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useful in the treatnent or prevention of diseases such as, but not limted
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SUMMARY COF THE | NVENTI ON [ 0011] 1t has now been found that certain novel

pi peridi nyl -substituted | actans are nodul ators of GPR119 and are useful for
treati ng wope1223di9abet es, di abetic conplications, netab@Crassynassee,
obesity, dyslipidem a, and related conditions. [0012] Accordingly, in one
aspect of the present invention there is provided conpounds having the
general Fornmula | [0013]and pharnmaceutically acceptable salts thereof,
wherein X1, X2, L, R3, R4, R5, R2 andn are as defined herein. [0014]In
anot her aspect of the invention, there are provided pharnmaceuti cal
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[0016] I n e H@B&S%“ @fﬁ @ tpﬁ’ela hPBRE9TBE, mflﬂer@Sl?t&n%r‘ewa@amﬁeglwe of a
conpound uﬂflzalﬁ@ﬁ bals! mréhtﬁlaﬁ wiftead faRNtire & (Bickle SE S EDMber&ONEib. W6 Sel ect ed
fromtype 2 diabetes, npt ons of di abetes, di abeti ¢ conpl i cati ons
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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. J. 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 iz vivo in animal models of diabetes and



conmpounds of Formula I. In one enbodi ment, certain conpounds of Fornula I
may be used as internediates for the preparation of other conpounds of

For mul a IwWO[2002B7330t her aspect of the invention includesTasotaesssst for
prepari ng, nethods of separation, and nethods of purification of the
conpounds descri bed herein. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0022] One
enbodi nent of this invention provides conpounds of the general Fornula I

R3 RAwL 1 X1 R5x2' | [0023] and pharmeceutically acceptable salts thereof,
wherein: [0024]L is 0 or NR; [0025]I1Vis Hor (1-3Qalkyl; 100261X1 is N
or CR1l ardl vz wihqugen bre, ce&lﬁé willg, briloy abnrdsicrixalogin @09 Hay 455-M08; 6

0027] RL £, R 1R3:3d CF3,
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[0007] GPR119 receptors are also expressed directly on the pancreatic beta cells. A
GPR119 agonist can bind to the pancreatic GPR119 receptor and cause a rise in cellular c-
AMP levels consistent with a Gs-coupled GPCR signaling mechanism. The increased c-
AMP then leads to a release of insulin in a glucose dependent manner. The ability of
GPR119 agonists to enhance glucose-dependent insulin release by direct action on the
pancreas has been demonstrated in vitro and in vivo (Chu Z., et al., Endocrinology 2007,
148:2601-2609). 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 PYY3.36 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.



R7 is selected fromNO0O-N R8"\---"----- A R NandN, R8 is (1-6C)al kyl,
fluoro(1-6C)al kyl, difluoro(1l-6C)alkyl, trifluoro(l-6C) al kyl,

trichl or oW0-26Qym@riggl , Cycl, Arl, hetCycl or hetArl; [00BLTr@sed11i051821

(3-6C) cycl oal kyl optionally substituted with CF3; [0032] Arl is phenyl
optionally substituted with one or nore groups independently selected from
hal ogen, CF3, (1-4C) al kyl and (1-4C)al koxy; [0033]hetCycl is a 5-6 nenbered
het erocycl e haying a ring nitrogen atam and optionally substituted with one
or nore groups independently selected from hal ogen, CF3, (14C)al kyl and

(1-4C) al koxy; [0034] het Ar | SUMMABYREFEHINVENEFQNr yI haying a ring
ni trogen, @61{1]’” and QRpLi 9§\9|b|eé’rh§dﬁ9§ttﬁart UEgth \4’1(%'1‘ H%@ 11%1 ng{% e Pshs

i ndependent sel ected al ogen, 1-4C aI oxy and
[ 0035] n m@dl;latozs of GBR1[Da@Bb3rE WSﬁnbeQW@Mgnbem 2c91ﬁab5@$,rm¢tatl¢ complicstigns,

[0037] I n 8] 1 n one enbodi nent of

Formul a InQeQa%ogg%%OP%ogtif%{tyﬁ dgsrligﬂi %ﬁ)ééﬁ rrelr'ilt%d(% n(IL—lo&%ul al, Lis 0. [0040]In

one enboddt@ht of Emormlhgyl jn lon¢ saspifex . of [ MO 4ffesent om‘@newbdhhrﬂelmtprov_ldecb NH.

[0042] I n gnhe elraggdl ﬁ Il§ 'ﬁ'ﬁ& lSC) al kyl . Particul ar exanpl es include
%igeinera Qr

NCH3 and © onee nbodi ment, RI- is H, F C or CF3. [0044]1In
one enbodi nent, RI- is H, For ) /Q

[0013] and pharmaceutically acceptable salts thercof, wherein x!, X% L, R®, R*, R®,
R’ and n are as defined herein.

[0014] In another aspect of the invention, there are provided pharmaceutical
compositions comprising a compound of Formula I 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 a therapeutically effective amount of a compound of Formula I or a
pharmaceutically acceptable salt thereof. In one embodiment, the method comprises
administering a compound of Formula I in combination with one or more additional drugs.
In one embodiment, the additional drug is a biguanide. In one embodiment, the additional
drug is a DPP4 inhibitor.

[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 from type 2 diabetes, symptoms
of diabetes, diabetic complications, metabolic syndrome (including hyperglycemia, impaired

glucose tolerance, and insulin resistance), obesity, dyslipidemia, dyslipoproteinemia, vascular



[ 0045] I n one enbodinment, R - is H 100461l n one enbodinent, RI- is F. 7
[0047] I n one enbodinent, RL is . [0048]1n one enbodinent, Rl is CF3.

[ 0049] | n woeoemsoadsnent, R2 is H, F or Me. [0050] I n onePemtsdimm®ats2t R2 i s
H. [0051]In one enbodinment, R2 is F. [0052]1n one enbodinent, R2 is M.
[0053] I n one enbodinent, R3is H F, C or CF3. [0054]1n one enbodinent, R3
Is H [0055]In one enbodinment, R3 is F. [0056]1In one enbodinent, R3 is C
[0057] 1 n one enbodinent, R3 is CF3. [®058]In one enbodinment, R4 is H M,

F, or . [0059]In one enbodinent, R4 is H [0060]1n one enbodinment, R4 is
Me. [ 006 I3stanoginedigrebio detimepathy, Ryperéengion,| @oBoYapqilas rdscaseh ddehetwar's dRgases QO |

[ 0063] I n .ans, srRdiERin Rli@dds R2 are independently selected fromH, F and
c; and &3 aﬁg R4’ are |ﬁpepenge%tly selected fromH M, F, d and CF3.

[ 0064] | n [MHE] enbodinrmapther RpechnflithR3ngneons thegnid pRYided doRgounde oHForfrd®6b] | n one
enbodi meny.

Rl, R2 andp A g%ggﬁ5§§n§sﬁgef%gg?é%%gggTenngﬁgpgﬁbgggﬁngno?nﬁosggfglr?n:he
resi due: [0018] In another aspect of the invention, there is provided compounds of Formula 1
or pharmaceutically acceptable salts thereof, for use in 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, diabetic
complications, metabolic syndrome (including hyperglycemia, impaired glucose tolerance,
and insulin resistance), obesity, dyslipidemia, dyslipoproteinemia.
[0019] In another aspect of the invention, there is provided compounds of Formula 1
or pharmaceutically acceptable salts thereof, for use in treating a disease or condition selected
from type 2 diabetes, symptoms of diabetes,
[0020] 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 L
[0021] Another aspect of the invention includes processes for preparing, methods of
separation, and methods of purification of the compounds described herein.

DETAILED DESCRIPTION OF THE INVENTION

[0022] One embodiment of this invention provides compounds of the general
Formula I
R3 O N - R
R N - N
0 )n
R® X2
I

[0023] and pharmaceutically acceptable salts thereof, wherein:
[0024] L is O or NR*;
[0025] R*is H or (1-3C)alkyl;
[0026] X! is N or CR! and X? is N or CR?, wherein only one of X! and X? may be N;



R3 R4;2e 1X1 R5X2 [0068] of Formula I, wherein the wavy |line represents the
point of attachment of the residue in Formula I, is selected froma residue
wher ei n XV0i28120iR139and X2 is CR2, such that the residue eamuseommsprsesent ed
as: 8 R2 [0069]wherein R, R2, R3, R4 and R5 are as defined for Fornula
. [0070]1 n one enbodi nent, Rl, R2, R3 and R4 are independently sel ected
fromH F, d, CF3, nethyl, ethyl, propyl, isopropyl, nethoxy, ethoxy,
propoxy and i sopropoxy. [0071]In one erbodi nent of Formula I, Rl, R2, R3
and R4 are independently . selected fromH (1-6C) alkyl, CF3 and hal ogen.

2

[0072] | n [BRE] enbodR neht R RNdaRd aRzinderendanis peleaemtiion 46| wdaces €ForfilH, F and

d, and B34 at®afpdependently selected fromH M, F, d and CF3.
[0073] I n o%eggﬁgﬁgigﬁtggﬁl isHor F, Ris H For d, RBis H F, or

CF3, and [#828is H, Rk, Fis or (G3C [ 00dkylsnlfond entiddiCnentcycRalkybilford, and R4
are i nde f a hal.o ) 0 | n,one: di nent,
Rl, R2, %@Qﬁg}t"%@@éﬁ%@ behgéepﬁtl—s(f‘@@él gﬁ’e?rf roh Hglgn%é%]zg bg i 076] I n

one enbodilmented vRIh (IRZ;)2lR3; and R4 are independently selected fromH and F.
[0077] 1 n[&ﬁg] e”bOdkﬂi?Qélecte%]ﬂoRz and R4 are H, and R3 is F.

“‘51/2;/3\ R8 H/ﬁ\gﬁ\ RS

and ;
[0030] R¥is (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-6C)alkyl,
trichloro(1-6C)alkyl, Cyc', Ar', hetCyc' or hetAr';
[0031] Cyc' is (3-6C)cycloalkyl optionally substituted with CFs;
[0032] Ar' is phenyl optionally substituted with one or more groups independently

selected from halogen, CF3, (1-4C)alkyl and (1-4C)alkoxy;

[0033] hetCyc' is a 5-6 membered heterocycle having a ring nitrogen atom and
optionally substituted with one or more groups independently selected from halogen, CFs, (1-
4C)alkyl and (1-4C)alkoxy;

[0034] hetAr' is a 6-membered heteroaryl having a ring nitrogen atom and optionally
substituted with one or more groups independently selected from halogen, CF3, (1-4C)alkyl
and (1-4C)alkoxy; and

[0035] nis 1,2 or 3.

[0036] In one embodiment of Formula I, nis 1.
[0037] In one embodiment of Formula I, n is 2.
[0038] In one embodiment of Formula I, n is 3.
[0039] In one embodiment of Formula I, L is O.
[0040] In one embodiment of Formula I, L is NR*,
[0041] In one embodiment, L is NH.

[0042] In one embodiment, L is N(1-3C)alkyl. Particular examples include NCHj3
and NCH,CHj.

[0043] In one embodiment, R' is H, F, Cl or CFs.
[0044] In one embodiment, R' is H, F or CL
[0045] In one embodiment, R' is H.

[0046] In one embodiment, R is F.



[0078] I n one enbodinent, Rl and R3 are F, and R2 and R4 are H [0079]1n one
enbodi nent, RL and R4 are H, and R2 and R3 are F. [0080]In one enbodi nent,
Rl, R2 arwiOR812z13e398, and R4 is F. [0081] I n one enbodi memCT/UR201a0618RY are H,
R2 is O and R3is F. [0082]In one enbodinent, RlL and R4 are H R2 is Me
and R3 is F. [0083]In one enbodinent, R, R2 and R4 are H, and R3 is CF3.
[0084] I n one enbodinment, R1L, R2 and R3 are H, and R4 is d. [0085]In one
enbodinent, Rl is F, R2 and R3 are H, 7and R4 is Me. 100861l n one enbodi nent
of Fornula I, the residue: 9 R3 R4;2e 1 ,X1 RSX2 [0087]of Fornula I,

wher ei n 19 7havy Iinn)@eﬁ@b@cb@@lﬁt]% iSk& point of attachment of the residue to
"L"in Fojola 1, §,808 BhB&i&end ROG R, residue wherein X1 is N and X2 is CR2,
such that the resuﬁlue can be rep resent ed as: R2 [0088]wherein R2, R3, R4
and R5 arl@048% defllrliemef%mbOdImpIﬁuRalSH FlonMsne enbodi ment, R2, R3 and R4 are

i ndepend«?M§n¥tsel eﬁtoﬁg &BS’dﬂlEﬁt e, CF3, nethyl, et hyI propyl,

i sopr opyl oxy propoxy and i sopropoxy. |In one enbodl ment, R2,
R3 and R40Gx¢ |nde1pemdelmbd><ym31ﬁl RCisEd fromH, hal ogen, CF3, and (1-6C) al kyI
In one e ment ) . i ndependently selected fromH,

hal ogen, r@%g (1- GCI)nolnﬁeRgo rrlllergiﬁig ‘¥nbodi nent, R2, R3 and R4 are

i ndependg0iil3y sel emtoad chbatimbht, I, is @, Fa(nlcbrw3 I n one enbodi nent, R2, R3 and
R4 are i ndent]y sel ed f . In one enbodinent, R is H 1In
one errbogﬁqe“?gﬁ RS{ njege ang?chmgﬁe gr%ll;dl ment, R3 is O. In one enbodiment, R4
is H |nj[oos3] enbodlnrmebmbdRHmerR,BR%@d R4 are each H In one enbodiment, R2
and R4 arggslg] and R3 is CLédHLOOSQJ I %lone enbodi nent of Fornmula I, the

resi due: In one em ent, R
[0057] In one embodiment, R? is CFs.
[0058] In one embodiment, R* is H, Me, F, or CL
[0059] In one embodiment, R* is H.
[0060] In one embodiment, R* is Me.
[0061] In one embodiment, R* is F.
[0062] In one embodiment, R* is Cl.
[0063] In one embodiment, R' and R? are independently selected from H, F and CI;
and R® and R* are independently selected from H, Me, F, Cl and CF;.
[0064] In one embodiment, R and R? are F; and R* and R* are H.
[0065] In one embodiment, R' and R* are H; and R* and R® are F.
[0066] In one embodiment, R', R* and R* are H; and R is F.
[0067] In one embodiment of Formula I, the residue:
R3
N
b

R® X2

[0068] 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:



Ri;? 1 X1 R5x2 [0090]of Formula I, wherein the wavy |line represents the
point of attachment of the residue to "L" in Formula |, is selected froma
resi due wwereizn3xX®3is CRL and X2 is N, such that the reecCuusS2aansisel
represented as: R3 R4202: 1 R5NR1 [0091]wherein RlL, R3, R4 and R5 are as
defined for Fornula I. In one enbodinent, Rl, R3 and R4 are independently
selected fromH, F, d, CF3, nethyl, ethyl, propyl, isopropyl, 10 nethoxy,
et hoxy, propoxy and isopropoxy. In on& enbodinment, Rl, R3 and R4 are

i ndependently selected fromH, hal ogen, CF3, and (1-6C)alkyl. In one

embodi ment, Rl, R3 and R4 are independgntly selected fromH, halogen, and
(1-6QC) al kyl. In one enbodi nent, R4 are independently sel ected
fromH F, d and Me. In one enbod , R3 and R4 are independently
selected fromHor d. In one enbodi Rl is H In one enbodinment, R3 is
H In one enbodinment, R3 is . I|n vodiment, R4 is H In one

enbodi nent, each of Rl, R3 and RFis H [ 0092] I n one enbodi nent of Fornula
I, X1 is N or CRL and X2 is N or CR2, Rtherein only one of X1 and X2 may be
N Rioadsp and x%er?h%l'ﬂdﬁpﬁkﬂq{?@k* Yo 9S4 EBRESR, FLAMILY. hal ogen, CF3,

(1- 6C)a| Kyl "and (1-6C)al koxy; 'and R5 IS (1-3C al kyl')sul'fonyl, (3-6C

cycl oal kyP978LI f onyln ong sypbbdiprenip Rl .Mt Ry k&R prsriydepen h@nwle;'@tﬂdffmmyﬁv F, CN, Br,

erbod: et G etk PRb SR MoRRR okl rt%%g%f@éé%%@ SEeEonyl (o 6C
fé‘g'ﬂ%%i) I;jﬂ(ﬂslhl fgnylln onécmbbd)pﬁm;mwn?mdﬁ%% ,LRZE? gﬂCd,Rlaa;d}n;dhElngémlu:sélmthd |

odi nen is al kyl ) sul f ony anpl es
i ncl ude gﬂ?&%zg édﬁ%}%wé%ﬁé‘ggﬁogenuﬁmzmzsoz and (CH3) 2CHS02-. Parti cul ar
exanpl es [0072| ude Gﬂ&ﬁ@%inbamme@-l&@aﬁ@ﬂi?arel indapaad certip sdécneinrom RS F shd @H3S02- .

I n one enbggumd%ﬁr? lng?pegfﬁﬁgﬁéeggdfro&ﬁ?% f:’nCI angcﬁgbOd' ment, RS is (3-6C

cycl oal kyf

[0073] In one embodiment, R' is H or F, R*is H, F or CI, R* is H, F, or CFs, and R* is
H, Me, F, or CL.
[0074] In one embodiment, R', R?, R* and R* are independently selected from H, Me
and halogen.
[0075] In one embodiment, R', R%, R® and R* are independently selected from H and
halogen.
[0076] In one embodiment, R', R%, R® and R* are independently selected from H and
F.
0077 In one embodiment, R!, R? and R* are H, and R® is F.
[
0078 In one embodiment, R' and R® are F, and R* and R* are H.
[
[0079] In one embodiment, R' and R* are H, and R* and R are F.
0080 In one embodiment, R', R* and R® are H, and R is F.
[
[0081] In one embodiment, R' and R* are H, R? is Cl and R* is F.
n one embodiment, R an are H, R” is Me an is F.
0082 I bodi R'and R* are H, R? is Me and R is F
n one embodiment, R', R” an are H, an is CFs.
0083 I bodi R',R” and R* are H, and R is CF
n one embodiment, R*, R” an are H, an is Cl.
[0084] I bodi R', R? and R® are H, and R* is Cl
n one embodiment, R is F, R* an are H, an is Me.
0085 I bodi R'is F,R? and R® are H, and R* is M

[0086] In one embodiment of Formula I, the residue:



(cycl opropyl ) S02-. [0096]In one enbodinent, RS is

(cycl opropyl nmet hyl ) sul fonyl which can be represented by the structure: (?
0 [0097]wo 20ren3e39bodi ment, R5 is phenyl sul fonyl (CoH5S®PRT)US2010098R1 n one
enbodi ment, R5 is selected fromCN, Br and CF3. [0099]In one enbodi nent, R5
s CN. [00100]In one enbodinent, R5 is Br. [00101]In one enbodinent, RS is
CF3. [00102] I n one enbodinent, R5 is tetrazolyl optionally substituted with
(1-3C al kyl. In one enbodinment, R5 is%etrazolyl optionally substituted
with nmethyl. Particular exanples of R5 include groups haying the
structures: 11 [00103]Particul ar exaRples of the group having the

structure R3 [00104]i nclude the épllo i ng, structures: Cl
Xyt
-
R® X2
[0087] of Formula I, wherein the wavy line represents the point of attachment of the

residue to "L" in Formula L, is selected from a residue wherein X' is N and X* is CR?, such

that the residue can be represented as:

R3
4
R | Xt
R® N
R2
[0088] 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, Rz, 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, R?, R* and R* are each H. In one embodiment, R? and R* are H and R® is CL.

[0089] In one embodiment of Formula I, the residue:
R3
R4
AN 2
-
R® xZ
[0090] of Formula I, wherein the wavy line represents the point of attachment of the

residue to "L" in Formula I, is selected from a residue wherein X' is CR' and X? is N, such

that the residue can be represented as:

RS
4
R | Xt
=
RS N7 R
[0091] 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,



[ 00105] I n one enbodi nent, the group having the structure R3 xi R5x2
[00106]is selected fromthe structures: 12 [00107]1n one enbodi nent, R7
has t he swouotum3ei93N-0 ,zzza..A ..,... R8 N [00108] wher ecm/us3o11o5m31 def i ned
for Formula I. [00109]1n one enbodi ment, R7 has the structure: O0-N\ NN
[00110] wherein R8 is as defined for Forrmula |I. [00111]In one enbodi nent of
Formula I, R8 is (1-6QCalkyl. In one enbodinent, R8 is nethyl, ethyl,
propyl, sec-propyl, butyl, isobutyl on0tert-butyl. In one enbodinent, R8 is
et hyl, isopropyl, sec- butyI or tert-butyl. In one enbodlnegt R8,is

i sopr opyImetfypl e¥pxn RO NkiiseBTepPowt Har ersl ampodimentj &', R' and R* arc

1 uoro(15 &%@d@/ﬂy heRRSBTROTRAL cE ol BEChIOr ARG ARk RIS AN one

enbodi nen Fornu , uoro 1-6C . I'n one e nent
is difl u@nd)Rce@ﬂqymdepqndintb'l smegf@d ﬁemtﬂ:lhat@ger& and erCF)@lldwloﬁn op¢mbodiment, 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.

[0092] 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, CFs, (1-6C)alkyl and (1-6C)alkoxy; and R’ is (1-3C alkyl)sulfonyl, (3-6C
cycloalkyl)sulfonyl, (cyclopropylmethyl)sulfonyl-, phenylsulfonyl-, CN, Br, CFs, or
tetrazolyl optionally substituted with (1-3C)alkyl.

[0093] In one embodiment of Formula I, R is selected from (1-3C alkyl)sulfonyl, (3-
6C cycloalkyl)sulfonyl, (cyclopropylmethyl)sulfonyl, and phenylsulfonyl (CsHsSO»-).

[0094] In one embodiment, R® is (1-3C alkyl)sulfonyl. Examples include CH3SO,-
and CH;CH,SO;-, CH3;CH,CH,SO,- and (CH3),CHSO,-. Particular examples include
CH;S0;- and CH3CH,S0;-. In one embodiment, R’ is CH3SO,-. In one embodiment, R® is

CH3CH,SO,-.
[0095] In one embodiment, R’ is (3-6C cycloalkyl)sulfonyl. ~An example is
(cyclopropyl)SOs-.
[0096] In one embodiment, R’ is (cyclopropylmethyl)sulfonyl which can be
represented by the structure:

s

i

[0097] In one embodiment, R’ is phenylsulfonyl (CsHsSO,-).
[0098] In one embodiment, R’ is selected from CN, Br and CFs.
[0099] In one embodiment, R’ is CN.
[00100] In one embodiment, R’ is Br.
[00101] In one embodiment, R’ is CFs.
[00102] 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:



[00114] In one enbodi nent of Formula I, R8 is trifluoro(1-6C)alkyl. In one
enbodi nent, R8 is trifluoronethyl or 1,1-dinmethyl-2,2-difluoroethyl.

[ 00115] | rworre12é03iaedi nent of Fornula |, R8 is trichl oro(PCo@Sadiapbis2i n one
enbodi ment, R8 is trichloronethyl. [00116] 1 n one enbodi ment of Formula I,
R8 is Cycl. In one enbodinment, R8 is cyclopropyl, cyclobutyl or cyclopentyl
optionally substituted with CF3. In one enbodinent, R8 is cycl opropyl,
1-(trifluoronethyl)cycl opropyl, cyclobutyl or cyclopentyl. [00117]1n one
enbodi nent of Forrmula I, R8 is Arl. In one enbodi ment, Arl is phenyl
optional ly substituteq\mLﬁh one or mpregroups indgpendant|y selected from
F, d, CF3, nethyl, @hyl ‘and nethﬂ%y.NIn one enbgdi nEnt, R8 is phenyl.
[00118] I n one enbodi of Fornuld\ —R8 i s het Cytl.n I n one enbodi nent,
hetCycl is an N-linked heterocycle, that is, hetCycl is coupled to the R7
group of Formula | through a ring nitrogen atomof the hetCycl group. In
one enbod0®dr , R8Pdrscubay cxahplel afylie gypip lemaklthe stri@usubsti tuted with one or
nore groups independently selected frogmF, O, CF3, nethyl, ethyl and

met hoxy. In one enbodiment R8 is pyrrqlidi 1 -yl. [00119]In one

enbodi nent of Forrmula |, R8 is hatAri AUn e enbodi nent, R8 is pyridyl
optionally substituted with one or roups i ndependently selected from
F, d, CF3, nethyl, ethyl and nethody. I one enbodinent, R8 is pyrid-2-yl.
[00120] I n one enbodi ment, R7 hasgihe

§@Tﬁcture: N-0 8'22zzR N
[00121]wherein R8 is selected from (1-6C)al kyl, fluoro(1l-6C)alkyl,

di f | uor o(42108kc) al Kipsludg the followingstuefeses| kyl and trichl oro(1-6C) al kyl. In one
enbodi ment, R8 is selected from,ethyl, isopropyls, propyl, sec-propyl,
tert-butyl, Lyjoropropyl, di 8l uaronet hyl, 1, 1A dixf | uor oet hyl
1, 1-di fluorgprgpyl, trifluoro hyl and 1, 1-di yl-2,2-difl
one enbodihgERt; R8 is sel ecgedAfrom et hyl .~ Tg pyl, prop¥yk
and tert-&ubyl. In one enbddioment, R8 is seldtdt ed fron12-fBU%re
di fluoronethyl, 1,1-difluoroethyl, 1,1- difluoropropyl, triflugronethyl and

1, 1- di met hy1- ,2L-ZdifluoroethylF [00122] I n one efrbodi nent, R7 has  he
structure: N- R8 /[j:r% *,
~ ~ ~ 0
S F
o © 0 F \<}\l’{\l

N N N
o) o O
FUE Yy jif“ ]if
~ ~
s S NG F Br F
O// \O O// \O
ol
| : %, | BN %, | A
=N =N ~ =
F.C FsC AN
O 0
[ § B , B i
N N N
N//N\N ~ N//N\N = N//N ) =
A— \ - \
N N—N
/
[00105] In one embodiment, the group having the structure
R3
R4
N
- X!
R® X2

[00106] is selected from the structures:



[00123]wherein R8 is selected fromCycl, Arl, hetCycl and hetArl. In one
enbodi nent, R8 is selected from cycl opropyl,

1-(trifl woanetdsyiopcycl opropyl, cyclobutyl, cycl opentyl PCphuSngl/051821
pyrrolidin- 1-yl1 and pyrid-2-yl. [00124]1n one enbodi nent, R7 has the
structure: N-O 8\--/ N ---R[00125]wherein R8 is selected from sel ected
fromethyl, isopropyl, propyl, sec-propyl, tert-butyl, 2-fluoropropyl,

di fluoronethyl, 1,1 -difluoroethyl, 1121 -difluoropropyl, trifluoromnethyl,
1, 1-di met hyl-2, 2-di fl uoroet hyl, cycl opropyl,

1-(trifluoromethyl)clycl opropyl, cyclobfutyl, cyclopentyl,Fphenyl,
pyrrolidin- 1 -yl aq id-2-yl. [0012¢ , one enbodi ne 7 is selected
fromthe structure WO 2012/ 037393 US2011/ 051821 00127] I n one
enbodi ment, R7 h e structure: [g 28] wherein R8I eeted from
(1-6Q) al kyl, fluwnr@e(1l-6C)alkyl, digl@oro(1l- 6C)al kylg ©rifluoro(1l-6C)alkyl
and trlchloro(l 6C) al kyl . I n one enmbodi ment, R8 is selected fromethyl,

i sopr opy!l90187bpy! | né@EE@P%BVP” Kk hsuftystured_ £ | uor opr opyl , di f | uor onet hyl |
1, 1- d|fluoroethyl 1, 1-di fl uoropropylo trifl uoronethyl and
1,1-dinethy1-2,2-difluoroethyl /Q@g nbodi nent, R8 is selected from
ethyl, isopropyl, propyl, sec- progy d Ré&rt-butyl. In one enbodiment, RS

i s sel ect o] | uor.@pr opy uoronet hyl, 1,1-difluoroethyl, 1,1-
di f I uor op &Hﬂéf trW%qQB 1m§% I“Tuhﬂﬁethyl 2, 2-di f 1 uor oet hyl .

[ 00129] | nocg enboﬂ'dﬁ@@ﬁlbodﬁ?lerh,aﬁ7ﬁa@ﬁlessirﬁétﬁﬁeure 0-N \V R8 [00130] wherein R8
is selected fromCycl, Arl, hetCycl and hetArl. In one enbodinent, R8 is
sel ected fromcyclopropyl, 1-(triflupr t hyl ) cycl opropyl, cycl obutyl,
cycl opentyl, phenyl, pyrrolidin- gb- spyrid-2-yl. [00131]1In one
embodi nent, R7 has the structure: D-NMV

[00110] wherein R® is as defined for Formula I.

[00111] In one embodiment of Formula I, R® is (1-6C)alkyl. In one embodiment, R®is

methyl, ethyl, propyl, sec-propyl, butyl, isobutyl or tert-butyl. In one embodiment, R® is
ethyl, isopropyl, sec-butyl or tert-butyl. In one embodiment, R® is isopropyl.

[00112] In one embodiment of Formula I, R® is fluoro(1-6C)alkyl. In one
embodiment, R® is 2-fluoropropyl.

[00113] In one embodiment of Formula I, R® is difluoro(1-6C)alkyl. In one
embodiment, R® is difluoromethyl, 1,1-difluoroethyl or 1,1-difluoropropyl.

[00114] In one embodiment of Formula I, R® is trifluoro(1-6C)alkyl. In one
embodiment, R® is trifluoromethyl or 1,1-dimethyl-2,2-difluoroethyl.

[00115] In one embodiment of Formula I, R® is trichloro(1-6C)alkyl. In one
embodiment, R® is trichloromethy].

[00116] In one embodiment of Formula I, R® is Cycl. In one embodiment, R® is
cyclopropyl, cyclobutyl or cyclopentyl optionally substituted with CF;. In one embodiment,
R® is cyclopropyl, 1-(trifluoromethyl)cyclopropyl, cyclobutyl or cyclopentyl.

[00117] In one embodiment of Formula I, R is Ar'. In one embodiment, Ar' is phenyl
optionally substituted with one or more groups independently selected from F, Cl, CF3,
methyl, ethyl and methoxy. In one embodiment, R® is phenyl.

[00118] In one embodiment of Formula I, R® is hetCycl. In one embodiment, hetCyc1
is an N-linked heterocycle, that is, hetCyc' is coupled to the R” group of Formula I through a

ring nitrogen atom of the hetCyc' group. In one embodiment, R® is pyrrolidinyl optionally



R8 [00132]wherein R8 is selected fromethyl, isopropyl, propyl, sec-propyl,
tert-butyl, 2- fluoropropyl, difluoronethyl, 1,1-difluoroethyl,

1, 1-di fl wwoaeprasyds3 trifluoronmethyl, 1,1- dinethyl-2, 2-@cfriusesioestsgl ,

cycl opropyl, 1-(trifluoronethyl)cyclopropyl, cyclobutyl, cyclopentyl,
phenyl, pyrrolidin- 1 -yl or pyrid-2-yl. 15 [00133]1n one enbodi nent, 127

Is selected fromthe structures: --NF )F [00134] I n one enbodi nent, 127
is selected fromthe structures: [ 0®135] I n enbodi nent, conpounds of
Forrmul a | include conpounds of Formula I A and pharnaceuti cally acceptable

sal ts t heplsgfutednpiih epmor mog1Belns ipdependspthinmlcctaidiora 7] £V Gis, metgyl, ethy

(1- 30 al ] SlRd e &0 [00139] R1l, R2, R3 and R4 are
|ndependie§ﬁét1fne[ g’ﬁg@t%% pBodi th{ng"ﬁgﬁog&gﬁ% [00140]R5 i s (1-3C

al kyl ) sull®®A9 ; [0@1%@]@700;1@169@%6@1@@1& Lot NBOAN R8and cbodinedtRB” iis
(1-60) al kykiayifdHOEA) BRAIW ol b HRFOLAE hA M hena} KELUPEGG T &S &l Ky,

CF;3, methyl, ethyl and methoxy. In one embodiment, R® is pyrid-2-yl.
py y

[00120] In one embodiment, R” has the structure:
N—Q
EQ/QN/)\RS
[00121] wherein R® is selected from (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(l-

6C)alkyl, trifluoro(1-6C)alkyl and trichloro(1-6C)alkyl. In one embodiment, R® is selected
from ethyl, isopropyl, propyl, sec-propyl, tert-butyl, 2-fluoropropyl, difluoromethyl, 1,1-
difluoroethyl, 1,1-difluoropropyl, trifluoromethyl and 1,1-dimethyl-2,2-difluoroethyl. In one
embodiment, R® is selected from ethyl, isopropyl, propyl, sec-propyl and tert-butyl. In one
embodiment, R® is selected from 2-fluoropropyl, difluoromethyl, 1,1-difluoroethyl, 1,1-
difluoropropyl, trifluoromethyl and 1,1-dimethyl-2,2-difluoroethyl.

[00122] In one embodiment, R’ has the structure:

A3,

[00123] wherein R® is selected from Cycl, Ar', hetCyc1 and hetAr'. In one
embodiment, R® is selected from cyclopropyl, 1-(trifluoromethyl)cyclopropyl, cyclobutyl,
cyclopentyl, phenyl, pyrrolidin-1-yl and pyrid-2-yl.

[00124] In one embodiment, R’ has the structure:
N—Q
‘HQ/(N/)\RS
[00125] wherein R® is selected from selected from ethyl, isopropyl, propyl, sec-propyl,

tert-butyl,  2-fluoropropyl,  difluoromethyl,  1,1-difluoroethyl,  1,1-difluoropropyl,
trifluoromethyl, 1,1-dimethyl-2,2-difluoroethyl, cyclopropyl, 1-(trifluoromethyl)cyclopropyl,
cyclobutyl, cyclopentyl, phenyl, pyrrolidin-1-yl or pyrid-2-yl.

[00126] In one embodiment, R is selected from the structures:

Jo< Joe X L

5



trichloro(1-6C) al kyl, Cycl, Ari, hetCycl or hetAri; [00143] Cycl is

(3-6C) cycloal kyl optionally substituted with CF3; [00144] Ari is phenyl

opt i onal Iwo=0tza137398t ed Wi t h one or nore groups i ndependeotius2éielostseed from
hal ogen, CF3, (1-4C)al kyl and (1-4C)al koxy; [00145] hetCycl is a 5-6

menber ed heterocycle haying a ring nitrogen atom and optionally substituted
with one or nore groups independently selected from hal ogen, CF3,

(14C)al kyl and (1-4C)al koxy; [00146]he4Ari is a 6-nmenbered heteroaryl
haying a ring nitrogen atom and optionally substituted with one or nore
groups ind %ﬂ_gﬁt ly sel e ffom hal ogen (1- 40) al kyk~&nd/

(1-40 aI d [00147] F2 or J,é\Loo 48] In on odhfrent ,
corrpound of Formul a | Iude corrpounds oﬁfi Fornula IB %[00145] and

phar maceutical |y accept abI e_sal tg, thereof, wheyeig: [00150] Rlo R2, R3 and
R4 are indgpgrdent|y sel ecﬁe%m H, hal ogﬁ}(@@l%g (1- 6C§@é}\\k}}1—{hd
(1-60C) al kgxyy [ 06151] R5I yl ) sul fonyLI ycI oal kgt)3ul f onyl ,
(cycl opropyl nmet hyl ) sul fonyl, phenyl sul fonyl, CN, Br, or tetrazol yI

opti onal | yysebsfit ut ed V\At/rﬁ% 1- i’ﬁ) al kyl ; [0/{1‘51@0153] -i% sétected
froml\l—OOi;/lﬂLN a RZH /\eﬁ

[00127] In one embodiment, R’ has the structure:
@
"LLL(/<\ )\Rg
N
[00128] wherein R® is selected from (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-

6C)alkyl, trifluoro(1-6C)alkyl and trichloro(1-6C)alkyl. In one embodiment, R® is selected
from ethyl, isopropyl, propyl, sec-propyl, tert-butyl, 2-fluoropropyl, difluoromethyl, 1,1-
difluoroethyl, 1,1-difluoropropyl, trifluoromethyl and 1,1-dimethyl-2,2-difluoroethyl. In one
embodiment, R® is selected from ethyl, isopropyl, propyl, sec-propyl and tert-butyl. In one
embodiment, R® is selected from 2-fluoropropyl, difluoromethyl, 1,1-difluoroethyl, 1,1-
difluoropropyl, trifluoromethyl and 1,1-dimethyl-2,2-difluoroethyl.

[00129] In one embodiment, R” has the structure:
Q
i‘a/g )\ R®
N
[00130] wherein R® is selected from Cycl, Ar', hetCyc1 and hetAr'. In one

embodiment, R® is selected from cyclopropyl, 1-(trifluoromethyl)cyclopropyl, cyclobutyl,
cyclopentyl, phenyl, pyrrolidin-1-yl and pyrid-2-yl.

[00131] In one embodiment, R” has the structure:
@
i‘a/g )\ R®
N
[00132] wherein R® is selected from ethyl, isopropyl, propyl, sec-propyl, tert-butyl, 2-

fluoropropyl, difluoromethyl, 1,1-difluoroethyl, 1,1-difluoropropyl, trifluoromethyl, 1,1-
dimethyl-2,2-difluoroethyl,  cyclopropyl, I-(trifluoromethyl)cyclopropyl,  cyclobutyl,
cyclopentyl, phenyl, pyrrolidin-1-yl or pyrid-2-yl.



andN, R8

is (1-6Cal kyl, fluoro(1-6C)al kyl, difluoro(1-6C)alkyl,

trifluoro(1l-6C)alkyl, trichloro(1-6C)alkyl, Cycl, Arl, hetCycl or hetArl;

[ 00154] CwD 202/033398C) cycl oal kyl

i s phenyl
sel ected

substituted with one or

optionally substituted WCTUSG@H3/05{800155] Ar |
optionally substituted with one or nore groups independently
from hal ogen, CF3, (1-4C) al kyl and (1-4C)al koxy; [00156] het Cycl
a 5-6 nenbered heterocycle haying a ring nitrogen atomand optionally
mor e gr oups i nlependent |y sel ected from hal ogen,

is

CF3, (14C%a|k | and (1-4C)al koxy; [00157]hetArl is a 6-menbered heteroaryl

hayi ng a

[

gr oups |nd%p gndent | y select fr n1ha|ogen CR3, (1-4C)al kyl _and
(1-4C) al ko X. d [00158] n |§\ 2 or 3. dﬁS one enbodi ﬁkﬂtaof

Fornula I
tzizz. -4

conpounds of Formula IC R7

is 17 [ I n\ one enbod

salts thereof ¢here|n

agy

[00134] In one embodiment, R’ is selected from the structures:

I PO IO P
‘l.sz N ‘LLII N ‘071[ N ‘l7_l1 N
[00135] In embodiment, compounds of Formula I include compounds of Formula TA

and pharmaceutically acceptable salts thereof, wherein:

[00136] L is O or NR;

[00137] R*is H or (1-3C)alkyl;

[00138] X' is CR' and X? is CR?;

[00139] R', R?, R? and R* are independently selected from H and halogen;
[00140] R’ is (1-3C alkyl)sulfonyl;

[00141] R’ is selected from

and
[00142] R® is (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-6C)alkyl,
trichloro(1-6C)alkyl, Cycl, Ar', hetCyc1 or hetAr';
[00143] Cyc' is (3-6C)cycloalkyl optionally substituted with CFs;
[00144] Ar' is phenyl optionally substituted with one or more groups independently
selected from halogen, CF3, (1-4C)alkyl and (1-4C)alkoxy;
[00145] hetCyc' is a 5-6 membered heterocycle having a ring nitrogen atom and

optionally substituted with one or more groups independently selected from halogen, CFs, (1-
4C)alkyl and (1-4C)alkoxy;

[00146] hetAr' is a 6-membered heteroaryl having a ring nitrogen atom and optionally
substituted with one or more groups independently selected from halogen, CF3, (1-4C)alkyl
and (1-4C)alkoxy; and

[00147] nis 1,2 or 3.

0133( ni t r an cabestimerdR oiptslesiedl rgm gttrgtergted with one or nore

Fornul N R7 is -N
]\----RB N. [00161] I n enbodi nent, conpounds of Fornula I include
I C [00162]and phar maceutical |y acceptabl e



[00163]Rx is Hor (1-3C)alkyl; [00164]R -, R2, R3 and R4 are independently
selected fromH, halogen, CF3, (1- 6C)al kyl and (1-6C)al koxy;

[ 00165] Rowe(20t28B3ai9ky| ) sul f onyl , (3- 6Ccycl oal kyl ) sul f onyl PCT/US2011/051821

(cycl opropyl net hyl )sul fonyl, phenylsulfonyl, CN, Br, CF3, or tetrazolyl
optionally substituted with (1- 3C)a| kyl; [00166] R7 is selected fromNO \a

N-R8 and O-N\R8----4).---" N, [00167]R8|s(1 6C) al kyl ,
fluoro(1-6C) al kyl, d| fluoro(1-6C) al kylie trifluoro(1-6C) al kyl,

trichlor 061 6C) al k Cycl, Arl, hetCycl or hetArl; [00168] Q/cl is

( 3- 6C) cyddH4Bky| tqneﬁallbps}m@uﬁb§<trmqyp@dofvﬁ0tﬂﬁu1@|i3nch{}ct9@@9pmdﬁ of Eomshdmy |

optional Ij substituted with one or nore groups independently selected from
hal ogen, CF3, (1-4Q)alkyl and (1-4C)al koxy [ 00170] het Cycl is a 5-6

menber ed heterocycle haying a ring nitrgge pRand optional |y substituted
Wi th one or nore groups indepe ently Iec ed |f rom hal ogen, CF3,

(140 al kyl and (1-4C) al koxyR\ 988 6 nmenber ed het eroaryl
haying a ring nitrogen atom ptlo )y substituted with one or nore
groups i ndependently sel ectg xhal ogen, CF3, (1-4C)al kyl and

(1-4C) al koxy; and [00172]n iIs ZLe 2 or 3. [00173]In one enbodi nent of
Formula IC, R2 is

IB
[00149] and pharmaceutically acceptable salts thereof, wherein:
[00150] R', R?, R® and R* are independently selected from H, halogen, CF;, (1-
6C)alkyl and (1-6C)alkoxy;
[00151] R’ is (1-3C alkyl)sulfonyl, (3-6C cycloalkyl)sulfonyl,

(cyclopropylmethyl)sulfonyl, phenylsulfonyl, CN, Br, CF3;, or tetrazolyl optionally
substituted with (1-3C)alkyl;
[00152] R’ is selected from

and
[00153] R¥is (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-6C)alkyl,
trichloro(1-6C)alkyl, Cyc', Ar', hetCyc' or hetAr';
[00154] Cyc' is (3-6C)cycloalkyl optionally substituted with CF3;
[00155] Ar' is phenyl optionally substituted with one or more groups independently
selected from halogen, CF3, (1-4C)alkyl and (1-4C)alkoxy;
[00156] hetCyc' is a 5-6 membered heterocycle having a ring nitrogen atom and

optionally substituted with one or more groups independently selected from halogen, CFs, (1-
4C)alkyl and (1-4C)alkoxy;

[00157] hetAr' is a 6-membered heteroaryl having a ring nitrogen atom and optionally
substituted with one or more groups independently selected from halogen, CF3, (1-4C)alkyl
and (1-4C)alkoxy; and

[00158] nis 1,2 or3.

[00159] In one embodiment of Formula IB, R’ is



18 NNO 8\--- N.---R . [00174] 1 n one enbodi nent of Fornmula IC, R7 is O-N
"11rNR8 [00175] I n enbodi nent, conpounds of Fornula | include conpounds of
Formul a W0 20D/308376] and phar maceuti cal | y accept abl e saCraseéensshy
wherein: [00177]Rl, R3 and R4 are independently selected fromH, hal ogen,
CF3, (1-6C)al kyl and (1-6C)al koxy; [00178] R5
I s(1-3Cal kyl ) sul fonyl, (3-6Ccycl oal kyl ) sul fonyl
(cycl opropyl met hyl ) sul f onyl , phenyl sul ionyl , CN, Br, CF3, ortetrazol yl optional |y
substituted with (1-3C)al kyl; [00179] R7 is selected from N 00-N
,22za___ 100160] = .mmeﬁmb?&imenwfﬁer BaRdl, [00180]R8 is (1-6C)al kyl,
fluoro(1-6C)al kyl, difluoro(1-6C)al kyly trifluoro(1-6C)alkyl,
trichloro(1l-6C)al kyl, Cycl, Arl, hf/t%@/d or hetArl; [00181] Cycl is

utg

(3-6C) cycl oal kyl optionally subst® WREh CF3;
[00161] In embodiment, compounds of Formula I include compounds of Formula IC
7
RS R o N
R4 N\é/
N
In
RS R’
R2
IC
[00162] and pharmaceutically acceptable salts thereof, wherein:
[00163] R*is H or (1-3C)alkyl;
[00164] R', R%, R? and R* are independently selected from H, halogen, CF;, (1-
6C)alkyl and (1-6C)alkoxy;
[00165] R’ is (1-3C alkyl)sulfonyl, (3-6C cycloalkyl)sulfonyl,

(cyclopropylmethyl)sulfonyl, phenylsulfonyl, CN, Br, CF3;, or tetrazolyl optionally
substituted with (1-3C)alkyl;
[00166] R’ is selected from

and
[00167] R® is (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-6C)alkyl,
trichloro(1-6C)alkyl, Cyc', Ar', hetCyc' or hetAr';
[00168] Cyc! is (3-6C)cycloalkyl optionally substituted with CFs;
[00169] Ar' is phenyl optionally substituted with one or more groups independently
selected from halogen, CF3, (1-4C)alkyl and (1-4C)alkoxy;
[00170] hetCyc' is a 5-6 membered heterocycle having a ring nitrogen atom and

optionally substituted with one or more groups independently selected from halogen, CF3, (1-
4C)alkyl and (1-4C)alkoxy;

[00171] hetAr' is a 6-membered heteroaryl having a ring nitrogen atom and optionally
substituted with one or more groups independently selected from halogen, CF3, (1-4C)alkyl
and (1-4C)alkoxy; and

[00172] nis 1,2 or 3.

[00173] In one embodiment of Formula IC, R is



[ 00182] Arl is phenyl optionally substituted with one or nore groups

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

[ 00183] hewQyo12/i3339a 5- 6 nenbered heterocycl e hayi ng a riPag/us2emnogsal at om
and optionally substituted with one or nore groups independently sel ected
from hal ogen, CF3, (1- 4C)al kyl and (1-4C)al koxy; [00184] hetArl is a

6- menbered heteroaryl haying a ring nitrogen atom and optionally
substituted with one or nore groups imglependently sel ected from hal ogen,
CF3, (1-4C)al kyl and (1-4C)al koxy; and [00185]n is 1, 2 or 3. 19 [00186]In
one enbodi nent of Formula ID, R7 is \AN,..,... R8 . [00187]In one
enbodi nent of Fornmula ID, R7 is - 488] I n enbodi ment, conpounds of
Formula | include conpounds of Fortul® IE ,-R7 | E [00189] and

phar rrace%'lqai[ly a@]%%ggﬁ%&gﬁﬁlot&goﬁﬁgﬁof 7;wherein: [00190]1V is H or

(1-3C) al kyl; T0019 are 1ndependently selected fromH,
hal ogen, CF3, (1-6C) al kyl and (1-6C) ﬁk\*oxy; [ 00192] RS
i s(1-3Cal kyl)sul fonyl, (3-6Ccycl oalll( @Lkgnyl ,
N .
[00175] In embodiment, compounds of Formula I include compounds of Formula ID
7
R3 e /O/R
4 O
G
n
RN R
ID
[00176] and pharmaceutically acceptable salts thereof, wherein:
[00177] R', R’ and R* are independently selected from H, halogen, CFs, (1-6C)alkyl
and (1-6C)alkoxy;
[00178] R’ is (1-3C alkyl)sulfonyl, (3-6C cycloalkyl)sulfonyl,

(cyclopropylmethyl)sulfonyl, phenylsulfonyl, CN, Br, CF3;, or tetrazolyl optionally
substituted with (1-3C)alkyl;
[00179] R’ is selected from

and
[00180] R¥is (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-6C)alkyl,
trichloro(1-6C)alkyl, Cycl, Ar', hetCyc1 or hetAr';
[00181] Cyc! is (3-6C)cycloalkyl optionally substituted with CFs;
[00182] Ar' is phenyl optionally substituted with one or more groups independently
selected from halogen, CF3, (1-4C)alkyl and (1-4C)alkoxy;
[00183] hetCyc' is a 5-6 membered heterocycle having a ring nitrogen atom and

optionally substituted with one or more groups independently selected from halogen, CFs, (1-
4C)alkyl and (1-4C)alkoxy;

[00184] hetAr' is a 6-membered heteroaryl having a ring nitrogen atom and optionally
substituted with one or more groups independently selected from halogen, CF3, (1-4C)alkyl
and (1-4C)alkoxy; and

[00185] nis 1,2 or3.



(cycl opropyl net hyl )sul fonyl, phenyl sul fonyl, CN, Br, CF3, or tetrazolyl
optionally substituted with (1-3C)alkyl; [00193]R7 is selected from N 00-N
, 22zt NRBawONM0{208184] R8 is (1-6C) al kyl, fluoro(1-6C)al kyPCT/US2011/051821

di fluoro(1-6C)al kyl, trifluoro(1-6C)al kyl, trichloro(1-6C) alkyl, Cycl, Arl,
het Cycl or hetArl; [00195]Cycl is (3-6C)cycloal kyl optionally substituted
with CF3; [00196] Arl is phenyl optionally substituted with one or nore
groups i ndependently sel ected from hall#gen, CF3, (1-4C)alkyl and

(1-4C) al koxy; [00197] hetCycl is a 5-6 menbhered heterocycle haying a ring

ni t rogen [B18M and bpnp embedipers gbEerinulg By Ryiit h one or nore groups

i ndependent |y sel ected from hal ogen,yC3, (1- 4C)al kyl and (1-4C)al koxy;

20 [00198] het Ari is a 6-nenbered he/trgv:ro ryl haying a ring nitrogen atom and
optionally substituted with one oﬁ, K,/ grRdups i ndependently selected from
hal ogen, CF3, (1-4C) alkyl and (1-4C)al koxy; and [00199]n is 1, 2 or 3.

[ 00200] | H0W8E] enbohiiqmenmb@ﬁmﬁurorﬁﬁblaluﬂaEI,D,léiSi s NNO RB N. [00201]1n one
embodi ment of Formula IE, R2 is [00Q02]1n enbodi ment, conpounds of Fornula
| include conmpounds of Fornula IF ﬁ g:\[ 00203] and pharnaceutical ly
acceptabl e salts thereof, whereiny 3 "R

[00188] In embodiment, compounds of Formula I include compounds of Formula IE
7
R R Q /O’R
)
N
n
7 NP R
1E
[00189] and pharmaceutically acceptable salts thereof, wherein:
[00190] R*is H or (1-3C)alkyl;
[00191] R', R’ and R* are independently selected from H, halogen, CFs, (1-6C)alkyl
and (1-6C)alkoxy;
[00192] R’ is (1-3C alkyl)sulfonyl, (3-6C cycloalkyl)sulfonyl,

(cyclopropylmethyl)sulfonyl, phenylsulfonyl, CN, Br, CF3;, or tetrazolyl optionally
substituted with (1-3C)alkyl;
[00193] R’ is selected from

?%/2;/3\ R8 E/z\;& R8

and
[00194] R¥is (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-6C)alkyl,
trichloro(1-6C)alkyl, Cycl, Ar', hetCyc1 or hetAr';
[00195] Cyc' is (3-6C)cycloalkyl optionally substituted with CFs;
[00196] Ar' is phenyl optionally substituted with one or more groups independently

selected from halogen, CF3, (1-4C)alkyl and (1-4C)alkoxy;
[00197] hetCyc' is a 5-6 membered heterocycle having a ring nitrogen atom and
optionally substituted with one or more groups independently selected from halogen, CFs, (1-

4C)alkyl and (1-4C)alkoxy;



[ 00204] R2, R3 and R4 are independently selected fromH, hal ogen, CF3,
(1-60C) al kyl and (1-6C)al koxy; [00205] R5

i s(1-3Calwol2peuizfaayl , (3- 6Ccycl oal kyl ) sul fonyl PCT/US2011/051821

(cycl opropyl net hyl )sul fonyl, phenylsulfonyl, CN, Br, CF3, or tetrazolyl
optionally substituted with (1-3C)al kyl; [00206]R2 is selected fromNO ,1,

NR8 \ and O-N\--4 j\---- R R N, [00207]R8 is (1-6C)alkyl,
fluoro(1-6C)al kyl, difluoro(1-6C)al kykgp trifluoro(l-6C)alkyl,

trichl oroél GC)aIk |, Cycl, Arl, hetCycl or hetArl; [00208] is

( 3- 60) cyddBky| ol,tﬁtff“omha fymesbgesd iheigroaey| tive CHABE nige@OYmEn Btloahléhyl

el ogon, "L R BEDRT RO A e AR P oS B R S RS 6

menber ed ahétlet©elkeky 4mdyi ng a ring nitrogen atom and optionally substituted
w th one 6’6135? %;gqp%wdependently sel ected from hal ogen, CF3, (1-

4C) al kyl al koxy;
[00200] In one embodiment of Formula IE, R is
‘1&,_(/4 /)\RS
N .
[00201] In one embodiment of Formula IE, R is
&
‘Y.LIZ/(\ )\Rg
N .
[00202] In embodiment, compounds of Formula I include compounds of Formula IF
R3 o] /O\j -R
4 0]
R AN \é/N
)
R® AN "
R2
IF
[00203] and pharmaceutically acceptable salts thereof, wherein:
[00204] R, R’ and R* are independently selected from H, halogen, CFs, (1-6C)alkyl
and (1-6C)alkoxy;
[00205] R’ is (1-3C alkyl)sulfonyl, (3-6C cycloalkyl)sulfonyl,

(cyclopropylmethyl)sulfonyl, phenylsulfonyl, CN, Br, CF3;, or tetrazolyl optionally
substituted with (1-3C)alkyl;
[00206] R’ is selected from

A -

and
[00207] R¥is (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-6C)alkyl,
trichloro(1-6C)alkyl, Cyc', Ar', hetCyc' or hetAr';
[00208] Cyc! is (3-6C)cycloalkyl optionally substituted with CFs;
[00209] Ar' is phenyl optionally substituted with one or more groups independently

selected from halogen, CF3, (1-4C)alkyl and (1-4C)alkoxy;



[00211] het Arl is a 6-nmenbered heteroaryl haying a ring nitrogen atom and
optionally substituted with one or nore groups independently selected from
hal ogen, wWb2012B739€) al kyl and (1-4C)al koxy; and [00212] mCrass2911@smse1 3.
[00213] I n one enbodi nent of Fornmula IF, R2 is NO \'N
8"-- .-.--R . [00214] In one enbodinent of Formula IF, R2 is -N\--4N
j\----R8 . [00215] I n enbodi nent, conpounds of Fornmnul a I i ncl ude conpounds
of Formula I1G |G [00216]and phar macentical ly acceptable salts thereof,
wher ei n: {)ﬂOOZl? JRx is H ormgl 30 al kyl; [00218] R2, R3 and R4 are

i ndependdf219] sel ekatext’ fiv nd-H, mprabwp hetelorgsle havisTpating Nitraen ePme@)hl koxy:
[ 00219] RS, hfl{aﬂl %@1&%@\@@ Jn@%%hloﬁeegrg]&;%%ﬁfe?@dgl%i )SSEE® B¥in halo en, CF

(cycl opro i sul fonyl, phenyl'sul’t ony Igr CF3, ort etrazol yl30pt| onaIIy
subst i tut4€da1kvltahd(li4®@j}<a?k}kyl [ 00220]R2 i s sel ected from N-00-N , 2, \----"

J\---- Reiﬂdﬁlf\l% AN is a 6-membered heteroaryl having a ring nitrogen atom and optionally
substituted with one or more groups independently selected from halogen, CF3, (1-4C)alkyl
and (1-4C)alkoxy; and

[00212] nis 1,2 or 3.
[00213] In one embodiment of Formula IF, R is
N—Q
LLQ_‘/( /)\RS
N .
[00214] In one embodiment of Formula IF, R is
L
L'Ilz NN )\Rg
N .
[00215] In embodiment, compounds of Formula I include compounds of Formula IG
R R Q /O’R
\
N
AN N \d/N
)
R AN "
R2
1G
[00216] and pharmaceutically acceptable salts thereof, wherein:
[00217] R*is H or (1-3C)alkyl;
[00218] R% R and R* are independently selected from H, halogen, CFs, (1-6C)alkyl
and (1-6C)alkoxy;
[00219] R’ is (1-3C alkyl)sulfonyl, (3-6C cycloalkyl)sulfonyl,

(cyclopropylmethyl)sulfonyl, phenylsulfonyl, CN, Br, CF3;, or tetrazolyl optionally
substituted with (1-3C)alkyl;
[00220] R’ is selected from

N—Q O—N
H’E/Q /)\RS %3/4\ >\ RS
N N ;
[00221] R® is (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-6C)alkyl,

trichloro(1-6C)alkyl, Cycl, Ar', hetCyc1 or hetAr';
[00222] Cyc' is (3-6C)cycloalkyl optionally substituted with CFs;

and



[00221] R8 is (1-6C) al kyl, fluoro(1l-6C) alkyl, difluoro(1l-6C)alkyl,
trifluoro(1l-6C)alkyl, trichloro(1-6C)alkyl, Cycl, Arl, hetCycl or hetArl;

[ 00222] CywD 202/033398C) cycl oal kyl optional |y substituted WCTHSGH3/051822

[ 00223] Ari is phenyl optionally substituted with one or nore groups

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

[ 00224] het Cycl is a 5-6 nenbered heterocycle having a ring nitrogen atom
and optionally substituted with one ob2nore groups independently sel ected
from hal ogen, CF3, (1- 4C)alkyl and (1-4C)al koxy; [00225] hetArl is a

6- menber 00238k er oahy|is mhwhgptepnﬁlibnguhﬁilweégfeﬂl BICOPR AP BPHDS dpdepprdently
substitu por i ntly selected from hal ogen,
CF3, (1- EQ?CW?“ ggf"ic (?4€fa%pald(é%gﬁm‘g]n is 1, 2 or 3. [00227]In one
enbodi merd®023#] For net@yd ¢ aRy-6i memb@edheteropydie haying @@Zl%pltwg@hetoerrbmbl ment

of For rml 1$n§11 BY S{lf%lt (avath\one rin%re rmﬁﬁ 11Nle in(agrﬁgfgslefe&tea\@ﬁnlg @lp%rPec('l at ed
that cert. ¥) ounds ‘accordi ng to the I hventron may cont tarn on nor e
centers dC)sz}ymcEtlﬂC)alﬂidxmy therefore be pr epar ed and i sol ated as a

m xt ure mer gh as a rac c_or .di aster.eo in an
enant | ondt 23Ty arl duf B RaldRi Befrdy B SHREMRRL ARt Seitihar a0
st er eoi sonmstituted \Oit}n‘snd)(f)r m&sle gmmspﬁxm:eplaldaftlyt dercledViont hadspeni O] Udé@glkput not
limted to ereo enanti oners and atropi soners, as well as

m Xt ures afl%e]r%@f“ i%h s racemc m xtures, formpart of the present

i nvent i onoo2R6P230]4 fs 1MRYr be advant ageous to separate reaction products from
one anot h@hzand/or from Iggdartl n? %M{ﬁjl s. The desired products of each
step or S&I%ék of Woapem 5‘9@8‘ Rors purified (hereinafter
separated) to the desired degr ee of pepogeneity by techni ques conmmon in the
art. Typically such separations inv Iv/e rrul ti phase extracti on,

crystal lization froma solvent or %o MentRm xture, distillation,
sublimation, or chromatography. Chronmatography can involve any nunber of
met hods il P28k ng,InfOQ?e@E%dr@PléOfF@@é‘rlas@g%a%e and normal phase; size

excl usi on; ion exchange; high, nedi usm-and | ow pressure |liquid

chr omat ography nmet hods and appar ){h 2@ scal e anal ytical; sinulated
novi ng bed ("SMB") and preparatl\{i’él R°thick |ayer chr omat ography, as
wel | as techniques of small scale thin layer and flash chromatography. One
skill ed il#020k ar tItwiill be apipeejatedbhin¢egaiascompeunds jaResirding to the iventeontthey desi r ed

separati @DBntain one or more centers of asymmetry and may therefore be prepared and isolated as a
mixture of isomers such as a racemic or diastereomeric mixture, or in an enantiomerically or
diastereomerically pure form. It is intended that all stereoisomeric forms of the compounds of
the invention, including but not limited to, diastercomers, enantiomers and atropisomers, as
well as mixtures thercof such as racemic mixtures, form part of the present invention.

[00230] It may be advantageous to separate reaction products from one another and/or
from starting materials. The desired products of each step or series of steps is separated
and/or purified (hereinafter separated) to the desired degree of homogeneity by techniques
common in the art. Typically such separations involve multiphase extraction, crystallization
from a solvent or solvent mixture, distillation, sublimation, or chromatography.
Chromatography can involve any number of methods including, for example: reverse-phase
and normal phase; size exclusion; ion exchange; high, medium and low pressure liquid
chromatography methods and apparatus; small scale analytical; simulated moving bed
("SMB") and preparative thin or thick layer chromatography, as well as techniques of small
scale thin layer and flash chromatography. One skilled in the art will apply techniques most

likely to achieve the desired separation.



23 [00231] Enanti omers can be separated by converting the enantioneric

m xture into a diastereoneric mxture by reaction with an appropriate

opti cal | ywacving7enpound (e.g., chiral auxiliary, suchpras/ts2ahiossR1 al cohol
or Mosher's acid chloride), separating the diastereoners and converting
(e.g., hydrolyzing) the individual diastereoisoners to the corresponding
pure enantioners. Enantioners can al so be separated by use of a chiral HPLC
colum. Diastereoneric m xtures can be3separated into their individual

di astereoners on the basis of their physical chem cal differences by

met hods W31k nownEnaptipmers eas ke bapartedrbyt oaverting the gamntingiey nexpsnatodgr aphy
and/or fr i . CI: i 3 o[ 00 S ol r

xanpl e, asnaa SESHALY sERhbPRa BTy AL LR (Phe

obt ai ned chyalr esxaliant.i ©ishods rhehirahadavhel ni XYlesher'sugéidgehienideddsepkiatinn tha t he
art, such: f [.Qn. of i onj |- ast [ . ‘W i.ral
conpoundgmgﬁggé%%a%g??%h8ﬂ$gﬂfgéﬁ%gﬁgﬂﬁgﬁy@%gﬁ&?@&%i%ﬁ§%§m%% e%qgé%%ods,
(2) for nmebirepowfingiias treneones.i Enanoopes nasalwi basepdratedby derdfaahirdibiy.C

reagent s, SeRanalion. of the. ALast 61 COMBLS i@ Rt GONVALS AR LBk NG R €

st er eoi SONMErs, an&3?§3 separation of PHAS" sUbst ant a Vy pure-or “enriched

st er eoi shasy of their plokicyl diaderl differeades bpmdihbdsondl knSea:to Wakawilledlin therag, W ,

ed., Dru t er eochenj stry: alytica t hods and Pharnmacol ogy. New York:
Mar cel DgwiﬁwPYFﬁ‘?@k¥§@§¥m?@ﬁé%f%mﬁLFyﬁﬁpﬁ%GH(1), di astereoneric salts can
ge f or meqodzg2y eaCtACsﬁhg(é)af st@ﬂé@i@érﬁ@ﬂ'&lﬁid&@lﬁlﬂ)l}é, ﬂUélﬁlﬁﬁflhé@huﬂsﬁlﬁﬁzﬂ%/Sfﬂé‘ehofaﬁs

ruci ne, quinine, ephedrine, strychnine, a-nethylP-phenyle am ne

(anphet aﬁi%Fﬁé?)SPmﬁh‘é?a?f RoptriRgd By o IH%QFn#éIE“'r fageRig Bﬂﬁd?l"@é’é?tf“?f’é gyt
functi onalhd by, suSRIGR @B foRhRRX YIfi i6nidClidstabén&l faapivathagii@l cdhifounds and

di astereoneric salts may be induced to separate by fractiona )

cryst al | iSsRefatioR Wy fracsiand Eradirstiorashyr nedds és}a?f%{ma%w 8f diapfercomerical

i somers QbmAsinA0 wiR IR A SvatidieldikdabQfls, Qpafdtibh BT the AlaRBXYIbR, A B EGM C

aci ds, such as canphorsulfonic acrd, tartaric acid, mandelic acid, or
lactic adp dhe gawe rsisseisonier. faod ng | whersfion 1 lF awbupeisheriee sl enyiched

[ 0002] Al pvel y 04 £2)n e Substr 0 ol yedpn.S, react ed
Wt h one%gﬁgﬁ%?%ﬁeyn%?yaﬂgﬁ?rg#£%gﬁ%%ﬁﬁg'to %b?%?g%aﬂgggéﬁzbﬁﬁgigk%%ir
(Eliel, BtereoshemiSiry:\WhadyticalSMetheds: insinPharmgcotdey ONgainY ak-ColapsolRdisker. Negw Yor k:
John W Sons, Inc., 1994, p. 322). D astereoneric conpounds can be
formed by reacting asymretric conpounds with enantionerically pure chiral
deri vati 4000d] r eageiedr wetbbd d$), nbadtdrgdmatier kal@at canebe foohddohgdrebstiopephar at i on
of the die%a?r}tie&%rq ( Sur‘%nc%i Qlyb%ge%lsxal R t;[n? ﬁ/eI el iglinte hee B, Qf chenQIrlei ((:xhrr?e 1-

enanti onmer. et hodof déterninlng oﬁiiéﬁV puTﬁ?y Invorves making chiral
esters, $Pudhngsthgamiiat(yphecesting), and.the like with agninteyric @mpotadsdieamtgecidic t he
presence .of .base, or Mosher gester, a-nethoxy:a- 4 (trifluoronethyl)phenyl
Petate. (TG o gy Fradh o ST 3 e i e SR TR ¥, M heol s
S/f I ( R21-7 aﬁl\tlglc&cgt)ois%gtb @)Qtfiaatﬁbﬁ];%r!yk;{ggz?dﬁﬂﬂl@? ioaredhirémdeodraghy. "Fod Sf:p@’agoréI chem

ol . : . 21( . PP- - ,.of the racem.c mxture,. an
anal yzi néhet‘?Pé‘C*]illqu(WF%) %fﬁ@*@%orm%? St %%htwé)éé E CHPODIHE oF %@ftoaﬁ%l&wa%ri c
enant i OMRE Sar¥hofkiuBESiti€ hA@MESic aSliaRhiRIcHE A5, F ROHIEHS, @hn RLUIORI SRRMELA 6f
conpounds can be separated and isolated by normal - and reverse-phase
chr omat odteaPersdIriswtlilg met hods for separation of atropi someric

napht hyl qpgegiui nol AfgRath ¥, BPmbimbd 1)), tl-QRE331BY vEBEBRMLI (Shact@ KA ESH C

m xture of two enantiomersS can be separated by chromatography using a
chiral stcauitionsr gf preage qammegpd tonform, a digsterchmerg paT gilicd Sheehat 8glaphy. New
York: Chapieiy a9t Oreali9@8mpChARDNy vYAS Rift whly &lsons (LI 103 g gsal uti on
of di hydropyridine enanti omers by hi gh-performance |1 quid chronmatography
usi ng phéhgstaeembaivatespahdypehy sec dbracil des rascting chymaletrst sompevady ypHase. " J.

of Chro ' I 3. ) =3 . . i

st ati onaryAameN Oy e Sl bk AR eloue (o, B REERBGGER, BUSLL )
enant i oneesraian olf éhedlisstarevgnersisichyldyolysst fogddd tieguird or airishddngantsiment Her
chiral Gl St SYITRbLLE fRTROM AL Ty SUER 82, 9RLIERIf ghat Fon and
circul ar "di chroi’§h Tﬁ@ 4?1? mﬁl?(gurﬁhergbe appreciated that YaR <"

enant i onmerg.,of-) acathgpohinchf@matchi@ the\pesstncnofcase,ber Proshpareedr, bymsthakg-tng Wit h
the appropriate chiral starting material. [00235]1n the structures shown
herein, where the stereochem stry of any particular chiral atomis not
specified, then all stereoisonmers are contenplated and i ncluded as the
conpounds of the invention. Wiere stereochem stry is specified by a solid
wedge or dashed line representing a particular configuration, then that
stereoi somer is so specified and defined. [00236] Conpounds of Formula I

i ncl ude both enantioners of the position marked with an asterisk (*) as

NN NS ™ 1 I Y o Y —




25 ( IN n I-a [00238]1n one enbodi nent, conpound of Formula | have the
absol ute configuration as shown in Formula I-b: [I-b [00239]1n one

enbodi mrerwg 2a1208n9eund of Formula | can be enriched i n @cg/USe@nsBREr Over
the other by up to 80% enantionmeric excess. |In one enbodi nent, a conpound
of Fornmula | can be enriched in one enantioner over the other by up to 85%
enantioneric excess. In one enbodi nent, a conpound of Formula | can be
enriched in one enantioner over the other by up to 90% enanti omeri c excess.
I n one enbodi nent, a conmpound of Formula | can be enriched in one

enant i onéiflﬂ@\?@i‘nethb{@m@ﬂﬂvﬂe?ce@% Uﬁﬁobdﬂ%?%t@m iRehAntEan; of @xedlemol@uodoAs used
herein, ?ﬁth%s‘?{ 6@(}{?”&8%5% c%tn‘?% Eﬁﬁﬁ‘leﬁlehfﬁuﬁ@%} W6 @ﬂe‘hf &lognge

bet ween t action O nti oner
" (1- 3C) aMoy Pt (19821 prG)LaFHYH7), cfiriek faQeImG@)l@mtwanﬂ @glyalgedlehélrl‘éMR spedfteim t o

saturat e thé‘&%en?é oﬁﬁ@%@%gﬁ{}ﬁé& RN €M RGAT %‘Pa{f&ler & e?@dnfersOf one

to three, one our, or one to six carbons, respective
i ncl ude, obatropir@manot coipridscah de separhtpd anéudwjaltqd iy poropy a,ndl Isqurseenﬁgalsq

1- butyl SQ tert - hut

eyl * 1 GBS Ry IR Mg e it S Rp e PRV bsp B R e

sat ur at edW0O 9@d&5110y. br anched- chai n nDnovaIent radlcals of one to six carbon
at ons, drogen at.o aced fluorin Exanpl es
el ude TG3P Dot Y ™t de b repgT TRt o BB bigy Fan b FraBR S Ropy!

I[ 00243] Tmﬁrbohafdg;apdy f ﬁsi@g of lch@el) laskakmhary gphasé ed.ohgi,.eim).r eder hﬁraﬂbgg Wi at ed

i near or__branched-chain noval ent radic one i x car
wher ei n t%—"%@t—oﬁiﬁgl‘lh $aroy &E Chipmirigid %arlﬁPg% él?@@t%qusﬁ‘ﬁoF‘i e Opieahpl o

i ncl ude Qésblugen @ff&hfdfbpyrlaln&eﬂduftﬂoﬂl@fs%t}f% per@flante Bquid chlot@iogRbRPusdng/| -
[00244]The term"trifluoro(1l-6C)al kyl" as used herein refers to saturated

| i near o Ei?yéﬁ‘ié%‘ié’&teé wénoﬂlyw&ﬁlwé%?ﬁa Fhigal sitianagy phate " 1o ok Chrometass Vot ons

wher ei n tsfhg gﬁ) pf) mezslmly ogﬁ@xﬁﬁ@@sf @Elﬁral ﬁ@tid’i&ﬁ%h%é if b UOiRDG pARX AR €S
include trifluoro 2, | uoroet hyl ;7 "and 3, 3, 3-trifl uoropropyl.

[ 00245] Tiselupar m Etlml@ﬁlqsrmlfwé@namtmws gan be elistinavigied befmethods gisethtar at ed
l'i near ory; fﬁhgﬂ%?&ﬁ%ﬁﬁdlg}&&m&/%ﬁ'agyn{rﬂéih&@zh onoéftod‘f?%gucthgf %kﬁ%a%'ia%ﬁ' aftf OB

wherein thre ogen atoms are replace An exanpl e
|ncludescumﬂ@hhdv@snhyl [ 00246] The ternms "(1- 4C)a|koxy and " (1-6C) al koxy"

as used Qg‘q 3 refﬁrwﬁlofu?tﬁ%ruf)@t glgre&ht&?%atoin REARN SdoPQaéo’ﬁl IRRP YRl Nt

al koxy r s of one to four one to six carbon atons, respectlvely
wher ei n umenmadmobbpnﬁmembyh@nmquhﬂmampmpnﬁxampms@ﬂmguhummlnethoxy,

et hoxy, %&ggf(y, i1sr10tB QR OAres esahown etreolgl( Yivhere the stereochemistry of any particular
chiral atom is not specified, then all stereoisomers are contemplated and included as the
compounds of the invention. Where stereochemistry is specified by a solid wedge or dashed
line representing a particular configuration, then that stereoisomer is so specified and defined.
[00236] Compounds of Formula I include both enantiomers of the position marked

with an asterisk (*) as shown below:

[00237] In one embodiment, compound of Formula I have the absolute configuration

as shown in Formula I-a



[00247] The term " (1-3C al kyl)sul fonyl" as used herein refers to a (1-3C

al kyl ) S02- group, wherein the radical is on the sulfur atomand the (1-3C
al kyl ) powoOi20re/a3339as defi ned above. Exanpl es incl ude nerhyitsedfionski
(CH3S02-) and et hyl sul fonyl (CH3S02-). [00248] The term " (3-6C

cycl oal kyl )sul fonyl" as used herein refers to a (3-6C cycl oal kyl ) S02-
group, wherein the radical is on the sulfur atom An exanple is

cycl opropyl sul fonyl. [00249] The term 2hal ogen” includes fluoro, chloro,
brono and iodo. [00250]It will also be appreciated that certain conpounds
of Formula | may be used as |nterned|a1§s preparation of further
conpounds of Fornmula |I. [00251] The conppunds of Fornula | include salts
thereof In certain enbodi t g, harnaceutrcally accept abl e
salts. In addition, the conp uaa of Rorul a | include other salts of such
conpounds whi ch are not ne g;KIy pharmeceutical Iy acceptable salts, and
whi ch may be useful as internediates for preparing and/or purifying
conmpounds of Formul a | and/or for sepmaating enantioners of conpounds of

Formul a | npl es of icular salts_.incluyde tri e and
yar ochi SN oal £ B S sBBeSeHe Shrabfind s EPe bt ear S ReGu B raton
i ndi cat esgs tivatn ih Fem@lkDBbance or conposition is conpatible chencally and/or

toxicologically, with the other ingredients conprising a fornulation,
and/or the mammual being treatedstherewdh. '%0253]It wil | further be

appreciated that the conpouqu of F:Téﬁ£$ an their salts nmay be isol ated
y

in the formof solvates, nCh any such solvate is included
wi thin the scope of the prese t jhvent n [ 00254] Conpounds of the
invention may al so contain RIANRE T al proportions of atom c isotopes at one
or nore of the atons that constitute ﬁFch conpounds. That is, an atom in
particul ar when nentioned in relation to a conpound according to Formula I,
conpri seq0@3p] i sotimpes ambodiseitppi @ormp'oxhdrroeS?oﬂilthhnt:araﬂaemnnehddher omat ural |y
occurring or. synt hetj cal | roducg& either with nat raI gance or in an
i sot opi caMi© r.OErreﬂref%lr YEBP 18X CRANUGRERC KYbg ’Pr qng hed it is
under st 0@dmpoundefferorin@la Htan24d, endich@lr inndn¢tdab@onich @k @othe oREBy GPro®I%i S
mentioned, It is understood to refer to 11C, 12C, 13C, 14C or .m xtures

t her eof ; CHHEIRMATE PEGEN [ Onerembodiment, a pempasnd fEerayulobican derearighed i onan  14-

1IN 15N Orenﬁﬂt%hl'éf @ert A rcﬁl%‘r,b)hf\/ﬁﬁ No OOYY @RankiSmBBAN k@B In I dnel e?nﬂéﬁﬁk%ﬁtémd to
refer to 14 160, 17,s, 18Q or m xtures thereof; and when fl uoro

ment | onedompeundeof Jipamplatlodd Regenvighesk ing enej@pntionmr oyer the hgr 8% upHe r9édr The
conmpounds, ARkt BGels0 the invention therefore also conprise compounds with
one or nore isotopes of one or nore atom and m xtures thereof, including

r adi oact i[M48bnpouhtigsed hpisine thy teie"copntippicEc guiesy deiapnde jabwlue difsraness been

repl acedy Q%w%?%cg%ﬂ%ﬁén&ﬁngEEE&%ﬁmﬁ&r'Ched i sot opes. Radi ol abel ed

conpounds are us as therapeutic agents, e.g., cancer therapeutic
agents, ne®darch rBagemss (léC@m¥V §§a¥3ﬂeﬁbemiﬁl6@%d9diagmo®hw@nagemts

e 0 10 VLY LARALDG: RIS L end hnohSOIAPh G LR HRIR Fhnd RenOTROUNIS Of
t he presen i nvention, er di'oac or not, are

enconpasdead, wi dieitn sbdxelrtmcs;pespeétwelye Enae@kﬂtindludcemaammot[lﬁﬁi%%, rii'é‘tbylpr esent

et O S PSS Bull BT LR RE AR P o FORELRY o
for a conpéotungl.of Formula | mhereln R7 is O-N R8 [00257]and R8 is as
Idlef I ned f[&{245 or mul "Phel ‘[errgne' uoro?fJ 68)21 B "r esS Bgergldfler}gmcr% c soltjongau?r%‘zéld riglegrhgr formila
branched-chain monovalent radicals of one to six carbon atoms, wherein one of the hydrogen
atoms is replaced by fluorine. Examples include fluoromethyl, fluoromethyl, and 1-
fluoropropyl, 2-fluoropropyl.
[00243] The term "difluoro(1-6C)alkyl" as used herein refers to saturated linear or

branched-chain monovalent radicals of one to six carbon atoms, wherein two of the hydrogen



[00258] wherein X1, X2, L, R3, R4, R5 and n are as defined for Formula I,
with a reagent having the formula HR8 NH HO [ 00259] wherein R8 is defined
for For mwe 2012/i3m98he presence of a Lewi s acid; or [002@QJr(Uusporfiosisal
compound of Formula | wherein R7 is NO ,2zza..... e NR8 [ 00261] and R8
Is as defined for Fornula I, reacting a correspondi ng conpound havi ng the
formula Il HNH 11 [00262] wherein X1, X2, L, R3, R4, R5 and n are as
defined for Formula I, with a reagent2faving the forrmula R3C(=0)0H or a
reactive derivative thereof wherein R8 is as defined for Fornula |, and
opt i onal [a{pnisrirg feelaprddiyeliosing f Expniplesdnclyle dithoranqtind) 2,2-dilugroedirh suh b3 of

For mul a Hﬂ%ﬁﬁ%&g&% 7 is NO \ )...,". R8 [00264]and R8 is hetCycl

coupling a co ndi ng conpound having the formula IV |V

[00244] The term "trifluoro(1-6C)alkyl" as used herein refers to saturated linear or
branched-chain monovalent radicals of one to six carbon atoms wherein three of the
hydrogen atoms are replaced by fluorine. Examples include trifluoromethyl, 2,2,2-
trifluoroethyl, and 3,3,3-trifluoropropyl.

[00245] The term "trichloro(1-6C)alkyl" as used herein refers to saturated linear or
branched-chain monovalent radicals of one to six carbon atoms wherein three of the
hydrogen atoms are replaced by chloro. An example includes trichloroethyl.

[00246] The terms "(1-4C)alkoxy" and "(1-6C)alkoxy" as used herein refer to saturated
linear or branched-chain monovalent alkoxy radicals of one to four or one to six carbon
atoms, respectively, wherein the radical is on the oxygen atom. Examples include methoxy,
cthoxy, propoxy, isopropoxy, and butoxy.

[00247] The term "(1-3C alkyl)sulfonyl" as used herein refers to a (1-3C alkyl)SO,-
group, wherein the radical is on the sulfur atom and the (1-3C alkyl) portion is as defined
above. Examples include methylsulfonyl (CH3SO;-) and ethylsulfonyl (CH3SO,-).

[00248] The term "(3-6C cycloalkyl)sulfonyl" as used herein refers to a (3-6C
cycloalkyl)SO,- group, wherein the radical is on the sulfur atom. An example is
cyclopropylsulfonyl.

[00249] The term "halogen" includes fluoro, chloro, bromo and iodo.

[00250] 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.

[00251] 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.

[00252] 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.



[ 00265] wherein X1, X2, L, R3, R4, R5 and n are as defined for Formula | and
L1 is aleaving group or atom with a reagent having the structure: 29

[ 00266] wwoeoRI03g39E i s as defined for hetCycl, in the pPresase@iofisal base;
and [00267] optionally renoving any protecting groups and optionally
preparing a salt thereof [00268] Referring to nethod (a), suitable Lew s
acids include netal halides such as zinc chloride, alum numchloride, or
tin (IV) chloride. Suitable solvents 2hclude aprotic solvents such as
ethers (for exanple tetrahydrofuran or p-dioxane). The reaction is

conveni en®12§3her f okt veld fusthepbesnpresirtadehehaeammosndst of Foseladiaad tisitsalien 50
and 150 f‘tQ:r 1585@@% fhe 1B Gf s (JQEQ%G 9110@&91%‘1%%5 @f arl:yogu s@ivété 15Cﬂ1@(rl]1 )
pr epar ed y reacting a conpound of Fornul a 0027 cyani c
br omi de (BthirGhe ¥cppe pthe h@sqm ewenioe. of a base such as an al kal i metal

car bonat h as '

car bonat f;)02%]8271] %grﬁlgdugﬁgn%q{lg%@ g& ?%ﬁ%vﬁgh%?%g%?ﬂ;r Ogﬁocngr?%(%tlgndc

formul a lidokopas athors caandm)oﬁltﬁe(atm tathawmstrigtetsheh ¢ommouhds. RBE( s0MOMooy iran aci d

hal i de derlvtlv theref ction is hresen of a
base, su ﬁrt dlar wiien Frg}p{/le% . rlgc]%n Lo com ound ch‘,orcp r§ptr0§:po)rllrlulflhy? JIDFISES aEiEI

and tri etlskmydpamané 1ﬁma>m<ahnhietusaelofeuhms atlomcleuﬂﬁ aqurelly ocanlingent syshiaicalys et her S
(for exa I tetrah of uran, or di oxane a_conpound of

for mul a PRCaEC frOH ol e R et pieagy eaﬂ%ﬁﬁﬁ@%hd% RSt he
formul a Rﬁl@ﬁh‘@drﬁgén i hﬁnt[dﬁa@tltl i Ondesstertd esterad 'meat JH pr afxeradhyrest wabevat ed

t enper at ur for exa af 60 to 20 G . for e le at 90 C.

[00272] C§ BMFdEeIB‘Pn ftdw%ffersrqodégﬁ PO piep: & g‘%féﬁ@mr%}h%{e%fowﬁﬁhnd of
Fornmul a hftrotkd s MYeoaxy il uiged @0 (BldRefer N rig\lt@Nr@tnlﬂsaﬁre(meredfhwhé@acti on
is pref erably performed in the presence of gn gxcess anmount of th

het er ocy OKYENAniMeationgsh bl ddesford o RET & rdctr €0 99 O] Qscmlmwlé«?r%ofm ng E
is as defhpeed Aot MefitionePUit §saldBrsBBl YERES th MG U6 ahicRRQ! tRercof. The

compounds according to the invention therefore also comprise compounds with one or more
isotopes of one or more atom, and mixtures thereof, including radioactive compounds,
wherein one or more non-radioactive atoms has been replaced by one of its radioactive
enriched isotopes. Radiolabeled compounds are useful as therapeutic agents, e.g., cancer
therapeutic agents, rescarch reagents, ¢.g., assay reagents, and diagnostic agents, e.g., in vivo
imaging agents. All isotopic variations of the compounds of the present invention, whether
radioactive or not, are intended to be encompassed within the scope of the present invention.

[00255] 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:

[00256] (a) for a compound of Formula I wherein R’ is
@
LLLL(/Q\ )\Rg
N
[00257] and R® is as defined for Formula I, reacting a corresponding compound having

the formula II

N
R3 N/
D %}w
R5 24)(1 )n
1I



such as ethanol. [00275] Conpounds of formula Il1-A where L is NRx and nis 1
can be prepared as shown in general Schene 1. 123 456 Schene 1

[ 00276] | wBchexms733 P1 and P2 are anine protecting groupsT/USe@asisay to
Schenme 1, the protected am no piperidine group is coupled to the am no acid
intermediate (1) via traditional am de bond form ng reagents such as, but
not limted to, DCC, to provide conpound (2). Conpound (2) is activated

t hrough nethyl ati on reagents such as, 2but not limted to, methyl iodide to

provi de conpound (3). Cyclization of conmpound (3) takes place under basic
condi ti ol80258ch asyhdsein )ﬁlotXZzJ LnREe‘%I4a th,anFllal-iarGraSL sl fop Fg?!‘lﬂ’dﬁd: edthpound

(4). Remyalbni@hvih il @0en protecting group P2 of conpound (4) under
standard J%H}otgcgﬁgn condi tions to provi de conmpound (5), followed by a
SnAr reaction with an appropriatel yH ®i onal i zed aryl or heteroaryl group
provi des conpounds of fornula Il-A aftpr renoval of the protecting group P1

of conpound (6) under standard depr ion conditions. 31 [00277]1n one
enbodi nent, conpounds of fornula I1-Awhere L is O and nis 1, 2 or 3 can
be prepard®®59k showheich Rghdefmed for g, lin e pres@gg of a Lewis acid; or

[00260] (b) for a compound of Formula I wherein R’ is

7—0
‘1)1(/4 /)\Rg
N
[00261] and R® is as defined for Formula I, reacting a corresponding compound having

the formula 111
H
H N/O

R3 N/J\NH
) X N{E/N/Q
o 2¢X1 n
I
[00262] wherein X', X? L, R, R*, R’ and n are as defined for Formula I, with a
reagent having the formula R®C(=0)OH or a reactive derivative thereof wherein R® is as

defined for Formula I, and optionally in the presence of a base; or

[00263] (c) for a compound of Formula I wherein R’ is
N—O
L P
N

[00264] and R® is hetCyc', coupling a corresponding compound having the formula TV

e

v
[00265] wherein X', X%, L, R?, R*, R’ and n are as defined for Formula I and L' is a

leaving group or atom, with a reagent having the structure:



1011 R30Ro.N___ A-N P3/ IR5) (X1 12

Schene 2 [00278]In Schenme 2, P3 is an am ne protecting group. According to
Schene 2,waoyi2aBria of the am no piperidine (8) wth acipdTaist@nioss2(7)

af fords the conpound (9). Cyclization of conpound (9) to formthe |actam
(10) is pronoted by bases such as, but not limted to, alkali netal

hydri des such as NaH, al kali netal am ne bases such as |ithium

di i sopropyl am de, orsi |l i con-cont ai ni nga$ kal i net al am des(e. g., sodi um
hexanet hyl di si | azi de or |ithium hexanethyl di silazide). Conpound (10) can be
coupl ed with conmpound (10a) (where L6/1s | eavi ng group or atomnm) under

basi ¢ conditions, for exanple, H—N, E
[00266] where Ring E is as defined for hetCyc', in the presence of a base; and
[00267] optionally removing any protecting groups and optionally preparing a salt
thereof.
[00268] Referring to method (a), suitable Lewis acids include metal halides such as

zinc chloride, aluminum chloride, or tin (IV) chloride. Suitable solvents include aprotic
solvents such as ethers (for example tetrahydrofuran or p-dioxane). The reaction is
conveniently performed at elevated temperatures, for example, between 50 and 150 °C, for

example 100 °C.

[00269] Compounds of Formula II can be prepared by reacting a compound of
Formula II-A
L
N
)n
1I-A
[00270] with cyanic bromide (Br-C=N) in the presence of a base, such as an alkali

metal carbonate, such as sodium carbonate, potassium carbonate or cesium carbonate.

[00271] Referring to method (b), when reacting a compound of formula III with a
carboxylic acid having the formula R®*C(=0)OH or an acid halide derivative thereof, the
reaction is performed in the presence of a base, such as a tertiary amine base such as
diisopropylethylamine (DIEA) and triethylamine. Suitable solvents include aprotic solvents
such as ethers (for example tetrahydrofuran or p-dioxane). When reacting a compound of
formula IIT with an acid anhydride derivative of a compound having the formula
R®*C(=0)OH, the reaction is performed neat, preferably at elevated temperatures, for example
at 60 to 120 °C, for example at 90 °C.

[00272] Compounds of Formula III can be prepared by reacting a compound of
Formula IT with hydroxylamine.

[00273] Referring to method (c), the reaction is preferably performed in the presence

of an excess amount of the heterocyclic amine represented by the structure:



in the presence of an alkali netal hydride or carbonate, such as sodi um
hydri de, potassium hydride, sodium carbonate, potassium carbonate or cesium
car bonat evOVhE3R®3i s a group having the R5502- where RPCraseaH®g)s2al kyl ,
(3-6C) cycl oal kyl, cycl opropyl net hyl - or phenyl, conpound (11) can be
coupled with a correspondi ng conpound having the forrmula R5S02Na in the
presence of a netal catalyst such as, but not limted to, copper and

pal | adi um cat al ysts, to provide conpogind (12). Alternatively, when R5 is
CN, conpound (11) can be reacted with CuCN to provi de conpound (12).

Al ternatively, conpound (10) can be cgupl®d with 32 conpound (10b) to
provi de conmpound (12).Renoval of tdenprBtecting group P3 of conpound (12)
under standard deprotection conditions_af#¥ords conpounds of forrmula II-A
[00279] I n one enbodi ment, conpounds of formyla I1-A where L is NRx and n is
2 or 3 cdM2B4l prepuhasel Rang ErpandéfneddpreipiCa. Sutatde shaeinglufoaiegolly n
Scheme 3., k4,3pd,d> are amne protecting groups. According to Schenme 3,
amno acid (13) is converted to | actam (14) through sequential reductive
am nat i od0®A8] am deompmidds of feamille dI-ARehere &l isfR pemlt eést | pap o pgpardb aof

conmpound rd deprotection conditions, followed by coupling
of the dgﬁ%@%g@%ﬂ%&fﬁh&%ﬁﬁd (15) w th conmpound (15a) under standard SnAr

condi tions %T rds internedi 18). The NH2 groupR und (15) can
optionallyquQEWKylated ugd dard al kyl ation ¢ s known to
persons skill&ed i r—the art itor to remval—of the p trecti ng greup P4.
Rermoval of the~protecting graup P4 of conpound (16) afifords conpounds of
formula I'l-A [00281] Ami ne groups in conpounds descrlﬁed in any of the
above nethods may be protectgf wi th any conveni ent am ne protecting group,
for exanple as described in eene & Wits, eds., "Prot¥®cting Goups in
Organic Synthesis", 2nd ed. New York; John Wley & Sons, Inc., 1991.
Exanpl es of ami ne protecting groups include acyl and al koxycar bonyl groups,
such as t- butoxycarbonyl (BOC), apd [ 2- (trlnethylsllylket@ox ] met hyl ( SEM) .
Li kew se, gamgﬁ groups nay”%ijg_€Zﬁcted Wdah anyr nt _car boxyl
protecting greup, "' exanpte a i"bed T Cr eene Wit 5, nedsy
"Protecting C}oups in Organic Synthesis", 2nd 33 iftlude (1-6C)al kyl
groups, such as ,methyl, ethyl and t-butyl. Al cohol groups may be protected
wi th any convenient al cohol protecfing group, for exanple as described in
Greene & Wits, eds., "Protecting Goups in Organic Synthesis", 2nd ed. New
York; John Wley & Sons, Inc., 1991. Exanpl es of al cohol (hydroxyl)
protecting groups include benzyl, trityl, silyl ethers, and the |ike.

[ 00282] The conpounds of FhveQ;nulas 1, I'1-A 111, and IV are al so
bel i eved t o_be novel hﬁ%&r [{Esded as further aspects of the invention.

RS™ Tx?
Scheme 1
[00276] In Scheme 1, P! and P? are amine protecting groups. According to Scheme 1,
the protected amino piperidine group is coupled to the amino acid intermediate (1) via
traditional amide bond forming reagents such as, but not limited to, DCC, to provide
compound (2). Compound (2) is activated through methylation reagents such as, but not
limited to, methyl iodide to provide compound (3). Cyclization of compound (3) takes place
under basic conditions such as, but not limited to, NaH or LHMDS to afford compound (4).
Removal of the nitrogen protecting group P* of compound (4) under standard deprotection
conditions to provide compound (5), followed by a SnAr reaction with an appropriately
functionalized aryl or heteroaryl group provides compounds of formula II-A after removal of

the protecting group P' of compound (6) under standard deprotection conditions.



[ 00283] Conpounds of Fornula | are nodul ators of GPR119 and are useful for
treating or preventing disease including, but not limted to, type 2

di abet es,woi2atra37393conpl i cati ons, synptons of di abetes, Pogtishalliosissyndr one,
obesity, dyslipidema, and related conditions. [00284] The ability of
conpounds of the invention to act as nodul ators of GPR119 nmay be
denonstrated by the assay described in Exanple A [00285] The term

"modul ate" refers to the treating, prévention, suppression enhancement or
i nduction of a function or condition. For exagﬁ conpounds can nodul ate

Type 2 dilé#&fkes bylniane cehedipgnt epspnoundsi of fer A WhiveLeib P @dppis ds3Phg
hyper gl yaent ge p %Q;ﬁghiggnh§§ﬂ%m@§dulator as used herein includes the

terns agoni st, tagoni st, I nverse agonist, and partial agonist. [00287]The

term™ agonrst rgfers to a conpo d”ihat binds to a recept /frrggers a

response iR k. An agoni st cs the effect of aﬁéﬁﬂgié s ligand, a
hor mone for exanple, and produces a physi ol ogi cal resp simlar to that

produced by the endogenous |igands [00288] The term "partial agonist" refers

to a conmpound that binds to a receptor and triggers a partial response in a

cell. A partial agonist produces_only a parti al physiological response of

t he endogenous |igand. [00289]% tier m "ant agoni st” as used herein refers

to is a type ofs epter |igandigx drug that ¢oes net provoke a bi ol ogi cal
response itself bi nding to @areceptora;ﬁg;g' danpens

agoni st - nedi at ed responses. [00290] The ter | B er ISt——aS*USGd
herein refers to an agent that bi nds to the sdme reckptor binding-site as

an agoni st for that receptor and reverses constitut'ive activity of the
receptor. [00291] Certai n conpounds of Fornmula | are agonists of GPR119.

[ 00292] Certain co of Formula | are inverse agonists of GPR119. 34

[ 00293] Certain co s of Fornmula | are antagonists of GPR119. [00294]In

certain enbodi nents, conpound of Fornula | are useful for treating or
preventing type 2 di'abet es mel litus (al so known as non-insulin dependent

di abetes nellitas, or T2DM. Diabetes nellitus j,s a condition where the

fasting pl as | uco | evel (glucose concentrafion in venous plasm) is

greater than qr qﬁﬁf: 6. ng/ dL _(tested oﬁg{%q/ _ggys) and the 2-hour
pl asma gl ucgose~)dve f 75 g oral glucose teéleman (OGIT) is

greater than or equal to 200 ng/dL. Addi tional ¢l assi @ synptons i ncl ude

pol ydi psi a, pol yphagi a and pol yuri a. [00295]Aocord|ngly one aspect of the
present invention provides nethods r treating or preventing type 2

di abetes nellitus in a mamal , rnéﬁ ?ﬁ& adnmini stering to the manmal in
EEEd Iof I$[0l1’2|78} r eat mesﬁhe@etmef?@emt drgiad Ipyotea‘tihglcgtr(i)upﬁ aafwm?% 82 g%i@ﬁmpl ound of
ormula | aor.a p maceutical ]y accept e salt there certain
enbodi neﬁf%‘atl%ﬂggﬁn%n%? PERSFIFHAF 451 W CﬂfLé‘fﬂa’rldq‘ 6t %fFOé%t fhﬁng}pOb‘i‘J;\(/génti ng

di abet i c genRkibE 8t EMound (B tb €6 the m&e{ {10) GYPhbRAbY ORRs shidhdsUSIR S0t bUt 1S
not limted to, mcrovascular conplications and macrovascul ar

conpl i catlinied tonkalo sl dydrides shT pc NeHoAlkals metal gdee besapPickiagsi WHEM hat

gener al | yjiit@sspylantifle, STBI | dlBRIoMSRRE! Q@Q@geme{{he%ﬁé%”p'(é%at's%ﬁﬁmd ncl ude,
for exanple, rétinopathy (the inpairnent or |oss of vision due to bl ood

vessel délﬁﬁ@@thymlﬁlh@deyeb&iu%bﬂiﬂéﬁﬁww}ﬂﬂ%@)v@féméél(ﬁﬁén poeturidobitlens due
i sease. duaTy oAl T EIAGHYBITD B Bb T N RRUIBRS TR bRy
conpl i catin dr@s>r®ﬁecetdf®geall®hnp¢taldarﬂndmer tanzmatgeyveh a Eqrimre@wﬂmdef pa@msivar ge

bl ood ves; d | D ORS d r V, ar

di sease a %%? Fgﬁgﬁﬁéguﬁ' I%?%%%@% d%g%?bﬁﬂ%ﬁﬁ ar gg;geag&m

ge ]rrer al IdylamngthefR S@yezrfl&re R 0 (i53C) aik;srl,u(droﬁlgqyc@agy cjvryq)momemsthyino(laiesyj .
referred to as res ure onar e an
heunt 1 el P Sal b tpBIRa ChreyRaF STt a B EFEupdt i oe o
any of tmethlalpmsehc\feﬁseiesﬂ oamlgstdechmfs liv @otH@aiteld .to |Cbppe$ adf Ib:ﬂlradmmrtafat}om ng of

t he bIood vessel s thaa(ﬁzrgiebloo m1ﬁgm

to provide compoun rnatively, w compoun %lcl) can be reacted with

CuCN to provide compound (12). Alternatively, compound (10) can be coupled with



[ 00297] Accordi ngly, one aspect of the present invention provides nethods
for treating or preventing diabetic conplications in a mamral, conpri sing
adm ni st ewpDrzg12¥037398e nmanmal in need of such treatnent aPCharsapeosisenl |y
effective anount of a conpound of Formula | or a pharmaceutically
acceptabl e salt thereof In one enbodi ment, the diabetic conplication is
retinopathy (also known as di abetic retinopathy). [00298]1n certain

enbodi ments, conmpound of Formula | are2useful for treating or preventing
synptonms of diabetes. The term "synptont of diabetes, includes, but is not
35 i ni t eampendpdPhlifa arovisel seainesidh (12nd Resngpshagitee Depdectine @raver Bi Af

| nCOr POT &bt Bt ie un G TR 3t ccrfTRleof31AIR b Fords Pé}hlydﬁpﬁsaoff JRRfStAe passage
of a large volune of ‘urine Ing a given period sia" means
chronic, [M@bsu velntdni ueslbodlmn@t, Cqmmoymsaélf@rmuﬂﬁeﬁﬂ% WQRr@éslsNPe apdniingor O her

synpt ons ;0 a? éggﬁr&fFSﬂngﬂﬁthn93’ increased susceptibility to certain
es

|nfect|ons ungal and st aphyl ococcal infections), nausea, and
ket oaci dosi s ,( ephanced production effe bodies in the b o .
[00299]Accqpﬂ by, eae»aspect‘gﬂ e lpresent |n¥ent|,4qn\ﬁ§ﬁ es met hods
for treating preventing sympto f diabetes in a ma , _conprising
admi ni stering tP"the mammal in need”of such treatnent a éwapeutlcally

effective amgunt N&f a conpound of Fornmula | or a pharnmaceutically
acceptabl e salt thereof [00300]1n certain enbodi mnents, conpound of Formula
| are useful for treating or preventing netabolic syndrome in a mammal The
term"nmetabolic syndrone" refers to a cluster of netabolic abnormalities

i ncl udi ng abdom nal obesity, insulin resistance, glucose intolerance,
hypertension and dyslipidema. These abnormalities are known to be
associated wthh an increased risk of type 2 diabetes and cardi ovascul ar

di sease. 1 s of Fornmula | are also useful for reducing the risks of
adverse sequ 1associated with netabolic syndrone, and in reducing the
ri sk of deVﬁloﬁlng at her os er05|s deLaylng t he onsetR@f athﬁlzécler05|s

and/ or reducimg the rls& o] q f at heroscl erg@si bequel ag’ of
at her oscl erosts—#cl ude Eg%ﬁﬂ I cati on,—heart t ck e, and
ot hers. [00301]Accord|n pect of the presept~jnventfdn provides

met hods of treating a ta Bolic syndrome in a mammal, conprising

adm nistering to the mammal i nteneed of such treatnent a t herapeutically
ef fecti ve anount of a conpound of Hbmnmké | or a pharnaceutically
accept abl t thereof I t.he netab i
hyper gl yd @“n%'ggi | nh@nsgcgen%o’c}p and? art"*ﬁ‘%““rreqr‘“ﬁ“ e SYhdr oCrPéd‘Pé 0 éC%eme

gl ucose taolieraic@3) ik nom/ﬁﬂecbmbmhmnemp thrdugb smblab:d)fadcctszy anhrrranm ansi ann&eul in

resi st ance. one e nt, the netaboljc dro eroscl erosi s.
1505021 1 TSut, DS RO es Pl ator” foft BIESRE 1) Sh, REflf
treating d@promr:t@onea@ndﬁt@n@bﬁﬁlbtvyd iby eouphmgrel tihdecproteticd Adapoiing” (I5efweits t o,

o cat or | BRI BNl R S R Bt ST R B Vo RN SURPE. wei gh

(kg) / hei gbinp&ur) () 5) Qﬂ&ﬁiﬂbﬂalllysod dl Qe Lfded swﬁddr@hmymﬁoﬁre@hdﬁains ®O&G td ons
i ncl udi ng dlabetes and perlipidema. Cbesity is also a known risk factor

for the ®eveMopisdting ewﬂgﬁp@loz taura@ewésof t@%p{mse%]gmeol? di Rgrgval ohdhaspect
of the prpeoi@c%ggfb\ﬁsm b%n%wﬂ/d@@ﬁaff@&s%%oﬁfdsbf%%ﬁlﬁ@l-ﬁr preventing obesity
in a manmml, nprisin m ni sterin he manmal in need of such

treat rrenthQaPSilher ap/émmeo%wpy I@F@@mw%d%fmmtm@ﬂy af therppoveactbedsmenn®d a | or
a phar m%?d%&dt&l%‘tﬁ’a@%%?em S blotdchRs 81 &&%%Ll@%%&@ﬂﬁ’eﬁ iRlerkqemul a |

may al so be useful for treating or preventln di seases and di sorders such
as, but rButs|cdii theeeqting CagunsiipPdpic Syathesidy 3T Ph dfsmoY eknlohi &/ilcy 08305] The
oSk PSR LS 2 ARk B Sy BSR4 R 00
(e.g., elseshatsetbitexsehbonfl (BOC)amdl m(tmmlsiMNtMEﬁm@sb$EMye[Lskew_ﬁseHD!_)
S TS o ohi 38 LT, oSS BN g et T e
| i popr ot emcr3ple as ﬂdsenti@kl@mdi)reen@@d Wdtsngisr, Petetting Groapy inyreaih By el a"eni a)

[ 003071 ActioNa Wb T aPIt BRI a90E Xl MBE D F sk Bl i B8t nods of

treating or preventing dysllpldenla in a manmal , conpriS|ng adm ni stering
to the mammal in need of such treatnment a therapeutically effective anmount
of a conpound of Fornmula | or a pharmaceutically acceptable salt thereof



[ 00308] Anot her aspect of the present invention provides nethods of treating
or preventing dyslipoproteinema in a manmal, conprising admnistering to

t he manmawoizoizvses®3of such treatnent a therapeutical ly eCrastémssseount of
a conmpound of Forrmula | or a pharmaceutically acceptable salt thereof

[ 00309] By elevating | evels of active G.P-1 in vivo, the conpounds are
useful in treating neurol ogical disorders such as Al zhei ner's di sease,

mul tiple sclerosis, and schi zophreni a33[ 00310] Accordi ngly, one aspect of
the invention érovides met hods of treating neurol ogical disorders in a

mamal , depiei didigaldngrammst svdhngs methyhethyhmadit-buyl netldohoheraps gy be
ther apeu%‘r(ﬁ@clte%d?/wﬁ{agrgpédnv iGTA t01 ?Lot@ctiﬁ? %‘aﬂ,nfgr gag@% Me@ctribe? F]neéreene

phar maceuti ca cceptabl e sal ereof "I n one enbodi nent, '

neur ol ogié AYutgicdor uptesting Afrohsi ingdrganid Sewhesis””, 27 003NeH YodupodunWalep® For mul a
| generald f ' e ' [ o itions
sel oot ed Prom ey, Bl o REMI I Ao B ERL R AR TAIER, A1~ RRS)

conpl i catsilgresherspmtdatbolikec syndronme (i ncl udi ng hypergl ycem a, inpaired

gl ucose t nce,.and insulin resistance), Sit dys|.i pide

dysl i pop#@@?ﬁem‘ al S REPGPEE & s %ﬁ%‘élf‘ssﬁ’ Q?A’g’ﬁgbaélfi?l[g 3L BAST B ve

r et i nopatnbygl bypatr pansicdns fucthcrdsmeasd tednvediieease, Al zhei nmer's di sease,

schi zophr eni and . multiple.sclerosis. [0 2] Agc [ ngly, one pect of
The noodTPBE or ovr Bl RodEHToE Y Faanrtiar r UoHE Y aResblstng
cond: ti ongatary 6ﬁtp&d'81ﬁt|[ﬂ_gmiifs$ﬁ@@ iﬂclﬁﬁi@é}%tlﬁsrao_t SlMﬁﬁl:Hdh ot tlga@e di albedi@s didbb@det i c
conplications, .netabolic s rome (including hyperglycem a, inpaire

gl ucose cOPBRLIHER: Symom%ﬁ%teﬁaﬁéﬁo ﬁé@}d,roq’a%é&st%,d@g@q‘%%&gﬁfﬁé@e

dysl i popreet&iigigm a, vascul ar restenosi s, diabetic retinopathy,
hypertensi on, cardiovascul ar di sease, Al zheiner's disease, schizo?hrenia,
and nul t 1784k cl er by Dl GhspmBe g aéme_rfrlgftngplil ¢t s trdulginmal OPR1Heed of
such treatfmRtdeRolsNalaBe Helacal i¥scBbdEatEapamunt of a compound of Fornula
| or a pharnaceutically acceptabl e salt thereof 1n one enmbodi ment, the

di sease (40288 ect ebhef rtgym t yprdubtedi it etp. POOTREIAC OB ENNY. SUPRIPIREr
aspect, b NERb ALY IRACHR JRdRifG! fof 6BhINY OhpRRAYERAGIM seases
and conditions selected fromtype 2 di abetes, synptons of di abet es,

di abet i ¢ Tooerpdiabeies ynigcregspngarolin in shynanotierchy mppredsimghyipprgbreginizceni a,

i npai red se tple G nl | eS] i ty, 1.pi dem a
and dyslﬂ%%%ﬁgteiﬁg%%%ﬂﬂ[g%%@%?%ﬂ%%%%%g%£§?h€%$%gﬁ%mrﬁﬁggm§’égggéhﬁéefu
fgr incr@a&hngg&ﬁﬂj%ﬁym??bdm$$mg gppeti;ei and rgdupingtbody_MﬁigPt in
obese su an eref or usef u reducin e ri 0

cocmor bi AIERIE AcsHEmLARamth Sudh {5 utimd Del AHBE Faseb o iah o

at her osclresposiesp adielibahegpnisindintiys the piffienofean ¢l0ZIbhsAigmddd hginyonetthe

present inventio rovi des net hods of i nduci satiety, reducing appetite,
G Feducr TP body et T oA Arrorsov i a7 4G ishate ob s iy SeudBhe
manmal i nigaked thereof a therapeutically effective ambunt of a conpound of
Formula | or a pharmaceutically acgceptable salt thereof [00316]1n ope
aspect, tHE3Bk esents TR ag?ravf s it REYROBH tb%%@ﬁ&@agﬁfef $4n a
mammal ,  GRERRFd B pdtfaladiPoRicSih & doNI Al Sariidl QSRR dut & H@Ld phitier f8kiogical
therapeutically effective amount of a conpound of Fornmula | or a

phar macedtPeHreoths epdasenayr ¥l t t hereof [00317]1n one aspect, the present

i nventi onoggoyi desTRekhR dshQbond@GE QAR Gik A8k k@K pd Bf R MRand or
conprising adm nistering to the manmal in need theréof a therapeutically

ef f ect i valugnbiflocotot pravekpbbintpeise! Emonts ighelf upen Ringihz Formiseptqrclat bjocks
accept abl e 13abds LOGELHe il RA3LBI s one aspect, the present invention
Il

provi des net hods ©of controlling or decreasing weight gain of a manmal,
conpri si 180288k ni stler e "iInerschagomaiiea lusddnhondie eferg & prhegeabthatgbinds to the

EE:; ﬁgggtg%@%g lC?p}}&ja‘t{%lgcgltﬁé—éé‘%l agg}s?gg(%nis? oerﬁléag ?&B&Hp%d%ve'r:s%ﬁ Ol Brutiv@ictity of
the receptor.
[00291] Certain compounds of Formula I are agonists of GPR119.

[00292] Certain compounds of Formula I are inverse agonists of GPR119.



[ 00319] Conpounds of Fornmula | may be adm ni stered al one as a sol e therapy
or can be adm nistered in addition with one or nore ot her substances and/or
t r eat mrentwotzheto3msk by the sane or a different nechani eorafS2@essal These
agents may be adm nistered with one or nore conpounds of Formula | as part
of the same or separate dosage forns, via the sane or different routes of
adm ni stration, and on the sane or different adm nistration schedul es
according to standard pharmaceutical p#actice known to one skilled in the
art. [OOBZigAccordlngly, conpounds of Formula | can be used in conbination
with a t HeRBkut i casrfajn eonfnegrdswé Faimpilint are antagpaissrof (FRd 13ddi t i onal dr ugs
such as i n prep. i n i e (for
el o B e i AT A

(e.qg., nerdvenrtmgrtype 2 dgtbettﬁmmslélms é@lagblgmelsas inpesylin dypepdpnt |ddléstes melliguePP4)

i nhi bi t or i i

phosphoty?ogﬁﬁg 6%%%% g%gggggﬁﬁPgl%@?gh&gﬂ%é%%%% gﬁ%&ﬁgw?%ﬁ?%§ﬁéymme
sodlun}gkummsemmmtmawgm@rpbmnwnhuhﬁn®r®mlbn@qmﬂnhdﬂépegﬂLdka@énHBUMDr

di abetic com ca 0 tensi.v

ant | obesi TS BuTA R o P BRCOERHAPILE T OO BeRALERE 7 (GERTH S,

exanpl e eéxereatet den(cByeqtmlat)) 200xegdl.] dedditdial allasind synggodmt indh)de pahydipsia,
hydroxyste é%?%%% genase- 1 (HSD-1) inhibitors. In one enbodinent, a
conpound P8 f% used in conbination with a biguanide. In one
enbodi rrer[0029a] corrp@wmehlﬁgly,laaé aped df tHeressdnientiGOPHOVidEL h&@Rodsifbrhraagtd or mi n.
I n one enbodi nent, mpound of Formula | is .ysed i.n _caonbination wth

et f or m it PEYCIHE bPF SbARERE mgHitsypa 3L SR ESIng W%ﬂ@tee%@dﬁwmmm%

conmpound iR fecd®$ Giich BR6knicht Aih¥rapiiclly FeraiRl BBulc B4 comphSRGS FOmadrPbmat i on
with netformn for_ the treatnent ogvtype 2 di abetes. In one enbodinent, a
conpound PBFMRERWGHE accepéablesialy thepof obi nation with a DPP4 inhibitor. In one
embodi rrerwozs»all CONMPRUARGa R erhtRaMn, Icomﬁodﬁae& FoPmGR MDA akEMN foM tlséatmg or
sitagliptin n one enbodi ment, a conpound of Fornula I is used in

conbi nat ipstyeRiinghdiactia gpmpligagionsor Thenigrm diabetisrromplicatippe’ clydablutes 1ot n one
enbodi ”eqﬁ‘[rueﬂ 160 (Wagkuﬁtfr cOM ll&rﬂgnsog dE?ﬁ%meaﬁéu élr (8)?11 1§atf6?§ad MR og%gﬁ’hlnat Ion
with sitagliptin for the treatnent type 2 |a es 00321 Accordi ngly,
there is Cpmpknadems &e rﬂectsmdmplﬁcatlmesatﬂlﬁm@eneraay sesak an @malé dfddtvicens! dehaget ed from
type 2 dﬁ?g t Sy f olic
syndr one |§E$§@P%%%ﬁ$Bgﬁg$fggﬁggski%ggﬂigg%hi %%ﬁgﬁgﬁﬁimﬂg?ﬁ$$nsu|.n
resistanceb(mdb6$bkwumuy$iﬂpudenlamndygwup@peda@ﬁmenmdbowmsUumaMMeto

rest enosi di ahetic r opat h erten |ovascular sease,

A et merriodqe B8 dtist 1 IIRRLIY s AR Y B BB QURERE SR WGP
whi ch compsme]s%na@drm nhes kidndyny Mmmscﬂilmmmphcaaomshﬁeap(&atdon@h&aymm‘ fhecti ve
anount of a ound. of For or har euti cal acce bl e salt
her eof - it EBnEHadrOh G PR eond: AuBRn WhrH HHENRE R e

ef f ect i vea@dimtkttlapliseiRe atd pmeaa@dtalamedasedr @zgalovdsaulanﬁs@sm@cgeﬁammy t he
conbi nati on %s adH%Flstere? for the treat ? & g E %%@ &tes In one
enbodi merf¢ ot YRGS JRAIIRG G- u@%ﬁ%‘?lﬁ‘& ?Odré eried 1o ehighBloas RER©)t he
addi ti onabrodirndGedrsdib®td, QidcNand!rReudiieic BEROMIARN tPeripteal askdlfat GBALe @fdg 1S a
DPP4 inhibitor. In one enbodiment, the additional drug is sitagliptin.

[ 00322] Ado diseteheh wpyrpf theblegd vessdnputsige of fhedigpiie it s Orfferl érna{réwtnﬁe}félﬁf‘eut ic,
prophyl agfidoa.veRak Itﬂa%drlé/eol&fd tDI@uantat nwgidyeasures. Beneficial or desired
clinical results inclu but are not Iimted to, alleviation of synptons,
di ni ni shitRO7bf exteserdiegly.ding aspset, of §xea1§¢spmzwn‘(l@n rrovidetgpethesb derirade st at e
of di Sease prdelil dfbort! AMpNGRhs M éﬁ%ﬁlapeagﬁmg Ahhini QB O kol
pal i ation of di sease state, and rem ssion (whether partial or total),
whet her den@dmémce tisptmentcretherepautialy effretaatamenntof gaamap ey ofEamuyls bprongi ng
survi val r f C Those
in need 5?§trg§¥§%§}m£ﬁn¥%9§ﬁEﬁ%§§P V&%% rmﬁf?%%%ﬁgaggﬁ tlohﬁaﬁﬁgﬂiorder
as wel | a@nmhukewbpénewm@smGMBCKMqudndlt|on or dlsorder or those in which
the Condl ?Q or df Sor di%re bsod} Oen?s i to%dForl[nOlO‘?lz use oretﬁeta)l d msnt the
terns " nk SRS In as “USBd her e, hreafi - an’ al [ evi a in
whol e or preﬂ/elplmgt s,ymp'iormynﬁ)mehsmsas‘shmteahe‘dymptbm" af dlu@enesjenclmdes,cmnds tnloon as
descri bed herein, or slowing, or halting of further progression or
wor seni ng of those synptons. [00324]1n one enbodi nent, the term
"preventing” as used herein neans the prevention of the onset, recurrence
or spread, in whole or in part, of the disease or condition as descri bed
herein, or a synptom t her eof [00325]The terms "effective anmount” and
"therapeutically effective amount” refer to an anount of conpound that,
mhen adnlnlstered to a nannal |n need of such treatnent is sufficient to

oy T T R T T



50 ng, 100 ng, 250 ng, or 500 ng of the compound of the invention
conpounded wi th about 90-30 ng anhydrous | actose, about 5-40 ng sodi um

cr oscar mawbase/o3atseut 5- 30 ng pol yvi nyl pyrrol i done ("PVPCI/us3@,1/0arsd1 about
1-10 ng magnesi um stearate. The powdered ingredients are first m xed
together and then m xed with a solution of the PVP. The resulting
conposition can be dried, granulated, m xed with the nagnesi um stearate and
conpressed to tablet formusing convefsional equipnent. An aerosol
formul ati on can be prepared by dissol ving the conpound, for exanple 5-400
my, of t HiEniicAemelygriainelyainsiai ensrodyrbagie.c uses) herdiprincospajating thtoegsaere
buffer, n Gi " esired.
The sol utr o6 |2 rymnearry o Fefe o Baiaht o LR e RO IR g FLefe,
renmove i mpued;t'ipelydippid’ catsapiirpaint sxce$sa)®3®0}tThed prelgehagial myens icagesfive t her
provi des a.co | t
Pher eof . P CRRP N Riend O tocfle 2 L TR P b R RO Re
provides(%p@mﬂbo@n@dohmFOWWMYbGRCdrm&mphabnaasutlaﬂlkvoamtmpt@bh@wshlt

t her eof nx&dlnofkgohh)%gln mebﬂ> ease or disorder selected fromtype 2
diabetesp % of diabet 8 abetic conplications, netabolic syndrone
(i ncl udi riqpmyper gI &a&rdlﬁgly,ldﬁﬁasmﬁd)f gleycose ihehesmproedesanethods sod t'raatmg

resi stance ohesi t sl.i enla d sI| rot ei nem vascul ar

ot enos PE P BReyEbioBY RhdBhitRy kR RO e Syt Phpudhse,

Al zhei merin seedio$ &&ﬁ&reat&fehﬂ azmsﬂap@mbﬂly edfeckivdliintouf & a$oMPH @Sl o8 FolnulONer a
enbodineg% t he pr sent Pve tion provides a conmpound of Formula | or a
phar mace W@ﬁ?ﬂ?cﬁ pblcsd icfeofher eof , for use in the treatment of type

2 di abet qﬁosoa]f/rrpt qmisceaamdé@&ﬂtr@esus @bﬁ?&hﬁ%f@@ﬂiﬂhhq&ﬁk%@ful etirkehd 6r
syndrome (incl udlnglgp1 ycem a, inpaired glucose tolerance, and insulin
] 1CCW

resi st an®&Ventyiggast rPIB?&bmnaam%l dys t5TBb presbetin sdiomg e fsrrgto 2

enbodi menfustet BE nREBSIRNibroMYAME! ARIVIMRVILESSRinGI GRERAURGR fred@nBll| AudosOr @
pharmaceutical ly acceptable salt thereof, for use in the treatnent of type

2 di abet auiolerangR Byparisnsercansrdyskinivsme. Thepeainayasiticopre kv debe sedtigbund of
Formul a |, :@r t r gQl t he
Freat mant o R S e e g b o o 2P o
of di abetlezre dadioabsetil cfor aeduking athe aivks ofretladses! sagueyndssoprated i wid! aiahglic

hypergly r u Kkt [ [ a

obesity, %gﬁéﬁnﬁlﬁﬁﬁ$§%$§%g;%’ Fld@t&%?%ﬁﬁgﬁﬁ%g”f%%§§2?§%ﬁﬁ%%&z f%%?%ent
t he invemﬂmnmdppamldmtmaﬁﬂoumpuhdrmk #Hosauuélac lof cathaosplramsivac atuctal by
accept ablaﬁlerso%élgroglgler F Lor chcaitlon rg:aert Eltlia% stro?t 2 otﬁé/rg)e 2 di abetes
mellitusina 1@6 n one é%b He" AVERt i on provi des a

corrpound [mf30Fpr rrul Acdorcblﬂglﬁ opb aspretceulid madehymmempmbidm sathbdd dfereatdg f or

use in the treatnen di abetic c licatjons, i.n 0334] I p one
orpodt ned meifEe TRt if b IREUh . CP bRt g, (R gt deed bf
phar maceutdic akdtshemc 6 epérapduticsigl effdches ambuntt of au@cEnpoand e Roi@aknenk Hf

synptoms of diabetes in 0335 e dlne t he i nvention
provi des P are&ﬁ%aﬂﬁ @Fen’-%#w%re%? }a Pwﬁ%ﬂﬁﬂ?m euyet%l@@éav%P@e d%l t

t her eof , fyﬁé’rglﬁ@&mh Nt be énﬁt%atrﬁ@ntth@ﬁleﬁ%lmghar@méym{;ﬁffai bicAe MR@Rde. | n one
enbodlnen e netabolic ndrome i s hyperglycem a. In one enbodi nent, the

met abol i dN §PHEMBeAmENY, thrﬁ%ﬁt aHc QWE%‘%“elStl’éﬁué? aqisency. nlnoens ahhodimsheribe t he

net abol i GnSRHE QMBron it AEHUbIdLrEGSI stance. In one enbodi nent, the nmetabolic
syndrome is atherosclerosis. [00336] 1 n one enbodinent, the |nvent|on

provi des [80398hpounkt esrtamoymphadengntso compdrafelosmpldaie yusefak Epttesling en t
thereof, fQENHIQLERLRE nfahfi MRRY tefh " DREBM hdferk B %cc?ﬁﬂﬁ?ilo thOR3Ad HeRpne

enbodlnent the€ invéntion provides a conpound of Formila | or a

phar rracelﬂrg@@zallyn aiclé@thMSén@al ({BMia reesofer tfanr27 $slee/mnfar hi@ntavnééﬂ At mof
dyslipid 2QN i t

provi des%gg ‘goﬂl&l @31\%‘?%8 or r% gl%g/%‘ggﬂlta(ﬂl ﬂa?)rngg'u?ihgg v aa\tc}glg '?0 \ng éﬁcggl

t her eof , cbmhtlcus enqludiltgrﬁal:teteeandrbmerlipﬁdedyasl Olpoiy tstaﬁoradmown irink éactomfiorethe
[00339]I%eone enFo neat the invention provides a conpound of Fornula I or
a pharnace R Qgcep ® salt thereof, for use in the treatnent of
neur ol ogi cal dlsorders in a manmmal | n one enbodinent, t he neur ol ogi cal

di sorder is Al zheiner's disease.




[ 00340] I n one enbodi nent, the invention provides a conpound of Fornula | or
a pharmaceutically acceptable salt thereof, for use in inducing satiety in
a mamual WOoQ8®iPriv3ione enbodi ment, the invention provi destaSeanpsisad of
Formula | or a pharmaceutically acceptable salt thereof, for use in
decreasing food intake in a mammal [00342] 1 n one enbodi nent, the invention
provi des a conpound of Forrmula |I or a pharmaceutically acceptable salt

t hereof, for use in controlling or ded6easing weight gain in a mamal

[ 00343] Accor ding to a further aspect, the present invention provides the
use of al8B¥Bbund decorbrghyloac pspset of thshpreseaciavention ploy ids Befhpdhofdrosting

t her eof , gqs%gg pe 2

di abet es,Ok Erfk%%g%gﬁé%; ng& g{ng%l q(bj]ﬁ bet %@%ﬁ‘gﬁéggﬁe o%%hﬁgltlﬁglb&{ﬂa%}gndr one
(i ncl udi regatimepie rag [ thaseneiagally rrpﬁfrqtl@@l ghaedbse wolcempevad, ohnkbrinplulli ar a

resi stan V., dysl i poprotei nem a, vascul ar

rest enosﬁjggmc??%gémy acc%%/a%%osggﬁﬁ%&hypertena on, cardi ovascul ar di sease,

Al zhei nerd0630dj seas€ompuihily op Hoenila, 1 amzl alagl be plbdulsﬁdretrrmhg or preventing
1[12233?] Q%ggrsgéa Oatlsolx(ﬁe fSlillE:l’tl 'PSe{)l]lt nopf3 1té to %Cégsrﬁg% c’@ shi ]Ié:oz’ﬂ ‘grgvgglets the

t her eof [OOBOShe t r8at wﬁnt"dynhpaieﬂhaSQa’Ses mrabmm@il tléve delﬁpe)ptoeﬂnsf mobiodd/ pe 2

di abet f diabete t npl t net abol d
6 200 o SYIBLOTR S 18020 S0 6 DL SO e one IoLabgly .y o

resi st anegLDLCheS! VILDLQMﬁﬂdeplleﬁb%ﬂfle&els aleinysI i popr ot ei neni a,
[ 00345] Acgor ng to a furth aspect, the r ent 4 venti.on pI’O\Q des t he
use of al Q}Hgbund b TP nthys P‘Ppr%thamBhé‘?fﬁréé% R GO@&%@& Hoihe blogd

t her eof , ihdludidpe htyp@ﬁlglaaﬂlta qlfypérnp(q)rcaelderallaete&sesgre&ﬂ libiSroteths amrrﬁ{émlood)
[ 00346] Accordin resent inventiaqon provides the

use of a RGHR OIF 11:6r(hXHeéPhPleﬁFroé?Hbﬁall%cghthQWWY%X‘P@E@%% aah M
t her eof , (hypetth@ytdi@ahipnt of diabetic conplications in a mammal 43
[ 00347] Accor ding to a further aspect, the present invention provides the

use of al&Wpbund d¢corbratulode psnset of thshpreseRCIBYRITIOR PIOy 15t B G froshng
ther eof, 0%: grenfgh%né A i{fﬁ%ﬁﬁa it M&lo&ﬁl 1ng L ARREESink B fe %mll in need of

[ 00348] According 'to furt aspect, e present Invention provides the
use of a smirrﬁ@vmdntoﬁ tﬁmmltl@all[v ﬁrfecavqahmowmtceﬁnal catioynd ot dprablel 9al4

t her eof n‘%@&éi%{lg/aatg‘%&%le%glt Rtapol ic syndrome in a nmanmmal

[ 00349] A(Pc urther aspect, the present invention provides the

use of a [e@¥Pbund Aﬁot]?@rwpd:ca df tbe meSpltrtamnan®utproaﬂcbsyrrathoéqjloﬁbﬂeetlrgablt

t her EOf Ier\]fetthne (E F Q}’lel’l’?ifa lrreat I%anhlla nrqglonedanls%r q”%he ma 1’1’1 Fll’l

enbodi rn::ﬁ)tr the ne %ﬁ?o?lc syndronme 1S~ Ky yp rg]il%/cema one e I ment, the

nmet abol i me@ofchquﬂeatmemtmptaemmﬁngdllyw&emtednmuan@fea cdrﬂipoﬂMoﬁFidmﬂlarmma t he

met abol i ¢, syndr is in r p resi.stance. In one enbodi nent, the netabolic
TV R eplblesa 35

syndr omspﬁ1 850] According to a further aspect, t he
present i[o0s®9f i on By @wvde@ Ibhees usectbk (aLmrtpamm thf crBfoimlAark WBEfuBin

pharmaceuti cally acce e salt ther e treat rrent f qQbesity in a
mamal [ G638 REWBP&%CE‘Q SBrdérSf hehh e g%@ s tfﬂse@ai?r SBEHPICi MIFRY0ADr ovi des

the use Qéhipeapound of Fornula | or a phar maceutical ly acceptabl e salt
t her eof [bor%lt]he treatnment of dyslipidema in a mama

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.
[00311] Compounds of Formula I generally are useful 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,



[ 00352] 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 20te3r398at nent of dyslipoproteinem a in a maecalUus2011/051821

[ 00353] 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 treatnment of neurol ogical disorders in a manmal |In one
enbodi nent, the neurol ogi cal disorder3fs Al zheimer's disease.

[ 00354] Accor ding to a further aspect, the present invention pr ovi des the
use of a dibatrourriinemathizor mubgertensiong ptidipyaseut | Gsesy Addeprosbl alissaset

t her eof , sﬁﬁzd ARG DR RatipIEtdlerbdls. @ mammal [ 00355] According to a further
aspect, e resent invention provides the use of a conpound of Fornmula I
or a pharf@deut i cansbrdalaghepQrabaseeowrf ttha hvesoh, provideremetbads frg tfeamelz pnt ake in
a manmal r r S e ntion
provi des Pt Z%mig e?l a aglgrrc%ggﬁ%?jﬁ o?e Slrdrrtfﬁm tY& P%?atblf)e ﬁam@{eogrfsl 6c}ta IF%YG%

accept abldaabsiai torienteaR, metabo:lwmswldtolmengncdudlmhahyw@ycmgliav,ve|ngpmregaglmrosm a
manmal [Qq35 AnaPt henrsulenm)rosciistanc& 651 (,)p ent Icfa'slemI 961 rlé)VIVds%&l { he use
of a conpoun “of nIéo P Sutt ca 1yya C ta esal t " ther eof
in the nnma‘nam udigbead ramnpmdhy;awpatenﬁmn ¢arcba\tasm@rahsemee\ﬁ&ﬂtelnmystdyqaese2

di abet es tus in a 00358] Anot h odi nt of the present
hoont T onttasbieis 1, B[R Rler b N ERBbaTE BFiSiERDs o T mgh i REFSE
phar maceuytdtc aleitmeﬁceetmralkﬂuacaslgl tffdchies aafountl of hh@nﬁmantf REtreuaf I &r a

nmedi cameni3 f or tr t| n %r e% nt elgl di abeti c COEIE)I icati ons

[ 00359] AR PR BHERD Al ?flr i Grbodimenb Ahdistpassclerd fom of a
conpound t@fe RAsyRk.a I or a pharmaceutically accept abI e salt thereof, in
t he manuf acture of a rredl canent for treating or preventl ng synptons of

di abet es.[00338B60] AneroHHRE Entvdichatectother IREeNHPR SETYIde MFEIdT &1 2808 Bes t he

use of a mmgn&iséagesaaa%h@mbns Qsiec%dpﬂa@m R%E ikl Yoy ApERRt bligh @R t
thereof, 'in the manufacture of a medicanment for treating or preventing

met abol i diabgtirdeemplications. metatalic Fopisenq Aneudies hyrtrsliceraiat inaied elynoss ent
i nvention,py, c?é desn&ig réé%?dnE’J SRR ‘ﬁgﬁieﬁ% a aﬁ%?ai'lhg%buem%ﬁna@
[y a t he

phar maceut | ca ccepta a t ther Bnufacture of a
medi camed00Xdl t r e@ompayndy ofpr@malatli may olbebé tsefil fominpugemingd safio@3GAMrDt her

embod: e, WEBLERANL NMAT G ALOKLAER BIEuUAS 0L, ARRTPRUN "

For mul a y accept e sa er eo

manuf act Ullneerlsi{ o0& cnﬂnhrblelrlremassmlateﬂ reidt obgitprsugr ev dmpdrtegsicy sdthgposdiermsa, or

dysl i poprgt ei nenag 90363] Anot her enbodi ment of the present invention
d%ahete an O}fsh

. S cmia
provi des e use conpound of Forrmula I, or a pharnmaceutically

accept abl[eﬂﬂa] tt hACc&af1ngly,nthb hﬁesmsnmufvamtomr ﬁo@fﬂeﬁnﬁﬂﬂdﬁ:&lﬁ'ﬁﬂducfﬂgl’sabl&t@at i ng
neur ol Oglrg ulcmglals)l())ertl ee ragd rergiucmg%gqm 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.
[00316] 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.
[00317] 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.

[00318] In one aspect, the present invention provides methods of controlling or

decreasing weight gain of a mammal, comprising administering to the mammal in need



[ 00364] 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 manufwotzar23efoza nedi cament for i nducing satiety i nPaTMSsROM@I051821

[ 00365] Anot her enbodi nent of the present invention provides the use of a
conpound of Forrmula I, or a pharmaceutically acceptable salt thereof, in
t he manufacture of a nedi canent for decreasing food intake in a mammal

[ 00366] Anot her enbodi nent of the presé#t invention provides the use of a
conpound of Forrmula |, or a pharmaceutically acceptable salt thereof, in
t he manufthaseadedhastpentioptivl e Fentisnempwi of o aemrsiun AGF gMultdcrranbpmepcoricght  gai n
of a ma oBR LPR3R4E I n one enbodi ment, the conpound of Formula I is
sel ect ed 8n1an one of the conpounds of Exanpl es 1- 67 or a

phar rraced@%da] |y a@@emuadﬂ ef lyginlatlyagyelsf admmnistaesd @lobods areele therdpe or can

phar macet,gte 'a&?lnll T%@%@?@EA %%t {1 01j Mor® o{hef‘ g\*b%'tgﬁc%?? ttl%at%{éq Waq (V%glwppr : de

salts. owi ng exanples i rate The™ Mvents on.
t he ex ar’mlhea@md@s@rdnﬂmdlt b@lchmwsrruoﬂ eBen. oTl‘meer e ® maydle(adméafdstabd wite wpepat ur es

are set f Ort h mnougl ﬁe ISaIS US B%g ame gr s\éegra?‘[e %8raCh?OSrEd \;rlg %msgrggnmr CI al
suppllers SuEh™a R Ené P npany ancaster, Afa ASSar, TC,

Maybr i dgeliffaent crtnlrten“ oB udmmtstrencmuppdl ioarthe samd oneliféerens adrmmithﬁuﬁ séhﬁdﬁlhﬂ
urification,.un otherwi se .indi cated. THF t ol uene, DMF and di oxane

ot e por CHICUEE KGR0 A ERIHc GBS TaNE L d e Pl Yed [ 00369] The

reacti onqomo] f or t Acdoediny, v&ih@od@@eofgeﬁ@nall yanub @gedain (@ ibiravén }Wﬁtﬁs@sur e of

nitrogen or %ﬁﬂ { wth a dr |ng tube%édkt es otherMAse Stated) in

anhydr oudhe&ancyEaty etfegye f‘lﬁ%‘”}t@ G B Sty BAPIWIn PFPREEOR ¢ h

rubber sepdms ffof ihh@vindtihQiMCldkRAn (BHRshmAk esp AR dedn@RYQBSEsY) AlIY | nge.

G assware_was oven dried and/or heat dried or dried under a streamof dry

ni t r ogen gcondere] cHhipArse hr BIERAEET apfe-waseoiBingn dnwiiBt agRerdieoLeih

(Manuf actdwegﬁdyl@p%s@vg PBd)i iRRbitdRaYd, gsna Hitin, GRtaURheAlstsCarkBid £6RKRE Phase
columm, or ona silica SepPak cartri %ﬂ ters), or_ using conventional

flash colPipspheibirosiat @Q@Wbﬁ@seonn@bmqr%a g@&onquﬁn%s iphibitysyi Sedighedicoped.
[ 00371] AQQii}ﬁl\éb(ﬂ‘{e&'OQI?th@&ﬂ hﬁfo@x}nn figMGediae r%ghtjs O%pg dﬁ%@tﬁy ngémplﬁg\bns

Acetonitrile APCI Atnospheric Pressure Chemical |onization
t ert - but erylyactipklyinicCRCHB, Menotasize @denthlaohidfesityragents, GLP-1, GIPI GLP-I

analogs such as exendins, (for example exenatide (Byetta), exenatide-LAR, and liraglutide),
and hydroxysterol dehydrogenase-1 (HSD-I) inhibitors. In one embodiment, a compound of
Formula T is used in combination with a biguanide.  In one embodiment, a compound of
Formula I is used in combination with metformin. In one embodiment, a compound of
Formula I is used in combination with metformin for the treatment of type 2 diabetes. In one
embodiment, a compound as described in any one of Examples 1-67 is used in combination
with metformin for the treatment of type 2 diabetes. In one embodiment, a compound of
Formula I is used in combination with a DPP4 inhibitor. In one embodiment, a compound
of Formula I is used in combination with sitagliptin. In one embodiment, a compound of
Formula I is used in combination with sitagliptin for the treatment of type 2 diabetes. In one
embodiment, a compound of any one of Examples 1-67 is used in combination with
sitagliptin for the treatment of type 2 diabetes.

[00321] Accordingly, 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
y 2 2 2 &)
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CAMP production assay [00372] The assay utilized HEK-293 cells that stably
express a nodified version of the 39

sclerosis in a mammal, which comprises administering to said mammal a therapeutically
effective amount of a compound of Formula I or a pharmaceutically acceptable salt thereof,
in combination with in combination with a therapeutically effective amount of one or more
additional drugs. In one embodiment, the combination is administered for the treatment of
type 2 diabetes. In one embodiment, the additional drug is a biguanide. In one embodiment,
the additional drug is metformin. In one embodiment, the additional drug is a DPP4 inhibitor.
In one embodiment, the additional drug is sitagliptin.

[00322] 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.

[00323] 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.

[00324] 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.

[00325] 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
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.



GPR119 receptor (94%identity to human receptor), under the control of a
CW pronoter containing a tet-on elenent for tetracycline-inducible

expr essi onNO 26RRB1IP3agoni st -i nduced cyclic AVP (CAVP) pr @duaiSzan/opess1
nmeasured in this cell line using the LANCE cAMP kit (Perkin Elnmer, Wltham
MA) . To generate a working stock of cells for the assay, cells were treated
overnight with 1 pg/nL doxycycline at 37 Cin the presence of 5% CQ>2 to

i nduce receptor expression. Cells weredothen harvested by enzymatic

di ssociation with 0.05% trypsin, resuspended in freezi na medi um ( DVEM

growt h nd®033M wi t hAS ol dareh. 8fe terat Enanypsl]' refers & wrEmElo img]|thay hat ed and
f rozen alyr g §t01q:sk gpdév@% %@Ya @Eea‘é{ﬁes@%ﬁéﬁyheréiﬁ QL& %C@tﬁlle%,souw ﬁottlﬂﬁi dto, washed
| x in PBS and resuspen 8 in Hank"s buffered salt solution (HBSS

cont ai ni rgyina pigh, MERESS, Gatd. JpiBShamsiers.And primpiey arcl8UR lporprgat ed ant i - cCAVP

ant i body LLuted A . L.qn. r r to a

o oxi pi 20887 C oy Lty SEichust TREBS AR ARCS BF Al CBARKER Bk

cel | s/ welelg. ifeshe gonpmtestis] dctf (eigakectdnoentralbd,i the soseahgigngmibscolatue 2r nM t o
10 | aM wer e ded to the assa | at foll owed by a,one-hour i.ncubation at
anbi ont | TAUBHEE ot FebFnRRS 2 Bty PomBiiy Wah e nfrt G be R G
const ant catveBicb@oadAfitigrativerCiob@s | fon adatiplet egtletc oppedeids capkllel,alsolafiom,

det ergentd. buffer containing a biotinylated cAl /Eurlo.pi um cgnj %gagegja

st r ept aviddPASOBHPPERTESr SPFInTH & e FEROVRUP (5 8 BPY SR 25086t 3Y€hch wel |
on the a&sayosghjo@_ts @mayf ﬂ@ﬂtﬁm&dmgynemszconh@uironﬂlni@u;klagﬂu]fwutaia} @@ﬁ@mnls,l e.g.

t enper at ur.e. ring this incubation c released fromlysed cells conpetes
with the déﬁ?naspicame%aﬁéﬁ @ad@ﬂww%@&ﬁs%}ﬂngiaﬁﬁ}tﬁagﬁ%lepﬁeéynm gherpclisy 647-
conj ugat @derdt iOpMYnterAIAMhisistratlUic @sifeal kHél @mpoAlbhsPhRdbE ticAR dmaskl4 ed in

i ncreased conpetition with the Europium|abeled cAMP tracer, leading to a
propor t i SAdfoY et pusansion fonp suitableefloF dyention @1 infitie s SBH L eoROSHIABN EEMeher gy

transfer fdiRRx KREdof fe@nRhtiget ected by the Perkin-El mer Envision plate
reader. Cellular cAMP levels were then determ ned by interpol ation of raw

signal dd®®28ki ng Bhecmens inxerdian durther weovidss ApdaTRRS cWiiSHlecoiositipn. veich o have
agoni st _aghbilel ¥ cbiipbYr ShinH] POAf RrhcBid Al QEn B QG ACLERT R N CAVP
relative to basal %vel s. Results for the conpounds of Exanples 1-67 are
shown i n hTegislabova, and\WDhO1REOBFROBPOHLIS200T/ B8R exkidibl e A Ex. # CAWP
roducti i, HEK- v i . 2 27.4 5.6
g 217 3cfgb329]1 8 7 %19 gxaéﬁgézgf?a( ﬁ.\l}{@&% ogg'h%age f%liml‘i)@ ﬁluepgon%anﬁag Qoollllt §5 glg,
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, e.g. a phosphate buffer, adding a tonicifier, e.g., a salt such sodium chloride, if
desired. The solution is typically filtered, e.g., using a 0.2 micron filter, to remove impurities
and contaminants.

[00330] 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 a disease or disorder selected from type 2 diabetes, symptoms of diabetes,
diabetic complications, metabolic syndrome (including hyperglycemia, impaired glucose

tolerance, and insulin resistance), obesity, dyslipidemia, dyslipoproteinemia, vascular
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restenosis, diabetic retinopathy, hypertension, cardiovascular disease, Alzheimer's disease,
schizophrenia, and multiple sclerosis. In one embodiment, the present invention provides a
compound of Formula I or a pharmaceutically acceptable salt thereof, for use in the treatment
of 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 the treatment
of type 2 diabetes.

[00331] In one embodiment, the invention provides a compound of Formula I or a
pharmaceutically acceptable salt thereof, for use in the treatment of a disease or disorder
selected from type 2 diabetes, symptoms of diabetes, diabetic complications, metabolic
syndrome (including hyperglycemia, impaired glucose tolerance, and insulin resistance),
obesity, dyslipidemia, and dyslipoproteinemia.

[00332] 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.

[00333] 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.

[00334] 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.

[00335] 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.

[00336] 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.
[00337] 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.



20.8 3.8 16 17.0 4.3 17 28.3 4.8 18 19.4 3.7 19 24.9 4.1 20 19.4 3.7 21
21.0 2.8 22 17.6 3.6 23 19.2 3.6
WO 2012/037393 PCT/US2011/051821

42

[00338] 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.

[00339] In one embodiment, the invention provides a compound of Formula I or a
pharmaceutically acceptable salt thereof, for use in the treatment of neurological disorders in
a mammal. In one embodiment, the neurological disorder is Alzheimer's disease.

[00340] 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.

[00341] In one embodiment, the invention provides a compound of Formula T or a
pharmaceutically acceptable salt thereof, for use in decreasing food intake in a mammal.
[00342] 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.

[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 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.

[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 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, and dyslipoproteinemia,

[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 type
2 diabetes mellitus in a mammal.

[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 the treatment of

diabetic complications in a mammal.
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[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 the treatment of
symptoms of diabetes 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 the treatment of
metabolic syndrome in a mammal.

[00349] 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.

[00350] 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.

[00351] 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.

[00352] 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.

[00353] 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.

[00354] 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.

[00355] 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.
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[00356] 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.

[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 treating or preventing type 2 diabetes mellitus 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 treating or preventing diabetic complications.

[00359] 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.

[00360] 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.

[00361] 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.

[00362] 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.

[00363] 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.

[00364] 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.

[00365] 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.

[00366] 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.
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[00367] In one embodiment, the compound of Formula I is selected from any one of
the compounds of Examples 1- 67 or a pharmaceutically acceptable salt thereof. In one
embodiment, the pharmaceutically acceptable salt is a trifluoroacetate and hydrochloride
salts.

Examples
[00368] 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 commercial vendors and used as received.
[00369] 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.
[00370] 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.
[00371] Abbreviations used herein have the following meanings:
ACN Acetonitrile
APCI Atmospheric Pressure Chemical Ionization
Boc tert-butoxycarbonyl
CDCls Deuterated Chloroform
DCC N,N'-dicyclohexylcarbodiimide
DCM Dichloromethane
DIEA Diisopropylethylamine
DMF N,N-Dimethylformamide
DMSO Dimethylsulfoxide
HPLC High performance liquid chromatography
NaBH(OAc); Sodium triacetoxyborohydride
Pd,dbas Tris(dibenzylidencacetone)dipalladium(0)
TFA Trifluoroacetic acid
THF Tetrahydrofuran
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Biological Assay
Example A

cAMP production assay

[00372] 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 pg/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% each 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 1-67 are shown in Table A.
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Table A
Ex. # ¢AMP production in HEK-293 cells Fold over baseline
(nMol)

1 25.0 4.6
2 27.4 5.6
3 21.7 33
4 18.7 3.9
5 22.7 4.8
6 22.5 4.9
7 27.8 5.7
8 25.0 4.9
9 11.4 3.5
10 8.3 2.9
11 13.5 4.0
12 16.1 3.4
13 17.3 3.0
14 18.9 3.5
15 20.8 3.8
16 17.0 4.3
17 28.3 4.8
18 19.4 3.7
19 24.9 4.1
20 19.4 3.7
21 21.0 2.8
22 17.6 3.6
23 19.2 3.6
24 81.6 4.4
25 49.0 2.9
26 5.1 2.0
27 98.9 5.1
28 101.5 5.0
29 47.6 3.0
30 7.5 3.1
31 4.9 2.3
32 7.9 2.4
33 10.1 2.5
34 7.3 2.8
35 13.1 3.9
36 9.9 4.3
37 12.2 3.7
38 9.0 3.5
39 8.7 2.9
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PREPARATION A
1,2 4-trifluoro-5-(methylsulfonyl)benzene
F F
\? E
[00373] Step A: To a solution of sodium sulfite (153 g, 1214 mmol) in water (1000

mL) was added a solution of 2,4,5-trifluorobenzene-1-sulfonyl chloride (40 g, 173 mmol) in

dioxane (300 mL) dropwise. After the complete addition of sulfonyl chloride, the reaction

was basified to about pH 14 by the addition of 1 N NaOH, and the reaction mixture was
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stirred overnight. The reaction mixture was cooled on an ice bath and acidified using 100 mL
concentrated H,SO,4 to about pH 1. The mixture was extracted with EtOAc and CH,Cl, and
the combined organic layers were dried over Na,SQ,, filtered and concentrated to afford
2,4,5-trifluorobenzenesulfinic acid (34 g, 100%).

[00374] Step B: To a solution of 2,4,5-trifluorobenzenesulfinic acid (34 g, 173 mmol),
in DMF (200 mL), was added iodomethane (21.6 mL, 347 mmol), and N-cthyl-N-
isopropylpropan-2-amine (60.5 mL, 347 mmol). The reaction mixture was stirred overnight at
ambient temperature. The reaction was concentrated and partitioned between water and ethyl
acetate and the water layer was extracted with CH,Cl,. The combined organic layers were
concentrated under vacuum and the product was purified by silica gel chromatography (15-
100% EtOAc in hexanes) to afford 1,2,4-trifluoro-5-(methylsulfonyl)benzene (Preparation A;
25.8 g, 123 mmol, 70.8 % yicld) as yellow solid.

[00375] The following compounds were also prepared according to the method of

Preparation A.

Preparation Structure Name
A-1 1,2,3-trifluoro-5-

F
F (methylsulfonyl)benzene
os

4-(ethylsulfonyl)-1,2-

F
F difluorobenzene
ol
=S

Preparation B

A-2

(R)-tert-butyl 4-(3-(methylsulfonyloxy)-2-oxopyrrolidin-1-yDpiperidine-1-carboxvlate

\dN@N—’ng

[00376] Step A: (R)-2-(2,2-Dimethyl-5-ox0-1,3-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
DCC (35.5 g, 172 mmol). This mixture was stirred at O °C for 1 hour, and then at ambient

temperature for 2 hours. Acetic acid (45 mL) was added and the mixture stirred for 10

4-(3

- (et hyl sul f onyl oxy) - 2-oxopyrro lidin-1 -yl)p iperidine-l-c arb oxylate O
\'' 0 N ( 0o /



[00376] Step A: (R -2-(2,2-D met hyl-5-o0xo-1, 3-di oxol an-4-yl)acetic acid (25
g, 144 mmol) was dissolved in CH2C12 (500 niL) and cooled in an ice bath.

Et hanet hiwbD 202120323931, 287 nmol ) and N, N-di net hyl pyri di nPd¢Taseone/0§32851 g,
2.87 mol) were added followed by DCC (35.5 g, 172 nmmol). This m xture was
stirred at O Cfor 1 hour, and then at anbient tenperature for 2 hours.
Acetic acid (45 nL) was added and the m xture stirred for 10 50 m nutes.
The reaction mxture was then poured s®ito vigorously stirring diethyl ether
(400 nmL) and filtered. The filtrate was washed wi th 10% sodi um car bonat e,
wat er, 0.5npes-CThe (pagteon mapHirg miah ghen PRured e rvi goreualyettinjpgsdighylegthas 400 Na2SO4,
filtered t T. i g £ oS

(1 5 100 P ORG T ety 88 a2 B R BHE wile DN SR

di met hy 1-v&tayeod dbrige. ditexabane Byg yest dradetvii datSO.( fizeréd gnd d@8entmtsid, TIrl. 8%

yield) a [ - el fi.ed 4 oo j J O\ 74] St o

(R) - S Et ?i‘f/ 5?‘;(35}’ H’?ﬁdr?itg éﬂda -‘*o@oSE @%Eﬁ?‘%ﬁﬁ%ﬁ!‘ﬂfgﬂa%ﬁéﬁ?hﬁ zli'? 22,5 g,
103 muol Mdimebyldi-eoel, ¥ dixolan-CHRDShanati5G0e 125 gplidgmecholi T1R%hiyialdgemnant 10%
pal | adi u n n .19.g9, 2.06 mmol) was added. Triethylsilane (24.7 ni,
155 nnDI?ﬂﬁgg%%%gg%?§%ae%%%CHZCIZ (20 nmL) and added dropw se through an
addi ti on [0aMIAE] ov&ep -BO (R)-H-Fand 22 -kleathyil-Groxstli,3-diexblat-4-ghitharthioate

t enper at ov i ght _under nityrog T eaction was. filtered through

ol e dhs andbSuion i stwrrlaP St dod BE5quited Bt ghish mra AT

?iganesigﬁmu@ﬁf@ﬁ%g&ﬁ%ﬁii%%h§e@hﬂmmmwﬁrﬁm?gngg?y@ﬂﬁMQbaﬂnﬂ;yBSaﬁﬁﬂﬁldehyde
g, nol , 98. [ as an.ojl. [. tep C.

(R)-2- (2% ﬁl%@tﬁfﬂfﬂéﬂ%ﬁzﬁ@,I%LJoﬁnexaHﬂ%firapwﬂj g%%tg |aaéﬂéiagn fupgelver 030 mol )

was di sshiy@fd it cdddor GHiR€dl at( M endmPRAburt &% Emiut Mlder nitrogen. The reaction

4- am nopi perj di ne- 1car boxyl ate (40,5 202 mmol) and acetic acid (6.94 niL,

) hH 2 o gfe
121 nmol JWandiisred dbronstaprlitd, sengeintkatedt @dgﬁqufwéﬁvartm b At) AR ERYF & for 15
m nut es. h%i@a_%lst()Q%cLf”foragga_)Bz_Q,,z_Qq%thm@o)(o_\ﬂ@%i@@%m_'ylﬁhc&ameﬁgdie0@% angott he
reaction stirred at anbient tenperature overnight. The reaction was
car ef ul | ymalettHediddenansei ur at ed aqueous NaHCOB. The reaction was
parti tionggs Ret weeg. agu Lﬁgz'}ﬁﬂﬂ&%%hﬁ%doécglv}in?ﬁi%i%&g4%%e@ﬁ&eﬁﬁ%é’\c1%%, @ieCl2 (3

x 200 nL). The organic layer was washe % ci'tric ac )rine, dried
over Na230u9l) fwist disedvedneh ddhtlePiti(At G0 umdierandateatimtyl Themgopipdgdinet e
purified Ll g Q 9 i 0 t ffor

(R~ ter t <BAEoN S AET oD ol Bnd EBLRAPRDS bL, EORN S bhffiha o

ar boxyl atnex@RGstiSredat apbicht ranpleratufd f@ Y6 yiwltel) NaBHAOMW): (@3 gl 30d m@DBTO] St ep

D (R-tert-Butyl 4-(3-hydroxy-2-oxopyrrql.idin-1- pi peridine-1- .

car boxy! Ao orio TR IR UL LR bkl B BEGhE € igion

tri et hyl avs nardf@0. guentchedl44h nsaailritedanghenet haHESOY! Tonytactdd ovak dert{tbnedd nm, 86
5 mmol) re added t reqct,i and stirred a i ent rature for 1
mour . TdRieat e e R o But setelarinr St BhRg e s REHOEE and

Et 0Ac, dror@dicoMesr Wa2d@dhed furitl @0%dcigizdacid) rsz@e} dadde dvdd MASBOY, afltddd anldhe

id ified ilica. gel t ford (R -tert- | .

1< Can (met AR R D S xRy risrs B iied ovgn s iy e at e
(25.5 g, FlOaé tvmtord Qi)-@%mitﬁ|4d()3-1ﬁyaroaywacixb§yr$&idhﬂ1-y%lb-ip&lM%e( lag 2 ppm
(t, 1H, 4.3 pym(m 2H)3 4.1 ppm(m 1H), 3.4 ppm(m 51 1H), 3.3 ppm(m
1H), 3.3 @phe(s! Bppl 7o3% M emwibepolie 6 ppm (m 1H), 2.3 ppm (m 1H),
1.7 ppm (§0378H 1. SePPD( MRR2EN-Budi1S LPIThfEoxyHDxopPrERas -ty Blhefidine-1-
-3-(2-fluoro-4-(met ) ) . i

| sul f onyIcHpReAstE &6 ng)721-mpplpaes disselved yn THY (309 mig) and 2ugsdaming (931801 St ep A: A

sol ution (R 5t = .

but oxycarl(éfl)r?ﬂ12b gﬁa%%tﬁiﬂiesﬁgoﬁgﬁ t h1 |ri)e(t§§%7%ﬁﬂg|§’ 288.651&113018 %Yeée %d,de% t10 tr}Tle‘:r'(g Ctl?elnnd Dl EA
(8.2 nlL, andstrradlaf ainbicMNFMPEGueifyr Wagnr stlierreastiomwasnprsiiteancd betwper atwpted f or 30
m nut es. ' b peridines ar, I was
added andTiRe nedroF aERRORE N U5t s P MERY B RodcRplll ek TRl 12

m xt ur e Vs rgalwe edis ipatifedlowNr NaCHg€] 50 0fford)(Ravteait-ud oi3ganthysullendoxg)x+ act ed
into Et0Ac (500 nl)... The organi.c | aye S hed w,th, 1 N HCL (5 m.) and
br i ne. (505 I Py e R R oo g (T A B et VA 305 o &

(S) - benzyblidd- ' H NMR (CDCl3) 5.2 ppm (t, 1H), 4.3 ppm (m, 2H), 4.1 ppm (m, 1H), 3.4 ppm (m,
(2-(tert-butoxycarbonyl am no) - 4- (net hyl t hi 0) but anam do) pi peri di ne-1
-carboxylate (10 g, 21 mmol, 100% . [00381] Step B: A solution of (S)-benzyl
4-(2-(tert-butoxycarbonyl am no)-4- (methylthio)butanam do)pi peridine- 1
-carboxylate (10 g, 21.5 mmol) in neat Mel (40.2 nL, 640 mml) was stirred
at anbient tenperature for 4 hours. The reaction was evaporated to
drynesst oyi el d(S)-(4-(1-(benzyl oxycarbonyl ) pi peridin-4-ylam no)-3-(tert-
but oxycar bonyl am no) - 4- oxobut yl ) di net hyl sul f oni um i odide (10 g, 17 mol,

— o~ A



oxopyrrolidin- 1 -yl)piperidine-I|-carboxylate (7 g, 17 mmol) in 50%

TFA/ CH2C12 (50 nmL) was stirred at anbient tenperature for 1 hour and then
concent r avedomdez93vacuum The resi due was di ssol ved i nPETQAeo1l@832n) and
washed with saturated sodi um carbonate (200 52 nlL) then brine. The organic
| ayer was dried over My504 and concentrated under vacuumto yield
(S)-benzyl 4-(3-am no-2-oxopyrrolidin- 1 -yl)piperidine-I|-carboxylate (3.4
g, 11 nmol, 649%. [00384]Step E: A sobution of (S)-benzyl

4- (3-am no- 2- oxopyrrolidin- ; peridi ne- |-carboxylate (2.0 g, 6.3
) AT I90GT§ P AHobd npP 0l DA bendenal] 2 orgh 6. it 20l phrs Ry Na2 B
(3.3 g, Aok at 120 C for 48 hours. The
reactlon%%PQ?ﬁéﬁn&as ouréﬁpgnto)agfg@£¥2oognt) and extracted with Et 0Ac (3
X 100 nlL). The organic |ayer was WReepheationi®h brine, dried over Mg504 and
o o Sant (88 HAEr AL FRSh A1 MRS IRUL AR o | T C2 Gl
(100% Et OAc) " toO yierd ) - penzyl 4-( 3-
fl uoro-4- (nethylsulfonyl)phenylam nqg) Z{onpyrrolldln | -yl ) pi peridine-I|-car
boxylate (1.3 g, 2,7 mmol, 42% N

[ 00385] St epF: Asolutlonof(S) ben % 4-
(nethylsulfonyl)phenylanlno) yrro |d|n | -yl ) pi peridine-I|-carboxyl ate
(2.3 g, 27 nnDI) i n et hanol (20 m.) and concentrated HCl (300 [IL) was

hydr ogengy t 40 I with,1 us e R4/ G (650 ours.
The ot EReEL R Al i ol o, P b YRs P oY i L u2 RO B
MeOH ( 20(buwkycadwdykmlﬁrwb 4((@©myhmy>)bufﬁh@c et hade 21 mmdh)earﬂlmlﬁﬁa(ﬁé mas4t enoved
Under VaCUU Eﬁ\ﬁﬁgﬁr as stlrre%hﬂaamemen?s[em é’rvallt{[nre]: fJOI' ly() mla_iteso Ut I PQ and

extracte&n oro e organic i ne,
dried ov arnﬂdpﬁﬁtldlaad caﬂmmdm: (a0 e lunael) wmaeddemlmcbthy rre;ttdre(s&)recBat(aﬁrbfehuor 0- 4-

(met hyls Ifon 1.n0)-1-(pi er|d|n 4- 600 ny,

17 o g RS PR R P S MR BBt e

1;3 ?L:Dg\rma tn gvoeﬁ@m@uedi EtMWEIORA &(50@ mid)). g{h&;ogghn&dﬁﬁi chian @athed i 1rthmaj5(mf mL) "
| u

(S)-3- (22389 B‘i“?q G@&Eiii%tr‘(:&rﬁ%ﬁ%%ﬁa%ﬁ?rﬁrﬁml‘Qd?ﬁvﬁ‘c‘)‘)““i%(yﬂ)‘g%@sb o4 A 4-

yl') pyr r olp-gieA-b@toRP@rIMRSIEmSRS 4L ikl Ithio )butanamido)piperidine-1-carboxylate (10 g, 21
mmol, 100%).

[00381] 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)-(4-(1-(benzyloxycarbonyl)piperidin-4-ylamino)-3-(tert-
butoxycarbonylamino)-4-oxobutyl)dimethylsulfonium iodide (10 g, 17 mmol, 79%).

[00382] Step  C: (S)-(4-(1-(Benzyloxycarbonyl)piperidin-4-ylamino)-3-(tert-
butoxycarbonylamino)-4-oxobutyl)dimethylsulfonium iodide (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 organic layer was washed with brine, dried over MgSO, and concentrated
under vacuum to yield (S)-benzyl 4-(3-(tert-butoxycarbonylamino)-2-oxopyrrolidin-1-
yl)piperidine-1-carboxylate (7 g, 17 mmol, 100%).

[00383] 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 and then concentrated under vacuum. The

residue was dissolved in EtOAc (200 mL) and washed with saturated sodium carbonate (200



(apci) mz = 374.2 (MH). G2 R el A 0 ,,. NH(S)-3-(2,6-difluoro-4-
(met hyl sul fonyl ) phenyl a m no) - 1- (pi peridi n-4- yl)pyrrolidin-2-one Mass
spect rumwepeizosndoz = 374.2 (MrH). WD 2012/ 037393PCT/ UBR0ABL@308(321 53 C- 3
%0 """ NH(:)"" (S)-3-(4-(ethylsulfonyl)- 2-fluorophenyl am no)-

1- (pi peridin-4- yl)pyrrolidin-2-one Mass spectrum (apci) mz = 370.2 (MH).

52

mL) then brine. The organic layer was dried over MgSO, and concentrated under vacuum to
yield (S)-benzyl 4-(3-amino-2-oxopyrrolidin-1-yl)piperidine-1-carboxylate (3.4 g, 11 mmol,
64%).

[00384] Step E: A solution of (S)-benzyl 4-(3-amino-2-oxopyrrolidin-1-yl)piperidine-
1-carboxylate (2.0 g, 6.3 mmol), 1,2-difluoro-4-(methylsulfonyl)benzene (1.2 g, 6.3 mmol),
and Na,CO; (3.3 g, 32 mmol) in DMSO (20 mL) was stirred at 120 °C for 48 hours. The
reaction mixture was poured into water (200 mL) and extracted with EtOAc (3 x 100 mL).
The organic layer was washed with brine, dried over MgSO,4 and then concentrated under
vacuum. The material was purified over silica gel (100% EtOAc) to yield (S)-benzyl 4-(3-(2-
fluoro-4-(methylsulfonyl)phenylamino)-2-oxopyrrolidin-1-yl)piperidine-1-carboxylate (1.3 g,
2,7 mmol, 42%).

[00385] Step F: A solution of (S)-benzyl 4-(3-(2-fluoro-4-
(methylsulfonyl)phenylamino)-2-oxopyrrolidin-1-yl)piperidine-1-carboxylate (1.3 g, 27
mmol) in ethanol (20 mL) and concentrated HCI (300 uL) was hydrogenated at 40 PSI 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) and water (200 mL). The methanol in the
filtrate was removed under vacuum. The water layer was made basic with 1 N NaOH solution
and extracted with dichloromethane. The organic layer was washed with brine, dried over
MgSO, and concentrated  under  vacuum  to yield (S)-3-(2-fluoro-4-
(methylsulfonyl)phenylamino)-1-(piperidin-4-yl)pyrrolidin-2-one (600 mg, 1.7 mmol, 64%).
Mass spectrum (apci) m/z = 356.1 (M+H).

[00386] The following compounds were also prepared according to the method of

Preparation C.

Preparation Structure Name Data
oy 0 (S)-3-(2,5-difluoro-4- Mass
C-1 N, (methylsulfonyl)phenyla | spectrum
0 éV/CNH mino)-1-(piperidin-4- (apci) m/z =
/“s\\ yl)pyrrolidin-2-one 374.2 (M+H).
O F
Fooy 0 (S)-3-(2,6-difluoro-4- Mass
C-2 N, (methylsulfonyl)phenyla | spectrum
o /@i éN’CNH mino)-1-(piperidin-4- | (apci) m/z =
/\\S\ F yDpyrrolidin-2-one 374.2 (M+H).
0




Preparation D (S)-3 -(2 -fluoro-4-(nethylsul fonyl)phenoxy)-1 -(pip
eridin-4-yl)pyrro lidin-2-one hydrochloride F

[ 00387] StwpAN(2RB7IEr t - But yl 4- ( 3- (et hyl sul f onyl oxy) - 2- oeopyusea@itiosisat 1-

yl ) pi peri di ne-1-carboxyl ate (Preparation B; 1.7 g, 4 7 mol) was di ssol ved
in dry DMSO (30 nL) and 4-brono-2-fluorophenol (1.1 g, 5.6 mmol) and K2CO3
(0.78 g, 5 6 nol) were added and the reaction was heated to 70 C under
nitrogen. The reaction was cool ed to adbient tenperature after 3 hours and
partitioned between water and FtQAc, extracted with Ft QAc, washed with
brine, dried over|Na2504F filteoed and cond&hd4fylwhdayD-via¥essim The

resi due was @drif| ed OﬁNIIi g 40% E-Ouwgophenemmnes) | spectamf or d
N

(S)-tert{butyl 44B44¢ 1-(piperidin-4- (apci) m/z =
br omo- 2- f | uor ophehaxy = 2¥6xopyrrol i di n-1 - yl)pypelidig2rose 1- cardoy(Matt. (1. 8
g, 3.9 mml, 84%yiel as a white solid. [00388]Step B: (5)-tert-But
4- (3-(4-brono-2-fl uorophenoxy) - 2- oxopyrrolidin-1-

yl ) pi peri di ne-1-carboxylate (1.8 3 9. ) was dissolved in DVSO (30 ni)
and purged with nitrogen. Sodium g@"tﬂ?éﬂg’g{ﬁfi nate (0.60 g, 5.9 nmml) and

t r ans- cy gEphexanaol; (Gretigisalfomné)phéhod P)- Mpipetidih-4pippy)rotigine-agdedrotibibtigsved by

Cu(l) triflate benzene conplex (0.20 g, 0.39 mol). The reaction was
plunged into a 110 C oil bath unger nit¥ogen and stirred overnight. The
reacti on was cool ed to anbi ent EratNre/ p rHti ti oned between water and
Et OAc, extracted w th EtO0Acoy d bN_ne, dried over Na2504, filtered
and concentrated. The resi due',S was purified ovep-@ilica gel (100% EtOAc) to
afford (S)-tert-butyl 4-(3

- (2- 1 uordM0387) met hSterul Pony | (RptrsnButy) - 24 6x-opsthyleulfodylaxy)-3:p30pypolehin-di ne- | - ¢
arb oxyl . 6., 00 yi. el i i

(003807 s Perbo R Rpena it 5 Er o i Bltihl BiSReli fy S0 a9 .
oxopyr r olnilgi and14-brpimpgl-Pesrohiend- (1 -lcar boxyhdi end KoGOg(0.3 &, Hrohpohaere

di .SSO| Ve%{lcllergl %Ia‘zt%l% a(c?ign rvrviﬁ% h%aﬂgd ?’0 % |aglunldgr ﬁilltrgé(e%n%hé _réa%tigg‘ lvagv%golgcg goed and
stirred at anbient %errpera ure

over ni ghtamblvat eaptiatinase Grivertand tpedtioaddf letvaieb)waler 2d EtQuae, @xtacted\WDth

2012/ 037 PCT/ US201 51821 54
(et hyl sﬁ@éﬁwﬁsﬁwg%%@?@eﬁ?msw NaSR ATV Y ST RIS VIE VPO LN or i de
(1.5 g,( JesBduarvak ,puﬁﬁ’élf;f)vyé;t ﬁlli'da) g 408 ‘Ek@A@inﬁQkiuﬁs) tNBffSrdS(S?—Ceﬁ'ﬂibmyl(%qm dn’l z =
357. 2 (MtH) . 0390] The fol | ow .C oun re al so prepar accqrding to
t he met h(?gnaﬁ'g%PBWB%?PF@#'%OPW@%‘%ETY BiCErs ‘G?rB?’S’?at?\la(llrg %?@ %@t rum
(apci ) Dg4% yield) as a white solid.

[00388] Step B: (S)-tert-Butyl 4-(3-(4-bromo-2-fluorophenoxy)-2-oxopyrrolidin-1-

yD)piperidine-1-carboxylate (1.8 g, 3.9 mmol) was dissolved in DMSO (30 mL) and purged
with nitrogen. Sodium methanesulfinate (0.60 g, 5.9 mmol) and trans-cyclohexane-1,2-
diamine (0.19 mL, 1.6 mmol) were added followed by Cu(I) triflate benzene complex (0.20
g, 0.39 mmol). The reaction was plunged into a 110 °C oil bath under nitrogen and stirred
overnight. The reaction was cooled to ambient temperature, partitioned between water and
EtOAc, extracted with EtOAc, washed with brine, dried over Na,SO, filtered and
concentrated. The residue was purified over silica gel (100% EtOAc) to afford (S)-tert-butyl
4-(3-(2-fluoro-4-(methylsulfonyl)phenoxy)-2-oxopyrrolidin-1-yl)piperidine- 1-carboxylate
(1.6 g, 3.5 mmol, 89% yield) as a white solid.

[00389] Step  C:  (S)-tert-Butyl  4-(3-(2-fluoro-4-(methylsulfonyl)phenoxy)-2-
oxopyrrolidin-1-yl)piperidine-1-carboxylate (1.6 g, 3.5 mmol) was dissolved in CH,Cl, (20
mL) and 4 N HCI in dioxane (~15 mL) was added and stirred at ambient temperature

overnight.  The  reaction  was  concentrated to  afford  (S)-3-(2-fluoro-4-



NH H Cl (S)-3-(2,5-difluoro-4- (nethylsulfonyl)pheno xy)-1-(piperidin-4-
yl)pyrrolidin-2-one hydrochloride miz = 375.1 (MtH). D2 o s | - NHHC
(S)-3-(2,woanfdo3edvs- 4- (et hyl sul fonyl ) pheno xy) - 1- ( pi peciraisne14/451821
yl)pyrrolidin-2-one hydrochloride mz = 375.1 (MtH). Preparation E
fS)-3-(2-fluoro-4-(nethyl sul fonyl)phenyl am no) -1, 4' - bi pi peridi n-2-one
hydrochloride ONH ENI"')LN) HCl \) [00391] StepA:

(S) - 5- Ami no- 2- (benzyl oxycar bonyl am no¥¢ent anoi ¢ aci d (5 0 g, 19 mmol) was
di ssolved in THF (100 m.) and water (20 nlL). tert-Buty

4- oxopi pémptyefonghphsasay)dt@ipendip- wl)pxgomﬁ)onﬂéxdra@ﬂ@dieéhé g hé mmaelct i on

m xture r dtoOC then 1.0 M
NaCNBH3 ng@éa}:&? fsdaxxllﬂ{e S%II@OME ) SVE/;/a ggﬁcgj and the m ><Pt§ure was allowed to
stir at d40@398ht teﬂpefOélpwmg wmonnc@hwere“ﬁﬂﬁ@ proparehecoprisng onthe edeteider vacuum
to | eave porly ﬂ‘ﬁonD

(S)-2- (benfy oxycar bonyl am no) - 5- (1- (tert but oxycar bonyl) pi peri di n-4-yl am no
ypentanoic acid (8.4 g, 19 mmol, 100%yield) which was taken forward

wi t hout -ther Hfecati T "
[ 00392] St epBE 1856(8) 2 (bgﬁ%%/‘l‘%xycar bonylﬁ%{ﬂ? n0) - 5 (1- (t @{ass spectrum
but oxycar-bemH )p erei-A—4—ylam ..u, pentah § aci '*ﬂ 84—¢; %p‘gl)3 5...u. was
di ssol ved in_DVF (100 ni)_agd dto ofgb:. '(%élrgf 12030' 8 ¢4g37 I]TTTD|) and
N- et hyl - Ni soBilopyl pr gpaf- 7- ai (3N|-25 L (meflyTspligmdiphenge f éMAHded and’ t he
reaction|was allovwedt rmto anbieat |BAPePPEUfE4overni ght. The reaction
was diluted with Ht 0ACc ahd washed yDpyrrolidin-2-one
hydrochloride
(S)-3-(2,6-difluoro4- | m/z=375.1
D-2 (methylsulfonyl)pheno | (M+H).
0 'SQ/@ d ’C xy)-1-(piperidin-4-
! yDpyrrolidin-2-one
hydrochloride

Preparation E

(S)-3-(2-fluoro-4-(methylsulfonylphenylamino)-1.4"-bipiperidin-2-one hydrochloride

H O NH

HCI

[00391] Step A: (S)-5-Amino-2-(benzyloxycarbonylamino)pentanoic acid (5.0 g, 19
mmol) was dissolved in THF (100 mL) and water (20 mL). tert-Butyl 4-oxopiperidine-1-
carboxylate (3.7 g, 19 mmol) was added and the reaction mixture was stirred for 1 hour. The
reaction was cooled to 0 °C, then 1.0 M NaCNBH3; in THF (19 mL, 19 mmol) was added and
the mixture was allowed to stir at ambient temperature overnight. The solvent was removed
under vacuum to leave crude (S)-2-(benzyloxycarbonylamino)-5-(1-(tert-
butoxycarbonyl)piperidin-4-ylamino)pentanoic acid (8.4 g, 19 mmol, 100% yield) which was
taken forward without further purification.

[00392] Step B: Crude (S)-2-(benzyloxycarbonylamino)-5-(1-(tert-
butoxycarbonyl)piperidin-4-ylamino)pentanoic acid (8.4 g, 18.7 mmol) was dissolved in
DMF (100 mL) and cooled to 0 °C. EDCI (3.58 g, 18.7 mmol) and N-cthyl-N-
isopropylpropan-2-amine (3.25 mL, 18.7 mmol) were added and the reaction was allowed to

warm to ambient temperature overnight. The reaction was diluted with EtOAc and washed



55 with 1 N HCl, saturated aqueous NaHCO3 and brine. The organic |ayer was
dried over Na2504, filtered and concentrated under vacuum The residue was
purifi ed woen12#i3f39sa gel (50 to 80% Et OAc i n hexanes) t @CaftiSer1d/051821
(S)-tert-butyl 3-(benzyl oxycarbonyl am no)-2-oxo-1, 4" -

bi pi peri di ne-F-carboxylate (5.2 g, 12.1 mmol, 64.5%yvyield). [00393] Step C
(5)-tert-Butyl 3 -(b enzyloxycarb onyl am no)-2-oxo-1,4"'-bip iperidine-I|"-
carboxylate (5.2 g, 12 mml) was dissébved in nethanol (100 nL) and 10%

Pd/ C (500 rrg? was added and stirred under ball oon pressure of hydrogen for
3 hours. Withel Medtili trturefad afipdone NablGhrapddhingeThe ergamd lavsh ceast drigd exyer o
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directlyt |80%rfet0n$@xln hexamps)vik taout (Sbmﬂt brayl Jp(bendylaacdromylapO08P44x8t lep- D
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ni t rogen “over-ni e redactron was coo terrper ur &> wat er
was addedvaaraddetdhmdr e@et ivmdernbaklbor erevsaise ek hydrcgeafonB tHoulst TAE readtidredaover

Na2504, oncent r at ed cyu The resjdue s pur,ified
Over st 1 g fiTpBBosERD AT HOMEREHEG) Ot STSHT Ovdor By E ob tBar ot
3-(2-fl U(blip)pe‘llrd(rﬁﬂt batb@sdylafté)(’m gpheﬁlyﬂoa,m IFWQ y13}d§))£Qa Jak' yellow oil. The crude

bi pi peridin car b&i q1 m% h 1% vyield) as a white
sol i d. r@E‘é(ewsa %%‘eﬂzs.n)t AP SR P, %“t(f‘f% @H 1caliqh0395] St ep E:

(5) - tert 1 3- (S IDIGE Pret= mﬁtjﬂyﬂlﬁlulztmyﬂ zmnﬁ;sﬁﬁldal@nnea)rb&wa@( 1o 4, -
bi pi peri | ne-1'-carboxyl ate %(M di ssol ved in CH2CI2 (100
nL) and 4% liniteflhwoqlﬁszbzﬁfé i %?2%@ &aéléd? %tﬂﬂorgﬁr@}eéalsa% onyhbeReRRe

t enper at yg &70¥ ef ¢ Ghlon) aIH' Ka (%C("O'S@@ gW§‘§4 SRLRLL al&d atn@ 1R fe@n heated
(S)-3-(2-fl uoro-4-(nethyl su fony@%ﬁD t | am no) - 1, 4' - bi pi peri di n2-one
/ECHeten

hydr ochl d¢ il 3&°( gnder gitroggn erypgsight] dyas &9018d @m@m@e@dwwamswa@pect rum
(apci) mgz, ad«?e%iodna tﬁ%ﬁgtlop[rggégeﬁlwlp&nfa@eh QM NEORRRAUINSS WS 4%§é?ecpr epar ed

according to Preparation E. Preparation Str ucture Name Mass
spectr uma(lép@mC)entBiqd mddr yacpgm: $he residdp ws pufifyd gvqrailBadict [406¢ Gt@Ac in

g ggt Eyl( :/H_ a?l@%l }00 Ql%}d %gj tert% vl 13 —ﬂZ—fl{%rBI4p(ﬁ{e'thq7ﬁsﬂl’f&ly?)Bﬁenmﬁq{n?oS I’Ql &ro ldﬁ mz =

b1p1per1d1ne—1'—carboxylate (680 mg, 1.45 mmol, 43.1% yield) as a white solid. Mass
spectrum (apci) m/z = 370.2 (M+H-Boc).

[00395] Step E: (S)-tert-Butyl 3-(2-fluoro-4-(methylsulfonyl)phenylamino)-2-oxo-1,4'-
bipiperidine-1'-carboxylate (7.9 g, 17 mmol) was dissolved in CH,Cl, (100 mL) and 4 N HC1
in dioxane (30 mL) was added and stirred at ambient temperature overnight. The reaction
was concentrated to afford (S)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)-1,4'-bipiperidin-
2-one hydrochloride (6.2 g, 17 mmol, 100% yield) as a white solid. Mass spectrum (apci)
m/z = 370.2 (M+H).

[00396] The following compounds were also prepared according to the method of

Preparation E.

Preparation Structure Name Mass spectrum
(apci)
E-1 Eoo /O\IH (S)-3-(2,5-difluoro-4- m/z = 388.1
/@/N&\l (methylsulfonyl)phenylam | (M+H).
ino)-1,4"-bipiperidin-2-one
E hydrochloride




WO 2012/ 037393PCT/ US2011/ 051821 56 Preparation Structure Nanme Mass
spectrum (apci) E-2 T SI4. NH HCl (S)-3-(2,6-difluoro-4-

(et hyl suwbanidospdsenyl am i no)-1, 4' - bi pi peridi n-2-one hydraskéionsser i z =
388.1 (M+H). Preparation F

(S)-3-(2-fluoro-4-(met hyl sul fonyl ) phenyl am no) -1, 4' - bi pi peri di n-2-one /NH
[00397](S)-tert-Butyl 3-(2-fl uoro-4-(nethyl sul fonyl)phenyl am no) - 2-oxo-1, 4' -
bi pi peridine- 1 '-carboxylate (Preparasion E, Steps A-D; 570 ng, 1 2 mmuol)
was dissalved in dichloronmethane (10 m) and 2,2 2-trifluoroacetic acid
(2.8 g, 2&r@ambiph)| was addeduciwid t he reachdn stirred at apdfagnipectrum
tenperature for 30 mnutes. The reaction i) vacuum and

was concentrated el
partitioned B€twegn sat urfat gd cso bi cpiShdravelifalretti on amdz = 388.1

di chl or ofret hane. The oorti'u s sppatlptiwmtfomiphetybanag(Mods | ayerl was
further extracted |wi toRl4AQ% i n di'¢hl pmopktHapiper{@n-iones) . The or gani ¢

| ayers were conbined, Mdri ed with MySat, pmdirebhecdatrated to afford
(S)-3-(2-fluoro-4-(nethyl sul fonyl) phenyl am no) -1, 4' - bi pi peri di n2-one (260
ng, 58%; Mass spectrum (apci) mz = 370.0 (M-H). [00398] The fol |l ow ng

conmpounds were al so prepared accor G§HY Pr eparation F.” Preparation
(S)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)-1,4'"-bipiperidin-2-one

[00397]

(S)-tert-Butyl

N
o 1
Oz

F

3-(2-fluoro-4-(methylsulfonyl)phenylamino)-2-oxo-1,4'-

bipiperidine-1'-carboxylate (Preparation E, Steps A-D; 570 mg, 1.2 mmol) was dissolved in

dichloromethane (10 mL) and 2,2,2-trifluoroacetic acid (2.8 g, 24.3 mmol) was added and the

reaction stirred at ambient temperature for 30 minutes. The reaction was concentrated under

vacuum and partitioned between saturated sodium bicarbonate solution and dichloromethane.

The organic layer was separated and the aqueous layer was further extracted with 10%

MeOH in dichloromethane (3 times). The organic layers were combined, dried with MgSO.,

and concentrated to afford (S)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)-1,4'-bipiperidin-
2-one (260 mg, 58%); Mass spectrum (apci) m/z = 370.0 (M+H).

[00398] The following compounds were also prepared according to Preparation F.
Preparation Structure Name Mass spectrum
(apci)
F-1 F o, 0 /O\IH (S)-3-(2,5-difluoro-4- | m/z=388.2
Ne 2N\ (methylsulfonyl)phenyl | (M+H)
o amino)-1,4'-
? - bipiperidin-2-one
F-2 Fo, 0 /O\IH (S)-3-(2,6-difluoro-4- | m/z=388.2
/@Nh. N (methylsulfonyl)phenyl | (M+H)
o} : '
Oxg . amino)-1,4'-
l bipiperidin-2-one
F-3 F o) NH (S)-3-(2-fluoro-4- m/z =357.2
O, &/ (methylsulfonyl)pheno | (M+H)
o N R Ay
Oy xy)-1-(piperidin-4
? yDpyrrolidin-2-one




Structure Name Mass spectrum (apci) F-1 F NH . (S)-3-(2,5-difluoro-4-
(met hyl sul fonyl ) phenyl am no)-1,4"'- bipiperidin-2-one mz = 388.2 (MtH) F-2
F I NH ,wo28)2/37392, 6-di f| uoro-4- (nethyl sul f onyl ) phenylPCardSaa)/031841 -

bi pi peridin-2-one mz =388.2 (MtH) F-3 's 1 '" NH o (S)-3-(2-fluoro-4-
(et hyl sul fonyl ) pheno xy)-1-(piperidin-4- yl)pyrrolidin-2-one

S

| yDpyrrolidin-2-one

57
Preparation Structure Name Mass spectrum
(apci)
F-4 F NH (S)-3-(2,5-difluoro-4- | m/z=375.1
/©/On. &N/O (methylsulfonyl)pheno | (M+H)
oﬁ xy)-1-(piperidin-4-
E

Preparation G

(S)-3-((6-(methylsulfonyDpyridin-3-y)oxy)-1-(piperidin-4-yDpyrrolidin-2-one

(0] /O\IH
| N 0, fN

Os =
i~ N

[00399] Step A: To a suspension of (R)-3-hydroxydihydrofuran-2(3H)-one (500 mg,
4.9 mmol) in toluene (15 mL) was added triphenylphosphine (1.54 g, 5.88 mmol) and 6-
bromopyridin-3-o0l (1.02 g, 5.88 mmol). The solution was cooled to 0 °C and degassed with
nitrogen for 10 minutes. Di-tert-butyl diazene-1,2-dicarboxylate was dissolved in toluene (5
mL) and added over a 5 minute period. The reaction was allowed to stir for 12 hours with
warming to ambient temperature. The reaction was concentrated in vacuo and the resulting
material was purified by silica gel chromatography, eluting 1:1 hexanes/EtOAc, to yield (S)-
3-(6-bromopyridin-3-yloxy)dihydrofuran-2(3H)-one (1.0 g, 79%) as an off-white solid.
[00400] Step B: To a solution of tert-butyl 4-aminopiperidine-1-carboxylate (0.93 g,
4.65 mmol) in DCM (15 mL) was added dropwise 2M trimethylaluminum (2.8 mL, 5.7
mmol) in toluene. The resulting mixture was stirred for 15 minutes. (S)-3-(6-Bromopyridin-
3-yloxy)dihydrofuran-2(3H)-one (1.0 g, 3.87 mmol) in DCM (10 mL) was added slowly over
5 minutes and the reaction stirred at ambient temperature for 2 hours. The reaction was
slowly quenched by the addition of 5% tartaric acid (5 mL), saturated NaHCO; (5 mL) and
DCM (10 mL). The organic layer was separated, dried over MgSQy, filtered and concentrated
in vacuo to provide (S)-tert-butyl 4-(2-(6-bromopyridin-3-yloxy)-4-
hydroxybutanamido)piperidine-1-carboxylate. The crude material was taken on to the next
step without a further purification.

[00401] Step C: A solution of (S)-tert-butyl 4-(2-(6-bromopyridin-3-yloxy)-4-
hydroxybutanamido)piperidine-1-carboxylate (1.30 g, 2.84 mmol) and tributylphosphine (689
mg, 3.40 mmol) in toluene (15 mL) was degassed with nitrogen for 10 minutes and then

cooled to 0 °C. Di-tert-butyl diazene-1,2-dicarboxylate (784 mg, 3.4 mmol) dissolved in



mz = 357.2 (MrH) WD 2012/ 037393PCT/ US2011/ 051821 57 Preparation Structure
Nane Mass spectrum (apci) F-4 FNHo O ' oNi “s | (S)-3-(2,5-difluoro-4-
(et hyl suwbaniospdseno xy) - 1- (pi peridi n-4- yl)pyrrolidi nP2Tarseo1nioz1sz1 375. 1
(MtH)  Preparation G (S)-3 ((6-(nethylsulfonyl)pyri din-3 -yl)oxy)-1-(p
iperidin-4-yl)pyrro lidin-2 -one ONH ,) [00399]Step A: To a suspension of
(R) - 3- hydr oxydi hydr of uran-2(3H)-one (500 ng, 4.9 nmmol) in toluene (15 nl)
was added tri phenyl phosphine (1.54 g, 5%.88 mml) and 6- bronopyri din-3-ol
(1.02 g, 5.88 mml). The solution was cooled to 0 C and degassed wi th
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was allowed to stir s wth warmng to anbient tenperature. The
react i on cpresnieaert ént vagte danidn pyiafeado bansiliehegel @bmmautqggapﬂmt eluinm withs 1pluri fi ed

3 (6~ broneayy ARSI B B A PP ARG 0 2 L i
of f - whi t @ppkiidine-| - COHOGH] e é9§4 Big, TWopassol ofift whire sofidt er t - but yl
I e e e i R
resul ti ngxopyxiolidia- lmﬂg)q&tridrnreadcafhmyﬂlﬁ @il frubge <.714 mmol) in degassed DMSO (5 .
CRACG SRR G SR AL DN
anbi ent td@iiﬁ’ﬂﬁd(;/@B uﬂi§ 0286 nﬁndﬁ)édiﬂ’dilu(ﬂ' hﬁld;@;%fﬁ%r?ggm@@)ﬁ $ﬁt4om/g>50 memgﬁlgd% E 28
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concent r a¢myskrdtivé A6H QL@RGRI 36N Wallr (5 Bl Yohd THBAEL BroOMONOPYE bidhdlc Jry¥t OXY) - 4-
was separated and the aqueous layer extracted with EtOAc (2 x 5§ mL). The combined
organic layers were dried over MgSQOy, filtered and concentrated in vacuo. The resulting
material was purified by silica gel chromatography eluting with 1:1 hexanes/EtOAc to yield
(S)-tert-butyl-4-(3-(6-(methylsulfonyl)pyridine-3-yloxy)-2-oxopyrrolidin-1-yl)piperidine-1-
carboxylate (315 mg, 94%) as a white solid.
Step E: Trifluoroacetic acid (1 mL) was added to a solution of (S)-tert-butyl 4-(3-(6-
(methylsulfonyl)pyridin-3-yloxy)-2-oxopyrrolidin-1-yl)piperidine- 1-carboxylate  (0.092 g,
0.21 mmol) in CH,Cl, (2 mL). The solution was stirred at ambient temperature overnight,
then concentrated in vacuo. The residue was diluted with McOH, concentrated, then stirred in
CHCI; (20 mL) and 1 M NaOH (20 mL) for 5 minutes. The layers were separated and the
aqueous phase was extracted twice with CHCI; (10 mL each). The combined organics were
dried (MgSOs) and concentrated to afford (S)-3-(6-(methylsulfonyl)pyridin-3-yloxy)-1-
(piperidin-4-yl)pyrrolidin-2-one (64 mg, 90%) of a white foam.
Preparation H

(S)-1-(1-(3.5-dichloropyrazin-2-yDpiperidin-4-y1)-3-(6-(methylsulfonyDpyridin-3-
ylamino)pyrrolidin-2-one

H 0O
O [\; \ Nh,
o:\;s = N‘<__/—\NH

[00403] 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-



hydr oxybut anam do) pi peri di ne-1-carboxyl ate. The crude material was taken on
to the next step without a further purification. [00401] Step C A solution
of (5)-tewD-2b1er0sl394- (2- (6- br onopyri di n- 3-yl oxy) - 4- PCT/US2011/051821

hydr oxybut anam do) pi peri di ne-1-carboxylate (1.30 g, 2.84 nmmol) and

tributyl phosphine (689 ng, 3.40 nmmol) in toluene (15 nL) was degassed with
nitrogen for 10 mnutes and then cooled to 0 C. Di-tert-butyl

di azene- 1, 2-di carboxylate (784 ng, 3 49mmol) dissolved in 58 toluene (5
m.) and the solution was added to the reaction m xture over a 5 mnute
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afford (8pd 3€Qr®€1(tmdhythU’h¢anytb) pyeﬂd d(SI)—anwl oAy ~tdx-butoxycarbonylamino)-2- .

I(-Ipl( g)e r Ildlo?((il%/rl)(oghl%gl qléeﬁldmezl ca%ox?lg‘é‘éég% 79n0m4%1 ?6()"/3} white foam Preparation

0 op§t 22 pip’eriarn-4-yl1)-3
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------ 0403]. St « A sol ut f HBTU (8 ,
085 (1 arobrigtbB g i mun e d- g i e o SRR ook Sr A Ly o1
mol ) andvaPlstoded &.azhbidnt teﬁpemé )‘orl 1nhdawFT1(e5ﬁleﬂ;é wawasonséritfateddn abcudnhent
tenperature for nut es per(ledl ne-|-car boxgl at e

(5.0 g, TGOS d%a@ %@d&é&%ﬁ@%ﬁ@rﬁnﬁw@mﬂi §iuirart? tdim carnate(2

tenper at wie &I bhBe.hobE %omﬁhedr@ﬁémur BayaS wWREUIIEEd | JVeP MEsdNa Ghtketd0@naL) and
extracted into EtQAc (500 niL e combi ned organic Ia ers were washed with

1IN HCl ( 50trepirgteddly BFynée (ys% (-henzyly H(@gminp 04\9@3@411 -l tyDeeddingrd-

concent r ah@dxy1fle VRS HO 1tmyil §4o8). (S) - benzyl
4-(2- (tert but oxycarbonyl am no) - 4- (et hyl t hi 0) but anami do) pi peri di ne | car box

yI ate (10044071 mmifkp H:0099 . [ (O4Papdt dp3-Bmmoshpxapyaelid-1(yEpipsading |-
4-(2-(ter EFDE}%%Y}%%P&H&M lE?‘@ieB@,'OleB g, 0.82 mmol), 5-bromo-2-(methylsulfonyl)pyridine
(0.26 g, 1.10 mmol), Pd,dba; (0.038 g, 0.041 mmol), Binap-rac (0.051 g, 0.082 mmol), and
cesium carbonate (0.43 g, 1.30 mmol) were added to an argon-filled scalable flask. DMA
(7.5 mL) was added and the system was purged with bubbling argon for 5 minutes. The
system was sealed and stirred at 100 °C overnight. The mixture was cooled to ambient

temperature and diluted with THF (60 mL) and stirred for 30 minutes. The mixture was



(et hyl t hi 0) but anam do) pi peri di ne-1-carboxylate (10 g, 21.5 mol) in neat
Mel (40.2 nm., 640 nmol) was stirred at anbient tenperature for 4 hours. The
reacti on weoevapsated to dryness to yield (S)-benzyl PCT/US2011/051821

4- (3-(2-fluoro-4-(methyl sul fonyl ) phenyl am no) - 2- oxopyrrol i dinl-yl)piperidin
e-1-carboxyl ate nethiodide salt (10 g, 17 mmol, 79% . [00405] Step C. The
(S)-Benzyl 4-(3-(2-fluoro-4-(nethyl sul fonyl) phenyl am no)-2- oxopyrrolidin-1
-yl') pi peridine-I-carboxyl ate nethiodide salt (10 g, 17 nmol) was dissol ved
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conbi ned cQEIGANMTHE réaddE@T Sontiicd t@lgtiradd@\}emnﬁzlgﬁwamﬁg hfaeheldwmdnmm emhg ated in

vacuo to yield (S)-hben m 0oX rrolid

1-yl) pi p&iFdne Ps)c Elbf‘cs%iﬁ @f@éﬁsa@f@ PARET B Cw%trate[doot&oala epEfs)-B

(erFl)Zyl 4- g(&emﬁlﬁhlﬂQpryT%Qp-&[aMnd)llddpgrehdﬂﬂu) )ﬁypfoﬁdhh-ql-di‘l@ ®.17 €a0.bpxhal e
repar ati on

5- br oro- 200%eid) QPFIF%ﬁVWIW§§Fhed¥%CY‘WS?8t gsesyedy g rmol ), Pd2dba3 (0.038 g,

0.041 mml ), Binap-rac (0.051 g, O @ahpP!), and cesium carbonate (0.43 g,

1.30 mmol) were added to an argon- f|IIed seal able flask. DVA (7.5 nL) was

added and t he&)3vu2Haliflugeosd-Anetidsulionylphenorpt i-dd3 dvopronvl o2 4-gxadiagoltsss . The

system was seal ed and stirr %reni]gg :ﬁliiglﬁﬁgfdmg%e The mxture was cooled to

anbi ent tenperature and dil and stirred for 30

m nutes. The m xture was 60 filtered thr oughN paper and concentrated

under vacuum The residue was purifi edm@ hr omat ogr aphy (Et0Ac) to

afford (S)-benzyl 4-(3-(6- (nethylsul onyl) yr|d|n 3-
yl am no) - 2- oxopyrrolidin- 1 -

piopeti
mol , 51% . [00408] Step F: (S)-
4- (3-(6- (et hyl sul fonyl) pyrgdi ni3-yl am no) -2- oxopyrrolidin- 1
-yl ) pi peri di ne-1-carboxyl ate '(0F23 g, 0.49 mmol) was dissolved in MeOH (5
nm) and qomioed to SefCA: The sohition bdyaniadrqmidgead, LI diZohyn ddatoairile a40uum

S R B e S RS R B L T L

1 atm H2 (ﬁythylbﬁlﬁﬁlymg&ubbm)nL@@/eh@nhagnjp@aaluﬁyle@s (Preparati@aEUL orsocgntinued to
the starting material. .was consuned. The. m Xture was

stir under t| |

filtered ™R wﬂ thespoaptionagiisied é?fdlgéaﬁ%ﬁft ofie (¢epetye. (185 resciige was then

(met hyl suhERAyd Wy I NONAOR- Yhemhegdlwas CRiR U v hnEtd A% lah Y kaklédorganine (0. 17
g, 0.51 mol, 100%yi el d% Optical purity of the product was not assessed.
Exanpl e 12e5p2s W%h?d suith F NYRGH4btinee e, fgd PVshMY e nbhg yreanie fayerway 5

opr opy 1- Logoeftr QXA Hhd% Ol dcgim %l %15)!3 F@F 14% EZ 4 d)ﬁubﬂ)yl frﬁéthﬂbd"fogyl%h%n&??éog] St ep

A: To a solution of cyanic bromd n acetonifrile (40
m.) was azdﬂedrObémalsﬁDnmlémﬁﬂowdqoelt(lb (@485 lémWOhT?B?/)wdms a white solid.

(S)-3- (2 | uor 3
(et hyl sd (ﬂ el ) oSO et A T Y By ot T E Y B SR B S AT at i on
F-4; 0. 5@>xg>yrﬂ.)h®m lﬁyimmerlénd It @doornealet (OcHs g-:ti 20 eundllom d.loﬁanhddﬁ smla)t wastbi ent

ext 1 act ed gy e bRACKMARIERACIEN L LERTIEE M ok, D SEC T BT, T

NaCH, br iresetiorastored overdigbyarl owgeozrha’ kréutmngmwmlbcayrek 1 W@bmemdeaamd under

vacuum t S | uqr.o- 4- | s Ifon 2-

oxopyr r orttenclifioh e R FloA B PRPL F g Gl SRE Y00,

yi el d) asTha restuiut evas pliifibd by[ Q0K di0¢a &l elproBatog@ply ©romMideoi$)-0f(2,5-difluoro-4-
(S)-4-(3-(2,5-difluoro-4-(nmethyl sul fonyl ) phenoxy) - 2-
oxopyrrolidin-1-yl)piperidine-1-carbonitrile (0.48 g, 1.20 mml) in dioxane
(10 n.) was added N- hydroxyisobutyrimdam de (0.18 g, 1.8 nmmol) and ZnCl2
(0.25 g, 1.81 nmmmol). The reaction stirred overnight at 100 C. The solution
was cool ed and 1 N NaOH was added and the solution was extracted with

Et OAc, dried over NgSO4 and concentrated under vacuum The resi due was

T

-carboxylate (0.23 g, 0.49




(et hyl sul f onyl ) phenoxy) - 1- (pi peri di n-4-yl ) pyrrolidin-2-one (Preparation

F-3) in Step A Mass spectrum (apci) mz = 467.2 (MtH). Exanple 3

(S)-1-(1-we-2weva37dsat y1- 1, 2, 4- oxadi azol - 5-yl ) pi peri di n- 4PgT)iS3e11@582di f | uor o

-4- (et hyl sul fonyl ) phenoxy) pyrrolidin-2-one 5:, (  ONNO/ '(N

[ 00412] Prepared according to the nethod of Exanple 1, using

(S)-3-(2,5-difluoro-4-

(nethylsulfonyl)phenoxy) 1- (pi peridiné#-yl)pyrrolidin-2-one (Preparation
F-4) in Step A and using N-hydroxypivalimdamde in Step B. Mass spectrum

(apci) m(lzle yh@@)ngl)nhﬂp%y) lg)kéﬁ-ﬁ,qogro‘pyl 1,2,4-oxadiazol-5-yl)piperidin- 4—y1)pyrr011d1n—

(R) - 3- (2 i t15yl S 1- i , 4- oxad

i azol - B Iﬁ(éth dﬂmﬁﬁ?lejﬁgé%qul%B%?GBXM%O%H& AQQQ(ﬁﬂﬂg 00413 Step A

tert- ButyﬂmMMéhlﬁbﬁbpérﬂan¢f&Dchﬁ%eﬂymdhe4Hl@ED @4050»0Hhﬁdﬁx2%é£m

suspende hl o a Tri a 94y 75 dded and
reacti onqﬁ);}‘t‘%jré g%rrggp ge%o 2%5%1{n£§1®rg§r%b t IIE@% lrwgzg 3.2 g 50
ol ) maS}BdﬁHﬁ—ernnaHm,mtﬁuﬂe3pmrMﬁU49@(aEm)43h@mr$HLUhE(d@ae®|on was
poured into a saturated NaHCO3 sol ytion d extracted with dichl oronet hane.
The organic |ayer was dried, filte mPls concentrated to afford tert-butyl
4- (2, 4- di br onbtenFH-dqRipRIIfeiyDEhchogar IDAXBli@peopyRL2 3.0xA0824-5whi ch was
used in the next step w thout any . further purification. [00414] Step B:
tert-Butyl 4-(2,4-di br omobuBRBsHdHTRY ”’1‘“ﬂ'ecarboxylate (22 g, 51.6

mmol ) was di ssolved in DVF (100 nL) and coog 0 C. Sodium hydride (2.37
g, 60% dispersion in mneral oil) mas he reaction stirred

overni ght at anbient tenperatur. r ac ion was partitioned between

wat er and Et OAc. The organic I ed filtered and concentrat ed.

The residue was purified by fI natography (eluting with 1:1 to 2:3
hexanes: Et 0Ac) to give tertb tyI

4- ( 3- br ono- 2- oxopyrrolidin- 1 plperldlne- 1- car boxyl ate 639%) .

[00415] SM#HY  To Rrewedieses leﬁ th Heamsihain o dgenlet & (154ng78§)g3 (23ﬂl‘1060 fimol ) in
acetone %@th?ﬁﬁi%}yﬁp%@;@ l%péegdlfl |4L59fp9ﬁbﬁd}9l2 cﬁlé (§I7epﬁ*at1(%13F%) rmiP'S}epaﬂd the

reaction stirred 10 ‘'m nutes. tert-Buty

- br ono- 2 Mase eetrah iapich 11z yHH H? PerrHA ne- 1- carboxylate (6.0 g, 17.3 mmol) was
added and the reaction stirred overgig| 3 ft anbient tenperature. The
reacti on was concentrated and the residue partltloned betmeen Et OAc and 1N
NaCH sol uti on. éoxyaazolriyhHp : [

over Mg504, filtered and NCENE 81 ag %wﬁggj%gerlal was purlfled by
fl ash chromat ogr aphy (eldﬁgnﬁ—mf¥WJ§€ onet hane) to give
tert-butyl 4-(3-(4-brono-2,5- d|quorophenox N 2+

oxopyrrolidin- I-yI)plperldlne | - car bgxyl ei%g_ﬁfg, 69% . [00416]Step D. A
solution of tert-butyl 4-(3-(4?brqgo 2, 5-di fl uor ophenoxy) - 2-

D,

oxopyrrolidin-I-yl)piperidine arhoxyl ate (5.6 g, 11.8 muol) in DVSO (30
mL) was purged with nitrogep, for 30 m nutes.
(1R, 2R) - cycl ohexane- 1, 2- dlanfhe,{o 54 g, 4.71 mmol ), sodium

(0,50 g, sBhme, PP ssamdiyt o hePPLatt vt el (3 Forodys at

100 C Tmaeﬂh?@atdngnpmasxypqLrp@dnmﬁmoy%@traﬁdlamme@@@@t@d Paitih SEpOend The
conbi ned organi c extracts were wash nd brine, dried over

M504, f iuing Nebydsprypivakiaidamidgindten By Mass treetryrmiae) &Yz GAY-pIMiH)-ed by f1ash
chromat ogr aphy (eluting with 15% EtfQAg/ii £0l or onet hane to 100% Et 0Ac) to
provide tert-butyl 4- (3 (2, 5- d|f|uoro £ (neth IsquonyIlPhenoxy) 2-
oxopyr r ol i dfB=3-Gyi-difnererd gﬁu:l 1'_ 5 : A2.4-oxpdiazol-5-




[ 00417] St epE: Toasol uti onof tert-butyl 4-(3-(2,5-difluoro-4-
(met hyl sul f onyl ) phenoxy) - 2- oxopyrrolidin-1-yl)piperidine-1-carboxylate (2.3
g, 4 8 nmmub)oizn3disshl or onmet hane was added 2, 2, 2-tri fl uorcaastéis/oased (11 g,
97 mmol ) and the reaction stirred for 2 hours at anbient tenperature. The
reaction was concentrated and the material was partitioned between Et OAc
and 1N NaCH solution. The | ayers were separated and the organic | ayer was
dried over My504, filtered and concent2ated to give 3- (2 5-di f | uoro- 4-
(et hyl sul fogiyl ) phenoxy) - 1- (pi peri din-4-yl)pyrrolidin-2-one (1.5 g, 83%.
Mass sped®4dAl (apcBiyp Ay Ace-Byngd 41311(1MH¥1)er1d{n©d@81081’1éﬁ§ (=22 0305%10 gonell wamn of
cyani c_br Qg(ﬁ'eﬁ]&d(lg - 3380 Gme 3% Wg&fé‘)l e 3EBLLMS o WAS.ALHGH RkASST UM
carbonate (0.15 g, 1.1 nmol) and 3- 2,5-d|f uor o- 4-
(et hyl suwhikorywispérerrdxty J0- - ( Bigaibiogiohutangyl phigrido(l3di -3 wmel)(as2ddgl 0. 53
ol ) ang, Lhe | nERGL RRoSLARLEANIRL o RO SoBboRATPIANL LEIRGIRUKES; The
reaction was poured 1 nto a water/EtOAC m xture an "he® wat er | ayer was made
basi ¢ wi tshlutidh Naxt]ektsa@tedthﬂn dichlveonmatlgramni cTHeaylganwvaWes &pardamédﬁltawdshmu with
brine, drjied ove : e nd c entra ed t0
%G 1 uor SoRp R SR by R s I R P e Caﬁm‘%?ts Haine-1 -
car boni t rio0%) Qvﬁm]lazaguseaﬁw/&le ndlasep sypdcitrauyniuréapcpuyificdtion= 400. 1 ( M+H) .
[00419] St n _of : T
1o Ca- (2 408 or oSaS Bralth et i pmebtsg I PiRsigi ey Hee(22 &
-yI') pi persii @i mgol) waarddestivéd inl BMEQ10EmMY) akll ék&ldarmlo)°d rSddidiay siis (2dved
Nhydroxyi obut m dami.de (Q 058 and. zi nc brom de (0.13
g, 0.57 318%%01% He THReE 1B gdd§$ am? dF 6“\?@%% yhEed v a'ﬁ%ﬁt éhambient

t enper at Whperatiie. rrﬁ@fehét% M@aﬁnlbwdqﬁtmeﬁ vafk BlﬂfE@m tﬂh@ oﬁgﬁhicda)fef Whered and
washed with ether. The solids were ken up, in

et hanol / d5pbdHicrestaad Cﬂ@fﬂf(%i n{hetrssz%we)wefrmm@ﬁql PY é'asha&hr@@at@r?w (lufiggyrs. The
reactionwas fthep cool adaand:ohar 9rd et hedDuiVaOH( 8 Blodol 0Bk ppdolRit-Tact ed
with Et OAc. The organic | ayer was washed with brine, dried over M504,
filteredYhpteedneeeepandde (e 6f%de material was purified by flash

chromat o (el g

3-(2. 5- dlq?(ﬁegpr/o4 %te @y 'I\guef %bonyﬁ%?%%gtﬁ%iy X%bo_n te (El a8 g, 34 6 mmol) in acetone

opr opy1- a3 add@xéablxoamﬂ S-giflugtophingl &t §diz.n2343 myHO)l)pa,ndrtbet r@pmpnzslmwé f¢r01M31 g,
13 %yi el i S S chiral
chr omat o aney VBT £ Fheo R SR RLBARE L Thbelibine e BRORL RO T Oy
to give (nﬁ)leligwaﬁ 2d®dd1nﬂ Ithmreaetmn(sm&pvmhmmmemmﬁame( Th¢ Beaciien
opropyl 1, 2 oxa per.i di n: oI| as a
white sol .aé c‘ﬁllces aet%an dl %ﬁé?s)lﬁaspafmon éetxl ave a “gflﬁ éraf Ol(h%tlé?fl fg% ention
ti me t hanrgahtlaywhounwhdied Exthalee add britte, diel samegiag siltsmé@hd concandte HNIVR

epecta, ES SROSHLYT) (3RS aTa Ty tR? (i (23 Mhgihon, 2,50,
?dgg g- Irp|) Ei@l)\c/d&hfb&meﬁhaﬁg) (m 1die 4e@buty®. 3B3(Mbret)-2, 541D rdghendkdyl)-2- 7. 37
(S)-1- (106‘%93’{@ lnﬁdlﬁgqld?egl%&?’]ﬁ?@ 7% 99%bi peri di n- 4-y1) - 3- (2-f | uor o- 4-

(met hyl sybdaapy! ) PheBOXY) PW kOlidish R Ze@Betyl )4-(3-(4- bromo M5<d1fﬂld}b&/emoxy) 2-

[ 00420] Pr epar ed accor ding to the nethod of Exanple 1,
(S)-3-(2- OppRyEroldin-1-yDpiperidine-1-carboxylate (5.6 g, 11.8 mmol) n DMSO %30 mL) was

(methyl's ghfg@@wlﬂmgagwgas Fol B0 BEfdtdi N depbk@hdedi, Eld?anf?rﬂ,e(o(ﬁr gpgy@tion
F-3) in Step A and using N hydroxypivalimdanm de in ep B. Mas$ spectrum

(apci) nfmmel), 4g@qdium (nmhp.])esu@gq%]r g 16.5 mmol) and Cu(I) trlﬂate benzene complex
() - 1- (16 39 611 ki Pk QURALAT AL 19100 PIRRHE IR 245yl 180 (@ Ok 8o -

(met hyl sul f oyl phenoxy) pyrrol i di n-2-one Prepared according to
t he met hods afourdainiyl water aud ickigac(ed) wigh (E20AL. u@hq)cqmbmed organic extracts were

washed with water and brine, dried over MgSQ,, filtered and concentrated. The crude
material was purified by flash chromatography (eluting with 15% EtOAc/dichloromethane to
100% EtOAc) to provide tert-butyl 4-(3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-2-
oxopyrrolidin-1-yl)piperidine-1-carboxylate (2.35, 42%).



(et hyl sul f onyl ) phenoxy) - 1- (pi peri di n-4-yl ) pyrrolidin-2-one (Preparation
F-3) in Step A and using N hydroxypropionimdamde in Step B. Mass spectrum

(apci) mMwo=201238733( MtH) . Exanple 7 PCT/US2011/051821
(S)-3-(2-fluoro-4-(nethyl sul fonyl)phenyl am no)-1"'-(3-isopropyl-1, 2, 4- oxadi a
zol -5-y1)-1,4"- Dbipiperidin-2-one [ 00422] Prepared according to the

nmet hod of Exanple 1, using (S)-3-(2-fluoro-4-
(met hyl sul fonyl ) phenyl am no) -1, 4" - bi pbperi di n- 2-one hydrochl ori de
(Preparation E) and 2 equival ents of base in Step A Mss spectrum (apci)

mz = 4800017M+H) . Stess Exanpl® 8 a  solution  of tert-butyl  4-(3-(2,5-difluoro-4-
R e
to the nelidisdoradthame avepéded 2. 2% rilyofog)etig a¢id (F1 q197 (1)1:1rz|gl) and the reaction stirred
e = o ARSI PR LA B v
9 (9)-3 -pélthlpﬁeddbefthmr EtOlec( et Xl BTaﬂ)Howwtl)ophth lyaisneyre 1Sepz(r&ed and the
Ef)(r)I4f2|4;J gio(r)rarlg}tfce year.c%agr(gled over M'HS@ ? teﬁed ch% c centra]l?edp el(’é 9 ré‘ 5= d1 oo-4-
(S)-3-( 2,(51eﬂiy1%1hlﬂmsfbphbnoxy) 1 (piperidin-4-yl)pyrrolidin-2-one (1 5 g, 3%) Mass spectrum
(apci) m/z=375.1 (M+H).
[00418] Step F: To a solution of cyanic bromide (0.096 g, 0.91 mmol) in acetonitrile
was added potassium carbonate (0.15 g, 1.1 mmol) and 3-(2,5-difluoro-4-
(methylsulfonyl)phenoxy)-1-(piperidin-4-yl)pyrrolidin-2-one (0.20 g, 0.53 mmol) and the
reaction stirred for 1.5 hours at ambient temperature. The reaction was poured into a
water/EtOAc mixture and the water layer was made basic with 1IN NaOH solution. The
organic layer was separated, washed with brine, dried over MgSQy,, filtered and concentrated
to give 4-(3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-2-oxopyrrolidin-1-yl)piperidine-1-
carbonitrile (0.19 g, 89%). Mass spectrum (apci) m/z = 400.1 (M+H).
[00419] Step G: To a solution of 4-(3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-2-
oxopyrrolidin-1-yl)piperidine-1-carbonitrile (0.19 g, 0.48 mmol) in EtOAc was added N-
hydroxyisobutyrimidamide (0.058 g, 0.57 mmol) and zin¢(Il) bromide (0.13 g, 0.57 mmol)
and the reaction was stirred overnight at ambient temperature. The reaction was diluted with
ether and the solid filtered and washed with ether. The solids were taken up in a 2:1 mixture
of ethanol/concentrated HCI (15 mL total) and stirred at 90 °C for 2 hours. The reaction was
then cooled and charged with 1IN NaOH solution and extracted with EtOAc. The organic
layer was washed with brine, dried over MgSQ,, filtered and concentrated. The crude
material was purified by flash chromatography (eluting with EtOAc) to give 3-(2,5-difluoro-
4-(methylsulfonyl)phenoxy)-1-(1-(3-isopropyl-1,2,4-oxadiazol-5-yl)piperidin-4-
yDpyrrolidin-2-one (0.031 g, 13 % yield). This material was separated into its two
enantiomers by chiral chromatography (OJ-H column, 4.6 x 150 mm, eluting with (1:1)
hexanes/EtOH) to give (R)-3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-1-(1-(3-isopropyl-
1,2,4-oxadiazol-5-yl)piperidin-4-yl)pyrrolidin-2-one (7.6 mg) as a white solid.  This
enantiomer was found to have a different chiral retention time than that shown for Example 1

but the same mass spectrum and 'HNMR spectra. Mass spectrum (apci) m/z = 485.2 (M+H).
'"H NMR (400 MHz, CDCl3) & 1.30 (d, 6H), 1.70 — 1.90 (m, 4H), 2.3 — 2.40 (m, 1H), 2.55



(et hyl sul fonyl ) phenyl am no) - 1, 4' - bi pi peri di n-2-one hydrochl ori de
(Preparation E-1) in Step A and using

2, 2, 2-triwbuorosieodydr oxyaceti mi dam de in Step B. Mass gp@atSeamiofspri ) ni z
= 522 (MH. Exanple 10 (S)-3 -(2

, 6-di fl uoro-4-(nethyl sul fonyl)phenylam no)-1"-(3 -trifluoronethyl-1,2

, 4- oxadi azol -5 - yl1)-1,4'-bipiperidin-2-one [ 00425] Prepared accordi ng
to the method of Exanple 1, using (S)68-(2,6-difluoro-4-

(et hyl sul f onyl hengl am noi 1, 4" - bi pi peridin-2- Oneﬁ’é Pr efar ation F-2) in
Step A arﬁ%l%ém 22-90 epty 1), §dPo- Ny Ry aletsi HdAAD dé-4IHmsi Hp 381 -Mass
spect r ums( o= 6

(S (L T St gh s 2s SR ATEATBIEARS () 12744, U0, 767 40
| uor o- 4- lHet hyI sul f onyl )phenoxy) pyrrolidin-2-one [00426] Pr epar ed
according to the nethod of Exarrple(ﬁ,K ﬁ 5}19 (S)-3-(2,5-difluoro-4-
(met hyl sul f onyl )phenoxy) 1 (p| per| y )pyrrol i d| n-2-one (Preparation
F-4) in Step A éhd ) ldioxXivdee{3-fudari de in Step B.
1H NWVR (400 MHz, CDC13) .2230- 240(m 1H), 2.58 -
2.68 (m 1H), 3.19 (s, 3 735 - 3.42 (m 1H), 3.50
- 3.5 (m 1H, 420-429(m 1H) 432-o~ﬂ\>%(m 2H), 4.99

o&ﬁ

[00420] Prepared accordlng to the method of Example 1, using (S)-3-(2-fluoro-4-

(2, 5-dif

(methylsulfonyl)phenoxy)-1-(piperidin-4-yl)pyrrolidin-2-one (Preparation F-3) in Step A and
using N-hydroxypivalimidamide in Step B. Mass spectrum (apci) m/z = 481.2 (M+H).
Example 6
(S)-1-(1-(3-ethyl-1,2.4-oxadiazol-5-yl)piperidin-4-yl)-3-(2-fluoro-4-

(methylsulfonyl)phenoxy)pyrrolidin-2-one

ol \>_/
=
; O
O\\
o™} \

[00421] Prepared according to the method of Example 1, using (S)-3-(2-fluoro-4-

(methylsulfonyl)phenoxy)-1-(piperidin-4-yl)pyrrolidin-2-one (Preparation F-3) in Step A and
using N-hydroxypropionimidamide in Step B. Mass spectrum (apci) m/z = 453.2 (M+H).
Example 7
(S)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)-1'-(3-isopropyl-1,2.4-oxadiazol-5-yl)-1.4'-

bipiperidin-2-one

O,N\
)§N> <
N
o 1O
t,N/. N
O\
>s
o\

[00422] Prepared according to the method of Example 1, using (S)-3-(2-fluoro-4-

(methylsulfonyl)phenylamino)-1,4'-bipiperidin-2-one hydrochloride (Preparation E) and 2
equivalents of base in Step A. Mass spectrum (apci) m/z = 480.2 (M+H).



(t, 1H), 7.35 (dd, 1H), 7.63 (dd, 1H).

Exanple 12

(S) - 3-(2,woanfdo3edvs- 4- (net hyl sul f onyl ) phenyl am no) - 1' - ( BCiraspoiopy®s21, 2, 4- ox
adi azol -3-y1)- 1,4 -bipiperidin-2-one oN N IR11".AN F [00427] Step A: To a
solution of (S)-3-(2,6-difluoro-4-(methylsulfonyl)phenyl am no) -

1,4 -bipiperidin-2-one (Preparation F-2; 0.94 g, 2 4 mmol) in acetonitrile
(100 m.) was added potassium carbonates(0.70 g, 5.1 mmol) and cyanic

brom de (5 Min acetonitrile, 0.58 nL, 2.9 mvl) and the reaction stirred
overni ght at anbient tenperature. fHémmeé%tlon was next made basic with 1 N

NaCH sol uti @3:3-@Hﬁmﬁo‘%-@ét&rl?dﬂ%ﬁ?l%%ﬁﬁ%ﬁ Wi &L and, L Dgi.0fgani ¢ | ayer
over and

was washed W . € organic [ ayer S arl

concentrated to give yDpiperidin-4-yl)pyrrolidin-2-one

(S)-3-(2,6-difluoro-4- (nethylsulfonyl)phenyLm )-2-0x0-1,4"-

bi pi peridine-1"'-carbonitrile (1.0 g, 1009 white solid. [00428] Step B:
To a solution of (S)-3-(2,6-difdugro reIﬁ%?hi‘lsulfonyl)phenylamno)

2- 0xX0-1, 4' - bi pi peridine-1" -car-e- Wr 18 g, 0.43 mmol) in EtOH (4 nl)
was added hydr oxyl am ne (0. 057 8 mmol , 50%in water) and the

reaction stirred in a seale essel at 60 C overnight. The sol ution was
cool ed and concentrated unde( vacuumto give crude '
(S) - 3- (2,180433F | uor Ryepr¢dratdeydingkd Grey mpthhémy | Exainnl) 1 Nusined (9322l wxe41, 4' -

wni te son it RERevDERAPRENT A3 Jt By i E ol e F S 8% 47
soIut|onNM%éﬁﬁeﬁm(amﬁndx#MG©2dM4HﬁnethyIsulfonyl)phenylanlno) N-

hydLo?y 2- oxoh1d4 dbl?bpggbdlne | gf:arbfxfimdgmde (0(%lngi OfﬁS nnnl%_and
i sobutyric anhydride g, i n di oxane e reaction

m xt ure wa$3haawﬁdmhn4@naeahﬂﬂthMenammﬁB@PQ3hﬂﬂwﬂ@mﬂﬁﬂdﬂk&wxiﬁﬁosﬁlution
was cool ed and concentrated under vacuum. Reverse phase HPLC gave
(S)-3-(2,6-difluoro-4-(nethyl sti+o1 no)-1' (5-isopropyl-1, 2, 4-oxa
di azol -3-y1)-1, 4' - bi pi peri din- 2-fone (Q.044 g, 0.088 mmol, 3596y|eld) as a
m?;telsolld4 ?thhsPec};unléip m2i§;d§fi;ét ?EH)ttExaHFIe 13tﬁ8?;31

uor o- nmet hyl sul f ony m - A= -(trichloronethyl)-

, 2, 4-oxadi azol -3 -yl ) pi per{dih-4-y pyrrolﬁd' a2 one [00430]Prepared
?(r:ng'? iyl SPHBAU T pHBHYTEhTcHYLIE (3B P A AL o PG @ e 2 ghbioro-4-

é Pr iaarN ?/}gn@ﬂﬁ%@lfdnsll)ﬁieﬁ?laﬁ;r@mi 4@9@%@%& &e?lyareahdﬁdéqpegmﬁumz 8)0151fn| si@p l n Step
3.05 (s, Peﬂ) uSngf@M -triflupgd-Nriyy dippqyacegmigigmidegn &epl(gn Mosspspecaruma apcd) rg}ﬁ m 4H)
5.06 (t, sdhini§),. 78 (t, 1H), 7.54 (dd, 1H), 7.58 (d, 1H). Exanple 14 (S)-

-(2 -quoro 4- (‘met hyl sul f onyl ) phenyl am no)-1'-(5 -is opropyl -

, 2, 4-oxadi azol -3 -y1)-1,4" - Example 10

(S)-3-(2,6-difluoro-4-(methylsulfonyl)phenylamino)-1'-(3-trifluoromethyl-1.2 .4-oxadiazol-5-

y1)-1.4"-bipiperidin-2-one

E H o)
Ny =
y N’<\ l\l
SOCGOY,

[00425] Prepared according to the method of Example 1, using (S)-3-(2,6-difluoro-4-

(methylsulfonyl)phenylamino)-1,4'-bipiperidin-2-one (Preparation F-2) in Step A and using
2,2, 2-trifluoro-N-hydroxyacetimidamide in Step B. Mass spectrum (apci) m/z = 522 (M-H).



bi pi peridin-2 -one [ 00431] Prepared according to the nethod of Exanple
12, using (S)-3-(2-fluoro-4-

(et hyl suwbaniospdsenyl am no) - 1, 4' - bi pi peri di n- 2- one hydPOThiSeoti1d&1821
(Preparation E) and 2 equivalents of base in Step A Mass spectrum (apci)
mz = 480.2 (MtH). 68 Exanple 15

(S)-3-(2-fluoro-4-(nethyl sul fonyl)phenyl am no)-1-(1-(5-isopropyl-1, 2, 4-oxad
i azol -3- yl)pi peridin-4-yl)pyrrolidiné2-one [ 00432] Prepared according to
t he nethod of Exanple 12, using (S)-3-(2-fluoro-4-

(met hyl sul fonyl ) phenyl ami no) - 1- ( pi peameleAl4-yl ) pyrrol i di n-2-one

(Prepar ati on G 1113 $ififrhe MiSi SBERRLHD. (rl%lﬁér}mm 21%-A684iAubME) - Exanpl e

(S) 3-(2-fluoro-4- (et hyl(mgthils pleq ' pric- (5- (trifluoronethyl)-1,

2, 4- oxadi azol -3- yl)pi peridin- 14 yI)p(yrroI [ d| n- 2- one 0" F

[00433] Prepared according to t 1 Eécanpl e 12, using

(S)-3-(2-fluoro-4-

(met hyl sul fonyl) phenyl ami no3,51 pi peri d| n- 4- yhf )PYerrolidi n-2-one

(Preparation C) in Step A and using 2,2,2-trifluoroacetic anhydride in Step

C. 1H( NVROA4260 MHzPrefdédladkordmglto ik metLO(QSf ExamBE), usthg/(3)-3- (2 S&Qﬂl(om 41I(-|)

3 02 S, 22 (m
émkg’ﬁlsﬁoné’m’hef%yg 15@6’3“5% ‘%WOII%H%)“E& re%ﬁH?Oﬂf @8“ (SEFP Ai 7.61

(d 1H) uEmgrm;J,@trﬂfﬂlofoSN @dr&gacémdidaﬂnu@rlﬁ S Bethymﬁf(mwwf&h@m»)é} 1-(1

-(5- phenyl 4- oxadi azol - 1\&) )Zp5 i per| din rolidin-2-one

72-193(m4H)23o 240(m1 2.68 (m, 1H)¥12>(s 3H), 3.20 - 3.30 (m,
2H), 3.35 - 3.42 (m, 1H), 3.50 - 3.59 (m, 1H), 4.20 - 4.29 (m, 1H), 4.32 - 4.39 (m, 2H), 4.99

(t, 1H), 7.35 (dd, 1H), 7.63 (dd, 1H).

Example 12
(S)-3-(2.6-difluoro-4-(methylsulfonyphenylamino)-1'-(5-isopropvl-1.2.4-oxadiazol-3-y1)-

1.4'-bipiperidin-2-one

ﬁdgﬁH

[00427] Step A: To a solution of (S)-3-(2,6-difluoro-4-(methylsulfonyl)phenylamino)-

\\ I/

1,4"-bipiperidin-2-one (Preparation F-2; 0.94 g, 2.4 mmol) in acetonitrile (100 mL) was added
potassium carbonate (0.70 g, 5.1 mmol) and cyanic bromide (5 M in acetonitrile, 0.58 mL,
2.9 mmol) and the reaction stirred overnight at ambient temperature. The reaction was next
made basic with 1 N NaOH solution. The solution was extracted with EtOAc and the organic
layer was washed with 1 N NaOH. The organic layer was dried over MgSQO, and
concentrated to  give  (S)-3-(2,6-difluoro-4-(methylsulfonyl)phenylamino)-2-oxo-1,4'-
bipiperidine-1'-carbonitrile (1.0 g, 100%) as a white solid.

[00428] Step B: To a solution of (S)-3-(2,6-difluoro-4-(methylsulfonyl)phenylamino)-
2-0x0-1,4"-bipiperidine-1'-carbonitrile (0.18 g, 0.43 mmol) in EtOH (4 mL) was added
hydroxylamine (0.057 g, 0.858 mmol, 50% in water) and the reaction stirred in a sealed
vessel at 60 °C overnight. The solution was cooled and concentrated under vacuum to give

crude (S)-3-(2,6-difluoro-4-(methylsulfonyl)phenylamino)-N-hydroxy-2-oxo-1,4'-



[ 00434] Prepared according to the nethod of Exanple 12, using
(S)-3-(2,5-difluoro-4-

hyl suwbanigppisenoxy) - 1- (pi peri di n-4-yl) pyrrolidi n- 2Pomas¢mnepeseat i on

in Step A and using benzoic anhydride in Step C. Mass spectrum (apci)
= 519.1 (M+tH). 69 Exanple 18
3-(2-fluoro-4- (nethylsulfonyl)phenoxy) 1-(1-(5-isopropyl-1, 2, 4-oxadi azo
-3- yl)piperidin-4- yI)pyrrolldln - one [ 00435] Pr epar ed accordlng to the

hod of Exanple 12, using -3-(2-fl uoro-4-
(et hyI s@ummﬁgdlrl)eﬁhéaﬁb@evl}ndﬂm(qsu dPi &h(}ﬁmhym)l P37 oldldi a-2 whie s¢lik et i on

F-3) %E 9“@( GhiNm)apci ) mz = 467.1 (MrH). Exanple 19
(S)- 3 (2, I'tior 0~ 4- (et hy 5U|f0ny|)phen0Xy) 1- (1- (5-i sopropyl-1, 2, 4- oxad

i azol - -IOWM?blperﬁmm£L4Ay1wpmﬁﬁé$)%K%ﬁQﬁEW®‘4Oﬁ@@ﬂ%@@ﬂﬂhﬁané@nm@b@fdlng to
the nmeth n A o
(nethyl58$9on§5§ﬁﬁghogé§mTH®%l%gé r%d%ﬁm?) J#r b S mgmgnmm' Pg% ration
F-4) in Shigplride (MOXsg, sﬂJZ—fcmmsvm ihalbedahe (f mLy 485 r@ct@dmm)&tur&mnbbaeec@m a

(S)-3- (2 6-d uo | sul fon phenox Lsop 2, 4- oxad
i azol - “mk%llpeiﬁdﬁ s ? SYPEY | Lé Q'Q%EXASfﬁgﬂﬁgTbggﬁare acébrdlng to
t he rret hedcumin. Bxarpk @hds2, Hleﬂ gye((S)3 62—(6 -diffnochi-4- (mmh)dsdfonyl)phenylammo) 1'-

(rechy! syl onblERohoA BLBELAGhA YT 9 g8, gLl o e

as a white solid. Mass spectrum (apci) m/z =498.1 (M+H).

N—r r—l- 1
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Example 13
(8)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)-1-(1-(5-(trichloromethy)-1.2.4-oxadiazol-3-

yDpiperidin-4-y)pyrrolidin-2-one

o & Ho.

[00430] Prepared accordmg to the method of Example 12, using (S)-3-(2-fluoro-4-

(methylsulfonyl)phenylamino)-1-(piperidin-4-yl)pyrrolidin-2-one (Preparation C) in Step A
and using 2,2,2-trichloroacetic anhydride in Step C. "H NMR (400 MHz, CDCl3): & 1.75 —
1.98 (m, 5H), 2.70 — 2.80 (m, 1H), 3.05 (s, 3H), 2.10 — 3.18 (m, 2H), 3.38 — 3.48 (m, 2H),
4.12 -4.32 (m, 4H), 5.06 (t, 1H), 6.78 (t, 1H), 7.54 (dd, 1H), 7.58 (d, 1H).
Example 14
(S)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)-1'-(5-isopropyl-1,2.4-oxadiazol-3-yl)-1.4'-

bipiperidin-2-one

JUsYan

\\
’/

[00431] Prepared accordlng to the method of Example 12, using (S)-3-(2-fluoro-4-
(methylsulfonyl)phenylamino)-1,4'-bipiperidin-2-one hydrochloride (Preparation E) and 2
equivalents of base in Step A. Mass spectrum (apci) m/z = 480.2 (M+H).



70 Exanple 21
(S)-1-(1-(5-(difluoronmethyl)-1, 2, 4-oxadi azol -3-y1) pi peridin-4-yl1)-3-(2-fluo
ro-4- (nmewbybsuidfaayl ) phenyl am no) pyrrolidi n-2-one OCT[BR3BFBREP A: ToO
a solution of cyanic bromde (0.14 g, 1 4 mmol) in acetonitrile (30 nL) was
added pot assium carbonate (0.31 g, 2.3 mmol) and (S)-3-(2-fluoro-4-

(met hyl sul f onyl ) phenyl am no) - 1- ( pi peri di n-4-yl ) pyrrolidin-2-one
(Preparation C, 0.40 g, 1.1 nmol) and68he reaction was stirred for 90

m nutes at anbient tenperature. The reaction was quenched with water and
made basic with 1 N NaOH sol ution. ERope 1das added (100 nl) and the organic
| ayer was Seﬁ)%r@tfﬁl@!roaﬁMﬁﬁhﬁf&nwh@n&armn&hm-eo b1 DI bRk drd ed over
My504 and concentrated to

(S)-4-(3-(2-fluoro-4- (nethys~'|* ] gl g
oxopyrrolidin-I|-yl)piperidine-1- carbonltrlleo(O 32 g, 0.844 mmol, 75% as a
white solid. Mass spectrum (apci) mz = 381 1»(&% [00439] Step B: To a
solution of (S)-4-(3-(2-fluoro-4-(gethylls fonyl)phenylanlno)
2-oxopyrrolidin-1-yl)piperidin (of nMrile (0.92 g, 2.4 mol) in EtOH
(35 nL) was added hydroxyl amn .32°g, 4 8 mol, 50%in water) and the
reaction was stirred at 60 CbéWernlght The sol ution was cool ed and

concentr to give th or p-4- :

(et hyl s 943% )ph%ﬁl%r%fﬁf‘ %dmg &x@%m@rq B ﬁxamrg}a)lwﬂ%@s&%%w-ai ne- | -
car boxi mgai,de fd 1)&&n91am3}o§L1 B bmdusla ~WpVir@ldih-2 ke BréfrdtRn O ih Bte
spectrum_(apci) é [ 00440] Step C

(S)-4-(3- @Sﬂrﬁ%WB(%”@ﬁﬁ%ﬁﬂp &KMﬁH?I)phenylanlno) 2- oxopyrrolidin-

1-y1) - N- hydr oxypi peri di ne- 1- car boxgrafgeiige (0.10 g, 0.24 mmol) and
2,2-difluoroacetic anhydride ﬂo 042 g, 0. 24 nhDI) wer e conblned and charged
\Mth di oxahe 2-Hluerp 4 '!u!;- LML DA B Yk QI OEICH % d

hours. The sol ution was CoohﬁgléﬂﬂnﬁQﬁﬁ@ﬁ&kﬁ{EQneand the reS|due was
diluted with water, extractéd wih ETUAC, dried and concentrated. Flash

chr omat ogr aphy of the crude material gave 0?%»¥r£1 (5-(difluoronethyl)-

1, 2, 4- oxadi azol -3

-yI)piperidin-4-y1)-3-(2-f|uord§4{§%%§h&1ﬁulfonyl)phenylanlno)pyrrolldln2 o]

ne (0.032 g, 0.068 nmol, 28% ygétd)(ag' a white solid. 1H NVR (400 Mz
CDC13): 6 1.72 - 1.98 (m 5k)2/73 - 2.82 (m 1H), 3.01 (s, 3H), 3.05 -
315(m 2H), 3.38 - 3.48 (®\ 71 2H), 4.10 -4.23 (m 3H), 4.23 -4.32 (m
(I\/B, DAT 30)({{3§]Exll_l)llhrel§aé§(§ ac(crordu;gl_')o’ @ Bndd of %!ngplg 1§5u5(19g (él)l_y (2- fufda(d, 1H).
(S) 3- ( 2 (BetiyFulamyDphbaylaminoy <pipEridiyH)ybinenylidim o) {Mregadatos-Q) mi $ttpdr omet hy|

L 00441 PrBb A B ACCBI G PG PRk RO B 0231, by S 1.70 -

ES) ﬁ I(2 1?);80thf |5H()LZ)734| 2.82 (m, 1H), 3.02 (s, 3H), 302—3|20 (m, 2}|1) (3135 —23 45 (m 2H),

met hyl sul T on enyl am no 1Ldin yrro I dl n-2-

(Prepar ath 10 ’(szé?m >sf‘é6 K?%{Snﬁ‘gdﬁ% Og@ éHi/p ((hdFdatet dc“é[hﬂﬁ)lr(fide in

Step C 11 NMR (400 MHz, CDC13): 6170- 1.88 (m 4H), 1.88 -2.0 (m 1H),
2.70 - S(m 1H), 302(s 3H), 3.02 -3 18(m 2H), 3.30 -3.42 (m 2H),
4.12 -4.30 (m 3H), 4.42 -4.50 (m Exawpled772 _4.82 (m 1H) 7.42 (d, 2H).

Exanpl e 23 (S)-3-(2.5-difluoro-4-(methylsulfonyl)phenoxy)-1-(1-(5-phenyl-1,2.4-oxadiazol-3-

yDpiperidin-4-y)pyrrolidin-2-one

Q & e

[00434] Prepared according to the method of Example 12, using (S)-3-(2,5-difluoro-4-

(methylsulfonyl)phenoxy)-1-(piperidin-4-yl)pyrrolidin-2-one (Preparation F-4) in Step A and
using benzoic anhydride in Step C. Mass spectrum (apci) m/z = 519.1 (M+H).



(S)-3 -(2,5 -difluoro-4-(nethyl sul fonyl)phenylam no)-1-(1 -(5
-(trifluoronethyl)-1,2,4- oxadiazol-3 -yl)pip eridin-4-yl)pyrrolidin-2-one
11-0) (F WORP12003M93[ 00442] Prepared according to the net rod/uskolfoarspl e 12
using (S)-3-(2,5-difluoro-4-

(et hyl sul f onyl ) phenyl am no) - 1- (pi peri di n-4-yl ) pyrrolidin-2-one
(Preparation C-1) in Step A and using 2,2,2-trifluoroacetic anhydride in
Step C. 1H NWR (400 MHz, CDC13): 6 1.62 - 1.98 (m 5H), 2.72 - 2.81 (m

1H, 3.07 - 3.20 (m 2H), 3.18 (s 3H), 3.35 - 3.49 (m 2H), 4.07 -4.13 (m
1H), 4.15 -4.23 (m 2H), 4.23 - 3EXf(Im>le1§|) 5 12 (bs, 1H), 6.50 (dd, 1H),

7.52 (dd, 1 S)-3- 2 1-1,2.4-oxadiazol-3-
(S)-3-(2-fluoro- y nyT ) -1 uoromet hyl)-1, 2, 4-
oxadi azol - 3- yl) pi peri di n- 4¥Yp1 -Atyilgiymel ne [ 00443] Pr epar ed

according to the nethod of Exanple 12, using_§{S)-3-(2-fluoro-4-
(met hyl sul f onyl) phenyl am no) - 1- (piperidin-4- lppyrrolidin-2-one

(Preparation C) in Step A and 45|ng - riFIuoroacetic anhydride in Step
C. 1H NWR (400 MHz, CDC13): 6 / n1 4H), 2.28 - 2.39 (m 1H),
2.55 - 2.63 (m lkb, 3.02 (s, - 3.12 (m 2H), 3.35 -3.41 (m 1H),
3.51 - 3.58 (m 1H), 4.13 @~ n1 5.02 (t, 1H), 7.52 (t, 1H), 7.68

(t, 2H). Exanple 25
(S)-3-(2,1pd5sf ! uormeﬁdrémcbml@u{of %eyrhémpsﬁ/bmm@h)z1usn€%§<:()t§ {2th6@6 gmet hyl ) -

1,2, 4- oxadlazol -yl)-1, 4 erid 2-one

[ 00444] Pt(@sféylé‘dfoé}éf@bheﬂpw@ lt(@lp@h@nﬁ@tl}wrioleﬁm%@mﬂ%pi@nom§| ?r?gm Step A.
(S)-3- (2h@mghg%g@ﬁgﬁégnggeq@yhgguﬁ9nyl)phenylanlno) 1, 4' - bi pi peridin-2-one

(Preparation F1 using 2,2,2-trifluoroacetic anhydride in
Step C. Mass spectrum (apci) m z =EsampleNRH) .

(S)-3-(2.5-difluoro-4-(methylsulfonyDphenoxy)-1-(1-(5-isopropyl-1,2.4-oxadiazol-3-

vDpiperidin-4-ypyrrolidin-2-one

W,
O/, N

[00436] Prepared according to the method of Example 12, using (S)-3-(2,5-difluoro-4-

(methylsulfonyl)phenoxy)-1-(piperidin-4-yl)pyrrolidin-2-one (Preparation F-4) in Step A.
Mass spectrum (apci) m/z = 485.2 (M+H).
Example 20
(S)-3-(2.6-difluoro-4-(methylsulfonyl)phenoxy)-1-(1-(5-isopropyl-1,2.4-oxadiazol-3-

yDpiperidin-4-y)pyrrolidin-2-one

/@0/&//6

[00437] Prepared accordlng to the method of Example 12, using (S)-3-(2,6-difluoro-4-
(methylsulfonyl)phenoxy)-1-(piperidin-4-yl)pyrrolidin-2-one hydrochloride (Preparation D-
2) in Step A. Mass spectrum (apci) m/z = 485.1 (M+H).



Exanmple 26 (S)-3 -(2 ,6-difluoro-4-(nethyl sul fonyl)phenylam no)-1'-(5
-(trifluoronethyl)-1,2 ,4-oxadiazol- 3 -yl)-1,4'-bipiperidin-2-one

73 (et hyweubfan3yiopphenyl am no) -1, 4' - bi pi peri di n- 2- one PPTASa0asBA1 F- 2;
0.94 g, 2 4 mol) and the reaction stirred overnight at anbi ent
tenperature. The reaction was quenched with water and nade basic with 1 N
NaCH sol ution. EtO0Ac was added (100 nL) and the organic | ayer was separated
and washed with 1 N NaCH sol ution, briie, dried over MpS™ and

concent r at edt ogi ve(S) - 3 (2,6-difluoro-4- érret hyl sul f onyl ) phenyl am no) - 2- oxo-
1,4' - bipiperidine- 1 -carbonltrlEéal(lllle L g 2.5 mol, 100% as a white

solid. [0044,6 ol §1p- 5 dift@orBmSRY1Yh Lo, Eha ol-3-yDpiperidin-4-y1)-3-(2-fluoro-4-
(S)-3-(2,6-dlffgm_wuoro- - yiﬁ‘l‘%—)@)_H%ﬁony phen no) -
2- 0x0- 1, 4' - bi pi peri di nefheth 1 olgdin-2-oRe ymol ) in EtOH (10 nl)
was added hydroxylam ne (0.16 g, 2.4 mmol, 50%in water) and the reaction
stirred at 60 C overnight. The solution vvastcbo-Ked and concentrated to give
(S)-3-(2,6-difluoro-4- (nethylgulfongl) ylfNami ho) - N- hydr oxy- 2-oxo-1,4'-b
ipiperidine-I'"-c arb oxim d Nl . g, 1.3 mol, 100% as a white
solid. [00447]Step C
(S)-3-(2,6-difluoro-4-(neth utt onyl ) phenyl am no) - N- hydr oxy- 2-
0x0- 1, 4' - bi pi peri di ne-1' - caf boxi ni dam de (0.25 g, 0.56 mvl) and
3, 2, 2-trijpd4asy OaCﬁ St Aan o idﬁﬁloﬁ%ﬂ:?ar@c bidnthde (r(m:al% 1\mﬂgﬁlogqmi:enﬁﬁtfrm th

i oxane mL The solution was heate n a seal ed tube 0.Cfor 4
hour s ang?q n%l)rp s gld ?f!d\?éaﬁﬁnah‘farboﬁﬁ@ gbilutgro%évta@(ﬂeomd @éné-f&%)ﬁ% ntrated.
The cr udembmy Bkl IRRAHo-iT difi-@ R0IRARS Snd kQioRrQ\0 ez, (1) - 3-
(2, 6-di fﬁﬁor% 4- %b)ﬁﬁ;?,sul foznsﬁfphény%§n% - QSE?I%al fllouor onet yI) 1, 2, 4-
oxadi azolmmol) gad the feaghianyes siEes PO 2Digpes %@Wt mpgraghyrs Thsgeactianygs as a
whi t e solghghchddviMRatck ngpmﬁﬂé'zbam@%:'}])N I\@th @Qutlon E?@Aé Was ;&'@ed (ﬂ007rgL)' 1.83
(m4H) 195-203(m2|—|),242- 0 (m 2 (s, 3H),

.18 (m apdhe ggapic layer v@a)sepaaatquandma@bect Yrith 295 Na@leumn ésym(emlrleﬂm)ver 4 61
-472(m  amh B Mg A (A3 Afbro-2iheth fylam] 2(2

, 5-di fl uor%ﬁ% arrdet f%lua%gn{fl )E)Vr]?x%)x 34(1 &m F%et ﬁaﬁﬁk@?h% no%

, 4- oxadi @zm}'f@hdm lyj'l)mpquidmetld@arbomtyle) Wﬂr@l (i’ A mmabnés%) aF alwl)lte( Sql'ld ------ '
NN/ O 4 :Toasolutionof
(S)-3- (21\?S ﬁelc%%“r’éa I)E‘QQ %* %ﬁfo iyl ) phenoxy) - 1-
(pi peri di[00439Y| ) pyStemBi dima Qolrmel ¢fREpHaI-62-flowroB-(dethyIsdlfgnyDBh@y kmmpid)- i n

acetonitrle a. car,bon 1 7.6 mmol ) and
cyani c bron 8¥ Q%I%}mlperfa Carﬁomtg?ﬁvkqj@ §t29 onlnfo(?} f“ R g?’? hnéﬁr &ttion
was sti r raddedolgtronydHniinat0. 32nd) U Snhmble e idtvated) .and ke reaction was stirred at 60 °C

overnight. The solution was cooled and concentrated to give the (S)-4-(3-(2-fluoro-4-

(methylsulfonyl)phenylamino)-2-oxopyrrolidin-1-yl)-N-hydroxypiperidine-1-
carboximidamide (0.98 g, 2.4 mmol, 98 % yield) as a white solid. Mass spectrum (apci) m/z
=414.2 (M+H).

[00440] Step C:  (S)-4-(3-(2-fluoro-4-(methylsulfonyl)phenylamino)-2-oxopyrrolidin-
1-yl)-N-hydroxypiperidine-1-carboximidamide (0.10 g, 0.24 mmol) and 2,2-difluoroacetic
anhydride (0.042 g, 0.24 mmol) were combined and charged with dioxane (2 mL). The
solution was heated in a sealed tube at 90 °C for 4 hours. The solution was cooled and
concentrated, and the residue was diluted with water, extracted with EtOAc, dried and
concentrated. Flash chromatography of the crude material gave (S)-1-(1-(5-(difluoromethyl)-
1,2,4-oxadiazol-3-yl)piperidin-4-yl)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)pyrrolidin-
2-one (0.032 g, 0.068 mmol, 28% yield) as a white solid. 'H NMR (400 MHz, CDCl3): &
1.72 — 1.98 (m, 5H), 2.73 — 2.82 (m, 1H), 3.01 (s, 3H), 3.05 — 3.15 (m, 2H), 3.38 — 3.48 (m,



74 reaction was quenched with 1 N NaOH solution and extracted with ethyl
acetate (300 nL). The conbi ned organic | ayers were washed with 1 N NaCH
sol uti on,wbnrbre#37398i ed over MgSO4, and concentrated to @CTAIS2011/051821
(S)-4-(3-(2,5-difluoro-4-(met hyl sul fonyl ) phenoxy)-2- oxopyrrolidin-1

-yl ) piperidine-l-carbonitrile (1.4 g, 3.5 mol, 97% as a white solid.

[ 00449] Step B: To a solution of

(S)-4-(3-(2,5-difluoro-4-(met hyl sul foayl ) phenoxy) - 2-oxopyrrolidin-1

-yl ) piperidine-l-carbonitrile (0.36 %D 0.90 mmol ) in EtOH (10 nL) was added
hydr oxyl el o423 (g, 3H), 82|?nro4 2 @hd Bne0y @éckﬂ)oﬁ66vétslﬂi iord0dt 18, B C
over ni ghty Thes sPlutirPividass £9@hed and concentrated to give

(S) - 4- (SR? ¥§ d?fduo E@M: F

(et hyl sul f onyl ) phenoxy) - 2- oxopyr r Bkdmpla22- y1) - N- hydr oxypi peri di ne-1 - car box
1 dari de (9s 2ty %@%@i%mpﬂ&amoﬁ Whist it duhen YBES 4SPeECt UM
(S)-4-(3-(2,5-Di fl uoro- 4xddedhy pnadxdn-22aoxopyrrol idin- 1

-y1) - N-hydr oxypi peridi ne-1 -carbOX|n1dan1de (@ 20. g, 0.46 nmmol) and
2,2,2-trifluoroacetic anhydride (0.10 g, O.49»6F) were conbined with
dloxane (6 nL). The solution vas heage a dealFed tube at 30 C for 1 hour

and then at 90 C for 3 hours. YThen was cool ed and concentr at ed.
Purification of the crude nmat reverse phase HPLC gave (S)-3-(2,5-

di f 1 uoro-4- (nethylsulfonyl¢p 1-(1-(5-(trifluoronethyl)-1, 2, 4- oxadi az
ol -3- yl) piperidin-4- yI)pypfolldln 2 one (0.055 g, 0.11 mol, 23@6yie|d) as

whi t 1H NVR (400 | 1 1.90 2.30 -2.40
nLe it I MELAQO N FRCSNG 8 B 1S9 ST Ailgne?S 2 40,
g- |rp|) l|7-|) 3 ;&egﬁlsuliﬁlybﬁleﬁﬂhmlﬂdd) % S(ﬂipérﬁim 441 yrrdlidin-ldhe (P’itelﬁ&tibh C-Dkh Step A35 (dd,

) e
, 6-di f | uGPOUSILg %%tzﬁyﬂEQIP?CGHWI)hﬁH%%fo‘?ﬁ)‘Qplc (H NMB (400N HE (POhethy -1 |, 2
, 4- oxadi qz&%énﬁm) 1)8'8)@(')9@1'@' N76- Y17 ey H@J B@Q'{b 2H§>r3€02 9F8 ik, 260) 3. QNNF 0/

' (N [00451] Prepared according to the meth ng usi Sh
(S)-3-(2, 4% @, 38p.¢--14-— 4.30 (m, 3H), 4.42 — 4.50 (m, 1H)472 4.82 (m, 1H)742(d ).

(met hyl sul f onyl ) phenoxy) - 1- (p|perlﬂkgnﬂkig)pyrrolldln 2-one hydrochl oride
(Preparation D 2) in Step A and u5|ng 2,2, 2 trlfluoroacetlc anhydrlde in
Step C. 1H KAE3-(4ndiflubo-4-@mindjulfgnyly lanie h-(S4 M fluogo (m 1H),

2.52 - 2260 (m 1 3. ) 331 338m1,
351 3,60 (m 1M 41%@&%@%@%@%@% & (m 1H
,)—ﬁ
/Q/N/&//Q
;s

[00442] Prepared according to the method of Example 12, using (S)-3-(2,5-difluoro-4-

(methylsulfonyl)phenylamino)-1-(piperidin-4-yl)pyrrolidin-2-one (Preparation C-1) in Step A
and using 2,2,2-trifluoroacetic anhydride in Step C. 'H NMR (400 MHz, CDCl;): & 1.72 —
1.98 (m, 5SH), 2.72 — 2.81 (m, 1H), 3.07 — 3.20 (m, 2H), 3.18 (s, 3H), 3.35 — 3.49 (m, 2H),
4.07 —4.13 (m, 1H), 4.15 —4.23 (m, 2H), 4.23 —4.31 (m, 1H), 5.12 (bs, 1H), 6.50 (dd, 1H),
7.52 (dd, 1H).



7.53 (d, 2H). 75 Exanple 29

(S)-3-(2-fluoro-4-(nmethyl sul fonyl)phenylam no)-1"-(5-(trifluoronmethyl)-1, 2,
4- oxadi azwD-2812/0313931, 4' - bi pi peri di n- 2- one [ 00452] Pr eparusdoiaossedi ng to
t he nethod of Exanple 12, using (S)-3-(2-fluoro-4-

(et hyl sul fonyl ) phenyl am no) - 1, 4' - bi pi peri di n-2-one hydrochl ori de
(Preparation E) and 2 equival ents of base in Step A and using
2,2,2-trifluoroacetic anhydride in Stejo C. 1H NWR (400 MHz, CDC13): 6 1.60
-170(m 1H), 1.70 - 1.85 (5H), 1.95 - 2.03 (m 2H), 2.48 - 2.53 (m 1H),
3.02 (s, 3H), 3.07 -3.15 (m 2H), Exzsapletﬂ 2H), 3.97 -4.03 (m 1H), 4.12
‘Eiarzr& (e msu@(%) (2?111%% 4 Bfeth il fonPrpfrn&lyy-1 Xk 5- (ARG ofmBihy tHT:4- dxaiR-G1%-  1H) -
-di fl uor o- 4- (nethylsulfonylybhlaﬁgd_laﬂﬂlhmyﬂﬂﬂm&(gﬁe(dlfluororrethyl) 1,2 ,4-
oxadi azol -3 -yl )pip eridin-4-yl)pyrrolidin- 2,DoneF i oi (FF [00453]Pr epar ed
according to the nethod of Exanple 12, uswmkﬁfﬂ (2,5-difluoro-4-

(met hyl sul fonyl) phenyl am no) - 1«( pi p%d n4- V1) gyrrol i di n-2- one

(Preparation C1) in StepAan { <di f | uoroaceti c anhydride in Step
C. 1H NWR (400 MHz, CDC13): 2 88 (m 4H), 1.88 - 1.98 (m 1H),
2.70 - 2.80 (m 1H, 3.02 -8‘.1 (m 2H), 3.08 (m 3H), 3.33 - 3.49 (m
2H), 4.07 -4.12 (m 1H), 4.15 -4.22 (m 2H), 4.22 -4.30 (m 1H), 5.15 (bs,
1H), 6.5Q0q4da] lH)EreﬁﬂrﬁBac(cbrdimg—lpo thg . 1b@hddd df Egddple 1Z6usixa Pt (23fluoro-4-

PR LT I T T
and using 2,2.2-trifluoroacetic anhydride in Step C. 'H NMR (400 MHz, CDCl;): & 1.72 —
1.90 (m, 4H), 2.28 — 2.39 (m, 1H), 2.55 — 2.63 (m, 1H), 3.02 (s, 3H), 3.02 — 3.12 (m, 2H),
3.35-3.41 (m, 1H), 3.51 — 3.58 (m, 1H), 4.13 — 4.30 (m, 3H), 5.02 (t, 1H), 7.52 (t, IH), 7.68
(t, 2H).
Example 25
(S)-3-(2,5-difluoro-4-(methylsulfonyl)phenylamino)-1'-(5-(trifluoromethyl)-1.2.4-oxadiazol-

3-yD)-1.4"-bipiperidin-2-one

.o, fF
| )—&F
o N/LN/ F
RH
OES/Q/
o\ }
[00444] Prepared according to the method of Example 12, using (S)-3-(2,5-difluoro-4-

(methylsulfonyl)phenylamino)-1,4'-bipiperidin-2-one (Preparation F-1) in Step A and using
2,2, 2-trifluoroacetic anhydride in Step C. Mass spectrum (apci) m/z = 524 (M+H).

Example 26
(S)-3-(2.6-difluoro-4-(methylsulfonyl)phenylamino)-1'-(5-(trifluoromethyl)-1.2.4-oxadiazol-

3-yD)-1.4"-bipiperidin-2-one

e o

\\
’/

[00445] Step A: To a solution of cyanic bromide (0.58 mL, 2.9 mmol) in acetonitrile
(100 mL) was added potassium carbonate (0.70 g, 5.1 mmol) and (S)-3-(2,6-difluoro-4-



i (FF [00454] Step A: To a solution of cyanic bromde (0.96 nL, 4 8 nmol) in
acetonitrile (160 nL) was added potassium carbonate (1.17 g, 8.4 nmol) and
(S) - 3-(2,WocdnfA030398- 4- PCT/US2011/051821

(et hyl sul fonyl ) phenyl am no) - 1- (pi peri di n-4-yl ) pyrrolidin-2-one
(Preparation CG2; 1.5 g, 4.0 nmol) and the reaction was stirred overni ght
at anbi ent tenperature. The reaction was quenched with 1 N NaCH sol ution
and extracted with ethyl acetate (3007%L). The comnbi ned organic | ayers were

washed with 1 N NaOH solution, brine, dried over My504, and concentrated to
gi ve (methylsulfonyl)phenylamino)-1,4'-bipiperidin-2-one (Preparation F-2; 0.94 g, 2.4 mmol) and

(S)-4-(3 tl(ezpegctghftllﬂ&f&efh éﬂ{?{ M@Hh&ﬂﬁwﬁr@hﬂwﬂeéﬁw%g ﬁ’eQiy\XI1'EIP+vhtgf ni-yl)p

i peridine- -carbonitri te so

[ 00455] Staed Badobesis! Wlltth bhoN{B) -Saillw(l@h (208cdiak Iad@ddl‘lﬂ mL) and the organic layer

(et hyl s 0, e ) X pi [ arbonitrile
(17 o 0t R RO AR s B SORORL sGh, kDI SN (e B GEAREn

mol ) anctomdetetra’tahcttpongwas 893 Reddiflbor6@- (@edvéulforg'fh)phenvhanlscolr%moelmwvas

cool ed and.co: trated |ve

(2.6 di { Pprgpeded O‘Ptrﬁ‘i WS 59 hen&ﬁa(l)r%/ rl(ai YU r ol i di n-1-y1) - N-hydr ox
yp: pgr i dijeetdbcar ?oﬁte@dam ad@utibn 65(), 3 (4 61d1ﬂ11mb A-(88 8y lsu b)) pasiymmidu)t e

sol i Ss spectru ¢

[ 00455) Seapes  Lpmepuhe sdfico (C 2 4k FALLi G0N HReRb av s

oxopyr r olhly@ioRyladhine Yd.) 6 D1y ehineotysoeparwalemend the rédtidaoiniil deco ﬂBo‘&dﬂmglitOX ane (4

nm) was charged with 2, 2-difluoroacetic anhydride (0.097 The
m xture W&§ schlilitfoé‘d 3PS 60 eﬂve'f“fﬂa ﬁf’nce‘?ﬁ@e‘goltﬂtl%lﬁe égaééﬁf?Wé{ng and

t he cr udembmyRilksly1 wirlof)-INeiel dRykytd-agh idine-1'-carboximidamid

et orm ogf (50 1005 Oic ﬁﬂw) O P A

(met hyl s@t r‘i‘VMbH@r@%ﬁWﬁBﬁ sofidc 1- (5- (di fI uor onet hyl ) - 1, 2, 4- oxadi azol - 3
-yl)p ip rr d) as a
Syp Soﬁ?omp N%E%% Qé)Lﬁtz% 31ﬂu§)1@e4 @%t@)@suqonﬁgﬁ&lyrqﬁw h@) I\?@i{@lr)ékﬁb 00
1H), 2. 70x0247bip{peyidingd)’ -cagooazmel@mdsk@ 253209.36 mma) (aml 221)2 triffugoacetia. 46 (m
2H), 4. 1%nﬁyd?‘1d%§).ﬂ ,O%'E')mmélléivgre ~cofhbia@d §ith dibhne (6112[:':) ThésdtRiohWras hEded 6- 64
(t, 1H), 7.743 (d, 777 Exanple 32

(S) - 3- ( 2,BadeddduoboatBO( Hefohy houtsfand ylich ph €A yC amemight. 1The ®lytidi fiag eederkt hyl ) - 1
, 2, 4- oxa 1 :

[ 00457] ng%g‘(r;ﬂé %é@éo?“}% Cﬁ‘d? %{a{P %F%Sd%‘ﬂgl%a By Eexve% PRASE%FP% torﬁ’lr\g“de (8)-3-
(S)-3-(2 (BéﬂﬂuﬂdomaﬁMdthyléuiﬁmhwlwujllﬁmmb )ﬁﬁénﬂuamnwwl)il, 214~0bac1m2pb3ﬁytj+ n- 2- one

Pr epar at,i sin d|f| gacet in Ste
& TR v e Tesi a0 0GR @y Tate Wl ORE Se SogRE XM iR 56,
:o, 390(() (rnD(Z!d) 0 %26@&4} ;%(1?11}()[‘01 73H)1,.833(nQ) 2H) S1. 953H)2 033mQ2H23 fmziﬁ%(im(mzmll_b

t m m )
512 15150 1or tafip; Y63 Flom %5 Taal g 300 @caiptaa (i ]
(S)-3- (2,453—@;{1721%{ qH«§l irmlglyggﬂllf}gn‘yhj @henyl am no) - 1' - (5-(di fluoronmethyl)-1

, 2, 4- oxadi azol 1, 4" -Dbipi perldln 2-one rio/)4 HN.11.- NF HN
[ 00458] Pr epar ed accordl ng to the nExHBRledf Exanple 12, using

(S) - 3- (2, &did kupfiRrda-(methylsulfonyl)phenoxy)-1-(1-(5-(trifluoromethyl)-1.2.4-oxadiazol-3-

yDpiperidin-4-y)pyrrolidin-2-one

-0 F
YO
0 N N F
F
O/l.( :N
OZS
o\ g
[00448] Step A: To a solution of (S)-3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-1-

(piperidin-4-yl)pyrrolidin-2-one (Preparation F-4; 1.4 g, 3.6 mmol) in acetonitrile (100 mL)
was added potassium carbonate (1.05 g, 7.6 mmol) and cyanic bromide (0.87 mL, 4.4 mmol,

5 M in acetonitrile) and the reaction was stirred overnight at ambient temperature. The



(et hyl sul fonyl ) phenyl am no) -1, 4' - bi pi peri di n-2-one (Preparation F-1) in
Step A and using 2, 2-difluoroacetic anhydride in Step C. 1H NWVR 400 MHz,
CDC13): owv0.268/0373370 (m 1H), 1.71 - 1.83 (m 4H), 1.9%CT/uRB2@3/061821 2H)
2.41 - 2.51 (m 1H, 3.02 - 3.12 (m 2H), 3.17 (s, 3H, 3.32 (t, 2H, 3.90
- 397 (m 1H), 4.12 - 4.20 (m 2H), 4.63 - 4.71 (m 1H), 5.09 (bs, 1H),
6.45 (dd, 1H), 6.63 (t, 1H), 7.50 (dd, 1H). 78 Exanple 34
(S)-3-(4-(ethylsul fonyl)-2-fluoropheng#am no)-1-(1-(5-(tri fI uoronet hyl)-1,2
, 4- oxadi azol - 3- y1) pi peridin- 4- yl}%ﬁ yrrolidin-2-one oz.

[ 00459] Prr@q@a@rwaw@@?hﬂ:ﬂwgtht bNe NeOsolben ord &iaepl @lthzthyh@qewge (39,9 ng.)( 4-
(ethyl sulfg %ﬁ%@a%@ﬂ@&9&@%635“@&@%{@' R ibp sﬂomﬂohpm@'drﬁu N8 One

(Preparation C 3 A and usin 2-tri oroacetic an ide in
Step C. MEIWR 2000 civleentra@DCLB) give (B)-2€3-2.5-dgkpro- zn(m@hylsmfogﬂmhmo@m 2.72 -

2600 iRl iy 2B LT Ruggh B 29, 4 20

2H) . Exanfl4d9B5 ( SpHtcd B (295 sobiibih © ubeo-44(3((?r;étd@dosuhf(mﬂbhylﬁpiﬁmmybmxm) 1'-(5
di fl uor,omet h

- ( di perd ~di ne
[ 00460] Pr epa% lPaC.%nCIO HPIRGH ne—f— r{>0n1ttr1}]e ﬁ)]‘.‘)q g,EQgO nilrgoli EtOlq GO m]?) was
(S)-3-(2,28daddli hlydroxydadine (O 12 g, 1.8 mmol) and the reaction was stlrred at 60 °C overnight.
(et hyl's fon phenoxy) - pi i di n-4- pyrrolidi aration
Eay o dep KRG LSyl B L ShBaiEed hngie obTHoSesg R R 400
R/I:DZ, CDCZ(&):ﬁhyl@ulion?Bphen&xﬁ—D dx%yrfd‘l&lmgl&g@@% h}écgo;é!;@%)(eﬂgm% |1'|)carf3x153dam123 653( r5ng
. " ) . - . m .

( m 1H) %Q31§, 0. 864m§1@1 ? 0 yﬁiﬂ) as&v%lge éqhd. Mss S@c%lgn?a[pm)ﬂzﬁ =|21%3.:132 Hei 1H),

. 65 (dd,[o¢ush} ExaﬁfEé €: 368)—4 %3 -(2,5- D1ﬂu0r0 4 (methylsulfonyl)phenoxy) 2- oxozpyrrohdln—
(S) 3(2f|uoro4(rre | sul onI amno)-1-(1- trifluoroethy

1) -1, 2, 4-1-9kNdvdssyrigendmep} E)’f’é??"d‘iﬂﬁla@“{?l(? 89 & BFP dlilrﬂolk alefh@ 2ytriffyoroacetif cF3 H N
b. 79 [ Qgﬁﬁﬁﬂhﬁ(ﬁﬂ) Ao 45%@01?@%1@0'091‘31&31 with dioxane (6 mL). The solution was heated

(S)-3-(2-fl'uoro-4-( fon nyl am no) - 1-
in a sealed tube at 30 °C for 1 hour and then at 90 °C for 3 hours. The solution was cooled
and concentrated. Purification of the crude material by reverse phase HPLC gave (S)-3-(2,5-
difluoro-4-(methylsulfonyl)phenoxy)-1-(1-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)piperidin-4-yl)pyrrolidin-2-one (0.055 g, 0.11 mmol, 23% yield) as a white solid. "H NMR
(400 MHz, CDCl3): & 1.72 — 1.90 (m, 4H), 2.30 — 2.40 (m, 1H), 2.57 — 2.65 (m, 1H), 3.08 —
3.15 (m, 2H), 3.20 (s, 3H), 3.35 — 3.42 (m, 1H), 3.51 — 3.58 (m, 1H), 4.13 — 4.27 (m, 3H),
4.98 (t, 1H), 7.35 (dd, 1H), 7.67 (dd, 1H).
Example 28

(8)-3-(2,6-difluoro-4-(methylsulfonyl)phenoxy)-1-(1-(5-(trifluoromethyl)-1,2.4-oxadiazol-3-

yDpiperidin-4-y)pyrrolidin-2-one

<
)@(d

[00451] Prepared accordlng to the method of Example 12, using (S)-3-(2,6-difluoro-4-

\\
’/

(methylsulfonyl)phenoxy)-1-(piperidin-4-yl)pyrrolidin-2-one hydrochloride (Preparation D-
2) in Step A and using 2,2,2-trifluoroacetic anhydride in Step C. 'H NMR (400 MHz,
CDCL): 6 1.72 — 1.90 (m, 4H), 2.31 — 2.40 (m, 1H), 2.52 — 2.60 (m, 1H), 3.02 — 3.15 (m,
2H), 3.05 (s, 3H), 3.31 — 3.38 (m, 1H), 3.51 — 3.60 (m, 1H), 4.11 —4.23 (m, 3H), 5.02 (t, 1H),
7.53 (d, 2H).



(pi peridin-4-yl)pyrrolidin-2-one (Preparation C, 0.95 g, 2 7 mmol) in
acetonitrile (60 nL) was added potassium carbonate (0.78 g, 5 6 mmol) and
cyani ¢ brwoi2de/3339% i n acetonitrile, 0.64 nL, 3.2 mmol) pamaisthia/oswsact i on
stirred overnight at anbient tenperature. The reaction was next made basic
with 1 N NaCH solution. The material was then extracted with EtOAc. The
organic |l ayer was washed with 1 N NaCH, dried over M504 and concentrated
to give (S)-4-(3 -(2 -fluoro-4-(methyl7sul f onyl ) phenyl am no) -2 -oxopyrro
lidin-1 -yl)piperidine-1 - carbonitrile (0.92 g, 90% as a white solid.
[ 00462] Step B: To a sol ution of Example 29

_@:1

(S):4- (3- (S Lugrgs -
-yl ) pi peridine-T-carbon was added
hydr oxyl ami ne (50% i n water, OLLEZﬂ@b_lMinﬁfﬂ_ﬁ and the reaction stirred at
60 C overnight. The solution was cool ed and goncentrated to give
(S)-4-(3-(2-fluoro-4- M2 F

(et hyl sul f onyl ) phenyl am no) - 2 0XOPYQr o i'nM -y1) - N- hydr oxypi peri di ne-1 -
carbOX|mdamde(0 98 g, 2.4 LR, | d) as a white solid; MS (apci)

m z 414.2 (MrH). [00463] Ste ,3,3-trifluoropropanoic acid (0.031
g, O. 24 mml) in DMF (2 nl)Os added dllsopropyl ethylam ne (0.042 niL, 0.24
mol ) and N((di net hyl anmi no)? Tuor onet hyl ene) - N- met hyl met hanami ni um

hexaf | uonegizep phat BeYred Qcc@ﬁrﬂnggto ﬂheaﬂetmmbf) Exdthifte Neaglin® (s VWag-Hidrs-ned at
anbi ent tenﬁer ature for m nutes, and t

- (2-f1 uor®e ylew&nﬁpplsemlﬁ@ﬁw Mh@ﬁ%%ﬁ‘fﬂﬁd)neﬂ?yé‘% &?P%&Prea?rhtlozl E) and 2

- ¥1) - N- hygdionvnl Br ekt ¢ ed A- ﬁfardgfaglzra slam@iaélic B8h@irid0 i $tep P! 1 NRKR added.
The reaction was stirred at 110 for 3 hours. The solution was dil uted

with sat (TLERCTHEAN NS @ g énbl%xtk@c@md% L0 EtIBACSHYHD Sor §8Ai(e. PRAYEr48was dri ed

over n p H ri ation
gave (S %§3%F?1$?uorgg Z?ﬁ%)eg?%hy gé r}{%[ %%g%?a%@%o?%%%m TlLIFA@E (Lgid:
trifluordmt i), 5-50 (%, BHpxadi(atd), 733yd)pi)pe60 @i hH¥-y1) pyrrol i d| n- 2- one (o 046
g, 0.091 mmol, 38%yield) as a whi k&, SOl|I . Mass spectrum (apci) mz =

506. 1 (M+H). [00464] The foll ow ng con'p% s were al so prepared according to

t he net hod @$)-Exasmifeod64- (mmhxﬂallﬂohﬂ)lﬂﬁmﬂnmhb)at €l -@gciddluoronBtiem)- 12 4Ex. #
Structure Nanme Data 37 a‘do grsg ﬁ g Ss spectrum 11-\-
oxadiaz -yDpiperi 1n —V )Dvrrohdln one

(et hyl sul fonyl ) phenyl amt
)\/>—<
0, 4, L
e

[00453] Prepared according to the method of Example 12, using (S)-3-(2,5-difluoro-4-

(methylsulfonyl)phenylamino)-1-(piperidin-4-yl)pyrrolidin-2-one (Preparation C-1) in Step A
and using 2,2-difluoroacetic anhydride in Step C. 'H NMR (400 MHz, CDCL): & 1.72 —
1.88 (m, 4H), 1.88 — 1.98 (m, 1H), 2.70 — 2.80 (m, 1H), 3.02 — 3.18 (m, 2H), 3.08 (m, 3H),
3.33 - 3.49 (m, 2H), 4.07 — 4.12 (m, 1H), 4.15 —4.22 (m, 2H), 4.22 — 4.30 (m, 1H), 5.15 (bs,
1H), 6.50 (dd, 1H), 6.65 (t, 1H), 7.52 (dd, 1H).



(apci) mMz = o_ d \ H 0)- 1 -(1-(5-propyl-1,2,4-
oxadi azol - 3-yepi peridin-4- yepyrrolidin-2-one 466. 1(MH) 80 Ex. #
Struct ur ewane/B3aiva 38 -ON- / H:S 0- \ (S)-3-(2-fl uor oP¢T/US2011/051821
(et hyl sul fonyl ) phenyl amin 0)-1-(1-(5-(pyridin-2-ye- 1,2, 4-oxadiazol - 3-
yepi peri di n-4-yepyrrolidin2-one Mass spectrum (apci) mz = 501.2 (MtH) 39
-oC F3 H o, 110 ;s

76

Example 31
(S)-3-(2.6-difluoro-4-(methylsulfonyphenylamino)-1-(1-(5-(difluoromethyl)-1.2.4-

oxadiazol-3-yDpiperidin-4-y)pyrrolidin-2-one

-0 F
94
? i o
R H
N/l. N
O?:S F
o™\
[00454] Step A: To a solution of cyanic bromide (0.96 mL, 4.8 mmol) in acetonitrile

(160 mL) was added potassium carbonate (1.17 g, 8.4 mmol) and (S)-3-(2,6-difluoro-4-
(methylsulfonyl)phenylamino)-1-(piperidin-4-yl)pyrrolidin-2-one (Preparation C-2; 1.5 g, 4.0
mmol) and the reaction was stirred overnight at ambient temperature. The reaction was
quenched with 1 N NaOH solution and extracted with ethyl acetate (300 mL). The combined
organic layers were washed with 1 N NaOH solution, brine, dried over MgSO,, and
concentrated to give (S)-4-(3-(2,6-difluoro-4-(methylsulfonyl)phenylamino)-2-oxopyrrolidin-
1-yl)piperidine-1-carbonitrile (1.7 g, 4.1 mmol, 100%) as a white solid.

[00455] Step B: To a solution of (8)-4-(3-(2,6-difluoro-4-
(methylsulfonyl)phenylamino)-2-oxopyrrolidin-1-yl)piperidine-1-carbonitrile (1.7 g, 4.1
mmol) in EtOH (35 mL) was added hydroxylamine (0.55 g, 8.3 mmol) and the reaction was
stirred at 60 °C overnight. The solution was cooled and concentrated to give the (S)-4-(3-
(2,6-difluoro-4-(methylsulfonyl)phenylamino)-2-oxopyrrolidin-1-y1)-N-hydroxypiperidine-1-
carboximidamide (1.75 g, 4.1 mmol, 98% yield) as a white solid. Mass spectrum (apci) m/z
=432.1 (M+H).

[00456] Step C: (8)-4-(3-(2,6-difluoro-4-(methylsulfonyl)phenylamino)-2-
oxopyrrolidin-1-yl)-N-hydroxypiperidine-1-carboximidamide in dioxane (4 mL) was charged
with 2,2-difluoroacetic anhydride (0.097 g, 0.56 mmol). The mixture was stirred at 60 °C
overnight. The solution was concentrated and the crude material was purified by flash
chromatography (80-100% EtOAc/hexanes) to give (8)-3-(2,6-difluoro-4-
(methylsulfonyl)phenylamino)-1-(1-(5-(difluoromethyl)-1,2,4-oxadiazol-3-yl)piperidin-4-
yl)pyrrolidin-2-one (0.16 g, 0.33 mmol, 70% yield) as a white solid. "H NMR (400 MHz,
CDCL): & 1.72 - 1.88 (m, 4H), 1.90 — 2.00 (m, 1H), 2.70 —2.79 (m, 1H), 3.02 (s, 3H), 3.02
—3.15 (m, 2H), 3.30 — 3.46 (m, 2H), 4.12 — 4.29 (m, 3H), 4.12 — 4.30 (m, 1H), 4.75 — 4.83
(m, 1H), 6.64 (t, 1H), 7.43 (d, 2H).
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[00457] Prepared according to the method of Example 12, using (S)-3-(2,6-difluoro-4-
(methylsulfonyl)phenylamino)-1,4'-bipiperidin-2-one (Preparation F-2) in Step A and using
2,2-difluoroacetic anhydride in Step C. 'H NMR 400 MHz, CDCL;): & 1.59 — 1.69 (m, 1H),
1.70 — 1.82 (m, 4H), 1.91 — 2.00 (m, 2H), 2.43 — 2.51 (m, 1H), 3.02 (s, 3H), 3.00 — 3.10 (m,
2H), 3.29 (t, 2H), 4,12 — 4.20 (m, 2H), 4.30 — 4.38 (m, 1H), 4.61 —4.71 (m, 1H), 5.12 — 5.20
(m, 1H), 6.62 (t, 1H), 7.42 (d, 2H).

Example 33

(S)-3-(2,5-difluoro-4-(methvlsulfonyl)phenylamino)-1'-(5-(difluoromethyl)-1.2.4-oxadiazol-

3-yD)-1.4"-bipiperidin-2-one
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[00458] Prepared according to the method of Example 12, using (S)-3-(2,5-difluoro-4-

(methylsulfonyl)phenylamino)-1,4'-bipiperidin-2-one (Preparation F-1) in Step A and using
2,2-difluoroacetic anhydride in Step C. "H NMR 400 MHz, CDCL): & 1.58 — 1.70 (m, 1H),
1.71 — 1.83 (m, 4H), 1.95 — 2.03 (m, 2H), 2.41 — 2.51 (m, 1H), 3.02 — 3.12 (m, 2H), 3.17 (s,
3H), 3.32 (t, 2H), 3.90 — 3.97 (m, 1H), 4.12 — 4.20 (m, 2H), 4.63 — 4.71 (m, 1H), 5.09 (bs,
1H), 6.45 (dd, 1H), 6.63 (t, 1H), 7.50 (dd, 1H).



Nc)\_ (S)-3-(2-fluoro-4- (nethylsul fonyl)phenyl am n
0)-1-(1-(5-(2-fluoropropan- 2-yl)-1, 2, 4-oxadi azol - 3-
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(S)-1-(1-(5-cyclopentyl- 1,2, 4-oxadi azol - 3- yepi peridin-4-y1)-3-(2-
fluoro-4- (nethylsulfonyl)phenylam n o)pyrrolidin-2-one Mass spectrum
(apci) mz = 492. 1(M+H) 44 78

Example 34
(S)-3-(4-(ethylsulfony])-2-fluorophenylamino)-1-(1-(5-(trifluoromethy1l)-1.2.4-oxadiazol-3-

yDpiperidin-4-y)pyrrolidin-2-one
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[00459] Prepared according to the method of Example 12, using (S)-3-(4-
(ethylsulfonyl)-2-fluorophenylamino)-1-(piperidin-4-yl)pyrrolidin-2-one (Preparation C-3) in
Step A and using 2,2,2-trifluoroacetic anhydride in Step C. 'H NMR 400 MHz, CDCl;):
5 1.28 (t, 3H), 1.72 — 1.98 (m, SH), 2.72 — 2.80 (m, 1H), 3.10 (q, 2H), 3.02 — 3.18 (m, 2H),
3.33 = 3.51 (m, 2H), 4.10 — 4.22 (m, 3H), 4.22 — 4.32 (m, 1H), 5.07 (bs, 1H), 6.69 (t, 1H),
7.51 (dd, 2H).
Example 35
(S)-3-(2.5-difluoro-4-(methylsulfonyl)phenylamino)-1'-(5-(difluoromethyl)-1.2.4-oxadiazol-

3-yD)-1.4"-bipiperidin-2-one
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[00460] Prepared according to the method of Example 12, using (S)-3-(2,5-difluoro-4-

(methylsulfonyl)phenoxy)-1-(piperidin-4-yl)pyrrolidin-2-one (Preparation F-4) in Step A and
using 2,2-difluoroacetic anhydride in Step C. "H NMR 400 MHz, CDCls): & 1.72 - 1.87 (m,
4H), 2.20 - 2.48 (m, 1H), 2.53 - 2.65 (m, 1H), 3.02 - 3.14 (m, 2H), 3.19 (s, 3H), 3.35 - 3.42
(m, 1H), 3.51 - 3.59 (m, 1H), 4.15 - 4.30 (m, 3H), 4.99 (t, 1H), 6.63 (t, 1H), 7.35 (dd, 1H),
7.65 (dd, 1H).
Example 36
(S)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)-1-(1-(5-(2,2,2-trifluoroethyl)-1,2.4-

oxadiazol-3-yDpiperidin-4-y)pyrrolidin-2-one
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(S)-1-(1-(5-cycl opropyl - 1,2, 4-oxadi azol - 3- yepi peridin-4-y1)-3-(2-
fluoro-4- (nethylsul fonyl)phenylam n o)pyrrolidin-2-one Mass spectrum
(apci) mz = 464.2 (MtH) 81 Ex. # Structure Nanme Data 46 ...oCF3 H
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[00461] Step A: To a solution of (S)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)-1-
(piperidin-4-yl)pyrrolidin-2-one (Preparation C, 0.95 g, 2.7 mmol) in acetonitrile (60 mL)
was added potassium carbonate (0.78 g, 5.6 mmol) and cyanic bromide (5 M in acetonitrile,
0.64 mL, 3.2 mmol) and the reaction stirred overnight at ambient temperature. The reaction
was next made basic with 1 N NaOH solution. The material was then extracted with EtOAc.
The organic layer was washed with 1 N NaOH, dried over MgSO, and concentrated to give
(S)-4-(3-(2-fluoro-4-(methylsulfonyl)phenylamino)-2-oxopyrrolidin-1-yl)piperidine-1-
carbonitrile (0.92 g, 90%) as a white solid.

[00462] Step B: To a solution of (S)-4-(3-(2-fluoro-4-(methylsulfonyl)phenylamino)-
2-oxopyrrolidin-1-yl)piperidine-1-carbonitrile (0.92 g, 2.4 mmol) in EtOH (35 mL) was
added hydroxylamine (50% in water, 0.32 g, 4.8 mmol) and the reaction stirred at 60 °C
overnight.  The solution was cooled and concentrated to give (S)-4-(3-(2-fluoro-4-
(methylsulfonyl)phenylamino)-2-oxopyrrolidin-1-yl)-N-hydroxypiperidine-1-
carboximidamide (0.98 g, 2.4 mmol, 98% yield) as a white solid; MS (apci) m/z = 414.2
(M+H).

[00463] Step C: To 3,3,3-trifluoropropanoic acid (0.031 g, 0.24 mmol) in DMF (2
mL) was added diisopropylethylamine (0.042 mL, 024 mmol) and N-
((dimethylamino)fluoromethylene)-N-methylmethanaminium hexafluorophosphate(V) (0.064
g, 0.24 mmol). The reaction was stirred at ambient temperature for 30 minutes, and then (S)-
4-(3-(2-fluoro-4-(methylsulfonyl)phenylamino)-2-oxopyrrolidin-1-yl)-N-hydroxypiperidine-
1-carboximidamide (0.10 g, 0.24 mmol) was added. The reaction was stirred at 110 °C for 3
hours. The solution was diluted with saturated NaHCO; and extracted with EtOAc. The
organic layer was dried over MgSO, and concentrated under vacuum. Reverse phase HPLC
purification gave (S)-3-(2-fluoro-4-(methylsulfonyl)phenylamino)-1-(1-(5-(2,2,2-
trifluoroethyl)-1,2,4-oxadiazol-3-yl)piperidin-4-yl)pyrrolidin-2-one (0.046 g, 0.091 mmol,
38% yield) as a white solid. Mass spectrum (apci) m/z = 506.1 (M+H).

[00464] The following compounds were also prepared according to the method of

Example 36, using the appropriate acid in Step C.

Ex. # Structure Name Data
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Example 48
(8)-3-(2,5-difluoro-4-(methylsulfonyl)phenylamino)-1'-(5-(1.1-difluoroethyl)-1,2.4-oxadiazol-3-
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[00465] Step A: To a solution of (8)-3-(2,5-difluoro-4-

(methylsulfonyl)phenylamino)-1,4'-bipiperidin-2-one (Preparation F-1; 1.1 g, 2.8 mmol) in
acetonitrile (100 mL) was added potassium carbonate (0.82 g, 5.9 mmol) and cyanic bromide
(5 M in acetonitrile, 0.68 mL, 3.4 mmol) and the reaction was stirred overnight at ambient
temperature. The reaction was then diluted with 1 N NaOH solution and extracted with
EtOAc. The organic layer was washed with 1 N NaOH, dried, and concentrated to give (S)-
3-(2,5-difluoro-4-(methylsulfonyl)phenylamino)-2-oxo-1,4"-bipiperidine-1'-carbonitrile (0.98
g, 84%) as a white solid; MS (apci) m/z = 413.2 (M+H).
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[00466] Step B: To a solution of (S)-3-(2,5-difluoro-4-(methylsulfonyl)phenylamino)-
2-0x0-1,4"-bipiperidine-1'-carbonitrile (2.26 g, 5.4 mmol) in EtOH (60 mL) was added
hydroxylamine (50% in water, 0.72 g, 10.9 mmol) and the reaction stirred at 60 °C for 2
hours. The solution was cooled and concentrated to give the crude (S)-3-(2,5-difluoro-4-
(methylsulfonyl)phenylamino)-N-hydroxy-2-oxo-1,4"-bipiperidine-1'-carboximidamide (2.5
g, 100%) as an off-white solid; MS (apci) m/z = 446.2 (M+H).

[00467] Step C: To a solution of 2,2-difluoropropanoic acid (0.081 g, 0.74 mmol) in
dioxane (6 mL) was added diisopropylethylamine (0.13 mL, 0.74 mmol) followed by
addition of isobutyl carbonochloridate (0.10 mL, 0.74 mmol) at 0 °C. After 1 hour, (S)-3-
(2,5-difluoro-4-(methylsulfonyl)phenylamino)-N-hydroxy-2-oxo-1,4"-bipiperidine-1'-
carboximidamide (0.220 g, 0.4938 mmol) was added and the reaction stirred at 60 °C
overnight. The solution was cooled and diluted with water. The solution was extracted with
EtOAc and the organic layer was dried over MgSQ, and concentrated under vacuum.
Reverse phase HPLC gave (S)-3-(2,5-difluoro-4-(methylsulfonyl)phenylamino)-1'-(5-(1,1-
difluoroethyl)-1,2,4-oxadiazol-3-yl)-1,4"-bipiperidin-2-one (0.041 g, 16%) as a white solid.
"H NMR (400 MHz, CDCL): & 1.60 — 1.70 (m, 1H), 1.71 — 1.83 (m, 4H), 1.95 — 2.05 (m,
2H), 2.07 (t, 3H), 2.43 — 2.51 (m, 1H), 3.03 — 3.12 (m, 2H), 3.17 (s, 3H), 3.33 (t, 2H), 3.89 —
3.96 (m, 1H), 4.15 —4.20 (m, 2H), 4.62 — 4.71 (m, 1H), 5.6 (bs, 1H), 6.47 (dd, 1H), 7.50 (dd,

1H).
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(S)-1-(1-(5-(1,1-difluoroethyl)-1.2.4-oxadiazol-3-yDpiperidin-4-yD-3-(2-fluoro-4-
(methvlsulfonyl)phenylamino)pyrrolidin-2-one
[00468] Step A: To a solution of cyanic bromide (0.14 g, 1.4 mmol) in acetonitrile

(30 mL) was added potassium carbonate (0.31 g, 2.25 mmol) and (S)-3-(2-fluoro-4-
(methylsulfonyl)phenylamino)-1-(piperidin-4-yl)pyrrolidin-2-one (Preparation C, 0.40 g, 1.1
mmol) and the reaction stirred for 90 minutes at room temperature. The reaction was then
diluted with 1 N NaOH solution and extracted with EtOAc. The organic layer was washed
with 1 N NaOH solution, dried over MgSQO,, and concentrated to give (S)-4-(3-(2-fluoro-4-
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-yl)p ip grl:H[cl\ih %th)}’i) I%Q%%azd]m]pf glﬁ)@pé{}dm %r@i qqftényl )phenyl am no) pyrro
| i di n-2- dmethy s@@h§BpISnelpmMo)pyorohdis GFarti (OrﬁWﬁ)fg, @ﬂérmmob@(%mdhi) (B.a1v4higs 1 4
mol) in topitrdl S @ d SSj rb te (0 , 2.25
ol 3 andaléfg) Qgiﬂ%@f(ﬁ%ﬁﬁu%dﬁ dsd pgf assiim G OMALEA 0, 31 (.

(et hyl suhf)omd ()spi}e)ny lo,am3m@)(ml 2le3®r4 ﬂs(mcné} ) pyz ralpdinn3y, ane — 4.30
(Preparation C He reaction stirred for 90 m nutes
at room tBnpéb étoéréogfﬁ’elﬁééﬁol(bﬁHM§5t( a7 PUtedHhi th 1 N NaOH sol ution
and extracted with EtOAc. The orgapksmpryer was washed with 1 N NaCH
solution, dried over M504, and concentr at ed t ive (S)-4-(3-(2-fluoro-4-
83

(et hyl sul f onyl ) phenyl am no) - 2- oxopyJro yF)pi peridi ne-1l-carbonitrile
(0.32 g, 0.84 nmml, 75%yield) as a(%vhlte solid. M5 (apci) mz = 381.1

( MrH) .

(S)-3-(2.6-difluoro-4-(methylsulfonyphenylamino)-1'-(5-(1,1-difluoroethyl)-1,2.4-

oxadiazol-3-yI)-1.4"-bipiperidin-2-one
[00471] Prepared according to the method of Example 48 using (S)-3-(2,6-difluoro-4-

(methylsulfonyl)phenylamino)-1,4'-bipiperidin-2-one (Preparation F-2) in Step A. Mass
spectrum (apci) m/z = 520.1 (M+H). 'H NMR (400 MHz, CDClL): & 1.58 — 1.69 (m, 1H),
1.70 — 1.82 (m, 4H), 1.90 — 2.00 (m, 2H), 2.05 (t, 3H), 2.42 — 2.51 (m, 1H), 3.02 (s, 3H), 3.00



[ 00469] Step B: To a solution of
(S)-4-(3-(2-fluoro-4-(nmethyl sul fonyl) phenyl am no) -

2- oxopyr rwbi2dizn3i39gl ) pi peri di ne-1-carbonitrile (0.92 g, PRTASow/0§182n Et OH
(35 nmL.) was added hydroxylam ne (0.32 g, 4.8 mmol) and the reaction stirred
at 60 C overnight. The solution was cool ed and concentrated to give
(S)-4-(3-(2-fluoro-4-

(nethylsulfonyl)phenylanino) 2- oxopyr gol i di n-1-y1)-N-hydroxypi peridi ne-
carboxinidanide 0.98 .4 mmol, 98%yield) as a white solid. M (apC|)
7 = 414 210 @AD. {@8)8,7@1)5f1é6ﬂ202§n22§)§,f4 Hor 4gF 6Pabidl. &-68ci 47q on.odlg, 2 &
nnDI) i N s0i0XaRE g;mg? ooled to O C Diisopropylethylamne (0.44 nmi,
2.54 mol) was added f % by i sobutyl carbonochloridate (0.33 nL, 2.54
mol ). After 1 hour, (S)-4- (3 (2 fE&@nmkﬁl

(et hyl syldhanyla g <0 i1 RYET 9XXRAREL| I ne-! -
car boxi mdarn t 0. 70 g, 1.69 ol ' f o ed a
60 C overnight. RS idiy jyrralidini?-ed extracted with
Et OAc, dried over M504, and concentrated P rification of the crude

material by flash chromat ography gave (S)- @5-

(1,1-difluoroethyl)-1, 2, 4- oxadlazoI<£ Y, |d|n 4-y1)-3-(2-fl uoro-4-
(nethylsulfonyl)phenylanlno)p B Jizgne (0.075 g, 0.15 mol, 9% yi el d)
as a white solid. 1H NWR (40 13) 6 1.72 - 1.98 (m SFD, 2.07 (t,
3H), 2.72 - 2.81 (m 1H, & 3.02 -3.15 (m 2H), 3.35 -3.50 (m

2H) 412 -4.22 (m 3H), 42 - 30(m1H) 5.05 - 5.09 (m 1H), 6.80 (t,

6 dif ui?‘%‘qﬁl ( rret@%gté‘t?ﬁ?/?‘%ﬁ@?%‘%@wﬁ Yli‘(n%@%( '%g'ftt“d?lOIPFtﬁ@?/Bet hyl)-1, 2

, 4-  oxadiezetaddzolyilybpipdididi-p1)pyrgidind -bne2 Eam@ple [1906tF5) Lroapardoigesdr di ng
to the nmet hod of Exanple 48 using 6-di fluoro

(et hyI sEYTBYIPY Phensl ey L 1o Stlaﬁ%)trb@tc?%ﬂh-ﬂ%-)dwem(abt ep4s Sl wap) jn

Ste . nf® i\ S fifi ver 1) v uor 13 6
> 58 f 1%%3% RELLARIVARR a)ndrﬁu fizd 5}29@ tséqﬂthk HP td: é@@ t‘zb% oocgﬁx(:t )3H),

2.42 -2. Sltlefélmsuliqq;?)plynmlzme@) 13- gpaﬂebgpnéﬂll 13, 41%3@1%;0 énnl),plpsrléle At

4.12 -4. p&ﬂ%hd%t&—oné(m2 g, 60@18m(1f5! 435"79y161&) 8% whifk-s604. (M‘ass]stotruﬁr (11301) 5 20
(m 1H é :

((S)-3 (mﬂiFdﬁ é(MHfﬂethylsulfonyl)phenylantno) 1- (1-(5- (pyr| olidin-1- yl)
2, 4- oxadi azol - 3- yl ) piperidin-4 Ek%ﬂy&%@|ldln 2-one -5 NN)1--N N .

\

)
/>—€
/X%;f@“(ﬂy/[:)

(8)-3-(2.5-difluoro-4-(methvlsulfony)phenoxy)-1-(1-(5-(1.1-difluoroethyl)-1.2.4-oxadiazol-

11
N/

3-yDpiperidin-4-yl)pyrrolidin-2-one
[00473] Prepared according to the method of Example 48 using (S)-3-(2,5-difluoro-4-

(methylsulfonyl)phenoxy)-1-(piperidin-4-yl)pyrrolidin-2-one (Preparation F-4) in Step A.
Mass spectrum (apei) m/z = 507.0 (M+H). '"H NMR (400 MHz, CDCL3): & 1.70 — 1.88 (m,
4H), 2.05 (t, 3H), 2.30 — 2.40 (m, 1H), 2.55 —2.65 (m, 1H), 3.02 —3.12 (m, 2H), 3.20 (s, 3H),
3.33 —3.41 (m, 1H), 3.52 — 3.58 (m, 1H), 4.12 — 4.38 (m, 3H), 4.98 (t, 1H), 7.35 (dd, 1H),
7.67 (dd, 1H).



H/ [00472](S)-3 -(2-F luoro-4-(nethyl sul fonyl)phenylam no)-1-(1-(5
-(trichloronethyl)- 1,2, 4-oxadi azol -3-yl) pi peridi n-4-yl)pyrrolidin-2-one
(Exanpl e WB;202/3503g, 0.092 mmol ) and pyrrolidine (0. 13pgT/uB2@106B2) were
stirred in EtOH (1 nL) overnight. The material was concentrated under
vacuum and purified by reverse phase HPLC to give (S)-3-(2-fluoro-4-

(met hyl sul fonyl ) phenyl am no)-1-(1-(5-(pyrro lidin-1 -yl1)-1, 2, 4-oxadi azol -3
-yl)pip eridin-4- yl)pyrrolidin-2 -on85(0 022 g, 0.045 nmol, 48%yield) as
a white solid. Mss spectrun1(apci£ mz = 493.2 (MtH). Exanple 52 ol
(S)-3 -(2,5 -difluoro-4-(nethvl sul fs#mply§henoxv) - 1

-(1-(5-(1, 1 - di Ls)- B L)}
lidin-2 -oné P
(S)-3-(2,5-difluoro-4- oxadiazol-3-yl)piperidin-4-yl)azepan-2-one
(met hyl sul fonyl ) phenoxy) - 1- (pi peri di n- 4- yI)p_k{oIidin 2-one (Preparation
F-4) in Step A Mass spectrunl(apC|) mz =5 7}OCKN%FD 1H NVR (400 Hz,
CDC13): 6 1.70 - 1.88 (m 4H), R.30 - 2.40 (m 1H, 2.55
-2.65 (m 1H), 3.02 -3.12 (m i3 BFD 3.33 - 3.41 (m 1H), 3.52
- 3.58 (m 1H, 4.12 - 4. 38, ( y98 (t, 1H), 7.35 (dd, 1H), 85

oY

[00474] Step A: (S)-3-(2,5-Difluoro-4-(methylsulfonyl)phenylamino)-1-(piperidin-4-

i 4ay1 ) pyao

réghdt .
0 anpl e 48 using

yl)azepan-2-one was synthesized according to the method described in Preparation F,
substituting  (S)-6-amino-2-(benzyloxycarbonylamino)hexanoic acid for (S)-5-amino-2-
(benzyloxycarbonylamino)pentanoic  acid in  Step A  and  24-trifluoro-5-
(methylsulfonyl)benzene for 1,2-difluoro-4-(methylsulfonyl)benzene in Step D.

[00475] Step B: To a solution of (S)-3-(2,5-difluoro-4-(methylsulfonyl)phenylamino)-
1-(piperidin-4-yl)azepan-2-one (0.60 g, 1.5 mmol) in acetonitrile (25 mL) was added
potassium carbonate (0.43 g, 3.1 mmol) and cyanic bromide (5 M in acetonitrile, 0.36 mL,
1.8 mmol). The reaction was stirred overnight at ambient temperature. The reaction was made
basic with 1 N NaOH solution. The solution was extracted with EtOAc (3 x 50 mL). The
organic layer was dried over MgSO, and concentrated to give (S)-4-(3-(2,5-difluoro-4-
(methylsulfonyl)phenylamino)-2-oxoazepan-1-yl)piperidine-1-carbonitrile (0.67 g, 100%) as
a white solid.

[00476] Step C: To a solution of (8)-4-(3-(2,5-difluoro-4-
(methylsulfonyl)phenylamino)-2-oxoazepan-1-yl)piperidine-1-carbonitrile (0.67 g, 1.6 mmol)
in EtOH (50 mL) was added hydroxylamine (0.21 g, 3.1 mmol, 50% in water) and the
reaction was stirred in a sealed vessel at 60 °C overnight. The solution was cooled and
concentrated under vacuum to give crude (S)-4-(3-(2,5-difluoro-4-
(methylsulfonyl)phenylamino)-2-oxoazepan-1-yl)-N'-hydroxypiperidine- 1 -carboximidamide
(0.60 g, 1.3 mmol, 83% yield) as a white solid.

[00477] Step D: To a 0 °C solution of (S)-4-(3-(2,5-difluoro-4-
(methylsulfonyl)phenylamino)-2-oxoazepan-1-yl)-N'-hydroxypiperidine- 1 -carboximidamide
(0.60 g, 1.3 mmol) in dioxane (50 mL) was added trifluoroacetic anhydride (0.27 g, 1.3
mmol). After 30 minutes the mixture was heated to 60 °C and held at that temperature for 24
hours. The solution was cooled and concentrated under vacuum. The crude material was

purified by column chromatography, eluting with 75% hexanes/ethyl acetate to provide (S)-



Exanpl e 53

(S)-3-(2,5-difluoro-4-(nethyl sul fonyl) phenyl am no)-1-(1-(5-(trifl uoronethyl
)-1, 2, 4- weadi2zBed933-yl ) pi peri di n-4-yl)azepan-2-one N PCH/US2011/D518CF3 N N
0, (:)? F[00474]Step A: (S)-3 -(2,5 -D ifluoro-4-(nethyl

sul fonyl ) phenylam no)-1 -(p iperidin-4- yl)azepan-2 -one was synt hesi zed
according to the nethod described in Preparation F, substituting

(S) - 6-am no- 2- (benzyl oxycar bonyl am nojtiexanoi ¢ acid for (S)-5-am no-2-
(benzyl oxycar bonyl am no) pent anoi caci di nSt epAand2, 4-trifl uoro- 5-

ot byl S L@ o) T e RgHors Dpbapy Bimdish -0 eglomy Brivh 4 besissnled- n St ep
D. [0047 | Lt 0 % vi : :

(9)- 3- (2 0P P e aPa Rt @1 P15 ety P g, o @ white solid.  Mass

1- ( pi per ispctrud-(gpc)amepads - dddl)(0.60 g, 1.5 mmol) in acetonitrile (25 nl)
was added potassium carbonate (0. 4%':911 3 mmol) and cyanic bromde (5 Min
acetonitrile, 0.36 nm, 1. 8 mml) ?eactlon was stlrred overni ght at
ambi ent t eiSpe+(Addifd frémptd als ] perd &(Sh@st ety 1E 1,814 Nex @ i on.
The solution was extracted wt 4O€iC1 gndm- _0n m) . The organi c | ayer was
dried over My504 and concentrMﬂvg&—w](—%H (3-(2,5-difluoro-4-

(met hyl sul f onyl ) phenyl am no) - 2- oxoazepan- | - g Qﬁcperl di ne-1-carbonitrile
(0.67 g, 100% as a white solid. | 7 CFs

PR
[ 00476] St epC: Toasol uti onof (S) - 4- (3- (2, 5di }1 uor o- 4-
a >¥-yl) pi peridine-1-carbonitrile
) added hydroxylamne (0.21 g, 31

(met hyl sul fonyl') phenyl am no) -
(0.67 g, 1 6 mol) in EtOHo(

mol , 50% in water) and the Sre ction was stirred in a sealed vessel at 60 C
over ni ght. The sol ution was cool ed and concentrated under vacuumto give
crude (S)00478B- (2, StepiA:l ubo o+ 4tirrddrredlinydns af f(mmizb&y[mdryy)ltrmhbmbdphofa‘pmnmazep an-1

-y1)-N -h di b %
y?/el) d) as Xfa%n %/lpld % 3l : Idnrhf 8 Bﬁ%f%{)usoe)ﬁﬁrrn& rrﬁlg;% O(TG u]%(%l‘ nljfrolgen was aiddec{3
('S) - 4- ( 3-ph&ySHithiiufol UGB onk-3. 4mmw Is&IM suiytl onpih eiegtiyd rihoig pv&- lomoareyingne: 1

-y1) - N - hydr oxy. ridine- hoxi amde 0qg, 1 l) i.n

o oxane. (b0 i diita® eitd b ool ol RGP o Qoo b L i)
After 30 sﬂlhﬁ?ﬁ es (Rﬁ!ﬁ—(m &intblﬂﬁ/l-\ﬁ/étﬁiloh@aﬂl@iblirQ4-§Qac|@tag:l’&Hy%éedP(ﬂepaiatlbth&I SC‘;ep g

t enper at yr r 24 hours s cool ed an an trat ed under
vacuum yﬁi@%}&gdél@ﬁlp@})ﬂgp&ﬁgﬁ%& (ﬁ?H’& B tgrdueqd ¥ied 3gmrd e ut i ng
Wt h 75%hR¥anestet Rk saael at g3to BF @\hbﬁlteanﬂS}len w&ﬁlea to (aglbﬁnt tem erature

-di fl uor o-4- (et hyl sul f onyl ) phenyl am no) - 1- trlfluoronet )-1, 2, 4- oX

adi azol - 3nd Swt)dpfobérhoars eﬁn}d&z@ﬁsrhalzwérféteteé a?i ﬂ@e regidae Wan B 16§8%65u el d)

as a whi LgicsOle 65 SMSBIOMRERL FUMMGRG aToRd BefotMik)-2 Exammye) 54
(S)-3-(2.5-diTl s SURSBICRROR R fSZnyI)Sheﬁ%)X/)@ﬁlp O}Mw?)fiuorongt hyl)-1,2, 4

okttt s shorglangdagneda 33 &k mob) BTGt L, colorioss|olfagetgs of (£)- atd
(Z)-isomers).
[00479] Step B: A solution of (R)-5-(3-methoxyallyl)-2,2-dimethyl-1,3-dioxolan-4-
one (600 mg, 3.22 mmol) in acetone (32.2 mL, 3.22 mmol) and H,SO4 (1 drop) at ambient

temperature was stirred for 70 minutes. Saturated aqueous NaHCOs; (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,SO,), and concentrated in vacuo to afford (R)-3-
(2,2-dimethyl-5-o0x0-1,3-dioxolan-4-yl)propanal (407 mg, 0.938 mmol, 58% yield) as a
yellow oil (2:1 mixture of aldehyde to dimethyl acetal).

[00480] Step C: To a stirred solution of (R)-3-(2,2-dimethyl-5-0x0-1,3-dioxolan-4-
yDpropanal (2.0 g, 871 mmol) in THF (120 mL) at 0 °C was added tert-butyl 4-
aminopiperidine-1-carboxylate (1.92 g, 9.58 mmol). Sodium triacetoxyborohydride (2.77 g,
13.1 mmol) was added portionwise such that the internal temperature did not exceed 5 °C.

The mixture was stirred overnight while warming to ambient temperature. The reaction



,) [00478] Step A: To a stirred solution of

(met hoxynet hyl ) tri phenyl phosphonium chloride (1.19 g, 3.48 mmol) in

anhydr ouswethevo3(®3 nL) at -10 C under nitrogen was addedtaiseonglofisehi um
(1.93 nL, 3.48 mmol) 1.8 Msolution in diethyl ether, over 1 mnute using a
syringe. The m xture was stirred at 0 C for 30 mnutes and then cooled to
-78 C. A solution of

(R -2-(2, 2-di et hy1-5-oxo- 1, 3- di oxol ag7 4- yI)acetaIdehyde (Preparation D,
Step B; 0.500 g, 3.16 nmol) in ether/ THF 1:1(50 nL) was introduced via
addi t i on nfigfreyas dhdedt ‘M’éh Fedfe pshwashad itk bige Jhe pusdualeyerpgasxfragied. hour
and t hen t r crude
naterlaltwﬁéqﬁﬂﬁ%gﬁg an (mhgﬁggg% ugqﬁgggﬁﬁé??@ggnﬁgg?é§| |%§ggépﬁk5 50%
Et OAc i n shiétanas!) coeceatidtet dn( Rycus- ( 3TheetreradugaMay 1pur12ﬁeﬁ &y nestvhipd - thage

6 X120 Sy A E5P 95 oy T B 2L 5y 81 ioe o

(R) - 5- (3-3Ffraftde32acb)doy[1)4—121p®enldmﬂtlf‘}yarbd_)gy&tmmlaghamMIe solie( 13600 499 mBol22 mmol )

in aceto 1€ op) at anbient tenperature
was sti rEZJg ICg? ass’sﬁect rr(n%a urzatldgzls@ﬁe%ésd)NaHCCB (4-5 drops) was added
and t he roods8uy e vvaSte@dhcer‘[tor at sitrddn solaitano oﬁt (Ranmdbt-buty1 Beiyderxai2usxe-1,4he

resi due s dilute th e r, ed ri Na2S g and
concent r pé‘%Fr‘idHle\}aﬁﬂgnoxty tea lgiﬂ’ag \(Q%QO moh i i (10'm e AR SR N

(2, 2- di ety @mpgdpkog’anch gk ant 7 jl) ROPRRRA in( 4R offbn. OMEBEnRMRIny1 58%
yield) as a yellow oil 1 m xture of al dehyde to di nethyl acetal )

[ 00480] Stcblﬁrld? (478 1. é)tﬁO% rr@@pl);wpmcﬁdgchat@frate such that the internal temperature did not

(R -3-(2, hy I r : 1) in
T (120 R3¢ o Co e e B e oA AR, Ba¥mda kel et o
(1.92 g, a@deﬁ&nmmﬂri)ng waodontimutd foadémmyésorwel readmon(rﬁlx'm?e gas dRled 2foadl ) was

The: mi Xt BORS TG B e GRS TEOW Ry 1t Braatf et o bBF dtur e The

react i on intShalniedpérb@randis ndi bxebUs WO IThEtRiAGranes wasbed wiht itObki wahedlhe
aqueous | aye ed twice with Et0Ac, and.fhe comhined extracts
ver o wasHBth Rt d6Fd ﬁ\éf?sc %%C%@Prar?&dﬂégquam@aﬂ?%fus %@“E%%%Vﬁf Mifed in
vacuo. Thel [SIOUULEINES. PURdxbhR [dD¥ive GR{ISLLUNIAS @nmhggiﬁgh&oqm@w
colum (eluting with 0-60% ACN i n_wat er to af

tert - but
3- hydrox;bmzpeéb@tswtlic&xbowiam @8? mg A7 mmo aﬁﬂtﬁaxgﬁldétel{aé\”%(fPlSéhng\Rﬁ(me solid
1.55 9 | 71 Y @/@3@ 1
EI\/HrH— Boc) ﬁ) ﬂ4§@?ﬁ '§ 5"13De.nyrgﬁg@slt8| re ﬁ)f‘utl ?P%z%zﬁ%i%%??f]) 199

3- hydrox;(mzlfé)(éﬂi(m,‘lH)biléﬁfﬁePth ne-1'-carboxylate (151 ng, 0.506 mol) in

1 01 o83 ono SRE: oR Rk RL RGP RS AT ISb T80 o

was added %blpq)endmas«;ambbxylam(ltlh@, Q@Qe}nm@lb amcbptpasmtrwadaodatd (45tmgxceled 5 C

After 45 mnu addi t fony r|de 2 ) was
added and" n%‘pl %(ﬁfrﬁlas(% C{) |1rgﬁ}éga(? é’v b ﬂilﬁ rﬂné % dzﬂléor%qhen?i]( ur e
was addedng3.51mmbl) Eﬁd)ﬂ«e reafcnblh mmdreb;yasarque@wsreﬁai tﬂo“raltBdeNahin(ragennL) vi a

syringe a.rate such that .the internal tur not
The ot s THEERENEY Shtp e o AT TRESHET TR B T B A5 04)  and
concent r afeel (SH-rerBBut. 3-[Hierome D, Tdidluvwdphdpuky) 2l &@- QY Sipigdridinea’ g@bo;(yﬁﬁ)e 100%

Et OAc i n hexanes) R -te buty hyl sul f on 0-1,4"-
bi pi per i &Eﬁ@leﬁ as &&ﬁiﬁ%gghdaﬁ?& @ 55(5@ b, éiv/gw%lﬁiMaﬁzﬁp@;stwﬁdaaﬁl m
(CDCL3) @M‘LHQQOC() rrChl:ltzl'll)HPL@ éﬁalflsl'@ 1n&-1kated t‘ﬂns]naat&rlﬁll waé'about38 158ed S, 3H) 3.11 (m
2H), 2.69 (WE}Z ||_3|> 6 (s, 9H).
[00482] StI¥#8& To Iaorértaﬂ Phaéa Crlﬁr%lt MF@O%?O’E‘%‘W% rQQth XK ADH (4.6

3- (et hylsihof @Ry 5 QX Park #000924)1 U4 253 thPGS’a enﬁrellharatfbﬁr W)ﬁ 1€ ndethadd; 9, 2. 92
mmol ) and pot assi um car bonate (485 nuy, 300 powder ed) in
THF (75 &myctwaswhmfedlozmbr6mroarr@ted’mfenmt@mer{8b ewsgmerg9 23niggtesint))  and
the react}QRoHXbW Ginw@s heated to reflux for 18 hours under nitrogen. The
m xture was concentrated in vacuo and pur| fied over silica gel (1:1

hexane/ Et 0Ac) to afford (S)-tert-butyl - (4-brono- 2, 5-di fl uor ophenoxy) - 2
-0x0-1,4"-b ip iperidine-|l'-carb oxyl ate obtained as a white solid (987 ng,
1.96 mol, 67%yield). Mass spectrum (apci) mz = 389 (M-H Boc). Chiral
HPLC- analysis indicated this material was about 81% ee. [00483] Nor nmal
Phase Chiral Method Conditions: Colum. CH RALPAK ADH (4.6 x 150 mm 5 um
Part # 19324); UWV. 222 nm Sanple preparation: 0.5 ng/nL nethanol;

I njection volume: 10 ulL; Approximate retention tinmes: (R)-enantiomer 9 2

m nutes; (S)- enantioner: 9.8 mnutes. 88 Gadient: Time (mns.) Flow
(m./mn) Mbile phase A- hexanes Mobil e phase B: ethanol (200 proof)



(%9 (% 0 0.8 90 10 1 0.8 90 10 20 0.8 5 95 30 0.8 5 95 [00484] Step
suspension of (S)-tert-butyl 3-(4-brono-2,5-difluorophenoxy)-2-

F: A

0x0-1, 4' -wWopopasrdBne- | ' - car boxyl ate (700 ng, 1.39 mmol PCTArSA01308i8am
met hanesul finate (219 ng, 2.08 mmol) in DMSO (5.55 nlL), was deoxygenat ed

and purged wwth nitrogen. Cu(l) triflate benzene conplex (77.6 ng, O.

nmml ) and (1S, 25) - cycl ohexane-1, 2-diam ne (63.4 ng, 0.555 mmol) were
i ntroduced and the heterogeneous m xt@8e was seal ed and heated to 11
an oil bath and stirred for 18 hours. The mixture was cool ed to anbi
t enper at (Hradieny; | uted w th Et OAc (75 m.), washed W|th water (30 nL) a

139

0OCin
ent
nd

brine (t‘fTr‘eiq_§ g) (Naz er rate
vacuo. The reS|Idlue eﬁ%yf(?gdﬁglger ﬁ |h1cée Ha'séh( Et OA& rgo?é][g\%pg}?&)

d in

(5)-tert-buty| 3- (2 5-d|fluoro4(rrethylsuoo)onyl )
0X0-1, 4'=bt ! pro'l —ehe=p— —carggxyrat O- nTrot - 9%
light y t—sotH i

Lt e ) Rt
QD C)'O

1+
Ut

NN
J

O T~

as a

|
(M+H-Boc). [00 35
3-(2, 5- gittuero-4

4,
P

-2-0xo0-1-4

anol (5

nm.) was added 5 MHCL in IPA (1.51 m., 7.57 mml) and the m xture was

stirred 3posapI entStEﬁ'FPeAastu%&s%Qrof QS#@H%&%&Q&E&Qtﬁcﬁﬂ&%ﬂh@ndﬁ@fayp
residue was stirred in 1M mL). The organic
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= 389.1 (unfath bet{z@mejpg{xe(ﬁﬂ ng( 8)133 mn{R), #d- (IU_S 2S)-cyclohexane- 1 ,2- dlamlne (63.4

' f | uoro- Z%n% Q)Hngé()} (V%I[y h?rg%%}/d) t&g"h Serogéx‘%o{\soﬁf)églﬂ% Qvag s%a?dd nﬁ%egtgd %

nol ) was Ui Ssol v reated wt tassi um
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gi ve
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car bonat d10 05k gn o Watlmmﬂ )snrrag/dm ¢8 ooy d@he( @118!9remvas to@edmolambﬁent\/l in

terrper a\tNg?m er%ﬁg ?lglact‘?'%l}\hﬁ‘% ﬁgem@etal : rhee RSARY rwat 1 f?o rmﬁl el 9

and ext r atlt edshen) drikt ORGSOy Bleeréd mlsCo@de&traﬂed aaezkt)lo Trhe rcesdxmblmed)uﬁﬁ@a

were dri eogfer(s'\fpcg%éll)(Eta(glgc)(%g Qf(fderg t(é)?’[%r?—%u‘}y%—%i,g—%iffu%)o-—izn(le%hﬁéulfonyl)phenoxy)—2—
oxo0-1,4"-bipiperidine-1'-carboxylate (305 mg, 0.606 mmol, 44 % yield) as a light yellow oil
that solidified. Mass spectrum (apci) m/z = 389.1 (M+H-Boc).
[00485] Step  G: To a stirred solution of (S)-tert-butyl 3-(2,5-difluoro-4-
(methylsulfonyl) phenoxy) -2-oxo-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
(NaySQ,), 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).
[00486] Step H: (S)-3-(2,5-Difluoro-4-(methylsulfonyl)phenoxy)-1,4"-bipiperidin-2-
one (0.99 g, 1.8 mmol) was dissolved in dry CH3CN (5 mL) and treated with potassium
carbonate (0.52 g, 3.7 mmol). Cyanic bromide (0.39 ml, 1.9 mmol, 5 M in CH3;CN) was
added. The mixture was stirred for 30 minutes at ambient temperature. The reaction mixture
was quickly poured into 1 N NaOH (10 mL) and extracted into EtOAc three times (10 mL
cach). The combined organics were dried (MgSQO,) and concentrated to give (S)-3-(2,5-

10 ni)
ni cs



89

di fl uor o- 4- (et hyl sul f onyl ) phenoxy) - 2- oxo- 1, 4' - bi pi peridine-1'-carbonitrile
(0.81 g) we2ar/ff93white foam [00487] Step |: Hydroxyl archase@i@isal, 3 5
mmol, 50%in water) was added to a solution of (S)-3 -(2,5

-di fl uor o- 4- (net hyl sul fonyl ) phenoxy) - 2-oxo-1,4'-bip ip eridine-|"-
carbonitrile (0.73 g, 1.7 mol) in THF (4 nL). The solution was stirred at
anbi ent tenperature for 2 hours and tRen concentrated to afford

(S, E)-3-(2,5-difluoro-4-

(et hy| s iffusrsy - pAEHER{PRY Nohchgan-8xarod. 4rkipiperidine§ -esitbswitrilgi (681 '2) car Hoxi mi dam
ide (0.90Q¢8) J,[f? 88] Step J. A solution of

(S, BE)-3-(2,5- uor o- 4- (et hyl sul f onyl ) phenoxy) - N -

hydr oxy- 20%865} 1, 4' Stop pi ybbfdrqzwlﬁ@mle O@ambloxd. hrindeaki YBo (OWFET)gyasladd& tereol ) i n

THF (40 b AN drid
(0. 35 i ohilFr B SOR0 0 AR Ao ph ok L R R RO Tt o
t enper at wabomirtlh (@Vérgn Ightmmsdl) rim iTAY. (Emidy)l ahetsalluéor( 4&@5 retijredvas asticet!

fol |l oned bn¥ addi ti.on of a satgra}ted Na2 o Utfforﬁ thés ttpe og‘ganl C

crature, fo ours eff | Cpicetrate
| ayer wad ey par at ecf and Wasié th I'ne an concent

chr onmat ogmmﬂimyulﬁmybpl(esa)xys N J}iyé&ody QJomngl— Hlp(pmadhh@tll 'statfo@imyitiymide mﬁ(yg) 1 -(5-
trifl I 4 I
oS OURRCL L oheds” SRR oS iade e B G Mgy 595,

1H), 4.8%4 (lﬂﬂfky lfd)xo 14 B@m(eﬂ'dm& &Dcar%xﬂrﬁidﬁrﬁwe 261y 5 g§3 1371 rhipl) ANTHE3(408mL s, 3H),

?s? 83( En 2 Vs d%’laﬁ%%é? 53 ACG(PPER ﬁwl (%%ﬁotﬁ Fﬁflég'fé%ﬁ%yﬂfﬂde @3%( flsl%ﬁef%wﬁ Wg&p 'h§ | f’ 51

, 4- oxadiaaddll TBe rdadtionlwadalidcai theydral talm%usan@enwye&u%l)m c\\)en{lgl{@%ﬁﬁings E)-3
(25D|fluoro4%0arrethylsulfonI)pheno%%éN hydr oxy 0x0-1, 4
bi pi per i ditié-acefate (405 Vapripddet faBOV 9oy Rypaddaipn of @@%P%Nﬁl@oﬂp%‘oﬁ(lq 0. 090
g, 0.20 ppml ) THESahaNgRd %ts@p% @r?»d r&;laéhea%tﬁ biifd Qlyd @mc@@traééa 0141%51{71— 0.30

mol ) under a nitrogen "at nosphere. 2- | uoroacetyl chloride (0

0. 22 mmolchroma®grapEw| ut i orgaVhr DCE) (S\)a%(?a%té’é]@loﬁorf‘ epcsiptisusfionyd phpresy §- br(é over 5
m nut es. Jﬂﬁo{&%{hg r%gl,é’,‘@%x AZBI- gl)qtm @gs Qnﬁ [>-dned@¥s TP gsaﬁl;vhf?@sdﬂdxture

was concentr uri reve ase chrormat ogr aphy to provide

(S)-3 -( ZHENMA; 6‘4001MH)Z-> @D@iﬂt Ehi/ﬁ% (hfldhyT. ?%ah?erid)ﬁy‘) 811 (m, (151)4 19 (m,-18£4. Lfor o

ethyl)-1, di.azgh- 3- 41.4'2-R1 Ri i giin] =2 e {0 g, 9% . Mass

spectr um(%\agg ;33)(?1 Qﬁl: Qéi%.]()s’ %‘6? éxdgﬁ,é&?@ﬁﬂﬁ@](m, 3], 1L (nq’lﬁ{)' it

(S) - 346- (HEtthWOSuts onyl )pyri di n-3-yl)oxy)-1-(1-(5-(trifluoronethyl)-1,2,4-0

xadi azol -3- yl)piperidin-4 yI)pyrrﬁlldlrel -one NO\ /2-CF3 N) o "SNO

[ 00490] Prepared according to the ms*f“ho%ll Exanpl e 12 using (S)-3-((6-
(8)-3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-1'-(5-(1,1-difluorocthyl)-1,2.4-oxadiazol-3-

y1)-[1.4'-bipiperidin]-2-one
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[00489] (S,E)-3-(2,5-Difluoro-4-(methylsulfonyl)phenoxy)-N'-hydroxy-2-oxo-1,4'-
bipiperidine-1'-carboximidamide (Prepared in example 54, Step 1) (0.090 g, 0.20 mmol) was
charged with DCM (3 mL) and triethylamine (0.042 mL, 0.30 mmol) under a nitrogen
atmosphere. 2,2-Difluoroacetyl chloride (0.28 mL, 0.22 mmol, 0.8 M solution in DCE) was
added in about 50 uL portions over 5 minutes. The mixture was stirred at 60 °C for 1 day.
The reaction mixture was concentrated and purified by reverse phase chromatography to
provide (S)-3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-1'-(5-(1,1-difluoroethyl)-1,2,4-
oxadiazol-3-yl)-[1,4"-bipiperidin]-2-one (0.015 g, 14%). Mass spectrum (apci) m/z = 495.1.



(et hyl sul fonyl ) pyri di n-3-yl)oxy)-1-(pi peridin-4-yl)pyrrolidin-2-one

(Preparation QG

in Step A and using 2,2,2-trifluoroacetic anhydride in Step

C. Mass swoabrumsvioapci) mz = 476.0. Exanple 57 PCT/US2011/051821
(S)-3-46-(net hyl sul fonyl)pyridin-3-yl)amno)-21-(1-(5-(trifluoronethyl)-1, 2,

4- oxadi azol - 3-

yl) pi peridin-4-yl)pyrrolidin-2-one 0O NO 'S N

[ 00491] Prepared according to the nethod of Exanple 12 using (S)-3-(6-

(et hyl sul fonyl ) pyridi n-3-yl am no) - 1- Q@iperidin 4-yl ) pyrrolidin-2-one

in Step A and using 2-trifluoroacetic anhydride in Step
Xaqaﬂaﬁﬁu e 58 1S -1- 1- 5-

(Preparation H)

C. Mass spectrun1(ap0|) Mz = 475

dlfluoronegjg
(et hyl sul Tony

y
[ 00492] Prepared according tao

N O
op¢ e 12 using (S) 3-(6-

(met hyl sul fonyl) pyri di n- 3- ylan{no) 1- (plperldyn 4-yl)pyrrolidin-2-one

(Preparation H)

in Step A and u3|ng 2, 2-di f I\ @*@B&etlc anhydride in Step C

Mass spectrum (apci) mz = 457.0. ‘an eN59
(S)-3-42,5-difl uoro-4- (nethyls en I)anlno) 1-(1-(3-(trifluoronethy

1)-1, 2, 4- oxadi azol - 5- yI)pkperhdJn-

I)pyrrolldln 2-one [00493] Prepared

accordlng to the nethod of E%aﬁble using (S)-3-(2,5-difluoro-4-

[00490]

Prepared according to the method of Example 12 wusing (S)-3-((6-

(methylsulfonyl)pyridin-3-yl)oxy)-1-(piperidin-4-yl)pyrrolidin-2-one (Preparation G) in Step

A and using 2,2,2-trifluoroacetic anhydride in Step C. Mass spectrum (apci) m/z = 476.0.

Example 57

(S)-3-((6-(methylsulfonyDpyridin-3-yDamino)-1-(1-(5-(trifluoromethy1)-1,2.4-oxadiazol-3-

[00491]

yDpiperidin-4-y)pyrrolidin-2-one
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Prepared according to the method of Example 12 using (S)-3-(6-

(methylsulfonyl)pyridin-3-ylamino)-1-(piperidin-4-yl)pyrrolidin-2-one  (Preparation H) in

Step A and using 2,2,2-trifluoroacetic anhydride in Step C. Mass spectrum (apci) m/z =

475.0.

[00492]

Example 58
(S)-1-(1-(5-(difluoromethyl)-1.2.4-oxadiazol-3-yD)piperidin-4-y1)-3-((6-

(methylsulfonyD)pyridin-3-yDamino)pyrrolidin-2-one
-0 F
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Prepared according to the method of Example 12 using (S)-3-(6-

(methylsulfonyl)pyridin-3-ylamino)-1-(piperidin-4-yl)pyrrolidin-2-one  (Preparation H) in

Step A and using 2,2-difluoroacetic anhydride in Step C. Mass spectrum (apci) m/z = 457.0.



(et hyl sul fonyl ) phenyl am no) - 1- (pi peri di ne-4-yl ) pyrrolidin-2-one
(Preparation C-1) in Step A and using

2, 2, 2-triwbuorosieodydr oxyaceti mi dam de in Step B. Mass gp@atSeamiofspri ) ni z
= 508.0 (MH. Exanple 60 (S)-3 -((2

, 6-di fl uoro-4- (et hyl sul fonyl ) phenyl )am no)-1 -(1 -(3
-(trifluoronethyl)-1,2 ,4- oxadiazol-5 -yl)pip eridin-4-yl)pyrrolidin-2-one
[ 00494] Prepared according to the nethed of Exanple 1 using
(S)-3-(2,6-difluoro-4-

(et hyl sul fonyl ) phenyl ami no) - 1- ( pi Be#meled?4-yl ) pyrrol i di n- 2- one

(Preparati Og:%) @182{5 Hl@lgl%—e@(}n&ét@ @I% Dp¥enylamino)-1-(1-(3-(trifluoromethyl)-1,2.4-
2,2,2-triflOo0ro- ydr oxyaceti m %%#%él?ﬁ_SF%ﬁlBL_&E§§_§ﬁ§E¥%UﬁfTapc|) m z
= 507.9 (MH) . Exanple @gadiazol-5-yl)piperidin-4-yl)pyrrolidin-2-one
(S)-342,5-dif|uoro-4-(nethv|sulfonyl)phenyl)anino) 1'-(3-(1, 1- difluoroethyl
)-1,2,4- oxadiazol -5-y1)-1-1,4"- blplperldln -2 O NF ). .( Me ON
NF Hi N.,,AN. M) O"iI (] [@D%ift? epar ed accordlng to the met hod

of Exanple 1 u5|ng (S) 3-(2,5-
(met hyl sul fonyl) phenyl am ng) - eridin-2-one (Preparation F-1) in
Step A and using 92 2 2- di TPUOY o- N-hydroxypropanlnldanlde in Step B. Mass

spectrum (apci) mz = 520.0 ¢M¥H). Exanple 62

(S)-3- ( ( Zimﬁwgl] fl uompaéec( ﬁe%bﬁamﬂgswltﬁ@ﬁﬁé{hb@ ke mﬁbﬂl@lmmgs)ngl(sm?@ 6Jgifluodd-1! uor oet h

yl)-1, - oxadi azol -5-y1)-11,4' - eridinl-2-one .
(methylsulfonyl)phenylammo) 1- (plperldlne— -yDpyrrolidin-2-one (Preparatlon C-1) in Step

A and using 2,2,2-trifluoro-N-hydroxyacetimidamide in Step B. Mass spectrum (apci) m/z =
508.0 (M-H).
Example 60
(S)-3-((2,6-difluoro-4-(methylsulfonyl)phenyl)amino)-1-(1-(3-(trifluoromethyl)-1,2.4-

oxadiazol-5-yDpiperidin-4-yD)pyrrolidin-2-one

\>—CF3
||\
[00494] Prepared according to the method of Example 1 using (S)-3-(2,6-difluoro-4-

(methylsulfonyl)phenylamino)-1-(piperidin-4-yl)pyrrolidin-2-one (Preparation C-2) in Step A
and using 2,2,2-trifluoro-N-hydroxyacetimidamide in Step B. Mass spectrum (apci) m/z =
507.9 (M-H).
Example 61
(S)-3-((2.5-difluoro-4-(methylsulfonyl)phenyl)amino)-1'-(3-(1.1-difluoroethyl)-1.2.4-

oxadiazol-5-yD-[1.4"-bipiperidin]-2-one

O/N\ FMe
F 0 /O)Q NGoF
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[00495] Prepared according to the method of Example 1 using (S)-3-(2,5-difluoro-4-

(methylsulfonyl)phenylamino)-1,4'-bipiperidin-2-one (Preparation F-1) in Step A and using



O /(Me t---z--- ONNF [00496] Prepared according to the nmethod of Exanple 1
using (S)-3-(2,6-difluoro-4-

(et hyl suwbanidospdsenyl am no) - 1, 4' - bi pi peri di n-2-one i n PPTASaranssal F-2) in
Step A and using 2, 2-difluoro-N hydroxypropani m dam de in Step B. Mass
spectrum (apci) mz = 518.0 (M H. Exanple 63

(S)-3-(2,5-difluoro-4-(nethyl sul fonyl)phenoxy)-1-(1-(3-(1, 1-di fl uoroethyl) -
1, 2, 4- oxadi azol - 5-yl)piperidin-4-yl)pyrrolidin-2-one NF 0: , ( ne
N2----NIE N) / [00497] Prepared according to the nethod of Exanmple 1 using
(S) - 3- ( 2,28-diflpergd¥-Bydroxypropanimidamide in Step B.  Mass spectrum (apci) m/z = 520.0

(et hyl sg}\/[f@lr)yl ) phenoxy) - 1- (pi peri di n-4-yl)pyrrolidin-2-one (Preparation
F-4) in Step A and using 2, 2-difluoro-N hydroxypropani m dam de in Step B.
Mass spectrum (apci) miz = 507.0 (KxuwplePXanple 64
(S)-342, 5-did| 105 8- (MRL ML UL LRRYDARAAM DA PO - EglihodBm{gh LAl F1 uor oeth
yl)-1,2,4- Oxdadrazot-3-yt)prperiarn-4-yt)ypyrroridrn-2-one OF N ( nme
N}.---NF 93 [00498] Pr epargdlia (g -bipipttdnpediod of Exanpl e 48 using
(S)-3-(2,5-difluoro-4- N F

(met hyl sul f onyl ) phenyl ani no) - 1- (pi peri di n- & Y} -gykr ol i di n- 2- one
(Preparation C-1) in Step A Mass  spect CApci Y mz = 506.0 (MHH).

Exanpl e 65 N, Ny

(S)-342, 6-difluoro-4-(nethyl son | ) phenyl ) am no) - 1- (1-(5-(1, 1-di fluoroeth
y|)-1,2,4- \ﬁ\ F

Il

[00496] Prepared according to the method of Example 1 using (S)-3-(2,6-difluoro-4-
(methylsulfonyl)phenylamino)-1,4'-bipiperidin-2-one in (Preparation F-2) in Step A and
using 2,2-difluoro-N-hydroxypropanimidamide in Step B. Mass spectrum (apci) m/z = 518.0
(M-H).
Example 63
(S)-3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-1-(1-(3-(1, 1 -difluoroethyl)-1.2.4-oxadiazol-

5-yDpiperidin-4-yDpyrrolidin-2-one
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[00497] Prepared according to the method of Example 1 using (S)-3-(2,5-difluoro-4-

(methylsulfonyl)phenoxy)-1-(piperidin-4-yl)pyrrolidin-2-one (Preparation F-4) in Step A and
using 2,2-difluoro-N-hydroxypropanimidamide in Step B. Mass spectrum (apci) m/z = 507.0
(M+H).
Example 64
(S)-3-((2,5-difluoro-4-(methylsulfonyl)phenyl)amino)-1-(1-(5-(1,1-difluoroethyl)-1.2.4-

oxadiazol-3-yDpiperidin-4-y)pyrrolidin-2-one

N S
\ />—éMe
F o) N/L N F



oxadi azol - 3-yl ) pi peri di n-4-yl ) pyrrolidin-2-one OF NO* \ [/ 11 // \ Me
V----N1F [00499] Prepared according to the nmethod of Exanple 48 using
(S) - 3-(2,WocdnfA030398- 4- PCT/US2011/051821

(et hyl sul fonyl ) phenyl am no) - 1- (pi peri di n-4-yl ) pyrrolidin-2-one
(Preparation C2) in Step A Mass spectrum (apci) mz = 506.0 (MtH).
Exanple 66 (R -3 -(2,5 -difluoro-4-(nethylsul fonyl)phenoxy)-1 -(1 -(5
-(trifluoromethyl)- 1 , 2, 4- oxadi azol -393 [00500] Step A tert-Butyl

4- am nopi qurl di ne- -car boxyl ate (10 g, 50 O mmol ) was suspended in DCM
Tri et hyl 4004981 (7. @rgpar%a%ﬁlﬁm)g todhy maefbleiofalirdmplret § e (SoA -(Fdxdiflioso-thas

cool ed 'Q

r was
added overrn O#Sﬁ%nggltgﬁaén}alﬁlg%aoﬂl gﬁfgﬁ?“?‘gh?@?‘]f%ﬁﬂ 098%192?1%%3%%& hgf} mt%‘F
react i on Ava¥apopeeerdmi(ppco) n/zsat00i04VEdNaHCO8 sol ution, and the mi xture was

extracted with DCM The organic Iag fga sdried, filtered and concentrated
to afford tert- butyl 4(24d|brom) ut n
$)-38AE 2. 61ikfhd

am do) p| peri di ne- 1 - car boxyl at e
{tLilahfl ] d :

(2.0 g, 49 ” O%dlseS| ~ m. i | saddedtaOCsqutlon
of tert-butyl 4(24d| Rl i ot }dV\?Parboxylate(Zl g, 49
nmmol) in DMF (50 nL). The reaction was allo%warmto anbi ent

tenperature and stirred for 4 hours. The re Mivas poured into brine
(500 nL) and extracted with ethylyadgtafe3 x 200 nL). The conbi ned
organic | ayers were washed w "} 200 nmL), dried over MgSat 94
and concentrated in vacuoo.P 'c n of the crude material by flash
chromat ography (50%to 10095 Et 0ACT hexanes) gave tert-butyl

4- ( 3- br ono- 2- oxopyrrolidi n-‘i-yl ) pi peridine-1- carboxylate (9 g, 53%.

[ 00502] St{@@E99} To Rreptdiddcomdingfto pimtra&hd)dmﬁbantpmm\e;ir@(s% (Qﬁ Buodo-Aol ) in

acet one difl orQ hen 23. nd the
eact on (ges PO fprhg R R e beadiF e SBach et 5n Psnidisn. 38 0h P
idin-I-yh&pmamepmﬂnﬂﬂamxpnaﬁhxbxmbaﬂg (6 g, 17.3 mmol) was added and t he
reaction stirred at anbi ent tenperﬁtur ogernight. The reaction was
concentrated in vacuo and the resi s partitioned between Et 0Ac and 1N
NaCOH.  Therggnbisneaudds g&ﬂﬂeavisaly&ﬂ’vaomw)ae(p&Sqltrﬁ*ﬂorow@&had,ymioi?acmbles-, bri ne,
dried over My504 and concentrated in vacuo, The material was purified by
flash chromat ography (20% EZOPEEEAY -Fofert - but yl

4- (3-(4-brono- 2, 5-di fl uorophenoxy) - 2- oxopyrnpbldln 1yl ) pi peri di ne- 1- car boxy
late (5.7 g, 69@6 [ 00503] Step D tert-Butyly 4 »—CFs

4-(3- (4-brono-2, 5-di fl uor ophendxy) - 200x pyNfoli di n-1- yl) pi peri di ne-

lcarboxylate(509, 10.5 O t hanesul finate (1.61 g, 15 8
mol ) and (1S, 25) - cycl ohexgne -diham ne (0.48 g, 4.21 mmol) were
di ssolved in DVSO (100 ni). m xture was bubbl ed through with nitrogen

for 5 mnutes. (CuOTQ2Ph cor?pl éx (0.59 g, 1.05 nmmol) was added and the

reaction [60300f €d ated 1O trt-BUERM- d?mhépiﬁb@i‘dn@weéa%cﬁbkte (lbeg, rwar tinyh was cool ed
to anmbi ent tenperature, poured into water (1 L) and extracted with EtOAc (3

X 250 nL)WSPT‘PF@dé‘bPQMeHI%INQW% (- ageldmipal &a g andaihe Feapfiqn-aixtuge vay over

My504 and,GenGed kab&fl bR YBRMRLuhRG 1 'bﬁl%fl&ié’?3‘ﬁ'§55(pﬁllfﬂofl)'\§g alaxecf Jn%? Bne
chr omat ogr aphy (50% t o 100% Et OAc/ héxanes o afford tert-b

4- ( 3- (2, Fuigytp apd pldowed (tastingt G- f Afig 4 bﬁgﬁdhqﬁeacnon was poured 1nt0 a saturated
2-
oxopyr rl\palH!CEj fllgoiutlx%) %hgﬁﬁ‘{llng&lﬂg %ﬂ?&%%lﬁ} I?Cﬁ/? gheg%rg glia%(r Iexlvgp drf_d,

[ 00504] St ep ution of tert- buty uoro
( met hyl sdiltedy ki henesuyite@ - tox apiprd abit-dityl | 4-62,4- fblbm@rqbduanmmm)pa)ﬁbdingfﬂat e (2.4

9. 5 1 rmgh) i B AGELAL Eof 10Tl WRR.ANARE L (10 nf, 51 mmol) in

i sopr opan ction was stirre errperature overni ght. The
sol uti on [M®1conceSity Bt édHaRAO g dutmal,icO&ddispeisng ifi nfihdNgd OH) wad a.uilde@m a(lThe

er & vas RBQ I i i S CE AP bt Pk oS T ERP PR E 6 e ™ (2

- di f | uor an BMIMBD Myl )s The feaction)viah @newxsd) to Ivagp td mnlﬁeﬂtdemmeﬂatm‘e )amlstrrfehlfm n- 2- one

(1.8 g, 959 00505] St e To a.solution of ¢ ano rom de :
brol ) °F n DRMENTPE DR ety albm e S a4 e 6 ) ) g
3- (2, 5- dightlyu CIfh@cémbmed organic layers were washed with brine (3 x 200 mL), dried over MgSOy,



(et hyl sul f onyl ) phenoxy) - 1- (pi peri din-4-yl)pyrrolidin-2-one (1.8 g, 4.8
nmml ). This 95 mxture stirred at anbi ent tenperature overnight. The
reacti on we0pasra®d into 1IN NaOH (100 nmlL) and extract ed PCmius2@tiioyis2acet at e
(3 x 50 nmL). The conbined organic |ayers were dried over MgSO and
concentrated in vacuo to give 4-(3-(2,5-difluoro-4-
(met hyl sul f onyl ) phenoxy) - 2- oxopyrrolidin-1 -yl )p iperidine-l-c arb onitrile
(1 9 g, 99% . [00506] Step G To a sol a#ion of

4-(3-(2,5-difluoro-4-(nethyl sul fonyl)phenoxy)-2- oxopyrrolidin-1
-yl) pi peran@pwemm@érlbdmum uefigation ofjthe gruge mgisripl hynfl Eeﬁog@t@gwyy (#Q% added

hydr oxyl am o %t?gc&exa% V\ﬁ Eg@l Ler@f GW Q§3 bRARL- bep?;rbllicfn?ql y@)h éﬁ@gdlge 1-

overni ght. The solution s concentrated In vacuo to give't crud

(R E)- 4 (cabpRy1ge (A £.158%0.0- 4-

(et hyls | ) ph Y) d -l -carbo
Xi m dam ggés?g]yl g)ﬁ%éc ﬁi‘)a%@é E?Ma%wgl kaefp){ s"’ﬂé‘g% Zﬁout c?ﬁ Etg&

purifi cabﬁa@mdde{dO@E@ﬂ]oﬁ 2giflorophaol (4 37g 233 mmol) and the reaction st1rred for 10

(R E)-4- 3 5-di ) uor net,hyl sul f.an heno

oxopyrr ol(nl1 di il -telﬁB ? ‘ﬁ@g‘% éxytgl %‘8?1’%011% Iyi }Q%P o&(xllé/e)n% a{tr)ﬁxgtlaate( (56 75 197,'3 0. 58
mmol ) andmhmbhhue&ﬁacmﬂnmaanhmdmmded@Omﬂﬁngmﬁmﬁmmmnhknhgmdnmxaaen@ﬂo m.)

was heated to 60 n a seal tube for 4 hour ut i

o cones SO B Bt BT ot B b S D et MR ogr aphy
(25% t o Tid¥cbinBifed bexmioaskrst weraképardibd, hashcacaii Watpt OHALS driecdopeM¢sou of this
mat eri al m&s separated using.a 21 x

mm. ira QJH, PN 17 col um
el uting W' HFORGTBEFDON oSy Flaﬁélﬁla?‘(é%lpé‘flﬁ%(?b’/ hﬁéﬁ h%wat%rﬁwya%?m rate
of 21 nL/E%@RU/ﬂ)EM)—mta[fﬁXerﬁﬁutﬂ3Z (A@-bPRERK Szhlfh@roﬁﬁefn@kﬂ 2-oxopyrrolidin-1-

(R -3-(2,5-difluoro-4 neth Isulfonyl)phenoxy) 1-(1

- (5- (trlﬁpH@P@W@%h§P§mﬁy %2dVdzol -3 -yl )pip eridin-4- yl)pyrrolidin-2

:02690W?n9052€§?t r U@ﬂe’é emc' )ertrﬁ@tyl—z@@@ QroﬁMﬂ dlfl:{ibto%o{(ﬁ@owgﬂol%li% ?rln 72

2H) 3 2(yl)p§>er1<399 1- cgb%ylatg(mg (1@;5 rmml))l) ssdlam mgh@gsyliatel {61 g415.8 maplp7 (m
7
%n(ﬁg Sf%@c;yclol?e Re- ( gpﬁég%m(glme{el(%ﬁ r| f:??)MSO (100

(R) 3- (2 5 enox ' uoronet hyl )-1, 2,
- oxadi azd})- 3 heylll)imlelwmg bll@bbd plerougil \Ml]th pitrggen tONS @niputgN (QuOT),Ph complex

(0.59 g, 1.05 mmol) was added and the reaction stirred at 110 °C under nitrogen overnight.
The reaction was cooled to ambient temperature, poured into water (1 L) and extracted with
EtOAc (3 x 250 mL). The combined organic layers were washed with brine, dried over
MgS0O4 and concentrated in vacuo. The residue was purified by flash chromatography (50%
to 100% EtOAc/hexanes) to afford tert-butyl 4-(3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-
2-oxopyrrolidin-1-yl)piperidine-1-carboxylate (2.4 g, 48% yield).

[00504] Step E: To a 0 °C solution of tert-butyl 4-(3-(2,5-difluoro-4-
(methylsulfonyl)phenoxy)-2-oxopyrrolidin-1-yl)piperidine-1-carboxylate (2.4 g, 5.1 mmol) in
ethyl acetate (100 mL) was added HCI1 (10 ml, 51 mmol) in isopropanol. The reaction was
stirred at ambient temperature overnight. The solution was concentrated and neutralized
using 1 N NaOH solution. The material was extracted into DCM (3 x 100 mL). The
combined organic layers were washed with brine, dried over MgSQO,, and concentrated to
give 3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-1-(piperidin-4-yl)pyrrolidin-2-one (1.8 g,
95%).

[00505] Step F: To a solution of cyanogen bromide (1.2 ml, 5.8 mmol) in MeCN (125
mL) was added potassium carbonate (1.4 g, 10 mmol) and 3-(2,5-difluoro-4-
(methylsulfonyl)phenoxy)-1-(piperidin-4-yl)pyrrolidin-2-one (1.8 g, 4.8 mmol).  This



ON 1i O F [00508] Prepared according the nethod of Exanple 54. The (R
enanti onmer was

i sol at edfworntrasmvdched(S) - 3- (2, 5-di f |l uor o- 4- ( et hyl sul PomguiSp@hessy) - 1' - (5
- (trifluoronethyl)-1, 2, 4-oxadi azol -3-yl1)-[1, 4' - bi pi peridin]-2-one
product mi xturefrom 96 Exanple 54 using optim zed preparative SFC net hod
paraneters: Colum. AS 20 mm X 250 mm Flow Rate: 60 nmi/mn, MPA. 85%
Supercritical CO2, MPB: 15% Met hanol . 94H NVR (400 MHz, CDCl13): 6 7.64 (m

1H, 7.23 (m 1H, 4.81 (m 1H), 4.79 (m 1H, 4.18 (m 2H), 3.31 (m 2H),
3.18 (s, nypre |inggd af pbippy) temperatyre( gjje ., The gepction waHpourg@hiate INPH y was

assessed 9 ' i | S7 1: &@*m '

gener al f(gdronllg}?)a/%rﬁpexltra%rgd %%@#’%ﬁ%ﬁt ca?dl I?/lL%ic (T:Iéés%a e&gg}g%ﬁ?ﬁggggﬁe?@

wher ei n: dried s ogeror MgRO;  Rud | goppepirated - 3C) akdy| ; tox1give M-Gr(2.CRIlumet4X2 is N

s T T O
R5 is (1{60306a] kyl ) Step fGonyllo, a §Gut@ ofy ¢4(D&2, k- flusto-4-Gmgthylsulfonyl)phenoxy)-2-
(v oo SRR SOhAaDN SOSBAGEL) s vl R oy LELABREI
R8 i s (1hybroS)lamiayl0.63 kkuds afmdl) arl 6} adaktydn, stitiedl bu6r W odernight CTak kylution
trifluor %vagl éo%cc: nafrlal[<e>c/1| ' ir;[ ' iV%Qllloor Q[S 1- gwcg althg | "cru eCl ’(R@)—h’—@QS}S—%ﬁﬂorS—Q— het Ari;
(methylsulfonyl)phenoxy)-2-oxopyrrolidin-1-yl)-N'-hydroxypiperidine-1-carboximidamide
(2.1 g) which was used in the next step without further purification.
[00507] Step H: A solution of (R,E)-4-(3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-2-
oxopyrrolidin-1-yl)-N'-hydroxypiperidine-1-carboximidamide (0.25 g, 0.58 mmol) and
trifluoroacetic anhydride (0.24 g, 1.2 mmol) in dioxane (10 mL) was heated to 60 °C in a
sealed tube for 4 hours. The solution was concentrated in vacuo and the product was purified
by column chromatography (25% to 75% EtOAc/hexanes) to afford the racemic product. A
portion of this material was separated using a 21 x 250 mm, Chiralcel OJH, PN 17345
column eluting with 60/20/20 mixture of hexanes/cthanol/methanol with a flow rate of 21
mL/minute (Lamda max at 237 nm, peak 2) to afford (R)-3-(2,5-difluoro-4-
(methylsulfonyl)phenoxy)-1-(1-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)piperidin-4-
ylpyrrolidin-2-one. Mass spectrum (apci) m/z = 506.0 (M+H). 'H NMR (400 MHz,
CDCL): & 1.72 - 1.90 (m, 4H), 2.30 — 2.40 (m, 1H), 2.57 — 2.65 (m, 1H), 3.08 — 3.15 (m,
2H), 3.20 (s, 3H), 3.35 - 3.42 (m, 1H), 3.51 — 3.58 (m, 1H), 4.13 —4.27 (m, 3H), 4.98 (t, 1H),
7.35(dd, 1H), 7.67 (dd, 1H).
Example 67
(R)-3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-1'-(5-(trifluoromethyl)-1.,2.4-oxadiazol-3-

y1)-[1.4'-bipiperidin]-2-one

N-O

/Q)\eFF
F 0 /O NT L
jone
Os
S
O F

[00508] Prepared according the method of Example 54. The (R) enantiomer was
isolated  from the enriched (S)-3-(2,5-difluoro-4-(methylsulfonyl)phenoxy)-1'-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)-[1,4'-bipiperidin]-2-one  product mixture from



Cycl is (3-6C)cycloal kyl optionally substituted with CF3; Ari is
phenyl optionally substituted with one or nore groups independently

sel ect ed woam2mbisgen, CF3, (1-4C)al kyl and (1-4C)al koxpCT/US2011/0B82CycCl 1S
a 5-6 nenbered heterocycle having a ring nitrogen atom and optionally
substituted with one or nore groups independently sel ected from hal ogen,

CF3, (1-4C) al kyl and (1-4C) al koxy; het Arl is a 6-nenbered heteroaryl
having a ring nitrogen atom and optiosal |y substi tuted vvith one or nore
groups i ndependently sel ected from hal ogen, (1 40 al k and

(1- 4C) al KaypleaAdsing thlmlzectprepargwe@F@H@etwrﬁﬂmﬁ@ HEOBMI: ZtOcin@%?iﬂ 1,
wher ei n: nkgt FRwAte: 8@ smglR%/[P n%S‘V9§lfd§gcintlca12CO Dﬁaqg%%eﬁlﬁﬁol

|ndependently sel ect ed romH, (1 GC al ogen. 3. The corrpound
of cl ai mMNMRwH89 ailiz, GRICIand TR (a, éH),nHé’pémd]éﬁt fyl | EldY, écf%(rmdﬂl)i 4B and d;

and R3 angd & N C f . . 4. The
corrpoundreof Bf:h gﬁ%@j ﬂﬁ?ﬁ@?ﬁ%h&f ,%9'{%1(39(@ '3'5{?12@)&2( %@'R%&atrlguﬁj[y 5. The
conpound vof agkacdatd3%mMeer ei n: Rl and R4 are H, and R2 and R3 are F. 6. The

conpound of claim3, wherein: RL, R2 and R4 are H and R3 is F. 7.The
conpound according to claim1, wherein:



X1 is N and X2 is CR2. 8. The conpound of claim7, wherein R2, R3 and R4
are independently selected fromH, hal ogen, and (1-6C)al kyl. 9. The conpound
of clai m8Q2ete3eion R2, R3 and R4 are each H. 10. The compomarsdoiofdsskai m 8,
wherein R2 and R4 are Hand R3 is O or F. 11. The conmpound according to
claiml1, wherein: X1 is CRi; and X2 is N 12. The conpound according to
claim1l, wherein RL, R3 and R4 are independently selected fromH, hal ogen,
and (1-6C)al kyl. 13. The conmpound accopding to claim 12, wherein each of Ri,
R3 and R4 is H 14.The conpound according to claim12, wherein Rl and R4
are H andViRgisdai@pd 5 F. 15. The conpound according to any of clains 1-14,

wherein R5 is;salg SﬁjndeQ (AR al gl fonyl, (3-6C
cycl oal kyl )su fonyﬁlrp (c;c pro‘(%g?r %I“?l?sul fonyl, and phenyl sul fonyl

(C6H5S02-). 16. The conpound according tg cl 5R7wher ein RS is (1-3C
al kyl') sul fonyl. 99 17. Rrhe conpolind accor Ndi ng to claim16, wherein
a

R5 i s nethylsul fonyl. R4 ording to any of clains
1-14, wherein R5 is selecte nd CF3. 19. The conpound
according to any of clains is tetrazolyl optionally
substituted with (1-3C) al Ryl. ¥ 20. The conmpound according to any of
clainms 1-19, wherein R7 is N0 '8R 1 21. The conpound of claim 20,
wherein R8 is selected from(1-6C)alk fluoro(1- 6C)al kyl,

di f | uor o(1 2 Blyrapgaptical lt\’raF‘feP@B]redﬁlithS@))%Wﬁ‘lemand trichl oro(1-6C)al kyl .

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 sclected from H, halogen, CF3, (1-6C)alkyl and (1-
6C)alkoxy;

R’ is (1-3C alkyl)sulfonyl, (3-6C cycloalkyl)sulfonyl, (cyclopropylmethyl)sulfonyl,

phenylsulfonyl, CN, Br, CF3, or tetrazolyl optionally substituted with (1-3C)alkyl;
R’ is selected from

N—QO
515/« /)\RS /i )\ R8
N
R® is (1-6C)alkyl, fluoro(1-6C)alkyl, difluoro(1-6C)alkyl, trlﬂuoro(l -6C)alkyl,

trichloro(1-6C)alkyl, Cycl, Ar', hetCyc1 or hetAr';
Cyc! is (3-6C)cycloalkyl optionally substituted with CFs;

and

Ar' is phenyl optionally substituted with one or more groups independently selected
from halogen, CF3, (1-4C)alkyl and (1-4C)alkoxy;

hetCyc' is a 5-6 membered heterocycle having a ring nitrogen atom and optionally
substituted with one or more groups independently selected from halogen, CF3, (1-4C)alkyl
and (1-4C)alkoxy;

hetAr' is a 6-membered heteroaryl having a ring nitrogen atom and optionally
substituted with one or more groups independently selected from halogen, CF3, (1-4C)alkyl
and (1-4C)alkoxy; and

nis 1,2 or 3.
2. The compound according to claim 1, wherein:
X'is CR';

X?is CR? and



22. The conpound of claim 21, wherein R8 is selected fromethyl, isopropyl,
propyl, sec-propyl, tert-butyl, 2-fluoropropyl, difluoronethyl,

1, 1-di f| wwocet2ngr3e31l, 1- di fl uoropropyl, trifl uoronethyl PamaS2011/051821

1, 1-di met hyl- 2, 2-di f| uor oet hyl . 23. The conpound of claim 22, wherein
R8 is selected from 2-fluoropropyl, difluoronethyl, 1,1-difluoroethyl,
1,1-difluoropropyl, trifluoronmethyl and 1,1 -dinethyl-2,2- difluoroethyl.
24. The conpound of claim 20, wherein9R8 is selected fromCycl, Arl,

het Cycl and het Arl 25.  The compound of claim 24 wherein R8 is

sel ected from cycl ®pRop§l andiR* QI’@rIMGP@I@F?WVE%@WFGFCfm Spbp§lalkybdizoput v |

cycl opentyl, {J%&z‘l pyrrolidin- 1 -yl and pyrid-2-yl. 26. The
conmpound accor g to any of clains 1-19, wherein R7 is O-N\----j\----R8
N. 27. ¥he cﬂrﬁmm@du@fof@laanﬁ]@@remher ein R8 is selected from
(1-6C) al kyl, fluorg( I ( ) .ot 1f1uoro(1-6C)al kyl
and trichl oro( 1-6 %nlgfg}e%&%endfgh} the%[e(a ﬁjong%h%lﬁg%/&l ?Igll m 27, wherein R8 is
sel ected from et hyR} anldsR)pralp@dppnqwndp;dlqcteslémanoMy,l (4l end €Hut yI

2- quoropropyI di Iuorone i f.luoroethyl, 1,1- difluoropropyl,
trifluoromet hyl {(;Ih ‘T Elpa““d Cﬁﬁ’laimg ‘ﬁﬁiél 1 uor oet hyl . 29. The conpound
of claim 28, \I\/(’lel’eRll‘lanRS{3laE Eiehdact ed from 2-fl uoropropyl, difluoronethyl,

1, 1-di fl uoroet hyl, %%"]d oropropyl, trifluoronethyl and 1,1

-di net hyl- 2, 2- dlflﬁ Fﬁ# 30 The conpound of cl aim 26, wherein
R8 is sel ected, f r onhe@pepourdy df cla@ B Cykdreiand het Arl. 100 31. The
conmpound of clai m 30 erein R8 is selected from cycl opropyl, 1-
(trifluoromethyl)cyc 9%0369 i ad el obut yl, cycl opent yl , phenyl
pyrrolidin-|-yl angtzg,ydkﬁar@Fyl 32 The corrpound accor di ng to any of
clainms 1-31, wherein L is 33.. The conpound according to any of
clainms 1-31, @hereﬂf?@rﬁp@uﬂo\’?dalm3 whergy:  The conpound according to claim
33, wherein L is Ng Rr?and R ar@ﬁ anihe conpound according to any of clains

1-34, wherein nis 31 . The conpound according to any of clains
1- 34, wherein n isR2sF. 37 The conpound according to any of clains
1-34, wherein;n is l?éco ound ac?&dmg*&?cl&i}m)%@f&naccord' ng to any of clains
1-37, having the a soI u e configuration of Fornula I-a | -a 39. The

conpound accordi ngXltlél\bﬁyd of clainms 1-37, having the absol ute conf i guration
of Forrmula I-b: X% is CR2.

3. The compound of claim 7, wherein R, R* and R* are independently selected
from H, halogen, and (1-6C)alkyl.
9. The compound of claim &, wherein R% R*and R* are each H.

10. The compound of claim &, wherein R? and R* are H and R* is Cl or F.

11. The compound according to claim 1, wherein:
x!is CRl; and
X?is N,
12. The compound according to claim 11, wherein R!, R* and R* are

independently selected from H, halogen, and (1-6C)alky]l.

13. The compound according to claim 12, wherein each of R', R*and R*is H.

14. The compound according to claim 12, wherein R' and R* are H and R* is Cl or
F.

15. The compound according to any of claims 1-14, wherein R’ is selected from

(1-3C alkylsulfonyl, (3-6C cycloalkyl)sulfonyl-, (cyclopropylmethyl)sulfonyl, and
phenylsulfonyl (C¢HsSO;-).
16. The compound according to claim 15, wherein R® is (1-3C alkyl)sulfonyl.



I-b 40. A conpound of Formula | as defined in claim1l and named in
any one of Exanples 1 to 67 herein, or a pharmaceutically acceptable salt

t her eof WO 2012/081393A pharmaceuti cal conposition, which ecmuseiesss2conpound
of Fornula | as defined in any one of clainms 1-40 or a pharmaceutically
acceptabl e salt thereof, and a pharmaceutically acceptable diluent, carrier
or excipient. 42. A nethod of treating a disease or condition
selected fromtype 2 diabetes, synptogs of diabetes, diabetic
conplications, netabolic syndrone (i ncludin hypgrglycenla i mpai red

gl ucose tol er Ahce, Therr@mpawid doeordias iaselaic k) Wherpiad tiymediyksulfasytien a,
dysl i popr ot ei nem t pat

hypert ensi on, m%arﬁ?%@ﬁ%@%kﬁ{mylsé%qg%hifgﬂ%?%§%h£\§ %ggge%fg%m$ggﬁﬁ}enia,
and nul t iQ¥.8rged €Fosis in a mammal , which conprises adnministering to said
mammal a t her apeutica t 61 la |
as defined |n?2ny %%%k&%X$P&%E&Hqﬁ%gggﬁggf%2&?%%2%%8%%%??%‘éggégkggrg sal t
t her eof (mnmmnysﬂmnmhewnéﬂhd@ﬁ@hdclaln142 wherein the disease is type 2

di abet es as def. ong; of clains 1-40 or a
pharnaceutlcag?yT%%%b ‘ﬂ%c%é %ﬂ@?ﬁb Hn%%r use |nﬁéﬁerapy 45,
Use of a conpound as deflned in any on clainms 1-40 or a
pharmaceutically acceptable salt thgLS n ;Lhe treatnment of a disease or
condition selected type 2 diabetes y it mR of di abet es, diabetic

conplications bolic | ud d
R bset or s 3hee. ARrgmbray gﬁ*’%éﬁk@@%@%ﬁl‘@%&ﬁﬁ I N
dysl i poprsohgkyadifl@oroM agalkaAr mﬂasﬁogn@(s)u&yl ﬁidalb@ﬂcbrs(um)amgpat hy,

hypert ensi on, cardlovascular ease, Al zheipger's disease, schlzophrenla
and mul tiple $¢lerb gompound o chih A, m@&g fipFelegie! EP@p%?ﬂt ISGPFOBY. a

conmpound lg@cfp vEl aé répylVMb@JBu@PWQfﬂ@%roﬂyﬁ) dff&brcﬁne@@'lrpqulnﬁiiﬂﬁif)ro&ﬁflﬁul a |
wherein is as defined for Fornula I, cyclizing a

correspo Wﬂ?ﬂﬁ&#b@@ﬁ@“ﬁﬁﬁkﬂ@n@hé‘@ﬁ@hﬁh%@ﬂﬁhwmmtMhereln X1, X2, L, R3, R4,

RS and n are ag defﬁe“@&lnﬁ&lhd T aiihmand, wiirdil 1@ {eagenls H&M'?Qu&rbﬁrof)ﬁr mul a
HNyR8 NH HO wher ei n defined for Formula I, in the presence of a Lew s

aci d; or difyorgrasthyd, béﬁﬁb\gmﬂwf IFbdifhyprapiopwi xfaioronRphyl gndi 1 g -digethyl-2, 2-
difluorocthyl.

24, The compound of claim 20, wherein R® is selected from Cycl, Arl, hetCyc1
and hetAr'.

25. The compound of claim 24 wherein R® is selected from cyclopropyl, 1-
(trifluoromethyl)cyclopropyl, cyclobutyl, cyclopentyl, phenyl, pyrrolidin-1-yl and pyrid-2-yl.

26.  The compound according to any of claims 1-19, wherein R is

O—N
'715/<\N»\R8‘

27.  The compound of claim 26, wherein R® is selected from (1-6C)alkyl, fluoro(1-
6C)alkyl, difluoro(1-6C)alkyl, trifluoro(1-6C)alkyl and trichloro(1-6C)alkyl.

28.  The compound of claim 27, wherein R® is selected from ethyl, isopropyl,
propyl, sec-propyl, tert-butyl, 2-fluoropropyl, difluoromethyl, 1,1-difluoroethyl, 1,1-
difluoropropyl, trifluoromethyl and 1,1-dimethyl-2,2-difluoroethyl.

29.  The compound of claim 28, wherein R® is selected from 2-fluoropropyl,
difluoromethyl, 1,1-difluoroethyl, 1,1-difluoropropyl, trifluoromethyl and 1,1-dimethyl-2,2-
difluorocthyl.

30. The compound of claim 26, wherein R® is selected from Cyc', Ar', hetCyc'
and hetAr'.



N-R8 102 and R8 is as defined for Formula I, cyclizing a corresponding
conpound having the formula Il (3 H HN 11 wherein X1, X2, L, R3, R4,
R5 and n woeoe#3d®Bi ned for Fornula |, with a reagent haecirrus2eihesfser nul a
R8C(=0)0OH or a reactive derivative thereof wherein R8 is as defined for
Formula I, optionally in the presence of a base; or (c) for a conpound of
Formula | wherein R7 is NNO\ Nr R8 and R8 is hetCycl, coupling a
correspondi ng conpound having the forrgl a IV [V wherein X1, X2, L, R3, R4,
R5 and n are as defined for Formula | and L1.is a |eaving group or atom
with a reagendlhavTltgcamrougd rafctlaime30 whisesie RRi ingelected fepan ¢iglpieryls br

pr ot st | 1 e R DL < PR oy B lerk b R Y1 B 220
32.  The compound according to any of claims 1-31, wherein L is O.

33. The compound according to any of claims 1-31, wherein L is NR".

34, The compound according to claim 33, wherein L is NH.

35. The compound according to any of claims 1-34, whereinn is 1.

36. The compound according to any of claims 1-34, wherein n is 2.

37. The compound according to any of claims 1-34, wherein n is 3.

38. The compound according to any of claims 1-37, having the absolute

R7
(0] N/
L t,
: N
n

I-a

configuration of Formula I-a:

39.  The compound according to any of claims 1-37, having the absolute

configuration of Formula I-b:

I-b

40. A compound of Formula I as defined in claim 1 and named in any one of
Examples 1 to 67 herein, or a pharmaceutically acceptable salt thereof.

41. A pharmaceutical composition, which comprises a compound of Formula I as
defined in any one of claims 1-40 or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable diluent, carrier or excipient.

42. 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 a therapeutically effective amount of a compound
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of Formula I as defined in any one of claims 1-40 or a pharmaceutically acceptable salt
thereof.

43. The method of claim 42, wherein the disease is type 2 diabetes.

44. A compound as defined in any one of claims 1-40 or a pharmaceutically
acceptable salt thercof, for use in therapy.

45.  Use of a compound as defined in any one of claims 1-40 or a pharmaceutically
acceptable salt therecof, in the treatment of a disease or condition sclected 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.

46. A process for the preparation of a compound of claim 1, which comprises:

(a) for a compound of Formula I wherein R’ is
@
25/4\ )\ RE
N

and R® is as defined for Formula I, cyclizing a corresponding compound having the formula

1I
/N
R® N
R¢ AN L\&Q/O
. 2%)(1 ) n
R
1I

wherein Xl, Xz, L, R3, R4, R® and n are as defined for Formula I, with a reagent having the
formula

H R8

NH
HO™

wherein R® is defined for Formula I, in the presence of a Lewis acid; or

(b) for a compound of Formula I wherein R is

Vs
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and R® is as defined for Formula I, cyclizing a corresponding compound having the formula
10

H
N

L
e

n

r~

111
wherein X!, X2, L, R?, R*, R’ and n are as defined for Formula I, with a reagent having the
formula R*C(=0)OH or a reactive derivative thereof wherein R® is as defined for Formula I,
optionally in the presence of a base; or

(c) for a compound of Formula I wherein R’ is
N—OQ
A
N

and R® is hetCyc', coupling a corresponding compound having the formula TV

Tt
) A
S %ﬁ
R5 2¢X1
1A%

wherein Xl, Xz, L, R3, R4, R and n are as defined for Formula I and L' is a leaving group or

atom, with a reagent having the structure:
H— E

where Ring E is as defined for hetCyc', in the presence of a base; and

[00509] optionally removing any protecting groups and optionally preparing a
salt thereof.



