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AS DIPEPTIDYL PEPTIDASE-IV INHIBITORS FOR THE TREATMENT OR PREVENTION OF
DIABETES $blteldnéafod HE INVENTION The present invention retates:tosnmgetssubstituted
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 10 phatiiddeicEHEoRPERtidRcomprising these compounds and the use of these compounds and
compositi@mvm@mmmmmmﬁmwsmmm@mw PeRptitiase-1V
enzyme | %N%%Jﬁ%%@ON 15Diabetes refers to a disease process
derived from m ultiple causative tactors and characterized by elevated levels of plasma glucose or
hyperglycemia in the fasting state or after administration of glucose during an oral glucose tolerance
test. PersiStdab SFURGENIROEY HyPeérglycemia is associated with increased and premature morbidity
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recognize ms o In Type 1 diabetes, or insulin-dependent ?DDM)
patients prOGHEEHIR B H8hsulin, the hormone which regulates glucose utilization. In Type 2
diabetes, or noninsulin dependent diabetes mellitus (NIDDM), patients often have plasma insulin levels

that are tiessantsrRon evencalevaten: 3@ xonmpared to nondiabetic subjects; however, these patients
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consumptlon e iall in mou saturate at.. Increasing t eplasma level
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which regulates glucose utilization. In Type 2 diabetes, or noninsulin dependent diabetes

mellitug (NIDDM), patients often have plasma insulin levels that are the same or even elevated
30 compared to nondiabetic subjects; however, these patients have developed a resistance to the
msulin stimulating effect on glucose and lipid metabolism in the main insulin-sensitive tissues,
which are muscle, liver and adipose tissues, and the plasma insulin levels, while elevated, are
insufficient to overcome the pronounced insulin resistance.
Insulin resistance is not primarily due to a diminished number of insulin receptors
35 butto a post-insulin receptor binding defect that is not vet understood. This resistance to insulin
responsiveness results in msufficient insulin activation of glucose uptake, oxidation and storage
in muscle and inadequate insulin repression of lipolysis in adipose tissue and of glucose
production and secretion in the liver.



10glucose can result from administration of insulin or insulin secretagogues (sulfonylureas or
meglitinide), and an increased level of insulin resistance due to the even higher plasma insulin levels
can occur. Thg higianides increase insulin sensitivity resulting in some cpgggtianHidyperglycemia.
However, the two biguanides, phenfolinin and metformin, can induce lactic acidosis and
nausea/diarrhea. Metformin has fewer side effects than phenformin and is often 15prescribed for the
treatment of Type 2 diabetes. The glitazones (i.e. 5-benzylthiazolidine-2,4-diones) constitute an
additional class of coriipeavisiitivaaotentialofol am2 irbting wiinl kympebakgstdype 2 diabetes.
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and Ilraglmt Cagon receptor antagonists, g ucokinase activators, an R-119 agonists.

Compouﬁ@@kﬁ%@@ﬁhlﬁ%ﬁg&ﬁ%ﬂiﬁgﬁm BHEFRSHRA BB e 3“&8?%%8 4980 been found
useful forirerryatment b diabetbs particutaiieT pherfodiiparb [SEerW o W/w@satzlawg 98/19998;
U.S, Patepidy@s %%é@@didrﬁwﬁ’%ﬂ&%\@n@]ﬁ@&%ﬂs1&13%M&ﬁﬂ%ﬁﬁﬁ&ﬁﬁ%ﬁﬁ offleS. Patent No.

(1932)0%%?%) f’\"ﬁﬂ enk%f“f elzjzﬁén%rls@G (1996) Bioorg. Med. Chem. Lett., 6: 2745-2748

&rinE p|n st. Dru 003); K. Au ustyns,.et aI Opin.
Ther. Patents, 13 499@$@1(%B%‘55 AR e PR I%?ﬁeq))l f%ﬂ?;% %§ Hoist,
Exp. Opinf Eongropidsugsh foteshall 86 4260antDg mfzmm%mgwm%@lz%%/ %Wﬁ% etal., J.
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2007) anare being tested for lxeatmanty of g%yp 2 diabetes are agonists of the alpha, gamma or delta
25 subtype, or a combination of these, and in many cases are chemically different from the
glitazones (i.e., they are not thiazolidinedicnes in structure), Serious side effects (e.g. liver
toxicity) have occurred with some of the glitazones, such as troglitazone.
Additional methods of treating the disease are still under investigation. New
biochemical approaches that have been recently introduced or are still under development
30  include alpha-glucosidase inhibitors (e.g. acarbose), GLP-1 mimetics (eg., exenatide and
liraglutide), glucagon receptor antagonists, glucokinase activators, and GPR-115 agonists.
Compounds that are inhibitors of the dipeptidy! peptidase-1V ("DFP-4"} enzyme
have also been found usefu) for the treatment of diabetes, particularly Type 2 diabetes [See WO
97/40832: WO 98/19998; U.S. Patent No. 5,939,560; U.S. Patent No. 6,303,661; U.S. Patent No.
35 6,699,871; U.S. Patent No. 6,166,063; Bioorg. Med. Chem, Lett,, 6: 1163~ 1166 {1996); Bioorg.
Med. Chem. Lett,, 6: 2745-2748 (1996); D.J. Drucker in Exp. Opin. Invest. Drugs, 12: 87-100
{2003); K. Angustyns, et al., Exp. Opin. Ther. Patents, 13: 499-510 (2003); Ann E. Weber, L.
Med. Chem., 47: 4135-4141 (2004); 1.J. Holst, Exp. Opin, Emerg, Drags, 9. 155-166.(2004); D
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10The usefulness of DPP-4 inhibitors in the treatment of Type 2 diabetes is based on the fact that
DPP-4 in vivo readily inactivates glucagon like peptide-1 (GLP-1) and gastric inhibitory peptide (GIP).
GLP-1 and% iﬁ g}?c,[hgtlns and are produced when food is consumed. gheragptiRgsstimulate
production of insuli ibition of DPP-4 leads to decreased inactivation of the incretins, and this in
turn results in increased effectiveness of the incretins in stimulating 15production of insulin by the
pancreas. DPP-4 inhibition therefore results in an increased level of serum insulin. Advantageously,
since theigreting pradatused4sy the- bideriy, Whangeorhis Eandipimd lepPegritshibition is not
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NH2 v (I) 50r a pharmaceutically acceptable salt thereof; wherein V is selected from the group
consisting of: Ar is phenyl optionally substituted with one to five RI substituents; each R1 is
independently selected from the group consisting of: 10halogen, cyano, hydroxy, C1_6 alk-yl,

optlonm%gqggqtéggqﬂyﬁm %g{yg flarines, %ngg(lm@)gﬂ(%xhﬁgqonally}su tltuggd with one to five
fluorines; 15 eac Ié)en enty se| ectec? rom the group, conaistiri er1, halogen,

cyano, 30e5’ Ti6%1ko P vife e Fsabpt Bﬁ%ﬁ?@bﬁ%ﬁiﬂ?@ﬁ%@?ﬁh@%ﬁ@é@ﬁﬁéﬁﬁféms
indepetheentiySelecte diftomsflUcmn & am Z, 2pu0Ci 1 1 GHENGYE @befeitzalkyl Bobptahally
SUbSt'tgt?dﬁ!ﬁl?bﬁ,”mfw&éblﬂss{ﬁlﬂﬁﬁ!@t&%dﬁi@%ﬁ@enﬁﬂﬁ%e%QJIO@T@?‘H%”% g fydrxy, C2.40
aliceny, (l:hWhe“F'Egag‘ebeﬁ ?ﬁl)l%gll)ésub%&tyt% w&%oﬂr%grt&ppp@y ﬁtlt%%nts b i%ﬁmently selected

from flGOTeE
New Clags of Oral ﬂments for the Treatment of Type 2 Digbetes Mellitus," Ann. Pharmacother.,

41: 51-60 (2007}, (xit) Z. Pel, "From the bench to the bedside: Dipeptidyl peptidase IV
inhibitors, a new class of oral amihyperglycemic agents," Curr. Opin. Drue Discovery
Development, 11: 512-532 (2008); and (xiil) 11 Holst, et al., "Glucagon-like peptide-1, glucese
homeostasis, and disbetes, Trends in Molecnlar Medicine, 14: 161-168 {2008}, Specific DPP-4
inhibitors either already approved or under clinical investigation for the treatroent of Type 2
diabetes include sitagliptin, vildagiiptin, saxaghiptin, alogliptin, carmegliptin, melogliptin, and
duogliptin, '

SUMMARY
The present disclosure is directed to novel substituted 3-aminotetrahydropyrans

which are inhibttors of the dipeptidyl peptidase-IV enzyme ("DPP-4 inhibitors™) and which are

- useful in the treafment or prevention of diseases In which the dipeptidy! peptidase~IV enzyme is

involved, such as diabetes and particularly Type 2 diabetes. The disclosure is also directed to

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 ivolved.



5(CH)aryl, wherein an is optionally substituted with one to five substituents independently selected
hydroxy, halogen, cyano, nitro, CO2H, C1-6 alltyloxycarbonyl, C1_6 alkyl, and C1_6 alkoxy, wherein
alkyl and alkoxy are optionally substituted with one to five fluorines, (CH2)n-heteroaryl, wherein
heteroaryl is optionally substituted with one to three Osubstituents independently selected from
hydroxy, halogen, cyano, nitro, CO2H, C1-6 alkyloxycarbonyl, Cl -61da alky , and _1 6lk __ oxy,
wherein alkyl and alkoxy are optionally substituted with one to five fluorines, (CH2)n-heterocyclyl,
wherein heterocyclyl is optionally substituted with one to three substituents independently
selected from oxo, hydroxy, halogen, cyano, nitro, 15002H, 01-6 alkyloxycarbonyl, 01_6 alkyl, and
C1-6 alkoxy, wherein alicyhandspdkoxyerre priiondlly subsiitided switknonedenfitel fiuorines,
(OH2)n-C3-6 cycloalkyl, wherein cycloallcyl is optionally substituted with one to three substituents
independently selected from halogen, hydroxy, cyah#sqnitro, CO2H, Ci_6 alkyloxycarbonyl, 01-6 alkyl,
and CI _6 alkoxy, wherein alkyl and alkoxy re optionally substituted with one to five fluorines,
(01-12)n-000H, (CH2)n-00001_6 allcyl, (CH2)n- , (012)n-CONR4R5, 25(CH2)n-OCONR4R5,
(CH2)n-SO2NRA4R5, (CH2)n-S02R6, (CH2)n-INFR7802R6, (OH2)n-liR7TCONR4RS5,
30(0112)n-h1R700R7, and (CH2)n-NR7002R6; wherein any individual methylene (CH2) carbon atom
in (CH2)n is optionally-substituted with one to two s&g)stituents independently selected from fluorine,
hydroxy, C14 aIkyI and CIA _

5 ora pha:maceutically acceptable salt thereof; wherein
V is selected from the group consisting of:
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Ar is phenyl optionally substituted with one to five R1 substituents;
each R! is independently selected from the group consisting of:
10 halogen,
cyano,
hvdroxy,
C1-5 alkyl, optionaily substiisied with one to five fluorines, and
C1-6 alkoxy, optionally substifuted with one 1o five fluorines;
15
each RZ 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

mdependently selected from fiuorine and hydroxy,
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alkoxy, wherein alkyl and alkoxy are optionally substituted with one to five fluorines; 35 R3a and R3b
are each independently hydrogen or 01-4 alkyl optionally substituted with one to five fluorines; R4 and
R5 are each independently selected from the group consisting of hydrogen, (OH2)m-phenyl,
(CH2)m-C3-6 cycloalkyl, and Ci_6 alkyl, wherein alkyl is optionally substituted with one to five
substituems independently selected from fluorine and hydroxy and wherein phenyl and cycloalkyl are
optionally substituted with one to five substituents mdepende selected from halogen, hydroxy, ClI

6 alkyl, and CLé-:aky); Whrs LRy R0 ROy S BIbRAI St R ftSBARHHEE e to five fluorines:
or R4 and RS togethesnaiiftibentitragienatbond fwkich shelserexgitached form a heterocyclic nng

selected from a@ﬂ%%&yﬂeﬁﬂ'&% ﬂieesiﬁi@ep@éﬁergzgaesam{m@mbggm@ﬂv@e@%@aﬁsheterocyclic

ring is optionally substjtuted wit to three s bsUtuen endently selected from halogen,
hydroxy, C1-6 alkyl, aff B3 %’“\W &8’% re optional substltuted with one to
five fluorines; 15@{52%1 P?@a%"mﬁéﬁééﬁﬂﬁép@hwg%ﬁéééfﬁ 3R 18 8}5% Jueaistituted with one

to five substituents inmmmse]wﬁhmmﬁm}n@wmmml RT13, Ridsogen or R6; 20 R8 is
selected from the grO m&ﬁlﬂw}?}f C%% Sy 0 Akt -BQRG3 SnGlOR IVl -RRZR6W are

25-502-heteroaryl, -C(0)C16_ alkyl, - 3.6 cycloalkyl
Y ogtzonally s%;bstitu it oRe 3 % Xﬂuﬁnnea,
{CH?n-heteroaryl, wherein heteroaryl is optionally substituted with one to three
10 substituents independently selected from hydroxy, halogen, cyano, nitro, COpH,

C1.6 alkyvioxycarbonyl, C1-6 alicyl, and C1-6 alkoxy, wherein alkyl and alkoxy
are optionally substituted with one 1o five fluorines,
(CH7)p-heterocyctyl, wherein heterocyelyl is optionally substituted with one to three-
substituents independently selected from oxo, hydroxy, halogen, cyano, nitre,
15 COyH, C1.6 alkyloxycarbonyl, C1.6 alkyl, and C1-g alkoxy, wherein alky! and
alkoxy are optionally substituted with one to five fluorines,
(CH2)p~C3-6 oycloalkyl, wherein cycloalkyl is optionally substired with one to ‘ihre:f*
substituents independently selected from halogen, hydroxy, cyano, nitro, CO2H,
C1-6 alkyloxycarbonyl, C1.6 alkyl, and Cj.g alkoxy, wherein alkyl and alkoxj*
20 ars optionally substituted with one 1o five fhuorines,
(CH2)p-COOH,
(CHa-CO0C ¢ alkyl,
(CH2)p-NRARS3,
(CH2)p-CONR4ARS,
25 (CH2)p-OCONRARS,
{CH)p-SONRARS,
(CH2)n-SO2RS,
(CH2)n-NR7SO2RE,
(CH2)g-NR7CONRARS,
30 {CH2)p-NR7COR7, and
(CH2)p-NR7CORS; :
wherein any individual methylene (CH2) carbon atom in (CH2)y, 1s optionally substituted with
one 0 two substituents independently selected from flnorine, hydroxy, C1-4 alkyl, and C1.4
allvoxy, wherein alkyl and alkoxy are optionally substituted with one to five fluories;
33 '
R32 and R3b are each independently hydrogen or C1.4 alkyl optionally substituted with one to

five fluorines;
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-C(0)-aryl, -C(0)-heteroaryl, 30-C(0)0C1.6 -C(0)0C3-6 cycloalkyl, -0(0)0-aryl, -0(0)0-heteroaryl,
-C(0)NHCi -6 alkyl, 35-C(0)NHC3-6 cycloalkyl, -C(0)NH-aryl, and -C(0)NH-heteroaryl; wherein alkyl
and cycloalkyl are optionally substituted with one to five fiuorines and wherein aryl and heteroaryl are
optionally substituted with one to five substituents independently selected from the group consisting of
hydroxy, halogen, cyan, nitro, 007H, C1_6 alkyloxycarbonyl, CI _6 alkyl, and Ci.6 alkox-y, wherein
alkyl and alhoxy are optionally substituted with one to five fluorines; each n is independently 0, 1>2 or
3; and eakf mdRasserlsdayodmtby seloied esore aspoomsraEhrovided a compound which is:
SO2CHS3 In a thisghagpect, there is provided a pharmaceutical composition which compris-s a
compound as def Peygiand a pharmaceutically acceptable carrier. In a fourth aspect, there is

peg:a
provided the us?&_fbg cg&npguur%gﬁeg}gd above in the manufacture of a medicament for use in
treating a condition cted from t e’group consistin% of insulin resistance, hyperglycemia, Type 2

diabétes in a mé&rhrhali-iERddRAKEr D REFFAIRED B SERIFHOR O A ERVERFFION The
present inyesipaselaiasto-noveh shissiiktad B-aminaietrahyeiopyansdiatyake:lkseid as inhibitors of
dipeptidyl papfictasealViqempeuaas Qe aresRLIDYRIIoNAIA ARsclbed by flygiyral formula I
hydroxy, C1.6 alkyl, and C1.4 alkoxy, wherein alky} and alkoxy are optionally substituted with
one to five fluorines; : . |
10 or R4 and RS together with the nitroger afom to which they are attached form 2 heterocyclic ring
selected from azetidine, pyrrolidine, piperidine, piperazine, and morpholine wherein said
heterocyclic ring s optionally substituted with one fo three substituents independently
selected from halogen, hydroxy, C1.6 alkyl, and C1.¢ alkoxy, wherein alky! and alkoxy
are optionally substituted with one to five fiuorines;
15 _ |
each R is independently C1.¢ alkyl, wherein alkyl is optionally substituted with one to five
substituents independently selected from fluorine and bydroxyl;

17 is hydrogen or RS,
20
K8 is selected from the group consisting of:
-802C1 -6 alkyi,
-5072C3.6 cveloalkyl,
-502-aryl,

25 ~80n-heteroaryl,
-C(O)C1-6 alkyl,
~C{O)Cr.6 cycloalkyl,
-COyaryl,
-C{O)-heteroaryl,

30 -C{0YOC 1.6 alkyl,

' -C({OHYOCr.¢ cycloalkyl,
C(O)0-aryl,
-C{0)O-heteroaryl,
~C{ONHC1 .6 alkyl,

35 -C{OYNHCr g cycloalkyl,
-C{OYNH-aryl, and
-C(C)NE-heteroaryk;
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and pharmaceutically accéptable salts thereof; wherein V is selected from the group consisting of: 4d
Ar is phenyl optionally substituted with one to five R1 substituents; each R1 is independently selected
from the group consisting of: halogen, 5cyano, hydroxy, 01-6 alkyl, optionally substituted with one to
five fluorines, and C1.6 alkoxy, optionally substituted with one to five fluorines; 10each R2 is
independently selected from the group consisting of hydrogen, halogen, cy-ano, 01_10 alkoxy,

wherein alkoxy is optionally substituted with one.to five substituents.15independently. selected from
fluorine a‘ﬁ%‘“ﬁ}ﬁ%&% 3@% 9%@51?&?,%%@%%&%%%% Il%grf‘a;"j%s%%%ﬂu‘fé Wi%l%sn%ﬂ o‘xﬁl\%‘”gﬁ bstituents
independertisnddieicton Tham HPEIRESH{ERSXYITE 2ns (PR WerE rdreshgrsp prisHslly
substituteebwitheqneuo divei sifpstifbpdtscy, halogen, dpeep endertify Bl éutedium:fuetinaydnd hydroxy,

20(CH2)-ayyd Wwhetgin @y vh inepionalivis unstitded withyone odivaisuasiitienis independenty
selected hydroxy, halogen, cyano, nitro, CO2H, 01-6 alkyloxycarbonyl, C1,6 alkyl, and C1,6 alkoxy,
wherein QR?F’&HE alkoxy are optionally substituted with one to five fluorines, (CH2)n-heteroaryl,
wherein heteroaryl is optionally substituted with one to three 25substituenis independently selected

from hydigxy.-'alngepe:R¥ARY cNitro.Q 2k C141 alkyloxycarbonyl, 01-6 alkyl, and C1-6 alkoxy,

wherein aelé%l E;;lnnld5 1%'5%% %&19%???&'5’. substituted with one to five fluorines,

In a second aspect, there is provided & compound which is:

In a third aspect, there is provided a pharmaceuiical composition which comprises &
compound as defined above and a pharmacentically acceptabie carrier.

In a fourth aspect, there is provided the use of a compound as defined above m the
manufacture of 2 medicament for use in treating a condition selected from the group consisting of

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

DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to novel substituted 3-aminotetrahydropyrans that

are usefol as inhibitors of dipepiidyl peptidase-IV. Compounds of the present invention are
described by structural formula It

and pharmaceutically acceptable saits thereof, wherein
V is selected from the group consisting oft
4d



WO 2010/056708PCT/US2009/063976 (CH2)n-heterocyclyl, wherein heterocyclyl is optionally
substituted with one to three substituents independently selected from oxo, hydroxy, halogen, cyano,
nitro, COZH ]2t dlg 48 ycarbonyl, C1-6 alkyl, and C1-6 alkoxy, whereigajkyl angalkoxy are
optionally substituted with one to five fluorines, 5(CH2)n-C3-6 cycloalkyl, wherein cycloalicyl is
optionally substituted with one to three substituents independently selected from halogen, hydroxy,
cyano, nitro, CO2H, C1-6 alicylmcycarbonyl, C1-6 alkyl, and C1_6 alkoxy, wherein alkyl and alkoxy
are optionally substituted with one to five fluorines, (CH2)n-COOH, 10¢&#H2)n-COOC1_6 alkyl,
(CH2)n-NR4RS5, (CH2)n -CANR4R5, (Cl-12) é?CONR4R5 §QH2 -SO2NR4RS,

15(CH2)n-SO2R6, ( NR7S 2R6 ( R7CONRA4RS5; ( -NR#FCOR7, and
(CH2)n-NR7CO2R6; 2 Jaﬁy |nd|V|du | mgthwene (CH2) ¢ f atom in (CH2)n is optionally
substituted with one to ub |tuent5| endently;selécted®8m flu , hydroxy, C1_4 alkyl, and

C1-4 alkoxy, Wherelﬁalkyl aingf alkoxy are ptlonaIN “subBfftuted with ongto flve fluorines; R3a and
Rb are each independently hydrogen or Cl-4 alkyl optionally substituted with one to 25five fluorines;
R4 and R5 are each independently selected from the group conS|st|ng hyq_{ggen (C112)1-phenyl,
30(CH2)na-C3-6 cycloalkyf and C1-6 alkyl, whfein alkyl is optionally substituted with one to five
substituenis inde@en ly selected fro i e anqqlaydroxy and wh phengFand cycloalky! are
optionally substituteci:glvlth ] to five substjtue

alkyl, and C1 6a|ka) er?\ln aIkyI arhog k1! optionally Subﬁm‘ute ithN
2

R p2 R2

Ar is phenyl optionally substituted with one o five R1 substituents;
gach R! is independently selected from the group consisting of:
halogen,
5 cyano,
hydroxy,
C1.6 alkyl, optionally substituted with one to five fluorines, and
1.6 alkoxy, optionally substituted with one to five fluorines;

10 each R? is independently selected from the group consisting of
hydrogen,
halogen,
Cyano,
C1-16 alkoxy, wherein alkoxy is optionally substituted with one to five substituents

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

independently selected from flucrine and hydroxy,
.10 atkenyl, wherein alkeny! is optionally substituted with one to five substituents

independently selected from fluorine and hydroxy,

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

(CH9)n-heteroaryl, wherein heteroary! is optionally substituted with one to three

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

C1.6 alkyloxycarbonyl, C1-6 alkyl, and C1.6 alkoxy, wherein alkyl and alkoxy

are optionally substituled with one to five fluorines,
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35o0ne to five fluorines; or R4 and R5 together with the nitrogen atom to which they are attached form a
heterocyclic ring selected from azetidine, pyrrolidine, piperidine, piperazine, and morpholine wherein

said heterocg@ ptionally substituted with one to three substituent Rf% %? y WO
2010/05670 %@%%89/063976 selected from halogen, hydroxy, C1 2) é}Ly %g??g) 3%6 alkoxy,
wherein alkyl and alkoxy are optionally substituted with one to five fluorines;  each R6 is

independently C1_6 alkyl, wherein alkyl is optionally substituted with one to five 5substituents

independently %eﬁf%%éfétﬁbﬁmﬂrim&a@ hydrepgdiyRié &?kﬁwﬁ@ﬁ%ﬁ[tﬁiéd wfiaris ﬁ&l.&e&e? f)rom th<=ik |
group consisting of: 10 02C1 6 02C3-6 a 02-heteroaryl, -C(0)C1,6 alkyl,
15-C(0)C3_6 cycloal @Pfg %?85]3 ete elecge[y g@é r?kxél’ (fé(a%o X allcyl,
20-C(0)0-aryl, C(O)O yléaé‘(fé?ﬁﬁél” NS éé}}&% “@2 I, and

25-C(0)NH-heteroarylalkoxy are optionally t;ubstmrted thh one to five fluorines,
5 {CH2)n-C3.6 cycloalkyl, wherein cycloalkyl is optionally substitited with one to three
substituents independently selected from halogen, hydroxy, cyano, nitro, CO2H,
C1.6 alkyloxycarbonyl, C1-6 alkyl, and C1.4 alkoxy, wherein alkyl and alkoxy
are optionally substituted with ene to five fluorines,
{CH2)p-COOH,
10 {CH-COOC g alkyl,
(CH2)n-NRARS,
(CH2p-CONRARS,
(CH2)n-OCONRARS,
(CH2)n-SOINRARS,
15 (CH2)p-SO2RS,
{CH2)u-NR7SO2RE,
(CH2)p-NRTCONRA4RS,
(CH)p-NR7COR7Y, and
(CH2n-NR7CO2RE;
20  wherein any individual methylene (CH2) carbon atom in (CHD)y, is optionally substituted with
one to two substituents independently selected from fluorine, hydroxy, C1-4 alkyl, and C1.4

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

R3a and R3P are each independently hydrogen or C].4 alkyl optionally substituted with one to

258 five fluorines;

R# and RS are each independently selected from the group consisting of
hydrogen,
(CH2)m-phenyl,
30 (CH2)m-C3.6 cycloalkyl, and
C1.-6 alkyl, wherein alkyl is optionally substituted with one to five substituents
independently selected from fivorine and hydroxy and wherein phenyl and cycloalkyl are
optionally substituted with one to five substituents independently selected from balogen,
hydroxy, C1-6 alkyl, and C1.4 alkoxy, wherein alky! and alkoxy are optionally substituted with
35  one to five fluorines;
or R4 and RS together with the nitrogen atom to which they are attached form a heterocyclic ring
selected from azetidine, pyrrolidine, piperidine, piperazine, and merpholine wherein said
heterocyclic ring is optionally substituted with one to three substituents independently
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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 consia@g{)%&)&q oxy, halogen, cyano, nitro, CO21-1, C1_6 allcyloyysaibniybsSe_6 alkyl, and
Cf-.6 alkoxy, wherein alkyl and alkoxy are optionally substituted with one to five -30fluorines; each n is

independently O, 1,2 or 3; and each m is independently O, 1, or 2. In one embodiment of the
compounds of the present invention, Ar is optionally substituted with one to three substituents
independently sgleeied-fiamatbeearanireonsistinglof 3atiUOineliohteriwkeoroniiybarethyky

trifluoromethyl, and riflu?lgfosmgg 10Xy w}t- ({mj@o pdiment, Ar is 2,5-difluorophenyl or

la
2,4,5-hif|uoropﬁzé8n€§}?. ona n a secon egrrrll SE§dﬁiment gﬁﬁé compounds of the present invention, R3a
and R3b are both hydrogen. WO 2010/056708Pa/U-52009/063976 In a third embodiment of
the compesnBE fitdensrdsaty Hieralbyl, vhergslateddsirpieastprlisibbisretingsito fivewherein R2
and R8 %%ﬁﬁlgg&qgﬁlegg%ﬂ%gag@gs&@HM§&mmexﬁg is hydrogen. 5 In another class of this

third embodiment, V is " In a subclass of this class, R2 is hydrogen. In a fourth embodiment of

the compaounds of the pre%ent invention, Rg is selected from the group consisting of: 10-502C1_6
alkyl, -502C8 1BdyefBaki>:502-ary1, and -502-heteroaryl:

RE is selected from the group consisting of:
10 -8072C1-6 alkyl, '
-802C 3.6 cycloalkyl,
-507-aryl,
-SO-heteroaryl,
C{OYC1.6 alkyl,
15 ~C{OYC 3.4 cycloalkyl,
-C(O)-aryl,
-C(O)-heteroaryl,
~C(OYOC 1.6 alkyl,
~C(HOC3.6 cycloatkyl,
20 -C(OYO-aryl,
~C{O)O-heteroaryl,
~C{OYNHC 1.6 alkyl,
~C{OYNHC3.6 cycloalkyl,
-C{O)NH-aryl, and
25 -C{O)NH-heteroaryl;
wherein alky! and cycloalkyl are optionally substituted with one to five fluorines and wherein
ary] and heteroaryl are optionally substituted with one to five substituents independently selected
from the group consisting of hydroxy, halogen, cyano, nitro, CO2H, C1.6 alkyloxycarbonyl,
1.6 alkyl, and C1.6 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, frifluoromethyl, and trifluoromethoxy. Ina class of this
embodiment, Ar is 2,5-diftuorophenyl or 2,4,5-trifluorophenyl.
In a second embodiment of the compounds of the present invention, R3a and R3b
are both hydrogen.



wherein alkyl and cycloalkyl are optionally substituted with one to five fluorines and wherein 15aryl and
heteroaryl are optionally substituted with one to five substituents independently selected from the

group consiﬁja%?é)%ggﬁgxy, halogen, cyano, intro, CO2H, 1 6 aIkonxycq,r gﬁﬂ@ﬂ}mgfglkyl, and Ci_6
alkoxy, wherein‘alkyl and alkoxy are optionally substituted with one to five fluorines. In a class of this
fourth embodiment, R8 is -502C1..5 alkyl or -502C3-6 cycloalkyl, wherein alkyl and cycloallcyl are
optionally substituted with one to five fluorines. 20In a fifth embodiment of the compounds of the
present invention, therg afg-pravidadeomolndamafsirictmkiprmuten tendna B Bfthectatlicated
stereoch&%c&}ec%ggg%ﬂgigﬁln@q)\ﬁng a trans orientation of the Ar and NH2 substituents on the two
stereogenic tetrahydropyran carbon atoms marked with an WO 2010/056708PCT/US2009/063976
NH2 Arth v (Ib) (la) whereia Ar and V are as described above. In a class of this fifth embodiment,
there are provided compourtdspf s uctur&ormula 1a%of mdicated absolute stereochemical
configuration having a trans orient n'{if 5 the Ar and NE12 Qﬁtuents on the two stereogenic

tetrahydropyran carbon atoms mar th anand o 'M“RB .

R? R?

wherein RZ and RS are as defined above. In a class of this embodiment, R2 ig hydrogen.
5 Inanother class of this third embodiment, V is
EH‘ N
=N
NN
RZ

RS

In a subclass of this class, R? is hydrogen.
In a fourth embodiment of the compounds of the present mvention, R® is selected
from the group consisting of:
10 -S02C1.6 alkyl,
-S02C3.6 cycloalkyl,
-80p-aryl, and
-S0On-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, cyane, nitro, CO2H, C1-¢6 alkyloxycarbonyl,
C1-6 alkyl, and C1.5 alkoxy, wherein alkyl and alkoxy are optionally substituted with one to five
fluorines. In a class of this fourth embodiment, RE is -802C1-6 alkyl or -S02C3.6 cycloalkyl,
wherein alkyl and cycloalky] 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 *:



(la) In a second class of this fifth embodiment,are provided compounds of structural formulae Ic and Id
of the indicated stereochernical configuration having a trans 10orientation of the Ar and NR,
substituentsﬂ%gﬁﬂﬁ'é}g&ntaﬂon of the Ar and V substituents and a cis origntation,efthe;NH2 and V
substituents on the three stereoaenic tetrabydropyran carbon atoms marked with an *: CIO Ina
subclass of this class, there are provided compounds of structural formula Ic 150f the indicated
absolute stereocbemical configuration having a trans orientation of the Ar and NH" substituents, a
trans orientation of the Ar and V substiigents and a cis orientatihiof the NH2 and V substituents on
the three stereogenic tetrahydrgpyranicarbon atoms marked with an WO
2010/056708PC111152009/063976 (Ic)iIn a subclass of this/subclass, V is selected from the group
consisting of:  wherein RZ and R@ areas_defined above. Ia subelass of this subclass, R2 is
hydrogen, and R8 5is -502C1_6 alkyl or -sH2c3.6 cycloalkyl, wherein alkyl and cycloalkyl are
optionally substituted with one to five fluorines. In a third class {f his fifth embodiment, there are
provided compounds of structural forfiftllae le and If of the indi_fz[;l d stereochemical configuration
having a trans  orientation of the Ar and NH2 substituents, a cis orientation of the Ar and V
substitueng% %?nd 8 10§f@%§eoaf§%3£%}189d%fb€1%.'\'“2 and V substituents on the three stereogenic

W
rahydropyran carbon .
tetrahydropyran ca Tn a class of this fifth embodiment, there are provided compounds of structural

formula Ia of the indicated absolute stereochemical configuration having a frans erientation of
5 the Ar and NH7 substituents on the two stereogenic tetrahydropyran carbon atoms marked with

an *:

(1a)

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

structural formulae Ic and 1d of the indicated stereochemical configuration having a trans
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 tetrahydropyzan catbon

atoms marked with an *:

(e} (Id)

Tn 2 subclass of this class, there are provided compounds of structural formula ic

15 of the indicated absolute stereochemical configuration having a Irgns orientation of the Ar and
NH? substituents, a frans orientation of the Ar and V substifuents and a ¢is orientation of the

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



atoms marked with an *: NI-12NH2 V 00* (1e)(1f) In a subclass of this class, there are provided
compounds of structural formula le  of the indicated absolute stereochemical configuration having a
trans orientatiqn of and 15NI-12 substituents, a cis orientation of t stituents and
atrans orieﬁ‘%ﬁ%{#‘gﬁ%@NHz and V substituents on the three stereogen%%tg?%%’}voﬁ%n carbon
atoms marked with an . WO 2010/056708PCT/US2009/063976 In a subclass of this subclass, V is
selected from the group consisting of: ,R8 Nand R2 R2 wherein R2 and R8 are as defined above.
In a subclass of this subclass, R2 is hydrogen, angfR8 is -S02C1-6 alkyl or -S02C3_6 cycloalkyl,
wherein alkyl and cycloalicyl are optionally A,

{lc)

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

g\N R® é\l\é

and N

.
H

N
\
N- e

R? R2

wherein R2 and RS are as defined above. In a subclass of this subclass, R2 is hydrogen, and R5
5 is -802C1.6 alkyl or -S02C3.4 cycloalkyl, wherein alkyl and cycloalkyl are optionally
substitated with one to five fluorines.
Tn a third class of this fifth embodiment, there are provided compounds of

structural formulae Je and If of the indicated siereochemical configuration having a trans
orientation of the Ar and NH7 substituents, a cis orientation of the Ar and 'V substituents and a

10 frans orientation of the N> and V substituents on the three stereogenic tetrahydropyran carbon

atoms marked with an *;

NiH, NH,
A{"r," * AF ;
=) T
L) V V
(Ie) (If)

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 NH7 substituents, a cis orientation of the Ar and V substituents and a frans orientation of the

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

(e}



5substituted with one to five fiuorines. In a. sixth embodiment of the compounds of the present
invention, each R2 is independently selected from the group consisting of hydrogen; C1_6 alkyl,

wherein alk%g %E’J}Qﬁ?ﬁyﬁ/ substituted with one to five fluorines; and 1OC%&%@@}M9wherein
y

cycloallcyl 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 fluorine& In a class of this sixth embodiment of the compounds of the present invention, 15each
R2 is independently seleciedifisemrihe grbtipssovsisiing-efiiysrohenr@f cBralkihgtdffuoromethyl,
2,2,2-trifluoroethyl, and cyclopropyl. In a subclass of this class, each R2 is hydrogen.

Nonlimiting examples of con?gou s of th%daresent ingention that are useful as dipeptidyl peptidase-IV
inhibitors are the following stru€ture ing the indicatetf absolute 20stereochemical configurations at
the three stereogenic tetrahydr n/c&rbon aal;%ms: Ex e 1650 DF;’P-4 Inhibition F ----1,- | F NH2

N// % 1.0 nM N_\Rs

R2 RZ

wherein R2 and RS are as defined above. In a subclass of this subclass, R2 is hydrogen, and R8
is -S02C1 .6 alkyl or ~SQQC3-5 cycloalkyl, wherein alkyl and cycloalkyl are optionally
5  substituted with one to five fluorines.
In 2 sixth embodiment of the compounds of the present invention, each R2is
independently selected from the group consisting of
hydrogen;
1.6 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 C14
alkoxy, wherein alky! and alkoxy are optionally substituted with one to five
fluorines.
In a clase of this sixth embodiment of the compounds of the present invention,
15  each RZ is independently selected from the group consisting of hydrogen, €1-3 alkyl,
trifluoromethyl, 2,2, 2-triflucroethyl, 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
xample Inhibition

F

/f NH,

g

F O N 1.0 1M
/TN
N
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F NI-12 | N SO2CH3 2.5 nM, 0 FOt'lILN NH2 , - N\ N SO2CH3 2.2 nM * NH2 , -N \--

WO 2010/056708 PCT/US2009/063976
£
\H(,”A
i 2.5 M
F D\V/ANN
%"%
NN
N S0,CH;
F ;
F‘ NH;
: g 22 0M
o
4
W N
SO,CH;
F
F (}\/,\N 1.9 oM
S
A\
NN
7
O
F
= ? NF,
e M,
Oy, L6nM |
L
V()
/‘:/
0" %
F
P ? | NH;
R
;}: 0. N 1.3 aM
v /=N
L Y
NN
N
e
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1s\\0 1.9 nM ---- NH2 Nci \,",-N;s 1.6 n.MiFNH2\\N, 13nM .S67\O WO
2010/056708PCT/US2009/063976 and pharmaceutically acceptable salts thereof.

WO 2010/656708 . PCT/US2009/063976
F
/ ‘t,
1.6 nM

\\{/
L
; d 2.6 nM
\\//

o

As used herein the following definitions are applicable.

and pharmaceutically acceptable salts thereof.

"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,

5  unless the carbon chain is defined otherwise. Examples of alkyl groups include methyl, ethyl,
propyl, isopropyl, butyl, sec- and fert-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.

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

The term “atkoxy” refers to straight or branched chain alkoxides of the number of

15 carbon atoms specified (e.g., C1-10 alkoxy), or any pumber within this range [i.e., methoxy
{MeO-), ethoxy, isopropoxy, ete.]. _ :

The term “alkyithio” refers to straight or branched chain alkylsulfides of the
number of carbon atoms specified {e.g., C1.10 alkylthio}, or any number within this range [i.e.,
methylthio (MeS-), ethylthio, isopropylthio, etc.].

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

The term “alkylsuifonyl” refers to straight or branched chain alkylsulfones of the
mumber of carbon atoms specified (e.g., C1-6 alkyisulfonyl), or any number within this range

25 [i.e., methylsulfonyl (MeSO2-), ethylsulfonyl, isopropylsulfonyl, etc.].
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As used herein the following definitions are applicable. "Alicyl", as well as other groups having the
prefix "alk", such as alkoxy and alkanoyl, means carbon chains which may be linear or branched, and
combinatior;ﬁ,g%rﬁ%éwless the carbon chain is defined otherwise. Exgpples,abalkyhgroups include
methyl, ethyl, propyl, isopropyl, butyl, sec- and t-butyl, pentyl, hexyl, heptyl, octyl, nonyl, and the like.
Where the specified number of carbon atoms permits, e.g., from C3-10, the term allcyl also includes
cycloalkyl groups, and combinations of linear or branched alkyl chains combined with cycloallcyl
structures. When no nambtendtiaibeycatomgd isdpecifigchi i & isantbadekhid @8€ypatbalkyl” is a subset
of alkyl andhmMeaRS GaualRd g ring.Raving Mepasiied numbsrehcakeeoms, Examples
of cycloally ArsCXsisRIonY ey dlahu pucionenil cyrlofipalpyslafentylgayeleocyl and the

like. A cyc 6@1 réup generally iIs monocyclic unless stated otherwise. Cycloalkyl groups are
saturate¢'hriesgahrsnkisetubipsr s tErm "alkoxy" refers to straight or branched chain alkoxides of
the mumber of 15carbtirafomsspecified- (@. gol ©irclif) atkaext) romg amytars voperinvith s ragge [i.e.,
methOXYMEQ'ﬁl?é%Pe%n&OQJQSPM%JWﬁC or bidvaREII RlkRIR #efers deistrajgbier branched
chain alk% sulfides of t%%f%um er.of cgrb n alf.&)mnsmsS er%iité%d %fa:x(?i’isc hel alkylthio), or any number
within thi %}%@ﬁ.@? ?ﬁ?l“ﬁ%emg -); é"t’hy 0, |sgpropf'l I0, etc.]. 20The term "alkylamino" refers
to straight or branched IBMRTESSY IS HEFISEP STEHEOA HBHIRIEFEIREFRHICIES Hicylamino),
or any nuinpeyswtitiodhisnange st omdihigiamin sdthiddiime (sBprdpyldmihe, intuditariino, etc.].
Tthez &?f%@ﬁg@ﬁé&ﬂwqﬁéﬁﬁ?ﬁ%ﬁféﬁr}i@hﬁ %J&@Q.C@%M@%ﬁﬁ@%ﬁ%@ﬁl@mﬁ dﬂsmlaﬁﬁth If@f??arb;)n
atoms sp .g., C1- yisulfonyl), or. number within this range 25[i.e., methylsulfony
(MeS02- é%%gﬁ%/%%“p ?ro“%‘/‘féﬁﬁﬁ%nféﬁ‘g?gﬁ?{i’. gmvg’ _ ki’d?%’ég?b%gpgﬁ?pr%%g?fogée/oesg?a

The termdanelAnse ERABEimte s IElipsi GHTOH B EHEH R alf e BYEre T cHBIRINE deid derivative
of the presentinxentiohahtee fdibeinef tardshiatyme:SpecifitdotecgphGines ratkgloitgeagbonyl), or any
number vyithinthis senge th R MehoXyFaHAMAHV AR Nike.

15 "Heteroaryl" means an aromatic or partially aromatic heterocycle that contains at

least one ring heteroatom selected from O, § and N. Heteroaryls also include heteroaryls fused to
other kinds of rings, such as aryls, cycloalkyls and heterocycles that are pot aromatic. Exarmples
of heteroaryl groups include pyrrolyl, isoxazolyl, isothiazolyl, pyrazolyl, pyridinyl, 2-0x0-(1H)-
pyridiny} (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, indelizinyl, cinnolinyl, phthalazinyl,
quinazolinyl, naphthyridinyl, carbazolyl, benzodioxolyl, quinoxalinyl, purinyl, furazanyl,
isobenzylfuranyl, benzimidazolyl, benzofuranyl, benzothienyl, quinelyl, indolyl, isoquinolyl,

25  dibenzofuranyl, imidazol1,2-alpyridinyl, [1,2,4-triazolo][4,3-alpyridinyl, pyrazolof1,5-
alpyridinyl, [1,2,4-triazolo](1,5-alpyridinyl, 2-ox0-1,3-benzoxazolyl, 4-oxo-3 H-quinazolinyl, 3-
oxo-[1,2.4riazolof4,3-a]-2 H-pyridinyl, 3-ox0-[1,2,4]-4H-oxadiazolyl, 2-ox0-[1,3,4]-3H-
oxadiazolyl, 2-oxo0-1,3-dihydro-2H-imidazolyl, 3-0x0-2,4-dihydro-3H4-1,2,4-triazolyl, and the
like. For heterocyclyl and heteroaryl groups, rings and ring systems containing from 3-15 atoms

3¢ are included, forming 1-3 rings.

"Halogen" refers to fluorine, chiorine, 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 CF3CH20).

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

35  and can thus ocour as racemates, racemic mixtures, single enantiomers, diastereomeric mixtures,
and individual diasterecmers. In particular the compeunds of the present invention have an
asymumetric center at the stereogenic carbon atoms marked with an * in formulae Ia, Ib, Ic, 1d, Ie,
and If. Additional asymmetric centers may be present depending upon the nature of the various
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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 system%g?gﬁy& % naphthyl are preferred aryls. The most preferrelgce}r}%k% }5?594 The
tenn "heterocycly re ers 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 SO2. Examples of heterocycles include tetrahydrofuran (THF), dihydrofuran,

1,4-dioxangsthripholine hdecibianainglazinenaipesigire wilBndipxalenty imidazolidine,
imidazolipg, J%)y):;%#ln ek tcﬂ?“g %'IM%EPQ{ o &MQV%YJﬁ@s&%&@I@&@H&MH@%%l 3-dioxane,

1,3- dithiate |omorp Ine, pyrr ne, oxazolidin-2-0 e-2-one, pyridone,
and the HREHESSIRITORI O el RuTBfd ﬁ@BPWlﬁﬁﬁl&%&t@ﬁé‘f&% ?ét a&“@ontams at least
one ring heterdatofhsplestetiiromion § ameniiorerrhrs dlsodhisoneteiemanfignseed to other
kinds of ipg$osHedh as aryls, cycloalkyls and heterocycles that are not aromatic. Examples of

heteroaryl groups |ncI | [ e R )- pyridinyl
(2-hydroxy- pyrldlnyf) %xa%@?ggy%}gggéﬁéﬁ%é?%%ﬁgﬁ ﬁ&%@¥%53% l, ZOtE%?onI imidazolyl,

triazoly!, HOIRSS SRFEGS PHRESIRG 2 IBFRT ﬁ%o&%ﬁ% I, benzoxazolyl,
benzothiazolyl, benzoﬂnmm&@twmmwmdbdnmw&hymmmwnsp%@a&mmm%@&vgoundo|y|
dihyd fObafﬁ&HﬁgﬁﬂhM@ﬂ%MeﬂUWWn RaRitpyidingy, aarbazoiy doebizddinkealyfisqFnoxalinyl,
puripyl, f”f AL ﬁ@%%!&f }{Eae% -BEIPIAGON: henzaluany henaglhiead, Aubalddndol,
isoquinoly SBdibenzofuran imidazall,2-alpyridin é%@& -thazolo][4,3- algxrldln I zolo[1,5-

a pyr.d.nwﬁ%ﬂeﬁ%ﬁmf@ﬂaﬁwﬁﬁéﬁn\yr ey Ofﬂz%% BTN DR dh.ﬁ%f‘éﬂny

oxo-[1,2, tHutrarnioftishaligisd Memmmzedpﬂ%ﬁmam@%l{mm@ 1@6@3&%uazoly)
2-0x0-1,3:diygira-dHelmidazolyl, 3-oxo-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 30are included, forming 1-3
rings. "Halogen" refﬂrﬁ to fluorine, chlorine, bromine and itdfime. Chlorine and fluorine are
generally preferred. Fluorin i€ most preferred when the halege re substituted on an alkyl or alkoxy
group (e.g. CF30 an 0). The compounds of the present |n ntion contain one or more
asymmetric centers 35and can thus occur as tacematss, racefi single enantiomers,
diastereomeric mixtures, and indiNidual diastereomers. In particular the:com ds of the present
invention have an asymmetric center at thistereogenic carbon atoms ed With an * in formulae la,
Ib, Ic, Id, le, and If. Additional asym t,riq{penters may be present depending-upbh the nature of the
various WO 20101056708PCT/U52009/063976 substituents on the molecule. Each such asymmetric

centle,r will |ndependenlr_18/1%r?dijsgr(le twqh%p ica 15?93%%% 89& gfl f&%@?&&%ﬂ{'ﬁ »Rossible optical

isomeérs and dlastereomers In"mi xture s an ure or partla rifie r%poun are included within

the ambitF R FRERtoACTHES BB ??1%?17 ?Ff‘é?:a%‘%t%ft—‘;%?h ient He SFEH RSifieric forms of

these carbon atoms to which are attached the NH2 and Ar groups on the tei:rahydropyran 1ng.

Formulae Ic and Id show the preferred stereochemistry at the stereogenic carbon atoms to which
are attached the NHDp, Ar, and V groups on the tetrahydropyran ring.

20 The independent syntheses of these diastereomers or their chromatographic
separaiioﬁs may be achieved as known in the art by appropriate modification of the methodology
disclosed herein. Their absolute stereochemisiry 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 & diastereomeric mixture, followed by separation of the individual
diastereomers by standard methods, such as fractiopal 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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5 compounds. Some of the compounds described herein contain olefinic double bonds, and
unless specified otherwise, are meant to include both E and Z geometric isomers. Some of the

compounds 8 rein may exist as tautomers, which have dlffere%@mgiﬁog)‘oggqghment of
hydrogen ac‘%or%igﬁ%éhgy one or more double bond shifts. For 10example, a ketone and its enol form

are keto-enol tautomers. The individual tautomers as well as mixtures thereof are encompassed with
compounds of the present invention. An example of tautomers which are intended to be encompassed
within theisemaesagsiofiropsesiiziin vaitibnisdiustptadshelvh métbodsuie Meidmswerstructure of
the class,of compounds without preferred stereochemistry. Formulae la and Ib show the preferred
stereothemistry at the stereogepic carbon atoms o which are att the H2 an roups on the
tetrahydropyran ring. POFRAIR 3 {%’c RTEEBR 15e hmn e“”rr(‘—:%l S e%o%ﬁe?%’in CH) Re S,St)%{?gc %énlc carbon
atoms toswHitsiarsing apiead e pt@zn;grmamm@rorﬁﬁ%eeﬁ ﬂ#@t@%@&?&sﬁfﬁw Jgh Sb1fe
independgsl Byphesasfiihese diastereomers or their chromatographic separations may be achieved

as known in the art by agproprigy GI{&O&’E %ﬁéﬁ&&%%&k@d\mﬁ%@ﬂ% sissimsadiarainagheir absolute

stereochemistry may be determlned crystallogr stalline pra or crystalline
intermediSt&Pl %%ﬁ%lgeﬁflgﬁfi@ﬁn}% fe@%é%ém a{)r%g?g@% gn%%lr?%g& an éasaﬁl;gﬁn%nc center of

known abissitelesiighesaos. @Wi@éﬁmf IR RIGTWETIES BF IS COPST e IS B arated so
that the ingividuakenantienersprepcdatechnidsepdratiomeaiivecamethoantoy metbad$well known

in the art; Such. a8 Eﬁﬁa%wgﬁ{agzgfv%mt?fﬂl%k&fﬁﬁﬁ&@%@@&@ﬁ; tQ.amenantignegsisally pure
compou Eﬂ-fto form adlastereorgﬁ mlxt Io(yv }é\ in agitll1 ndof the m%g{éj ;?q%%t%reomers by
standard HHEFFBHE KRR TR & IFAHSH SR it AtGgraphy. The oup ing reaction is
often theﬁ@rm&@@ﬁlmféﬁﬂf@@hﬁgsﬁ??%éd%m%ﬁr G hiarl BF tater v eaderd sl derivatives
may thenthegenneH@aindss puiee hantisingtiz biycledvafeofdhe nddedachiralresioumts, The racemic
mixture of the campaunds camalsabessenanases direciida WRRA19405RE0SREGIN) S2009/063976
chromato aphic etho%ﬁﬁytlllzm é%slraltﬁ}g“%ggr% has s,zv&/hl%résg} I}ga%gs“gﬁ%m% own in the art.

Altematl 8’1‘@} mpound may alne eoselective synthesis using

optically Gﬁmfmiﬁgﬂmbiéﬂ&@%ﬂ@ég‘éﬁ%%mﬁ&m@w&f%ﬁﬁ R BB SRS known in the art.
In the compeundsatpenes i Foumdtactithé iattmSainayeerhibibthejisdtarcdhisotapicrabemdances, or

one or mqg&a{l&g %ﬁé@%&%@@ﬂp@“ﬁt%@hﬂgsm a particular isotope having the same atomic
number, but an atom'ﬁ S T e re e e AR TP asR AR nUmPer

predominantly found resen invenfjon IS e
20 structural formula I are meant to also include the pharmaceutically acceptable salts, and alse salts

that are not pharmaceutically acceptable when they are used as precursors to the free compounds
or their pharmaceutically acceptable salts or in other synthetic manipulations.
The compounds of the present invention may be administered in the form of a

pharmaceutically acceptable salt. The term "pharmaceutically acceptable salt” refers to salts

25  prepared from pharmaceutically acceptable non-toxic bases 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 hmiied 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,

15 mesylate, methylbromide, methylnitrate, methylsulfate, mucate, napsylate, nitrate, N-
methylghicamine 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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10include all suitable isotopic variations of the compounds of generic Formulal. For example, different
isotopic forms of hydrogen (H) include protium (1H) and deuterium (2H). Protium is the predominant

hydrogen is&;g%ig%ga%y} nature. Enriching for deuterium may afford ceggintbarangysig advantages,
such as increasing in vivo half-life or reducing dosage requirements, or may provide a compound

useful as a standard for characterization of biological samples. 15Isotopically-enriched compounds
within generic Folioula | can be prepared without undue experimentation by conventional techniques
well knogpmiteithesaskiled i thelarhoidy, prtcbisssmanaiogoaltectipsbldesitsibedr the Schemes

and Exapples hRRcin usinaARRRpHAcdsalan sl Radehraeagraizmedianiniaamediates. It wil be
understood that, as used herein, rgferer%ces to mtﬁ compounds of ZOstructurrglI fgglrlq la | are meant to
a]I Si §a NEs1 a1l

also inclBRIE R Bh&PHE AT SCCEptabIE st and afso salts thatare not pharmaceutically
- acceptabréaien. taljuareziise aradhs Eker S e Ry FREESH A6 FEBRIARI oA Ee eutically
acceptablesalimer prattiensynthetitumanipul §tibndefre Comphamsofitalpreseritiivention may be

administgrediin e farmata pharmasruiicaimarcepiahiesalndierileymr poarmacestivally acceptable
salt” refers to salts 25prepared from Elarmaceut{iac%!s% i%ccg@%ablee r}é)orfi-ﬁgﬁk?lggses or acids including
inorgani@’@r%@%}%‘%’gcgggﬁrf&s?ﬁ%rﬁ% iE°GI OFYanic acids. Salts of basic compounds encompassed
within théibspayiphdemsbenineae fulapian & dabviarintsherboxiiesiyisrietmounds of this
inventiormhichatecgeheraliylipreiparsidetyy eagting theNredhpiseriditie g kuimiite, @lgeriomwninorganic
acidl, Rem&&gg&aﬂy&ml% BaRioFAMRANNGS RS themResrabine fliopnakdspbutake 30not limited
to, the following. ace{ate,. benzencsulfonatehlblegsg égb:b'z%aﬁg?}ng i?ﬂﬁiﬁgaﬁmg%%ﬁ%gge borate,
bromide PESHENERY CAPBER SR EHiOHAE chaViidhate. ditrate, diydrochioride, edetate, edisylate,
estolate, tépyrardanirsaitarachnreisptand BibEhate, glutamate, glycollylarsanilate, hexylresorcinate,
hydrabamine, hydrobramvidi, thydescbloridebdwdioxyiddpbtHodier iddide] isotpibraepiemstite,
!aCEOb:0r’tﬁ%‘?cdﬁlﬂﬁﬁ%isrﬂﬁ{ﬂé%r@%?ﬁ%@eiﬂ?é&%tﬁiﬁaﬁm%ﬁé@@ﬁ%m)ﬁg@é@mﬁfﬁrﬁﬂ@hy'ﬁmat?’
inethylsulfate, mucate, napsylate, nitrate, N- in e e,
pan{ll'ﬁate é%ﬁ&’ﬁéﬂté}}?%ﬁ?ﬁé&?gﬁaﬁ’?oﬂ%’é’ﬁ‘é {fgﬁg’sé%%g@/rdi%%%?é%%%%%%%zgﬁﬁﬁgﬁgg%glicylate,
stearate, @afeid; Supseleri€-bapemhmdshraiaoiar &, ﬁ%&@%‘l@f%s&%\lﬁgaﬂi@%ﬂimﬂ@g it valerate.
Furtheilosed wié ke dines Ganvaolnils 2W/0r 20461pHE TORGHIUG 2009708897 Shefagierisitasritionsearry an
acidic moietysHitabla Abapmacas rfgeeRtable salts thereof include, but are not limited to, salts

derived ffom Inorganic hases Inckng AmII, ALODND SAISHA CORRSLIEI TSIy, um.

magnesium, manganic, marigamous, potassium, sodium, zinc, an ike. Particul preferred are
the Hmmansittelueadcin e Brseh BYERHOPEEEum, and sodium salts. Salts derived from
pharmaceutically acceptainlslifying the invention is the use of the compounds disclosed in the

Examples and herein.

The subject compounds are useful in a method of inhibiting the dipeptidy]

peptidase-IV enzyme in a patient such as a marmal in need of such inhibition comprising the
25 administration of an effective amount of the compound. The present invention is directed to the
use of the compounds disclosed herein as inhibitors of dipeptidyl peptidase-IV enzyme activity.

In addition to primates, such as humans, a variety of other mammals can be
treated according to the method of the present invention. For instance, mammals including, but
not limited to, cows, sheep, goats, horses, dogs, cats, guinea pigs, rats or other bovine, ovine,

30 equine, canine, feline, rodent or murine species can be treated. However, the method can also be
practiced in other species, such as avian species (¢.g., chickens).

The present invention is further directed to a method for the manufacture of a
medicament for inhibiting dipeptidyl peptidase-TV enzyme activity in humans and animals
comprising combining a compound of the present invention with a pharmaceutically acceptable

35  carrier or diluent. More particularly, the present invention is directed fo the use of a compound
of structural formula Iin the manufacture of a medicament for use in treating a condition selected
from the group consisting of hyperglycemia, Type 2 diabetes, obesity, and a lipid disorder in a
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organic non-toxic bases include salts of primary, secondary, and tertiary amines, cyclic amines, and
basic ion-exchange resins, such as arginine, betaine, caffeine, choline, N,Ndibenzylethylenediamine,

diethylamini,gﬂiﬁyayé%yinoethanol, 2-dimethylarninoethanol, ethanolamipg, gthylenegdiamine,
N-ethylmorpholine, N-ethylpiperidine, glucamine, glucosamine, 10histidine, hydrabamine,

isopropylamine, lysine, rnethylglucamine, morpholine, piperazine, piperidine, polyamine resins,
procaine, purines, theobromine, triethylamine, trimethylamine, tripropylamine, tromethamine, and the
like. Alsanifnthel caber«h heaiioxtiadeit (CoeH)wn tleghnlgrougsheing pyespdtinizhe compounds
of the prﬁ%ﬁ&%ﬁ%&%ﬁ?%B%@%%M@%Hﬁx%ﬁ&%ﬂ@@%ﬁ%ﬁﬁﬁ,%ﬁ%&%ﬁ@ﬂ pderivatives, such as

methyl, ethyl, or pivalgyloxyméthyl, or. acyl derivatives,of alcohols, such as 0-acetyl, O:pivaloyl,
0-benzoyl, and O-amifdad ??%cégﬁée%ﬁ?égy%raﬁfﬁc u%l'é%d%}% %e§%ﬁ_¥s gr?%%?’ﬁ%%%@p% known in
the art forumedibping. talserubmajcoiniynalyahittion afidinentidforentdaae S( SERTRHAIEASE or prodrug
foimgllatidagred. The term Shivapestiaily iffpaiticatarptitenmohsatiesaofaive chilmpaimds afrsprsetiral
folinula | 20areingiuded e preseRLinentianas Waltissue, sysiExemplifyingibgdnuenton is the use
of the co(g%munds di clﬁésed In the Exa%m%laexgm?ndegiecrﬁi&cm of of 'glh&i%%ti)%%ct compounds are useful in
a metho %ﬁ%g}i eﬁﬁ%aﬁﬁhcﬁﬂ peptidase IV enzyme in a pahent such as a mammal in need of
such inhibition compriskReHE PosReHISH ioH &t BRSHISHR A S ROIABEB RSO, The present
inventiorcigigirriig chtostheifiskinftiieoarpbunpeifisdlaseoditye reines anhibiforshof dipeptidyl
pepfigases M NaYEgAG N ectly, froml BRfISHARQ RUMMRSH YGRS BMIANBe Spvailiely of other
mammals can be ﬁ(e t%d accor Lg“r:%)t earrlgaetgl%d{:&f{_’tgﬂel %?ﬁggtiéq\ﬁ%%%@to':gx{c' é%ggg, mammals
including?‘Bﬁ’W&t 'Pﬁ%e&%,l% ?N%E S S p, goats, horses, 0gs, €ats, guinea pigs, rats or other bovine,
ovine, 30RQAHGE comRBaEIIRacB BIRFE AT nand e jasTt g5 di @%éﬁ.%%%r‘,hﬁ@%%‘thod can
also be psactites: impthedspedies, sads Adiravigrospetiesi{e fgopchiokens)o e présaticinoention is
further dig@g{@_ galﬁgpgp@%%&: he-mamHaciueta é@ﬁgﬁmgm%m biting: dipedidiyk peptidase-1v
enzyme activity in humans nimals comprising combining.-a co of the pr t invention
with¥g] ph%eaZ%ngf?c%%Og]cgep a%f’ee %%Erg?ﬁtééo%srg i%téerrw ) 3%%%‘?%%%%%@%%%%@%énnon is

directed thatEdingbihe ChFBOCHIET STUBRIAPTSPh UL THFF TR RS SRS BRS Adicament for use in
treating acompdifittmseaideted oy thpagroupoonsistingretinpeyglyicarmd, ATypeaiabelés, obesity, and
a ':pid dﬁ&@ﬁ&;}@@ca%@r?@}Qﬁ@;’éﬁﬁ%%g&llﬂbl&%%%@%E@;ﬁe@mm@hawm!r@iméh@aﬁekjbié'ﬁ%ﬁfder is
selected from the group, consistin slipidemia tlipi r :

ypercholB LSRR RS, ML TR e, o R M SHNARTE,  ethods s
genéPallyreciiisrepteferably a human being, male or female, in whom inhibition of dipeptidyl
peptidase-1V enzyme &ttivitynis ‘Gesiiedtdie efmndlveadeiissiyne #e ctiveoarmd simttishbans the

amount of {he sHbiestrompaKAditbatwilelicl tekinlegieaher Medicakiespenspdaha dissee, system,
animal or.humg\n t%a[}]is.b In Sd?ur%]t Qy%he re ea}rcher, veterinarian, medical doctor or other clinician.
myento X 4 Sea0 )

I individu 1rea
The term compaosi IOﬂel as use hereln IS mtencfed to encompass. a product

The utility of the compounds in accordance with the present 1nvention as

25 inhibitors of dipeptidy! peptidase-IV enzyme activity may be demonstrated by methodology
known in the art. Inhibition constants are determined as follows. A continuous flucrometric
assay is employed with the substrate Gly-Pro-AMC, which is cleaved by DPP-4 to release the
fluorescent AMC leaving group. The kinetic parameters that describe this reaction are as
follows: Ky = 50 uM; Kear =73 kK= 1.5% 108 mlst, A fypical reaction contains

30  approximately 50 pM enzyme, 50 uM Gly-Pro-AMC, and buffer (100 mM HEPES, pH 7.5, 0.1
my/mi BSA) in 2 total reaction volome of 100 pL. Liberation of AMC is monitored
continuously in a 96-well plate fluorometer using an excitation wavelengih of 360 nm and an
emission wavelength of 460 nm. Under these conditions, approximately 0.8 pM 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 constanis for compounds, solutions of inhibitor in DMSO
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comprising the specified ingredients in the specified amounts, as well as any product which 10results,
directly or indirectly, from combination of the specified ingredients in the specified amounts. Such term

in relation tw% ﬁg&ldgical composition, is intended to encompass a prggy%%gm@ggg%g the active

ingredient(s), and the inert ingredient(s) that make up the carrier, as well as any product which results,
directly or indirectly, from combination, complexation or aggregation of any two or more of the
ingredients, or from dissociation of one or more of the 15ingredients, or from other types of reactions
or interacligesRf0ne eidmaieohiheingredisstdetodingiuthbyarmacenttieaircorifipsitions of the

present i&ﬁ@%&%@%@&ﬂﬁ%&@&ﬁ?&&&?@%ﬁg@@g@%@gﬁaﬁm compaLnEafithe present invention

and a pharmaceutically acceptable carrier. armaceutjcally acceptable” it is.meant the carrier,
Cont AT ey G ESTNA D1 AR KT T r T s v A
deleteriolissw ther@siacipidatididiedis-Menton qpyatienfs caamRHISEINBITGCRNES CHIRhistering a"
compoundshounbesindersiand temmesn arovisingaleamipouwd-6ithe invention or a prodnig of a
compound of 'ghe '”VeFﬁlg@éﬁﬁg&'&%‘f@%ﬁ%ﬂﬁﬁ%&%tﬂﬁ,%ﬂ%ﬁ&ﬁia?@%@ﬂﬂﬁﬁﬁgm @9%&1’9@5. in

e demolSy B RSt BE Ly R BUPHITURS O R A S G aa iblows, A
continuo@@?ﬁi@%ﬂ‘?@ﬁ‘?@%‘éﬁ@%ﬂ%’lW@%ﬁgﬁ%gé"(ﬁ%éb@wﬁ&;ﬂ : i@f?ﬁ%ﬁe@i‘(e%i/ed by
DPP-4 toiselersethefilictesseniAdE: ipdidng g rdiim Thekinetitvparsitietersthab destribe this
reaqon aye.as QN 55 50 MRk SRk Aitel0RMitsshAdvpical reaction contains 30
approximately 50 pM enzyme, 50 itl GI;{-Pro- CBD?’T’% Uffer%OOPM HEEF.’E gﬂ|c}1HS7b.65€mO.1
ing/m1BSA) in a total ?%‘8%%%&/8?8 &%t Yofff‘%?fmfl eration of AMC 1S monitored continucusly in a
96-well platelitasiomatsidasing el bicdnaisahiratensndthasrasoadHearir BesigRtvab length of
460 nm. Wrdey, hesepaandiiopseappraximatelyl @R ahaMCeidiprociscied enddthehinuiégathaBl degrees
C. The enzyme tsed.Indhese studiesiwas: salbled2dapsenambiang dosmaimand eviapiasmic
extension excluded) human protein ?Séj%e\g .|{1 ab ecuIov%lsndgxgjr{a%{ggnsygtﬁg{o%acﬁo-Bac, Gibco
BRL) Thé"lﬁi‘fe iECHEAE dr‘gﬁ; s B Iy Pro-AME Bhd (LP-1 Were found to Be in accord with
literature sedoeinfo e rtlRsisAmeder e uFbitheyregssstiohressalifadr dBihpounds,
solutions gfpitidnilitor 4vABMPEY NWas2 piES60RMAILIG 2002/0688%6 were added to reactions
containing enzyme and subsisate (HDaRMIOLGRRER0HRARHS A2 ARQXREIDRIsHgE Gonducted

at room tem eraturﬁ using the sti?ndard reaction co{pditigns described above. To determine the
e( |1 con

dissociatiBFESRE: Of Tates were Ti Ronfinear regression to the Michaelis-Menton
 Spition Rl Ekereord i SRR S 8L RS SBEIE o L S T pically
less than gxy@ifplelactivated i hereomPPRrd sSofdtsusttr AIFBrAi e ¢l eparticelamt ptvdsbrmpounds of
Examples f-1:Z:showmbglowshagmcivithidohinitioadbe dineptidylpeptidasedheoryime- intae
aforemenfioped azsays: Aensval L AR Ga0.ou s gy AR 4 B G MR PIRA!RL
glucagon family peptides involved in glucose regulation are also inactivated by DPP-4 (eg.
25  PACAP). Inactivation of these peptides by DPP-4 may also play a role in glucose homeostasis.
The DPP-4 inhibitors of the present invention therefore have vtility in the treatment of type li
diabetes and in the treatment and prevention of the numerous conditions that often accompany
Type II diabetes, including Syndrome X (also known as Metabolic Syndrome), reactive
hypoglycemia, and diabetic dyslipidemia. Obesity, discussed below, is another condition that is

30 often found with Type I diabetes that may respond to treatment with the compounds of this

invention.

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 mvention: (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) bigh LDL levels, (12) atherosclerosis and ifs
sequelae, (13) vascular restenosis, (14) irritable bowel syndrome, (15) inflammnatozy bowel
disease, including Crohn’s disease and ulcerative colitis, (16) other inflammatory conditions,
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less than 0,1 itM Such results are indicative of the intrinsic activity of the compounds of the 10present
invention for use as inhibitors the dipeptidyl peptidase-IV enzyme activity. Dipeptidyl peptidase-1V
enzyme (DPﬁ,’ 5?) surface protein that has been implicated in a Wp&,y@ gg%fﬁg ogical
functions. It has a broad tissue distribution (intestine, kidney, liver, pancreas, pla centa thymus, spleen,
epithelial cells, vascular endothelium, lymphoid and myeloid cells, serum), and distinct tissue and
cell-type expression levels. DPP-4 is identical 15to the T cell activation marker CD26, and it can

cleave amumpasaefimmusiciegtaiansbesdo e candspencedtgiodibpeplihes ietuitpatiihig has
Suggest%%ﬁl%%%g %@ﬁ&?&ﬁﬁﬁ@%&@%&rm a(f’z%%@éﬁéﬁ%&%&ﬁ@?%%%%?ﬂ QoRKRARS or other
species or gtg S t compounds. are us%eful in ame orlt ventjon or
treatmerﬁ”&f‘ﬁ{’esﬁﬁﬁ?ﬁﬁbg%d{gé’ %s&#? efﬁe 615’ Ziﬁd“t.on%ﬂ"fdsraﬁé’“ﬂp etes gna[r Refated
Disordersisit ksovllee MestibsisSundrams.inbegitinis thewsh W@Wea’ﬁéﬁ‘lib |Eﬂ?ﬁﬁ8%@|\ﬂd?§8‘?ﬁ vivo by
DPPs4. Qtpstlisigapits) @B&é&&dﬁf&@@ﬁtﬁ@&d&nﬂimnﬂmmhl|mhabﬁ1&lsmmmﬂhm®ﬁw4 inhibition
increaseg, EQ%é@Qﬁﬁ@&%‘c caoteations f GlaRiand @Edmgﬁultlng in improved glucose tolerance.
By analo tQG it is likel t uca on fam ides oy lve nglucose
regulatlo%fé—h I;Igp % 1%588‘%%’ EZIIS @%@EA‘% n%c |va¥3pn %ese p% Stides by DPP-4 may
also plawéﬁm@dn@@wﬁéef@ﬁ?ﬁa@%&@%mﬁi’é Bﬁﬁ@ﬁﬁfﬁ’é‘iﬁf@%ﬁﬁr@ﬁ@ Bt iWhtention therefore have
ut|I|ty in thedseatnent-ofitypadhdindems anchinsheigsifimeiit dndepseyntiontaidthedyimmerous
“139“0” 5,102t gfisn : Qlisniae Qﬂ?pﬁ%%e ﬁ";g@éﬁf@wm luding) ,.Smr&mt'ﬁra&t(ﬁiﬁg. tsm@upu@wetabct)rl]ic
rome), reactive ycée |a a ia ia, Si s another
condltlorF*f @&%ﬂgﬁ?}% 8%"& éﬂ%@ \RUEVALE] e é(at?eygtﬁgr# %ﬂ#@?
com pourﬁs&jﬂhﬂ%’ﬁméﬁfﬁﬁﬁwg is ﬁm?ﬁ@f&%ﬁ)lﬁ@ %h%%asé‘éﬁcﬁié%ti@%%ﬁ&‘%ﬁ%ﬁﬁgﬁ%‘%?@ related to
Type 2 diabsites] tnshiharetaraitiaybe-ttontedy congfl 6d @G nl s trivditalyebgp@lbBritediby treatment
with the g Semne. phjs g@\(ﬁgmnng%amﬂ%ﬁmﬁad :zna@so@m%m%g@l QSR UEID isulin
resi ance obes rde yslipide rlipidemia
hyp trlgﬁfé%q%%)?ﬁ% é%’ﬁ%’ z}eyt‘%l:(lz1 @@%@é‘a&%& g!ﬁ gﬁ‘;@@é&‘;‘/p%i@cﬁ F%ngfs (12)
atheroscierdsthdefigion %@m@%&@%@?ﬁh@&ﬁﬁ%@é@ﬁé@ﬁtﬁ%‘?|ﬁ‘ﬁﬁﬁ¥@“ﬁ df%me, (15)
inflammasesychamieltiskasde indiupingGliabmisnétisease and ulcerative colitis, (16) other inflammatory
Condit(ijo”@mWQ%QﬂQ’%&EQ@P@LVQ%%Q%@JQWt@iﬁ)ﬂ%ﬂ%ﬁéﬁﬁ%d&&ﬁﬁg%ﬂﬂa&ﬂ@&ﬁgy, (19)X
neurodegefjerative disease retin nephro urgpa ndrome
(24) ovangHWB% E?r%@ﬁ;égm{ i 8(%{; |bq%é{/% 6:? Vpgp ‘%3%21 eier cé‘ll)azzlor ers w )@i(g(f(r{sulm

res@Ehnc@%@%ﬁﬂﬁbWﬁ%Hﬁé@(m&l%%é 4B s\ RbFohfdmgBsERl9E Fhought to
promote ilssllisefelistancacaiabetes)Sdysiipidémiastiipditensitnpanddiperegdsddatak diovascular risk.

Therefore, RRR-4.InRIbiQHS Mk AUI8REdIeRl M YRABRSIOARSEAS RSB thisicandition.
the treatment of patients with heart failure (US2004/0097411). DPP-4 inhibitors are expected to
show similar effects through their ability to siabilize endogenous GLP-1.
25 Growth Hormone Deficiency: DPP-4 inhibition may be useful for the treatment of growth
hormone deficiency, based on the hypothesis that growth-hormone releasing factor (GRF), a

peptide that stimulates release of growth hormone from the anterior pituitary, is cleaved by the
DPP-4 enzyme i vivo (W0 00/56297). The following data provide evidence that GRF is an
endogenous substrate: (1) GRF is efficiently cleaved i vitro to generate the inactive product

30 GRF[3-44] (BBA 1122: 147-153 (1992)); (2) GRF is rapidly degraded in plasma to GRF[3-44];
this is prevented by the DPP~4 inhibitor diprotin A; and (3) GRF[3-44] is found in the plasma of
a human GRF transgenic pig (J. Clin. Invest., 83: 1533-1540 (1989)). Thus DPP-4 inhibitors
may be useful for the same spectrum of indications which have been considered for growth
hormone secrefagogues.

35 Intestinal Injury: The potential for using DPP 4 inhibitors for the treatment of intestinal injury s
suggested by the resuits 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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Obesity: DPP-4 inhibitors may be useful for the treatment of obesity. This is based on the observed
inhibitory effects on food intake and gastric emptying of GLP-1 and GLP-2. Exogenous administration

of GLP-1in ignificantly decreases food intake and slows 10 gag i &Q/H‘]} gAm. J.
Physiol., 27 :%3@5 (1999)). 1CV administration of GLP-1 in rats an rﬁ%% algogﬁaﬁs profound

effects on food intake (Nature Medicine, 2: 1254-1258 (1996)). This inhibition of feeding is not
observed in GLP-1R(4") mice, indicating that these effects are mediated through brain GLP-1

receptorsg By RRROB RS 8- BTIRIS (el thaiekRs@aisalsocegulatadiniDRRedsaOihatiministration
of GLP'%?@%@%@%E%%H@%&%Q K3 dRNG;Ra o6 ARRSIUR Ml & Rabilatre Medicine,

6: 802-8 addition, studies with DPP-4 dgficient ice sugge t that these animals are
resistant FSERNRTHARIESOBh 44 TP RO IS P AtH {/’ﬂeor%“ ﬁ%%?% tivShemis P Cfdiovascular
Disease t@kPubirasisésnnhlitehng the DRhdfriarmhen admpsidrares asditidwmdbinswing acute
myosardigbitareiiondedding &0 DRProvRdREYenticmanivtiiondndse Mikiod Rorbestalityvafter
primary qngioplgai(GIIEHAIGN..105:202:905.A00N QLA Ackeiaiaatigp isalsayseful or the

treatment of Iéi?T ventricular systolic dysfunction in dogs with dilated cardio athy and ischernic
induced feR3RIrrEARayE it fﬁ&ﬁ&%ﬂh%&%}*ﬁ?ﬂ%%Ii%*@fu‘ﬁ%‘é%%q]%gg%g gifents with heart
failure (US2Q04I0E0 L1120 fppivus gstilskordrapkiexpacieiio BHowismmasdset s it sabyatiegir ability to
stabilize gngpgeneisiahbiibhe? batoiwiftdtiaenone Refitiency phiRtk inbititishiynnayrbeddeiul for the
treatmen defici : Jolgl iS,t th-hor llgne releasing
fac?é*?lek%%?%g%%ﬁ%%%ﬁﬁ%%%ﬁé%*%Eg%ggfﬁﬁa%%gWB”% oy #?%%“ﬁi%%ﬁ}itary, "
cleaved BYHFSSEEB A e ‘v?%;‘n( 6%%56(%%% e%f%vﬁ%%’% aprovide evidence that GAF
is an endbgproudsubstrslt i SR G HRETERI cuvelgns SRfc IR JléHbMIY theRpwdiv%e product
30GRF[3:4di#BBAI 23 chAAdlBSnid 99R)) if A HRfads @piNY Eeg tddebiadlasmiaddyGRF[3-44]; this is
prevented By 108 Rﬁz%'éf'yﬁmﬁe&dﬂ%ﬂyﬁa&;&e%@ GRAR: ML P e plasnd atahuman
GRP transgenic pi J.ﬁ%n. Invest. 8%&56%—%540&1989)). Thus DPP-4 inhibitors may be useful for
the Same'¥pBeREOPREfERRMAusiCh PEVE BEER &Risidered for growth hormone secretagogues.
35Intestinal Injury: Th&PbtéirtabierUking PERLp B SR AtHR ASHBHRICEPIRESEH A injury is
suggesteghhydhacesulisahstidiag ondicatingritiat BlodagenHikelpepiice:? (GhdpBpnattikely
00150 D Lt GLP-2
ulator | 27 : inistration o -
results in%@@éé@%ﬁﬁm aﬁ%.@@ﬁg gﬁ&i § ePrfgé B és%wvg)ﬁ)ﬁfﬁlr%{né%aent models of
colift§ anddlnesritiad i dirsainepréusrs PR inirssrb AT B siGr Y SisBdisETion of the immune
responseafasedodponistisiessimiigatingtheddB Rl dnkymenspiacaiabtivatiént aiid [HET@mokine

Sprocessing, And eHfigacy.eLRRP24.iphibiersdmin wvpmedgls i diseasenbRer 4t hegnmshown to
be identical t6 cell'sur ac§énlc rker for ctilvatf:d immune ceg;ssl. The eé%eshsllogtngCDZG is
|

regulated 7 ifE Hif Lo AREAR ol SHRGS O iU callS TS ganerally accepted that
CD26 funderiditis Grususplagiatedaméfledbiedirikl e models of T cell activation. A number of
chemokingschmtadinproitedridhieipenoitiniatephdifionhprestmably togproteet e/ L0 Fmmn
degradatign iy 890;sReGiinARNoRaRlidases Manviafithesehare-hesn,shonnde hapraeessed in
vitro by DﬁP-# Q‘ _?ngeral as\g&ﬁA T":iér-%%]glgjﬁg é@l%% enet%fgn§%§ia‘l1%ga)da%%gvage results in
an altered &t ty'i %ﬁ%g%éx@aﬁﬁ signaling assays. ecep%sr selectivity g_s appears to be
modified ifpesaes eatesRANTEETARIAN O NIG Al tineatkditrieut i himslisf chemokines
have beetigegiifitdbirion vitfPEell eulidreesystams,1d Baotastint thedforeditted products of DPP-4
hydrQlysiSiematonoiesis: DPP-4 inhibition may be useful for the treatment or prevention of hematopiesis

because DPP-4 may be involved in hematopoiesis. A DPP-4 inhibitor, Val-Boro-Pro, stimulated

hematopoiesis in a mouse model of eyclophosphamide-induced neutropenia (WO 99/56753).

Neuronal Disorders: DPP-4 inhibition may be useful for the treatment or prevention of various

neuronal or psychiatric disorders because a number of peptides implicated in a variety of

35  neuronal processes are cleaved in vitro by DPP-4. A DPP-4 inhibitor thus may have a

therapeutic benefit in the treatrnent of neuronal disorders. Endomorphin-2, beta-casomorphin,

and substance P have all been shown to be in vitro substrates for DPP-4, In all cases, in vifro

cleavage is highly efficient, with ke./Ky, about 10° M5! or greater. In an electric shock jomp
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DPP-4 inhibitors have been shown to be efficacious immunosuppressants in animal models of
transplantation and arthritis. Prodipine (Pro-Pro-diphenyl-phosphonate), an in-eversible inhibitor of

DPP-4, Was??B%\ﬁgg/E} §q%,lble cardiac allograft survival in rats from day 7 R%%%% 9g'l'ﬁrz’@gbspIantatlon

63: 1495-1500 PP-4 inhibitors have been tested in 20collagen an diamine-induced
~arthritis in.rats and showed a statistically significant attenuation of hind paw swelling in this model
[Int..), Immunophannacology, 19:15-24 (1997) and Immunopharmacology, 40: 21-26 (1998)]. DPP-4 is
upregulaied iroaen bmh@rg@sﬁatﬁ@mmmwd&&@ammﬁwﬂg shetificatoieffacthtitsisysaultiple sclerosis,

Graves' gisease, angd-Hashimata %ﬁ@xag@é)@s@mu@@mxa@% Igegeﬁ@g 315 £399%). 25HIV

Infection: D P4| I |t|o may be use

ul for the treaé%letnt ?E)BFX rrol? [}O HIV @fectlon or AIDS
because@ r?@ﬁ%bé{ﬂﬁ’foé’i‘i‘étﬁ%‘lfﬁw@@\K‘/‘F‘I‘fﬁ?{?ﬁ?ﬁﬁﬁ—ﬁv Rty are POTERtAT SUbSirates KPSEp-4
(ImmunotogfeTiohidyias: @ahtmaamggy;omW@agér@msmmwav%hésvég@ AedrebgBstEntiviral
activity (RiMérSaRhi G3RLA(AQR) helifvus wiiahinatidnoéSakelalphaytvidulyiPFhibitian of DPP-4 would

be expeC{S?&&&é%%% &"AM:M?&E%&W&&%H@W&@?@@QBP& fhinky amaaélbﬁzw for the
treatmen revention mat is be uﬁe DPP1t ! aeij%Fe vo %LIE{)O{&PIP A DPP-4
inhibitor, VAl Béﬁ?tﬂ%‘ti%ﬁﬁg‘ g&@fﬁa’%ﬁ% %uﬁ?péfo e'cd € Mo el o cyc ide-induced
neutropemﬂW@Qél@%@S)Mdé&%W@L Hidlokefiis LnpnapitibsEnars PR ®eatment or
preventl%@t\mm&mwmbo&q@mbeamms@me@mmmemmmber of peptldes implicated in a
;ﬁ‘“ﬁsy of JRAGY g@ﬁL BE%%%ﬁ?%@f?&%rﬁ'ﬁ?ﬁ?@«ﬁ}h‘é%@a@d %R E)a‘ﬂc '?ﬁb‘étbtﬁ%ﬂ?% @ r?;ave 2
erapeufi nefi etr onal disor er domor eta-ca,somgrphin, an
substanc&: P]Eé%ﬁ%%%éﬁzﬁg&/rgﬁb‘?s &?3*%2? f’ SrBBE ] CaFiP%%%é I%|£ﬁm\r}ﬁr%égleavage is
highly effisieselt arithliehdducksisin ﬂiwfﬁ’slzﬂ@ﬂ@’é%m%%vewﬁ% o Srartinapeigip and
2010/056-£0881+448&2609/063976 test model of analgesia in rats, a DPP-4 inhibitor showed a

Significa%%% hatMRRiindensnd qrgg%m@ Ressneshexagen orRhinsZ14Rsain Research,
815; 2 Fﬂ%ggggﬁ%rotectlv urore_ er%tlveem%na ts 0 m%lgf’a Idn |b|t r%\é/ gre also
ewdlesnce By thEARh e ﬂ‘i'fir?él& 38{5%' df‘oﬁné’u%ﬁs Fom exarotoxiccel protect

striatal 5ifvreRaeion. éNaasalate fyit Héurbs GHBN adifisrstietetitts ﬁEYFﬂ?/lW’N’F&‘ﬁﬁ and to
promote BLpveRy leiﬁﬁﬂgmidmawmﬁmtdensﬁgaMcglm riibPal the FapRdtichiismonerfolhpwitg MPTP

treatmentt(gssqa1 W engrQ  W.et al., Neuroprotectlve Effects of Inhibitors of Dipeptidyl peptidase-IV In
Vitro and In Vivo," Jnt. Conf. etl l A n0| gsic Sejenc and Clinical lications,
Septemb%%@%@@r % é%o Axie e%ﬁnetécﬁ%lstlﬂ %?%S% edgf)ﬁﬁp{ have an

anxilﬂytlcfeﬂ@ﬁblg'9@(%‘@21@@2@%‘?%@40%%1&0%3@\?@(@@94}3PBPE denbiBittiite also have
an anxiolyiigdehsnotypevisinityt kéfaes solbarichightdbtk medelizd v RRRAGHRIDItors may prove

useful for fpating anxiet, aRgrelaled @W@%xﬂ%ﬁﬂ%ﬁr%@&ﬁﬂ RiiaR: QLRrkRgenisieagActive in

models oﬂ—“rﬁﬁmﬁcebﬁMoms water maze ane neeurona;{;nj kal ate induced
neuronal %e%’ﬁgg Y ROG SR OREPEREY By DU na?j SEAT INAre Med 9 P73 inl . The results
suggest apaﬂeygm@wamvélf&féﬂ%ﬂi% hearribRyARe &%&@Eﬁ&m@%ﬁ%aﬂeﬂ%ﬁ B2 by

DPP:# inhialigraranshexpestdd xsholadsintifanéffeas (MpoSeaidialdnfaretioerGitipe bhdssoeen shown to

be benefl(ezi%'zéme %E%l%@ﬁ@&&m@&n@;%%ﬂ@mnq&%{ﬂ%%@f@é@w@m@m@rculaﬂon 109:

962-965 ex%?g 1on 1 ‘té)letlzrxllhol é‘é%sé onT cell lvmphoma, T cell acute lymphoblastic leukemia, cell-

derived thyroid carcinomas, basal cell carcinomas, and breast carcinomas. Thus, DPP-4
inhibitors may have utility in the treatment of such carcinomas.

30  Benign Prostatic Hyvpertrophy: DPP-4 inhibition may be useful for the treatment of benign
prostatic hypertrophy because increased DPP-4 activity was noled in prostate tissue from patients
with BPH (Bur. J. Clin, Chem. Ciin. Biochem., 30: 333-338 (1992)).
Sperm mofility/male contraception: DPP-4 inhibition may be useful for the aliering sperm
motility and for male contraception because in seminal fluid, prostatosomes, prostate derived

35  organelles important for sperm motility, possess very high levels of DPP-4 activity (Eur. J. Clin.
Chem. Clin. Biochem., 30: 333-338 (1992)).
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expected to show similar effects through their ability to stabilize endogenous GLP-1. Tumor Invasion
and Metastasis: DPP-4 inhibition may be useful for the treatment or prevention of tumor invasion and

metastasis g%%%ﬁifgl,dgcrease or decrease in expression of several ecigpeptidasss;igluding DPP-4
u

has been observe ring the transformation of withal cells to a 25malignant phenotype (J. Exp. Med.,
190: 301-305 (1999)). Up- or down-regulation of these proteins appears to be tissue and cell-type
specific. For example, increased CD26/DPP-4 expression has been observed on T cell lymphoma, 1'

cell {icut@}jyg]gi ng_b@pﬁmlggmma,r@@}hﬂ&rgyﬁd mm@mm%mg@aﬁalt@eﬂwa@%mvamd brgast
carcinomag, fm%&m& LAY BANG e B hesteAment ofis weh LRkain amas. 30 Benin
Prostatlc‘ﬁyp‘ertrop : P§;4 inhyl tg}n % %)ﬁ\kljseful for the treatment of benign prostatic
hypertropR{FBe : : Fjlé-digét ity Was noted in prostate tissue from patients with BPH
(Eur. J. GlstecHoeesis CIATPBidahibitionsneas b3l foghy reiasst %@mmwésavfmﬁ}an: DPP-4
inhibjtioryaansb e Usaftdfnidbe: plicendspassblnadility and for male contraception because in seminal

fluid, proglatosag state deret a5ergansies napasiantiossrell wetilifv-rossess wery high
levels of = T8V §[)l{%iél din. Cher?ﬂ. din. Bégﬂclchern., 30: 333:338 (19
V -

WO .
2010/0587G8BEFI 2EFEGN RPBRE A TR |08nelr%%a %eﬁég?%z%ru%ﬁrgaﬁ%ﬂment of
gingivitissvecassie DiRp (Thitomeres. foahdSpigeitat RGO ﬁ‘mgnm%gﬁ%%fﬁm@éoﬁsorrelated
with perigglgrtahdisetsaseyartyotAtensfMalBwl., 37: 167-173 (1992)).  Osteoporosis: DPP-4
DTt I bateblants, e B B oy e s P20 been
present in osteoblasts, Stem Cell Transplantation: ition,of DPP-4,00n ¢ s been
shown to%rfoogfﬁgrﬁ?f%% 61?%%?? 8&%%%%@25&’%%&%}%8%%&%2%‘9 gﬁlg gg%ﬁg?%?rﬁé%t nd an
increase insslinvisaistimenicd) @hvistoishErid diserdrs. &8 iskridemiaddo hysedipsted Fhus bPp-4
inhibitorsyayhguseitdkind o eypacioiettansptantatithow (D levep (LiNdegbf it prederii Hivention
nave U}i'i%ﬂ&é%%%?q&s%?ﬁ%%ttj@ge?ﬁﬁx%’z{aﬁﬂ%@%ﬁago@ﬁlﬁm%ﬁﬁwmmmﬂamegs%) ©

yperglycemia, (2) lo cose tolerance, (3) insulin resistanc .obesi ipjd.disorders,
R R e b e e s Ao L
levels, (1iyhigheDiy kopdisiops2)l imapseeatrssid B mnees] besdy (15 WrumAssTstingsis, (14)
irritable bexeksyndiesiachiby 18iNfespirataty eWelaispate, [Ae)Uling @robn'§2d)seaserand ulcerative
colitis, (16) %ﬁ%ﬂgammﬁ%g;ge&dM%@a&mr@gjwagmm'Mb@aaﬁmaﬁﬁam
retino

(24) ovartE OB B b e B Sthahel o g Bt ot
hordne piefigienbypiemphedfopengy i8] i7a WEREFakErdéfe CFFOPRIATHY ﬁaﬁ%@é,(&é) benign
20prostatigdhypeesiohy (1B2)ogingivitiei(38) peknsish A BAposte doresis @5} mxiety, (36)
ey Do N O e s .l erpragant nventi
e futher sefulih maOESNIE BIUERTS o peinep g SRR UeTel
and condirtsrentirecsRRBRTH ZElrRersaiersh i e SR PR ARLIPOUES BT HE St
invepdion wigydietigechiraimbenation with one or
The compounds of the present invention may be used in combination with one or
more other drugs in the treatment, prevention, suppression or amelioration of diseases or
conditions for which compounds of Formula I or the other drugs may have utility, where the
 combination of the drugs together are safer or more effective than either drug alone. Such other
30 drug(s) may be administered, by a route and in an amount commonly used therefor,
contemporaneously or sequentially with a compound of Formulal. Whena compound of
Formula I is used contemporaneously with one or more other drugs, a pharmaceutical

composition in unit dosage form containing such other drugs and the compound of Formulalis

preferred, particularly in combination with a pharmaceutically acceptable carrier. However, the
35  combination therapy may also include therapies in which the compound of Formula | and one or
more other drugs are administered on different overlapping schedules. It is also conternplated
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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‘more other drugs in the treatment, prevention, suppression or amelioration of diseases or conditions
for which compounds of Foimula | or the other drugs may have utility, where the combination of the
drugs togetfé%r %?0?{%%‘}59 more effective than either drug alone. Such o%@&&w&@pay be
administered, by a route and in an amount commonly used therefor, contemporaneously or
sequentially with a compound of Formula I. When a compound of Formula | is used
contemporaneously with one or more other drugs, a pharmaceutical composition in unit dosage form
containinggughpihe( drais andibereampennaiainorilent isf tretetrd; pasiculatylinicombination
with a phimaceH Gl ARCSRIARIE SALISLLONENRleAIC: T A06mANAUCR giaRYmAAlp include

therapies In'w e_compound of Formula land qne or. mare other dru%s are adginiﬁs&ered on
t

different overlapping sERERIAIEENRALY 8h B AT I HOR SIS CREBETREBIRBIRAtSHA R one or
more othermctivetinydediertphtimansHijselitderefitinn seastning ertiohasagsdorditigetodmgredients
may be ussebitawendgsesitaiuiien eaetfiselV QR0LAMH0 TRSHGTALS2000/Q634Biused singly.
Accord'n9%%@5@@9@@@%%&9@1@3&%&%@%@{&%ﬁ@t@mwm Pekyde st dhat gontain one

or more ot ientg In addition to a compound of Faunula 1. hen a compound of

the preseHigRAtiATEBREY & h}fgﬁfﬁ%%ﬂ%ﬂgi%ith one or more other drugs, a pharmaceutical
composition containingsushigthetidreigbasemeition 26 KB wiipbuRIaie sreshisHvention is
preferredinperepssiingly bthephosmpequiigsheomppo gitefsafvihéopresentinugrtmnintuseathose that

also gontain.gne. o) r.active ingredients.. 17 f, ent invention.
e Do LAty MO AU Rfe %%&%ﬁ%&%%%&%&%‘%%%@%ﬁﬁ may be
i | n'

varied anVFiPARSEIRPORISH THESRER 84585 475 EARH RYPHisIR® @%ﬂélféqclf} Teltective dose of
each will swentiod (THgsither escainsiB eanven!s Eoas bR d RN dserbriidntiotlisedmiied with
another agpat,Jine weighiuratizoof Hentanapowner aftheppreserittinvention itethecathet agent will

generally rande fépé@&%hi?&%&ﬂ,@m%i&ﬁQ%ﬁ%ﬁ%@&lﬁ&E@%@%ﬁ%%Q&%aﬂs@%

Combinatlﬁcns of a compound of the E‘)cri%sent mv,ﬁon g(pd other active ingredients will generally also

be within HEHHSEMBALEHE S FArGEE ‘fﬂiégﬁf §8%%h 15effective dose of each active ingredient
should he used. Inushshrebiwipnetibrserweda b thirsrant pYEsern derligliRant other active
agents mayehe adyisisleraksepngiabay it TonjuNeEt Nnstlition, the sdministtationt ofone

element rgay, & RHOFLG, GANGURRLIRA P, SHPSRANSRLIQL M6 AdMIRSIRIAN PHEGEAFRNI(S).
Examples of other actiye in that.may be admlp|steredﬁga%omb|natl€?pn%gn\4\gth ?O%ompound of

edien _
Formula I, and either %F’g EpAPALEI I i S R R e composition, include, but

are Rt liritdc ermpoytd oA Eaim dehsitideid hedimgayPrrIg iy enia 9o saer BRAHREGHEbnes (e.g.
pioglitazonenposighiazenei-nelogliazonaikiaeglitazone, and balaglitazone) and other PPAR ligands,
including (1) PP Z@ﬁ%ﬂ@k@@%&%@ﬂ%@%ﬁ#ﬁwggaqig@,ea!ngwg%mw@c and
25naveglitazar, (2) PP.ARa a%%nlsts, ?éuch as fevnOII?I’IC acid gg&\éaltlvesnﬂgemybﬁozgggﬁlbrate,
ciprofibrafé??’g fibrate*End'd afifte ) sHleGVE PEARY RIGHrTAtSrs R7114%), such as
those disdissusts.imsidimlDaRPBBrb® 2098188 Scro oOAElIEEs 2iebiegn st e
200452040 gtine:¥Y Q) JINPO6E63 anatkdy PRARYy paciihtiadonists ( fiyibuaiidésiisuth as
metfoamé%g?&%&gﬂ?éﬁgﬁsﬁi&'%ﬁ#m%@r%pm'@E@M@@@ﬁ%d&@%@gﬂwﬁ@m@%@gd 30
extended-release, formulati t t r : MQ ; protein
tyrosine p%&gﬁﬁeaﬁgéqﬁﬂoﬁ&&gﬁ%%b%ﬁgﬁa E@ﬁ,@?}.ﬁ:@%&m 7> % .'Zi o5
2004/020408, and WO 2004/066963, and (4) PPARy partial agonists; (i) biguanides, such as
metformin and its pharmaceutically acceptable salts, in particular, metforsin hydrochloride, and
30  exiended-release formulations thereof, such as Glumetza®, Fortamet®, and GlucophageXR®;,
(iii) protein tyrosine phosphatase-1B (PTP-1B) inhibitors;
(2} insulin and insulin analogs or derivatives, such as insulin lispro, insulin detemir,
insulin glargine, insulin glulisine, and inhalable formulations of each thereof;
(3) leptin and leptin derivatives, agonists, and anziogs, such as metreleptin;
35 (4) amylin; amylin analogs, such as davalintide; and amylin agonists, such as pramlintide;
(5) sulfonylurea and non-sulfonylurea insulin secretagogues, such as tolbutamide,
giyburide, glipizide, glimepiride, mitighinide, and meglitinides, such as nateglinide and

repaglinide;
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(2) insulin and insulin analogs or derivatives, such as insulin lispro, insulin detemir, insulin glargine,
insulin glulisine, and inhalable formulations of each thereof; (3) leptin and leptin derivatives,

- agonists, angd.analpgssuch as metreleptin; 35(4) amylin; amylin analogscgyeéasAavatintide; and
amylin agonists, such as pramlintide; (5) sulfonylurea and non-sulfonylurea insulin secretagogues,

such as tolbutamide, glyburide, glipizide, glimepiride, mitiglinide, and meglitinides, such as nateglinide
and repaglinide; WO 2010/056708PCT/U52009/063976 (6) a-glucosidase inhibitors (such as
acarbose, voglibpaemndsitigtiahibitor( ughucagerrecepgitantagdmsgitalch as those disclosed in
WO 98/04528, W24 Q4380885 ML HaIBILX in W(BPEIGLSIR, Witnetics, such as
GLP-1, (%P% Qn%}?%%@?faw% %ﬁg}{gﬁjcs (See for Sexample, WO 2008/011446, US5545618,
US6191 ? %d_ 583 15’;nand -1 receptor agonists, such, as oxyntgmodulin, and its analogs
and derivatived ¥58ert8n sxamaite, b B6002 3304\ Wit oo BFI3ARYRS: ETBBGP#E , glucagon
and fts anaiegk AWDOSHIAINAS (IR fEIseXkaHSIel IMO220a81 19X 0B 3),! éxandtidel irageniae,
taspoglujle; Al HEEAWEARIR: IR 1SS DMNRSRGLASBOREGxUNRU2WT5 7, and BIMLL077.
including. | , I a ; i : tide QW;

S apasal WU ANA6R R, 205 g@zsm@jc%fm%gﬂ%ﬁa Hstaslssual aseena

(9) LDL Sterol towering agerits su , A réductase jnhibjtors (lov in,. Simvastatin,
pravastatitedericeastitin ,Wﬁ%%‘gfﬁﬁﬁ,] Sidhvasmtiicolimauidintasprp i Alug é%n?‘sﬁoré@d
sequestariiy dgems, (Sids 3 ERaRIgeanine 1297163tianiBIdeid §eVaruhdivdiotrivstde, colestipol, and
dia'i%y'afﬁkg@@hxhg%ﬂa%%@%éﬁﬂf&%tw glextsanudiid Siehibitergwt cholesterol %bsorpti?n,)such
as ezetimibe, apd (iv) acyl CoA:cholesterol a IRhib SHER imibe; 10
HDL-raising er%qs, %%c%ﬁggsﬁ%%inogﬁ Iéngaaf%?ﬁ%%;gﬁp ag%?i{g%t%gr?gg%?élgéﬁase ve%%%%ﬁéhereof; MK-524A,
which is HCERATRH B BRSNS IR A HHa B AT BN AR ES22%hd nicotinic acid
receptor agonistsim OGN irvwabesitesempeserds (such 4 Shaernanine rotatividssedlsintrRismatory
colndit_ion@&&;gﬁ@@@%ﬁé&éﬁlﬁ%&%&mﬁ@ﬁﬂdﬁﬂﬂmwﬁ%wedBiga&fbkm&@m@ﬁlbcoﬁlds, irEE
selegtive.cyclooxy e- -2)in ot [ ts, such as

inhi (%orsl?ggjéi? rﬁsigélﬂe?%gﬁf, ié%’é’b%‘ﬁ?"%é%ﬁ%r?r’:‘:"élanb%%ﬁ&q%%E%ﬂﬁ%%%%%ﬁ%%gn|), A-ll receptor

blockers (EUEANSETBSER e RN dedbiiAY 418 tan, olmesartan medoxomil, valsartan, telmisartan,
and eprosartanj} ¢ HiBlintilsitgr sriguchuds aliskiten), hedh thiveierad sxichdad-mvpearsisiftéhannel

blockers {gyebraic-5244, ¥HdnalisekingsaiaatbfaRis EichiE)-siehamt RAIPE0magonist (15)
g\f;g)ét%rgsaq%\l%f%gﬂ%gg stgg%%%¥%%%ﬁg type 1, such as those disclosed in 30 U.S. Patent No.

20 (11) antiobesity compounds;

(12) agents intended for use in inflammatory conditions, such as aspirin, non-steroidal
anti-inflammatory drugs (NSAIDs), glucocorticoids, and selective cyclooxygenase-2 (COX-2)
inhibifors;

{13) antihypertensive agents, such as ACE inhibitors (such as enalapsil, lisinopril,

25 ramipril, captopril, quinapril, and tandolapril), A-II receptor blockers (such as losartan,
candesartan, irbesartan, olmesartan medoxomil, valsartan, tebmisartan, and eprosartan), renin.
inhibitors (such as aliskiren), beta blockers (such as and calcium channel blockers (such as;

(14) glucokinase activators (GKAs), such as LY2599506;

(15) inhibitors of 11B-hydroxysteroid dehydrogenase type 1, such as those disclosed in

30 U.S. Patent No. 6,730,690; WO 03/104207; and WO 04/058741;

| (16) inhibitors of cholesteryl ester transfer protein (CETP), such as torcetrapil and MK-
0859;

(17) inhibitors of fructose 1,6-bisphosphatase, such as those disclosed in U.S. Patent Nos.
6,054,587; 6,110,903; 6,284,748; 6,399,782; and 6,489,476;

35 (18} inhibitors of acetyl CoA carboxylase-1 or 2 (ACCT or ACC2);

(19} AMP-activated Protein Kinase (AMPK) activators;

(20) agonists of the G-protein-coupled receptors: GPR-108, GPR-116, GPR-119, and
GPR-40;
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(16) inhibitors of cholesteryl ester transfer protein (CETP), such as torcetrapib and MK-0859; (a7) |
inhibitors of fructose 1,6-bisphosphatase, such as those disclosed in U.S. Patent Nos. 6,054,587;

6,110,903; 6,284,7 ',%399,782; and 6,489,476; 35(18) inhibitors of ac%wl %QA g lase-1 or 2
(ACClorA 22){310%%5( 3) AMP-activated Protein Kinase (AIM:PK) activators; 2 &% %}éonists of the

G-protein-coupled receptors: GPR-109, GPR-116, GPR-119, and GPR-40; WO
2010/056708PCT/US2009/063976 (21) SSTR3 antagonists, such as those disclosed in WO

2009/011836; (22) Bewroaagifhkisiecrpios IHNMUERb}and/ oy deoosroetisd) receptor 2 (NMUR2)
agonists such i 95 dleeos e ILWOPAUA RS S and MARAANOA A0S byt o
limited to, neurom am J) and_neur meq(w S 82 %l/r 22%%95 agrll , derlv? Ives; 5(23)
b torsSaP A B MESEEETEIER ) UEUL(LIILE (Bl O B e PO VLA ragorists,
such as thosedisclosedidin/O 2005)0e008Fomedins) (Nl dhilseleetprakeriseoléyess
sodiym-glucosgtsangapHiar (3Géak)inbibiormanditrvadousiestqgasysuch as SGLT-1; SGLT-2, such
as dapagifiozin andyamanl foa ANd-BGbkTst: JUER) lioiRaelagyieacnaymeuidiacylglycero
acyltransferase’l and 2 (DGAT-1 and DGAT-2). (é%%%f]lbltors of fatt aéég:ﬁi tr&ﬁ&f (28)
inhibitors of acyFcoéty ésﬂfr%‘ﬁ%?c‘i}?@@eﬁ‘&% Vit as8™1 %‘Wérﬁ’%ﬂ 1 ANG MSAT-2);
15(29) agodits afithe i TBREssvehtorYalsh kitWnl 5 wrBrRaratbriomd rryebiRig ménd
M-BAR); ¢3)1bsomocriptine mesylate and rapid-release formulations thereof.; (31) histamine H3
receplor agonists, ARdi{2):4¢ AYBEING S FRIAVSIVIF IS FERIGLAGONHR PDCAT-1 and
DGAT-2);
{27) inhibitors of fatiy acid synthase;
(28) inhibitors of acyl coenzyme A:monoacylglycerol acylransferase 1 and 2 (MGAT-1
and MGAT-2);
i5 {29) agonists of the TGRS receptor (also known as GPBARI, BG37, GPCR1S, GPRI31,
and M-BAR),
(30) bromocriptine mesylate and rapid-release formulations thereof.;
(31) histamine H3 receptor agonists; and
(32) a2-adrenergic or B3-adrenergic receptor agonisis.
20
Antiobesity compounds that can be combined with compounds of Formula I
include topiramate; zonisamide; naltrexone; phentermine; bupropion; the combination of
bupropion and naltrexone; the combination of bupropion and zonisamide; the combination of
topiramate and phentermine; fenfluramine; dexfenfluramine; sibutramine; lipase inhibitors, such
25  ag orlistat and cetilistat; melanocortin recepior 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); CBI receptor inverse agonists and

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

30 histamine H3 receptor inverse agonists; S-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 “Bmerging antiobesity drugs,” Expert Opin. Emerging Drugs, 8: 217-237 (2003); 1.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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Antiobesity compounds that can be combined with compounds of Formula | include topiramate;
zonisamide; naltrexone; phentermine; bupropion; the combination of bupropion and naltrexone; the

combinationvgé %J%e/ré)ﬁtg%g and zonisamide; the combination of topiramateP [}%Qg%%%g%]ijg;t-

fenfluramine; déxtenfluramine; sibutrarnine; lipase inhibitors, such 25as orlistat and ce

melanocortin receptor agonists, in particular, melanocortin-4 receptor agonists; CCK-1 agonists;
melanin-concentrating hormone (MCH) receptor antagonists; neuropeptide Yi or Y5 antagonists (such
as MK-0557); CB1 recaptesdnvesspiagoniptsisndantagbeisied suchnstsimanabamiand taranabant);

P3 adrenc%g_%fif% ﬁlelgeg}%rogfg& iﬂﬁ' gﬁgegﬂt%%gﬁmd%mbesin receptor agonists (such as bombesin
receptor su -3 a onlsts%; SOEE}}??;W e J#%B'r, eptor inverse. aaonjst ? drox qyptamine-Zc
(5-HT2c)r‘5536ﬁ}i)13%,1§ ch R n%ﬁlé ﬁ%ﬁﬁ@%‘f‘?&%@]‘%ﬁd‘?fﬁ%@é EE%&F)[.Zgbr"a review of
anti-obesityetoiipoands-fhaeean:be combined with compounds of the present invention, see S. Chaki
et als "Recent advances in feeding suppressing agents: potential therapeutic strategy for the treatment
of obesity;", t Opin, th 1z 1677 s B ik .Lee, 35"Emerging
antiobes?tv-i%gq%?ﬁg%p%%ﬁo%%ﬁ%%%%%ﬁés gﬁjééﬂgg%&gg%}&%% ; J?%W%rggﬁége}zfopez, et al.,
"Pharma¢ Iﬁﬁ&ieﬁf)‘ﬁ%ﬁéﬂ@%‘%i the Treatment of Obesity," Drugs, 62: 915-944 (2002); and K.M.
Gadde, et al., "Combination pharmaceutical therapies for obesity,” Exp. Opin. Phannacother., 10:
921-925 (2009).1WORHLHIEAHASPCTS2009/0639H hy!)- | H-feineddon ketgptenaniagenists that
can ge u?%g-'gé,combination with the compounds of Formula | include, but are not limited to:

N-[i (18)- e -(3,5-dichloropheny1)-5-[6-(trifluoromethoxy)-2-naphthy1]-111-pyrazol-1-
yllethypbenzoy1113-alanine; 5
N-(4-((1RY-#+33S3-thcBrotgteryhrsh6-({Gimdronctnseptnirdfhmmpaotirplabsbhgozoyh-
yDethyplegizaidl-13-alanine;
N-(4-(143-(2,5-dichloropheny1)-5-(6-methoxy-2-naphthyl)-1H-pyrazol-1-yllethyllbenzoy1)43-
10alanine; .

N-(405) T3 (3 B- Aty P B Rey - T R AR A By AR T S BER 2§ 1) -
(3-alaninelengN; @i {(1S)-1
(R)-(4-chlorophenyl)(7-fluoro-5-methy1-1H-indol-3-y1)methyl]buty1}benzoyl)-p- alanine; and N-(4- [(I

8)-1-{(4-chlosoph YQg@:am%%-;{gﬁ{@mum@l&aaﬁayﬁmMﬂmgx enzaBhislidalaning: and

20pharmaceutically acceptable salts thereof. Inhibitors of steasoyl-coenzyme A delta-9
desatura '[ﬁ“ﬂhat can be used in combination with the compounds of Formula I include, but are
not Bfhitedhton[sesticativ aaeimirsrdihimsridnoxy]piperidin- -yl)-1,3,4-thiadiazol-2 -y1)-2H-tetrazol-2-
yljacetic acid,; 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 -y])-2 H-tetrazol-2-
vljacetic acid;

(2'-{4-[2~(trifluoromethyl)phenoxyipiperidin-1-yl}-2,5'-bi-1,3-thiazol-4-yljacetic acid;
(5~{3-[4-(2-bromo-5-flucrophenoxy)piperidin-1-yllisoxazol-5-yl}-2 H-tetrazol-2-yljacetic acid;

a6 (3- {3~[4—(Z—bmmo-s-ﬂuorophenoxy)piperidin—1 -yi]-1,2.4-oxadiazol-5-y1}-1H-pyrrol-1-yl)acetic

acid;

{5-{5-[4-(2-bromo-5-fluorophenoxy)piperidin-1-yilpyrazin-2-yl } -2 H-tetrazol-2-yljacetic acid;
and

(5-{2-{4-(5-bromo-2-chlorophenoxy)piperidin-1-yl}pyrimidin-5-yl}-2 H-tetrazol-2-yljacetic acid;
and '
pharmaceutically acceptable salts thereof.
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25 (21-(4-[2-(trifluoromethy1)phenoxylpiperidin-1-y1} -2,51-bi-1,3-thiazol-4-yl)acetic acid; (5-
{3-[4-(2-bromo-5-fluorophenoxy)pip d - | -y1] isoxazol-5-y11-2H-tetrazol -2-yDacetic acid; 30(3-

(3-[4-(2- bro fl enoxy)piperidin-1-y1]-1,2,4-oxadiazol-5-y1) -1 gfic acid; (5-
{544-(2- bromo-g ﬁgsrrggrggenoxy)piperidin-l-yllpyrazin-2-y11-2H-tetrazol-%y%§§ggpcy§§g 6tand 35 (5-

(2-14-(5-bromo-2-chlorophenoxy)piperidinThylipyrimi5-y11-2.H-tetrazol-2-yl)acetic acid; and
pharmaceutically acceptable salts thereof. WO 2010/056708PCI17U52009/063976

Glucolcinase activators that can be used in combination with the compounds of Formula | include, but
are not limited to: okingse actzvators that can be used in combination with the compounds of

3-(6- ethanesulfopylpy d] -3 -yloxy)-5 Lw roxy-1-methyl-ethoxy)-N-(1-methyl-1H-pyrazol-3- 5
yebenza H% a I include, but are nd 11m1’[e o

5-(2-hydPoiGthmessyfetioxsiia-teyiasrar@stitsasol mmg:-slaxy R mety L ns#Eic3-y )benza
mide;;, 106H8eApeiimsymethyl propoxy)-3-(6-metlaanesulfonylpyridi 3-yloxy)-N-(1-methy1-1H-pyrazol-3-
yObenzamide; 3 -(6-methanesulfonylpyri3-yloxy)-541-methoxymethyl- propoxy)-NazoI-

3-yObenzamide; 15 5-iso y- 34 eth nesulfon ridin-3-ylox
St e R A R R S Rl e .
3-yloxy)- &fi(libnﬂi!éﬂwnlealyrazol 3 yI)benzamlde,

10 3-(1-hydroxymethyl-propoxy)-3-(6-methanesulfonylpyridin-3-yloxy)-N-(1-methyl-1H-pyrazol-3-
vhbenzamide;

3-(6-methanesulfonylpyridin-3-yloxy)-5-{ 1 -methoxymethyl-propoxy -N-(1-methyl- 1H-pyrazol-
3-yDbenzamide;

15
5-isopropoxy-3-{6-methanesulfonylpyridin-3-yloxy)-N-(1-methyl-1H-pyrazol-3-yl Jbenzamide;

5-(2-fluoro-1-fluoromethyl-ethoxy)-3-(6-methanesulfonylpyridin-3-yloxy)-N-(1-methyl-1H-
pyrazol-3-ylbenzamide;

20
3-({4-[2-(dimethylamino)ethoxy|phenyl}thio)-N-(3-methyi-1,2 4-thiadiazol-5-y1)-6-{{4-methyl-
4H-1,2 4-triazol-3-ythioJpyridine-2-carboxamide;

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

N-(3-methyl-1,2,4-thiadiazol-5-yD)-6-[(4-methyl-4E1-1,2 4-triazol-3-yithio]-3-{[4-(2-pyrrolidin-
1-ylethoxyiphenyl Jthio } pyridine-2-carboxamide; and

30 3-[(4-{2-[(2R)-2-methylpyrrolidin-1-yl]ethoxy} phenyl)thio-N-(3-methyl-1,2 4-thiadiazol-5-y1)-6-
' [(4-methyl-4H-1,2,4-triazol-3-yl)thio Jpyridine-2-carboxamide; and pharmaceuticaily acceptable
salts thereofl
Agonists of the GPR-119 receptor that can be used in combination with the
compounds of Formula [ include, but are not limited to:
35 rac-cis S-chloro-2-{4-§2-(2-{[5-(methylsulfonylpyridin-2-yl}oxyyethyleyclopropyl] piperidin-1-
y1}pyrimidine;
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20 _
3-0412-(dimethylamino)ethoxy]phenyl}thio)-N-(3-methyl-1,2,4-thiadiazol-5-y1)-6-[(4-methyl4H-1,2,4-tri

azol-3-y1)thjolpyridine-2-carboxamide;  3-04-[(1-methylazetidin-3-yl)o _ i9):N-(3-methy
1,2,4-thiadi§§§-¥§-1§’f§-6 " a-methyl25411-1,2,4 -triazol-3-y|)thio]pyrioline-;‘%g{Ee%%<>’/§’r‘??f?§l?e37:‘}l

N-(3-methy-1-1,2,4-thiadiazo1-5-y1)-6-[(4-methyl-4H-1,2,4-triazol-3-ypthio]-3-1[4-(2-pyrrolidin1-ylethox
y)phenyl]thio} pyridine-2-carboxamide; and
303-[(4-(2-R2R)-2-methylpyrrolidin-1-yllethoxy}phenyl)thio-N-(3-meth"2,4-thiadiazol-5-y1)-6-

[(4-methyl-4H-1,2,4:tHazol-3-yothi dina-2rea ggggmggg;_ ial ic piable salts
thereof, 3 cmr%gg%nmgéé%p@ﬁ-{%g%gcepto?q at can b}eﬂ%%;gg in%%?ﬁ%&%a%%ﬁv% the
compouﬁd‘g}éﬁ’pgﬂﬁaﬁ | include, but are not limited to; 35rac-cis 5-chl oro-2- {44242- [5
-(methylsulfonyl)pyridin-2-y1) oxy } ethyl)cyclopropyll piperidin-I- yl }pyrimidine; WO

2016/056708R S EMS2009/063976 - FraligiasBodbi{lRARS )2 B-<bHomethyisinenid)pyridin-2-yl] oxy}
ethypcy%?{% f}%l&? eridinl -yl pyrimidine; 5rac cis-5-chloro-244-(2- {2- {4e ylsulfonyl)phenoxy] ethyl
}eycloprapylpiperidin-1 - yl]pyrimidine;
5-chloro-2[4-((1S,2R)-2-{244-(methylsulfonyl)pherioxylethylicyclopropyl) piperidin-1- yl]pyrimidine; 10
5-chIoroWlﬂf?z@){ﬁlmﬁl}@ﬂ@tﬁﬁwﬁ@iﬁiﬂ?ﬁiﬁéﬁ%@qé@ﬁyﬁe@@d&?ﬁ?&wswg@?R?FM?H rimidine;  rac
cis-5-chlgiprdild#izn¢243-(rmethylsulfonyl)phenoxylethyl) cyclopropyl)piperidin-1- 15ylipyrimidine; and
rac ﬁjs -5-chloro-244-(2-{243-(5-methy1-1,3,4-oxadiazol-2-yl)phenoxylethylicyclopropyl)

piperidin-I-yl]pyrimidine; and pharmaceutically acceptable ag%sr hereof 20Selective PPARy modulators
(PP AR o ot oGBS ESHR L0 h R SPEGH T (e, but are ot
limited torl{gsr@diis:chloro-316-(4-chloropbenoxy)-2-propylpyridin-3-yli-1,2-benzisoxazol-5-
ylloxy)propanoic acid; 25(2S)-2-({6-chloro-346-(4-fluorophenoxy)-2-propylpyridin-3-y1I-1,2-benzi o
zol-5 rac cis-5S-chloro-2-[4-(2-12-[3-(methylsulfonyl)phenoxylethyl } cyclopropyl)piperidin-1-

15 ylipyrimidine; and

rac ¢is -5-chioro-2-[4-(2-{2-[3-(5-methyl-1,3 4-oxadiazol-2-ylyphenoxylethyl}cyclopropyl)
piperidin-1-yljpyrimidine; and
pharmaceutically acceptable salts thereof,
260 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-chioro-3-[6-(4-chlorophenoxy)-2-propylpyridin-3-y1]-1,2-benzisoxazol-5-
yitoxyypropanocic acid;

25 (28)-2-({6-chloro-3-[6-{4-fluorophenoxy)-2-propylpyridin-3-y11-1,2-benzisoxazol-5-
yl}oxy)propanoic acid,

(25)-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-propyipyridin-3-yl}-1,2-benzisoxazol-5-
yl}oxy)propanocic acid;

(2R)-2- {3-[3-(4-methoxy)benzoyl-2-methyl-6-(trifluoromethoxy)-1 H-indo]-1-
35 yliphenoxy}butanoic acid;

(283-2-{3-[3-{4-methoxy)benzoyl-2-methyl-6-(irifluoromethoxy -1 H-indol-1-
vl phenoxy}butanoic acid;



yI}oxy)propahoic acid; (2S)-2- {{6-chIoro-3-(6-phenoxy-2-propy|pyridin-3-y1)-1,2-benzisoxazo|-5-yl|oxy)
propanoic acid; 30 (2R)-2-({6-chloro-346-(4-chlorophenoxy)-2-propylp d 11-3-y1] ,2-benzisoxazol-5-

yl}oxy)propangi id;-(2R)-2-{3-(3-(4-methoxy)benzoyl-2-methy1-6-(tri
35y|iphenox§%t%§§§%va6§id; (2S9)-2- HSFEs8hsa07e

{343-(4-methory)benzoyl-2-methyl-6-(trifluoromethoxy)-1H-indol1-1- ylJphenoxy}butanoic acid; WO
2010/056708PCT/1152009/063976

2-1313-(4-methoxy)benzoyl-2-methyl-6-(trifluoromethoxy)-1H-indol-1-yl] phenoxy} -2-

methy'przﬁ@i%ﬁﬂ&a ) 0 oS R g6y g 1H-ndo. -
y

yllphenoxy anoic acid;,and pharmaceutically acceptable salts thereof. Inhibitors of
lIh-hydro SAPARRABeMSse type 1 that can be used in combination with the compounds of
Formula I include, but are not limited to: ‘

10341 - (4cThjorapenyidhteanp Sy baychybatytiTivobrkieioloprbfjhdodii- 1,2 4-triazole;

3-[1-(4-c nggg%;}% m%bfigggﬂgcyclobutyl]-4-cyc|oPropy1-5-(1-methylcyclopropyl)-r-4H1,2,4-tria
zole; 153-[1-(4-chlqgro encyl % ns-ﬁg C CPbutyl]-4-methy1-542-(trif|uoromethoxy)phenylkr-4/1- I
2,4-triaz B ﬂ?&ﬁ?éﬁl’o?% ?eescei/clo%u?yl]-&methy1-5-[2-(t uoromethyl)pheny11-4H-1,2, 4-triazole;
203- {4-[3-(ethylsulforibsrtpyiThidjcRydmeysaeiddsiiagmats ips LR o RsHEh M pheny 1]-4H

-1,2,4-triaz@lBination with the compounds of Formula I include, but are not limited to: ,

4-meihy lo311444-(methvisulfonyphenylTRicwiaiis 210y b 2 rifilupremetbyl) pheny11-
4H-1,2,4-trlazole; 25 :

3-[1-{(4-chloropheny}-trans-3-fluorocyclobutyl}-4-cyelopropyl-5-(1 -methyleyclopropyl)-r-4 -

1,2, 4-triazole;

15 31 -(4-chlorophenyl)-trans-3-fluorocyclobutyl]-4-methyl-5-{2-(trifluoromethoxy)phenyl}-r-4H-
1,2 4-triazole;

3-[1-(4~chlorophenylcyclobutyl]-4-methyl-5-{2-(trifluoromethylyphenyl }-4F-1 ,24-triazole;

20 3-{4-[3-(ethylsulfonylpropyl]bicyclof2.2. 2}oct-1-y1 }-4-methyl-5-[2-(trifluoromethyl)phenyl]-4H
-1,2 4-triazole;

4-methyl-3-{4-[4-(methylsulfonyDphenyl]bicyclo[2.2. 2] oct-1-y1}-3-[ 2-(trifluoromethyl)phenyl]-
4H-1,2 4-triazole;

25
3u{4-{ 4-methyl-5-[2-(trifluoromethyl)phenyl]-4H-1,2,4-triazol-3-yl } bicyelof2.2. 2Joot-1-y1)-5-
(3,3, 3-trifluoropropyl)-1,2,4-oxadiazole;

3-(d-{4-methy}-5-[2-(trifluoromethyljphenyl]-4H-1,2,4-triazol-3-yl  bicyelo[2.2.2]oct-1-y1)-5-
30 (3,3, 3-trifluoroethyly-1,2,4-oxadiazole;

5-(3,3-difluorocyclobutyl)-3+(4- {4-methyl-5-[2-(triftuoromethyl)phenyl}-4H-1,2,4-triazol-3-
vl}bicyelof2.2.2joct-1-y1)-1,2,4-0xadiazole;

35 5-(1-fluoro-1-methylethyl)-3-(4-{4-methyl-3-[2-(trifluoromethyl)phenyl]-4H-1,2 4-triazol-3-
ylbicyclof2.2.2]oct-1-y1)-1,2,4-0xadiazole;
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3-(4- [4-methy1-5- [2-(trifluoromethyl)phenyl]-4H-1,2,4-tr ol-3-y1 bicyclo[2.2.2] oct-l-y1)-5- (3,3,3-trill
uoropropyl)-1,2,4-oxadiazole;  3-(4- [4-inethyl-5[2-(trifluoromethyl)phenyl ]-4H-1,2,4-triazol-3-y1)
bicyclo [2.2.2] oct-I-y1) 30(3,3,3-trifluoroethy1)-1,2,4-oxadiazole; 5-(3,3-d] )-344-
(4-methy1-5 Qﬁ?méggg?%ethyl)pheny11-4H-1,2,4-triazo|-3- lebicycIo[Z.?gﬁg%%@l Q—%i-oxadiazoie;
355-(1-fluoro-1-methylethyl)-3-(4-{4-methy1-542-(trifLuoromethy-Ophenyli-4H-1,2,4-tria20I-3-
yl}bicyclo[2.22]oct-1-y1)-1,2,4-0xadiazole;
ﬁ_‘(L1|'([jgiL{Q[@%@M&r?eéﬂy{ﬂWﬂ%ﬁ?ﬁ(ﬂﬁ%@ﬁﬂ%ﬂm@ﬁ?@p&&%ﬂ{&ﬁ-,mai’eQbBayl)
icyclo[2.2,2]oct- 1.+ , Sl
2-0,3-diflﬁ%rgj)%yfg](g }&f)s%%g’;:aﬁ?ﬁ?hgﬁé%g}ﬁg%rifIuoromethyl)phenyl]-4H-1,2,4-triazo|-3-
yllbicyclo[2,2.2)oct-I-y1)-1,3,4-oxadiazole; and 5 -0 ,1-difluoroethyl)-3 -344 4-methy1-5
42-(triflurGhiethilinrrenyiontidl- 5 4-fiaehd- 5 [fbltjBlsrore brbmiemd - St lodddiiasie3 -and
phaiinaceutisajbiAgcepiaile splisiheregfiaidle; and  Somatostatin subtype receptor 3 (SSTR3)
antagonists that can be used in combination with the compounds of Formula | include, but are not

limited to; 15 and W() 2010/056708PCTI 009/06397 .
5-(1.1-difluoroethy -3-(4—{4~m.eth3%-5€§-gmsf%uomme ﬁ}p%enyl]-dtf{-l,2,4—1:{132:01—3—

yl}bicyclo[2.2.2]oct-1-y1)-1,2,4-0xadiazole; and
pharmaceutically acceptable salts thereof.

10
Somatostatin subtype receptor 3 (SSTR3) antagonists that can be used in
combination with the compounds of Formula [ include, but are not limited to:
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and pharmaceutically acceptable salts thereof. AMP-activated Protein Kinase (AMPK)
activators that can be used in combination with the compounds of Formula | include, but are not limited
to: OH WQZP3ARRGARBPCT/U S2009/063976 and phaimaceutically peggpiabinsalis thereof
5Inhibitors of acetyl-CoA carboxylase-1 and 2 (ACC-1 and ACC-2) that can be used in combination
with the compounds of Formula I include, but are not limited to: 3-

{1'-[(1-cyclopropyl-4-methoxy- 1H indol-6-yOcarbonyl]-4-oxospiro[chroman- 2,41-piperidin]-
6-yllbenzoic acid,
105-{11(1-cy-clopropyl-4-m
yl}nicotinic acid;

1' [(1 cyclopropyl -4- methogy 11 I indol-6- yOcarbonyI] -6- (1H tetrazol 5- yesplro[chroman -2,4'-

-1H-indo1-6-y1)carbonyl]-4-oxospiro[chroman-2,41-piperidin]-6-

5-{1'-[(1-cycloprop 1 4-1m ethoxy -3-methyl1-1H-indol1-6-yl)carbonyl]-4-oxo-spiro[chroman-2,4'-
20piperidin]-6- ylﬁmc ic_acid; 4 -({6-(5-carbamoy)pyridin-2-y1)-4-oxospiro[chroman-2,4'-piperidini
-yl}carbony1)-2 [ henyl1-4-carboxylic acid;

2521,6'-dietlox M[6 -{T=¥nethy1-1H-pyrazol-4-y1)-4-oxospiro[chroman-2,4'-piperidin]-1'-

yllcarbonyl}%lphenyl 4-carboxylic acid; {
[6-(1- meﬁmkﬂﬁmg&mﬁﬁ;%&ﬁ@mspﬁg{ﬁ&mﬁarl -2,4'-piperidinl-I'- ylicarbonyl)bipheny1-4-carboxylic
acid; AMP-activated Protein Kinase (AMPK) activators that can be used in

combination with the compounds of Formula [ include, but are not limited to:




30 5444{6(3 -carbamoylphenyl)-4-oxospiro | chroman-2,4c-piperidin]-11-yll carbony1)-2,6-
diethoxyphenylinicotinic acid;  sodium _ _
4'-({6-(5-car Ipyridin-2-y1)-4-oxospirolchroman-2,4'-piperidin]-1'-y1} carb -
352’1,6'-dietﬁ§<%%}ll|%%¥eﬁr% _4-carboxylate; WO 2010/056708PCT/US200 b&%@?ﬁ’éfﬁ}‘i

- 4'-({6-(5-carbamoylpyridin-2-y1)-4-oxospiro[chroman-2,4'-piperidinkicyl}carbony1)-
2',6'-diethoxybiphenyl-4-carboxylate;
511-[(4,8-dirnethoxyquinolin-2-yl)carbonyl]-6-(1H-tetrazol-5-yOspiro chroman-2,41-piperidin]-4- one;
(5-{11-[(48=cliprethoxyquinolin-2-yl)carbonyl]-4-oxospiro[chroman-2,4t-piperid1n1-6-y1}-2.Ktetrazol-2
-yOmethyl pivalate; 10 A

5-1114(8-cyclopro methoxyquin <2-ylicarbefr3 xosPir0[ehrOm -PiPeridin]-6-
ylInicotinic acid; yfett %5 lin-4-y1-2-naphtt @ N;I?& agzigpiro
[chroman-2,4t-piperidink-+54-ore; and ~—NH

I'-[(4-ethoxy-8-ethy|quinoIin-2-y75carbonyl]-6-(1ﬁ1-(%etrazoI-51?)5Piro[cluuman-2,47-pipe’ridin]- 4-one;
and pharmaceutically acceptable salts and esters thereof 20 The compounds of the present invention
may be admpnigiaseehtiyallsedcpanabliesali{ehgredfitramuscular, intraperitoneal, intravenous, ICV,
intragisternal injection; ar;infusian SUPCEIANEQUSIIRELIOMPS implentahyinketaien sarsy, nasal,
vaginal, re%tgl, suénlg%%ual, oL | o%ilcal routes,of minli1 ér li%pugndt}@a elg}gtfloén g&%ed, alone or together,
in suitabl& o8y BB STHUIAG SHERSSR asiﬁlngo%ﬁénvenﬂona?hon- oXIC pf‘larmacéutically acceptable

carriers, adjlsiAhtydnpropRidaectissiopldrdebf o hea Peutl o GerRHRE AR M dadiBsr ¥ e

treatmeng.gf waimiblaogled animals such as mice, rats, horses, cattle, sheep, dogs, cats, monkeys,
etc., the compounds of the invention are effective for use in humans. The pharmaceutical

it] the administrati fthe. ds of this, 30 inventi iently.b
oredintet A0 CAE AL AR A R T A o 4 e G WA e

dosaget ny of the'metho ninthe art of
pharmacy!iAitphetheeisinclude the step of bringing the active ingredient into association with the
carrier which constitutes one or more accessory ingredients. In general, the pharmaceutical

CompOSiti@g@%@;Bﬁm@aﬁw&pmwﬂw&ny&ww@gjmt&haz@p@vﬁﬁwagi@ahm,association

with a liqui %érri aor a finely divided solid carrier or both, 35and then, if necessary, shaping the
product iRBEE HesEY foiululation. In the pharmaceutical composition the active object compound is
incldéed in an amount sufficient to produce the desired effect upon the process or condition of

diseases]Aslusetbpersindibiddeym-toahydd tindslis-yjemdedyig-eftdrgassleproduct comprising the
specified ingredients-ahespaeiied-4-one;

5-{1-[{1-cyclopropyl-4-methoxy-3-methyl-1H-indol-6-ylicarbonyl]-4-oxo-spiro[chroman-2,4'-
20 piperidin}-6-yl}nicotinic acid;

4'-({6~{5-carbamoylpyridin-2-y1)-4-oxospiro[chroman-2,4'-piperidin|- 1™yl }carbonyl}-2".6™-
diethoxybiphenyl-4-carboxylic acid;

25 2'6-diethoxy-4'-{[6-({ -methyl-1 H-pyrazol-4-yl)-4-oxospiro{chroman-2,4"-piperidin}-1'-
yljcarbonyl} biphenyl-4-carboxylic acid;

2',6"-diethoxy-3-fluoro-4'-{ [6-( 1 -methyl-1H-pyrazol-4-yl)-4-oxospire[chroman-2 4"-piperidin]-1'-
vljcarbonyl} biphenyl-4-carboxylic acid;

30
5-[4-( {6-(3-carbamoylphenyl}-4-oxospiro{chroman-2,4'-piperidin]- 1 -y} carbonyl)-2,6-
diethoxyphenyllnicotinic acid;

sodium 4'-( { 6-(5-carbamoylpyridin-2-y1)-4-oxospiro{chroman-2,4'-piperidin}-1'-yl} carbonyl)-
35  2,6-diethoxybiphenyl-4-carboxylate,
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WO 2010/056708PCT/US2009/063976 amounts, as well as any product which results, directly or
indirectly, from combination of the specified ingredients in the specified amounts. The
pharmaceut%%coo%%g%%i]ons containing the active ingredient may be in i,&r,r&g[%ﬁmg fﬁor oral use, for
example, asta e%s, roches, lozenges, aqueous or oily suspensions, 5dispersible powders or
granules, emulsions, hard or soft capsules, or syrups or elixirs. Compositions intended for oral use
may be prepared according to any method known to the art for the manufacture of pharmaceutical
compositions and such compositions may contain one or more agents selected from the group

consisting 0 e i ents, flavori e : ﬁ'!p.g adents. S@IViING.AQERES in order to
provide ;%%r%\;ﬁcfé%%g?f%e%énﬁ Egﬁgdnﬁg a%%gb—l(g%?g%%aratlon?%%?&ﬁ%fnﬁaﬂ}the ac?ii\fe ingredient
in admixtn& Stheohipbey birsmareldtcally acceptable excipients which are suitable for the
manufacture of tablets. These excipients may he for example, inert diluents, such as calcium
carbgnate, SQdiummsRRIRAIRHACISSR ARSI Phusphaiel o AngiuoichResphase;ripandiaiag and
disintegrating agents, for example, corn starch, or alginic acid; binding agents, for example starch,
gelatin or'acacia, and lubricating agents, for 15example magnesium stearate, stearic acid or talc. The
tablets may be uncoated or they may be coated by known techniques to delay disintegration and
absorptiofi-ifi et abtrothtestinaidiact-ahertherelhy prnspicolebipstame d aenoisie-4 lofider period. For
example ;a.time dolay-materalauch as glyceryl monostearate or glyceryl distearate may be employed.
Theg/ may also be coated by the techniques described in the U.S. Patents 4,256,108; 4,166,452; and
4,265,874 to ’form 20o0smotic therapeutic taplets for %ﬁl release. Egmulat'&og}s for oral yse may also
be preseftéd A& 1rP BB AP RS WIR RS T YhEA R i PR R TR Witk R TR&r Solid diluent,
for exampléncatoitmaacddrbonate, calcium phosphate or kaolin, or as soft gelatin capsules wherein the
active ingredient is mixed with water or an oil medium, for example peanut oil, liquid paraffin, or olive

ANt ‘%z%%@hﬁ%ﬂﬂ%ﬂ@l&{&%m% Mith:-Sxainientssuilakle for the

Oll, 25A0!{eqyS SHRRSISIANG
manufactlre of aqueous su pensions. S excipients are suspending agents, for example sodium

carﬁ&yn@ﬂ%?@é’l lose, methylcellulose, hydroxy- propylrnethylcellulose, sodium alginate,
polyvinyl-pyrrolidone, gum tragacanth and gum acacia; dispersing or wetting agents may be a

naturally-gcgureingxptnsphriise fenexgmplaierahinaseontiendpiin phosnais 30ofmndikylene oxide
with fatty acids, for example polyoxyethylene stearate, or condensation products of ethylene oxide with
long chain aflphatlc alcohols, for example he}%g ecaethyleneoxycelanol, or condensation products of

ethylene SRAIBRGRA HEaF BRI ARSI TAET Rids and a hexitol such as polyoxyethylene

sorbidl monooleate, or condensation products of ethylene oxide with partial esters derived from fatty
acids anq hexitol 35an1[ru§iH&&_ﬁﬁo{@ﬁﬁﬁﬂm&)ﬂﬁe@@wm{?@d&mm@y%&aﬂmﬁaﬁﬂ%ﬂd@oiﬁh&mm@s
Suspens%‘? MR a'%Qcﬁ%?t%ﬂagu@ﬁt&&{él?fﬁ&@ﬁ&ﬁéﬁ%@%{%mkﬁj@éaxh%& DK

Eeton, R B e R <R R iR SO s Ses st oy
suspensidngieaapiiesiof mimnisd aipsasp aring freutied tepedidaestevagutible drags ®ample
arachis oifogliveeinsesamepikonaaconut wik-asxio phanineraltvilibustrasdifuidpars fidin T oily
SUSPENsions May.£on Eﬁﬂ&%&%‘% RiNg ARRNLAIRLSxARRlEDag sSWaN hardRarafin.ar éeiralcohol.
Sweetenl%?cggeednglsmsn 8 sughtgso %?cg,egazgrﬁgrggs?\é%ﬁ%? g Qa%"%ﬁgr;‘% cats, monkeys, etc., the
compounds of the invention are effective for use i hurmans.
The pharmaceutical compositions for the administration of the compounds of this
30 invention may conveniently be presented in dosage unit form and may be prepared by any of the
methods well known in the art of pharmacy. All methods inchude the step of bringing the active
ingredient into association with the carrier which constitutes one Or mote accessory ingredients,
In general, the pharmaceutical compositions are prepared by uniformly and intimately bringing
the active ingredient into association with a liquid carrier or a finely divided solid carrier or both,
35  and then, if necessary, shaping the product into the desired formulation. In the pharmaceutical
composition the active object compound is included in an amount sufficient to produce the
desired effect upen the process or condition of diseases. As used herein, the term "composition”
is intended to encompass a product comprising the specified ingredients in the specified
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5 agents may be added to provide a pailatable oral preparation. These compositions may be preserved
by the addition of an anti-oxidant such as ascorbic acid. Dispersible powders and granules
'swtabl'e for. Ri& zza}}rla}(l}%%{())g an aqueous suspension by the addition qf Wat%rc%gggéd%}&%%tlve
ingredient in‘admixture 'with a dispersing or wetting agent, suspending agefit and one or more
preservatives. Suitable dispersing or wetting 10agents and suspending agents are exemplified by
those already mentioned above. Additional excipients, for example sweetening, flavoring and coloring
agents, Mayalo N{BIESeRl product whil PRAMBLRLHGAL campasiliosmebiisiiaventommay also be in
the form of g{maNateer é{f“'s{?ﬂs- Th&fg&llglggastg may be a vegetable oil, for example olive oil or

arachis oslP,eor & minera 0|tf, OF X ergr(]:p iquﬁl%araffin or. mixtures of these. Suitable emulsifying agents

15 may be naturally- ol PHATEHHEAGOBRIHPE G ERTTERNG 6 A HEGAERhIEhRE P4y -occurring

phosphatictes sfiirdxdmplalsey, hemxareplth i, tadtadtethasy loastiate smierderively fratpefattpacids and

hexitol aphydridiss. ok examnirsaebianimenodeater adwondensationyyodueisof the said partial

O RGOl R PR AUTBIE RAVGKURIMEr S Sl MABOIRAISTAR BINEIRNS may also
0S elixirs'may be f

contain sweetening and flavoring agents. ups an ormulated wjth sweetening
agents, fPTERa PR BRSOl RIS HEcElROST PSEHINTS Pr SHER SOTRS BRI A SRR 4128, Phiso contain
a demulcente ageréserleatiiefmndtiagoripg cusisCogorimyegjenits agents, fatnsiphageniiceolickiz
compositigas:may peda-ne o ohasierie jnjerlablamgeaus oy digagenalisauapension. This
suspensigh MAvOs lormuated Accaciag o hirnav Zaatuninadese sulafle-RRRIAg O wetting
agents ahd Sus ending agents Wlﬁlc lave been mentioned a ?v The sterile injectable préeparation
may also%%eﬁ%g@rﬁéqw 8¥%ﬁi’é‘§b§€ﬁi8ﬂ‘%@§5@p@ﬁ§‘6’ﬁqﬁ‘§‘%ﬁ-t@i}gtﬁa? fSr%i"I?&’/{’é%% g’g diluent or
solvent, férexample asrhdsoritinmishizSchlsiamettitiontinoing ithe ertbepiablecinshicidsiamd solvents that
may be epaployed af Sodia IR ERES Sakulianantianienic:sodiupok] aside satiomnsaddition,

2y be cppplgyed fSurmiay R ok adecaalionrra
iy e ey acide

gs etic mano- or cﬂgl eerides. In addition, fatty acids
suchhs GREARRI PRREF LR TR U FAIaASH bf %’*ﬁ%c aplets may H@%@&Fﬁ%&ﬂﬁ% B present
invention ameyddis divevadeninisreretd detedisimeortoppodinbriuption ivthalcasiminisyarbiast the drug.
Th ese F%Ei@@ﬁé?@ﬁ}%p@@ﬁdé&a @ﬁ%ﬁﬁh&%ﬁi{%i@@)ﬁ@& @W&Viﬂbﬂe&ﬂﬁ@!ﬂ@aﬁﬁmiqﬂaﬁ nguexeipient .
which 1= o %t@g%g@%&%%%@g5@%@8&&95{%&&&%@5@'éﬁ pRiatuRaagwilkihereigieimelt in the

rectum to release the drug. Such materjals are cocoa butter and pglyethyl ols, WO
2010/056‘?@515@??8‘,@’?6@997 the U.s. E%?%pﬁgaﬁgﬂ]s éfré %Ag%om}%%%%?% %i‘i:? fothy tions or
sus@énsiessodtcihaoptaiiitapidte fooreptiohepieatthe present invention are employed. (For purposes of
this application, topicakagplicatianshatkinshsiayaputhwashesdns grdgieian capsules Wheein

pharmac éic I1 0 iti of 1t inv t%ﬂﬁ? ise other
therapeuﬁiéaﬁgL agctl%]gr %%J%%%Sﬁg‘s@a%ﬂr}%%en rg}ggggﬁsvﬁ%}%r%sua}%ﬁﬂgﬁgﬁ%{hﬂe%%gme t of the

above mAIHE BB KO AR B RS ESIaim ot PE B BrAVE AT SPEbShs which
require inwiltitiontetodipe ptidydeptifaxavmdneymel sty idpapBropralévasdage level will generally
be apout 0.01 to 500 mgpenkgRptieMbedyeigtperdawhishcameadwitisterpitinssingle or
multiple daﬁggiet]f&?ﬁé%ma%e%?ﬁag&@V&ws%QWh%ﬁé}ﬁ?yﬁe%ﬁg’pe%ﬁ&g Rghday, more

referably a
P >é-zzxc.'arnp e sodium carboxymethylcellulose, methylcetiulose, hydroxy- propylmethylceliulose,

sodium alginate, polyvinyl-pyrrolidone, pum fragacanth 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 ethyiene oxide with partial esters derived from fatty acids and hexitol
35  anhydrides, for example polyethylene sorbitan menooleate. The aqueous suspensions may aiso
contain one or more preservatives, for example ethyl or n-propyl p-hydroxybenzoate, one or
mete coloring agents, one or more flavoring agents, and one or more sweetening agents, such as

sucrose or saccharin.



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 to 100 mg/kg per day, or about 0.1 to 50 mg/kg per day Within this range the dosage may
be 0.05t0 0,5,.0.5 to.5 ar 5 to 50 mg/kg per day. For oral administration, itions are
preferably pF%S’ié%‘é@%ﬁt é form of tablets containing 1 0 to 1000 mg of thé%%ﬁéaﬁg%dient,
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 patiefta:BRiseaesaT be foampariis sugehthadministesecontiamegimen of 1 to 4
times pet, daY, SIS AR NS MRS, hes iRl iR SR NS QLR VRN P RLes Gieliys and/or
hyperglycei%ma_or%1 ypertriglyceridemia or other diseasgs for.which (lgompound? q;‘ the present
inventior?"%ﬁl@‘i%%lR%?éﬁ?‘ggh%nggﬁ?%%ﬁ%m%ég‘ﬁ%ﬁ@% When the &oMpotinas of the present
inventiorhare e orerest] atcaldily deriagamigenimubloat @qsmit’@%am‘f@mﬁéaﬁ@ﬁmogram of
animal bagsweightbpsalerablyrgienasasingled aibpaasenr Thaividadddses twaytoesix times a day,
or in susigined §15a3¢ (oW mpshiagemanpalsdedeialdally dosage is from 25 about 1.0 mg
to about mg, prefera Iy_é{om ahout 1 rg%f abouézgf) gg In theﬁgas%é)gg 17160059 adult human, the
total daily dose will geHERER BE ROFAELSI SRS SHERSED Fg i 8858 tedimen may be
adjusted tesprosiiebthho pdidiilnieé rapeurie visssbnaetive ingredietiin BEFEBESTHEE ASRREYEE, that the
specific daseclavel-2e6tfrasppnry etdosagefonanypaniseteatpatie Suimnble desyaried andeiligepend
uporha vayi r ' i Y ifi loyked; etabolic
stability argi %ng %185% a%%%ggé%ﬁag%g%nﬁﬁ E%{y?%ﬁ%%%g%gﬁ?ﬂimﬁ%eﬁﬁ%iﬁ%iet, mode
and time Wﬁﬂﬁ%ﬂig%?mﬁjgté“ﬁ@Q%Fg% ,DWEgﬂ?gigé?ﬁ%i%ar%?%he %gggrlsto ot the particular condition,
and the host undergoifgameaapyceutical GomPW#ﬂﬁ%ﬂEthﬁ’éﬂWﬁg%ﬂﬁé’eﬁﬁﬁg@%@“cﬁﬂ%@ﬁﬁﬁs of the
present inyetionangs3silugtratety ishthe fellowingGelabimet, dndeExapiplaseSthirganhdteiials are

commercigll ayeliabic AL BAVRG MAde AERINGIRRIACRANSS kIQUBULIIAAAL Agdllystrated
herein. WO 2010/056708PCT/US2009/063976 The compounds of the present invention can
LR e ’

/06
be prepafidy PETEHE 'é’&%?gg’%gﬁmag%%%aéng%efg}’fﬁlﬁa EN Standard reductive amivation
conditionsdoiinedhisyrepste ficaarpie seydomm lesifsnpt eSKr iy e Herg afieet dsBve and P is
a suitablespitregen @{@Iﬁﬁtmgagr@ﬂﬁcﬁu,damﬁﬁfpwioﬁy&mbmnyb(&@(:@afbm@dmmmo@dtgc bz), or
9'ﬂ“0re”%'f?ﬁé@gﬁﬁaﬂﬁé’ag%&g%&%}th%%ﬁﬂﬁ[%P&%ih@%%I_W%é&%@éﬁ&%%iﬁiﬁﬁ%ﬂﬁﬁﬂd&éhe

following S em?s. S . . .
The emulsions may also contain sweetening and flavoring agents.

20 Syrups and elixirs may be formulated with sweetening agents, for example
glyeerol, propylene glyeol, sorbitol or sucrose. Such formulations may also contain a demuicent,
a preservative and flavoring and coloring agents.
‘The pharmacentical 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 gbove. The sterile injectable preparation may also be a sterile injectable solution or
suspension in a noa-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 walter,
Ringer's solution and isotonic sodium chioride solution. In addition, sterile, fixed oils are
30 conventionally employed as a solvent or suspending medium. For this purpose any bland fixed
0il 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-rritating excipient which is solid at ordinary temperatures
but liguid 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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Intermediates of formula Il 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
benzoyl halige 1 is treated with phenol in the presence of a - 38. WO '
2010/05670%19(,2?‘]/@&5@89/063976 base such as N,N-diisopropylethylam?r?eT '{%S%?r%ﬁﬁ%g]gster 2.
Treatment of 2 with the anion generated from nitromethane using sodium hydride gives the nitroketone
3. Alternatively, the nitroketone 3 can be made by reacting aldehyde la with nitromethane in the

presencesﬂ‘ a base amdqxjdizingdhadasyiipgniioajenbsl dobthoe expiaingnagent such as Jones
reagent. 5Heating.the_ nitro ith.3-19do=2~(| - iy yran 4, which,
when redeRai ﬁ*%&ﬁ%ﬁ?%%%%ﬁ%%&?%ﬁé%?5%'%%*.?%@9&32*"‘1’3‘%%90 dagyfes
diazabicgERbierRo irRice. seBher Bt grs E?ﬁ*ﬁﬁ?ﬁﬁ%eﬁﬁf’grﬁgg%ﬁg enantiomers of 5 may be
separated at this stag&hwyphavancytiofimernediikRnenshnetingsd Skilfsesmthariotamydnidintly, the
racematednayiReesaleshb: Rl Ctusinghp el Solumhhdbie Rikichsubstitialacapyliad & il Othen

reducedg@#&%ﬁ(ﬁﬂﬁe %m@ ﬁ&ﬁi@ﬂ%?ﬁtﬁ&@gﬁ&%ﬁcﬁtﬂ%@fo?hIori,c acid, and .the resulting amine 6
protected, for example, as its BOC derivative, b)éfreag]ent Wlégl Rgl-tert-but ldlcart()%?gate to, qive 7
- [

Treatment of 7 with oSFHRfT FAHSALY BRI yPRESHE B%H’éefgﬁh@tfﬂlé IERMATCh upon
treatmeriawithesodilenperiodiidty veepirrairiniisrngs lvariond gsnsaiyerebou 091 © OMNHRS 12
RS HN 2cDepsetestipriywithigachbialainignimesintes.afinisnial i sigknowninbelditesature or may be
conyg n'%%%‘erabiy, 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 to 100 mg/kg per day, or about 0.1 to 50 mg/kg per day, Within this range the
dosage may be 0.05 to 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
15  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 hypergiycemia or
20 hypertriglyceridemia or other diseases for which compounds of the present invention are
indicated, generally satisfactory results 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
25 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 fo 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
30 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
35  illustrated in the following Schemes and Examples. Starling materials are commercially
available or may be made according to procedures known in the art or as illustrated herein.
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prepared by a variety of methods familiar to those skilled in the art. One common route to 20prepare.
tetrahydropyrrolopyrazole Lila is illustrated in Scheme 2. Trityl- or Boc-protected pyrrolidinol 9 may be
oxidized by a variety of methods, such as the Swem procedure, common]y known to those in the art,
to give the k‘é]t%ﬁ%“l&?%ch upon treatment and heating with N,Ndimethﬁ%se%%%%’l‘r]ﬁethyl acetal
(DMF-DMA) gives 11. The desired intermediate ma may then be readily obtained by healing a solution
of 11 with hydrazine 12 in a suitable solvent such 25as ethanol optionally in the presence of a base
such as sodium ethoxigg E@“‘?g&ﬁﬂd@éﬂ' emeMabef iheRIoleshing groppewitiacider;Méates such
O e T IRA0H SRoR 0 S HENE S MNHENUE AL N ) s
illustrated’in @ch_eme , fhe compoungs of the present invention structural formula % may be prepared
by reduclV@¥EstiRRion of Intermediate 11 in the presence of 5Intermediate Il using reagents such as
sodium cyanoborohydride, decabora}gﬁ,w sadium triacetoxyborohydride in solvents such as
dichloromethane, tetrahydrofuran, orjmethanol to provide Intermediate 1V. The reaction is conducted
optionally in the presence of dLewi jd such as titanium tetrachloride or titanium tetraisopropoxide.
The reaction may also be facilitated by adding an acid suchj ag acetic acid. In some cases,
Inteiniediate Il may be a salt, suc a“¥ghydrochloric acid or trifiuoroacetic acid salt, and in these
cases it is convenient to add a base, generally N,N-diisopropylethylamine, to the reaction mixture. The
protecting group is then removed withi, for example, trifluordaketic acid or methanolic hydrogen
chloride in the case of Boc, or palladium-on-carbon and hydrogen gas in the case of Cbz to give the
desired amine I. The product is purified, if necessary, by recrystallization, trituration, preparative thin
Iayer515cﬁP6ﬁ‘%étb@‘Fé§ﬁ§r,"f%?s‘ilP&?6ﬁ?&ﬁb‘?‘%ﬁ)}%sgf %F%W%W?@Wéwﬁsf yaratus, or

butoxycarbonyl (BOC), benzyloxycarbonyl (Cbz), or 9-fluorenylmethoxycarbonyl (Fmoc). The
preparation of these intermediates is described in the following Schemes.

SCHEME 1

1 2 T, -
Ar\[(\ N,
0
CHNO, Ar_ 3
Ar\ﬂ,H NO, Cra04
OH
o)
1a b
NH.
NO, 1. NaBH, NO, Zn/ HGl A,
Af /f e it el Arf.—,{ [
2. DBU 5 o
G . RS 6
3. ChiraiCel QD
4 5
{Boc),0
' NHBoc
NHBoC NalOy A NHBoc
| RS P 030, /NMMO AP,
'o or Pb(DAG), 0 O - s
o 8
Ha 7

10

Intennediates of formula Il are known in the literature or may be conveniently
prepared by a variety of methods familiar to these skilled in the art. One common route is
illustrated in Scheme 1, Substituted benzoyi halide 1 is treated with phenol in the presence of 2
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HPLC. Compounds that are purified by HPLC may be isolated as the corresponding salt. In
some cases the product | or synthetic intermediates illustrated in the above schemes may be further
' may include,

modified, fogx%gé}w‘?&%g manipulation of substituents on Ar or V. These - 18%@)(%%
but are not limité ions that are

0, reduction, oxidation, allcylation, 20acylation, and hydrolysis reac
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 compauREshek Strvatiisabiopmetls kefilbeokeseticinantioneaibe prepanadiacessding to the
procedures, oL Ae(oloning. SEIRRH Aackicamples: HORARARIRALAIR MalkiialagRand are further
exempllf%gﬁoy? e 6?|0W|ng specific examples. The compaqunds illustrated in the ex?mgles are not,
Powever o e b Ee SEHST PP BB B 1Ak R EOREIEFeth Lo S 1 o boe
2010/056708RidiFiSRO 691060 TH il tibib ik Exexiiascragiitpithay ataaeasifor the preparation
of the comp@upes.offhrdpsassntinveniipn-fibasaskiilgddp- thaagiveltreagdinundérstanththat known
variations,qf e sondiians AndiRiasRsaRs ahibe lianngateRaialivg grocedures can be used to
compounds. The

prepare these nstant compounds are generally isolated in the fom% f thejr
pharmac@dreRifyciicehtamessaltsrs e Ak Pﬁ%"s‘ge&é%%ﬁ%gﬁ Pﬁ?@é/iéuit_@eﬁé‘?&%%%@ : ?ﬁ%a ré% amine
bases corrpsprddinigitoties ksotatedetalibreeihdde igwversgdbosy Tellndaniti eH-wWienscsiimble base,
such as alipaus sodilbdydgersarIaRigigodilirrashonateisaditiisdimdtiey.and potassium
hvdigridg, angtipcieaetine triried amine Jiee beradMpmAtRNGEaelkAlaned by

evaporation. The amine ase |sola1eci%| hjs manner can be further converted into another 10
pharmacBTHREAP Lt SATHS 4l ﬁéﬁiﬁﬁl‘éﬁ%‘?g%m?%’i\%ﬁmgIg\f\?é’agﬁ%t}éddition of the
appropriatiesaloitanth sutssbolisateepdhnoh, pratipitationidsred AtamiatoemipiamBerstsres are
degrees GelsiupanigssikRanyse matednMass spasilaMIgwere meaasncdeibyeteotiofispray
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 Araryl
20 éécrert-butoxycarbonyl br=broad CH2C12=dighls ethane doublet
DBU1,8-diazabicyclo[5.4.0jundec-7-ene 25DEAD= | azodicarboxylate
DMA=N,N-dimethylacetarnide DMF=dimethylformamide

~-0OH  [0] O  DMF-DMA o
PN T = e ided P*N\//\E ,
TR

_N
9 10 1 h

RE
Ho N~ HRB }
i HpN-N e N

12 \
——t HN\/&%N

2. Deprotection
with acid IHa

Intermediates of formula I are known in the literatare or may be conveniently

prepared by a variety of methods familiar to those skilled in the art. One conumon route to

20 prepere tetrahydropyrrolopyrazole Ila is illustrated in Scheme 2. Trityl- or Boc-protected
pyrrolidinol 9 may be oxidized by a variety of methods, such as the Swern procedure, commonly
known to those in the art, to give the ketone 10, which upon treatment and heating with N, V-
dimethylformamide dimethyl acetal (DMF-DMA) gives 11, The desired intermediate Ilfa may
then be readily obtained by heating a solution of 11 with hydrazine 12 in a suitabie solvent such

25 asethanol optionally in the presence of a base such as sodium ethoxide followed by removal of
the protecting group with acid.
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DMSO=dimethyl sulfoxide ESl=electrospray ionization 30EtOAc,=ethyl acetate HATU=0-(7-azabenzotri
azol -1 -y1)-NAN,N' - tetramethyluronium hexafluorophosphate HOAc=acetic acid LC-MS=liquid
chromatograwhy-mass spectroscopy 35 LiOH=lithium hydroxide multiple ? | alcohol

h Y QH
Mgso4=magnezs%"r‘1’r‘?"sﬁﬂ‘f?ate WO 2010/056708PCT/US2009/063976 Ms?néﬁf‘s%é's@%g%&py
NaOH=sodium hydroxide Na2SO4=sodium sulfate WAR=nuclear magnetic resonance spectroscopy 5

PG-protecting group Phphenyl Rt or RT=room temperature singlet triplet 10TFA=trifluoroacetic acid

SCHEME 3
NHP NHP
Ar : Ar
i |+ H-Y & &@— é} ;
O\AO \/\V
i I v
NH,
Ar
et e
0
v
)]

As illustrated in Scheme 3, the compounds of the present invention structural
formula (I) may be prepared by reductive amination of Intermediate IF in the presence of

th

Intermediate I using reagents such as sodium cyanoborohydride, decaborane, or sodium
triacetoxyberohydride in solvents such as dichloromethane, tetrahydrofuran, or methanol to
provide Intermediate TV. The reaction is conducted optionally in the presence of a Lewis acid
such as titanium tetrachioride or titanium tetraisopropoxide. The reaction may also be facilitated
by adding an acid such as acetic acid. In some cases, Intermediate Il may be a sait, such as a
10 hydrochloric acid or riflucroacetic acid salt, and in these cages it is convenient to add a base,
generally N, N-diisopropylethylamine, to the reaction mixture. The protecting group is then
removed with, for example, triffuoroacetic acid or methanolic hydrogen chloride in the case of
Bog, or palladium-on-carbon and hydrogen gas in the case of Cbz to give the desired amine L
The product is purified, if necessary, by recrystallization, trituration, preparative thin layer
15 chromatography, flash chromatography on silica gel, such as with a Biotage® apparatus, or
HPLC. Compounds that are purified by HPLC may be isclated as the corresponding salt.
In some cases the product I or synthetic intermediates illustrated in the above
schemes may be further modified, for example, by manipulation of substituents on Ar or V.
These manipulations may include, but are not limited fo, reduction, oxidation, alkylation,
20 acylation, and hydrolysis reactions that are commoniy 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 ot 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 exampies. The compounds illustrated in the
examples are not, however, to be construed as forming the only genus that is considered ag the
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THE=tetrahydrofuran INTERMEDIATE 1 NHBoc 0 tert-Butyl
1-(2R,3,51-5-0x0-2-(2.4,5-trifluorophenyl)tetrabydro-2H-pyran-3-yljcarbamate Step A:Phenyl
24.5-triflumo‘t%%nzﬁoa/%%6§6\ solution of phenol (13.3 g, 141 rnmol) in dry dichloromethane %’370 mL) was
20cooled in ice Bath andtreated with N, N-diisopropylethylamine (34 mL,?f&élW(gfyﬁf‘?ﬂ Swed by
dropwise addition of 2,4,5-trifluorobenzoyl chloride (25g, 129 mmol) over a period of 15 minutes. The

ice bath was removed, stirring was continued for two hours at room temperature and the solution was
then trangfesred 10 BreaRArRiRY dimee AR MR ME 18y Sryasnasest Suasawively with
hydrochioric acidsolution 1. 1p0.ml-). seluralerl agueaus sodum, dbicarbonale solyipn (150 m)
and brinéa(isga m f ried over anhydrous sodium su| aﬁe, iitered, evaporgtned ana the resulting solid
product WEESHRTREE bR SRrEsE TP BRSNS HiRe RIFRIFEICIESSRMRFIHth FeisifdodnePielers% ether in
hexane inengraient Tas isiarocyeithplieny 2easBathfisokobenrdat®as oiltitergslinim3oSteplB: 2-Nitro-1-
24 54rifluREQIRBR salts, sucBRdbR: et H0iR0YNRGHlaw I IMmohvasmFiRsacwith hexane (4 x
100 mL), flushed with %QHA/%“M%J%E{J?Q%Q’ %Ug% ?S@Q#‘ ey iopmany %%é%%%’am pj,and then
treated with nitromethane ( 2 mL, 81 mmo ). The resultant mixturé was stirred at roomny 'tgemperature for
2.5 hour L5 ESSRER S PRSAFORRAIC W 8 SRIBRREST PN By drgtidgyepd potassium
2010/056RASPEIE/ kb8 2008/06307 6 lfeotobendvafe:¢22:8 Fi@anrpmal sulviNadinvathyiformarnide

(1%0 ru L_),eoy@araa@ﬁ.rig%@&m B@_b! 'b%s@l B@lﬁ%ﬂﬂﬁi%@r%ﬂé@%ﬁﬁéﬂb&S&%ﬁ IR ResaRIe oyernig ht
and,stirring _continued.for an itio t room temperature. ixture was.poured,into ice
00 B R o cetave (3
x 250 rril3PEORRETE SRS YT SyRPL iR WaSRER R PDHMEUBAADY, dHbEBoerarydrous
sodium seifategifittefisdsianehbsaptharedensdst. rdbusepkgresdiie vwihamasdepydletwassgligsolved in
ether - haxangatd sheddbhéphy. and water (200 mL). The organic layer was separated, and the crystals
which formed upon standi d cooling. i 07 r overed. by filtration ried to yield
2-nitro-1- 2,4,5-trif|uof§]6 Eﬁlgﬁle% %’n%)ﬁ%get ét%%%?ﬁv%ﬁ%e S%?.I(if %8 ggtsézgl%:%?hﬁigﬁ%/fg#ﬁﬁ%%?o-G- 24 5
uo d therfs etmmsrietss auhtxamples Aioia BRIOSY 3-chloro-2:(chloromethyl)prop-1-ene (1.0 g, 8 mmol)
and sodium iodide (6.6 g, 44 minol) in acetone (60 mL) was stirred at room temperature for 20 hours,
evaporategkupdepieausraPressure and dissolved in dichloromethane (150 mL) and water (50 15mL).
The orgaf:&i layer was dried over sqdium ate, filtered and evaporated to yield 3-iodo-2-

(iodomet y%prop-l-ene as a reddish oil (2.45 g). NN-diisopropylethylamine (0.20 mL) was added to a
solution o’?”?-nitro-l-(ZA,5-trifluorop?enyl)‘§’ﬁﬂanone (120 mg, 0 5 mmol) in NNdimethylfoimainide (3
mL)28nd Bdodo-2-(iodornethyOprop=l-enei¢t70:agc@r&smol) and the

br broad
CH,Cls = dichloromethane
d = doublet
DBU = 1,8~diazabicyclo[5.4.0]undec-7-ene
25  DEAD = diethyl azodicarboxyviate
DMA = N, N-dimethylacetamide
DMF = dimethylformamide
DMSO = dimethyl sulfoxide
- ESI = electrospray ionization
30 EtDAc = gthyl acetate
HATU = O-(7-azabenzotriazol-1-yD)-N,N,N.N"-
tetramethyluromum hexafluorophosphate
HOAc = acetic acid
LC-MS = liquid chromalography-mass spectroscopy
35 LiOH = lithium hydroxide
m = multiplet
MeOH = methyl alcohol
MgSOy = magnesium sulfate
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mixture was heated at 60 C for 2.5 hours, evaporated arid purified by chromatography on a 20Biotage
Horizon(r) system (silica, gradient 0-30% dichloromethane in hexane) to yield 3- _ :
methylene-5-nitro-6-(2,4,5-trifluoropheny0-3,4-dihydro-2H-pyran. Step

D:(2R.38)-5}M)e%ﬂ§ﬁ@ g@-nitro-2-(2,4,5-trif|uorophenyl)tetrahydro-zH-pyrgf({ osgﬁé%'i% 31(9)?1601‘
3-methylene-5-nitro-6-(2,4,5-trifluorophenyl)-3,4-dihydro-2H- 25 pyran (798 mg, 2,94 mmol) in
chloroform (42 mL) and isopropyl alcohol (7.8 mL) was added silica gel (5.1 g), and sodium
borohydsige (420 mg, 11.1 mmol),.and th@g@a@@@@d@%yre stirred for 30 minutes at room temperature.
The reaﬁ%ﬁ)gixture was then quegchedsgx.% vxc/iis&%gdition of hydrochloric acid (6 mL, 2N) and
filtered. sulting solid residue was Wasb d with et yl acetate (100 mL). The combined filtrate was
washed d#€Bssively with saturated 30 atfiBHISERIfm bicarbonate solution and brine, dried over
anhydrot&&dium sulfate, and evaporatedsEremesuitantambeesit80299i}) was dissolved in
tetrahiydrgfpran (15 mL) and 1,8- diazabigysialfs:#. Qlunglee-7-ene (DBU, 40 uL) was added. The
solution %s stirred for 105 minuteg and then transferred to a separatory funnel containing ethyl
acetate (%0 mL) and IN hydrochloric acifl mL). The organic layer was washed with brine and the
aqueousHageR35extracted with etfiyl acetat® FRPEGHBined organic layer was dried over anhydrous
sodium sulfate, filtered and evaporated teygkt a crude product which was purified by flash
chromatqgraphy (silica, 8-10% ether in hexgge) to yield trans-5-methylene-3-nitro-2-(2,4,5
triflygrophenyl)tetrahydro-2H-pyran, A pO{tj noo{f) thi% (g{g&(&uct (388 mg) was resolved by HPLC WO
2010/05 d%PCT/USZOO9/063976 (Chira el 6)6 1.5 % isopropyl alcohol in heptane) to yield the
slower-mBWig enantiomer, (2R, 385-5-metHBRTRRo-2-(2,4,5-ttifluorophenyl)tetrahydro-2H-pyran.
Step E:(2R,38)--5-Methylene-2-(2,4.5-trifluoroohenyl)tetrahvdro-2H-twran-3-amine 5To a vigorously
stirred suspension of (2R,38)-5-methylenegdamra2402:4:5- trifluorophenyl)tetrahydro-2H-pyran (200
mg, 033 mmol) and zinc powder (561 mg, 8.59 mmol) in ethanol (7 mL) was added 6Nhydrochloric
acid (2.3 mL, 14 mmol). After one hour, the miagture was treated with ether (100 niL) and aqueous
sodium hydroxide solution (2.5N, 40 mL). The organic layer was washed with saturated brine, dried
over anhydrous sodium sulfate and 10evapstated to yigldRoc
(2R,38)-5-methylene-2-(2,4,5-trifiuorophenyl 3 rydr -2H-pyran-3-amine which was used in the next
step without further purification. ’

F O
15 O

tert-Butvl [(2R.38)-5-0x0-2-(2.4.5-rifluorophenyltetrahydro-2 H-pyran-3-vijcarbamate
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) folowed by
dropwise addition of 2,4,5-trifluorobenzoyl chloride (25g, 129 mmol) over a period of 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 solutien (2N, 150 ml), saturated agueous sodium

25 bicarbonate solution (150 mL}, and brine (150 mL), dried over anhydrous sodium sulfate,
filtered, evaporated and the resuiting 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 SigpB: 2-Nitro-1-(2.4,5-trifluorophenviethanone
Sodium hydride (12 g, 60% in oil, 297 mmol) was rinsed with hexane (4 x 100
mL), fiushed 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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Sten F:ter(-Butyl [(2R,35-)-5-methylene-2-(2,4.5-tritluorophen)tetrahydro-2H-pyran-3- vllcarbamate
15To a solution of (2R,35)-5-metbylene-2-(2,4,5-trifluorophenyptetrahydro-2H- pyran-3-amine (177
mg, 0.73 min Ié in dlchloromethane (5 mL) was added di-tert-butyl dicarbgnate (239 m 1 1 mmol)
and the mixtUre LS 2.5 hours at room temperature. The solution whsVARSTARS, under reduced
pressure to give tert-butyl [(2R, 3/9)-5-methylene-2- '
(2,4,5-trifluorophenyptetrahydro-2H-pyran-3-yllcarbamate as a white solid. It was used in‘the 20next

step withph fusharRuifieating. @@Pa%&ﬁrhaﬂmﬁh%ﬁtﬁﬁfo%m@{m@ g mvmp&hwra}{a;ﬂ o- t
fluor herhl tetrah dro- H an-3- %vggsr ar??ttenT gg‘éz% a{{geggg}ﬁt%ﬂt[g%%i &pe -2-(2,4,5-
un

25tnf|uorop‘ﬁeny Fe]fra% pyran- -yI carbamate mg, 0.5 but Icohol (6 mL),
acetone f Sfrﬁle%B‘\Fbﬁyé?‘(llaSrﬁ?E) e Jomii ‘t‘é"tr‘é’ﬁ?d@‘(ﬁﬁﬂ%‘i_e R T

tert- butyli@mmhhleﬂmmmwlﬁé&esmmmmﬁe@Wh@@mit@ﬁﬁér@tﬁr@fbﬂi«@ minutes
and ﬁﬁenﬂe@&%@ﬁ@a me@rml iResN-DInE K93 A7 dneaeh andistined. sadiertwo days, the

reaction miiire g &reaaeevgv%?a 254505 590U, A0RIRAIE SRR 2k 2 AN fallgped after 10

min by eth a(:’e%afe Re organic ayer was was successively with 2N %Fﬁ &hlorl acid and
satu rate&%ﬁﬁeé’ﬁ%@@&h}ﬂ by ATOR kb d o BFAM AYELE S8 tered and
evaporategytalyiefddedbbuotyl upon standing and cooling in the freezer were recovered by filtration and

[(2R 35)-Bray s A AU oKy IS s RoteRsiftuarephenyOsatialye g6 H-pyran-3- ylicarbamate
Fglf%was used in the next step without further purlflcatlon 35 Step 11:tert-Butyl
[(2 ,

2010/056¥8BEE T/ U524 kb
[(2R,38)-5-hydroxy-5- (hyummtéthybi@(%@iqmmhyﬁmwﬂ)tmﬁdﬁonﬁzmw}aﬁdeqﬂmmbamate
(223 mg, 19c§§emm0é) i tetrahyidrafisae bmiL) was agdadasattiamaebasdizrpadetate (143 mg,

0.67 t ey
pur|f|21dmb(;/ ﬁlgs\{]v% %Sr%l%té%iﬁacp ﬁé?%{%m gﬂg(?lg?&lghh&ﬁfﬁeﬂﬂﬁ PIRGWE as &8{&9%5'@& ed an

Ica, gradient 5- thyl acetate In crgorof % é% d tert-butyl
(R85 Bl = (o TARIOHSD R Rt Ay TS HOATRRTFAEH B
INTERM EBDaTE R prop-1-ene as a reddish oil (2.45 g). N, N-dnsoprepyiﬁthylamme (0.20 mL) was

added to a solution of 2-nitro-1-{2,4,5-trifluorophenyljethanone (110 mg, 0.5 mmol) in N, N-
dimethylformamide (3 mL) and 3-iodo-2-(iodomethylyprop-1-ene (170 mg, 0.55 mmeol} and the
mixture was heated at 60 °C for 2.5 hours, evaporated and purified by chromatography on a

20 Biotage Horizon® system (silica, gradient 0-30% dichloromethane in hexane} to yield 3-
methylene-5-nitro-6-(2,4,5-triftuorophenyl)-3 4-dihydro-2 H-pyran.

Step D (2R.385)-5-Methylene-3-nitro-2-(2.4,5-trifluorophenylitetrahydro-2 H-pyran
To a solution of 3-methylene-5-nitro-6-(2,4,5rifluorophenyt)-3,4-dihydro-2H-
25 pyran (798 mg, 2.94 mmol) in chloroform (42 mL) and isopropy! alcohol (7.8 ml) was added
silica gel (5.1 g), and sodium borohydride (420 mg, 11.1 mmol), and the reaction mixture stired

for 30 minutes at room temperature. The reaction mixture was then quenched by dropwise
addition of hydrochioric acid (6 mL, 2N} and filtered. The resulting solid residue was washed
with ethyl acetate {100 mL). The combined filtrate was washed successively with saturated

30 agueous sodium bicarbonate solution and brine, dried over anhydrous sodium sulfate, and
evaporated. The resultant amber o0il (802 mg) was dissolved in tetrahydrofuran (15 ml) and 1,8-
diazabicyclo[5.4.0lundec-7-ene (DBU, 40 pL) was added. The solution was stirred for 105
minutes and then transferred {o a separatory funnel containing ethyl acetate (100 mL) and 1IN
hydrochloric acid (30 ml.). The organic layer was washed with brine and the aqueous layer

35 extracted with ethyl acetate. The combined organic layer was dried over anhydrous sodium
sulfate, filtered and evaporated to yield a crade 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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10tert-Butyl [(2R,3,S)-5-0x0-2-(2,5-difluorophenyl)tetrahydro-2H-pyran-3-ylJcarbamate Step
A:1-(2,5-Difluorophenyl)-2-nitroethanol To sodium hydroxide (1N, 3L) and methanol (1500
mL) at 5 C was added a solution of 2,5-difluorobenzaldehyde (350 g, 2.46 molgand nitrornethane (157
mL, 2 9 mol) Vis A %anoF(BSO mL) dropwise over a period of 1 h. The reg&r AktireNas then
neutralized 15with glacial acetic acid (165 mL). Diethyl ether (1500 mL) was added and the layers
separated. The organic layer was washed successively with saturated aqueous sodium carbonate

solution (é@ﬁ@ld&b@nqi SatUEBIREhrkIesHE RrigkheNR pikil hbeiorganiclayewasoeied over
anhydrOl@ I%Hg%t%it; A ?4@91 ?19?%%3% tggl%g%% %,-r%rgndlfluorophenyl) -2-nitroethanol
atsa

that was |t ou urt er purl tion in tep 2-N itro-1-(25-difluorophenynethanone

A solution of Dess-Martin perlodlnane (125 g) in dlchloromethane (600 rnL) was added to a solution of
the nitrodtptal made (BRSER>AV{@ByRng-21( LA prirsg-drasiientinued for 2 h,
and the reaction mixturg Mg&aﬁ@lp%@@i QMIWW@MWWQQ@Mia@ g) and sodium

Diosulfaig i3 i HRIER o KR AR 2566 REG S MRS &%@ﬁiﬁdp}é‘w&m%iy&bé‘% figsh (MTBE)

(2 L). The aque yerw 2N, and extracted with MTBE (3 L). The

combine'® lc(lg 58 RS Rl U osRRr i 46 Mgt hrSitind fferetidWatrated and the
residue Wasipmm@dttwtcthmﬁh&dﬂgrém&m@}laadwu@mmgimﬁhmd@mé@ﬁanﬁ fa¥yfldnible desired
nitro ketom@e 395&@965}@3%@9 Qﬁﬁ@dﬁm%ﬁﬂmmﬂee&%d over anAydRbdUEEd0fm sulfate and

3-chlpro-g; r%g?@gl}roo r;?%l&éaaq d)&ﬂge @131&59 Vz&%&%’&%@%ﬁm%&mwne

(60 mL) Wa stlr erature éﬁ,}&' eva orat
2010/056’7@8@@@9@%@%8@@%%%@?% ¢ ijre %‘F@r’and partitioned between dichloromethane
(150 mL) and water (50 mL). The organic layer was drled over sodium sulfate, filtered and evaporated
to yield 3gied@-2- (iodametahPIQR: bereasmviaddis(p dils St@Rorophenylitetrahydro-2 H-pyran-3-

ID:3-Methylene-5-nitr gngi{guorophenyl) -3,4- d|hydro -2H-pyran ist;

N- dusopropylethylaml mL) ed to qu ro 5- diflu yBethanone
(9173, 461 mmol) in ﬁ%d%ﬁ/ éﬁ@ﬁ’&fﬁ%ﬁ%’&&fﬁﬁ%é “ene (156 g,
507 mmdtyfﬁhémméiﬂfémnéﬂémfébimd@h@hﬁ@méﬂ'a‘?tédfhﬁdsmﬂﬁﬁédltf?féﬁt@rﬁatography (silica
gel, gradigpiBo3efs(dishiprometinny ndObexane) W@iyildor 2.5 hours at room temperature. The

3-methy| %:E"&F a%ﬁ%&p :1,8 ﬁ*e%sgpgxg r@\%‘?'e;? )ﬂflﬁ t @ﬁpSS) S-methylene-2-
R

20 next step without further purification.

arbamadle as aw Xso%d It was used i the

Step G tert-Butyl [(ZR.38)-5-hvdroxy-5-(hydroxymethyl}-2-(2.4.5-
trifluorophenyitetrahvdro-2H-pyran-3-vllcarbamate
To a solution of teri-butyl [(2R,35)-5-methylene-2-(2,4,5-
25 trifluorophenyltetrahydro-2H-pyran-3-yljcarbamate (203 mg, 0.59 mmol) in terr-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 2N hydrochloric acid and saturated aqueous sodium bicarbonate
solution, dried over anhydrous sodium sulfate, filtered and evaporated to yield ferr-butyl
[(2R,38)-5-hydroxy-5-(hydroxymethyl}-2-(2,4,5-triftuorophenyl)tetrahydro-2 H-pyran-3-
yljcarbamate which was used in the next step without further purification.

35
Step H: tert-Butyl -5-ox0-2-(2 4. 5-triflucrophenyDietrabydro-2 4~
yljcarbamate



This compound was made by following the same method described in Intermediate 1, Step ID by using
3-methylene-5-nitro-6-(2,5-trifluoropheny1)-3,4-dihydro-2H15pyran. Step
F:(2R,35)-5-Methylene-2-(2.5-difluorophenyl)tetrahydro-2H-pyran-3-atning. Thi nd was made
by foIIowing‘ﬁ?ezg &S Mthod described in Intermediate 1, Step E by US%]%UE%%%%%Q&%
(2./C3S)-5-Methylene-3-nitro-2-(2,5-difluorophenyptetrahydro-2H-pyran. 20 Step G:tert-Butvl
L(2R3S)-5-methvlene-2-(2,5-difluorophenylltetrahydro-2H-pyran yjicarbamate This
?;Frengg;%d Waﬁ madﬁ%v%fglhgt&ftliag;iwﬁam@ methed dprbuRed ihiatermeetial-Siepts-by using
,38)-pamethylene: 2 (2 difluorophenyelalvan: 2h-nyane:aming, Riemydisii-Ryl/
1(2_R,35)-l?jg]ﬁ?/rcﬁ%))ic\r/l-y ﬁﬁ%/aé?%i?fmet ﬁailg%;gS oépﬁ%‘?lltétr hﬁdr?)-Z -py?ldrﬁ-& I::{B:bamate
This compbLtas wade Ry T SRAMTHRE- AR (ieta tBSLMBad t %Bite ﬁlglg‘%fg% tep G by
using tertabuityt E@Eecsﬁa)r-s-hnmhylﬁ_mezzxe%ﬂ@ﬁm@pﬁwﬁ&mﬁmimwmnymmmate. Step
|1ﬁ%?s%ffaggaﬁéeﬁt@é?%@@%Hﬁ&ﬁ@ﬁt@&ﬂﬁlﬂyﬁfﬂ%ﬁwm{@Rﬁi@aﬁb&m&t@,@ﬂo a solution
of tert buiyh[(oh A3l i O SN EIMIRIZ bt ol
: t I A i hite selid. .
tnflgqrop%ny&?t%ﬁ?g%@ ro%yé-%yra - i%]ca??%n%ate (10.5W g§ in methanol (100 mL) at OC was added
pyridine (7.8 mL) and lead tetraacetate (21.7.9),.T ion mixture was stirred for 20 min. Aqueous
work-up with ethyl acetate gave crude pro v ~purified by WO

2010/056708PCTAIS2009/063976 chromatography (silica, 0-50% ethyl acetate/heptane) to yield

ten-butyl [(2R,3S)-5-0x0-2-(2,5- difluorophenfl)tetrahydro-2H-pyran-3-ylicarbamate as white solid.
INTERMEDIATE 3 5 NHE
oc

o

10 tert-Butyl [(2R.38)-3-0x0-2-(2.5-diftuoraphenyl tetrabydro-2 H-pyran-3-yljcarbamate
Step A: 1-02.5-Difluorephenyl-Z-nitroethanol
To sodivm hydroxide (1N, 3L) and methanol (1500 mL} at § °C was added a
solution of 2,5-difluorobenzaldehyde (350 g, 2.46 mol) and nitromethane (157 mL, 2.9 mol} in
methanol (350 mL) dropwise over a period of 1 h. The reaction mixture was then neutralized
15 with glacial acetic acid (165 mL). Diethyl ether (1500 mL} was added and the layers separated.
The organic layer was washed successively with saturated aqueous sodium carbonate solution

(1000 mL), and saturated aqueous brine (1000 mL). The organic layer was dried over anhydrous
magnesium sulfate, filtered and concentrated to afford 1-(2,5-difluorophenyl)-2-nitroethanol that
was used without farther purification in Step B.

20
Step B: 2-Nitro-1-(2.3-difluorophenylethanone

A solution of Dess-Martin periodinane (125 g) in dichloromethane (600 mlL) 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 continuied for 2 h, and the reaction mixture was then poured onio a mixture of

25  sodium bicarbonate (300 g) and sodium thiosulfate (333 g) in water (3 L). The desired product
was extracted with methyl r-butyl ether (MTBE) (2 L). The aqueous layer was neutralized with
HCI (2N, 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, ehuting with dichloromethane} to yield the desired nitroketone.
30

Step C: 3-Todo-2-(iodomethviprop-1-ens
A mixture of 3-chloro-2-(chloromethyl)prop-1-ene (1.0 g, & mmol) and sodium
iodide (6.6 g, 44 mmol) in acetone (60 ml) was stirred at room temperature for 20 h, evaporated
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Step A:tert-Butyl (34-3.tadimethvlarnino)methylene]-4-oxopvtrolidine-1-carboxylate A solution
of tert-butyl 3-oxopyrrolidine-1 -carboxylate (40 g, 216 inmol) was treated with DMF-DMA (267 g, 2241
mmol) and heated at 105 C for 40 min. The solution was cooled and evaporated under reduced
pressure and the’ }g’glﬁﬁ??g orange solid was treated with 10hexane (200 %ﬁ}if%%g 868?3&% a
refrigerator for 3 days. The resulting brownish-yellow solid obtained as such was collected by filtration,
dried and used in the next step without further purification. Step B:1,4,5,6-Tetrahvdropyrrolo [3 ,4-elpvr
azole 15 811%' gé'&%' Bl aﬁ!h))m%cgﬂt&%ﬁ%};ﬁethane 150 ml) and water (50 mL

)-
ftdlmeth amlno 4 -0 o rro dine- 1.-carboxylate (19, 22 ethanol. (40 inL) was heated
at85C H %Fé’é%?é‘(i ﬁlrhe ngss}ler%tovgﬁ éﬁ SR ngg;%e su?r(g?é{{é d the residue was

trlturated(wﬂ%mﬁ@ﬁﬁd?&héﬂﬁﬁﬁ@(ﬁﬁ@%@)%}nd ethyl acetate (15 mL). The resulting solid was filtered.
The filtrate was concentrated and the resultlng solid was triturated again and 20filtered. The combined

SO|Id§ wegg, trgated wighh 4l | ef @ﬂz@@@ﬁﬂﬁ& ghfor 6 h. The reaction

mixture Wa concentr re e resu ted ag; | _hydrochloric
acid (250 mL) in meth‘% 'fjaigﬁ%ﬁp%nce"’n%ra]fao an Ing, %C}eegrgsuﬁo i ﬁ?{} (f)?h é}r[‘;gde él\#t was treated
ti

with amnddfiarrrhserhakeneas %b%@léﬁ@‘gm%ﬁyytﬁff’}%@t 866930 inL) and

concentr@tgdd@xwﬁmgpﬁ;pTherﬁqlid&gcﬁmfamﬁmmvaﬁmmamdmmasmdmoﬁm rfmt)zénd water (5 mL)

and purified.ip lree RalGHe éd%% é&?&ﬂ%&iﬁ%&ﬁﬁ%ﬂe@a@iﬁ@fmﬂﬂmﬁééﬂ%m@man0l containing
oniu

10:/%&60?&(:1%”&%16%%%%%6 o i L&el'g%%?m KT am): 7.39(s, 1H).

WO 2010/056708PCT/U52009/063976 INTERMEDIATE 4 1- (C cIo en Isulfon4 5 6 tetrah
droolo[3.4seloyrazo/e 2206 RU(B.5.6fetvainhdropienaln {8 8

This compound was made by following the same method descnbed in
Intermediate 1, Step D by using 3-methylene-5-nitro-6-(2,5-trifluorophenyl)-3,4-dihydro-2H-

1,111,

15 pyran.

Step F. (2K.35)-5-Methylene-2-(2.5-difluorophenyletrabydro-2 H-pyran-3-amine
This compound was made by following the same method described in Intermediate 1, Step E by
using (2R,38)-5-Methylene-3-nitro-2-(2.5-difluorophenyl)tetrahydro-2 H-pyran.
20
Step G: feri-Butvl [{(2R.35)-5-methylene-2-(2,5-difluorophenyhitetrabvdro-2 H-pvran-3-
vlicarbamate

This compound was made by following the same method described in
Intermediate 1, Step F by using (28,3S)-53-methylene-2-(2,5-difluorophenyltetrahydro-2f-pyran-
25 3-amine.

Step H: tert-Butvl [(28.35)-5-hydroxy-3-(hydroxymethyl)-2-(2.5-
difluorophenyDietrahvdro-2H-pyran-3-vljcarbamate

This compound was made by following the same method deseribed in
30  Intermediate 1, Step G by using fert-butyl [(2R,38)-5-methylene-2-(2,5-
difluorophenyltetrahydro-2 H-pyran-3-yljcarbamate.

Step L. tert-Buty] [(2R.38)-5-0x0-2-(2.5-difluorophenvitetrabydro-2 H-pyran-3-

yllcarbamate
35 To a solution of teri-butyl [(2R,35)-5-hydroxy-5-(hydroxymethyl)-2-(2,5-

wrifluorophenyljietrahydro-2 H-pyran-3-yljcarbamate (10.5 g) in methanol (100 mL)at°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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0, 5Step A:tert-Butyl 1-(cyclopentylsulfony1)-4.6-dihydrolo 3 4-c razole-5(1111- carboxylate (A) and
tert-butvl 2-(cyclopentylsulfonvl)-26-dihydrspyrrolo[3,4- clpvrazole-5(4H)- carboxylate (B) Toa
solution of N-Boc- yrazolopyrolldlne (Intermediate 3, Step B) (316 mg, 1.51 mmol) in clichloromethane
was added Aﬁ)aﬁg Iethylamlne (0.791 mL) followed by 10 cyclopeﬁt%ﬂggﬁ? 8Wf%ﬁloride (0.299
mL, 2.265 mmol) The mixture was stirred at room temperature for 18 h. The reaction mixture was
loaded on BiotageTM column and chromatographed with 50% ethyl acetate in hexane to give

intermediges A agl@%ﬁé?&ﬁaa% S ol LOMS 3R MEB BSER BN 5

opentylsu onyl) 6 tetra%gﬁ%] 0lp13.4- clépvraz Intennediate A prepared in the
preV|ous ('Z RCECT Wlt(ll'l trifluoroacetic acid (4.0 mL) at room
temperature for 2 h The reaction mixture was concentrated and purified on BiotageTM column eluting
with 2.5-5% methanol and 0.25- 0.5% am@ioriRsiEydroRide in dichloromethane to afford the title
compound as brown syrup. 1H 20NMR (500 MHz, CD30D): 5 1.60-1.81 (m, 411); 1.92-2.11 (m, 4H);
3.92 (m, 2H); 4.05(m, 1F1); 4.12 (m, 2H); andd#6Q (s, 114). LC-MS: 242.10 (M+1).

; razole Intermediate B prepared in Step A
above (275 mg) in dichloromethane (4.0 mL) 25was trgated 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% ammonlum hydrOX|de in dlchloromethane to produce the title
compourfgtaastbrown stgresBugsi{ BEHR- (00 Xiv ( '

3.93-4.01 (M, 5H); and 34 &M %y@@lﬁMﬁé—)l -@mmeamﬁ@me@nmas
2010/056’;{% ePCT(}:ul %%%P%B@ %?6776 2, NS 7 %mﬁ 9% heated at 105 °C for 40 min. The solution was

cooled and evaporated nnder reduced pressure and the resulting orange solid was treated with

10 hexane (200 mL) and cooled in a refrigerator for 3 days. The resulting brownish-yellow solid
obtained as such was collected by filtration, dried and used in the next step without further

purification.

Step B: 1,4.5.6-Tetrahvdropyrrolol 3 .4-clpyrazole
15 A solution of hydrazine (3 mL} and rert-butyl (32)-3-
[(dimethylamino)methylene]-4-oxopyrrolidine-1-carboxylate (19.22 g) in ethanol (40 ml) was

heated at 85 °C in a sealed tube for 4 h. Solvent was removed under reduced pressure, and the
residue was iriturated 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 4 hydrochloric acid (250 mL}) in methanol and
stirred for 6 h. The reaction mixture was concentrated and dried. The resuliing 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
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.
14 NMR (500 MHz, CD30D): 8 4.04 (d, 4H); 7.39(s, 1H).
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2-(Methvlisulfo nv1)-2,4,5,6-tetrahydropyrrolo13,4- el pvrazole Step A:ten-Butyl 1-(methylsul
-fonyl)]dihydropyrrol o | 3 ,4- elpyrazole-5(1H)- carboxylate (A) and tert-butyl
2-(methylsulfony111-2 6-dihydropyrrolo[3,4- 5Thyrazole-5(4H)-carboxylate B)sA suspension of
N-Boc-py,raz‘g%ég}r%ﬂ%ﬁaﬂes (Intermediate 3, Step B) (27.16 g, 130 mmol) inpgnhuyé?gfj’géa%7éﬁtonitriIe (2.0
L) was charged in a 2.0 L three-neck flask fitted with a thermometer and an addition funnel and then
treated with sodium hydride (60% dispersion in oil, 6.23 g, 156 mmol) while under nitrogen
atmosphere in one portion. The reaction mjyitEe WwaslOsted at room temperature for 2 h. The
resulting w sus n was the ed in an Ice ] ethanesulfonyl chloride (25.2 mL, 324
R R RRSEIRINC S ek &4hen removed and the mixture was

i] [z ) il :] ARV - ed with water (500 inL) and the
layers were separated. The aqueous layer was then extracted with 2x500 mL of diehloromethane. The
combined organic layers 5driec€éver sodium suiffate.and concentrated under reduced pressure
to give a mixture of products A assolortess syrups. R in CD3OBvindicated a 1:1 mixture of
two products, in which the pr rlph the pyrazgle ring in prad ! E\A 31@3 at 7.70 ppm while the
proton in product B appeared at7.95 pm. LC-MS: 288.08 (M+1)."20Step
B:2b-24.5.6-tetrahydropyrrolo[3.4-c1pYrazole Trifluoroac&tc acid (200 mL) was added slowly

allowed to stir at room epperAiLe L2 By SplyeniAR ANl HITIe eradsressure.and the

resulting 25 trifluoroac;tate sglt gﬁat_ggr &e;ggl:'éid with 500 mL of 25% methanol and 2.5%
ammonium hydroxide ¥ e_' . oval of solvent, the desired Inéelrzg‘uedizgg 5 was
obtained after chromafbryrashyioh o Bibeierardorimhisxsascgnetid-with 2525 8% héthanol and
0.25-1.25%raihnaeniiior bydtimxiders aidhdooihdtiapepiiCivenied B2%Ivii) IGBINTERMEDIATE 6
WO 2010/056408REHEIR2 00URRIG A ATy slopr opvisyIfany binkdSwatetiabydromerolof
3.4-clpwaZole SR HORPRY RhRAYdah St VRN IRy BRlRg 4 iR zale

chromatogtaphed with 50% ethy! acetate in hexane to give intermediates A and B both as off-

white solids. LC-MS: 342.09 (M-+1).

15 Step B: 1-(Cyclopentylsulfonyl)-1.4.5.6-tetrahydropvrrolo{3 . 4-clpyrazole
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): 8 1.60-1.81 (m, 4H); 1.92-2.11 (m, 4H); 3.92 (m, 2H); 4.05(m, 11);
4.12 (m, 2H); and 7.60 (s, 1H). LC-MS: 242.10 (M+1).

2-(Cyclopentylsulfonyl)-2.4.5 S-tetrahvdropyrrolof3,4-clpyrazole
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

0.3% ammonium hydroxide in dichloromethane to produce the title compound as brown syrup.
TH NMR (500 MHz, CD30D}: 8 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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Step A: ert-But 4 6-dih 'drn. rroloe-  carboy/late (A) and tert-butyl
2-(cyclopentylsu2,6-dihydropyrrolo[3,4- clpyrazole-5(4H)-carboxylate (B) A suspension of
sodium hydride (60% dispersion in oil, 1.55 g, 38.7mmol) in anhydrous acetonltrlleézoo mL) was
added to N- @J& g%ﬁ?} yrrolidine (Intermediate 3, Step B) (5.3 g, 25.5 Rirhai53h'e ﬁ@gﬂgrtlon under
nitrogen at room temperature The reaction mixture 10was stirred at room temperature for 2 h. To the
resulting white suspension was slowly added cyclopropanesulfonyl chloride (6.9 g, 49.1 mmol) and the
mixture was stirred at room temperature I@H h, quenched with water (120 mL) and the layers were
separated. The aqueous layer was then extracted with 2x100 ml. of dichloromethane. The combined
organic layers were dried over sodium su and toncentrated under reduced pressure. The crude
material was 15purified on silica chromatogra {800 @;qgageTm column) and eluted with 15-80%
ethyl acetate in hexanes to yield Compound A and C pound B both as white solids. LC-MS:
314.21(M+1). Step B:14Cyclopropylsulfony1)-1,4.5,6-tetralwdropyrrolo[3,4-c1pyrazole 20A solution of
Compound A (60 mg 0 19 mmol) |n dlchloromethane (1.0 mL) was treated with trifluoroacetic acid (1.0
ml.) at rogfiMethpardonsa-AfterOite O PE p-wa B8R Entrated and purified on silica gel column
using 5-16)% m ethano}eaﬂgmil%é‘sﬂvl&@ﬂaﬂvmmmmmeﬂmbmWmthed]ﬂé(déﬁ}pound as an
amber foam. ' NMR QHRMHE (PP bRl 334 ARILRIdIORI1-2.97 (M 11,

4.01-4.05 (m, 2H); 4. : . LC-MS: 214.13 (M+1). 2- C ciosro. Isu fon 245
6h drooo 3 4- -clpEazol :

A suspension of N-Boc-pyrazolopyrolidine (Intermediate 3, Step B} (27.16 g, 130

mmol) in anhydrous acetonitrile (1.6 L) was charged in a 2.0 L three-neck flask fitted with a
thermometer and an addition funnel and then treated with sodium hydride (60% dispersion in oil,
6.23 g, 156 mmol) while under nitrogen atmosphere in one portion. The reaction mixture was

10 stirred at room temperature for 2 h. The resulting white suspension was then cooled in an ice
bath and methanesulfonyl chioride (25.2 mL, 324 mmol} was stowly added via addition funnel.
The ice bath was then removed and the mixture was stitred 1 h at room temperature. The
reaction mixture was quenched with water (500 mL) and the layers were separated. The aqueous
layer was then extracted with 2x500 mL of dichloromethane. The combined organic layers were

15  dred over sodium sulfate and concentrated under reduced pressure to give a mixture of products
A and B as colorless syrups. NMR in CD30D indicated a 1:1 mixture of two products, in which
the proton on the pyrazole ring in product A appeared at 7.70 ppm while the proton in product B
appeared at 7.95 pm. LC-MS: 288.08 (M+1).

20 StepB: 2-(Methylsuifonv])-2.4.5.6-tetrahvdropyrrolo[3.4-clpyrazole
Trifluoroacetic acid (200 mL) was added slowly to a solution containing

intermediates A and B prepared in the previous step (48.4 g, 168 mmol) in dichloromethane (400
mL) at 0°C. After addition, the cooling bath was removed and the reaction was allowed to stir at
room temperature for 2 h.  Solvent was removed under reduced pressure and the resulting

75 tiriflucroacetate salt was then neutralized with 500 mL of 25% methanol and 2.5% ammonium
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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A solution of Compound B (205 mg, 0.65 mmol) in dichlorornethane (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 ammonium hydroxide in methanol to give the title compound as brown syrup. 1H
NMR (500 MER 2EH%8D 5 1.17-1.23 (m, 2H); 1.31-1.38 (m, 2H); 2.84-257 (172494} 8°8%-3 99(m,
41-1); 7.82 (s, 1H). LC-MS: 214.13 (M+1). WO 2010/056708PCT/US2009/063976 (2R 35
5R)-2-(2,5-Difluoropheny1)-542-(methylsulfony1)-2,6-dilwdropyrrolon

A-elpyrazg il ﬂ (Ao sayiaRsRrarming HeP AeHr-Buly!
-12R,38, SIS oxﬁrﬁeﬂjﬁ)é@mﬁxmﬁthﬁerst%f%w )tz

dihydrop R, yrazol=5(aH)=vitetranydro-ZH-puran=3- yn;carbamate A mixture of
Intermediate 2 (26.3 g, 80 mmol and{g-émethylsulfo% -2,4,5,6- tetrahydropyrrolo[3,4-c]pyrazole
(Intermediate 5) (15.07 go8Q innanhydrous metiianol(1.5 Was stirrgd at room temperature for
2 h. To the resulting white suspengion was added decabora 95]@L mol) and the mixture
was stirred at room temperature o iﬁht. 10 Methanol was remdved a% the residue was purified on
two 65i BiotageTM columns eluting with 5-50% ethyl acetate in dlchloromethane to afford the title
compound as a white solid. LC-MS: 499.10 (M+1). Step

B:(2R.38,5R1-2-(2.5- D|fluorophenv1) -542- (methylsulfon 1) -2,6- d|h dronyrrolo[3 4- _
150Ipyraﬁi§45@.¢.l—|) -yl]teieraipybl e .a-'m.*gm s Eafriihydiepys BEFMeRelStoduct from
Step4A (13.78 g, 27.6 t41t&i M thkeie oad ) piny el

(200 mL) at room temp &e% sg%g tQ{e the react|on was concentrated and neutralized
with 25% MeOH and 2.5% ammom% E%%‘E‘XI e mgé rorpﬁe(tgeitélgﬁsb t§8 ere removed under
20reduced pressure afd R PEITASE SO AL B RS b7 BictgE A e8lumn eluting

with 1.25259ydmsHcaipaioiEi. W%)%ﬁ@ﬁ%%&%{%ﬁ@@%ﬁ%ﬁ&%@ﬂé%ﬁﬁ% material
was fu rthaj thEltgedskE/mMStaﬂmqimdmmﬁ& hilrtQACHT M@ I2naitA @ THe: ceystalling:preduct was

washe %}ﬁééﬁ&&e%gﬁfﬁ thte tttt%came W@& LglbhruRselig added NMR (500
MHz, CD30 1 71 %’3(1 i ]}6 %gi gn lggi xt Wl% Iné%.'lH}fB 36 3.40 (m, 1H),
3.48 (1. wf}’ﬁ 43&‘5’??% 88 5 Qi”m 43% e WEIE TSI L DR), 7.14-7.23 (in,
2H), 726-P1BDE(ARIE R TRdp @ienghad. m@wrs‘éml(mﬁ)th@%wm@ﬁmed The agueous
2010/056%@%@17%2&@91‘.%39% 2x100 mL of dichloromethane. The combined organic layers were

dried over sodium sulfate and concentrated under reduced pressure. The crude material was

15 purified on silica chromatography (300 g Biotage™ column) and eluted with 15-80% ethyl
acetate in hexanes to yield Compound A and Compound B both as white solids.
LC-MS: 314.21(M+1).

Step B: 1-{Cyclopropvisulionyh-1.4.5 6-tetrabvdropyirelol3.4-clpyvrazole
20 A solution of Compound A (60 mg, 0.19 mmol} in dichioromethane (1.0 mL.) was
treated with triflnoroacetic acid (1.0 mL} at room teroperature. Afier 1.5 b, the reaction was

concentrated and purified on silica gel column nsing 5-10% methanol and 0.5-1% NH,OH in

dichloromethane to give the title compound as an amber foam. 'H NMR (500 MHz, CD;ODY: §

1.34-1.23 (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};
25 760 (s, 1H). LC-MS: 214.13 (M+1).

2-(Cvclopropylsulfony)-2.4,5.6-tetrabydropyrrolof3.4-clpvrazole
A solution of Compound B (205 mg, 0.65 mmel) 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 ammonium hydroxide in methanel to give the title
compound as brown syrup. *H 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
250 .



SO2CH3 (2R,38,5R)-2- (2,4.5-Trifluorophenyl)-5- j2-(methylsulfony1)-2,6-dihydropvrrolof 3,4-clpvtazol
- 5 (4H)- yIIietrahydro -2H-rwran-3 -amine Step A:tert-Butyl {

(2R,3S,5R)-2- 4 5-Trifluoronhenv11-542-(rn ethylsulfonyl )-2,6- 5dihvdrg Wrolo '
clffrazol- 5(4IYf et’?aslﬁmgro 2H-pvran-3-y1) carbam ate A mixture of é?}ﬂné}(ﬁ%{/g 1 (516 mg,
1.5 mmol) and 2 -(methylsulfonyl)-2,4,5,6- tetrahydropyrrolo[3,4-c]pyrazole (Intermediate 5) (280 mg,
1.5 mmol) in anhydrous methanol (70 ml) was stirred for 30 min before adding decaborane (54.8 mg,

0.45 mmol). The reaction was stirred |t room temperature for 18 h. The reaction was concentrated and

‘ 1. +1). Step B:2R 38 5R -2- 2 4.5-Trulfon 1 -2 6.-
15dihydropyrrolo([3,4- clpyrazol -514H}-ylitetral-ywdro-2H-pyran-3-amine Intermediate obtained
in Step A above (379 ntg, 0.734 mmal) in & ane (20 mL) was treated with trifluoroa.cetic
acid (10 mL) at room temperature. After 2 h, the reactigh-was concentrated and the crude material was
purified on a silica gel column (40S BiotageTm) elutin Wiﬂp in 0-2% methanol, containing 10%
NI-LOH, in dichloromethane to give 20the title compound assmygiite solid. 11-1 NMR (500 MHz,
CD30D): 5 150 (q, 1H, .1= 12 Hz) 2.43-2.49 (m, 1H); 2. 88 (td, 11-1, 3 =12, 6Hz); 3.11-3.18 (in, 1H);

3.34 (s, 3 '?%ﬁgvp'igﬁ 4152040, 1H);

3

2010/056%68 line |
(2R,35. 5@;24@5 D.ﬂaﬁﬂoﬁmwﬂaﬂszﬁé SGpedifiermsh

tetralsydro-2H-pyran-34ain 5 IRty Jtetrahy ‘ - : ;

gglﬁy?j?ospRl)r o (2 Y %ﬁﬁcﬁ?g iT:Ll)n%llﬁlééi e ro %MQ I%&a% (%egt)eimﬁ%?x%a%eio% I6ntermed|ate
> 501 R A e %%fﬁy PR e
(|ntermeoﬁat%M)w%sm@edmtl@Wm&émiar@dé rﬁ@ﬁhﬁh@i%@@gmbytwé}é@ﬁﬁeawaédﬂn before
adding derafieyane (55324, 16.0ddotnmd )i Afienatiriag airadmitempergiteederol&rhighe reaction
mixtyre Wag,conaeptaled,andpy %ﬁ@&&&%&e@ﬂrﬁ%&%'ay%mgm&wmmlmaég%ﬁwtmg with

o0 ey aglale I detlorometians g xeld e s compouns as acpliess in. LOMS: 55346
LC-MS: 499.10 (M+1).

jar

Step B: methylsulfonyl}-2.6-dib
15 - clpyrazol-5(4H)y-vi)tetrahydro-2H-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

ropyrrolo[3.4-

temperature. After stirring for 2 h, the reaction was concentrated and neutralized with 25%
MeOH and 2.5% ammoniwm hydroxide in dichloromethane. Solvents were removed under

20 reduced pressure and the fesnlting 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 isclated
material was further purified by recrystallization from 5:1 F{OAc/CHzCl; at 60 °C. The
crystalline product was washed with cold 2:1EtOAc/hexanes to give the title compound as a light
browr solid. 'H NMR (500 MHz, CD30D): 1.71 (g, 1H, ] = 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, =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, 1 H), 7.88(s, 1H). LC-MS: 399.04
{(M+1).

EXAMPLE D

-51 -



Step B:(2R,35,5R)-2-(2,5-Difluoropheny1)-5-11-(cyclopentvisulfonyl1)-2.6- dih d oolo 3 4-c s azol- 41 -
| tetrah d -2H-. ran-3-amine 15A solution of the intermediate obtained in Step A above (49 mg, 0.089
mmol) in dichloromethane (4 mL) was treated with trifluoroacetic acid (2 m room temperature.
After 1.5 h, RE YRS Fixture was concentrated and purified by prepara(t: a% i 63976
chromatography eluting with 5% methanol containing 10% NI-1401-1 in dlchloromethane to give the
titte compound. 201H NMR (500 MHz, CD30D): 1.54 (q, 1I-1, J = 12 Hz); 1.62-1.77 (m, 41-1);
1.92-2.08 (m, 4H); 2.42-2,49 (m, 1H); Z98-3.06 (m, 11-1); 3,07-3.14 (m, 1H); 3.40 (t, 1H, J = 12 Hz);
3.87-3.91 (rn, 2H); 4.01-4.08 (in, 1H); 4:09-4.17 (in, 2H); 4.20-4.27 (m, 11-1); 4.34 (d, 1H, J = 10 Hz);
7.08- 7.18 (m, 2H); 7.20-7.25 (in, IH) A. LC-MS: 453.10 (M-E1). 25EXAMPLE 4 WO
2010/056708PCT/US2009/063976
f2R,3S.5R)-2-(2,5-Difluorophenv1)-542:(cyclppentylsulfonyl)-2.6-dihvdropyrrolo[3,4-col5(4.F.)-ylitetrah
ydro-2H-pvran-3-amine trifiuoroacetate salt Step AErt-Butyl
{(2R.38,5R)-2-(2.5-dif|uorophenvl)-542-(cyc|opentyt@€) 2,6- 5dihydropyn:olor3,4-cip
razol-54F-Iflal-3-lcubmnme A mixture of Interm 2 (92 mg, 0.28 mmol) and
2-(cyclopentylsulfony1)- 2,4,5,6-tetrahydropyrrolo[3;4- c]pyra?é?é Uﬁtermedlate 4) (68 mg, 0 28 minol)
in anhydrous methanol (2,0 mL) was stirred for 30 min before adding decaborane (20.3 mg, 0.085

o Ts A iBdesitratebland purified

100n hrem@ygtg@%{@y@rz@ﬁg%@gﬁﬁggy plates eluting with 30% ethyl acetate in dichloromethane
to yield t tltle Compl (r)gurr] %aﬁ%gé —%— Ml —’[5:1 37 1@1131)%&531116{%1%%%011*,])-2 6~

5R1-2-(275° orop -
dihydropyrrolo[3,4-cipHazBpBmply “*...;.v..za oL _l. .”' AL RS HRabatRale |t A
solution of the intermetimfetoktafiietindiele AAbdwe (93 maydld) hﬁdjﬂjﬁnk)thryish&ﬂolmmmétﬁane (6 mL)

was treaﬁ%%ﬂ%}é%%{@@ﬁ%ﬁ% BRkraldars lenpsalatyre ih- Doy dhguEqAGkaRMixture was
concentrg.yﬁ |vet e({rtf ﬁ d 1HdNMR OO M 30 8 1. 6}21 4% 4H) 1.92-2.08
oot DR e S SRR M G ) 3-153 P 2= 12
Hz); 3 88?@99‘619?# HGOR ABerd i fon A% 1y Z@eaeseﬂ%ﬁﬁﬂ@m@awreéedmé@w Edrfrf) 9-7.27 (m,
2H)17 .2887083 (T sk}, 8108 sl g GHMS 045 8t0Y ¢hitaly 1k KANIPLReE@% to wash out the

minor isomer and 1.25% methanol in dichloromethane to elute the title compound which was

obiained as 2 white solid. LC/MS: 517.05 (M+1).

15

Intermediate obtained in Step A above (379 mg, 0.734 mmol} in dichloromethane
{20 mL) was treated with triflnoroacetic acid (10 mL) at room temperature. After 2 h, the
reaction was concentrated and the crude material was purified on a silica gel colurmm (408
Biotage™) eluting with in 0-2% methanol, containing 10% NH;OH, in dichloromethane to give

20 the title compound as a white solid. "H NMR (500 MHz, CD;0D): 8 1.50 (g, 1H, J =12 Hz);

2.43-2.49 (m, 1H), 2.88 (1d, 1H, F = 12, 6Hz}; 3.11-3.18 {m, 1H); 3.34 (5, 3H); 3.40(t, 1H, I =12
Hzy; 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: 41712 (M+1).

25 EXAMPLE 3



WO 2010/056708PCT/US2009/063976 02
(2R,38,5R)-2-(2.4,5-Trifluorophenvl)-542- (cyclopentylsulfonyl) -2,6-dih dro s olo 3 4-
clpyrazol- 5(&;})-vlftetrah dro-2H-pyran-3-amine trifluoroacetate salt Ste
{(2R,38,5R)- -(?%)g i ? oropheny1)-5-12-(cyclopentylsulfonv11-2,6- %ME@Z%%”%
dihydropyrrolof3.4-clovrazol-5(411)-y1 ftetrahydro-2H-pyran-3-v1licarbainate A mixture of
Intermediate 1 (97 mg, 0.28 trunol) and 2-(cyclopentylsulfonyl)-
2,4,5,6-tetrahydropyrrolo[3,4-c]pyrazble (Inteiffiediate 4) (68 mg. 028 mmol) in anhydrous methanol
(2.0 mL) was stirred for 30 mm befddrnrngecaborane (10.3 mg, 0.085 mmol). After stirring at RT

3

(]

for 18 h, the reaction mixture was ¢ ; ntr ed and purified on preparative 10thin layer
chromatography plates eluting with~3g% ‘etliytacetate in dichloromethane to yreld the title compound
as a white solid. LC-MS: 57134 (M+}). S
B:(2R,35,5R)-2-(2,4,5-Trifluoropheny1)-5-(2- (cycl‘r‘)pe t Ism onyl)-2,6-
dihydropyrroloPA-clpyrazol-5(41/)-vlitetrahydro-2 ra 3 -a 15trifluoroacetate salt A
solution of the intermediate obtained in Step A above 16 mmol) in dichlorornethane (6 mL)
was treated with trilluoroacetic acid (3 nth) at room temperature After 1.5 h, the reactron was
concentrgteg s Aive thé-Tiliguoampohids -1 1-{tid Z DYOBODYT

(M, 4H): 05#)_%}1% 4242, 20:2.7952.85 (M, “1H): 3.64 (td, 111, J = 10, 6Hz): 3.79 (¢, 1Fr 3= '12
Hz); 3.9¢:3.98 (n E“a‘%&—m&—m ;4%24§8 0,448 e ;{g(%%k()%% gﬂigzgﬁﬁj?z%s (M, 1H):
201@/056708PCT/11%@@@%&4"51’"}“3‘%01" (4 '—Vi}tetrahvdeH«nVTam 3~y carbamate
(2R.3S,5R)-2-(2,5- Drftamo@tnemfmsﬁﬁemmp’rapymrlfbtﬁ/mﬁmaydemmerenybﬂ

?(yzfszggéz% gl ﬂ ?er varl 1@@@&9@%@%3@@@ StenAuartBuiydrous
2~ | ¢
32 mg, 0.044 1.
d'hydropyrehf ’fgQ i, %sgetﬁ ?f) y]il% "ééh8 é@){v 2 bt (33 e 0.044 mmol)
fter stirring at room temperature for 1 ‘the reaction mixtare was con@entrated and purified

10 on preparative thin layer cmematography plates eluting with 50% ethyl acetate in
dichloromethane to yield the title compound as a colorless film. LC-MS: 553.46 (M+1).

Step B: (2R .38.5R)-2-(2.5-Difluorophenyl)-5-11 -(cvclopentyisulfonyl-2.6-
dihydropyrrolol3 4-clpvrazol-5(4H)-viltetrabydro-2 H-pyran-3-amine
15 A solution of the intermediate obtained in Step A above (49 mg, 0.08% mmol) in
dichloromethane (4 mL) was treated with trifluoroacetic acid (2 mL) at room temperature. After
1.5 1, the reaction mixture was concentrated and purified by preparative thin layer
chromatography eluting with 5% methane! containing 10% NH4OH in dichloromethane to give

the title compound.

20 'H NMR (500 MHz, CD;0D): 8.1.54 (g, 1H, ] = 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 (t, 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 (4, 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



5A mixture of Intermediate 2 (26 mg, 0.08 mmol) and 1-(cyclopropylsulfony1l)-
2,4,5,6-tetrahydropyrrolo13,4-cillpyrazole (Intermediate 6) (18 mg, 0.084 mmol) in anhydrous methanol
(1.0 mL) was 8tirre ﬂgo_rm?go mm befor_e adding decaborane (2.9 mg, Q.QZ%mQQ@Bg§9§£ir(ing at room
temperature“ﬁor"‘féB ,?he reaction mixture was concentrated and purified on preparative thin layer
chromatography plates eluting with 50% ethyl acetate in diehiorornethane 10to yield the title
compound as a white solid. LC-MS: 525.2 (M+1). Step B:(2R,38,5/0-2-(2,5-D uoropheny1)-5-[ |
-(cyclopropylsulfony1)-2,6- dihydropyroloP,4-clpyrazol-5(41-fryBtetrahydro-2H-pyran-3-amine
trifluoroacetate salt 15A solution of intermediate obtained in Step A above (52 mg, 0.099 mmol) in
dichloromethane (2 mL) was treated with trifl Broacetic acid (1 mL) at room temperature. After 1,5 h,
the reaction mixture was concentra rd.purifjed on reverse phase HPLC using H20/acetonitrile
containing 0.05TFAv/v, to give the title compourd. 1HNMR (500 MHz, CD30D): 6 1.21-1.27 (in, 21-1);
1.38-1.43 (m, 21-1); 2,06 (q, IH, J = 14 Hz); 2773-% m, 111); 20 2.29-3.06 (n, 1H); 3.57-3.64 (in,
1H); 3.74 (t, 1H,J -= 12 Hz); 3.81-3.90 (in, 1H); 4.44< .Mﬁ’(m@ 4.69 (d, 11-1, J =12 Hz); 4.71-4.81
(in, 2H); 7.18-7.26 (m, 2H); 7.27-7.32 (m, 1H); 7.74(s,\:AH), S: 425.21 (M+1). EXAMPLE 7 25
(2R,38,5R)-2-(2,5-Dif|uorophenvl)-5-12-(cveIopropylsulfon%})-z.6-di|wdronyrro|o [3 ,4-clovra
zol5(4H)-ylftetrahydro-211-pyran-3-amine trifluoroacetate salt Step A:tert-Butyl
{(2R,35,5R)-2-(2,p-difluporophenv0-5:1-2-(cyclopropylsulfonul)-2 6: i )
dihydrop{fforsraisytas SIES IR tBtratyaro- 5"' gc%rgrh%%%g% ur”é“'gc}i’f
Intermedidfd2- Y1 g manveres: e iy raTE g ?@. AALACTEANE Sy 1)_

2,4,5,6-tsttahydropyrratefBdadipiaRASI8 X)ite ] pegdionenbilsidfamtydious - 56 - WO
20104056708PCT/US 200408394 r1atbanel A0 mk) wasmlirves fom 39-min heforeadding decahorane
(206 mg, 13 mmol). After stirring at R for. 18 e reaction w. cang ARdipYkified on
preparative thin layer %lﬁﬁf%éﬁrﬁﬁf/nﬁé%% gl%%ln%%%%%%ﬂrﬁgﬁar%@gg % [ﬁ)g ?n
diehlorordetriaictsireranmecitle toiiseunts &esmrtas a1 ot Bavs2 48 tﬂxr“l'!l? drous

methanol (2.0 mL) was stirred for 30 min before adding decaborane (10.3 mg, 0.085 mmol).

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

10 on preparative thin layer chromatography plates eluiing with 30% ethyl acetate in
dichloromethane to yield the title compound as white solid. LC-MS: 553.37 (M-+1).

Sten B (2R.38.5R)-2-(2.5-Difluoropheny-5-[2-(evelopentylsulfonyi}-2,6-
dihvdropvrrolof3.4-clpyrazol-S{4 H)-yItetrahydro-2 H-pyran-3-amine

15 trifluoroacetate salt
A solution of the intermediate obtained in Step A above (90 mg, 0.16 mmel) in
dichloromethane (6 mL) was treated with triflucroacetic acid (3 mL) at room femperature. After
1.5 h, the reaction mixture was concentrated to give the title compound. TH NMR (500 MHz,
CD;0DY): & 1.61-1.74 (m, 4H); 1.92-2.08 (m, 4H); 2.11 (q, 1H, } = 12 Hz), 2.78-2.84 {m, 1H};
20 3.68(td, 1H, T= 12,4 Hz); 3.78 (1, 1H, T = 12 Hz); 3.88-3.96 (m, 1H); 4.02-4.10 (m, 1H); 4.49-
467 (m, SH); 4.71 (d, 1H, T = 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

-54 -



5 Step B:(2R,38,5R)-2-(2,5-Difluoropbenv1)-5-12-(cyclopropylsulfonv11-2,6- dihydropyrrolo[3
4-clpyrazol-5(41-f)-yljtetrahydro-2H-pyran-3-arnine trifluoroacetate salt A solution of the intermediate
from Step A above Sg_lggg 0.16 nunol) in 10dichloromethane (6 mL) was, /?EE'%? \Q/g&J;JIuoroacetlc
acid (3 ml) at too emperature After 1.5 h, the reaction mixture was concentr to give the title
compound. 11-INMR (500 MHz, CD30D): 8 1.17-1.23 (m, 2H); 1.34-1.40 (in, 2H); 2.08 (q, 1H, J =12
Hz); 2.80 (d, 1H, J = 12 Hz); 2.91-2.97 (m, 1H); 3.58-3.66 (m, 11-1); 3,76 (t, 1H, J = 12 Hz), 3.82-3,90
(m, 1H); 4.47-4.62 (m, 5H); 4.70 (d, 1H;, J 10 Hz); 7.18-726 (m, 2H); 7.28-7.32 (m, IH); 8.05 (s, 1H).

opylsulfonyll-2,6-Whydrop, olo[3,4-
trifluoroacetate salt Step A:tert-Butyl
ropyisulfony1)-2,6-

dihydronyrrolo{3.4-dnyrazol-5(411)-ylitetrahy yran-3-vl}carbamate A mixture of
Intermeiclate 1 (94 mg, 0 27 mmol) and 2-(cyclopro @,hyl
2,4,5,6-tetrahydropyrrolo[3,4-c]pyrazole (Inteunediate 27 mmol) in anhydrous methanol

was stirred for 30 min before adding decaborane (10 mg, O. 0@3 mmol) After stirring at room
temperature for 18 h, the reaction mixture was concentrated and purified on preparative thin layer

chromatorah Iates eIutln Wlth 50 §tagn§ to %lelld gg titte compound
H A £ iy 1= g SR 2 2

ol - @ ik it DAL DISARBHERG]ro-2H-pyran-3-amine
trlfluoroage;g;e salt  fert-Butyl {(2R, 38, SR)~2 ( 2.4, 5-tsifluorophenyD)-5-[2-(eyclopentylsulfony [-2,6-

5 dihvdropyreolo[3.4-clpyrazol-S(4 -yl itetrahydro-2 Fl-pyran-3-vl tcarbamate
A mixture of Intermediate 1 (97 mg, 0.28 mmol} and 2-{cyclopentylsulfonyl)-
2,4,5,6mtetrahydropynolo[3 A-clpyrazole (Intermediate 4) (68 mg, 0.28 mmol) in anhydrous
methanol (2.0 mL) was stirred for 30 min before adding decaborane (10.3 mg, 0.085 mmol).
After stirring at RT for 18 h, the reaction mixture was concentrated and purified on preparative
10 thin layer chromatography plates eiuting with 30% ethy] acetate in dichloromethane 10 yield the
title compound as a white solid. LC-MS: 571.34 (M~+1}.

Step B ( 2RASSD.(2.4, S»Trifluomnhenvl) 5-[2- chiemnwisulfonvl}Z 6~

15 trifluorpacetate salt
A solution of the intermediate obtained in 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 was concentrated to give the title compound.
1 NMR. (500 MHz, CD;0D): § 1.71-1.76 (m, 4H); 1.92-2.08 (m, 4H); 2.12 (g, 1H, I = 12 Hz);
20 2.79-2.85 (m, 1H); 3.64 (1d, 1H, J = 10, 6Hz); 3.79 (1, 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

g9
|
O

F N
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A solution of the product obtained in Step A above (74 mg, 0.14 mmol) in 5dichloromethane (6 inL)
was treated with trifluoroacetic acid (3 ml) at room temperature. After 1.5 h, the reaction mixture was

concentrated 1o 5thﬁ titte compound. 111 NMR (500 MHz, CD30D): &y zln%‘bo( 2H); 1.35-1.40
8
(m, 2H); 2. 1‘5% }@ 12 Hz); 2.79-2.86 (m, 1H); 2.92-2.98 (m, 1R); 3.64 (td, 1H, J = 12, 6Hz); 3.79

(t.J = 12 Hz); 3.90-3.98 (M, 1H): 4.48- 4.54 (m, 1H); 4.57-4.72 (in. 514); 7.25-7.32 (m, 1H); 7.46-7.53

(m, 11-i); 8.08 (s, 1H). LC-MS: 10443.04 (M+1) The followmg addltlonal Examples were made
by essenfialBs s BwWinG hbifiettradendt - ianlfd tEhdy @ : .

-CH2C 14341 ﬁ%@%@r&%'}amme mﬂuomaceia’te sai‘[
Step A: tert-Butyl {(2R.38.5R)-2-(2.5-difluorophenyl}-5-{ 1 -(cyclopropylsulfonyl-2.6-
dihvdropyvrrolo[3.4-clpyrazol-3(4H-vijtetrahydro-2 Fl-pyran-3-yl carbamate
5 A mixture of Intermediate 2 (26 mg, 0.08 mmol) and 1-(cyclopropylsulforyl)-
2.4,5 6-tetrahvdropyrrolo]3,4-clpyrazole (Intermediate 6) (18 mg, 0.084 mumol) in anhydrous
methanol (1.0 mL) was stirred for 30 min before adding decaborane (2.9 mg, ¢.024 mmol). After
stirring at room temperature for 18 b, the reaction mixture was concentrated and purified on

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

Step B: (2R.38.5R)-2-(2.5-Diflnorophenyl)-5-[ 1 ~(cyclopropylsulfonyt}-2,6-
dihydropyirolof3.4-c]pyrazol-5(4H)-yl letrahydro-2H-pyran-3-amine
rifluoroacetate salt

15 A solution of the intermediate obtained in Step A above (52 mg, 0.099 mmol) in
dichloromethane {2 mL) was treated with trifluoreacetic 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): § 1.21-1.27 (m, 2H); 1.38-1.43 (m, 2H); 2.06 (q, 1H, T = 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 (d, 15, 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
NH,
F 0
N

=y
N A
5,

25
(2R 38 .5R)-2-(2.5-Diflucropheny)-5-[2-(cyclopropvisulfonyl)-2.6-dibvdropyrrolof 3 A-clpyrazol-
5(4H)-vlltetrahydro-2 H-pyran-3-amine trifluoroacetate salt
Step A teri-Butyl {(2R.38.58)-2-(2.5-difluorophenyl)-5-{2-(cyclopropylsulfonyl}-2,6~
difivdropyrrolo[3.4-clpvrazol-5(4)-vilietrahydro-2H-pyran-3-vl }carbamate
30 A mixture of lntermediate 2 (1.10g, 3.38 mmol) and 2-{cyclopropylsulfonyl)}-

2,4,5,6-tetrahydropyrrolo[3,4-clpyrazole (Intesmediate 6) (600 mg, 2.81 mmol) m aphydrous
- 56 -



431.15 11 -CH(CH3)2 -CH(OH3)2 H F 427.30 445.042 13 -CH2CH20-13 H 427.11 14
-CH2CH2CH3 F 445.1315CH3 ~ ,,,,i\-"—-- N H

10

15

20

WO 2016/056708 PCT/USZ20069/063976

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% NH4OH in dichioromethane to yield
the title compound as a white solid. LC-MS: 425.01 (M+1).

Step B: (2838 .58)-2-(2 5-Difluorophenv]}-5-12-(cvelopropyisulfonyl}-2.6-
dihvdropyvrrolo!3.4-clpvrazol-5(4 ) -viltetrahvdre-2 H-pyran-3-amine
irifluoroaceiate salt

A solution of the intermediate from Step A above (93 mg, 0.16 munol) in
dichloromethane (6 mL) was treated with trifluoroacetic acid (3 ml) at room temperature. After
1.5 h, the reaction mixiure was concentrated to give the title compound. 'H NMR (500 MHz, _
CDL0ODY: § 1.17-1.23 (m, 2H); 1.34-1.40 (m, 2H); 2.08 (g, 1H, J = 12 Hz); 2.80 (4, 1H, J = 12
Hz); 2.91-2.97 (m, 1H); 3.58-3.66 (m, 1H); 3.76 (t, IH, J = 12 Hz), 3.82-3.90 (m, 1H}); 4.47-4.62
{m, 5HY; 4.70 (4, 1H, J= 10 Hz); 7.18-7.26 (m, 2H); 7.28-7.32 (m, 1H); 8.05 (s, 1H). LC-MS5:
425.01 (M+1).

EXAMPLE 8

~H
NI
S
Oy

{2R 3S.5R)-2-(2.4.5-Trifiuorophenyl }-5-[2-(cyclopropyisulfonyl-2.6-dihydropyrrolo[ 3.4-
clovrazol-5(4ED-vitetrahvdro-2 H-pyran-3-amine trifluoroacetiate salt
Step A tert-Butyl {{2R.38.58)-2-(2 4 5-trifluorophenvl}-5-[2-{cyclopropvisuifonyl)-2.6~
dibydropvsrolo[3.4-cipyrazol-5{4 Hy-yl fietrabydro-2 H-pyran-3-yl } carbamate
A mixture of Intermeidate 1 (94 mg, 0.27 mmol) and 2-(cyclopropylsulfonyl)-
2,4,5,6-tetrahydropyrrolof3,4-clpyrazole (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 5 white solid. LC-MS: 543.30 (M+1).
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465.23 16 CH 462.05 -N 17 /1-1529.2 CF3 EXAMPLE OF A PHARMACEUTICAL
FORMULATION As a specific embodiment of an oral pharmaceutical composition, a 100 mg
potency tablet is compased of 100 mg of any one of the Examples, 268 g@r%@ nggalline
cellulose, 20" 0E)q’/%srgc)’;g%armeIIose sodium, and 4 mg of magnesium stearate. The active,
microcrystalline cellulose, and croscarmellose are blended first. The mixture is then lubricated by
magnesium stearate and pressed into tablets. 10

Step B: (2R.38.5R)-2-(2.4.5-Triftuorophenyh)-3-[2-(cyclopropylsulfonyl}-2.6-
dilivdropvirolo]3.4-clpvrazol-5(4 H -yl tetrahvdro-2 H-pyran-3-amine
trifluproaceiate salt

A solution of the product obtained in Step A above (74 mg, 0.14 mmol)

5 dichloromethane (6 mi) was treated with trifiuoroacetic acid (3 mL) at room temperature. After
1.5 h, the reaction mixture was concentrated to give the title compound. 'H NMR (500 MHz,
CD50D): § 1.18-1.24 (m, 2H); 1.35-1.40 (m, 2H); 2.12 (g, 1H, T =12 Hz); 2.79-2.86 (m, 1H});
2.92-2.98 {m, 1H); 3.64 (1d, 15, J =12, 6Hz); 3.79 (t, 1H,J = 12 Hz); 3.90-3.98 (m, 1H); 4.48-
4.54 (m, 1H); 4.57-4.72 (m, 5H); 7.25-7.32 (m, 1H); 7.46-7.53 (m, 1H); 8.08 (s, 1H). LC-MS:

10 443.04 (M*1).

The following additional Examples were made by essentially following the
methods described for Examples 1 thrpugh 8.

F
Rb
NH,
f!j
F O
N
=N
N N,
SO,R®
Example R3 B:‘Q LC-MS
g CHLCH, 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 42711
14 CH,CH,CH, F , 445.13
15 CHa H 465.23
N
L)
% N
16 % 7N H 462.05
L
17 % ZN H 5292
CF,

-58-



WHAT IS CLAIMED IS: 1.A compound of structural formula I: NH2 Ar ov (I) 5or a pharmaceutically
acceptable salt thereof; wherein V is selected from the group consisting of: R38 R3a

10

EXAMPLE OF A PHARMACEUTICAL FORMULATION

As a specific embodiment of an oral pharmaceutical composition, a
100 mg potency tablet is composed of 100 mg of any one of the Examples, 268 mg
microcrystalline cellulose, 20 mg of croscarmellose sodium, and 4 mg of magnesium
stearate. The active, microcrystalline cellulose, and croscarmellose are blended first.

The mixture is then lubricated by magnesium stearate and pressed into tablets.

59

R3a R3a;



R3bN,Rab IR8 R2 Ar is phenyl optionally substituted with one to five R1 substituents; each R1 is
independently selected from the group consisting of: 10halogen, cyan, hydroxy, C1_6 alkyl, optionally

substituted with Qaedefive fluorines, and C1..6 alkoxy, optionally substituted yitiacnestadive fluorines;
15 each R2 is independently selected from the group consisting of hydrogen, halogen, cyano,

20Cialkoxy, wherein alkoxy is optionally substituted with one to five substituents independently
selected from fluorine and-hydroxy, - 60 - WO 2010/056708PCMJS2009/063976 Ci_io alkyl, wherein
alkyl is optiBAdliSstbAidEEWith one to five substituents independently selected from fluorine and
hydroxy, C2_1() allcenyl, wherein alkenyl is optionally substituted with one to five substituents

independently selecteg from M&%&ﬁg@mg{mﬁ formuia I:
NH, |

Ar

ey

5 or a pharmaceutically acceptable salt thereof; wherein
V is selected from the group consisting of:

Rga % ) R3a
- 8
g\ ’ N /R
N Re / N
N v
36 4 N R =N
R Nf' RE
= R3a ;
é\‘ N %““- N {Rg ™~ N
= TS ’ y N and
SN N.a R3b g RSP
R2 RE )

Ar is phenyl optionally substituted with one to five R1 substituents;
each R1 is independently selected from the group consisting of:
10 halogen,
cyano,
hvdroxy, :
C1-6 alkyl, optionally substituted with one i five fluorines, and
(1.6 alkoxy, optionally substituted with one to five fluorines;

15
each R? is independently selected from the group conststing of
 hydrogen,
halogen,
cyano,
20 C1-10 alkoxy, wherein alkoxy is opticnally substituted with one to five substituents

independently selected frorn flnorine and hydroxy,
- 60 -



5(CH2)n-alyl, wherein aryl is optionally substituted with one to five substituents independently
selected hydroxy, halogen, cyano, nitro, CO2H, C1-6 alkyloxycarbonyl, C1-6 alkyl, and C1-6 alkoxy,
wherein alkydash alkesysare optionally substituted with one to five fiuorines{CiARpmdseteroaryl,
wherein heteroaryl is optionally substituted with one to three 10substituents independently selected
from hydroxy, halogen, cyan, nitro, CO2H, C1-6 alkyloxycarbonyl, C1-6 alkyl, and CI 6 alkoxy, wherein
alkyl and alkoxy are optionally substituted with one to five fluorines, CH)n heterocyclyl, wherein

heterocyclyl is dptidhalkystbsminebvlihaHanaintehstituted with Wbk W&ﬂ?ﬁf&?ﬁ@ndently selected
from oxo, hydroxy, haigg@anmﬂa;em&edw;ﬁbﬂazﬁ atiirtoxycarbonyl, CI -6 alkyl, and C1_6

alkoxy, whereingg ﬁ'@%%ﬁ%}ﬂﬂ@%ﬁﬁﬁﬁﬂ%%ﬂﬂﬁﬂ%@z@nﬁ% flvorngsn&Gi2)n-C3-6
cycloalkyl, whereln cycloa cyl is optlona tuted év’%qg' e to three substituents independently
selected from halo 9139 WB{?W Ryslsst anng carbongﬁ% 1_6 alkyl, and C1-6
alkoxy, wherein( Pmﬁﬂiamﬁl@eﬁ’ﬁésdﬁm mémﬁ B FivReAEAREs, (CH2)n-000H,

(CH2)n-00001_6 aIkyhr(cﬁjséabhnﬂf%zkﬁéﬁie(ﬂ’jﬂym@M%R@MQM@@@NR@QS

(CH2)n-SO2NRARS, (Gi20:20kR0, (CH2MNRAS e REa1eh! RN BN BiRKoxy are
30(CH2)n-NR7CORY, and (CH2)n- R7COZR6 Wh§53 in any individual methylene (CH2) carbon atom

in (CH2)n is optionally SiBREH? tﬁﬁ’%ﬂﬁe&n‘@% Ho s st B%Wt‘gsindependently selected from fluorine,
hydroxy, CI -4 afG&nrabricevrs] absisinbRsramvhik iitaaiik sxbrErRE S shamy Kbruted with one to

five fluorines; substituents independently selected from hydroxy, halogen, cyano, nitro, COZH,
C1-6 alkyloxvearbonyl, C1.6 aliyl, and C1.g alkoxy, wherein alkyl and atkoxy
are optionally substituted with one to five fluorines,
{CH2)p-heterocyclyl, wherein heterocyclyl is optionally substituted with one to three-
substituents independently selected from oxoe, hydroxy, halogen, cyano, nifro,
15 CO9H, C1.6 alkyloxycarbonyl, C1 .5 alkyl, and C1.g alkoxy, wherein alkyl and
alkoxy are optionally substituted with one to five fluorines,
(CH7)p-C3-6 cycloalkyl, wherein cycloalkyl is optionaily substituted with one to three
substituents independently selected from halogen, hydroxy, cyano, nitre, CO2H,
C1.5 alkyloxycarbonyl, C1-¢ alkyl, and C1.¢ alkoxy, wherein alkyl and alkoxj!
20 are optionally substituted with one to five fluorines,
{CH2)n-COOH,
{(CHoIm-COOC .4 alkyl,
(CH2)n-NR4RS5,
(CHY)p-CONRARS,
25 (CHR)p-OCONRARS,
(CH2)n-SO2NRARS,
(CH2)n-SO2RE,
{CH2)n-NRTSO2RE,
{CH2)n-NR7CONRARS,
3¢ {CH2)n-NR7COR7, and
(CH2)p-NR7CO2RS; ‘
wherein any individual methylene (CH2) carbon aiom in (CH2)y, is optiopally substituted with
one to two substitients independently selected from fluorine, hydroxy, C1-4 alkyl, and C1.4
alkoxy, wherein alky! and alkoxy are optionally substituted with one to five fluorines;
35
R3a and R3Y are each independently hydrogen or C1-4 alkyl optionally substituted with one to

five fluorines;
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35 R3a and R3b are each independently hydrogeh or C1.,4 alkyl optionailly substituted with one to five
fluorines; WO 2010/056708PCDUS2009/063976 R4 and R5 are each independently selected from

the group cogpgistingaf-pydrogen, (OH2)m-phenyl, (C1-12)m-C3-6 cycloafleyhanfloafesazf alkyl,
wherein allcyl is optionally substituted with one to five substituents independently selected from
fluorine and hydroxy and wherein phenyl and cycloalkyl are optionally substituted with one to five
substituents independently selected from halogen, hydroxy, C1-6 alkyl, and C1_6 alkoxy, wherein alkyl
and alkog/faie @dtinaalyhsubstisttediwittiand foofivehfigorinesykdiorgR4 and R5 together with the
nitrogen atom tq;}y(mjggh;[hey are attached form a heterocyclic ring selected from azeticline, pyrrolidine,
piperidine, pipe ép@e grijlgnrg;lorpholine wherein said heterocyclic ring is optionally substituted with one
to three substituen ’fﬂ&)epe'nblentl selected from halogen, hydroxy, C1-6 alkyl, and C1-6 alkox-y,
wherein alkyl aftaNexy HecSHE h’f‘gﬁb_stituted with one to five fluorines; 15 each R6 is
indegendently G- alkyl, wireetinligitid tptapabn aubsimstivide anithodie wlidusaBstituents
'“depe“dﬁﬁggéeﬁﬁé‘?%ﬁiﬁ&fé&%@}5?'1&@1'%&% DR Z?@\lbua@ggﬁe?yﬁﬁa %&%’%xsﬁ@éelcted from the
group ConSIetng oF 9925k 8 SRRSOt e R R SRR IR gD
bydroxy, Ci.6 alkyl, and C1-¢ alkoxy, wherein alkyl and alkoxy are optionally substituted with
one to five fluorines; : . )
10 or R% and RS together with the nitrogen atom to which they are attached form a heterocyclic ring
selectad from azetidine, pyrrolidine, piperidine, piperazine, and morpholine wherein said
heterocyelic ring is optionally substituted with one fo three substituents independently
selected from halogen, hydroxy, C1-4 alkyl, and C1.¢ alkoxy, wherein alkyl and alkoxy
are optionally substituted with one to five fluorines;
15 '
each RO is independently C1-6 alkyl, wherein alkyl is optionally substituted with one to five
substituents independently selected from flnorine and hydroxyl;

R7 is hydrogen or RS,
20
R8 is selected from the group consisting of:
-802C1-6 alkyl,
-80»Ca_¢ cycloalkyl,
-SO2-aryl,

23 -8O2-heteroaryl,
-C(O)C1.6 alkyl,
-C{OHYCa.6 cycloalkyl,
-C(O)-aryl,
~C(OY-heteroarvl,

36 -CIOHYOC .6 alieyl,
-C{OYOC3.6 cycloalkyl,
~C(OYO-aryl,
-C(OO-heteroaryl,
-C{OYNHC1 .6 alkyl,

35 -C(OYNHC3-¢ cveloalkyl,
~C{O)NH-aryl, and
-C(O)NH-heteroaryk;
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-C(0)C1-6 alkyl, -C(0)03-6 cycloalkyl, -C(0)-aryl, -0(0)-heteroaryl, 30-C(0)0C1.6 alkyl, -C(0)003-6
cycloalkyl, -0(0)0-aryl, -0(0)0-heteroaryl, -C(O)NHO1_6 alkyl, 35-C(0)NI-1C3-6 cycloalkyl, -C(0)NH-aryl,
and -C(0)NRhefarpaidh, WO 20101056708PC171152009/063976 whensiriadoaiessysloalkyl are
optionally substituted with one to five fiuorines and wherein aryl and heteroaryl are optionally
substituted with one to five substituents independently selected from the group consisting of hydroxy,
halogen, cyano, nitro, CO21-1, C1.6 alkyloxycarbonyl, C1..6 alkyl, and C1.6 alkoxy, wherein alkyl and
alkoxy arebeptionBily subetitlomktyivith eptienafvaistitorAestieanntn fyafdspmgsandy'berei2 or 3; and
each m 'W%Q%@f&%ﬁ&@r&@ﬁf&aﬂﬁ&ﬁ%@ﬁﬂm% Glaimistivirens indpiadiplignalbestbstituted
with one i {Hige SYRSULAERI o selecphbomAcgguTianaiRinaetiuagne, chiorine.
romine, rifiuprome rif uo metho erein
AT is 2,5- %ﬂg;ghaélﬁ@ﬁ?brs 4, uorop Qﬁﬁn ﬁ&xy %e?ﬁgogo Sggsﬁtﬁ] g?%?g(lﬂrgng{l é%fe%\;\ R3a

and R3b ﬁuerbm'm hydrogen. The compound of Claim | wherein V is selected from the group consisting

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, chiorine,
bromine, methyl, trifluoromethyl, and trifinoromethoxy.

3. The compound of Claim 2 wherein Ar is 2,5-difluorophenyl or 2,4,5-
15 triflucrophenyl.

4, The compound of Claim 1 wherein R38 and R3b are both hydrogen.

L

The compound of Claim 1 whersin V is selected from the group consisting

20 of
B N R i~ N
[ h‘! and \i\\d
~N NN
R? R?
3 The compound of Claim 5 wherein RZ is hydrogen.
7. The compound of Claim 5 wherein V is
E\ N
=N
. \ N. RS
2 .
25 | R
and R? is hydrogen.
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200f: 6. The compound of Claim 5 wherein R2 is hydrogen. 7. The compound of Claim 5 wherein V
is 25 and R2 is hydrogen. WO 2010/056708PCT/US2009/063976 8.The compound of Claim 1

wherein R8 | ed from the group consisting of: -802C1_6 alkyl, -80%%%@&9}%%yl, 5-802-aryl,
and -802-heﬁ(r§o§a‘!{?§@?/g I]égrein 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, C1-6 alkyloxycarbonyl,

10C1-6 alkyl, and C1-§ alkoxye-whereimalkytans alkay.are bplionetysubstiieewith one to five
fluorines 9,. The compound of claim 8 wherein R8 is -802C1_6 alkyl or -S0203-6 cycloalkyl,

.~ bansisting of . . . : .
wherein aﬂ<yf arjéoczx/&?g%}\(/)llﬁlre optionally substituted with one to five fluorines.

-502C3.6 cycloalkyl,
5 -507-aryl, and
-SO2-heteroaryl;
wherein alkyl and cycloalkyl are optionally substituted with one o five fluorines and wherein

aryl and heteroaryl are optionally substituted with one to five substituents independently selected
from the group consisting of hydroxy, halegen, cyano, nitro, COZH, Cj1.4 alkyloxycarbonyl,
10 Ci-6 alkyl, and C1.g alkoxy, wherein alkyl and alkoxy are optionally substituted with one to five

fluorines.

9. The compound of claim 8 wherein R3 is -80,C1.¢ alkyl or -8S02C3.6
cycloalkyl, wherein alky! and cycloalkyl are optionally substituted with one fo five fluorines.
15
10.  The compound of Claim 1 of structural formula Ia or Ib having the
indicated stereochemical configuration at the two stereogenic carbon atoms marked with an *:

N Hg P:J H2
Ar' L ﬁ Ar\;j\
O v o vV
(Ia} {Iv)

11.  The compound of Claim 10 of structural formula Ia having the indicated
20  absolute stereochemical configuration at the two stereogenic carbon atoms marked with an *:

NH,
A;':,f .

*

&
(Iz)

12, The compound of Claim 10 of siructural formulae Ic and Id having the
indicated stereochemical configuration at the three stereogenic carbon atoms marked with an *:



15 10. The compound of Claim 1 of structural formula la orIb having the indicated

stereochemical configuration at the two stereogenic carbon atoms marked with an 11. The
compound Eﬁq &f structural formula la having the indicated 20ab§%@ﬁ%%@8%ggmlcal
configuration at't ({WO stereogenic carbon atoms marked with an *: NH2 O (la) . 12.The

compound of Claim 10 of structural formulae Ic and Id having the |nd|cated stereochemical
configuration at the three stere,ogenic carbon atoms marked with an *: WO
2010/056708PCT11152009/063976NH,3.The compound of CIaNhiiZ of structural formula Ic having

the indicated absolute stereoc;betnlc | configuration at therthree- tereogenlc carbon atoms marked
with an 'le: NH2 (Ic) 514.The corgolind of Claim 13 whereil¥ is 3elected from the group cotin
O

O *

f,’

V.
{Ic) (Id)

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

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

NH,

{’.f
L3

O\//\V
(Ic)

5 - 14.  The compound of Claim 13 wherein V is selected from the group

é\N /Ra g\N
J N =N
}?N and NN

R? 22

consisting of:

15.  The compound of Claim 14 wherein RZ is hydrogen, and R8 5 -S02C1.5
10 alkyl or -802C3.¢ cycloalkyl, wherein alky! and cycloalky! 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 alky! is optionally substituted with one to five fiuorines; and

C3-4 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 substituied with one to five
fluorines.

20
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15. The compound of Claim 14 wherein R2 is hydrogen, and R8 is -S02C1-6 10alkyl or -502C3_6
cycloallcyl, wherein alkyl and cycloalkyl are optionally substituted with one to five fluorines. 16.

The compougg of Claim 113/1\{herein each %ﬁﬁi%inde endentl s&l,ected from the group consisting of
hydrogen; 15C1_6 alkyl, Whgféjirﬁl%‘k%?%f A1 ’Egﬁﬁﬁ%g‘ WitAYSFRER® five fluorines; and C3-6
cycloallcyl, wherein cycloalicyl is optionally substituted with one to three substituents independently

selected fromghalogen, hyﬂﬁ@@yn@u@@u@gﬁm&qgﬁﬁllgg?%e\ﬁ/lﬁgggi@_@égﬂ gsﬂh%&gre optionally

substituted with one to five fluorines. 15. 20 17. The compound of Claim 16 whereineach R2 is
hydrogen. 18. The compound accofding to claim 1 selected from the group consisting of  kr--\ N

SO2CH3
NH,
F Q
N
=N
\
%

N
SO,CH4
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- or a pharmaceutically acceptable salt thereof. 519.A compound which is: 20. A
pharmaceutical composition which comprises a compound of Claim 1 5and a pharmaceutically
acceptable carrier. 21.Use of a compound in accordance with Claim | 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. 522. The pharmaceutical composition of
Claim 20 additionally comprising methormin or pioglitazone.

= | NH,
) ""@
F 0
N
=N
Vi)
’7\\
F 0
F C@
N
=N
N\ N
o"S\\
F
F C@ O
N
N N)S/
/NN
=N and
F
S NH,
””@
F O 0 0
7
N Y

or a pharmaceutically acceptable salt thereof.

5 19. A compound which is:
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20. A pharmaceutical composition which comprises a compound of Claim ]
and a pharmaceutically acceptable carrier.
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21, 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 msulin

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

22. The pharmaceutical composition of Claim 20 additionally comprising
metformin or pioglitazone.
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