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The present invention is directed to novel substituted

3-am not et r ahydropyrans which are inhibitors of the dipeptidyl peptidase-I1V
enzyme ("WBRoW/sHtBbI tors™) and which are useful in thePCTASRINN63906
prevention of diseases in which the dipeptidyl peptidase-1V enzynme is

i nvol ved, such as diabetes and particularly Type 2 diabetes. The invention
is also directed to 20 pharnaceutical conpositions conprising these
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15 SUMMARY OF THE INVENTION
The present invention is directed to novel substituted 3-aminotetrahydropyrans
which are inhibitors of the dipeptidyl peptidase-IV enzyme ("DPP-4 inhibitors") and which are
useful in the treatment or prevention of diseases in which the dipeptidyl peptidase-IV enzyme is
involved, such as diabetes and particularly Type 2 diabetes. The invention is also directed to
20 pharmaceutical compositions comprising these compounds and the use of these compounds and
compositions in the prevention or treatment of such diseases in which the dipeptidyl peptidase-

IV enzyme is involved.

DETAILED DESCRIPTION OF THE INVENTION

25 The present invention relates to novel substituted 3-aminotetrahydropyrans that
are useful as inhibitors of dipeptidyl peptidase-IV. Compounds of the present invention are
described by structural formula I:

NH,
Ar

O

@

and pharmaceutically acceptable salts thereof; wherein
30 Vis selected from the group consisting of:



20(CH2) n-aryl, wherein aryl is optionally substituted with one to five
substituents independently sel ected hydroxy, hal ogen, eyano, nitro, CO2H,
Cl_6 al kywoxywarsbmayl , Cl-6 al kyl, and G _6 al koxy, whecgius2ablyiozand

al koxy are optionally substituted with one to five fluorines,

(C1l12) n-heteroatyl, wherein heteroaryl is optionally substituted with one
to three 25substituents independently sel ected from hydroxy, hal ogen,

cyano, nitro, CO2H, Cl1 _6 al kyl oxycarbonyl, C ..6 al kyksaand Cl_6 al koxy,
wherein al kyI and al R@a(y are optionalR3? substl tu% th one to five

fluori nes, ?010/ 56708PCT/ U%Z\OOQ/ 063976 (C112) ero®fcl yl, wherein
heterocycl yl istoRtTapal | Rgsubstd tNte tth one toithr Nubsti tuents

i ndependently sel act N om oxo, hydr gxy,y hat ogepgy€ nitro, C2H, Cl-6
al kyl oxycar bonygksy ,q:hkyl angbbCl- &, alNkoxy erein ﬁ and al koxy are
optionally substituteddwith one to fivBlfl L]%;I’I nes, 5( )n C3-6 cycl oal kyl,

wherein cycloalkyl is optionally substituted with one to three substituents
i ndependent |y sel ected from hal ogen, hydroxy, cyano, nitrg, CO2H Cl_6

al kyl oxycarbonyl, R#6 alkyl, and ®%¥6 al koxy, whergin a kyI and al koxy are
optionally su stit ted with o toffive f%uorlnes ie

cR2) n- CONR4RS,
NR7SOZR8!  ( Ct
( CH2) n- NR7CO:§3b an Cl%n- NR rei n anyR™hdi v i et hyl ene
(CH2) carbon atomin ( ?n IS optlo allﬁsubstltuted wth one'to two

substituents indepggdient|y sel ected H% om fl uori ne, hydro@, Cl 4. al kyl, and
Cl_4 :

0,

Ar is phenyl optionally substituted with one to five R1 substituents;
each R1 is independently selected from the group consisting of:
halogen,
5 cyano,

hydroxy,
C1-6 alkyl, optionally substituted with one to five fluorines, and

(1.4 alkoxy, optionally substituted with one to five fluorines;

10 each RZ is independently selected from the group consisting of
hydrogen,
halogen,
cyano,
C1-10 alkoxy, wherein alkoxy is optionally substituted with one to five substituents

15 independently selected from fluorine and hydroxy,
C1.10 alkyl, wherein alkyl is optionally substituted with one to five substituents

independently selected from fluorine and hydroxy,
C>-10 alkenyl, wherein alkenyl is optionally substituted with one to five substituents

independently selected from fluorine and hydroxy,

20 (CH2)pn-aryl, wherein aryl is optionally substituted with one to five substituents
independently selected hydroxy, halogen, cyano, nitro, CO2H, C1-6
alkyloxycarbonyl, C1-¢ alkyl, and C1.¢ alkoxy, wherein alkyl and alkoxy are
optionally substituted with one to five fluorines,

(CH2)p-heteroaryl, wherein heteroaryl is optionally substituted with one to three

25 substituents independently selected from hydroxy, halogen, cyano, nitro, CO2H,

C1.6 alkyloxycarbonyl, C1-g alkyl, and Cj.¢ alkoxy, wherein alkyl and alkoxy

are optionally substituted with one to five fluorines,
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al koxy, wherein al kyl and al koxy are optionally substituted with one to
five fluorines; R3a and R3b are each independently hydrogen or Cl 4

al kyl optwortaldopemabstituted with one to 25five fluori n@sT/UR40QO6BIRS ar e
each independently selected fromthe group consisting of hydrogen,

(CH2) m phenyl, 30(CH2) m C3-6 cycloal kyl, and G _6 al kyl, wherein alkyl is
optionally substituted with one to five substituents independently sel ected

from fluori (@J?)ﬁ%e%@'@y@&y vgeinheeRichcIplie Bpliomails seysinaed With oae & Opdei onal |y

substituted w one to five subsfi tuents I ndep endentL% sel ected from
hal ogen, hydr oxysubstitugnta indgpendsady eelaciesl Bomexg, hydrayeh#login GYangRftrgs koxy
are optionally sGbsH, O;t@ﬂkyinkj’caﬂﬁmb(hos a’tlkylearid Uouwiallassy, wherR adird aRb

together with the nitrogen a re attachedforma
heterocyclic ri nglkg’@f @Eg’BHO’?qtl ﬁﬂ?’é‘\ﬁ%“’ﬁé Ong ﬁ‘éﬂl > pi peri di ne,
pi per azi ne, (Glipinrfos- ﬁmlpaiéyw&m@nwys?hqaawhéwﬁ@wbﬂ ﬁubstrtmﬁ@ with Qs Bied | y

substituted withg AT Smi o6 fbtx M nitro, COML
2010/ 056708PCT/ usdzyt%og}3 gteté’gr?eg&&ﬁwgi hAfe “‘9’3 b¥eya e 0,

t | d Kyl
SRR AR R U R RN M R S

one to five fl Uoﬁller!ﬁvﬁonall susﬁﬁbteﬁi%ih%ﬂe@@iﬁp@ﬂdwésy CL_6 al kyl, wherein
al kyl is op n@réé bstltuted with one to five 5substituents
i ndependent éﬁ% OF4 from fluorine and hydroxyl; R7 is hydrogen or R6;

R81#s sel ecfEed2ir00Ohes gkpup consisting of: 10-S02C1-6 al kyl, S02C3-6
cyc: oa: ty: (C%ﬁﬁ k , SOZOheLer oaryl, 5 -C(0) glgcitl tI;yl I k1;:3- C(0)C3_6
cycl oal ky Hz)n—CON‘\E{”rRS C(0) - heteroary -C(0) -6 al kyl,
(Cﬂz)n-OCONR4R5,
(CH2)p-SO2NRARS,
15 (CH2)p-SO2R0,
(CH2)n-NR7SO2R6,
(CH2)n-NR7CONRA4RS,
(CH2)n-NR7COR7, and
(CH2)n-NR7CO2RS;
20  wherein any individual methylene (CH2) carbon atom in (CHD)p is optionally substituted with
one to two substituents independently selected from fluorine, hydroxy, C1-4 alkyl, and C1-4

alkoxy, wherein alkyl and alkoxy are optionally substituted with one to five fluorines;

R3a and R3D are each independently hydrogen or C1-4 alkyl optionally substituted with one to

25  five fluorines;

R4 and RS are each independently selected from the group consisting of
hydrogen,
(CH2)m-phenyl,
30 (CH2Ym-C3-6 cycloalkyl, and
C1.6 alkyl, wherein alkyl is optionally substituted with one to five substituents
independently selected from fluorine and hydroxy and wherein phenyl and cycloalky! are
optionally substituted with one to five substituents independently selected from halogen,
hydroxy, C1-6 alkyl, and C].¢ alkoxy, wherein alkyl and alkoxy are optionally substituted with
35  one to five fluorines;
or R% and RS together with the nitrogen atom to which they are attached form a heterocyclic ring
selected from azetidine, pyrrolidine, piperidine, piperazine, and morpholine wherein said
heterocyclic ring is optionally substituted with one to three substituents independently

-6-



-C(0)0C3-6 cycl oal kyl, 20-C(0)0-aryl, -C(0)0-heteroaryl, C(0)NHCL 6 alkyl,
C(0O)NHC3_6 cycloal kyl, -C(O)NHaryl, and 25-C(0) NH heteroaryl; wherein

al kyl andwoyeloosbiogl are optionally substituted w th onecCrastiomscioraori nes
and wherein aryl and heteroaryl are optionally substituted with one to five
substituents independently selected fromthe group consisting of hydroxy,
hal ogen, cyano, nitro, CO2H, Cl-6 al kyl oxycarbonyl, Cl1 _6 al kyl, and Cl-6

al koxy, Wwhegs&idlediréihaReh, dykxy, @1 aﬂ@ﬂ Iemaalll ¥ alkolog hitlowsie kvl add Ayt 0

five 30fl uorines; eachnlsmde endent | , 1, 2 or 3; and each mis
i ndependent £ W*loﬂallywbﬁltu‘fedWith‘met" ﬁ"‘i’ﬂ“‘éﬁ*ﬂ?senbodl ment of the conpounds of
t he present |nvent| on, is opti onaIIy substituted with one to-three

b
S50t uort AR RER Jénﬁ%rrd&rﬁ ABCRhERA T RSB QAR Enlo five
trig | uspnntrich@iydeptideatle hf&l&Secbfromhlmnﬁabnxdhmmﬂ Ar is 2,5-difluorophenyl

or 2,4,5-trifluorophenyl. In a second enbodinent of the
conpounds of the p&ﬁgent invention, R3a and R3b are both hydrogen. WO
2010/ 0BE 19BRETESZIFY/ 063976 In a third embodi ment of the

conmpounds of the present invention, Vis selected fromthe group consisting

of : Nand
R® is selected from the group consisting of:

10 -S02C1-6 alkyl,
-S02C3.¢6 cycloalkyl,
-SO2-aryl,
-SO2-heteroaryl,
-C(0)C1-6 alkyl,
15 -C(0)C3-6 cycloalkyl,
-C(O)-aryl,
-C(O)-heteroaryl,
-C(O)YOC1-6 alkyl,
-C(0)YOC3.4 cycloalkyl,
20 -C(0)O-aryl,
-C{0)O-heteroaryl,
-C(O)NHC1-6 alkyl,
-C{O)NHC3.g cycloalkyl,
-C(O)NH-aryl, and
25 -C(O)NH-heteroaryl;
wherein alkyl and cycloalkyl are optionally substituted with one to five fluorines and wherein
aryl and heteroary! are optionally substituted with one to five substituents independently selected
from the group consisting of hydroxy, halogen, cyano, nitro, CO2H, C1.¢ alkyloxycarbonyl,
C1-6 alkyl, and C1.¢ alkoxy, wherein alkyl and alkoxy are optionally substituted with one to five
30  fluorines;
each n is independently 0, 1, 2 or 3; and
each m is independently 0, 1, or 2.
In one embodiment of the compounds of the present invention, Ar is optionally
substituted with one to three substituents independently selected from the group consisting of
35  fluorine, chlorine, bromine, methyl, trifluoromethyl, and trifluoromethoxy. In a class of this
embodiment, Ar is 2,5-difluorophenyl or 2,4,5-trifluorophenyl.
Tn a second embodiment of the compounds of the present invention, R3a and R3b
are both hydrogen.



R2 wherein R2 and R8 are as defined above. In a class of this

enbodi nent, R2 is hydrogen. 5 In another class of this third enbodi nent, V
is R2 Inwa2euwmsbawss of this class, R2 is hydrogen. PCT/US2009/063%7@ f ourth
enbodi nent of the conpounds of the present invention, R8 is selected from
the group consisting of: 10-S02Cl1_6 al kyl, S02C3_6 cycl oal kyl, S02-aryl,
and -S02- heteroaryl; wherein alkyl and cycl oal kyl are optionally
substituted withiopgiti@ndbodRndt BPtheREmpaMtlsWISiSBsehbak MiticdY ibedledtenr vl
are optionally substituted with one to five substituents independently

sel ect S8 PEHPREOYHIWS %onsi sting of hydroxy, hal ogen, cyano, nitro, CO2H,
Cl- 6 al kyl oxycarbonyl, Cl1 6 alkyl, and Cl1_6 al koxy, wherein al kyl and

al koxy are optionallyassu ituﬂg% with one_to.five fluorines. In a class of
this fourth enmbodi ment, NR8 N S02CL_6 alkyN or 2C3_6 cycl oal kyl ,
wherein al kyl and cyclo A ate optional |y \substifuted with one to five
fluorines. 20In a fifth enbediNent ¥dthe conp .gf the present

i nvention, there are provided conpounds of stru turalR fornul ae la and Ib of
t he indicated stereochenicd?zconfiguration haviRy a trans orientation of
the Ar and NH2 substituents on the two stereogenic tetrahydropyran carbon

atoms U errel:%rel %ngnh Q{Saar}e ’;s detl;/r\lgd %B&x%l. qg %70 asssp g%l' {h'iésezm%)o%‘érggrﬁ%@ is hydrogen.

5 In another class of this third embodiment, V is

N H
N

R2

N
A\
AN

In a subclass of this class, R is hydrogen.
In a fourth embodiment of the compounds of the present invention, RS is selected
from the group consisting of:
10 -S02C1-6 alkyl,
-S02C3.6 cycloalkyl,
~-SO9-aryl, and |
-SO7-heteroaryl;
wherein alkyl and cycloalkyl are optionally substituted with one to five fluorines and wherein
15 aryl and heteroaryl are optionally substituted with one to five substituents independently selected
from the group consisting of hydroxy, halogen, cyano, nitro, CO2H, C1.¢ alkyloxycarbonyl,
C1-6 alkyl, and C1.6 alkoxy, wherein alkyl and alkoxy are optionally substituted with one to five
fluorines. In a class of this fourth embodiment, R8 is -S02C1.4 alkyl or -S02C3.6 cycloalkyl,
wherein alkyl and cycloalkyl are optionally substituted with one to five fluorines.
20 In a fifth embodiment of the compounds of the present invention, there are
provided compounds of structural formulae Ia and Ib of the indicated stereochemical
configuration having a trans orientation of the Ar and NH2 substituents on the two stereogenic

tetrahydropyran carbon atoms marked with an *:



wherein Ar and V are as described above. In a class of this fifth
enbodi nent, there are provided conpounds of structural fornula la of the
i ndi cat edwalsuloss®sst er eocherni cal configurati on havi ngPaTtusarng/0e3I7e€nt at i on
of 5 the Ar and NH2 substituents on the two stereogenic tetrahydropyran
carbon atons marked with an *: (la) In a second class of this
fifth enbodi nent, there are provided conpounds of structural fornulae Ic
and Id of the indicated ster hem cal configuraNHgn having a trans 10
orientation of the Ar and NH substituents,A? trans orientation of the Ar
and V substituents and 4"¢is+orientation of N and V substituents on
the three stereogenic tetr ﬁydropyran carbon atons |nmarked with an *: Are/
NH2 Ar (lc) (1d) y In a subcl ofvthis class, there are
provi ded conpounds of structural fornmula Ic 150f the indicated absol ute
stereochem cal configuration Qaving a trans oriq@bation of the Ar and NH2
substituents, a trans orientgﬁion of the Ar and substituents and a cis
orientation of the NH2 and V substituents on the three stereogenic

. ..
tetr ah)\lw%reroe?g A}?Qﬂ %ralr)ﬁ? z?s e%&gﬁed%crﬁlfee.d with an *:

In a class of this fifth embodiment, there are provided compounds of structural

formula Ia of the indicated absolute stereochemical configuration having a trans orientation of
5  the Ar and NH? substituents on the two stereogenic tetrahydropyran carbon atoms marked with

an *:

NH,
Ar’r,J -

*

O

(Ta)

In a second class of this fifth embodiment, there are provided compounds of

structural formulae Ic and 1d of the indicated stereochemical configuration having a frans
10 orientation of the Ar and NH? substituents, a frans orientation of the Ar and V substituents and a

cis orientation of the NH> and V substituents on the three stereogenic tetrahydropyran carbon

atoms matked with an *:

NH;
Ar » Ar@
O O ey V
(Ic) (Id)

In a subclass of this class, there are provided compounds of structural formula Ic

15 of the indicated absolute stereochemical configuration having a frans orientation of the Ar and
NH?2 substituents, a frans orientation of the Ar and V substituents and a cis orientation of the

NH7 and V substituents on the three stereogenic tetrahydropyran carbon atoms marked with an *:



WO 2010/ 056708PCT/ US2009/ 063976 (1c) In a subclass of this subclass, Vis
sel ected fromthe group consisting of: , R8 Nand R2 wherein R2 and
R8 are aswoebiomse7oabove. I n a subclass of this subcl asspPCRAUS2@%NyITO©gen,
and R8 5is -S02C 1 6 al kyl or -S02C3-6 cycl oal kyl, wherein al kyl and

cycl oal kyl are optionally substituted with one to five fluorines. In a
third class of this fifth enbodi nent, there are provided conpounds of
structural fornulae le and If of the igdicated stereochenical configuration
having a trans orientation of the Ar ahd NH2 substituents, a cis
orientation of the Ar and V subst%le*t and a 10 trans orientation of the
NI -12 and V substituents on the three st,gereogenic tetrahydropyran carbon
atons marked with an *: In a subd® V this class, there are provided
conpounds of structural foinula le of 'the indicated absol ute
stereochem cal configuration having a trans orientation of the Ar and 15
NH2 substituents, a cis orientation ofl®he Ar and V substituents and a
trans orientation of the

In a subclass of this subclass, V is selected from the group consisting of:

wherein R2 and R8 are as defined above. In a subclass of this subclass, R is hydrogen, and R8
5 s -S02C1.6 alkyl or -S02C3.6 cycloalkyl, wherein alkyl and cycloalkyl are optionally
substituted with one to five fluorines.
In a third class of this fifth embodiment, there are provided compounds of

structural formulae Je and If of the indicated stereochemical configuration having a trans
orientation of the Ar and NH? substituents, a cis orientation of the Ar and V substituents and a

10 trans orientation of the NH2 and V substituents on the three stereogenic tetrahydropyran carbon

atoms marked with an *:

(Ie) (1D

In a subclass of this class, there are provided compounds of structural formula le

of the indicated absolute stereochemical configuration having a trans orientation of the Ar and
15  NH2 substituents, a cis orientation of the Ar and V substituents and a frans orientation of the

NH2 and V substituents on the three stereogenic tetrahydropyran carbon atoms marked with an *:




NH2 and V substituents on the three stereogenic tetrahydropyran carbon
atons marked with an *: NH2 WD 2010/ 056708PCT/ US2009/ 063976 I n a subcl ass
of this swbehuaase70¥ i s sel ected fromthe group consi sti RgTAS200RBEB7wher ei n
R2 and R8 are as defined above. In a subclass of this subclass, R2 is
hydrogen, and R8 is -S02Cl1-6 al kyl or -S02C3_6 cycl oal kyl, wherein al kyl
and cycl oal kyl are optionally 5substituted with one to five fiuorines.

In a sixth enmbodiyehbclls dhBis GopRRYNdss @iectdierdn asanbup somsitihgss: each R2 is
i ndependently selected fromthe group consisting of hydrogen;

Cl_6 al kyl, wherein aE\EyI is optionally bstituted with one to five
fluorines; and 10C3_6 I kyflR‘B wher ei revey al kyl is optionally
substituted with one to ithrgeldubstituents i ndently selected from _
hal ogen, hydroxy, Cl_4 a ,/énd Gndt al koxy; \Nh?\‘ einal kyl and al koxy are
optionally substituted with Yne to five fluorings. ~"Rr8 In a
class of this sixth enbodi ngnt of the corrpoundﬁ;gof the present invention,
15each R2 is independently selected fromthe group consisting of hydrogen,
C1_3 alkyl, trifluoronethyl, 2,2,2-trifluoroethyl, and Sycl opropyl. In a
subc| asherefn Rhasd RP assys defiotd #@ve s Ithy sibelpenof this subclass, R« 1s hyﬁmﬂehmadiﬁﬁg
exanpl fs&s@fchggmgymﬁssgﬁcm% BOSRSN WhbAYEAk{ 10N habalRylerdispddthllps

di peptidyl “pepti dase-1V'i nhl.gl tors are the foll ow ng structures having the
i ndf ca'élél&tiﬁltﬁsgwmhen@@ fotedlusidbeni cal configurations at the three

Saer eogeni ¢ t et r gy dL ORI RE B healb@iPindsiofanidhsend Heentidtle4bhi Rihisbi ti on

independently selected from the group consisting of
hydrogen;
C1.6 alkyl, wherein alkyl is optionally substituted with one to five fluorines; and
10 C3.6 cycloalkyl, wherein cycloalkyl is optionally substituted with one to three
substituents independently selected from halogen, hydroxy, C1-4 alkyl, and C1-4
alkoxy, wherein alkyl and alkoxy are optionally substituted with one to five
fluorines.
In a class of this sixth embodiment of the compounds of the present invention,
15 eachRZis independently selected from the group consisting of hydrogen, C1-3 alkyl,
trifluoromethyl, 2,2,2-trifluoroethyl, and cyclopropyl. In a subclass of this class, each R? is
hydrogen.
Nonlimiting examples of compounds of the present invention that are useful as
dipeptidyl peptidase-1V inhibitors are the following structures having the indicated absolute
20  stereochemical configurations at the three stereogenic tetrahydropyran carbon atoms:

- ICso DPP-4
xampile Tohibition
F
NH,
F O Q 1.0 0M
=N
NN
4/8\
Y J
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NH2 0 -,??? N- |il .1 1.0nM ,S 0/ \\O 40NH2 ON -N \ N, SO2CH3 2.5 nM

ONHZ2 "), ..... O-,,,,...--?NN
WO 2010/056708 PCT/US2009/063976
F
[ Q 2.5 nM
R
=N
N
SO,CHs
F
- NH,
Lol 2.2 0M
N
ij
N\
N‘SOZCH3
F:
F NH,
1.9nM
F O N
=N
NN
dﬁKw<<
o)
F
1.6 nM
=N
“-No
o’”s\\
0
F
1.3 nM
=N
NN
)
0
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\' N or," r,ti 01,..r2un3 2.2 nM el NH2 O. ---..N\' N ,S------ N 1.
nM
o0..."

10

15

20

25

0NH2'----1- 0..."..--.., \'.N SO/\T0016nMN|oNH2,x
bzoII(N05670¥a N, ,S PCT/US2009/063976

H\l 1.6 nM
\\f?

N Y

%

\\//

/N

and pharmaceutically acceptable salts thereof.

As used herein the following definitions are applicable.

"Alkyl", as well as other groups having the prefix "alk", such as alkoxy and
alkanoyl, means carbon chains which may be linear or branched, and combinations thereof,
unless the carbon chain is defined otherwise. Examples of alkyl groups include methyl, ethyl,
propyl, isopropyl, butyl, sec- and tert-butyl, pentyl, hexyl, heptyl, octyl, nonyl, and the like.
Where the specified number of carbon atoms permits, e.g., from C3-10, the term alkyl also
includes cycloalkyl groups, and combinations of linear or branched alkyl chains combined with
cycloalkyl structures. When no number of carbon atoms is specified, C1-6 is intended.

"Cycloalkyl" is a subset of alkyl and means a saturated carbocyclic ring having a
specified number of carbon atoms. Examples of cycloalkyl include cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, and the like. A cycloalkyl group generally is
monocyclic unless stated otherwise. Cycloalkyl groups are saturated unless otherwise defined.

The term “alkoxy” refers to straight or branched chain alkoxides of the number of
carbon atoms specified (e.g., C1-10 alkoxy), or any number within this range [i.e., methoxy
(MeO-), ethoxy, isopropoxy, etc.].

The term “alkylthio” refers to straight or branched chain alkylsulfides of the
number of carbon atoms specified (e.g., C1-1¢ alkylthio), or any number within this range [i.e.,
methylthio (MeS-), ethylthio, isopropylthio, etc.}.

The term “alkylamino” refers to straight or branched alkylamines of the number of
carbon atoms specified (e.g., C1-6 alkylamino), or any number within this range [i.e.,
methylamino, ethylamino, isopropylamino, t-butylamino, etc.].

The term “alkylsulfonyl” refers to straight or branched chain alkylsulfones of the
number of carbon atoms specified (e.g., C1-¢ alkylsulfonyl), or any number within this range
[i.e., methylsulfonyl (MeSO32-), ethylsulfonyl, isopropylsulfonyl, etc.].

-13 -



1.3 nM WO 2010/ 056708PCT/ US2009/ 063976 N H 2 0,, /0 ,S-- N1.6 riM40
NH2 00 \, z/ ,.S N 2.6 nM and pharmaceutically acceptable salts thereof.
As used hwoenr/asbmsf ol | owi ng definitions are applicabl e PCTAISRgO/63936 wel |
as ot her groups having the prefix "al k"™, such as al koxy and al kanoyl, neans
carbon chai ns which may be |inear or branched, and conbi nations thereof,
5unl ess the carbon chain is defined otherw se. Exanples of al kyl groups

i gﬁlt u?ie met hlyl , qa*h?aelkm “Qn@%?ﬁbsarbcﬁ@}m&ﬂ%ﬁa 0 shmig;h_t or ﬁ@ﬁvcﬁleamﬁaitﬁeﬁtérsbﬂffay! ¥
, exyl , eptyl, O non an e 11 .
Panber SBPosheien GrHr gt et A hyenfienbeain S o SO pliSy PR L.

C1-6 alkyloxycarbonyl), or any number within this range [i.e., methyloxycarbonyl (MeOCO-),

ethyloxycarbonyl, or butyloxycarbonyl].

5 "Aryl" means a mono- or polycyclic aromatic ring system containing carbon ring
atoms. The preferred aryls are monocyclic or bicyclic 6-10 membered aromatic ring systems.
Phenyl and naphthyl are preferred aryls. The most preferred aryl is phenyl.

The term "heterocyclyl" refers to saturated or unsaturated non-aromatic rings or
ring systems containing at least one heteroatom selected from O, S and N, further including the

10 oxidized forms of sulfur, namely SO and SO,. Examples of heterocycles include tetrahydrofuran
(THF), dihydrofuran, 1,4-dioxane, morpholine, 1,4-dithiane, piperazine, piperidine, 1,3-
dioxolane, imidazolidine, imidazoline, pyrroline, pyrrolidine, tetrahydropyran, dihydropyran,
oxathiolane, dithiolane, 1,3-dioxane, 1,3-dithiane, oxathiane, thiomorpholine, pyrrolidinone,
oxazolidin-2-one, imidazolidine-2-one, pyridone, and the like.

15 "Heteroaryl" means an aromatic or partially aromatic heterocycle that contains at
least one ring heteroatom selected from O, S and N. Heteroaryls also include heteroaryls fused to
other kinds of rings, such as aryls, cycloalkyls and heterocycles that are not aromatic. Examples
of heteroaryl groups include pyrrolyl, isoxazolyl, isothiazolyl, pyrazolyl, pyridinyl, 2-oxo-(14)-
pyridinyl (2-hydroxy-pyridinyl), oxazolyl, 1,2,4-oxadiazolyl, 1,3,4-oxadiazolyl, thiadiazolyl,

20 thiazolyl, imidazolyl, triazolyl, tetrazolyl, furyl, triazinyl, thienyl, pyrimidinyl, pyrazinyl,
benzisoxazolyl, benzoxazolyl, benzothiazolyl, benzothiadiazolyl, dihydrobenzofuranyl, indolinyl,
pyridazinyl, indazolyl, isoindolyl, dihydrobenzothienyl, indolizinyl, cinnolinyl, phthalazinyl,
quinazolinyl, naphthyridinyl, carbazolyl, benzodioxolyl, quinoxalinyl, purinyl, furazanyl,
isobenzylfuranyl, benzimidazolyl, benzofuranyl, benzothienyl, quinolyl, indolyl, isoquinolyl,

25  dibenzofuranyl, imidazo[1,2-a|pyridinyl, [1,2,4-triazolo][4,3-a]pyridinyl, pyrazolof1,5-
a]pyridinyl, [1,2,4-triazolo][1,5-a]pyridinyl, 2-ox0-1,3-benzoxazolyl, 4-oxo0-3H-quinazolinyl, 3-
oxo-[1,2,4}-triazolo[4,3-a]-2 H-pyridinyl, 5-ox0-[1,2,4)-4H-oxadiazolyl, 2-oxo0-[1,3,4]-3H-
oxadiazolyl, 2-0x0-1,3-dihydro-2 H-imidazolyl, 3-ox0-2,4-dihydro-3H-1,2,4-triazolyl, and the
like. For heterocyclyl and heteroaryl groups, rings and ring systems containing from 3-15 atoms

30 are included, forming 1-3 rings.

"Halogen" refers to fluorine, chlorine, bromine and iodine. Chlorine and fluorine
are generally preferred. Fluorine is most preferred when the halogens are substituted on an alkyl
or alkoxy group (e.g. CF30 and CF3CH0).

The compounds of the present invention contain one or more asymmetric centers

35  and can thus occur as racemates, racemic mixtures, single enantiomers, diastereomeric mixtures,
and individual diastereomers. In particular the compounds of the present invention have an
asymmetric center at the stereogenic carbon atoms marked with an * in formulae Ia, Ib, I¢, Id, Ie,

and If. Additional asymmetric centers may be present depending upon the nature of the various

214 -



i ncl udes cycl oal kyl groups, and conbi nations of |inear or branched al kyl
chai ns conbined with cycl oal kyl structures. Wien no nunber of carbon atons
i s speci fweapio@ise®si s i nt ended. 10" Cycl oal kyl " i s a sub®et/uskooalok3size and
means a saturated carbocyclic ring having a specified nunber of carbon
atons. Exanpl es of cycloal kyl include cycl opropyl, cyclobutyl, cyclopentyl,
cycl ohexyl, cycl oheptyl, cyclooctyl, and the |like. A cycloal kyl group
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saturated unl ess otherw se to straight or
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term"a oxycarbon ers to stralight or bran chain esters of a
car box WWTQin%r@ Mtljlictﬁieﬂﬁ‘i V”&Qﬁdvé ipbe gisemprissd Hithinihe geperngds Of e MRERBEPVERioBar hon
atons sp@aiddh&iodigngd. . CL_6 al kyl oxycarbonyl), or any nunber within this
range [i.e., methyloxycar bonyl (Me0C0-), ethyl oxycarbonyl, or

butyl oxycarbonyl]. 5"Aryl" neans a nono- or pol ycwHjc aromatic ring system
cont ai ni ng carbon ri 2at oms. The preferred 3\ry| s |lare nmonocyclic or

bi cyclic 6-10 nppber aromatic ring systens! n and naphthyl are
preferred aryls. st preferred aryl is phe@yl. The term
"heterocyclyr refeps to saturated ee=whsaturate tic rings or ring
systens containing at’| ed$ ne heteroatom sel ected from J\Cﬁ and N,
further including the 10 pxigizgd forns of sulfur, na SOjand SC2.

Exanpl es of heterocycles in u tetrahydroftrran (THF), dihpHrof uran,

1, 4-di oxane, norpholine, 1,4- hi ane, pi perazi ne, piperidine, 1, 3-

di oxol ane, imdazolidine, im dazol i ne, pyrroline, pyrrolidine,

t ettsahydr opyr an, Faithylddejxywathe soxatifioflilendsss of tdiphunde withp Gt eiorade,

1, 3-d h 2-

i daz ol ar R Ste e BAhd o URIP 3% Rl SGEbLRIE o AR AR, o
ar onat iceThep ajpas tp AThigh AP freabred 1 gﬁ@&‘}/@l’férct“ﬁé?nmfé? goéquéﬁ’ﬁt one ring
het er ogi,gm, shé @Eeoprei%n%@gteNocﬁ&'ﬁx Arfk Stebsit BEbSSRRISHBRRY! S

ghe
that - e fibe izt Eﬁiam reSpd P B i P U BPOURR 1 mct ude pyrrolyi o
i sggazol yl, i sot Nhaigdepbndenysatekss of st ditkriome?s @xheif difpmatographic
separations may be achieved as known in the art by appropriate modification of the methodology
disclosed herein. Their absolute stereochemistry may be determined by the X-ray crystallography
of crystalline products or crystalline intermediates which are derivatized, if necessary, with a

reagent containing an asymmetric center of known absolute configuration.

25 If desired, racemic mixtures of the compounds may be separated so that the
individual enantiomers are isolated. The separation can be carried out by methods well known in
the art, such as the coupling of a racemic mixture of compounds to an enantiomerically pure
compound to form a diastereomeric mixture, followed by separation of the individual
diastereomers by standard methods, such as fractional crystallization or chromatography. The

30  coupling reaction is often the formation of salts using an enantiomerically pure acid or base. The
diasteromeric derivatives may then be converted to the pure enantiomers by cleavage of the
added chiral residue. The racemic mixture of the compounds can also be separated directly by
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pyridi nyl (2-hydroxy-pyridinyl), oxazolyl, 1,2, 4-oxadiazolyl,

1, 3, 4- oxadi azol yl, thiadiazolyl, 20thiazolyl, imdazolyl, triazolyl,
t et razol yWQ 2bwwopb708t ri azi nyl, thienyl, pyrimdinyl, pyra&girmusk9o9/063976
benzi soxazol yl , benzoxazol yl, benzot hi azolyl, benzot hi adi azol yl

di hydr obenzof uranyl, indolinyl, pyridazinyl, indazolyl, isoindolyl,

di hydrobenzot hi enyl, indolizinyl, cinnolinyl, phthalazinyl, quinazolinyl,
napht hyjrofiafigtaphian&d@ otllizidpemaaritaicla! phases, AdicAIhdldds apeiwelkhown in
furazanyl, isobenzylfuranyl, benzim dazolyl, benzofuranyl, benzothienyl,

qui nol © 2% ndol yl, isoquinolyl, 25dibenzofuranyl, imdazotl, 2-alpyridinyl,
[1, 2, 4-tri azol o] Piedhatijy rangdiengitionpy iz obropduyn8-map] bepyhtaidedlyy stereoselective

[1, 2, 4-4.14 [ 1,:5- Ll nyl - - - .

oo SRR bS] B¢ b i may e O bactnBAAKRA b Kiguration by methods

5- oXo- el knapnaHthexsldi azol yl, 2-oxo-[1, 3, 4] - 311oxadi azol yl ,

2- 0x0- 1, 3-di hydr ﬁit%E"cbﬂPQl;ﬁ%@'on@ne@fc%ﬁn&a‘ktﬁb ByesAnaHexhitdt thet bzl yl, and
the like. For, heterocyclyi and heteroaryl groups, {I ngs dri ng ?ayfstems
cont ai HPIPIT RIRECEE Ok pBsEr Bere o the P ey D GrtHiG Yiensched fpa particu

" Hal og@ntope dheing thedsafdelirhitanuntt, bt Megtommiomhsser amds haberelifi@hhidiémeheand
fluorine are generall referred.

| yori.ne_i.s

hal ogeAY™Hf B HIFTY e’blﬁfe%‘\?{m&ﬁ&';'fﬁf %(I)Hr} a5 A gr éggé’sgeﬁ%‘.ye%we@%%?% |
CFBTH2 (cludehdl sudalpe isottpiovariaienpeidhe ampowndnti gamedo fiouna bnEorsmxamplee
asyme . énf@ﬁ : RIS utd S,
si ngl e%%%%’??%&g{iiiﬁ%?gg%g%g%rre | é n%g %(é{pﬁ%%r?%gl%d I ndi ;[/élhgggqm%l g}s@t%ﬁrdgg’r ners.
I'n par thequpdomingat hydioger HE®DPS founddn Brate FRcAgHeT SHTHRYR MeH aHeldqrEly ¢
fent Ie(rj tﬁ’é}raﬁeﬂﬁc g&ﬁ@@@%ﬁ @1!1(%1 &Qﬁ(?@d@ir%tiﬁ B oK g}y\}ddhciﬁgi ddsagB réc}ﬁir@itmbgt@, draa_ | b,

c, , le, a : itipnal as ri c center.s may. be.prese ependi n
upon t RAYPERYIfSa a?mP%%?#%gﬁ%a bk buas gumeen 5@%@%@}%@%@6& P )
subst i tseesicaligrentibeedmigouhds withialgeseratF asyiatatanibe posgpatedrwitiout undue
i ndependent | ) oqduc | i it d Sl it s all of
t he po3%?%}%%6%{%2%C%fli%fr?rlgg@ttg%%t_ [ gg’?’@ @%én@?esﬂl%%é ﬁrﬁﬂ;l(%at} gggee %ﬁm pure or
par t i alpkgcegpes prialegdus bnihosmdpscabead in e SabemresindhExantes koapin tisisg appiopriate

i nvent i iJJﬁZ-&fﬁ@%%a%eﬁ&%Hﬁo?&t@&n&f%&t to conprehend all such isoneric
forms o tphes 5_conpounds. Some .of the on&%unds descri bed
herein contain oltevilecndgisiod thmsised hereiintefarences lioe co@Pe s i se, are

meapt Leudtiel BERURAtdHe Reaftdo 4150 @Rl the phs @R usically acceptable salts, ighasodalts he
ol e 5 Wk alr R ShARGHE RGeS P Bare SR E bRy Birs Bpea e destisr o

shi f t s.or Bair pharmeacemidally ascdpebtmsaliandin dtserepatheticonaniprletitsst o- enol t aut oners.
The individual taytegRbSuff offld prdnfitbillciSd W RlinlRANeRIRARTE Wi th

conpounds of the prese An exanp| taut oner s are
i nt endebamenchesiceHy eepsntebledalti The termhshaawpetisaldy afceptpble sple s torfgbnt i on i s

i1 hyst rad ek doRdR Wharmaceutical BecBptable non-toliBasds or acids including inorganic or

organic bases and inorganic or organic acids. Salts of basic compounds encompassed within the
term "pharmaceutically acceptable salt" refer to non-toxic salts of the compounds of this
invention which are generally prepared by reacting the free base with a suitable organic or
inorganic acid. Representative salts of basic compounds of the present invention include, but are

30  not limited to, the following: acetate, benzenesulfonate, benzoate, bicarbonate, bisulfate,
bitartrate, borate, bromide, camsylate, carbonate, chloride, clavulanate, citrate, dihydrochloride,
edetate, edisylate, estolate, esylate, fumarate, gluceptate, gluconate, glutamate,
glycollylarsanilate, hexylresorcinate, hydrabamine, hydrobromide, hydrochloride,
hydroxynaphthoate, iodide, isothionate, lactate, lactobionate, laurate, malate, maleate, mandelate,

35  mesylate, methylbromide, methylnitrate, methylsulfate, mucate, napsylate, nitrate, N-
methylglucamine ammonium salt, oleate, oxalate, pamoate (embonate), palmitate, pantothenate,
phosphate/diphosphate, polygalacturonate, salicylate, stearate, sulfate, subacetate, succinate,
tannate, tartrate, teoclate, tosylate, triethiodide and valerate. Furthermore, where the compounds
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15Formul a | shows the structure of the class of conmpounds w thout preferred
stereochem stry. Fornulae la and I b show the preferred stereochem stry at

t he st er ewgeniosemsbon atons to which are attached the REZ/USREIMN63996 OUPS ON
the tetrahydropyran ring. Formulae Ic and Id show the preferred

stereochem stry at the stereogenic carbon atons to which are attached the
NH2, Ar, and V groups on the tetrahydropyran ring. 20The i ndependent

E ynt hﬁ@ﬁﬁe gfveﬁtﬁlgﬁfﬁrﬁlaﬁ%'bﬁlﬁcﬁﬁﬁw s@i&aﬁzéﬁ@a&m@&zﬂtuaemry@g&@ﬁﬂtlessﬁ@rm?afrﬁ]ﬂ ons may
e achnj e as no LN [l al alt 1.,0n.o e
ot hodBelsgs i ol bt et deats PRRGBPIenEh Sodh MRt ebPyfimy "he

det er namnedniayn, chiein, caypety fggicaldrogs dnhiyamfmaggnma,l harEenigy DugANSOUsy
crystal 'tasg&g%%&%ﬂaegfn@tﬁw@ i) Phfoflgl Yatd&Gdre hf AGKERGR Icith! I 8

reagen? Ining an as nne rrc cen nown a te COﬂ ur ati on.
251%  dweinestim, patesing, sndaodhes safs. Sals @@Wﬁdéﬁ@ﬂgphmwwt@@baa@aﬂé 180 t hat
the in gxﬁ;@ﬂeh»t&&@tﬁdem}ﬁme%aﬁs éﬁﬂinﬁécrﬁ%c&ia&ysmeﬁiwmgﬁ@ Helicanmked out

by net known 1 n the art as. th tilg racem c¢ m xture
of conPBLIEE 1% CEGhaBRIsE RS TEEh %%WBW%P@”&‘ 119 BrivmNa di ast er eoneric

M Xt ur @ipedAldtoneddynise Pastiatlaaine 0l dtelflgdamﬂbmhmm &mmh}emmnahmdi,y st andard

nmet hods ch. as fract. onal ati oS5 S ra h

coupl i %Saqog%wbqhxlgleg*%ﬂe tlﬁg%yh? if‘%l @fm@&?]ﬂj%m ust rgg an er‘l lrlcf)%arrrnelp? cal |y
pul(e ahistidiae, lheisabamﬂmelsdpmpylenmmatysmedmﬁﬂw@ﬂucamglmawmhwétne,lmparw%r ted to
the pu I i aceni c
it o B RO AR, [ SRS phinds e AR Bl MR ulatont,

2010/ OEWW@JSEH@@%WBQJ@ dhg bkt ogr aphi ¢ net hods utilizing chiral

stationary phasegiso\Mp gd cﬁ@b@@@&b@kﬁw"&l& (- @OQ)M} dr@ddoh@i g’%éﬁp being present in
Al ternatively P‘I‘fgsﬂ enant i orrer

sel ect fhg&ospR f¢he jupsegt %?‘?tb%’ g&}“ﬁ%?%‘“&&’r?‘%/ﬁ@%?gﬂs garg%( )ﬁ’é ts of
knpswn a@nfangw ailidhan nmﬁlﬂpéthﬂd& lﬁvadﬁjrlbqumhﬂ omeymraranve?smftahehole,rmohmsjs of
ner n
o " one Ut bte Bl ot SRR Al U b iohs it BN Clncly Rl AR BB aigbmCes
i sot openchayl grpuphlencyemin th¢ mﬁrﬁu mmfy@tg thp miuhlﬂitsawrdwﬂtolms@za@actmw Teuniser
di ffergpgﬂ]{ q&@rgfggsea&r %&U%Tmu%l oj@ss nunber predom nantly found in
0

nat ur esent 1nventton is neant to 10 i ncl ude aII swtatile i SOt opi €

vari ations of th@OlcYéﬁ@’ﬁ)@é}ﬁéFéP@’fm‘g‘éhgﬁl‘&'d%ﬁ’ rRiithe ompeypdeeiyimearal dowies bnt

| Sof OPhe hALAR i8fh §e@gﬁﬂeﬁtt&n dshediude protium (1H) and deut erium (2H).
Protiumis the p drOC?enlsotop ound in n(ﬁ% re E{l}rlchlngfor

deut eri um may af Fﬁ?ﬁ%?’tgé}l VAR %@Eﬁ%%%ﬁ{}gﬁpg@ggﬂds 0s5d 11Ny easing in

vi vo h&kémple§ endliereiaduci ng dosage requi renents, or may provi de a conpound

useful as a stanqtg%]gu&)ggcrtcggg&gﬁg%é@%Mﬂpa&fema Ol fifitthe ag;agge@ad%repar od

| sot opi cal | y-enric eneric
wi t houpepiivdsrel \egpyniens ﬁtpaticmmu@yamma@n'tai rieed pésushilgibsionspmprpBaMe o

t h9§ e %&hlﬂzﬁﬁnbﬂ o% E&?eﬁé&w@ hmBYn R AESRGouM AT RIS Serk %v%ﬂﬁ’&ﬁs@%&édl Reglei N
Schenes_ and herein usin appro riate |so op |%a enr i ched
r eageni!li%e g BQmP'?PtnéF ﬁ*éeﬂf)@&delserem f1s th?ﬁobgeo 1§¥]tﬂ5’8 5t egg%ag e wW&r ei n,

references to thg edRaLBGsingies? uchias Uainehgk vhaewol athkr maemmbadsh Heo al so

har naJEHET PR PRCop P G RIRD e R, dor BB P SRR e, 0
conpoundslimited togiaws Harepagets, hames, Yoge cepteabics pigsl tats arothay bovineroviyat het ic
mag pul.atih, gﬁnme fﬁlme redent ?rTIHEruﬁeogr&aUQ% l%ft Q. RIRRSBL sldWanbd on, MByvde

admnse ceutlcaly acceptable salt. The term
" phar rr@tﬂétlﬁfidclalqt}yﬁém‘?@ét%hés g‘épl@quc@ﬁﬁg elyckenbr s 25prepared from

phar rracegt ically gﬁ@ pRREARNRNASH zstfg;eth& cﬁh@ét%g t®% gﬁlﬂiodifoﬂ the Mufwtuw@freggm c or
organi ¢ bases i.nQr.gani ¢ o cids. Sa i ¢, conppunds
encorrpé%egéfén\ﬁf“t ]{%’F H"hﬂqﬂﬁg& @Pﬁ?“‘{% E‘WW e Lo @p’f’iﬁ‘ﬂ?% gfq an ’%@er to
non-t 0Xb® ﬁ@hg SOmbmtdgel Eoipatd dﬁt}mfpréshnﬁnve]men tatithm thrmhneahml@eme&pﬁﬁiw

pr epar ed the fr r I

bR, ,s@isx%greﬁ? bl ol B B e ehiinBertidh e A et a RO ©

i ncl udef styarturak formula I in the manufacture of a medicament for use in treatmg a condition selected

from the group consisting of hyperglycemia, Type 2 diabetes, obesity, and a lipid disorderin a
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30not limted to, the follow ng: acetate, benzenesul fonate, benzoate,

bi carbonate, bisulfate, bitartrate, borate, brom de, cansyl ate, carbonate,
chl ori de,wol2awulsemat e, citrate, di hydrochl oride, edetat @CTaseawloaize
estolate, esylate, fumarate, gluceptate, gluconate, gl utamate,

glycol Iyl arsanilate, hexylresorcinate, hydrabani ne, hydrobrom de,

hydr ochl ori de, hydroxynapht hoate, iodide, isothionate, |actate,

I aﬂ] Olbhfaﬂﬁﬁaﬁywﬂle%ih@ﬁefh 1€mist6’f'c@r 15%166@1:1@}011{'&1&%@&@ @ns@ﬁﬂf@%’dy@hpd{emla ot
me ro nitra nitrate,
MR O e o S R oM BT e T
pal mitate, pantoThendjet rpdiediphht piedﬂzmlnmhmhusagenpwly@ahmma}r meé@rebiy a

I te,
{ 2&%@%‘@?% B e, A Gno B AGRIAE o RUSELREY s BUORAe AV & ©
confpouflehred ”@smgun@w@gzm/e@mv@wsﬁwmﬂf thesuligstepmpaungti di c

Moi ety oAl @ﬂmnerh@ Bﬁtﬂics@@a@ 3} in@aﬁcblyre%%ia&lm@ues @ygt@ntmh@pér Hufehueg is but are
not limted t salts i ved romln(ﬁgﬂsdl asetg r?c udi ng al um num
amoni Bee é(é} Fhﬁheéﬁﬁﬁ@ er, yelpiinarians @eifgldocior pHotae, Ciigfesi um  mangani c,

manganous, potas S“hélfﬁzms'@&hpcﬁl@lt:(m" 2§ us@rikrdin és intckided Baailtmmpdasalalpyod)mef erred

h Sal
der | vetT PO B RECAt PeisrRtan DR RGN sl oBF BB ) (he °
sal®s edsults, idiractly, orsedicedmnriyom amibinetion af the aprcifes, lngi‘yéllen@ imterspecifiethd basi ¢
| on- ex%&%@ﬂg s ES?J ﬁ‘%nﬂéﬂﬁoﬁ% h—ﬁ}:élﬁcai%h? gﬁon Cl@}ﬁf@dd&@ 1o &%Hﬁﬁ%a

N, Ndi be am _ne i et hyl am_noet hanol

2-di mep atrﬁonmsﬁm%@aangt@g W@i@ﬁéﬁ@n d dheniped e dipRtR thakmekeyp MSBHIT ne,

N-et hyhplBRhi %wﬁ%odwtuﬂﬁdﬂ 1@@11‘[59&1%@1? @Mﬂﬂlﬁecﬂy@ Ifost éhhtigatidy acsrapamtm
i sopropyl am ne

Si ne l.uca piperazin
o1 por | ALHEEA10f 33K P $raBr it Uk BEAISE, PRI QSO RISgY Bp R more of the
trigt hﬂg@fﬂlﬂﬁs, ofr flonesthyt tapesrd redctibipy @pyteaniioes, oftone netbandfithe irgndlidne | i ke.

A 50, WIUIEAPTS SR GBS G n R AleRl ol grou, bei no

pr esentA resent cal | lﬁ
accept ammpasemremd@iﬁy ahnisogA qomm)@ndi ofithe @eqsmtatwemgn asa nh@rglaﬁ@ttm Y ethyl,.

or pi V?L&?ﬂa@ﬁz‘y{%ﬁi ZO;];S?' "BHargﬁbé’éutféﬁw YREbYSIS" Rﬁs ﬁb&ﬁw @amc?ruﬁihzeﬁﬁo&x@ﬁﬁ‘énﬂ

0- piva am rigac | n¢l uded are t hose
est er s THIHDREYRPAGPIS LN [ GHFT RETHenpf the g?ﬂn@fmwnﬁ@% #eletsdousgp e y or
hydgol y&llﬁelﬁhﬁé@&{ eri stl cs for use as sustai ned-rel ease or prodrug

formul ati ons. art;,cul ar drates of
the compounds of T8¢ IGBS| ?‘B?mfsglaﬂ?ﬁ gﬁfﬁi% &}%%E Bg?ncqfﬁ%‘)%dggg‘%}?%, nvention
as wel lunderstood to mean profExdingpl ddnyiongd bhitheiinweation ona pedtipefzsengbutdef the
conpourllx?‘/sengbﬁ{:otﬁggl ; 1&&1%3&@%@%% gpd herein. The subject conpounds are

usef ul di pepti dyl pepti dase-1V enzynme in
a patient such adhautitityrdithg wnmwad%m asoerHanoshyiBl the oresemApyanspnas t he 25

adabni §idigkdQ Bf g ]?mé/?%é;ﬁﬁhée\@f @&?Hﬁtacﬁ%t} 18y E@H&?ﬁé&ﬁ@a’t@ﬁ sy

invention IS use the, gg%i@ %[scl osedd&erel
i nhi bi K8pP¥n & ﬂ’&laﬁeﬂ’f‘}ilh?llon ﬁ@’ﬁﬁi?f’cﬁ%l%ré FW“EWE@ Gpntiifous Of‘?rﬁ‘?f”‘f 0
pri mat @ssay s¢&h la%dwm%,substmw GBtProoAMal, heiichnarival sl inaDPbé tb reedsedhe
accor di %@6 t hod of t ent _in e rrmal S
i nclu dl rest‘dzﬁ g‘? aving eroun. 2&1&89@10 psaﬁ%%eéers a?péscf ﬁé tﬂiplseta@tg)% die Q?
gui nea fpllayss: Kzt §0 gM; Kener7SIs0ykadn ovise] 09 Equp“n@mc@bﬂ@ﬂﬁ@n qbeiaime r odent
or ri olel § SXRIC, ahll BuflBl (100 IS pPe7 PrRet i ced
36?hepgr0§8§&1§%0§)% ﬁ}?@ év?g p)Hgfl,Me ﬁ/{ uc hi (2 kens) . P
mg/ ml BSA) in a total reaction volume of 100 plL. Liberatlon of AMC is’monitored
continuously in a 96-well plate fluorometer using an excitation wavelength of 360 nm and an
emission wavelength of 460 nm. Under these conditions, approximately 0.8 uM AMC is
produced in 30 minutes at 25 degrees C. The enzyme used in these studies was soluble
35  (transmembrane domain and cytoplasmic extension excluded) human protein produced in a
baculovirus expression system (Bac-To-Bac, Gibco BRL). The kinetic constants for hydrolysis
of Gly-Pro-AMC and GLP-1 were found to be in accord with literature values for the native

enzyme. To measure the dissociation constants for compounds, solutions of inhibitor in DMSO
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The present invention is further directed to a nethod for the manufacture
of a medi cament for inhibiting dipeptidyl peptidase-IV enzyme activity in
humans amsloaniomab®8conpri si ng combi ni ng a conpound of t IR€TAISR@ROE397M1IVent i on
wi th a pharnmaceutically acceptable 35carrier or diluent. Mre particularly,
the present invention is directed to the use of a conpound of structural
formula I in the manufacture of a nedicanent for use in treating a

condi t ixef fRLEES Rectldne %ﬂtbﬁu@r@saﬁns QRS ikirag (ffal HNIBOGOHERFRtN FYIPE). All
di abetes, obesit

2010/ 0SB FHEBET ‘t’éﬁ 6@@?‘6%@? %’%%era Wé{rglélg?‘lhet %glqafdp]ieactﬁm SPFYPTS s sel ect ed
f rom t Hescgibedigbovendo dtienginefthalyisddcipitide ndmstantsy/(Ke), réaptickerates, were fit by non-

yper! SheFESELHRT, fhe INASHEDOIERH S OUEH Bl il B Lfdrs in

The su reate gener a

prefer sﬂﬂrgd@mgdhaﬁlsmm@n cmt@t@mﬁﬁrmlh lessﬁhwwﬂclﬁm b| tion of dipeptidyl
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effective anount” neans the.a é;] g ect, .conpoun thvmll elicit
Che. bt 81 R telow bal aelivib ds BUMaLng fhe depEa P g SETTh NPt 61 hurran
that i sfdmnetglosedlgmysbgertetrélyr\aﬁem Pseraf less themi abavi lanM redinos tydiseloe! or

ot her

7
enconp Pss &?ﬂﬁ%&“@h Wﬂtg F‘#‘?SH‘?H%‘“@ 6’23:}?61‘1P§HIS ¢ acp 1(11Y %ﬂp % %?Ilﬁn(% ggggtehtg?f i ed
ambint preserst imention $orany apinbitutots thb dipeptidi @spﬂdasq-l‘él enzyotd activity.i ndirect |y,

from combi nat i on [ﬂﬁ%)tnla?l ﬁgﬁﬁé&lﬁd@h}%ﬂé ﬁgi’le'l %d &iltsﬂﬁ"aéeoﬁﬁieﬁd £t lgél‘%&{ S.

Such termin rel at ar maceut osition, 1s Inten

enconpasglicpigstisduride smep of Biokegieah Emgtonsy dt hasgy lrgndstitspe st dngor fatesties ¢
I ngr ediygibl Sivek f}ﬁhcr%k Elab'@lté hﬁy;ﬁ@r Epl@én, cPisheliBl dell@&a@@ﬂaﬂh@@tﬂéﬁuﬂhyﬁlbhozd

results, dir or | i nation, 0
aggr egdbil g eg)l“i %F)rilf ‘ﬁgﬁsﬁgﬁfﬁsﬁ ﬁr‘?gﬁ é@eﬁﬁP@SSl% [%' F]Snf)g’#) Lglogdfl?i’tnl{%ln of
ongsor ireeel edll dckieatidi mglkedCPRé,snddr cahrctvet hembéygiemnomoregaktdrpns or

i nt eracti,ons _of e of the i I

onar et ndR sl e Bls (h bt S e S ROk e Pl
corrpos|¢p@ﬁ3ﬂ&d@vawtw@ﬁﬁlmampmcmommam onqtherpsp@cswt invention and a .
phar maceuti cal l'y ﬁ@%@&ﬁ'ﬁ GRdct ESmpddhds RRAEOBERUYE hEBb yoraﬁégxﬁvamoﬁ orit is
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The following diseases, disorders and conditions are related to Type 2 diabetes,

and therefore may be treated, controlled or in some cases prevented, by treatment with the
compounds of this invention: (1) hyperglycemia, (2) low glucose tolerance, (3} insulin resistance,
35  (4) obesity, (5) lipid disorders, (6) dyslipidemia, (7) hyperlipidemia, (8) hypertriglyceridemia, (9)
hypercholesterolemia, (10) low HDL levels, (11) high LDL levels, (12) atherosclerosis and its
sequelae, (13) vascular restenosis, (14) irritable bowel syndrome, (15) inflammatory bowel
disease, including Crohn’s disease and ulcerative colitis, (16} other inflammatory conditions,
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35  Intestinal Injury: The potential for using DPP-4 inhibitors for the treatment of intestinal injury is
suggested by the results of studies indicating that glucagon-like peptide-2 (GLP-2), a likely
endogenous substrate for DPP-4, may exhibit trophic effects on the intestinal epithelium
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20fol l ow ng acute myocardial infarction (Grculation, 109: 962-965 (2004)).
DPP-4 inhibitors are expected to show simlar effects through their ability
to stabilize endogenous GLP-1. Tunor I|nvasion and Metastasis: DPP-4
inhibition may be useful for the treatnment or prevention of tunor invasion
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that when used in combination with one or more other active ingredients, the compounds of the

present invention and the other active ingredients may be used in lower doses than when each is
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contdi nat i on (2) ibhipitapiobacyhnckmgint redioerdglytdrel asplvansiataso h and 2 Bprdpl end and
zoni sa?}(gig }%phe conbi nati on of topiramate and phentemai ne; fenfluram ne;
dexfenflilran’ne; sibutram ne; |ipase inhibitors, such 25as orlistat and
cetilistat; (#Blinhihibess of fattyraskleyyp®aseagoni sts, in particul ar, nmel anocortin-4

recept or agep)ShiRbitésSr ey 906G s,A:ﬁi@h@d@l_y@g&@ﬂﬁaéstzfr@is&‘sigsehoamw@m
receptor s&g’ggon! sts; neuropeptide Yi or ant agoni sts (such as MK-0557);
CB1 re@@f) mler se agoni sts and antagoni sts (such as rirnonabant and

t anianabant ) ;2B3ganisn € iy TGR & cepptor (adgdmostss GHB AR BGA3T, ARIR B, S§iPRIGbesi n
receptaor Wt_s (such as bonbesi n receptor subtype-3 agonists); 30

hi stam’aﬁ‘g teptor inverse agonists; 5-hydroxytryptani ne-2c (5-HT2c)
agoni sts, sl msmboimms edsplatecand rapitirtlease fermuflaticas theretdi:d synt hase (FAS).

For a revi ews pf;aihincaPERkpoCORRRKN SR
(32) a2-adrenergic or 3-adrenergic receptor agonists.
20
Antiobesity compounds that can be combined with compounds of Formula I

include topiramate; zonisamide; naltrexone; phentermine; bupropion; the combination of
bupropion and nalirexone; the combination of bupropion and zonisamide; the combination of
topiramate and phentermine; fenfluramine; dexfenfluramine; sibutramine; lipase inhibitors, such

25 as orlistat and cetilistat; melanocortin receptor agonists, in particular, melanocortin-4 receptor

agonists; CCK-1 agonists; melanin-concentrating hormone (MCH) receptor antagonists;
neuropeptide Y1 or Y5 antagonists (such as MK-0557); CB1 receptor inverse agonists and

antagonists (such as rimonabant and taranabant); B3 adrenergic receptor agonists; ghrelin
antagonists; bombesin receptor agonists (such as bombesin receptor subtype-3 agonists);

30  histamine H3 receptor inverse agonists; 5-hydroxytryptamine-2¢ (5-HT2c) agonists, such as
lorcaserin; and inhibitors of fatty acid synthase (FAS). For a review of anti-obesity compounds
that can be combined with compounds of the present invention, see S. Chaki et al., “Recent
advances in feeding suppressing agents: potential therapeutic strategy for the treatment of
obesity,” Expert Opin. Ther. Patents, 11: 1677-1692 (2001); D. Spanswick and K. Lee,

35  “Emerging antiobesity drugs,” Expert Opin. Emerging Drugs, 8: 217-237 (2003); J.A.
Fernandez-Lopez, et al., “Pharmacological Approaches for the Treatment of Obesity,” Drugs, 62:
915-944 (2002); and K.M. Gadde, et al., "Combination pharmaceutical therapies for obesity,"
Exp. Opin. Pharmacother., 10: 921-925 (2009).
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that can be conmbi ned with conpounds of the present invention, see S. Chak
et al., "Recent advances in feeding suppressing agents: potenti al

t her apeutwo 28twissm®gy for the treatnent of obesity,” Expect/uSpémm/ioe3pher .
Patents, 11: 1677-1692 (2001); D. Spanswi ck and K. Lee, 35"Energing
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to: [5-(5-{4-[2-(trifluoronethyl)phenoxy]piperidin-l-yl)-1,3,4-thiadi azol-2
- Y15 - 2N-tet 1 820! [ (R (4ydhl @optiangl)éelakiro Zomethyl- 1 H-indol-3-yl)methyl]butyl} benzoyl)--

(2 {44? glt ri fdnuor onet hyl ) phenoxyl pi peri din-1-y1)

-2,5" - i azol - 4-ypacetic acid;

( 5- {344- ( 2- bronp-5-f | uor ophenoxy) pi peridi n-1-yl | isoxazol -5-yl11-2Htetrazol -
o I P DU IR 2o
ol - 1- yia)aaget #d aci d;
20  pharmaceutically acceptable salts thereof.

Inhibitors of stearoyl-coenzyme A delta-9 desaturase {SCD) that can be used in
combination with the compounds of Formula I include, but are not limited to:
[5-(5-{4-[2-(trifluoromethyl)phenoxy]piperidin-1-y1}-1,3,4-thiadiazol-2 -yl)-2H-tetrazol-2-
yllacetic acid;

25
(2'-{4-[2~(trifluoromethyl)phenoxy]piperidin-1-yl1}-2,5'-bi-1,3-thiazol-4-yl)acetic acid;

(5-{3-[4-(2-bromo-5-fluorophenoxy)piperidin-1-yl]isoxazol-5-yl}-2 H-tetrazol-2-yl)acetic acid;

30 (3-{3-[4-(2-bromo-5-fluorophenoxy)piperidin-1-yi]-1,2,4-oxadiazol-5-yl} - 1 H-pyrrol-1-yljacetic
acid;

(5-{5-[4~(2-bromo-5-fluorophenoxy)piperidin-1-ylJpyrazin-2-yl}-2 H-tetrazol-2-ylacetic acid;
and

35
(5-{2-[4-(5-bromo-2-chlorophenoxy)piperidin-1-yl]pyrimidin-5-y1} -2 H-tetrazol-2-yl)acetic acid;
and
pharmaceutically acceptable salts thereof.
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(5-{544- (2- brono-5-fl uorophenoxy) pi peri di n-1-ylipyrazin-2-yll-2Htetrazol -2
-yl)acetic acid; and 35

(5-{2-[ 4-Wb-2broorse708- chl or ophenoxy) pi peri di n-1-yl ] pyri m ¢CnAB200206PF t et r azo
| -2- Aacetic acid; and pharnaceutically acceptable salts thereof. WO

2010/ 056708PCT/ US2009/ 063976 d ucoki nase activators that can be used in
conbi nation with the conpounds of Formula | include, but are not limted
to:

iif ?;_E;S?ggzrl_ g?%%ﬁ%%&;@ﬁl@?ﬁ%)&é% RTINS U A éor}l?ﬁ(&gﬁsl\l(_)t( 1-meth
5- ( 2- hijdmady I ibchugt iyt aet oo Xiyjite8 4¢:6- met hanesul f onyl pyri di n- 3-yl oxy) - N- ( 1- net
hyl -1 T nzam qe: s c 1 ) N7 1T A
105 (1R SRR BSRART 855 Cetvdrony: Lmetik-ehox N (frmetyt [Hopusazgl-d)
hy13 111bpspeamsie; 3- yl ) benzam de;
3-(6- net hanesul f onyl pyri di n- 3-yl oxy) - 5- (1- met hoxynet hyl - propoxy) - N- ( 1- net hy
1- 1H pyr azol 3- yObenzam de; <
5-i sop%&%@9&%@emﬁévﬂ%tﬁ@%%%Wﬂmqsa#fwﬁzmdakwlm*Métnﬁg}lil-Mnm’angokzo| -3
-yl ) bena@ybeiAeiidg- (2-fl uoro- |
-fl uoronet hyl - et hoxy) - 3- (6- net hanesul f onyl pyri di n- 3-yl oxy) - N- (1- met hy1- 1Hpy
razol - 3-yl ) benzam de; _
3- 1§ 442~ dydehykthyl-popexed (- phthaydsiitfnydyyrdig-3-yletypyni-C pethyl-4 Hipddzekdt - 5-y
1) -6- [E, &Eﬁ@ﬁdem_i' 1,2,4-triazol -3-ypthio]pyridine-2-carboxam de;
3-(f4- )?ﬁ met hyf azeti di n- 3- ypoxy] phenyl I t hi 0) - N-(3-net hyl -1, 2, 4-t hi adi azol -
5-y1)-6-[(4-net hyl 254H 1, 2, 4-tri azol - 3-ypt hi o] pyri di ne- 2- car boxam de;
N- (3- met ByhetfandsdtfdnfiAatRAZ Rl TRy )4 1 Bret Ay ARV R ($rhedthy3204-paydlt hi 0]
-3- f 4( %Z?t r,?ql [ gipﬁl-yle?ho%%henylﬁhi o] p;kl)ioi‘bgix}rll)e- 2( car b%xamp)dg[g; and
303- [ faDbg -aﬁ[ifl@zR) -2-met hyl pyrrolidin- |
-ylh§et hoxy} phenyl)thio-N(3-methyl-1, 2, 4-thiadi azol -5-y1) - 6-
[ (4- methyl -4H- 1, -triazole- 3- - Nk € hdine-2- cafh | de; e
bhar eI EAPT e LoD B N ot R A g,
GPR- 119 receptor that can be used in conbination with the conpounds of
For mul & _¢b_d _hI( hal 2ldem s i nCh N-(1- _1H-
ARIRRRL f’%‘%gqﬁ’?%&%@r{% s JF%%@%S%‘?%% ﬁiygigi/lﬁ PR ARC IR L
pi per i #viizal-3-yhveganpisdi ne;
20
3-({4-[2-(dimethylamino)ethoxy]phenyl } thio)-N-(3-methyl-1,2,4-thiadiazol-5-y1)-6-{(4-methyl-

4H-1,2 4-triazol-3-yl)thio]pyridine-2-carboxamide;

3-({4-[(1-methylazetidin-3-yl)oxy]phenyl} thio)-N-(3-methyl-1,2,4-thiadiazol-5-y1)-6-[(4-methyl-
25  4H-1,2.4-triazol-3-yDthio]pyridine-2-carboxamide;

N-(3-methyl-1,2,4-thiadiazol-5-y1)-6-[(4-methyi-4H-1,2 4-triazol-3-yDthio]-3- {[4-(2-pyrrolidin-
1-ylethoxy)phenyl|thio} pyridine-2-carboxamide; and

30 3-[(4-{2-[(2R)-2~-methylpyrrolidin-1-yl]ethoxy} phenyljthio-N-(3-methyl-1,2,4-thiadiazol-5-y1)-6-
[(4-methyl-4H-1,2 4-triazol-3-yl)thio]pyridine-2-carboxamide; and pharmaceutically acceptable
salts thereof.

Agonists of the GPR-119 receptor that can be used in combination with the
compounds of Formula I include, but are not limited to:

35  rac-cis 5-chloro-2-{4-]2-(2-{[5-(methylsulfonyl)pyridin-2-yl]oxy}ethyl)cyclopropyl] piperidin-1-
yi}pyrimidine;
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WO 2010/ 056708PCT/ US2009/ 063976 5-chloro-2-{4-[ (1R 2S)-2-(2-{

[ 5- (et hylsul fonyl) pyridi n-2-ylioxy}

et hyl ) cycwoppompsbiopi peri di nl-yl | pyrim di ne; 5rac ci s-5- edirarses24439(e- {2-

[ 4- (et hyl sul fonyl ) phenoxy] ethyl } cycl opropyl)piperidin-I- yl]pyrimdine;
5-chl oro- 24441S, 2R) - 2- {244- (et hyl sul f onyl ) phenoxyl ethyl} cycl opropyl)

pi peridin-lyl]pyrinaidine; 10

5-chl oro-2-[44(1R, 2S)-2-{2-[ 4- (nethylsulfonyl)phenoxy]ethylI cycl opropyl)

PP eSSl pA b o) At b grebfyferd Sg)i%yri P%aahxg e —

15yl i pyavipydinidine;and rac cis -5-chl oro- 2-

{2-[3-(5-nmethyl-1, 3, 4- oxadi azol - 2- prhenoxy]ethyIIcyclopropyl)

pi peridin-1-yl]pyrimdine; and armaceutically acceptable salts thereof.
DOSE! o > PRy 2ribeloh (e br(aresPPRR BTt ATl ramda e diohbi nat | on

W th t Rends of Formula | include, but are not limted to:

(25) - 22 ({6- chl or o- 3- [ 6- (4- chlor ophenoxy) - 2- propyl pyri di n- 3-y1] - 1, 2- benzi sox
azol -5- yl }oxy)propanoi ¢ acid; 25(25)-24 {6-chloro- 3-

[ 6- (4- sicummen@smﬂwnqwm@mmsdlfm@phmmhﬂ}d@emm@qﬁmﬂdﬁr1-

yl } oxy Qi c acid; (25)-2-
{[6-ch¥'§?’8‘ﬁ%ﬂn§ phenoxy 2- propyl pyridin-3-y1)-1, 2-benzi soxazol -5-yl ] oxy}pro
pabbi c acid; 30 (2/0-24 { 6-chloro-346-(4-chl orophenoxy) - 2-propyl pyri di n-3

R 2 g&%ﬁ?ﬂ@‘?ﬁ%ﬂﬁ?& LB ORRRR I ¥°1%°%Y1§weﬂdﬁﬁﬁadol
35yl i phidpoIYdEEt anoi ¢ aci d; (2S)-2-
{343- (4- nmet hoxy) benzoy1- 2- net hy1-6-(trifl uoronet hoxy)-1Hi ndol -

h WO 2 / 2z
{ééllg ((326? f”g‘&iaﬁ :gcﬂ?g;l{gi?’ncﬂwgl O{I?I%%fﬁpqg#ét% : Og%i-ﬁ)?f??al =4~ y1 1 phenoxy
} 12- pBphithidirepambi ¢ aci d; and

rac cis -5-chloro-2-{4-(2-{2-[3-(5-methyl-1,3,4-oxadiazol-2-yl)phenoxylethyl} cyclopropyl)
piperidin-1-yl]pyrimidine; and
pharmaceutically acceptable salts thereof.

20 Selective PPARy modulators (SPPARyM’s) that can be used in combination with
the compounds of Formula I include, but are not limited to:
(28)-2-({6-chloro-3-[6-(4-chlorophenoxy)-2-propylpyridin-3-yl]-1,2-benzisoxazol-5-
yl}oxy)propanoic acid;

25 (28)-2-({6-chloro-3-[6-(4-fluorophenoxy)-2-propylpyridin-3-yl}-1,2-benzisoxazol-5-
yl}oxy)propanoic acid;

(28)-2-{[6-chloro-3-(6-phenoxy-2-propylpyridin-3-y1)-1,2-benzisoxazol-5-ylJoxy} propanoic
acid,;

30
(2R)-2-({6-chloro-3-{6-(4-chlorophenoxy)-2-propylpyridin-3-yl]-1,2-benzisoxazol-5-
yl}oxy)propanoic acid;

(2R)-2-{3-{3-(4-methoxy)benzoyl-2-methyl-6-(trifluoromethoxy)-1 H-indol-1-
35  yljphenoxy}butanoic acid;

(28)-2-{3-[3-(4-methoxy)benzoyl-2-methyl-6-(trifluoromethoxy)-1H-indol-1-
yl]phenoxy}butanoic acid;
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5(2R) - 2- {343-(4-chloro)benzoyl-2-nethyl-6-(tri uoronethoxy)-1Hindol-1-

yl | phenoxy] propanoi c acid; and pharmaceutically acceptable salts thereof.
| nhi bi t orwoah10lbdB®8hydr oxyst eroi d dehydragenase type 1 tPhatuseem/ob®7ased in
conbi nation with the conpounds of Forrmula | include, but are not limted
to:

1034144- chl or ophenyl) -trans-3-fl uorocycl obutyl ] -4, 5-di cycl opropyl -r-4H 1, 2,
4-triazole; 3-

[1-(4-¢h ophenyl)-fran | obut met hyl cycl
opr Opyé) {J_B?[B iﬁ@%ﬁg&){)éqngggirime hy? 6(%%r¥ifuoromet¥mly}411f }/ncﬂ ?]%Xeno?{yg %

15341- grettoipropampieavyd, Jantlr ans- 3- f | uor ocycl obut yl ] - 4- met hyl - 5-[ 24t ri f 1l uor orret
hoxy) phenyli-r-4H 1,2,4-triazol e;

341-(4- chlorophenypcyclobutyl] 4- et hyl-542- gtrlfluoronethyl)phenyll 4H 1, 2
4-$ri 620re{3-PHEt-chloro)benzoyl-2-methyl-6- (trzﬂuoromet oxy)-1H-indol-1-

(4 [ 3- ﬁ@ﬁbﬁzﬁv‘ﬂp&%ﬁhbﬁcp&:ﬁp%& bi cyclo[ 2. 2. 2] oct-1-yl1l}-4-nethyl -542-(trifluoro
met hyl Eenl triazole, 4-nethyl-3 - {4-

[ 4- (meP @rrrsaewt@ﬁ wﬁ?ﬁgtﬁw&ﬁ@ﬂ%@e’ieaf [2.2.2] act-1-y1 } -5-

[2-(trifluoromet wHibkenyt l1B»hyfﬂrb)ﬂysﬂtrdéﬂéln)ailﬁgeﬁase&ﬁpeﬁnﬁmt can be used in

{4-nmeth 24t 1 | quororret en IIblcycIo[2 2.2]o0
ct-1-y b mgma{l%p 13711, }iler(f(ﬁlgj)&pg%&)%w a]11 1552&6 ’ui ar% fﬁl% tecigtoy 344.-
{ 44 6ret Byill- (B-ch[oi’e;(henylﬂ4tww6n@1dw¢y):¥wﬂm‘tyi/]k‘] Sdmwmpﬂ)wl"r#fﬁha%tﬂawe,bl cyclo
[2.2.2] oct-l-yl)-5- 30(3, 3 3- trlfluoroethyl) 1, 2, 4- oxadi azol e;
5-(3, 3-di fl uorocyclobutyl)- 3-(4-{4- rreth&/ [ 2-( trlflu romethyl)ﬁ)heryl] 4H
2. 4- Brlil d#hlogophgny itedpe 3o worocyslabtyllnd-gyglorropylA-xmaihylegelgpropyl)-r-4
55 ( 14fd M@iPof; met hyl et hyl ) - 3- (4- {4-methyl-5- [2-(trifluoronethyl)phenyl]
H 1,2 4-triazol -3- yl}bicycla[2.2.2]oct-1-y1)-1, 2, 4- oxadi azol e;
1, 1 d| fluoroethyl)-5-(4-{4-methyl-5-[2-(trifl uororret hyl ) phenyl ] -411-1, 2,
5i azol1-@-chickpphringlyatams{3-Rudtocy2]obotyd F4-yrikfhyl-53 2 @ifincadinethok@phenyl]-r-4 £~
3, 3}gé%kuorpcyclobutyl) 5- (4 {4-met hyl-542- (trifl uoronet hypphenyl]-4H 1,
trie2 6% syl 1 bi cycl o[ 2. 2. 2] oct -1 -y1) -1, 3, 4- oxadi azol e; and
, 1-di fl uoroet hyl )-3-(4-{4- rret hy1l-542- (tr| fl uoronet hyl ) phenyl]-4H1, 2, 4-
azols. ﬁt v cfi‘g)/ﬁ ggl;)%ic%u%ll}?@ﬁnéthﬂ%)le(tgﬂlfor%%&ﬂﬁlﬁin?l] NG 2 4-triazole;

rmace ptabl e salts

'O""U'II\)I\J-I}-I\)J;(DI—‘

- (
-1
- (
,4-1
-(1
ri
ha

20 3-{4-[3-(ethylsulfonyl)propyl]bicyclo[2.2.2]oct-1-y1}-4-methyl-5-[2-(trifluoromethyl)phenyl]-4H
-1,2,4-triazole;

4-methyl-3-{4-[4-(methylsulfonyl)phenyl]bicyclo[2.2.2]oct-1-y1}-5-[ 2-(trifluoromethyl)phenyl]-
4H-1,2 A-triazole;

25
3-(4-{4-methyl-5-[2-(trifluoromethyl)phenyl]-4H-1,2,4-triazol-3-yl } bicyclo[2.2. 2Joct-1-y1)-5-
(3,3,3-trifluoropropyl)-1,2,4-oxadiazole;

3-(4-{4-methyl-5-[2-(irifluoromethyl)phenyl]-4H-1,2,4-triazol-3-yl} bicyclo[2.2.2]oct-1-y1)-5-
30 (3,3,3-trifluoroethyl)-1,2,4-oxadiazole;

5-(3,3-difluorocyclobutyl)-3-(4-{4-methyl-5-[ 2~(trifluoromethyl)phenyl }-4H-1,2,4-triazol-3-
yl¥bicyclo]2.2.2joct-1-y1)-1,2,4-oxadiazole;

35 5-(1-fluoro-1-methylethyl)-3-(4-{4-methyl-5-[2-(trifluoromethyl)phenyl]-4H-1,2,4-triazo}-3~
yI}bicyclo[2.2.2]oct-1-y1)-1,2,4-oxadiazole;

230 -



10 Somat ostatin subtype receptor 3 (SSTR3) antagoni sts that can
be used in conbination with the conpounds of Formula | include, but are not
limted two 20W0H56708 and and pharmaceuti cal | y accept ablPeTambaw/063926 eof .
AMP- activated Protein Kinase (AMPK) activators that can be used in

conbi nation with the conpounds of Fornmula | include, but are not limted
to: OH WO 2010/ 056708PCT/ US2009/ 063976 and pharmaceutically acceptabl e

sal t s plenapfluordéthii)BiGorsmetfhyREE2-YikifiGoAnealin phyh AR 8H  Andridzol- ACC- 1 and
;Aﬁ(c::l 32%11}B}g&?lg@&egﬁﬁﬁ%&t,?’égo(%?ngiﬁ%é; on with the conpounds of Formula I
fl'-[( 1: cycl opropyl- 4- net hoxy- 111-i ndol - 6- ypcar bony1l} - 4- oxospi r o[ chr oman-

> 41 pi . W, it i 1

10s- 107U PN S g BB 265528 ot e ome
- 25 4 YRbissRpEh hplost ] Yy hb dsvedigolecing.

5-(1,1-difluoroethyl)-3-(4-{4-methyl-5-[2-(trifluvoromethyl)phenyl]-4H-1,2 4-triazol-3-
yl}bicyclol[2.2.2]oct-1-y1)-1,2,4-oxadiazole; and
pharmaceutically acceptable salts thereof.

10
Somatostatin subtype receptor 3 (SSTR3) antagonists that can be used in
combination with the compounds of Formula I include, but are not limited to:
N/
N—H
15

ﬁ/ N -<
/”“‘“/ O\< ‘<

0 , and
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11- [(1-cycl opropyl-4-met hoxy-1Hindol-6-yl)carbonyl] -641
FLtetrazoI 5-yl)spiro[ chroman-2,4' - piperidin]-4-one; 15

- [ (1- cywbaproopsys4- et hoxy- 3- nethyl 1H i ndol- 6- y1) car beayIys2@9(48347¢ et r azol
-5 y1) spiro[ chroman- 2, 4' - pi peri di ni - 4- one; 5-
[ (1-cycl opropyl-4- nethoxy 3-nmet hyl- 1H i ndol- 6- ypcar bonyl ] - 4- oxo-spiro
[chronan 2,4" - 20piperidin]-6-yllnicotinic acid,

-({6-(5- carbanDyIpyrldln 2-yl)-4- oxosplro[chrornan 2,4P-piperidin]-1
-yI}carbonyl) 2',6' - dj oxybi phenyl - 4- car boxyl i c aC|d
252' ,6' - dlethoxy 4'-{ {6-¢1-met hyl-11/-pyrazol -4-yl)-4- oxospiro
[chronan-2,41-piperidi =M' - yl]carbonyl } bi phenyl-4-carboxylic acid,
2',6"'-di et hoxy-3-fl -4'"- { [6-(1-nmethyl-1H pyrazol -4-yl)-4-oxo0ospiro
[ chrornap 4 plperjd\ ]-1 - ylicarbonyl }bi phenyl-4-carboxylic acid; 30

3 enyl) - 4- oxospi ro[ chroman- 2, 4' -pi peridin]-1"-yllcarbo

nyl) -2, 6- dhethoxyphenylinicotinic acid; sodium 4' - ( {

6- ( 5- car bano¥1 py« gln 2-yl)-4-oxospiro [chroman-2, 4' - pi peridin]
-11-yl I car bomy ' - di et hoxybi pheny1- 4- carboxylate WO
2010/0567 063976 met hyl

({6=£\'car%anDyIer|d|n 2-y1l)-4-oxospiro[ chroman-2, 4t-piperidin]-1t-yllc
arbonyl) 2',6'-di et hoxybi phenyl-4-carboxyl at e;
[(a:;chldxrmmdulmqlbwcn@tabie galig|thareetbonyl ] - 6- (1H-t et razol- 5- yGOspi r o[ chr oman
- 2 4" - pi peridi n] adrp QB&atddProteln Klr{aﬁél(ﬁﬁ\/lf’ &t%ﬂgﬂiaﬂ%%&ed/ﬁﬂpar bonyl ]

-4-oxospiro [chroman- 2, pi per.i etr yl ) met hyl
plvala?@mbH@WQﬁﬂmmiﬂqQ@QW%m@%Qdﬁy@ﬁblﬁ@#W$&9ﬂﬁﬁﬁBP?%WQ“&@)carbonyl]

-4-gxospiro [chroman-2,4' -piperidin] -6- yl}nicotinic acid,

1' - (8- oxy- 4- rnorpholln 4-y1-2-napht hoyl) - 6- (1FLtetrazol 5-yl)5piro[chro
man- 2, 4 i peridin]- 154-one; and
11-[ (4-e 7285 et hyl qui nol i nz2-yl ) car s -6-(1Htetrazqgl -5-yl)spiro[chro
man- 2, 4t - pi -@ one 0 phar néce |1y accept af salts and
esters theredV O N
CO.H >~—o COLH
& cl N

/ c

].0 H 3 H H



The conpounds of the present invention nmay be adm ni stered by oral,
parenteral (e.g., intranuscular, intraperitoneal, intravenous, |CV,

i ntraci stworralo/asejogct i on or i nfusion, subcutaneous i nje®Cirarso000/0639pl ant),
by i nhal ati on spray, nasal, vaginal, rectal, sublingual, or topical routes
of adm nistration and may be fornul ated, alone or together, in suitable
dosage unit 25fornul ati ons contai ni ng conventi onal non-toxic
pharmaceutically acceptable carriers, adjuvants and vehicl es appropriate

for eaehicrgute of admnistration. In addition to the treatnent of

war m bl ood ani mal s such as mce, rats,/\worses, cattle, sheep, dogs, cats,
nonkeys, et®e” ¢t he conpounds_s I NN& i P use in
humans. The phagpacest i gal cggﬁositions for gl N ‘ n of the
conpounds of this 3 nv I O T i IMeoghosage unit
formand may be preparefl by any of thg net hodsy keibwn in the art of

pharmacy. Al nethods include the Sstep of bringing the active ingredient
into association with the carrier which constitutes one or nore accessory

ingred%ﬁg&ﬁﬂg&&ug@ﬂ@Q@Fqﬁﬁh@g@@a&ﬂaﬁeutical conposi tions are prepared by
W th s |]quid caltiakred! Beblhamstiy Ast! 501 PAAEar! R} bt BUCR “Sbhnd

t hen, ufedriecesbantion sithphagnifoangs adducmulaitioclike bdese medlithdedgt at i on. | n
t he phar i;cal L i i i Sy hnE in an
anount SS07 R ey 2P opgeERRT G BRI AT o BTNl 5.4 BiicsiiEe. |

condi t bohibehzadé sddses. As used herein, the term"conposition"” is intended
to enconpass a product conprising the specified ingredients in the

speci fied WO 2010/ 056708PCT/ US2009/ 063976 unts,. wel | any praduct
whi®h pedul@syclgpiogyrfpegroxy -%r@eﬁﬁv%cwgaﬁﬂgw&%ﬁ 018@@%3?@5@@55 ed
ingredygﬁkﬁﬁhmg&ﬁ@ speci fi ed anounts. The pharnaceutica
conpositions containing the active ingredient may be in a formsuitable for
oral use, for exanple, as tablets, troches, |ozenges, aqueous or oily
suspendi-@hsyclsplioppet-sietiosyf blrohdpk6-ghcgbami]-e4] Haetrdzel-bryspitnd eldompn-Sof +
capsulggmﬁgﬁ_ﬁﬁﬁgps or elixirs. Conpositions intended for oral use may be
pr epar acc&r I'ng to any nethod known to the art for the manufacture of
phd? maceut i cal conpositions and such conpositions may contain one or nore
agent s 1SR 8¢418Fkoby M thBLy-0 LR BYICDSI®I-6 R cRibos YRl @ALEBGaRBENt s, flavoring
agents,  cal oring qgents agd aresng|ng agents in order to provide

phar madBtRroldirpirant SGRIMEdRd 4 iCat abl e 10 preparations. Tablets contain the
active ingredient in adm xture with non-toxic pharmaceutically acceptable

i pi sz ieaySReReS) Py S el SR PO Gl b OB R e

sodd umpgeridoni#t 8} niketotiosad; cal ci um phosphat e or sodi um phosphat e;

granul ating and di sintegrating agents, for exanple, corn starch, or alginic
acid; binding agents, for exanple starch, gelatin or acacia, and

b | cat{ S ety TS Y BT abE P Steilel YOCRRPr e or

tal c. Ehﬁh&@ﬁﬁpg&g¢m&%ﬂﬁgygag@aged or they may be coated by known techni ques
to delay disintegration and absorption in the gastrointestinal tract and

t hereby provide a sustained action over a |longer period. For exanple, a

ti e deléhdisthderd A[6-sLiatetind- 1§ peary-d-yiphoxsipa] dremar-2@l-yipendih]-dt st ear at e

may be ) 1 o) coated by the techni ques described in the
U S Pgﬁ§%%§%§5§%%£§%ﬁ?%%?%ééi%ﬁg; and 4, 265,874 to form 20osnotic
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hept adecaet hyl eneoxycet anol, or condensati on products of ethyl ene oxide
with partial esters derived fromfatty acids and a hexitol such as
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The pharnmaceutical conposition and nethod of the present invention may
further 5 conprise other therapeutically active conpounds as noted herein
whi ch ar ewo=0sldsy70appl i ed in the treatnment of the abovePoEMUS2@O63976

pat hol ogi cal conditi ons. In the treatnment or prevention of
condi tions which require inhibition of dipeptidyl peptidase-IV enzyne
activity an appropriate dosage level will generally be about 0.01 to 500 ng
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351 | o BpEanRry 8 KRIRER GPeeABua SRS Sheftin LdSoRi ERERUTKERILEN 20
conmmer otith Watemurzinl cibmediom, fmyXMEPM@lﬁ@ddﬁfmlﬁﬂagaf@ﬂi Pb@]é‘df{mbs known in the

arbsor as illustr Aéﬁ%&ius%& SinBions R4 HY L2864 %Fé@fﬂs%%@ﬁ%[t&@%@ﬂﬁexmpaems
The conpounds of resent 1 nvention can&%%}gare frominternediates

such asutaRbs T e Mapyfagtareiof agwaus FUSPERSIQNg- RIS ATCHTRABdRE AR dRF
condi t ieRaaplk@bdineshrikyaRHylieBelobg Metiyitellusérbydidxy- plopylmethylcellulose,
sodium alginate, polyvinyl-pyrrolidone, gum tragacanth and gum acacia; dispersing or wetting
agents may be a naturally-occurring phosphatide, for example lecithin, or condensation products
30  of an alkylene oxide with fatty acids, for example polyoxyethylene stearate, or condensation
products of ethylene oxide with long chain aliphatic alcohols, for example
heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with partial esters
derived from fatty acids and a hexitol such as polyoxyethylene sorbitol monooleate, or
condensation products of ethylene oxide with partial esters derived from fatty acids and hexitol
35  anhydrides, for example polyethylene sorbitan monooleate. The aqueous suspensions may also
contain one or more preservatives, for example ethyl or n-propyl p-hydroxybenzoate, one or
more coloring agents, one or more flavoring agents, and one or more sweetening agents, such as

sucrose or saccharin.
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I 5 where Ar and V are as defined above and P is a suitable nitrogen
protecting group such as teltbutoxycarbonyl (BOC), benzyl oxycarbonyl (Cbz),
or 9-fl uowerrylomssteexycar bonyl (Fnoc). The preparati on ofPCrhss@9/063976

intermedi ates is described in the foll ow ng Schenmes. C SCHEME | CH NO
Cr 203

Oily suspensions may be formulated by suspending the active ingredient in a
vegetable oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil such
as liquid paraffin. The oily suspensions may contain a thickening agent, for example beeswax,
hard paraffin or cetyl alcohol. Sweetening agents such as those set forth above, and flavoring

5  agents may be added to provide a palatable oral preparation. These compositions may be
preserved by the addition of an anti-oxidant such as ascorbic acid.

Dispersible powders and granules suitable for preparation of an aqueous
suspension by the addition of water provide the active ingredient in admixture with a dispersing
or wetting agent, suspending agent and one or more preservatives. Suitable dispersing or wetting

10 agents and suspending agents are exemplified by those already mentioned above. Additional
excipients, for example sweetening, flavoring and coloring agents, may also be present.

The pharmaceutical compositions of the invention may also be in the form of oil-
in-water emulsions. The oily phase may be a vegetable oil, for example olive oil or arachis oil,
or a mineral oil, for example liquid paraffin or mixtures of these. Suitable emulsifying agents

15 may be naturally- occurring gums, for example gum acacia or gum tragacanth, naturally-
occurring phosphatides, for example soy bean, lecithin, and esters or partial esters derived from
fatty acids and hexitol anhydrides, for example sorbitan monooleate, and condensation products
of the said partial esters with ethylene oxide, for example polyoxyethylene sorbitan monooleate.
The emulsions may also contain sweetening and flavoring agents.

20 Syrups and elixirs may be formulated with sweetening agents, for example
glycerol, propylene glycol, sorbitol or sucrose. Such formulations may also contain a demulcent,
a preservative and flavoring and coloring agents.

The pharmaceutical compositions may be in the form of a sterile injectable
aqueous or oleagenous suspension. This suspension may be formulated according to the known

25  artusing those suitable dispersing or wetting agents and suspending agents which have been
mentioned above. The sterile injectable preparation may also be a sterile injectable solution or
suspension in a non-toxic parenterally-acceptable diluent or solvent, for example as a solution in
1,3-butanediol. Among the acceptable vehicles and solvents that may be employed are water,
Ringer's solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are

30  conventionally employed as a solvent or suspending medium. For this purpose any bland fixed
oil may be employed including synthetic mono- or diglycerides. In addition, fatty acids such as
oleic acid find use in the preparation of injectables.

The compounds of the present invention may also be administered in the form of
suppositories for rectal administration of the drug. These compositions can be prepared by

35  mixing the drug with a suitable non-irritating excipient which is solid at ordinary temperatures
but liquid at the rectal temperature and will therefore melt in the rectum to release the drug.
Such materials are cocoa butter and polyethylene glycols.
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For topical use, creams, ointments, jellies, solutions or suspensions, efc.,
containing the compounds of the present invention are employed. (For purposes of this
application, topical application shall include mouthwashes and gargles.) '

The pharmaceutical composition and method of the present invention may further
comprise other therapeutically active compounds as noted herein which are usually applied i the
treatment of the above mentioned pathological conditions.

In the treatment or prevention of conditions which require inhibition of dipeptidyl
peptidase-IV enzyme activity an appropriate dosage level will generally be about 0.01 to 500 mg
per kg patient body weight per day which can be administered in single or multiple doses.
Preferably, the dosage level will be about 0.1 to about 250 mg/kg per day; more preferably about
0.5 to about 100 mg/kg per day. A suitable dosage level may be about 0.01 to 250 mg/kg per
day, about 0.05 1o 100 mg/kg per day, or about 0.1 to 50 mg/kg per day. Within this range the
dosage may be 0.05 t0 0.5, 0.5 to 5 or 5 to 50 mg/kg per day. For oral administration, the
compositions are preferably provided in the form of tablets containing 1.0 to 1000 mg of the
active ingredient, particularly 1.0, 5.0, 10.0, 15.0, 20.0, 25.0, 50.0, 75.0, 100.0, 150.0, 200.0,
250.0, 300.0, 400.0, 500.0, 600.0, 750.0, 800.0, 900.0, and 1000.0 mg of the active ingredient for
the symptomatic adjustment of the dosage to the patient to be treated. The compounds may be
administered on a regimen of 1 to 4 times per day, preferably once or twice per day.

When treating or preventing diabetes mellitus and/or hyperglycemia or
hypertriglyceridemia or other diseases for which compounds of the present invention are
indicated, generally satisfactory resuits are obtained when the compounds of the present
invention are administered at a daily dosage of from about 0.1 mg to about 100 mg per kilogram
of animal body weight, preferably given as a single daily dose or in divided doses two to six
times a day, or in sustained release form. For most large mammals, the total daily dosage is from
about 1.0 mg to about 1000 mg, preferably from about 1 mg to about 50 mg. In the case of a 70
kg adult human, the total daily dose will generally be from about 7 mg to about 350 mg. This
dosage regimen may be adjusted to provide the optimal therapeutic response.

It will be understood, however, that the specific dose level and frequency of
dosage for any particular patient may be varied and will depend upon a variety of factors
including the activity of the specific compound employed, the metabolic stability and length of
action of that compound, the age, body weight, general health, sex, diet, mode and time of
administration, rate of excretion, drug combination, the severity of the particular condition, and
the host undergoing therapy.

Synthetic methods for preparing the compounds of the present invention are
illustrated in the following Schemes and Examples. Starting materials are commercially
available or may be made according to procedures known in the art or as illustrated herein.
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Substi tuted benzoyl
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halide | is treated with

The compounds of the present invention can be prepared from intermediates such
as those of formula II and IIT using standard reductive amination conditions followed by

deprotection,
"NH-P
Ar
0 H—-V
0
I 111
5  where Ar and V are as defined above and P is a suitable nitrogen protecting group such as tert-
butoxycarbonyl (BOC), benzyloxycarbonyl (Cbz), or 9-fluorenylmethoxycarbonyl (Fmoc). The
preparation of these intermediates is described in the following Schemes.
SCHEME 1
Ar\irCE Ar\n,O\©
CH3NO
f ° a2 Ao
2
AFY\NOZ ey
o]
CHNO,  Ar — 3
Ar\n/ H N02 Cr,0
23
OH
0
1a 1b
NH,
NO, 1. NaBH, NO; Zn/HC Ar.,
Ar~ T At —— '
2. DBU 0
0 0 8
3. ChiralCel OD
4 5
(Boc),0O
' NHB
NHBoc NalO, A o WHBoc
Ar, I Foe 0sO, /NMMO A,
or Pb{OAC), O OHOH )
C
o 8
Ha 7
10

Intermediates of formula II are known in the literature or may be conveniently
prepared by a variety of methods familiar to those skilled in the art. One common route is
illustrated in Scheme 1. Substituted benzoy! halide 1 is treated with phenol in the presence of a
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base such as NN-diisopropylethylamne to formthe ester 2. Treatnent of 2
with the anion generated from nitronethane using sodi um hydri de gives the
ni t r oket ome 2810/086108r nat i vel y, the nitroketone 3 can be mradaSk§oonem®cé i ng
al dehyde la with nitromethane in the presence of a base and oxidizing the
resulting nitroal cohol Ib wth an oxidizing agent such as Jones reagent. 5
Heating the nitroketone 3 wth 3-iodo-2-(iodonethyl)prop-1-ene gives the
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heat i ngyWistihe diMi Mhi&td}%hft&ﬁﬁﬁam Geth dbamaiperioane yples (RmcBMA) pygintes Ikl. The

desired intermediate Il'la may then be readily obtained by heating a
solution of 11 with hydrazine 12 in a suitable solvent such 25 as et hanol
optsonally in the presence of a base such as sodi um et hoxi de foll owed by
removal of the protecting group w tdCREME?2 WO 2010/ 056708PCT/ US2009/ 063976
SCHEME 3 HV

OH [0] O DMF-DMA 0
P~N ——  P-N —  P=N /
N

9 10 1 ™

1. HoN—NHR®

12 HN "
[N

2. Deprotection
with acid IIla

Intermediates of formula III are known in the literature or may be conveniently
prepared by a variety of methods familiar to those skilled in the art. One common route to
20  prepare tetrahydropyrrolopyrazole Ilfa is illustrated in Scheme 2. Trityl- or Boc-protected
pyrrolidinol 9 may be oxidized by a variety of methods, such as the Swem procedure, commonly
known to those in the art, to give the ketone 10, which upon treatment and heating with N, N-
dimethylformamide dimethy] acetal (DMF-DMA) gives 11. The desired intermediate la may
then be readily obtained by heating a solution of 11 with hydrazine 12 in a suitable solvent such
25  as ethanol optionally in the presence of a base such as sodium ethoxide followed by removal of

the protecting group with acid.
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NHP Ary As illustrated in Schene 3, the conpounds of the
present invention structural forrmula (1) may be prepared by reductive

am nat i orwof2oioserogedi ate 11 in the presence of 5 | nter reditst@lobio7asi ng
reagents such as sodi um cyanobor ohydri de, decaborane, or sodi um

triacet oxyborohydride in solvents such as dichl oronet hane, tetrahydrofuran,
or nethanol to provide Internediate IV. The reaction is conducted
optionally in the presence of a LewH@E® such as titaniumtetrachl oride
or titaniumtetrai sopropoxide. The reaction nmay al so be facilitated by
addi ng an acid such as acetic acid. In sone cases, Internediate Il may be
a salt, such as aN@Rydrochloric acid or trifluoro ic acid salt, and in
t hese cases if. is onvenient to add a base, gapera
NN-dllsopropf*e yi 'ne gh reaction mxture. The protecting group is
then renoved wt r exanpl ri fTuoroacetic i r met hanol i ¢ hydrogen
chloride in the Boc, or pall adi um on-carbonr”andvhydrogen gas in the
case of Cbz to give the desired amine |. The product is purified, if
necessary, by recrystallizatiopg trituration, prepdawvative thin |ayer 15

chr omat ography, flash chromatography on silica gel, such as with a

Bi ot age(r) apparatus, or HPLC. Conpounds that are purified by HPLC may be

i sol ated as the correspondi hii.sal t. - In some cases the product
or synthetic internediﬁ es il lustrated in the above schenes may be further
nodi fied, for exanple, npul ati on of substituents on Ar or V. These
mani pul ati ons nmay incl ude,. but| are not linited to, reduction, oxidation,

al kyl ation, 20acyl ati on, 9 ol ysis reactions that are commonly known
to those skilled in the art.3ln sonme cases the order of carrying out the

f oregoi ng reacti on schenes Agy be varied to facilitate the reaction or to
avoi d unwanted reaction products. The conpounds of structural formula I of
the present invention can be prepared according to the procedures of
the fol | ow ng Sc heribestrated iERahamed, theeomigpuagp poObE PESe HaYBHPRPEUSTahd ar e

th htelf tﬁﬁ:ge{’@ fnfa%%éi ﬁ;safeb% frQdubavd é}Em%ﬂ&Qbif}lrlferﬁé@iﬁié'IFﬁl thd pRs&RIPOUNS
| ustrate N

e .exanpl es are no er érOb nstrued s formng
| hes onlipeesdie TThRIng SABEiCT B e b am R sttt SaaPoRneHF RSB0, 063676
[ Rvent h%etoﬁ?&r@fﬁﬁﬁb%sdl%rﬂ&ﬁfchlab Hid:ﬁidr@’hahﬁi&i witdaBydrofurdrher mleéqaamlabl on of
t he CO e nventl
readi | § ﬁ%ﬁmﬁ%a}eﬁg e]ﬁ'ﬁ %%%d gﬁ%ﬁﬁ@(%ﬂoﬁggﬁsgﬁg&gﬁ %S\(l)ﬁéztha{isses of
t he folhdwisrgampmeaperablovide pr t]taadm w:ezxsapropexxdcs etihe ma@roeapamealsmbes@mhtated
conpoury g%ddﬂig 'ta&atsﬁ{l{ asgaggﬁ&wés ¥ofc80R! Bldnhcl Rl AR bdh el prmaOf

their ar ma cce tab e salts, such those descr
pr é0i o@ngqhyaclwem@ aﬁé@@v@umﬁ?@m wad gkt ﬁ%d wa%@ C@%ﬁ‘rﬁri% Gominifgt Wd@wé?aﬁ‘*sm at ed
salts Gan-he YaNendh YRk AbitEalch@bnwhidiurd $hé paklctnpasep istieh as

o os s “.V%Le"%%?eﬁea i RREri o TRk i R BT O, o
an or gmpoxqﬁﬂlu@ﬁm—érﬁba’rbwemdiwdm@p(gaainl tha castoé Chritmgve tealebiagbarnmollat ed i n
this ner t. v 0 |

accopt aF orakiffis g5 BRSO RARY B e MR LRt o RESRIRERM 62 Y o,
of 16he chpmratpgrapitye flashi diremaograpleejughea @l,aagg@h at Wwoh 2 Fiplage® pereeatdh of or

cryst a'}k;ax,gt gg@g? zh wilds zﬁa% m%@tf@a 85 HHIT fiﬁg bEES 1R a%'lh@cdﬂ’&sﬁ&ﬁil her wi se

not ed

re nmeasured @ﬁﬁe ectr
spect r oscopy. In some cases the prodpgil gryp ‘%’é“fir’%le aTeF E‘Eu%f‘tegb‘bg’g\??’%’q ons
used i RehidigesGRBHd Rith@meadifitd) Enseaipis bg nohiphiatohef hutisdturadioatAsorand

Exanpl eﬁxegehz%\!\aﬁllp&%{lggg mzlz'}! 1%1%1118& bAPa{e%\é 1tn|1t%d %0:, reduction, oxidation, alkylation,

20  acylation, and hydrolysis reactions that are commonly known to those skilled in the art.
In some cases the order of carrying out the foregoing reaction schemes may be varied to facilitate
the reaction or to avoid unwanted reaction products.

The compounds of structural formula I of the present invention can be prepared

according to the procedures of the following Schemes and Examples, using appropriate materials

25  and are further exemplified by the following specific examples. The compounds illustrated in the
examples are not, however, to be construed as forming the only genus that is considered as the
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Al kal kyl Ar=aryl 20 Boc=tert-butoxycarbonyl brbroad CH2C12=di chl or onet hane
doubl et DBU=1, 8- di azabi cycl o[ 5. 4. 0] undec- 7- ene 25 DEADdi et hyl

azodi car bagyehawseORVA V, N- di net hyl acet am de DMVFdi et hyl f @cCrars2ee/063976
DVBSO=di net hyl sul f oxi de ESI =el ectrospray ionization 30 Et 0Ac=et hyl acetate
HATU=0- ( 7- azabenzotri azol -1-y1)-N, N, N, AP - tetranmet hyl ummi um

hexaf | uor ophosphat e HOAc=acetic acid LC-Ms=liquid chronat ography-nass

spect r RRERA. Sheli(akpidst N ikaexdetitls Toi the Prephraliel bR tbinpoaddz @ dlhe
MSOA 1?%9&% ?ﬂv%g%igrgl ’I‘I?otsg skiY}}Qd ?rxot?igérot%vaxﬁ Orgadily understand that known variations of the
conditions and processes of the following preparative procedures can be used to prepare these
compounds. The instant compounds are generally isolated in the form of their pharmaceutically
5 acceptable salts, such as those described previously hereinabove. The free amine bases
corresponding to the isolated salts can be generated by neutralization with a suitable base, such
as aqueous sodium hydrogencarbonate, sodium carbonate, sodium hydroxide, and potassium
hydroxide, and extraction of the liberated amine free base into an organic solvent followed by
evaporation. The amine free base isolated in this manner can be further converted into another
10 pharmaceutically acceptable salt by dissolution in an organic solvent followed by addition of the
appropriate acid and subsequent evaporation, precipitation, or crystallization. All temperatures
are degrees Celsius unless otherwise noted. Mass spectra (MS) were measured by electron-spray
ion-mass spectroscopy.
The following is a list of abbreviations used in the description of the synthesis of
15  the Intermediates and Examples shown below.

List of Abbreviations:

Alk = alkyl

Ar = aryl
20 Boc = tert-butoxycarbonyl

br = broad

CH.Cl, = dichlioromethane

d = doublet

DBU = 1,8-diazabicyclo[5.4.0]undec-7-ene
25 DEAD = diethy! azodicarboxylate

DMA = N, N-dimethylacetamide

DMF = dimethylformamide

DMSO = dimethyl sulfoxide

ESI = electrospray ionization
30 EtOAc = ethyl acetate

HATU = O-(7-azabenzotriazol-1-y1}-N,N,N,N’-

tetramethyluronium hexafluorophosphate

HOAc = acetic acid

LC-MS = liquid chromatography-mass spectroscopy
35 LiOH = lithium hydroxide

m = multiplet

MeOH = methyl alcohol

MgSO4 = magnesium sulfate
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M5 NaOH = Na2S 04 = NVR = PG = Ph = Rt or RT = | NTERVEDI ATE 1 NHBoc O
tert-Bub-ox0-2- 2 4 5-trifluorophenvfltetrahydro-2H pyran-3-yllcarbamte
Step A Pheoyb1o254708-trifl uorobenzoate A solution of phemRroli/uS:®9863976 141
mrol) in dry dichloronethane (370 nL) was 20 cooled in ice bath and treated
with N, N-diisopropyl ethylamne (34 nL, 193 mmol) followed by

MS = mass spectroscopy
NaOH = sodium hydroxide
NayS04 = sodium sulfate
NMR = nuclear magnetic resonance spectroscopy
5 PG = protecting group

Ph = phenyl
Rtor RT = room temperature
s = singlet
t = triplet

10 TFA = trifluoroacetic acid ‘
THF = tetrahydrofuran

INTERMEDIATE 1

©@

tert-Butyl [(2R.38)-5-0x0-2-(2.4.5-trifluorophenyltetrahydro-2 H-pyran-3-yljcarbamate
Step A: Phenyl 2.4.5-trifluorobenzoate
A solution of phenol (13.3 g, 141 mmol) in dry dichloromethane (370 mL) was
20 cooled in ice bath and treated with N, N-diisopropylethylamine (34 mL, 193 mmol) followed by
dropwise addition of 2,4,5-trifluorobenzoyl chloride (25g, 129 mmol) over a period of 15

15

minutes. The ice bath was removed, stirring was continued for two hours at room temperature
and the solution was then transferred to a separatory funnel and the organic layer was washed
successively with hydrochloric acid solution (2N, 150 mL), saturated aqueous sodium

25 bicarbonate solution (150 mL), and brine (150 mL), dried over anhydrous sodium sulfate,
filtered, evaporated and the resulting solid product was purified on silica in portions by eluting
successively with hexane, and then 0-5% ether in hexane in a gradient fashion to yield phenyl
2.4,5-trifluorobenzoate as white solid.

30 StepB: 2-Nitro-1-(2,4.5-trifluorophenyl)ethanone
Sodium hydride (12 g, 60% in oil, 297 mmol) was rinsed with hexane (4 x 100
mL), flushed with anhydrous nitrogen, suspended in N, N-dimethylformamide (350 mL) and then

treated with nitromethane (44 mL, 81 mmol). The resultant mixture was stirred at room
temperature for 2.5 hours, cooled to 0 °C and then treated with a solution of phenyl 2,4,5-
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dropwi se addition of 2,4,5-trifluorobenzoyl chloride (25g, 129 mml) over a
period of 15 mnutes. The ice bath was renoved, stirring was continued for
t wo hour swatorcassiosenper at ure and the sol uti on was thenpCramsgéns®dsto a
separatory funnel and the organic | ayer was washed successively with
hydrochl oric acid solution (2N, 150 nL), saturated aqueous sodi um 25

bi carbonate solution (150 nm.), and brine (150 nlL), dried over anhydrous

sodi u rr’srﬁuiofr@ﬁeﬁzoa‘m {3268 €0 oamm)rlﬁmw damdthyferniaside (i 8®gandNecd a[pecdicf tweas

pur|f| d on in.portions by .eluti successi ve nd
Phen. 0B&USoThereeFfirHBiaNG 1o ke o 485 e uSHAGH Sl el sHiliy B
2, 4, 5- fariahladditiohdrimoatteoas tehptretuso| Tiek. mBOSBE eyas poured into ice (400 g) with conc.

B1 2-N /chﬁroghiélgc %%g e Ilnf,)l; L ARREY Hdﬁitup@ﬁg.ﬂ&tracted with ethyi aﬁ'(@'?ﬁﬁ%i de (12

609 was ‘rinse exane ushed with
anhy dr dbe combinederganisaysenveis Washed Wit prae AP b} rﬁlﬁﬁﬁl gEer @B SOdHEP t hen

t{eat egulmtté *ﬁii&kédr Qﬁ@é\}&ﬁ&%te@%d&‘ feduddd pRasen: - T}Bllﬁudee@ﬂ&&%mas msgéiué@xtnwast .
stirred_at room e or cooled to an reate
ST LRI e A BT B R e A L R

trifl Uﬁfy@ﬁwmah €or(rd. #ﬁo@staﬂﬁﬁ@amwolmgﬁn fﬁ.el&edmmdmyfdcovmahbﬂﬁlg(ahsﬂ and.)

over a e r.eac at the sane
tenpergFﬁfﬁ grznﬁu Rt @ﬁ{?%’?ﬂ- Orm?}amgléet ?nr?&gég %’égﬁ"ﬁ%ﬁtae§§ﬁ{jl onal hour at room

t eiperat ure. The m xture was poured into ice (400 g) with conc.

hydroclkiorc aci g Mé&vféhﬁmm@aaaw%mﬁu ) 305iRYdib 0L pelai L . et hy!

acet at 250 The conbrned or%h yers were washed with brine
¥

(40 inL), dried eﬁl@#xwwar@ﬁw@o@hl@rﬁr@ énrep 1fqnpt(le9§d8 pf) aYhHSHHE ed
under [ QHUCETE PrRISHM0OS in 2880 dﬂll?rv%%ﬁhe&\@ﬁrodhﬁSﬁb&%dué forebenrs; hexane

(2 ot Sk e 2y B BB b e 5 PERBET G 1 e

re¢ovensdo. Dye ﬁnghﬁlbaﬁyeﬁWaadﬂedjaNeeebdlmn)sukfhtd filtered and evaporated to yield 3-iodo-2-

e e
A i xt addedop a$0b11111)omzﬁﬁwf(aﬁMIfhl,@mHhﬂ@ﬁ)eih@ﬁ@ﬂ (110ang| 0. Bomebl P Aad sodi um
i odi de dﬁlﬁetﬁgﬂorm%u I}IL} &@9@5%@—({0@Qm@%1)16@)§ BiAd (rieﬁln%t 06‘5%&1&@ AREfIRL ur e

for 20 hour evap under . reduced preéess i.ssol ve
pyrifie ﬂg'?sg

di chl oMBKBYhEAS f(aies?cﬁtréﬂ) Cdtie -nhows, fmeorfmay %P@aﬁoﬁgf"@}w #B& dried
ovgo S @ibtdpe Hblhfr@i@ systenh ts@liRdganidnevapmr dildsrohethehe ithdahedo yid 3-

(i odonet h a redd sh..0 2 45.a) . N, N-di i sopropyl et hyl am ne
(0. 20 m B Saisebt T BgpGophFR o e syt
2-nitro- (245tr|fluorophenypethanone(110ng 05rrrm|) in

N, Ndi f |

0. 55I rr%Itnrm%—ab ﬁcrjn? E§ X - 0

purified by chr orm@@llamwférmathmn@ﬁml@@é (%Héh@rc)phwﬂi éﬁrf{lbYCEP@éf

gr t@ﬁl ;3 5@9@@@ Q*gh@;g ﬁgﬁgﬂ?ﬂ@r of anaqs k&yflaldohol (7 8 mL) was added

me ene-5-nitro- r uor ran.

D (5R S95ageNts hgh enbsosiung ppohuis (ﬁ%ﬂ}% Hi %‘S B HS B iRy e SRy an

':|;0 a ?‘] abuso ﬁlghl.ﬁés at room temperature The reaction mixture was then quenched by dropwise (798
met r n

o T o B Byt fad Lt aﬁ RRASHY He el &fi%ogs@ i IEan ¢

added svith ehylgpebtate5 100 gil). Bheccosbdkh lb@ﬁemd’rasmff(mmswgly with spturated ) | and

thegreg ﬁhé&ﬂ sH&:ﬁWﬁaxﬁ%ﬂa‘iJ &S] oﬂrané%nﬁb rﬁﬂe@%v@lt adh?@x%ﬁ OGN LA, andhe

reactio uenc ropwi se_addi tion of ric
aci d (@vaporaed\/The Frguitant eispeicnl tHA8 mémﬁdﬁﬁ@l‘%m fatrﬂyérﬁa@n\ﬂigff&ééﬂ &S th
et hyl aBehLpiceclofi Oﬁih)lecﬁmﬁe gmblmﬂ, ¥ivhd dddb@ m@@sm&hﬁdamm&s@ﬂ Maly with
sat ur at ed 30 a‘gﬁieous s du i ca % ﬁpgsol tlontg {a’[(ﬁgd“eddé[e
anhy dr SHOUES gRdi e apsPred QiffeR gle ém?%g yhagsee e mlap ? 02 ny)
was di ggdiocatbricracidgte atiydilef drganic (@6r wh washed i®-brine and the aqueous layer

35  exiracted with ethyl acetate. The combined organic layer was dried over anhydrous sodium

sulfate, filtered and evaporated to yield a crude product which was purified by flash
chromatography (silica, 8-10% ether in hexane) to yield frans-5-methylene-3-nitro-2-(2,4,5
trifluorophenyl)tetrahydro-2H-pyran. A portion of this product (388 mg) was resolved by HPLC
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di azabi cycl o[ 5. 4. O] undec-7-ene (DBU, 40 uL) was added. The sol uti on was
stirred for 105 mnutes and then transferred to a separatory funnel

cont ai ni yoebtwdsemset ate (100 nmL) and 1IN hydrochl ori c aeca/us2@9nt3vszé The
organi c | ayer was washed with brine and the aqueous |ayer 35 extracted with
ethyl acetate. The conbi ned organic | ayer was dried over anhydrous sodi um
sulfate, filtered and evaporated to yield a crude product which was

purifi 1ﬁYCé‘1|C§5h1 § by BEROpYraddip] ﬁaavlebtaﬁa),w&mm)%eatdwar-mmﬁ@maa)mm yi el d

EL???EE% %easrﬁcql{r?@e@(”%w@%t wgﬂﬁ%f’%@?y iy o evran A

2010/ 056708PCT/ uSs2009/ 063976 (Ch| ral CeI O, 1.5 %isopropyl al cohol in

heptang). t0 yiel g : ) AL QUL ;

2R38§ Bet hyl 6he23- 2-( 2, 2 ophe S

(St ep thy Toa v1gorously stirred suspensmn of (2R 3S)~5~me E)/lene 3~ni%;o-2 (2,4, Swpyr an.

E: (2R @phoroeif é@d}@rﬂ?o 1Al (200 fﬂgUQ 79 RRAHY had Bhé pbwEEq58HMIRY S 30 mnali ne

5T

R a%hwk‘f{%@ﬁ v e Y BYRLHOHS Agid (3 il dA TG ASEF A9 B B84 pyr an
(200 npixtOreiasrmied witidethémeOpalsand é@lﬁ.‘bumduﬂn h9dmomiak sofutior {hANOA0 ).
s o QN DIALOSHL S S T TR L 0 A
solt i mp@ﬁa,tei]\le vid m 3S)Tﬁwmedry@:aam%(Adh%mﬂmspmaslhf@aalwdmzéfmymmﬁ <athily i ne,

dried sodiskm i fuphien giporated to yield
(2R, 35%ﬁ§q1rret hyl e % %g 475- tl’ol ?f‘ﬂtoro eny )tetrahydro 2H pyr an- 3-am ne

whi ch was used in the next step wi thout further purification. Step

|[:( tzg gS try h tert-Butyl 2R2’13535-S~m¢t%1\|dene~2—( 2H4,5—trilfli.iorophenr‘]/l)éetrahxzzfli_i_m-2H—Dvrar?1)~3-
, -5- et hyl ne-%-%?, , 5-trifluorophen_yl)tetrahydro- pyr an- 3-
yl j car bamat e 15?@@%@%ti on of

(2Rs 35) - 5- net hy| @ne-sBhtizn 4f B21,35)F-methypne 2y 63 -taihyodogheatltetrgyydan28- ani ne
177 7 but yl

i car bbpaba Fuh UE mb o TR B mi TSl hesh Bt 1Y

room t diepdoatta 1@39 mpel .5 oimel) onl the snistvepoireddor %ﬁé&eursmémmwnme%@m ébgo

9' ve t %I{lﬁ(?rp%)ﬁ e\[a%gﬁted%elﬁeﬂﬁ‘&ﬁ%t%%e% glve terr—butyl ZR 3S) -5- methyiene-Z-

5-trifluoro etr(gy [ O- 2H-p ran |car |te SO|Id
P

|t was GrbSarifiontend G i Chl iy Spdgn the
G p@r t nButsyp Wittt 8Shebpltyfiatiuiy.- 5- (hydroxyrret hyl) 2-(2,4,5-
trifluorophenypt etrahydro 2H pyran- 3-yl jcarbamate To a sol ution of
tert-butyl R2R 3S)-5-nethyl ene-2-(2, 4, 5-

Step G: tert-Butyl [( 2R 38)-5-hydroxy-5-(hydroxymethyl)-2-(2.4,5-

trifluorophenvhitetrabydro-2 H-pyran-3-yljcarbamate
To a solution of fert-butyl [(2R,3S)-5-methylene-2-(2,4,5-
25  trifluorophenyl)tetrahydro-2 H-pyran-3-yl]carbamate (203 mg, (.59 mmol) in fert-butyl alcohol (6
mL), acetone (3 mL) and water (1.5 mL) was added osmium tetroxide (0.113 mL of 2.5%
solution in fert-butyl alcohol, 0.009 mmol). The resultant mixture was stirred at room

temperature for 10 minutes and then treated with N-methylmorpholine N-oxide (92 mg, 0.79
mmol) and stirred. After two days, the reaction mixture was treated with aqueous sodium

30  bisulfite solution (5 mL, 2.0N) followed after 10 min by ethyl acetate. The organic layer was
washed successively with 2V hydrochloric acid and saturated aqueous sodium bicarbonate
solution, dried over anhydrous sodium sulfate, filtered and evaporated to yield ferf-butyl
[(2R,3S8)-5-hydroxy-5-(hydroxymethyl)-2-(2,4,5-trifluorophenyl)tetrahydro-2 H-pyran-3-
yl]carbamate which was used in the next step without further purification.

35
Step H: tert-Butyl I(2R.35)-5-0x0-2-(2.4 5-triflucrophenvDietrahydro-2 H-pyran-3-
yl]carbamate
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25t ri fl uorophenyl)tetrahydro-2H pyran-3-yl]carbamate (203 ng, 0.59 mmol) in
tert-butyl alcohol (6 nL), acetone (3 rnL) and water (1.5 nalL) was added
osm um t evoariwdse108. 113 nlL of 2.5% sol ution in tert-but pCTalSc@nnb3979. 009
mol ). The resultant m xture was stirred at roomtenperature for 10 m nutes
and then treated with N-nethylrnorpholine N-oxide (92 ng, 0.79 mml) and
stirred. After two days, the reaction mxture was treated with aqueous

sodi um 30 bi sul fi$ @ ssRkibh bpm;(tﬁltﬁL[(ﬂz?,,gbﬁ-hidlbkﬁwﬁycﬁéiﬁﬁetﬂ.ﬁ)m(B 4t3y et hyl

e d iR Gy EL A B T preaptle R ah bl oD 1 BB Eec ©
anhydr mil$ vwae dildeh assolftanenf siﬁ:ﬂlumqreelddan (1 vmpdr.éit mmalhnwmrdl tenk) dk the 1)
R2R, 3S9) ~ &-

)nga ﬁ%l%é % ﬁﬁ&ﬁ% Wais %oﬁgenﬁﬁéa bhd E)tln’r'l‘?é Outo‘?x?a’%@%}%ﬂ{ryo

- pyr an- car was used I n the next ste

purd fi fsahqaograd@atS Wz@n@@%@v%#@o@g@@@mb@m@mﬂ [PZR 35)-5-0xord- (&40l ut i on
of ter’enm}éh?hehﬁ%aréﬁhr&z féﬁxyyﬁcz(rbédﬂét@éw&ﬁitbwlh 2-(2, 4, 5- _
trifluorophenyptetrahydro- pyran-3-ylicarbamate (223 ng, 0.59 mmol) in
tetrahydrofitran (4 nL) was added_a _solution of sodium periodate (143 ny,
0.67 mol) in water (1.3 nL) andMNHERMERIATESstirred for 3 hours, The

m xture was concentrated and purified by flash chromatography 5(silica,
gradi ent 5-20% ethyl acetate in chtoroform) to yield tert-butyl

[ (2R, 35)-5-0x0-2-(2,4,5- trifluorophenyl)tetrahydro-2H pyran-3-ylicarbamate
as white solid. |NTERVEDI ATE 2 art - BNF—I?E

[ (2R, 38) - 5- ox0-2- (2, 5-di fl uor ophg tetfa gro 2H pyran- 3-yl ] car banat e
Step A 1-(2,5-Difluorophenyl)-2-n i To sodi um
hydroxide (IN, 3L) and nethanol (1500 } .: 5 C was added a sol ution of

2, 5-di fl uorobenzal dehyde (350 g, 2. 46 rm®o annd ni tronmet hane (157 mL, 2.9
ol ) in methanol (350 nL) dropwi se over a period of 1 h. The reaction

m xture was t hen neutral i zed 15vmth gl aC| al acetl c acid (165 m_) Di et hyl

et her (6B diftupsorthe g i Hpale | ayer was

washed &esm vely SV\DH:BO _ggnmg 13 SOdI um car bonat e sol ut| on (1000
uraté&%ﬁ%@%g—rm— é‘h‘g or anlcta{ drled

over anhydr ous magredranhsioxids @N. AL pagt @ﬁth SHE‘EH? WP%a 'Fiﬁr d

1-(2, 536’1&1’516#@1‘@B@ﬂ&'&bbe%zﬂd&ﬂy@@@@@& 461@61)\9@@111&%&@111&11& hmil?tmL,LLZ Qhﬁﬂ) in

ficat t e 5- di. f

ol ubashg B0 SUSREPR R BoF PRSTRAAD! 11 JBEASeHi BEH PR rna Eliad nt)
wags adagth glema asetidudcid 66fmlt)heDieitliyl ethlec (1360 mﬁa}d@smﬁd&mﬂ the (84618 sgparated. 10 C
it ur Rl ol Bl AL U BB AT Bl S BiH0bAIE S(E%%%* o) and
sodi um(tMi0osL), fad eat(u@e:é agyequﬁ biiae 00030l  Theweeapislayeavasdsigd evenmbyd rous

extrac E&%ﬁl&ﬂ sITBAt gﬁzt&e@wdydoné‘én%fed(t%%ﬁd @) $—H1ﬂu-5ﬁﬁm%'_1%%¥l$914ﬁtrée@ﬁlﬁlbl Was

neut r al g extracted with (3 L). The
conbi n@tﬁsé‘ﬁ"gﬂaﬂt@mé‘y@%P "eat‘é?Flll% teger anhydrous magnesi um sul fate,
fi bpered, evaporated and the residue was purified by chromatography (silica

gel, elwsgéﬁ_]gl—g Wi t B-Ighr%hiﬂ g_rarleﬁu%%gej)entl%tyén%hg t he desired nitroketone. 30
A solution of Dess-Martin periodinane (125 g) in dichloromethane (600 mL) was

added to a solution of the nitroalcohol made in Step A (46.3 g) at 10 °C over a period of 30 min.
Stirring was continued for 2 h, and the reaction mixture was then poured onto a mixture of

25  sodium bicarbonate (300 g) and sodium thiosulfate (333 g) in water (3 L). The desired product
was extracted with methyl #-butyl ether (MTBE) (2 L). The aqueous layer was neutralized with
HCl (ZN, 1.5 L) and extracted with MTBE (3 L). The combined organic layers were dried over
anhydrous magnesium sulfate, filtered, evaporated and the residue was purified by

chromatography (silica gel, eluting with dichloromethane) to yield the desired nitroketone.
30
Step C: 3-Todo-2-(iodomethyl)prop-1-ene
A mixture of 3-chloro-2-(chloromethyl)prop-1-ene (1.0 g, 8 mmol) and sodium

jodide (6.6 g, 44 mmol) in acetone (60 ml) was stirred at room temperature for 20 h, evaporated
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Step C. 3-1odo-2-(iodonethyl)prop-1-ene A m xture of

3-chl oro-2-(chl oronet hyl ) prop-1-ene (1.0 g, 8 mmol) and sodium i odide (6.6
g, 44 mowd 20r/@em8one (60 nl) was stirred at room t enpecatuse@9/06397€0 h,
evaporated WO 2010/ 056708PCT/ US2009/ 063976 under reduced pressure and
partitioned between dichl oronethane (150 nL) and water (50 nL). The organic
| ayer was dri ed over sodiumsulfate, filtered and evaporated to yield

3-1 0dog gé?ﬂﬁr Qﬁi@a@ﬁ%ﬁi‘tm%@@b@@ve@n ﬂﬁﬂﬂk&ﬁe‘tﬁz&ﬂe 15@h#D and water (50 mL).

D: 3- Met 1ene itro-6- ph d|h ro-2 r

N, N- di Ih%@ﬁga%lw %’FhW"aﬂ’il?féo‘(eié‘ldW‘Hﬁ}‘ %%sfe‘é%ﬁ%%fﬂt GyaRot %ﬁﬁ‘i’ V‘Sﬁ Q/ &2

2- ni t r Qodorheth@yprop- lanenopheaidish)ott hanone (92.7 g, 461 nmml) in

N, N- di et hylforrram de (1000 nlL) and 3-iodo2-(iodonethyl)prop-1-ene (156 g,
507 mmol ). The nmixture was heated at GOC for 2 h .evaporat ed and purified
by &hr 8rathgr aph§-Methylenas-ge ‘ 20D : gpkigiie i N 10hexane)
to yield 3-nethy . Byr an.
Step E (2R 38) 5%%%&%&%5@%&%94%&2%??@%&%% Sgluﬁogg?gq{?zf{% -pyran
Thi & capormberdisiinacis 6. ToHPbAITR) e ALAmeRLHOmUE P ol S

| nt er medy (ﬂbﬁl@ﬁ] 1) P1 QxéJ(X 58] % mmol). The mxxture was heated at 60 °C for 2 h,
3- et hyl ene- 5-ni

triflu H15 ran Step
FOR 3PVEpORA dé?ﬁ*élﬁfd%ﬁc ronmaraﬁwéﬁﬂ éﬁﬂﬁ%‘?‘? dﬁbﬂ(if% ‘BW‘ Bl e Thi s
CONpPOUREkAnaStoRel ¢ 3ayethdbhe Mnitgp-64(2, 5 shffeornpitdngl)- 3o didyiivetfpgrannt er medi ate 1,
Step E by using
(2R, 35) -5-Met hyl ene-3-nitro-2-(2,5-difluorophenyl)tetrahydro-2H pyran. 20
St ep GStegrH:- But y[28.35)-5- Methylene-3-nitro-2-(2.5-difluorophenylytetrahydio-2 H-pyran

[ (2R 35) - 5- et hyl8Rez @nfdma u@is%’lddl@"b?%‘l?&%ﬁé%&és@ﬂﬁé%&h@d‘h&?ﬁiﬁ@é&l‘lﬁ

yl j ear bamat e hi s nmpound I anme
Vet hod Tagsesciase s $tep Privaisingd BebvERe Qo gy haingpphemt-S - Aty did 317
(2IR5SS}) niret hyl ene- 2- (2, 5-di fl uor ophenyl ) t et r ahydr o- 2H pyr an253- am ne.
Step Htert-Butyl [(2R 3S)-5-hydroxy-5-(hydroxynmethyl)-2-(2,5- difluoro
shen 1 tetrah dro-2H pyran-3-yl]car bamate Th| S corrpound was nade by
fol | owiSegp B:he saiBR.bEkhdbtiidar:i-teotdifluceihend)tate [-pyStepa@iiey usi ng

il uﬁﬁéémw Sae a%n%@é %t@f&&r@%ﬁ% <o i drrdn e | SR By
[ (2R, 33;1415{2:&,&5)254\@ lmeﬂﬂdm%ﬁ%ﬁ léftrwa?mlaf@tr E(rpyg
20

Step G: tert-Butyl [(2R.35)-5-methylene-2-(2,5-difluorophenyDtetrahydro-2 H-pyran-3-
yllcarbamate

This compound was made by following the same method described in
Intermediate 1, Step F by using (2R,35)-5-methylene-2-(2,5-difluorophenyl)tetrahydro-2 H-pyran-
25  3-amine.

Step H: tert-Butyl [(2R.38)-5-hydroxy-3-(hydroxymethyl)-2-(2.5-
difluorophenyl)tetrahydro-2H-pyran-3-yl]carbamate
This compound was made by following the same method described in
30  Intermediate 1, Step G by using fert-butyl [(2R,35)-5-methylene-2-(2,5-
difluorophenyl)tetrahydro-2 H-pyran-3-yljcarbamate.

Step I: teri-Butyl [(2R.38)-5-0x0-2-(2.5-difluorophenyltetrahydro-2 H-pyran-3-
yl]carbamate
35 To a solution of fert-butyl [(2R,35)-5-hydroxy-5-(hydroxymethyl)-2-(2,5-

triftuorophenyl)tetrahydro-2 H-pyran-3-yljcarbamate (10.5 g) in methanol (100 mL) at 0 °C was
added pyridine (7.8 mL) and lead tetraacetate (21.7 g). The reaction mixture was stirred for 20
min. Aqueous work-up with ethyl acetate gave crude product which was purified by
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vl]carbamate 35To a solution of tert-butyl

[ (2R, 35) - 5- hydr oxy- 5- (hydr oxynet hyl ) - 2- (2, 5-

trifl uor opbenyptsetosahydr o- 2H pyran- 3-yl ] car bamat e (10. 5Pg)/useoowsdvasnol (100
m.) at 0 C was added pyridine (7.8 nL) and |l ead tetraacetate (21.7 g). The
reaction mxture was stirred for 20 nm Aqueous work-up with ethyl acetate
gave crude product whi ch was purified by WO 2010/ 056708PCT/ US2009/ 063976

%‘Eogg%lﬁ%a 4;11&.1610 5@%&?(91%@%&/@9%@} B8R IANBtyT [QZE B§)-slokent@ut yl

- 0X0- - uorop tetra 0-2H pyran- 3-yl j carbamate as
whi t e didlupgep m‘r wﬁrﬂ T -pyras- *ﬁ@é@iﬁﬂ)ﬁ %‘?r/ hi R'}_*Fﬁ

(32) - 3-[ (di net hyl am no) net hyl ene] - 4- oxopyrrolidine-I|-carboxyl ate

A solution of tert-butyl 3- oxopy@gﬁﬁg@%@r boxylate (40 g, 216 mmol)
was treated with DVF-DVA (267 g, d heated at 105 C for 40 mn.
The sol ution was cool ed and evaporﬁfﬁ| under reduced pressure and the
resulting orange solid was treatedmtyh 10 hexane (200 nmlL) and cooled in a
refrigerator for 3 days. The resul ting/brikini sh-yel | ow solid obtained as
such was collected by filtration, dri d used in the next step w thout
furgher purification. Step B:1,4,5,6-T hydr opyrrolo[ 3, 4- el pyrazole 15A
sol ution of hydrazine (3 nL) and tert-butyl (32)-3-

[ (di ne%r ni no) ek B98I ﬂal%w ﬁﬁﬁbiﬂ&ﬁ@ﬁa%ﬁ%ﬂbﬁ%ﬁ JQriRgyBie i n

et hano nm.) Was neated at n a_seal ed ub Solvent was

removed under reduwbHioBOEdd ﬁb@tﬂ %n‘??j(’?)ﬁ@}#dé?r ]dEf‘g alg ?‘}q %lr%-ﬁ &gl s

di chl oge4m.y %ﬂ@Mtﬁ@M@L()zsargdzmhﬁhm@%mme& 451 0310 forl m@nﬁle.suhd iddgisokad was
filtered. heflltrate

t t ed | t
trit ur §PQEd AYLTRPOREADE dite @F@g??%%‘ﬁsg%ﬁﬁ g TS SRl FS%F@%"% th 4N
21y 3{? 3(:2&;&&1& ¢2(@cindl) érﬂﬁ&oiﬂd)m lamefigtfagmdbr haayss thhe E@dltfngl‘br@VIhlSh-TﬁkJW szltdtal g Inn
for o' olRRA SIRER TRty S0, 18 SR i Ao Uihob! RARES BO% D

and dr pimficatiohe resul ting hydrochloride salt was treated with ammonia in
nmet hanol (2N, 300 nL) and ammoni um hydroxide solution in water (28% 30 ni)
and concentrated to_dr oI id 25 (ibt ained was treated with

met hanétep0 nl) ldadiougiah ) 2WA¥¥¢ed in three batches on Biotage
Honszon(r) SySte@‘lioﬁxhﬁdnc‘(ﬁlhyglfa@tﬂlhQﬁhﬂﬁ-aﬂﬂ%rﬂbﬁﬂybﬂ‘}@b -3¢ont ai ni ng 10%

GO e A, DY X, e S RS ALEN Lo bt e, o,

(d, 4Hhpatéd 3K56°C ihH)sealed\@LR2AM0F D5 EFRSRCTAUSR008Y mﬁlsgﬁeéuced pressure, and the
residue was triturated with dichloromethane (160 mL) and ethyl acetate (15 mL). The resulting
solid was filtered. The filtrate was concentrated and the resulting solid was triturated again and

20 filtered. The combined solids were treated with 4N hydrochloric acid (250 ml.) in methanol and

stirred for 6 h. The reaction mixture was concentrated and dried. The resulting solid was treated
again for 6 h with 4N hydrochloric acid (250 mL) in methanol. After concentration and drying,
the resulting hydrochioride salt was treated with ammonia in methanol (2N, 300 mL} and

d

"3

fnk

ammonium hydroxide solution in water (28%, 30 mL) and concentrated to dryness. The solid
25  obtained was treated with methanol (70 mL) and water (5 mL) and purified in three batches on
Biotage Horizon® system (silica, gradient 5-17% methanol containing 10% concentrated

ammonium hydroxide in ethyl acetate) to yield 1,4,5,6-tetrahydropyrrolof3,4-c]pyrazole.
1H NMR (500 MHz, CD30D): 8 4.04 (4, 4H); 7.39(s, 1H).
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| NTERVEDI ATE 4 5Step A:tert-Butyl
1- (cycl opentylsul fonyl) -4, 6-di hydropyrrolo[ 3, 4-clpyrazol e-5(11-i)- carbox
|l a e A amwloterooshwByl 2- (cyclopent ylsul fonyl) - 2, 6- di hydr epyrusedongiodle
cl pyrazol e-5(411) - car boxyl ate (B) To a sol ution of
N- Boc- pyrazol opyrolidine (Intermediate 3, Step B) (316 ng, 1.51 mmol) in
di chl oronet hane was added N, N-dii sopropyl ethylam ne (0.791 tnL) foll owed by
10 cycl opent anesul fonyl chlori dql\(q%lg@gmﬂ;a 265 mmol ). The mi xture was
stlrred at roomterrperaturefor . action m xture was | oaded on
r ftie lativeaced | acetate in hexane to

give '12 @&8 1§§foﬁ @456Q@&&haﬁ) frf) @lolgds. LC-MS: 342.09 (M1).
15St ep clopentylsulfonyl)-1,4,5, 6- tetrahydropyrrol o[ 3, 4-cl pyrazol e
| ntermediate A prepared in tlg previous ﬁ (84 ng) in dichloronmethane
(4.0 rnL) was treatd¥Hwith U9l uoroacetic agid (4.0 nl) at room
tenperature for 2 h.I_Th A
Bi ot ageTM col utm el ut i % met hano d 0. 2
hydr oxi de i n di chl or onet‘haie to afford the title sonmpowupd as brown syrup.
1H 20 NMR (500 MHz, CD30D): a 1.60-1.81 (m 4H); ©292-2.11 (m 4H); 3.92
(m 2H); 4.05(m 1H)' 4.12 (m 2H) and 7.60 (s, 1H). LC-I\/IS 242 10 (IVH).
5 2

e tyIsqu
't or St B

m.) 25 was treateatbmx (A) dndidrod ; ; . ALEORG
for 2 h. The reaci|pn o690 ithE g and t he reS|due was purlfled on

| | col 5%.a
Gl chi or ot ﬁznz il %Obawa@fﬁ\hﬁwmaéoleg%{ﬁ@ ?agenaﬁ%m”‘% S R ‘?g
Mz, CE395) in &clioRnckhabe vaRadddd AN- dﬂso% 1a(xmne4w91 B9 Boltbv@dl bym  5H)

d 7.84 2010/ 05 / 9/063976
028! (%«elf%;qwefm oD OB st B O T 3 %%é’ﬁi’%aﬁza??&
A: t er t 1Buparhtuie fores hynhukéaomm}xtm Wil- Idadmgidmdfbvﬂag@}”ompm aixbl e- 5( 1 | 1) -

carb OX{é th eat(gg(AM Car (}% Q{'}ﬁgﬂicefaéﬁ% ﬂﬁ%&;}s s egIri] }ﬂe}ﬁ;?d?lat@g di g5 pRK LS 8ol 3" 4-

5c¢l pyr sion o
N- Boc- pylm‘amhé‘pyIpQ}IMStl?ﬁéO@I(Mﬁr)nedl ate 3, Step B) (27.16 g, 130

15  Step B: 1-(Cyclopentylsulfonyl)-1.4.5.6-tetrahydropyrrolof3.4-c]pyrazole
Intermediate A prepared in the previous step (84 mg) in dichloromethane (4.0 ml)
was treated with trifluoroacetic acid (4.0 mL) at room temperature for 2 h. The reaction mixture
was concentrated and purified on Biotage™ column eluting with 2.5-5% methanol and 0.25-
0.5% ammonium hydroxide in dichloromethane to afford the title compound as brown syrup. 1y
20 NMR (500 MHz, CD30D): § 1.60-1.81 (m, 4H); 1.92-2.11 (m, 4H); 3.92 (m, 2H); 4.05(m, 1H);
4.12 (m, 2H); and 7.60 (s, 1H). LC-MS: 242.10 (M+1).

2-(Cyclopentylsulfonyl)-2.4.5.6-tetrahydropyrrolo{3.4-c}pyrazole
Intermediate B prepared in Step A above (275 mg) in dichloromethane (4.0 mL)
25  was treated with trifluoroacetic acid (4.0 mL) at room temperature for 2 h. The reaction was
concentrated and the residue was purified on silica gel column eluting with 5% methanol and
0.5% ammonium hydroxide in dichloromethane to produce the title compound as brown syrup.
1H NMR (500 MHz, CD30D): § 1.60-1.75 (m, 4H); 1.89-2.07 (m, 4H); 3.93-4.01 (m, 5H); and
7.84 (s, 1H). LC-MS: 242.05 (M+1).
30

INTERMEDIATE 5
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mmol ) in anhydrous acetonitrile (1.0 L) was charged in a 2.0 L three-neck
flask fitted with a thernoneter and an addition funnel and then treated
wi t h sodiwom2blodise®e (60% di spersion in oil, 6.23 g, 156PewaiSpoostosisgs under

ni trogen atnosphere in one portion. The reaction m xture was 10 stirred at
roomtenperature for 2 h. The resulting white suspension was then cooled in
an ice bath and net hanesul fonyl chloride (25.2 nL, 324 mmol) was slowy
added via addition funnel. The N bath was then renoved and the m xture
was stirred 1 h at room tenperdfurey _The reaction mxture was quenched w th
water (500 nlL) and the | ayers separated. The aqueous | ayer was then
extracted with 2x500 nL of di chl or dyetpane. rge conbi ned organic | ayers
were 15 dried over sodiumsulfate and db eég at ed under reduced pressure
to give a mxture of products A and B asOgoIorIess syrups. NVR in CD30OD
indicated a 1:1 m xture of two products, in which the proton on the
pyrazole ring in product A Q?eareo at 7, 70 -gn1mhlle the proton in product
B appea d Methydsuitony 4.5.0 " NAS ) 19 gy '5: i, 1 8 _az St ep

B: 2- ( MichyA:sul fOHeYﬂ-Eu 1 % 15_@@1 Iselfsmh)) ar.®dibydwpeirSlofB. 41 o mtd— 1H)-

Trifluoroacetic ac d added ) 73 _$:0 e a|n|ng
i ntermedi ates A EH3YB ‘. “*‘a-:" ,"‘?ﬁ ]d? Etﬁ I(S’M\I{fé/n '2'"" ':'.‘ pl) in

di chl or onet hane ¢lQtazole)S(4k)- O@bomeiﬁhddl t| on, the cool i ng bath was
remved and the heachona W3 ablavack bAShiibe %t%@%&%@%@)U%MIfG% 12h.

Sol vent was renove duce ressure and res g%
tr| f | uormoely bt anhedrons acobppitrilad hbw&&%ar&eédnw%%%eep ass S Rifhanol  and

- 5% a@%bﬁ%@ | &Mdﬂ%éﬁﬁmﬂh@ hh@iRRRiARE SvithAdIRN hﬁifﬁiéé(l?()%fdxﬁﬁfs\kﬁnh oilt he

deS|re t er medi obtained after.chromato i ot ageTM
col unm 638480 g)m@} whi ﬁ@niﬁ?ﬁroge%a@sg 6T eR RS 1%?\3%8 %’gﬁﬁn%% an‘?r%m um
hy gy oxis@iged & rdbehé@p émﬁiehiaﬂe h. [Ge MSulthROvEite fubpehyion wi®then cooled in an ice
2010/ 0

08RCT/ US20Q9/ O
1 (yc PR %%ﬁﬂ%ﬁ%f PR @5 2apl i dpmg s iy o adton el
| sul f od’h& 1GeZDa2ﬂlepsaﬁ1c—m eemove@taa@ thee migture B(?S yqn‘red ih at room temperature he
1-( CyC| ?19 Yr@{ef @%ycftgené]eg vﬂﬂ{‘%&épﬁ)ﬁf) M) K Bl RY &N eBaraled 1 /The aqueous
SCarbo
2-(cyc |1@)1§ewpy plexERRed) with @xﬁ?’q@gpg giﬁh}%q)xaftgaqp The combined organic layers were
ﬁ' 23 r g%ﬁ%@ o%r(‘j%éﬂm?ﬁﬁﬁ%ldﬁlzbﬁceﬁﬁhted under reduced prefsiBeISPERS b ariximfe cﬁ"qﬂf[mlm:ts |

ydri de 0. di [Si rile

(200 vt poies 530S B R e in GDaP bR L by e R R BRI )
(5.3 gthbrotonnamthy pyrazaeengan piodnctut digpearidtat 358 ﬂppat whidsotle mmtmnmrgd@t %The
reaction m [ om tenperature for 2 h. To the

] AR I SAER A Ruaed”

resul tlaﬁ ension Was s added cycl opropanesul fonyl chloride
(6.9 g, 49 1 nmmol) and the m xture was stirred at roomtenperature for 18

h, oguenghied. i th aanyCdiRfly Mo SRdekiig day OB BERA ated. The aqueous

| ayer en eXtracte or orre[ug‘n Jhe combined

organi c |ayers \/\é'?l’éﬂvé’r??a@ﬁ““o@i&é}l 2@ d}iﬂu)rﬁv%slﬁdflﬁ %10‘5' oS EERI CSR B R der

r edUCGC{nﬂéﬁﬁ&ﬁMé@A ahl® ﬁ’éptﬁ@d ﬁﬁhé pte&iouwa&p 148.pyy 168 mohobrin didhlaamethane (400

chr omat ogr aph [o m

acet at é” Rﬁ éa%‘é{?r ?‘gjl W'B%B%tg KP 59‘89‘8? a%%i E)nj\;asacﬁ)l({%& tweétggfl ds.

LC MS: 13d:. t&hpdvttlye foBS2dp Solvent was removed under reduced pressure and the resulting

B: Lu( QughiaRiany i Whif QRYihdn fedtrabiz&r Hith 580 YT OPYsHE Rlefladoim@I2P5% 3&RShium
hydroxide in dichloromethane. After removal of solvent, the desired Intermediate 5 was obtained

after chromatography on a Biotage™ column (2x340 g) eluting with 2.5-12.5% methanol and
0.25-1.25% ammonium hydroxide in dichloromethane. LC-MS: 109.85 (M+1).

30 INTERMEDIATE 6
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20A sol ution of Conpound A (60 ng, 0.19 mmol) in dichloronmethane (1.0 nl)
was treated with trifluoroacetic acid (1.0 nL) at roomtenperature. After
1.5 h, thwornenntsss was concentrated and purified on si[PCTaSQ@/06397&1nM
usi ng 5-10% net hanol and 0.5-1% NH4OH i n dichl oronet hane to give the title
conmpound as an anmber foam 1H NWR (500 MHz, CD30D): 6 1.14-1.23 (m 211);
1.31-1.38 (m 211); 2.91-2. 97 (m 111); 4.01-4.05 (m 211); 4.20-4.24 (m
211); t o L4
| [ 3, 4-cl pyrazol e

i i H RES¥ chl or onet hane (4.0 nb)
was treated vmth trlfluoroac§ :Jéc aC|d (4. 0 | &) at roomtenperature. After
1.5 h, the reacti ﬁ ) ted Bod- al fyzed h 2N amoni um
hydrOX| de in neth “th é\lth itle conpo nd as \broylv/néyr up. 1H NMR
(500 MHz, CD30D): 23N(m 211) 1.31- ~8T1); 2.84-2.91 (m
111); 3. 96- 3. 99 (m 4H) . (s, 111). LC WME: 214 13 Omkl). EXAMPLE 1 WO
2010/ 056708PCT/ US2009/ 063976 2R 3S SR -2- 2 5-Difluoro hen 5- 2- meth
| sulfon 1 -2 6-dih dro. ole 3 4-azol- 5 (411)-yl] tetrahydro-2H pyran-3
-amne Step Atert-Butyl { (2R 3S,5R)-2-(2,5
- di f1 ugrepphenyl) 1A Bufyiret byclcibf -A@-dihydropyrrole|3.4-clpyrazole-S(1

St hydr opyn- ol ol 3,8, gﬁ;étggtg@éo gf;géu'g-& %tttcﬁotptﬁ@teqff&&tb BRI kblo[§ar bamat &

A xture of Int

2- (et hyl sul f ony g)py2azd abosy yrrolo[34c]pyrazole (I'nternediate
5) (15.07 g, 80 S i¥gr oom
Lenper at ur e for %ﬂsﬂ)eﬁs%t}%@&ﬁﬁﬁﬂ dﬂﬁé t@@@hwﬁé‘rsémlﬁ oS5 5k, 3r8 ’ﬁﬂm@ i

i ng te suspenS| OI_’] was adde aéq e aborane
t

(2. 95 gnhygowmentepitjles2) ke was %@Cbﬁdéo %b%o“swrﬁ%@amato Mgsrhntemsd
Ov er ni @;}f(s 3E020BHhas0kn WaspdiresYel: antbeth et 1H6S teid ervaige. [TWE kddctoh mmm@o 65i
e

M col nns eIutln et h tate in.dichl eto

o £ PRt o BBUA U 0B 2B oahg e hine pe peon o % T ALRE
B. (2R, aﬁclsﬁbpﬂxe(s@fcﬁwuiﬂbum ©rhg g1l medD)- (odehduis utefveasyslijred a‘Grodtnhydr opyrrol o
[ 3, 4- i e
BOC gr 5%%%&% eﬁi%P lh%%‘ %rd %&@5@#%@2%%%%@%&%%&&?3 was acc Pibs hed
wi t h t dayker wes thao @xir@ctcabwh 54411 rnL)of dis mr@nﬂba@r naerranbinedmgeanig ayers wetfom
;g”??;%ﬂég gver%t)ﬁi%ﬁl ﬁ/ﬂi’a{er dnd@ohQntrated unHé}%edl&@% bfje@%r@ﬁﬁh&%ﬂ&@ﬂbfeﬁ%ﬁﬂafﬂgn o

u 'z Wi um hy [ [
SollventPyrifigd gn F@%Wﬁmﬁﬁ’@éﬁpﬂ?@%}o&%@éﬁe gcgpg w&ﬁﬂﬂ‘?ﬂ@“@é %14”9 ﬁg" rude
mat er i aket@Sn Rédantd RO (:@n@ﬁumBAmnagﬁmimﬂ Bivotlebatvhingsolidsh 1. 25- 5% MeOH
and O. it?ng& gé ?mgi um hydr oxi de in dichloromethane. The isolated nmateri al
was fu Qr‘l y recrystallization from5:1 Et0Ac/ CH2C12 at 60 C.
The crystalline product was washed with cold 2: 1Et OAc/ hexanes to give the
title cogppund as.@yLio@ipylsulfonyl)-1.4.5.6-tetrahydropymrolo|3.4-clpyrazole

20 A solution of Compound A (60 mg, 0.19 mmol) in dichloromethane (1.0 mL) was

treated with trifluoroacetic acid (1.0 mL) at room temperature. After 1.5 h, the reaction was

concentrated and purified on silica gel column using 5-10% methanol and 0.5-1% NH4OH in

dichloromethane to give the title compound as an amber foam. "H NMR (500 MHz, CD;0D): §

1.14-1.23 (m, 2H); 1.31-1.38 (m, 2H); 2.91-2.97 (m, 1H); 4.01-4.05 (m, 2H); 4.20-4.24 (m, 2H);
25 7.60 (s, IH). LC-MS: 214.13 (M+1).

2-(Cyclopropylsulfonyl)-2.4,5.6-tetrahydropyrrolof3.4-c]pyrazole
A solution of Compound B (205 mg, 0.65 mmol) in dichloromethane (4.0 mL)
was treated with trifluoroacetic acid (4.0 mL) at room temperature. After 1.5 h, the reaction was

30  concentrated and neutralized with 2N amumonium hydroxide in methanol to give the title
compound as brown syrup. TH NMR (500 MHz, CD;0D): § 1.17-1.23 (m, 2H); 1.31-1.38 (m,
2H); 2.84-2.91 (m, 1H); 3.96-3.99 (m, 4H); 7.82 (s, 1H). LC-MS: 214.13 (M+1).

EXAMPLE 1
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brown solid. 1H NWR (500 MHz, CD30D): 1.71 (q, 1H, J = 12 Hz), 2.56-2.61
(m 1H), 3.11- 253.18 (m 111), 3.36-3.40 (m 1H), 3.48 (t, 1H J = 12 Hz),
3. 88- 3. 9awWOrmp10iH7084. 30-4.35 (m 1H), 4.53 (d, 1H, .1 =PL2/US2)09/063916}- 7. 23
(m 2H), 7.26-7.30 (m 1H), 7.88(s, 111). LCMs: 399.04 (M+l). WO

2010/ 056708PCT/ US2009/ 063976 (2R, 3S,5R)-2-(2,4.5
-Trifluorophenyl)-542-(net hyl sul fony1l) -2, 6-di hydr opyrrol of 3

, 4-elyrazol5(4H)-yl] tetrahydro-2H pyran-3 -amine Step Atert-Butyl

{(2R 3S,5R)-2-(2,4,5-Trifluagtophenyl)-5124net hylsul fortyl)- 2, 6-

5di hydropyn-ol o [ 3, 4-el pyrazol-5(4H) -yl | tetrahydro-2H pyran-3 -yl1}

car bamat e A lxt/ue ol_Internediate 1 (516 ng, 1.5 mvol) and
2- (met hyl sul fonyl)-2,4,5, 6- 1 etr ydyopyrrol o[ 3, 4-ci pyrazole (Internediate

5) (280 ng, 1.5 mmol) in anhydrogs hanol (70 m) was stirred for 30 mn
bef ore addi ng decaborane (54.8 ny, 0. 4 ). The reaction was stirred at
roomtenperature for 18 h. The reactio sNoncentrated and purified on

40M 10 BiotageTM silica colum eluting w &) 10% et hyl acetate in
di chl oronet hane to wash out the ninor isonmer & @q fs, 25% et hanol in
di chl oronethane to elute the title conmpound which was obtained as a white

sol i d. LC/I\/B 517. 05 (M+1.
: ; P RY24(2.54DH] phE

nmat I N I th
"5 - 206 ot hanol A @%ﬁ Pomﬁfnﬁ%ﬁﬁ&?ﬁ%ﬁﬁ% by '@ﬂ‘ﬁ?ao. ; oronﬁﬁﬁgﬁmﬂ?g%ﬁ%ﬂow
title é@r@w@mﬁy@@f)émm]pﬁfeazg |(rtermediafgVR (1500 a9 mroel ynhydrops Beptagol 11, J

;H):L_Z H7() 5 I véla'é s’grré(gat(r%mjtérﬁbera%r%r otd, Tolibe %esu}}mg \ﬁiﬁte s@&‘ﬂ?ahsmﬁ %@a@deﬂi (2g1
(m’ zmdeca}oow ﬁé’é gt am}mi)zw@éﬁ? naﬁu{wgslweﬁﬁt B tsl(npf@mk% 01&%“19%‘ 417.12
(Mid) . MEEXAVRaEré@novedand Gﬂe&kﬁﬁ@gﬁmlﬂtiﬂm&%%83ﬂﬁagem columns eluting with

ol of 3.3 BpsPuCisr gt SRERMN I ARSI TSkl A SRIENaR o Bl T

{ (2R, 33,(GRJS: 299 205Mdi1f.| uor opheny1l) - 541- (cycl opentyl sul f onyl) - 2, 6-

Step B: (2R.35.5R)-2-(2.5-Difluorophenyl)-5-[2-(methylsulfonyl)-2.6-dihydropyrrolo[3.4-
15 clpyrazol-5(4H)-yiltetrahydro-2 H-pyran-3-amine

Removal of the BOC group in the product from Step A (13.78 g, 27.67 mmol)
was accomplished with trifluoroacetic acid (100 ml) in dichloromethane (200 mL) at room
temperature. After stirring for 2 h, the reaction was concentrated and neutralized with 25%
MeOH and 2.5% ammonium hydroxide in dichloromethane. Solvents were removed under

20  reduced pressure and the resulting crude material was purified on a 651 Biotage™ column eluting
with 1.25-5% MeOH and 0.125-0.5% ammonium hydroxide in dichloromethane. The isolated
material was further purified by recrystallization from 5:1 EtOAc/CH,Cl, at 60 °C. The
crystalline product was washed with cold 2:1EtOAc/hexanes to give the title compound as a light
brown solid. "H NMR (500 MHz, CD30D): 1.71 (q, 1H, J = 12 Hz), 2.56-2.61 (m, 1H), 3.11-

25  3.18 (m, 1H), 3.36-3.40 (m, 1H), 3.48 (t, 1H, J = 12 Hz), 3.88-3.94 (m, 4H), 4.30-4.35 (m, 1H),
4,53 (4, 1H, J = 12 Hz), 7.14-7.23 (m, 2H), 7.26-7.30 (m, 1H), 7.88(s, 1H). LC-MS: 399.04
(M+1).

EXAMPLE 2
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5di hydropyffol o[ 3"4-c] pyrazol -5(411) -yl | t et rahydr o- 2H- pyr an- 3- y1l car bamat e
A mxture of Internediate 2 (50.1 ng, 0.15 mmol) and

1- (cycl opwotginsbfoenyl) - 2, 4,5, 6-tetrahydropyrrol of 3, 4- eLpysa®oioe3976
(Internediate 4) (35 ng, 0.15 nrnol) in anhydrous nethanol (1.0 nL) was
stirred for 30 m n before addi ng decaborane (5.32 ng, 0.044 mmol ). After
stirring at roomtenperature for 18 h, the reaction m xture was
concentrated and purified 10 &n preparative thin | ayer chromatography

plates eluting with 50% etfiyl +acetate in dichloronethane to yield the title
conpound as a colorless fil - MSNHB53. 46 (M+1). Step

B: (2R, 3S,5R) -2-(2,5-Di fl uor vl 41- (cyclopentylsulfonyl)- 2, 6-

di hydr opyrrol of 3, 4-cl pyrazol - (4B§ - At ¢t r ahydr o- 2H pyran- 3-am ne 15A
solution of the internedi ate d&btaPred™ tep A above (49 ng, 0.089 mmol)
in dichloromethane (4 la) was treated thitrjfluoroacetic acid (2 nL) at
roomtenperature. After 1.5 h, the reactt xture was concentrated and

purified by preparative thin Iayer chr omat 8gMaphy el uting with 5% net hanol
cont ai ni ng’ 10% N114011 i n di chl or onet hane to gf9&tshe title conpound.
20HNMR (500 MHz, CD30D) 5 1.54 (q, 1H, J - 12 Hz); 1.62-1.77 (m 4H);

EIL.H)92 g 0834 5%).4 —4 —Trl I..U' 2nll r3'- -eh U?I%Tl @%é drr0§ 04“C %01(’m

4 00- ‘zhmaun‘ boYWNI7aiRe 1H); 4. 34 (d, 1H J = 10 Hz) 7.08- 7.18

(m 2H);te 7A20 7. 25-Biyl ﬂ{lz*R,,?,S?sz@@ WSWﬂuokcﬁhMﬁzD §5§{ﬁa@th@1‘s’ﬁf¥énvl)2§§XANPLE 4
VO D% 8PCT/ US2009/ %3 6 é 1
f1 uoropheny1§l r@pmolg —;:anrazpi p Ry et iy ( 3 € ci pyrazo

| 5(4H) -yl Jtetr ah;@dnmﬂbiﬂﬁynamearamﬂ (fd6tmg,f1l ﬂmmﬂ):a&tda}enahjrlkuiﬁh@l}z 4,5,6-
A tert
{( 2%5‘%‘5{“%"@?"%"% FiIRUPEYR RITPeRns 2 (SR8 Eeke PRl 1o} imﬂs gethagel,
dr ool o(73mb V@tsmazrgdfcs@ﬁmm\hefor@ eftldlam@nabe@aa Py tamg, 0.43 nm@nl ahls waction
A m Xt yne stﬂfre(% rff?é}]h ﬁm% f()]g 28 AOTHO 1B W c)on@é}grated and purified on 40M
alcycl opent y I?rSrdet rahydr r r ol %i?é tﬁ pyrazol e
(1 W er mfl%& e sy 1)03 @arwiutmgzgﬂ ¢thvlagey rIBlEi:? ECEIE ‘@2"’%}1@!35 thas
sti rr eehih@risciferimy hefses ﬁleﬁﬁﬂd)l][iﬁ dﬁﬁﬁﬁ&%ﬁhﬁ@e foXeutd tHeitleQo@iPoufidBihich vAfst er
stirrin roomte the reaction mxture was
concenf)gtélngﬁ a%ﬁ&”hbtﬁlg&‘" Z]é&}fgsoﬂ d)%e(ﬁ Btive thin layer chromatography
plates eluting with 30%ethy| acetate i n diehl ororrethane to yield the title
compou whi t g
B: §]2R ) - 2- (&
di hydr opyr r ol op, dihety o[3.4 % Dy & '
Ilﬁt rS![ ‘;' uor Oag\?éairﬁerﬁﬁeldiate obtamed in Step A a‘-’b%lvé' 3(;];9211”%:0 13%2’1&1‘1181)% H%ﬁld’si‘érgﬁ?tggﬁe:' ned
wth £ PEmhoNE et EVHE o f“%lﬂ‘((ts‘O%PESlC deid Lo éhrﬁgmé?la?@amgﬁ Bk 5 the the
r eact | ecHdXiviY ondasraaednhe atudnfacergl wes plrefiddi dol esibeng:d uasidmnl(&{)NVR (500
Dgf ?el%%?gl\i/ Zﬁl 0- (2% @ahol con%ammgq {)g/rrNH4 (591 in d;é‘[%lm(o%iethané t§ g1;612
20 the title compound as a white solid. "H NMR (500 MHz, CD;0D): 6 1.50 (q, 1H, J =12 Hz);
2.43-2.49 (m, 1H); 2.88 (td, 1H, J = 12, 6Hz); 3.11-3.18 (m, 1H); 3.34 (s, 3H); 3.40 (t, 1H, =12
Hz); 3.48-3.92 (m, 4H); 4.23-4.28 (m, 2H); 7.14-7.20 (m, 1H); 7.36-7.42 (m, 1H); 7.86 (s, 1H).
LC-MS: 417.12 (M+1).

25 EXAMPLE 3
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20 3.68 (id, 1H 3= 12, 4 Hz); 3.78 (t, 111, J - 12 Hz); 3,88-3.96 (m 1H);
4.02-4.10 (m 1H); 4.49- 4.67 (m 5H); 4.71 (d, 1H, J = 12 Hz); 7.19-7.27
(m 2H); wo28ths8B8(m 1H); 8.09(s, 1H). LC Ms: 453. 04 PEFS200BX80RLE 5 25
WD 2010/ 056708PCT/ US2009/ 063976

(2R 35,5R)-2-(2,4,5-Trifluorophenyl)-542- (cycl opentyl sul fonyl) -2, 6-di hydrop
yrr ol o] 3Ac] pyrazol 5(411) -yl j t et rahydr o- 2H pyran-3-amne trifl uoroacet ate
salt Step Atert-Butyl

{(2R 3S,5R)-2-(2,4.5-triflug ophen 1)-5-[2-(cycl opentyl sul fony1l) -2, 6-

5di hydropyrrol o[ 3, 4-c] pyr af b(4Ry*2ylitetrahydro-2H pyran-3-yl| carbanate
A mxture of Internedi ate * £97,np8+_0.28 mol) and 2-(cycl opentyl sul fonyl) -
2,4,5,6-tetrahydropyrrol o] 3, 4-c]lpyrazol e (Internediate 4) (68 ny, 0.28
mol ) in anhydrous met hanol {2. ® St rOrzed for 30 min before adding
decaborane (10.3 ng, 0.085 mmol). Aft iySwg-at R for 18 h, the
reaction m xture was concentrated and i fa erepar ative 10 thin | ayer
chromat ography plates eluting with 30% et acetate in dichloronethane to
yield the title conpound as a white solid. LC-Ms: 571.34 (Mtl). Step B: 2R
3S 5R (2, &Qsm 247 bihiueroeRaRMYS) r-Royc RpbeyRhIBREMEY b Sitkvidedintol3 B=c|pyrazol-

di hydrg 3 GF!’ |- (3 raz ZLll )-ylitetrahydro-21/-pyran-3-am ne

15t 1 f | SEHEREHEER Y0y RS o A solution of the internediate obtained"
in Steftep & bove fe@BBwl { @Rmm 62 5~ﬁ1fﬁjowﬂhenﬂb¥ét{Mﬂmdlﬁnfvls)alfmaﬂ)-ﬁmeat ed
wtptnfluoroacg}h : . .
reacti on was con
CD3OD): 1.71-1. %@n(mlrem;nterme@@i@%ﬁ) I mg, Q-Ill;i mmollanc( lzr(cmq’peutyﬁulfczn}ﬂ&)
202. 79

o) 32%0§§ teg:gihzf&x%yrr@lo@% é@gmazél%‘hn;gmedﬂa%éi)e(kg}ng 6139111(151) 3&%;1)&011% 40
(m 5Hpethanoly(1p 1%%) VA Stmd fory 30, guiry b re(%ﬂdnﬁir}ecal@rw (ééz n&&n)O Oddenmed- 471. 04
(Mr1) . AESAMRLiRg Gt £)5m teMPeRQEO QIR ) BRGEAISANARERAY Eoncentrated and purified
gfﬁg’ ggéﬁei)ra{a%’vg thin aygip crh? rpagtggrlkjhy }%‘l]éteg Yu%%g rlgxpéld"/s lh];rp c%flale g 6-dihdro

dichloromethane to yield the title compound as a colorless film. LC-MS: 553.46 (M+1).

OJ\

}--t-

Step B: (2R.3S.5R)-2-(2.5-Difluorophenyl)-5-]1-(cyclopentylsuifonyl)-2.6~
dihydropyrrolo[3.4-clpyrazol-5(4H)-vl]tetrahydro-2 H-pyran-3-amine
15 A solution of the intermediate obtained in Step A above (49 mg, 0.089 mmol) in

dichloromethane (4 mL) was treated with trifluoroacetic acid (2 mL) at room temperature. After
1.5 h, the reaction mixture was concentrated and purified by preparative thin layer
chromatography eluting with 5% methanol containing 10% NH;OH in dichloromethane to give
the title compound.

20 'HNMR (500 MHz, CD;0D): & 1.54 (q, 1H, J = 12 Hz); 1.62-1.77 (m, 4H); 1.92-2.08 (m, 4H);
2.42-2.49 (m, 1H); 2.98-3.06 (m, 1H); 3.07-3.14 (m, 1H); 3.40 (1, 1H, J =12 Hz); 3.87-3.91 (m,
2H); 4.01-4.08 (m, 1H); 4.09-4.17 (m, 2H); 4.20-4.27 (m, 1H); 4.34 (d, 1H, J = 10 Hz); 7.08-
7.18 (m, 2H); 7.20-7.25 (m, 1H); 7.64 (s, 1H). LC-MS: 453.10 (M+1).

25 EXAMPLE 4
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5(411) -yl ] tetrahydro-2H pyran-3-amne trifluoroacetate salt Step

A tert-Butyl

{ (2R, 3S, 5Rp-201(@Be®8di f | uor ophenyl) - 541- (cycl opropyl sul f @ayAS2@9H63976

di hydr opyrrol o[ 3, 4-elpyrazol -5(411) -yl ]t etrahydr o- 2H pyran- 3-yl | car bamat e
5A mi xture of Internediate 2 (26 ng, 0.08 rnnol) and

1- (cycl opropyl sul fonyl)- 2,4,5, 6-tetrahydropyn-ol o[ 3, 4-4yrazol e
(Internmediate 6) (18 ng, 0.084 nmmol) in anhydrous nethanol (1.0 nL) was
stirred for 30 min before addi ng decaborane (2.9 ng, 0.024 mmol). After
stirring at roomtenperatu Or sh, the reaction m xture was
concentrated and purified &g _phgpakative thin |ayer chromatography plates
eluting with 50% et hyl acetafe ih dilchloronmethane 10 to yield the title
conpound as a white solid. LE M2 M-1). Step

B: (2R3S, 5R) - 2- ( 2, 5- Di fl uor ophenyl)-5-] @I opr‘lpyl sul fonyl)-2, 6-

di hydropyrrolo [3 "4-c] pyrazol-5(411)= dr o- 2H pyr an- 3 anm ne
trifiuoroacetate salt 15A sol ution of the Nt epredi ate obtained in Step A
above (52 ng, 0.099 mmol) in dlchlorornethanég(Z m.) was treated with
trifluoroacetic acid (1 mL) at room tenperature. After 1.5 h, the reaction
m xture was concentrated and pUI’IfI ed on reverse phase HPLC usi ng
H20/ ac €2 85.5R)-2€2 .6 diflabruiphg b-FAw oy suldoryyd)-2 tripd :
(500 17 SHRAD 2% Doz 43 (n1 ZFD 2 06 (q, lH J =
14 Hz): Sy ofd2rrphiah- 24 Asck , 357364(nf] . 3. 74
(t, 1HSiEb A 12 HWFBD,WQ{QZR 33)92)511) - ,j,_,...c rophey 1-— (evebapentylsulfgnyly-d 6-111, J
- %%(HZ) 1111)71Léd dfd drol2 By in32y16 Barbdide)
S - .
(2R, 3S, 5R) - 2- (2" BABIFPIGSH g 2 a2 pglgppatyisultonyl)-
-2, 6-di2hyy, dﬂﬁﬂz}hﬁrﬂx@b@&&n@-@]:]wfmhl (ﬂtékwed;dté 4)6(68 alyy 0r28-12ddo )y amhydraus ne

11Tt aResl & e Shls S0 0126 B v )07 e 085 o
g ; Pyg r a’rftem lsm‘rIng axlxcm]m Wmﬂmkre Sor(18H), ilsd feattwmrmaijde Bag wwn@zt;@aaa@/dmlﬁed
(18 ”%hg,r%%%%sul &ﬁoﬁl%gfagﬁg gg&% e &fn% whiB0300%8 e§§1 500

cycl opr pyrrolo 3, 4-¢elp ol e
(| nt er idlgpacH: Pnf(@o@e fthe ttlegepniopng a5 W h& §53.37 S,

Step B: (2R.3S.5R)-2-(2.5-Difluorophenyl)-5-[2-(cyclopentyisulfonyl)-2,6-
dihvdropvrrolof3.4-clpvrazol-3{4H)-vl|tetrahvdro-2 H-pyran-3-amine

15 trifluoroacetate salt

A solution of the intermediate obtained in Step A above (90 mg, 0.16 mmol} in
dichloromethane (6 mL) was treated with trifluoroacetic acid (3 mL) at room temperature. After
1.5 h, the reaction mixture was concentrated to give the title compound. 'H NMR (500 MHz,
CD;0D): 6 1.61-1.74 (m, 4H); 1.92-2.08 (m, 4H); 2.11 (q, 1H, J = 12 Hz); 2.78-2.84 (m, 1H);
20 3.68 (1d, 1H, J =12, 4 Hz); 3.78 (t, 1H, T = 12 Hz); 3.88-3.96 (m, 1H); 4.02-4.10 (m, 1H); 4.49-
4.67 (m, 5H); 4.71 (d, 1H, J = 12 Hz); 7.19-7.27 (m, 2H); 7.28-7.33 (m, 1H); 8.09(s, 1H). LC-
MS: 453.04 (M+1).

EXAMPLE 5
25
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WO 2010/ 056708PCT/ US2009/ 063976 net hanol (80 nmL) was stirred for 30 mm

bef ore addi ng decaborane (206 ng, 1.7 mml). After stirring at RT for 18 h,
t he reactwonowase®dncentrated and purified on preparati PETIUSR0V9/063926
chromat ography plates eluting with 5% net hanol and 1% NHACH in

di chl oronethane to yield the title conpound as a white solid. LG M5 425.01
(Mrl). 5 Step

B: (2R, 3S,5R)-2-(2,5-Di fl uoropkenyl)-542-(cycl opropyl sul fonyl) -2, 6-

di hydropyrrol o[ 3, 4-el pyrazol - 4B) yl ]t etrahydro- 2H pyr an- 3-anm ne

trifluoroacetate salt A so Hi he intenuediate from Step A above (93
nmg, 0.16 nmol) in 10 dichlo ,ha (6 nL) was treated with
trifluoroacetic acid (3 m) ropm t rrperature After 1.5 h, the reaction
m xture was concentrated to nge Ohe corrpound 1H NWR (500 VHz
CD30D): 5 1.17-1.23 (m 2H); 1.34-1.40 m 2.08 (q, 1H, J = 12 Hz);
2.80 (d, 1H, J =12 Hz); 2.91-2.97 (m .66 (m 1H); 3.76 (t,

1H, J = 12 Hz), 3.82-3.90 (in, 1H); 4.47-4 H) 4.70 (d, 1H, J - 10
Hz); 7.18-7.26 (m 2H); 7.28-7.32 (m 1H); 8. Oé (s, 111). LC Ms: 15425.01
(M+1) . EXAMPLE 8

(2R, 3S,5R) -2-(2,4,5-Trifl uorophenyl)-542-(cycl opropyl sul fonyl) -2, 6-di hydrop
yrrol o(3RB345R)- 2—@@Bﬁyfraﬁlﬁiroﬁ{eﬂiﬂﬁ-[\2L(nﬁ:ﬂ?w@hﬂﬂﬂfmﬂﬁHmedmmdraﬂmlnB 4-

triflu oacg sal tr-ﬁlm\
T4, 7 oylsulfonyl) 2, 6-
di hydrm&ol o | B 2 LY. Sigvelopentlsy vdr-bamat e

A mxture of Int g 49 v%ol Qzh- ma}azw&adz@nﬁ%x@ﬂ@éa@%ayl fonyl)-
2,4,5,6-tetrahyd pyrazole Inter di ng)ﬂ @gq 27
mml) in anhydro@sm%urﬁ'@f smredigis] G pg Ogganrﬁa?ﬁ"éf BYYY fé ‘Wg
decabo Qwsﬁé&hgr&opﬁr&sg Wﬁazoléf(hﬁémﬁﬂiateﬂ@)r(% ﬁig 0Q8mhelpeadiyiforsf or 18

ayer  CIBHEL Bt Bbhy T SLoE R TRGT IS HOR A Ryedags qp (R Aol (1 1

di chl orgree ttivaing at RT\forel Sh,tthereactidnemtaumrp otas domsnaatah pndpwdidddn prépavBive543. 30
é g‘u 12 alggt%é%ﬁﬁ a%§%ﬁﬂ%§%%§37@ \7 acet te in dlchl?rom[e hane ylsld the

gr/gydr@g;%ﬁpi?@ s acylpiersaial LECUIS 7 34{P§§i£hydrgpr2(lzfgyran AR

trifluoroacetate salt A solution of the product obtained in Step A above

(74 ng,. 0.14 nmol

th
trlfluéﬁ?@a%etlc bl 2.4 r Tpiduorophenyly t 2 V\é”thereaction

mixture was_conceiyiasesiolo thﬁ’rztszSMlH)L‘s&itammFKH-nHan ANRine500 Mz,
CD?D)118124m25; 35140(m2H) 2.12 (q, 1H J - 12 Hz);
2 2.86 (m 1 ! (m 1H); 3.64 (td, 1H J = 12, 6Hz); 3.79 (t,
1H, 3= 12 Hz); 3.200hBi@f(hg lnﬂdfl)lpdlétemaimfﬁn Stan A Bbjyve @3 5, 4, 16200l 16 H) ;
7.25-7 'd?’c%iérmnetjnliplé (67mﬁ55\3vzs éghte(cfnvitljr tduorSacBEe 4d (311|fﬁ,) aﬁ@bﬁﬁémperature. After

1.5 h, the reaction was concentrated to give the title compound.

TH NMR (500 MHz, CD;0D): 8 1.71-1.76 (m, 4H); 1.92-2.08 (m, 4H); 2.12 (¢, 1H, J =12 Hz);

20 2.79-2.85 (m, 1H); 3.64 (1d, 1H, J = 10, 6Hz); 3.79 (t, 11, J = 12 Hz); 3.90-3.98 (m, 1H); 4.02-
4.10 (m, 1H); 4.48-4.54 (m, 1H); 4.57-4.72 (m, 5H); 7.24-7.33 (m, 1H); 7.46-7.54 (m, 1H); 8.10
(s, 1H). LC-MS: 471.04 (M+1).

EXAMPLE 6

F
NH,
F O
N
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10443. 04 (M+l). The foll ow ng additional Exanples were nade by
essentially follow ng the nethods descri bed for Exanples 1 thrpugh 8.

li.L. p_n We20Rn5t1s8 Vs 9 -CH2CH3 H 413.01 10 - CH2Cl1- PBTRSA®2/0497d 1
-CH(CH3) 2 H 427. 30

2R .38 5R)-2-(2.5-Difluorophenyh-5-[ 1 -(cvclopropylsulfonyl)-2.6-dihvdropyrrolo] 3.4-¢|pyrazol-
5(4H)-y]tetrahydro-2 H-pyran-3-amine trifluoroacetate salt

Step A: tert-Butvl {{2R.3S.5R)-2-(2.5-difluorophenyl)-5-{1-(cyclopropylsulfony])-2.6-
dihvdropymrolo!3.4-clpyrazol-3(4 -yl tetrahvdro-2 A-pvran-3-vl tcarbamate
5 A mixture of Intermediate 2 (26 mg, 0.08 mmol} and 1-(cyclopropylsulfonyl)-

2,4,5,6-tetrahydropyrrolo[3,4-cjpyrazole (Intermediate 6) (18 mg, 0.084 mmeol) in anhydrous

methanol (1.0 mL) was stirred for 30 min before adding decaborane (2.9 mg, 0.024 mmol). After

stirring at room temperature for 18 h, the reaction mixture was concentrated and purified on

preparative thin layer chromatography plates eluting with 50% ethyl acetate in dichloromethane
10 to vield the title compound as a white solid. LC-MS: 525.2 (M+1).

Step B: (2R.3S,5R)-2-(2.5-Difluorophenyl)-5-[1-(cyclopropyisulfonyl)-2.6-
dihydropyrrolo[3.4-clpyrazol-5(4H)-ylltetrahydro-2 H-pyran-3-amine
trifluoroacetate salt

15 A solution of the intermediate obtained in Step A above (52 mg, 0.099 mmol) in
dichloromethane (2 mL) was treated with trifluoroacetic acid (1 mL) at room temperature. After

1.5 h, the reaction mixture was concentrated and purified on reverse phase HPLC using
H,O/acetonitrile containing 0.05TFAv/v, to give the title compound. TH NMR (500 MHz,
CD;0D): 6 1.21-1.27 (m, 2H); 1.38-1.43 (m, 2H); 2.06 (q, 1H, J = 14 Hz); 2.73-2.79 (m, 1H);

20 2.29-3.06 (m, 1H); 3.57-3.64 (m, 1H); 3.74 (t, 1H, J = 12 Hz); 3.81-3.90 (m, 1H); 4.44-4.54 (m,
3H); 4.69 (4, 1M, J = 12 Hz); 4.71-4.81 (m, 2H); 7.18-7.26 (m, 2H); 7.27-7.32 (m, 1H); 7.74(s,
1H). LC-MS: 425.21 (M+1).

EXAMPLE 7

F
N

=N
NN /A
3,

25
(2R.35.5R)-2-(2.5-Difluorophenyl)-5-[ 2-(cyclopropylsulfonyl)-2.6-dihvdropyrrolo[3.4-c]pyrazol-
5(4H)-vl]tetrahydro-2 H-pyran-3-amine trifluoroacetate salt
Step A tert-Butyl {(2R.38.5R)-2-(2,5-difluorophenyl)-5-[2-(cyclopropylsulfonyl)-2.6-
dihydropyrrolo[3.4-clpyrazol-5(4H)-yvltetrahydro-2 H-pyran-3-yl } carbamate
30 A mixture of Intermediate 2 (1.10g, 3.38 mmol) and 2-(cyclopropylsulfonyl)-

2.4,5,6-tetrahydropyrrolof3,4-clpyrazole (Intermediate 6) (600 mg, 2.81 mmol) in anhydrous
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12 -CH(CH3) 2 F 445.04 13 -CH2CH2CH3 H 427.11 14 -CH2CH2CH3 F 445.13 15

H3 .

10

15

20

25

.N1,>\-"---NH 465.23 16 - N H 462. 05 17
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methanol (80 mL) was stirred for 30 min before adding decaborane (206 mg, 1.7 mmol). After
stirring at RT for 18 h, the reaction was concentrated and purified on preparative thin layer
chromatography plates eluting with 5% methanol and 1% NH,OH in dichloromethane to yield
the title compound as a white solid. LC-MS: 425.01 (M+1).

Step B: (2R.35,5R)-2-(2.5-Difluorophenyl)-5-| 2-(cyclopropylsulfonyl})-2.6-
dihydropyrrolo[3.4-¢ azol-5(4N-viltetrahyvdro-2 H-pyran-3-amine
rifluoroacetate salt

A solution of the intermediate from Step A above (93 mg, 0.16 mmol) in
dichloromethane (6 mL) was treated with trifluoroacetic acid (3 ml) at room temperature. After
1.5 h, the reaction mixture was concentrated to give the title compound. "H NMR (500 MHz,
CD;0D): 6 1.17-1.23 (m, 2H); 1.34-1.40 (m, 2H); 2.08 (¢, 1H, J =12 Hz); 2.80 (d, 1H, =12
Hz); 2.91-2.97 (m, 1H); 3.58-3.66 (m, 1H); 3.76 (1, 1H, J = 12 Hz), 3.82-3.90 (m, 1H); 4.47-4.62
(m, 5H); 4.70 (d, 1H, J = 10 Hz); 7.18-7.26 (m, 2H); 7.28-7.32 (m, 1H); 8.05 (s, 1H). LC-MS:
425.01 (M+1).

EXAMPLE 8
F
g
N

~~N

NN
K
0y

C azol-5(4 H-ylltetrahydro-2 H-pyran-3-amine trifluoroaceiate salt

Step A: tert-Butyl {(2R,38.5R)-2-(2.4.5-trifluorophenyl)-5-[2-(cyclopropylsulfonyl)-2,6-
dihydropyrrolo[3.4-clpyrazol-5(4H)-ylltetrahydro-2 H-pyran-3-yl } carbamate
A mixture of Intermeidate 1 (94 mg, 0.27 mmol) and 2-{cyclopropylsulfonyl)-
2.,4,5,6-tetrahydropyrrolo{3,4-c]pyrazole (Intermediate 6) (58 mg, 0.27 mmol) in anhydrous
methanol was stirred for 30 min before adding decaborane (10 mg, 0.083 mmol). After stirring

at room temperature for 18 h, the reaction mixture was concentrated and purified on preparative
thin layer chromatography plates eluting with 50% ethyl acetate in dichloromethane to yield the
title compound as a white solid. LC-MS: 543.30 (M+1).
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it CF3 H529.2 WD 2010/ 056708PCT/ US2009/ 063976 EXAMPLE OF A

PHARVACEUTI CAL FORMULATI ON As a specific enbodi nent of an oral

phar macewpcalo/msetoposi tion, a 100 ng potency tablet is eoruss@d/06§97d00 ny
of any one of the Exanples, 268 ng mcrocrystalline 5 cellul ose, 20 ng of
croscarnel |l ose sodium and 4 ng of magnesi um stearate. The active,

m crocrystalline cellul ose, and croscarrrel | ose are blended first. The

m Xt ur 8tepB:t hen [2R ‘ fswBhel.6-nt 0 tabl ets.
V\Vulethelnventld ‘A1 eference to
certain 10partico : 0 k e art will
appreci ate that KM@%@Latl ons, changes nodi fi cations, substitutions,

del etions, or addi &in@ps dﬁhe%r@@ﬁgldf)ﬁﬁle@@ﬂs%% ARles7 ,084nRd61 Wi t hout
departmﬁg fromthe spirit and scop effll,oagt e.iny ntlg? or exanp

ef f &ct dirBloapagifare Grpll waigrtadwith giffyosepcgtic ol Gy a@og@ttems?lﬁme%?rn
above meyh, bk RRRdnGAkhEe 885 doensasdieNgee: tk titllal’cbﬁﬂpb&ﬂﬁ THINNRSPOMdMNEness of

e R e s LR e B B

obser v@d2rn98 ay Mipdsdntl il, { & 1antHdepFadl Ag, pda Hhe3 a3 9% ditl)atdbve
conpou elect pe gr r I I QR a c

wel | agqstgrh(§ﬂ ];?/ﬁg 4951%272 Fﬂ?ﬁo%éng ﬁlﬁgg ﬁéﬁﬁ?{%ﬁﬁ{ h?gtl on CS oye(rl}}[§and
sudh edpdbteMariations or differences in the results are conterrpl ated in
accordance with the objects and practices of the present invention. It is
20 i ntended, the t hat ..t he nven ion be |ned b scope of the
clai ms which fol ::Tgs‘v?%lﬁﬁ‘mﬂ%é dlg?ﬂﬂll EREPYE WHE P Yp‘?séffné’tﬂﬁ&i"q%r as is

r easonaitieods ddAbed HrExAinER 1l thipugh 8A conpound of structural for mula I:
NH2 Ar- 5or a pharmaceutically acceptable salt thereof; wherein

Rb
NH,
/,,
F 0
N
N
N\ N
SO,R®
Example R3 Rb LC-MS
9 -CH,CH; H 413.01
10 -CH,CH; F 431.15
11 _CH(CH,), H 42730
12 -CH(CH,), F 445.04
13 -CH,CH,CH; H 427.11
14 -CH,CH,CH, F 44513
15 'f"*"* H 46523
¥
"LLL N
16 %@ q 462.05
—N
17 %Q H 529.2
CFs
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Vis selected fromthe group consisting of: Ar i s phenyl optionally
substituted with one to five R substituents; each R is independently

sel ect ed wpoamwdse7ogr oup consi sting of: 10hal ogen, cyanopPChyuse@2yps39Gl 6

al kyl, optionally substituted with one to five fluorines, and G _6 al koxy,
optionally substituted with one to five fluorines, 15 each R2 is

I ndependently selected fromthe group consisting of hydrogen, hal ogen,
cyano, 20Cl1 _10 al koxy, wherein al koxy is opt ionally substituted with one to

%Vgoigmggggjg‘?%%%g%asgm a W me!alrJgurlnngl ﬁ;ld P)s/dgot(?lbn& |63 _

subst i tut ed wi t hA8asrectis prabodipnsat Flianswald RifRbFIMpRsEEed L 8Y Mer om
fluori amdirs@zsm oded otﬂoa yonbefmemixainb%@ﬂéslrﬁg ﬁﬁtrbaﬁrabﬂme
subt! % &Eeto esu stltaagg | depend eniS S iﬁ dfrom

Floori il Sroseriaellyss Saipm. A BRI SR T Wbt 1t ut e

W t h omgcrboaryithli@e seibhdodet ammrsscarmellose are blended first. The mixture 1s then lubricated
by magnesium stearate and pressed into tablets.

While the invention has been described and illustrated with reference to certain

10 particular embodiments thereof, those skilled in the art will appreciate that various adaptations,
changes, modifications, substitutions, deletions, or additions of procedures and protocols may be
made without departing from the spirit and scope of the invention. For example, effective
dosages other than the particular dosages as set forth herein above may be applicable as a
consequence of variations in responsiveness of the mammal being treated for any of the

15  indications with the compounds of the invention indicated above. The specific pharmacological
responses observed may vary according to and depending upon the particular active compounds
selected or whether there are present pharmaceutical carriers, as well as the type of formulation
and mode of administration employed, and such expected variations or differences in the results
are contemplated in accordance with the objects and practices of the present invention. It is

20  intended, therefore, that the invention be defined by the scope of the claims which follow and
that such claims be interpreted as broadly as is reasonable.
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i ndependently sel ected hydroxy, hal ogen, cyano, nitro, CQ21-1, Cl-6

al kyl oxycarbonyl, Cl-6 al kyl, and Cl1_6 al koxy, wherein al kyl and al koxy are
opt i onal Iwo=otmsst08t ed with one to five fluorines, (CH2poThiSt@woesvys
wherein heteroaryl is optionally substituted with one to three
10substituents i ndependently sel ected from hydroxy, hal ogen, cyano, nitro,
C2H, C 6 al kyl oxycarbonyl, Cl-6 al kyl, and Cl-6 al koxy, wherein al kyl
and al KepipTdE€IopiMIEIDas:l y substituted with one to five fluorines,

(CH2) n- het erocycl yl, wherein heteroeyelyl is optionally substituted with
one to three substituents independently selected from oxo,
hydr oxy, hal ogen]- cyas, comtroved of gooppel fommeadl kyl oxycar bonyl, G -6 al kyl,
and C 1 6 al koxy, wherein al kyl and al koxy are optionally substituted with
one to five fluorines, (CH2)n-C3-6 cycINJdikyl, wherein cyeloal kyl is
optional |y substituted with one t@,three substituents independently

sel ected from hal ogen, hydroxy, cyan ro, CO2H, G _6 al kyl oxycarbonyl,
Cl-6 al kyl, and Cl-6 al koxy, wherein and al koxy 20are optionally
substituted with one to five fluorines; ) n- COOH, (CH2) n-COOC1_6 al kyl ,
(CH2) n- NR4AR5, (Cl-12)n- CONRAR5, 25(CH2) n- RAR5, (CH2) n- SO2NRAR5,

(CH2) n- SO2R6, (CH2) n- NR7SO02R6, ( CH2) n- [R7CONR4RS, 30( CH2) n- NR7COR7, and
(CH2) n- NR7TCO2R6; wherei n any individual nethylene (CH2) carbon atomin
(CH2)n is optionally substituted with one to two substituents independently
sel gct gfy bhAMabeHRAIN S ceUBIE QXYY thefebfAvidrkiy! . and Cl-4 al koxy, wherein al kyl

and al ko ar e tionall suhstituted with one to five fluorines;
v é%elected ?rgmt e grou% consisting ol%:

3a
3a R3a é R
N Rg N /N
N =N v
-~ ~ N~
R N N"R 2
R3a RS&
=N and o
\ + X 3b \ N .
R  N\_N. R8 R RS
RZ Rz ]
Ar is phenyl optionally substituted with one to five R1 substituents;
each R1 is independently selected from the group consisting of:
10 halogen,
cyano,
hydroxy,
C1-6 alkyl, optionally substituted with one to five fluorines, and
C1-6 alkoxy, optionally substituted with one to five fluorines;
15
each R2 is independently selected from the group consisting of
hydrogen,
halogen,
cyano,
20 C1-10 alkoxy, wherein alkoxy is optionally substituted with one to five substituents

independently selected from fluorine and hydroxy,
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35 R3a and R3b are each independently hydrogen or Cl_4 alkyl optionally
substituted with one to five fluorines; WD 2010/ 056708PCT/ US2009/ 063976 R4
and R5 arwoeaonssTedependently sel ected fromthe group c®aTitsLénaye63de

hydr ogen, (CH2) m phenyl, (CH2)m C3-6 cycloal kyl, and 5Cl -6 al kyl, wherein
alkyl is optionally substituted with one to five substituents independently
sel ected fromfluorine and hydroxy and wherein phenyl and cycl oal kyl are
optionally élmkls)tdlity],twehhrwhtaﬂqd)iveo;ﬁimzﬂiiwsmbs&ttb&ﬂimﬂewnesto ifivd epleicientsl y sel ect ed

from hal ogen, dr 0X nd.Cl al koxy, wherein al kyl and

al koxy are optlo d@’&é’seetciﬁléetjﬁdmﬂr’%%@ hYdf93Ye £ 1 uori nes; 10 or R4 and

R5 t oget her Cmmllsqw mherer aliverit dnontionally aibstitiiagd witfeong todtiesHbTbHRsA

o1 por azi ne, and HSEEREEHEL Segic%@ef?‘%ﬁﬁ“g* “‘*3?’ 'rf’i;”e 0 ."2“ bt onal 1y
SubSt 1 t ut ed(GH W TEHe M PEreiATELs SRty SURT LI Hah GBI tY weled from

haI ogen, hydr oxyindependenihl deydciedaiydrdsly, hfognkopayio, mﬂer(eﬁ)@}mdjl%l and aI koxy

are optionally s i tuted Y | wor

I ndependent |y Clliﬂ%y%f%ﬁﬁrbor\xpnélé %ﬁ(y\ ﬁyﬁlE 566 aolf“fxya le B2 %%ﬁsatnat &ox arvﬁ th one

to five substituepfidall aﬁ@and@!mrhkoﬁ@hﬁﬁweem;drrn@m fl uor| ne and hydroxyl; R7
Phchalli

s hydr ogen & | 502CL 6
al k. oG Cyﬁ%ﬁﬁ Wi %@%&l@; S HohAIG DAMBreB WM Ste'th el -
1 substituents mdependently selected from hydroxy, halogen, cyano, nitro, CO2H,

C1-6 alkyloxycarbonyl, C1-6 alkyl, and C1.¢ alkoxy, wherein alkyl and alkoxy
are optionally substituted with one to five fluorines,
(CH2)p-heterocyclyl, wherein heterocyclyl is optionally substituted with one to three:
substituents independently selected from oxo, hydroxy, halogen, cyano, nitro,
15 CO2H, C1-6 alkyloxycarbonyl, C1.¢6 alkyl, and C1.-¢ alkoxy, wherein alkyl and
alkoxy are optionally substituted with one to five fluorines,
(CH?2)-C3-6 cycloalkyl, wherein cycloalkyl is optionally substituted with one to three
substituents independently selected from halogen, hydroxy, cyano, nitro, CO2H,
C1-6 alkyloxycarbonyl, C1.6 alkyl, and C].¢ alkoxy, wherein alkyl and alkoxy
20 are optionally substituted with one to five fluorines,
(CH2)p-COOH,
(CH2)p-COOC1 g alkyl,
(CH2)n-NR4RS,
(CH2)p-CONR4RS,
25 (CH2)p-OCONRARS,
(CH2)n-SOINRARS,
(CH2)n-SO2RS,
(CH2)n-NR7SO2R6,
(CH2)p-NR7CONRARS,
30 (CH2)p-NR7COR7, and
(CH2)p-NR7CO9RS;
wherein any individual methylene (CH2) carbon atom in (CH2)p is optionally substituted with
one to two substituents independently selected from fluorine, hydroxy, C1-4 alkyl, and C1-4
alkoxy, wherein alkyl and alkoxy are optionally substituted with one to five fluorines;
35
R32 and R3b are each independently hydrogen or C1.4 alkyl optionally substituted with one to

five fluorines;
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25- SO2- het er oar yl ,
roaryl,

C(0)-hete

-C(0) NH a
wherein a

ryl,
| kyl

-C(0)C1_6 al kyl,

30-C(0)0CL. 6 al kyl,
- C( 0) 0- hewerzomvosb708- C( 0) NHC1- 6 al kyl ,
and - C(0) NH het eroaryl;
and cycl oal kyl

fluorines and wherein aryl and heteroaryl

-C(0)C3_6 cycl oal kyl,
-C(0)0C3-6 cycl oal kyl ,
35- C(0) NHC3_6 cyclPaalusge09/063976

C(0)-aryl,
-C(0)0-aryl,

WD 2010/ 056708PCT/ US2009/ 063976

are optionally substituted with one to five
are optionally substituted with

one t oRMi g I@L&@@Eé&ﬁﬁwpéndm?@ea&e@frbm tﬁe%ﬁﬁgednamﬁ@dfhe group consisting

of hydr (0)'¢
and . 6

Y,

al kﬁ% Oegr\z\her ei n al kyl

cyano, nitro,

al kyl oxycar bonyl ,
and alkoxy are optionally substltuted W th

G _6 al kyl,

one to hve(@fﬁ&mphwe%, each n is independently O, 1, 2 or 3; and each mis

i ndepende
optionall

triflugrp
is 2, 5d|

2,4, 5-
1 wher &ptionaty Sﬁbﬁ&tmebwsth ang st fiv

y 3

g&%dgﬂﬂl

Stl t ut
sel®ct ed fr &rira HkYlg g

one to
PBefsidkd

S optiRga

nt k(glgg) b é)?cv?aaglé@%n'ghe corrpound of aiml wherein Ar is

e substltuents i ndependent |y
Sl% stig¥gdnweith epg ol f\ﬁéug

e@&@edt f"réxfl 'fMQf:H@%JW&&‘oxﬁeBBQN&%{H

trifluorop
tg@@ﬁs 1ndependenﬁy selected from

PHeHhe, et hyl,

?H&%} hd S%c?damy?aéeher ein Ar

%npound of Claim
alogen,

hydroxy, C1-6 alkyl, and C1.¢ alkoxy, wherein alky! and alkoxy are optionally substituted with

one to five fluorines;

10 or R4 and RS together with the nitrogen atom to which they are attached form a heterocyclic ring

15

selected from azetidine, pyrrolidine, piperidine, piperazine, and morpholine wherein said

heterocyclic ring is optionally substituted with one to three substituents independently
selected from halogen, hydroxy, C1-6 alkyl, and C1.¢ alkoxy, wherein alkyl and alkoxy

are optionally substituted with one to five fluorines;

each RO is independently C1.¢ alkyl, wherein alkyl is optionally substituted with one to five

substituents independently selected from fluorine and hydroxyl;

R7 is hydrogen or RO,

20

RS8 is selected from the group consisting of:

25

30

35

-S02C1-6 alkyl,
-S02C13-6 cycloalkyl,
-502-aryl,
-SO2-heteroaryl,
-C(O)C1.¢ alkyl,
-C(0)C3.¢ cycloalkyl,
-C(O)-aryl,
-C(O)-heteroaryl,
-C(0)OC1.¢ alkyl,
-C(0)OC3.4 cycloalkyl,
-C(0)0-ary,
~C(O)O-heteroaryl,
-C{(O)NHC1-¢ alkyl,
-C{O)NHC3.¢ cycloalkyl,
-C{O)NH-aryl, and
-C{O)NH-heteroaryl;
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5. The compound of Caim1l wherein Vis selected fromthe group consisting
200f : 6. The conmpound of Cdaim5 wherein R2 i s hydrogen. 7The conpound of
Claim5 wereiwsy7o8s N 25R2 and R2 is hydrogen. WO PCT/US2009/063976

2010/ 056708PCT/ US2009/ 063976 8. The conmpound of Claim 1l wherein R8 is
selected fromthe group consisting of: S02Cl1_6 al kyl, S02C3_6 cycl oal kyl,
5-902-aryl, and 902-heteroaryl; wherein al kyl and cycl oal kyl are

opt i onalhkseirsalbgtantl wyddallgyltane opteonialy febsatutddaerth nestodime ivremes mdawldreiand

het er ogy Ylmcfﬁeeteﬁ%l %@%Hibfna?ﬁ%%f)gtﬁﬁ%(? it oD +PRGe Libstifulifiis SR &ﬂcﬁﬂ Edected

| ndeperf]Jen y Sseée cte rom.thne ou consi st i ér XY, alo ?n,
cyano, TR s,grwmw_g@fiwsﬂw%i%ﬁﬂﬁowm 1] »3&? ; Iy<§|a, c 31% al koxy,
wher ei K 1ad &1, antdC alglathoxyawherepptallonahd ylkexpatkioptibediywibdtitané whth ohk vefive

fl ugri es..
uorines;

each n is independently 0, 1, 2 or 3; and
each m is independently 0, 1, or 2.

10 2. The compound of Claim 1 wherein Ar is optionally substituted with one to
three substituents independently selected from the group consisting of fluorine, chlorine,

bromine, methyl, trifluoromethyl, and triflnoromethoxy.

3. The compound of Claim 2 wherein Ar is 2,5-difluorophenyl or 2.4,5-
15 trifluorophenyl.

4. The compound of Claim 1 wherein R32 and R3b are both hydrogen.

5. The compound of Claim 1 wherein V is selected from the group consisting
20  of
g\ 8 g\
N N,R N
& and \3\\I
—N \ N. R s
R? R2
6. The compound of Claim 5 wherein RZ is hydrogen.
7. The compound of Claim 5 wherein V is
N
=N
NN =8
2
25 R
and R? is hydrogen.
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9. The conpound of claim8 wherein R8 is -S02C1_6 al kyl or -S02C3_6

cycl oal kyl, wherein al kyl and cycl oal kyl are optionally substituted with
one to fiwe2lussioses. 15 10. The conpound @eCTS20031043906
structural fornmula la or Ib having the indicated stereochem cal _
configuration at the two stereogenic carbon atons marked with an *: NH2NH2
11. The conmpound of Caim 10 of structural forrmula Ia having the indicated

20 absol ute stergochemhealmsanticddai pwha%aﬂib&lsts\é@cﬁa%%pgﬁ@r&qﬁar bon
atons nar ked%\/\nFth an *: . The conmpound of O aim 10 of

st r uct GPEfSUR lae Ic and |d having the i nd| cat ed stereochenical

confi gurat i 6¥O2t1- Bhﬁiﬂ hree stereogeni c carbon atons marked with an *: WO
2010/ 056708%@4@%8@@ 976 NNz Ar. (1c) (1d) 13.The conpound of Claim12
of structural Tornu al ¢ having the indicated absol ute stereochenical

conti gurati o2t #84t hree ster eogeni ¢ carbon atons marked with an *:

-SO2-heteroaryl;
wherein alkyl and cycloalkyl are optionally substituted with one to five fluorines and wherein
aryl and heteroaryl are optionally substituted with one to five substituents independently selected
from the group consisting of hydroxy, halogen, cyano, nitro, CO2H, C1.¢ alkyloxycarbonyl,
10 C1-6 alkyl, and C1-6 alkoxy, wherein alkyl and alkoxy are optionally substituted with one to five

fluorines.

9. The compound of claim 8 wherein RS is -S02C1.6 alkyl or -SO2C3.6

cycloalkyl, wherein alkyl and cycloalkyl are optionally substituted with one to five fluorines.
15
10.  The compound of Claim 1 of structural formula Ia or Ib having the
mdicated stereochemical configuration at the two stereogenic carbon atoms marked with an *:

NH, NH;
o T,
V
(Ia) (Ib)
11. The compound of Claim 10 of structural formula la having the indicated

20 absolute stereochemical configuration at the two stereogenic carbon atoms marked with an *:

NH,

(Ia)

12 The compound of Claim 10 of structural formulae Ic and Id having the
indicated stereochemical configuration at the three stereogenic carbon atoms marked with an *:
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(1C 514.The conpound of C aim 13 wherein V is selected fromthe group
consisting of: ,R8 Nand R2 R2 15. The conpound of Claim
14 wher eiwoRB10/6s6T9gdr ogen, and R8 is -S02Cl-6 10al kyl oPCTRE32@3/4063976

cycl oal kyl, wherein al kyl and cycl oal kyl are optionally substituted with
one to five fluorines. 16. The conmpound of Claim1l wherein
each R2 is independently selected fromthe group consisting of hydrogen;
15C1_6 al kyl, wherein al kyl NI3, optionally substi N#,ed with one to five
fluorines; and C3_6 cyg_;\ oal Kyl , wherein cychpal kyl is optionally
substituted with one t& th ubstituents in éndently selected from

hal ogen, hydroxy, C 4 alk and Cl1-4 al koxy, ergi n al kyl and al koxy are

optionally substituted w Yo five fluori : Z’Q/ WO
2010/ 056708PCT/ US2009/ 063976 17. The conpound of C aim 16 wherein each R2
i s hydrogen. (o) (1d)

13, The compound of Claim 12 of structural formula Ic having the indicated

absolute stereochemical configuration at the three stereogenic carbon atoms marked with an *:

d¢)
5 14.  The compound of Claim 13 wherein V is selected from the group
consisting of:
g\ 8 %\
N R N
/N =N
—N and \ N - RS
R2 R2

15.  The compound of Claim 14 wherein R2 is hydrogen, and R is -S02C1.6
10 alkyl or -SO2C3.¢ cycloalkyl, wherein alkyl and cycloalkyl are optionally substituted with one to

five fluorines.

16.  The compound of Claim 1 wherein each R2 is independently selected from
the group consisting of
hydrogen,
15 C1-6 alkyl, wherein alkyl is optionally substituted with one to five fluorines; and
3.6 cycloalkyl, wherein cycloalkyl is optionally substituted with one to three
substituents independently selected from halogen, hydroxy, Cj-4 alkyl, and C1-4

alkoxy, wherein alkyl and alkoxy are optionally substituted with one to five
fluorines.
20
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18. A compound which is selected fromthe group consisting of: WO

2010/ 056708PCT/ US2009/ 063976 or a pharmaceutically acceptable salt

t her eof . BO20W/(3bBNaceut i cal conposition which conpri sesTaSeaapeime of
Claim 1 and a pharnaceutically acceptable carrier. WO

2010/ 056708PCT/ US2009/ 063976 20. Use of a conpound in accordance with Caim
1 in the manufacture of a nedicanent for use in treating a condition
selected fromthe group consisting of insulin resistance, hyperglycem a,

Type 2 di abet esc'}gi ?nmdtﬁd%? iﬁlhl%rﬁﬂécrein%géhf\m?solﬁi}%% ceutical

conposi tion of ronal Ty conprising net or pioglitazone.

18. A compound which is selected from the group consisting of:
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O’?
F
F NH,
F o]
N
=N
NN
4’\\
O o
F
F QN O\\//O
N’S
2 \V
=N and
F
F\<> NH»
F QN O\\S//O

or a pharmaceutically acceptable salt thereof.

19. A pharmaceutical composition which comprises a compound of Claim 1
and a pharmaceutically acceptable carrier.
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20.  Use of a compound in accordance with Claim 1 in the manufacture of a
medicament for use in treating a condition selected from the group consisting of insulin

resistance, hyperglycemia, Type 2 diabetes in a mammal in need thereof.

21.  The pharmaceutical composition of Claim 19 additionally comprising
metformin or pioglitazone.
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