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Associ ation. [0006] GPR119 is a Gs-coupled receptor that is predom nately
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4 [0012] Accordingly, in one aspect of the present invention there is

provi ded conpounds having the general Fornula I [ 0013] and
phar macewocalllpemscept abl e salts thereof, wherein X1, XeT/us0iR®364R3l, R5,
R6, - 6a, R7,R9, RO a and n are as defined herein. In one enbodi nent

of Fornmula I, R6a is hydrogen, and R9 and R9a are hydrogen. [0014]In
anot her aspect of the invention, there are provi ded pharmaceuti cal
conposi tions conprising a conmpound of ZFornula | or a pharmaceutically
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i nvention provides conpdu t he general Fornula
it is difficult to achieve precise control of blood glucose levels in type 2 diabetic patients in

accordance with the guidelines recommended by the American Diabetes Association.

[0006] GPR119 is a Gs-coupled receptor that is predominately expressed in the
pancreatic beta cells and in the enteroendocrine K and L cells of the GI tract. In the gut, this
receptor is activated by endogenous lipid-derived ligands such as oleoylethanolamide
(Lauffer, L. M., et al., Diabetes, 2009, 58, 1058-1066). Upon activation of GPR119 by an
agonist, the enteroendocrine cells release the gut hormones glucagon-like peptide 1 (GLP-1),
glucose-dependent insulinotropic peptide (GIP), and peptide YY (PYY) among others. GLP-
1 and GIP have multiple mechanisms of action that are important for controlling blood
glucose levels (Parker, H. E., et al., Diabetologia, 2009, 52, 289-298). One action of these
hormones is to bind to GPCRs on the surface of beta cells leading to a rise in intracellular c-
AMP levels. This rise results in a glucose dependent release of insulin by the pancreas
(Drucker, D. I. J. Clin. Investigation, 2007, 117, 24-32; Winzell, M. S. Pharmacol. and
Therap. 2007, 116, 437-448). In addition, GLP-1 and GIP have been shown to increase beta
cell proliferation and decrease the rate of apoptosis in vivo in animal models of diabetes and

in vitro with human beta cells (Farilla, L.; et al., Endocrinology, 2002, 143, 4397-440%;



[ 0021] and pharmaceutically acceptable salts and sol vates thereof, wherein:
[0022]L is O or NR; [0023]Rx is Hor (1-3Qalkyl; [0024] X1 is N or CRl1 and
X2 is N owoCRp/146838rei n only one of X1 and X2 may be N, PCOOBR3J1RDIc4R?, R3
and R4 are independently selected fromH, hal ogen, CF3, (1- 6C)al kyl and
(1-6C) al koxy; [0026]R5 is (1-3C)al kyl sul fonyl, (3-6C)cycloal kyl sul fonyl,
(cycl opropyl met hyl ) sul fonyl, phenylsul fonyl, CN, Br, CF3, triazolyl,

(1-4C) al koxycar bonyl, RxRYNHC(=0)-, oxadi azolyl optionally substituted with

(1-30 al . nd.t.etr thl lih Vs 1861R$Ed. it 1- yl;
[0027] or i € B R 0B T el b R i e
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[0031]R6a is Hor nethyl; [0032]R7 is a group having the structure , A2R8 Al
A3 A4 160 Witk apfoupied ;GPCég tigting mechagisy. grhedpgicaspdpadfinden &afs or CRC
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and no nore than two of Al, A2, A3 and A4 may be N, '[0038] Ra, Rb, Re and Rd
are i ndepebren tdlucosq-dappslent gisalie iclegse 4) dirkgf| acgpn @, theop@9leRe Aas detiydr ogen;

demonstrated in vitro and in vivo (Chu Z., et al., Endocrinology 2007, 148:2601-9). This

dual mechanism of action of the release of incretin hormones in the gut and binding directly

to receptors on the pancreas may offer an advantage for GPR119 agonists over current

therapies for treating diabetes.

[0008] GPR119 agonists, by increasing the release of PYY, may also be of benefit in

treating many of comorbidities associated with diabetes and to treat these diseases in the

absence of diabetes. Administration of PY Y336 has been reported to reduce food intake in

animals (Batterham, R. L., et al., Nature, 2002, 418, 650-654), increase saticty and decrease

food intake in humans (Batterham, R. L., et al., Nature, 2002, 418, 650-654), increase resting

body metabolism (Sloth B., et al., Am. J Physiol. Endocrinol. Metab., 2007, 292, E1062-

1068 and Guo, Y., et al., Obesity, 2006, 14, 1562-1570), increase fat oxidation (Adams, S.

H., et al., J. Nutr., 2006, 136, 195-201 and van den Hoek, A. M., et al., Diabetes, 2004, 53,

1949-1952), increase thyroid hormone activity, and increase adiponectin levels. PYY release

caused by GPR119 agonists can therefore be beneficial in treating the metabolic syndrome

and obesity.

[0009] Several classes of small molecule GPR119 agonists are known (Fyfe, M. T. E.

ct al.,, Expert Opin. Drug. Discov., 2008, 3(4):403-413; Jones, R. M., et al., Expert Opin.

Ther. Patents, 2009, 19(10), 1339-1359).

[0010] There remains, however, a need for compounds and methods for the treatment

or prevention of diabetes, dyslipidemia, diabetic complications, and obesity.

SUMMARY OF THE INVENTION
[0011] It has now been found that certain novel piperidinyl-substituted lactams are

modulators of GPR119 and are useful for treating type 2 diabetes, diabetic complications,

metabolic syndrome, obesity, dyslipidemia, and related conditions.



[ 0040] R8 is selected from hydrogen, hal ogen, CF3, CN, (1-100) al kyl,

hydr oxy(1- 6C) al kyl, (1-6C)al koxy, (1-6C al kyl)sul fanyl, phenyl, pyridyl,
pyri m dylwopytiazedsgl , and di (1- 3C)al kyl car banyl, wher ePoTA®eH 10864831 d
phenyl, pyridyl, pyrimdyl, and pyrazolyl is optionally substituted with
one or nore substituents independently selected from hal ogen, (1- 4C)al kyl,
(1-4C) al koxy and CF3; R9 and R9a are independently hydrogen or nethyl; and
[0041]ln is 1, 2 or 3. [0042] One enbodi4rent of this invention provides
conpound the g o] phar t : t a.salts
and sol vz(t)@fszl t her e%@gﬁ%grie?{\%h?o%ﬁ%]pﬁofi @goﬁg%%lrl\llﬁ'h@%%& gF!)%E)i @Qhﬂ%drs

(1- 30) al kyipoynd@Ubjinglth¢ genkrabFor@Rlaland X2 is N or CR2, wherein only one of
X1 and X2 may be N, [0046] Rl, R2, R3 and R4 are independently selected from
H, hal ogen, CF3, (1- 6C)al kyl gand (1-6Cpal kgxy;>N"0047] R5i s(1-3

O al kyl sul fonyl, (3 -6C)cycl oalkyl syl fonyl, (cycljopropyl methyl)sul fonyl,
phenyl sul fonyl, CN, Br, Fa | >ptieral |y substituted with
(1-3CQ al kyl, or tetrazolyl tikUked With (1-3C)al kyl;

[ 0048] or when X1 is CR1 A% CR2/\théh R4 and R5 optionally together
with the atoms to which they are att&chBd forma 5-6 nenbered saturat ed
heterocyclic ring having 1-2 ring hetgroatons independently selected fromO

and S and optionally substituted with an oxo group, yvhelrei n th3e S vsvhen
present il8013pt i onadndy phacingkierienily poBnabRAaltsthercel witkiein X050] IRAk. RS RY,

[0051] R7 gesga gr qupghayng, L he € 1 OR8Nk b PQORPAL 1S N
or CRa; 0%3] |SRN or ; [d I's N oF ; gfﬂl I'S or CRd,
[ 0056] whéweioperatnd Ramtl Rihee bfdrégen. A2, A3 and A4 is N, and no nore than two
8‘:3:6\1}] afﬁ%%lﬁ\f ??_Ej 4@;"8}]%rbgs'pel\l%\@)to 91?67]i1’|§7%hti§1[? ' theRr% grre]:dpr%c\i/idga epﬂapnqaec 8[110%13!’1'[ 'y H

compositions comprising a compound of Formula I or a pharmaceutically acceptable salt

thereof and a pharmaceutically acceptable carrier, diluent or excipient.

[0015] In another aspect of the invention, there is provided a method of treating a
disease or condition selected from type 2 diabetes, symptoms of diabetes, diabetic
complications, metabolic syndrome (including hyperglycemia, impaired glucose tolerance,
and insulin resistance), obesity, dyslipidemia, dyslipoproteinemia, vascular restenosis,
diabetic retinopathy, hypertension, cardiovascular disease, Alzheimer's disease,
schizophrenia, and multiple sclerosis in a mammal, which comprises administering to said
mammal in need thereof a therapeutically effective amount of a compound of Formula I or a
pharmaceutically acceptable salt thereof.

[0016] In another aspect of the invention, there is provided the use of a compound of
Formula I in the treatment of a disease or condition selected type 2 diabetes, symptoms of
diabetes, diabetic complications, metabolic syndrome (including hyperglycemia, impaired
glucose tolerance, and insulin resistance), obesity, dyslipidemia, dyslipoproteinemia, vascular
restenosis, diabetic retinopathy, hypertension, cardiovascular disease, Alzheimer's disease,
schizophrenia, and multiple sclerosis.

[0017] In another aspect of the invention, there is provided compounds of Formula I
or pharmaceutically acceptable salts thereof, for use in therapy.

[0018] Another aspect of the invention provides intermediates for preparing
compounds of Formula I. In one embodiment, certain compounds of Formula I may be used

as intermediates for the preparation of other compounds of Formula 1.



[0058] R8 is selected from hydrogen, hal ogen, CF3, CN, (1-100) al kyl,

hydr oxy(1- 6C) al kyl, (1-6C)al koxy, (1-6C al kyl)sul fanyl, phenyl, pyridyl,
pyri m dylweandippsszol yl , wherein each of said phenyl, pyciragkoiipgesusn dyl ,
and pyrazolyl is optionally substituted with one or nore substituents

i ndependently sel ected from hal ogen, (1-4C)al kyl, (1-4C)al koxy and CF3;

[ 0059] RO and R9a are hydrogen; and [0060]n is 1, 2 or 3. [0061]In one
enbodinent, n is 1 or 3. [0062]1In one s%nbodi mrent of Fornula I, nis 1.

[ 0063] I n enbodj - ; i . 4 I t of
For mul a I[,mﬁgl IS Z,Ag@%iaggeeﬁ!:ﬁtg?ll%f Illtfoélgg%lﬁctle\%)\gr%? &%}&%&éﬁ@&ﬁegﬁgf&gﬁfs n ot
H. [ 0065]s¢perasion, aadinmtiodeoff puoificEon i thg compennids d@crifed®86j. n one enbodi ment of

F lal, Lis O. j [ .
one enbodt mont . L i s Rl Ao0RBFsEREREI IR e RV Aoy T 5yl o

Par ti cul g0020xanpl edGnd ralbudienchVief ahid MNEkEntioh O 60N compovatbadi thengepe® 1S H,
F, d or CF3. EOO?l] In one enbodinent, RLis H F or d. [0072]1n one
enbodi mreAC™#A i s H [0073]1n one enbodiment, RL is F. [0074]1n one

enmbodi nent, Rl is O. [0075]1n one enbodi nent ~Rl &s CF3. [0076]In one
enbodinent, R2 is H, F or Me. R100771lIn gne gnbodynment, R2 is H 8 [0078]In
one enbodinent, R2 is F. [,0079] I n gne expbodilpent) R2 is Me. [0080] 1 n one

. 0

enbodi ment, R3 is H F, [ 1IN enbodi nent, R3 is H
[0082] I n one enbodi ment, R3 |i S K )n R® R™
R® x2 RS Rréa

[0021] and pharmaceutically acceptable salts and solvates thereof, wherein:

[0022] L is O or NR%;

[0023] R*is H or (1-3C)alkyl;

[0024] X'is N or CR' and X? is N or CR?, wherein only one of X' and X* may be N;

[0025] R', R%, R? and R* are independently selected from H, halogen, CF;, (1-

6C)alkyl and (1-6C)alkoxy;

[0026] R’ is (1-3C)alkylsulfonyl, (3-6C)cycloalkylsulfonyl, (cyclopropylmethyl)

sulfonyl, phenylsulfonyl, CN, Br, CFs, triazolyl, (1-4C)alkoxycarbonyl, R*R'NHC(=0)-,
oxadiazolyl optionally substituted with (1-3C)alkyl, and tetrazolyl optionally substituted with
(1-3C)alkyl;

[0027] or when X' is CR" and X* is CR?, then R* and R’ optionally together with the
atoms to which they are attached form a 5-6 membered saturated heterocyclic ring having 1-2
ring heteroatoms independently selected from O and S and optionally substituted with an oxo

group, wherein the S when present is optionally oxidized;

[0028] R* and R” are independently (1-4C)alkyl optionally substituted with OH, or
[0029] R* and R’ together with the atom to which they are attached form a 5-6
membered saturated azacyclic ring optionally substituted with OH;
[0030] RCis H, OH or methyl;
[0031] R® is H or methyl;
[0032] R’ is a group having the structure
1/A2 RS
; \\A(
A4

2

[0033] A'is N or CR%;



[0083] I n one enbodinment, R3 is C. [0084]1n one enbodi nent, R3 is CF3.
[0085]In one enbodinent, R4 is H M, F, or . [0086]In one enbodi nent, R4
is H [0080]2hn/@eassenbodi nent, R4 is Me. [0088] 1 n one embodiSa®nioiecsds is F.
[0089] I n one enbodinment, R4 is C. [0090]1n one enbodi ment of Formula I,
the residue: R3 R1' 1 X1 R5x2 [0091]of Fornmula I, wherein the wavy |ine
represents the point of attachnent of the residue in Formula |, is selected
froma residue wherein X1 is CRL and X2 is CR2, such that the residue can
be repr eqmgrd as: Azﬁ:gq(gctq@z] wherein R, R2, R3, R4 and R5 are as defined
for Formu I'n one embodi ment of Fornula I, RI, R2, R3 and R4 are

i ndependd®@3sy sel estiedl ér@Rh H, hal ogen, CF3, (1 6C) al kyI and (1-6C)al koxy.
[ 0093] | n[&%g errbodAmalN(,) (ﬁgd R2, R3 and R4 are independently selected from
H F d \]3 met hy athyt , propyl, i sopropyl, nmethoxy, ethoxy, propoxy
and i sopneqsIxy. [Oﬁﬁ)e’#élhm rae oaabﬁ@lil,rpezr,\W@ﬁd BN andino Mdre thd, twBdfaxid R4 are
i ndependent | y sel4ect ﬁﬁ%om H (1-6C)al kyl, CF3 and hal ogen. 9 [0095]In
one errbocﬁ nentnd 4imay; are independently selected fromH F and O, and
R3 and R4ogse 'ndeHQ”eRdQI‘tahd/R$ﬁJeﬂfde§§1dEﬂtng |'d2F3, 0%151 (Qacaumd1 3N, [ 0096] I n
one enmbodinent, Rl jis Hor F, R2 is H , is H F or CF3, and R4
is H M08 or AR™jC0IMEEH one enbodi ment, Rl, R2 and R4 are H and R3 is

F. [0040] R® is selected from hydrogen, halogen, CF3;, CN, (1-10C)alkyl, hydroxy(1-
6C)alkyl, (1-6C)alkoxy, (1-6C alkyl)sulfanyl, phenyl, pyridyl, pyrimidyl, pyrazolyl, and di(1-
3C)alkylcarbamyl, wherein each of said phenyl, pyridyl, pyrimidyl, and pyrazolyl is
optionally substituted with one or more substituents independently selected from halogen, (1-
4C)alkyl, (1-4C)alkoxy and CF3; R” and R™ are independently hydrogen or methyl; and
[0041] nis 1,2 or 3.

[0042] One embodiment of this invention provides compounds of the general

Formula I and pharmaceutically acceptable salts and solvates thereof, wherein:

[0043] L is O or NR*;

[0044] R*is H or (1-3C)alkyl;

[0045] X! is N or CR! and X? is N or CR?, wherein only one of X! and X* may be N;
[0046] R', R?, R® and R* are independently selected from H, halogen, CF;, (1-
6C)alkyl and (1-6C)alkoxy;

[0047] R’ is (1-3C)alkylsulfonyl, (3-6C)cycloalkylsulfonyl,

(cyclopropylmethyl)sulfonyl, phenylsulfonyl, CN, Br, CF3, oxadiazolyl optionally substituted
with (1-3C)alkyl, or tetrazolyl optionally substituted with (1-3C)alkyl;

[0048] or when X' is CR" and X* is CR?, then R* and R’ optionally together with the
atoms to which they are attached form a 5-6 membered saturated heterocyclic ring having 1-2
ring heteroatoms independently selected from O and S and optionally substituted with an oxo

group, wherein the S when present is optionally oxidized;

[0049] R®is H or OH;
[0050] R®is H;
[0051] R’ is a group having the structure
_AZ RS
A'I \\(
e

A4



[0098] I n one enbodinent, RL and R3 are F, and R2 and R4 are H [0099]1n one
enbodi nent, RL and R4 are H, and R2 and R3 are F. [00100] I n one enbodi nent,
R1 and RaweaneliH468B2 is C and R3 is F. [00101] I n one enpoaiusent /0313 and R4
are H R2is Me and R3is F. [00102]1n one enbodiment, Rl, R2 and R4 are H,
and R3 is CF3. [00103]1n one enbodinent, RL, R2 and R3 are H and R4 is F.
[00104] I n one enbodinent, RL, R2 and R3 are H and R4 is C. [00105]1n one
enbodinent, Rl is F, R2 and R3 are H, 7and R4 is Me. [00106] I n one
enbodi rrerrﬁosgj For myl @\ or dire residue: R3 R4"k X1 R5x2 [00107] of Formula I,
wherein the wavy |ine repreb’sents the point of attachnent of the residue in
Fornul a 100535 sel estisdN ér@fi a resi due wherein X1 is N and X2 is CR2, such
that the | due can. represented as: R3 R4a R5N R2 [ 00108] wherein R2,
R3, R4 ar[g‘%%g are §21s§\g?ri(§1§d for Formula I. In one enbodi nent, R2, R3 and
R4 are inoEsendent AYissebatited fromH, F, C, CF3, nethyl, ethyl, propyl,
i sopropyl . et hoxy,. ethoxy, propoxy and;i sopropoxy.. I n one enbodi ngnt, R2,
R3 and RAOOL i ndeysisteiit Yeﬁsté)é? @gf\ed‘\f%oﬁvﬁ?\ Noé@rﬂo s BV 60 al kyl .
In one ernPoflt sRINU* m&3be 3 and R4 are independently selected fromH, hal ogen
and (1- GC%aI kyl . In %pe cenb%gi ment, R2, R3 and R4 are independently
sel ect ed (008 H, R & Ragad Rieare inlepindesidddifivdrtogera | -4RRliah r RN ar e
| ndependgpidgy sel egt RASLRM Fndh | RaiQB&, REROENMBN0C) MRy Sydfoxd(d. one 10
enbodi rreﬁt, ¥23 is H In one erl{%oé?on%eﬁlf,al?g&l’s b inﬁl one) e%oé?ﬁorr)é)h(t, R4 is
H. I n onéCathddiiretinkor, (IRE alidRdfaayle pbanh. piridvh mmenidytbodi meatolylR2 and
gg gr i, Hjx_vqlrégeinRgac 3 s%lid pLeorg/il;opgylrildg}l, Byr?mledgf? grgd prgl?a{]ztoly?fls ollz)%grmlllg/%‘utl)stitutte%ewi 1eS! due:
one or more substituents independently selected from halogen, (1-4C)alkyl, (1-4C)alkoxy and

CFs;

[0059] R’ and R” are hydrogen; and

[0060] nis 1,2 or3.

[0061] In one embodiment, nis 1 or 3.

[0062] In one embodiment of Formula I, n is 1.

[0063] In one embodiment of Formula I, n is 2.

[0064] In one embodiment of Formula I, n is 2, provided that at least two of R', R?,

R? and R*is not H.

[0065] In one embodiment of Formula I, n is 3.
[0066] In one embodiment of Formula I, L is O.
[0067] In one embodiment of Formula I, L is NR*,
[0068] In one embodiment, L is NH.

[0069] In one embodiment, L is N(1-3C)alkyl. Particular examples include NMe and
NEt.

[0070] In one embodiment, R' is H, F, Cl or CFs.
[0071] In one embodiment, R' is H, F or Cl.
[0072] In one embodiment, R' is H.

[0073] In one embodiment, R' is F.

[0074] In one embodiment, R' is Cl.

[0075] In one embodiment, R is CFs.

[0076] In one embodiment, R* is H, F or Me.

[0077] In one embodiment, R* is H.



x1 R5X2 [00110] of Formula I, wherein the wavy line represents the point of
attachnment of the residue in Fornula |, is selected froma residue wherein
X1 i s CRiwendiiXa63i3s N, such that the residue can be repPresarst@d/ oasi3 R3
R4)22: 1 R5NR1 [00111]wherein Rl, R3, R4 and R5 are as defined for Fornmula
. I'n one enbodinent, RL, R3 and R4 are independently selected fromH, F,
ad, CF3, methyl, ethyl, propyl, isopropyl, nethoxy, ethoxy, propoxy and

i sopropoxy. |In one enbodi nent, Rl R3 s&and R4 are independently sel ected
fromH, gen, ) In one enbodi ment, RL, R3 and R4 are
mdependgg;‘%??y sel ecfbéng%Féd}Tnn%& Fogen and (1-6C)al kyl. In one enbodi nent,
Rl, R3 a0} are ]nmdepmhorbmt:ﬁtyRSIell\@ct ed fromH F, d and Me. In one
enbodi ne i pde dent |y selected fromHor C. In one
enmbodi me {)080&1 |smﬁl\OnFﬁnF%Od’j1 8rrb1g |E§Et&%¥ﬁs H. In one enbodinent, R3 is
C . In oneosepbodi nerine emBodimerd, R1inHone enbodi ment, each of Rl, R3 and R4 is
H. [00112&{8&}10% enbodi n. the,residue: R3 R1' 1 X1 R5X2 [00113] of
Formul a Il er ei NRES bemFl?n% 1|Sgpresents the point of attachment of the
resi due ipog3pr mul aplone kSb&EmERIRUsT1.0om a resi due wherein X1 and X2 are N,
such that the residue can be represented as: 11 R3 RAA'1 N- N' RS

[ 00114] wHe}d] R3, Ra capgmbsligen, Bsis §&fi ned for Fornula |. In one enbodinent,
R3 and R hydr ] £ jment of Formula I, X1 is N or
CRL and i%‘%g N o B%Rgem C@‘ﬂ’%‘?n@%ﬁnm gbcg;b X1 and X2 may be N. Rl, R2, R3
and R4 aﬂ@086hdepenhiemtle1y1b@bmemtléd5flr om H, hal ogen, CF3, (1-6C)al kyI and
(1-60 al : and IS )&l kyl sul fonyl, (3 - 6C)cycloal kyl sul fonyl,
cycl oproqu%m,'t hyl sulofngﬁmF’Odlm I&elgé’yl }‘[s()luﬂ fonyl-, CN, Br, CF3, oxadiazolyl

opt i onal I[gosspbst i tmtoaeiewo&dimérix B'iCral kyl, or tetrazolyl optionally

| W th 1
substi tut 8(989] ' In ocr)’le 62-1%0(11ment R*is CL.

[0090] In one embodiment of Formula I, the residue:
R3
R4
X 2
-
R® x2”
[0091] of Formula I, wherein the wavy line represents the point of attachment of the

residue in Formula 1, is selected from a residue wherein X' is CR' and X? is CR?, such that

the residue can be represented as:

R3
R4 2
RS R
R2
[0092] wherein R', R%, R’, R* and R’ are as defined for Formula I. In one

embodiment of Formula I, R, R%, R* and R* are independently selected from H, halogen,
CF3, (1-6C)alkyl and (1-6C)alkoxy.

[0093] In one embodiment, R!, R%, R® and R* are independently selected from H, F,
Cl, CF3, methyl, ethyl, propyl, isopropyl, methoxy, ethoxy, propoxy and isopropoxy.

[0094] In one embodiment of Formula I, R', R%, R® and R* are independently selected
from H, (1-6C)alkyl, CF; and halogen.



[00116] I n one enbodi nent of Fornmula I, X1 is CRlL, X2 is CR2, and R4 and RS
together with the atons to which they are attached forma 5-6 nenbered
sat ur at edwbebawrae3ssl i ¢ ring having 1-2 ring heteroat ons PChdsSpeEndacits y
selected fromO and S, wherein the heterocyclic ring is optionally
substituted wth an oxo group, and the S is optionally oxidized. [00117]In
one enbodi nent, R4 and R5 together with the atons to which they are
attached forma six-menbered oxacycli® ring optionally substituted with
0XO. nmbodi : d %’%}% ] ormul a |
wher e| n ﬁ?ps\ﬁ/avy I]i'ﬁﬁdgl%reg{;?rg%g{gﬁtts? Eﬁd RR%F%&S?%%@C rrentfiogigi{tl%e&frdecgl due in
For mul a land Rasnd Rersindersndandy S@k@btefd]ﬁmlgl} Mﬁ:eFéElmnMFs R2 and R3 are

i ndepend selected fro al ) aC) al koxy.
I n one eﬁ@}dd?lrrentelc fee C{nmang lgl(rggor%n epen’ ent glgslé:ﬁgct g/q‘d a(n%l S)F a,
CF3, net ;Me, & a1, propyl, isopropyl, nethoxy, ethoxy, propoxy and 12

From v B0k o7 " G bt ol B ioF £ I'n one’ embodi ment.
R2 is H qoo98k. | N @ngec embadinbmnt} an83{3la§eﬂ4,anbeﬁnd@F?areHn one enbodi nent, R,
R2 and R3 are H [00120] I n one enbodinment of orrru;h X1l is CRL, X2 is
CR2, and [##99nd RSIntodaé@h%drlthtlﬁ & arcdiend & ahd Rhate ey are attached form
a 5- nenbgs@Ado eterﬂcoy,lgle GodilnBY. R8N of i P ich is oxidized. In
one errbo 6 F t he res];md%e1 R3 1 Xt R5X2 %012(}?] %MaFor mula | has the
structur dOOIRII 0012m]mwhemb®d1mam R]mldaﬂndrd%, larleMemdéBemcFent ly selected from
H, hal og , 1 6C dn61- oxY,n3il.:n~gne enbodi ment, Rl, R2
and R3 aﬁb;mlon epen Onf’le%/lgos&é%‘ggﬁgd Fom E: ‘éR I%ng‘ met hyl , et hyI,
propyl, ijempsppy!, Inrméhmxydmaithmk}( almmbawﬁ andRYiisppr opoxy. I n one

enbodi nmen R1, re independent|y sel ect fromH F, M or CF3.
In one er?@q}d‘”mant Inll?ileieg1 ?ﬁ‘ﬂ’)‘?ntFR %n ‘b‘ﬂ% ﬁ%‘o%ﬂdr%rifsgl?z is Hor Me. In one
enbodi mengo1083 i s ﬂﬂ,onge%o&lﬁsm 1k s @NR2 aﬁm@%mrﬁnwﬂls ms. F, and R2 and R3

are H In one enbodi nent R2 and R3 are [00123] I n one enbodi nent of

For nul a 1100186] j s s@l%@?@h@@@%ﬁ%’ Forg@jagl, eréﬁﬂqeonyl (3-
6C) cycl oal kyl sul fonyl, cycl opropyl met hyt sul f onyl, and phenyl sul f onyl
(C6H5S02-) .

R% .
N ‘%
-
R® xZ
[00107] of Formula I, wherein the wavy line represents the point of attachment of the

residue in Formula T, is selected from a residue wherein X' is N and X* is CR?, such that the

residue can be represented as:

RS
RN X
5 | ~N
RZ
[00108] wherein R?, R, R* and R’ are as defined for Formula I. In one embodiment,

R?% R*and R* are independently selected from H, F, Cl, CF3, methyl, ethyl, propyl, isopropyl,
methoxy, ethoxy, propoxy and isopropoxy. In one embodiment, R* R® and R* are
independently selected from H, halogen, CF3 and (1-6C)alkyl. In one embodiment, R* R’
and R* are independently selected from H, halogen and (1-6C)alkyl. In one embodiment, R?,
R’ and R* are independently selected from H, F, Cl and Me. In one embodiment, R*, R and

R* are independently selected from H or Cl. In one embodiment, R* is H. 1In one



[00124] I n one enbodinent, R5 is (1-3C)al kyl sul fonyl. Exanples include
CH3S02- and CH3CH2S02-, CH3CH2CH2S02- and (CH3) 2CHS02-. Particul ar exanpl es
i ncl ude MegBGQAt1/IARESISEL SO2-. | n one enbodi ment, R5 is MeS®RT/USRe1108E43

enbodi nent, R5 is EtS02-. [00125]1n one enbodinment, R5 is

(3-6C) cycl oal kyl sul fonyl . An exanple is (cycl opropyl)S02-. [00126]1n one
enbodi nent, R5 is cycl opropyl net hyl sul fonyl which can be represented by the
structure: 13 [00127]1n one enbodi medt, R5 is phenyl sul fonyl (C6H5S02-).

[ 001251 | Ry @, RHORA N oforodi e ot od gflr N B A ﬁﬁ% HL@PLRS1 I n one
enbodi nent, CN.. [ 00 I n one 'enbodi nent, Is Br. 00131] I'n one
enbodi rrer@tnbomlentthﬁ ang Bba@zqthﬂ olmene pivbetlimenit R’ @QR grodtaed BzioIG)

optional | stit e enbodinment, R5 is

oxadi azollgqﬁygtl onfél11 ye%%J}?l%% ?Egc)ir%lulfﬁﬁthe r?%&l% I n one errbodi ment, RS is

1, 3, 4- oxadi azol y1 optionally substitutgd W|th (1-3C al kyl. A particular
exarrpl e of R5 is a group haying the stqucture: Z' o [00133]1n one

enbodi ment, R5 is tetrazolyl optl% stituted with (1-3Calkyl. In
one enbodi msnt R5 is tetrazolyl optjlonally substituted with nethyl.

Parti cul ar exarrpl es of R5 include ups.iayi ng the structures: N/ NV,
\N-_s---J\ N NN [00134]1n one Rhbodkfrent, R5 is triazolyl. A partlcul ar

exanpl e qhoifRh) i S Lol @fﬁé}al—:1njtﬁey\37a\t§ﬁi}’ﬂer}gprgsr%ﬁtsStltlJ Mk W Bitachmh

residue in Formula I, is selected from a residue wherein X' is CR' and X? is N, such that the

residue can be represented as:

R3
4 .
R | X
~ 1
R® N R
[00111] wherein R', R*, R* and R’ are as defined for Formula I. In one embodiment,

R', R* and R* are independently selected from H, F, Cl, CF3, methyl, ethyl, propyl, isopropyl,
methoxy, ethoxy, propoxy and isopropoxy. In one embodiment, R', R® and R* are
independently selected from H, halogen, CFs and (1-6C)alkyl. In one embodiment, R', R?
and R* are independently selected from H, halogen, and (1-6C)alkyl. In one embodiment, R',
R’ and R* are independently selected from H, F, Cl and Me. In one embodiment, R', R and
R* are independently selected from H or Cl. In one embodiment, R' is H. In one
embodiment, R* is H. In one embodiment, R’ is CL. In one embodiment, R* is H. In one

embodiment, each of R, R? and R* is H.

[00112] In one embodiment, the residue:
R3
R4
N 2
-
R® x2
[00113] of Formula I, wherein the wavy line represents the point of attachment of the

residue in Formula 1, is selected from a residue wherein X' and X* are N, such that the

residue can be represented as:



[00135] I n one enbodi nent, R5 is (1-4C)al koxycarbonyl. A particul ar exanple
of R5 is nethoxycarbonyl (CH30C(=0)-). [00136]In one enbodinent, R5 is
RxRYNHC( Wp-201136338e enbodi ment, Rx and RY are i ndependenTius2¢iiAndaial kyl
optionally substituted with OH In one enbodi nent, Rx and RY are

i ndependent |y nethyl, ethyl or 2-hydroxyethyl. Particular exanple of R5 is
the structures: 14 1 HON 0 [00137] In one

enbodi nent, R5 is RXRYNHC(=0)- where Rk and RY together with the atomto
which they are attached forma 5-6 nengered saturated azacyclic ring
optionally substituted with OH Particular exanple of R5 is the structures:
00 [00138] Particul ar exanpl es of RXe z%fhayi ng the structure R3

[ 00139]include the follow ng structu 5 41' 01 \\ /\ 0=S N %
)22z 1 \\ /\ %0=S N1

R® N¢N
[00114] where R?, R* and R° are as defined for Formula I. In one embodiment, R* and
R” are hydrogen.
[00115] In one embodiment of Formula I, X' is N or CR' and X? is N or CR?, wherein

only one of X! and X? may be N; R', R?, R® and R* are independently selected from H,
halogen, CF;, (1-6C)alkyl and (1-6C)alkoxy; and R® is (1-3C)alkylsulfonyl, (3-
6C)cycloalkylsulfonyl, cyclopropylmethylsulfonyl-, phenylsulfonyl-, CN, Br, CFj3,
oxadiazolyl optionally substituted with (1-3C)alkyl, or tetrazolyl optionally substituted with
(1-3C)alkyl.

[00116] In one embodiment of Formula I, X' is CR', X* is CR? and R* and R’
together with the atoms to which they are attached form a 5-6 membered saturated
heterocyclic ring having 1-2 ring heteroatoms independently selected from O and S, wherein
the heterocyclic ring is optionally substituted with an oxo group, and the S is optionally
oxidized.

[00117] In one embodiment, R* and R’ together with the atoms to which they are
attached form a six-membered oxacyclic ring optionally substituted with oxo. In one

embodiment, the residue:

R3
4
R X 5
-
R® X2
[00118] of Formula I wherein the wavy line represents the point of attachment of the
residue in Formula I, has the structure:
R3
0]
R1
(¢} R2
[00119] wherein R!, R* and R? are independently selected from H, halogen, CF3, (1-

6C)alkyl and (1-6C)alkoxy. In one embodiment, R', R* and R are independently sclected
from H, F, Cl, CF;, methyl, ethyl, propyl, isopropyl, methoxy, ethoxy, propoxy and



)zz 1 \\ /\ O0=SN% ...-- -."-*---1-" "F------ , V1 ,NNC'N [00140]In

one enbodi nent of Formula I, ﬁB Is H [00141]1In one enbodi nent of Fornmul a
|, R6 is wWbl20{10Q48382] | n one enbodi nent of Fornula |, R6 PETSRénlo3644H0143] 1 n
one enbodi ment of Formula I, R6a is H [00144]1n one enbodi ment of Formul a

|, Réa is nethyl. [00145]1n one enbodi nent of Fornula I, R6 and R6a are
bot h hydrogen. [00146]1In one enbodi nent of Fornula I, R6 and R6a are both
met hyl . [00147]1n one enbodi nent of Fezrula |, R7 is a group haying the

Structur g 3 Abone bmbddiféntR", [ROQLARE LR b Gl Ay {efoclBBronfB E SMERP, A3 1S
CRC, and A u@éﬁﬁ, sS%hHEﬁét R7i's a grouplhagﬁﬂg #%g formila R7a Rb RaRS 1
Nl Rc | ea CFs. In one embodiment, R! is H or F.  In one embodiment, R? is H or Me. In one

embodiment, R* is H, F or CFs. In one embodiment, R', R* and R* are H.
[00120] In one embodiment of Formula I, X' is CR', X is CR?, and R* and R’ together
with the atoms to which they are attached form a 5S-membered heterocyclic ring having a ring

S atom which is oxidized. In one embodiment, the residue:

- X!
R® X2

[00121] of Formula I has the structure:

[00122] wherein R!, R* and R? are independently selected from H, halogen, CF3, (1-
6C)alkyl and (1-6C)alkoxy. In one embodiment, R', R* and R are independently sclected
from H, F, Cl, CF;, methyl, ethyl, propyl, isopropyl, methoxy, ethoxy, propoxy and
isopropoxy. In one embodiment, R', R? and R* are independently selected from H, F, Me or
CFs. In one embodiment, R' is H or F. In one embodiment, R* is H or Me. In one
embodiment, R* is H, F or CFs. In one embodiment, R' is F, and R* and R® are H. In one
embodiment, R', R* and R* are H.

[00123] In one embodiment of Formula I, R’ is selected from (1-3C)alkylsulfonyl, (3-
6C)cycloalkylsulfonyl, cyclopropylmethylsulfonyl, and phenylsulfonyl (CsHsSO»-).

[00124] In one embodiment, R’ is (1-3C)alkylsulfonyl. Examples include CH3SO»-
and CH3;CH,SO;-, CH3;CH,CH,SO,- and (CH3),CHSO,-. Particular examples include
MeSO,- and EtSO,-. In one embodiment, R’ is MeSO,-. In one embodiment, R® is EtSO,-.

[00125] In one embodiment, R’ is (3-6C)cycloalkylsulfonyl. ~An example is
(cyclopropy)SO;-.
[00126] In one embodiment, R’ is cyclopropylmethylsulfonyl which can be

represented by the structure:



16 [00149]where R8 is as defined for Fornula I, and Ra, Rb and Re are

i ndependently H, CF3, hal ogen, (1-4C)alkyl or CN. In one enbodinent, Ra, Rb
and Re arwoinde¢pessdent|y sel ected from hydrogen, hal ogerCT(UB2¢1C0ad4ky| and
CN. In one enbodinent, Ra, Rb and Re are independently selected from

hydr ogen, hal ogen and (1-4C)al kyl. In one enbodi nent, at |east one of Ra,
Ro and Re is hydrogen. In one enbodinent, two of Ra, Rb and Re are hydrogen
and the other is selected from hydrogeh, nethyl, G, F and CN. In one
enbodi nrent, two of Ra, Rb and Re hydr ogen and the other is selected
from hydrogen, nethyl and C. In o odlnent two of Ra, Rb and Re are
hydr ogen and the other is fluoro. e enbodlnent each of Ra, Rb and Re
i s hydrogen. [00150]1n one enbodlnent Formula I, R7 is a group haying
the structure: A2R8 Al ,7,(1 A3 A4 [0@151]in which AL is N, A2 is CRb, A3

CRu 4 hat th f la R71: |
!?CNIEC ﬁ" ?5015 g?@gﬁ%m%g SB@?Vﬁgrougg?E%$ e SLSURg and Re are

i ndependgodiRg] H, Qﬁ%mebﬁb@g@anjkﬁmggQ&g&ﬁﬂm(nqEmhndmppne enbodi ment of the
group R71, one of Rb and Re is hydro en and the other is selected fromH,
CF3, hal dWRO1 ( 1- 4leyoar ppbodimet\R ™ if §None enmbodi ment of the group R71, one of
Rb and Rgo¢130 ydrogqmegﬁgmﬁggnqﬁﬁggrls sel ected from hydrogen and
(1-4Calkyl . 1n one enbodinent, Rb and Re are both hydrogen. [00153]In one
embodi mert01a1] Fornmkmeﬁmb@ﬂmngﬁlgﬁﬁup haying the structure: , A2R8 Al cz\)
A4 A3 | in i 5 k: 3 ] - v such
that R7 3%§%rou\éﬂh‘%§.€@%dﬁ ﬁw&?grlﬁu adi E’ 1 0@ y%m%tﬂl %P%’lé (1_3%)"%(3’1'

In one embodiment, R is oxadiazolyl optlonally substituted with methyl. In one

embodiment, R is 1,3,4-oxadiazolyl optionally substituted with (1-3C)alkyl. A particular

example of R’ is a group having the structure:

—N
N
%O> 3
[00133] In one embodiment, R is tetrazolyl optionally substituted with (1-3C)alkyl.

In one embodiment, R® is tetrazolyl optionally substituted with methyl. Particular examples

of R’ include groups having the structures:

4N\N/% N4N\N/}% 4N\T;%
N\J \ﬁk N

N= N NN
/
[00134] In one embodiment, R® is triazolyl. A particular example of R’ is 1,2,4-
triazol-1-yl having the structure:
/™

I}I—N

LA
[00135] In one embodiment, R is (1-4C)alkoxycarbonyl. A particular example of R’
is methoxycarbonyl (CH;OC(=0)-).
[00136] In one embodiment, R’ is R"R'NHC(=0)-. In one embodiment, R* and R¥ are

independently (1-4C)alkyl optionally substituted with OH. In one embodiment, R* and R’
are independently methyl, ethyl or 2-hydroxyethyl. Particular example of R’ is the

structures:



17 127c [00155]where R8 is as defined for Formula I, and Ra and Re are

i ndependently selected fromH, CF3, halogen, (1-4Calkyl and CN. In one
enbodi mrerwg 20ne146835Ra and Re i s hydrogen and the ot her iPsTASk@anaei4s rom
hydr ogen, hal ogen, CN and (1-4C)al kyl. In one enbodi nrent, one of Ra and Re
i s hydrogen and the other is selected fromhydrogen, G, CN and nethyl. In
one enbodi nent, each of Ra and Re is hydrogen. [00156]1n one enbodi nent of
Formula I, R7 is a group having the st4ucture: A2R8 A1 ,,\) ,P?3 A4
[00157]in which AL is CRa; A2 is CRb, A3 is N, and A is N, such that R7 is

a group having the formulq@ Ted Ro RaR8 1 ' N*" ' 0158] where R8 is as
defined for Fornmula I, &nd and Rb areH¢nde enﬁgﬁt y selected fromH,
CF3, hal ogen, (1-4C) al kyl d CN. In one enbodi negt, one of Ra and Rb is
hydrogen and the other is selected from hydrogen and (1-4C)alkyl. In one

enbodi nerié013he of InRae amipodiinents RAYIR BIWHCEH)- heredt tead B’ gogdlicesiitbdhd r om
hydrogen and nethyl. 1n_ope.enbodi ngr each, of and .S hvdrogen.
001567 T ARR SRR orelle CBRETRAR £3% meBrds SriBe BPRuCRR s IRLRREC: i e
, A2 ARS8 ubstituted3viddOH0 PA6i0flancxalpeivf Rl isithe ERatured?2 and A3 are N, and A4 is

CR4, such that R7 is a gro having the forrmula R7e Ra NR8 JN N
Rd
@YEH HO’@YHH
0 o .

[00138] Particular examples of the group having the structure
R3
R4
AN
2 X!
RS X2
[00139] include the following structures:
F CF4 F F
~ /©/ ~ /©/ P /©/ ~ /©/
S S S S
N Vo TN N
o/ (0] o/ (0] o/ (0] o/ 0] cl
F F F £ \
~ ~ ~ /@i 0
R ) N F —
0 o 0 0 N—N
o pes o Xr
~ ~ ~
SC F SC S< NG F
o o o
cl
® ® ®
=N N -
Br F FsC FsC Z \//S\\ N
O o
//N\N =N //N\N =N //N ; ZN X .



[00161]where R8 is as defined for Fornula I, and Ra and Rd are

i ndependently selected fromH, CF3, halogen, (1-4Calkyl and CN. In one
enbodi mrerwg 20ne146835Ra and Rd i s hydrogen and the ot her iPsTASk@anae4srom
hydrogen and (1-4C)al kyl. In one enbodinent, one 18 of Ra and Rd is
hydrogen and the other is selected fromhydrogen and nethyl. In one
enbodi nent, each of Ra and Rd is hydrogen. [00162]In one enbodi nent of
Formula I, R8 is hydrogen. [00163]In ofie errbodi rrent of Formula I, R8 is

hal ogen. I n one enbodi nent, R8 is selected f Br and I. In one
enbodi nento [ SL?)CI . [0016 4 oge enbodi rre “a‘For mula I, is CF3.

[ 00165] | di ment qf la |, R8ds| CN [00166] | iy o e ¥nbodi ment
of For nula B8.s (1- 190}5 I n oneoe\ si ted from

enbodi nment 9 R8 IS heptyl or decyl I n one enbodi nent selected from
(1-30 al kyI I n one enbodi nent, is selected fromnethyl and ethyl. In
one enbodi ment is nethyl. ne enbodi ne is ethyl.
enbodi ment o\of| Formula |, R8 ||s hiydr oxy(1- 6C) aIlkyI. In one enbgdi ment, R8 is
sel ect ed d-foM &Zhydr oxypr . 1-hydro 2- hydr oxyet hin~ and

hydr oxynmet hyl . In one enbogj nent, R8 is sel gct ed from 2- hydr oxyprop-2-yl,

1- hydr oxyét hyl and 2-hydrdéxyethyl. In one €nbpdinent, R8 is

2- hydr oxyprop-2-yl. [00168]In one enbodi ne of For rrul al, RBis

met hyl , et yI propyl |son)ropyl butyl, héptyl and decy{)éln one

(1-6C) al koxy. Im one enbodl ment of Formula 1, E his met hoxy [00169] I n one
enbodi ment of Eormpula I, | C al kyI )s I n one enbadi gent of

Formula |, R8 CHSS—. one e of For@ I, i's phenyl
opti onal |.y° tuted WINIh one or nore U//b/StI tuents i ndepé sel ect ed

from hal ogen), (1-4C)al kyl ) (1 4C) al koxy dhd CF3. In one enbodinment, R8 is
phenyl optiopal Iy substltuted th one or nore substituents |ndependently

selected fro a, met hyI | and CF3. In neaienbodl ment, R8 is phenyl
optional | ygi:%i i t ut ed @ sai d substi 's. In one enbodiment, RS
i s phenyl, t hyl pl’f8)§j:t\ xanpl e,pheny “met hyl phenyl . [00171]1n
one enbodi nent of Fornula Is R8 is pyridyl, pyrimdyl, or pyrazolyl,
wherein each of said phenyl, pyridyl, pyrl m dyl, and pyrazol yl is

opt i onal I[901§0bst| t intowd cwbedimontef Bermabr bRt i t uent s | ndependent |y sel ect ed

from halﬁ 1] (1 419?1 ié%h?/cp&ént%%@ljnﬁ’ Sﬁ%q?ﬁ:FB [00172] I n one enbodi nment

of Fornmu opt’1 ona ituted with one or nore
substi tuqmllgz] ndephmﬂeemb@dmeﬂteﬁf“ednmgbw ahalyen, (1-4C) al kyl, (1-4C) al koxy

and CF3. odi nept ,. i k. .optionally substltuted w th one
or nore 4{’1@%8& ue%sonei@g'?qﬂ‘&‘ ﬁg%‘%{“ﬁiﬂdﬁel %EII ed fromF, O, nethyl, ethyl
and CF3. [bo149pe enbeglb aﬁB@dlmE%& off Sorlld KIRF. is inethsme enbodi ment, R8 is

pyri d- 2- yI 00173] I'n one embodi nent of Formula |, R8 is pyrimdyl
optional | 9/01§ bst i t tong eppediment of Formula I, R” and R™ are both hydrogen.
[00146] In one embodiment of Formula I, R® and R* are both methyl.
[00147] In one embodiment of Formula I, R” is a group having the structure:
_AZ R8
A1 Y
|
At
[00148] in which A' is CR? A% is CR®, A® is CR®, and A* is N, such that R” is a group
having the formula R™
Rb
a 8
R AN R
=
N~ R¢



one or nore substituents independently selected from hal ogen, (1-4C)alkyl,
(1-4C) al koxy and CF3. In one enbodinent, R8 is pyrimdyl optionally

substit utwo 20itt136338e or nore substituents i ndependent! yPseltsetiaa3dmdpm F,

ca, nethyl, ethyl and CF3. In one enbodinment, R8 is pyrimdyl. In one
enbodi ment, R8 is pyrimd-2-yl. [00174]1In one enbodi nent of Fornula |, R8
is pyrazolyl optionally substituted with one or nore substituents

i ndependent|y sel ected from hal ogen, (4-4C)al kyl, (1-4C)al koxy and CF3. In
one enbodg; of K : i k& i anal l: ifyted with
one or ng‘r)deﬁgtbst i‘tgg%%s%i dr?c?ggger? ernt?(lglﬁgﬂ’éié% léd lf'rlo‘%érlnﬂ( %ei%%eg%fﬂ} }I{’n one
enbodi nertFs, Réoges, plyd@atiyy br C&V. dptinerraitioginenb i Ritasd Rii arh indspendentlyl n one

enbodi e i 0 o) | pyr I 5] t, R8is
et hyt oo NG ke 1 RN Y CRE B b PG SEVREUIRE v 1001
enbodi neniidep&Blently geleciedyilom Ipyrdgam, diglogeoandayv4&zdkyll In onhembodimsa at 1@t azol yl
is optionally substjtuted with one or nore substituents . ndependent]|y

ol oot eq o BPRE 1 aed Bk Grerta0 1B g B G BaT tonl MR droter and

di (1- 3C) ahdth&ay Lagwt frohmhydne Hei nEnk and8Ni $n (iekbINSHFQIwo of FOOR7 7] I n
one enbodi ment of Formula |, R8is H F_ O, Br, I, CF3, CN, nethyl, ethyl,
i sopr opylnd Ritdjs hyfregeny pnd dscyther _sslpaetydas dydrossn methyihyaad oy efthire

2- hydr oxy&fBitren W6l SPRNTRY I R IRLNIRNYn ofiBe-othcP REMMko. R-JHELRAYORRSRY! .
pyrid-2-yl, erl‘al d- 2-yf , 1- methyl pyrazol -5-yl, 1-nethyl pyrazol-4-yl,

pyr azol - #26Mofdy, R'@nd RONdyd®een. [00178] I n one enbodi ment of Fornula |, R8 is

H F, 4 oB=n !, 7t SO . t eptyl, decyl,
2- hydr OXJ%@SB]- 2- qugﬁ%]?-e %}H?C{)@%@%m?%;wh%;Sgdgé%allvmgﬁ%t%%ﬁtyg CH3S-, phenyl,
2- met hyl phenyl , pyrid-2-yl, pyrimd-2a%l, g% nethyl pyrazol -5-yl, 1-

met hyl pyrazol -4-y1 or pyrazol-4-yl .A'[0 9] I n one enbodi ment of Formula I,
R8 is H, halogen, or (1-10C)al kyl. J0018Q@] I n one enbodi nent of Formula I,
R8 is CF3, CN, hydroxy(1-6C)al kyl%¥, T4+ 6C)al koxy, (1-6C al kyl)sul fanyl,
phenyl optionally substituted with one or nore substituents jindependently
sel ect ed [0016M hal oigerhich Al #QY.aAkigIGR"( A2 BAYRI koks* &, sGEBthapR T isri gtyup whi ch
is opti Orl‘aaliln%]t SLi;gl%t' tyhed Wi th one or nore substituents independently
selected Tro h(e - 4C) al kyl, or pyrazolyl which is optionally
substituted with one or nore substitugnts independently selected from
(1-4C) al kyl . [00181] 1 n one enbodi ment Lof gormula I, R7 is a group haying
the fornuia R7a R13 RaL. 1 'ICNIRc 8273 00182] wherein two of Ra, Rb and Re
are hydrogen and the other is sel Q%%\ed/ om H, CF3, hal ogen, (1-4C) alkyl or
CN; and R8 is halogen, CN, CF3, (1-10€ alf&yl), hydroxy(1- 6C)al kyl,

di (1-4C) al kyl am nocar bonyl or phenyl ]tQ-mti onal ly substituted with one or
nore substituents independently selected from hal ogen, (1-4C)al kyl,

(1- 4C) al KeoaB2pr CFahert R® Brae defivied domrRontulafl, AdRPuhdRf are RllepardentyrlUEFshayi ng

the formyla R7 eint f Ra, .and are hygdsogen g the.other is
el ect ea T i ERIS et ops CBTAESh ot ERpurak . B PeRhaibRer s,
(1-10C alnkilopen biydeexythdr 8RPetlcted | fromd rH, PORNYHalog, | (@d)dliyIsatbeii t it egk wi t h
one or nore substituents i qglependept)lécifrgcs,el ected from hal ogen, (1-4C) al kyl,
(1- 4C) al leaRgdigwet rte 21oup B3 ong obRe 2khBoii hvdrage pncte efies Iy seleggpd ifiony  gr oup
hayi ng t heq bty BERMMCTSLR ditddRfenRRY 2RORANELRE NSy dr 0gen and the
other is Selécted from hydrogen, O and (1-4C) al kyl ; an% R8 is F, O, CN,
CF3, et hy0015Aly dr oxipreme pbodimetypd Forayda Rl is adgroup iy mgylest stipbturef CH3) 2NC( =0) -
or phenyl. In one enbodi nent of Formula Y is a group haying the formula
R7a wherein two of Ra, Rb and Re arg” gen and the other is selected
from hydrogen, d and (1-4C) al kyl ; 41nd is F, CF3, ethyl, 1-hydroxyethyl,
2- hydr oxyet hyl or phenyl. ~Q\M//As

[00154] in which A' is CR®, A% is N, A’ is CR®, and A is N, such that R’ is a group

R3 N R8
I\I
s,
N R®

having the formula R®:



[ 00184] Parti cul ar exanples of the group R7a include the structures: OH

[ 00185] I n one enbodi nment of Forrmula I, R7 is a group having the formul a
R71: i ebwDQOWBEH3sker e one of Rb and Re is hydrogen andPChaSetih®se4its
selected fromH, CF3, halogen, (1-4C)alkyl or CN, and R8 is hydrogen,

hal ogen, CF3, CN, (1-10C al kyl), hydroxy(1-6C)al kyl, (1-6C)al koxy, (1-6C

al kyl ) sul fanyl, phenyl, pyridyl, pyrimdyl or pyrazolyl, wherein said
phenyl, pyridyl, pyrimdyl and pyrazoliyl are optionally substituted with
one or nore substituents independentl|yrsel ected from hal ogen, (1-4C)alkyl,
(1- 40 al koxy and CF3. £00187] I n one enbodi ment of Fornmula I, R7 is a group
havi ng t H80158) nmul awkRzd Rihses défimed ey Fofmits Lzand RRend R’ dnyﬂlldqgaedlemlmdelt:dmi ot her

|sselectedf hydr o -4 Kk 2 I,
CN, met hy , {"ng}: el {gpr’grl)?/l:&gal%ét ﬁ?é:)cﬁje‘p%(ylone 8mb0 % oS ggxypr op- S2 yI
met hoxy, hiHdgen ait Ihetdﬂ)ek pdﬂmk;clted foyrh ihgtdidestl, hajoyen, rﬁl‘d-aﬂd y1-4CYhtkyl. In one

el 6% PRy P AT et e end P LSRRty pydepgen 7 OV 1 712

------ - - .and methyl. , [& 3ne AWbdiment, each of Ra\and R¢ is hydrogen. \' N%
................ Br )1"., ....".. ..01\ti N
'[00156] In onz: embodiment of Formula I, R is a group having the structure:
AZ R®
A1/ Y
e
At
[00157] in which A! is CR? A% is CR® A’ is N, and A% is N, such that R is a group
having the formula R™
Rb
Ra | X R8
<N
N
R
[00158] where R® is as defined for Formula I, and R® and R® are independently

selected from H, CF3, halogen, (1-4C)alkyl and CN. In one embodiment, one of R* and R is
hydrogen and the other is selected from hydrogen and (1-4C)alkyl. In one embodiment, one
of R* and R® is hydrogen and the other is selected from hydrogen and methyl. In one
embodiment, each of R* and R® is hydrogen.

[00159] In one embodiment of Formula I, R” is a group having the structure:
_AZ R
Al \\(
e
At
[00160] in which A' is CR®, A% and A® are N, and A* is CR?, such that R’ is a group
having the formula R
Ra_ _N R®
Y
LN
Rd
[00161] where R® is as defined for Formula I, and R® and RY are independently

selected from H, CFs, halogen, (1-4C)alkyl and CN. In one embodiment, one of R and RYis
hydrogen and the other is selected from hydrogen and (1-4C)alkyl. In one embodiment, one



N -N [00189] I n one enbodi nent of Fornmula I, R7 is a group haying the
formula R7e: R .. "1(NIRc | ee [00190] where one of Ra and Re is hydrogen and
t he ot herwD=0H/14€8B3, hal ogen, (1- 4C)al kyl or CN;, and RE®Crass@iisadsesi from
hydr ogen, hal ogen, CF3, (1-10C)al kyl, (1- 6C)al koxy or phenyl optionally
substituted with one or nore substituents independently selected from

hal ogen, (1-4C)al kyl, (1-4C)al koxy and CF3. In one enbodi nent of Formula I,
R7 is a group haying the fornula R7c where one of Ra and Re is hydrogen and

the ot heryrid diq FR, b Cﬁ}a?dg%g%ﬂd tl(elot‘ﬁ%(gl slé)ékteﬂ”froﬁ}Nh @rBQenRﬁld' Sl eqf ok from

hydr ogen, hal ogen, , or ph eny optionally substltuted
Wi th one cobodiment, sashof Rt anrR’ss hyﬂd@endent I y sel ected from hal ogen,

1-4C) al kyd o ( 1- 4G al k 1] mbodi f Fornula |
R s a QR hayi ot Atp e b R RN R eBRE O Ra and Re i < hydr ogen

and the ¢00168] i s Hn dﬂe adibodidjena nfl F 6tdhuils 1, HR8 i@]nal@@rﬁllk)olne ef@bodiBent, BRjs

met hoxy, I i tut th (1-40Qal kyl. In one

enmbodi neﬁ’fleﬁ%'é@%r% 8?%’ ngelélgﬂfi’ lﬁ g the fornmula R7c wherein one
of Ra anqodig4j s hymrdag@mb@dwleﬁtfwm&ﬁwl RS lsl'd;F3.C| or CN; and R8 is H,

(1-40 al k Br, CN, or phenyl tiopally substituted with (1-4C)alkyl.

) G,
[00192] | r{g‘Hﬁé] e oldti e Abesim 0 Pral aLR715@Na group haying the fornula R7c

wher ei n Ra g5 S and R8
is H et ﬁg‘ﬁ I sop r%ﬂﬂe@%&b&m@ﬂ@cﬁ%ﬁﬂul?@% E?I %1@%( ! Ingge %})Partl c%l ar

exanpl es ipfeleacied f@nompthﬂY@h}'InmomielsQm@p}é,thuud,th@p‘@flsand dzeyl In ong enb@li®4jtl n one

nmbod f 7 N R7'
FOO?Q{S]WEV\h%egrlg %E@E :)B? C%a}h ?‘ &Bé eﬂlbﬁélgi%gtggﬁyan%l&{% 3%%%;1 %R%hal ogen,
(1- 4C) alekpbdiorntCR isanldctRBfibm nivaliyd gaxhethy100d 66 dmrbodmmnerﬂémmynt Tobndor nul a

I, R7 is a a) the fornmula R7d wherein Ra and Rb are both hydrogen
and R8 i§mttf§15 E‘hﬂ {Gg’%’lﬂ]A particul ar exanple of the group R7d is the

structur 6[001‘6(?]\1 *NIn one embodiment of Formula I, R® is hydroxy(1-6C)alkyl. In one
embodiment, R® is selected from 2-hydroxyprop-2-yl, 1-hydroxyethyl, 2-hydroxyethyl and
hydroxymethyl. In one embodiment, R® is selected from 2-hydroxyprop-2-yl, 1-hydroxyethyl
and 2-hydroxyethyl. In one embodiment, R® is 2-hydroxyprop-2-yl.
[00168] In one embodiment of Formula I, R® is (1-6C)alkoxy. In one embodiment of
Formula I, R® is methoxy.
[00169] In one embodiment of Formula I, R® is (1-6C alkyl)sulfanyl. In one
embodiment of Formula I, R® is CH3S-.
[00170] In one embodiment of Formula I, R® is phenyl optionally substituted with one
or more substituents independently selected from halogen, (1-4C)alkyl, (1-4C)alkoxy and
CFs. In one embodiment, R® is phenyl optionally substituted with one or more substituents
independently selected from F, Cl, methyl, ethyl and CFs. In one embodiment, R® is phenyl
optionally substituted with one of said substituents. In one embodiment, R® is phenyl or
methylphenyl, for example phenyl or 2-methylphenyl.
[00171] In one embodiment of Formula I, R® is pyridyl, pyrimidyl, or pyrazolyl,
wherein each of said phenyl, pyridyl, pyrimidyl, and pyrazolyl is optionally substituted with
one or more substituents independently selected from halogen, (1-4C)alkyl, (1-4C)alkoxy and
CFs.
[00172] In one embodiment of Formula I, R® is pyridyl optionally substituted with one
or more substituents independently selected from halogen, (1-4C)alkyl, (1-4C)alkoxy and

CF3. In one embodiment, R® is pyridyl optionally substituted with one or more substituents



[00198] I n one enbodi ment of Formula I, R7 is a group haying the fornmula R7e
Ra NR8 I N Rd [ 00199] where Ra and Rd
are H andwB&oi1g14€B3 or (1-10C)al kyl. Particul ar exanpl epCofustéig/ogrsotip R7e

i nclude the structures: F3 24 [00200]In one enbodi nent of Fornula I, RO
and R9a are hydrogen. In one enbodi ment of Fornmula I, RO and RO9a are

nmet hyl . [00201] I n one enbodi nent, the foll ow ng conpounds are excluded from
Formula 1: (S)-3 -(2,5 - difluoro-4-(methyl sul fonyl)phenyl amno)- 1° (5

- (2- hydr 4' Np2: X

(2-fi uo?ﬁé&é érﬁ?%t%;?egﬁé*i ]Zflgﬁl;lb r@g,ﬁﬂgﬁg la%‘[nljr}l)’]l C';lnél- CF3! IntHnQ ehllgg(ﬁhlght R is Y&y

et hyl ) pyri digengbodinent, Rflsm'rld& Vlp iperidin-2 -one (S) -(1 - (6 chl oro-5
-(triflu hyl ) py epk )

((2-f1 uoﬁ@@ﬁ; et ol Ipadifmen %fln%oﬁ gl%%% Brifiigit Pgonf”y St d with

chl oro-2 oné 41=1(18re-s(11§sﬁﬂ(eﬁtyMd@pn’ndﬁyly?bﬂlleétemgtbmmyl‘ogm (F-8C)alkyl, (1-4C)alkoxy and

315 192 OB LA, & oY ABRLFIL L HIULCEH 9RLLY s andCe

di met hyl @h&ﬁﬁjeﬁiﬂs MndépohtipntB se(e(:t%d from F, Cl, methyl, ethyl and CF;. In one embodiment,
-fluoro-4-(net hyl sul fonyl) phenyl )ngm no) rroli din-2- one. [00202]In
embodi nerkt IS REWHS N dsonstenbimsnia Ry isinyeEmy %Y&orrpounds of Formula |A R7 N RL

1XI_R5X2'[od1Aqf 00208] &@@&B&mﬁp@ﬂ#dr&% 1y Ra@sg%%z%gh %pt?@ﬁahg siifgfueQfwigher ei n:
[00204]L is O or NR; [00205]Rx is 0206] X1 is N or CR1

and X2 | 9NNODROTERELstifkkels mdnp@deryly@nlectm i el fieilkyb (NCbozDTIRL, R,
R3 and REAr ¢ bAYGRRAARM LY Rt R if ST i FREAR subfifuted Fith one or

more substituents independently selected from (1-4C)alkyl. In one embodiment, R® is
pyrazolyl is optionally substituted with methyl. In one embodiment, RY is pyrazolyl, or
methylpyrazolyl. In one embodiment, R® is 1-methylpyrazol-5-yl, 1-methylpyrazol-4-yl or
pyrazol-4-yl.

[00175] In one embodiment, R® is pyridyl, pyrimidyl, or pyrazolyl, wherein said
pyrazolyl is optionally substituted with one or more substituents independently selected from
(1-4C)alkyl.

[00176] In one embodiment, R® is di(1-3C)alkylcarbamyl. In one embodiment, R® is
(CH3),NC(=0)-.

[00177] In one embodiment of Formula I, R® is H, F, Cl, Br, I, CFs, CN, methyl, ethyl,

isopropyl, butyl, heptyl, decyl, 2-hydroxyprop-2-yl, 1-hydroxyethyl, 2-hydroxyethyl,
hydroxymethyl, methoxy, CHsS-, phenyl, 2-methylphenyl, pyrid-2-yl, pyrimid-2-yl, 1-
methylpyrazol-5-yl, 1-methylpyrazol-4-yl, pyrazol-4-yl or (CH3),NC(=O)-.

[00178] In one embodiment of Formula I, R® is H, F, Cl, Br, I, CFs, CN, methyl, ethyl,
isopropyl, butyl, heptyl, decyl, 2-hydroxyprop-2-yl, 1-hydroxyethyl, 2-hydroxyethyl,
methoxy, CHsS-, phenyl, 2-methylphenyl, pyrid-2-yl, pyrimid-2-yl, 1-methylpyrazol-5-y1, 1-
methylpyrazol-4-yl or pyrazol-4-yl.

[00179] In one embodiment of Formula I, R® is H, halogen, or (1-10C)alkyl.

[00180] In one embodiment of Formula I, R® is CF3;, CN, hydroxy(1-6C)alkyl-, (1-
6QC)alkoxy, (1-6C alkyl)sulfanyl, phenyl optionally substituted with one or more substituents
independently selected from halogen, (1-4C)alkyl, (1-4C)alkoxy and CFs3, pyrimidyl which

is optionally substituted with one or more substituents independently selected from (1-



6C) al kyl and (1-6C)al koxy; [00208]R5 is (1-3C) al kyl sul fonyl,

(3-6C) cycl oal kyl sul fonyl, (cycl opropyl net hyl) sulfonyl, phenyl sul fonyl, CN,
Br, CF3, weadiiziaeddpl optionally substituted with (1-3C)aChys2oia3d4as r azol yl
optionally substituted with (1-3C)al kyl; [00209]R6 is H or OH [00210] R6a
is H [00211]R7 is a group haying the structure A2R8 Al ,\.A3 A4 [00212] A1
is Nor CRa; 25 [00213]A2 is N or CRb; [00214]A3 is N or CRC, [00215]A4 is
N or CRd, [00216] wherein at |east one2of Al, A2, A3 and A4 is N, and no
nore tha 0 - 1 d are

i ndependgrﬁ)%@llH raz gl‘)@g%}ﬁ%d Oﬁéomy Doyt tNg(?([ 8])%% é%\g%éllﬁg’gnﬁ)s%ﬁ%@

Rb, Re an@ﬂeﬁdldmib’%m'@ﬂ:ﬁomﬂéﬂé“g@wl (1 4C) al kyl or CN, the renal nder be| ng

hydr ogen; 18] I

(1-100) a|[$%‘{‘1%?]2hyo|rplglx°§/l il%gé‘@%&ﬁ%f% %ﬂh%% %g"k%{"i}’%( e foﬁﬁ? Fsul fanyl
phenyl, pyridyl, pyrimdyl, and pyrazeryl, wherein each of said phenyl

pyri dyI , pyrim dyI , and pyrazol yl ré S ti (p{raal |y substituted with one or
nore substituents independently sel from hal ogen, (1-4C) al kyl,

(1-4C) al koxy and CF3; [00219] R9 and re hydrogen; and [00220]n is 1, 2
or 3. [00221]1t wll be appreciate t Bertain compounds according to the
invention may contain one or nore cengars of asymmetry and may therefore be
prepared and isolated as a m xture of isomers such as a racem c or

di ast er eg0EBRL ni x¥huren teo of R®, &Y aad&‘itareolmlmgemlahq/t}motm astckreddon Hal | y
pure for is int th st er eoi so f the,conpounds of
the inve |3’o]?1a10geﬂ’c{] L@Bdlgd]b?ft ofm(‘{ Rri% ]éagogteg’ 8& QE% e(?égﬁea&l@d) R Sher s and
at r opi some)dkylagi(Wel lalldfanihochibosy dsrh@feﬁsaf orieadllyasubkaGRI vithToxd bf @fore f orm
part of the gﬁ?sent i nvention. ]I'n the structures shown herein, where

the st er SBRSHBINS fRdspesdentlyselogied &r@m %logeﬁ.@é‘@%béml.”@ﬂ!s@xyS%echsf ilRane t hen

al | st er eaips@MRhSfAHENAL NP a5 haAR: P MIRRFhEDLR (HOFPRURISNPR° t he
i nvention. Where stereochenmi stry is specified by a solid wedge or ,dashed

| i ne represbisreasy aad fwrathes iy salectedrifang ik &1, dmlogﬁméh AOpedkyl ox 6N ONEBEY i s so
specifie fi ,
U160 antsE S ToPC ST ERTIRL LR TRY S tplibiy it B s | o
or brancfmednqrhaubstlrmMVme@mdem%dsm&rdb’@mrlahlxgclal($ -46halignie(1t4C)alipee andone t o
four, ne.to six carbon, or one to ten atons, respectively. Exanples

i ncl ude dt are not limted to, nmethyl, ethyl, 1-propyl, isopropyl,

ﬁ but?/l [O(HGB}JtyI Ins@e- bubodimert eft Fdamtipl 1, F2- Red kydup Zrapingpib fopeint W2 hexyl ,
epty

anqwrem 'X)vo of R®, R" and R° are hydrogen and the other is selected from hydrogen, Cl and
(1-4Calkyl; and R® is F, Cl, CN, CFs, ethyl, hydroxymethyl, 1-hydroxyethyl, 2-
hydroxyethyl, (CH3),NC(=0)- or phenyl. In one embodiment of Formula I, R is a group
having the formula R™ wherein two of R, R’ and R° are hydrogen and the other is selected
from hydrogen, Cl and (1-4C)alkyl; and R® is F, CF3, ethyl, 1-hydroxyethyl, 2-hydroxyethyl
or phenyl.
[00184] Particular examples of the group R™ include the structures:

IjCF3 /(j)\ |t |j
A LK

® B B B
s
N 7 7 7

| N OH | - can/cF3 NG | cl
-:LLs N/ LL’I' N/ ‘Ls_’ N/ NS



[00224] The term "hydroxy(1-6C)al kyl" as used herein refers to saturated
| i near or branched-chain nonoval ent al koxy radicals of one to six carbon
atonms, whwoebn/@nBds5of the carbon atons is substituted wPCh/uS20up@86@%y gr oup.
26 [00225] The terns "(1-4C)al koxy" and "(1-6C)al koxy" as used herein refer
to saturated |linear or branched-chain nonoval ent al koxy radicals of one to
four or one to six carbon atons, respectively, wherein the radical is on
t he oxygen atom Exanples i ncl ude nmet boxy, ethoxy, pr opoxy, isopropoxy, and

but oxy. [00226] Jhe term " (r - X aJokyl sul foryl " _as aised hereina_r e er5|to a

(1-3C al kyl[J'SOE- group, wher€infthe radlcal n the sulfur and the

(1-3C al rtionis a§$ ed above. es i ncl ude sulfonyl
yt (

(CH3S02-) ang et hyl sul fon S02-). [06?27FThe term
"(3-6C)cycl oal kylsul fonyl " as ~used herein refers to a (3-6C cycl oal kyl ) S02-

group, wherein the radical is op the sulfur atom An exanple is
cycloproﬁ§ nyl. [0 erm"(1-6C al kyl)sul fanyl" as used herein
refers to al(146C al kyl ) S-1group, wherein the radical is on the sulfur atom

and the (%-6®"al kyl) portionis as defined above. Exanples include
nethylsulfanyl (CH3S-) and et hyl sul fanyl J(CH2CH2S-) . [00229] The term
"di (1- 3C)[8018%) car blarapk embedimes of Bormudii §, R’ 83G) spupiantigth0prmga BUp. [ 00230] The

term "hal ogen" includes fluoro, chlorgb brono and iodo. [00231]It will also
be appreciated that certain conpoundsjof Fornula | nmay be used as

internedi ates for the preparation oﬁ Rer conpounds of Fornula I.

[ 00232] The conpounds of Fornula | clude salts thereof In certain

enbodi nents, the salts are pharma N/é pey acceptable salts. In addition,

t he conpounds of Fornmula | include other salts of such conmpounds which are

not necessarily pharnmaceutically acceB{abIe salts, and which may be useful
as inter es f n di f

and/ or fg&ﬁ'g arat?%%gena Fo%%fg' qup%b%&%%ﬂg(gﬁgﬁggﬁgﬁaﬁ%o%gy
partlcuIambgait@‘MhﬂkﬂderKﬁﬁfmubmﬁamehﬂm@manﬁmbyﬂudﬁhjdﬁid@,HE]@HWD

[ 00233] The ,term |caII tes at th subst ance
o conpodh G TS R AL Fbiob e i BEI TGV BRURSR: PRSP Eor B Earmasis th ¢ he

ot her i ngyedolentwhetaiid §hd”1hgl @yfl@nnp&raﬁlﬂﬂmndweuzolm hukepiemang| subginngl t r eat ed
therewith. [00234]1t will further be appreciated that the conpounds of

For nul a Wingng 1éi Rogapubstitienis pdepetsient Yedelrxﬁe% Heont deloeer dotwalkds, (land
accordlngt%ﬂkgggn@@y3such solvate is included wthin the scope of the

present invention. 00235é§bnpounds of the invention nmay also contgin
unnat ur all0H83hor t i Bnencoembadinere df sroplesl, & e sowp sy othe tdoranvda BTs t hat

constitu 6 t tioned
ol at st A AOROARA S A8 ARk R U AL hE B RTEE (pes
and |sotd@D@kﬁ;m@dtesHoCFiﬁaCléﬁDM£%@nmﬁ@keﬂatumambw,UmEhhﬂﬁﬂgémyl2—

synt heti ca oduc nce or.
|sotop|cg]nylr0 %HédIP3ﬁ%W’F8%PgXa %hgﬁ%mﬁ hﬁﬁ éﬁ |§wmn% hed it is
under st O@ﬁbtﬁyﬂpyfrz&foéﬁ yt O-rﬂéthylla)}ﬂazo&mwbr peradolnes t her eof when carbon is

ment i one tood torefer to J1C 12C, 13C, 14C or m xtures
t her eof ; qg\ﬂék nlttj]%@é *F§X3r?ﬂﬂ‘fsl°cfﬁlé¢ogr°‘iptRl St o refer to 13N, 14-,

15N or nlxtures t hereof ; when oxygen is nentioned, it is understgod to
refer to 140,450, 160, 17, g/ or m xtur e ; and oro is
ment i one b)it/is understog{L\Q refer to 18F I 19F or mi xtur ;ﬂgb reof The
conpounds ac%ording to th nMvention therefor® al so conpri conpounds with
one or nore_iksotopes of one e atom and grures thereof ¢l udi ng
radi oacti vy cdnpounds, /Eggﬁg or nore n ijiédloactlve at Vigpas been
repl aced e of its radt ive enrichech opes. Radi ol \ed

conpounds are useful as therapeutjc agents, e.g., cancer therapeutic
agents, researc agents, e.g.,("aysay reagents, *éq di agnosti c agents,

e.g., in vi i ng agent sS4 sotopic Vv ons of the nds of

t he presentl vention, whetlier |radioactive gr got, are |nten&eg,to be
enconpass€d W t hin the scope™sf the present” imvention. [O The present
invention further provides a process for the preparation of a conpound of

Formula | or a salt thereof as defined herein which conprises: [00237](a)
coupling a correspondi ng conpound having the formula I

es of



NH R4w R52X1 |1
A2R8 Al L1A4 |11

[ 00238]with a correspondi ng conmpound having the fornula 1|1
[ 00239]wherein L1 is a leaving atomor group, in the

presence Wb 2a11hasidsand optionally further in the presen®eTafS2@ 1/8d4as
catal yst and optionally in the presence of a ligand; or [00240](b) coupling

a correspondi ng
| eavi ng at om or
in the presence
conmpound of For

conpound h

conmpound having the formula IV 1V [00241]wherein L3 is a
group, with a conpound having the formula (R8)2Zn or R8ZnBr
of a metal catalyst apel a base; or [00242] (c) for a

al wherein L 1§ Me, coupling _a correspondi ng conpound

havi ng the /%%mg V A2R8 Al \ 1NAztA3 N [Q0243]with a corres o I ng
t

i?

he fornu[ﬁl R4L4 1 ?ﬁf?‘ X

/J\N/

S ol o SN o
z{/l:ii:r/”\\//N\V//\\V/”\\//“\\ g{/ﬁ:::j

[00189]

[00190]

In one embodiment of Formula I, R” is a group having the formula R”*:
RA__N R®
L
=
N~ R¢
7

where one of R* and R° is hydrogen and the other is H, CF;, halogen, (1-

4C)alkyl or CN; and R® is selected from hydrogen, halogen, CFs, (1-10C)alkyl, (1-
6C)alkoxy or phenyl optionally substituted with one or more substituents independently
selected from halogen, (1-4C)alkyl, (1-4C)alkoxy and CF;. In one embodiment of Formula
I, R is a group having the formula R where one of R* and R® is hydrogen and the other is
H, CF3, halogen, (1-4C)alkyl or CN: and R® is selected from hydrogen, halogen, CFs, (1-
10C) alkyl, or phenyl optionally substituted with one or more substituents independently
selected from halogen, (1-4C)alkyl, (1-4C)alkoxy and CFs.

[00191] In one embodiment of Formula I, R” is a group having the formula R
wherein one of R* and R® is hydrogen and the other is H, Cl or CN; and R® is H, (1-4C)alkyl,
Cl, Br, CN, methoxy, or phenyl optionally substituted with (1-4C)alkyl. In one embodiment
of Formula I, R” is a group having the formula R’ wherein one of R* and R°® is hydrogen and
the other is H, Cl or CN; and R® is H, (1-4C)alkyl, Cl, Br, CN, or phenyl optionally
substituted with (1-4C)alkyl.

[00192] In one embodiment of Formula I, R’ is a group having the formula R™
wherein one of R* and R® is hydrogen and the other is H, Cl or CN; and R® is H, cthyl,
isopropyl, Cl, Br, CN, or methylphenyl.

[00193] Particular examples of the group R include the structures:



VI [00244] wherein L4 is a |leaving atomor group, in the presence of a base
and optionally further in the presence of a netal catalyst; or [00245](d)
for a comwound/w@633Fornula | wherein R5 is a group havi n@Crhis23a8223 wher e
Rba is (1-3C) alkyl, (3-6C)cycloal kyl, cycl opropyl nmethyl- or phenyl,
reacting a correspondi ng conpound having the formula VI

29 [00246]wherein L5 is a leaving atomor group, with a reagent having the
formul a R5aS2Na in the presence of a2petal catalyst and a |igand; or

[00247] (e) for a conpound of Formula | wherein R3~s phenyl, pyridyl,
pyrimdyl or py azolyl, eacl of_which is optlon.i]ﬂ substltut ikt h one or

nor e subst ift |ndepen entlly “sel ected fr gen, (1-4C)alkyl,
(1-40 al r i g a correspondlngl conpound ha A he formul a
IV 1V [00 4 mhereln L3 's a | eavi ng atom®r "group, with a corresponding

conpound having dihe fornul a RRaB( OReRf) 2, renR8a i s phenyl, r|dY1

pyrimdyl dr pyrazolyl, eac o? which is opti dELy substltU| th one or
nore subsii ts i ndepen Iected fr gen,
e and Rf

(1-4C) al kbxy and CF3, and Re and are H or 7(1- 6C)a|ky|

t oget her mnth t atons to ¢they are compe ed forn1ac er ed
ring optio pll substituted EE/l 4" substitudnt s)sel ect ed f n1 1-3C
al kyl), sai d coupl kes pl ace | resence | I adi um

catal yst and a base; or 5](f) for a co ound of For mul wherein RS
is CN, reacting|a correspondlng conpound having the fornul a VII R6 R6a
VI [00250] gin L5 is a leaving atomor group, in the presence CuCN, or
[00251](g) foﬂ a conpound of Forrmula | wherein R8 is CHOH (1 a
correspo compound having the fornula VIII 30 0 A1(15C) al kyl
[00194] In one embodiment of Formula I, R” is a group having the formula R™
Rb
a 8
R R
<N
N
R7d
[00195] where one of R* and R® is hydrogen and the other is H, CF;, halogen, (1-

4C)alkyl or CN; and RYis halogen.
[00196] In one embodiment of Formula I, R” is a group having the formula R™
wherein R and R are both hydrogen and R® is halogen.

[00197] A particular example of the group R’ is the structure
AN Cl

e
[00198] In one embodiment of Formula I, R” is a group having the formula R™

RNy R®

A
R

[00199] where R® and R? are H and R® is CF; or (1-10C)alkyl. Particular examples of

the group R’ include the structures:

N CF, N
%r’ QT/“\



1 ONA3 (I nRO R9a R6 R6a VIII [00252]with a reducing agent; or [00253](h)
for a conpound of Forrmula | wherein R8 is (1-6C al kyl)sulfanyl, reacting a
correspomiDreglicassdund having the formula 1V R3 R6 R6a PUT[B0@54peherein L3
is a leaving atomor group, with a reagent having the forrmula NaS(1-6C
alkyl) in the presence of a palladiumcatalyst, a ligand and a base; and

[ 00255] optionally renmovi ng any protecting groups and optionally preparing a
salt thereof. [00256] 1 n one enbodi nent4of the nethods descri bed above, R6a
is hydro nd : | |{Ref.er ri t (a),

t he | eav?ﬁgﬂg om ﬁ arrflgg GEZ),% c()ﬁrp]rt Eggir?pgﬁg? Ié. %I%?%eﬁsuagi Hgglg)é% Ip " bR

Al t er nat iewbbgimentioffraymiel, & leadRi‘ne metbylp such as an al kyl sul fonyl or

aryl sul f roup, far exanmml riflate grqu an aryl sulfonyl gxy group
oranal ROPOLPT onyiraks gRATERAE el Mk ShBp LAY B SR BLLIPHARA T Roo.

or a di az®n3-s-difmum-4-(methyiail fonjdqgdicmgahino - HE S5« Bagdro:ompripanpenperimiith-i n t he
presence of base. . Suitabl e E?; es incl yd m ne bases, su s tertiary
Pt e baded) 4R B8 Sapn T Ry i G f B BRI R o0, BN AHRE 1 e
enbodi merthy)phalin-eaot i Phvigiserfdul-2-bes; pe)fiorinecthioo-bieifRbRSRMGBpRidia2-

pal | adi um catal yst and a |ligand. Suitable netal catalysts i ncFude al I adi um
(0), pal PARIPEATIPHY)-3HRdluer e kémeedt diopsbrhenhagtp Remqlider-2raes pd2dBa3;  PdCl2,
et rasza o2 LA Kb AR GhMER, EoBufi) blos BRI i -

r ac- Bl NAR-yIDiwiieetiieiit sol wwht s i(ﬁ&]—uale&@uqxeﬁe(,tr’ifapmqﬂéylmweﬁm)-25a.ch as
ethers (f ke 31 tebr dy a i ] P and DMSO.
The react@%%ﬁ%@%ﬁ%gﬁ)e%@ yﬁgér¥ g%‘%%}g &éﬁahg&g\gfgﬁ%@@%gﬁ%ﬂur es, such as
80- 130 C,[06262] exanipleenbddithe@, crORRb FRdoenuln hctude nehpnoddy( &)Forhide IAeavi ng
atom L3 may be, for exanple, a halide such as O. Alternatively, L3 may be
a |l eaving group such as an al kyl sul fonyb or ul fonyl group, for

exanpl e, ahtri flate glrotjgcé4 an |aryl sul fopyl oXy grjoup or andal kyl sul f onyl oxy
group, such as a nesyl a , or a diazoni um group.
Suitable netal catalysts in |I udg pal | (k§ )recat al ysts such as

PdC12- (dppf) - CH2C12, Pd2(d 3,2XPd( OA P Pd(PPh3)4. The base may be, for
exanpl e, an alkali netal Tarbdnate, B8lckas sodi um carbonate, potassium
carbonate or cesium carbonate. Convenjgent solvents include aprotic solvents
such as ethers (for exanple tetrahydrofuran or p-di oxane) or toluene. The
react i on [06208pnvenimdnplaymgpenticall yeatcptbble baw diced f ivdrepan:at ures, for exanpl e
bet ween 110 C. . [00259] Referring to nmethod (c), the |eaving atom L4
may be, ﬁgyﬁgﬁarrplle}scé[)h ﬁi’de such as F, O or Br. Alternatively, L4 may be

a | eavi ngogpospup surhis asoransahdslisul fonyl or aryl sul fonyl group, for
exanple, a triflate group, ,an arylsulfonyl oxy group or ,an alkyl sul fonyl oxy

[¢)
group, stk a s Nagr Polra_nﬁxt &y PRER . gietsh) omicpne &K angikagBnPuth gr oup.
I'n one erm%ygen_t RN Reaglyi RN B8R BGH ALBEd | onk NE RIKSENEL, Qf- @ base,
such as an alkali nmétal carbonate, such as” sodi um carbonate, potassi um
car bonat éCorlkyd erd (Int@alkbonat e. Suitable netal catal ysts include palladi um

(0) and ium £4 1. 3 ch u PdC12,
T L R AL R o s e
t et r aaz a-sh{@iyd pphrabiuttygll, CN,Br, GF 3 ofadirdely] @nienal XRubibtdsed Wit 1HKD)A ke, or
rac- Bl NAP . veni ent | vents, | e toluene, aprotic solvents such as
ethers (ft%’FazggQ‘?@Pgﬁgéflgsglw&]‘?ﬂ%hbgﬁﬁé)éﬁgylpdi oxane), DMF, DMVE or DVBO. The
reaction [peogpnvenrReRH o qrer forned at el evated tenperatures, such as 80-130
C, for exanple 90-1]0 C. [00260] Referring to nmethod (d), the |eaving atom
L5 may bd00%Bk exafpiel: a halide such as F, O or Br. Alternatively, L5 may
be a | eaypddg1Qr OUPRBNG RS @Rn@lk ¥rsibbonyl or arylsul fonyl group, for
exanple, a triflate group, an arylsul fonyl oxy group or an al kyl sul fonyl oxy
group, such as a nesy| ®a tosylate group, N2, or a diazonium group.
The netal catal yst bela Cu(l)triflate benzene-conplex, Cul, Cud, CuBr
or Cu20. The | igan%:%{ J/)ﬁs for exanple, trans-cycl ohexane-1, 2-di am ne

Atod (

[ 00261] Referring t e), the leaving atom L3 rmay be, for exanple, a
hal i de ’

[00212] A'is N or CR?



such as . Alternatively, L3 may be a | eaving group such as an

al kyl sul fonyl or arylsul fonyl group, for exanple, a triflate group, an

aryl sul f ongl20xy146336up or an al kyl sul f onyl oxy group, suclkCaaiSaomP3stit e or a
tosyl ate group, NO2, or a diazonium group. Exanples of 32 B(ORe)(ORf)

i ncl ude boronic acid (i.e., where Re and Rf are both hydrogen), and boronic
esters. Exanples of boronic esters include dioxaborolanes (i.e., where Re
and Rf together with the atonms to whiegh they are attached form an

optional | stitwt -dyenbered ring) and di oxaborinanes (i.e., where Re
and Rf t erzflﬁf;r V\ﬂ%hgﬁ%%?(’)ﬁs to which they are attached form an

opt i onal 1[§02ddbst i t &tiedN &-GRSnbered ring). A particul ar exanple of a

di oxobori is 4,4, 4%%(salso 5,5 ,5 ',5 '-octanmethyl-2,2"-bi (1,3

, 2-di oxak@?zgs]ane) ﬁnl(%j/\\}nora(esf£ bi s( pi nacol oat 0) di boron). Suitable palladi um

cat al yst §00216] ude wa{rBFPhB)edst oRd2( dbhad3 A’ andl AP Ao ore e tedtofd) vent s

i ncl ude grg;i c, sol V§$B - such as ethers (for exanple tetrahydrofuran or

p- di oxan%’ t Yldfb ey . The reaction can be conveniently perfornmed at
el evat ed [y@IPEr at UkRER®, ROEnERARR! RISRAVSKIAHIIES,, haABgHNg-ECRARyY Oot ON110 C.
The base may be, for exanpl,e, .an alkali netal carbonate, for exanple cesium
car bonat evheksgyiopin @gr oRatle; Roranddt away b (ar Boagane (1-fOBYeD] Refdk ththg to
met hod (fr%maih&rﬂé}}{gﬁﬁdr@geheaw ng atom such as a hal ogen. Alternatively, L5
may be a [eaving gfoup such as an al kyl sul fonyl or arylsul fonyl group, for
exanpl e, [8021B] f | atR® grsinoted dronahydregdnt dalpax \ Fgr GNp (lot0G@alkzl kydrexy@ ony! oxy

group, s ) | at e ;0 t t.e Qup , .a.d] I Uym.group.
L't ol o S (TR Bt Rige BT pFE R B OB e Bl s W PP e
at el evatwadrdiresior phtaitt @Benyt, opyriexia ppireidyle apkepyaizoiyve & dpaogillpguistiamdboigh 180 C,

| ncl e, RE o0y 3Bt R ety B drbatlraClioRl Sk e"8uth as

met hanol .cH;00264] Referring to nethod (h), L3 may be a | eaving atom such as
a halogen. Alternatjvely, L3 may be a |eaving group such as an

al kyl sul fifIPI or aRyanddd t yaPYdrgesupd for exanple, a triflate group, an

aryl sulfqﬁwzg}xy oroun, obr #n al kyl sul fonyl oxy group, such as a mesylate or a
tosyl ate group, NO2, or a diazonium group. Suitable palladiumcatalysts

i ncl ude MOZ2Ph3) 4, It A bdbenresiatedh thaPepf @acompoivie apepsdingrtpythp envetgm mxanpl e,
an al kal i + al ' ven| sol vent s
i ude Soman e SOATRN Ruftrs S 60nAR P BhETR) MO IR B ARG 20

p- di oxaneixtutecobfismerosucbbd-a rafhreicroe debteenmeanmiagureoomie an emintiympenflppmed at

el evat ed t enperat.ures, for aml tur.es rangi ng.f.rom 80-130.C, for
oxam! o 1bROmRaHYE B IR e aRes B S iR d e R P re. or
H and n itise thv&ion biaclpdiag ateeht dignieh eWlidsiRrdaRel alanbeha@send atropkdmers, 23
Formula 1l Schenme 1 [00 &%I n Schenme 1, Pl and P2 are ami ne protecting
groups. ArUSs gioHyret dese ay racqpig np¥ ke AprParhe ke HIFYSBY INERNHE Y gr oup i s
coupl ed tigoebe am RomaGiektiRd SHIVRAhALE, v{vlée)re VYikeAsté ket i@ ar aafipdRichiend

form ng reagents such as, but not Iimted to, DCC, to provide conpound (2).
Conpound ch3l 4tem 4t nptygpeeided. Hhgualh sieeokpmals| n coueprlpted agd drelugsed apfhe not

l'imted tcgmpaﬁltdm{f tglé(rﬁgziegt?ont Q0 é"t'efégch%ﬂﬁgli}gﬁyﬂyg,&%%% F)Ql %ﬁqz\%dgg By Qa{shgcp mpound

(3) takes place un basic conditions s not limted to, NaH or
LHVDS t o laf fapradergmgpeanidulgronfiRenmenathenthat sterepmibamaygese speafiaicnid dgfigpdoup P2
of conpo d4) under st apnd: protection conditigns to. provide, compound
(5) ol Mg by AR A AP E SR oo sory! FUROEIRT Foea aryi
or het er a@dyhergn oefpr Praaurdasliganpobmthedthdio hvubaldnt hadrdb@iboahandivad odf t he

protectin rqup Pl of _conpound. (6). under standard deprot.ection conditions.
I n one er?g%g? ﬂ’égﬁ OB loSfMEMEe 10 SEotahng: Hod % ete‘PﬁH)PtﬁgE"ﬁPeCth&ZG 4Pl e
embodi menfclude bR arNds lidfted @ Mthal, bihyMIQE® YL idoBroByl, RBugN o8], 861,

tert-butyl, 2-methyl-2-propyl, pentyl, hexyl, heptyl and decyl.
[00224] The term "hydroxy(1-6C)alkyl" as used herein refers to saturated linear or
branched-chain monovalent alkoxy radicals of one to six carbon atoms, wherein one of the

carbon atoms is substituted with a hydroxy group.



and nis 1, 2 or 3 can be prepared as shown in Schene 2. 11 R3 R4 NP3
R5X2R6 R64R9 R94 12 Schene 2 [00268]In
Schenme 2,wB20ig146335am ne protecting group. Accordi ng t oPEThsa®18364aty| ati on
of the am no piperidine (8 wth acid chloride (7) affords the conpound
(9). Cyclization of conmpound (9) to formthe lactam (10) is pronoted by
bases such as, but not limted to, alkali nmetal hydrides such as NaH,

al kali nmetal ami ne bases such as lithRem

dii sopro | de, I LI conr LW galkak l,am |

nexamet nTa] | azi e G T R A et Bl S el e S o e
coupl ed Wintdy a@dpwhediclbO( mpn¢watvet alkpey iagicals| daiertg fowroerporsrtoatiopgrbemder
basi c conditions,.for ] oAt he se al i hydri de
or carbo %g%ngesj %éﬁeg Hveg% @{é&@ﬁd%% ﬁ?/%%l Efeo,n %‘E‘at% 3 s%% |g Etr%%{ﬁy%(r%fn%lle%é né%%dlgﬁlﬁn%%%oé(y bonat e,
pot assi urthoay,lpospake iapropesy, and baohonat e. When R5 is a group having the

R5aS02- re Rsa js (1-3 I (3-60) cycl oal kyl., cycl opyl et hyl - or
phenyl , \3@% nd (i‘L}ie) &Hﬁﬁaéaéﬁ%lﬁFlé%yh ?Shusﬁgé‘gie}neé&%fﬁ/ ?16?8{8#@%/9' >havi ng
the for mgapRAaSERANAe kdilidahR ¢ @8 SMGE 2fm andreeqll-3CadIRY1Y Bértish Ghasafefinut  not

limted to, C%Dper and pal | adj um cat al gsts, to provide c&rB)ound (12).

Al t er nat i*peYey Exqielss melufemefylselfmsbGit SOl yndetilptopd A Hemk t h CucN to

provide qeymeund (H2) terf) &LABEIN@INIsuFOMROURyded O)erGaNrREs GQUP! @%W th
conpound (10b) to provide conpound (12). 'Renpbval of the protecting 35
cycloalkyl)SO,- group, wherein the radical is on the sulfur atom. An example is
cyclopropylsulfonyl.
[00228] The term "(1-6C alkyl)sulfanyl" as used herein refers to a (1-6C alkyl)S-
group, wherein the radical is on the sulfur atom and the (1-6C alkyl) portion is as defined

above. Examples include methylsulfanyl (CH3S-) and ethylsulfanyl (CH,CH,S-).

[00229] The term "di(1-3C)alkylcarbamyl" refers to a di(1-3C)alkyINHC(=O)- group.
[00230] The term "halogen” includes fluoro, chloro, bromo and iodo.
[00231] It will also be appreciated that certain compounds of Formula I may be used

as intermediates for the preparation of further compounds of Formula 1.

[00232] The compounds of Formula I include salts thereof. In certain embodiments,
the salts are pharmaceutically acceptable salts. In addition, the compounds of Formula I
include other salts of such compounds which are not necessarily pharmaceutically acceptable
salts, and which may be useful as intermediates for preparing and/or purifying compounds of
Formula I and/or for separating enantiomers of compounds of Formula I. Examples of
particular salts include trifluoroacetate and hydrochloride salts.

[00233] The term "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.

[00234] It will further be appreciated that the compounds of Formula I and their salts
may be isolated in the form of solvates, and accordingly that any such solvate is included
within the scope of the present invention.

[00235] Compounds of the invention may also contain unnatural proportions of atomic
isotopes at one or more of the atoms that constitute such compounds. That is, an atom, in
particular when mentioned in relation to a compound according to Formula I, comprises all

isotopes and isotopic mixtures of that atom, either naturally occurring or synthetically



group P3 of conpound (12) under standard deprotection conditions affords
conpounds of formula Il. In one enbodi nent of Schene 2, R9 and R9a are

hydr ogen.wpQ0R6R$I38 one enbodi ment, conpounds of fornul &Ciriusasiaoss4t3 i s Nl e,
R6 and R6a are Hand n is 2 or 3 can be prepared as shown in Schene 3.
Schenme 3 [00270]In Schene 3, P4 and P5 are ami ne protecting groups.
According to Schene 3, amno acid (13) is converted to lactam (14) through
sequential reductive am nation and antde bond fornation. Renoval of

protecti %%cﬂ%&iu Rinfer gmh &M%ﬂﬁ’daﬁé&ér i r&ﬂ%oté&@aﬁlﬁ’ %Bﬁ!c}fé& RE. SS &Qmple
conditio ol I 'owe coupling o he deprotected conpound (15) wth
conpound v(htsaydrggmhe$ msntamdérlﬂs S\Wstwmlnd raferomsHatt o dlsmlxmresrtherdq)fawéer( 16) .

The NH2 gy oup; d\Ia n‘%%HPaO';({’léjuﬁcﬂefs}oo%%Q QL onaldey 1*%‘3 ‘%‘tﬁy&x’& g tH&goEi( landard
al kyl ati on "con ok rsons ski’l I'&d rior o T enoval
of the pmﬁh@ﬁmmngmgmmup1Pﬁ1nﬁbmmv@h)aﬁxuhéﬁpﬂﬁﬂ éNumgmgmﬁmpmﬂdﬁpﬁheonpound
(16) affords conpoun | n,Qne t of. Sche R9 and
ke ar e R)BJEHET D650t OB CRYERT one.  Gonboupas Cotr TFSRRIATTIT wher o L
is 0, R6ahgwhth IR6® it ehtidrdal it sshlﬁwerstoad $6 hegdrao e, O\W) orafidtufesi terdofC@e be made
according to Schenme 4. 36

Schene 4 PHdYrss P%O@&rgetﬁéh%nvmon hegefiig 31S8,egMPPCAOBRPTMY Yo or W P7 i s

an am ne iR ok g cgrﬁaw@ atGRC A A infigtutc® @E@rr%mﬂldu%hfadfwme%%p%ﬁmd
tartrate ester (17) is ydrolyzed to the bis-acid which is then

sel ect i vethgrogr one et awragon-fdicgetdeoripme hﬂﬁbb?ﬂﬂof\?plﬁ@dc@h‘p% af itg Tadioactyre
t hi t hagls, h
loester m(léll:zl dé\ot?(g),ep e Raa{?fgﬁge(fl o Hfé&ﬂl gf‘énl%efu}% tl%ya[pélgt{gc'e%éﬁts n@% I?)Cgc Tﬁs

but not Iimte int resence of a coupling suc
reduct i orthagdpetiticagehts cesteh rf(agm)ts teq. tahey atagetiy, ded @@gl)osu(aagepm ¢.or deVQJnder
standard.reductio% ndi JLlons. suc but got imte g% resence

n
of Bt 35i KGNS BRTE: ARSI VAR %ﬁ‘%%ﬁo o ﬁé’“’(S )ln G SR8 ¢ ant
cycl i zat iratiodctvd @alogrre(iz@)dedso peercompmeedwittin iz segpp o6 i ipadsent aMeﬁlﬁbn
r n
pi peri di 80232] The present invention further provides a process for the preparation of a
compound of Formula I or a salt thereof as defined herein which comprises:

[00237] (a) coupling a corresponding compound having the formula IT

pegecs

R6 R6a

[00238] with a corresponding compound having the formula II1
.A2__R®
AT
s
A%
111

L1

[00239] wherein L' is a leaving atom or group, in the presence of a base and optionally
further in the presence of a metal catalyst and optionally in the presence of a ligand; or

[00240] (b) coupling a corresponding compound having the formula IV



the presence of a hydride source such as, but not limted to, Na(OAc)3BH or
NaCNBH3. Activation of the alcohol of (23) to a | eaving group such as, but
not |im two 200/146@6hanesul fonyl to afford conpound (24) pCalusows/oB@n3 t he
coupling of conpound (24a) under basic conditions (for exanple in the
presence of an al kali nmetal carbonate such as K2CO8 with i nversion of
stereochem stry to provide conpound (25) in which L9 is a | eaving group or
atom Wen R5 is a group having the R3&S02- where R5a is (1-3C) alkyl,
(3-6C) cycl oal kyl, cycl opropyl net hyl - or phenyl, npqund (25) can be
coupled with a corresponding 37 conpound havi /M%Tfor mul a R5aSO2Na in
the presence of a netal catalyst such as, t Jismted to, copper and
pal | adi um catal ysts, to proyi de conmp@und [(26)V Aernatively, when R5 is
CN, conpound (25) can he reacted wt t g provi de conpound (26).

Al ternatively, conpoun | ekwi t h conpound (24b) to provide
conpound (26). Renoval )Ig g otp P6 of conpound (26),

foll owed by renoval org gneup’ P7 under standard deprotection
conditions affords conpound (28). I'n one embodi nent of Schene 4, RO and R9a
are hydrogen. [00273]1n one enbodi mrenlV conpounds of formula V V\/nere Lis

0. Po 1 & IR pofirefila " iy oforf g 3 PR R PR APt 0

p8' N ) RIRBFm (G-Rﬁzmanfﬂ% pisence of a metal catalyst and a base; or

[00242] (c) for a compound of Formula I wherein L is NR¥, coupling a corresponding

compound having the formula V

A1/ 2\ ®
R® R%
v
[00243] with a corresponding compound having the formula VI
R3
R4f\( L4
RS | x2"X1
V1
[00244] wherein L* is a leaving atom or group, in the presence of a base and optionally
further in the presence of a metal catalyst; or
[00245] (d) for a compound of Formula T wherein R’ is a group having the R™SO,-

where R* is (1-3C) alkyl, (3-6C)cycloalkyl, cyclopropylmethyl- or phenyl, reacting a

corresponding compound having the formula VII

R? L
AN N
Rg Rga
X1
5 2// n
L X R Roa



j°" L1 o )%l A3 32a 31 Schenme 5
[00274] I n Schenme 5, P8 and P9 are am ne protecting groups. According to
Schene 5,wpneotieatisdd am no acid (29) is coupled with an apprusprilas@4ket one
in the presence of a reduci ng agent under standard reductive am nation
conditions to provide conpound (30). Cyclization of conpound (30) to the

| actamis performed with standard am de bond form ng reagents such as but
not limted to, HATU, to provide conpewnd (31). Renpval of nitrogen

protecti up o u J vved by
oupl  ng o pouna (42) Wit h aesbrh S PG ¢, EARRMN ke O PUAS
Rermoval & S@rzHam:tﬁlﬁp@seglp@uﬁﬁrﬁ@alawtdyﬂgnd:@thMS of Formula V. The NH2
group pf Ag%gﬁ\l/\ﬁ ?/%5?0@ aoc%'%nl onad IfyF amula It Iegéllleg u5| ng}Hst a% rdm%l Yl ation

condi tions per song e ar Phent of Schene
5, RO angyfQelyar eachydf ogech 15 Oﬁlﬁmﬁéllyn Sﬁmuﬁ&'d)O)dtHYBJﬂE omomjeunﬂbstitoéntsf ormul a

L e Sl SSout T et ol 40T A T TS 2N

corresponding compound having the formula IV

A1/A2\W/L3
b
R3 (o} N/KAK/A
R* L
AN N
5 RQa
28 P
R® x? RS RS®
v
[00248] wherein L’ is a leaving atom or group, with a corresponding compound having

the formula R*B(OR°RY),, where R* is phenyl, pyridyl, pyrimidyl or pyrazolyl, each of
which is optionally substituted with one or more substituents independently selected from
halogen, (1-4C)alkyl, (1-4C)alkoxy and CFs, and R®and R'are H or (1-6C)alkyl, or R® and
R’ together with the atoms to which they are connected form a 5-6 membered ring optionally
substituted with 1-4 substituents selected from (1-3C alkyl), wherein said coupling takes
place in the presence of a palladium catalyst and a base; or

[00249] (f) for a compound of Formula I wherein R is CN, reacting a corresponding

compound having the formula VII

AN N
9 R9a
X n
LS x2 RE Réa
VII
[00250] wherein L’ is a leaving atom or group, in the presence of a metal catalyst
CuCN; or
[00251] (g) for a compound of Formula I wherein R® is CH(OH)(1-5C alkyl), reacting

a corresponding compound having the formula VIII



Schene 6 [00276]In Schene 6, P6 is a hydroxyl protecting group, and P7 is
an amne protecting group. Starting from conpound 24, azi de displ acenent
with, forwexampl4e335NaN3 af f ords conmpound (34). Reducti olrCofuscampoasnsl ( 34)
with, for exanple, aqueous PPh3 affords the conpound (35). Coupling of
conpound (35) with conpound (35a) in the presence of a base, such as an

al kali nmetal carbonate, for exanple Na2C(O3, affords conpound (36). Renova
of protecting groups P6 and P7 under 8¢andard deprotection conditions
yi el ds conmpound 38. In one enbodi nent of Schenme 6o RO and R9a are hydrogen.
[ 00277] Ami ne groups in conpounds described inasanyllof the above methods may
be protected with any convenient am ne prot grewgyy for exanple as
described in Geene & Wits, eds., "Prot /ﬁg@gﬁ@ups in Organic Synthesis",
2'1 ed. New York; John w&tey & Sorfs, .,N"1991. Exanpl es of amine

i i xygar bonyl groups, such as

th g;lyl)ethoxy]nethyl (SEM. 39

Li kewi se, carboxyl gro y be Eec&ed wi th any conveni ent carboxyl
protecting group, foFr exaﬁple ag described in Geene & Wits, eds.
"Protecting Goups in Oganic Syntheg% ', 21d ed. New York; John VWIey &
Sons, Inc., 1991. Exanpl es of carboxy]ibrotectlng gr oups |nclude

(1- 6C) al keu25Qr oupswitls weddueisg shfiyt , et hyl and t-butyl. Al cohol groups may
be protected W t h conveni ent._al cohol protectin roup,. for exanple as
descri bed A3 eend) Bragpapousder For aotw@tﬁtrwﬂ&%e%&%sathsaf%hfecw hesis",
2nd ed. NeMesyBiding cbatpout haihg %é@ﬁﬁulamc 1991. Exanpl es of al cohol

(hydr oxyl) protectlng groups |nclude benzyl trityl, silyl ethers, and the
| i ke. [00278] The conpounds of the fornulas II,NVOQgVFI and VIIl are also
believed to be novel and are provided as furth?h aspects of the invention.
[ 00279] Conpounds of Formul al are nodul at 19 and are useful for
treating or preventing dlse se |ncIu ing,| butf not limted to, type 2

di abetes, diabetic conpiy di abet es, netabolic syndrone,
obesity, dyslipidena, an related ondi t kOrs: [ 00280] The ability of
conpounds of the inventj; oXact Wul at ors of GPR119 may be
denonstrated by the assay descrlbéH'tn Exanpl e A. [00281] The term

"nodul ate” refers to the treating, pre&wention, suppression, enhancenent or
i nduction of a func n _Qr. COQdItIOﬂ For exanpl e, conpounds ca n?dulate

0

type 2 dilfBetes byY \E‘Ht’:‘Pe[aslﬁ AglCRHEGIPOR PERUR LTS 2 TEssRieRAY e ip Terawil,
hyper gl yoesiaeéC hﬁm&z&l&rbesér@ém pdsbatcatalysas 11g&ﬂ¢n@@b@§enaﬂdn0| udes the
terns agoni st, antagoni st, inverse agonijst, artial agonist. [00283]The
term" agdWéél r ef @rignglly anebwecmmrttﬁrémgtﬁrm apé optionsl reperingha sl ggers a
response gij.st cell. An agonist mmcs the effect of an endogenous |igand, a
hor none for exanple, and produces a physi ol ogi cal response simlar to t hat
pr oduced [88256he eh@agewa@smhmgawhhep@@@@ﬂ%ﬁh@mﬂebmwfBansh&hoggomubR refers
to a CO”BREPQH% blnds to a receptor and triggers a partial response in a

A partia St produces only a parti al phyS|oIog|caI response of
the endogmnbmp Ilgaﬂﬁmmg@@zﬁﬁkﬂhE)thMm imnhtagon| shy ba3buaeﬂmhememhddefers

tois atype o and or drug that does oke a hi o] ogi ca
Fesponce TG AIGHEBIHEIGoF 5 & IPers o g rbekutp BufmyBHLnY
agoni st - egipatR dx 4SO Ansifiste ordk@, 1PAZROFLRXY @Fdih o BY eISRuIAGHx§ leroups used

herein refers to an agent that binds to the sane receptor bindin S|te as
an agoni Stchiasre mesxlate GAdpivdHe GioHP MY 0§ eglaé%‘éltl ISP Vi ongceiadingenpfthe he

recept or ... Q028 HeF6Mmll iR tOSTRRHAAS aocfasé: %%H&Hl@bise@fn@lu@g%ln%tbﬁsegfsugf%l19
[ 00288] Cert ai n conpounds of Fornul a are i nverse agonists of GPRL
tertiary amine bases, such as dllsopropylethylamme (DIEA) and triethylamine. In one

t - but oxycar bonyl (BQOC)

embodiment, the reaction is further performed in the presence of a palladium catalyst and a
ligand. Suitable metal catalysts include palladium (0), palladium (II), and nickel catalysts.
Examples include Pd,dba;, PACl,, and Pd(OAc),. Suitable ligands include 2,8,9-triisobutyl-
2,5,8,9-tetraaza- 1-phosphabicyclo[3.3.3Jundecane, XPHOS, DIPHOS or rac-BINAP.

Convenient solvents include toluene, aprotic solvents such as ethers (for example



[ 00289] Certai n conpounds of Fornula | are antagonists of GPR119. [00290]1n
certain enbodi nents, conpound of Fornmula | are useful for treating or
prevent i nyotzype4a33di abetes nellitus (al so known as non- iPasaiseor1de@ehdent

di abetes nmellitus, or T2DM. D abetes nellitus is a condition where the
fasting plasma gl ucose | evel (glucose concentration in venous plasm) is
greater than or equal to 126 ng/dL (tested on two occasions) and the 2-hour
pl asma gl ucose level of a 75 g oral gBucose tol erance test (OGIT) is

great er LOaRy@neAUE! playdl. BMALDMIAd ndb. ClrAsshesy TPLaTRniAG ude

pol ydi psi a, po yph agrg and polyuria. [00291] Accordi ngl'y, one aspect” of the
pr esent mnﬁ@mwd@hdpmbmndagﬂﬁmﬁhGd@nﬁ@ﬁlﬁﬁé@L&nngmbdﬂéﬁéntlng type 2

di abet es tus | in
need of 46@35 r eat fr{rge%ﬁlt%ngq?ﬁ%rhaog(e\(g{; call% ng%?‘? é‘%fnqgrrr%x I[Iea aglgﬁrr%%und of
For mul a IsudrasaClphdtenmdetly, |L<fa]hdy}beadeze’pigagﬁ<b® saeﬂ ets amraﬂay&nffod}ﬂ)eﬂzﬁﬂ]mhlfbngzlﬁ,\r tain

enbodi nent s d of. .[Fornul a | ful for tre reventing
i abet | o HORpF ERgha TIHE Spmin 4 AHETS BXE G oe at FHE e aEED but i s
not |im ts@sh 4sQ mEByRkOMaSOUNIAE RRAPPROL Ak b ARSoraNE PRSI Buassidindfal catalysts
conplications. Mcrovascular conplications are those coggl i cations that

gener al | ynolwlspalladiyms (R patalysin quaPe ass BHCHARRMECHA e sBBABi | RHOASHS OF ncl ude,

for examplygpnt)gt Impeésbxm(yt be romaalﬁﬁr@nén Alkall ORS3al Warbohstb OfucHUL doRiu ood
vessel damage In the eyes); neuropathy (nerve damage and foot problens due

t o bl ood cobewat, notTHER cahopsie Ohérmwbymtenﬁon@mnheﬁrﬁn@plaelme tNDPEhey
di sease @Hﬁe&@s&h%?gth&%s(%‘?'ex Hrah <§ Bnh gfkﬁé/;aﬁ Qﬁ‘éas@H 'réar ction

COpr| icatrons are hose ‘co 1catl O at generally resu rom ar ge
bl ood vess@nvdaemlgeerfdﬁredet eic)vmpﬂdrt@merrajurss,ifmﬂxmdelp betwgen 6(caxddilOV@scul ar

Gener a1 JOGRET of PBvaral G BRHEY ¢ IRERF g a0y RRT Rerbehen R pdiler

ref err ed stich &, [U1@h Bbl oadiemaessy rIé)may(IQraolla&ﬁIYg @realr tuctlias @aaskylsslfsrgke; and
t di sease Per i her al .vascul ar di se% ref ers to di seases of

rheumati c ri. %‘% fi/

any of tREBYGRY $edBelfar sutEplge 2ofriftate gigHy tan AY§udfopYlPEh &OWarF ol ng of
the bl 00@1169&%&@{3@0@@%@0 QlchYas B RQMlIateQr la88syBAL g NWLS 6F £ Yiazonium group.

[ 00293] Accor di n one aspect of the present invention provides nethods
for treatlhge 6m ﬁc{ i@gn therfgacdpa ey ke 9t themeesenee o gehfpaalsuclen®y i si ng
adm ni St &fa1%ndif? chilnABTIH oxAbah QAR R poRHG ! LABKIEBE ce%mhh&mfo%%t ically
ef fective anount of a conpound Formula | or a pharnmaceuti cal

accept ablSwitgd¢ metaheqtepsts lnnludnealéudbmd(%end paltaﬁemd(ilﬁwenalystswrﬂp 2 caaftli'mw is
retrnopath a kn ] i C n \ 0 r

enbodi men % gscié&abaﬁ’ngg@f a%ddér?@r‘? EE)IIZ asrugt%le ?%%fcﬁ )ldu({ %gtg ﬁ%\l szu(fﬁ %‘%%/gnt ing
synpt ons tﬁfaaﬂl B:bBISﬁmblc-ﬂflle 3t 3 Jmmdesymp XPHOH DIt HaAISe bie sac- BIN(AIPudésnvelnwht i's not

i noor por anhl thEk TRo B e R g ERRRE RO i REAERT bhe passage

of a | ar gexve)UmBIRfDME 6 DISO. ngnee gsrawﬁm RegdnoetiientPOpeyfipsd af’ cReans
chronic, excessive thirst; and " a" nmeans excessive eating. O her
synpt ons AP IWBY Fuch a8 8110 C. far f‘gfampf) g]égsgd susceptibility to certain

i nfecti ongyegppeci @éﬂaﬂmfg%‘%'tho@r{g) M RRIMALEBHCE mbnHE G %ﬁ)pie B%ﬁ@@ and
ket oaci dosi s (enhanced production of ketone bodies in the blood).

[ 00295] Asedr #ilh§llyr Bsne Adispedrelnfl’ nive hsralsenng giavie iichan ap nlkvlsulé@yrrer hods
for trea p n et es rising
adni i ot AP SR R G AHIE, ATRiBke JARC, B2 sl RAGRE o CTF 4 1)
ef f ecti velkytroliotylody gowpospbund nodsyleeranal tasylatogroap, p¥a, nae dummrah lgyoup.
accept abl sal ereof .0 ertal n e o of, Formul a
| are use G Mo Fat{ﬁ él%a’ryn% Q??]Srlg\a}t d(lflg:feglilﬁd ﬁu% Jcrlrl’rer’rral The
t erm " metighal ey sy A eod®ple, rneﬁsersmdhexaaeqlzu&mﬁrneof nmet abol i c abnor malities

i ncludin om nal obesity, insulin resistance, cose | nt I era
hypertengp@ﬁg]and ﬁérrrega%me&wﬂrrbeéle 'Sty rranlr.egvﬁ oKt & hgude
associ at ggenMstch. Qﬁ(ltelrﬂ&ﬁ{fﬁﬁsfgdnarylb%iﬁ 18fvidoysupZuéli ARBLAS 1581F6hyE BF Qynme%g}ul ar

di sease. Conpounds of Fornmula | are also useful for reducing the risks of
adver se $&iefosexuyde ¢ taflatg giguphamay WMy loxy grap ofen alpljulfonylosy gguag t he
risk of deueLOR BRABEHOR GbEHAS i ou INGY IR B ARRCLoR). AEREIASCLEr ST s,
and/or reducing the ris sequel ae’” of “at herosclerosis. Sequel ae

at heroscl erosi s include angi na, claudication, heart attack, st roke and
ot hers. [00297] Accordi ngly, one aspect of the pr esent inventi on provides
nmet hods of treating a netabolic syndrone in a manmal, conprising

adm nistering to the manmal in need of such treatnent a therapeutically
effective anount of a conpound of Formula | or a pharmaceutically

accept abI e salt ther eof In one errbodr ment, the met abolic syndr one. |s

o v o o _,J__.,;__,_‘. T -



pl asma i ncl udi ng both depressed and/or elevated | evels of |ipoproteins
(e.g., elevated levels of LDL and/or VLDL, and depressed | evels of HDL).

[ 00302] Thwotzerm463ps| i popr ot ei nem a" refers to abnor mal PCraspe1onad4ns i n t he
bl ood, including hyperlipidema, hyperlipoproteinem a (excess of

| i poproteins in the blood) including type I, Il-a (hyperchol esterol em a),
[1-b, 111, 1V (hypertriglyceridema) and V (hypertriglyceridema).

[ 00303] Accordi ngly, one aspect of the3present invention provides nethods of
treating | e lre SRR ering
to the néﬁgggﬁﬁﬁgggggglgM%ﬁtﬁh??Q%?%%%%@é t ergg%utlc§%§é£%f?gg%?@%;annunt
of a conpsand xfamples wfibaronicoystess pihladwét@e@hqr@aies yi.acekqe &olaad Ralagethher eof
003041 AIRGL 4BRRGSLunth A0 PLERRA! iGNt LBRIRT AN RS, FELhRdS flyf ool N0
or preveﬁ¥|ng g oprote adm ni st e ng to

t he mammahd dmxattﬁ)edarmﬁ (1wc¢hetdkadlﬂmﬁto@thbh®rtmnﬁwmn@abIw;hmélftﬁ@care umcherbunt of

a conpound of For har naceut.i cal | gecep t.her eof

003051 Byorat e P bseie e RERROL b panten B SR o SR batEg e & o

useful i n44ae8 s g -baunahad £al(1di2sa6:66:9188CHh aS(aaNozhel neiowsn di sease,

mul tiple sclerosis, .and sch|20ﬁhren|a [00306]Accord|§ﬁIH’ one aspect of
i

t he |nveﬁ>ﬁ(ﬁ3ﬁacalroak9§ddlé0§0rr}et Agtebleopalipdigny cat)yshe teBids didee Bgfdhabs andy a

manmal . gQUpAL)ST NGoRLMLAY §51%ltsng1ch{aetdis€otﬁammsl &cﬁefsd chber @ emple
therapeutlcally effective anount of a conpound of Fornula | or a

phar maceetiabudrbiprance eptiensne. whlepe phidMEofThe rliea@mn @ithe ¢pisatently praformed

neur of 00t By a0 iehylcs O S0EHNRImS A eAsEn: sLAKRLL IERTIPANIAS, Of, For mul &

I general y are us FPor tre tin r event i seases an conJ’tlons

sel ect ed beroretappée, 2n ellikalbmteek carkynafst fmsxmmdcabm @shondicafpdiunccarliBate,

conpllcatlo ¢ syndrone (including hyperglycema, inpaired

gl ucose °6P insulin resistance), obesity, dyslipidem a,

ﬁysl i popree2nemni SRerIﬁlﬁlg LtlbalﬁletgﬁSt(ﬂﬂQéirﬁAlay Eé aab&a'mﬁg ra@dnh mﬁﬂﬁfah)ahhalogen
ypertensi on, rdisovascul ar .di sease zhe i sease, i zophreni a,

and nul tl‘ﬁie@agﬁﬁ%rloﬂ? bq *b@%%% AOUR PURh g Y alkgﬁé %ﬁe&m@vlf%ﬁgﬁomf Ati on

provi des cR@hhedstrifiefe drsgabn ag/lsqrforgn@ayegibum& S 8ASEBNALE, SofslishiéPNsa

selected fromtype 2 di abet es ynpt ons. of di abetes, diabetic

conpl i catiesriate diattapdite erogp, nT&%naé a(digreniven srguihy peragleyrobisnta, inglydsaNVRd

gl ucose tQleranRR cANbel PNEALTCPLISAHIGE): eﬁ%@aﬁéd tté’m;t)éi’é‘[ﬁﬂeb PiedeBlnple

dysl i poprotei nem a, vascul ar restenosi s, diabetic retinopathy,
hypertensmmmHMwa$mn@vaﬁcmH@9180%@3§eﬂampbﬁépﬁér s di sease, schi zophreni a,

e tr edRRAE ot REb e TR 08, R L A0, Bl Qpb S SRR A PREST il o

| or a phﬁ&hﬁﬂﬁuﬁunﬂﬂéyﬂwmmemmﬂbhEoBakmmhhememﬁmﬂn one enbodi nent, the

al S0 be R °F or CSREREHS) RGP ELTDaty . “oltch NG HEpRTT LB dnt PURE n. body

wei ght i miRbRSeIs UL st ARgvin@Yrouf Sl 08 ahgsusafylibr AfistigshyC biogp,tihe ri sk
of co-norbidities associated wth obesity such _as hypertension,

at her osc 8B trifatgiaaeuns an arydulforlosyi srewm o an dodsdpadest gomyIsych #sre

present ivERki @M Wsﬂﬁﬂedﬁ%m@i@0@§ aO(IIaZ!OHﬁial Lidgp. Sakli@lote pdIREME Ddadppetite,
and reduci ng bod 1ght in mamal | r|5|ng adm nistering to the
&

manmal i Anghedsd’ d élﬁ)eoHdZ@b{l)Bbeqﬂdd’é(@li\®alml§t basef maxt bg doragraupke. of alkalcwaigbund of
Formul a | e
nspoct . Phanue IR REREHMGAOAET OB SOkt ARG SR
mamal , cae)mhenss{fomgxeanbh teirgliyelrafimgn too ptdiveamantoiikend or IEEd Tltaemamrbn &an be
therapeutlcaH

phar maceser iy aedahe f URHR PincPubTo0S Rt BREMEpefind fomyy esent
i nvention prOV|des&ﬂﬁﬂhﬁﬁﬁn@imﬂ@enwﬁslng food intake in a nmammal,

conprisin ni steri to | N need .t her eof era eutj cally
ef fecti vé&%ﬁghm o Olapoe'gﬁsp%ﬁfﬁ 3%1?%%8 RS ?R&nﬁﬁar%%ﬁ ndst Fgn be
accept ablpgparbits iH/meRbedcAP8diRken. one aspect, the present invention

provi des nethods of controlling or decreasing weight gain of a mamal,
conprising admnistering to the manmal in need thereof a therapeutlcally
effective anount of a conpound of Formula | or a pharnmaceutically
acceptabl e salt thereof 44 [00314] Conpounds of Formula | nay be

adm ni stered alone as a sole therapy or can be adm nistered in addition

wi th one or nore other substances and/or treatnents that work by the sane
or a different nechani smof action. These agents nmay be adm nistered with
one or nore conpounds of Formula | as part of the sane or separate dosage
forns, via the sane or different routes of adm nistration, and on the same
or dlfferent adnlnlstratlon schedules according to st andar d phar maceuti cal

. v o o o - o,

gtaggﬁlm ca?b ate



[ 00315] Accordi ngly, conpounds of Fornmula | can be used in conbination with
one or nore additional drugs such as insulin preparations, agents for

i mprovi ngvonsuli4m3sesi st ance (for exanpl e PPAR ganma ag®qiraiss)i1/036443

al pha- gl ucosi dase i nhi bitors, biguanides, insulin secretagogues,

di pepti dyl peptidase 1V (DPP4) inhibitors, beta-3 agonists, amylin agonists,
phosphot yr osi ne phosphatase i nhi bitors, gluconeogenesis inhibitors,
sodi um gl ucose cotransporter inhibitoss, known therapeutic agents for

di abetic cenplications, antlhyp I pldenlc agents, pote SiMe agents,
antlobeshtw ents, GLP-I NGP NGLP- | anal ogs suc g;; dins, (for
exanple e tide (Byettaﬁ xp i de- LAR, and |IrH e @nd

hydroxysten@h;dehydrogena@e (ﬁSD—I) i nhi bitors. 6]As used herein,
terms "treat"” or "treatnment® Skefer to t her apeuti c, ﬁ?a@hylactlc palllatlve
or preventative neasures. Beneficial or desired clinical results include,
but are noti1limted to, alle¥iation of synptons, dimnishment of extent of
di sease, stabilized (i.e., not worsening) state of disease, delay or

sl owi ng of di sease progression, anelioration or palliation of the disease
state, and rem ssion (mhether partial or total), whether detectable or

undetectabl@ o Treatnment” can, mean prol ongi ng sur 3var as conpared to
expect ed sulf g{;;f not rece|Ygggei;thnent&ﬂThose i f eat ment
i ncl ude tho d& WTH T hes nq on or disorder

A s A Rose
prone to have~t ReXcondi tion or &'sorter or those in fwhithrtire RRendition or
di sorder is to e prevented. [00317]In one enbodi nent, the tgrns

"treatnment” or "treating" as used herein, nean an aIIeviation, in whole or
in part, of synptons associated with a disorder or condition as descri bed
herein, or slowing, or halting of further progression or worsening of those
synptons. [00318] I n one enbodi nent, the term "preventing" as used herein
means the prevention qf h@ 0 set recurrence or spread, in whole or in
part, of the disease o il s described herein, or a synptomthereof
[00319] The ternms "effg tve " and "therapeutlcally effective anount”
refer to an anount of conpdirfd ?hat when adm ni stered to a mammal in need
of such treatnment, is 45 sufficient to (i) treat or prevent a particular
di sease, condition or didomdeH, (ii) attenuate, aneliorate, or elimnate
one or nore synptons of the partlc%g%r glsease condition, or disorder, or
(ii1) prevent or delay the onset of 0ne or nore synptons of t he partlcular
di sease, [mmd] t [ onLn Soherdé $,01' ched Pﬂae(ammaqﬂotbﬁrr@l gnoupﬂ'hecamhuglto Sitheme ¢ prpound
of Fornula | wi.l | correspond to such an anmount endi ng
opon 1 actB BrolsiiH SN0 RERHURE EiPal SoOHEOURARS APbatal TR AR | o
severi ty tralifiendl d@mtié bynd Sorthing W@ kudf ad, gt rmmmiueu noneed, ab pgréwad ment,
but can nevertheless be routlnely det er ni ned one skilled in the art.

[ 00320] ASOBBEHIHE) FHIPOUAS (Pets rACH Y?é‘fﬁrﬁ‘lm’ughétl‘é]r@attoé I5agarVEl 3bdd Mhi mal

that has 1@ifitel S0, #hetifyl %ﬂld:éfto %%&@de%h@gmﬁi @), %%@ﬁ?mgﬁ%%dn%%@ &) @diids prack

i ncludes, but i's not limted to, gui nea pigs 0gs, cats, rats, mce,

hansterslméﬁdmﬁ¢Pﬁ%h%E§SWﬁUﬁd@Hﬁgthmﬁﬁh@ Nf@bs@ﬁ?ﬁ%ﬁﬁbﬁﬁﬁéc@mxmhé@Dnvention
my be aguplstgr / nv.eni 2 t .

Gast of pit S EL IR G ROMKERLT " EPHoup 6o TEAEREAA Rpliron

nmuscul at gpedigens wapredidt comgpound ($)r &loded rlvaldnySrrm dentioBWith, arCapppauintéy may be

d dm , bl wd
capsul o5, s Eht B TR oI LBBAT il Yl Paph oo BT

supposi t alid pdtecte §r0u§m,llo$lc@ﬂil§ounld6(5¢ beder eta@dar®ueproRoigposintitons Mayncont ai n
conponent s_conventional in, utlcal preparations, e.g. diluents,
carrlersemﬁ 1HﬁHV#t8?§ne%@béW§%eF? YR ng agents, excipi ents and furt her
active aqm@ T Rane R8s @meAdEI Y oahdsd it ulSITA@R €6 O K RPASIH | ons
will be sterile and in a solution or suspension formsuitable for injection
or i nf usiaphn isu2ler & srplessirenasidses pirvh 18 Schgmdver aspect of the invention.

[ 00322] The present invention further provides a pharmaceutical comnposition,
whi ch conprises a conpound of Formula | or a pharnmaceutically acceptable
salt thereof, as defined hereinabove, and a pharnaceutically acceptable
carrier, diluent or excipient. [00323] An exanple of a suitable oral dosage
formis a tablet containing about 25 ng, 50 ng, 100 ny, 250 ng, or 500 ngy
of the compound of the invention conpounded with about 90-30 ng anhydrous

| act ose, about 5-40 ng sodi um croscarnel |l ose, about 5-30 ny

pol yvi nyl pyaol i done ("PVP") K30, and about 1-10 ng nmagnesi um stearate. The
powdered ingredients are first m xed together and then mxed with a
solution of the PVP. The resulting conposition can be dried, granulated,

m xed with the nagnesruntstearate and conpressed to tablet forntusrng

T e 1 o, A - R 1 I e S ' o 1



[ 00327] I n one enbodi nent, the invention provides a conpound of Fornula | or
a pharmaceutically acceptable salt thereof, for use in the treatnent of
synpt ons WO 2ditatze’ssés in a mamal [ 00328] 1 n one enbodi nelCT/uSk@ 1iodésent i on
provi des a conmpound of Formula | or a pharnaceutically acceptable salt
thereof, for use in the treatnment of netabolic syndrone in a manmal |In one
enbodi nent, the netabolic syndrone is hyperglycem a. In one enbodi nent, the
nmet abol i c syndrone is inpaired glucoseg4tol erance. I n one enbodinent t he

nmet abolic syngFkoOne is insulin resiskance. I n one enbodlnggt qstabollc
syndronme b roscler,osis. [0032P] I n one enbodi nent,_ t |nv nt on
provi des a co ound of For mul @y | o8¢ a pharnaceutlcally ceptbhe..sal t

thereof, for use in the treatnent of obesity in a mamml &7 [§b330]ln one
enbodi ment, the invention prOV|des a conmpound of Forrmula I or a
pharmaceutical ly acceptable salt thereof, for use in the treatment of
dyslipidema in a mammal [00331]#n one enbodinent the invention provides a
conpound of Fornula | or a phdr %Utlcally acceptable salt thereof, for
use in the tré nt dysl i pepe6t ei neni a.i n ja [00332]In one

enbodi ment_,.. t hei ‘égzioﬁ provi des a conpoUEEfBﬁ/ ya\,_or a

phar maceut i cal ky db@eﬁtable salt thereof us'e t r eat TTENT™ Of

neur ol ogi cal dlsorqgrs in a mamal In one enbodlnem{ ‘e neur ol ogi cal

di sorder is Alzheimer's disease. [00333]1n one enbodﬂhent the invention
provi des a conmpound @f Formula | or a pharnmaceutically acceptable salt
thereof, for use|i ducing satiety in a manmal [00334]1n one enbodi nent,
the invention providgs a conpound of Fornmula I or a pharmaceutically
acceptabl e salt thereof, for use in decreasing food intake in a mamal

[ 00335] I n one enbodinent, the invention provides a conpound of Fornula | or
a pharmaceutically acceptable salt thereof, for use in controlling or

decr easi ng _weijght gaen in a mamal [00336]Accor ing tq a further aspect,

t he present V|des the use of a f mula | or a

phar maceuti ¢ ILy1 p abl'é salt thereof, in the. ath?ﬁ?}bf a di sease or
condi ti on §el €tt &drst MorMRtype 2 dlabetes sympt ons &fl \di abet es, diabetic
conpl i cati ons, netabollc syndr omne (|nclud|ng hyper gl ycem a, i npaired

gl ucose tol erance!” and insulin resistance), obesi tiymidys| i pi demi a,

dysl i poprotei nem a, vascul ar rest enscheme 2di abeti c reti nopat hy,

et PR er Bor QR Ghds 71 ABCBIER G378 Uil nreaupedt SehFEP ar esent

i nvent i oncystn G thet igintl pepeditiina (8P MPBULRGH ohlofdy (M) &fdrdsOtheacoptpatma(put i cal |y
ol [ GoSa bR 646 T HETecRBpHOt s RO Y GAE: MEPa FEROPY ovi des
the use ofniddaoMaRUNchel hF@IdWIsacH aONaB, PIRAN Wlhfrmﬁ@b&s)és aghent palue sal t
thereof, in the treatnent of diabetic conplications in a mamal

[ 00339] AdEANRINGYdE. a Plur tsHiseNsepaiamg t Rlkalhr ewent | ANEwt | dhpr CWHHES t he
use of apg ﬂgﬂﬁmBEME%E”Hh th&n &@£§¥9§8?%% %h&y1@E&P&$aﬁ&%d%%hI

thereof, int treatnment of synpto I'abetes in a nanma
compound 10(a) (where L° is a leaving group or atom) under basic conditions, for example,

in the presence of an alkali metal hydride or carbonate, such as sodium hydride, potassium
hydride, sodium carbonate, potassium carbonate or cesium carbonate. When R® is a group
having the R*SO,- where R is (1-3C) alkyl, (3-6C)cycloalkyl, cyclopropylmethyl- or
phenyl, compound (11) can be coupled with a corresponding compound having the formula
R>*SO,Na in the presence of a metal catalyst such as, but not limited to, copper and
palladium catalysts, to provide compound (12). Alternatively, when R’ is CN, compound
(11) can be reacted with CuCN to provide compound (12). Alternatively, compound (10) can
be coupled with compound (10b) to provide compound (12). Removal of the protecting



[ 00340] According to a further aspect, the present invention provides the
use of a conpound of Formula | or a pharnaceutically acceptable salt

t her eof , WO 20ti¢146336at nent of netabolic syndrone in a mamcRlUuS2011/036443

[ 00341] According to a further aspect, the present invention provides the
use of a compound of Formula |I or a pharnmaceutically acceptable salt
thereof, in the treatnent of netabolic syndronme in a mammal | n one

enbodi ment, the metabolic syndrome is3fhyperglycem a. In one enbodi nent, the

met abol i G synElr GBnjpSud 3:) ﬁlﬁ@Lrq{aﬂaﬁé%lemleleﬁ@ﬁsﬁdiﬁ'ﬁgs gﬂ&d%&ﬁ L BOLs the

met abol i ¢ syndronme I's insulin resistance. |n one enbodi ment, e netabolic
syndr one forsnudg Helnese kmbabinent of 8084R2ABcorddR herethpdragdnur t her aspect, the
present i ion provides.the use of.aco d ,of For 6l 6ad
pharnaced@ﬁ@gfly a@é@ﬁf%@?%“%%??“@ﬁ%?%ﬁ#ﬁbﬁﬁﬁfﬁéﬂFFégSﬁgﬁiﬁ% n%%eé??y in a
manmal [ (0343 iAC 008 damige frepagedfasshdvar indspeaat3. t he present invention provides
the use of a conmpound of Formula | or a ppharmaceutically acceptable salt

thereof, infthe treatnent of dys)i@® de¢m™ in a mammal [0QG34 tording to a
further asPegt,©the présent ingehid Qui des tte useN ound of
Formula | df yphar maceut i cal | yraagg tabt e salt thereg i) ®h& treat nent

of dyslipopﬁ%t (nhem a in a mamreke [ 00845] According to @afurTher aspect, the
present inventiorf provides the usasof a conpound of Formuba | or a
pharmaceutically acceptable salt thereof, in the treatnment of neurol ogical
di sorders in a mammal I n one enbodi ment, the neurol ogical disorder is

Al zhei mer' s di sease. [00346] According to a further aspect, the present

i nvention provides the use of a conpound of Fornula | or a pharmaceutically
acceptable salt thereof, in inducing satiety in a mammal [00347] According
to a further aspect, the present invention provides the use of a conpound
of Formul & 'd pharmaceutical |y acceptable salt thereof, in decreasing
food intakelin,a mammal [00348] According to a further aspect, the present

i nventi on Rpr oXi des the use_,of a conp ungh of Fornula | @r a phaiﬁggﬁutically

accept abl e sght thereof, ih cant ol [ or decreasijfig i htogai yn a
manmal 49 [003449] Anot ﬁejﬁwa i f

] t he present | mph ™r aykees the
use of a conpound of Forxularl, )a%"ﬁ’%arnaceuticalFJ5 acc able salt
thereof, in the manuf a8t urg of® g-nedi canent for treating or "preventing type
2 diabetes nellitus in a manmgl [00350] Anot her embodi ment ﬁ£m$§§ pr esent

i nvention provides the use of a conpound _of Forrmula I, or a
pharmaceutically acceptable salt t BE3 in the manufacture of a

nmedi camengoer tr eRtdcREmOSs, Y 8Nk BEiRipAREding ofRPP! IAcadlliaB %o Scheme 3,

[ 00351] Anot her enbodi nent of the present invention provides the use of a
conpound 2BRNRsEd P Bis F?nVGﬁedatoMawmr&ééﬁwttghﬁwela@é@gﬂﬁw emyRfipn UeyEds i n

t he manuf, a |.Ga t ipBg i of

ai abet 05 P o0 aEs R o RE A o FOR, b e N RS BRI e
use of a depmisotinnd cafditkos.nfdllawkd bor cappiaofebe deprorbtd aopeptdablSe sigl t

ot abol | SRR SR HhE Lo BT RS b b U B BT PR S o
i nvent i oroppowniddes) ¢dneoptiseallyfbeaalloydanzd umnddr ofandeod piklyatidby carditions known to
phar maceuti cal | re o

table.salt th f, in.th f act
hedi caneRtpoy KIS R 3 DF 0 RPPHY BHBSPRIHRE £ il RemoVal of the

protecting group P* of compound (16) affords compounds of formula II. In one embodiment

of Scheme 3, R” and R are hydrogen.
[00271] In one embodiment, compounds of formula IT where L is O, R%is OH, R®is H

(not shown in scheme below) and n is 2 can be made according to Scheme 4.



[ 00354] Anot her enbodi nent of the present invention provides the use of a
conpound of Fornula I, or a pharnmaceutically acceptable salt thereof, in

t he manufwotorigi4ed3sa nmedi canent for treating or prevent pag/uspsliopi4ddem a or
dysl i poprot ei nem a. [ 00355] Anot her enbodi mnent of the present invention
provi des the use of a conmpound of Fornula I, or a pharmaceutically
acceptabl e salt thereof, in the manufacture of a nmedicanent for treating
neur ol ogi cal disorders in a mamal [008856] Anot her enbodi ment of the present

i nvention provides the use of a conpound of Formula I, or a

phar maceuti,eahty accept able~s@lt thereof, in phe manufacture of a

medi canment,._f @ _dpduci ng satd g in a mam"ral "I Anot hier™ enbodi nent of
the present invention proviedes the use of awemnﬁb nd of Formula I, or a

phar maceuti cal |y acceptable ®alt thereof, in the manufacture of a

medi cament for decreasing food intake in a mammual [00358] Anot her enbodi nent
of the present invention provides the use of a conpound of Formula I, or a
pharnaceutl&{lly accept abl e sal4 thereof, in the® ufacture of a

medi canment, = of )eontﬁe%%ﬁng/egégéé aSLng_ME|gQ yn of —a—rmamal [ 00359]1n
one enbodi pEni® \t he conpound | Formula | is seloected fromany one of the
conpounds of £xanpl es 1-166 or a1pharnaceut|calIyzacceptable salt thereof
In one 50 enbodi nent, the pharnaceutlcalﬁy acceptable salt is a
trifluoroacetate salt or a hydrochlorld ¢. Exanpl es [00360] The
fol l owi ng exanples illustrate the |nven; omt In the exanples descri bed

bel ow, unles Tw se |adb tenperatures e o-fh i n degrees
Cel si us. \égb upé g;on1 gh as Aldrich
Chenlcalpeengan§ Lancaster,\ a, Aesar, TCI r¥ e, or ot her suitable
suppliers, & m%Je used wi t Rout24f urt her purlflcatlon ufil es$5 ot her wi se

X

i ndi cated. THF, Ol uene, DMF) and di oxane were purchased from Al drich
i n Sure/ Seal TM bett:€s dnd used as received. [00361] The reactions set forth
bel ow were done geqeréﬁﬁ;eunder a positive pressure of nitrogen or argon or
with a drying tube (unless otherw se statedg i n anhydrous, sol vents, and the
reaction flasks, CafFly fitted th FPsepta for, gggggg
|ntroductreﬁ—o;é§%hét€§t and-reagen s\ éfﬁggﬁnge_acfﬁgﬁma oven
dried and/ or «f Bed B dried under~a® sir e of dr wehixtfegen? R

[ 00362] Col umm chrqyat%graphy was done on a piotage system ( Mgnufacturer:

Dyax Corporation) having a silica gel or CG18 reverse phase colum, or on a
silica SepPak cartridge (Waters), OSchumi#dg conventional flash col um

[00363] ALBPERY ot 1 ofieochBe Trrih By R PG G FIoSh A T e PAEKEne

acet oni t rordup. Aﬁ@brdﬁig%&%h@ﬁé g, e apnupeotédianteate dseni Zatii ByurByANRo the

2,2 -bis dlphen§lphosph no)-l 1' - bi napht hy] Boc
1s-acid (18), which'is then selectwely protected as“the acetonide to provide compound (19).

The thioester (21) can be formed from compound (19) by various methods such as, but not
limited to, in the presence of a coupling reagent such as DCC. The reduction of the thioester
(21) to the aldehyde (22) can performed under standard reduction conditions, such as, but not
limited to, in the presence of Et:SiH and Pd/C. Reductive amination of compound (22) with
concomitant cyclization to lactam (23) is performed with an appropriate amino piperidine in
the presence of a hydride source such as, but not limited to, Na(OAc);BH or NaCNBHs.
Activation of the alcohol of (23) to a leaving group such as, but not limited to,
methanesulfonyl to afford compound (24), allows for the coupling of compound (24a) under
basic conditions (for example in the presence of an alkali metal carbonate such as K,COs
with inversion of stereochemistry to provide compound (25) in which L’ is a leaving group or
atom. When R’ is a group having the R*SO,- where R* is (1-3C) alkyl, (3-6C)cycloalkyl,
cyclopropylmethyl- or phenyl, compound (25) can be coupled with a corresponding



tert-but oxycarbonyl CDCl3 Deuterated Chl orof orm DCC

N, N - di cycl ohexyl carbodi i m de DCM Di chl or onet hane DI EA

Di i sopr opybevhyl4esssne DI PHOS 1, 2- Bi s( Di phenyl phosphi no) eCinarseo1bivBs443

1, 2-di met hoxyet hane DMF N, N-D i net hyl f or mam de DVSO di et hyl sul f oxi de HPLC
Hi gh pressure liquid chromatography NaBH( QAc) 3 Sodi um tri acet oxybor ohydri de
NVP N-net hyl pyrrolidi ne Pd(PPh3)4 Tetrakis(tri phenyl phosphi ne) pal | adi un{0)
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TFA limited to, copper and palladium catalysts, to provide compound (26). Alternatively, when

R’ is CN, compound (25) can be reacted with CuCN to provide compound (26).
Alternatively, compound (24) can be coupled with compound (24b) to provide compound
(26).

protecting group P’ under standard deprotection conditions affords compound (28). In one

Removal of the protecting group P® of compound (26), followed by removal or

embodiment of Scheme 4, R® and R* are hydrogen.
[00273]

H, and n is 1, 2 or 3 can be made according to Scheme 5.

In one embodiment, compounds of formula V where L is NH, R® and R* are
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Scheme 5
[00274] In Scheme 5, P* and P are amine protecting groups. According to Scheme 5,

protected amino acid (29) is coupled with an appropriate ketone in the presence of a reducing
agent under standard reductive amination conditions to provide compound (30). Cyclization
of compound (30) to the lactam is performed with standard amide bond forming reagents

such as, but not limited to, HATU, to provide compound (31). Removal of nitrogen
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Scheme 6
[00276] In Scheme 6, P° is a hydroxyl protecting group, and P’ is an amine protecting

group. Starting from compound 24, azide displacement with, for example, NaNs affords
compound (34). Reduction of compound (34) with, for example, aqueous PPh; affords the
compound (35). Coupling of compound (35) with compound (35a) in the presence of a base,
such as an alkali metal carbonate, for example Na,COs, affords compound (36). Removal of
protecting groups P® and P’ under standard deprotection conditions yields compound 38. In
one embodiment of Scheme 6, R® and R* are hydrogen.

[00277] Amine groups in compounds described in any of the above methods may be
protected with any convenient amine protecting group, for example as described in Greene &
Wauts, eds., “Protecting Groups in Organic Synthesis”, 2™ ed. New York; John Wiley &
Sons, Inc., 1991. Examples of amine protecting groups include acyl and alkoxycarbonyl

groups, such as t-butoxycarbonyl (BOC), and [2-(trimethylsilyl)ethoxy]methyl (SEM).
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Likewise, carboxyl groups may be protected with any convenient carboxyl protecting group,

for example as described in Greene & Wuts, eds., “Protecting Groups in Organic Synthesis”,
2™ ¢d. New York; John Wiley & Sons, Inc., 1991. Examples of carboxyl protecting groups
include (1-6C)alkyl groups, such as methyl, ethyl and t-butyl. Alcohol groups may be
protected with any convenient alcohol protecting group, for example as described in Greene
& Wuts, eds., “Protecting Groups in Organic Synthesis”, 2" ¢d. New York; John Wiley &
Sons, Inc., 1991. Examples of alcohol (hydroxyl) protecting groups include benzyl, trityl,
silyl ethers, and the like.

[00278] The compounds of the formulas I1, IV, VII, and VIII are also believed to be
novel and are provided as further aspects of the invention.

[00279] Compounds of Formula I are modulators of GPR119 and are useful for
treating or preventing disease including, but not limited to, type 2 diabetes, diabetic
complications, symptoms of diabetes, metabolic syndrome, obesity, dyslipidemia, and related
conditions.

[00280] The ability of compounds of the invention to act as modulators of GPR119
may be demonstrated by the assay described in Example A.

[00281] The term "modulate” refers to the treating, prevention, suppression,
enhancement or induction of a function or condition. For example, compounds can modulate
type 2 diabetes by increasing insulin in a human, thereby suppressing hyperglycemia.

[00282] The term "modulator” as used herein includes the terms agonist, antagonist,
inverse agonist, and partial agonist.

[00283] The term "agonist" refers to a compound that binds to a receptor and triggers a
response in a cell. An agonist mimics the effect of an endogenous ligand, a hormone for
example, and produces a physiological response similar to that produced by the endogenous
ligand.

[00284] The term "partial agonist” refers to a compound that binds to a receptor and
triggers a partial response in a cell. A partial agonist produces only a partial physiological
response of the endogenous ligand.

[00285] The term "antagonist” as used herein refers to is a type of receptor ligand or
drug that does not provoke a biological response itself upon binding to a receptor, but blocks

or dampens agonist-mediated responses.
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[00286] The term "inverse agonist” as used herein refers to an agent that binds to the

same receptor binding-site as an agonist for that receptor and reverses constitutive activity of

the receptor.

[00287] Certain compounds of Formula I are agonists of GPR119.

[00288] Certain compounds of Formula I are inverse agonists of GPR119.

[00289] Certain compounds of Formula I are antagonists of GPR119.

[00290] In certain embodiments, compound of Formula I are useful for treating or

preventing type 2 diabetes mellitus (also known as non-insulin dependent diabetes mellitus,
or T2DM). 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 glucose level of a 75 g oral glucose tolerance test (OGTT)
is greater than or equal to 200 mg/dL. Additional classic symptoms include polydipsia,
polyphagia and polyuria.

[00291] Accordingly, one aspect of the present invention provides methods for treating
or preventing type 2 diabetes mellitus in a mammal, comprising administering to the mammal
in need of such treatment a therapeutically effective amount of a compound of Formula I or a
pharmaceutically acceptable salt thereof.

[00292] In certain embodiments, compound of Formula I are useful for treating or
preventing diabetic complications. The term "diabetic complications” includes, but is not
limited to, microvascular complications and macrovascular complications. Microvascular
complications are those complications that generally result in small blood vessel damage.
These complications include, for example, retinopathy (the impairment or loss of vision due
to blood vessel damage in the ecyes); neuropathy (nerve damage and foot problems due to
blood vessel damage to the nervous system); and nephropathy (kidney disease due to blood
vessel damage in the kidneys). Macrovascular complications are those complications that
generally result from large blood vessel damage. These complications include, e.g.,
cardiovascular disease and peripheral vascular disease. Cardiovascular disease is generally
one of several forms, including, e.g., hypertension (also referred to as high blood pressure),
coronary heart disease, stroke, and rheumatic heart disease. Peripheral vascular disecase
refers to diseases of any of the blood vessels outside of the heart. It is often a narrowing of
the blood vessels that carry blood to leg and arm muscles.

[00293] Accordingly, one aspect of the present invention provides methods for treating

or preventing diabetic complications in a mammal, comprising administering to the mammal
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in need of such treatment a therapeutically effective amount of a compound of Formula I or a
pharmaceutically acceptable salt thereof. In one embodiment, the diabetic complication is
retinopathy (also known as diabetic retinopathy).

[00294] In certain embodiments, compound of Formula I are useful for treating or
preventing symptoms of diabetes. The term "symptom" of diabetes, includes, but is not
limited to, polyuria, polydipsia, and polyphagia, as used herein, incorporating their common
usage. For example, "polyuria" means the passage of a large volume of urine during a given
period; "polydipsia" means chronic, excessive thirst; and "polyphagia" means excessive
eating. Other symptoms of diabetes include, e.g., increased susceptibility to certain infections
(especially fungal and staphylococcal infections), nausea, and ketoacidosis (enhanced
production of ketone bodies in the blood).

[00295] Accordingly, one aspect of the present invention provides methods for treating
or preventing symptoms of diabetes in a mammal, comprising administering to the mammal
in need of such treatment a therapeutically effective amount of a compound of Formula I or a
pharmaceutically acceptable salt thereof.

[00296] In certain embodiments, compound of Formula I are useful for treating or
preventing metabolic syndrome in a mammal. The term "metabolic syndrome" refers to a
cluster of metabolic abnormalities including abdominal obesity, insulin resistance, glucose
intolerance, hypertension and dyslipidemia. These abnormalities are known to be associated
with an increased risk of type 2 diabetes and cardiovascular disease. Compounds of Formula
I are also useful for reducing the risks of adverse sequelae associated with metabolic
syndrome, and in reducing the risk of developing atherosclerosis, delaying the onset of
atherosclerosis, and/or reducing the risk of sequelac of atherosclerosis. Sequelae of
atherosclerosis include angina, claudication, heart attack, stroke, and others.

[00297] Accordingly, one aspect of the present invention provides methods of treating
a metabolic syndrome in a mammal, comprising administering to the mammal in need of such
treatment a therapeutically effective amount of a compound of Formula I or a
pharmaceutically acceptable salt thereof. In one embodiment, the metabolic syndrome is
impaired glucose tolerance. In one embodiment, the metabolic syndrome is insulin
resistance. In one embodiment, the metabolic syndrome is atherosclerosis.

[00298] In certain embodiments, compound of Formula I are useful for treating or
preventing obesity in a mammal. The term "obesity" refers to, according to the World Health

Organization, a Body Mass Index ("BMI") greater than 27.8 kg/m® for men and 27.3 kg/m’
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for women (BMI equals weight (kg)/height (m”). Obesity is linked to a variety of medical

conditions including diabetes and hyperlipidemia. Obesity is also a known risk factor for the
development of type 2 diabetes.

[00299] Accordingly, one aspect of the present invention provides methods of treating
or preventing obesity in a mammal, comprising administering to the mammal in need of such
treatment a therapeutically effective amount of a compound of Formula I or a
pharmaceutically acceptable salt thereof.

[00300] Compounds of Formula I may also be useful for treating or preventing
diseases and disorders such as, but not limited to, dyslipidemia and dyslipoproteinemia.
[00301] The term "dyslipidemia" refers to abnormal levels of lipoproteins in blood
plasma including both depressed and/or elevated levels of lipoproteins (e.g., elevated levels
of LDL and/or VLDL, and depressed levels of HDL).

[00302] The term "dyslipoproteinemia" refers to abnormal lipoproteins in the blood,
including hyperlipidemia, hyperlipoproteinemia (excess of lipoproteins in the blood)
including type I, II-a (hypercholesterolemia), II-b, III, IV (hypertriglyceridemia) and V
(hypertriglyceridemia).

[00303] Accordingly, one aspect of the present invention provides methods of treating
or preventing dyslipidemia in a mammal, comprising administering to the mammal in need of
such treatment a therapeutically effective amount of a compound of Formula T or a
pharmaceutically acceptable salt thereof.

[00304] Another aspect of the present invention provides methods of treating or
preventing dyslipoproteinemia in a mammal, comprising administering to the mammal in
need of such treatment a therapeutically effective amount of a compound of Formula I or a
pharmaceutically acceptable salt thereof.

[00305] By elevating levels of active GLP-1 in vivo, the compounds are useful in
treating neurological disorders such as Alzheimer's disease, multiple sclerosis, and
schizophrenia.

[00306] Accordingly, one aspect of the invention provides methods of treating
neurological disorders in a mammal, comprising administering to the mammal in need
thereof a therapeutically effective amount of a compound of Formula I or a pharmaceutically
acceptable salt thereof. In one embodiment, the neurological disorder is Alzheimer's disease.
[00307] Compounds of Formula I generally are useful for treating or preventing

diseases and conditions selected from type 2 diabetes, symptoms of diabetes, diabetic
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complications, metabolic syndrome (including hyperglycemia, impaired glucose tolerance,

and insulin resistance), obesity, dyslipidemia, dyslipoproteinemia, vascular restenosis,
diabetic retinopathy, hypertension, cardiovascular disease, Alzheimer's disease,
schizophrenia, and multiple sclerosis.

[00308] Accordingly, one aspect of the invention provides methods for treating or
preventing diseases and conditions selected from type 2 diabetes, symptoms of diabetes,
diabetic complications, metabolic syndrome (including hyperglycemia, impaired glucose
tolerance, and insulin resistance), obesity, dyslipidemia, dyslipoproteinemia, vascular
restenosis, diabetic retinopathy, hypertension, cardiovascular disease, Alzheimer's disease,
schizophrenia, and multiple sclerosis, comprising administering to the mammal in need of
such treatment a therapeutically effective amount of a compound of Formula I or a
pharmaceutically acceptable salt thereof. In one embodiment, the disease is selected from
type 2 diabetes.

[00309] Compounds of Formula I may also be useful for increasing satiety, reducing
appetite, and reducing body weight in obese subjects and may therefore be useful in reducing
the risk of co-morbidities associated with obesity such as hypertension, atherosclerosis,
diabetes, and dyslipidemia.

[00310] Accordingly, the present invention provides methods of inducing satiety,
reducing appetite, and reducing body weight in a mammal, comprising administering to the
mammal in need thereof a therapeutically effective amount of a compound of Formula I or a
pharmaceutically acceptable salt thereof.

[00311] In one aspect, the present invention provides methods of inducing satiety in a
mammal, comprising administering to the mammal in need thereof a therapeutically effective
amount of a compound of Formula I or a pharmaceutically acceptable salt thereof.

[00312] In one aspect, the present invention provides methods of decreasing food
intake in a mammal, comprising administering to the mammal in need thercof a
therapeutically effective amount of a compound of Formula I or a pharmaceutically
acceptable salt thereof.

[00313] In one aspect, the present invention provides methods of controlling or
decreasing weight gain of a mammal, comprising administering to the mammal in need
thereof a therapeutically effective amount of a compound of Formula I or a pharmaceutically

acceptable salt thereof.
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[00314] Compounds of Formula I may be administered alone as a sole therapy or can

be administered in addition with one or more other substances and/or treatments that work by
the same or a different mechanism of action. These agents may be administered with one or
more compounds of Formula I as part of the same or separate dosage forms, via the same or
different routes of administration, and on the same or different administration schedules
according to standard pharmaceutical practice known to one skilled in the art.

[00315] Accordingly, compounds of Formula I can be used in combination with one or
more additional drugs such as insulin preparations, agents for improving insulin resistance
(for example PPAR gamma agonists), alpha-glucosidase inhibitors, biguanides, insulin
secretagogues, dipeptidylpeptidase IV (DPP4) inhibitors, beta-3 agonists, amylin agonists,
phosphotyrosine phosphatase inhibitors, gluconeogenesis inhibitors, sodium-glucose
cotransporter inhibitors, known therapeutic agents for diabetic complications,
antihyperlipidemic agents, hypotensive agents, antiobesity agents, GLP-I, GIP-I, GLP-I
analogs such as exendins, (for example exenatide (Byetta), exenatide-LAR, and liraglutide),
and hydroxysterol dehydrogenase-1 (HSD-I) inhibitors.

[00316] As used herein, terms "treat" or "treatment" refer to therapeutic, prophylactic,
palliative or preventative measures. Beneficial or desired clinical results include, but are not
limited to, alleviation of symptoms, diminishment of extent of disease, stabilized (i.e., not
worsening) state of disease, delay or slowing of disease progression, amelioration or
palliation of the disease state, and remission (whether partial or total), whether detectable or
undetectable. "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.

[00317] In one embodiment, the terms "treatment” or "treating” as used herein, mean
an alleviation, in whole or in part, of symptoms associated with a disorder or condition as
described herein, or slowing, or halting of further progression or worsening of those
symptoms.

[00318] In one embodiment, the term "preventing” as used herein means the
prevention of the onset, recurrence or spread, in whole or in part, of the disease or condition
as described herein, or a symptom thereof.

[00319] The terms "effective amount” and "therapeutically effective amount” refer to

an amount of compound that, when administered to a mammal in need of such treatment, is
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sufficient to (i) treat or prevent a particular disease, condition, or disorder, (ii) attenuate,

ameliorate, or eliminate one or more symptoms of the particular disease, condition, or
disorder, or (iii) prevent or delay the onset of one or more symptoms of the particular disease,
condition, or disorder described herein. The amount of a compound of Formula I 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.
[00320] 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 primates, including humans.

[00321] Compounds of the invention may be administered by any convenient route, for
example into the gastrointestinal tract (e.g. rectally or orally), the nose, lungs, musculature or
vasculature, or transdermally or dermally. Compounds may be administered in any
convenient administrative form, e.g. tablets, powders, capsules, solutions, dispersions,
suspensions, syrups, sprays, suppositories, gels, emulsions, patches etc. Such compositions
may contain components conventional in pharmaceutical preparations, e.g. diluents, carriers,
pH modifiers, sweeteners, bulking agents, excipients and further active agents. If parenteral
administration is desired, the compositions will be sterile and in a solution or suspension
form suitable for injection or infusion. Such compositions form a further aspect of the
invention.

[00322] The present invention further provides a pharmaceutical composition, which
comprises a compound of Formula I or a pharmaceutically acceptable salt thereof, as defined
hereinabove, and a pharmaceutically acceptable carrier, diluent or excipient.

[00323] An example of a suitable oral dosage form is a tablet containing about 25 mg,
50 mg, 100 mg, 250 mg, or 500 mg of the compound of the invention compounded with
about 90-30 mg anhydrous lactose, about 5-40 mg sodium croscarmellose, about 5-30 mg
polyvinylpyrrolidone ("PVP") K30, and about 1-10 mg magnesium stearate. The powdered
ingredients are first mixed together and then mixed with a solution of the PVP. The resulting
composition can be dried, granulated, mixed with the magnesium stearate and compressed to
tablet form using conventional equipment. An aerosol formulation can be prepared by
dissolving the compound, for example 5-400 mg, of the invention in a suitable buffer

solution, ¢.g. a phosphate buffer, adding a tonicifier, e.g., a salt such sodium chloride, if
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desired. The solution is typically filtered, e.g., using a 0.2 micron filter, to remove impurities

and contaminants.

[00324] The present invention further provides a compound of Formula I or a
pharmaceutically acceptable salt thereof, for use in therapy. In one embodiment, the present
invention provides a compound of Formula I or a pharmaceutically acceptable salt thereof,
for use in treating type 2 diabetes, symptoms of diabetes, diabetic complications, metabolic
syndrome (including hyperglycemia, impaired glucose tolerance, and insulin resistance),
obesity, dyslipidemia, dyslipoproteinemia, vascular restenosis, diabetic retinopathy,
hypertension, cardiovascular disease, Alzheimer's disease, schizophrenia, or multiple
sclerosis. In one embodiment, the present invention provides a compound of Formula I or a
pharmaceutically acceptable salt thereof, for use in treating type 2 diabetes, symptoms of
diabetes, diabetic complications, metabolic syndrome (including hyperglycemia, impaired
glucose tolerance, and insulin resistance), obesity, dyslipidemia, or dyslipoproteinemia. In
one embodiment, the present invention provides a compound of Formula I or a
pharmaceutically acceptable salt thereof, for use in treating type 2 diabetes.

[00325] In one embodiment, the invention provides a compound of Formula I or a
pharmaceutically acceptable salt thereof, for use in the treatment of type 2 diabetes mellitus
in a mammal.

[00326] In one embodiment, the invention provides a compound of Formula I or a
pharmaceutically acceptable salt thereof, for use in the treatment of diabetic complications in
a mammal.

[00327] In one embodiment, the invention provides a compound of Formula I or a
pharmaceutically acceptable salt thereof, for use in the treatment of symptoms of diabetes in
a mammal.

[00328] In one embodiment, the invention provides a compound of Formula I or a
pharmaceutically acceptable salt thereof, for use in the treatment of metabolic syndrome in a
mammal. In one embodiment, the metabolic syndrome is hyperglycemia. In one
embodiment, the metabolic syndrome is impaired glucose tolerance. In one embodiment, the
metabolic syndrome is insulin resistance. In one embodiment, the metabolic syndrome is
atherosclerosis.

[00329] In one embodiment, the invention provides a compound of Formula I or a

pharmaceutically acceptable salt thereof, for use in the treatment of obesity in a mammal.



79 18.0 3.8 80 18.3 3.7 81 22.7 5.0 82 18.5 4.0 83 13.0 2.9 84 6.3 1.8 85
6.5 1.9 86 59 1.987551.88809.12.4
WO 2011/146335 PCT/US2011/036443

47
[00330] In one embodiment, the invention provides a compound of Formula I or a

pharmaceutically acceptable salt thereof, for use in the treatment of dyslipidemia in a
mammal.

[00331] In one embodiment, the invention provides a compound of Formula I or a
pharmaceutically acceptable salt thereof, for use in the treatment of dyslipoproteinemia in a
mammal.

[00332] In one embodiment, the invention provides a compound of Formula I or a
pharmaceutically acceptable salt thercof, for use in the treatment of neurological disorders in
a mammal. In one embodiment, the neurological disorder is Alzheimer's disease.

[00333] In one embodiment, the invention provides a compound of Formula I or a
pharmaceutically acceptable salt thereof, for use in inducing satiety in a mammal.

[00334] In one embodiment, the invention provides a compound of Formula I or a
pharmaceutically acceptable salt thereof, for use in decreasing food intake in a mammal.
[00335] In one embodiment, the invention provides a compound of Formula I or a
pharmaceutically acceptable salt thereof, for use in controlling or decreasing weight gain in a
mammal.

[00336] According to a further aspect, the present invention provides the use of a
compound of Formula I or a pharmaceutically acceptable salt thereof, in the treatment of a
disease or condition selected from type 2 diabetes, symptoms of diabetes, diabetic
complications, metabolic syndrome (including hyperglycemia, impaired glucose tolerance,
and insulin resistance), obesity, dyslipidemia, dyslipoproteinemia, vascular restenosis,
diabetic retinopathy, hypertension, cardiovascular disease, Alzheimer's disease,
schizophrenia, and multiple sclerosis.

[00337] According to a further aspect, the present invention provides the use of a
compound of Formula I or a pharmaceutically acceptable salt thereof, in the treatment of type
2 diabetes mellitus in a mammal.

[00338] According to a further aspect, the present invention provides the use of a
compound of Formula I or a pharmaceutically acceptable salt thereof, in the treatment of
diabetic complications in a mammal.

[00339] According to a further aspect, the present invention provides the use of a
compound of Formula I or a pharmaceutically acceptable salt thereof, in the treatment of

symptoms of diabetes in a mammal.
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[00340] According to a further aspect, the present invention provides the use of a

compound of Formula I or a pharmaceutically acceptable salt thereof, in the treatment of
metabolic syndrome in a mammal.

[00341] According to a further aspect, the present invention provides the use of a
compound of Formula I or a pharmaceutically acceptable salt thereof, in the treatment of
metabolic syndrome in a mammal. In one embodiment, the metabolic syndrome is
hyperglycemia. In one embodiment, the metabolic syndrome is impaired glucose tolerance.
In one embodiment, the metabolic syndrome is insulin resistance. In one embodiment, the
metabolic syndrome is atherosclerosis.

[00342] According to a further aspect, the present invention provides the use of a
compound of Formula I or a pharmaceutically acceptable salt thereof, in the treatment of
obesity in a mammal.

[00343] According to a further aspect, the present invention provides the use of a
compound of Formula I or a pharmaceutically acceptable salt thereof, in the treatment of
dyslipidemia in a mammal.

[00344] According to a further aspect, the present invention provides the use of a
compound of Formula I or a pharmaceutically acceptable salt thereof, in the treatment of
dyslipoproteinemia in a mammal.

[00345] According to a further aspect, the present invention provides the use of a
compound of Formula I or a pharmaceutically acceptable salt thereof, in the treatment of
neurological disorders in a mammal. In one embodiment, the neurological disorder is
Alzheimer's disease.

[00346] According to a further aspect, the present invention provides the use of a
compound of Formula I or a pharmaceutically acceptable salt thereof, in inducing satiety in a
mammal.

[00347] According to a further aspect, the present invention provides the use of a
compound of Formula I or a pharmaceutically acceptable salt thereof, in decreasing food
intake in a mammal.

[00348] According to a further aspect, the present invention provides the use of a
compound of Formula I or a pharmaceutically acceptable salt thereof, in controlling or

decreasing weight gain in a mammal.
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[00349] Another embodiment of the present invention provides the use of a compound

of Formula I, or a pharmaceutically acceptable salt thereof, in the manufacture of a
medicament for treating or preventing type 2 diabetes mellitus in a mammal.

[00350] Another embodiment of the present invention provides the use of a compound
of Formula I, or a pharmaceutically acceptable salt thereof, in the manufacture of a
medicament for treating or preventing diabetic complications.

[00351] Another embodiment of the present invention provides the use of a compound
of Formula I, or a pharmaceutically acceptable salt thereof, in the manufacture of a
medicament for treating or preventing symptoms of diabetes.

[00352] Another embodiment of the present invention provides the use of a compound
of Formula I, or a pharmaceutically acceptable salt thereof, in the manufacture of a
medicament for treating or preventing metabolic syndrome in a mammal.

[00353] Another embodiment of the present invention provides the use of a compound
of Formula I, or a pharmaceutically acceptable salt thereof, in the manufacture of a
medicament for treating or preventing obesity in a mammal.

[00354] Another embodiment of the present invention provides the use of a compound
of Formula I, or a pharmaceutically acceptable salt thereof, in the manufacture of a
medicament for treating or preventing dyslipidemia or dyslipoproteinemia.

[00355] Another embodiment of the present invention provides the use of a compound
of Formula I, or a pharmaceutically acceptable salt thereof, in the manufacture of a
medicament for treating neurological disorders in a mammal.

[00356] Another embodiment of the present invention provides the use of a compound
of Formula I, or a pharmaceutically acceptable salt thereof, in the manufacture of a
medicament for inducing satiety in a mammal.

[00357] Another embodiment of the present invention provides the use of a compound
of Formula I, or a pharmaceutically acceptable salt thereof, in the manufacture of a
medicament for decreasing food intake in a mammal.

[00358] Another embodiment of the present invention provides the use of a compound
of Formula I, or a pharmaceutically acceptable salt thereof, in the manufacture of a
medicament for controlling or decreasing weight gain of a mammal.

[00359] In one embodiment, the compound of Formula I is selected from any one of

the compounds of Examples 1-166 or a pharmaceutically acceptable salt thereof. In one
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embodiment, the pharmaceutically acceptable salt is a trifluoroacetate salt or a hydrochloride
salt.
Examples
[00360] The following examples illustrate the invention. 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,
Alfa, Aesar, TCI, Maybridge, or other suitable suppliers, and were used without further
purification unless otherwise indicated. THF, DCM, toluene, DMF) and dioxane were
purchased from Aldrich in Sure/Seal™ bottles and used as received.

[00361] The reactions set forth below were done generally under a positive pressure of
nitrogen 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 via syringe. Glassware was oven dried and/or heat dried or dried under a stream
of dry nitrogen.

[00362] Column chromatography was done on a Biotage system (Manufacturer: Dyax
Corporation) having a silica gel or C-18 reverse phase column, or on a silica SepPak
cartridge (Waters), or using conventional flash column chromatography on silica gel, unless

otherwise specified.

[00363] Abbreviations used herein have the following meanings:
ACN acetonitrile
APCI Atmospheric Pressure Chemical lonization
BINAP 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl
Boc tert-butoxycarbonyl
CDCls Deuterated Chloroform
DCC N,N'-dicyclohexylcarbodiimide
DCM Dichloromethane
DIEA Diisopropylethylamine
DIPHOS 1,2-Bis(Diphenylphosphino)ethane
DME 1,2-dimethoxyethane
DMF N,N-Dimethylformamide
DMSO dimethylsulfoxide
HPLC High pressure liquid chromatography
NaBH(OAc); Sodium triacetoxyborohydride
NMP N-methylpyrrolidine
Pd(PPh3)s Tetrakis(triphenylphosphine)palladium(0)
PdCly(dppf)*dem 1,1'-Bis(diphenylphosphino)ferrocene-palladium(IT)dichloride

dichloromethane complex

Pd,dbas Tris(dibenzylidencacetone)dipalladium(0)
TFA Trifluoroacetic acid
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THF Tetrahydrofuran
TLC Thin layer chromatography
XPHOS 2-Dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl
Biological Assay
Example A

cAMP production assay

[00364] The assay utilized HEK-293 cells that stably express a modified version of the
GPR119 receptor (94% identity to human receptor), under the control of a CMV promoter
containing a tet-on element for tetracycline-inducible expression. GPR119 agonist-induced
cyclic AMP (cAMP) production was measured in this cell line using the LANCE cAMP kit
(Perkin Elmer, Waltham, MA). To generate a working stock of cells for the assay, cells were
treated overnight with 1 ug/mL doxycycline at 37 °C in the presence of 5% CO, to induce
receptor expression. Cells were then harvested by enzymatic dissociation with 0.05%
trypsin, resuspended in freezing medium (DMEM growth medium with 10% ecach of fetal
bovine serum and DMSO), aliquoted and frozen at —80°C. On the day of the assay, frozen
cells were thawed, washed 1X in PBS and resuspended in Hank’s buffered salt solution
(HBSS) containing 5 mM HEPES, 0.1% BSA and Alexa Fluor 647-conjugated anti-cAMP
antibody (diluted 1:100). The cell suspension was then transferred to a Proxiplate Plus white
384-well assay plate (Perkin-Elmer) at 2000 cells/well.  Test compounds at final
concentrations ranging from 0.2 nM to 10 uM were added to the assay plate, followed by a
one-hour incubation at ambient temperature (volume = 10 uL/well). DMSO concentration
was held constant at 0.5%. After incubation with test compounds, 10 uL of a detergent
buffer containing a biotinylated cAMP/Europium-conjugated streptavidin complex
(Europium-labeled cAMP tracer) were added to each well on the assay plate, followed by a
2-hour incubation at ambient temperature. During this incubation cAMP released from lysed
cells competes with the Europium-labeled cAMP tracer for binding to the Alexa Fluor 647-
conjugated antibody. Agonist-induced cellular cAMP production resulted in increased
competition with the Europium-labeled cAMP tracer, leading to a proportional decrease in
the time-resolved fluorescence resonance energy transfer (TR-FRET) signal detected by the
Perkin-Elmer Envision plate reader. Cellular cAMP levels were then determined by
interpolation of raw signal data using a cAMP standard curve. Compounds were determined
to have agonist activity if they stimulated a 1.5-fold or greater increase in cAMP relative to

basal levels. Results for the compounds of Examples 1-165 are shown in Table A.
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Table A
Ex # cAMP production in HEK-293 cells Fold over baseline
(nMol)

1 23.5 39
2 27.9 4.8
3 23.2 5.0
4 27.3 4.1
5 12.3 2.2
6 9.2 1.8
7 7.7 24
8 8.6 2.5
9 13.5 2.3
10 6.5 2.1
11 27.1 3.4
12 23.4 3.8
13 24.8 4.4
14 323 5.5
15 24.2 4.2
16 21.4 4.0
17 107.3 53
18 7.7 1.8
19 9.9 2.1
20 24.4 6.5
21 6.6 1.9
22 32.7 5.6
23 13.6 3.0
24 24.8 29
25 11.6 29
26 19.1 4.2
27A 12.9 29
27B 7.5 2.2
28 39.4 4.0
29 11.5 2.1
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Ex # cAMP production in HEK-293 cells Fold over baseline
(nMol)
30 6.6 2.0
31 14.5 29
32 10.9 24
33 15.9 33
34 11.4 2.8
35 14.5 4.1
36 17.4 32
37 23.4 3.4
38 9.5 24
39 20.6 3.7
40 12.4 2.2
41 7.4 1.7
42 5.7 2.1
43 6.9 1.7
44 20.4 4.1
45 13.3 2.3
46 10.7 2.2
47 9.3 2.0
48 16.9 3.0
49 10.6 2.2
50 11.4 2.3
51 8.8 2.7
52 19.6 4.6
53 15.8 3.7
54 7.3 2.3
55 9.3 2.6
56 18.0 24
57 22.8 3.3
58 13.2 24
59 22.6 3.4
60 27.4 44
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Ex # cAMP production in HEK-293 cells Fold over baseline
(nMol)
61 19.6 3.1
62 9.8 29
63 16.2 3.4
64 7.4 2.0
65 21.0 3.4
66 4.9 1.6
67 15.6 29
68 8.8 1.9
69 21.3 32
70 6.1 1.8
71 17.6 5.6
72 7.5 2.8
73 14.4 3.0
74 8.6 2.2
75 9.1 2.5
76 59 1.9
77 21.3 2.5
78 13.6 3.4
79 18.0 3.8
80 18.3 3.7
81 22.7 5.0
82 18.5 4.0
83 13.0 29
84 6.3 1.8
85 6.5 1.9
86 59 1.9
87 5.5 1.8
38 9.1 24
89 23.1 4.8
90 11.7 2.7
91 38.0 39
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Ex # cAMP production in HEK-293 cells Fold over baseline
(nMol)
92 16.6 3.0
93 11.1 2.2
94 6.9 2.0
95 9.0 2.3
96 31.7 3.5
97 15.3 2.2
98 31.2 3.5
99 12.4 3.5
100 8.4 2.6
101 6.6 2.0
102 15.5 3.4
103 15.4 2.7
104 13.5 2.8
105 11.5 1.6
106 17.8 3.0
107 20.9 32
108 15.8 2.6
109 15.8 29
110 29.3 2.3
111 37.9 3.0
112 22.5 1.7
113 29.1 2.1
114 17.7 3.8
115 15.4 3.8
116 10.2 2.1
117 31.1 4.0
118 40.6 3.4
119 16.3 33
120 18.6 3.8
121 10.6 2.5
122 6.5 1.5
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A. To a swbuvilonedss tert - butyl
DIEA (13.0 nL, 74 9 mol)
2-chloro-5-ethyl pyrimdine (4.3 g,
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30 mol ).
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N [ 00365] St ep
pi peri di n-4-yl car bamat e @ETW®SYQ11A364n301 ) and

This mxture stirred at 100 C

for 18 hours in a sealed tube. The m xture was poured into water (500 nlL)
and extracted into Et 0Ac (3 x 100 nl) 56 The conbi ned organi c Iayers wer e
washed wi t T triyme PR DT SR BARLER. T vacuo.
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1- (5- et hylpyrgynthn=—2=yt)piper 4= y| carbamate (32 o—mot] 429%.
[ 00366] St ep Blzl,& ol uti on of terftsugout yl 35
1- (5-et hyl pyri2ai d| n-2-yl ) pi perigin-4- ylcarbamdte (3.2 g6 10 nmmol) in 50%
TFA CH2C12 {38 _AL)—was—stirred—at—anrbi-ent—tenperaturefor—1-hour— The
m xture was coriceptrated in vacﬁ@ The residue was disséived in Et0Ac (200
mL) and washedsW [h satur at ed sggdj um car bonat € [( 200 nL) yhen brine. The
conbi ned ofganic |ayers were dried over My504, filtered and concentrated in
vacuo to yi eI1dZ7(1 (5- ethyl pyrlni3d}n 2- yI)p| perldin 4-anife (2.2 g/ 11 mol,
100% . Mas$ SpgctTum (apct)—ntz % 207 1+ (MmiH)y— 58 Fr upg ratton B
1- bronp-2-1l uoro-b-nethyl-4- (me]t Ayl sul f onyl ) benizene §167] Step A
4- Br ono- 5- | u@wo-R-nmethylanilims45 g, 24 5 mmol ) was didsol ved in
1, 2-di met hyd d: stHane (35— —394 mwl)—and heated to 75 Cunder—i trogen.
| soanyl nitr Q B.52 m., 63 7 | ) was added |dr opw se§t50 the reaction via
an addi tion Tllgrjne through a refJ4x condenser (-1 drop/S&C). (NOTE - a
| arge exothermmay occur if addition is too fast. ) After addition|was
conpl ete, thel3eaction was heat&d to 95 C for 1 hour and-5allowed to cool to
anbi ent t efpergture: The Teact '2’7’9 was concentrated and gy rfiedover silica
gel (100% hexanes) to afford )
(4- br ono- 54f | 13@r ot 2- met hyl phenyis){ met hyl ) sul fane (4.9 g2.720.8 mmol|, 85.0%
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. ] ]u?’é . 6.6

(4- Bronp- 5qf | uor o} 2 rrethylphen ) rrethyl)sulfane (4.9 g,°21 mol)
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137 31.7 6.5

138 38.6 6.7

139 26.6 5.0

140 12.2 2.7

141 15.5 3.7

142 21.7 8.3

143 13.3 43

144 19.6 2.9

145 28.3 2.1

146 34.6 2.6

147 46.4 3.6

148 14.4 2.4

149 6.8 1.5

150 17.1 34

151 35.8 4.7

152 26.6 33

153 14.3 3.1




was di ssolved in CH2C12 (200 nmL) and cooled in an ice bath. 70% MCPBA (11

g, 46 mmol) was added and the reaction was allowed to stir at 0 C for

m nut es awo 2bheredsar ned t o anbi ent tenperature.

anbi ent tenperature for 2 hours,
m xture was purified over silica gel
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yield) as a white solid. Preparation 7
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m xt ur e was—sti+rpd-overnghtat anbient tenperature—The reaetioh was
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Preparation A
1-(5-ethylpyrimidin-2-y1)piperidin-4-amine
O
N
[00365] Step A: To a solution of tert-butyl piperidin-4-ylcarbamate (5.0 g, 25 mmol)

and DIEA (13.0 mL, 74.9 mmol) in DMF (50 mL) was added 2-chloro-5-cthylpyrimidine

(4.3 g, 30 mmol). This mixture stirred at 100 °C for 18 hours in a sealed tube. The mixture

was poured into water (500 mL) and extracted into EtOAc (3 x 100 mL). The combined

organic layers were washed with brine, dried over MgSQ,, filtered and concentrated in

vacuo. The residue was

ethylpyrimidin-2-yl)piperidin-4-ylcarbamate (3.2 g, 10 mmol, 42%).

[00366]

Step B:

purified over silica gel (100% EtOAc) to yield tert-butyl 1-(5-

A solution of tert-butyl 1-(5-ethylpyrimidin-2-yl)piperidin-4-

ylcarbamate (3.2 g, 10 mmol) in 50% TFA/CH,Cl, (30 mL) was stirred at ambient

temperature for 1 hour. The mixture was concentrated in vacuo. The residue was dissolved in

EtOAc (200 mL) and washed with saturated sodium carbonate (200 mL) then brine. The

combined organic layers were dried over MgSQ,, filtered and concentrated in vacuo to yield

(1-(5-ethylpyrimidin-2-yl)piperidin-4-amine (2.2 g, 11 mmol, 100%). Mass spectrum (apci)
m/z=207.1 (M+H).
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sat ur at ed aqueous NaHCO3 and Et OAc, Fd over Na2504, filtered and

concentrated. The residue was puri fbe er silica gel to afford
(R -tert-butyl 4-(3-(methylsul f onylxgdx ,onpyrrolidi n- 1-
yl ) pi peridi ne-1-carboxylate (Preparation D; 25.5 g, 70.4 mol, 98%yi el d)

?‘rsn al\l'_\;?I t[gﬂ%% (é‘t: b %E'EI' gggiggon ofzs{anBHP slg_\iﬂte éllgg jo fZl% &8&%%@005% watel’l ppm

2H), 2.6 v@pmddm a ldd)utio .08 msntlﬁﬂnoroblei)zené_ 1&ulpqiyl (chhor12é—|,(4()l gb lmall’ﬂnﬁcﬂ) 1r12 H) 1.5

m (s ration -3 2-fluor.o-4-
PEUTF oy ) bR L Ao B s HEGPOPH Sy hffuidgy sroaction
v 0 [ 003%ak %ﬁﬁedoxtopatﬁ)ﬁi pifi 1@rbyofhe HBditof 8f 1 Mg NaDH, I?fﬁ@hﬁe, reﬁcﬁ)on Zniktu@d tvas
but oxycar bon m_no) - 4- (et hyl t hi 0) but anqi.c  aci d (5. 21 mmol ) and DI EA
(8.2 i, suﬁecﬁwrl)lghtnTmaf(@e TR TGS %OPleﬁ‘r”ééFed%atha%?Bl aémﬁqdé}mérép M- for 30
m nut es. BeRAYdted L RINO PRI BN O ixubBR ROXYhALEwith T e al?dlcﬁg@%}nd’\’as

added and the m xture was stirred at anbient tenperature f ours. The
m xt ure \ﬁbﬁscmn@dorgml@ layRysNE@F dfiSOOVeR NaxiReh filkrecd entheareentsieddniadiordyer s
wer e ext 3 conbi ned organic |ayers were washed
with 1IN C1 ?%81%) S%ér%gﬁgﬁdgg (?35%’01(%?@ The conbi ned organic |ayers were
dried over My504, filtered and concentrated in vacuo to yield (S)-benzyl

4- (2- (tertbut oxycarbonyl am no) - 4- (net hyl t hi 0) but anam do) pi peri di ne-| - car box
ylate (10 g, 21 mmol, 100% . [00377] Step B: A solution of (S)-benzyl
4-(2-(tert-butoxycarbonyl am no)-4- (nethylthio)butanam do)pi peridine- 1
-carboxylate (10 g, 21.5 nmol) in neat Mel (40.2 nL, 640 mMmmvl) was stirred
at anbient tenperature for 4 hours. The reaction was evaporated to dryness
to yield (S)-benzyl

I T T Y T T T T T T ~ I T I O L Y



[00378] Step C. The (S)-Benzyl
4-(3-(2-fluoro-4-(nmethyl sul fonyl ) phenyl am no)-2- oxopyrrolidin-1 -yl)pip
eri di ne- lwo 2arin4e3s§l ate nmethio di de salt (10 g, 17 moIPLTRES201diosses ved i n
dry THF (100 nlL) and cooled to O C. Lithiumbis(trinmethylsilyl)amde (21
m., 21 mmol) was added and the m xture was warned to anbient tenperature
and stirred for 2 hours. The m xture was poured into saturated anmmoni um
chloride (100 m.) and extracted into EO0Ac (3 x 100 nL). The conbi ned
organic | wer S i j lr i i nd
concentr J\‘tmegzblls n va%%ii Eggisgug&( %2 ’Zﬁ%@[olr&gn&ﬁ&mfhﬂ‘s&% (g YR fifhof)
4- ( 3- (t enn -DMFosAP0 ambonyka ridde) i@lomeshamy (2166 i di.n347 -npdlpi pneN-etiyle- 1 - ¢
arb oxyl a 7 I 0099 4 .- St A .sol ut i on. - henzyl
& (a5 (Y enteP et 2B cognBF? 37 BRI Rfy gl Wit ol e
-yl ) pi perat dinbientl tempeoxy ITat ecdcifogwad Comramttated and5096tTohAd GHREIRPwabDamd ) was
stirred at_anbient tenperature faqr hour. The m xture was concentrated in
vacuo. - T et o sSERGH Cull G ThecoRbine et [ i & HeORGa T f
sat ur at egufineli uvee asilanatie ((2000wLE@ad ir hoenesThe corhi nezld enfans-s- | ayers
were dried over Mg504, filtered and 62 concentrated in vacuo to yield
( S) - benzymetylafopdbrgzenedz b gr 1281maelnZ 1% vigld) gs yedlopdrhé- | car boxyl ate (3.4 g,
11 mol , (668A} [ O0BROkGRhE cotpG@lidtih OfabRf 1( Rkreb8I0F Wrepared according to
4- (3-am no-2-oxopyrrolidin-- 1 -yl)piperidine- |-carboxylate (2.0g, 6.3
mol ), 1,Prepdiatibybr o- 4- (et hyl sul fonyl ) benzene (1.2 g, 6 3 mol ), and Na2CO3
(3.3 g, 32 mmol) in DMSO (20 nL) was,gjiyred at 120 C for 48 hours. The
reaction mxture was poured into water (]200 nm) and extracted with Et OAc (3
x 100 nl) .| ddwpoooddijned or gancird ayers were washed Marhd brine and dried
over Myg504, filitered then concéntrated | n vacuo.l 2[heiffmatoes-i al was purified
over siliga gel (100% EtOAc) i yi S) - b enmlisufforlyd)benzene
-(2-fluoro-4-(nethyl i np)-2-oxopyrro lidin-1 -yl)p|p eri
dine-1 - garboxylate ( 429 .
[ 00381] St epF: Asol ut i 2-fluoro-4-
(et hyl suljf onyR) pher i di n- llciloygpd, pelifludraid- | - car poxyl at e
(1.3 g, 27 mol) in conc emietialis@tforyCbez308 [ | L) | was
hydr ogenated at 40 H type Pd/C ( 650 ng) for 18| hours.
The m xture was filt 1 and the solids were washed| with
MeOH (200 |nL) and water (200 mC_I). The methanol in the filtrate was| renoved
i n vacuo. The water tayer was extracted wth Et0AC (3 —x 100 i) The
conbi ned organic |ayers were washed with brine, dried over M504, filtered
and concentrated in vacuo to yi el #reparation D
(S)-3-(2-fl uoro-4- (nmet.hyl su fﬁm phenyl am
2-one (600 *fre - oA VRS S Spet T ap 72 =350, .
[ 00382] The foll ow ng conpounds i npoTable 2 were al so prepared according to
t he met hod of Preparation E. 2 oupd # Structure Name Mass
spectrumE-1 F CZ\lei S" OF Ha '’ W@\L ¢ (24 5-difluoro-4-
(et hyl sul fonyl ) phenyl am no) - 1-(pi peridin-&- )pyrrolidin-2-one (apci)
mz = 374.2 (M+H).

[00372] Step A: (R)-2-(2,2-Dimethyl-5-0x0-1,3-dioxolan-4-yl)acetic acid (25 g, 144

mmol) was dissolved in CH,Cl, (500 mL) and cooled in an ice bath. Ethanethiol (21.2 mL,
287 mmol) and N,N-dimethylpyridin-4-amine (0.351 g, 2.87 mmol) were added followed by

pyrrolidin-

DCC (35.5 g, 172 mmol). This mixture was stirred in ice bath for 1 hour, and then 2 hours at
ambient temperature. Acetic acid (45 mL) was added and then stirred the mixture for 10
minutes. The reaction mixture was then poured into vigorously stirred ether (400 mL) and
filtered. The filtrate was washed with 10% sodium carbonate, water, 0.5 N HCI, water and
brine. The organic layer was dried over Na,SO,, filtered and concentrated. The residue was

purified over silica gel (1-5-10% EtOAc in hexanes) to afford (R)-S-ethyl 2-(2,2-dimethyl-5-



E-2 Fo\\ lei / 0" NH(S)-3-(2,6-difluoro-4- a( Mrei nthoy) -1 SlU 1(
pf G pl 1 vyerl )i dp i hne-114y- 1 yl)pyrrolidin-2-one (apci) mz = (3nv¥
4+. 2H ) WO 268/146335 Preparation F PCT/US2011/036443
(S)-3-(2-fluoro-4-(met hyl sul fonyl ) phenoxy) -1- (pi peridin-4-yl)pyrrolidin-2-0
ne hydrochloride F ONH 0.1/ S HCl | [00383] StepA: (R -tert-Butyl 4-(3

- (met hyl sul fonyl oxy)-2 -oxopyrroli din-1 - yl)piperidine- 1 -carboxylate
(Preparation D; 1.7 g, 4 7 mol) was dpssolved in dry DVMSO (30 nL) and

4- br ono- 25§ llL?sO&WAPS/I)ﬁﬂan%thgoateSQ@ SrET‘i)J)?) m%g %mlefds) ad § cMar c%lo@leggnm ) was

added and the reaction heated C under 'nitrogen. The reaction becane
pur pl e t Weatsqdidafedd.to Fhdite edislt i on was cool ed to anbient tenperature after 3

MR pen Rt | L, 08es BUBEERMAT £1o A0 Ao SLIBEIRE Wi alelife Moo hed
pur i fi ed (m&l‘g, ?12]3 I_ngmolgedas (MR8 &t GACZ(I;I;Z“G;IZ K&G(Hnﬂ?éll)lggechﬁvitbrrﬁitrc(gSh -anglellr(])% but yI
b oxut PRI Ba cabSRLERCIO N En SEORUED ad ity 7t Sso S s on

(5)-tert wButdsolded Br CH>d) @IOMLY ﬁﬂded@@ lARPOKYE ) thdu EX AP Yddi@dnl fﬂlhﬁlel lwer 30
yl ) pi peridine- 1 -carboxylate ( %f 3 9 nmmol ) was dissolved in DMSO (30
nL) and pUPYed 2y s pt @a@ﬁm @@@?ra %Y%%lﬁ%tsﬂll‘q‘ef méttager- 0T lporegetion, wasmpl )

and t ran%‘h@%@'tﬁﬂﬁéﬁ‘%ﬁt@ oncBitARddNgnd( Qurilf‘x%d%ver Jsﬂféa fEEP'()O vweugoadged ol | owed
by Cu(l) triflate benzene conplex (O The reaction was

o) ot iiaren by aRGai ) bR e e Sboscbn SoicElEgo i Shi0! The

reaction erature, partitioned between water and
Et OAc, eﬁ%o%g}&nglﬁgﬁgg%r%}or%ﬁre@'vvith brine, dried over Na2504, filtered

and concdfly7dr ed. StheCr 65FHP2-WasetipidkdxioeldB- dimeolalsHinl)a@etaj@herl(Oﬁ% EI0OAc) to
afford (5)-t rt-b r n heno -2

- OXOpyr I ﬁ??lﬁi‘?ﬁ%s %/0)%‘31% Iérqléﬁ?#élq 886 &g? a)?él ?ftub %%8)I%§lp§“ﬁ¥r%ll', 89%
yi el d) aS:aI&OX!mtté @408, 202 mmol) and acetic acid (6.94 mL, 121 mmol) were added and stirred

[ 00385] St e -tert-Buly 3-(2-fluoro-4- thyI ul fonyl ) phenoxy) - 2-
oxopyr r ol?f asnhlen 1tCMPPIpRY, lé. rﬁ@uﬁes -CarB gLy ich & &"?3 1880 3 mngolyy WH§ §’)

di ssol veghoridn GRS rebBntkidre @R AnBNnHEpBrafikOXRARH: - TR rBlelion\Ras @sded, and

stirred at anbient tenperature overnight. The reaction was concentrated to
af ford (9pemhebwith gefugsted-aqueous NaHCOs. The reaction was partitioned between aqueous

(”‘5‘t hyl sulgl iy, a)nﬁh@fﬁ‘?g?i)/ )ex&ac(tejm %El&e@ WVih19d) ﬁﬁ{%ré&ld Wil 2rRASVRY Sta@ed)! or i de

(1.5 g, 38 mol oyleld) as a white so Mass spectrum apC|) mz =
357. 2 ( MéiHpred[ap0386JcTineted. dlrhemmild@wc@rmml@ndwvwmlfrcameé (3 t@/\/é@"é ra¢thaa10b|trepar ed

accordi n%t(t)gc)t Qeafporr(? (Elg)q{’é{:t—ebu P(%%ﬁ{o% O xogyrrohdm 1-yl)piperidine- 1 -carboxylate
(20.5 g, 72.1 mmol, 71.3% yield) as a white solid.
[00375] Step  D: (R)-tert-Butyl 4-(3-hydroxy-2-oxopyrrolidin-1-yl)piperidine-1-
carboxylate (20.5 g, 72.1 mmol) was dissolved in THF (500 mL) and triethylamine (20.1 mL,
144 mmol) and methanesulfonyl chloride (6.74 mL, 86.5 mmol) were added to the reaction
and stirred at ambient temperature for 1 hour. The reaction was partitioned between saturated
aqueous NaHCO; and EtOAc, dried over Na,SOy, filtered and concentrated. The residue was
purified over silica gel to afford (R)-tert-butyl 4-(3-(methylsulfonyloxy)-2-oxopyrrolidin-1-
yl)piperidine-1-carboxylate (Preparation D; 25.5 g, 70.4 mmol, 98% yield) as a white solid.
'"H NMR CDCL; 5.2 ppm (t, 1H), 4.3 ppm (m, 2H), 4.1 ppm (m, 1H), 3.4 ppm (m, 1H), 3.3
ppm (m, 1H), 3.3 ppm (s, 3H), 2.8 ppm (m, 2H), 2.6 ppm (m, 1H), 2.3 ppm (m, 1H), 1.7 ppm
(m, 2H, 1.6 ppm (m, 2H), 1.5 ppm (s, 9H).



64 Table 3 Crpd. # Structure Nanme Mass spectrum F-1 0O.ii '"s1 F el
"'aNH-C H(S)-3-(2,5-difluoro-4- (nethylsulfonyl)phenoxy)-

1- ( pi periwoOret/14¢33fpyrrol i di n- 2- one hydrochl ori de (apci pPCRUS261183&43 ( M+H) .
F-2 00 .ii SI1 F

61
Preparation E

(S)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)-1-(piperidin-4-y)pyrrolidin-2-one

F H 0
OO
N
Q
o

- S\\

[00376] Step A: A solution of HBTU (8.1 g 21 mmol), (S)-2-(tert-
butoxycarbonylamino)-4-(methylthio)butanoic acid (5.3 g, 21 mmol) and DIEA (8.2 mL, 47
mmol) in DMF (50 mL) was stirred at ambient temperature for 30 minutes. Benzyl 4-
aminopiperidine-1-carboxylate (5.0 g, 21 mmol) was added and the mixture was stirred at
ambient temperature for 18 hours. The mixture was poured into 1IN NaOH (500 mL) and the
combined organic layers were extracted into EtOAc (500 mL). The combined organic layers
were washed with 1N HCI (500 mL) and brine (500 mL). The combined organic layers were
dried over MgSQOs, filtered and concentrated in vacuo to yield (S)-benzyl 4-(2-(tert-
butoxycarbonylamino)-4-(methylthio)butanamido)piperidine- 1 -carboxylate (10 g, 21 mmol,
100%).

[00377] Step B: A solution of (S)-benzyl 4-(2-(tert-butoxycarbonylamino)-4-
(methylthio)butanamido)piperidine-1-carboxylate (10 g, 21.5 mmol) in neat Mel (40.2 mL,
640 mmol) was stirred at ambient temperature for 4 hours. The reaction was evaporated to
dryness to yield (S)-benzyl 4-(3-(2-fluoro-4-(methylsulfonyl)phenylamino)-2-oxopyrrolidin-
1-yl)piperidine- 1-carboxylate methiodide salt (10 g, 17 mmol, 79%).

[00378] Step C: The (S)-Benzyl 4-(3-(2-fluoro-4-(methylsulfonyl)phenylamino)-2-
oxopyrrolidin-1-yl)piperidine-1-carboxylate methiodide salt (10 g, 17 mmol) was dissolved
in dry THF (100 mL) and cooled to 0 °C. Lithium bis(trimethylsilyl)amide (21 mL, 21 mmol)
was added and the mixture was warmed to ambient temperature and stirred for 2 hours. The
mixture was poured into saturated ammonium chloride (100 mL) and extracted into EtOAc (3
x 100 mL). The combined organic layers were washed with brine, dried over MgSOy, filtered
and concentrated in vacuo to yield (S)-benzyl 4-(3-(tert-butoxycarbonylamino)-2-
oxopyrrolidin-1-yl)piperidine-1-carboxylate (7 g, 17 mmol, 100%).

[00379] Step D: A solution of (S)-benzyl 4-(3-(tert-butoxycarbonylamino)-2-
oxopyrrolidin-1-yl)piperidine-1-carboxylate (7 g, 17 mmol) in 50% TFA/CH,Cl, (50 mL)
was stirred at ambient temperature for 1 hour. The mixture was concentrated in vacuo. The
residue was dissolved in EtOAc (200 mL) and washed with saturated sodium carbonate (200

mL) and brine. The combined organic layers were dried over MgSO,, filtered and



el HCL (S)-3-(2,6-difluoro-4- (nethylsulfonyl)phenoxy)- 1-(piperidin-4-

yl ) pyrrolidin-2-one hydrochloride (apci) mlz = 375.1 (MtH). Preparation G
5-di f | wsoaet/igeassh | sul fonyl ) phenoxy) -1-1, 4' - bi pi per PdTAIS2@H08@4F St ep

A. (Conditions nodified fromDuttone, F. E., et. al., J. Med. Chem 2003,

46, 2057) To a stirred solution of (nmethoxynethyl)triphenyl phosphoni um

chloride (1.19 g, 3.48 mol ) in anhydrous ether (50 nL) at -10 C under

nitrogen was added phenyl lithium (1.982nL, 3.48 nmmol) 1.8 Msolution in

di et hyl Syr T 3 ed at 0

C for 30 Taurady 2 ol B AR S ey Ao PR TS # et

(R) - 2- ( 2 carbdikylee h%/‘![g, 5-raxel; 44%3) di oxol an- 4-yl ) acet al dehyde (Preparation D,

Step B; . 3g /THF . i.Nnt Vi a

addi ti onq?@%ﬁ]el ng&)rglelelatizo O?K?) #ir e(%v(a/é%lsflgos? n!rygé’rmog@nﬂ?)gfp%%% gfﬁ 1 hour

and t hen l\mrhmszllatec(zarg)|6e3n1tnrrtoE)rrp,erdaﬂlum1rce4@mdthgltsmlfdngljbe‘nmnezt1.I2cg,u653. mikloB, cr ude

was filter |du over. sili -50% Et OAc in
hexanes) afliﬁ{%?aé](g‘rg (52) Bdﬁ%%ﬁ‘ﬁ ?ﬁ‘s-vﬂsﬁlﬂf’%& ﬁ@’f‘?%%f“gi%%i  4-one
(0. 355 g reakti@0midrit ,Waﬁ(lb%u‘,éﬂ ehtd)wal$ (B00ChERAnd &ohaEd @58 BOAC (m'xxmu meL)of (E) -
and (2)-isoners). Step B: (Conditions nodified fromDutto F. E., et.
al .. J. g co@qlélﬁﬁi OrgaNig lay@(§ wgegwpfhedAwglbpmq YW ded over MgSO4, "filtered then
(R)-5-(3 caﬁtemmnl \bé&lo %hg nﬁlel?fﬁlt\bé'sg})u ii8d @Jbé(micégelﬂam%/@ EERO 10 iclBB2 ol )

in acetone (32.2 at anbi ent terrperature
was sti rbeeeyt or 4X@(Mnmpé‘s(m6§afﬂwifamémhma@) Mmmol(dcm $-ydpwesyingvhs added
and the i d in vacuo at anbient tenperature. The

resi due %@Bglftum%g’vcé’mﬁ ﬁ%{w washed with water, dried (Na2504), and
concent re[OQ&Sll n va&u@_t_o_af f oAd ( RhluBer( 2, 2efdi MEShpdnzil ox 04-(3-@5fluoro-4-

(1 231d|n10§ @YIS?I}(O&I)}' g 65313%“8 [ '0 %119%19121?%15)&1%{@5120/ OXJ-lLL?ge) @ tir gedﬂsg},vu? : l)n

of (R)- 3-nﬁrﬂol¥ rndettli@bh@ﬂ) ﬂ)%ﬁc&mc@nﬁﬂatm(HCa(]}Oémﬂ) Wk ap@oginated aO40;]PSI8w1?fﬂ. mol )

in THF (120 e rt-but -am no i di ne- - car pboxyl ate
(1.92 g, IQ/%%G%%WP@ @6@%&5 Pgoeégéwﬁ& amrsa&fai t@%dr {Grough C ) was
added ponrfd @Mk SRrSWadhel hath M@@H‘ @b@fnﬁ%' anhamz@fr@b@lrn&)dme H{é{haﬁdqﬁeﬁk 5 C

The m xture was stirred overnight while warm ng to anbient tenperature. The

react i on fHirate wrereweEedin vaewd Thy MAtCElRpEVa satrigsisth BQAs B W8 mIphEhaqueous
layer wag,&¥ihtRChehid Mk Wekd EPAC W1ﬁ1n@r1hé1€dﬁé?im%'v&e§l/[g%§4,r afifeRaVgi L _Washed
with brine, dried over ‘magnesi um sul fate and concentr at I n vacuo. The
resi due walsceptmartqzct inediclyy toryaelé ( Se3-phweo-dHmsthatsolgoraphlenglam@ig- 1(@ip8GIHACN i n

water), t0 t ty _

3- hydr oxy- yé%ghgﬁ(f’&&?] E&me lh I'ne 6%’)- cl\é[? ?(ec alinéapcs) Wz 35Rt1 (M\Aﬁ)te solid
(1. 55 g, [60382] m"rDITheSfbll%vmgedod)pouMSlﬂ thk:c?.rwun& @a@qxre)parwmccordﬁg td the
(I\/H—I—Boc) Steg D. To stirred solution of (R)-tert-butyl

3- hydr ox 20908 PPt Bi ber i di ne-1' - carboxylate (151 ng, 0.506 mol) in
THF (10 nL) at 8 C was added N- et hylrabiesopr opyl propan-2-am ne (0.176 [ilL,
1.01 mol }+n one portion Mthanesulfonyl chloride (47 3 [il 0 607 nmol)
was added| SGBROtHEt the | ntSERFBIC t enper atl dF8°di d not excee L5 . After 45
m nut es addit#onal| nethanesul fonyl chlorilde (22 [il 0 31|#IYMwas added
and stirringBshs dontinged for 015 mi nut es (SFb(%hdifluemet-i on(aptixtnig = | was
added 25 nmlL of Et(JAc, oed by /aqiiepus (methylsdfoas)erdOB3 185 nl) |vi a
syringe such that |tbe : enperat uremdio1Hpiperdicded| BMGI). The | mi xt ur e
was extracted with E&OAS washed wi th, bniyhpyrraidire2tofdy504) and
concentraled in vdcuoo Fhe residue was purified over silica gel (50-100%

Et OAc i n hexahes) |[to gi Ve (ﬁ) %oert but yl | (S)-3-(2,6-difluoro-4- (apci) m/z =

3- (et hyl sul f onyl gxy) - bi pi R%rl dinedy kil fongbpHeaxly | a142 (105 | ng,
0.273 mol, 54 %ield 4 afhol- m (pibkhidin4- 45(\aH). 1H) | 4. 13
(m 2H), 3.18 (s, BB 371k (M 2H), 2. 69 y(pyrrdidin-23nd5 (M 1H), 199 (m
1H), 1.75L(m 4H) 1.86 (s, 9H). Step E: [To a stirred mxture of
(R -tert-butyl 3-(nethylsulfonyl oxy)-2-ox0-1,4"'-bipiperidinel' -carboxylate
(1.10 g, 2.92 mmol ) and pot assi um carbonate (485 ng, 3.51 nmol, 300 nesh,
powdered) in THF (75 nL) was added 4-brono-2, 5-difl uorophenol (733 ng, 3.51
nmml ) and the reaction m xture was heated to reflux for 18 hours under
nitrogen. The m xture was concentrated in vacuo and purified over silica
gel (1:1 hexane/ EtOAc) to afford (5)-tert-butyl

3-(4-brono- 2, 5-di fl uorophenoxy) - 2- oxo- 1, 4' - bi pi peri di ne-1' - carboxyl ate
obtained as a white solid (987 ng, 1.96 mol, 67%vyield). Mass spectrum
(apci) mz = 389 (MtH-Boc). Chiral HPLC- analysis indicated this materi al
was about 81% ee. 66

[00387] Nor rral Phase Chiral th hod Cond| t| ons: Col um: CHI RALPAK ADH (4 6 X

A=~ ~ a2 T A PNPINPS AN NSNS ~ T




10 1 0.8 90 10 20 0.8 5 95 30 0.8 5 95 Step F: A suspension of
(5)-tert-butyl 3-(4-brono-2,5-difluorophenoxy)-2-oxo-1,4'"-

bi pi peri dvoeoltr/Hemsboxyl ate (700 ng, 1.39 nmol), and sSo®CWMGS2011/036443

met hanesul finate (219 ng, 2.08 mmol) in DMSO (5.55 nlL), was deoxygenat ed
and purged with nitrogen. Cu(l) triflate benzene conmplex (77.6 ng, 0.139
nmml ) and (1S, 25) - cycl ohexane-1, 2-diam ne (63.4 ng, 0.555 mmol) were

i ntroduced and the heterogeneous m xtdse was seal ed and heated to 110 Cin
an oil bath and stirred for 18 howr BLSpar %ﬂlﬂﬁlﬁ” xture was cool ed to anbi ent

t enper at ur e, drluted vvrth Et OAc (75 mL washed vvrth water (30 n) and
brine (tHBe&(hlug At hah ok} g Ydore ' da
vacuo. The resi due was purifi ed pver si I i ca geI (Et OAc) to afford

(S)-tert-butyl 3-(2,5-difluoro-4 (mathy sg@yl)phenoxy) 2- 0xo0-1, 4' -

bi pi peridine-1'-carboxylate ( l, 44 %yield) as a |ight

yellow oil that solidified. O pec m i) mz 389. 1 (M+H- Boc).
[00388] Step G To a stirred 30| utron of (S) terh’%utyl 3-(2,5-difluoro-4-
(et hyl sulfonﬁl) phenoxy) -1 ' -carboxyl ate ﬂ370 ny,
0. 757 rretﬂaher_A(s n@ t%%utahdeér € Qnr\rhrlreﬂfqnﬁlorrﬂp’é %@psriolrﬁn 7.57

ol ) an(}r)}ogb@ndﬁheﬁwﬁeomae Bitrb ok R0 :; 1arr§f>uenﬁméewa§&1§stowee 11TS%¥IfM@© s and

concentrated in vacuo. The residue was stirred and DCM

(25 ni). Mhendddmme2ifaywpiengbrlel & dfonmel aanKz%Qis (@Mﬁ%ﬁ)ﬁ}nmql} W%Seﬁdé@ﬂ and
concentrg fu? %e r cﬁ H&tetd)oto 99\‘@ uﬁl@ nl?‘lr % ﬁ.’hg]r%aﬁhlﬁ{ l?ecélme PuIBﬁ the3 I’black he

(met hyl sul T ony enox I pl p -one as own foam (282
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1- br ono- 21 Rlg uppmlrmbmﬁémﬁas(mﬁlﬁysloﬁwl fonyl ) benzene (947 ny, 3.54 mmol) and
Cs2CXB (924 | ) were added and the reaction was bubbl ed through
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anbi ent tenperature, |tered and concentrated. The resi due was purified
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(et hyl su phenyl'am no oxopyrrol i di‘n-
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pressure of dro %n over ni ght The reaction was filtered and concentrated
to af f or §OResHa age % £ [S5Ene MES ﬁgﬂﬁrﬁdlovgr silica gel (100% EtOAc) to afford (S)-tert-butyl

thyl sul i I afe680 '
e pmerdon e gt g 0
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109% yield) as a whlte solid. Mass spectrum (apci) m/z = 357.2 (M+H).
[00386] The following compounds in Table 3 were also prepared according to the

procedure of Preparation F.



(et hyl sul f onyl ) phenyl am no) pyrrolidin-2-one (330 ng, 0.685 nmol, 60.2%
yield) as a pale yellow solid. Mass spectrum (apci) mz = 482.2 (MtH). 68

Exanpl e 2WO0 2011/146335 PCT/US2011/036443
(S)-1-(1-(5-ethyl pyrazin-2-yl)piperidin-4-y1)-3-(2-fluoro-5-nethyl-4-
(et hyl sul f onyl ) phenyl am no) pyrrolidin-2-one H9 ,c, , I,\/ N

[00392] (S)-1-(1-(5-Chl oropyrazin-2-yl)piperidin-4-yl)-3-(2-fluoro-5-nethyl-
4- (et hyl sul fonyl ) phenyl am no) pyrrol b4di n-2-one (Exanple 1; 320 ng, 0.664
mol ) was dissolved in THF (6 L) arg, (275 mg, 1.99 mmol) and
PAC12(dppf) *CH2C12 (54.2 ng, 0.0664 mol|) were added and purged with

ni t rogen (st hyl zi nc (1Sthétwre THF; 797 [Ntme 0. 797 mmol ) wasMadded and the
reaction|hedted to 60 C for 1 hour. The|lreaction was cool edptgruanbi ent
tenperature&-1partiti omed bet yeen wat er pisd3ERGALfluds4ed ovigapdiad G4
filtered|and cqg ~ i p{ va The| mastythuefomaphpioxi f-i exysaver silica
gel (100% Et 0Ac = - -(51.(@péamirpzy.r azin-2 | (M+H).
-yl) pi peridin-4 uor 6-5 -dref Mypkrdtidin-2-one
(et hyl sul f onyl|) ph nyl:am no) pyrrol i Hi n- Phyr&hlolid® ng, 0.368 mol, 55.4%

yield) as g pan solidf VaSS 6pectrum (ap&hs- (m6Zd1ﬂu&gQ 3 (N ci) I@&acm)l e 3
fS)-1 -(1 -(5 -|chl oropyrazin [ perdnqgtﬁg,-ls IfX )pﬁeno g) 37(g|1fl uor D- 4-

f met hyl sul f onyl )ph@ ﬁy ol indii n- 2I-@[ﬂ ridi 393]

solution|of (S)- ~~ m ne="2- gxopyhJ ol |; h'} r%) yl) pi er|d|ne

| - car boxyl ate (|2. SI 7. 9 rrrml) (Preparat é?}gr Blo tdgp ), 1,2,4-trifluoro-5-
(et hylSUIIUIIyI)UCIILCIIC (3 3—¢,—1t6mot)and Na2CB—(2-5¢g, 24 nmot ) in
DMSO (20 nL) was degassed using nitrogen and was stirred at 130 C for 18
hours in a seal ed tube. The I‘eaCtPB@aFﬁtKﬁlLﬂ}e was pour ed into water (200 ni)
and extracted w ganjic | ayers were
washed with bri : R glelg et -Dipingridiglsdone r i ed in
vacuo. The materi aI was puri f| ed over silica gel (100% Et OAc) to yield (S)-
b enzyl 4-(3 -(2,5 -difluoro- Ql,,C( hyI sul fonyl ) phenyl am no) -2 - oxopyrroli

din-1-yl)pip eridinel -carboxyi {a_f 5.1 mmol, 65%.
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under hi gtEDictfprdtignpmedifietbiromduttopg. & ﬁtpélquMeé @@mgmﬂég% yvPeDdyr  Mass
spect r umgbRRGH df () %-3-ARoxdallyVtrD -dikRIN! Rdixolan-4-one (600 mg, 3.22 mmol) in

acetone (32.2 mL, 3.22 mmol) and H,SO, (1 drop) at ambient temperature was stirred for 70
minutes.  Saturated aqueous NaHCO; (4-5 drops) was added and the mixture was
concentrated in vacuo at ambient temperature. The residue was diluted with ether, washed

with water, dried (Na,SOy,), and concentrated in vacuo to afford (R)-3-(2,2-dimethyl-5-oxo0-



(S)-1 -(1 -(5 -chloropyrazin-2 -yl)pip eridin-4-y1)-3 -(2-fluoro-4-

nmet hvl sul f onyl ) phenyl am no) pyrro |idin-2 -one [ 00396] To a sol ution of
(S) - 3- (2-Wbuoriond3s§ et hyl sul f onyl ) phenyl ami no) - 1- ( pi per iPAITS2011/036443
4-yl)pyrrolidin-2-one (Preparation E; 3 g, 8.44 mmol) and DIEA (7.35 nmL, 42
2 mol) in DVF (30nL) was added 2, 5-dichloropyrazine (2.51 g, 16.9 mmol).
This m xture was degassed with nitrogen for 30 mnutes then stirred at 100
C for 4 hours under nitrogen. The m xtsire was poured into brine (500 ni)

and extrg dst GxdiL 2. ggfaﬂaﬁna?@er i dgeo 038 HinkP % 8T ield [ e $AITRI d?ﬁ(? Oheant 6r | ayers

were dried over and concentrated i n vacuo give an oil.
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combined extracts were washed with brine, dried over magnesium sulfate and concentrated in
vacuo. The residue was purified by reverse phase chromatography on C18 (0-60% ACN in
water), to afford (R)-tert-butyl 3-hydroxy-2-oxo-[1,4"-bipiperidine]-1'-carboxylate as a light,
white solid (1.55 g, 4.94 mmol, 57 % yield). Mass spectrum (apci) m/z = 199.1 (M+H-Boc).
Step D: To a stirred solution of (R)-fert-butyl 3-hydroxy-2-oxo-1,4-bipiperidine-1'-
carboxylate (151 mg, 0.506 mmol) in THF (10 mL) at 8 °C was added N-ethyl-N-
isopropylpropan-2-amine (0.176 puL, 1.01 mmol) in one portion. Methanesulfonyl chloride
(47.3 uL, 0.607 mmol) was added such that the internal temperature did not exceed 5 °C.
After 45 minutes additional methanesulfonyl chloride (22 pL, 0.31 mmol) was added and
stirring was continued for 15 minutes. To the reaction mixture was added 25 mL of EtOAc,
followed by aqueous saturated NaHCO; (35 mL) via syringe such that the internal
temperature did not exceed 5 °C. The mixture was extracted with EtOAc, washed with, brine,
dried (MgSO,) and concentrated in vacuo. The residue was purified over silica gel (50-100%
EtOAc in hexanes) to give (R)-tert-butyl 3-(methylsulfonyloxy)-2-oxo-1,4"-bipiperidine-1'-
carboxylate (105 mg, 0.273 mmol, 54 % yield). 'H NMR CDCl; &4.90 (m, 1H), 4.45 (m,
1H), 4.13 (m, 2H), 3.18 (s, 3H), 3.11 (m, 2H), 2.69 (m, 2H), 2.15 (m, 1H), 1.99 (m, 1H), 1.75
(m, 4H), 1.36 (s, 9H).

Step E: To a stirred mixture of (R)-fert-butyl 3-(methylsulfonyloxy)-2-oxo-1,4"-bipiperidine-
I'-carboxylate (1.10 g, 2.92 mmol) and potassium carbonate (485 mg, 3.51 mmol, 300 mesh,
powdered) in THF (75 mL) was added 4-bromo-2,5-difluorophenol (733 mg, 3.51 mmol)
and the reaction mixture was heated to reflux for 18 hours under nitrogen. The mixture was
concentrated in vacuo and purified over silica gel (1:1 hexane/EtOAc) to afford (S)-tert-butyl
3-(4-bromo-2,5-difluorophenoxy)-2-oxo-1,4"-bipiperidine-1'-carboxylate obtained as a white
solid (987 mg, 1.96 mmol, 67% yield). Mass spectrum (apci) m/z =389 (M+H-Boc). Chiral

HPLC- analysis indicated this material was about 81% ee.



6 Hob5;s 110 O\ a (S)-3-(2,5-difluoro-4-(nethyl -

sul fonyl ) phenyl am no) - 1- (1- (5- chl oropyri m di n-2-yl) pi peri di n-

4-yl) pyr rwDi2dimu@s3sne (apci) mz = 486.3 (MtH) 7 H O sPCO/US201%036388 N
(S)-1-(1-(5-bronmopyrimdin-2- yl)piperidin-4-yl)-3-(2-fluoro-4-

(et hyl sul fonyl ) phenyl am no) pyrrolidin-2-one (apci) mz = 512.1, 514.1
(MtH 8 FH I 0,, o N N\N/OGN (S)-2-(4-(3-(2-fluoro-4-

(et hyl sul fonyl ) phenyl am no) - 2- oxopybsé6ol i di n-1-yl) pi peridin-

1-yl) pyr i[ﬂﬂﬁ‘nﬂe' S'ﬁ%ﬁ?ﬂha{sg idhﬁal Method Conditions: Column: CHIRALPAK ADH (4.6
x 150 mm; 5 um, Part # 19324); UV: 222 nm; Sample preparation: 0.5 mg/mL methanol;
Injection volume: 10 uL; Approximate retention times: (R)-enantiomer: 9.2 minutes; (S)-

enantiomer: 9.8 minutes.

Gradient:
Time (mins.) Flow (mL/min) Mobile phase A: Mobile phase B;:
hexanes (%) ethanol (200 proof) (%)
0 0.8 90 10
1 0.8 90 10
20 0.8 5 95
30 0.8 5 95

Step F: A suspension of (S)-fert-butyl 3-(4-bromo-2,5-difluorophenoxy)-2-oxo-1,4'-
bipiperidine-1'-carboxylate (700 mg, 1.39 mmol), and sodium methanesulfinate (219 mg,
2.08 mmol) in DMSO (5.55 mL), was deoxygenated and purged with nitrogen. Cu(l) triflate
benzene complex (77.6 mg, 0.139 mmol) and (1S,2S)-cyclohexane-1,2-diamine (63.4 mg,
0.555 mmol) were introduced and the heterogencous mixture was sealed and heated to 110
°C in an oil bath and stirred for 18 hours. The mixture was cooled to ambient temperature,
diluted with EtOAc (75 mL), washed with water (30 mL) and brine (three 50 mL washes),
dried (Na2SOy), filtered and concentrated in vacuo. The residue was purified over silica gel
(EtOAc) to afford (S)-fert-butyl 3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-2-oxo-1,4'-
bipiperidine-1'-carboxylate (305 mg, 0.606 mmol, 44 % vyicld) as a light yellow oil that
solidified. Mass spectrum (apci) m/z = 389.1 (M+H-Boc).

[00388] Step G: To a stirred solution of (S)-tert-butyl 3-(2,5-difluoro-4-
(methylsulfonyl) phenoxy) -2-oxo0-1,4"-bipiperidine-1'-carboxylate (370 mg, 0.757 mmol) in
methanol (5 mL) was added, 5 M HCI in IPA (1.51 mL, 7.57 mmol) and the mixture was
stirred at ambient temperature for 6 hours and concentrated in vacuo. The residue was stirred
in IM NaOH (20 mL) and DCM (25 mL). The organic layers were combined, dried
(NaySOQ,4), filtered and concentrated in vacuo to give (S)-3-(2,5-difluoro-4-
(methylsulfonyl)phenoxy)-[1,4'-bipiperidin]-2-one as light brown foam (282 mg, 0.726
mmol, 96% yield). Mass spectrum (apci) m/z = 389.1 (M+H).

Example 1
(S)-1-(1-(5-chloropyrazin-2-yl)piperidin-4-y1)-3-(2-fluoro-5-methyl-4-

(methylsulfonyDphenylamino)pyrrolidin-2-one




(apci) MZ = 459.2 (MtH) 9 09. 110 ,8 N i- N\ /\11/ N
(S)-3-(2-fluoro-4-(nmethyl- sulfonyl)phenylam no)-1-(1-(5-

phenyl pyrwoi2dim@s3gl) pi peridin- 4-yl)pyrrolidin-2-one @apaispoinioze4+3 510. 3
(MtH TFA) 10 FHi& N, ; / N - N/a (S)-1-(1-(5-chloropyrimdin-2-

yl ) pi peridin-4-y1)-3-(2-fluoro-4- (nethylsulfonyl)

phenyl am no) pyrrolidin-2-one (apci) mz = 468.2 (MtH) 11 a6. 'S 0/ -N
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[00389] Step A: (S)-Benzyl 4-(3-amino-2-oxopyrrolidin-1-yl)piperidine-1-carboxylate
(750 mg, 2.36 mmol) (Preparation E, Step D) was dissolved in toluene (20 mL). Racemic
Binap (147 mg, 0.236 mmol), 1-bromo-2-fluoro-5-methyl-4-(methylsulfonyl)benzene (947
mg, 3.54 mmol) and Cs,COs (924 mg, 2.84 mmol) were added and the reaction was bubbled
through with nitrogen for 5 minutes. Pdydbas; (108 mg, 0.118 mmol) was added and the
reaction plunged into 95 °C oil bath overnight. The reaction was cooled to ambient
temperature, filtered and concentrated. The residue was purified over silica gel (50 to 100%
EtOAc in hexanes) to afford (S)-benzyl 4-(3-(2-fluoro-5-methyl-4-
(methylsulfonyl)phenylamino)-2-oxopyrrolidin-1-yl)piperidine-1-carboxylate (906 mg, 1.80
mmol, 76.1% yield) as a tan solid.

[00390] Step B: (S)-Benzyl 4-(3-(2-fluoro-5-methyl-4-(methylsulfonyl)phenylamino)-
2-oxopyrrolidin-1-yl)piperidine-1-carboxylate (906 mg, 1.80 mmol) was dissolved in EtOH
(15 mL) and 10% Pd/C was added and stirred under balloon pressure of hydrogen overnight.
The reaction was filtered and concentrated to afford (S)-3-(2-fluoro-5-methyl-4-
(methylsulfonyl)phenylamino)- 1-(piperidin-4-yl)pyrrolidin-2-one (680 mg, 1.84 mmol, 102%
yield).

[00391] Step C: (S)-3-(2-Fluoro-5-methyl-4-(methylsulfonyl)phenylamino)-1-
(piperidin-4-yl)pyrrolidin-2-one (420 mg, 1.14 mmol) was dissolved in DMSO (10 mL) and
2,5-dichloropyrazine (203 mg, 1.36 mmol) and N-ethyl-N-isopropylpropan-2-amine (297 uL,
1.71 mmol) were added and the reaction heated to 110 °C overnight. The reaction was cooled
to ambient temperature, water (60 mL) was added and the solids filtered. The solids were
dissolved in CH,Cl,, washed with brine, dried over Na,SO,, filtered and concentrated. The
residue was purified over silica gel (70 to 100% EtOAc in hexanes) to afford (S)-1-(1-(5-
chloropyrazin-2-yl)piperidin-4-yl)-3-(2-fluoro-5-methyl-4-
(methylsulfonyl)phenylamino)pyrrolidin-2-one (330 mg, 0.685 mmol, 60.2% yield) as a pale
yellow solid. Mass spectrum (apci) m/z = 482.2 (M+H).



NCpc F3 \ N (S)-3-(2,5-difluoro-4- (nethylsulfonyl)phenylam no)-
1-(1-(5-(trifluoronethyl) pyrazin-2-yl)piperidin-4- yl)pyrrolidin-2-one
(apci) mwo=20B2Q63W+H) 12 FH , O N, N\ (9)-1 -(1 PCB/USotoBGEIYS azi N- 2
- yl)piperidin-4-yl)-3-(2-fluoro-4- (nethylsulfonyl)phenyl -
am no) pyrrolidin-2-one (apci) mz = 512, 514 (M+H) 13 6 -N\C F3
(S)-3-(2-fluoro-4- (nethylsulfonyl)phenyl am no) -
1-(21-(5-(tri fI uor onet hyl ) pyrazi n- 2-yb3pi peridin-4-yl)pyrrolidin-2- one
(apci) mz =502 (MtH 14 , 0O," -ﬂ}!am " (S)-5-(4-(3-(2-f| uor o- 4-
(rret hyl sul fonyl ) phenyl am no) - 2- oxop |Pol I di n-1-yl) pi peridin-

1-yl) pyrazi ne- 2- C@D:bﬂhj(ﬁ:ﬂhy_evrammawﬂommdlm4ﬂl§@ (@1flupho-5-methyl-4-

(methylsulfonyDphenylamino)pyrrolidin-2-one

[00392] (S)-1-(1-(5-Chloropyrazin-2-yl)piperidin-4-yl)-3-(2-fluoro-5-methyl-4-

(methylsulfonyl)phenylamino)pyrrolidin-2-one (Example 1; 320 mg, 0.664 mmol) was
dissolved in THF (6 mL) and K,COs (275 mg, 1.99 mmol) and PdCl(dppf)*CH,Cl, (54.2
mg, 0.0664 mmol) were added and purged with nitrogen. Diethylzinc (1 M in THF; 797 uL,
0.797 mmol) was added and the reaction heated to 60 °C for 1 hour. The reaction was cooled
to ambient temperature, partitioned between water and EtOAc, dried over Na;SOy, filtered
and concentrated in vacuo. The residue was purified over silica gel (100% EtOAc) to afford
(S)-1-(1-(5-ethylpyrazin-2-yl)piperidin-4-yl)-3-(2-fluoro-5-methyl-4-
(methylsulfonyl)phenylamino)pyrrolidin-2-one (175 mg, 0.368 mmol, 55.4% yield) as a tan
solid. Mass spectrum (apci) m/z =476.3 (M+H).
Example 3
(S)-1-(1-(5-chloropyrazin-2-yl)piperidin-4-y1)-3-(2,5-difluoro-4-

(methylsulfonyl)phenvlamino)pyrrolidin-2-one
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[00393] Step A: A solution of (S)-benzyl 4-(3-amino-2-oxopyrrolidin-1-yl)piperidine-
l-carboxylate (2.5, 7.9 mmol) (Preparation E, Step D), 1,2,4-trifluoro-5-
(methylsulfonyl)benzene (3.3 g, 16 mmol), and Na,CO; (2.5 g, 24 mmol) in DMSO (20 mL)
was degassed using nitrogen and was stirred at 130 °C for 18 hours in a secaled tube. The
reaction mixture was poured into water (200 mL) and extracted with EtOAc (3 x 100 mL).
The combined organic layers were washed with brine and dried over MgSQ,, filtered then
concentrated in vacuo. The material was purified over silica gel (100% EtOAc) to yield (S)-
benzyl 4-(3-(2,5-difluoro-4-(methylsulfonyl)phenylamino)-2-oxopyrrolidin-1-yl)piperidine-
1-carboxylate (2.6 g, 5.1 mmol, 65%).

[00394] Step B: A solution of (S)-benzyl 4-(3-(2,5-difluoro-4-
(methylsulfonyl)phenylamino)-2-oxopyrrolidin-1-yl)piperidine-1-carboxylate (2.6 g, 5.1



71 Ex. # Structure Name Mass spectrum15 o %'s 4/ N\
(S)-1-(1-(5-bronmopyrazin-2- yl)piperidin-4-y1)-3-(2, 5-

di f | uor o-woQnattayissul f onyl ) phenyl am no) pyrrol i di n- 2- on@Cfased/osd423 = 530,
532 (M+H) 16 , a* 0. 's/ [----- NN it-c" \' N
(S)-5-(4-(3-(2,5-difluoro-4- (nethylsulfonyl)phenyl am no) -
2-oxopyrrolidin-1-yl)piperidin- 1-yl)pyrazine-2-carbonitrile (apci) mz =
477 (MtH) 17 1 -1 4 69

mmol) in ethanol (20 mL) was hydrogenated using a double balloon of hydrogen with 10%
Degussa type Pd/C ( 650 mg) for 18 hours. The mixture was filtered through celite and the
solids were washed with MeOH (200 mL) The combined organic layers were concentrated in
vacuo to  yield  (S)-3-(2,5-difluoro-4-(methylsulfonyl)phenylamino)-1-(piperidin-4-
yhpyrrolidin-2-one (2.0g, 5.4 mmol, >95%). Mass spectrum (apci) m/z = 374.2 (M+H).
[00395] Step C: To a solution of (S)-3-(2,5-difluoro-4-(methylsulfonyl)phenylamino)-
1-(piperidin-4-yl)pyrrolidin-2-one (Table 2, compound 1; 1.5 g, 4.02 mmol) and DIEA (3.50
mL, 20.1 mmol) in DMF (15mL) was added 2,5-dichloropyrazine (1.20 g, 8.03 mmol) . This
mixture was heated to 100 °C for 3 hours under nitrogen. The mixture was poured into brine
(150 mL) and extracted into ethyl acetate (3 x 500 mL). The combined organic layers were
dried over MgSQ,, filtered and concentrated in vacuo to give an oil. Ether (100 mL) was
added and a precipitate formed overnight. The ether was decanted and the solid was triturated
using ethanol (100 mL) at reflux with stirring for 5 minutes. The material was purified by
column chromatography using 50% to 100% ethyl acetate/hexane. The resulting solid was
dried over the weekend under high vacuum to provide the title compound (0.83 g, 39%
yield). Mass spectrum (apci) m/z = 486.1 (M+H).
Example 4
(S)-1-(1-(5-chloropyrazin-2-yl)piperidin-4-y1)-3-(2-fluoro-4-

(methvlsulfonylphenvlamino)pyrrolidin-2-one

F H o) N
Segetonvy

[00396] To a solution of (S)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)- 1 -(piperidin-
4-yl)pyrrolidin-2-one (Preparation E; 3 g, 8.44 mmol) and DIEA (7.35 mL, 42.2 mmol) in
DMF (30mL) was added 2,5-dichloropyrazine (2.51 g, 16.9 mmol). This mixture was
degassed with nitrogen for 30 minutes then stirred at 100 °C for 4 hours under nitrogen. The
mixture was poured into brine (500 mL) and extracted into ethyl acetate (3 x 100 mL). The
combined organic layers were dried over MgSOy, filtered and concentrated in vacuo to give
an oil. Diethyl ether (200 mL) was added and a precipitate formed overnight. The ether was
decanted and the solid was triturated using ethanol (100 mL) at reflux with stirring for 5
minutes. The suspension was filtered and the solid was washed using ethanol to give a solid
crystal. This solid was dried over the weekend under high vacuum to provide the title

compound (2.9 g, 73% yield). Mass spectrum (apci) m/z = 468.1 (M+H).



, 10. -N,,a (S)-1-(1-(5-chl oropyrazin-2- yl)piperidin-4-yl)-3-(4-
(ethyl sul fonyl)-2- fluorophenyl am no)pyrrolidin-2- one (apci) mz = 482
(MtH)  18wvo2d1101@b335s / N' N--- a (S)-1-(1-(6-chl or opyPazius2®1/036443

yl) pi peridin-4-y1)-3-(2-fluoro-4- (nethylsulfonyl)phenyl am no) py
rrolidin-2-one (apci) mz = 468 (MrH) 19 / N1 NN

(S)-1-(1-(5-ethyl pyrimdin-2- yl)piperidin-4-yl)-3-(2-fluoro-4

(et hyl sul f onyl ) phenyl ami no) pyrrolidiid-2-one (apci) mz = 462.3 (M+H)

0.:s8"111 [6\)397] The following compounds were also prepared according to Example 4.
Ex. Structure Name Mass
# spectrum
5 Nﬂ/\ (S)-3-(2,5-difluoro-4-(methyl- (apci) m/z
o NJ\\N sulfonyl)phenylamino)-1-(1-(5- | =480.2
d.. /O ethylpyrimidin-2-yl)piperidin-4- | (M+H)
Fﬁ &/N yDpyrrolidin-2-one
>, F
5
6 N c (S)-3-(2,5-difluoro-4-(methyl- (apci) m/z
o Sy sulfonyl)phenylamino)-1-(1-(5- | = 486.3
. N &/N/O chloropyrimidin-2-yl)piperidin- | (M+H)
ﬁ 4-yl)pyrrolidin-2-one
02\8 F
o™\
7 T (S)-1-(1-(5-bromopyrimidin-2- (apci) m/z

§ Lo v
. = yl)piperidin-4-yl)-3-(2-fluoro-4- | =512.1,
O*? d‘_@_g\: /""" | (methylsulfonyl) 514.1
phenylamino)pyrrolidin-2-one (M+H)

8 F oy o N (S)-2-(4-(3-(2-fluoro-4- (apci) m/z
8 /(j Nh‘\i/‘(N N—4 }CN (methylsulfonyl)phenylamino)- | = 459.2
Oj‘é N 2-oxopyrrolidin-1-yl)piperidin- | (M+H)

1-yDpyrimidine-5-carbonitrile

9 F P N (S)-3-(2-fluoro-4-(methyl- (apci) m/z
0 /©/ "‘dNCN—‘(\N}@ sulfonyl)phenylamino)-1-(1-(5- | =510.3

> phenylpyrimidin-2-yl) piperidin- | (M+H-
4-yDpyrrolidin-2-one TFA)
10 F oy © N= (S)-1-(1-(5-chloropyrimidin-2- (apci) m/z
o Jij N"'dN /CN.{\ }C' yl)piperidin-4-y1)-3-(2-fluoro-4- | =468.2
O;‘é N (methylsulfonyl) (M+H)

phenylamino)pyrrolidin-2-one

11 Fon =N (S)-3-(2,5-difluoro-4- (apci) Mz
/©/Nn.£N’CN“( /7 CFs | (methylsulfonyl)phenylamino)- | = 520
o Y

\;s 1-(1-(5-(trifluoromethyl) (M+H)
F pyrazin-2-yl)piperidin-4-
yD)pyrrolidin-2-one
12 F oy o N (S)-1-(1-(5-bromopyrazin-2- (apci) m/z
o /©/ N"'dN ACN( /B | yDpiperidin-4-yl)-3-(2-fluoro-4- | =512, 514
O\;‘é N (methylsulfonyl)phenyl- (M+H)

amino)pyrrolidin-2-one

13 Py 0 N (S)-3-(2-fluoro-4- (apci) m/z
9 /©/ N"’dN,CN{ Y (methylsul‘fonyl)phenylamino)‘— =502
S5 1-(1-(5-(trifluoromethyl)pyrazin- | (M+H)
2-yl)piperidin-4-yl)pyrrolidin-2-
one
14 Fn 0 N (S)-5-(4-(3-(2-fluoro-4- (apci) m/z
/©/ Nh‘dN’CN & /N | (methylsulfonyl)phenylamino)- | =459
03§ N 2-oxopyrrolidin-1-yl)piperidin- | (M+H)

1-yl)pyrazine-2-carbonitrile




20 H4 N,
di fl uoro-4-

1- (1-(5-ethyl pyrimdin-2-

--N\O (S)-1-(1-(5-chloropyrazin-2- yl)piperidin-4-yl1)-3-(2,6-
(met hyl sul fonyl ) phenyl am no)py rrolidin-2-one (apci) mz = 486

(MtH) 21 W0*R2011IN46335NV N (S)-3-(2, 6-di fl uoro-4-

(et hyl sul f onyl ) phenyl am no) -

PCT/US2011/036443

yl ) pi peridin-4-yl)pyrrolidin-2- one (apci) mz = 480.3 (MtH o,:.-
71
Ex. Structure Name Mass
# spectrum
15 F oy o N (S)-1-(1-(5-bromopyrazin-2- (apci) m/z
. /@de“ ’CN’( )™ | yDpiperidin4-y1)-3%(2,5- ~ 530, 532
034 N difluoro-4-(methylsulfonyl) (M+H)
. phenylamino)pyrrolidin-2-one
16 FoH N (S)-5-(4-(3-(2,5-difluoro-4- (apci) m/z
o9 /@ N"'\LEN ,CN.(\N’ ’/)/ CN (methylsulfo'n‘yl)pheny‘lam%n‘o)— =477
<3 2-oxopyrrolidin-1-yl)piperidin- | (M+H)
a: 1-yl)pyrazine-2-carbonitrile
17 Fow 0 N (S)-1-(1-(5-chloropyrazin-2- (apci) m/z
. ON"'dN CN’( ~)° | yDpiperidin-4-y)-3-(4- — 432
035 N (ethylsulfonyl)-2- (M+H)
— fluorophenylamino)pyrrolidin-2-
one
18 F oy 0 N (S)-1-(1-(6-chloropyrazin-2- (apci) m/z
. /©/N/,, dN ’CN ,_( //Z yl)plperldm—4—yl)—3—(2—ﬂuqr0—4— =468
Ot N o (methylsulfonyl)phenylamino)py | (M+H)
/ rrolidin-2-one
19 N ﬂ/\ (S)-1-(1-(5-ethylpyrimidin-2- (apci) m/z
o /O)\\N yl)piperidin-4-yl)-3-(2-fluoro-4 | =462.3
d.. &/N (methyls:ulfonyl)phenylamlno) (M+H)
/@ pyrrolidin-2-one
= F
%
20 F oy © - (S)-1-(1-(5-chloropyrazin-2- (apci) m/z
. ﬁ“‘"ﬁ(}l ’CN’( )l | ypiperidin-4-yl)-3-(2,6- — 486
OS¢ . difluoro-4- (M+H)
/ (methylsulfonyl)phenylamino)py
rrolidin-2-one
21 Néj/\ (S)-3-(2,6-difluoro-4- (apci) m/z
o N)\\N (methylsulfonyl)phenylamino)- | = 480.3
"R, d JQ 1-(1-(5-ethylpyrimidin-2- (M+H)
/@ N yD)piperidin-4-yl)pyrrolidin-2-
Os, F one
0
22 ¢l 0 N (S)-3-(3-chloro-5- (apci) m/z
' X N"'dN ’CN( Vs (triﬂgoromethyl)pyridin—2— ‘ =475
F,c” 2N N ylamino)-1-(1-(5-chloropyrazin- | (M+H)
2-yl)piperidin-4-yl)pyrrolidin-2-
one
23 H 2 =N (S)-1-(1-(5-chloropyrazin-2- (apci) m/z
S d“‘@’( )" | yDpiperidin-4-y1)-3-(5- = 441
Fic” PN N (trifluoromethyl)pyridin-2- (M+H)
ylamino)pyrrolidin-2-one




22 a Il F3cm'-%" ..... N\ (S)-3-(3-chloro-5-
(trifluoronethyl)pyridin-2- ylam no)-1-(1-(5-chloropyrazin-

2-yl) pi pewOdp1n/463865) pyrrol i din-2- one (apci) mz = 475 PRFRS2@3/0864M3 . "
F3BQAN -Nci (S)-1-(1-(5-chloropyrazin-2- yl)piperidin-4-yl)-3-(5-
(trifluoromethyl)pyridin-2- ylamno)pyrrolidin-2-one (apci) mz = 441 (M+H)
72 Exanmple 24 1-(1-(5-ethyl pyridin-2-yl)piperidin-4-y1)-3-(2-fluoro-4-

f met hyl sul f onyl ) phenyl am no) pyrrol i di n22-one HO NJ(

Example 24
1-(1-(5-ethylpyridin-2-yDpiperidin-4-y1)-3-(2-fluoro-4-

(methylsulfonyphenvlamino)pyrrolidin-2-one

F
H O
s O SO0
\\o N
[00398] To a nitrogen purged vessel was added Pd,dba; (0.0386 g, 0.0422 mmol),
NaOtBu (0.169 g, 1.76 mmol), 2,8,9-triisobutyl-2,5,8,9-tetraaza-1-

phosphabicyclo[3.3.3]Jundecane (0.0600 mL, 0.169 mmol), 2-chloro-5-ethylpyridine (0.100 g,
0.703 mmol) and (S)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)-1-(piperidin-4-

yDpyrrolidin-2-one (Preparation E; 0.300 g, 0.844 mmol). Toluene (4 mL, purged with
nitrogen) was added and the reaction was heated at 100 °C overnight. The mixture was
cooled to ambient temperature, diluted with EtOAc, and washed with water. The organics
were dried over Na,SO4, concentrated and purified on silica eluting with 100% EtOAc to
give 1-(1-(5-ethylpyridin-2-yl)piperidin-4-y1)-3-(2-fluoro-4-
(methylsulfonyl)phenylamino)pyrrolidin-2-one (0.177 g, 54 % yield) as white solids. Mass
spectrum (apci) m/z = 461.3 (M+H).
Example 25

3-(2-fluoro-4-(methylsulfonyDphenylamino)-1-(1-(5-phenylpyridin-2-yDpiperidin-4-

y)pyrrolidin-2-one

F
H 0]
000
Q
/“s\ \ N@N -
o)
[00399] Prepared according to the method of Example 24. Mass spectrum (apci) m/z =
509.3 (M+H).

Example 26
3-(2.5-difluoro-4-(methylsulfonyl)phenoxy)-1'-(5-ethylpyrimidin-2-y1)-1.4"-bipiperidin-2-one

Praced v

[00400] Step A: To a 3 neck flask equipped with an addition funnel and reflux

condenser was added red phosphorus (1.85 g, 60 mmol) and valerolactone (12.0 g, 120



[ 00398] To a nitrogen purged vessel was added Pd2dba3 (0.0386 g, 0.0422
nmmol ), NaQBu (0.169 g, 1.76 mol),
2,8,9-triweabutmdss, 5, 8, 9-t et raaza- 1phosphabi cycl o[ 3. 3. Bfunecianss44®. 0600
m., 0.169 mmol ), 2-chloro-5-ethylpyridine (0.100 g, 0.703 mml) and
(S)-3-(2-fluoro-4-(methyl sul fonyl ) phenyl am no) - 1- ( pi peri di n- 4-
yl)pyrrolidin-2-one (Preparation E, 0.300 g, 0.844 mmol). Toluene (4 m.,
purged with nitrogen) was added and thg reacti on was heated at 100 C
overni gh e i th

21 onc, amd MhohRg s 1 Warer P RY RIS b SREB AN 02 g LE
concent r atléad daorvipruiGabiied o %DmeruaC)eAﬁ@n thegyadditidn \&@Mnétm&letd@ﬂ@lw 1-(1

-(5 -ethyl
(Eret h)e/l 5573%{1%1/ éldxﬁeny'?/%%%lﬁ@) %}r;r ro fofi % u%sneT(h(%Ormll(ﬁll‘g{1 Wa‘s}ﬁd‘?ﬁ)} fndﬂen%ls white
sol i ds. Masgrapectndmrimfecicd m za =frdfl r&n(dMHd)tomE)f@’er:hﬂﬂlRﬁorB Th 2,5-

-l 4 I I di n-2-yl [
oo SR PR S B0 Bt s Seo B P el P
Exanpl e 24.85Massd spReddra Mc(c@phdvid. NTRe Fu&Ofatdrid] Mikhiscd X apleet 2§ without
3-(2,5-difluoro-4-(methyl sul fonyl)phenoxy)-1'-(5-ethyl pyrimdin-2-y1)-1,4"-
bi pi per i dirthes pyiicatign. [ 00400] Step A To a 3 neck flask equi pped with an

addi ti onéémm el angleh ¢f Itbxa %Qlﬂﬁ@l{‘%%ru\&@% ﬁnﬂ%%ob@rﬁarﬁ?%&ﬂ%é% dolg8m 9. 60

mmol ) and val erol actone (12.0 g, 120 73 mmol). The feacti on was cooledto
0 C wit hnpol) ard wigthhilagyne G068, 8@2@@112011 ngCHz@a (49nl§L) coptpdetel Odf-opasi aslded

(Cauti on: (N Kk
slurry teryﬁﬁtgl $gﬁ)&n%? @Qﬁéﬁﬂ%ll f\ﬂr%%yd@@ %dog 81f or g%;@h?&l]hg h%ggag?(?l{)n was
cool ed t ovaaroeett totserrﬁaer%itomrﬁtawmichtpoamslﬁeelrea@nbntms guéncbghby tanddibot bOHm f or

distill h distilled
under o VAR Do S R atl b aA el TR ohdic 4 HFBR T qui o

The cr udencmﬂieearqluedusvl@&r sadddiwitht fuditivaxt CISi@p(3wt t hoirt). Thy &daﬂﬁnthtrrgafmccat i on.

[ 00401] St e a so cr ude d| br onopent ano (6.50 g,
20 mol ) 1&sH "t"’rrF g?%W%M?@ (‘3‘1“%80“6“% Frgpge ‘i’nﬁte’@ﬁqlﬂﬁi?%’(lﬁ%ff??ﬁi 81 Baol ed to
0 C was added:it elckanbyEdlad- am 1aPi pRLUEI Ne(d 5 adidiReth@hdnildpddridine-21. 1
mmol) in one portion. The reaction was allowed to stir for 4 hours at which
poi nt t hé&abexdets 6%10%%0%3119@@@14@@ spid-t he addition of saturated aqueous NaHCCB
(5 nb) an Cl2 ¢ r agueous

| ayer Wasﬁ0 W th a i onam%ggé%g% gutklax?Smorﬁﬁ)gﬁ%g&nnglq?g%ggélgﬁdi C

| ayers vxem@oxsbrlatteéﬂ Y g,kﬁ Q(Jg@ml)alrsdolcmqmé?MFéthdL) Fheadsked §87orradiemi hyldrigeas
purified / A

4-(2,5- di(@'ryo penI%1 Qgﬁﬂc?o%;m%n nggd?l%g?edﬁgﬁ%rztl%u?sa%ﬁﬁ ﬂig élbcg%%%)do)éndgrs a
whi t e solvachuni. Om}&@mﬁlerlﬂlma Elatedtwidnwatkr irﬁlrEtOlAmt Yhe organlc layer was

4-(2,5-dibro namd eri rhoxyl ate (2.21 0 mmol)
i Saol ved TRy 18 5o e qsttr sk ExER A aRbaet iy go ool )
The reactdrion was MESOWRAd tdnsdnirlited. OThe rBRdleS wan hutified Genaarhr aled:under
vacuum The resulting material was diluted wth water and EtOAc. The

or gani ¢ Ih&xAaes RIEA dp %t €tr-bahd T hremaauwok? Thipigeridipes heabgiviaie E-dne: The
conbi ned 78¢,9a0} Ghit@WEHS V\ere dried with My504 and concentrated. The residue
was purified over silica (2:1 hexanes: Et 0Ac) ive tert-butyl

3- br onp- 2068831 1, 4' Step pPpe Q dfi n@h!ltloéaloﬁo%wtw}é ébr%o-g-oxvﬁ%-baospeedm te

solid. [QO t.

3- br ono- -%)@‘ ?5%%% rngperl g lh?w)gf %EL&F%%&% 550> g nilo)l) in DVF
(5 nL) wasd ddﬂadoﬂzemuqr%@noigc%@n@ 2rﬂ®011n)nob)n dhmdactmmnw& Beaghidf dtLﬁﬁ)r ‘tﬂ)henol
(460 ny, react

Feact | on SRRl IR e St RETRAS PRRaTE Pl et HR LS oL Foyer was
separ at edeafded el heugoiess wasihe dviti EIOAL 0Rke cobhténaglosrpanie thyor g}@dﬂd: dri¢ayer s
were dri ed W My504 and concentrated. The crude residue fied over
silica gérih %&g%%%égvcem&% hs gide eafye y@urlﬁeg S MRS BTG

3- (4- br omegaheSEMIAJ) wglomﬁtw B=(3- b@@iﬂoi—54d1ﬂ1hir@h9ﬁt5dy9im&é—1‘434%[1}%%1‘11&@1 e (710
ng, 73% as a white solid. 4 [0040 Step E: To a solution of tert-butyl
3- (4- br orfoc@PexYdts (UBMEphEALRWWIBeERWd. 1, 4' - bi pi peridine- 1 '-carboxylate
(710 ng, 1.45 mmol) in DMSO (4 nlL) was added Cu(l) triflate benzene conpl ex
(73 nmg, 0.145 mol), sodium et hanesul finate (222 ng, 2.18 mol) and
trans-cycl ohexane-1, 2-dianmne (66.3 ng, 0.580 mml). The reaction was
heated at 110 C overnight. The reaction was cooled to anbient tenperature
and diluted with water (5 nL) and EtOAc (5 nL). The organic | ayer was
separated and t he aqueous washed with EtOAc (2 x 10 nlL). The conbi ned
organic layers were dried with Mg504 and concentrated. The crude residue
was pur| f| ed over 5| i ca gel (2 1 hexanes/ Et OAc) to give a cI ear 0|I Thi S

e o " o s NI LN PNA PN o ~ N o



Exanpl e 27A and 27B (S)-1-(1-(5-ethylpyri din-2-yl)p iperidin-4-yl)-3 -(2

-fluoro-4- f nethyl sul fonyl)phenyl am no)pyrro lidin-2 -one and (R)-1-(1-(5

- et hyl pyrwoi2ot12146385) p i peridin- 4-y1)-3 -(2 PCT/US2011/036443

-fluoro-4-(met hyl sul fonyl ) phenyl am no) pyrro lidin-2 -one 75

[00406] (S)-1-(1-(5-Ethyl pyridin-2 -yl)pip eridin-4-y1)-3 -(2 -fluoro-4-

(et hyl sul f onyl ) phenyl am no) pyrro |idi n-2-one (Exanple 27A) and

(R -1-(1-(5-ethyl pyridin2-yl)piperidin44-yl)-3-(2-fluoro-4-(nethylsul fonyl)

phenyl am rroI (o) a, )2 M i sal fication of

1- (1- (5- émﬁaﬂ byri ﬁ—g%:% A"?méﬁﬁd?ﬂgeg_b%éﬁs -(55?1) §%rdﬁ:i%h?(?‘)I;Ré“d%bOIXS

( rret hyl sul4 fbnyﬂ)e)qdheﬂy%@nbpma)tp)(? Iomgdi. Fh5 Zﬁrmd)a i B4 n24 )wagiaddah{Cn@l

preparati r m( Cj = 461..3 1-(1
PPt hy T aend BT BREE M RCball Gt oMt BEETRL R |

met hyl su Inﬁrﬂaﬂy hﬁmhmybamﬁ®ﬁ®y2¢de1haj{6ﬁ 32mg,CmBO iMRol) [ D400 was ﬂ’fbettécbgen

pur ged rea ves was added Pd 0. 0129

(0! 955 Gt §10,8ovrama. TS Ruon Fa £ ot s o Bl B8 o hy1-
3- et hyl pymirdiane H@A@@? nfl.). ﬂan&éamlyér @ﬁsdsebﬁhreaaﬁ@tﬁeldq@ms 4vashed with
(rrethylsulfonyl)phe | am no) - 1(p|per|d|n4 yrrolidin-2-one

( Pr epar athit@fic £ x40 1d0- Hhe eonibgned prgsnie. layrrﬂ\&%éﬂ%fgwwwg;%@%cwwa% r ogen)

was addednaRflidh h&idu8aek 'pQHﬁH@@veP%ﬁE@Qel%ﬁ l%égangs/ﬁﬁﬁidj"ug@fve a Ci@r b#agkid on was
cooled to anbient tenperature, diluted with EtOAc and washed with water.

The conburmﬁé@abwgmhﬁ@ dlssigl@dsm\ﬂ‘éiz@lzc{rl‘i) &) e exaeStHahin gther (F mégl agded.

prepar at | _
1- (1- (5- é[;ﬁ y%f on_w: I?tlpv!g/e?i&gl r% é'% n?ghtga'ngﬁtlleg_ concentrated under vacuum to give 3

yl) - 3- (242, 515ﬂaﬂwm44((methww®nylf)1dmyd»§yprhelhyllpmldm)mgner}whsellut (232 N 89%DwWaR6 g,
23% vyi el d}l gs whi L& solids. Mass spectrum (apci) nfz 475.3 (MtH). Exanpl e
29 (S)-3 () thlﬁe 491- 4- (met hyl sul f onyl) phenyl am no) - 1 -(1 -(5 -i s

opr ORII p){0(24|0‘5}j| n- 25 telﬂf) pTe aegcbédmcnr 014-3y(|2)5[9(%4ﬂﬁ(ﬁb44€thfeth&}sﬁﬂﬁlyﬂ)?hefnbl(dy)IIIQfacet ate

F ND. (. 4 To sol utio

- brormpyBﬂpr‘rli’eﬂﬁdHl %—Oney EESWQ ﬁ‘& C‘)’%ndl?fdA @roﬁ&n& 0.45 mrol) in DMSO

4- (et hyl §Hllb%¥|am@am1&m5f@ﬁyﬂ%ﬁfnﬂhm@(% Rg-OIEembXaR Racfion vadB@edded 0. 59

mol ) in di oxane (15 was bubbl ed nitrogen directly into the sol ution

for 30 michld®kY; Owemlglamﬂtf 53ctiga et Femied abiend fsmpeiprue prd ¢ibited wigh wates pmp| |
1 M sol uth an yifg B¢ gg%ﬂ?dﬁ?@&gmé )ag%%éépérgteg’%ﬁd the fJudds WiRel AR t he

reaction stirred at 1 Cfor 37 hours. > reaction was poured into
wat er andt@ae.r Bt @hbinetl @r@n@AeyersTwerecdsiet i withdMgBga mid cdnagrdratedwEheecwdes hed

W th wat %s’idu@ r“i,alél %miﬁed by reverse phase HPLC (5 to 95% acetonitrile in water with 0.1% TFA).
The combined fractions were concentrated to remove CH3CN and the pH adjusted to neutral
by the addition of NaHCOs. The aqueous layer was extracted with EtOAc. The combined
organic layers were dried with MgSO, and concentrated to give 3-(2,5-difluoro-4-
(methylsulfonyl)phenoxy)-1’-(5-ethylpyrimidine-2-yl)-1,4’-bipiperidine-2-one (15 mg, 20%)
as an off white solid. Mass spectrum (apci) m/z = 495.2 (M+H).

Example 27A and 27B
(S)-1-(1-(5-ethylpyridin-2-yl)piperidin-4-y1)-3-(2-fluoro-4-

(methylsulfonylphenylamino)pyrrolidin-2-one and (R)-1-(1-(5-ethylpyridin-2-y)piperidin-

4-y1)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)pyrrolidin-2-one

-
(0] /S\\




dried over MgSHA4, filtered and concentrated in vacuo. The material was

taken up in acetonitrile and filtered, and the solution purified by reverse

phase HPWMZO@2B1111@685% acetonitrile in water with 0. 1% TFACTIUS24110B643

(S)-3-(2-fluoro-4- (nethylsul fonyl)phenylamno)-1-(1-(5 - is

opropyl pyrimdin-2 -yl)piperidin-4-yl)pyrro lidin-2- one trifluoroacetate

(0.027 g, 0.057 mmol, 9.7%yield). Mass Spectrum (apci) mz = 476.3 (MtH).

Exanpl e 30 75

(S)-3-(2- 0- 4- t ) M NOh-Lr(ditDa( met hyl t hi o) pyri m di

n-2- yl) édﬁﬂgﬂ di n- @q (M ??‘*af?@@mn)%?‘iﬂ?é&ﬁ‘%“ ?9?% 3#2Hﬁ“|3§(/5?. [00409] (S)-1 -(1
-(5 -B rdmgt]hyltsulfnndl)pheZylamin)oppylrlphdmcFrcrneé(Ey@l)pl@ 27 4 pandf(Rurd (b Zethylpyridin-

e S S e T
i (2? ﬁ@ﬂ’ﬁieg?"éﬁ“?@p“‘f”h°°mr18(lfﬁmﬁi‘j’ﬁm‘"’é‘??ﬁﬁaﬁm P e "?Zm nats
oo o TR B RS ey RO T et e Ve Bitaranee FBRbera: ure
and f| asvg&heeemdn gpen hed= uelgl(MeHﬁ S) - 3- (2-fl uoro- 4-

(et hyl sul fonyl ) phenyl am no)-1-(1 -(5 -(nethylthio)pyrim din-2-yl)p
i peridin-4-yl)pyrroli din2-one (O. Byample 28 023 nmol, 12%yield) as a white

solid. Mass spect umEap6i-3- nigtt?ylp-ynﬂﬁloz $)ipfdin- 4%@1@&&&-41 S)-1-(1 -(5

-(1Hpyrazo 1-4-yl)ypyrimdin-2 yI pip ertrdin-4-y1)-3 -(2 -fluoro-4- f

met hyl sul f onyl ) phenyl a ylargino ppjgsolidi -2mms NH N1 N |
[00410](S)-1-(1-(5-Bronmopyrimdin-2-yl)pipgsi din-4-yl)-3-(2-fluoro-4-

(et hyl sul f onyl ) phenyl am no) pyrfrol i dion- 2-onej le 7; 0.090 g, 0.17
mol ), tert-butyl 77 444,45 _Ket Lamgt hyt=~1#3, 2 - di oxab

orol an-2-y1)-1H pyrazo | e- b @ (0.057 g, 0.19 mmol ), Pd(PPh3)4
(0.020 g, 0.018 nmol) and N%ZCCB (0.#4 nL, 0.88 mvl) were suspended in

di oxane i eal ed tube and stirred at 110 C ov

oot ad arl4B7F s or b FHFGuEh Puftel et Y10y ReOHAEL AL OHIE FapBH il as
purified nayoly, @sgt@gomza:geo L fandour Bfn'a?—@dc © r(mé @ 6.053 1 malg, et etbrbrsidigy1i N
water) to give -1-(1-(5-(1H pyrazol -4- yl) r|md|n2

eridi n- 4~3y@§th?811)¥r( 0ef | uo?odl”ﬂ ( mek hy| 934 omﬂ“)l%l eny Pai nof%y%’&oﬂh}or‘df‘n 2 -

one (0. 03helyls ity Ybihihm@D)-3- WPk dEn 3Q M GrrolBE S oRP GBI MAUAPRE 1 0.10% &, = 500. 3
(MtH) . 041}l,SThe pfc))l Igl\)jl\nmn ) (mounnsgj\/\)‘g?réo repar eg ae(ri:)corldl ng to t%e met hod
of Exanp|092831nm(@( Teluene (3 mL purged with nitrogen) was added and the reactlon was heated

at 110 °C overnight. The reaction was cooled to ambient temperature, diluted with EtOAc
and washed with water. The combined organic layers were dried over Na,SO, and purified
by preparative HPLC (Parallex Flex) to give 1-(1-(5-ethyl-3-methylpyridin-2-yl)piperidin-4-
y1)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)pyrrolidin-2-one (0.026 g, 23% yield) as
white solids. Mass spectrum (apci) m/z = 475.3 (M+H).

Example 29

(S)-3-(2-fluoro-4-(methylsulfonylphenylamino)-1-(1-(5-isopropylpyrimidin-2-yDpiperidin-

4-ypyrrolidin-2-one trifluoroacetate
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[00408] To a solution of (S)-1-(1-(5-bromopyrimidin-2-yl)piperidin-4-yl)-3-(2-fluoro-

=0

4-(methylsulfonyl)phenylamino)pyrrolidin-2-one (Example 7; 0.30 g, 0.59 mmol) in dioxane
(15 mL) was bubbled nitrogen directly into the solution for 30 minutes, followed by addition
of diisopropylzinc (2.3 mL, 2.3 mmol, 1 M solution in THF) and PdCl,dppf)*CH,Cl, (0.096

g, 0.12 mmol) and the reaction stirred at 100 °C for 3 hours. The reaction was poured into



Structure Name Mass spectrum32 o" ", 1--,,,1 M (S)-3-(2-fluoro-4-
(met hyl sul fonyl ) phenylam n o)-1-(1-(5-(1-nethyl-1Hpyrazol-5-yl)pyrimdin-2-
yl) pi per iwOnroet/pmb33pyrrol i di n2-one (apci)m z 514. 3 ( MtH) PCEF/USROMI0B6443 i r H 33

N --11 NIN". (S)-3-(2-fluoro-4- (nmethylsulfonyl)phenylamn

0)-1-(1-(5-(1-nmet hyl-1Hpyrazol -4-yl ) pyri mdin- 2-

yl ) pi peridin-4-yl)pyrrolidin2-one (apci)mz 514.3 (MtH). = Exanple 34
76

water and extracted into EtOAc. The combined organic layers were washed with water, brine,
dried over MgSO,, filtered and concentrated in vacuo. The material was taken up in
acetonitrile and filtered, and the solution purified by reverse phase HPLC (5 to 95%
acetonitrile  in  water with  0.1%  TFA) to yield (S)-3-(2-fluoro-4-
(methylsulfonyl)phenylamino)- 1-(1-(5-isopropylpyrimidin-2-yl)piperidin-4-yl)pyrrolidin-2-
one trifluoroacetate (0.027 g, 0.057 mmol, 9.7% yield). Mass Spectrum (apci) m/z = 476.3
(M+H).
Example 30
(S)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)-1-(1-(5-(methylthio)pyrimidin-2-

yl)piperidin-4-y)pyrrolidin-2-one

@ é mefs\

\\
’/

[00409] (S)-1-(1-(5 —Bromopyrimidin—2 -yl)piperidin-4-y1)-3-(2-fluoro-4-
(methylsulfonyl)phenylamino)pyrrolidin-2-one (Example 7; 0.10 g, 0.20 mmol), Xantphos
(0.056 g, 0.098 mmol), K5PO4(0.11 g, 0.51 mmol), and Pd,dbas (0.045 g, 0.049 mmol) were
diluted in degassed toluene (3 mL). Sodium methanethiolate (0.032 g, 0.45 mmol) was added
and the reaction was stirred at 100 °C overnight. The material was cooled to ambient
temperature and flash chromatographed to give (S)-3-(2-fluoro-4-
(methylsulfonyl)phenylamino)- 1-(1-(5-(methylthio)pyrimidin-2-yl)piperidin-4-yl)pyrrolidin-
2-one (0.011 g, 0.023 mmol, 12% yield) as a white solid. Mass spectrum (apci) m/z = 480.1

(M+H).
Example 31
(S)-1-(1-(5-(1H-pyrazol-4-yDpvyrimidin-2-yDpiperidin-4-y1)-3-(2-fluoro-4-
(methylsulfonyl)phenvlamino)pyrrolidin-2-one
r Q &

~s

|
[00410] (S)-1-(1-(5-Bromopyrimidin-2-yl)piperidin-4-yl)-3-(2-fluoro-4-

(methylsulfonyl)phenylamino)pyrrolidin-2-one (Example 7; 0.090 g, 0.17 mmol), tert-butyl



S)-1-(1-(5-ethyl pyrimdin-2-yl)piperidin-4-yl)-3-(4-(ethylsulfonyl)-2-
| uor ophenyl am no) pyrrolidin-2-one N N,. [00412] Step A A sol ution of
((di metwol2anvred3sdi met hyl i m ni o) met hyl ) - 1H benzo[ d] [ PCZ/UBRa1ni036aa3 e
3- oxi de hexaf | uor ophosphate(V) (4.0 g, 11 mmol)
(S)-2-(tertbutoxycarbonyl am no)-4-(methylthio)butanoic acid (2.7 g, 11
mml ), and DIEA (4.1 nL, 23 mmol) in DM (20 nL) was stirred at anbi ent
tenmperature for 30 mnutes. 1-(5- Ethyypyrimdin-2-yl)piperidin-4-am ne
(Preparallan 4% famedyl- 11i2 r&‘i&'aﬂorx\ﬁﬁ 2%@}11%@' tp?ﬂ?ol& 1%a1%b35§1% ey $tigfed at

anbi ent tenpérature for hours. The ‘m xture was poured into IN NaOH (500
m.) and umolh(?ldfﬂﬂhe)d((bW@a]D@ISay@l)sanﬁéYaeC@xﬂ%dnbm $mmobtv@rcsuBadedrl) . The

78 conbi nl?ﬂ Q033 I Cseaf%xefube M sHrro@ 3 FH) (W, BV r()%lll}l H%é‘%igr?afl s & cgglg qundane (500

m.). The ‘combime organi ¢ layers were drie
concentr dﬂted:dlthrougcsubcat @l ym% Me@ByEmCo -Thetydterial w@d purifoed- lgftﬂayérmypsham din-2

-yl) pi peridi ) - 4; et hyl t hi o) - 1 - oxobut anz 2. - bamate (4.4 g,
15 ool - gy puitssRonl o 8E eVt b (8) Bt s E b AL
1-(1-(5- @/‘l)byﬂnﬁi\d[ﬂ Ifblgplﬁer?d'uy h)y@i-ﬁ@r ﬂtd:irdil-il4{methylsulfonyl)phenylamlno)pyrrohd1n 2-

yl am no) - 4- E%Oth yl t hi 0) - 1- oxobut an- 2-yl car bamat e_( mol ) in neat

met hyl i Q8f 937224 yiekhigs andity sdid; Maéasp&ftﬂaﬁfﬁp@ﬁpﬂ% er;&ww tifle for 18

hours. Theoqigpct i %e%ﬁox@i\ﬂ?@%ﬁ&ﬁgs %v@re%?éb@ﬁ:ﬁ%céo?m ¥4 Rl He frsthod §F Exdiphy|
1-(1-(5- ethylpyrlmdln ) pi peridin-4-yl amno- -

(et hyltﬁ‘llo) - oxobut an- 2-yl car bamat e net hyl i od| de (7 g, 12 mmol, >95%.
[ 00414] Sty P Toa bUS{fﬁétﬁ'” of — a) —tfrert=but )i\ilame Mass spectram

(
f
1-

1-(1-(5-c, tHpyrimdin=2=ytjpiperigit —

4-yl am no) % met hyl t hi 0) - 1- ox @h S' '((:2ﬂ rTB th %’?%7 g, 12
mol ) in CH2GL2 (70 ni) was_aliddd 6094 ‘(; h% N after s
m nutes,| DVF {7 nif wasfadd 4nd t he O 'l'glﬁh' at| anbi ent

t enper atlure fpr Uy m xt ur e w@ﬁagﬂ}' ~Jepyigy ur at ed ammoni|jum
chlorideg (70 Pidx the sol ution wag YORPFAER cVIXRfV’tfﬂhdgﬂq PC12 (3x 100 |ni).

The conbined ¢ d over M504,
filtered ahd toncentrated in vacfow— TH®-+Estrarprg oi | was @EDt wated with
ether (100 L) and the ether F}/ye\j\r/ vvzémvﬁslh‘éﬁmﬁ])lﬂmnﬂﬁlinhb 5 Hie(Mghbi ned
organi ¢ Iayers werve eroe é\\r My504,| op-ilt(1-€F-elamathsll- Bdncept rated in vacuo to
yield (9)-tert r\&@ et hyl py1 ipwiagdlr-@)pyrimidin-2-

yl ) pi per|i di n- 40;9 pyrrol i di n- 3{ yhpigrbdnetd)pyBolRlig, | 8. 2 mol, 8% .

[ 00415] Step D A sol uti on of (S)-tert2butyl
1- (1-(5-ethyl pyrimdin-2-yl)piperidin-4- yl)-2-oxopyrrolidin-3-ylcarbamate
(19, 26 mol) in 50% TFA/ CH2C12 (10 gLé was stirred at anbi ent
tenperature for 1 hour. The mi xtur&® 8ncentrated in vacuo. The residue
was di ssol ved i nSEHRCIRe}R0rimidn 2R0piweshed-wi 1-y fbiyNa@hy()100 ni) and
brine. The conbined organic layers were dried over My504, filtered and
concentrated in vacuo to yifBogbhegylemingipyrrdidin-d-eng 5 et hyl pyri mi din-2-yl)p
i peridin-4-yl)pyrroli din-2-one (0.75 g, 2 Q~ 100% [00416] Step E A
solution of ((S)-3-amno-1-(1-(5- ethyl pyrl r’ng -2-yl)pi peridin-4-

yI)pyrroI|d|n20ne(100 ny, 035 1)
2-di fl uoro-4-(ethyl sul fonyl) epe~\’ g, 1.0 mmol ), and Na2CO3 (110
ng 1.0 mol) in DMSO (2 nL st ed at 130 C for 18 hours. The

reaction mxture was pouredskhtd Water (100 mL) and extracted with Et0Ac (3
x 100 nlL). The conbi ned or gan\t\e | ayers were washed with brine and dried
over M3SQysrbj | tergd, and concenihabeq. d(&]m%E?ManoT{aﬁn&ﬁﬁ%’ﬁm’&ﬁh&ﬁﬁ? HW\as

purified over silica gel (10% nmethanol 'In
(S) - 1- ( 1-bemzokdinya. i)]yrralzoﬂpdwamleyhf)@ﬂmml@smww(Wl)@Q gA- l(lemmydl)sdﬁ)‘ oftym) - 2- 79

L AN L G PRS0 P e

i peri di ndmyi])in DME2¢H0l wd)) owds stiveddhytl adbient temperature for 30 mmutes 1- (5—

f met hyl syl f onyl ).ph am no rrolj d|n20ne HQ.,N, i 04171 (S) -3
e . 1 B BRI PR b GRS 20k 1 Bge) B Bl s e

( Exanmpl e rd4turcShapsirkd B aﬂgﬁénmmp&aﬁ%fmIh)oute/a$hedm$;&@1ew@@ potiretl ghtyame (5

m). 2,2'- Bis (diphenyl pho sphi no)-1, 1' - bi napht hyl &2.7 nﬁ 0. 0525
mol ), 1 NaHbmeY mLrapd, fiegombinedeiagyic lwetsmrﬁﬂtgaﬁiefi&m 1P 29 & OPF Bhar at i on
B; 281 ng, 1.05 mml) and Cs2CO3 (205 ng, 0.630 mmol) were added and

ni trogen bubbled through for 5 m nutes. Pd2dba3 (24.0 ng, 0.0263 mmvol) was
added and the reaction plunged into a 95 C oil bath and stirred under
nitrogen overnight. The reaction was cool ed, concentrated, dissolved in
smal | amount of CH2Cl2, solids filtered away and filtrate purified over
silica gel (90% EtOAc in hexanes) to afford (S)-1 -(1 -(5 -ethyl pyrimdin-2




yl)pyrrolidin-2-one H O\ ND [00418](S)-3 -Amno-1 -(1 -(5
-ethylpyrimdin-2 -yl)pip eridin-4-yl)pyrroli din-2-one (Exanple 34, Steps
A-D;, 120 wo,200v4@338mol ) was di ssolved in toluene (3 nlL) PCZ/UR2011/036443

Bi s(di phenyl phosphi no)-1, 1' - bi napht hyl (26 ng, 0.042 mol)

6- chl or o- 4- oxochroman-7-y1 trifl uoronet hanesul fonate (206 ng, 0.62 nmol)
and Cs2C33 (162 ng, 0.498 mmol) were added and the reaction was bubbl ed
through with nitrogen for 5 mnutes. Pg2dba3 (19.0 ng, 0.021 mmol) was

added an@oﬁlbﬁe(ﬁ %ﬁg%nl'cqg{yeﬁl Q&g‘?\gashég QiR I@PREI' (5@@5&9%%%&1}\% I@OO Jb)e fRact ion

was cool ed to anbient tenperature, partitioned ter and Et OAc,
dri ed ovepmhagdouganif ldytes vese dimad wondeghOr. diliertd alth eoncentiathdein wagiopayicld ed over

silica gﬁ%)ﬁ%&%u y? i??%et%/%bﬁmldlan gg@gﬁ%ﬁ 15[’}315 Ap Iﬁletﬁnlfﬁo?régdxtogqg% 7 xture

was furt puri erse ACN in
wat er) t glaffaona (4$)g Hh(nﬁrol;l%%bo 4- oxochr oman 7-

I -1- 5- -yl ) pi i dj n- 10
o0 023N sont BPUA Wb of S ERR L5 Rk DR anpl e
37 (9)-3 yia(n{lao) zﬁﬁﬂbthﬁﬂmwncvxébl(tmtwhﬁ)uinﬁt@wu)gohenm!n))l() byt In @i nedidel - (1

yrimdin-2- eridin-4-yl rrolidin-2-one trifluoroacetate

-(5 -ethyl f)@ ‘
[ 00419] St(%?gmb(, 34pgnmol stifgéd %,armg*:en‘( tsljnpgét,ufe hi/%/hours The reaction was evaporated

1- (1- (5- @4 hyhRYs| %dwardZ (Eg}eﬁ’ﬂ nﬁyu di. (q (5%fnyiﬁynannﬁngpmhuﬁlmylémwoy@r barrat e
(Exanpl e 34, "Steps A-

(0.040 g (methglﬂllm'rbP&Obufﬁht%}’l?ﬁrmmﬁt@nsﬁlYlﬁqdézﬁ F:1:4 ]é-’rmi’néhF%t"éhper at ur e f or 10
m nut es i t

m nut es, qg\g‘t &fat eﬁ%@f ufnb]agclgorl gor?ﬁf e(g)( %eg b%ﬁ?“ﬁ (g a@%@’éﬁ f H@E% ﬁc(ljluct was
extract eel -ylarhio o E4-Qraethy 181109 1I5@ otriitan-2 Fhe reoraizi nmih}chrognim C7 I@yé’l smmelheimashed

L o R R0 Sl ISR PLGFRYY UGS gt vl o

0XOpPYT r OlnhIdi was rdydanaidhnyé )xﬁ;aﬁlbanﬁécﬁat(dﬂnb%rg Ienﬁ)e?attﬂ‘ﬁﬁdr 1 H(Ql@%he hiRd@@hsSt ep B:

A sol ution of )-tert-butyl. th yrlmdl i peridin-4-

y1) - 2- ox BRY détiooﬁaﬂlr%‘e‘i/ ARBORYM) @?r@nﬁtﬂe%%g and ghe gp brﬂ%n%%) CHRCEHoyith

TFA CH2CX1,CLORLIO0WAE). SitHel dodfbidl ¢ llcemyeﬂs anRE Mk haew P bride, NR1EH - ovENe

m xture was concentrated in vacuo. The resi due was dissolved in CHZClZ (100

n) and WAsHdfiliFredh and\equgentia(ed g vaqup. Theissyiingell win &itegiel withaetbyr g4

| ayers , i el d
(S)y e (aga '_tlfge%tlﬁ}’%;/?% fhsndg wlt@rglgpﬂ%?ﬁoﬁnnﬂgg n}ygfﬁlt:@gef AT n%;vgro )ypyr d

l'idin- 2 Mg ﬁlweqirgnd C)On?Qntmﬁdl in voq94 to i o4t Stbefy! 1-(1-(S-ethylpyrimidin-2-

C (9)-1- | y et hyl ani no)
pyrroli d&??p@é%%%q% %9#118933@ 3 lgﬁa%%éésg& 5 e s dR) (2 ).

1, 2, 4- Tri[604a6f o- 5-S _@mh)91|sslmlnt)mm]tS)bembeuybI(P(Seﬁhylpymmnduﬁz yDpigdridin-40. 99

T o P R St Pkt o BTl ATl il G S

partiti oneﬁnneﬁtwaﬁpbrmﬂerfer ( 6@ Mo mﬂdﬁde &0 A6nclAtiedb vacubhEhe RBRUORES Or gani ¢
| ayers were washed with brine and dried over %504 Af ter concentratl on in

vacuo t hdisselved i CHagl 999|r¥ﬂr)e€|n%§‘iaﬁ6’dr%\ﬂérl% REs £ 0prE) @Bd (hsingsdhe

acetoni t rcbnlﬁlnb(ﬁloﬁﬁ@ﬁlgﬁa Wst%r@dr;eé)o-%@/[ 594 Qﬂlt\éﬁed and concentrated in vacuo to 1eld
(S)-3-((2,5-dif uoroX yIsquonI ) am no) - 1- I

(5 et hyl r§§)r$ ﬁiannL a- (9re}lpﬂmlm@m?-ﬂ)p;neylgylrémgpymohdlz 2001 GO0F75F . L0 @@[@‘ét at e (40
ny, 259 . Mass spectrum (apci) mz = 494.3 (M+H). Exanple 38

(S)- 342Nggdl I uor o- 4- (et hyl sul f onyl ) phenyl )(rret hyl ) am no) - 1- (1- ( 5- et hyl pyr

i m di n- 200416) pi pe$tep;iiEn A- s;omﬁplyrof O(S)-dFami - E(5- etpﬂﬁmﬂdﬁrbpmmdmbucéor di ng

Evarpl e 3000 P& R0 4L BRI Sy b BB ey B2 dog g 1T
- (2-f | uomimd), @A NBYAGUI f(Dﬂﬁgl 1).(pheidoXly PMSO (2 mL) was stirred at 130 °C for 18 hours.
The reaction mixture was poured into water (100 mL) and extracted with EtOAc (3 x 100
mL). The combined organic layers were washed with brine and dried over MgSQOs, filtered
and concentrated in vacuo. The crude material was purified over silica gel (10% methanol in

EtOAc) to yield (S)-1-(1-(5-ethylpyrimidin-2-yl)piperidin-4-yl)-3-(4-(ethylsulfonyl)-2-



4- hydroxypyrrolidin-2 -one F [00423] Step A (2R 3R)-Di et hyl

2- (benzyl oxy) - 3- hydr oxysuccinate (15 g, 50 6 mmol) was dissolved in 30%
aqueous TWB 2025@6338) and | it hi um hydroxi de hydrate (4.2BCH/US2@1/086¥03) was
added and the reaction stirred at ambient tenperature overnight. The
reaction was then partitioned between aqueous citric acid and Et0Ac, dried
over Na2504, filtered and concentrated to afford

(2R, 3R) - 2- (benzyl oxy) - 3- hydr oxysucci ni7g aci d (11 549, 47 9 mol, 94.6%
yield) a 4241 A -

(2R 3R) - Zﬂ_u h&@[anﬁ@%)?fr%o%?ﬁlr%)b(ll;/es g(b:gl?gni%él 12%1?91 % ) Mabss spectrum m%l) m/z

di ssol ved76ﬁ(M+ﬂ)d| met hoxypr opane (46 nL, 374 mml) and

4- et hyl benzenesul fonic acid hydra#g n(l&pggm g, 0.462 mmol) was added and
the reaction was stirred at anbient tenpérature for 4 hours. Water (30 nm)
and NaHCO3 (0. 0388I1-(l.-(50ctdsfiRyrimiin}2 -viggriger dlddéal) 3A@-fewtd-aateddl wi t h CH2C12,
dried over Na2504, filt edto. ovide (R)-2-

(benzyl oxy) - 2- ((R) - 2, 2- dF ety hoxdt&nByl )acetic acid. The
crude product was taken on t nextH stcep wi t hout further purification.
[00425] Step C Crude 5@@ N=

(R -2-(benzyl oxy)-2-((R) - 2 @% }-_d{oxol an-4- yl)acetic acid
(13 g, 46 mml) was di ssol véd in CHZClZ (150 m.) and cooled in an ice bath.
Et hanet hijed41¢p. 9 ndS)-398mimpal(1 (mdlymyﬁnﬁulfmt}mpimmamm y’l)p%rramhﬂe ¢@. 11 g, 0.93

| dded fol Lowed b 11 g, t
2?? rIe\Q'e <ﬁxanaﬁ gém teeﬁqg 1340 \Ifg%,@@ytﬂggc réwvl}g %sggﬂ %ﬁ%.t@mnet n%%ijraf%\r,\gs
over ni ghtB1s(ﬂ\‘ﬁfﬁédyﬁ)h6§iihﬂ10§ 12-whiphes @ddedhandobie hess! i10RoMe-Hid¢-sed for

10 mi nutes reaction mxture was poured into vigorously stirring ether

(400 ni) megdeyltHersthylspeyblenzare (Frenatatign &3:vid Mg sh@d Mg hamdo0s664i(

car bonat I i ed over
Na2S0O4, ?ﬂ T pé%?g %ndé%%ﬁg%%ltap g?h%%en lﬁ%bggalggﬁ%aftgfe?l ‘R%g%g%aﬁ |'Oegltg’over
silica gé10261 n596lEn@Aedder ahé zmiesition plaizbd mdo ¢ RP-°Setihdth and stirred under

2- (benzyl ox R) - h | ).ehanet hi pat e
(2.3 g, io)é%n ovér{l 2['he r?%i‘)n%% Svyag c%o Owng?qtrg{eﬁo@ﬁ%g\je tl){ s)n% g_ ét hy|
2-( benzylm{@y?)z, Qol(dé B)terzd Hwaly amet ﬁllyriteimﬁﬁed dyeBsificoxell (9@%45t0y;b )uehdsmnﬁb ki oat e

(2.3 g, mmol ) was  di vedln CH2 50. .m % i ym on
carbon (@& fo 7 g, 0. 355(%‘9:@'?1 Sﬁgyl@’&ﬁ‘&ﬁlngﬁé)péw‘rd%%yﬁ%d@ f? g?(w

Tri et hyl %Inleﬂifﬁl@ulfoll Eﬂldﬁylamm)@rmh)z WRS(59BSHE /XS mﬂloﬂjzmﬁem;ﬁ afTh far2nd
added dropwi se. %e reaction vvas allowed to stir overnight. The reaction
was f||té9]é‘HMaé%?P@%tﬁtr?é9ﬁ’é‘éln%ﬁ putified over silica gel (5 to 10% Et OAc in
hexanes) to afford a small amunt E&a;ﬂﬁl@@HCt and a | arge anmount of starting
material. The isol at ed starting mat eri aI was subjected to the conditions
descri bed ab8yé(Gpk piQg b M {7}y ~ethylpyrimidinc?-yhpparidited£ i r st bat ch

to afford (R)-2- (benzyl oxy) - 2- ((@ rohmz R
2, 2-di net hy1- 5- oxo- 1, 3- di oxol an-4- ehyde (750 ng, 2.84 mmol, 40%
yi eld). [00427] Step E

0]
(R) - 2- (Benzyl oxy) - 2- ((R) - 2%@ I‘K‘f 5@% i oxol an-4- yl)acet al dehyde
(750 ng, 2.84 mmol) was di sgol al Cl (20 nmL) and tert-butyl
4- am nopi peri di ne- 1- car boxyPate (1137 ngy, 5.68 rrrml) and acetic acid (195

[EL, 3. 4Xo0ure] ) meqs&a@dmd 1a(nct51et1@11fyﬁaﬁdmgrylmpehwma erﬁhdhfl-@%eat ambi ent
tenperature for 15 utes. Na(O0Ac)3BH (1804 was added and
the. react YRR 3y SUPRA- Qnﬁ?‘éﬁ’t’g’t% ayngl) pas fdbﬁsolze%aw%uenwﬁé Pehctfon was

careful | y; @@H&@ﬁﬁoé@hm) m%gﬁ%wﬁgug oMa KK, 6InerERKbEREMNAE Y]

partitione et ween aqueous d CH2C12, extracted, washed WIth 10%

citric adifuorgmpethanesudfopetel (RpemzNgSBaamol) and EsEP el s1en OB mameld weThe
resultin I % c) to
i rord T aReun R e R S B, D P - 1
-yl ) pi p é02diinmael) was aldod end/thatre@c(iGyumggd irfto 33 (ﬁndlbathélﬂfem%lyﬁélbdgactlon
[00428] Ste

4- ((3R, 45) 84“813 dndy “?'%G‘I/ SURGAPEK AT USREHFTEFT dfa 120dy PO S et
- car boxyNab SO F2idredmand Jcoﬁéén’mimdl ) Thwaesidis sad p&lﬁiﬁddnm?EHEll(cﬂ.@th)S tantI)O%
triethylam.nne.(375 L, 2.69 mmol nd net hanesul f on oride 26 [ EL,
1.61 mmf%%%ﬂ%ﬁ%z&aég 9 ?ﬁ?rﬁé‘ ?‘B‘é‘H%’-iﬁW RIS PEF FEECE B “ffﬁﬂawleverﬁ@r@aﬁeeact i on
was partitioned between saturated aqueous NaHCO3 and Et OAc, dried over
Na2504, filtered and concentrated to afford tert- 83
butyl 4- ((3R, 4S) - 4- (benzyl oxy) - 3- (et hyl sul f onyl oxy) - 2- oxopyrrolidin-1-yl)pi
peri di ne-1- carboxylate (623 ng, 1.33 nmol, 98.9%yield) as a white solid.

[00429] Step G Tert-butyl 4-((3R 45)-4-(benzyl oxy)-3-(nethyl sul fonyl oxy) - 2-
oxopyrrol i d| n- 1 yI)p| perl d| ne- I carboxyl ate (620 Ny, 1 32 rrrml) was

o R AN N [ ~ £ 1 1 ~ N~ a .




[00432] Step J: tert-butyl

4-((3S, 45)-3-(2-fluoro-4-(nmethyl sul fonyl) phenoxy) - 4-

hydr oxy- 2voxopyrsassi di n-| -yl ) pi peri di ne- 1- car boxyl at e ( 80Tr$2010/036@93 nmol )
was dissolved in CH2C12 (1 nmL) and 4N HCl in dioxane (1 nL) was added and
stirred at anbient tenperature for 6 hours. The reaction was concentrated
to afford crude (35,45)-3-(2-fluoro-4-

(et hyl sul f onyl ) phenoxy) - 4- hydr oxy- 1- g@i peri di n-4-yl) pyrrolidin-2-one

hydr ochl % A

[ 00433] S?féfg%ﬁt@%@d%hgg% to 9(5/ I\lIJ Cﬁ’l Owaz‘iere to tart;t;?rd (S) 3-(6-chloro-4- oxochromaif4-

f onyl ) pheteoxy))- Mélﬁﬁdﬁlod@yllmldm@pylmqudmﬂ ﬂ)ﬁMﬂ)Obshmf?omed(lﬁ 2gof82hyeingdchl ori de
(0.03 g, 0.0 i ve (2 nmL) and 2, 5-di chl oropyrazi ne
(0. 012 g,”ﬁ%@lwﬁé %%exglﬁ%&ﬁai% . Q‘;')'\@ 040 nl, 0.22 mmol) were added.
The reaction was heated at 100 C fﬁﬁmﬂpmelrs The reaction was cool ed and
concentr at ed.
to 95% ACNHHUret-gi IIng )
eridin-4-y1)-3 -( 2 -f k}Dﬁl@eI‘?chn 4- Vl)pvrrohdm 2-one trifluoroacetate
(et hyl sul f onyl ) phenoxy) - 4- hydr oxypyrrolidi n-2-one (0.0027 g, 0.0056 mmol,

7.6%vyield). Mass spectrum (apci) mz = 485. & (MH). Exanple 40 (S)-1'-(5
-ethylpyrimdin-2-y1)-3 -(2 -f|%0rQy4- w1 sul fonyl ) phenyl am no)-11 , 4" -
bi pi peridini -2-one

[ 00434] (S)-3-(2-fluoro-4-(F Is | f,onyl ) phenylamdpo) - 1, 4° - bi pi peri di n- 2-on
e hydrochl ori de (preparedha Fng to the met hod of Exanple 45) (0.35 g,

0.862 mml ), 2- chloro 5 @ﬁhylpyrlnldlne (0.123 g, 0.862 nmol) and DIEA

0. 334 o, ol v Th ctio
gt irr edga?&igﬁ g it 2 ; S ﬁtéonroggé tebt%% (&g%f@éf ptyﬂméfﬁ?i?é’ lplflé er at ure
andhconcan}tl)“ ,?-Ioﬁét}yfrrﬁhﬁnﬁeﬁtdﬂb@lqdf@%xﬁhhfﬂef34eStegé/ﬁt(é S0.30 gg) gghl;rlfoﬁom mgtfﬁl% Et OAc
(et oyl 68 T I R 2408 B0BL T PUNHS 20 ek pODRAABPTHIBGoF ol
34. 6% yi qbqlama@s Ad¥Rh! 19(Yt4n§e@llah9(0 MBS 9. 9§9ﬁﬁ$1§ R e(d%@d: iAfcPBE minufel SadurdtddH) .

[ 00435] The follow ng conpounds were al so prepared accordi ng to the nethod
of Exanplsediug, ca@anate#(SO gy rwpstaddas anlgheeprpdusswaspaapetedmnwIEOACE3 400 mlpt + C F3

(S)-3- (2"Ifhl: %ht% If%’d i dlagsl%“%%rgr\%{j?l&ﬂwl lﬁ[ﬂenﬁ)led% ove(rSMgSO4, filtered and

(trifluoronet eridin
concentrated in vacuo to yield (S)-tert-butyl 1-(1-(5- ethylpyr1m1d1n 2—y1)p1per1d1n 4-y1)-2-

oxopyrrolidin-3-yl(methyl)carbamate (0.3 g, 0.7 mmol, 100%).

[00420] Step B: A solution of (S)-tert-butyl 1-(1-(5-ethylpyrimidin-2-yl)piperidin-4-
yD)-2-oxopyrrolidin-3-yl(methyl)carbamate (0.3 g, 0.7 mmol) in 50% TFA/CH,Cl, (10 mL)
was stirred at ambient temperature for 1 hour. The mixture was concentrated in vacuo. The
residue was dissolved in CH,Cl, (100 mL) and washed with 1N NaOH (100 mL) then brine.
The combined organic layers were dried over MgSQy,, filtered and concentrated in vacuo to
yield (S)-1-(1-(5-ethylpyrimidin-2-yl)piperidin-4-yl)-3-(methylamino)pyrrolidin-2-one (220
mg, 0.72 mmol, 97%).

[00421] Step C: (S)-1-(1-(5-Ethylpyrimidin-2-yl)piperidin-4-yl)-3-(methylamino)
pyrrolidin-2-one (0.10 g, 0.33 mmol) was dissolved in DMSO (2 mL). 1,2,4-Trifluoro-5-
(methylsulfonyl)benzene (Preparation C; 0.21 g, 0.99 mmol) and powdered Na,CO; (0.11 g,
0.99 mmol) were added. This mixture was stirred at 130 °C for 18 hours in a sealed tube. The
reaction mixture was partitioned between brine (100 mL) and EtOAc (100 mL). The
combined organic layers were washed with brine and dried over MgSQ,. After concentration
in vacuo the material was purified using reverse phase HPLC (5 to 95% acetonitrile in water

with 0.1% TFA) to give (S)-3-((2,5-difluoro-4-(methylsulfonyl)phenyl)(methyl)amino)-1-(1-



(apci) mz = 516.2 (MtH). 42 0, 0 40 "' (S)-3-(2-fluoro-4-
(met hyl sul fonyl ) phenyl am n 0)-1'-(5-propyl pyrim di n-2-
yl)-[1, 4'wbi2pipesi3di n] - 2-one (apci) mz = 490.2 (MtH). P8F/US2011/#364%8 r uct ur e
Nane Mass spectrum43 o, o 4. Nl | (S)-3-(2-fluoro-4-
(et hyl sul fonyl ) phenyl ami n 0)-1'-(5-nethyl pyri m din-2-
y1l)-[1,4" -bipiperidin]-2-one (apci) mz = 462.2 (MtH). o0 44 XN
31
(5-ethylpyrimidin-2-yl)piperidin-4-yl)pyrrolidin-2-one trifluoroacetate (40 mg, 80 mmol,

25%). Mass spectrum (apci) m/z = 494.3 (M+H).
Example 38
(S)-3-((2,5-difluoro-4-(methylsulfonyphenyD(methyl)amino)-1-(1-(5-ethylpyrimidin-2-

yD)piperidin-4-ypyrrolidin-2-one
Né)/\

(3

o

Ox, F

o”s\

[00422] Prepared according to the method of Example 37. Mass spectrum (apci) m/z =
552.2 (M+2Na).

Example 39
(3S.45)-1-(1-(5-chloropyrazin-2-yl)piperidin-4-yl)-3-(2-fluoro-4-(methylsulfonyl)phenoxy)-

4-hydroxypyrrolidin-2-one

OO
Oy 77 LN N—\ /—C
7 HO" N_)_
[00423] Step A: (2R,3R)-Diethyl 2-(benzyloxy)-3-hydroxysuccinate (15 g, 50.6 mmol)
was dissolved in 30% aqueous THF (250 mL) and lithium hydroxide hydrate (4.25 g, 101

mmol) was added and the reaction stirred at ambient temperature overnight. The reaction was
then partitioned between aqueous citric acid and EtOAc, dried over Na,SO,, filtered and
concentrated to afford (2R,3R)-2-(benzyloxy)-3-hydroxysuccinic acid (11.5 g, 47.9 mmol,
94.6% yield) as a clear colorless oil.

[00424] Step B: (2R,3R)-2-(Benzyloxy)-3-hydroxysuccinic acid (11.1 g, 46.2 mmol)
was dissolved in 2,2-dimethoxypropane (46 mL, 374 mmol) and 4-methylbenzenesulfonic
acid hydrate (0.0879 g, 0.462 mmol) was added and the reaction was stirred at ambient
temperature for 4 hours. Water (30 mL) and NaHCO; (0.0388 g, 0.462 mmol) were added
and extracted with CH,Cl,, dried over Na,SOs, filtered and concentrated to provide (R)-2-
(benzyloxy)-2-((R)-2,2-dimethyl-5-ox0-1,3-dioxolan-4-yl)acetic acid. The crude product was
taken on to next step without further purification.

[00425] Step C: Crude (R)-2-(benzyloxy)-2-((R)-2,2-dimethyl-5-0x0-1,3-dioxolan-4-
ylacetic acid (13 g, 46 mmol) was dissolved in CH,Cl, (150 mL) and cooled in an ice bath.
Ethanethiol (6.9 mL, 93 mmol) and N,N-dimethylpyridin-4-amine (0.11 g, 0.93 mmol) were



C (S)-1'-(5-chloropyrazin-2- yl1)-3-(2-fluoro-4- (nethylsulfonyl)phenyl am n
0)-[1,4"-bipiperidin]-2-one (apci) mz = 482.2 (MtH) Exanple 45 (S)-3
-(2,5 -diwbuorioMd3sgnet hyl sul f onyl ) phenyl am no) -1' - (5 - ePhylysgoiitmBaiun- 2
-y1l)- [1 ,4"- bipiperidin-l1-2-one N1 ON 4'N 0j?\) [00436] Step A

(S)-5-am no-2-(benzyl oxycar bonyl am no) pentanoic acid (50 g, 188 nmol) was

di ssolved in THF (800 nL) and water (100 nlL). Tert-butyl 4-oxopiperidine- 1
- carboxylate (37 g, 188 nmol) was added and the reaction was stirred for 1
hour. - Thé§aghi R BAsCEPA! £46 biindh. FrATHRANNTRERAROEAUT il o( 12 0. 188
mol ) was ded and"the reaction s irred at anbient tenperature overnight.
The r eactsloody wasm do rmodrnt dnagratwe prowigie Acetic acid (15 mL) was added and the

(S)-2- (bef\&%¥$noxéscs%5?h%8@%l 1%%1ﬂut)es i“hg %ea(c%%? r&nx?u‘%é Xé’ﬁ&r? e \)lg(j)rgus Byl amn
0) pent anoi € acl

[ 00437] Stet?qu(40(’) md@(a&) thi2n -ﬁ(tbreér’ilﬁlﬁlfﬂu@te azai)wmshydl azllth ri()?/o-sﬁdlu(xﬂcafb(ohﬁé twater,
3:1'[32)(;?/32 %\IV t%r(a rq%ﬁrj)The éllrggrwegaé% earss': 1€, 0&61‘ alzgof, %Llltel%’d ar]fc§ c70ncen rlazedwas

N1- ((et hyﬂhb mwa@)rﬁm&rmy k@@@hnﬁ& N2 dilioe byl mwm&c in Bexaflispeg DEorbYRY- schl oride
(35.8 g, 187 mml) and_ N-eth N-isopro an amne (32,5 ni,

1ol ) werehAGHBE A | HU RS TISIY CE P bl G St s aCot & her i ght
The reactif, Was yeRsENdIRLEM, and di ssol ved in EtO0Ac (1000 ni), washed with
IN HC1, saturated aqueous NaHCO3 and brine, dried over Na2504, filtered and
concent r d0&36] The &é&@d(&) Slvﬁﬁle%{beW)é@Pin\Ze((R)si PideeetlypdiS-094- gioggdan-in
hexanes) 0

(benzyl ox ca%{)fgﬁgﬁq én th mBUf)waﬁﬁlsf)Olved e CHdCIr%e@O PL) ?:rédr (M’ atd e OAPQ

mmol , 60 C&%y((b}H)g a§5ﬁ\knrm®) @l ddded arﬂ@tltr@tﬂwﬂﬁi BtregenCT rlétE))ISﬂaee(l- Iihmyl 3

50007y AR AR A0k LRI i it Al RSl TR s B ARY: Bemg)

was addedo aﬂdox&tnlgﬂteUhdebdaronbaAsl filhedp caksitiedytdr @gigiod over siighdel (The
reaction filtered throu%h celite and ?c]ton ntrate The resjdue was
purified!d tOsAiCI IP&ISXHQ‘S? 98 orfl foupath meunt h%‘?? FCARRRY LY SEAing

anmoni at eghtd¥Rl. h&@@ioldt&i %@-%teﬁ@l wisf @bfcte®io the Chnddithny |descr1bed above and
3-anm no2- oxo-1, 4' - bi pi peri di ne- - car boxyl at e 77. 8%

1 nol
yi el d) a§0mhin%wgb|thedpr0[1m$@@}e§t%n the firsy) bat“‘@r"to a%ﬁgfcwR)gz (benzyloxy) 2-((R)-
3- am no- 2-0XiBedhyft5oR) @'3p(ﬁMoqunn@y \ceQRIERRX YT R Re, 0%4QniBol, 4(?%%]%%9 20 B

1,2,4-trifluoro-5-(methyl sul fonyl')benzene (Preparation’ C
and Na2CO¥422] 9 g, Sty il ) @F%(Bhnsid@iy\)ée((liﬁ Pmqtia0-Srdxp- lahdiokelan-éd at 130

C overni e [y e i) gel
C25- 750 B0t T SR ol 2 Sup T TR RO £ R PnaSLA b
-di fl uor (4»—a4m(msmpdnydirﬁul cafloyla)eh EIVyhara. 68(1)1m21—) @ndactiidacidh) (19p plperi dinne)l

' - car box ate 70% vyi el as.yel | ow sol i 0044 St ep E
(5t ore St 9ded g e diepidomicr et PERIR) BRERGRER1of 31

1, 4" - bi piNaeOAE);BE- {1804 a1Q0X Y| ahol)4whs @dded AndTHR! }eat@sh @ﬂllﬁ&iolab/adlbleﬁt CH2C12
(100 m.) and nmethanol (10 nL). 4N HCl in dioxane (24 nL, 94 nmmol) was added
and the rEBRIIYR ©F i heysat hamescdon Wae rfﬁ&qﬁa{m%ensvér With Heturate aqeqes | on was
concent r af.e@d,0TRE QLA () patifidhed between aqueous NaHCO; and CHzClz extracted,
di fl uoro-4-(neth Isulfonyl)phenyl am no) - 1, 4' - bi pi peridi n-2-one

hydr ochl oraskd, withi 100 e aeiddbdie; e"’él@d \OVeh NepROan dikered tang sanegnisated. The

purl f| ca [§ ) phenyl

el Sy s L o e R AR L

d| ssol veci(3iRn45IWRb€®®10wt))3 -Byrttol- IEAxc(psmﬁhdm I-yi®ipending-lanatboxylate (525 mg,

2-chl or01534et th Qyﬁd/qu)ne (1.1 g 8 0 mol) were added and heated at 100 C
over ni ght': TRE® T e5EL°P6n Yinas concent rat ed and purified over silica gel
(25-100%]|66428c in &annesért Botyaf 4-0BH, 46;5)1-(8%2{/183;}5 3-hydroxy-2-oxopyrrolidin-1-

-di fl 4- (met hyl s henyl am -1 - |
2 v 2) SUPHREGIG] SROPHIHE OPhEs 118 Gl et Breontd B viY 0 duliaotghi 1 e
sol i d. Nﬁﬁ@chyﬂﬂﬁﬁé (3 m9%9)mﬂB1; amd Oanzs{1Mhk) chldrﬁféfwz?d dihe . 61%&@2;&&%

conpounds were prepared accordi n? to the method of | e 45
added to the reaction and stirred for T hour. The reaction was partltlone between saturated

aqueous NaHCO; and EtOAc, dried over Na,SQys, filtered and concentrated to afford tert-



Structure Nanme Mass spectrum46 O 0 oF HN,,, N (S)-1"-(5-

decyl pyrimdin-2-y1)- 3-(2,5-difluoro-4- (nethylsulfonyl)

phenyl aniwo0)20{11144335 bi pi peri di n]-2-one (apci) mz = 606PCT(USRM)/03648Y Ex. #

Structure Nanme Mass spectrum47 o 0, oF NNil N (S)-3-(2,5-difluoro-4-

(et hyl sul fonyl ) phen yl am no)- F-(5- iodopyrimdin-2-yl)-

[1,4" -bipiperidin]-2- one (apci) mz = 592.1 (MtH). 48 HCIN4, 0.9 1W-s |
83

butyl  4-((3R,4S)-4-(benzyloxy)-3-(methylsulfonyloxy)-2-oxopyrrolidin-1-yl)piperidine-1-
carboxylate (623 mg, 1.33 mmol, 98.9% yield) as a white solid.

[00429] Step  G: Tert-butyl 4-((3R,4S)-4-(benzyloxy)-3-(methylsulfonyloxy)-2-
oxopyrrolidin-1-yl)piperidine-1-carboxylate (620 mg, 1.32 mmol) was dissolved in dry
DMSO (10 mL) and 4-bromo-2-fluorophenol (303 mg, 1.59 mmol) and K,CO; (219 mg, 1.59
mmol) were added and the reaction heated to 70 °C under nitrogen overnight. The reaction
was partitioned between water and EtOAc, extracted, dried over Na,SQ,, filtered and
concentrated. The residue was purified over silica gel (50 to 75% EtOAc in hexane) to afford
tert-butyl 4-((3S,4S)-4-(benzyloxy)-3-(4-bromo-2-fluorophenoxy)-2-oxopyrrolidin-1-
yD)piperidine-1-carboxylate (300 mg, 0.532 mmol, 40.2% yield) as a crude material., which
was taken forward without further purification.

[00430] Step H: Tert-butyl 4-((3S,45)-4-(benzyloxy)-3-(4-bromo-2-fluorophenoxy)-2-
oxopyrrolidin-1-yl)piperidine-1-carboxylate (300 mg, 0.532 mmol) was dissolved in DMSO
(5 mL) and degassed for 10 minutes. Sodium methanesulfinate (81.5 mg, 0.799 mmol) and
trans-cyclohexane-1,2-diamine (25.6 pL, 0.213 mmol) were added, followed by Cu(I) triflate
benzene complex (26.8 mg, 0.0532 mmol) and the reaction was heated to 110 °C overnight.
The reaction was cooled, partitioned between water and EtOAc, extracted with EtOAc,
washed with brine, dried over Na,SQO,, filtered and concentrated. The residue was purified
over silica gel (100% EtOAc) to afford tert-butyl 4-((3S,4S)-4-(benzyloxy)-3-(2-fluoro-4-
(methylsulfonyl)phenoxy)-2-oxopyrrolidin-1-yl)piperidine-1-carboxylate (160 mg, 0.284
mmol, 53.4% yield).

[00431] Step I: Tert-butyl 4-((3S,4S5)-4-(benzyloxy)-3-(2-fluoro-4-
(methylsulfonyl)phenoxy)-2-oxopyrrolidin-1-yl)piperidine-1-carboxylate (160 mg, 0.284
mmol) was dissolved in EtOH (3 mL) and 100 mg 10% Pd/C was added and stirred under
balloon pressure of hydrogen overnight. The reaction was filtered and concentrated to afford
tert-butyl 4-((3S,4S)-3-(2-fluoro-4-(methylsulfonyl)phenoxy)-4-hydroxy-2-oxopyrrolidin-1-
yl)piperidine-1-carboxylate (80 mg, 0.169 mmol, 59.5% yield).

[00432] Step J: tert-butyl 4-((3S,4S)-3-(2-fluoro-4-(methylsulfonyl)phenoxy)-4-
hydroxy-2-oxopyrrolidin-1-yl)piperidine-1-carboxylate (80 mg, 0.169 mmol) was dissolved
in CH,Cl, (1 mL) and 4N HCI in dioxane (1 mL) was added and stirred at ambient
temperature for 6 hours. The reaction was concentrated to afford crude (3S,4S)-3-(2-fluoro-4-
(methylsulfonyl)phenoxy)-4-hydroxy-1-(piperidin-4-yl)pyrrolidin-2-one hydrochloride (80
mg).



Ni NN (S)-3-(5-chloro-2- fluoro-4-(nethyl- sulfonyl)phenylamno )-1'-(5-
ethyl pyrimdin-2-y1)- [1, 4v-bipiperidin]-2- one (apci) mz = 510.2 (MH).
49 H' o.,wD201151463381 1,1 N (S)-3-(2, 6-di fluoro-4- (nethylPsuitseoylo}qhen
ylam no)- F-(5- ethylpyrimdin-2-yl1)- [1,4v-bipiperidin]-2- one (apci) mz
=494.3 (MtH). o0 ,1101", oF 50 Nj N (S)-1'-(S- chloropyrimdin-2-
yl1l)-3-(2,5-difluoro-4- (nethylsul fonyl)

phenyl am no) - [ 1, 4vbi pi peridin] -2-one gapci) mz = 500.2 (MtH). 51 HN, o ,

IWOF N ThogB) Step  K:  (3S,4S)-3-(2-fluoro-4-(methylsulfonyl)phenoxy)-4-hydroxy-1-
(piperidin-4-yl)pyrrolidin-2-one hydrochloride (0.03 g, 0.073 mmol) was dissolved in DMF
(2 mL) and 2,5-dichloropyrazine (0.012 g, 0.081 mmol) and Hunig's base (0.040 mL, 0.22
mmol) were added. The reaction was heated at 100 °C for 4 hours. The reaction was cooled
and concentrated. The residue was purified by reverse phase chromatography (5 to 95% ACN
in  water) to afford (3S,4S)-1-(1-(5-chloropyrazin-2-yl)piperidin-4-yl)-3-(2-fluoro-4-
(methylsulfonyl)phenoxy)-4-hydroxypyrrolidin-2-one (0.0027 g, 0.0056 mmol, 7.6% yield).
Mass spectrum (apci) m/z = 485.2 (M+H).

Example 40
(S)-1'-(5-ethylpyrimidin-2-yl)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)-[1.4'-

bipiperidin]-2-one

.
PS
eqe,

[00434] (S)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)-1,4'-bipiperidin-2-one

hydrochloride (prepared according to the method of Example 45) (0.35 g, 0.862 mmol), 2-
chloro-5-ethylpyrimidine (0.123 g, 0.862 mmol) and DIEA (0.334 g, 2.59 mmol) were
dissolved in DMF (5 mL) and The reaction was stirred at 100 °C overnight. The reaction was
cooled to ambient temperature and concentrated. The residue was purified over silica gel (50-
100% FEtOAc in hexanes) to afford (S)-1'-(5-ethylpyrimidin-2-yl)-3-(2-fluoro-4-
(methylsulfonyl)phenylamino)- 1,4'-bipiperidin-2-one (0.142 g, 0.299 mmol, 34.6% yield) as
a yellow solid. Mass spectrum (apci) m/z = 476.2 (M+H).

[00435] The following compounds were also prepared according to the method of
Example 40.
Ex. # Structure Name Mass spectrum
41 /j/CFS (S)-3-(2-fluoro-4-(methyl- (apci) m/z =
/Q A sulfonyl)phenylamino)-1'-(5- | 516.2 (M+H).
/©/ (ﬁ; (trifluoromethyl)pyrimidin-
Os 2-yl)-1,4"-bipiperidin-2-one

42 (S)-3-(2-fluoro-4- (apci) m/z =
)\/h (methylsulfonyl)phenylamin | 490.2 (M+H).

/@/ d /O 0)-1'-(5-propylpyrimidin-2-
Os yl)-[1,4"-bipiperidin]-2-one




(S)-2-(3-(2,5-difluoro- 4-(nethylsulfonyl)

phenyl am no) - 2- oxo[ 1, 4v- bi pi peri di n] - 1vyl ) pyri m di ne-5- carbonitrile (apci)
mz = 491w0 20MHH$33552 o0 , OF n-cl NN-N (s)-1v-(6_ PCT/US2011/036443

chl oropyridazin-3-yl)- 3-(2,5-difluoro-4- (nethylsulfonyl)

phenyl am no) - [ 1, 4vbi pi peridin]-2-one (apci) mz = 500.3 (MtH). 53 H 1. o, N,
Ir oF cN\rCl NN (S)-1'"-(5-chloro- pyrazin-2-yl)-3-(2,5-

di fl uor o- 4- (net hyl sul fonyl ) phenyl am 898)-[1,4' - bi pi peridin]-2-one (apci)

mz = 500%g AV 88 Xt SITUCTURE,, Name VBSS SPETifuMAdim

43 Néj/ (S)-3-(2-fluoro-4- (apci) m/z =
Foy 0 N)\\N (methylsulfonyl)phenylamin | 462.2 (M+H).
No AN 0)-1'-(5-methylpyrimidin-2-
Os yl)-[1,4'-bipiperidin]-2-one
B~
0
44 (S)-1'-(5-chloropyrazin-2- (apci) m/z =

yl)-3-(2-fluoro-4- 482.2 (M+H)

IN]/Cl
o O S .
/©/N,, é (methylsulfonyl)phenylamin
O\\ﬁ\
o)

0)-[1,4"-bipiperidin]-2-one

Example 45
(S)-3-(2.5-difluoro-4-(methylsulfonyDphenylamino)-1'-(5-ethylpyrimidin-2-yD-[1.4'-

bipiperidin]-2-one

o O)N;N |
H
DeYe.

[00436] Step A: (S)-5-amino-2-(benzyloxycarbonylamino)pentanoic acid (50 g, 188

mmol) was dissolved in THF (800 mL) and water (100 mL). Tert-butyl 4-oxopiperidine-1-
carboxylate (37 g, 188 mmol) was added and the reaction was stirred for 1 hour. The reaction
was cooled to 0 °C and sodium cyanoborohydride (12 g, 188 mmol) was added and the
reaction stirred at ambient temperature overnight. The reaction was concentrated to provide
(S)-2-(benzyloxycarbonylamino)-5-(1-(tert-butoxycarbonyl)piperidin-4-ylamino)pentanoic
acid, which was used directly in the next step.

[00437] Step B: Crude (S)-2-(benzyloxycarbonylamino)-5-(1-(tert-
butoxycarbonyl)piperidin-4-ylamino)pentanoic acid (84 g, 187 mmol) was dissolved in DMF
(600 mL), and cooled to 0 °C. N1-((ethylimino)methylene)-N3,N3-dimethylpropane-1,3-
diamine hydrochloride (35.8 g, 187 mmol) and N-ethyl-N-isopropylpropan-2-amine (32.5
mL, 187 mmol) were added and the reaction stirred at ambient temperature overnight. The
reaction was concentrated and dissolved in EtOAc (1000 mL), washed with IN HCI,
saturated aqueous NaHCO; and brine, dried over Na,SO,, filtered and concentrated. The
residue was purified over silica gel (50% EtOAc in hexanes) to afford (S)-tert-butyl 3-
(benzyloxycarbonylamino)-2-oxo-1,4"-bipiperidine-1'-carboxylate (49 g, 114 mmol, 60.8%
yield) as white solid.



FonlIS sl NN (R-3-(2,5-difluoro-4- (nethylsulfonyl)phen
ylamno)-1'-(5- ethylpyrimdin-2-yl)- [1,4" -bipiperidin]-2- one (apci) nfz
= 494.2 (WoHp11/14683F s | N1 ¢ F3 (S)-3-(2,5-di fl uoro- 2CT/US2011/036443

(et hyl sul fonyl ) phen ylam no)-F-(5- (trifluoronethyl)pyrid in-2-yl1l)-[1,4" -
bi pi peridin]-2-one (apci) mz = 533.2 (MtH). 55 HrN4, 1IWcF3 N N N
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[00438] Step C: (S)-tert-butyl 3-(benzyloxycarbonylamino)-2-oxo-1,4"-bipiperidine-1'-
carboxylate (20.9 g, 48.4 mmol) was dissolved in methanol (250 mL). 10% Pd/C (500 mg)
was added and stirred under balloon pressure hydrogen overnight. The reaction was filtered
through celite and concentrated. The residue was purified over silica gel (50-100% EtOAc in
hexanes followed by 5% ammoniated methanol in CH,Cly) to afford (S)-tert-butyl 3-amino-
2-0x0-1,4"-bipiperidine-1'-carboxylate (11.2 g, 37.7 mmol, 77.8% yield) as white solid.
[00439] Step D: (S)-tert-butyl 3-amino-2-oxo-1,4"-bipiperidine-1'-carboxylate (4.0 g,
13 mmol), 1,2,4-trifluoro-5-(methylsulfonyl)benzene (Preparation C; 4.2 g, 20 mmol) and
Na,CO;3 (2.9 g, 27 mmol) were dissolved in DMF (30 mL) and heated at 130 °C overnight.
The reaction was concentrated and purified over silica gel (25-75% EtOAc in hexanes) to
afford (S)-tert-butyl 3-(2,5-difluoro-4-(methylsulfonyl)phenylamino)-2-oxo-1,4"-bipiperidine-
I'-carboxylate (4.6 g, 9.4 mmol, 70% yield) as yellow solid.
[00440] Step E: (S)-tert-butyl 3-(2,5-difluoro-4-(methylsulfonyl)phenylamino)-2-oxo-
1,4'-bipiperidine-1'-carboxylate (4.6 g, 9.4 mmol) was dissolved in CH,Cl, (100 mL) and
methanol (10 mL). 4N HCI in dioxane (24 mL, 94 mmol) was added and the reaction stirred
at ambient temperature overnight. The reaction was concentrated to provide (S)-3-(2,5-
difluoro-4-(methylsulfonyl)phenylamino)-1,4'-bipiperidin-2-one hydrochloride, which was
used directly in the next step without purification.
[00441] Step F: (S)-3-(2,5-difluoro-4-(methylsulfonyl)phenylamino)-1,4'-bipiperidin-
2-one hydrochloride (2.6 g, 6.1 mmol) was dissolved in DMF (30 mL) and DIEA (3.2 mL, 18
mmol) and 2-chloro-5-ethylpyrimidine (1.1 g, 8.0 mmol) were added and heated at 100 °C
overnight. The reaction was concentrated and purified over silica gel (25-100% EtOAc in
hexanes) to afford (S)-3-(2,5-difluoro-4-(methylsulfonyl)phenylamino)-1'-(5-ethylpyrimidin-
2-yl)-1,4"-bipiperidin-2-one (1.5 g, 3.1 mmol, 51% yield) as a white solid. Mass spectrum
(apci) m/z =494.3 (M+H).

[00442] The following compounds were prepared according to the method of Example
45.
Ex. # Structure Name Mass spectrum
46 (S)-1'-(5- (apci) m/z =

N/
- A decylpyrimidin-2-yl)- | 606.4 (M+H).
R, /O 3-(2,5-difluoro-4-
o ) (methylsulfonyl)
f.)\ I phenylamino)-[1,4'-

bipiperidin]-2-one




(S)-1'-(5- ethy

| pyrimdin-2-yl)-

3- (4-

(et hyl sul fony1l) -

2-

(trifluoronethyl) phenylam no)-[1,4'- bipiperidin]-2-one (apci) mz = 526.2
(MtH) . 56WHI20i1/136338 o.n "s | N N N (S)-3-(3-chloro-4PCT/US2011/036443
(et hyl sul fonyl ) phen yl am no)-F-(5- ethyl pyrimdin-2-yl)-
[1,4' -Dbipiperidin]-2- one (apci) mz = 492.2 (MtH). Exanple 57
(S)-1"-(5-chloropyrazin-2-y1)-3
-(2,5-difluoro-4-(mnet hyI sul fonyl )phenyV am no)-11, 4' - bi pi peridinl - 2-one
oy AR By O T [OgRRaler P (SRam T 2 « ssseenn L
benzyl oxy¢ar,jonytam o) pentanorc | )3 5> 1887 ITY B R ed in THF
(800 m.) ané water (100 nL). Tert yI €§ )g?’gifgerl ﬁll ne 17 c oxyl ate
(37 g, 188 nmol|) vvasFa ecb a reac g )Ip hf E[g The
reacti on was caol ed od| um c d Jj ?I‘I de (12 g, 188 mol) was
added and|the rleg ct {irfed at anbi erﬁ ‘fpg j} overni ght. The
reaction \was concént at ed o provide perdin
( S) -2- ( ben7\l| nV\lr\Qr hF\n\lI amno)y-5-(1-(telr qnehllf oxycar bonvl ) pi‘ner idint 4- y| am n
0) pent anoi ¢ 48cild, which was useg‘:a]/réct I%?) PHSthiarnext $r@peiimz=
uoro-4-(methyl- 510.2 (M+H)
/O sulfonyl)phenylamino
SO0 s
ethylpyrimidin-2-yl)-
[1,4-bipiperidin]-2-
one
49 N7 | (S)-3-(2,6-difluoro-4- | (apci) m/z=
- S (methylsulfonyl)phen | 494.3 (M+H).
N, /Q ylamino)-1'-(5-
OQE/@F N cthylpyrimidin-2-y1)-
| [1,4-bipiperidin]-2-
one
50 NS | (S)-1-(5- (apci) m/z =
i K chloropyrimidin-2- | 500.2 (M-+H).
o [E JQ y1)-3-(2, 5-difluoro-4-
T N (methylsulfonyl)
O*ﬁ<©/ phenylamino)-[1,4'-
o F bipiperidin]-2-one
51 NS | (S)-2-(3-(2,5-difluoro- | (apci) m/z =
i S 4-(methylsulfonyl) 491.2 (M+H).
58 /O phenylamino)-2-oxo-
5 /@( (E)N [1,4"-bipiperidin]-1'-
- yl)pyrimidine-5-
°c F carbonitrile
52 f\WC' (S)-1'-(6- (apci) m/z =
- o SN chloropyridazin-3-yl)- | 500.3 (M+H).
H, /O 3-(2,5-difluoro-4-
J;j iL)N (methylsulfonyl)
O\\ﬁ\ phenylamino)-[1,4'-
o F bipiperidin]-2-one
53 N (S)-1'-(5-chloro- (apci) m/z =
. NJ;N]/ pyrazin-2-y1)-3-(2,5- | 500.2 (M+H).
R, /O difluoro-4-(methyl-
o /©/ (ﬁ)\' sulfonyl) phenyl-
i amino)-[1,4'"-
© F bipiperidin]-2-one




89 [00444] StepB: Crude(S)-2 -(b enzyl oxycarb onylam no)-5 -(1 -(tert-

but oxycar bonyl ) pi peri di n-4-yl am no) pentanoic acid (84 g, 187 nmmol) was

di ssol vedwpreoDMH#633600 L), and cooled to 0 C PCT/US2011/036443
N1- ( (et hyli mi no) met hyl ene) - N3, N3- di net hyl propane- 1, 3- di am ne hydrochl ori de
(35.8 g, 187 mmol ) and N-et hyl -N-i sopropyl propan-2-amne (32.5 nm., 187

nmol ) were added and the reaction stirred at anbient tenperature overnight.
The reaction was concentrated and di s8®lved in Et 0Ac (1000 nlL), washed with

1IN HC1, sat tfed aqueou and ory dried over [l fit1ered and
concentr at E{{@me rest uugtrﬁv\vﬁg&:ﬁliﬁtju I(ﬁgy;e@.s d1ﬁ1i’br@‘2i' %?5%%26%{ n

hexanes) to.afflord (5)-tert-buty,
03 . methygglfonyl)Iphen ARSIV (ho g, 114

(benzyl oxycar bgnyl am no) - 2- oxQ-
mol , ~ 60. 8% yi €l d as whi /g}id“‘ [ 004 (%] ert-butyl 3
'- carboxylate

- (benzyl oxyc arb oxo- 1, 4' |- Dy yr
(20.9 g, 48.4 n solved in net anBlPPé‘lé B"m.) .| 10% Pd/ C (500 ng)
was addedland sti rtred under ball oon pres®€fire hydrogen qvernight. The

reaction was filltered thr OWC@ andStariesnliftured. |tmehmesiFdue| was

purified ovéd silica gel 5 Et 0Ac| (methybxHowd)phal || §0dd (MyH5%
amoni at ed net hane t o af f or|dyl{Bhe)-En$~ but yl
3-am no2- pxo- 1, 4O ,c,> dri Mi ne- - car boxylatr@endtliyl)pRrid),| 37.7 mol , | 77. 8%
yield) as|whiteg splid. F 0446] st ep D: (|Sp-2t@y-flbut yl
3-am no- 24{0x0- 1, 4' - bi pi peri di ne-1' - car biyibaidn](Zok g, |13 nmol ),
1,2,4-trifl yer 0-5 (met hyl sul f ony? zeng)-(Rsepar ation | GpeAndzg, 20 mol)

and Na2COB (2.9 g, 27 o) ) [ESG ssol vl hyrinbvn-AAQ 1Tiske.and-hgat ed at 130

C overnight. The reagtijon oncentrattJe .and purified over silica gel

(25-75% E{ 0Ac i|n §i t“o afford ()| Hytshlf& 1) 23 2,5

-di fl uoroq4- (net | ) phenyl am n Opahq)et ip iperidinel

'-carboxylate (|4 g, 9. 4 nmol , 70% vyi e )I id. [00447] Step E

(5)-tert-buty| 3 (2 5-di fl uoro-4- (rrethy bérﬂﬁﬁj‘ &Qenyl am no) 2- OX0-

1, 4" - bi pi pergdime=1-"—=car boxytat e 2 9 (SY3° 3'&1’1‘& | 4 WS %/veu mh CH2C12

(100 m.) and net hanol (10 mi), Cl i Z ﬁl nt ;2 vas added
htysu On v)g action was

concentrated tq 2, 5- yﬁmmo' ”
di f I uor o- 4- (met|hyfl phenyl ani no) ? y@“ﬁ?&ggﬁ iln- 2- one
hydrochl of i de, \whifch was used directly [ilA-4H8"H tep without
puri fi cat ilon—H00448] StepF—TFo—a—sol ..f.qn,q of
3-(2,5-difluoro-4-(nethyl sul fonyI ) phenoxy) -1, 4' - bi pi peridi n-2-one HCl salt
(500 ng, 1.2 mmol) and DI EA (0.52 fikample@ynmmol) in DVF (6 nL) was added

2,5-dichl oropyrazine (264 ng, 1.8 mml . The reactl on was heat ed at 120 C
over ni ghtS)-Tachlempyraan?ywhs3 -@oodibebro-o-(methylaufonyliphenvilaming)d 1 4 P

between water and ethyl acetate. The,q g(ganl c layer was separ at ed and the
aqueous washed with Et0Ac. The 90 c ned or ganic layers were dried with

and the reactign stlrredéj th temp

MgSO4 and concentrated. The crude residue wa ifi ed by col um

chromat ography to give (S)-1' (5 chl or opyra y1) 3-(2,5-difluoro-4-
(et hyl sul fonyl ) phenyl am no) 1, -|-|DI /@ -N2 one(0.37g, 0.73 mml, 62%
Mass spectrum(apci) mz 50 nple 58 (S)-1'-(5

-ethylpyrimdin-2 -y1)-3 (02
-fl uoro-5- net hy1 4- (et hyI sug‘ﬁo yl )phenyl am no) 11 ,4' - bipiperidinl-2-one
Noo e N [00449] Step A: A

f2 | ask \ivajOQﬁHar ged M((S))s -b@iro- %U?g&izy@xjdaémnylhmwﬂanbmng/Iaach(ﬁ@))g 188 >
0OX0- | at. e
o it RGeS it BOR b S PO b R AR BB 1%

mol ) wagadddgste @V, uhemnmasdﬁdeﬁtanﬂ nleademien maghtrredeslel llidﬁaC[[hle@dShctl\ﬁS
concentrated to afford c S)-b oxo0l, 4 i peridin-3-yl carbamat e
hydr ochl 3¥# £8°/¢4 13 0y C ¢ %dﬂng] %artl()ﬁ%tggtdalﬁ%rﬁl% 8 it amﬁ)alt Woutddetanfiehe
purifi Catréa‘éfion £tﬁ%5@h§5ﬁﬁt Bipérafulasler T gRidn Wak Iaoﬂcgﬂtra{@&ﬁ%)ﬂrowde

2-0x0-1, 4" - bi pi peridin-3- ylcarbamate hydrochloride (4.1 g, 11 mol ),
2-chl oro %l%{b?p%%wﬁowhaénl{lq) S (Ig(tertrbutprpisprponyhipgparigiy: @ylﬁelnozﬁzn%%t) and
DMF (30 gL wilibRwheRel iR uyasmbaaligdyt 0 100 C overnight. The reaction was
cooled to an% ent tenperature, concentrat ed and purified over silica gel
(25-75% Et OAc in hexanes) to afford (S)-benzyl

-(5-ethyl pyrimdin-2-yl)-2-o0xo-1,4"- bipiperidin-3-ylcarbamate (2.8 g,
57% yield). [00451] StepC. (S)-b
enzyl 1' - (5-et hyl pyrim di n-2-y1l)-2-0xo0-1, 4" -bipi peridin-3- ylcarbamte (275
ng, 0.629 mol) was dissolved in 1:1 EtOH Et 0Ac and 10% Pd/ C (50 ng) was
added and the reactl on was stirred under a baI I oon pressure. of hydr ogen

o . o " 1 £ Y T



[ 00452] Step D

(S)-3-amno-I1"-(5-ethyl pyrimdin-2-y1)-1,4"-bipiperidin-2-one (220 ny,

0. 725 mowd 2088146338sol ved in toluene (7 nL) and Bl NAP ( 26TAISnay,1/086407 25

mol ), 1- brono-2-fluoro-5-nethyl-4-(nethylsul fonyl)benzene (Preparation B;
291 ng, 1.09 mmol ) and Cs2CAB (284 ng, 0.870 mmol) were added. The reaction
was bubbl ed through with 91 nitrogen for 5 m nutes. Pd2dba3 (33.2 ng,
0.0363 mmol ) was added and the reacti 8 heated to 90 C overnight. The

reaction mwool eg F&o anmi. ent t@.ﬁr&er at u(gs§ E&JZMI%% R0 aﬁg}@ggf@% ed. The

resi due mas purified over silica gel exa ord a
mi xt ur e. bitesyerbonyepwekn- ﬁh@mlmmntanent aglrd (849%1:8% amphase dholbadinoMiphy (15

t(()291? ;%)uéro 5- rlfﬁla %ed’l)”‘oziol drrgot hg(lrésjul\l(lfg)(ﬁ%i?’])ngio yﬁtt%n%@ qud‘it&e‘%‘ﬂﬁy%’)én dl n-2 -one

(178 ny, dﬁhnﬂﬁeflhyﬁmcth,lorﬁ@ (29 yd, ellsd ) masl) andiN-thyselisoprophpsgaspediind B2(Apci )

mz = 490.3 ... Exanpl e 59 (S)-3.-(2,5 . :

-di f 1 uor 61114-1%%“?{@ ?ﬁf%n%lﬁffi ?%élﬁgf?aaﬁ?‘}(mﬁt)rfef' YEmBICAY ICPPFRYrHorighy The 40

bi pi peri dédaﬁorzv@@etonéen)ra@d (20483 -id' Et()E\cC(rlbm @ﬂy)r asZaislﬁbdZWyﬂ)nB HC],
-(2,5-difluoro-4- (nethyl sul fonyl ) phenyl am no%) pi peridin-2 -one

(pr epar edata@%f‘@r%ﬁu?@lst%aq Hidobiansu deebPveditmpPe fiﬂ@;ed(:g@ srgeentyatedoTherol ) was

di ssol Ve(ileslld?leT\bﬁ:s 1&1%)0\1@99111@%@65646]@5)@ in Qex%%%) Qb 0-tert-butyl 3-
PdC12( dppf) * CH2C12 ( mmol ) were added and purged with

ni t rogen.(b epmlam@mbymzlarn@o;g—p@o [IELblpmeIlC!Ll@e hreeibpxylate (éﬂcﬂedlén@ntﬂhéoﬂ%fact i on
was heat r 3 hours. The reaction was cooled to anbi ent

t enper at 3'%1& %(S:g%g(éc%{h(raat ed in vacuo and purified over silica gel (70 to 90%
Et OAc i n [0Edahes) S$top &f (Drtet-pByt ﬂ%eﬁzﬁe@cﬁlbﬂt@d@mﬂe) -2-0x0-1,4"-bipiperidine-1'-

t hyl syl y1) o1 & bl |
o d e o Cugtitb PARDE BTLER i Bafats BERRE) T at ity 5By
spect r umwaapaddd dilfﬂEtlﬁedﬂr&ﬁeﬁbzﬂ%iﬂbresﬁxﬁhﬂaﬂr@eﬁQ)Vélﬁ)ghB The réaction was filtered
: SIZI_; | ljj-gr 2 réo‘ruglbrrq%b}eﬁga %lalgq%?t)rla{t%io gﬁ%%sﬁﬂé \Qfgg pulrlﬁdég olvgr 511%1 %eply(l'Sg ){O /ZOIEI:[](_)gc in

92 [ 00454 LRmepriieRtd @mﬁnorﬁaﬁe&ﬁb%lmw @H&@b)?ro%f)or (Lorbbudy1f -bipme- 4-
(et hyl sul f onyl ) phenyl ami no% eridin one rTBI e 57) according
B

to the rre?tqmdl bibirEeaded -sabo w&&(léé&gwm%ﬁ& %mekd)as & lid-MrH) .
Exanp

(S) - 3 (2 5 d| ]fl uor%%-g(n(e% tert bu : 30?1n3}lln)05h0é(r01yllLgr?‘llpﬁ%)rlfhne-y -garbox lylate fpyrg’azi n-2-y
1)-11, 4 13 Ibmpi),p132,|4drlﬂl]lorQ—-5e,(nethylsulfonyl)benzene (Preparation C; 4.2 g, 20 mmol) and

[ 00455] ( Zi ):= iflu - o .

(et hyl Stﬁaf on3y %%pgfeny?lgl%nge)r ?158291\}% D i%a{gzl(%)l %Lgarbaﬁlée%(eéfé%q eC %“F;r m%lB' ny,

0. 100 mmdlh} resadod was obneetrataal a:hdquﬁed ©2ern§h.l)caaged (surge dtit i hixbnsgen. 2M
Na2CO3 (2 [ ot o ni 150 mmol ) and
Pd( PPh3) &Qfoﬂgéwﬁﬁﬂ ngd% ‘E]r‘l‘PtS g&%@ﬁpg gﬂi‘éogrze%n?lr‘bﬁ HiWg 1o 95 C

under ni tir-egeskyfa@s (4% gﬂgurrﬁmole%wﬁgtag pénomhal | oned to cool overnight,
filtered and concentrated. The residue was purified over silica gel twce

(80% Et 0 AP0447] hexaﬂé%-)E— {&)-teitbyy 3-(2,5-difluoro-4- (methylsulfonyl)phenylammo) 2°0x0-

('S)-3- (2,15 gipﬁﬂeH@ﬁl@'l“'ca@SH%&ﬂ)@ @Nd ng@x'&lH&?%E %'i@sd;l@écr h CH2c12 6100 mL) and
-(5- otonIpyrazm- - gﬂgrldln 2-one (42 nmol ,

76 796y ehfjone 16 A G1CTih ikt (St PR ichand TBAGio] MY
at ambient temperature overnight. The reaction was concentrated to provide (S)-3-(2,5-
difluoro-4-(methylsulfonyl)phenylamino)-1,4'-bipiperidin-2-one hydrochloride, which was
used directly in the next step without purification.

[00448] Step F: To a solution of 3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-1,4'-
bipiperidin-2-one HCI salt (500 mg, 1.2 mmol) and DIEA (0.52 mL, 3.0 mmol) in DMF (6
mL) was added 2,5-dichloropyrazine (264 mg, 1.8 mmol). The reaction was heated at 120 °C
overnight. The reaction was cooled to ambient temperature and partitioned between water

and ethyl acetate. The organic layer was separated and the aqueous washed with EtOAc. The



Example 62 1'-(5-ethylpyrim din-2 -y1)-3

-(2-fluoro-4-(nethyl sul fonyl)phenyl amno)- [1 ,4'-b ipip eri din]-2 - one
[ 00456] StwpAn(1Bue33ert - Butyl 3 -am no-2 -oxo-1,4' -bi pi p ePCaiuseolll/o3c43

arboxyl ate (Exanple 39, Steps A-C, 5.0 g, 17 mmol),

2, 2' - bi s(di phenyl phosphi no)-1, 1' - bi naphthyl (1.0 g, 1.7 nmol),

1- br ono- 2-fl uor o- 4- (et hyl sul f onyl ) benzene (6.4 g, 25 nmmmol) and NaG:Bu (1.9
g, 20 nmml) were dissolved in degassedotol uene (100 niL). Pd2dba3 (0.77 g,

0. 84 mmol 5
nours. TRe a P e e R P Bttt ore Fhle B8 M50 1000
Et OAc i n pafiethes cflonh ehrschabygraphy t@give (S)-1' (5 -chloropyrazin-2-yl)-3-(2,5- dlﬂuoro 4-

anmoni at f I Oz-f-

(et hyl sgﬁ‘gﬁ Q@?%@%@%ﬁ@ 9% Egié)gltigﬁtz %%{)I p “éﬁ%ehn%l’o?,, -6(:2a/?)boxy e (8.4
g, 18 mmpectrid@dpcy)relzeh5082 (¥elH)ow sol id. [00457] Step B: Tert-butyl
3-(2-fluoro-4- ( met hyl sul f onyl) phen]\él am nq)-2-oxo-1,4" -

bi pi peridine-1'-carboxylate (7.9 g;*¥fmbl) was dissolved in CH2C12 (100
m.) and MeHH '(3LEhibyrim#ih-HEH-3-2-lioax amgt{y29-(Hethy hlionyTiphohy WA A dded and t he
reaction stirred at anbient tenperature for 3 hours. The reaction was

concentrated and purified over s O0§0- 100% Et OAc i n hexanes
foll owed by 5% ammoni at ed net hanol in CHZCl 2 fford 3-
(2-fluoro-4-(nethyl sul fonyl)phenyl am no) i pi peridin-2-one (6.2 g, 17

3-(2-Fl uoro-4-(net hyl sul fony -1,4" -Dbipiperidin-2-one (0.300 g,
0.812 nnDI) 2-chl oro-5 ethyn (0.116 g, 0.812 nmol) and DI EA
(0.210 g, 1.62 mol) were dipsol véd in DNF (5 i) and heat ed at 100 C

over ni ght e rea ti S, concentr at.ed urifi ver 5|I el

( 50- 100%[?:‘{46% é\g SJEE%F%%"&é“% (g @{tﬂyﬁ ‘P%Y xfeosy iy udj (2
-f1 uoro- a&mtahﬂ fapeyl- RPeR M AMxRRApe BoASeR A B B.0&Y, i12 @Hnfi 08 (4. 198 g,
0.416 mol, 51, B(gﬁel d) asb&v\ﬁl tsgmgol%g I\/atg% s?ect?étrjm ap c?&?dg(— 476.

( MtH) . Eglgr.}pp@d g@th:@nol((g @HW)A%W i diogane QQJ_I)ILB ].(( mmol) was ad ed and the
-f1 uoro- 4.8t fivledWvERnuht. )mer@é@tloﬁmaglggnclﬁtrat&l wolufioR] B IS)Hefd 3.ox0- ON€ 1 |

N (:) 59] Prepared according to the nethod

of Exarrplle4' Bwlpemﬁm,é ﬂp@b@ma‘jmxda@y&liorldn(% g, WPBe) vhiabisds taker erpkud veitho(8 S) - 3
-(2,5-dif {‘ H&thylsulfonyl)phenyl amno)-1'-(5 -(1

- hydr oxyeth pyr| m d| n-2 -yl)- 11,4'-bi piperidinl-2-one 94 [ 00460] St ep

A (S-3 [01(4305 di f$toorBe- 4 (fraslt hydss dlhafrgedy With h€dyblenzyitri 210;)0-1],4'451p1benchn Bperi di n-

2-one hyd id 45 St eps

- (6-chl 319 Fﬁa{?ilﬁ’-ﬁ?g%fl?% ok mrens360 o etby hgidha B BanpeDs23
2. 83 nMMOIDIEWEBS rﬂLSZiQhMGIj dnd [fMF(:((BmM)Thanghchaawwheated1@®o@®u@f1ﬂglght The
reacti on_was concentrate and purl fied over sili ca el (50-100% EtOAc in

hexanes) Tihg reacion &g e lgel t%ar% @}t)}crﬁwatﬂqencozlcﬁljat p51r1 ied over silica gel
di f | uor oyds. émtbw&uhﬁ %@an):ﬂhf%n){ff&@ (9)oedayf rP3-Bh ?{rﬂnﬂidﬂr 2yAneodot, 828 g,

mol, 100%yield) as yeIIowsolldH[% 8] te'bC

0. 647 mml G%Egeld as yellow solid. [00461] Ste
F- (5- acetbmll?ﬁ}”ldifdi B thgl@?tﬁ@%& F%yieldyor o- 4-
[00451] Step  C:  (S)-benzyl 1'-(5-ethylpyrimidin-2-yl)-2-oxo0-1,4"-bipiperidin-3-

ylcarbamate (275 mg, 0.629 mmol) was dissolved in 1:1 EtOH/EtOAc and 10% Pd/C (50
mg) was added, and the reaction was stirred under a balloon pressure of hydrogen for 1.5
hours. The reaction was filtered through celite and concentrated to afford crude (S)-3-amino-
1'-(5-ethylpyrimidin-2-yl)-1,4'-bipiperidin-2-one (220 mg, 0.725 mmol, 115% yield) as an
oil.

[00452] Step D: (S)-3-amino-1'-(5-ethylpyrimidin-2-yl)-1,4'-bipiperidin-2-one (220
mg, 0.725 mmol) was dissolved in toluene (7 mL) and BINAP (45.2 mg, 0.0725 mmol), 1-
bromo-2-fluoro-5-methyl-4-(methylsulfonyl)benzene (Preparation B; 291 mg, 1.09 mmol)
and Cs,CO; (284 mg, 0.870 mmol) were added. The reaction was bubbled through with



(et hyl sul f onyl ) phenyl am no) - 1, 4' - bi pi peri di n-2-one (0.310 g, 0.612 mmmol)
was dissolved in nethanol (5 nL). NaBH4 (0.0232 g, 0.612 nmol) was added

sl oWy amdovivmesdsat anbi ent tenperature for 1 hour. TRETASaCIM086I4VaS
concentrated and purified over silica gel (50-100% Et0Ac in hexanes) to
afford (3S)-3-(2,5-difluoro-4-(methyl sul fonyl)phenyl am no)-1'-(5-(1-

hydr oxyet hyl ) pyri di n-2-y1)-1, 4' - bi pi peridin-2-one (0.265 g, 0.469 nmmol,

76. 6% vyield). Mass spectrum (apci) nmf21= 509.2 (MtH). Exanple 65 (S)-1"-(5
-chl orop ' i )-

[T DRy, Tl on A D R e LR
(S)-tert -9BGCW6®1@mTﬂn©I®cmwas poleddp pinpeni dinnerature, Eleodryd edneertiBicdnpl e 39,

5505 A o Bl B ot kT ooy LY el boneene

(10 nmL) . o Ismrer eacthbo purifiedt ar evasplsise chiretha@prapB0(16 WSYNAGHt in Wee) ar gani ¢

pur 11 o0 ‘001G ST T el BEHSH T Crn BT Sarday el o Dol et o i n

hexanes tlm'—pr@éhdﬁ X&)@(l?@hig- DALY nndl, 50.1% yield) as a white solid. Mass spectrum
-(2,6-difluoro-4- th Isulfonyl)phenylanlno) 2 -0x0-1,4"-bipip
eri di ne- IGRCDAEF Mé’ 1 2 g, 2.5 mol, 61%yield) as light yellow solid.
Mass spectrun1(ap0|) mz = 488. 2 (k%hmphggo463]8tep B: A fl ask was charged
wth (5)-tert- butyl' -(2, 6 dlfluoro 4- '
(et hyl sul f o3 gigrtt ppthlspl Xz Hloprd i-(Sckithyd avbdlyl-ate (1.2 g,
2.46 mmol), HCl1 (6. 15 m., 24.6 ngg %“dgﬁg: (@5 m), and nethanol (1 m). The
reaction mxture was 95 stirred t enperature overnight. The
organi c solvents were renoved under reduced pg¥ re to afford
(S)-3-(2,6-difluoro-4-(nethyl sul fonyl)ph Uz no)-[1, 4 blplperldln] 2-
one hydrochloride (0.986 g, 94.55%yi s¥ spectrum (apci) mz = 388.2
(MtH) . [00464] Step C A flask ' th (S)-3-(2,6-difluoro- 4-
(et hyl sul f onyl ) phenyl am no): -b eridin-2-one hydrochloride (0.250 g,
0.590 mmol ), 2,5-dich|oropyr§2ipe (0.105 g, 0.708 nmol), Hunig's base
(0.309 m., 1.77 mol ), and (5 m). The reaction m xture was stirred at
100 C ovdd@iSght . ﬂﬁéldﬁqéhﬁﬁn@ﬂhvéﬁbé3@#%@ﬂﬁ@ﬁﬂved under reduced pressure.

At D e e R

di f 1 uor 0-E4:a1¢1pkt4ﬁ)/(5§uilg ) )rp]lrfé)wilsaimsnky)ed [nITHEF ¢oinp) perKAi0n}(4 25 oee0.3@ 102 g,

0. 204 mol . 6% vi el d). i yeII oI|d Nhss ctrum (apci,) mz =
5001 (o0 el RCAREbCRG: B8y ik  QBIGP iy ESHaRRE AL PR ERE

-yl oxy) - hitfcked. 5Me tifayhly ytici (i 0 I0-02F 19 o 1p was ddiet ard theyéa},ﬁxwwa:slliedﬂemt&abne N N
N N, [00465 A:__To a solution of sodium azide (2. 44 in
triethyl o&t %’l‘o}f B tRICRCHPY Wahgookk nﬁﬁ}m\ﬁ&&“w&wmrged el ada

6- am no- pyfifieli Beer3sifda &3 G0%o B MIOAL - in ThRadcOARt bFsdWBS 3 atdealdke4100 C
for 6 hours and then cooled to anbient tenperature and allowed to stir

over ni ght(metilgul ml)ﬂsenmwom Oesthodpyragds et - Wt O iridine-ard  d79-8d M vacuo
to give Wabubbtsuahy gl ads uh il MiLsy §ct&lm @ﬁmfﬁvzga 4@Phas). @ beige
solid. [00466]Step B: To a solution of tert-

4( 3- br ono- 2- oxopyrrolldlne 1- yI)pEp@nphﬁﬂe I-carboxylate (1.04 g, 30
nmol ) and 0y ) , ) ) DMVSO (10
nm.) was addes ‘ ™
12 hours. The reactlon was cooledemname@né tenperature and dlluted W th
water (10 nmL) and EtOAc (20 nlL). The organic l%%ii was separated and the

aqueous | ayer extracted wth Et0Ac. The conbi R organic | ayers were dried
wi th Mg504 and concentrated in vacuo. The mafer]i al” was purified by silica
gel chromatography eluting with 3; 1 bex Ac to yield tert-butyl
4-(3-(6-(1Htetrazol -1-yl) pyri &
oxopyrrolidin-1l-yl)piperidine
solid. 96 [00467]Step C. %@ aysol utt™on of tert-butyl

4-(3-(6-(1Htetrazol -1-yl ) pyri @ ne- 3-yl oxy-
2-oxopyrrolidin-I|-yl)piperidine-|-carboxylate (978 ng, 2.28 mml) in DCM
(10 nm.) was added excess 4N HCLl in dioxane (3 nL). The reaction was stirred
for 4 hours at which point it was concentrated in vacuo to yield 3
-(6-(1Htetrazol-1 -yl )pyridin-3 -yloxy)-1 -(p ip eridin-4- yl)pyrrolidin-2
-one bishydrochloride salt (796 ng, 87% as an off white solid, which was
used without any further purification.

7

ar ox Iate (978 ng, 76% as an off white



[00468] Step D: To a solution of 3 -(6-(1Htetrazol-1-yl)pyridin-3
-yloxy)-1-(pip eridin- 4-yl)pyrrolidin-2-one bishydrochloride salt (101 ng,
0. 25 molwoand/@8BA (0.30 nL, 1.75 mmol) in DVF (3 nlL) was/isdaed3cdd3
2-chloro-5-ethylpyrimdine (71 nmg, 0.50 mml). The reaction was heated at
100 C for 6 hours. The reaction was cooled to anbient tenperature and
diluted by the addition of water (5 niL). The aqueous | ayer was extracted
with EtOAc (3 x 10 nlL). The conbined o2ganic |ayers were washed with brine,
dried ov 04 ed an oncent t was
purifi edqg04 sili caltljelcgaﬁtr&{:hr orra?%lgr aphy Sfi S?rﬁhl’am\b?ﬁyﬁ K %ﬂgg (g?ta%L*O% X%
hexanes/ Etﬂ@TAElSulﬁbrwbmm@%lEtOQ}Aé' blplpstn@h@ ®€((EX€(HJH¥P per afca(zrdinglo thyel I)lgkwd di n-3
-yl oxy) Vi 1) |n4yl)pyrroI|d|n
-one(SZWéFEﬁ%ﬁ}ésle% h}}fﬂa& %Cm\}\lﬁl(ta%cg I]([)I/I)él 83 ngectrum (apci) mz = 383.2 (M
- N3CH + 3H). [00469] The fol |l ow ngEﬁmﬁpletamds wer e al so prepared according
to the nethod of 6. c}lrum67lv
Thi NN, ... B-3-C.aqld : ' -
(1-(5-chl or opyr azin- 2 yl )p| peri dipfbeﬁdmyhgoayrrol [ d| n- 2- one (apC|) mz =
389.2 (M- N3CH + 3H. 68 ,N s N'N- aoi O

[00455] (S)-1'-(5-chloropyrazin-2-yl)-3-(2,5-difluoro-4-
(methylsulfonyl)phenylamino)- 1,4'-bipiperidin-2-one (Example 57; 50 mg, 0.100 mmol) was
dissolved in dioxane (2 mL) and purged with nitrogen. 2M Na,COs (200 pL, 0.400 mmol), o-
tolylboronic acid (20.4 mg, 0.150 mmol) and Pd(PPh;3), (11.6 mg, 0.0100 mmol) were added
and the reaction heated to 95 °C under nitrogen for 8 hours. The reaction was allowed to cool
overnight, filtered and concentrated. The residue was purified over silica gel twice (80%
EtOAc in hexanes) to afford (S)-3-(2,5-difluoro-4-(methylsulfonyl)phenylamino)-1'-(5-o0-
tolylpyrazin-2-yl)-1,4"-bipiperidin-2-one (42.6 mg, 0.0767 mmol, 76.7% yield) as a tan solid.
Mass spectrum (apci) m/z = 556.3 (M+H).
Example 62

1'-(5-ethylpyrimidin-2-y1)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)-[ 1.4"-bipiperidin]-2-

one
N
F o N)\
1 1,0
o
Oz
AN
o
[00456] Step  A: (S)-tert-Butyl  3-amino-2-oxo-1,4"-bipiperidine-1'-carboxylate

(Example 39, Steps A-C; 5.0 g, 17 mmol), 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl (1.0
g, 1.7 mmol), 1-bromo-2-fluoro-4-(methylsulfonyl)benzene (6.4 g, 25 mmol) and NaOtBu
(1.9 g, 20 mmol) were dissolved in degassed toluene (100 mL). Pd,dbaz (0.77 g, 0.84 mmol)
was added and the reaction heated in an 80 °C oil bath for 5 hours. The reaction was

concentrated and purified over silica gel (50-100% EtOAc in hexanes followed by 5%



NN1Il Al-(1-(5-ethylpyrimdin- 2-yl)piperidin-4-y1)-3- (4-(2-methyl-
tetrazol -5- yl)phenoxy)pyrrolidin2-one (apci) mz = 449.2 (M+ H). 97

Exanpl e 680 2011/146335 PCT/US2011/036443
(S)-1-(1-(5-chloropyrazin-2-yl)piperidin-4-yl1)-3-(6-(nethyl sul fonyl)pyridin
-3- yloxy)pyrrolidin-2-one NC1 | NNN/ [00470] Step A: To a suspension

of (R)-3-hydroxydi hydrofuran-2(3H)-one (500 ng, 4.9 mol) in toluene (15
nm.) was added triphenyl phosphine (1.543g, 5.88 mmol) and 6-
bromopy iydiimdid (e, %88 dﬁret : T@e %@f’ofdt'ot%nvtﬁﬁflco@ @%niPo-9- C and

degassed wth nitrogen bubble for mnutes. D -tert-butyl

di azene- Im@mdhdénWBﬁwmab@Hmmé(dpégbbmﬂdﬂdmeﬂdﬂd@ﬁ&h@58du;1&n@m®dﬂé%)over a
5 mnute Eg‘{)iagdak)'l'hs%hﬁeactlon was allowed to stir for 12 hours with warm ng
to anbie erature. The reaction was concentrated in vacuo and the

resul ti ngooarer i al StoprBf iTed-boyyl s3-(3- ﬁﬁtorg@L(neﬁiytmﬁmg@pmmanﬁﬂld)@-m 1141

056" PGl 73 LoT PaSIRYD A & B TP R O
. g, n 10)
tert-butylo 4damnopicpes iddixae: @caLbopsyhlatoe \(vﬁk &ﬁte@ andt t&&emh)sntred @CM (15

m.) was added dropwi se 2M trinethylal um num (2 in tol uene.
The resulPfPifgt tsmperatuee {gas hepisy oy rﬁfaefrw%%rﬁomzﬁné@ted at*rhplrré“)edaveeﬂwa gel

br onopyr l(sts rbo?f/:, Etc%y iR @tlma@(smmaeaa{ea nRtf@noldn %hzer;pto) affddd PCM (10

m.) was Wy over m nuteS and the reaction stirred at anbi ent

t enper at L@é‘ut)f@r4 (znqﬁladﬁuéfonyr}péelrywe@@)olﬁ mpeﬂddv@?nv eActed’ bymphel 09%di t i on
of 5@6tartéﬁ2£ gﬁ%pﬁ&ﬁ m.), saturated NaHCO3 (5 nmlL) and DCM (10 nL). The
organic - has separated, dried over My504, filtered and concentrated in

vacuo tg[mms] de (&kp_t_@rt}(ﬂjflybro%(g@tl(y&uﬁomdmpylt}fﬂaﬂmme)&A}Hbdpigeﬁd'm—z one
T
o o D4b AT ERBReh: S5 SRaTs Sl Ly 1 LR EEIFmER 5 biey 2] 2hory "

? (:22,0(6 tgrz (DgDWﬁdl?iwem?da%bIQWﬁtrEMFﬁydﬁlﬁ)@mblhbﬁétam 1cd)o)°p|opgmtgﬂt :‘Iﬂhc|rcaeﬁ(51f)oxy| ate
1 , 4 nmo and trl osphin 40 mmo in toluene

(15 nL) Mécﬂ‘é?ﬁ%‘éaé%dda‘tﬂtﬁ“ﬁ‘ﬁﬁ Pr%g@ﬁag B9 304 rEt@gg H tﬁf@%@ eraoxflﬂ%h (ool ed to
0C. Di-t et ptgzrthydmdL}a)zar@ﬂaor&4cthféarytmaﬂ@bﬁenwa§ﬂnm 4 BiptpeRRL) ol ssol ved in

toluene (5 nm) ded over 5 mnute period. The reaction was
al | oned t(&1%&e eré namh ni% yisHp ey ‘é(fltﬁfr wlig\Mpss spectigr(3pciTRE T8t MotDwas
concentrated in vacuo and purlfledEQMnﬁk%Eca gel chronatography el uting
wth 1:1 hexanes/EtOAc to yleld (5) te utyl -

4- ( 3- ( 6- bt'chwf B2yl X y ) niqét.#diipiperididdaboxyl at e
(934 ny, 75% as an off- mhlte SO|Id $00473]Step DA solutlon of
(S)-tert-butyl-4-(3-(6-bronmopyridin- 3—yloxy) 2- oxopyrrolidin- 1

-yl ) pi peridi ne-1-carboxylate (315 ng, 0.714 i n degassed DVSO (5 ml)
was added sodi um et hanesul finate (117 1)&5 nmol ),

t rans- cycl ohexane- 1, 2- di ani ne (33 Hy, nol ) and Cu(l) triflate
benzene conplex (54 ng, 0.1 e eactlon was heated to 110 C for
12 hours at which point thes io s cooled to anbi ent tenperature and

partitioned between water (§ni) and EtOAc (10 ni). The organic | ayer was
separated and the aqueous | ayer extracted with EtOAc (2 x 5 nmL). The

conbi ned M58 ¢ | Bgeared sseprding it the msvherd offsomple £7. Meyseaccive @bemtT at ed i n
vacuo. Thegh kﬁlng material was purified by silica gel chromatography

el uting mnth 1 1 hexanes/ Et0Ac to yield

(S)-tert-butyl - 4 (3-(6- (et hyl sul f Bryhpleydi di ne- 3

-yl oxy) - b AL i) i h hid P4 2s 2
white sol
(S)-tert- butyl 4-(3-(6- (nethyltht@nmthwridmne 3-

yl oxy) - 2- oxopyrrolidin-Il-yl)piperidine-I|-carbox Iate (259 nmg, 0.59 nmol) in
DCM (10 m.) was added excess 4N HCl in dloxa e 3 nl). The reaction was
stirred for 4 hours, then concentrated in to yleld

(S)-3-(6- (nethylsulfonyl)pyrldln 3; yI {2; N |per|d|n 4-

yl ) pyrrolidin-2-one hydrochlor ng, 94% as an off white solid,
whi ch was used w thout any fur urd fication. [00475] Step F: To a
solution of (S)-3-(6- (nethyl§u| onyl)pyrldln 3-yl oxy) - 1-

(pi peri di n-4-yl)pyrrolidin-2°né hydrochloride salt (100 ng, 0.26 mml) and
DIEA (0.324 nL, 1.86 mol) in DVF (3 nL) was added
2-chloro-5-ethylpyrimdine (76 ng, 0.532 mmol ). The reaction was heated to
100 C for 4 hours at which point the reaction was poured into water (10 nlL)
and EtOAc (10 nL). The organic | ayer was separated and the aqueous | ayer
extracted with EtOAc (2 x 5 nmL). The combined organic layers were dried
mnth N@504 and concentrated |n vacuo. The resultlng mat eri al was purlfled

e ] s N N v N AN




99 Exanple 70

(S)-1-(1-(5-ethyl pyrimdin-2-yl)piperidin-4-yl1)-3-(4-(5-nethyl-1Htetrazol -
1- yl) phewoxydpms3d3sl i di n- 2- one [00476] Step A: To a solPaTiusn010f036443

(R -tert-butyl-4-(3-(nethyl sul fonyl oxy) - 2-
oxopyrrolidin-l-yl)piperidine-I|-carboxylate (Preparation D, 1.03 g, 2.84
nmmol ) and 4-(5- nethyl-1Htetrazol -1-yl) phenol (500 ng, 2.84 mmol) in DMVSO
(10 m) was added K2CC3 (1.18 g, 8.5194mml). The reaction was heated to 70
C for 12 an € The
organic Ig@gp]swas s% gla gg%%ﬁ %u\clgﬁ\ &ISS&I?%;}/’Q@GH t&g@ qﬁ’ B\#mgp%nEt OAc (2 x
15 nl). ?hmedwdtmhbdd@r@amnplel%yétess vieEe0.drg, &4t minoly S&t-cldordpywohicént r at ed
i n vacuo. i VWAs i I h ting
With 11 Hé@%ﬁ%?}@%%ﬁ% rg?lgliag(% thz?}éq ?3 th€ 2 §EhnGTRE QAR DRI
tert-but Xiﬂ)(ﬁd(%(e&-aﬂ&ﬁ@?ﬂ-o%ﬁﬁgﬁt I’Ehzcrleacilen was concentrated and purified over

2 ort wales el S0D GO iay EhGE "l FR ety fah Y B 522 28

tert-but )dlﬂtﬂ)r(( &(&léﬂlﬂ@ulmpbmlbnﬂlhinhe; 1 @Zipipdridin-2-one  (0.328 g, 0.647 mmol,
y1) phenox oxopyrrolidin-1-yl)piperidine-1-carboxylate (621 ng, 1 4
mmol) in éﬁﬁ@?&@)ﬁbﬁ ligsolidided” excess 4N HCl in dioxane (5 nL). The

reactlonim@§1pt|rr§%?for 4ghours and t gzﬁ%hg%egym@(y@qymuﬁ@4yleId

(S)-3 (5 -meth etrazol - henox
(pi peri du(mﬁmylyulqu plisiny ldingnop- 1 4ohlelph1y@lndcqmle<§9i3 $eft 1P nfra@ ) wagdissoheq ilas  an

ff whit t
E’ 0047 Si S?Iep E QFOM PY%?I?% ﬁ?ﬁdg W 418 Qo Whs LUEHNRSwIPYRA LhiFtd: Qhbient
(S)-3-( 4-te(rﬁpetrmm1‘ﬂy‘dr- L kbur eFheazaltiod wyd §kenmied)and purified over silica gel (50-100%

R R e e A RN A SR I I

2-chl or oh&dle&ye}ﬁmmrymﬂihdw‘lpl L'85pipgidif 2232 (0vpa3l g, .0.4Fhenmhelats.6wryickds Magat ed to
100 C for 4 hours. and t oured into water (10 nmL) and Et OAc (10 nmL). The
organi ¢ [SBSFEPM{ARED §@EaﬁQ§@dR%dH the aqueous | ayer extracted with Et0OAc (2 X
5 m). The combined organic |ayersgwahfme@dsi ed with My504 and concentrated
in vacuo. The resulting material was purlfled by S|I|ca geI chr omat ogr aphy
e|ut|ng \MtSI s hllopopyragin-2 13 IHAK yethylsul ! RIS 4'-

(S)-1- (1- (5-et hyl pyri midi n-2-yl ) i j%hlqﬂ%ngl) 3- (4. (5-met hyl- 1+t et razol - 1

-yl)phenoxy)pyrrolldln 2-one (15 as an off white solid. Mss
spectrum (apci) mz = 449.2 (M+H). 100 Ex CI71

(S)-1-(1-(5- chloropyra2|n 2-yl) |per|d|n- - (2 fluoro-4-(5-nmethyl-1, 3,
4- oxadi azol - 2- yl ) phenoxy) pyr n- -ggg%

[ 00479] St epA: (R) tert-butyl 4- ggtgzet yNs onyl oxy) - 2- oxopyrrolidin-1-

yl ) pi peri di ne- carboxylat@> on Db 1.0 g, 2 8 mol) was dissol ved

in dry DVMBO (15 nlL) and neth 3- fluoro 4- hydr oxybenzoate (0.56 g, 3.3

I d K2CO3 (0,46 g, 3. I dded and th t heated to 70
Cuntier MtHgbon, A6 Kodki ﬁwmrﬁv@%a?“@%a?mnﬁ iR o aEke> TG act i on

was cool gghifRidarbi- eﬁgogye@a)e(rﬁmme B KRhs X-004YnSe £ Inarﬁﬁsi 133 R RL6 -
tenperature overnlg partitioned between water and EtGAc, extracted with
Et OAc, WABRAEHISWa bﬁﬂizﬁ@ (Tgbleeld covmppunads04, o141 memely I&h@%dﬂé@r& gt ed. The
ng'?gftwgﬁtEQ£ﬁ?ﬁ@kQMQﬁ%F'Hhﬁ?mﬂﬁ&nﬁﬁﬁ%%E&QfﬁhkﬁzQQ§§”@S&mhﬁgﬁTfﬁEd
(nethoxy®ambmnwh¢phem@«y#mﬁe@mmﬁwnmb&ﬁd@n%hmyHﬁpk@@ﬁ@dmhmni&@ambdﬁyiate
(1.2 g, d X 00480] St e .

b () 1 ertrbargt b bl Gu Wb KB Ber YR REIIR movide

oxopyrr O|t¢rdb1li’tyll -yl )3}(2963ﬂiﬂdbﬂ%{m@l@ﬂmﬁwﬁﬁﬂlmﬂaﬁﬂﬁomox@1 @'6b1pmaicbmeAHs

di ssol ved in a |un1 th |Ianolate 4.12
oy el ot &% Femadce PYRD i ebl salok i N, Shelsim B0, Wi o 12
hours, addgbimomna) potaSS|un1tr|nethyIS|IanoIate (529 ng, 4.12 mmol) was
added and stirred for 3 hours, the reaction was goured into 1N HC1 and

extract edO9468h Et OeD Bri ed dody ‘Kem2sbarged jwithe r(@dtearhitd oAk Atditoset4t o

afford ( @nefﬁ lgd-lfc(ngfr)]lohenylammo) -2- oxo 1 4' b1p éoerldme I'- carboxylate él 2. g 2. 46 mmol),
(tert-butoxycarbonyl) pi peri di n-4- oxopyrrol i din-3-yloxy)-3-fl uorobenzo

ic acid @8@46ﬁgnﬂ129¢nwwdhixgﬂ(2@@¢DemdFWﬁ@nd(%hﬂﬁeThohdempaﬁﬂﬁﬂwgtep C
(S)-4-(1-(1-(tert-butoxycarbonyl) pi peridin-4-y1l)-2-oxopyrrolidin-3-

yl oxy) - 3-fl uorobenzoic acid (834 ng, 1.97 mol ), acetohydrazide (219 ny,
2.96 mmol) and N-et hyl - N-i sopropyl propan-2-am ne (1375 ulL, 7.90 nmol) were
di ssolved in CH2C12 (20 nL) and bi s(2-oxooxazol i di n-3-yl) phosphinic
chloride (2010 ng, 7.90 mmol) was added and stirred at anbient tenperature
for 3 hours The reactlon vas poured |nto mater extracted wi th Et OAc,

1 NI A a Y T _.l:.l:_._ N 1



[00484] StepF: (S)-3 -(2-fluoro-4-(5-nethyl-1,3 ,4-oxadi azol -2 -yl )phenoxy)-1
- (piperidin-4-yl)pyrrolidin-2-one 2,2,2-trifluoroacetate (150 ng, 0.316
mrol ) waswoi2esioi4ead in DMSO (3 nmlL) and 2, 5-di chl or opyr arCmaseva/ode4nsy, 0.474
mol ) and N-et hyl - Ni sopropyl propan-2-am ne (138 [EL, 0.790 nmol) were added
and the reaction heated to 100 C overnight. The reaction was cool ed and
diluted with water, extracted with Et0Ac, washed with brine, dried over
Na2504, filtered and concentrated. Thesresidue was purified tw ce over

silica g%hrrédlgcoaﬂ%lr:éngéﬁ)pefaﬁlrég{r ﬁ1§ht The o amc solvents were rTmoved under reducecL| 1-1.3

(S)-1-(1-(5-chloropyrazin-2- perid - -y1)-3-(2-fluoro4-(5 -met
, 4- oxadi @robw toyafijophéﬁb&@ @ylﬁhlotq ﬂ(metmlsmwapl@n}zamrm) 0.40821perivw]-2- 10 2%

%"S)e' g)_asfnél(néafr‘gch}fq‘% go9 %4%‘960&1@%%9 %&t}u c17 jséx&ﬁ Mgigill) Exanpl e 72

-fluoro- 49((454het hySted ,(3 4- oxadflakol wzs- chﬁﬂg):cﬂ?hemmky)qsyBr(DI&chiﬁlumﬂone
Egggls)S 1Py e g BO}'\# 1%1n0g6 h§1pﬁ))er? 1n guornee h%%roEél%pRe ?O 27510 g,l\gifﬁ) mﬁl Bt rum
(S-1 (5 ﬁalbmbwymma(mroa g/@)m@n(n(o@) Hubigk ®ask, (8309 aXi do7 Zandoldiahy Dvabenzol bl
t hi ophen-5- yfl am no)-11, 4' -bi pi peridinl-2-one 1i N[00486]Step A: A flask
was char gedli The (eswoelelmxt%ﬁm St:%r“(db"énlWI 6 ey iNg 9T geBIF-Solvents were

2- 0x0- 1, 4em&}eﬁ' Relt dbdiRed pr@s@ﬁr@oﬂla a8 diEXa ﬁlfr’ég’us%ige@ﬁlcf‘ &i c%ﬂmgl g, 23 2
mol ), DCM (60 nL met hanol HC1 (57.

react i on ShRsatrap lé@h@l\v%r"mhght Yl anq@teotOg@mwée $dr lléﬁ’@blomy@zm&rﬁ)rérﬁ éﬂder

reduced Vi

2- oxo[ 1, ﬁﬁ fﬁ@wﬁ ge%t?ﬁ%fb\ﬁg%eég%%gggﬁi bfé?end (%roln e(o 159.255’ gO,'2 10(51%1 0yli el d).
Mass s pedﬁberm1(>]ap@s| lighniyetlow s8BE NPas§ Aeefrum [0l 8¥ St56(p 1 BVI+{S$) - Benzy|

2-0x0-[1, 4" -bi pi peridin]-3-ylcar bagat e hﬁﬁr ochloride (8.52 g, 23.2 mml),
Huni g's base (12.0 g, 92.6 nmmol), | or o-5-et hyl pyri mdine (6.60 g,
46.3 nmmol ) wsr@-(CHrbiaed] -gnehriias-giety)m 4 h(Dihyipdafidinl)-yDfibeidiohut i on was
stirred at 100 C for 2 hours. The sol utiaon was cooled and diluted with

wat er, extracted with EtOAc, dri@%&ﬁé’—é@%, IR «e#€ent rat ed. Fl ash chromat ogr aphy
gave 3.66 g of crude material which was inmpuge: is crude material was
purified on a Horizon reverse phase HPLC m gi ve

(S)-benzyl - F-(5-et hyl pyrim di n-2-y1) -2- oko- 14" - bi pi peri di n] - 3-yl car bamat e
(2.17 g, 4.96 mmol, 21.4%yi el giNas solid. Mass spectrum (apci) mz
= 438.2 (MtH). [00488]Stepc;d§q en -1'-(5 -ethylpyrimdin-2-yl)-2 -oxo0-
[1,4"-b ipiperidin] -3 - yrhcgrbamate (2.176 g, 4.973 mmol) was dissolved in
MeOH and 10% Pd/C (1 g) wasNadded and stirred in a parr shaker at 30 psi

over ni ghtjgo468p rea%p_ OA: wWais &i lshiatigd 6fhrs@élﬁﬂﬁh @Ide paper gand sepenaied on
the reverse phase Horizon systemto

giv
(S)-3- amt%hﬂortf(%or&am?ﬁ@lrhaﬁfidﬁcf%&{ W)mlf)lwa& adggdfy-prainpdvHiine3hE3-§ 6. 380 g,
0. 9229 mymol 618}“@61&%10?1' s 8@ & 966 <@l for MaSHs SaBQCthéﬂJ%((l@@@d it = 304. 2
(MrH) . [00489] Step D. To a suspension of 1-bronp-2,4-difluorobenzene (11.7
mL, 104 rerapcyating agéalidweddnsemivemighy TREQAdgwen fidterpds warded with o Anerdt ed
HNOB (85 t r resul ting
ot ur o e PRI TR, G AL MR A AR AT Sl A bclee oI e o
et her and00466] wat eStemvi Bh Fogar cwdutishi of i rgt-bulile éﬁﬁlm&mmsHOK%’HOMae $epar at ed

T PR B e S R e AT

usi ng si I3ic@mg@B lin DMIO 0GHIr) VIR ol 3D Y; . (041g,175%1&1@gt Qfﬂerelacftldﬂﬁf)@@ﬂlez&ed o
provi de 1-braonp quIuoro 5- nltrobenzene 6 mmol , 93.3%yvyield)
as yel | oW e f%ié% W@m%gﬁwowwmqtﬂ@nw%ﬁa@%agre(@dgﬂzwted Wit 101
ol ), aRghtdPRhBmi? aPBiO e 0484, NP lodgahRIaydt $a05pedtciRng U ub w@r n),
degassed and then stirred 10 m nutes at anbient tenperature. A solution of
1- br ono- 2xUacHdf Mitdr BB t Fesbeambined (organgs layprsoveramdriyd iwith gkihe2gR00 )
was t hen galdagh Lot ey 2 a0 Burifi &l WA Y el bhBBE¥b Vi) whiAnnane
(18.40 nf 63. 63 Wno?% bﬂ%e n?ituﬂéBagé rép uxg§ ?or %.%P’ M#en poured
into a m3xt uh@camfs/FaQAQOUS IMaeikd awdt llitgdt H(3- (ét(lhﬁrtetrizhlel-wblsyrcﬂu@ Ingloxypdr i fi ed
using sili 5 e in hexanes to
provi de f §§5Qfﬁﬁ§rlﬂ§wn neq fﬂ) yﬁ%%‘gﬁ%ém6 ggmlgf%%ﬁg&ﬁ% 77.13%
yield) as yellow oil. [00491]Step F: A flask mas char ged with

tri phenyl silanethiol (12 g, 41 mmol), and
1,5-difluoro-2-nitro-4-vinyl benzene (5 g, 27 mol) in benzene (80 nlL), and
then (E)-2,2' - (diazene-1, 2-diyl)bis(2-nethyl propanenitrile) (1.3 g, 8.1
nmol ) was added. The m xture was refluxed for 1 hour, then cooled to

anbi ent tenperature and concentrated. The residue was purified using silica
gel colum chromat ography with 10% acetone in hexanes to provide

A NN 7



[00493] Step H: To a solution of

6-fl uoro-5-nitro-2, 3-di hydrobenzo[ b] t hi ophene (2.1 g, 10 5 mmol)
and aqueous NH4CLl (20 nmL) was addedTRsS2§10)03¢433 53 g,
then filtered through

(80 ),

63.3 mml ).

WOIR0 (14036338 ) |
The m xture was refluxed for 2 hours,

celite and washed w th ethyl

gel

[00494]St
6-fl uor o-

acet ate.
col um chromat ography with 50% et hyl
6-f | uoro- 2, 3- dihydrobenzo[b]thiophen 86 am ne (1.68g,

gﬁgbdlh ro enzo ?ﬂﬁ@BQQQﬁ%g@lé

i n et hanol

The residue was purified using silica

acetate in hexanes to provide

m

94. 2% yi el d).
(3- g6 (lg—l tetrazol 1- y6)p§r1d1ne 3 Iy%oxy—

copper (| |2)0><19pxrmldm { Yl)ﬂﬁergim@l-%bwvdﬂtﬁ) (97§rrdg,a2:%& Ulmoﬂ)l’ in| RC¥100 mL) wasTo t he

above ﬁléhg
ni trogen an

R R kbt T

aEt?on(\%'aS%Zlm[:H:'

for 2t(i’lours g{min)c

e organi c so

PREE s

renmoved utrml&rcolne@huﬁtedl zrpf/cﬁtﬁs i @icl dDCM-(Wdisteaakd e t-yt)pyridie 3 4’y%<ly}dl]]¢p1ﬁﬂdiml\ﬂs washed

with brin

concentréﬁ@ﬂTg
chr omat ogsapkiyhoot 4y fheapasfidagbi.onved by 25% et hyl

provi de 5-Dbrono-6-fl uoro-2, 3-di hydrobenzo b]th|
[00498]nf | asHGRESHRrAgwHkoR RE3 #7-Grrbteg2slior

R rﬂ)?sh§&}oéhl&1de1sa1¥ (fm%g (3 35 oI HRENZARGBXRIC ALi d

[ 00495] St

dl hydr Ob@tgﬂgjgl%mhg

reduced pLESSHEE ﬂé&%d%@

sol uti on was extract

S

, and

o &

d di I te,.
B P PHE, wom S Pus R S vt
acetate in hexanes to

e

651f6‘3

th eth

acetic acid

FumRICRLBD

acetate and

ophene (
%ygdlg 3 yloxy)—q—(plperldm—

24. 8% yiel d).

The ‘reaction was stirred at
anbl ent trmmiénraDMFe (F orl) 3vad epdded iﬁblow@yathvkpygmldy@n(ﬂlwa& G- Ehowed). uhlker

L

YolBRn R

€ organi c

ﬁggﬁg The

ayers were

conblnedanddmﬁdﬂmmmda¢bﬂ@9ﬂhmﬁﬂéﬂnﬂjh§h¢amwdué@masmpunuwmédmh§ﬁ®@céiI|ca

gel colu
2N NaCH

PATER et ik

wi t.h 25% 50% e
OBPEYES T T B

SRR

etate

Whels Bid s

Ao alad

owed by

1, 1- di oxiadé c{idchbutd), invadikd. NMinl mat&fﬁalg\%;puﬁﬁdi) byasilisshgel ehls)@lblography eluting

[ 00496] St epK: Af | ask
[ b] t hi opH¥l

et hyl pyri
mol ), P

reacti on
under re

u5|ng 2%

-(5-ethy
di oxi do-
(0.025 g,
m z
-chloropy
1H—|ndazo
tert-buty

21
488,

aﬁr

6¥@§char @g
%adinz 8&01%@ BEe| fés-eﬂaylggmrdmﬂw])p%

sodi um t 48U 6§<%Ib@f pbito
(;m%ms“ rreg flilo

uced pressure.
chronato@b@mh&fﬁnth 50- 10096ethy|

w ths -

OgAc w %5

id g Mags %psctmmbiapCI) B~
T vyl Gae e
acet at e,

1&%

SO

PEpdte

Foned g2
i@ 4( RSlidin- @onQ
i na -RE%?(O 0010
MedsCH U
| vgRt &@%
%g?ﬁgagfﬁlgénge
foll owed by preparative TLC

nfedney

dr

29, m¢;
. 001

(3 ni).

ﬁl tg%ajzo?—l?—e nzo

16
"ol ),
The

penoved
col um

IUI

'_Tldl

sy

alhlt

t

ateto Py

26-% | uor o- 1, 1-

hon l: \I

ol Q14
\NUU \9o)- 1
ame

m-nao)A41

Mass

P

|yU|

1 mol ,

FFD Exa g

Ne'89g, o 66 mmol ),

han
OOt

31%y|

LILLE AL/ C
n- 2- yl)gtf::»ug1

2o oot

hi
T

I
el

d)

pll LIL
;/off v
(1H

-4 yl) pyrr

497]Step A A

(R)

Yray

|ﬁ98é9

AT RVERS
AR

Si-(3 aliﬂﬂrogyraﬁ@ 2-

ADRgRrigigg-

char ge

yl)pyrrolidin-2-one

% X' A im
NGl
thh

-one
(apci)

JN

3-(3

(nethylsulfonyloxy

i on

D 0.2

(o] s}V (rqulediynpyhnydhhp

p&ych)Ghh/pe-

1- car box

yl ate (Prepar af , and

DMSO (4 L) ¢g The reac |qp j:;%rred at
extracted withjet hm he organi g
filtered and concértr&ted. The resi due wag
chr omat ogr aphy

&1&11049%)9, D= 669 pysal )
k&@ caNePAL ght . ﬁ@ged wat/er and
MRYErS were conpi ned, driled,
Syl)BHé’dogd,)EgrrMﬁilH{lg silica gel colum
acet at g H_f} .hexanes to provide
(5)-tert-butyt—4-(3 =(tHindazot -5 -ytox ) 4 oxopyrro ||u m=-1=yt)p
eridine-1 -c arb oxylate (0.198 g, 90%yield). 105 [00498]Step B:
was charged with (5)-tert-butyl 4-(3-(1H i ndazol-5-yl oxy) - 2-
oxopyrrolidin-|-yl)piperidine-1-carboxylate (0.300 g, 0.749 mmol),
di oxane (1.87 nL, 7.49 mmol), DCM (10 nl), and nethanol (1 nlL). The
reaction was stirred at anbient tenperature for 2 hours. The organic
sol vents were renoved under reduced pressure. The residue was purified
using silica gel colum chromatography using 50-100% et hyl acetate in
hexanes, then 5% ammoni ated nmet hanol in DCM and then 30% amoni at ed
met hanol in ethyl acetate to provide
(S)-3-(1H i ndazol -5-yl oxy) - 1- (pi peridin-4-yl)pyrrolidin-2-one (0.225g,
yield). [00499] Step C. A flask was charged with
(S)-3-(1Hindazol -5-yl oxy) - 1- (pi peridi n-4-

W PN 50- 10096ethyl

ip
A fl ask

HCl in

100%



yl)pyrrolidin-2-one (0.120 g, 0.400 mol ), 2,5-dichloropyrazine (0.0655 g,

0.439 mmol ), D EA (d 0.742) (0.0696 ni, 0.400 nmol), and DMF (3 niL). The

reacti on we0slti4s33ed at 100 C overni ght. The organi ¢ solPCEMIS201MOB&43 enoved

under reduced pressure. The residue was purified using preparative TLC with

10% nmet hanol in ethyl acetate to provide

(S)-3-(1H ndazol -5-yl oxy)-1-(1-(5-chl oropyrazi n-2-yl) pi peridin-4-yl)pyrrol

di n-2-one (0.0047 g, 0.0114 nmol, 2.85%yield). Mass spectrum (apci) mz =

413.2 (MtH). Exanple 75 1

(S)-3-(3-chl oro-5- (trlfluoronethyl§pyr?§|n 2- ylanlno) 1 (5 chloropyrazin-2

-y1)-11, 4' - i ) azne’ ¢ . kv \psikidin{3

2, 3-di chl oro- 5- (trlfluoronethyl 919 L, 2. 093 nmol ),

(5) tert-butyl 3-am no-2-oxo-1, %bﬂ@mkpm% -1' -carboxyl ate (0.415 g,

1.395 mol ), Na2COG3 (0. 2958 g, 2.791 mol ), E#ﬁEQNBO (5 nL). The reaction

m xture was stirred at 130 C overnight. t el Was added and the reaction

m xture was extracted with ethyl ac?ggb The Nor gani ¢ | ayers were conbi ned,
N

dried, filtered, concentrated. ¥ was purified using silica ge
col um chronatography wi t h 6302 hyl etate in hexanes to provide
(5) tert-butyl §\

3-(3-chl oro- 5- (trlfluoronethyl)pyrldln 2-yl am no) - 2- oxol, 4' - bi pi peri di ne-
- car boxyl[@Q4580] 0. 518tep A6. B3 Ysyipethsitn, oﬂ\(Bsé ls/pmydlhydrcéfamfzﬁhﬁ}me:(swmgz
(3M(+|;- Eﬁf%lﬁ L@O%Ol]tsfug e 55 mﬂ \%gska%a trip ah pl(ljosV\fnne (1(;2 ?%% rrlljnln% }/and 6-
(trifl uorb@drﬁdﬂyyil:h)@ydsu (dJ()DgZS 8 &ﬂiidllp)T}%-seb(moﬂ.wﬁs edvilqal tp OriCkind elefassegiavioxyl at e
(0.51 g, met hano) _ (1 and HC1 (2,7 nL, 11
mol ) (i ﬂltmgS&iH‘éﬁlmh@ AR oﬁ W)PPEY# diaggne- L%éiwr&a Yé‘l‘tea‘fY?ﬁl_ééﬁﬁPl ¢ Hper at ur e
over ni ghtieludR 5 Mgl Gddd KRPLS MRLR JeliBY e iaé@@'tﬁfn WRMCRId Ry @FSH B2 t 0
provide (S)-3-(3-chloro-5-(trifluoronethyl)pyridin-2-
y| ami no) hpurs avithyyasmigrtp amhientAcgprsatiied ride Fastignawasconepotrgied gpasyq @xddhe  Mass
?p)ECt r umrésﬁgﬁllg)ma@grél pul%?eﬁ b%/ SQIME@SI Slggrgétggr]aﬁye&utprg A Bé}@ﬁgs/]ﬂ@%cqg?fegﬁd with

3-(3-chloro-5-(trifluoronethy
2-yl ami ncﬂ&)l(@bmmomrpbm Bdﬂm@@d@fmmﬂ@dﬁmlc(ld@g(@%ﬁs agoff ghitgsetnipl ) |

2, 5-di chl razi .

nnDI) @M%KK %%%—— fe' %g%ggf%gmaggy%%ﬁgre %e m?%3%8$gﬁg%§ﬁg%%g’The
organi c s1c65vmnto!3 M/elD@Mr elmmE)j wan dédedr drdpreied 29t em]nf_laluﬁhmm e diie Sas
purified usi mm ch omat ography.wi th 50-100%,e acetate
P hexanabglh dprahietie (B SRuMEE GG o S U RAT fhok oMt B SRHOS

- yl ani no)brdmopyEdm-3cfbon@Rydragid-23Hydde (1[0 g438bipinpeih By (IQ-rﬁ)ID)ewé@ 037 g,
0.076 mol, 42% yield) as yellow solid. Mass spectrum (apci % z = 489.2
(MH) . ER4d89) S@W;l% 0(%)5 %muf(e%andeh? Eagion stiyreq %tfam!?eﬂnb%lmwyepﬂsaf hpys.pThe

-yl am no)saktiod was GSWIYIRYACHED BY e 2ddidda of 494 tdhtaric a8l @5 Hﬁ% | FHuPele@NaIfns,

[ 00503] Pr epar ed accordlng)to t he procedure of Exa 5. Mass spectrum

(apci) m(zmb)agdDEM (oHy AfgRRIc Wer was separated, drled over MgSOy, filtered and

5- et h in-2- nyl am no
- 102 - RrpraR gh ¥hg e B BbE o rIh s e ey
( S) - 3- ( 2h[vﬂtu@ymmmamnbmﬂgdrlslmleﬂmybo)cphwyTI&nfrrndr) mitedbl wini pkpeoen diitho®-one
hydrochl%rlde &@;e ared according to the nmethod of Exanple 45) (0.100 g,

0. 246 molyF "“"MeoH was added KOH (0.014 g, 0.246 nmol). The nixture

was stir qmﬂwfzpr 30Step N0t esA adohaivhi eft(S)- eﬁpﬁu@at W (6-boalopgidim 3 aioxyge- bat h

and filt t hrough a.syringe filter e filtrate oncentr at ed
and used%élgtoéﬂ%ulta;?al%*ﬁ?)pﬂ@%‘d qa‘?amé)éylta@s( eg’ %637‘ mmol) and \?ﬁbutﬁphowhme

(689 mg, 3.40 mmol) in toluene (15 mL) was degassed with nitrogen bubble for 10 minutes
and then cooled to 0°C. Di-tert-butyl diazene-1,2-dicarboxylate (784 mg, 3.4 mmol)
dissolved in toluene (5 mL) and was added over a 5 minute period. The reaction was allowed
to warm to ambient temperature over 12 hours. The reaction was concentrated in vacuo and

purified by silica gel chromatography eluting with 1:1 hexanes/EtOAc to yield (S)-tert-butyl-



was added 2-chl oro-5-ethyl-3-nethyl pyridine (0.0460 g, 0.296 nmol), tol uene
(5 m), Pd(OAc)2 (0.00830 g, 0.0370 mmol),

- (di cycwohexyl4pisssphi no) - N, N- di et hyl bi phenyl-2- am necCfaissalop@awn as
"DavePhos") (0.0291 g, 0.0739 mml ), and NaG:Bu (0.0710 g, 0.739 nmmol) and
the m xture was heated at 110 C overnight. The reaction was cooled to
anbi ent tenperature, diluted with water and extracted wth CH2Cl2. The
organi c | ayers were conbined, dried over Na2SO4 and purified on silica gel
el uting V, 0By - (2
-fl uoro- ‘ff'(t?)?( rréot(a’{ﬁp? %on%/lgx ﬁeﬁif%y%%dﬁéh%ﬂfplﬁerl(gﬁé g]x%gbr{){)}d#érl %F\%’l )%)%)080 g,
66. 5% vyi @Bdl)oféﬁvhaewﬂldte solid. Mass spectrum (apC|) mz = 489.3 (M+H)

Ex | Spy: diyf | h 1
FonyD) phamT Y ot ral oy - S0 i TR A Gopppmrigiy Sy,

i peridi n]oxe@'rm)hém 1¢ yl)mﬁbr{dﬁﬁ&&fn}tﬁtx@}ate (315 mg, 0.714 mmol) in degassed DMSO (5

A (S)-benzy t h r|m n- 2- i eridi

) ot it S hid o P g P Lot e n
DVF (5 mg)3 m@WQSﬁ&hhb@aﬂ@@é{l}}tﬂﬂ@t@%ﬁzemrﬂpléﬁ@@4&hfgj@doaﬂﬂlo‘i)t iThe e€hcfied 5

m nut es. | odonet hane was added and stirred at anbi ent

t enper at 0% T6y&d dp dnb. °CTFPé 1r2e5<&rﬁ ah%é %Hdéﬁtr?aﬁfl‘é‘d wahgopgd ite irediesy er
silica g%m;(e?aﬁuréqga/%@tlg&%d' H’étvt;@,ﬁ %%?)(5 tnfL)Q&BE[ @"[@Aé ?0‘ QEB‘ZYhe brg;u(lé ldyer

ethylpyrim din-2 -yl)-2- oxo-1 ip iperid c arb amate
(100 ng, vos 2gpansied and3dy Wé@td)laye[r %8%6]@@}3@@8? B x 5 mL) T e combined

|1
o (et iy Tl Y LelE S R s Ry e BELREIh Bache The resuling o)
10% Pd/ Cnfaidiahrgrhs Hieddndedlcargdl dhmnatwmhywﬂutmgmﬂnr kel W@nwEtOvAedo wiedter
hyd | | t d
Concent r &voar i B FREhin Y Er MRl R PGt RBAR L DB ) 1 - (s
- et hyl pyrcaﬂ’mb@tlmc@wyﬂg 98 ésrmlmelsami no)-1,4'-b ipi perl di n- 2- one (40 rrg

| -2- -
oty A T, BEhiE (P arvondion o8 (kb oo -Gkl pyriind 3
1,2,4-tri ﬁdxpr%x ToRdiayil- y‘ﬂ}ﬂ@e@ﬁﬂe)l%ﬂa’o&?ﬁte(@’f@ﬂéf(ﬁ59 ol m@dM) 10QmLP 25
rrm)l) and/ Na2CCO3 (0. 1) were dissolved in DVF 41 and

heat ed atVat3dded W@%Srﬁl\bﬁ& IWH@X?@a(étmbh hegs reaesindetsr ditied faimd hewe theisi due
\(’\g)s guE '( Zblg&gﬁﬂaﬁ%dqugr# g{a@?@r‘[@ylé{lg @j—@—(%—:l(glgt%}/ﬁhl@é%@)p%%n@—gfy@dxgi)—1—(p1per1d1n—4—

(et hyl s ubpomglldinsPrens hydroahi dride salfi2i 8)md 94%:5 ae ethgff pyhite iwdletl, mehhydds-ugedd’ - bi pi p
cr1.0 1 25008, Sy BREh, 1ol 20% i o1 d) as yel Tow sol . heos
(S)-1-(140@78L hyl pstep Nt di To 22 ydohypiope of d(S)—34(65(ﬂn)3t—h$B(l]Z@Ifyl)pﬁchn-é-yloxy) 1-

L T TSRS Sy BOFAR

oxoazepanml], t. 86 hith@ehii dve-b -say Qf@s}(ﬁhcﬁd@ m&osyahﬂpﬁmﬁﬁdlef(obhﬁg\n mg3x he
procedure for Exanple 45, substituti

(S) - 6- ami"Bel2- ?fﬁéﬁ%yplbsmlaqa%ﬁ%%%sﬁé&%%‘i vehiglepqintyths repagpn pias poured
é lralglnéygg:%&s ?ﬁb& QYd am) BR) ERALCIOUET | - T Q¥MGRTDQWAs)BhsEd sidiméaylam no) pent
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conbi ned o Hlmclz 29’2@5\%@ & rl:l\ggb vél}quggﬁﬁ pyflﬁllnf;Dg\{lllc(gfderOP%ln?e% °r at ed in
vacuo to (3 Mg 30%9)-a8 af afffwlhueBQMMamwwab@pr)mwdmmmo) 1-

(pi peridin-4-yl)azepan-2-one (0.4 g, 1 mol, 50% . [00510] Step C. To a
solution of (S)-3-(2-fluoro-4-(nethylsulfonyl)phenylam no)-1-

(pi peridin-4-yl)azepan-2-one (0.10 g, 0.26 mvl) and D EA (0.14 nL, 0.78
mmol) in DM (2 nmL) was added 2-chl oro-5-ethyl pyrimdine (0.11 g, 0.78
mml) . This mxture stirred at 100 C for 4 hours in a seal ed tube. The

m xture was poured into water (50 nlL) and extracted into ethyl acetate (3 X
50 nL). The conbined organic | ayers were washed with brine, dried over
My504, filtered and concentrated in vacuo. The material was purified by

col um chr omat ogr aphy using 50% to 100% hexanes/ethyl acetate. The HCl salt
was made using HCL in ether to give

(S)-1-(1-(5-ethyl pyrimdin-2-yl)piperidin-4-yl)-3-(2-fluoro-4-

(et hyl sul f onyl ) phenyl am no) azepan- 2- one hydrochl oride (0.055 g, 0.11 mol,
43% (APCI PCS 490 MHH).



109 [00511] The foll owi ng conpounds were al so prepared according to the

procedure of Exanple 79. Ex. # Structure Nanme Mass Spectrum 80 O Si 4. o

NCI HCl (Wp-20t1(14#6335- chl or opyrazi n- 2-yl) pi peri di n-4-y1l) PBT(IR2011/036443

fl uoro-4-(nethyl sul fonyl) phenyl am no) azepan-2-one hydrochl oride (apci) nlz

=496 (MtH). 81 O .. 0" I NO )c j NN (S)- 1 -(1-(5-chloropyrazin-

2-yl)p iperidin-4-y1)-3 -(2,5- difluoro-4- (nethylsulfonyl)

phenyl am no) azepan- 2-one hydrochloridey(apci) mz = 514 (MtH). 82 H
Example 70

(S)-1-(1-(5-ethylpyrimidin-2-yDpiperidin-4-y1)-3-(4-(5-methyl-1H-tetrazol-1-

yDphenoxy)pyrrolidin-2-one

[00476] Step A: To a solution of (R)-tert-butyl-4-(3-(methylsulfonyloxy)-2-
oxopyrrolidin-1-yl)piperidine-1-carboxylate (Preparation D; 1.03 g, 2.84 mmol) and 4-(5-
methyl-1H-tetrazol-1-yl)phenol (500 mg, 2.84 mmol) in DMSO (10 mL) was added K,COs
(1.18 g, 8.51 mmol). The reaction was heated to 70 °C for 12 hours and then diluted with
water (10 mL) and EtOAc (10 mL). The organic layer was separated and the aqueous layer
extracted with EtOAc (2 x 15 mL). The combined organic layers were dried with MgSO,
and concentrated in vacuo. The material was purified by silica gel chromatography eluting
with 1:1 hexanes/EtOAc to EtOAc to yield fert-butyl-4-(3-(4-(5-methyl-1H-tetrazol-1-
yl)phenoxy)-2-oxopyrrolidin-1-yl)piperidine-1-carboxylate (621 mg, 52%) as an off white
solid.

[00477] Step B: To a solution of fert-butyl-4-(3-(4-(5-methyl-1H-tetrazol-1-
yl)phenoxy)-2-oxopyrrolidin-1-yl)piperidine-1-carboxylate (621 mg, 1.4 mmol) in DCM (15
mL) was added excess 4N HCI in dioxane (5 mL). The reaction was stirred for 4 hours and
then concentrated in vacuo to yield (S)-3-(4-(5-methyl-1H-tetrazol-1-yl)phenoxy)-1-
(piperidin-4-yl)pyrrolidin-2-one hydrochloride salt (501 mg, 94%) as an off white solid,
which was used without any further purification.

[00478] Step C: To a solution of (S)-3-(4-(5-methyl-1H-tetrazol-1-yl)phenoxy)-1-
(piperidin-4-yl)pyrrolidin-2-one hydrochloride salt (128 mg, 0.198 mmol) and DIEA (0.173
mL, 0.99 mmol) in DMF (3 mL) was added 2-chloro-5-ethylpyrimidine (85 mg, 0.532
mmol). The reaction was heated to 100 °C for 4 hours and then poured into water (10 mL)
and EtOAc (10 mL). The organic layer was separated and the aqueous layer extracted with
EtOAc (2 x 5 mL). The combined organic layers were dried with MgSO, and concentrated in
vacuo. The resulting material was purified by silica gel chromatography eluting with a
gradient of 1:1 hexanes/EtOAc to EtOAc to yield (S)-1-(1-(5-ethylpyrimidin-2-yl)piperidin-
4-y1)-3-(4-(5-methyl-1H-tetrazol-1-yl)phenoxy)pyrrolidin-2-one (15 mg, 17%) as an off
white solid. Mass spectrum (apci) m/z = 449.2 (M +H).
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Example 71
(S)-1-(1-(5-chloropyrazin-2-yDpiperidin-4-y1)-3-(2-fluoro-4-(5-methyl-1.3.4-oxadiazol-2-

yDphenoxy)pyrrolidin-2-one
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[00479] Step A (R)-tert-butyl  4-(3-(methylsulfonyloxy)-2-oxopyrrolidin-1-

yl)piperidine-1-carboxylate (Preparation D; 1.0 g, 2.8 mmol) was dissolved in dry DMSO (15
mL) and methyl 3-fluoro-4-hydroxybenzoate (0.56 g, 3.3 mmol) and K,CO; (0.46 g, 3.3
mmol) were added and the reaction heated to 70 °C under nitrogen. The reaction became
purple and then black. The reaction was cooled to ambient temperature after 3 hours, stirred
at ambient temperature overnight, partitioned between water and EtOAc, extracted with
EtOAc, washed with brine, dried over Na,SQ,, filtered and concentrated. The residue was
purified over silica gel (60% EtOAc in hexanes) to afford (S)-tert-butyl 4-(3-(2-fluoro-4-
(methoxycarbonyl)phenoxy)-2-oxopyrrolidin-1-yl)piperidine-1-carboxylate (1.2 g, 2.7 mmol,
100% yield) as a white solid.

[00480] Step  B: (S)-tert-butyl  4-(3-(2-fluoro-4-(methoxycarbonyl)phenoxy)-2-
oxopyrrolidin-1-yl)piperidine-1-carboxylate (900 mg, 2.06 mmol) was dissolved in THF (20
mL) and potassium trimethylsilanolate (529 mg, 4.12 mmol) was added and the reaction
stirred at ambient temperature. After 2 hours, additional potassium trimethylsilanolate (529
mg, 4.12 mmol) was added and stirred for 3 hours, the reaction was poured into 1N HCI and
extracted with EtOAc, dried over Na,SQ,, filtered and concentrated to afford (S)-4-(1-(1-
(tert-butoxycarbonyl)piperidin-4-yl)-2-oxopyrrolidin-3-yloxy)-3-fluorobenzoic acid (834 mg,
1.97 mmol, 95.7% yield) as a white solid.

[00481] Step  C:  (S)-4-(1-(1-(tert-butoxycarbonyl)piperidin-4-yl)-2-oxopyrrolidin-3-
yloxy)-3-fluorobenzoic acid (834 mg, 1.97 mmol), acetohydrazide (219 mg, 2.96 mmol) and
N-ethyl-N-isopropylpropan-2-amine (1375 pL, 7.90 mmol) were dissolved in CH,Cl, (20
mL) and bis(2-oxooxazolidin-3-yl)phosphinic chloride (2010 mg, 7.90 mmol) was added and
stirred at ambient temperature for 3 hours. The reaction was poured into water, extracted with
EtOAc, washed with brine, dried over Na,SO,, filtered and concentrated to afford crude (S)-
tert-butyl 4-(3-(4-(2-acetylhydrazinecarbonyl)-2-fluorophenoxy)-2-oxopyrrolidin-1-
yD)piperidine-1-carboxylate (960 mg, 2.01 mmol, 102% yield) which was taken forward

without further purification.
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di fl uoro-4- (nethylsul fonyl) phenyl am no)azepan-2-one hydrochl oride (apci)
mz = 514 (MtH). 85 o, ,s (.1 ol 4. NCN) /NN NCI

(S2- 3- (4-woe-20R/=exssf | uoro- 4 (nethyl sul fonyl ) phenyl am  PCT/US2011/036443

no) - 2- oxoazepan- 1-yl) piperidin-1-yl)pyrazine-2- carbonitrile hydrochl oride
(apci) mz = 505 (MH). 110 Exanple 86

3-(2,5-difluoro-4-(nethyl sul fonyl)phenoxy)-1-(1-(5-isopropyl pyri m di n-2-yl)
pi peridin 4- yl)pyrrolidin-2-one --10N-4-04/ N [00512]Step A: To a
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0.1% TFA) tqQ vyield 3- (2,5 -dif]uoro-4- | sul.fon phenoxy 1-(5
-i's opr om%wi ﬁwﬁplefmgxx)rl) (pinsEinh- H)szrmb@lﬁ%y‘?/ ot e tﬁ@r%@ta{% ?4 Plctibacet at e
(0.0664 Gyhidh wad4a¥BdrwarkOv ity futth&purilBsion Spect rum (apci) mz = 495.3

(MHH) . [00514]] The follow ng conmpounds were al so prepared according to the
net hod ofl00484 Step E: (S)-3-(2-fluoro-4-(5-methyl-1,3,4-oxadiazol-2-yl)phenoxy)-1-

(piperidin-4-yl)pyrrolidin-2-one 2,2,2-trifluoroacetate (150 mg, 0.316 mmol) was dissolved
in DMSO (3 mL) and 2,5-dichloropyrazine (70.7 mg, 0.474 mmol) and N-ethyl-N-
isopropylpropan-2-amine (138 pL, 0.790 mmol) were added and the reaction heated to 100
°C overnight. The reaction was cooled and diluted with water, extracted with EtOAc, washed
with brine, dried over Na,SOy, filtered and concentrated. The residue was purified twice over
silica gel (100% EtOAc) to afford (S)-1-(1-(5-chloropyrazin-2-yl)piperidin-4-yl)-3-(2-fluoro-
4-(5-methyl-1,3,4-oxadiazol-2-yl)phenoxy)pyrrolidin-2-one (15.2 mg, 0.0321 mmol, 10.2%
yield) as a red solid. Mass spectrum (apci) m/z = 473.1 (M+H).
Example 72
(S)-1-(1-(5-chloropyrimidin-2-yl)piperidin-4-y1)-3-(2-fluoro-4-(5-methyl-1.3.4-oxadiazol-2-

yDphenoxy)pyrrolidin-2-one
O
OO
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[00485] Prepared according to the procedure of Example 71. Mass spectrum (apci)
m/z=473.1 (M+H).

Example 73
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(S)-1'-(5-ethylpyrimidin-2-y1)-3-((6-fluoro-1.1-dioxido-2,3-dihydrobenzo[b]thiophen-5-

yamino)-[1,4'-bipiperidin]-2-one

N/
s )
N
O,\\O F

[00486] Step A: A flask was charged with (S)-tert-butyl 3-(benzyloxycarbonylamino)-
2-0x0-1,4"-bipiperidine-1'-carboxylate (Example 39, Steps A-B; 10.0 g, 23.2 mmol), DCM
(60 mL), methanol (6 mL), HCI (57.9 mL, 232 mmol) and the reaction was stirred overnight.

The organic solvents were removed under reduced pressure to provide (S)-benzyl 2-oxo-
[1,4"-bipiperidin]-3-ylcarbamate hydrochloride (8.52 g, 100% yield). Mass spectrum (apci)
m/z = 332.2 (M+H).

[00487] Step B: (S)-Benzyl 2-oxo-[1,4"-bipiperidin]-3-ylcarbamate hydrochloride
(8.52 g, 23.2 mmol), Hunig's base (12.0 g, 92.6 mmol), and 2-chloro-5-ethylpyrimidine (6.60
g, 46.3 mmol) were combined and charged with DMF (120 mL). The solution was stirred at
100 °C for 2 hours. The solution was cooled and diluted with water, extracted with EtOAc,
dried, and concentrated. Flash chromatography gave 3.66 g of crude material which was
impure. This crude material was purified on a Horizon reverse phase HPLC system to give
(S)-benzyl-1'-(5-ethylpyrimidin-2-yl)-2-oxo0-[1,4"-bipiperidin]-3-ylcarbamate (2.17 g, 4.96
mmol, 21.4% yield) as a white solid. Mass spectrum (apci) m/z = 438.2 (M+H).

[00488] Step  C:  (S)-benzyl-1'-(5-ethylpyrimidin-2-yl)-2-oxo-[1,4"-bipiperidin]-3-
ylcarbamate (2.176 g, 4.973 mmol) was dissolved in MeOH and 10% Pd/C (1 g) was added
and stirred in a parr shaker at 30 psi overnight. The reaction was filtered through GF/F paper
and separated on the reverse phase Horizon system to give (S)-3-amino-1'-(5-ethylpyrimidin-
2-y1)-[1,4'-bipiperidin]-2-one (0.280 g, 0.9229 mmol, 18.56% yield) as a clear oil. Mass
spectrum (apci) m/z = 304.2 (M+H).

[00489] Step D: To a suspension of 1-bromo-2,4-difluorobenzene (11.7 mL, 104
mmol) in 96 mL concentrated H,SO4 at 0 °C was added concentrated HNO; (85 mL)
dropwise maintaining the temperature below 20 °C. The resulting mixture was stirred for 10
minutes at 0 °C, then poured into a mixture of ether and ice water with vigorous stirring. The
aqueous phase was separated and extracted with ether. The combined organic phases were
washed with aqueous NaHCO3 and brine, dried and concentrated. The residue was purified
using silica gel column chromatography with 15% acetone in hexanes to provide 1-bromo-

2,4-difluoro-5-nitrobenzene (23 g, 96.6 mmol, 93.3% yield) as yellow oil.
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[00491] Step F: A flask was charged with triphenylsilanethiol (12 g, 41 mmol), and
1,5-difluoro-2-nitro-4-vinylbenzene (5 g, 27 mmol) in benzene (80 mL), and then (E)-2,2'-
(diazene-1,2-diyl)bis(2-methylpropanenitrile) (1.3 g, 8.1 mmol) was added. The mixture was
refluxed for 1 hour, then cooled to ambient temperature and concentrated. The residue was
purified using silica gel column chromatography with 10% acetone in hexanes to provide
(2,4-difluoro-5-nitrophenethylthio)triphenylsilane (13 g, 27 mmol, 100% yield).

[00492] Step G: A solution of (2,4-difluoro-5-nitrophenethylthio)triphenylsilane (12 g,
25 mmol) in ethanol (400 mL), and THF (800 mL) was cooled in an ice bath, and then treated
with potassium hydroxide (4.7 mL, 38 mmol). The resulting mixture was stirred for 15
minutes, then quenched with 6N HCI (5 mL), and concentrated. The residue was partitioned
between 1M HCI and diethyl ether. The organic layer was dried and concentrated to provide
6-fluoro-5-nitro-2,3-dihydrobenzo[b]thiophene (2.1 g, 11 mmol, 42% yield) as yellow solid.
[00493] Step H: To a solution of 6-fluoro-5-nitro-2,3-dihydrobenzo[b]thiophene (2.1 g,
10.5 mmol) in ethanol (80 mL), THF (40 mL), and aqueous NH4Cl (20 mL) was added Fe (0)
(3.53 g, 63.3 mmol). The mixture was refluxed for 2 hours, then filtered through celite and
washed with ethyl acetate. The residue was purified using silica gel column chromatography
with 50% cthyl acetate in hexanes to provide 6-fluoro-2,3-dihydrobenzo[b]thiophen-5-amine
(1.68g, 94.2% yield).

[00494] Step I A flask was charged with 6-fluoro-2,3-dihydrobenzo[b]thiophen-5-
amine (1.17 g, 6.91 mmol), copper(Il) bromide (1.85 g, 8.30 mmol), and acetonitrile (100
mL). To the above mixture was added tert-butyl nitrite (1.37 mL, 10.4 mmol) under nitrogen
and then heated to 65 °C for 30 minutes. The organic solvent was removed under reduced
pressure. DCM was added to the residue and was washed with brine. The organic layers

were dried over sodium sulphate, concentrated, and the residue was purified using silica gel
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(Exanpl e 90; 80 ng, 0.15 nmmol) was dissolved in dioxane (2 nL) and

phenyl boronic acid (28 ng, 0.23 mml), 2M Na2C33 (301 [IL, 0.60 nmol) and
Pd(PPh3)4 (17 ng, 0.015 nmol) were added and the reaction heated to 95 C
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e§| di n- 4-s0lu{jpn way f(lféﬂefidﬁ ezolah@lyvy%@@ft@e@ sﬂ]lihr%fgyégaéﬁata@%ﬁ&f“% Thegrgdhée r%t %gdp

of Exanp |la§/el%2wer@/%§§1b§19@ C&rfe’d ”&Ifda&ﬁbéntﬂﬂea T lé%mgue( \M’S"ﬁunf@i éhmﬂlg &ilR4 &) -3

-(2,5 -difluoro-4-(nmethylsul fonyl )phenoxy)-1 -(1 -(5 -(pyridin-2
-yl ) pyri Pk ctrmmngmhpé@ﬁhdﬁ% ‘Vyﬁtjlplwcﬁ@ue.lmhwmeséﬂl@wed by 230 NaOH wash

br onmopyri ) i dj

fl uoro- 4t%;vﬁ§|%sbr %lony ‘%?%ggod;h 41{)%/6%%%%? ﬂldgphgne Ly d r$8I45 g9(1.) 70%?811 0. 151
mol ) di 986Pvgdld) o Wikke splld.nlL) . The reaction was stl r red at anbi ent

t enper at r 1 hour and 55 or 6 hours Add| t on zin eagent and
pal | adi ui@@ggﬁ addgt%p—ang thg rgﬂﬁélfl o5t |‘i’h|a§3dat %OR;%IP%“%JEJI 09%2

react i on dngdrapadojH]ihivpaehebet walgsxidrqu@wTse qu2@ndnrﬁﬂrll,°,C1($) 3dmiied1'qyer
Na2SO4, filtered and caon ntrate The reS| due urified gver silica gel
(95% Et oﬁﬂlyswflﬁ‘é‘ié%\ﬁe‘/é); @fpfeaﬁla?egy% (Steps A i $P3 ok 040 (HEeHy P Pl

fonyl ) pheaoxs) ¢, b.00c2 mrﬁé—l) -KiRdp- ﬂaé' 5@0(210-@"0)0@)(6 lnmlolfjlsBd@mytl&lEbmde (0.033 g,
|per|d|n§%l)pyrrolld|n -one 48 nmol , 56.3%yield) as a pale
}

yel l ow s dnmﬂ}&%d%@é&eﬂmhw(naﬁ%@) rﬁhﬁ reacaipwos f(tmfm?t X g3l 4ghogss. The

fS)-1-(1- o(r%né sopf'ef?ty\{lésrpeﬂb%d%mdéﬁj r):ﬁllcgc?gfeggupe 1Y FsidRe wad puéﬁéél' Jsin OLifa -
f met hyl sul T onyf | phenoxy) pyrrol 1 di n-2- 00520 St ep A ture of

(S)-1-( 1g(35colbrrmndp9matngrdphv withy $0-pPQ3e eihgli aw:emteyﬂo)llomq by Eneparatlve TLC using

di fl |.),Qhe idin-2-one.. 0 ,

0. 320 rma ) S, B FSLALBD RSP TinRf SATRYB At e
(89.4 ny d1cﬁ1c8>523ﬂﬂ@hmbemommphmfagleamhe)-[(l%b@ipﬁﬂdinpz-%é) (DS )g, amas1

PdC12( dppf 12 (26. ..0320 1) in. ti d at 80 C
nder 1 EPBYe6VBKN ryif MR e AN B e, “FDETDG ¢ hr ough cel i e

and concentrated. The residue was pidmplegd over silica gel to afford

(S)-3-(2,5-dif|uoro4- net hyl sul f on I)phenox )-1 -(1 -(5 -(4,4,5,5
-t et r amet hy-Rl4-{ GH-IIAZQU ALY J o rig-(D-S 2 ylipipeaidpd-vl)pyrrolidin-2-one

-yl) pi peridin- 4- yI)pyrrolldln 2 -oned173 mg, 0. 299 mmol, 93.5%yi el d).

00521] St epB: (S)-3 - (2, 5- 1) ph 1-(1 -(5
[(4,4,]5,56? (S)-3 -( Wﬁ@ /Omél)p enoxy) - 1- (1 - (

[00497] Step A: A flask was charged with 1H-indazol-5-01 (0.89g, 0.66 mmol), (R)-
tert-butyl 4-(3-(methylsulfonyloxy)-2-oxopyrrolidin-1-yl)piperidine-1-carboxylate

(Preparation D; 0.2 g, 0.55 mmol), K,COs (0.092 g, 0.66 mmol), and DMSO (4 mL). The
reaction was stirred at 130 °C overnight. Added water and extracted with ethyl acetate. The
organic layers were combined, dried, filtered and concentrated. The residue was purified
using silica gel column chromatography with 50-100% ethyl acetate in hexanes to provide
(S)-tert-butyl 4-(3-(1H-indazol-5-yloxy)-2-oxopyrrolidin-1-yl)piperidine-1-carboxylate
(0.198 g, 90% yield).



tetranmethyl-1,3 ,2-dioxab orol an-2-yl)pyrimdin-2-yl)p

i peridin-4-yl)pyrrolidin-2 -one (173 ng, 0.299 mmol), 2-chl oropyrimdine
(41.1 ng,w0.280%4m3881 ) and 2M Na2CO3 (748 [IL, 1.50 nmol pCrarseoidiossas ved in
di oxane (3 nL) and purged with nitrogen. Pd(PPh3)4 (34.6 ng, 0.0299 mmol)
was added and the reaction was heated to 80 C for 3 hours. The reaction was
cool ed to anbient tenperature, partitioned bet ween water and CH2C12,
extracted twi ce, dried over Na2504, fidstered and concentrated. The residue
was puri ver e | obdy 1 4000 1kRiexanes) to
afford (& 9@@8]0 zagé—b% @‘fs!(r‘ﬁ(agc g&gw,}{\%gj e 330 HERLEASX
(2,5-dif Iom@mmmhdlqlrﬂerlhyﬂ)fmdirfednqalrt)q@hewowpyg r(b149d1mmolar if Aoxagg (1037143
ks 7 ity A3 10k, S8l hnalliP Rk BB heillfar T 2

(S)-1- (1-t<(rﬁpe@tulir¢lfp1y2 ihoudi 'IﬂheZelghl)lpls@leéntdWEPe4r-em]))'ecBuI(d21= fdduexdoprissuaret Tiyd - 4-

f met hyl sul f rroli

2" ot o T BTG PARBRII RS el Cqbintn oo Ba ok B 4rH5 i ( 200
). Tet matuiby tRHD0 i st dnidtddr @Btheie] (uiL@cM #Q tHFD30% WasncathgRdmanshol e
reaction stirred at anbient tenperature for 30 m.nutes. The reaction was
concent r Wl a5t H U mr@ﬂd%vé?an%lﬂ indazgkf-vl %@%ﬂ?lﬁ?&@“} HryReXEdEEY 208 af f or d
4- brono- 20 b @p@ gg'hylphenol (7 8 g, 38 mml, 96@6y|eld) as an anber

oil. [00 dr ox hydr of ur an- 2(3H)-one (2.0 g, 20 nmol)
was sus pé@ﬂéﬂ] in Tﬁiﬁmﬁné flas dvamiv/ara@%wﬂh (phetiyl-phebhiviey [-6- (J;legfldllﬁi nol )

T 0 c. TSR SC IRITRR N ARTRRGI o5 Reflorofa DI 008F A6 Fmdlos >

Di -t ert - BUER (d0i 742806626 BdD.&60 booy), atdDYI5.(@ n@,) e mmbp wamstirdidss 00ed in

tol uene (40 niL added to the reactlon The reaction was
ol oved 0 uPBlatG MRS et e e SOV eaBal ONES TR HROEH "nas
renoved @nﬂﬁédﬁesnog' bMpir%\ieleﬁC wash 1096 infekl@doloiviesthys iabdtxa t@ lov(d@QSy-0-(#@% Et 0AC
in hexane

(S)-3- (4 o O’FX%do(rld?@hlr?é‘iHBfWBln%ﬁ%B&%rdiﬂlh AR 2o - G4 2. § g, 10
mol,  51%oti£hfhol, 1 SOS2ALIPINGR s %ec%n?ap@f)'n{/ﬁ ed|solmt-gn of tert-butyl

4- anlnoplperldlne 1-carboxylate (2.4 2 mol) in CH2C12 (30 nL) was
added trinmethyl al umi num (6.0 niL, 1ﬁxﬁﬁﬂﬁy5dropmnse The resulting m xture
was stirreddgfar %ﬁlﬂL-
nmet hyl phenoXy ydro
added slowy and stirred at anblémﬂmnémbéﬂmﬁure for 1 hour. The reaction
was slowy quenched with 5%tartaric acid, neytrglized with aqueous NaHCC3
and filtered through celite. The filtrate waf dxtracted with CH2Cl2, dried
over Na2504, filtered and concestr Mesi due was purified over
silica gel (100% Et0OAc) to aff E butyl 4-(2-(4-brono-2-fluoro-5-
met hyl phenoxy) - 4- hydr oxybut ip rldlne | - carboxylate (3.2 g, 6.5
mmol , 65% yield). [00525] St r| tyl phosphine (2.0 m., 7.8 mmol) was
added slowy to a degassed sorutlon of di-tert-butyl

di azene- 10050dj car bgugylat & flatk 8vag, chdrg8d nitdl ),3idichtbry- SIHEIubﬁﬁletﬂy))p@ﬁdmmbi ent

t enper at The r It|n mxtur s stirred for hen added
11r5rp dr OpKﬁ) 2%1 % iy g% ’I 6%) tSIft%(l%T %@rpltnoguqurl 4 b1p1per1IA1ne 1 car{)oxylate

4- (2- (4- boamg 2r, MWH@TﬁNW}XbQD%"QXy)%‘lﬂlmog and DMSO (5 mL). The reaction

hydr oxybut anani do) pi peri di ne car boxyl at e , 5 mol) in THF (30

nL). The W&@E Vah Stmé H1 138wedovesniglt Waggr Wdé?ﬁ a@e%éﬁ%ﬁ“@? ENigNIE Wpght .
Anot her 1, gac?éﬂl%lmtﬁ}ﬂtaéetm: 'fﬁ%acggﬁtlcsla&éﬁ {VpﬂéthhlBﬁgé Q@feﬂleﬁlte}eﬁr Egnleéﬁt%{ed

di azene-1, 2-di car boxyl at e, prepared in sanme fashion) was added to
t he reactThemesmuﬂtWﬁs @urifetiusinyesilicazst t@wmnakrogriograghl otk BAYogpitiyl addtae freact i on

was conc n%@?st Ipflon gdeptﬁ) t%{l ?\@yloy % cl?l 110I 5C—arigl?droélgiﬁylSp(g/rigl(l)ﬁ/Q—yllzltalQlﬁﬁ%)—b—%xg—e xanes)

to affor

- ( 4- br omd;2bipipecdiae 3~ caeidxylaph@td gy 76.23%0x0¢g Y. Mdsk dpevtrhigl (Japdiparz e 31-2 1

- car boxyl E?% 3 g, 4.9 mol, 75%yvyield) as a white solid.

[ 00526] s(@‘g “tert-butyl 4- ( 3- (4- br omo- 2- f | uor o- 5- met hyl phenoxy) - 2-
oxopyrr ol[ou‘bomrl yI 3 ph 9 Fi dimeﬂ&smaw&oxwaagbe Qﬁth3 (g) tefk-BhityTMaL(3-chRSo-8i ssol ved
in CH2Cl12: %. AN HC1l in di.oxane él was added and the
reaction <f§kﬂupﬁoeaﬂ%d>mér%w éntaniggrerxer Lt é’lldla"éldﬂﬂeg%carbq’ﬁ’ ¢ 4P o wds!
concentrated to afford crude (S)-3-(4-

br ono- 2-f | uor o- 5- et hyl phenoxy) - 1- (pi peri di n-4-yl ) pyrrolidin-2-one
hydrochloride (2.0 g, 4.9 mol, 101%yvyield) which was used w thout further
purification. [00527]Step F:(S)-3

- (4- brono- 2-f | uor o- 5- et hyl phenoxy) - 1- (pi peri di n-4- yl)pyrrolidin-2-one
hydrochl ori de (600 ng, 1 47 rrrml) was d| ssol ved |n DIVBO (10 m.) and

~ A A ~ o~



Exanpl e 97

(S)-3-(4-brono-2-fluoro-5-nethyl phenoxy)-1-(1-(5-ethyl pyrimdin-2-yl)pi peri
di n-4- Wppyrrvabizdi n- 2- one N".D'....-\ N4AN/ F [ 006Z9]SRPuie(as4esl
according to the nethod of Exanple 96, steps A-C. Mass spectrum (apci) nlz
= 477.1, 479.1 (M+H). Exanple 98 (S)-4-(1-(1 -(5 -ethylpyrimdin-2-vl)pip
eri din-4-yl)-2 -oxopyrrolidin-3 -vloxv)-5 -fluoro-2 - nethylb enzonitrile
[00530](S)-3 -(4-bronmo-2 -fluoro-5 -nm@hyl phenoxy) - 1- (1- (5-et hyl pyri m
din-2- ylpbipesedi o4ny), h&yﬂaha:\g%ﬂ; %h?’@fblg@?arﬁﬂ,' £l %ﬁmlﬁfﬁ%@aéﬁ: T#O0 NT,
0.419 mml) was dissolved in NVP (1 nL) and cyanocopper (150 ng, 1.68 mol)
was addedeaghich hedtedvasostit@d aCambiennicgiperatufthevaraalet iTb ovgasic palveits ivened

conoont r aredl SRS, KOG ERREREL T AR T il B et B B cane) 10

af ford ylamino)-[1,4"-bipiperidin]-2-one hydrochloride (0.40 g, 91% yield). Mass spectrum (apci)

(S)-4-(1-(1-(5zethyl pyrimdin-2-yl)piperidin-4-yl)-2-oxopyrrolidin3-yloxy)-
5-fl uoro- ?ﬁéﬁﬂgﬂggkﬁonitrile (99.6 ng, 0.235 nmol, 56.1%yield) as a pale

yel | ow sqbosd2] MassStspectAr S48k (e Chrg8d itk ($h2F (3L dtdih-5-(QRackheting)pladihow ng
conpounds were made according to the nethod of Exanple 3. Ex. # .
St r uct ur - NaREophitpigperjdig2-one hydrochloride (0.075 g, 0.18 mmol), 2,5-dichloropyrazine
(0.030 g, 0.20 mmol), Hunig's base (0.095 mL, 0.54 mmol), and DMF (3 mL). The reaction
was stirred at 100 °C overnight. The organic solvents were removed under reduced pressure.
The residue was purified using silica gel column chromatography with 50-100% ethyl acetate
in  hexanes to provide (S)-3-(3-chloro-5-(trifluoromethyl)pyridin-2-ylamino)-1'-(5-
chloropyrazin-2-yl)-[ 1,4'-bipiperidin]-2-one (0.037 g, 0.076 mmol, 42% yield) as yellow
solid. Mass spectrum (apci) m/z = 489.2 (M+H).
Example 76

(S)-3-(3-chloro-5-(trifluoromethyDpyridin-2-ylamino)-1'-(5-ethylpyrimidin-2-yD-[1.4'-

bipiperidin]-2-one

NZ |
¢, 9 OJ\\N
N N
F ¥
[00503] Prepared according to the procedure of Example 75. Mass spectrum (apci)
m/z = 489.2 (M+H).

Example 77
1'-(5-ethyl-3-methylpyridin-2-y1)-3-(2-fluoro-4-(methylsulfonyphenylamino)-[ 1,4'-

bipiperidin]-2-one

Me
F AN

I\ N

0O

[00504] To a solution of (S)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)-1,4'-
bipiperidin-2-one hydrochloride (prepared according to the method of Example 45) (0.100 g,
0.246 mmol) in 5 mL MeOH was added KOH (0.014 g, 0.246 mmol). The mixture was
stirred for 30 minutes at ambient temperature, cooled in an ice bath and filtered through a

syringe filter, and the filtrate was concentrated and used directly. To the obtained residue



H' o N NCN)-CF3 (S)-3-(2-fluoro-4-(nethyl- sulfonyl)phenyl am no)-1-(1-
(5-(trifluoronethyl)pyridin- 2-yl)piperidin-4- yl)pyrrolidin-2-one Mass
spectrumwepeil14b43Z = 501.1 (M+rH). 100 F o .9 1111 | H RCT/US2011/0B64@3 N- \
[1CF 3 (S)-3-(2,5-difluoro-4- (nethylsulfonyl)phenylamn Cl)- 1
-(1-(5-(trifluoronmethyl) pyridin-2-yl)piperidin-4- yl)pyrrolidin-2-one Mss
spectrum (apci) mz = 519.2 (MH). 117 Ex. # Structure Nane Data 101 FHO
N=) _ oNC/N-CF3 'AIO 107

was added 2-chloro-5-ethyl-3-methylpyridine (0.0460 g, 0.296 mmol), toluene (5 mL),
Pd(OAc); (0.00830 g, 0.0370 mmol), 2'-(dicyclohexylphosphino)-N,N-dimethylbiphenyl-2-
amine (also known as "DavePhos") (0.0291 g, 0.0739 mmol), and NaOtBu (0.0710 g, 0.739
mmol) and the mixture was heated at 110 °C overnight. The reaction was cooled to ambient
temperature, diluted with water and extracted with CH,Cl,. The organic layers were
combined, dried over Na,SO, and purified on silica gel eluting with 100% EtOAc to give 1'-
(5-ethyl-3-methylpyridin-2-y1)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)-1,4'-bipiperidin-
2-one (0.080 g, 66.5% yield) as a white solid. Mass spectrum (apci) m/z = 489.3 (M+H).
Example 78
(S)-3-((2,5-difluoro-4-(methylsulfonyl)phenyl)(methyl)amino)-1'-(5-ethylpyrimidin-2-yl)-

[1.4'-bipiperidin]-2-one

g
e
O

[00505] Step A: (S)-benzyl 1'-(5-ethylpyrimidin-2-yl)-2-ox0-1,4"-bipiperidin-3-
ylcarbamate (Example 58, Steps A-B; 0.250 g, 0.571 mmol) was dissolved in DMF (5 mL).
60% NaH (0.0274 g, 0.686 mmol) was added and stirred for 5 minutes. Todomethane (0.071

mL, 1.1 mmol) was added and stirred at ambient temperature overnight. The reaction was
concentrated and purified over silica gel (25-100% EtOAc in hexanes) to afford (S)-benzyl
1'-(5-ethylpyrimidin-2-yl)-2-oxo-1,4"-bipiperidin-3-yl(methyl)carbamate (100 mg, 0.22
mmol, 39% yield).

[00506] Step  B: (S)-benzyl 1'-(5-ethylpyrimidin-2-yl)-2-ox0-1,4"-bipiperidin-3-
yl(methyl)carbamate (0.100 g, 0.22 mmol) was dissolved in methanol (5 mL). 10% Pd/C (10
mg) was added and the reaction mixture was stirred under hydrogen balloon pressure
overnight. The reaction was filtered and concentrated and purified over silica gel (100%
EtOAc) to afford (S)-1'-(5-ethylpyrimidin-2-yl)-3-(methylamino)-1,4"-bipiperidin-2-one (40
mg, 0.13 mmol, 57% yield).

[00507] Step C: (S)-1'-(5-ethylpyrimidin-2-y1)-3-(methylamino)-1,4'-bipiperidin-2-one
(0.040 g, 0.13 mmol), 1,2,4-trifluoro-5-(methylsulfonyl)benzene (Preparation C; 0.053 g,
0.25 mmol) and Na,CO; (0.040 g, 0.38 mmol) were dissolved in DMF (1 mL) and heated at
130 °C overnight. The reaction was concentrated and the residue was purified using

preparative TLC (100% EtOAc) to afford (S)-3-((2,5-difluoro-4-



A 1 (S)-3-(2,6-difluoro-4- (nethylsulfonyl)phenylamn o)-1-(1-(5-
(trifluoronethyl)pyridin-2- yl)piperidin-4-yl)pyrrolidin- 2-one Mass

spect rumwQapciie3ssz = 519.2 (M+H). 102 FHO =) 110', , ®8TAiIS2011/036443
(S)-1-(1-(3-chloro-5- (trifluoronethyl)pyridin-2- yl)piperidin-4-y1)-3-(2-
fluoro-4- (nethylsul fonyl)phenylam n o)pyrrolidin-2-one Mass spectrum
(apci) mz = 535.1, 537.3 (MtH). [00532] The foll ow ng conpounds were
prepared according to the nmethod of Banple 4. Ex. # Structure Nanme Mass

spectru m(ﬂjgt%yﬁ{ﬁfo*nygf)hehylﬁmethyl)amino)— 1'-(5-ethylpyrimidin-2-yl)-1,4"-bipiperidin-2-one
(0.018 g, 0.035 mmol, 28% yield) as yellow solid. Mass spectrum (apci) m/z = 508.3 (M+H).
Example 79
(S)-1-(1-(5-ethylpyrimidin-2-yl)piperidin-4-y1)-3-(2-fluoro-4-

methylsulfonyl)phenylamino)azepan-2-one hydrochloride

T f

’/

@)

[00508] Step A:  (S)-tert-butyl 4-(3-(2-fluoro-4-(methylsulfonyl)phenylamino)-2-
oxoazepan-1-yl)piperidine-1-carboxylate was synthesized following the procedure for
Example 45, substituting (S)-6-amino-2-(benzyloxycarbonylamino)hexanoic acid for (S)-2-
(benzyloxycarbonylamino)-5-(1-(tert-butoxycarbonyl)piperidin-4-ylamino)pentanoic acid in
Step A.

[00509] Step  B: A solution of  (S)-tert-butyl  4-(3-(2-fluoro-4-
(methylsulfonyl)phenylamino)-2-oxoazepan-1-yl)piperidine-1-carboxylate (1.0 g, 2.0 mmol)
in 50% TFA/DCM was stirred a ambient temperature for 1 hour. The mixture was
concentrated in vacuo. 1N NaOH (100 mL) was added to the residue and the product was
extracted into DCM (2 x 50 mL). The combined organic layers were dried over MgSQOys,
filtered and concentrated in vacuo to give (S)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)-1-
(piperidin-4-yl)azepan-2-one (0.4 g, 1 mmol, 50%).

[00510] Step C: To a solution of (S)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)-1-
(piperidin-4-yl)azepan-2-one (0.10 g, 0.26 mmol) and DIEA (0.14 mL, 0.78 mmol) in DMF
(2 mL) was added 2-chloro-5-ethylpyrimidine (0.11 g, 0.78 mmol) . This mixture stirred at
100 °C for 4 hours in a sealed tube. The mixture was poured into water (50 mL) and
extracted into ethyl acetate (3 x 50 mL). The combined organic layers were washed with
brine, dried over MgSQ,, filtered and concentrated in vacuo. The material was purified by
column chromatography using 50% to 100% hexanes/ethyl acetate. The HCI salt was made
using HCI in ether to give (S)-1-(1-(5-ethylpyrimidin-2-yl)piperidin-4-yl)-3-(2-fluoro-4-
(methylsulfonyl)phenylamino)azepan-2-one hydrochloride (0.055 g, 0.11 mmol, 43%) (APCI
POS 490 M+H).



N FF (S)-3-(2-fluoro-4-(methyl- sulfonyl)phenyl am no)- 1-

(1-(5-(trifluoronethyl) pyridin-2-yl)piperidin-4- yl)pyrrolidin-2-one

(apci) mwo=2001144336 M-H) 104 01 H N L1JJIN FF (S) - 3- (2, 5- ¢#Cfriuser10/036443

(et hyl sul fonyl ) phenyl amino)-1-(1-(5-(trifluoro-
pi peridin-4-yl)pyrrolidin2-one (apci) mz =519.2 (MtH) 105 o, *

F (S)-3-(2,6-difluoro-4- (nethylsulfonyl)phenylamino)-21-(1-(5-

, s Ol

met hyl ) pyri di n-2-y1)

HNF

(trifluoromethyl)pyridin2-yl)piperidim4- yl)pyrrolidin-2-one (apci) mz =
519.2 ( MJ[M)SI%]OG ( :”}he foﬁoxgilnglcompounds were also prepared according to the procedure of

Example 79.

Ex. #

Structure

Name

Mass
Spectrum

80 \
O,
(e}

(S)-1-(1-(5-chloropyrazin-
2-yl)piperidin-4-y1)-3-(2-
fluoro-4-(methylsulfonyl)
phenylamino)azepan-2-one
hydrochloride

(apci) m/z =
496 (M+H).

81

(S)-1-(1-(5-chloropyrazin-
2-yl)piperidin-4-y1)-3-(2,5-
difluoro-4-
(methylsulfonyl)
phenylamino)azepan-2-one
hydrochloride

(apci) m/z =
514(M+H).

82

(8)-3-(2,5-difluoro-4-
(methylsulfonyl)phenylami
no)-1-(1-(5-
ethylpyrimidin-2-
yl)piperidin-4-yl)azepan-2-
one hydrochloride

(apci) m/z =
508 (M+H).

33

(8)-3-(2,5-difluoro-4-
(methylsulfonyl)phenylami
no)-1-(1-(pyrazin-2-
yl)piperidin-4-yl)azepan-2-
one hydrochloride

(apci) m/z =
480 (M+H).

84

(S)-1-(1-(6-chloropyrazin-
2-yl)piperidin-4-y1)-3-(2,5-
difluoro-4-
(methylsulfonyl)
phenylamino)azepan-2-one
hydrochloride

(apci) m/z =
514 (M+H).

85

(S)-3-(4-(3-(2,5-difluoro-
4-
(methylsulfonyl)phenylami
no)-2-oxoazepan-1-yl)
piperidin-1-yl)pyrazine-2-
carbonitrile hydrochloride

(apci) m/z =
505 (M+H).




H,,, (S)-3-(2-fluoro-4- (nethylsulfonyl)phenylamino)-1-(1-(pyrazin-2-
yl ) pi peridin-4- yl)pyrrolidin-2-one (apci) MZ = 434.2 (M+H) 107 10 :0s H
N. NN cWOR0(18u63Bs(1-(3-chloro-5- (trifluoromethyl) pyriPdiris2011/036443
2-yl ) pi peridin-4-yl1)-3-(2- fluoro-4-(nethylsulfonyl)
phenyl am no) pyrrolidin2-one (apci) mz = 535.1 (MtH) 118 Ex. # Structure
Name Mass spectrum 108 o, IP ,s Ol
110
Example 86

3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-1-(1-(5-isopropylpyrimidin-2-yDpiperidin-4-

y)pyrrolidin-2-one
F 0 N
o =
Q O
OQ“S N
/
F

[00512] Step A: To a solution of 3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-1-

(piperidin-4-yl)pyrrolidin-2-one (Table 2, compound 1; 0.35 g, 0.93 mmol) in
dimethylformamide (5 mL) was added 5-bromo-2-chloropyrimidine (0.54 g, 2.8 mmol) and
N-ethyl-N-isopropylpropan-2-amine (0.36 g, 2.8 mmol) and the reaction heated to 100 °C for
3 hours. The reaction was poured into water and extracted into EtOAc. The combined
organic layers were washed with water, brine, dried over MgSQy,, filtered and concentrated in
vacuo. The solid that formed was triturated with ether to give 1-(1-(5-bromopyrimidin-2-
yDpiperidin-4-y1)-3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)pyrrolidin-2-one ~ (0.35 g,
70%).

[00513] Step B: To a solution of 1-(1-(5-bromopyrimidin-2-yl)piperidin-4-yl)-3-(2,5-
difluoro-4-(methylsulfonyl)phenoxy)pyrrolidin-2-one (0.35 g, 0.659 mmol) in dioxane (10
mL) purged with nitrogen was added 1M diisopropylzinc (2.63 mL, 2.63 mmol) and
PACly(dppf)*CH,Cl, (0.0538 g, 0.0659 mmol) and the reaction heated to 100 °C for 3 hours.
The reaction was poured into water and extracted into EtOAc. The combined organic layers
were washed with water, brine, dried over MgSQ,, filtered and concentrated in vacuo. The
material was purified over silica gel (100% EtOAc) to yield crude product, which was further
purified by reverse phase HPLC (5 to 95% acetonitrile in water with 0.1% TFA) to yield 3-
(2,5-difluoro-4-(methylsulfonyl)phenoxy)-1-(1-(5-isopropylpyrimidin-2-yl)piperidin-4-
yDpyrrolidin-2-one trifluoroacetate (0.0664 g, 0.134 mmol, 20.4% yield). Mass Spectrum
(apci) m/z =495.3 (M+H).

[00514] The following compounds were also prepared according to the method of

Example 86, Step A.

Ex. # Structure Name Mass
spectrum
3-(2,5-difluoro-4- (apci) m/z =

F 0
N==
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Oj‘s‘ N )-1-(1-(5-ethylpyrimidin- | TFA).
F

2-yl)piperidin-4-
yD)pyrrolidin-2-one

CF,COOH
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Example 90
(S)-1-(1-(5-bromopyrimidin-2-y)piperidin-4-y1)-3-(2.5-difluoro-4-

(methylsulfonyl)phenoxv)pyrrolidin-2-one

O
L T O o

[00515] (S)-3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-1-(piperidin-4-yl)pyrrolidin-
2-one (Table 2, compound 1; 432 mg, 1.15 mmol) was dissolved in DMF (6 mL) and N-

ethyl-N-isopropylpropan-2-amine (301 pL, 1.73 mmol) and S5-bromo-2-chloropyrimidine
(268 mg, 1.38 mmol) were added and the reaction heated to 100 °C under nitrogen for 1.5
hours. The reaction was poured into water and the solids filtered, purified over silica gel (70
to 90% EtOAc in hexanes) to afford (S)-1-(1-(5-bromopyrimidin-2-yl)piperidin-4-y1)-3-(2,5-
difluoro-4-(methylsulfonyl)phenoxy)pyrrolidin-2-one (430 mg, 0.809 mmol, 70.1% yield) as
a white solid. Mass spectrum (apci) m/z = 531.1, 533.1 (M+H).
Example 91
(S)-1-(1-(5-chloropyrazin-2-yl)piperidin-4-y1)-3-(2-fluoro-4-

(methylsulfonyl)phenoxvy)pyrrolidin-2-one

2O O

O/
[

[00516] Prepared according to the method of Example 90. Mass spectrum (apci) m/z =
469 (M+H).

No]



a (S)-1-(1-(3,5- dichloropyridin-2- yl)p ip eri din-4-y1)-3 -(2, 6-

di fl uoro-4- (nethylsulfonyl)phenylamino)pyrrolidin-2-one (apci) MZ =

519. 2 (MAMD 201146335* , s OLF H NN-CF3 \ a (5)-1 -(1 - (®Craishano3d43
(trifluoromethyl)pyridin- 2-yl)piperidin-4-y1)-3- (2,5 -difluoro-4-

(et hyl sul fonyl ) phenyl am i no) pyrrolidin-2-one (apci) MZ = 553.2 (M+H) 112
o, * ,s 0l H NCN(S)-6-(4-(3-(2-fluoro-4- (nethylsulfonyl)phenyl am

i no)-2-oxopyrro lidin-1- yl)p ip eridin-1 - yl)nicotinonitrile (apci) MZ =

458.2 (MrH) 113 1110 Example 92

(S)-3-(2,5-difluoro-4-(methylsulfonyDphenoxy)-1-(1-(5-phenylpyrimidin-2-yDpiperidin-4-

y)pyrrolidin-2-one

L OO

[00517] (S)-1-(1-(5-bromopyrimidin-2-yl)piperidin-4-yl)-3-(2,5-difluoro-4-

(methylsulfonyl)phenoxy)pyrrolidin-2-one (Example 90; 80 mg, 0.15 mmol) was dissolved in
dioxane (2 mL) and phenylboronic acid (28 mg, 0.23 mmol), 2M Na,COs (301 uL, 0.60
mmol) and Pd(PPhs)s (17 mg, 0.015 mmol) were added and the reaction heated to 95 °C
under nitrogen for 2 hours. The reaction was cooled to ambient temperature and partitioned
between water and CH,Cl,, and the organic layers were dried over Na,SO,, filtered and
concentrated. The residue was purified over silica gel (70% EtOAc in hexanes) to afford
impure material. The material was then purified on C18 reverse phase chromatography (20
to 95% ACN in water) to afford (S)-3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-1-(1-(5-
phenylpyrimidin-2-yl)piperidin-4-yl)pyrrolidin-2-one (51 mg, 0.096 mmol, 64% yield) as a
white solid. Mass spectrum (apci) m/z = 529.3 (M+H).
Example 93

(S)-3-(2.5-difluoro-4-(methylsulfonylphenoxv)-1-(1-(5-0-tolylpyrimidin-2-y)piperidin-4-

y)pyrrolidin-2-one

[00518] Prepared according to the method of Example 92. Mass spectrum (apci) m/z =
543.2 (M+H).

Example 94
(S)-3-(2,5-difluoro-4-(methylsulfonyDphenoxvy)-1-(1-(5-(pyridin-2-yDpyrimidin-2-

yl)piperidin-4-y)pyrrolidin-2-one

E 0O
HLT-O40

[00519] Pyridin-2-y1 zinc(I) bromide (0.5M; 632 uL, 0.316 mmol) was added to a
nitrogen purged flask. Pd(PPh;3), (17.4 mg, 0.0151 mmol) was added followed by (S)-1-(1-(5-
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MZ = 52IW0 20\H#33314 (i * ts 01 H NC F3 (S)-3-(2-fl] usCOAS2011/036443
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2-yl)pip eri din-4- yl)pyrro lidin-2-one (apci) MZ = 519.2 (M+H) 115 o, *
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bromopyrimidin-2-yl)piperidin-4-y1)-3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)pyrrolidin-
2-one (Example 90; 80 mg, 0.151 mmol) dissolved in THF (1 mL). The reaction was stirred
at ambient temperature for 1 hour and 55 °C for 6 hours. Additional zinc reagent and
palladium were added and the reaction stirred at 55 °C overnight. The reaction was
partitioned between aqueous NH4Cl and CH,Cl,, dried over Na,SO,, filtered and
concentrated. The residue was purified over silica gel (95% EtOAc in hexanes) to afford (S)-
3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-1-(1-(5-(pyridin-2-yl)pyrimidin-2-yl)piperidin-
4-yl)pyrrolidin-2-one (44.9 mg, 0.0848 mmol, 56.3% yield) as a pale yellow solid. Mass
spectrum (apci) m/z = 530.2 (M+H).

Example 95
(8)-1-(1-(2.5"-bipyrimidin-2'-yl)piperidin-4-y)-3-(2,5-difluoro-4-

(methylsulfonyl)phenoxv)pyrrolidin-2-one

SO

[00520] Step A: A mixture of (S)-1-(1-(5-bromopyrimidin-2-yl)piperidin-4-y1)-3-(2,5-

difluoro-4-(methylsulfonyl)phenoxy)pyrrolidin-2-one (Example 90; 170 mg, 0.320 mmol),
4,44'4' 5,55 ,5'-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (89.4 mg, 0.352 mmol), potassium
acetate (94.2 mg, 0.960 mmol) and PdCly(dppf)*CH,Cl, (26.1 mg, 0.0320 mmol) in DMF (3
mL) was stirred at 80 °C under nitrogen overnight. The reaction was cooled, filtered through
celite and concentrated. The residue was purified over silica gel to afford (S)-3-(2,5-difluoro-
4-(methylsulfonyl)phenoxy)-1-(1-(5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-
2-yl)piperidin-4-yl)pyrrolidin-2-one (173 mg, 0.299 mmol, 93.5% yield).

[00521] Step  B: (S)-3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-1-(1-(5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-yl)piperidin-4-yl)pyrrolidin-2-one (173 mg,
0.299 mmol), 2-chloropyrimidine (41.1 mg, 0.359 mmol) and 2M Na,CO; (748 uL, 1.50
mmol) were dissolved in dioxane (3 mL) and purged with nitrogen. Pd(PPhs), (34.6 mg,
0.0299 mmol) was added and the reaction was heated to 80 °C for 3 hours. The reaction was
cooled to ambient temperature, partitioned between water and CH,Cl,, extracted twice, dried
over Na,SQy, filtered and concentrated. The residue was purified over silica gel (eluting with
90 to 100% EtOAc in hexanes) to afford (S)-1-(1-(2,5-bipyrimidin-2'-yl)piperidin-4-yl)-3-
(2,5-difluoro-4-(methylsulfonyl)phenoxy)pyrrolidin-2-one (76 mg, 0.143 mmol, 47.9% yield)
as a white solid. Mass spectrum (apci) m/z = 531.2 (M+H).
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Example 96
(S)-1-(1-(5-ethylpyrimidin-2-yD)piperidin-4-y1)-3-(2-fluoro-5-methvyl-4-

(methylsulfonyl)phenoxv)pyrrolidin-2-one

Degoteath

[00522] Step A: 2-Fluoro-5-methylphenol (5.0 g, 40 mmol) was dissolved in

chloroform (200 mL). Tetrabutylammonium tribromide (19 g, 40 mmol) was added and the
reaction stirred at ambient temperature for 30 minutes. The reaction was concentrated and
purified over silica gel (20% EtOAc in hexanes) to afford 4-bromo-2-fluoro-5-methylphenol
(7.8 g, 38 mmol, 96% yield) as an amber oil.

[00523] Step B: (R)-3-hydroxydihydrofuran-2(3H)-one (2.0 g, 20 mmol) was
suspended in Toluene (150 mL) and triphenylphosphine (6.2 g, 24 mmol) and 4-bromo-2-
fluoro-5-methylphenol (4.8 g, 24 mmol) were added and cooled to 0 °C. The solution was
degassed with nitrogen bubble for 10 minutes. Di-tert-butyl diazene-1,2-dicarboxylate (5.4 g,
24 mmol) was dissolved in toluene (40 mL) and added to the reaction over 5 minutes. The
reaction was allowed to slowly warm to ambient temperature overnight. The toluene was
removed and the oily residue was purified over silica gel (20 to 40% EtOAc in hexanes) to
afford (S)-3-(4-bromo-2-fluoro-5-methylphenoxy)dihydrofuran-2(3H)-one (2.9 g, 10 mmol,
51% yield).

[00524] Step C: To a stirred solution of tert-butyl 4-aminopiperidine-1-carboxylate
(2.4 g, 12 mmol) in CH,Cl, (30 mL) was added trimethylaluminum (6.0 mL, 12 mmol)
dropwise. The resulting mixture was stirred for 15 minutes, then (S)-3-(4-bromo-2-fluoro-5-
methylphenoxy)dihydrofuran-2(3H)-one (2.9 g, 10 mmol) in CH,Cl, (30 mL) was added
slowly and stirred at ambient temperature for 1 hour. The reaction was slowly quenched with
5% tartaric acid, neutralized with aqueous NaHCOs and filtered through celite. The filtrate
was extracted with CH,Cl,, dried over Na,SO,, filtered and concentrated. The residue was
purified over silica gel (100% EtOAc) to afford (S)-tert-butyl 4-(2-(4-bromo-2-fluoro-5-
methylphenoxy)-4-hydroxybutanamido)piperidine-1-carboxylate (3.2 g, 6.5 mmol, 65%
yield).

[00525] Step D: Tributylphosphine (2.0 mL, 7.8 mmol) was added slowly to a
degassed solution of di-tert-butyl diazene-1,2-dicarboxylate (1.8 g, 7.8 mmol) in dry THF (30

mL) at ambient temperature. The resulting mixture was stirred for 5 minutes, then added
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(R -1-(1-(5- chloropyrazin-2- yl)piperidin-4-yl)-3-(2- fluoro-4-

(et hyl sul fonyl ) phenyl am i no) pyrrolidin-2-one (apci) mz = 468.2 (M+H)

[ 00533] The foll owi ng conpounds were prepared according to Exanple 4. The
optical purity for the conpounds of Exanples 119-130 was not determ ned Ex.

# Str uQﬁdeW?se N "Masco"futﬁ)ﬂe&ft(rsy—%@yl 4-(2-(4-bromo-2-fluoro-5-methylphenoxy)-4-
hydroxybutanamido)piperidine-1-carboxylate (3.2 g, 6.5 mmol) in THF (30 mL). The
reaction was allowed to stir at ambient temperature overnight. Another 1.2 equivalents of
reagents (tributylphosphine, tert-butyl diazene-1,2-dicarboxylate, and THF, prepared in same
fashion) was added to the reaction mixture, and the reaction was stirred overnight. The
reaction was concentrated and purified over silica gel (35 to 50% EtOAc in hexanes) to
afford (S)-tert-butyl 4-(3-(4-bromo-2-fluoro-5-methylphenoxy)-2-oxopyrrolidin-1-
yl)piperidine-1-carboxylate (2.3 g, 4.9 mmol, 75% yield) as a white solid.

[00526] Step E: (S)-tert-butyl  4-(3-(4-bromo-2-fluoro-5-methylphenoxy)-2-
oxopyrrolidin-1-yl)piperidine-1-carboxylate (2.3 g, 4.9 mmol) was dissolved in
CH,Cl,:MeOH (9:1, 50 mL). 4N HCI in dioxane (10 mL) was added and the reaction stirred
at ambient temperature overnight. The reaction was concentrated to afford crude (S)-3-(4-
bromo-2-fluoro-5-methylphenoxy)-1-(piperidin-4-yl)pyrrolidin-2-one hydrochloride (2.0 g,
4.9 mmol, 101% yield) which was used without further purification.

[00527] Step F: (S)-3-(4-bromo-2-fluoro-5-methylphenoxy)-1-(piperidin-4-
yDpyrrolidin-2-one hydrochloride (600 mg, 1.47 mmol) was dissolved in DMSO (10 mL) and
N-ethyl-N-isopropylpropan-2-amine (641 ul, 3.68 mmol) and 2-chloro-5-ethylpyrimidine
(252 mg, 1.77 mmol) were added and the reaction heated to 110 °C overnight. The reaction
was cooled to ambient temperature, poured into water and extracted with EtOAc, dried over
NaySO,, filtered and concentrated. The residue was purified over silica gel (60% EtOAc in
hexanes) to afford (S)-3-(4-bromo-2-fluoro-5-methylphenoxy)-1-(1-(5-ethylpyrimidin-2-
yDhpiperidin-4-yl)pyrrolidin-2-one (420 mg, 0.880 mmol, 59.8% yield) as a tan solid..

[00528] Step G: (S)-3-(4-bromo-2-fluoro-5-methylphenoxy)-1-(1-(5-ethylpyrimidin-2-
yDhpiperidin-4-yl)pyrrolidin-2-one (200 mg, 0.42 mmol), trans-cyclohexane-1,2-diamine (20
uL, 0.17 mmol), sodium methanesulfinate (64 mg, 0.63 mmol) was dissolved in DMSO (3
mL) and nitrogen bubbled through for 15 minutes. Cu(l) triflate benzene-complex (21 mg,
0.04 mmol) was added and the reaction was plunged into 110 °C oil bath and stirred under
nitrogen overnight. Additional trans-cyclohexane-1,2-diamine (20 uL, 0.17 mmol), sodium
methanesulfinate (64 mg, 0.63 mmol) and Cu(l) triflate benzene-complex (21 mg, 0.04
mmol) were added and stirred for another 4 hours at 110 °C. The reaction was cooled to
ambient temperature, partitioned between water and EtOAc, extracted with EtOAc, washed
with brine, dried over Na,SQy,, filtered and concentrated. The residue was purified over silica

gel (100% EtOAc) to afford (S)-1-(1-(5-ethylpyrimidin-2-yl)piperidin-4-y1)-3-(2-fluoro-5-



, (:)s 01 HN a CF3 (S)-1-(1-(3-chloro-5- (trifluoromethyl)pyridin-

2-yl)piperidin-4-yl1)-3-(6- (nmethylsulfonyl)pyridin3-ylam no)pyrrolidin-2-

one (apciwolbhid/=#6338. 0 (MtH) 120 -- o,s)/ 0- | H N C ( 8rTarsedH03648hl or o- 3-

fluoropyridin-2-yl) piperidin-4-yl)-3-(5- nethyl-6-(nmethylsulfonyl)
pyridi n-3-yl am no) pyrrolidin-2-one (apci) MZ = 482.0 (M+tH) 121 , / O
NNNC c¢),,s (S-1-(1-(5-chloro-3- fluoropyridin-2-yl)
pi peridin-4-y1)-3-(4- methyl-6-(nmethylisul fonyl) pyridin-3-ylam no)
pyrroli d'n'ﬁ:'t}%/'l—g%e(h?ﬁﬁffény%lzenoxy)pyrrolidin—2—one (119.8 mg, 0.25 mmol, 60% yield) as a
white solid. Mass spectrum (apci) m/z = 477.3 (M+H).
Example 97

(S)-3-(4-bromo-2-fluoro-5-methylphenoxy)-1-(1-(5-ethylpyrimidin-2-yDpiperidin-4-

ypyrrolidin-2-one

0 N=
ord ot
N N
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[00529] Prepared according to the method of Example 96, steps A-C. Mass spectrum
(apci) m/z=477.1, 479.1 (M+H).

Example 98
(S)-4-(1-(1-(5-ethylpyrimidin-2-yDpiperidin-4-y1)-2-oxopyrrolidin-3-vloxy)-5-fluoro-2-
methylbenzonitrile
F
o 0O
/), N=
LTG0
[00530] (S)-3-(4-bromo-2-fluoro-5-methylphenoxy)-1-(1-(5-ethylpyrimidin-2-

yDpiperidin-4-yl)pyrrolidin-2-one (Example 96, Steps A-F; 200 mg, 0.419 mmol) was
dissolved in NMP (1 mL) and cyanocopper (150 mg, 1.68 mmol) was added and heated to
160 °C overnight. The reaction was partitioned between dilute sodium bicarbonate and
EtOAc, dried, filtered and concentrated. The residue was purified on 25M biotage (90%
EtOAc/hexane) to afford (S)-4-(1-(1-(5-ethylpyrimidin-2-yl)piperidin-4-yl)-2-oxopyrrolidin-
3-yloxy)-5-fluoro-2-methylbenzonitrile (99.6 mg, 0.235 mmol, 56.1% yield) as a pale yellow
solid. Mass spectrum (apci) m/z = 424 (M+H).

[00531] The following compounds were made according to the method of Example 3.
Ex. # Structure Name Data
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Ex. # Structure Name Data
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[00532] The following compounds were prepared according to the method of Example
4,
Ex. # Structure Name Mass
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NC (S-1-(1-(5-chloropyrazin- 2-yl)piperidin-4-y1)-3 -(4-
nmet hyl - 6- (et hyl sul fonyl) pyridin-3 -ylam no) pyrrolidin-2-one (apci) MZ =
465. 0 ( MAwWD 20D4146335, s OA. H ci (S)-1-(1-(5-chl oropyr aPCmAIS2011/036443

2-yl ) piperidin-4-y1)-3 -(6- (cycl opropyl sul fonyl) pyri

di n- 3-yl am no) pyrrolidin2-one (apci) na/Z = 477.0 (M+tH) 125 o, 0 ,s | Ha
-- a(9-1-(1-(3,5-dichloro pyridin-2-yl)piperidin-4- yl)-3 -(4-nethyl-6-
(et hyl sul fonyl ) pyri di n3 -yl am no) pyrrigl i din-2- one (apci) mz = 497.9

(M-H) 12670, EX. 9° Structure Name Mass
spectrum
108 (S)-1-(1-(3-chloro-5- (apci) m/z

(2,6-difluoro-4-
(methylsulfonyl)phenylam
ino)pyrrolidin-2-one

] 0 . /ULFF (trifluoromethyl)pyridin- | =553.0
? Hd'“@ ) 2-yDpiperidin-4-yl)}-3- | (M+H)
F

Osq
o7

109 (S)-1-(1-(3,5- (apci) m/z

o NZN\CI
) /CN/Q/ dichloropyridin-2- ~501.0
@ "&/N ci yl)piperidin-4-y1)-3-(2- (M+H)
fluoro-4-
(methylsulfonyl)phenylam
ino)pyrrolidin-2-one
o N= ) Cl | (S)-1-(1-(3,5- (apci) m/z
FoH &/ /CN N dichloropyridin-2- =519.2
@\ A\ al yDpiperidin-4-y1)-3-(2,6- | (M+H)
F difluoro-4-

(methylsulfonyl)phenylam
ino)pyrrolidin-2-one

i 0 2N0Fs| (S)-1-(1-(3-chloro-5- | (apei) m/z
F? N &/ /CN N (trifluoromethyl)pyridin- | =553.2
" N

O::S
o7

110

c 2-yl)piperidin-4-y1)-3- (M+H)
Os (2,5-difluoro-4-
Tk (methylsulfonyl)phenylam
ino)pyrrolidin-2-one
112 N=N-CN | (S)-6-(4-(3-(2-fluoro-4- (apci) m/z

ino)-2-oxopyrrolidin-1-
yl)piperidin-1-

(6]
3 H&/ /C/N L (methylsulfonyl)phenylam | =458.2
/@ ! (M+H)
Ox,

o1 yDnicotinonitrile
113 o N= ) Cl| (S)-1-(1-(3,5- (apci) m/z
Fon é @N \ dichloropyridin-2- =521.1
A cl yDpiperidin-4-y1)-3-(2,5- | (M+H)
Os @ difluoro-4-
o’/‘? F (methylsulfonyl)phenylam

ino)pyrrolidin-2-one

114 o N= ) CFs | (S)-3-(2-fluoro-4- (apci) m/z
F? Hl.,&/N/CN Y (methylsulfonyl)phenylam | = 519.2
O\

F ino)-1-(1-(3-fluoro-5- (M+H)
(trifluoromethyl)pyridin-
2-yl)piperidin-4-
yDpyrrolidin-2-one

115 N=N~Cl | (S)-1-(1-(5-chloro-3- (apci) m/z

(0]
R é @N N | fluoropyridin-2- — 485.0
@ N F yDpiperidin-4-yl)-3-(2- (M+H)

fluoro-4-




A H/ FA (S)-1-(1-(5-chloro-3- fluoropyridin-2-

yl ) pi peridin-4-y1)-3-(6- (cycl opropyl sul fonyl)pyri

di n- 3-yl awDro)1pps336l i di n-2-one (apci) nlz = 494.0 ( M+H) PC2US2010/0364p3 s H F1
(S)-1-(1-(5-chloro-3- fluoropyridin-2- yl)piperidin-4-yl)-3-(6-

(ethyl sul fonyl)pyridin-3 - ylam no)pyrrolidin-2-one (apci) MZ = 482.0
(MtH) 128 cts o H a (S)-1-(1-(5-chloropyrazin- 2-yl)piperidin-4-yl)-3

-(6- (ethylsul fonyl)pyridin-3- ylam ndppyrrolidin-2-one (apci) MZ = 464.9
( M-H) Ex. # Structure Name Mass
spectrum
(methylsulfonyl)phenylam
ino)pyrrolidin-2-one
116 o N= ) Gl | (S)-5-chloro-2-(4-(3-(2- (apci) m/z
FoH é @N \ fluoro-4- =491.9
/@ N NG (methylsulfonyl)phenylam | (M+H)
Os ino)-2-oxopyrrolidin-1-
o7 yl)piperidin-1-
yDnicotinonitrile
117 i o @/CH (S)-3-(2,6-difluoro-4- (apci) m/z
N, &/N /C/N (methylsulfonyl)phenylam =537.0
@\ F ino)-1-(1-(3-fluoro-5- (M+H)
Osg F (trifluoromethyl)pyridin-
o7l 2-yl)piperidin-4-
yD)pyrrolidin-2-one
118 NZ=N-CL | (R)-1-(1-(5- (apci) m/z
R H% /CNQ/ chloropyrazin-2- =468.2
@ N yDpiperidin-4-y1)-3-(2- (M+H)
Os. fluoro-4-
o7 (methylsulfonyl)phenylam
ino)pyrrolidin-2-one
[00533] The following compounds were prepared according to Example 4. The optical
purity for the compounds of Examples 119-130 was not determined.
Ex. # Structure Name Mass
spectrum
119 o J@/CH (8)-1-(1-(3-chloro-5- (apci) m/z
N &/N /CN (trifluoromethyl)pyridin- | =518.0
ﬁ\j/ cl 2-yD)piperidin-4-y1)-3-(6- | (M+H)
Osg 7 (methylsulfonyl)pyridin-
ol 3-ylamino)pyrrolidin-2-
one
120 o N= ) a | (S)-1-(1-(5-chloro-3- (apci) m/z
0, @N \ fluoropyridin-2-y1) — 482.0
NS N F piperidin-4-y1)-3-(5- (M+H)
0s P~ methyl-6-(methylsulfonyl)
o7 pyridin-3-ylamino)
pyrrolidin-2-one
121 /UCI (S)-1-(1-(5-chloro-3- (apci) m/z
. A @N \ fluoropyridin-2-y1) — 482.0
N, == F piperidin-4-y1)-3-(4- (M+H)
Osg 4 methyl-6-(methylsulfonyl)
o7l pyridin-3-ylamino)
pyrrolidin-2-one




129 0.:..s 0,. H-- NC-- a (S)-5-chloro-2-(4-(3-(6-

(et hyl sul fonyl) pyridin-3- ylam no)-2-oxopyrrolidin- 1-yl)piperidin-1-

yl ) ni cotiwonntwisbass(apci) mz = 489.0 (M-H) 121 Ex. # PCStusaatws@4Nane
Mass spectrum 130 0 o.., ,s 1 H---a (S)-1-(21-(5-chloro-3- fluoropyridin-2-
yl ) pi peridin-4-y1)-3-(6- (nethylsulfonyl)pyridin3-ylam no)pyrrolidin-2- one
(apci) mz = 468.0 (MtH) [00534] The fol |l owi ng conpounds were prepared

according to Exanple 4, substituting WP for DVMF. The optical purity for
conpounds[of gEX@npies 131-13{,Wgs not det exmi,ped. Mass
spectrum
122 o /O/Cl (S)-5-chloro-2-(4-(3-(4- (apci) m/z
o d’“ @N \ methyl-6-(methylsulfonyl) | = 489.0
B‘/\\\)/\ NC pyridin-3-ylamino)-2- (M+H)
Osg oxopyrrolidin-1-yl)
o7l piperidin-1-yl)
icotinonitrile
123 o N=H-¢ | (S)-1-(1-(5-chloropyrazin- | (apci) m/z
o &/N @N NN 2-yDpiperidin-4-yl)-3-(4- | = 465.0
N, = methyl-6-(methylsulfonyl) | (M+H)
0y /7 pyridin-3-ylamino)
o pyrrolidin-2-one
124 =N _ci (S)-1-(1-(5-chloropyrazin- | (apci) m/z
o @NJ\:NI 2-yl)piperidin-4-y1)-3-(6- | =477.0
N A (cyclopropylsulfonyl)pyri | (M+H)
Osg 4 din-3-ylamino)pyrrolidin-
© 2-one
125 N~ | (8)-1-(1-(3,5-dichloro (apci) m/z
L0 /CN N, J pyridin-2-yl)piperidin-4- | =497.9
S N"’&/N y1)-3-(4-methyl-6- - (M+H)
o N (methy@sulfonyl)py'rldm—
O:’SI 3-ylamino)pyrrolidin-2-
one
126 Nealg | (S)-1-(1-(5-chloro-3- (apci) m/z
a9 /ON Ny fluoropyridin-2- =494.0
~ N"'&/N N yDpiperidin-4-yl)-3-(6- (M+H)
o D (gyclopropylsulfonyl)pyri
et din-3-ylamino)pyrrolidin-
2-one
127 N (S)-1-(1-(5-chloro-3- (apci) m/z
a9 /C/N N J fluoropyridin-2- =482.0
~ N"‘&/N yDpiperidin-4-yl)-3-(6- (M+H)
o D (ethylsulfonyl)pyridin-3-
o”sk ylamino)pyrrolidin-2-one
128 =N _a | (S)-1-(1-(5-chloropyrazin- | (apci) m/z
b 1 QN/(NJ/ 2-ylpiperidin-4-yl)-3-(6- | =464.9
S N"'&N (ethylsulfonyl)pyridin-3- | (M+H)
O, \_/ ylamino)pyrrolidin-2-one
S
129 NCG~_ | (8)-5-chloro-2-(4-(3-(6- (apci) m/z
w1 N (ethylsulfonyl)pyridin-3- | =489.0
~ N"'&/N/O N ylamino)-2-oxopyrrolidin- | (M+H)
N 1-yl)piperidin-1-
O%s yDnicotinonitrile
N




Ex. # Structure Nane Mass spectrum 131 ---.. o, ,s 01 H NO1
(S)-1-(1-(5- chloropyrazin-2- yl)piperidin-4-yl)-3-(6-

(et hyl suWbanuliupsssi di n3-yl am no) pyrrolidin-2- one (apcPLTNMSZ01t/04@13 2 ( M+H)
132 ,s O Ho NC (S)-3-(4-(3-(2-fluoro-4- (nethylsulfonyl)phenyla

m no) - 2-oxopyrrolidin- 1-yl)piperidin-1- yl)pyrazine-2- carbonitrile

(apci) mz = 459.1 (MtH) 133 o,
121
Ex. # Structure Name Mass
spectrum
130 N (S)-1-(1-(5-chloro-3- (apci) m/z
b . fluoropyridin-2- =468.0
~ N"‘&/N/C N yD)piperidin-4-y1)-3-(6- (M+H)
N (methylsulfonyl)pyridin-
8?:8' 3-ylamino)pyrrolidin-2-
one
[00534] The following compounds were prepared according to Example 4, substituting
NMP for DMF. The optical purity for compounds of Examples 131-135 was not determined.
Ex. # Structure Name Mass
spectrum
131 ca | (S)-1-(1-(5- (apci) m/z
ol /C/N/(N //7/ chloropyrazin-2- =451.2
IS N"‘&/N yDpiperidin-4-y1)-3-(6- | (M+H)
\ (methylsulfonyl)pyridin-
8::? 3-ylamino)pyrrolidin-2-
one
132 NC _N (S)-3-(4-(3-(2-fluoro-4- | (apci) m/z
__— 0 NI /}7 (methylsulfonyl)phepyla =459.1
Nr. &/ N mino)-2-oxopyrrolidin- | (M+H)
N L
@ 1-yl)piperidin-1-
Osq yl)pyrazine-2-
0] carbonitrile
133 N a | (S)-1-(1-(5-chloro- (apci) m/z
ol /C/N/(N //7/ pyrazin-2-yl)piperidin- | =465.3
= N"'&/N 4-yl1)-3-(2-methyl-6- (M+H)
o N y (methylsulfonyl)pyridin-
o::? 3-ylamino)pyrrolidin-2-
one
134 NC _N (S)-3-(4-(3-(2-fluoro-4- | (apci) m/z
_— 0 N)\\/ j/ (methylsulfonyl)phepyla =473.2
N &/N N mino)-2-oxopyrrolidin- | (M+H)
/@ 1-yD)piperidin-1-y1)-6-
Osy methylpyrazine-2-
0”7 carbonitrile
135 N cl | 1-(1-(5-chloropyrazin-2- | (apci) m/z
y 8 /CN/(N T | yhpiperidin-a-y-3-5- | =465.0
<~V N methyl-6- (M+H)
o N y (methylsulfonyl)pyridin-
o::? 3-ylamino)pyrrolidin-2-
one
[00535] The following compounds were prepared according to the method described in

Example 90.




,S 0 H jNci (S)-1-(1-(5-chloro- pyrazin-2-yl)piperidin-
4-y1)-3-(2-nmethyl-6- (nethylsul fonyl)pyridin3-ylam no)pyrrolidin-2- one
(apci) MW¥O=2046E685(MH) 134 o, IP ,s Ol Ho NC (S)-3-(2ctarse@1fobasas o- 4-
(et hyl sul fonyl ) phenyl a m no) - 2- oxopyrrolidin- 1-yl)piperidin-1-yl)-6-

met hyl pyrazi ne-2- carbonitrile (apci) mz = 473.2 (MtH) 135 o, ,s Ol H

j Nyci 1-(1-(5-chloropyrazin-2- yl)piperidin-4-y1l)-3-(5- nethyl-6-

(et hyl sul fonyl ) pyri di n3-yl am no) pyrroRi di n-2- one (apci) MZ = 465.0 (M+H)

122 Bx. # Ex. # Structure Name Mass
spectrum
136 o N= ) CFs | (S)-1-(1-(3-chloro-5- (apci) m/z
o é @N \ (trifluoromethyl)pyridin | = 536.0
@ N al -2-yDpiperidin-4-y1)-3- | (M+H)
Os. (2-fluoro-4-(methyl
o7 sulfonyl)phenoxy )pyrrol
idin-2-one
137 o /O/CH (S)-3-(4-(1H-tetrazol-1- | (apci) m/z
on d’“ @N \ yDphenoxy)-1-(1-3- | =507.0
Q/ cl chloro-5-(trifluoro (M+H)
N-N methyl)pyridin-2-yl)
N:N/) piperidin-4-yl)
pyrrolidin-2-one
138 o N= ) CFs | (S)-3-(2-fluoro-4- (apci) m/z
o é @N N\ (methyl-sulfonyl) —~520.0
/@ N F phenoxy)-1-(1-(3- (M+H)
Os fluoro-5-(trifluoro-
o methyl)pyridin-2-
yl)piperidin-4-yl)
pyrrolidin-2-one
139 o N= ) ¢l | (S)-1-(1-(5-chloro-3- (apci) m/z
. é /CN \ fluoropyridin-2- — 485.9
@ A\ F yDpiperidin-4-y1)-3-(2- | (M+H)
Os. fluoro-4-
A (methylsulfonyl)phenox
y)pyrrolidin-2-one
140 o N= ) CF; | (S)-methyl 4-(1-(1-(3- (apci) m/z
. &/ /CN N chloro-5-(trifluoro- =515.9
N cl methyl)pyridin-2- (M+H)
o ﬂ yl)piperidin-4-yl1)-2-
0 oxopyrrolidin-3-yloxy)-
3-fluorobenzoate
141 o N// CFs | (S)-3-(4-(1H-1,2,4- (apci) m/z
on. &/ /CN N triazol-1-yl)phenoxy)-1- | = 507.0
Df N cl (1-(3-chloro-5- (M+H)
N-p (triﬂuo‘rom‘et‘hyl)pyridin
) -2-yl)piperidin-4-
yl)pyrrolidin-2-one
142 NS oF, (S)-1-(1-(3-fluoro-5- (apci) m/z
0 NU (trifluoromethyl)pyridin | = 503.0
~ O"'&/N/C/ N -2-yDpiperidin-4-y1)-3- | (M+H)
D (6-(methylsulfonyl)
85? pyridin-3-yloxy)
pyrrolidin-2-one




Structure Nane Mass spectrum 136 o,,. o, I[P ,s 01 NCF3 \ ci
(S)-1-(1-(3-chloro-5- (trifluoronethyl)pyridin -2-yl)piperidin-4-yl)-3-
(2-f1 uor owo-20nmetsb3ss sul f onyl ) phenoxy) pyrrol idin-2-one Papaispoiioze443 536. 0
(MrH) 137 1110 NThl N, N, J. NCF3 N C (S)-3-(4-(1Htetrazol -1-

yl ) phenoxy)-1-(1-(3- chloro-5-(trifluoro nmethyl)pyridin-2-yl)

pi peridin-4-yl) pyrrolidin-2-one (apci) mz = 507.0 (M+tH) 138 o h. , 1110

, S 0Ol 123
Ex. # Structure Name Mass
spectrum
143 (S)-1-(1-(3-chloro-5- (apci) m/z

Cl

=\ ~CF

o @NU * | (trifluoromethyl)pyridin | =518.9
~ O"'&/N N -2-yDpiperidin-4-y1)-3- | (M+H)

o D (6-(methylsulfonyl)

o”? pyridin-3-yloxy)
pyrrolidin-2-one
144 AN (S)-1-(1-(5-chloro-3- (apci) m/z
o . U fluoropyridin-2- =468.9
_ O"'&/N/C N yh)piperidin-4-y)-3-(6- | (M+H)
Q (methylsulfonyl)pyridin-
Osg 3-yloxy)pyrrolidin-2-
ol one
[00536] The following compounds were prepared according to the method described in
Example 45.
Ex. # Structure Name Mass
spectrum
145 N CFs (S)-1'-(3-chloro-5- (apci) m/z
. o NN (trifluoromethyl)pyridi | = 549.1
Y JQ ! n-2-y1)-3-(2-fluoro-4- | (M+H)
Q (methylsulfonyl)pheny
o7} lamino)-1,4'-
bipiperidin-2-one
146 N CFa (S)-3-(2-fluoro-4- (apci) m/z
- o N (methylsulfonyl)pheny | =533.0
/@j @ /Q F lamino)-1'-(3-fluoro- | (M+H)
O\\ 5_
0%} (trifluoromethyl)pyridi
n-2-yl)-1,4'-
bipiperidin-2-one
Example 147
(S)-1-(1-(3.5-dichloropyrazin-2-yl)piperidin-4-y1)-3-(2-fluoro-4-
(methylsulfonyl)phenylamino)pyrrolidin-2-one
CI~_N-_<Cl
1y
o O /O\l N
i
Oy
0=%
I
[00537] N-Chlorosuccinimide (0.016 g, 0.12 mmol) was added to a mixture of (S)-1-

(1-(5-chloropyrazin-2-yl)piperidin-4-yl)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)pyrroli-



N NN-CF3 (S)-3-(2-fluoro-4- (nethyl-sul fonyl) phenoxy)-1-(1-(3-
fluoro-5-(trifluoromethyl)pyridin-2- yl)piperidin-4-yl) pyrrolidin-2-one
(apci) mMwo=20B62@6B5(MrH) 139 Ch. O, 1P ,s 01 N NC \ PCT/US2011/036443
(S)-1-(1-(5-chloro-3- fluoropyridin-2- yl)piperidin-4-y1)-3-(2- fluoro-4-
(et hyl sul fonyl ) phenox y)pyrrolidin-2-one (apci) mz = 485.9 (MtH) 140 o h.
IP cF3\ a (S)-nmethyl 4-(1-(1-(3- chloro-5-(trifluoro- nethyl)pyridin-2-
yl ) pi peridin-4-y1)-2- oxopyrrolidin-3 oxy)- 3-fluorobenzoate (apci) mz =

515.9 ( M'dlﬁl)—}%ﬂé-(Example 4; 0.042 g, 0.090 mmol) in AcOH (0.3 mL). The mixture was stirred at
50 °C for 1.5 hour and then cooled to ambient temperature. The volatiles were removed by a
stream of flowing nitrogen and the resulting residue was stirred in a mixture of saturated
aqueous Na,SO; (1.5 mL) and EtOAc (1.5 mL) for 15 minutes. The mixture was then
partitioned between saturated aqueous NaHCO; (20 mL) and EtOAc (40 mL). The organic
phase was washed successively with water (20 mL), water (20 mL) and brine (20 mL). The
combined organic phases were dried over MgSQ,, filtered and concentrated. The residue was
purified on silica (eluting with 2:1 EtOAc/hexanes) to afford (S)-1-(1-(3,5-dichloropyrazin-2-
yDpiperidin-4-y1)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)pyrrolidin-2-one  (0.024 g,
0.048 mmol, 53%) as a white solid. Mass spectrum (apci) m/z = 502 (M+H).

Example 148
(S)-1-(1-(5-chloro-3-fluoropyridin-2-yl)piperidin-4-y1)-3-(6-(pyrrolidine-1-carbonyl)pyridin-

3-yloxy)pyrrolidin-2-one
0
N X0, N—
oA N‘CN‘Q*CI
O F

[00538] Step  A: (R)-tert-Butyl  4-(3-(methylsulfonyloxy)-2-oxopyrrolidin-1-

yl)piperidine-1-carboxylate (Preparation D; 0.20 g, 0.55 mmol) was added to a mixture of
methyl 5-hydroxypicolinate (0.10 g, 0.66 mmol), and potassium carbonate (0.099 g, 0.72
mmol) in DMF (1.6 mL). The mixture was stirred at 60 °C overnight and then cooled to
ambient temperature. The mixture was partitioned between saturated aqueous NH4CI (40
mL) and EtOAc (100 mL). The organic phase was washed successively with water (40 mL),
water (40 mL) and brine (40 mL). The combined organic phases were dried over MgSOy,
filtered and concentrated. The residue was purified on silica (eluting with EtOAc) to afford
(S)-methyl  5-(1-(1-(tert-butoxycarbonyl)piperidin-4-yl)-2-oxopyrrolidin-3-yloxy)picolinate
(0.19 g, 0.45 mmol, 81%).

[00539] Step B: Concentrated aqueous HCI (2 mL) was added to a suspension of (S)-
methyl 5-(1-(1-(tert-butoxycarbonyl)piperidin-4-yl)-2-oxopyrrolidin-3-yloxy)picolinate (0.19
g, 0.45 mmol) in MeOH (4 mL). The mixture was stirred at ambient temperature overnight
and then concentrated. The residue was concentrated from MeOH twice to afford (S)-methyl
5-(2-ox0-1-(piperidin-4-yl)pyrrolidin-3-yloxy)picolinate hydrochloride (0.19 g, 0.44 mmol,
98%).



0". IPN-,,,,]) N NNCF3 c, (S5-3-(4-(1H1,2,4- triazol-1-yl)phenoxy)-1-
(1-(3-chloro-5- (trifluoronethyl)pyridin -2-yl)piperidin-4-
yl) pyrrolwaiznt1i24esss (apci) nmz = 507.0 MH () 142 N ct $COIUSR01F/0364333
(S)-1-(1-(3-fluoro-5- (trifluoronethyl)pyridin -2-yl)piperidin-4-y1)-3-
(6-(nethyl sul fonyl) pyridin-3-yloxy) pyrrolidin-2-one (apci) mz = 503.0
(MtH) 123 Ex. # Structure

125

[00540] Step C: 5-Chloro-2,3-difluoropyridine (0.20 g, 1.3 mmol) was added to a
mixture of (S)-methyl 5-(2-oxo0-1-(piperidin-4-yl)pyrrolidin-3-yloxy)picolinate hydrochloride
(0.17 g, 0.44 mmol) and DIEA (0.38 mL, 2.2 mmol) in DMF (1.5 mL). The mixture was
stirred at 100 °C overnight and then cooled to ambient temperature. The mixture was
partitioned between saturated aqueous NH4Cl (20 mL) and EtOAc (50 mL). The organic
phase was washed successively with water (20 mL), water (20 mL) and then brine (20 mL).
The combined organic phases were dried over MgSQy, filtered and concentrated. The residue
was purified on silica (eluting with EtOAc) to afford (S)-methyl 5-(1-(1-(5-chloro-3-
fluoropyridin-2-yl)piperidin-4-yl)-2-oxopyrrolidin-3-yloxy)picolinate (0.17 g, 0.38 mmol,

86%).
[00541] Step D: Aqueous 1 M LiOH (1.5 mL, 1.5 mmol) was added to a solution of
(S)-methyl 5-(1-(1-(5-chloro-3-fluoropyridin-2-yl)piperidin-4-yl)-2-oxopyrrolidin-3-

yloxy)picolinate (0.17 g, 0.38 mmol) in THF (2 mL). The mixture was stirred overnight at
ambient temperature. The THF was removed under vacuum and the resulting aqueous
solution was adjusted to pH 1 via the addition of aqueous 1 M HCI. The resulting solids
were collected by filtration and air-dried to afford (S)-5-(1-(1-(5-chloro-3-fluoropyridin-2-
yDhpiperidin-4-yl)-2-oxopyrrolidin-3-yloxy)picolinic acid hydrochloride (0.13 g, 0.28 mmol,
74%).

[00542] Step E: (S)-5-(1-(1-(5-Chloro-3-fluoropyridin-2-yl)piperidin-4-y1)-2-
oxopyrrolidin-3-yloxy)picolinic  acid  hydrochloride  (0.027 g, 0.062 mmol),
hydroxybenzotriazole hydrate (0.013 g, 0.084 mmol), EDCI (0.016 g, 0.084 mmol), and
DIEA (0.016 mL, 0.093 mmol) were stirred in CH,Cl, (0.5 mL) for five minutes. Pyrrolidine
(0.010 mL, 0.12 mmol) was added and the solution was stirred overnight at ambient
temperature. The mixture was partitioned between saturated aqueous NH4Cl1 (20 mL) and
EtOAc (40 mL). The organic phase was washed successively with saturated aqueous
NaHCO; (20 mL) and brine (20 mL). The organics were dried over MgSQy, filtered and
concentrated. The residue was purified on silica (eluting with 1:24 MeOH/EtOAc) to afford
(S)-1-(1-(5-chloro-3-fluoropyridin-2-yl)piperidin-4-y1)-3-(6-(pyrrolidine- 1-carbonyl)pyridin-
3-yloxy)pyrrolidin-2-one (24 mg, 0.049 mmol, 79%) as a colorless solid. Mass spectrum
(apci) m/z = 488 (M+H).



Nane Mass spectrum 143 o, -s o' | «c¢i cF3 (S)-1-(1-(3-chloro-5-
(trifluoronethyl)pyri din -2-yl)piperidin-4-yl1l)-3- (6-(nethylsulfonyl)
pyri di n- 3wol2oxye3d§rr ol i di n-2-one (apci) mz =518.9 ( MFIPFCTAS4011/084343 - - Ci
(S)-1-(1-(5-chloro-3- fluoropyridin-2- yl)piperidin-4-yl)-3-(6-

(et hyl sul fonyl ) pyri di n3-yl oxy) pyrrolidin-2- one (apci) mz = 468.9 (MH)
[ 00536] The foll owi ng conpounds were prepared according to the nethod
described in Exanple 45. Ex. # St ripst ur e

Example 149
(S)-5-(1-(1-(5-chloro-3-fluoropvyridin-2-yDpiperidin-4-yD)-2-oxopyrrolidin-3-yloxy)-N,N-

dimethylpicolinamide

o)
Xy O, N=
OY’\@/ IifN ACN@*CI
AN F

[00543] (S)-5-(1-(1-(5-Chloro-3-fluoropyridin-2-yl)piperidin-4-yl)-2-oxopyrrolidin-3-

yloxy)-N,N-dimethylpicolinamide (18 mg, 0.039 mmol, 63%) was synthesized following the
procedure in Example 148, substituting dimethylamine (2 M in THF) for pyrrolidine in Step
E. Mass spectrum (apci) m/z =462 (M+H).
Example 150
(S)-6-(1-(1-(3-chloro-5-(trifluoromethyl)pyridin-2-yl)piperidin-4-y1)-2-oxopyrrolidin-3-

ylamino)pyridazine-3-carbonitrile

H O
XN, N=
Cl

[00544] Step A: To a solution of (S)-benzyl 4-(3-(tert-butoxycarbonylamino)-2-

oxopyrrolidin-1-yl)piperidine-1-carboxylate (Preparation E, Step C; 7.0 g, 17 mmol) in
methanol (300 mL) purged with nitrogen was added Pd/C (10%, 2 g) and the reaction was
stirred overnight at ambient temperature under a balloon of hydrogen gas. The reaction was
next purged with nitrogen and filtered through Celite®, and the filter cake was washed with
methanol (about 100 mL). The combined organic phases were concentrated under vacuum to
yield (S)-tert-butyl 2-oxo-1-(piperidin-4-yl)pyrrolidin-3-ylcarbamate (4.0 g, 83%)

[00545] Step B: To a solution of (S)-tert-butyl 2-oxo-1-(piperidin-4-yl)pyrrolidin-3-
ylcarbamate (4.0 g, 14 mmol) in DMF (50 mL) was added N-ethyl-N-isopropylpropan-2-
amine (5.5 g, 42 mmol) and 2,3-dichloro-5-(trifluoromethyl)pyridine (9.1 g, 42 mmol) and
the reaction was stirred overnight at ambient temperature. The reaction was diluted with
EtOAc (about 200 mL) and the organic layer was washed with water (100 mL), and brine (50
mL), dried over MgSO, and concentrated under vacuum. The crude material was purified on
silica using a gradient of DCM to 5% EtOAc/DCM as eluent to give (S)-tert-butyl 1-(1-(3-
chloro-5-(trifluoromethyl)pyridin-2-yl)piperidin-4-yl)-2-oxopyrrolidin-3-ylcarbamate (4.0 g,
61%).



Nane Mass spectrum 145 o---- ilk HN,, C cF3 (S)-1"-(3-chloro-5-
(trifluoronethyl)pyridi n-2-y1)-3-(2-fluoro-4- (methylsulfonyl)pheny
| am no) - Iwe@'2011bi4pd3per i di n-2-one (apci) mz = 549.1 ( MPtHPCTAB2@1/08d443 H N |
()," CF3 (S)-3-(2-fluoro-4- (nethylsulfonyl)pheny |am no)-1"-(3-fluoro- 5-
(trifluoronethyl)pyridi n-2-y1)-1,4"- bipiperidin-2-one (apci) mz = 533.0
(MtH) Exanple 147 (S)-1 -(1 -(3
, 5-di chl or opyr azi n- 2-yl) pi peri di n- 4- yy- 3- (2-f | uor o- 4-
fret hyl syhdsagy! ) phepy! agt noxgyr .ol idifsd- OB  (S)-tert-butyl  1-(1-(3-chloro-5-
(trifluoromethyl)pyridin-2-yl)piperidin-4-yl)-2-oxopyrrolidin-3-ylcarbamate (4 g, 8.6 mmol)
in EtOAc (20 mL) was added HCI in isopropanol (5-6 M, 16 mL) and the reaction was stirred
overnight at ambient temperature. The reaction was concentrated under vacuum and the
material dissolved in water (about 20 mL). The aqueous layer was basified to about pH 12
using NaOH (1 N) and the aqueous layer extracted with DCM (150 mL). The organic layer
was washed with brine (30 mL), dried over MgSQy, filtered and concentrated under vacuum
to give (S)-3-amino-1-(1-(3-chloro-5-(trifluoromethyl)pyridin-2-yl)piperidin-4-yl)pyrrolidin-
2-one (3.1 g, 100%).
[00547] Step D: To a solution of  (S)-3-amino-1-(1-(3-chloro-5-
(trifluoromethyl)pyridin-2-yl)piperidin-4-yl)pyrrolidin-2-one (0.15 g, 0.41 mmol) in DMF
(10 mL) was added N-ethyl-N-isopropylpropan-2-amine (0.160 g, 1.24 mmol) and 6-
chloropyridazine-3-carbonitrile (0.173 g, 1.24 mmol) and the reaction was heated to 90 °C
overnight. The reaction was diluted with EtOAc (150 mL) and washed with water (100 mL),
and brine (10 mL), dried over MgSQ,, filtered and concentrated under vacuum. The material
was purified on silica, using 1:1 EtOAc:DCM as cluent to yield a solid, which was further
triturated with diethyl ether to yield (S)-6-(1-(1-(3-chloro-5-(trifluoromethyl)pyridin-2-
yDpiperidin-4-yl)-2-oxopyrrolidin-3-ylamino)pyridazine-3-carbonitrile ~ (0.028 g, 0.060
mmol, 14% yield). Mass spectrum (apci) m/z = 466.0, 467.9 (M+H).
[00548]
Example 151
S)-1-(1-(3-chloro-5-(trifluoromethyl)pyridin-2-yl)piperidin-4-y1)-3-(2-fluoro-4-(pyrrolidine-

1-carbonvyDphenoxy)pyrrolidin-2-one

F (0]
Oy@O/,,dNCN@-CF3
N Cl
O

[00549] (Step A: To a solution of (R)-tert-butyl 4-(3-(methylsulfonyloxy)-2-

oxopyrrolidin-1-yl)piperidine-1-carboxylate (Preparation D; 2 g, 5.5 mmol) in DMF (20 mL)
was added potassium carbonate (0.99 g, 7.2 mmol) and methyl 3-fluoro-4-hydroxybenzoate
(1.1 g, 6.6 mmol) and the reaction was heated to 60 °C overnight. The reaction was diluted
with water (100 mL) and extracted with EtOAc (100 mL). The organic layer was washed
with 1 N NaOH (20 mL), and brine (20 mL), dried over MgSOy, filtered and concentrated



Cl /NNs | [00537] N-Chl orosuccinimde (0.016 g, 0.12 mmol) was added to a
m xture of (S)-1-

(1- (5- chiwoapywagisn- 2- yl ) pi peridin-4-yl)-3-(2-fl uoro- 4- PoEtusgdizmbdianyl ) phen
yl am no) pyrroli- 124 din-2-one (Exanple 4; 0.042 g, 0.090 nmol) in AcOH
(0.3 m). The mxture was stirred at 50 C for 1.5 hour and then cooled to
anbi ent tenperature. The volatiles were renoved by a stream of fl ow ng
nitrogen and the resulting residue wasgstirred in a m xture of saturated

agueous Nﬁgéo‘?{/aéﬁ]un‘? ) gl@@d(ﬁtt%ﬁutg/ll 2. (ﬁ@ G Rb-4 C&%lemogﬁ&ﬁ)%nylﬁﬁ%% B(EW € was

then partitioned betweeh saturated aqueous NaH Ac (40
m.). The Owlgfalr@ﬂldlnplh!dﬁepmmevla@h‘Mthm@%§B%é| y vmth vvater (20 m.), water

20 nL h
vosor” 1 Eelby artieontbne Jhted HAPRel fhe (ATEERT, kPR AR &

(el uti ng (methbxyRarbotstl pAcidrgx2-nesgyriobdiaflfydypipetiBne-1 - o(aﬂbo@ﬁats (dlghﬁl ®mnopyly azi n- 2-
I di_n- 4- -3-(2-f - 4- | sul f |i di n-2-
e’ (ol 0odt B0 Phmbi b sosbhieh Thkmte Rfeeni s U BEY M el “nf 7 =

502 ( MtHpand Exasgetien waSstir) -oiernfglit at(aﬁlbreﬁhﬂeﬁhbélaﬁre ffhélfbﬁQR)erde |cBnc%ntra{éd) pi p

er|d|n4y1) 3 -(6-(pyrrolidine-1 -c arb onyl)pyridin- oXxy) yrroI|
di n-2 - of&derg pguum - 0 A give - (5)-mpgdyly 3-Ruqro-(24019-1 (p@el]}@@éaép&r@

A (R) - t erfoxBie)loath éroél'ifgltléil‘)’(ll sW ey, Rxdch whs QQ%QQiﬁfdre@Aihg'rlEktleacnon
yl') pi peridi ne-1-carboxyl ate (Preparation D; O. g, 0.55 mmol) was added to

a m xt ur d0861het hybtes- Gy drcosey splegp neft éS)(metm é ﬂt®r666 (%ﬁm} (pipgrdlliptht assi um
car bonat S’ ) 8 %?n ﬂyﬁ% )%%n%}g@'éa dloBi M. (0380 Bb himo fﬁi ﬂNﬂ“WrﬁIﬁr@% Slikd red at

60 C ove and o anbi ent> tenperature ture was
partiti onedthpleNweprvpgiptapaa ehizq u DS I\HLCl 2(%0 mh:l)al)ana:tht ZDMlo@Ib@@SnL) The

i hed i | t 40 mL d
o e ¢ MRS RAAER DRSS T2 bbb M Bartehon iR B R L, o
and concanibieat Reéhperhtige. ITAS ir€hidBornvass (ﬁuﬁddfwﬁdEﬂDAcSQSDIrﬁ:Ia) dné lvizikslhgagw v tvhtelEt 0Ac)

to affor S)-nme I ter rb onl)p eridin-4-yl1)-2
- OXopyTr rg?é %)Lh 393 EE}(‘P%(EQ)“BI)C‘HI@% i tl\gg%@‘ I’i‘lgerﬁ tIe u@‘%‘/()vacu[l@‘Og 0] St ep
B: Conce@ﬁdi@faﬁqm@ﬁﬁ&ﬁ%dson@%a dsimd-d g%ﬁznﬁ&dﬁgl\/ﬁt@ 1@0@9&9@%@(:911%06111&15)0 met hyl
5-(1-(1-(tert-butoxycarbonyl)pi peridin- oxop%rrol i di n- Béélr oxy) pi col i

nate (0. ¥%lg, oSAmeHhrbl) Hnl NEGHFh{aro-#1(y rlﬂuwr%neﬁhy»pm n-dadrgeridinglylye- ambi ent

t enper at i e residue was concentrat ed
frgﬁ1 I\/eotlgi&t cgaltﬂogg!% @?gﬂﬁ(id? n%%c(g% 3628 yield)

5- (2- ox0-8056pI per i Bem- 4Dy ) pyr r el | dolnmm yl dxy)(Bl-vethihat&(hjldBebhioi de
0. 19 0. 20
( g, gm%o’lf?mro gc?@éadz ‘Ezlyg?grs%erl% )? Of%y(r:%il? H% “Go3) SLALAVIRNL! @ ne (

5- (2 oxo-gl()(lplrmﬁol) ) Gk MH#- (yln)Ip)ywaisodddeld niCBH Y B dLYD) piu)(ahdl mneadmymimshhmd de
(0.17 g, 44 mmol ). .and Dl EA The

m xt ure \Ré{%mk%ﬁlf Pr %’éblsllt 3Ry gﬁ?ﬂ Si'ﬁt W%PnE?HIOH%an"J}h& e ]fafHE??é%t The

t enper at uhsoud m@em«xg uélelfwmmar N HipRe dbhietpre eing AdsAidedatappausaNH CL
(20 nL) and Et OAc . The organi ¢ phase was washed successively with

wat er (20l ane\maél?ed(\?@ Peter- kg St)hféwabﬁlv?f’eur(dwwym géel¢ ont-Hed-@r gani ¢

phases wepgrdls '(t‘?i@'lué%ﬁﬂéth ﬂhnﬁhrl)fé?lé&ﬁn ang). f@ﬂ?p?%ﬁ&ﬁ %%rloxW@ residue was
purified on silica (eluting to afford (S)-

5- (1- ( 1- (morhpuypts-agid (0.040 g, O 081 mmol, 42% y1eld)
o opviks 2L B o) 1 s el LA g et (0,1
added t o yapwpetidihideyd)- Z}bx(@)roh@hnﬁyylﬁxy() -B- ﬂl(oi_obe(lfmlcr oid @r@03, 0.080 mmol) and
-1l uor Op%yrro 1cP ne (Oy0|22§ Rl 6) 4(? {nlm% ) n %l\XFlel mL) \‘73%‘50%}{&{ IQJF]!BS (8 Ogb g, 0.16 mmol) and
the reaction was stirred overnight at ambient temperature. The reaction was diluted with
EtOAc (20 mL) and washed with 1 N HCI (5 mL), 1 N NaOH (5 mL), and brine (5 mL), and
the combined organic phases were dried over MgSQOs, and concentrated under vacuum. The
material was purified on silica, using EtOAc as eluent to yield (S)-1-(1-(3-chloro-5-
(trifluoromethyl)pyridin-2-yl)piperidin-4-yl)-3-(2-fluoro-4-(pyrrolidine-1-



yl oxy)picolinate (0.17 g, 0.38 mvol) in THF (2 nmL). The m xture was stirred
overni ght at anbient tenperature. The THF was renoved under vacuum and the
resul t i ngvequaode33sol uti on was adjusted to pH 1 via thePaddiSeéion3ai3 aqueous
1 MHCl1. The resulting solids were collected by filtration and air-dried to
afford (S)-5-(1-(21-(5-chloro-3-fluoropyridin-2-

yl ) pi peridi n-4-y1)-2-oxopyrrolidin-3-yloxy)picolinic acid hydrochl ori de
(0.13 g, 0.28 mml, 74%. 129

[ 00542] S , 20 (b fedr fiDo - i @i 05, [ idi D=4y y1) - 2-
oxopyrro%%%?ﬁgg%?ﬁgg%yg%%%??S?%gggFgg%g??%%%%%ﬁ?égwﬁgl%%gSgg%gg% %ﬁ%nnl),
hydr oxybemnzot55b.824t&)hydrate (0.013 g, 0.084 mmol ), EDCI (0.016 g, 0.084
mol ), and D EA (0.016 nL, 0.093 gﬁgh%ﬂwgﬁp stirred in CH2C12 (0.5 nL) for
five mnutes. Pyrrolidine (0.010 AP mmol ) was added and the sol ution
was st i rred)emar@i@khload-5-atnifliuemomethe hppeidit-2HyBpipditidn Ay Hoeopwasligiadt | t 1 oned
bet ween sat urated aqueous NH4?1. 0 and EtO0Ac (40 nlL). The organic
phase was washed successiveI95§?§§P%ﬂﬁ%g§?€§m§§heous NaHCO3 (20 ni) and
brine (20 nL). The organi cs were gri%p over Mg504, filtered and
concentrated. The residue was wf i gd silyca (eluting with 1:24

MeOH Et 0Ac) H)Mfmd(&-;ﬂiﬁé@im@i%ﬁi}mﬂwﬂdH%Z-W)mp
eridin-4-y1)-3 -(6-(pyrroN=idine-1-c’ar yl ri din3 -yloxy)pyrrolidin-2
-one (24 ng, 0.049 mol, 79% as a colorles8 solid. Mass spectrum (apci)
mz = 488odsskH) . 126 EXAMPA eoﬂ%@)%—amino—1—ﬁl—(3—ch10r0—5—(triﬂu0r0meth Dpyridin-2-
(S)-5-(1-(1-(5-chloro-3-fluoropyridin-2-y )piperidin-4-y1)-5-ox%f rrolidin-
3-y1 oxy) SNPRETd ot By TpidEPinakaeple 850, 56 C ORP och 83 iosa 8] PERBL 1 - (1

- (5 - Chl Qr0-Rhs-ali 40T, L0 fubSbBzEnitdb go%ﬂ £ery didandny ?J%tﬁ%idnpi‘ﬂ@éﬁ'é{ec{o.bh din-3 -

yl oxy) - N, N-di net hyl pi col i nam de (18 ng, 0.039 mmol, 63% was synt hésized

f ol | owi ng-% meoprapd durcestion wax deatddeto 148 °C s hourutliha geadiiorevisydibutadveith 2 M i n

THF) for h i di;he, i e ) tr . j = 46 .

Exanpl e fg(éA% %6 gh( fmg ?ﬁgb%ipw?ﬁl‘b%?o@ @ SO0 #ﬂé@%?&?%%ngfﬁ? g? nlb\{g&? yl)p

i peri di n-ofigagit)phases oveapyriadoovier MigRO3R filteradl aaicnodepyatedarieneacdumc Thr ot tri | e

HO NJ( N NCF3.\ =) .. Cl 0544] Step A, Tq. 0 L on S) - benz

(3 (1 orRSsT Wey RSty P HogE s ERGapr Driat HOATDEM A hickPbhie o

-yl) pi persbili, nevllichc akfoxitthdre tifdiaEar aith ondd & epive, (S)H-0(19¢1-BChma®b) in

met hanol (300 nL% Burged with nitrogen was added Pd/C (10% 2 g) and the

react i on (fHRowmetyBayEiR Ly gRerdin-Yanh-ereryiiaherayr@olifider a bal | oon of

hydr ogen EigfbenkBRitri1€ ALE06Q 0\0&S e t20R Yot Mk khechib (A28 mandigh bl 4ered

through CeliteO, and the Tilter cake was washed w th met hanol (about 100

mL). The ¥gMi ned organi ¢ phases were concentrated under vacuumto vyield

(5)-tert-butyl 2-oxo-1-(piperidin-ﬂ¥ﬂ% ¥4y ol i di n-3-yl carbamate (4.0 g,

83% [00545] Step B: To a solution o -tert-butyl

2- 0x0- 1- ( pi per(Stilad45-¢hlpryi-flod i2-yObipar dimeet 23-( % flgora-4-()-1

(50 nl) was added N-ethyl-N i. | an- 2- l:ne (5.5 9. 42 mmol) and

2,3-dichloro-5-(trif ; ) and the reaction

was stirred overni ght at anbientftenpefature. The reaction was diluted with

Et OAc (about 200 nmL) and the or iog,_l{ay m@%ﬁfﬁi?ed with water (100 ni),
nY

and brine (50 nL), dried ove 4, con ed under vacuum The
crude material was purified @gn silica using a. gradient of DCMto 5%

Et 0OAc/ DCM as eluent to give((5) -tert-butyl 1-(1-(3-
chloro-5-(trifluoronethyl)gyridin-2-yl)piperidin-4-yl)-2-oxopyrrolidin-3-yl
carbamate (4.0 g, 61%. 127 , o

[ 00546] StSSToas obteR i dhofq 5) -selfien heft yPrmethyl 3-fyerefg2-gxo-1-(piperidin-4-

yDpyrrolidin-3-yloxy)benzoate hydrochloride (Example 151, Step B; 2.0 g, 5.9 mmol) in
DMF (3 mL) was added N-ethyl-N-isopropylpropan-2-amine (3.8 g, 30 mmol) and 5-chloro-
2,3-difluoropyridine (2.7 g, 18 mmol) and the reaction was heated to 60 °C overnight. The
reaction was next diluted with EtOAc (30 mL) and washed with water (30 mL), and brine (30
mL), and the combined organic phases were dried over MgSQy, filtered and concentrated

under vacuum. The crude material was purified on silica using a gradient of DCM to 1:19



(trifluoromethyl)pyridin-2-yl)piperidin-4-y1)-2-oxopyrrolidin-3-ylcarbanate
(4 g, 86 nmol) in Et0Ac (20 nm.) was added HC1l in isopropanol (5-6 M 16
m.) and twWe 20Hz@6336n was stirred overni ght at anbi ent tecpasaiunse443he
reacti on was concentrated under vacuum and the material dissolved in water
(about 20 nmlL). The aqueous | ayer was basified to about pH 12 using NaCH (1
N) and the aqueous |ayer extracted with DCM (150 nm.). The organic | ayer was
washed with brine (30 nL), dried over139g504, filtered and concentrated
under va i ) (1= S )
S(trifl U?Ifggbe Ejg};\g)agglu&ﬁ tﬁ%lf{l@'@%)q{?etﬂyl 41(1 d((lﬁ(S E?f&c?% (Plll_llérg}oyrlldérll % 2/1)81 eri 1n

1009 . [G&Bﬁ?ﬁ@b}@p@lldiodsﬁbmﬁoﬁh@frq@zogwanﬁrgoSLE%X1 (3-chl oro-5-

(Lo o) b dimg Y Riper ss‘@m&ggﬁ?@g@ﬁg—k@%&ﬁg%rsrmar%l%— -

1. 24 moly))ppaddit-4- }dhﬁ-qupylblldia-ﬂ-)r‘l&ey}%ihrob(ﬂﬁniomd @. 5( @ 317 gingp]) ih. PHF @30l ) and

L onc (189t SHAT weSrizbn b et o Tl e T S e o

over MSQ4ernfght it&hﬁﬁknﬁfh&p@fﬁﬂﬁ@ nd;crdatcadl UNAEOHV@QUD) 13Thg oA ridadd, Wab
purified on silica, usin OAc: DCM as_eluent to yield a solid, which
was furt ﬁ]@,reﬂqqopmaé_tsgae qrwncﬁdglltlﬁl}ql 3dioyesy The TWGW%? removed with a stream of

(S) - 6- ( 1nftdoel-1HRaQERuraldrids | angfff%H'%Sf RY G 54 18E1N124) and the solid that formed
yl) pi peridin-4-yl)-2-oxopyrrolidin-3-ylam no)pyridazine-3-carbonitrile

(0. 028 g,wa fivesd gnd Washed oxithi vedter) Thﬁwélé vepeleied updef apin teyield(e6ld]- 467. 9

E ?/Itﬂr_'l) f | Bg? gl?rlg%o ﬁﬁ?&g ﬁ éﬂrﬁ% é/§?)1p%r)1dng11 eﬁZ—agdA)Iy%BHciE 3 Q/lox(y% 3: t}uorobenzglc( abcildr ‘o
l'i di ne- 113g,2;19lummnﬂ&9%ﬁnld)cv)pyrro lidin-2-one F 0 ........ I'N-- (/N

PRRBSTRON 1 g Bt Toa et o AR ENCARA B R?ﬂon-%%hugfgﬁfaﬂllﬁézy DPipsidBsy 1 at o

( Pr epar at@ﬂpzﬁxo@rnghdﬁ 35ylﬁiml3)ﬂuomotiah/ﬁnc(% (o110 gwasz Zﬁdﬁtﬂ)ﬂinma&inummﬁr bonat e
(0.99 g, fluoro4hydrox benzoate (1.1 g, 6 mol )
and the raé%f‘a%ﬁ%@ rgegt“éd%%l) 60 &-Ihdiirghiory iripga- -aaqeo@? leagLoq Ut ed

Wi th vat efimll Qi tb yeaddiith \%Sts'hﬁ@d eff 20intiRutEt QAGmb{chOR turdl N®)- Oy Qe 3! ayer
was washed wwth 1 N NaOH (20 nm.), and brine (20 nL), dried over M504,
filtered cAA0TOECRAC My Way 2ddddnded theaiseinn tves giived () 2 thewrs -apgmpient

4 (3 (2 i iorgad- HELA%EY AL lagméh )vmen@asx)@@mL%ﬁ@wag}gh'vq{hnHél (1N, 10

-yl) pi peri carboxyl ate 83%) .

[ 00550] StalpBNTOHs@I Nt l(bmﬁib(@telt @ﬂtmblataydl Brifg¢102mE ), wod gheqecombined organic

(et oy CaLBONU LTI s OHIENS 18] L0k kXN BELLA e g Sy 2t (2

(5-6 M (&s purifid BGrevaral prepaundivt P LCeAbd cmhnmlsfraetmtrsrvmﬂe dl\laeedwwglln EtGc anbi ent

e gy T LSSERLGN, VEREATGATAL PSS AMERS “BELP L0, B 10yl B =i

hydr ochl @omeied drghnig phab@O0%re dvild @\her ‘MEgSOJ Sfﬁd:r&lrdﬁd QOIhdéntTrah@i RNt vaceas td on

[ 00551] Step C. To a sol ution of

3-f 1 uor o&M¢( 2- oxo- 1{Ppl-PerSrehiaio4- ﬂ‘w%wlfl&ﬂmlﬁ?ﬂéllvl By Bdlotpat-5)-3-

hydr ochl griidey ﬂy@mﬂidlge 1QaB3n1TPREdoxly Mdlﬁ éQ)nQi(b Ogﬁsga@dw mmol, 30.6 %

N- et hyl - N-|so propan- Z- am ne 2.97 mrol) and 2,3-di chl oro-5-

(trifluorshdt $S)Sp§ﬁ¥t1ium(ﬁECIX1®/Zf9@1gj) (Mﬂ@92 mol ) and the reaction was

stirred overnight at ambient tenpgfg The reaction was diluted with

Et 0Ac (50 rrL) and washed wlth wat er n% and br| ne (20 m.), dr| ed over
i hlarod eft B flwo

M504,

silica, usi ng a gr adi ent @ B(e% ﬁ:ﬁl—E&ae ﬁ%enmmﬁs eI uent to
yield(S)-methyl4-(1 -(1 - - hyl ) pyri di n-2
-yl) piperidin-4-y1)-2 - oxopyrrofidin-3 -yloxy)-3 -fluorobenzoate (0.10 g,
63% yi el d). [00552] St epD: Toasol an,of @t h -(1-(1-(3-chloro-5-

- 4-

(trifluoromethyl)pyridin-2 eyl - p efni xopyrroli din-3 -yl
oxy) 3 -fluorob enzoate (0.1 g, 0.19 (2 nmL) was added LiCH (3
M 2 nmL) and the reaction NRstirred overni gt at amnbient tenperature. The
THF was renoved with a stgeam of nitrogen. The aqueous |ayer was acidified
with 1 NHCL to about pH 1 and the solid that fornmed was filtered and
washed with water. The solid was dried under vacuumto yield
(S)-4-(1-(1-(3-
chloro-5-(trifluoronethyl)pyridin-2-yl)piperidin-4-y1)-2-oxopyrrolidin-3-yl
oxy)-3- fluorobenzoic acid (0.040 g, 0.081 mvol, 42%vyield).



[ 00553] Step E: To a solution of

(S)-4-(1-(1-(3-chloro-5-(trifluoronethyl)pyridin-2-

yl ) pi per iwOnoet/madd3s2- oxopyrrol i di n- 3-yl oxy) - 3- f | uor obenroirasaii®3¢4@3 040 g,

0.080 mml) and pyrrolidine (0.028 g, 0.40 mml) in DV (1 nL) was added

HTBU (0.060 g, 0.16 mmol ) and the reaction was stirred overnight at anbient

tenperature. The reaction was diluted with EtOAc (20 nL) and washed with 1

N HCL (5 nm), 1 NNaCH (5 nL), and brie (5 nlL), and the comnbi ned organic

phases i ed r \'F: terial
S ey I D L e e

(S) 1 (1%@9}@1?@“161&101ﬂOX)()t3rﬂlierh@nmta¢19I()Epa}npldllﬁ 2ty Ppidplee, @thnql)l)n 3 -

-fl uoro- | | ca X r. i 0. 0026
o 00005 TNbtE By LG g SO EE0 A I RSN NG f P %Ar%”d%%xanpl e
152 (S)- 49 (1 mi( 048 mnodl) amrtbe feactionivfak i@t 2 njrpiyes iadimbisnt tghpepature. 2-

e i i u BB ol L b Rion R0 o ! HLRR eRABR B J e F N
('S) - 3- amihogrs Ja%mbi’enmh@elanﬁe (Theirfdcuon e tdiyded pyithi Bi0c230 mL) and washed

| di 4 d 2- Ex 150 0. 83 |
) BARS ramisT Uek” Hite, SO 41 N0 el 1 e 00 bast 416 s Hkidis and.

pot assi U%ﬁﬁfn@@ BRhSic (Hasdé ware dica M&S@P%lﬁehﬁ aﬁ@%@ﬂde%&‘!@%d@?@a{cﬁgmt 0 130 C
for 6 hours. The reaction was diluted with EtOAc (20 nL) and washed with
wat er (Z@hmq’udeamltebqﬂu vies pudiedi by reypige tohesecloMpt néle eerglingd fiptiwseavonker e
dried ov

mat eri al %'ilu%%gél (Lit(%fnﬁg caé%gés]fﬁﬂﬁ g%{;quadﬁ ggdtaﬁ%;{%%lt%ﬂ%%??fﬁgtﬂ g%’c: DCM as
el uent t cil(gm\ke aad ﬁmlcpuhbmwhnghmmhaséuwel‘ﬂdrled over M gvOadfilwir¢dnnDCMdeotrged/ e
(S)-4-(1 (3 chlor05 .

(trifl uoru{&%r%t hy?9'BVr i & n- géV I )(%I pQ ey Chlﬁ?r?/i)ﬂuﬁmBy(o yr R p&lrlgll-n_é-_)w_%.—n‘i no) - 3-
fl uor obera)mpyntomd]lnes flexﬁ%ﬂ@ro M- QIR droxpéthy 1296 yétRy 16gnzaniviis S ((GEBSC tg, UGB pCi )

mz = 482. 48 1-(5-chloro-3

£ uoropmﬂ. } yv%&%wtwﬁw&)m (35390@35% 44(S)-3 -
hydroxypyrrolidine-1 -c arbonvl) phgpepld s rol idin-2 -one 0 0,, /(
....... sIN-( [/ N\ / CI HO [00555]StepA Toasolutlon of (S) nmet hyl
3-f 1 uor o- 4- ( 2-&Xd shlagord-Hueyop A3 %)

hydrochl oride ( EXG‘W&rolx@&wroﬁhﬁ@ l%art%ngl)lﬁlenéw%MH% 2 6heDM: (3 n) was

added N-et hyl - N-i sopropyl propan-2-amne (3.8 g, 30 mol) and
5-chl oro2, 3-difl uoropyridine (2.%7 g, 133 nol ) andthe reacti on was heated
to 60 C overnight. The reac%z@r@ Iut with EtOAc (30 nL) and

washed with water (30 ni) a ¢he conbi ned organic
phases were dried over M504, flltered an co centrated under vacuum The
crude material was purlfledo silica using a gradient of DCMto 1:19 130

HO
[00559] To a solution of (S)-4-(1-(1-(5-chloro-3-fluoropyridin-2-yl)piperidin-4-yl)-2-
oxopyrrolidin-3-yloxy)-3-fluorobenzoic acid (Example 153, Step B; 0.10 g, 0.22 mmol) in
DMF (2 mL) was added HATU (0.17 g, 0.44 mmol) and N-ethyl-N-isopropylpropan-2-amine
(0.12 mL, 0.66 mmol) and the reaction was stirred for 20 minutes at ambient temperature.
(R)-pyrrolidin-3-0l hydrochloride (0.058 g, 0.66 mmol) was added and the reaction was
stirred for 2 hours at ambient temperature. The reaction was diluted with EtOAc (30 mL),
washed with HCI (IN, 10 mL), NaOH (IN, 10 mL), water (10 mL), and brine (10 mL), dried
over MgSQ,, filtered and concentrated under vacuum. The crude material was purified by
reverse phase HPLC. The combined fractions were diluted with EtOAc (50 mL) and washed
with 1 N NaOH (10 mL), water (10 mL), and brine (10 mL), dried over MgSQOy, filtered and
concentrated under vacuum to give (S)-1-(1-(5-chloro-3-fluoropyridin-2-yl)piperidin-4-yl)-3-



Et OAc: DCM as eluent to yield (S)-nethyl
4-(1-(1-(5-chloro-3-fluoropyridin-2-yl)piperidind-yl)-2-oxopyrrolidin-3-ylo
xy) - 3-f | Wwoabamaesse (1.5 g, 54% [00556] Step B: To a s@CUtUSeo 1086443
(S)-methyl 4-(21-(1-(5-chloro-3-fluoropyridin-2-

yl ) pi peridin-4-y1)-2-oxopyrrolidin-3-yl oxy)-3-fluorobenzoate (1.5 g, 3 2
nmml) in THF (30 nL) was added 3 N lithium hydroxide (4.3 niL, 13 mmol) and
the reaction was stirred overni ght ati3amnbient tenperature. Additional 3 N
Li OH (4. 110]] i i f n

addi 1 ondl Rot L A b B Bt (O e e
aqueous |nay@lr33\ﬂ/amehﬂdll‘dasrssmtrm§a(mtdlna/zarﬁbﬂ ME(1 N) and the solid that
formed was filtered and washed with Vﬁ’%tlee{% The solid was dried under vacuum
toyield (S)-4-(1-(1- (5-chloro-3

-fl uoropyri di(8-2-(1H3dilpers- @hwdroﬁvmdthvlbvaﬁmmvvlbmwarmw -31)-3yR efkpio-8
-fluorobenzoic acid (1. A ) . . [00557] Step C. To a

sol ution of (S)-4-(1-(1-¥5=¢H : 1 H =291 ) pi peri di n-

4-y1) - 2- oxopyrrolidin-3- onxy)F3 flugroben20|c aC|d (0.10 g, 0.22 nmol ) in

DMF (2 nL) was added HATU (0 44
N- et hyl - N-i sopr opyl pr opan-R- NLZ{SD | ) and the reaction was
stirred for 20 m nutes ato rent tjﬁp ur (SpHPyrrolidin-3- ol (0.058

g, 0.66 mml) was added, and the reaction was stirred for 2 hours at

anbi ent t at ur h L d washed
vith HeL [?’0;56@, 10 %%Aerd 5%&1‘&1!16%001""355) 3d%2 ﬂﬂ\xﬁ?é%étﬂyl@l%‘}l)ﬁ&gylg%a?ngzm( 10 )|

and the épnpidied- Y@p@a@hd@-@yﬁa@@@m@@n di 1.8 2)8@1rm BAME {30 mbrwep aglder]
concentr C rse
ot opar at 1y e A ok NI M1 A0 s TAhAED Bha By ISk SnBORAEY DS,

and washegd?8winithol1 dhdNaOrda¢ticd wrls stirrevbevernight @t mt)lepntaﬂmd)emmrneﬂ(eléhcml) waand t he
conbi ned ALEAN ROASTSRL Puf L&HPYRE WU Ofbo | LET 60 niINGSUL 2t o

under vacuu

(S)-1-(1cOmbidbd ofeanid-phisaomwerzydriedi ove2MygBDpifierdddind cdndglratdt (itef Vacat@- 4- ((S) -
3- hydroxypyrrolidine-I|-carb henoxy) ro |n- one 35 0. 0678
mol , x%‘ ShUJF Byatryial ‘T(?éé’é‘rlgf)‘g@{?{‘:‘%"(s%é|g)r£d¥3"i Hg t@@r‘i—é)&v%éfﬁﬁﬁ% 154
(S)-4- (1 to {ikld-o s%hdc\klhl@m Qfa@fmtflllsmé@ﬂ}ﬁ&éddﬂrd}n Asidd )s@f)rl@paﬁlrol @ divdAsy-ethd1 5-

- oxopyrrol 1 din- -3 -fluoro- N (2 -hydroxyet hyl)-N nethyl benzam de

F N 13:@10[(@@-545@] éoﬂLg_)rg-éh(@@ﬁhblﬁulg}nyl)phenylammo) 2-oxopyrrolidin-1-yl)piperidin-1-

(S)-4- (1),()31105 @bhﬁbo/@ @Jb,}ég{opyrl di n-2-yl)pi peridin-4-y1)-2-
oxopyrrolidin-3 oxXy | uor obenzoi c acid (Exanple 153, Step B; 0.1 g,

0. 22 mol[§056h] DIVF $top niBy Vims adetdefidHATY ((6)-fipthyl 6-cUloravrit- -J3-@nfdproro-4-

A e e e A

(0. 050 g,mrolpen kDl (20wak) azddeduedalnBHn k2 MemClIHR)rO WamLst)BBrmmlolD and Zhdhour s at

anbi ent tenperature. The r ctl s dilute Et 0Ac washed
o ChHCL TR OIS SRR g P Qo it el iliied B REM 10"ty
and the ¢sorhiLned @& g@Bhic la@bﬁS@SVaeﬁécEwﬁl{ weer QUAL)MINA4CI (10 kit e ried Nad

concentrat ed under vacuum_The crude material was purified by reverse phase

HPLC. Thé!Gartimddring 449 itgns 2tk ths epmbifed rganich plmse@weies@%wa%g%s hed
with 1 NeNafh dndQofdehtratd@tuflicr (hBuutk) Thed@ddPmaRBal( W& Plefiedadsilileus i ned

organi ¢ phases were dried over M504, filtered and concentrated under
vacuum t GtgAges elpatgo (vield @ polid, svhigh ey Bm:hen frityrated pirthi Isehrepapol/hgkangs to

i peridin yl) - 2 e A
a3 3 ey) - 3- T aar g K sy e s IR A s Boesd

0. 064 rrmﬁinpthﬁlsaﬁcywBbltt)lylama@@ysmhmnf%me( @pﬂ‘zll)g,nﬂ 943 0504, OI%M}‘iel)d) Eiaampl e 155
(S)-1-(1-(5-chlor f din-2-yl)pip eri din-4-y1)-3 -(2

-1l uoro Zflg?cfl%n (§p O)rn/ﬁydzlrgox pyrrgl idine-1 -c arbonyl)phenoxy)pyrrolidin-2
-one HOP [ 00559] To a
sol uti on of (S)-4-(1-(1-(5-chloro-3-fluoropyridin-2-yl)piperidin-4-yl)-2-
oxopyrrolidin-3-yloxy)-3-fluorobenzoic acid (Exanple 153, Step B; 0.10 g,
0.22 mmol ) in DMF (2 nL) was added HATU (0.17 g, 0.44 mol) and

N- et hyl - N-1 sopr opyl propan-2-am ne (0.12 nL, 0.66 mmol) and the reaction was
stirred for 20 mi nutes at anbient tenperature. (R)-pyrrolidin-3-ol

hydrochl oride (0.058 g, 0.66 mml) was added and the reaction was stirred
for 2 hours at ambient tenperature. The reaction was diluted with Et 0OAc (30
m.), washed with HC1 (1N, 10 nL), NaOH (1IN, 10 nL), water (10 nL), and
brine (10 m.), dried over My504, filtered and concentrated under vacuum
The crude material was purified by reverse phase HPLC. The conbi ned
fractlons wer e dlluted W|th EtOAc (50 m_) and washed W|th 1 N NaO-l (10 ni),

. AN R A /N A



[ CI [00560] Step A: To a solution of

(S)-3-(2-fluoro-4-(nmethyl sul fonyl) phenyl am no) - 1-

(pi peri diwoseylupsssr ol i di n-2-one (Preparation E, 1.0 g, PETAISpomoje4uh DIVF
(30 m.) was added N-ethyl-N-isopropyl propan-2-amne (1.1 g, 8.4 nmol) and
met hyl 5, 6-dichloronicotinate (1.7 g, 8.4 mmol) and the reaction was
stirred overnight at anbient tenperature. The reaction was diluted with

Et OAc (250 nmL) and washed with water 3800 niL), and brine (50 nL), and the
combi ned organi c phases were driedgQyffi. {4P04, filtered and concentrated
under vacuum The cr ude mat er| al was ur| Ti ed on 5| l'ica u5| ng' a gradient of

pr eci pltated from usi ng i - . I chI oro-6-(4-(3
P oot uor o- 4- (et hyl sul2Bd ¥‘ -1 -§8tmg§ﬁ(iyolld|n 1 -yl)p

iperidin-1 - yI)nlcotlnate(0F709 617%y|eld) [ 00561] Step B: To a
solution of (S)-nethyl 5ch fIN roel-

(et hyl sul f onyl ) phenyl am Qo oxo piperidin-1

-yl )nicotinate (0.20 g, : ) N@as added LiBH4 (2 Min
THF, 0.19 ni, 0.38 nmml) and the reactlon V\ﬁ's stlrred overni ght at anbi ent
t enper at yogse2jThe r&g%t iAQN TWas dlsdlﬁﬁcﬁd c\(ﬂt (5@ Hle} (A henkgani c

| ayer vva;I washed wat er a , qE-;i)Cl ) , 0161(NmNa%-l (10 nm) and
brine (10mghylsulfanyDphsaylewming @domfr@élﬁinc ﬂﬁmeeelwema@ti% dramplky>04,
filteredsands GRaLeN IAhad) UNIEE (S EHY Was mfedermesomto%r glomesmpyhid i ed on
silica using EtOAC as eluent to yield a solid h was further triturated
Wi t h i soplrorsacton/ wesxsimed averngghy et grgient te@merat@@ The THF was removed with a
-chloro t | ypr 0- 4-
(ot hy s bt SRR M At BBk EbBaE bl Por Rk YR 0o
yield). Mam thatSpactdrwere (iltpred,) washed with SVated agdviid unctbﬁsacﬁxmrtplgefej(sys-

S S Rl T R S e R S R

0=- - - - . | Nh)nfSotidic acid (0.40 g, 82% yield). N /s [ C
[00562]8 A: To a solution of (S)- 5-chl or o- 6- 44 2-fluoro-4-
(et hyl sd?‘%&ﬁlyl ) pheEB-aBi no) - B ox?bpySrOF ‘IOPdl A | (§P §Shiop-&f Eﬁ' -Huorgty nj ¢
otinate Q@é@%ﬁl%n&?ﬁnen@hﬁlﬁldﬁ2 ogoléﬁrogdmol SpifeRlin- 1y Dnidbinid 2Ridvp.4wag, added a

3 Msolution of Li e reaction was stirred overni ght at

ambi ent  t0ek¥pamal) mlaCMNR@ Mwm@eﬁén@ve@ dighlerids (328 st elimom and (I The
aqueous ld?%ﬁranweﬁ?e G| L8R aPff a&n tftéh‘ﬁpe?a@&b P8 18lrs g&et&%om@s sol i ds

that forned were filtered, washe wat'er an drle r vacuumto give
(S)-5-  concentrated under Vacuum give (S)-5-chloro- 6 (4-(3-(2-fluoro-4-
chloro-6-(. |.f on n 0 idin-1
“yl)p ip é t(}];§r13ul ony )9}re)n¥lllar(1:nn8§| 1oxQ yar‘Eo:llgln—ldylh%gerled %g—ly nlco‘%ng?/l ORYS |E(P Jl

[ 00563] Stee pBod0aBOM it mak ufeB)dibetih d’recneﬁt sﬁeﬂrv@&o(lﬁpdr]lf dftion: 4-

ot i & adhdroud. 46 Se o8 ol 1 beieno Al (s eRBaCkrapbeet " ©

di chl ori pr\e&%a&ngl)p%nﬁlaﬂﬁmb)z o&@ﬁ!yr%m(11y19{519mdnangl)ﬁlb@uﬂosnaeﬁlbﬂab ves stirred
at anbient tenperature for urs. The reaction was concentrated under

vacuum t & %,2% gln(ogb ing_rply p%PMFéé@z{/T(I—@ ((1 A1 Wis peded dimethylamine (2 M solution in

(et hyl sylfonyl )P Wﬂﬁhﬁ[ﬁ‘ aﬂ&’}he?reé&‘l&ﬁ)%{ Qiricd 'aﬂarhmé/dt )té?hﬂé?artﬁrg g4 ho‘(ﬂs) fhcoti noyl
chlorlde(O 41 g, 100% . The nmaterial was used directly in the next step

Wi t hout peachién wat qhblmed Wl@OB@G}CS{tI%mLTQ%@E @tdapigddyer was washed with water (20

(S)-5- chI §

(met hyl su )gdrr%?/ ?1692 nﬁLéanr?g J ?%%%%15‘ Frofi ddLGd OYer%%sp())f‘paélrdlc e ateq NI cot | noyl
chl ori de ve@uihb Tge m@teﬂﬂ wamﬂ1t)1ra|tad vathnikopodpaDMRAVRGNG T tq glvéL(S:b)S olnﬂxsoée{dled

di met hyl on | d.t action was
atirred -G Ere Sivsule iy pBer Wi il b i T Bebp B AT ot ea Wi th
Et 0Ac ( 1Q@m¢thylnidstchatofide (orogargl, 0.1l aytesl, 98 WaShethsyvbpebrma i i) (2@ =n138.cand

brine (20 rrL#?) and the organic |ayer was dried over M504, and concentrated
under vaé The material was triturated with isopropanol (about 6 nL) to
give (S)-5-chloro-6-(4- (3 -(2-fluoro-4-(nethyl sul fonyl)phenyl am no)-2
-oxopyrrolidin-1 -yl)p iperidin-l1-yl)-N, N di nethylnic otinam de (0.059 g,
0.11 nmol, 38%yield). Mass spectrum (apci) mz = 538.0 (M+tH).



134 Exanple 158

(S)-3-(2-fluoro-4-(nmethyl sul fonyl)phenylam no)-1-(1-(2-(trifluoronethyl)pyr
i m di n-5-wol2ppipesssdi n-4-yl )pyrrolidin-2-one %0=S/ PLOOSBGLA3GIUXL ure of
(S)-3-(2-fluoro-4-(met hyl sul fonyl ) phenyl am no) - 1- ( pi peri di n- 4-
yl)pyrrolidin-2-one(PreparationE; 0.20g, 0. 56nmol ), 5- br ono- 2-
(trifluoronethyl)pyrimdine (0.15 g, 0.68 mol),

(S)-(-)-2,2" -bis(di-p-tolyl phosphi no)}311 1' - binaphthyl (0.076 g, 0.11

mml ), Pd(OAc)2 (0.025 g, 0.11 pgSCSZCOB (0.92 g, 2.8 mmol) were
conbined in degassed t ol uene (6 m_ stl rred in a seal ed tube at 110 C
overni ght. & C ' £ Dep playt-5

Et OAc, dried over I\/gSO4 and centr rgoh I{5130960hromat ography of the
crude product on silica fol deé\ggl'@y—@r%%m?%—mn—of the isolated materi al
with 9:1 hexanes: DCIVIgaveaV\thte sol d that was filtered

anddri ed. Themat eri al waschar ac s( fl uoro-4-

(et hyl sul f onyl ) phenyl am n@\ &—@N@ et hyl ) pyrim din-5
-yl ) pip eridin-4- yI)pyrr8I’ dih- 2 -ohe (07064 ¢, 0.13 nmmol, 23 %yield).
Mass spectrum(apm) mz = Oﬁlca rity was not determ ned
Exanpl e 18¥6fks) - 1 Amixtyrpof @)ﬁy@ﬂ(ﬂof%ﬂdmﬁ dsulﬁqnyﬁvhepﬂamephlimpqr) dig4- (2

-f1 uoro- %1 Ifrolme{ b%héul ioRyddRRenyE; amppe) PY 1 0 old6di NmfonONe 5 tiesho-8=S /
[ 00566] A m xt of

(S)-3- (z(ﬁifhleﬁoeleﬂn—y Dprerirhigling P 116 rgy 10)68haryD.ath)160)2.21 -bistdigretolydiphes ghino)-1,1°-

50 e SPEPRLORTG RED TR 0o itk o Wi G 08, 998 % 2% o056

mmol ), Pdlﬁrmaz)@re( @nlBdgp BgB5E! wihnehd (6 anmd a@s 2GERI (0 Xdleg, tulZe & hh@tﬂ() wer e

conmbi ned | n d sed. t.0l uene tirred in at 110 C
ot e P SRR IIRN RELCochh Bl BB e Py B Eher SRR L

Et 8AC) dg\n@hmpmelrcoh@:&s&)éwd anlldsm?mml (Bg'r%fhgd)ftlﬂo&&i& p@(kﬂ'll@tnal]tcl Qﬂﬁﬁ@h&wé&% I\/E8H in
Et OAc (0] the cr rra 0 ytrlturatlono the cr roauct
with 9:1 tHuRbRRet %em"%éﬁﬁéﬂ%e% qxerlets M wae F Viiteaolid) thahyagitlt The

material Jh@s Qlli‘i@él aCt erimgpd %at@@l 1-+ak- ( 2characterlzed as  (S)-3- %2 ﬂuoro 4—
et hyl pyrl m di n-5-yl ) pi peri di rlldifﬁzll -3-(2-fluoro-4-(met hyl sul fonyl ) phenyl am

no) pyr r ol(mgghpls lzlfonyljzdenmen(oﬂr @trlﬂeore@sthwlamrlmldl%%Ylmlmldmi% NMR (400 MHz,
CDCl3) 6 6f1)p%901{d‘in 23D (0. |—§(’46% . 131m%1%1 (2‘31 %ng)ozwéls %gctrll%{_Qaé) FDZ) 502:170 (m

- A0 4,17
(m 1H) (M+25. Opmazzgur(tmwaangtdewrr@@ed 4 92 (m 2H), 5.10 (s, 1H), 6.80 (t,
1H), 7.55 (d, 1H), 7.60 (d, 1H) [ AN 615 H. Optical purity was not

det ermi ned Exanple 160 (S)-3 -(2 -F108rSI%. (et hyl sul f onyl ) phenyl ani no) - 1

-(1 -(5 -nmethoxypy r(&)z1—m-—@-ethb)qalrmérmﬁvh)a1éeridin-4-vl)-3-(2-ﬂuoro-4-

methylsulfony)phenylamino)pyrrolidin-2-one

FoL o
3O G-OrCn

[00566] A mixture of (S)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)-1-(piperidin-4-

yDpyrrolidin-2-one (Preparation E; 0.20 g, 0.56 mmol), 5-bromo-2-ethylpyrimidine (0.13 g,
0.68 mmol), Binap-rac (0.035 g, 0.056 mmol), Pd(OAc), (0.013 g, 0.056 mmol), and Cs,CO3
(0.92 g, 2.8 mmol) were combined in degassed toluene (6 mL) and stirred in a sealed tube at
110 °C overnight. The solution was cooled, quenched with water, extracted with EtOAc,
dried over MgSOy, and concentrated. Flash chromatography (2% MeOH in EtOAc) of the
crude material, followed by trituration of the crude product with 9:1 hexanes:DCM gave a
white solid that was filtered and dried. The material was characterized as (S)-1-(1-(2-

ethylpyrimidin-5-yl)piperidin-4-yl)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)pyrrolidin-2-



vl ) pyrrolidin-2-one [00567](S)-3 -(2-F

| uor o- 4- (et hyl sul f onyl ) phenyl am no)-1 - (pi peridin-4-yl)pyrro lidin- 2-one
(Prepar atworroHy14633850 g, 0.14 nmol ), 2-bronp-5- et hoxypycaaisae@ 106864082 g,
0.17 nmml), NaGBu (0.041 g, 0.42 mol), Pd(QAc)2 (0.005 g, 0.02 mml), and
2- di cycl ohexyl phosphi no-2' - (N, N-di net hyl am no) - bi phenyl (DavePHOS) (0.017
g, 0.042 mvol) were added to an argon-filled seal able flask. Toluene (1.5
nm) was added and the mixture was purged with bubbling argon for 5 mnutes.
The vess e ight. The
m xture %S@gloolsggj(t?% rgﬁll b ttla‘lsr)llteyltmé1 Eﬁlzﬁﬁgzm H&f ggﬁw) pzllﬁg %’%Q o and
stirred flor (4b SHi)NuéE6;, 2HHE.60 x 2U0ampaB),f2.90 eBdd (toh 2HYUGH03GE/ H{péd@r— and

concentr at gd. i wa ur'fi i i ch t ogr y ([Et.OAc) to
artord (S0am o874 flohd? 4 RePASur T sidh TBhdiot amvady: 27 pa0p e

- met hoxy By80ag i1 d,Z7.5Wd) 1)L P.e0 (dilA3,4-70yk,) 208 r O@hd:adpﬁht?mmﬁot(cﬁteﬁﬁﬂagd 0. 067

nmol , 48%vyield). Mass spectrum ( ]£)CI) Mz = 464.2 (MrH). Optical purity
was not det er mi ned Exanpl e 161 (S) Xf“( ’(@ 5 -di chl oropyrazin-2-yl)pip eri
di n-4-y1)($-3- (zGﬂ&dmmhmleﬁmsmwmmwaHﬁm3 (1-(5-Yh Bk ARHDW-B QD biipBliidin-4- - one
HOCI -N j\T J-CI N [00568]Step A® (S)-B enzyl 4-(3 -am no-2 -oxopyrrol
idin-l-yl)p ip eridine-1 -c arb ¥ratidénCmmeparation E, Step D; 0.26 g,
0.82 mmol ), 5-brono-2- (methylsu&fon% yr|d| ne (0.26 g, 1.10 mmol ), Pd2dba3

(0.038 g, 0.041 mmol), Binap-rasa 82 mol ), and cesium
carbonate (0.43 g, 1.30 rmtﬂ) e@ on-filled seal able flask.
DVA (7.5 nL) was added andoshie yst pur i th bubbling argon for 5
m nut es. The system was seal ed and sti rred at 100 C overnight. The

m xt ur e WS6Zpol ed(SH-8- (amhmemﬂ (meuhpbulﬁu]uf)ﬁleaMHmmoDdt(p]demdm#—y'rjﬂﬁrr@ﬁ:ﬁ)n m.) and

df 3 | d,th d
concent r A8 AT UREa N Oriel t STBTE A Sy T By arl 003> T 2

chr omat Oglﬁrﬁ(}ﬂb]yN(aEtBlA(()) oup @f DQan{n@l)- de‘(Z)Wc)z (0.005 g, 0.02 mmol), and 2-
oxapyrroljdin-1yl)pi

4(3(6 (eth | fonyl ) pyridin Q ridine-
- car boﬁgﬂyalpé Eﬂlgfa?hgw hig" H%Wﬂthy){%l?ﬂ%)% %f@esleé])%fegblo@( €018 @nz@ﬁf

4 (13- (6- RSN Wertddaenyd arprbIdﬁHeche‘ﬁa@I@ ﬂh@]} %m@%@@ysr Fn@)) in@ls Rddell and the

-yl) pi peri di ne-1-carboxyl ate fo. 23 %’bvvas di ssolved in MeOH (5

n) and cYBuEdWVeDb Parged Withebyphtivg ?@Onvf@%5d9¥1@'@d o Fespg W teriedend dbuum

purp/ N2 BalhRORa YA 1?@%%&@1@%@5&% (k0 clioa 0 ShifeRaghRorattE!

Degussa type, 0.053 g, O. nmol )~ was added e systemwas purged with

1 at m H2 dgyted ertééFHFa(damh)mmplm@ foall § ammtetsyiilileelsuxtuwwasr laed hrovgbtfiued to

stir und ti I t was

i1t er od P Gubfri S BT AR Ay 15 SRIRNIRp Y (8 ,F)

(rret hyl sub¥ 3}@;ﬂl)qsrymk(meﬁly&ugfd)r@m)pmy}aﬂmlﬁcmlp(eF(smamo&yyyramﬂrmblpdt1mﬂz~ one (0.17
g, 0.51 o

00570] SPUBE TS50 T AREn ST moashy #5 pyisdh Sy PERHALIPED EHF 5l n- -

yl) pyr r ol(VeHHD) - Dpade pérly Wa6n@.de@rmaidedmol ) and 2, 5-di chl or opyrazi ne (0.054 g,

0.36 mmol ) were dissolved in NWP (0.45 ni) and treated with DI EA (0.098 mi,

0.56 Mol ). The nixture was stirrdFaMPIBHIC overni ght and then cooled to

anbi ent t enpehatyr(§.s-dldhorbSRsAd- 901 Pipkiidih-a- MRS Rahdh Jiludose Retwesn Et 0Ac (40
m.) and H20 (20 ni). The m xture was Tlltered through a 0.45 p. mnyl on

menbrane and the solids were IE and then dried under high
vacuumto provide (S)-1-(1-(5- chIQJopcyraszZ yl) pi peridin-4-y1)-3-(6-
(et hyl sul fonyl ) pyridin-3-yla t ol one (0.030 g, 0 067 mol ,

30% . [00571] Step D: N Chl oRodUcti n ( 3/os! 0.098 mmol ) was added to
a suspension of (S)-1-(1- (%/chl oropyrazm 2 NT)p ip eridin-4- yl) 3

6- (et fon ri amn rroI , 0.075
m(ml§ inqw &)ﬁ@yﬁ(%w% g PBFFOé ma"ﬁ%?réjme%& WY Ure for
1 hour amplref)&}@tﬁbnaﬁ $Cp ©;fr6 &, d)l@yﬁnmdu\pe%r@m@cz @B SulfBRD)HOHdiNe wz@§st ream

of nitro The resi due was Vi orouslg stirred in a mxture of 10% Na25203
1

(1 m) aﬁleEfl@A]d Rdpdbes Y093} 24004, mueBsBingpraacrDRp Ligel-{ds Myl pid esBE bet ween
Et OAc ( BQa%ﬂat@E“iﬁlﬁgtngOaﬁlﬁgl) N%lr'é%e(( ?ooanrqf?;on HRld dfaip 'ﬂgﬁc %IQAr'@tS 19L)SSO| ve
were col l ected I'tration of the suspension through . mnylon
menbr ane %ag agqle@l\,qndéhe( S)stemn (as Pigg@L with bubbling argon for 5 mlnutes The system was

di chl oropyrazi n-2-yl ) pi peridin-4-yl)-3-(6-(nethyl sul fonyl)pyridin-3

-ylam no)pyrrolidin-2- one (0.011 g, 0.023 nmmol, 30% . Mass spectrum (apci)
mz = 485.0 (MrH) 487.0. Optical purity of the product was not determ ned.
137 Exanple 162



(3S-1-(1-(5 -chloropyrazin-2-y1)-3 ,3 -dinethylp ip eridin-4-y1)-3
-(2-fluoro-4- f nethylsul fonyl)phenylam no)pyrro |idin-2-one

[ 00572] Stwp 2:1/86eas5um hydride (5.73 g, 143 mmol, 60% di pErusz@n/0s¢i43n ner al
oil) was added to tert-butyl 4-oxopiperidine-1-carboxylate (13.6 g, 68 3
mml) in THF (350 nL) at 0 C and the reaction was stirred for 45 m nutes.
Mel (10.6 nmL, 171 nmol) was added dropw se. The solution was stirred for 1
hour and then warnmed to ambient tenper3ature with overnight stirring. The
sol uti on Was; HIGREDES Mot-l SREMWIAL S ATROLANGHLEL £fhisH tdtlje A2
extracteé_wlth_EtOAc. The organic layer was washed wth water, dried, and
concent r atile@d wathgiHke(60 enlt)-abd siyredFoB3 Aimratdsy Theamigopivpretliaié¢dtbrovgl &FHJoxy| at e
(7.96 g, . \ % vield Lte solid.. 5 S : ao0C
Soi uti on Par e EBisspo e, HeR, S ILI G OL etk EO7 [kt fBiledfe” 7 7
g, 7.74 nEgAc)andff@rd)SdbanylnoBA6( bethyighitoaytpyatnglyduming) botoppooladiati d (1. 95
g, 7.74 1).i.n THFE (2 an ter, (3, L) was added NaCNBH3 (0.48 g,
7.7 mol W%‘i@n#ﬁ?&é’&qﬁg@ﬁ%5#@3”5?1’ %lo@c for 2 days. The reaction was
then evapeossbpd tostep SB id to @) \Rnihed¢3-i@anethylsulfonyl)pyridin-3-ylamino)-2-

(2S) - 2- (benzyl oxycar bonyl am no) - 4- ( 1-(§t ert-but oxycarbonyl)-3, 3-

di met hy| srpRsiiodta: Ly nipgrids) lotirkarsier @b & OTRimameRhar figtolveddn Madh (on

di rectly {19 dhff8od1&kh 051EPrhe RRRAMHY L RPoEwith 18, 5ot WA pump/N, balloon

(25) - 2- (benzyl oxycar bonyl am no) - 4- ( 1- %ert-

but oxycarcEdety 1§alBdigmaemesrlop| (39 peér oddrn basisy [veptyi Prepbsattento VOS5 hei @49 3msd) g, 7. 74
ol ) in DVE k) (4 ol g, 9.3
mol ). The rﬁa'd &%ﬁ% e st %?sﬁ%@%%? q)g%glﬁgﬁ'%h %éa}rlgg{rza]t%ﬁtrhe ov%?ﬁ?%ﬁ{ﬁgwh%ﬁﬂl&xt ure
was pour egiclent ©hel rebctNaGdngioledtto onr ambdr &l tunak the dtartintgometehall wacehated. The

organi ¢ l.ayer .was wash ith 1.N solutian and brin drie ver M504,
(1 Pror e Mgl afa oo il Dokl 0" cRRSHE DTl (5036

Et OAc: hexmbtagkulgay Bpjrtit-3 Hliniho)-1-(piperidin-4-yl)pyrrolidin-2-one (0.17 g, 0.51 mmol,

4-((9) - 3- é&enz | oxycar bonyl am no) - 2- oxopyrrolidi n-1yl) -3, 3-di net hyl pi peri di
ne- 1- car H8YPIVIY- (0.81 g, 1.8 mmol, 23% as a white solid. [00575] Step D:
tert- But yposgo[ (S) -Sep (benzyl oxyc-@rdamsliam, AdmOX Ao iib&tdin-4y 1) -

3, 3-di me%{hyl p§ peri |ene- 1-car gs(;)xyﬁt e (0. 8lﬂ]}§ﬁ)?py1 Hé .nﬂol(%n 8\/8.5(9& ssolved in
met hanol YOROTHM-Znebe (HQ7Gvex@-&7 enrels a@éjﬁgie@c PPYREN D00 Hr ©e-Yasuma punp/ N2
bal 1 oon_ayed ol RIIPad 4800 afR5RAB LAYDRAS IRoos'al, oBROHRSA. THpe, 0.5

g) was a and the systemwas’ 138 purged wt atm H2 by three vacuum

punp/ H2 akiursomasefiokést 30Theovemaght kirhtheaeoodadi tp pestiicattdeperatues. Hheatasbepher e
until the.. rtl i al d. ! r fil hr ough
Col 1 1 e0 SHRVEGkb e FEDEISPLectBRORERPUIE g P BB HLY Pndfifelit LAhfSLd

4- (( Sz)- 3-tliaﬂi1g‘lo=z Q4@)§Lﬁpwld510inbldbﬂa?élanch/ﬂhé solidls ﬁ?ﬁh wadhby with proO Ad ihﬁ’tgt-hen dried
1-carboxylate (0.59 g, 1.9 mol,. 100% vyie as a wWhite solj

[ 00576] St“_égeé: tligh - ety 7y SpEoyidey %Pfé:@-(%ﬁ@vawap?@wﬂlpineyﬂ)n:ﬁs,y%:<6- _

di met hyl Qin@l%/lsﬁifdﬁ?r)py]ridirﬁ@—fyth%ﬂd)ﬁﬁr%liﬁgkﬂgneg(o.O@Oé,mﬂlmﬁﬁ%‘ﬁ%ssm ved in DVBO
(5 m). 1,2- Difluoro-4-(nethylsulfonyl )benzeneq_é‘% 32 g, 1.7 mol ) and
powder ed [(}783 (0Stem [y N-Ghlpaepiicyingpifle QQde®. O ﬁ]@éfgl iR #ded UP e was
bubbl ed . 0j nfe 1, DU TSy i 8 M %6, Ul @_ Sk rnight at 120
e e r SR B L e R i i D UL PR R NBEY, | S
bet ween lytdnrieo)ayrebligirh3HonaddB3dtee 0.0 Thenmwh)gadicOH @demLwdbe wagthedvasistitiedor i ne,
dried over \pR04. and concents aleds Flash.chramptoonaphy, of Lhe clude
material “of Sl capgetfl f'ol I owed I]by reverse p aseuﬁPﬁ"é&purl Veation gave

t ert - but withde §ticSh 0B nifrdgdnl. The @sidue was vigorously stirred in a mixture of 10% Na,S,0; (1

nmet hyl sul f.onyl) phenyl am no) - 2- 0xo rolidin-1-y1).-3,
G ot by N P AE PR B PR UG tir s Vibisred psussn GO 40 & whit e
solid. [QRS7hdSta8Ratld NAHCOBURYImL). Solids which did not dissolve were collected by
4-((9) - 3- (12-]c | uor o- 4- (net hyl sul fon&/ls) phenyl am no) - 2- oxop(}/r rolidin-1
-y1) -3, diltrdiopexfile puspension] hogeh 2 045 yppndedy mgpbrang tq rey1deg(S21-(ntdf) was

di ssol ved: i 5 s ) \1 (D 4Tk th L.QR;: W3S stirred
For 1 hodim gz Fhhperi it - Tl Ham SHOR poRtn  Bah EBRMORINES, o
NaHCO3 soehat(DOnl gahtR3ermphddd Miatsspditoh] @pohmtaraa’s.¢ MtHME)0. Tptecabr gani c
| ayers wer e Co?rt‘i%i rr]gcﬁjmt\%sin% detfi Iit(ar ed and concentrated to give (3 S5)-1
-(3,3 -dipmettyhyl pipp eridin- -yiljn-l}f (2 -fluoro-4-

(et hyl sul f onyl ) phenyl am no) pyrrolidin-2-one (0.020 g, 0.052 mmol, 25%
yield) as a white solid. [00578]Step G To a solution of

(3S)-1-(3, 3-di net hyl pi peridin-4-yl1)-3-(2-fluoro-4-

(et hyl sul f onyl ) phenyl am no) pyrrolidin-2-one (0.010 g, 0.026 mmol) in DWF
(1 nL) was added 2, 5-dichl oropyrazine (0.0078 g, 0.052 mmol) and

N- et hyl - N-i sopropyl propan-2-am ne (0.018 nL, 0.10 mmol) and the reaction

o o, o o, A NN~ .



v1l)-11,4' -bipiperidin]-2-one NcF3 (:),, s'' o [00579] To a sol ution of
(S)-3-(2,5-difluoro-4-(nethyl sul fonyl) phenoxy)-[1,4'- bipiperidin]-2-one
(Prepar atworroGy1483sng, 0.077 nmol) in DMF was added 2, 3pdirfusaano3@43
(trifluoromethyl)pyridine (42 ng, 0.23 nml) and DIEA (30 [IL, 0.23 mmol)
and the reaction was stirred at anmbient tenperature for 18 hours. The
reaction was diluted wth Et0Ac and washed with brine, dried over Na2SO4
and concentrated in vacuo. The residug7was purified by preparative TLC
(EtOAC/[X:IVl 4. 1) to g| ve 162
(S)-3-(2,5-difluoro- 4 (rrethylsulfonymp enoxy) 1 (3 -fluoro-5
-(trifluoronet s 1)- pthyl 4ehilh}-(2- aek-as a white

solid (20 ny, O. 035nn0| = 552.2
(MtH) . Exanpl e 164 (9)-
-di fl uor o- 4- (net hylsulfonyl)phnoxy) oll, 4' b| p |per|d| n] - 2-one NCI xr

&4' - bipiperidin]-2-one
(Preparation G 40 ng, 0.963 0 [\l 0 515 mmol ), and

, 5-di chl or opyr azi ne (30 7 ng, O. 206 rrrml) in DVF (1 m) was heated at100 C
|n a seal[@as7eube fSiep A: hSwdivn hydrélen® I8 @ 6343Naﬁndtcﬁﬁ)|°/edlspejl$1bmireﬂ1netaﬂ bilEt 0AC
(25 nl),

re Tl atR0gd t?)Eﬁfh‘?‘i%llcf‘n‘feﬁ??g’ur"*‘é%a?'itcf‘%’l‘\ﬁi%:&géia Sk penD ot ThF it

(S)-1'-(atohtamanyd @éétﬂ)nzwzbé Js)1rr3d €o2,45- rﬂlhﬁtbyomi 0.6 mL 171 mmol) was added
(met hyl suI f onyl )_nghenoxy - bi pi peridi n] -2-one 004 mol, 4%

yi el d) adlropwiis: tide selufien W%%léreé pRIct fayrpciben yamesd t& a@blfntltelzlmrﬂ)lre wighy o

Exarrpl e %@érmght stirring. The solution was quenched w1th saturated ammonium chloride solution
(S)-3-(2,5-difluoro-4-(nethyl sul fonyl)phenoxy)-1'-(5-ethyl pyrimdin-2-yl)-1

1, 4' - bi p|ap@rqua¢wd witho FOAN 1TDN queange. dayer -washwphs Sitn veat¢ry rdsigd.sandut i on of
(P epar st SAMEHER® il FRAMNI AR IRBB e 1 farog B REDD W Mg one

2- chl oro-nﬁn@thly/bplyrdu)mdwhmes(om ng,10 14 mol) in DVF (1 m) was heated at
100 C f Th 1 | ed, dil. th
eroac (28T ekt £ 1o Supriar b AT R EaelriPhELy "

Y ?]cc:uod (Therbbgaatel (IELM?,F wmm}l)eﬁd by)- T)Emfi?r@@bmhoikﬁr&c;ﬁyﬁﬁﬁﬂo)wok ajdto

af for i f1uoro- sul fon en

et hyl pyr ﬂr%hgm yrgoly i HE L()?(é)fnﬁéla%/ Aer é‘r‘rég"(“@ ag%fy Egﬁ%ﬁ%"lg & 38% yi el d)

as a whi tgn§pl Tels nﬁ'ﬁﬁr% vﬁa@@ﬁﬁé&mﬁa@qb])z my&. ThédBactlon Fxanm &afffted a3 - (2
, 5-di fluoro-4-(nethyl sul fonyl ) phenoxy) - 1- ﬂl (3 -fluoro-5
-(trifl uselhde HIY9) ﬁ}ﬁl’ ryde -(2S)-2- (benzyloxycarbony amino)-4-(1-(tert-butoxycarbonyl)-3,3-

dimethylpiperidin-4-ylamino)butanoic acid. This material was taken on directly to the next

0 --- N [00580]A stirred soI
on

step.

[00574] Step C:  To a solution of (2S)-2-(benzyloxycarbonylamino)-4-(1-(tert-
butoxycarbonyl)-3,3-dimethylpiperidin-4-ylamino)butanoic acid (3.59 g, 7.74 mmol) in DMF
(20 mL) was added DIEA (4.1 mL, 23 mmol) and HBTU (3.5 g, 9.3 mmol). The mixture
stirred at ambient temperature overnight. The mixture was poured into 1 N NaOH solution
and extracted into ethyl acetate. The organic layer was washed with 1 N HCI solution and
brine, dried over MgSOy, filtered and concentrated under vacuum. Flash chromatography
(7:3 EtOAc:hexanes) gave tert-butyl 4-((S)-3-(benzyloxycarbonylamino)-2-oxopyrrolidin-1-
y1)-3,3-dimethylpiperidine-1-carboxylate (0.81 g, 1.8 mmol, 23%) as a white solid.

[00575] Step D: tert-Butyl 4-((S)-3-(benzyloxycarbonylamino)-2-oxopyrrolidin-1-yl)-
3,3-dimethylpiperidine-1-carboxylate (0.81 g, 1.8 mmol) was dissolved in methanol (20 mL)
and the mixture was purged with Ny by three vacuum pump/N, balloon cycles. 10%

Palladium on carbon (dry basis, wet, Degussa type, 0.5 g) was added and the system was



yl ) pi peridin-4-yl)pyrrolidin-2-one F [00582] Prepared according to the
nmet hod of Exanple 90. Mass spectrum (apci) mz = 538.2 (MtH). 141 Wat is
cl ai mred 1wWO0 2011/146336npound havi ng the general formula | PCTIUS2@N/ 086443
pharmaceutically acceptable salt or solvate thereof, wherein: L is 0 or
NR; Rxis Hor (1-3Calkyl; X1 is Nor CRL and X2 is N or CR2, wherein
only one of X1 and X2 may be N, Rl, R2, R3 and R4 are

i ndependent|ly selected fromH, hal ogersg8 CF3, (1-6C)al kyl and

10(1-6C) %Iu zﬂemh 1 gum L Hb RBy itfred %a&%aqugﬂ gzgﬂglilgwg@é@ ﬁ@&y&lbﬁ%gxhﬁéq fonyl,

(cycl opr opyl net hyl ) fonyl, pheny , trrazolyl,
(1- 4C) al kostsrdla HmttyJIOSph%eRMNl{h@ Sta)tm,g ropterdhil a@bbqnﬁumm |Hwahlb<ylrgwb@sﬁhtetrm ed Wt h

(1-30) al kyl .t et 0 t u ti tat 150r
when X1 ii%%m@i@%ﬁéﬁﬁé@?% Cé{fz??e%t H%”SD §'¢)%t3|e %Irlna "t%éy fo‘ﬁl th t he
atons to 3\ﬂqdiiniethtylijgeriajnelatatmwetd (tD 69 g1 129 ], 1O eticid) asatwhntatscﬁdi het er ocyclic
ri ng havi -2 ri het roatom; | end selected fr S and
opt i onal I[(;/](%g sti t th an 676 up,f\%ﬁﬁ,?gmnot- '8’“11?3'\%@%] 3ryg)sgr?’l i s

opti onal |dﬁn@Kylﬁp&ﬁﬂme—R&arB®@1M((ﬁ409g,llnﬁﬁlﬁﬁ)@d\eﬂtdl%o(véd A0pmisky(s @p}.i ppal |y

substituted wth OH or and RY togfther with the atomto which t hey
are att aé?’IEEPrP6r(ﬁﬁeﬁly§u%04¥é)ﬁﬁ€13@d(os3§t%rl wanolandyporidered Nsef-Qptd ISral 1t 4/

subst i t utygdoWVvbR 4dkd. RPhd Radilon Gik@fe WRIEWSbicd RB&r infrdge® for Bt lites. Rfnd S @
group having the structure
mixture stirred overnight at 120 °C. The reaction mixture was cooled to ambient temperature

and partitioned between brine and ethyl acetate. The organic layer was washed with brine,
dried over MgSQO,, and concentrated. Flash chromatography of the crude material on silica
gel followed by reverse phase HPLC purification gave tert-butyl 4-((S)-3-(2-fluoro-4-
(methylsulfonyl)phenylamino)-2-oxopyrrolidin-1-y1)-3,3-dimethylpiperidine- 1-carboxylate
(0.10 g, 0.21 mmol, 16% yield) as a white solid.

[00577] Step F:  tert-Butyl 4-((S)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)-2-
oxopyrrolidin-1-yl)-3,3-dimethylpiperidine-1-carboxylate (0.10 g, 0.21 mmol) was dissolved
in DCM (5 mL). TFA (5 mL) was added and the reaction was stirred for 1 hour. The
solution was concentrated, neutralized with saturated NaHCOs solution, and extracted with
dichloromethane (3 times). The organic layers were combined, dried, filtered and
concentrated to give (35)-1-(3,3-dimethylpiperidin-4-yl)-3-(2-fluoro-4-
(methylsulfonyl)phenylamino)pyrrolidin-2-one (0.020 g, 0.052 mmol, 25% yield) as a white
solid.

[00578] Step G: To a solution of (35)-1-(3,3-dimethylpiperidin-4-y1)-3-(2-fluoro-4-
(methylsulfonyl)phenylamino)pyrrolidin-2-one (0.010 g, 0.026 mmol) in DMF (1 mL) was
added 2,5-dichloropyrazine (0.0078 g, 0.052 mmol) and N-ethyl-N-isopropylpropan-2-amine
(0.018 mL, 0.10 mmol) and the reaction was stirred for 3 hours at 100 °C. The reaction was
cooled, poured into brine and extracted into EtOAc. The organic layer was washed with
water and brine, dried over MgSQy, filtered and concentrated under vacuum. Reverse phase
HPLC purification of the crude material gave (3S)-1-(1-(5-chloropyrazin-2-yl)-3,3-
dimethylpiperidin-4-y1)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)pyrrolidin-2-one
(0.0023 g, 0.0046 mmol, 18% yicld) as a white solid. "H NMR (CDCls, 400 MHz) & 1.02 (s,
3H), 1.03 (s, 3H), 1.81 — 1.91 (m 1H), 2.12 — 2.21 (m, 1H), 2.71 — 2.81 (m, 2H), 2.95 — 3.05



,A2R8 A1 A3 25A4 A1 is Nor CRa; A2 is Nor CRb; 142 A3 is Nor CRC A4 is

N or CRd, wherein at | east one of Al, A2, A3 and A is N, and no nore
t han two Wb 2811/14685 A3 and A4 nay be N, 5Ra, Rb, Re andPRul/Us2@1/036443
i ndependently H, CF3, hal ogen, (1-4C) al kyl or CN, R8 is selected from

hydr ogen, hal ogen, CF3, CN, (1-10C)al kyl, hydroxy(1l-6C)al kyl, (1-6C)alkoxy,
(1-6C al kyl ) sul fanyl, phenyl, pyridyl, pyrimdyl, pyrazolyl, and di(1-

30 al kyl car banyl wherein each of saim9phenyl, pyridyl, pyrimdyl, and
pyrazolyl [ a byt r bgt i

i ndependerrlllf? ll(ﬁl:llf keﬂél ??g?ﬁé éh?:g%% w( %LIIP) ?gﬁc?‘ 23%{ QH?LIJMAS{C jéﬁﬁgﬁsmgnd CF3;
R9 and R@al%b@ﬁhcﬁe&ﬁdhdéht?l%ﬁ(IdyHi)o@éh(d;rlHDré’tWB,,lPﬁnﬁﬁoﬁ(Sl D1, 2 or 3. 2.The
conmpound of claim 1, wherein: |sE0 or ; 15Rx is Hor (1-3Qal kyl; X1
is Nor CRL and X2 is N or CR2, whereln only one of X1 and X2 may be N

Rl, R2, R3Sph.Rdifhwe-4 ndﬁhﬂmdﬁntzll)nhescedved‘b(édldorcemmiﬂummmehpvrﬂﬁﬁz-

(1-60 aI kyl and (1-6C) al koxy; " 1- 30 al kyl sul f onyl ,

(3-6C) cycl oal kyl sul fonyl, (cyé%e%%ﬁﬁm 5 il fonyl -, 20phenyl sul f onyl -
CN, Br, CF3, oxadi azolyl optionally substl t@dcw th (1-3C al kyl, or

tetrazolyl optionally substituted with kyl or when X1 is CR1
and X2 is CR2, then R4 and R5 optlon g t her vmth the atons to which
they are attached forma 5- 6 ra fed het erocyclic ring having
1-2 ring heteroatons |ndepe ected fromO and S and optionally
substituted wth an oxo 25gfctup, \/\herel n the S when present is optionally

O 2% i0d%0l = M5 TR0 B T 8 ot Pt Tt ishemony LEE AT €
bipiperidin]-2-one (Preparation G; 30 mg, 0.077 mmol) in DMF was added 2,3-difluoro-5-
(trifluoromethyl)pyridine (42 mg, 0.23 mmol) and DIEA (30 uL, 0.23 mmol) and the reaction
was stirred at ambient temperature for 18 hours. The reaction was diluted with EtOAc and
washed with brine, dried over Na,SO,4 and concentrated in vacuo. The residue was purified
by preparative TLC (EtOAc¢/DCM  4:1) to give (S)-3-(2,5-difluoro-4-(methyl-
sulfonyl)phenoxy)-1'-(3-fluoro-5-(trifluoromethyl)pyridin-2-yl)-[1,4"-bipiperidin]-2-one as a
white solid (20 mg, 0.035mmol, 46% yield). Mass spectrum (apci) m/z = 552.2 (M+H).

Example 164
(S)-1'-(5-chloropyrazin-2-y1)-3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-[ 1,4'-bipiperidin]-

2-one
L Cl
0 /Ol
O\
Y F
o}
[00580] A stirred solution of (S)-3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-[1,4'-

bipiperidin]-2-one (Preparation G; 40 mg, 0.103 mmol), DIEA (90 pL, 0.515 mmol), and
2,5-dichloropyrazine (30.7 mg, 0.206 mmol) in DMF (1 mL) was heated at100° C in a sealed
tube for 2 hours. The mixture was cooled, diluted with EtOAc (25 mL), washed with brine,
dried over Na,SO4 and concentrated in vacuo. The residue was purified by preparative TLC
(EtOAc/ DCM  4:1) to afford (S)-1'-(5-chloropyrazin-2-yl)-3-(2,5-difluoro-4-
(methylsulfonyl)phenoxy)-[1,4'-bipiperidin]-2-one (2 mg, 0.004 mmol, 4% yield) as a white
solid. Mass spectrum (apci) m/z = 501.1 (M+H).



Al '.4( AA A3 30A1 is Nor CRa; A2 is Nor CRb; 143 A3 is Nor CRC, Adis
N or CRd; wherein at |east one of Al, A2, 3 Aand A is N, and no nore

t han two Wb 2811/14685 A3 and A4 nay be N, 5Ra, Rb, Re andPRul/Us2@1/036443

i ndependently H, CF3, hal ogen, (1-4C) al kyl or CN, R8 is selected from
hydr ogen, hal ogen, CF3, CN, (1-10C) al kyl, hydroxy(1-6C)alkyl -,

(1-6C) al koxy, (1-6C al kyl)sul fanyl, phenyl, pyridyl, pyrimdyl, and
pyrazol yl, wherein each of said phenyl40 pyridyl, pyrimdyl, and pyrazolyl

is optionally substituted with ong fﬁp substituents independently

sel ected fron1ha|ogen (1 4C)a|ky| ?1 4é§alkoxy and CF3; 10R9 and R9a are
hydr ogen;(S¥ 4-pmef R SOK lrydpyiri

wherein: X1 is N or CRl and X2 is N %g—a mhereln onIy one of X1 and X2
may be N, R1, R2, R3 and re independently selected fromH,
hal ogen, CF3, (1-6C)al kyl and 15(1-6C)al kox ’| R5 is

(1- 30 al kyl sul fonyl, (3-6C3cyc|oa|kybsu

(cycl opropyl net hyl ) sul fonyl - ¢ ey opyl -, CN, Br, CF3, oxadiazolyl
optional |y substituted mnth({;i%$%g[§) or tetrazolyl optionally
substituted wth (1-3C) al kylLg npound according to any of clains
1-3, wherein: 20X1 is CRi,; X20i s CR2; and R1, R2, R3 and R4 are

i ndependgggagy] sel est agrelir @Mitkdn 64 (§)Cé sl ﬂuoﬁanﬁ(rﬁadymafoag@phen&ymemcormound

of claim4, erein: RL and R2 are in ependentl selected fromH F and O ;

and 25R3 bimeeridin] Aresci(Rigapatintent 18me.d). Q4 taaoh 24\, mE, 0.6 maed). @B, 6. The
compound 29Jh1091)—§|—emyﬁ1pyr1\ﬁ4}(%f1g t2r(') mg, 0.14 mmol) in DMF (1 mL) was heated at 100° C for 2

hours in a sealed tube. The mixture was cooled, diluted with EtOAc (25 mL), washed with

brine, dried over Na,SO, and concentrated in vacuo. The residue was purified by preparative
TLC (EtOAc/ DCM 4:1) to afford (S)-3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-1'-(5-
ethylpyrimidin-2-yl)-[1,4"-bipiperidin]-2-one (9 mg, 0.018 mmol, 38% yield) as a white solid.
Mass spectrum (apci) m/z = 495.1.

Example 166
(S)-3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-1-(1-(3-fluoro-5-(trifluoromethyl)pyridin-2-

yl)piperidin-4-y)pyrrolidin-2-one
F 0
N=
O, CF
OO
F
F

[00582] Prepared according to the method of Example 90. Mass spectrum (apci) m/z
= 538.2 (M+H).

MeOQS



RlLis Hor F;, RRis H For d; R3is H For CF3; and 30R4 is H M, F or
C. 7.The conmpound of claim4, wherein: Rl and R4 are H and R2 and R3 are
F. 144 wo02011/8633%he conpound of claim4, wherein: Rl, PRR/Usna1B464a3 ¢ H;
and R3 is F. 9. The conpound according to any of clainms 1-3, wherein: 5X1
is N and X2 is CR2. 10. The compound of claim9, wherein R2, R3 and
R4 are independently selected fromH, halogen, and (1-6C)al kyl. 11.
The conpound of claim9, wherein R2, R3 and R4 are each H 1012. The
conpound of .+ & @i Pis: Wherein R2 and R4 are H and R3 is O. 13.The conpound
according to any of clainms 1-3, wherein: X1 is CR; and X2 is N 14.The
conpound accol dirmgmpoursl lav g 118, gengrelrfeinmlRA, R3 and R4 are 15i ndependently
selected fromH, F, d and Me. 15.The conpound accorging to claim13,
wherein each of Rl, R3 and R4 isgH 16. Th®@ conpou according to any of
clains 1-15, V\,hereln R5 is selected from (i1-3 |C) al kyl sul fonyl, (3

-6C) cycl oal kyl sul fonyl - (cy@i ) |, and phenyl sul f onyl
(CB6H5S02-). 2017. The corrpound ccordi ng | airRNR26, wherein R5 is

(1-3C) al kyl sul fonyl . 8. "accor di ng to claim17, wherein
R5 is nethyl sul fonyl. 19. The c &ind according to any of cl ai s
1-15, wherein R5 is selected from CN, Bryand CF3.

5 or a pharmaceutically acceptable salt or solvate thereof, wherein:

L is O or NR%;

R*is H or (1-3C)alkyl;

X" is N or CR" and X* is N or CR?, wherein only one of X' and X* may be N;

R', R?, R* and R* are independently selected from H, halogen, CF3, (1-6C)alkyl and

10  (1-6C)alkoxy;

R’ is (1-3C)alkylsulfonyl, (3-6C)cycloalkylsulfonyl, (cyclopropylmethyl) sulfonyl,
phenylsulfonyl, CN, Br, CF;, triazolyl, (1-4C)alkoxycarbonyl, R‘'R*NHC(=0)-, oxadiazolyl
optionally substituted with (1-3C)alkyl, and tetrazolyl optionally substituted with (1-
3C)alkyl;

15 or when X' is CR' and X? is CR?, then R* and R’ optionally together with the atoms
to which they are attached form a 5-6 membered saturated heterocyclic ring having 1-2 ring
heteroatoms independently selected from O and S and optionally substituted with an oxo
group, wherein the S when present is optionally oxidized;

R* and R” are independently (1-4C)alkyl optionally substituted with OH, or

20 R* and R’ together with the atom to which they are attached form a 5-6 membered
saturated azacyclic ring optionally substituted with OH;

R%is H, OH or methyl;

R® is H or methyl;

R’ is a group having the structure

2
Al \\(
| e
25 At

A'is N or CR*;
A%is Nor CRb;



20. The conpound according to any of clainms 1-15, wherein R5 is oxadi azolyl

25optionally substituted with (1-3C) al kyl . 21. The conpound
accordi ngvoaoarpe3s cl ai ns 1- 15, wherein R5 is tetrazol yCTapstéionady
substituted with (1-3C)al kyl. 22. The conpound according to claim1l

or 2, wherein X1 is CRL, X2 is CR2, and R4 and R5 together with the atons
to which they are attached forma 5-6 nenbered saturated 30 heterocyclic
ring haying 1-2 ring heteroatons indep@endently selected fromO and S,
wherein the hgpgﬁ@gy?kic ring is optionally substituted with an oxo group,
and the Sis optionally oxidized. 145 23. The conpound according to any of
claims 1-22, WiemnépnC is a group haying the structure: A2R8 Al' A3 A4

wherein 5A1 is : S 1 35 . ' , and are

i ndependent | ywﬁg‘?@ﬁé%ﬁta?%% ’ @?-‘&(311%3%}? ﬁg?hwmf%gg?% (gg%%u’n‘geof

cl ai m 23 antAemeiybe Ra, Rb and Re are independently sel ected from hydrogen,
A and (1-4C) gl kyl .. .25. The.c u of ¢l Al 4 erein two of Ra,
Ro and Re areﬂh%r%ga@ﬂ%ﬁff1?%86%{&“@?ﬁ@%ﬂﬂ%e@'@)%hV%gen, d and

net hyl . R® 26selelRe fEMTPRUOENORal6de] OF 2 TN, WNE0E€jalkyE aghroR$(1 RE)alkYa, and Re

is hydr oge . 1527. The conpound according to any of clains 1-22, wherein R7
is a grolpohkony ((héCsphkybiulieayl, phraylaPyridya Ayrijrdile pprazalyl j gndydi(l-

3C)alkylcarbamyl, wherein each of said phenyl, pyridyl, pyrimidyl, and pyrazolyl is
optionally substituted with one or more substituents independently selected from halogen, (1-
10  40alkyl, (1-4C)alkoxy and CFs3;
R’ and R” are independently hydrogen or methyl; and
nis 1,2 or 3.
2. The compound of claim 1, wherein:
L is O or NR%;
15 R*is H or (1-3C)alkyl;
X" is N or CR" and X* is N or CR?, wherein only one of X' and X* may be N;
R', R?, R* and R* are independently selected from H, halogen, CF3, (1-6C)alkyl and
(1-6C)alkoxy;
R’ is (1-3C)alkylsulfonyl, (3-6C)cycloalkylsulfonyl, (cyclopropylmethyl)sulfonyl-,
20  phenylsulfonyl-, CN, Br, CFs;, oxadiazolyl optionally substituted with (1-3C)alkyl, or
tetrazolyl optionally substituted with (1-3C)alkyl;
or when X' is CR' and X* is CR?, then R* and R’ optionally together with the atoms
to which they are attached form a 5-6 membered saturated heterocyclic ring having 1-2 ring
heteroatoms independently selected from O and S and optionally substituted with an oxo
25  group, wherein the S when present is optionally oxidized;
R®is H or OH;
R®is H;

R’ is a group having the structure:

30 A'is N or CR*;
A%is Nor CRb;



20A2 is CRb; A3 is CRC, A is N, and Rb and Re are independently H, CF3,

hal ogen, (1-4C)al kyl or CN 28. The conpound of claim 27, wherein
one of Rowendi1R&6338 hydrogen and the 25ot her is sel ect e#tCrusaoihpsdseyen and
(1-4C)al kyl . 29. The conpound of claim 28, wherein Rb and Re are both

hydr ogen. 30. The conpound according to any of clains 1-22, wherein
R7 is a group haying the structure: wherein Al is CRa; A2 is N, BA3 is
CRC, M is N and Ra and Re are indepeddently selected fromH, CF3,

hal ogen, (1-4GFalkylcrnd CN. 31. The conpound of claim 30, wherein one
of Ra and Re is hydrogén and the other is selected from hydrogen, hal ogen,
CN and (1- 4C3éfkvﬂ0r@®§2 The conpound of claim 31, wherein one of Ra and Re

i s hydrogen anqgeg> 6ﬁsgﬁm§§A§e e%Pe%dApoﬂkg¥§£§9§§§tﬁ%1 o jgNA@qgsnethyl

33. The conpoun érein eéac r ogen
34. The aodpdmagbadicording to any of clains 1-22, wherein R2 is a group

hayi ng the st ku,(i{tb}j[s nd'ﬁ2 are 1n(}ependentlfll-'[ CFA;, ha\lll\'h ogen, ﬂ 1 4C)ﬁl1<'yl C% -

R® is selected from hydrogen, halogen, CFs, CN, (1-10C)alkyl, hydroxy(1-6C)alkyl-,
(1-6C)alkoxy, (1-6C alkyl)sulfanyl, phenyl, pyridyl, pyrimidyl, and pyrazolyl, wherein each
of said phenyl, pyridyl, pyrimidyl, and pyrazolyl is optionally substituted with one or more
substituents independently selected from halogen, (1-4C)alkyl, (1-4C)alkoxy and CFs;

10 R’ and R™ are hydrogen; and

nis 1,2 or 3.

3. A compound according to claim 1 or 2, wherein:

X" is N or CR" and X* is N or CR?, wherein only one of X' and X* may be N;

R', R?, R* and R* are independently selected from H, halogen, CF3, (1-6C)alkyl and

15  (1-6C)alkoxy; and

R’ is (1-3C)alkylsulfonyl, (3-6C)cycloalkylsulfonyl, (cyclopropylmethyl)sulfonyl-,
phenylsulfonyl-, CN, Br, CFs, oxadiazolyl optionally substituted with (1-3C)alkyl, or
tetrazolyl optionally substituted with (1-3C)alkyl.

4. The compound according to any of claims 1-3, wherein:

20 X'is CRY;

X is CRZ; and

R', R?, R and R* are independently selected from H, (1-6C)alkyl, CF5 and halogen.

5. The compound of claim 4, wherein:

R' and R? are independently selected from H, F and CI; and

25 R* and R* are independently selected from H, Me, F, Cl and CF;.

6. The compound of claim 4, wherein:

R'isHorF;

R%*isH, For Cl;

R*is H, F or CF3; and

30 R*is H, Me, F or CL.

7. The compound of claim 4, wherein:

R' and R* are H; and

R”and R are F.



A2 is CRb; A3 is N, 20AM4 is N, and Ra and Rb are independently sel ected
fromH CF3, halogen, (1-4C) al kyl and CN. 35. The conpound of claim
34, wher ewp20nel46§35Ra and Rb i s hydrogen and the ot her iPsTASk@anae4s rom
hydr ogen and (1-4C) al kyl . 36. The conpound of claim 35, wherein one
of Ra and Rb is hydrogen and the 25other is selected from hydrogen and

nmet hyl . 37. The conpound of claim 36, wherein each of Ra and Rb is
hydr ogen. 38. The conpound accoeidi ng to any of clains 1-37, wherein
R8 is hydrogeRn.  TpeconmpQundSI16RTPOMAA aCCOrding to any of clains 1-37,
wherein R8 is hal ogen. 147 " 40. The conpound according to claim 39,
wherei n R8 i sRS& and Bdaktband , Br and |. 41. The conpound accor di ng
to cl ai m 40, T in RBis d. 42. The conpound according to any of
clainms 1-37, erein R8 is CF3. 543. The conpound according to any of clains
1- 37, wherei n9R8 | Bha@Nmpound accordihg toldng of olapauinRgl veeeon:di ng to any of clains
1- 37, _wherei n?iR8 LS 81- 10C0) al kyl . 45. The conpound according to

cl ai m544, whefel’ V8% s sel ected from met hyl, ethyl, propyl, isopropyl,
butyl, heptyl xapdrfecyl . 46. The conpound according to claim 45,
wherein R8 is selected fromnethyl and 10ef rﬁgl. . . A7. The conpound
accordi ng to ¢fai nfhrecommureetrlam 9. wvhesih{l, R and R” argigdeppadently selggiery
accor di NGrdnPHC R 48d (WbEfakyl R8 is ethyl. 49. The conpound
according to any of claims 1-37, wherein R8 is hydroxy(1l- 6C)alkyl-.

1550. The conpdlnd Hecorwpwyl afclazmy. wheregh & i and B/ aregpedydin R8 i s

(1- 6C)al koxy. or, di 39f ~cl ai ns 1- 37,
vvhergibn R8 isl%l- G%Ga(%&rwq% #%@?Wﬁeréﬁ% W g%rgghagag{oﬁ%%IUnd according to
any of cl ai ns13.- 37Thareepeiml 4R8orimg phayydf clopis bhavlieyeisubstituted with one or
nore substi tuemts 'mglr%oendently sel ected from hal ogen, (1- 2 04C) al kyl,
(1-4C) al koxy and k3’ 53. The conpound according to any of clains
1- 37, wherei nXR&N.s phenyl, pyrimdyl or pyrazolyl, each of which is
optionally suiftitﬂged wi th one or. nore subsijtuents éﬁld end&g&ly sel ected
from (1-4C)al kyl. The compgynd ppcording 8, A ctor APHE™: & claj > Wherein RS
i's pYbi dyhdep@diehty @¥bed BomdD Y C&QAIME, Wherein each of said phenyl,
pyridyl, pyrimdyl, and pyrazolyl are optionally L s ..

15. The compound according to claim 13, wherein each of R', R* and R* is H.

16. The compound according to any of claims 1-15, wherein R’ is selected from

(1-3C)alkylsulfonyl, (3-6C)cycloalkylsulfonyl-, (cyclopropylmethyl)sulfonyl, and

phenylsulfonyl (C¢HsSO;-).

20 17.  The compound according to claim 16, wherein R’ is (1-3C)alkylsulfonyl.
18.  The compound according to claim 17, wherein R’ is methylsulfonyl.
19. The compound according to any of claims 1-15, wherein R” is selected from

CN, Br and CF;.
20.  The compound according to any of claims 1-15, wherein R’ is oxadiazolyl
25  optionally substituted with (1-3C)alkyl.
21. The compound according to any of claims 1-15, wherein R’ is tetrazolyl
optionally substituted with (1-3C)alky]l.
22. The compound according to claim 1 or 2, wherein X' is CR!, X* is CR? and
R* and R’ together with the atoms to which they are attached form a 5-6 membered saturated
30  heterocyclic ring having 1-2 ring heteroatoms independently selected from O and S, wherein
the heterocyclic ring is optionally substituted with an oxo group, and the S is optionally

oxidized.



substituted with one or nore substituents independently selected from

(1-40C) al kyl . 55. The conpound according to any of clains 1-54,
wher ei n LWO20101/146335 56. The conpound accordi ng t o anpCofused1dioss4d - 54,
wherein L is N V. 57. The conpound according to claimb56, wherein L

is NH. 3058. The conpound according to any of clains 1-57, wherein nis 1 or
3. 59. The conpound according to any of clains 1-57, wherein nis 1. 60.
The conpound according to any of claimg 1-57, wherein nis 2. 148

61. The conpouRdrRCCRS gilﬁligactc&dﬁ%}fogﬁ @cﬂirﬁ?l—%2&vl§e’?&n i{615547gr0 LRlohd) 1S 2
{ Rt R, R3 &nd R tH 62.° The

and at |east two of s no . .~ The cormpound
accor di ngtreggurany of clainms 1-57, wherein nis 3. 63. The conpound
according to any of clainms 1-62, mhergjn is H 564. The conpound
according to any of clains 1-62, mh@rekﬁ/sggis OH. 65. The conpound
according to any of claims 1-64, whgrein R6a is H 66. The conpound
according to any of clainms 1-65, ekm’R9 and R9a are hydrogen. 67.

The conpound according to any of | ai fis 1-65, wherein RO and R9a are

10met hyl . oo 68. A conpound of claim1, selected fromany one of

Exanpl es f{lg%, or a pharmaceutically acceptable salt thereof 69.
A phafnaceut i dalis @nposition, which conprises a compound of Formula | as
defined in any wf clains 1-68 or a pharmaceutically acceptable salt

t hereof, and a armaceutically acceptable diluent, carrier or excipient.
70. A nmethod of it@®ati ng a di sease or condition selected fromtype 2

di abetes, synmptons of diabetes, diabetic conplications, metabolic syndrone
(including hy Fgﬁﬁ%gnia, i mpai red gl ucose tol erance, and insulin
resistance), ebegiahyRr® g¥sldepindatiiyai, dy slaldeep i aueimemroacNvascul ar
restenosis, diabetic retinopathy, hypertension, cardiovascul ar 20di sease,
Al zhéPrer' s dPéeaskhe wamovhefrcdimz3. whereimi t Rptd K areidgieadsntly selpgefhal i n
need t hergafnydlef oIGRIPIESRRyRIM Nistering to said mamual a

t herapeutically effective anount of a conpound of Fornula | as defined in
any one of cl ah.ns The®mpourd phelrimadd wthicrsal two afckR'e Bt ahd B° ewl tydtdgen ewf

71. The QE;H%QXREM‘EEB%hﬁgﬂnﬁﬁﬁr LR &Qﬁ»ﬁisease is type 2 diabetes. 2572. A
conpound as defined I'n any one o éfa|n§'1-68 or a pharmaceutically
accept abl e saPk6. t hBlicanfmpotimarofielém 26, wheeriapach of R, R ai7®BR® ilbgdrogena conpound as
defingd in an% one_of clahgf 1-38 gr a nnageﬁtiﬁaLl ;acce taEIe sal t
therd&df, in tRE trE5tREIRCUNFacEogNgdAdy Frelagndidri Bh-EBRedt BEOHY fryine

di abet es thesympluens of di abetes, diabetic conplications, nmetabolic syndrone
(i ncluding 30hyperglycem a, inpaired glucose tolerance, and insulin

resi stance), obesity, dyslipidema,,_d Lpopr ot ei nem a, vascul ar
restenosis, diabetic retinopathyzzfyfértension, cardi ovascul ar di sease,

F

Al zhei nmer' s di sease, schi zophreni.a anEJﬂultlple scl erosi s.
A

wherein:
Alis N;
20 A% is CRY;
A’ is CR;
A*is N: and
R" and R are independently H, CF3, halogen, (1-4C)alkyl or CN.
28.  The compound of claim 27, wherein one of R® and R® is hydrogen and the
25  other is selected from hydrogen and (1-4C)alkyl.
29. The compound of claim 28, wherein R” and R are both hydrogen.
30.  The compound according to any of claims 1-22, wherein R is a group having

the structure:



74. A process for the preparation of a conpound of claim 1, which
conprises: 149 (a)coupling a correspondi ng conpound having the fornmula |
oNH R6 | Iweizbt/@6336r r espondi ng conpound havi ng the for mrCa/usko11/03642R8

- A3 5L1A4. |1l wherein L1 is a |leaving atomor group, in the presence of a
base and optionally further in the presence of a netal catalyst and
optionally in the presence of a |igand; or (b)coupllng a correspondi ng

conmpound having the fornula IV AA2 VI8 0...........". ..... N 10R5X2 R6 R6a
|V wherein L3 is a | eaving atom or gr QUp, Mé th a conpound having the
formula (R8)2Zn or R8ZnBr in the prgse of a netal catalyst and a base;
or (c)for a conpound of Fornula I ereln Lis NIV, coupling a
correspondi ng 15 conpound havi ng fpﬂhula V A21:28 AV *A3 NA4 N (
411R9 Rga
wherein
Alis CR%;
A’ is N;
5 A’ is CR®
Atis N; and

R* and R® are independently selected from H, CF3, halogen, (1-4C)alkyl and CN.
31.  The compound of claim 30, wherein one of R* and R® is hydrogen and the
other is selected from hydrogen, halogen, CN and (1-4C)alky]l.
10 32.  The compound of claim 31, wherein one of R* and R° is hydrogen and the
other is selected from hydrogen, chloro, CN and methyl.
33.  The compound of claim 32, wherein each of R* and R°® is hydrogen.
34. The compound according to any of claims 1-22, wherein R’ is a group having

the structure:

A2 8
A'I/ YR
Lk
15 A
wherein:

A'is CRY

A”is CR";

A’is N;
20 A*is N; and

R*and R" are independently selected from H, CF3, halogen, (1-4C)alkyl and CN.
35.  The compound of claim 34, wherein one of R* and R® is hydrogen and the
other is selected from hydrogen and (1-4C)alkyl.
36.  The compound of claim 35, wherein one of R* and R® is hydrogen and the
25  other is selected from hydrogen and methy]l.
37.  The compound of claim 36, wherein each of R” and R® is hydrogen.
38. The compound according to any of claims 1-37, wherein R® is hydrogen.

39.  The compound according to any of claims 1-37, wherein R® is halogen.



with a correspondi ng conmpound having the formula VI 150 R3 R I L4 R5x2-- xl
VI wherein L4 is a leaving atomor group, in the presence of a base and
opt i onal Iwof2ortt136335i n t he presence of a netal catal yst; POT/USee)08644R
conmpound of Fornmula | wherein R5 is a group having the R5aS02- where R5a is
(1-3C) alkyl, (3-6C)cycloal kyl, cycl opropyl nethyl - or phenyl, reacting a
correspondi ng conpound having the fornmula VII A2R8 A1 A3 N/R9 R9a n R6
R6a VIl 10wherein L5 is a |eaving atom7or group, with a reagent having the
formla RGASCENR i id dpBhEERRGRIDM BaRLR!wRALARY R scREMd Frohd GRBH e
(e)for a conmpound of Formula I wherein R8 is phenyl, pyridyl, pyrimdyl or
pyrazol ylI, each of which is optionally substituted with one or nore
substituents inde dent | eG! . a s.(Adr40) al kyl, (1-40C) al koxy
and CF3, reacf1 |p'ngpglpefgm&o)%d}g%%g%’ggog&gélglgpog‘ﬁlh%g%g}/ilgnél‘the formula IV A2L3
NA4 |V whereén L3Thescompbeaivicogdat cnmnyrof giaomspl,-3 Tivthiarein R'bis CEspondi ng

conpound havi t formul a R8aB(OReRf) 2, wher a is_ ph |, pyridyl,
pyri rrsdyl or ggragﬁfeﬁo,m% Cﬁqrg\%ﬁitocﬂlyi)oiC]fﬁnsolﬁﬁgﬁ’ﬁ’fef%slﬁg:gi tuted with one
or nore subst k4 uentis doppeprrdesitiny tsalyegtRind r-omvnatcagrhis (1-10Cdky Rl kyl

(1-4C) al koxy and CE3, and Re and Rf are H or (1_‘6(@%&' kyl, or Re and Rf
t oget her wit h*t-he HicorRmrogndacerline oy claimedd oriedt & 1 sFlfated 5o Hethder ed

ring optianRalptdhys westobiub @M, heptyl and decyl.

46. The compound according to claim 45, wherein R® is selected from methyl and

10  ethyl
47.  The compound according to claim 46, wherein R® is methyl.
48.  The compound according to claim 46, wherein R® is ethyl.
49.  The compound according to any of claims 1-37, wherein R® is hydroxy(1-
6C)alkyl-.
15 50.  The compound according to any of claims 1-37, wherein R® is (1-6C)alkoxy.
51.  The compound according to any of claims 1-37, wherein R® is (1-6C
alkyl)sulfanyl.
52.  The compound according to any of claims 1-37, wherein R® is phenyl

optionally substituted with one or more substituents independently selected from halogen, (1-
20  4C)alkyl, (1-4C)alkoxy and CFsj.

53.  The compound according to any of claims 1-37, wherein R® is phenyl,
pyrimidyl or pyrazolyl, each of which is optionally substituted with one or more substituents
independently selected from (1-4C)alkyl.

54, The compound according to claim 53, wherein R® is pyridyl, pyrimidyl, or

25  pyrazolyl, wherein each of said phenyl, pyridyl, pyrimidyl, and pyrazolyl are optionally
substituted with one or more substituents independently selected from (1-4C)alkyl.

55. The compound according to any of claims 1-54, wherein L is O.

56. The compound according to any of claims 1-54, wherein L is NR”,

57. The compound according to claim 56, wherein L is NH.
30 58.  The compound according to any of claims 1-57, wherein n is 1 or 3.
59. The compound according to any of claims 1-57, wherein n is 1.

60. The compound according to any of claims 1-57, wherein n is 2.



151 with 1-4 substituents selected from (1-3C al kyl), wherein said coupling
takes place in the presence of a palladiumcatal yst and a base; or

(f) for awoanpodeassof Fornmula | wherein RS is CN, reactiPog/is2a@008@spondi ng
conpound having the fornula VII VII wherein L5 is a | eaving atom or group,
in the presence of a netal catal yst CuCN;, or (g) for a conmpound of
Formula | wherein R8 is CH(OH)(1-5C alkyl), reacting a correspondi ng
conmpound having the formula VIII R3 148R4w 1 )(1 R5x2 0 Al(15C)al kyl 1
N8, 78KkS /1( 1) N Eiﬁld%fé@ordﬁ{gkdawfmaﬁngﬁ@aﬁd 95 AGHcin OF ARULET 3
compound of Fornul a | erein 6C al kyl')sul fanyl, reacting a

cor r espondistiyoeSRPAUNY dnd\R *nigndt e forrrul alV IV wherein L3 is a |leaving
atom or g oub, Wi L3 fagen ccagzzg?@?ny%%cg%s%g“giaé{nln1%9 alkyl) in the

presence of a paIIa umca

63.  The compound accordmg to any of claims 1-62, wherein R® is H.
5 64.  The compound according to any of claims 1-62, wherein R is OH.
65. The compound according to any of claims 1-64, wherein R is H.

606. The compound according to any of claims 1-65, wherein R” and R*™ are
hydrogen.

67. The compound according to any of claims 1-65, wherein R” and R*™ are

10  methyl.

68. A compound of claim 1, selected from any one of Examples 1-166, or a
pharmaceutically acceptable salt thereof.

69. A pharmaceutical composition, which comprises a compound of Formula I as
defined in any one of claims 1-68 or a pharmaceutically acceptable salt thereof, and a

15  pharmaceutically acceptable diluent, carrier or excipient.

70. A method of treating a disease or condition selected from type 2 diabetes,
symptoms of diabetes, diabetic complications, metabolic syndrome (including
hyperglycemia, impaired glucose tolerance, and insulin resistance), obesity, dyslipidemia,
dyslipoproteinemia, vascular restenosis, diabetic retinopathy, hypertension, cardiovascular

20  disease, Alzheimer's disease, schizophrenia, and multiple sclerosis in a mammal in need
thereof, which comprises administering to said mammal a therapeutically effective amount of
a compound of Formula I as defined in any one of claims 1-68 or a pharmaceutically
acceptable salt thereof.

71. The method of claim 70, wherein the disease is type 2 diabetes.

25 72. A compound as defined in any one of claims 1-68 or a pharmaceutically
acceptable salt thercof, for use in therapy.

73.  Use of a compound as defined in any one of claims 1-68 or a pharmaceutically
acceptable salt thercof, in the treatment of a disease or condition selected type 2 diabetes,
symptoms of diabetes, diabetic complications, metabolic syndrome (including

30  hyperglycemia, impaired glucose tolerance, and insulin resistance), obesity, dyslipidemia,
dyslipoproteinemia, vascular restenosis, diabetic retinopathy, hypertension, cardiovascular
disease, Alzheimer's disease, schizophrenia, and multiple sclerosis.

74. A process for the preparation of a compound of claim 1, which comprises:



optionally renoving any protecting groups and optionally preparing a salt
t her eof
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(a) coupling a corresponding compound having the formula II

9 RQa
RG RGa
I

with a corresponding compound having the formula II1

2 8
ﬁrA \\(R
J\ " A3
5 L7 Sad
11
wherein L! is a leaving atom or group, in the presence of a base and optionally further in the
presence of a metal catalyst and optionally in the presence of a ligand; or
(b) coupling a corresponding compound having the formula IV
YL3
)\ /A3
R3 (@]
R? L
AN N
Rg RQa
=X n
10 R® x? RE RE
v

wherein L* is a leaving atom or group, with a compound having the formula (R*),Zn or
R®ZnBr in the presence of a metal catalyst and a base; or
(c) for a compound of Formula T wherein L is NR”, coupling a corresponding

15  compound having the formula V

AZ R®
A1/ Y
)l\ Z A3
Rx 0O N AA/
I
HN
N
R9 RQa
In
RG RGa
Vv

with a corresponding compound having the formula VI
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15

20
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wherein L* is a leaving atom or group, in the presence of a base and optionally further in the
presence of a metal catalyst; or

(d) for a compound of Formula T wherein R’ is a group having the R**SO,- where
R® s (1-3C) alkyl, (3-6C)cycloalkyl, cyclopropylmethyl- or phenyl, reacting a

corresponding compound having the formula VII

A2 8
N YR
ZAC
R3 (o] N A4/
RY L
\ N
) Rg R9a
X!
5 27 n
[ X R® Rfe

A1
wherein L’ is a leaving atom or group, with a reagent having the formula R>*SO,Na in the
presence of a metal catalyst and a ligand; or
(e) for a compound of Formula T wherein R® is phenyl, pyridyl, pyrimidyl or
pyrazolyl, each of which is optionally substituted with one or more substituents
independently selected from halogen, (1-4C)alkyl, (1-4C)alkoxy and CF3, reacting a

corresponding compound having the formula IV

AZ 3
NG YL
| A3
R® e N g
R% L
AN N
) o RQa
X!
5 27 n
R X R6 R6a

v
wherein L’ is a leaving atom or group, with a corresponding compound having the formula
R*B(ORR),, where R* is phenyl, pyridyl, pyrimidyl or pyrazolyl, each of which is
optionally substituted with one or more substituents independently selected from halogen, (1-
4C)alkyl, (1-4C)alkoxy and CFs, and R® and R' are H or (1-6C)alkyl, or R® and R' together

with the atoms to which they are connected form a 5-6 membered ring optionally substituted
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with 1-4 substituents selected from (1-3C alkyl), wherein said coupling takes place in the

presence of a palladium catalyst and a base; or

() for a compound of Formula I wherein R’ is CN, reacting a corresponding

compound having the formula VII

/A2 R®
AT
J\ ZA?
R3 e} N A%
R? L
AN N
%a
e )n s R
5 L5 x2~ RS Ree
VII
wherein L’ is a leaving atom or group, in the presence of a metal catalyst CuCN; or
group p y
(2) for a compound of Formula I wherein R® is CH(OH)(1-5C alkyl), reacting a
corresponding compound having the formula VIII
0
A2
A|1/ \HK(LSC)anm
R3 o NJ\A4//A3
R L
AN N
9a
X! )n Ry R
10 RS < RE R6®
VIII
with a reducing agent; or
(h) for a compound of Formula I wherein R® is (1-6C alkyl)sulfanyl, reacting a
corresponding compound having the formula IV
2\(L3
R3 o} J\ /A3
R4 L
AN N
X' Iy F "
15 R® x2~ RE RO n
v

wherein L’ is a leaving atom or group, with a reagent having the formula NaS(1-6C alkyl) in
the presence of a palladium catalyst, a ligand and a base; and

optionally removing any protecting groups and optionally preparing a salt thereof.

20



