phenoxy-5-(pyridin-2-yithio)pyridin-2-ylamino)-1,2 4-thiadiazol-3-
yhpiperidin-1-yl)propan-1-one;
2-methyl-1-(4-(5-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-
yDpiperidin-1-yl)propan-1-one;
2-amino-1-(4-(5-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-
yl)piperidin-1-yl)ethanone;
2-(4-(5-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-yl)piperidin-1-
yl)ethanol;
4-(5-(3-Phenoxy-5-(pyridin-2-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-yl)piperidine-1 -
sulfonamide;

3-(1-(2-amino ethyisulfonyl)piperidin~4- y1)-N-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-yl)-
1,2,4-thiadiazol-5-amine;

tert-butyl 3-methyl-4-(2-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-ylamino)thiazol-4-
yhpiperidine-1-carboxylate;
1-(3-methyl-4-(2-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-ylamino)thiazol-4-yl )piperidin-1 -
yl)ethanone;

1-(4-(2-(3-phenoxy-3-(pyridin-2-ylthio)pyridin-2 -ylamino)thiazol-4-yl)piperidin-1 -yl ethanone;
Methyl 3-{5-phenoxy-6-(thiazolo[5,4-b]pyridin-2-ylamino)pyridin-3-ylthio)propanoate;
N-(3-phenoxy-5-(pyridin-4-ylthio)pyridin-2-yl)thiazolo[5,4-b]pyridin-2-amine;

4-( 5-phenoxy~6-(thiazolo[5,4~b]pyri.din—2-y1amino)pyridin-3 -ylthio)benzonitrile;
N-(3-phenoxy-5-(pyrimidin-2-ylthio)pyridin-2-yl)thiazolo[ 5,4-bJpyridin-2-amine;
N-(3-phenoxy-5-(thieno[3,2-b]pyridin-7-ylthio)pyridin-2-yl)thiazolo[ 5,4-bJpyridin-2-amine;
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N-(5-(pyridin-2-ylthio)-3-(4-(trifluoromethyl)phenoxy)pyridin-2-y1)-3-(tetrahydrofuran-2-yl)-
1,2,4-thiadiazol-5-amine;
N-(4-(2-(5-methyloxazol-2-yl)ethyl)thiazol-2-yl)-3-phenoxy-5-(thieno[3,2-b]pyridin-7-
ylthio)pyridin-2-amine;

4-(2-(5-methyloxazol-2-ylethyl)-N-(3-phenoxy- S-(piperidin-4-ylmethylthio)pyridin-2-
yl)thiazol-2-amine;
2-(dimethylamino)-1-(4-(5-(3-(4-fluorophenoxy)-5-(thieno[3,2-blpyridin-7-ylthio)pyridin-2-
ylamino)-1,2,4-thiadiazol-3-yl)piperidin-1-yl)ethanone;
1-(4-((5-(3-(4-fluorophenoxy)-5-(thieno{3,2-b]pyridin-7-ylthio)pyridin-2-ylamino)-1,2,4-
thiadiazol-3-yl)methyl)piperidin-1-yl)ethanone;
1-(4~(5-(3-(4-fluorophenoxy)-5-(3-methylisoxazolo[ 5,4-b]pyridin-4-ylthio)pyridin-2-ylamino)-
1,2,4-thiadiazol-3-yl)piperidin-1-yl)ethanone;
2-(dimethylamino)-1-(4-(5-(3-(4-fluorophenoxy)-5-(3-methylisoxazolo[5,4-blpyridin-4-
ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-yl)piperidin-1-yl)ethanone;
3~(2-bromo-4-fluorophenoxy)-5-(3-methoxyphenylthio)-N-(4-(piperidin-4-yl)thiazol-2-
yDpyridin-2-amine;
4-(2-(3-(4-fluorophenoxy)-5-(3-methoxyphenylthio)pyridin-2-ylamino)thiazol-4-yl)piperidine-1-
carboxylate trifluoroacetate; ‘
1-(4-(2-(3-(4-fluoro-2-methylphenoxy)-5-(3-methoxyphenylthio)pyridin-2-ylamino)thiazol-4-
yl)piperidin-1-yl)ethanone;
1-(4-(2-(3-(4-fluorophenoxy)-5-(3-methoxyphenylthio)pyridin-2-ylamino)thiazol-4-yl)piperidin-
1-yl)ethanone; '
1-(4-(2-(3~(2-bromo-4-fluorophenoxy)-5-(3-methoxyphenylthio)pyridin-2-ylamino)thiazol-4-
yhpiperidin-1-yhethanone;
1-(4-(2-(3-(2-bromo-4-fluorophenoxy)-5-(3-methoxyphenylthio)pyridin-2-ylamino)thiazol-4-
yDpiperidin-1-yl)-2-(dimethylamino)ethanone;
1-(4-(2-(5-(thieno[3,2-b]pyridin-7-ylthio)-3-(4-(trifluoromethyl)phenoxy)pyridin-2-
ylamino)thiazol-4-yl)piperidin-1-yl)ethanone;
1-(4-(2-(5-(thieno[3,2-b]pyridin-7-ylthio)-3-(2-(triflucromethyl)phenoxy)pyridin-2-
ylamino)thiazol-4-yl)piperidin-1-yl)ethanone;
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1-(4-(2-(5-(2-methylthieno[3,2-b]pyridin-7-ylthio)-3-phenoxypyridin-2-ylamino)thiazol-4-
yl)piperidin-1-yl)ethanone;

1 -(4—(2-(5-(4-methoxypyrimidin—2 -ylthio)-3-phenoxypyridin-2-yl amino Jthiazol-4-yl)piperidin-1-
yl)ethanone;

4-(6-(4-(1-acetylpiperidin-4-yl)thiazol-2-ylamino )-5-phenoxypyridin-3-ylthio)benzonitrile;
4-(6-(4-(1-acetylpiperidin-4-yl)thiazol-2-ylamino )-5-phenoxypyridin-3-ylthio)-3-
(trifluoromethyl)benzonitrile;

4-(6-(4-(1-acetylpiperidin-4-yljthiazol-2-ylamino )-5-phenoxypyridin-3-ylthio)-2-
(trifluoromethyl)benzonitrile;
6-(6-(4-(1-acetylpiperidin-4-yljthiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)nicotinonitrile;
5-(6-(4-(1-acetylpiperidin-4-yl)thiazol-2-ylamino )-5-phenoxypyridin-3-ylthio)-3-
methoxypicolinonitrile;

Ethyl 6-(6-(4-(1-acetylpiperidin-4-yl)thiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)picolinate;
1-(4-(2-(3-phenoxy-5-(6-(trifluoromethylypyridin-3-yithio)pyridin-2-ylamino)thiazol-4-
yl)piperidin-1-yljethanone;
1-(4-(2-(5-(6-bromothienol3,2-blpyridin-7-ylthio)-3-phenoxypyridin-2-ylamino)thiazol-4-
yl)piperidin-1-yl)ethanone;
1-(A4-(5-(5-(thieno[3,2-b]pyridin-7-ylthio)-3-(2-(trifluoromethyl)phenoxy)pyridin-2-ylamino)-
1,2,4-thiadiazol-3-yl)piperidin-1-yl)ethanone;

tert-butyl 4-(2-(3-(4-fluorophenoxy)-5-(thieno{3,2-b]pyridin-7-yithio)pyridin-2-ylamino)thiazol-
4-ylpiperidine-1-carboxylate;

N-(3-(4-fluorophenoxy)-5-(thieno[3,2-b]p yridin*7-lyithio)pyridin-2—yl)—4-(piperidin—4~y1)thiazol«
2-amine;

1-(4-(2-(3-(4-fluorophenoxy)-5-(thieno[3,2-blpyridin-7-ylthio)pyridin-2 -ylamino)thiazol-4-
yl)piperidin-1-yl)ethanone;
2-(4-(2-(3-(4-fluorophenoxy)-5-(thieno[3,2-b]pyridin-7-ylthio)pyridin-2-ylamino)thiazol-4~
yhpiperidin-1-yl)-2-oxoethyl acetate;

Isopropyl 4-(2-(3-(4-fluorophenoxy)-5-(thieno[3,2-b]pyridin-7-ylthio)pyridin-2-ylamino)thiazol-
4-ylpiperidine-1-carboxylate;
2-(dimethylamino)-1-(4-(2-(3-(4-fluorophenoxy)-5-(thieno[3,2-blpyridin-7-ylthio)pyridin-2-
ylamino)thiazol-4-yl)piperidin-1-yl)ethanone;
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N-(3-(4-fluorophenoxy)-5-(thieno[3,2-bpyridin-7-ylthio)pyridin-2-y1)-4-(1 -
(methylsulfonyl)piperidin-d-yl)thiazol-2-amine;

N-(1-(4-(2-(3-(4-fluorophenoxy)-5-(thieno[3,2-b Jpyridin-7-ylthio)pyridin-2-ylamino )thiazol-4-
yl)piperidin-1-yl)-1-oxopropan-2-yl)acetamide;
N-(2-(4-(2-(3-(4-fluorophenoxy)-5-(thieno[3,2-b ]pyridin-7-ylthio)pyridin-2-ylamino)thiazol-4-
yl)piperidin-1-yl}-2-oxoethyl)acetamide;

4~(1-(2-amino ethylsulfonyI)pipéridin~4~yl)-N -(3-(4-fluorophenoxy)-5-(thieno[3,2-blpyridin-7-
ylthio)pyridin-2-yhthiazol-2-amine;
4-(2-(3-(4-fluorophenoxy)-5-(thieno[3,2-b]pyridin-7-ylthio)pyridin-2-ylamino)thiazol-4-
yDpiperidine-1-sulfonamide 2,2,2-trifluoroacetate;

4-(2-(3-(4-fluorophenoxy)-5-(thieno[3 ,2-bpyridin-7-ylthio)pyridin-2-ylamino)thiazol-4-
yl)piperidine-1-carboxamide;

tert-butyl 4-(2-(3-(4-fluorophenoxy)-5-(3-methylisoxazolo[5,4-bpyridin-4-yithio)pyridin-2-
ylamino)thiazol-4-yl)piperidine-1-carboxylate;
N-(3-(4-fluorophenoxy)-5-(3-methylisoxazolo[5,4-blpyridin-4-ylthio)pyridin-2-yl)-4-(piperidin-
4-yl)thiazol-2-amine;

1-(4-(2-(3-(A-fluorophenoxy)-5-(3-methylisoxazolo{5,4-bIpyridin-4-ylthio)pyridin-2-
ylamino)thiazol-4-yl)piperidin-1-yl)ethanone;

2-(dimethylamino)-1-(4-(2-(3-(4-fluorophenoxy)-5-(3-methylisoxazolo[ 5,4-blpyridin-4-
ylthio)pyridin-2-ylamino)thiazol-4-yl)piperidin-1-yl)ethanone;

Methyl 4-(5-(3-phenoxy-5-(pyridin-2-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-3-yl)piperidine-
1 -carboxyiatei '
1-(4-(2-(5-(3-methylthieno[3,2-b]pyridin-7-ylthio)-3-phenoxypyridin-2-ylamino)thiazol-4-
yhpiperidin-1-yl)ethanone;
1-(4-(2~(5-(5-chlorothieno(3,2-blpyridin-7-ylthio)-3-phenoxypyridin-2-ylaminothiazol-4-
yl)piperidin-1-yl)ethanone;

1-(4-(2-(3-phenoxy-3-(thieno[ 2,3-d}pyrimidin-4-ylthio))pyridin-2-ylamino)thiazol-4-yl)piperidin-
1-yhethanone;

tert-butyl 4-((2-(5-(3-methoxy-3-oxopropylthio)-3-phenoxypyridin-2-yilamino)thiazol-4-
ylymethyl)piperidine-1-carboxylate;
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tert-butyl 4-(2-(3-(4-cyanophenoxy)-5-(3-methoxy-3-oxopropyithio)pyridin-2-ylamino)thiazol-
4-ylypiperidine-1-carboxylate;

tert-butyl 3-(5-(5~(3-methoxy-3-oxopropylthio)-3-phenoxypyridin-2-ylamino)-1,2,4-thiadiazol-
3-yl)pyrrolidine-1-carboxylate;

tert-butyl 3-(2-(5-(3-methoxy-3-oxopropylthio)-3-phenoxypyridin-2-ylamino)thiazol-4-
yDpiperidine-1-carboxylate;

tert-butyl 3-(2-(5-(3-methoxy-3-oxopropylthio)-3-phenoxypyridin-2-ylamino)thiazol-4-
yDpyrrolidine-1-carboxylate;

tert-butyl 4-((2-(3-phenoxy-5-(thieno[3,2-bJpyridin-7-ylthio)pyridin-2-ylamino)thiazol-4-
yDmethyl)piperidine-1-carboxylate;

tert-butyl 4-((2-(5-(4-cyanophenylthio)-3-phenoxypyridin-2-ylamino)thiazol-4-
yDmethylpiperidine-1-carboxylate; '

tert-butyl 3-((2-(3-phenoxy-5-(thieno[3,2-b]pyridin-7-ylthio)pyridin-2-ylamino )thiazol-4-
yDmethyl)piperidine-1-carboxylate;

tert-butyl 3-(5-(3-phenoxy-5-(thieno[3,2-b]pyridin-7-ylthio)pyridin-2-ylamino)-1,2,4-thiadiazol-
3-yDpyrrolidine-1-carboxylate;

tert-butyl 3-(2-(3-phenoxy-5-(thieno[3,2-b]pyridin-7-yithio)pyridin-2-ylamino Jthiazol-4-
yDpyrrolidine-1-carboxylate;

tert-butyl 3-(2-(5-(4-cyanophenylthio)-3-phenoxypyridin-2-ylamino)thiazol-4-yl)piperidine- 1 -
carboxylate;

tert-butyl 3-(5-(5-(4-cyanophenylthio)-3-phenoxypyridin-2-ylamino)-1,2,4-thiadiazol-3-
yDpyrrolidine-1-carboxylate;
N-(3-phenoxy-5-(thieno[3,2-b]pyridin-7-ylthio)pyridin-2-y1)-4-(piperidin-4-ylmethylthiazol-2-
amine;
N-(3-phenoxy-5-(thieno[3,2-blpyridin-7-ylthio)pyridin-2-y1)-4-(piperidin-3-yl)thiazol-2-amine;
N-(3-phenoxy-5-(thieno{3,2-b]pyridin-7-ylthio)pyridin-2-yi)-3-(pyrrolidin-3-y1)-1,2,4-
thiadiazol-5-amine;

N-(3-phenoxy-5-(thieno| 3,2-bJpyridin-7-yithio)pyridin-2-y1)-4-(pyrrolidin-3-yl)thiazol-2-amine;
4-(5-phenoxy-6-(4-(piperidin-4-ylmethyl)thiazol-2-ylamino)pyridin-3-ylthio)benzonitrile;
4-(5-phenoxy-6-(3-(pyrrolidin-3-y1)-1,2,4-thiadiazol-5-ylamino)pyridin-3-ylthio)benzonitrile;
4-(5-phenoxy-6-(3~(piperidin-3-yl)-1,2,4-thiadiazol-5-ylamino )pyridin-3-ylthio)benzonitrile;
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1-(4-((2-(3-phenoxy-5-(thieno[3,2-b]pyridin-7-ylthio)pyridin-2-ylamino)thiazol-4-
yhmethyl)piperidin-1-yl)ethanone;
1-(3-(2-(3-phenoxy-5-(thieno[3,2-blpyridin-7-ylthio)pyridin-2-ylamino)thiazol-4-yl)piperidin-1-
ylethanone;
1-(3-(5-(3-phenoxy-5-(thieno{3,2-blpyridin-7-ylthio)pyridin-2-ylamino)}-1,2,4-thiadiazol-3-
yhpyrrolidin-1-yl)ethanone; |
1-(3-(2-(3-phenoxy-5-(thieno[3,2-b]pyridin-7-ylthio)pyridin-2-ylamino)thiazol-4-yl)pyrrolidin-
1-yl)ethanone;
4-(6-(4-(1-acetylpiperidin-3-yl)thiazol-2-ylamino)-5-phenoxypyridin-3-ylthio)benzonitrile;
4-(6-(3-(1-acetylpyrrolidin-3-yl)-1,2,4-thiadiazol-3-ylamino)-5-phenoxypyridin-3-
ylthio)benzonitrile;

4-(6-(4-((1 ~acetylpiperidin~4-yl)methyl)thiazol~2~y1amino)-5 -phenoxypyridin-3-
ylthio)benzonitrile; and
1-(4~(2~(5-(2-chloropyridin-4-yithio)-3-phenoxypyridin-2-ylamino)thiazol-4-yl)piperidin-1-
yl)ethanone;

or a pharmaceutically acceptable salt thereof.



