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enzyme is involved, such as diabetes and particularly type 2 diabetes. The
| nvent PEYR-RYING SETRAHNBRIEUDAZS ha-ARCERREDEES BINTIESkAHYORSrREAspI $4 1ga) hese
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TETRAH%DR%MC%MD%)T}%%N%?OQND TETRA14YDROTRI AZOLO (4, 3-A)

Diabetes refers to a disease process derived from multiple causative
factors and characterized by elevated levels of plasma glucose or hypel elycemia in the
fasting state or after administration of glucose during an oral qucose tolerance test.
Persistent or uncontrolled hyperglycemia is associated with increased and premature

10 morbidity and mortality. Often abnormal glucose homeostasis is associated both
directly and indirectly with alterations of the lipid, lipoprotein and apolipoprotein
metabolism and other metabolic and hemodynamic disease. Therefore patients with
'Type 2 diabetes mellitus are at especially increased risk of macrovascular and
microvascular complications, mcluding coronary heart disease, stroke, peripheral

15 wvascular disease, hypertension, nej)hropathy, neuropathy, and retinopathy. Therefore,

- therapeutical control of glucose homeostasis, lipid metabolism and hypertension are
critically important in the clinical managément and treatment of diabetes mellitus.
' There are two generally recognized forms of diabetes. In type 1
- chabctes or insulin-dependent diabetes mellitus (IDDM), patients produce little or no

20  insulin, the hormone which regulates glucose utilization. In type 2 diabetes, or
noninsulin dependent diabetes mellitus (NIDDM), patients often have plasma insulin
levels that are the same or even elevated compared to nondiabetic subjects; however,
these patients have developed a resistance to the insulin stimulating effect on glucose
and lipid metabolism in the main insulin-sensitive tissues, which are muscle, liver and

25  adipose tissues, and the plasma insulin levels, while elevated, are insufficient to
overcome the pronounced insulin resistance.

| - - Tnsulin resistance is not primarily due to a diminished number of
msulin receptors but to a post-insulin receptor binding defect that is not vet
understood. This resistance to insulin responsiveness results in insufficient insulin
30 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. | o
'The available treatments for type 2 diabetes, which have not changed
‘ substanﬁa]ly in many years, have recognized limitations. While physical exercise and
35  reductions in dietary intake of calories will dramatically improve the diabetic
' -



PYRAZI NES AS . DI PEPTI DYL -PEPTI DASE | NHI Bl TORS FOR THE TREATMENT OR.
PREVENTI ON OF- DI ABETES 5 BACKGROUND OF THE | NVENTI ON Di abetes refers to a
di sease process-derived frommnultiple causative factors and @H%{'rz%ﬁ erized

by el evat e dsmeelvs of pl asma gl ucose or hyperglycenmia in therpépshing state
or after admnistration of glucose during an oral glucose tol erance test.
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muscle, liver and adipose tissue in several animal models of type 2 diabetes resulting
in partial or complete correction of the elevated plasma levels of glucose without
20 = occurrence of hypoglycemia. The glitazones that are currently marketed are agonists
of the peroxisome proliferator activated réceptor (PPAR), primarily the PPAR-gamma
subtype. PPAR-gamma agonism is generaily Eeliéved to be responsible for the
improved insulin sensititization that is observed with the glitazones. Newer PPAR
~ agonists that are being tested for treatment of Type Il diabetes are agonists of the
25 alphzi, gamma or delta subtypé, ora co_mbination of these, and in many cases are .
' chemically different from the glitazones (i.e., they are not thiazolidincdiones).
Sefincnus side effects (e.g. li'ver toxicity) have occurred with some of the glitazones,
such as troglitazone. -
Additional methods of treating the disegse are still under investigation.
30 New biochemical approaches that have been recently introduced or are still under
*development include treatment with alpha-glucosidase inhibitors (e.g. acarbose) and
protein tyrosine phosphatase-1B (PTP-1B) inhibitors. '
| Compounds that are inhibitors of the dipeptidyl peptidase-IV ("DP-IV"
or "DPP-IV") enzyme are also under investigation as drugs that may be useful in the
35  treatment of diabetes, and particularly type 2 diabetes. See for example WO
-2-



repression of lipolysis in adipose tissue and of glucose production and
secretion in the liver. The available treatnents for type 2 di abetes,

whi ch have not changed substantially in many years, have r%%%@%?QEd
limtations. Wile physical exercise and 35 reductions in dietary intake
of calories will dramatically inprove the diabetic WO 03/004498 26 Apri
2005 PCT/US02/ 21349 condition, conpliance with this treatnent is very poor
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_ _ -1V inhibitors also have ot rer therapeutic utilities, as discussed
herein. DP-IV inhibitors have not been studied extensively to date, especially for
utilities other than diabetes. New compounds are needed so that improved DP-{V
.‘_inhibitors can be found for the treatment of diabetes and potentially other diseases and

20 conditions.

- SUMMARY OF THE INVENTION .
The present invention is directed to compounds which are inhibitors of

. the dipeptidyl peptidase-I'V enzyme ("DP-IV inhibitors") and which are useful in the
25 treatment or prevention of diseases in which the dipeptidyl peptidase-1V enzyme is
inVoIved, such as diabetes and particularly type 2 didbetes. The invention is also |
directed to phamiaceﬁtica_l compositions comprising these compounds and the use of
these compounds and compositions in the prevention or ﬁea{ment of such diseases in
- which the dipeptidyl peptidase-IV enzyme is involved.
30 | |

' A first aspect of the present invention provides a compound' of the

formula I:




of the peroxisome proliferator activated receptor (PPAR), primarily the
PPAR- gamma subt ype. PPAR-gamma agonismis generally believed to be
responsi ble for the inproved insulin sensititization that eARhe¥Pyed with
the glitazones. Newer PPAR agonists that are being tested for treatnent of
Type ||l diabetes are agonists of the 25 al pha, gamma or delta subtype, or a
conbi nation of these, and in many cases are chemcally different fromthe
glitazones (i.e., they are not thiazolidinediones). Serious side effects

(e.g. liver toxicity) have occurred with sonme of the glitazones, such as
troglitazone. Additional nethods tyeating the disease are still under

i nvestigation. 30 New biochem c Zpproaches that have been recent| y
introduced or are still und@f m\i],gﬂl\ude treatment with

al pha- gl ucosi dase inhibitors (e.g. acarpose) angt protein tyrosine
phosphat ase- 1B (PTP-1B) inhibitors. Co u hat are inhibitors of the

di peptidyl peptidase-1V ("DP-1V' or "DPP-1V") ‘enzyne are al so under

i nvestigation as drags that maybe useful in the' 35 treatnent of diabetes,
and particularly type 2 diabetes. See for exanple WD -2 26 April 2005

97/ 40832, WD 98/19998, U.S. Patent Nol 5,939,560, Bioorg. Med. Chem Lett.,
6(10), Mtf3a-1166 (1996); and Bioorg. Med Chem Lett., 6(22), 2745-2748
(1996). The , usefulness of DP-1V inhibitors in the,treatnent. of type 2
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are produced by tRkgydpadyd by -s0edR0shd s consuned, DP-1V inhibition is
not expect ed(‘i)o i%%eas'e the level of insulin at

X is selected from the group consisting of:
(1) N,and
(2) CRZ

RI and R2 are independently selected from the group consisting of:
, (1)  hydrogen,
(2) . CN,
3) C1-10alkyl, which is linear or branched and which is unsubstituted or
- substituted with 1-5 halogens or phenyl, which 1s unsubstituted or

substituted with 1-5 substituents independently selected from halogen,
CN, OH, R4, OR4, NHSO»R4, SOoR4, CO2H, and CO2C1-galkyl,

wherein the CO2C]_galkyl is linear or branched,

(4)  phenyl which is unsubstituted or substituted with 1-5 substituents
independently selected from halogen, CN, OH, R4, OR4, NHSO,R4,

: 802R4, CO2H, and CO2C1-galkyl, wherein the CO2C1-galkyl is linear

. or branched, and
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i nappropriate tines, such as between neals, which can | ead to excessively

| ow bl ood sugar - (hypoglycenla) Inh|b|t|on of DP-1V is therefore expect ed
to increase insulin wthout increasing the risk of hypogly%%ﬁmﬁ O%Rhi ch is
a dangerous side effect 15 associated with the use of insulin
secretagogues. DP-1V inhibitors also have other therapeutic utilities, as
di scussed herein. DP-1V inhibitors have not been studied extensively to
date, especially for wutilities other than di abetes. New conpounds are _
needed so that inproved DP-1V inhibitors can be found for the treatnent of
di abetes and potentially other diseases and 20 conditions. SUMVARY OF THE
| NVENTI ON The present invention is directed to conmpounds which are

i nhibitors of t e dip t|d n " ors") and
whi ch are uéefuf | Hrﬁ %qléeg?%ﬁﬂg oﬁnég@v X Pon P‘E{%t%desg@g&s?&li n which the
di pepti dyl pept tetapesihy | ehgtenpatoms indepondely S§lﬁ§t¢dai§0mll‘él§efﬂf@soath§
particularly t yE%terocgc:l%%%{ng%nsa_&ﬁtﬁtgd SPLIRAS @{tﬁq -3 SliysBRfepd to

phar maceut i cal risin C the use of

t hese conpounds“&ﬁﬂm5@ﬁﬂb§?F?%% OFhOWhe) ﬁ@ggﬁ f%ﬁqireatnent of such

di seases in whiodh_gdiRyldinvheRid d1¢IC1pe¢ikybhaﬁld9CV6eﬂ®§'mln®armﬂuhmd 30 A
first aspect of the present inventi. |des a conpound of the fornula
-3 26 April 20089 opfpady gub “%Hw@§“§£%g %h is unsubstituted or
substituted with 1-5 of R3, wherein R3 is |ndependently selected fromthe

gr Oupﬁggg] § (ﬁtah%’g V91fuc (S’Lﬁneqm:)P&%H@heﬁ%d@h@@hsk}ﬂgub%t@@ of Sublstin@&l or

br anc ‘unsu stltuted or substi
with 1-5 groups independently selected from halogen, CO-H, and

CO7C1-6alkyl, wherein the CO2C].galkyl is linear or branched;

and pharmaceutically acceptable salts thereof and individual diastereomers thereof.

A second aspect of the present invention provides a compound

which is selected from the group consisting of:

)
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with 1-5 hal ogens, (3) OCl _6al kyl, which is linear or branched and is
unsubstituted or substituted with 1-5 hal ogens, and (4) CN,.._ X is selected
fromthe gr@ypoapasi sting of (1) N, and (2) CR2; Rl and '?c?%ﬁ%g,%(}gfg

i ndependently selected fromthe group consisting of: (1) "hydrogen, (2) CN,
(3) Ci-1Callcyl, which is Iinear or branched and which is unsubstituted or
-- substituted with 1-5 hal ogeps or phenyl, which is unsubstituted or
substituted with 1-5 substituehts independently sel ected from hal ogen, CN,
OH, R4, OR4, NHSO2R4, SO2RA }v and CQO2C1-6al kyl, wherein the _
C02C1_6al kyl is linear or bré ad, Ol fRenyl which is unsubstituted or
substituted with 1-5 substit 5 | ddepelndent] y sel ected from hal ogen, CN,
OH, R4, OR4, NHSO2R4, SO2R4, % ) NI "9 wherein the
C2C1-6al kyl is linear or brapched, and - 3a ri¢F2005 (5) a 5- or
6- menber ed heterocycle which nay be saturate saturated conprising

1-4 heteroatons independently selected fromN, S and O, the heterocycle
bei ng unsubstituted or substituted with 1-3 substituents independently

sel ected from oxo, OH hal ogEn t<6al lyl, and OCl-6alkyl, wherein the
C - 6al kyl and OCI 6al kyl are | i or pranghed and optionally substituted
with 1-5 hal ogens; N

- E N = o S

— .\
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R4 is Cl-6al kyl, whi 'ch is linear or branched and which is unsubstituted or

substituted with 1-5 groups independently sel ected from hal o%en,_ CO2H, and
C02C1- 6al kyl ,- wherein the CO2Cl-6al kyl is Iinear or br anched?® ARHF005

phar maceudyiccBlobyzegccept abl e salts thereof and individual QicastRLEPHTRN S

t hereof A second aspect of the present invention provides a conpound which
is selected fromthe group consisting of: CF3 CF3 - 3b WO 03/004498 CF3
CF3 26 April 2005 PCT/US02/21349 WD 03/004498 26 Apdl 2005 PCT/ US02/21349
CH2CH3 CH2CH3 CF3 - 3d 004498, 206 April 2005 PCT/US02/ 21349 OCHS.

NH2 0 OCF3 CF2CF3 o
N =
F |\/N\/)‘ ChChH
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NH, O
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CH2CH3 CH2CH3 26 April 2005 WO 03/004498 PCT/ US02/ 21349 CH3 CH2CH3 WO

03/ 004498 CH2CF3 CH2CF3 26 April 2005 PCT/ US02/21349 - 3g 26,A9ril 2005
PCT/USOZL%%%ﬂ%agﬁg CF2CF3 or a pharmaceutical |y acceptabl e &R 20®her eof .
A third aspect of the present invention provides a phar mabel{lPEL3+
conposition which conprises an inert carrier and a conpound of the first
aspect. 26 April 2005 A fourth aspect of the present invention provides a
pharmaceutical conpdsiti co ising (1) a conpound of the first aspect,
(2) one or nore conpoun | ec om the group consisting of (a) other

di peptidyl peptidase | n t ; ) insulin sensitizers

sel ected fromthe grdﬁp consi sting of ??QFﬁ%E v } (5CEfther PPAR

| i gands, PPARa/y dual agonists, and PPARa RIQQ i Pguani des, and
(iii) protein tyrosi.ne phosphatase-1B ( PTP-1B) ;
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(be) insulin or insulin mnetics; (ed) sulfonylureas or other i nsul i n

secr et agogues; (de) a- gluc05|dase inhibitors; (1) glucagon receptor

agoni sts; (g) GLP-1, GP-1 minetics, and GLP-1 receptor agoﬁ?é@% 005(h) G P,
A P m et xgsesands G P receptor agonists; (i) PACAP, PACAP and
PACAP receptor 3 agonists; (j) cholesterol | owering agents se ecte from
the group consisting of (i) HM5 CoA reductase inhibitors, (ii)
sequestrants, (iii) nicotinyl alcohol, nicotinic acid or a salt thereof,
(iv) PPARa agonists, (v) PPARE duaHngGDIStS (vi) inhibitors of

chol esterol absorption, (vii | CdA: chppl esterol acyl transferase
inhibitors, and (viii) anti-ox ; -‘ nists; (1) antiobesity
conmpounds; (nm) an ileal bile agid transport Nor; and (n) :
anti-inflammatory agents; and ({3) a pharnmac y acceptable carrier. A
fifth aspect of the present invention provides a u of a compound as
defined in the first aspect in the manufacture of 2di canent for use in
treating a condition selected fromthe group consisting of hyperglycern a,
Type 2 diabetes, obesity, and a |ipid disorder in a mammal. - 3 26 Apri

12005 WO 03/ 004498 PCT/ US02/ 21349 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The

present invention is direct to conEPunds of the formula l: NH2 O Ar N

N/\ﬁ“\
F e
\<CHQCH3
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| Rt 5 wherein: Ar is phenyl which is unsubstituted or substituted with 1-5
of R3, wherein R3 is independently selected fromthe group conS| sting of:
(1) hal o éﬁjé)’wCl 6al kyl , which is linear -or branched angd2§Apri2005
unsubstlt 10 substituted with 1-5 hal ogens, (3) CCAUVESHAHI whi ch
is linear or branched and is unsubstituted or substituted with 1-5

hal ogens, and (4) CN; 15 X is selected fromthe group consisting of: (1)
N, and (2) CR2; Rl and R2 |pendentl y sel ected fromthe group
consisting of: 20 (1) hydrogé€f 2) cH 2(% d-loalkyl, which is linear or
branched and which is unsubsti supsti tut ed 'th 1-5 hal ogens or
phenyl, which is unsubstituted of suUbstItut éﬂwﬁ‘ﬁl\g:lS substituents

i ndependent |y sel ected from hal ggen, 25 NR4y " OR4, NHSOQ2R4, SO02R4,
CO2H, and CQ2C1l-6al kyl, ~wherein the CO2C1- 6a \%I i near or branched,

(4) phenyl which is unsubstituted or substituted wit -5 substituents

i ndependently sel ected from hal ogen, CN, OH R4, OR4, HSOZR4, SO2R4,
CO2H, and CQ2C1-6al kyl , wherein the C02Cl-6al kyl is 30 |inear or branched,
and -4 WO 03/004498 E.

i ‘ NH, O _ —
F | N/\.léN\ c

CH,CF,
F: .
NH, O o
o
E LNy
CH,CF4
NH, O
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26 April 2005 PCT/US02/21349 (6) a 5- or 6-nenbered heterocycle which may
be saturated or unsaturated conprising 1-4 heteroatons independent|y
selected fromN, S and 0, the heterocycle being unsubstltuggﬁp% 005
subst ity 8flokdsh 1-3 substituents independently Se|ectﬁén%§@ﬂhv%p CH,

hal ogen, O _6al kyl, and OCl_6al kyl, wherein the Cl-6al kyl and OC _6all cyl
are linear or branched and optionally substituted with 1-5 hal ogens; R4 is
Cl-6al lcyl, which is linear or branched and which is unsubstituted or
substituted wth 1-5 ép J i gt |y sel ected from hal ogen, CO2H, and
10 CO2C1- 6al kyl, wherein yl is linear or branched; and
pharmaceutical | y accept abte 3 ithdi vi dual di ast ereoners

t hereof. An enbodi nent of the present invVentijon es conpounds of the
15 formula la: NH2O Ar~"NF~X la Rl whekein J/At and Rl are defined
herei n; and pharmaceutically acceptable salts and individual diastereoners
t hereof. 20 Another enbodi ment of the present invention includes conpounds
of the fornula Ib: NH2 O pArL NN Ib . ‘

' :; or a pharmaceutically acceptable sait:.. thereof.

A third aspect of the present invention provides a pharmaceutical

composition which comprises an inert carrier and a compound of the first aspect.
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25 wherein Ar and R1 are defined herein; RL -5 WD 03/004498 26 April 2005
PCT/ US02/ 21349 and pharmaceutically acceptable salts and ing% ig | :

~di astereoners thereof. Another enbodi nent of the present in %T1%%5includes
conpounds of the formula Ic: NH2ZO Ar~ 2 NN N/ 5R Ic Owherein Ar, R and
R2 are defined-.-herein; and pharnmaceutically acceptable salts thereof and

I ndi vi dual di astereoners thereof. In the present invention it is preferred
that Ar is phenyl which is unsubstituted or substituted with 1-5
substitutents which are independently selected fromthe group consisting
of : (1) fluoro, 15(2) brono, and (3) CF3. In the present invention it is
nore preferred that Ar is selected fromthe group consisting of:

A fourth aspect of the present invention provides a pharmaceutical
composition comprising
(1) a compound of the first aspect,

(2) one or more compounds selected from the group consisting of:

(a) other dipeptidyl peptidase IV (DP-1V) inhibitors;

(b) insulin sensitizers selected from the group consisting of (i) PPARy
agonists, other PPAR ligands, PPARo/y dual agonists, and PPAR« agonists, (ii)
biguahides, and (iii) protein tyrosine phosphatase;lB (PTP-1B) mhibitors;

(bg) insulin or insulin mimetics;

(ed) sulfonylureas or other insulin secretagogues;

(de) a-glucosidase inhibitors;

(f) glucagon receptor agonists;

(g) GLP-1, GL.P-1 numetics, and GLP-1 receptor agonists;

(h) GIP, GIP mimetics, and GIP receptor agonists;

(i) PACAP, PACAP mimetics, and PACAP receptor 3 agonists; |

(j) cholesterol lowering agents selected from the group consisting of (i)
HMG-CoA reductase inhibitors, (ii) sequestrants, (iii) nicotinyl alcohol, nicotinic
acid or a salt thereof, (iv) PPARa. agonists, (v) PPARa/y dual agonists’, (vi)
inhibitors of cholesterol absorption, (vii) acyl CoA:cholesterol acyltransferase
inhibitors, and (viii) anti-oxidants;

(k) PPARS agonists;

(1} antiobesity compounds;

(m) an ileal bile acid transporter inhibitor; and

{n) anti-inflammatory agents; and

(3) a pharmaceutically acceptable carrier.

A fifth aspect of the present invention provides a use of a compound
as defined in the first aspect in the manufacture of a medicament for use in treating
a condition selected from the group consisting of hyperglycermia, Type 2 diabetes,

obesity, and a lipid disorder in a mammal.

-~ 3i-



( .
(4)2,5-di fluorophenyl, (5)2,4,5-trifluorophenyl, )
(6)2-fluoro-4-(triflouronethyl)phenyl, and 25(7)4-brono- 2, 5241 a8fopheny! .

In the preg@Bibossdsnvention it is preferred that RL is sel eggf shaomd he
group consisting of: (1) hydrogen, and 26 April 2005 WO 03/004498

PCT/ US02/ 21349 (2) d _6alhyl, which is linear or branched and which is

unsubstituted or substituted with Ehen | or 1-5 fluoro. 10 In the present
i nvent i on i tPEFEARSHRDESSRIPTEANGR Hﬁlﬁ:ﬁ VENEIGNt ed fromthe group

consi sting of: (1) hydregeesent indentBRlibMrected B)copipdithds of(thd fdedla I: ( 5)
CH2CF3, (5) CF2CF3 (6) phenyl; and (7) benzyl. 15 In the present

invention it is nore preferred that NR|, i3 selected fromthe group

consi sting of. 20 Ar\)\)J\
N
N/\r y

5  wherein:
| Aris phenyl which is unsubstituted or substituted with 1-5 of R3, wherein R3 is
independently selected from the group consisting of:
| (1)  halogen, |
(2)  Ci-eatkyl, which is linear or branched and is unsubstituted or
10 substituted with 1-5 halogens, | | -
' (3  OC1-galkyl, which is linear or branched and is unsubstituted or
. substituted with 1-5 halogens, and
@ CN

15 X is selected from the group consisting of:
(1) N,and
2) CR%

" RI and R2 are independently selected from the group consisting of:
20 " (1)  hydrogen,
- (2) CN, :
(3)  Ci-10alkyl, which is linear or branched and which is unsubstituted or

substituted with 1-3 haldgens or phenyl, which is unsubstitﬁted or

L substituted with 1-5 substituents independently selected from halogen,
25 - - : 'CN, OH, R4, OR4, NHSOoR4, SO9R4, CO2H, and CO2C1-galkyl,
' ' wherein the CO2C1-galkyl is linear or branched,

4 phenyl which is unsubstituted or substituted with 1-5 substituents
independently selected from halogen, CN, OH, R4, OR4, NHSO,R4,

SOoR4, COZH, and CO2Cj-galkyl, wherein the CO2Cy_galkyl is
30 ' ~linear or branched, and '

-4-



(1) hydrogen, (2) methyl, (3) ethyl, (4) CFB,'-and (5) CH2CF3. In the

present invention it is even nore preferred that Rl is hydro er} 25 30 or
CF3. In thg prRsspt invention it is preferred that R2 is %‘B %f{fﬁgrom'

(1) hydrogen, "?’3‘)g d-6allcyl, which is |inear or br anched 4 e is
unsubstituted or substituted with 1-5 fluoro, (3) phenyl, which is
unsubstituted or substituted with 1-3 substituents independently sel ected
from fluoro, OCH3©®)andd >CBrBmemperpd hpsrqcycle gGEch mey b oatddr Popiwsed/ 21349

In the present inventi@yirdsid l—ﬁﬂﬁ&t‘érdﬁf&ﬁseihﬁ%%naaﬁfys@%cieﬁfﬁﬁﬁﬁCS%ﬂdU om t he
10 15 group consisting_ of: h%d,ro%en, (2), met hyl, (3}l ethyl, (4) CF3,
(5) CH2CF3, the heterocycle being unsubstituted or substituted with 1-3 substituents

' independently selected from oxo; OH; halogen; C1-galkyl; and

5 ~ OC1-galkyl, wherein the C1_galkyl and OC1_galkyl are linear or
branched and optionally substituted with 1-5 halogens; )

R4 is C1_galkyl, which is linear or branched and which is unsubstituted or substituted

with 1-5 groups independently selected from halogen, _COgH, and
10 CO2C1-6alkyl, wherein the CO2C1-galkyl is linear or branched,

and pharmaceutically acceptable salts thereof and individual diastereomers thereof.

An embodiment of the present invention includes compounds of the

15  formula Ia:
NH, O o
| N/Y .
N\/<
o R!
o Ia
wherein X Ar and R are defined herein;
: and pharmaceutically acceptable salts and individual diastereomers thereof.
20 -
'Another embodiment of the present invention includes compounds of
the formula Ib: ' '

NH, O

Ar\/k/_u.\ N./YN\N

. 25 wherein Ar and R are defined herein;
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(5) CF2CF3 (6) phenyl, (7) (4-nmethoxy)phenyl, (8)

(4-trifl uoronet hoxy)phenyl (9) 4-fl uorophenyl and (10)

3, 4-difluorophenyl. In the present invention it is even nor%ﬁﬁﬁ’%?%r ed t hat
R2 is CFy@hsbdiefz3- I n the present invention it is preferpgdythd ;B3 is F,
Br or CF3. The conpounds of the present invention nmay contain one or nore
20 asymmetric centers and can thus occur as racemates and racem c m xtures,
singl e enanti orrers di astereonerjc m xtures and individual diastereoners.
The compound®d Pegmagentically agceptablysalts 4l indivadushdiogietromers therceent er at t he
beta carbon atom Additional asymmetric centers may be present depending
upon the nature of the vario s substituents an the no ac uch
asymmetric center wil [PI9HSH B@WEEP#@‘EM??BWEV‘?W%B‘PF ICOF’?8?’??34}§’§and it
i s i nt ended thenfatmalallcof the possible optical isoners and diastereoners in
m xtures and as pure or partially purified conpounds are included wthin
the ambit of this invention. The fKseDt invention is meant to conprehend
all such isoneric forns of t?st Sorre of the conpounds descri bed
herein contain ol efinic doub bonds Ness gpgm fied otherw se,

are neant to include both E and Z geonet rll\\ihll\is . Sone of the conpounds
descri bed herein may exi st as tautoners, have different points of
attachmeat of hydrogen acconpani ed by one or norg! double bond shifts.” For
exanpl e,”a ketone and its enol formare keto-enol tautoners. -8 26 April

Ic
wherein Ar, R1 and R2 are defined herein;
and pharmaceutically acceptable salts thereof and individual diastereomers thereof

10 ' In the present invention it is preferred that Ar is phenyl which is -
unsubstituted or substituted with 1-5 substitutents which are independently selected

from the group consisting of:.

(D fluoro, o
)] brome, and
15 (3) CFs.

In the present invention it is more preferred that Ar is selected from the
group consisting of: | | -
() phenyl,
20 "(2).  2-fluorophenyl,
| (3)  3,4-difluorophenyl,
-4y 2,5-diﬂuor6pheny1,
) 2.4,5-trifluorophenyl,
(6)  2-fluoro-4-(triflouromethyl)phenyl, and
25 (7)  4-bromo-2,3-difluorophenyl.

In the present invention it is preferred that R1 is selected from the
group consisting of: . ,
(1)  hydrogen, and



The individual tautonmers as well as m xtures thereof are enconpassed with
conpounds of the present invention. Fornmula | shows the structure of the
class of ¢Ripyads W thout preferred stereochemstry. Fo @ﬁ@@gglﬁg’{:om t he
preferred sterochem stry at the 5 carbon atomthat is attache 0 the am ne
group of the beta amno acid fromwhich these conpounds are prepared. The
i ndependent syntheses of these diastereoners or their chromatographic

separations nmay be achf®vedCasalkybwhichistlisearortbranghehandophichise

nodi fication of the nethodo «+H.S6! . [ P I e
stereochem stry 10 may be dg&g%ﬁﬂh%gOggggﬁgﬁiﬁgl}p%@!s{naﬁngro%hy of
crystalline products or crystalline intermedi ates which are derivatized,

i f necessary, with a rapgeples&RMANRLAY i8Mhor@séiRl it RIGHEAEcEd kRN
absol ute configuration. |f desired, racemc m xtures of the conpounds may
be separa edg’g’gp CORAIUNEAE | ndi vi dual enantioners are isol ated. The
separation can be carr{igd obydrbyen, 15 nmet hods well known in the art, such as
the coupling of a raceg)c m_x uie of conpounds to an enantionerically pure
conmpound to form a di ast'ere ’c mixture, followed by separation of the

i ndi vi dual di astereonef® byetsylandard net hods, such as fractional
crystallization or chrepfmatogprgphy. The coupling reaction is often the
formation. of salts usi an tionerically pure acid or base. The

di asterofteri ¢ 20 derivative 3t hen be converted to the pure enantiomers
by cleavage of the addgy ctiFs@F3residue. The racemic mxture of the
conpounds can al so be parated directly by chronmatographic nethods
utilizing chiral stati&WaryPisH¥s@8d which nethods are well known in the
art. Alternatively, angrenassnzgiver of a conpound nmay be obtained-by 25
stereosel ective synthesis using optically pure starting materials or
reagents of known configuration by nmethods well known in the art. The term
"phar mackut i cal | y accehttabpessmnlinehtioeftés siotaopsfehtd thar Blds edectéd fiom the
phar maceut i cgﬁohycg]&g&ﬂg%@ e non-toxic bases or acids including inorganic or

(1) hydrogen,
(2)  methyl,

. (3)  ethyl,
20 @) CF3, and

(5)  CH2CF3.

In the present invention it is even more preferred that R1is hydrogen

or CF3.
25 |
In the préscﬁt invention it is preferred that RZ is selected from:

-~ () . hydrogen, ' B

' (2)  C1-6alkyl, which is linear or branched and which is

_ unsubstituted or substituted with 1-5 fluoro,
30 (3)  phenyl, which is unsubstituted or substituted with 1-3
' " substituents independently selected from fluoro, OCHz, and
OCFs.



organic bases and i nor ganic or organic acids. Salts derived frominorganic
bases 30 include al um num amoni um cal cium copper, ferric, ferrous,
lithium nagnesium nangani c salts, manganous, potassium So8RHAI05zi nc,

and t he | mkeos/ddagei cul arly pref erred are the anmoni um cail@wygﬂmmgnesr um
potassium and sodiumsalts. Salts in the solid formmy exist in nore
than one crystal structure, and nay also be in the formof hydrates. Salts

derived from pharmaceutical ly acceptabl e organic non-toxic 35 bases include
salts of prinary, secoﬁdﬁ#effesﬁﬁfdmyw{qﬂa‘rhﬁWﬁ@eﬁ@r}!}@ﬂ?# titsslgcigdiiioastheg 26
April 2005 Wau@%ﬁﬁﬁﬁ%&fPCT/ US02/ 21349 including naturally occurring
substituted am nes, ﬂél C %m nes, and basic ion exchange resins, such as
‘argi nine, betaine, caft¥ine, Y&REFne, N, N - di benzyl et hyl ene- di ani ne,

di et hyl am ne, 2-di et hy{®m naetiiyanol , 2-di methyl am noet hanol, et hanol ani ne,
et hyl enedg am ne, N-et hY’jl) rgxggl ine, N-ethylpiperidine, glucanne, 5

gl ucosam ne, histidine, hyd m ne, isopropylam ne, |ysine,

met hyl gl ucam ne, m)rpﬁfBI i néj 3p| perazine, piperidine, polyanine resins,
procai ne, purines, the@g MOMBCEL i et hyl ami ne, trinethyl am ne,
tripropylanmne, troneth &Fﬁ% ‘the like. Wen the conmpound of the
present invention is ba¥ic, 58 may be prepared from pharmaceutically
;acceptable non-toxic agfyds, phéghudi ng inorganic and 10 organic acids.” Such
aci ds inglude acetic, nz sul fon enzoi ¢, canphorsulfonic, citric,

et hanesuf‘l? onic, fumari E’B m?ﬂexygr%ﬁrﬁ hydr obromic, hydrochloric,
isethionic, lactic, ma[&i c (Mﬂmomd@)pnenynet hanesul f oni c, mucic,

nitric, panoic, panto{ en| 31;) ric, succinic, sulfuric, tartaric,
p-t ol uenesul foni ¢ aci d, and cRE- rfgartr cularly preferred are citric,
hydr obr om ¢, hydrochl ofli03, Bﬁl—mﬂcoroph@e/ﬂ)horr c, 15 sulfuric, fumaric, and
tartaric acids. It will be understood that, as used herein, references to
t he conpounds of Fornula | are nmeant to also include the gaar maceutical ly
accept abl® salts. As aPpihePreeridnyspiondsis essn By prefered feat s OF310p or -

hal ogen as ugpérs.
In the present invention it is preferred that R3 is F, Br or CF3.

The compounds of the present invention may contain one or more
20 asymmetric centers and can thus occur as racemates and racemic mixtures, single
enantiomers, diastereomeric mixtures and individual diasterecmers. The compounds
of the instant invention have one asymmetric center at the beta carbon atom,
Additional aSymeuic centers may be present depending upon the nature of the
various substituents on the molecule. Each such asymmetxic center will
25 independently produce two optical isomers and it is intended that all of the possible
optical isomers and diastereomers in mixtures and as pure or'partially purified
compounds are included within the ambit of this invention. The present invention is
meant to comprehend all such isomeric forms of these cornpounds.
Some of the compounds described herein contain olefinic double
30 bonds and unless specn‘ied otherwise, are meant to include both E and Z geometric
isomers. _ _
Some of the conipounds described herein may exist as tautomers,
which have different points of attachment of hydrogen accempanied by one or more.
double bond shifts. For example, a ketone and its enol form are keto—enol tautomers.

-8-



herein are intended to include fluoro, chloro, brono and iodo. Simlarly,
Cl-8, as in 20 Cl-gallcyl is defined to identify the group as having 1, 2,
3, 4, 5, Gyods@led carbons in a linear or branched arrangen%%ﬁp”’%%h t hat

Cl - gal kyl speci |caI ly includes nethyl, ethyl, n-propyl, |C§6USﬁF"

n-butyl, iso-butyl, tert-butyl, pentyl, hexyl, heptyl and octyl . L| kewi se,
CO, as in COal kyl is defined to |dent|fy the presence of a direct covalent
bond. A gr oughoHidevideal tanseiernas wall as miineg thenchd penetentipysssdivsthi t ut ed with
substi t uent S co old@s bpdrRradentlshaepbsti tuted with nultiple numbers of such
substituents. e term ! heterocycl e" as used herein is intended to include
5- or - 6-nenbered ringTeipaakEhays thestaicagpt thiewlash et egnpawdayithpst i ng:

benzi ni dazol pleferrdderzasthemanyl ,Fohﬁlﬁléﬂ);f oM Yhe @e@é@@ﬂ@&l@hﬂdtﬁ at the

benzot hi adi a benzat r benzot hi ophe henzaq i azol yl,
benzoxazogyl 53:%%1} LV ASIRAES a@%??‘ﬁ%ﬁ%@m@rﬁ%% Bé@ ae?%wé?wm Wh‘ﬁganyl ,
i m dazol yl, the;stottqrmgdunds mﬂ@qujaxedl ndol azi nyl, i ndazol yl, isobenzof uranyl,

i soi ndol yl | ht h di nyl ,

oxad asolyi  oxazol yi * T FEEMMBR Y et BORBEO K ere BB G OV gyt
pyridyl, py¢ ﬁiné@lgfapbwaemﬂwlonsqm‘-MlueMgd as kpoivmoinithe/4rt by appropadie ny | |
tetrazol yl, H&Uﬁﬁh@@rp&ythe meH{Hd@ g&'dgbf&l’éd heﬁelh agﬂéﬁ‘ bibsdifl gﬂ%)’el[ochetrfu' @fm I,

azetidin di.oxanyl, hexahy oazeplny perazi ny pI pe |d|nyI

pyrroli d¥¢1yl ma)ﬁrB? Ariermingd by fheiomy cprelipaspphy oﬁmtw«z)m@gmgsc%tal&m | 2005
ECE/ (ljJSOtZ)/ 213?%@5%3@5 Wnﬁﬁ%@@h&d ,lmelaysaé@begﬁ%frgéo%]gw&omm?mo an
i hydr obenzot hi ophen r obenzox I hydrofurany
di hydr oi ni da%¢ mcd%%r‘%h‘ﬂé lll’jso utﬁ?ﬁﬁ%tuét'é%oxazol yl,
(cji! Ey(cjir oi sot hi azol yl, diﬂfﬂysiradometnambqydres ofithy cisropxad 2 @h)aly,bedsepaxatcd SO dinvl s
i ropyr azi rApyLi di I m din
di hgdr OByI ro Qﬁytjhﬁ cﬁ?}ﬂé‘?%%ﬁﬁ% IQI%E (N té/djrﬁf ﬁepgfg%/@?and% %Wf%g‘%/'ﬁlbﬁdl azgl yl,
di hydr oti%l az@ﬁﬁbpds \‘;Ifﬁ Yot féanylit, sugh hgfﬂble@bupla@ﬂfyal racetiinymixomeet i di nyl
met hyl enedi oporBRRARY to alt EldnABNHRNIN AN ompothl B0l FadaB8intlic mixture,

followed by separation of the individual diastereomers by standard methods, such as

fractional crysta]lizaﬁon or chromatography. The coupling reaction is often the
formation of salts using an enantiomerically pure acid or base, The diasteromeric

20 denvatlves may then be converted to the pure enantmmers by cleavage of the added
chiral residue. The racentic mixture of the compounds can also be separated directly

_ by chromatographic methods utilizing chiral stationary phases which methods are

" well known in the art.
Alternatively, any enantiomer of a compound may be obtained by

25  stereoselective synthesis using optically pure starting materials or reagents of known
configur: ation by methods well known in the art.

, The term* pha.tmaceuﬂcaﬂy acceptable salts" refers to salts prepared
from pharmaceutically acceptable non-toxic bases or acids including inorganic or
~ organic bases and inorganic or organic acids. Salts deri{red from inorgauic bases .

30  include aluminom, ammonium, calcium, copper, ferric, ferrous, lithium, magnesium,
manganic salts, manganous, potassium, sodium, zinc; and the like. Particularly
preferred are the ammonium, calcium, magnesium, potassium, and sodium salts. Salts

in the solid form may exist in more than one crystal structure, and may also be in the
form of hydrates. Salts derived from. pharmaceutlca]ly accepiable organic non-toxic

35 ' bases include salis of pnmary secondary, and tertlary an:unes, substituted ammes

-9.



t et rahydr_oi soqui nolinyl, and tetrahydrothienyl. Exenplifying the invention
Is the use of the conpounds disclosed in - 10 the Exanpl es gﬁ% zé(% n.
Speci fic conpounds within the present invention include a c Bl whi ch

sel ect ed fwoacbiesgroup consi sting of the conpounds di scl ggadydea,2iie
following Exanples and pharmaceutically acceptable salts thereof and

i ndi vi dual diastereoners thereof. 15 The subject conpounds are useful in a

t hod of h t th pti.d LV tient h
o el " Pra Ay oo R 1 e BIEARS Ft ARRE T P BBt on of an
ef fective armuhangmfresme sodnpoargitine, Htieinpr @éfeirte, ¢hmbien; NoW-disendiicégtesd- t o t he

f th tidyl
use o e %%”ﬂ&t@léﬁin%sfﬂbegﬁ{lﬁ{uggﬁ;ﬁﬁdgr’:i‘%igﬁét flﬁm?rtoeﬂfaﬁ@lp I dy

pepti dase- | enz ﬁ su¢th as hunans, a
variety of otthano tbylecfeiharb@em@ﬁtyé@lca@wm cethypivhedingtHednsne.t he

present inveahiQdmikd hétlﬁﬁfea?&abanﬁm&oﬂﬁhﬂg'lg}ﬂne l}ﬂéth thﬁlhfﬂet ed to,

cows, sheep, goats, harses cat's, guinea , S of oqther
bovi ne, ovi n@or@aupwlp@awmmep@mewo Y?‘B’d‘@ﬁ?ﬂ’éﬁ P%ﬂﬂa%“ﬁep‘gﬁ'éé’lt@’s"bé%ﬁqmebe

treated. Hg\é@wylmhe(miﬁiéﬁ@dmﬁhaek@bﬁ@yh%ﬁé Qﬁmﬁﬁﬁninﬂ SidhRs hﬁepec:c es, hsuch
~as avi-an speci es chi cken e sent nt.i.on,.i s yrt her
directed to a nethod f%ﬁ% a(f’lfg}ﬁé’% et I&tll lﬁg’ﬁﬁm gl o Bl ting

di peptidyl peppiredfen phmzwmcaﬂ:}t aceeiyble mnnmmaa&dannlcladmguksgmmmd si ng
conbi ni a o] r

carri or o AFEHEe B0 Sy B RTERE sl Bl RalllE BRI R,
general | y a Wmmaﬂhaneslulfeﬂ@r ﬁlmaylcaglnmmm gheshmiy, hydrobraspics leegcdloricn whom

| nhi bi ti on Oifs?t O%Pgacﬁxlmaﬁfet hﬁﬁé%aﬂ&éh@%é’tﬁ?né%ﬁl%ﬁ&btrﬁuéé rﬁ'@é'% jc,yhe term

| "therapeutica ective anmount” neans . anount ect
conpound thaﬂaﬂwth@lélRh@FthfﬁeSLlﬁP’@FC@Q‘i‘]@mC Waﬁiﬁoﬁ’ é@u@n@@%l&%@%fan dh i ssue,

system ani ngte, qrarﬂwﬂmy Refredsrdatng hﬁ&@&?@im@myﬁf&h[(ﬁ*ﬁzeﬁfaﬁtﬁ phosphoric,

veterin an dlca octor o clinician
a1r§ sulfurlc maric, and tartaric acids.

It will be understood that, as used herein, references to the compounds
of Formula I are meant to also include the pharmaceutically acceptable salts.

As appreciated by those of skill in the art, halo or halogen as used |
herein are intended to include_ﬂuolro, chloro, bromo and iodo. Similarly, Cj-8, asin

20 C1-galkyl is defined to identify the group as having 1, 2,3,4, 5,6, 7 or 8 carbons in a
linear or branched érrangemént, such that C1-galkyl specifically includes methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, pentyl, hexyl, heptyl and
octyl. Likewise, Cq, as in Cpalkyl is defined to identify the presence of a direct
covalent bond. A group which is designated as being independently substituted with

25  substituents may be independently substituted with multiple numbers of such
Sub§tituents. The term "heterocycle” as used herein is intended to include 5- or
6-membered ring systems which are within the following listing: benzimidaiolyl, :
benzodioxanyl, benzofuranyl, benzopyrazolyl, benzothiadiazolyl, benzotriazolyl,

‘ benzothiophenyl, bcnzoxadiazolyl, benzoxazolyl, cartbazolyl, carbolinyl, chromanyl,

30  cinnolinyl, furanyl, imidazolyl, indolinyl, indolyl, indolazinyl, indazolyl,
isobenzofuranyl, isoindolyl, isoquinolyl, isothiazolyl, isoxazolyl, naphthyridinyl,
oﬁcadiazolyl, oxazolyl, pyrazinyl, 'pyraé_olyl, pyridopyridinyl, pyri_dazinyl, pyridyl, |

pyrimidyl, pyrrolyl, qﬁinazo]inyl, quindlinyl, quiﬁoxah‘nyl, tetrazolyl, thiadiazolyl,
~ thiazolidinyl, thiazolyl, thienyl, triazolyl, azetidinyl, 1,4-dioxanyl, hexahydroazepinyl,
35 piperazinyl, piperidinyl, pyxroh'dinyl, morpholinyl, thiomorpholinyl,
-10-



-11 WD 03/004498 26 April 2005 PCT/US02/21349 The term "conposition" as
used herein is intended to enconpass a product conpr|5|ng the SfeCIfled

i ngredi ent speci fied amounts, as well as any produt&

regults J?ng@ﬁga%rplndlrectly, fr om conbi nati on of the §H§HU$@€@19
|ngred|ents in the specified amounts. Such termin relation to
pharmaceutical 5 conposition, is intended to enconpass a product conpri sing
the active i r@hﬁiﬂ@@rﬂtﬂ(ﬂg}iazol)drdihydmebanmefrutanlyhginlgdrcﬂnhﬁcﬁhmp]miyl meke up the

carrier, as Vlﬁflybdré\&m Blr p%ﬁ&maﬁg dlli,l on ot &glr g%{%oc{ jndirectly,

fr om combi nat | on, Ytore of the
i ngredi ent s, ‘Bﬁ*ﬁ?’éﬁ*ﬁ@?@@b&hﬁ@ﬁ%ﬁ@%ﬁméﬂedﬁwdmmédlmolylhéhyd@pmbm s, or

from ot her t t neef the
i ngr edi entss wgﬁrccyéifzéjg CEMO raﬂolbterdﬁﬁdeerglﬁfl C {Nl ngdleﬁt{lﬂgln?ygf t he present
i nvention-en Fyy1re y‘g @FB‘BEW B’éfﬁ@&@%@'@%@éﬁ Hiadingpblind of t he
present i nverdifiyinothiadolsl, dfHydfongesyf Uﬂ@ﬂﬂoﬁ@@g@pﬁ%@:&iﬁﬁ{ﬂlgﬂfr Fy

har maceut i ept abl ' carr er Il uent or
egm pi ent rru%?ﬁldnée&m}’ gl \%qurﬂgle Lé?t d@?ﬁ’lgl of the formulation
and not del ett@rahadmistoqumhbn}dmdpcteahydtdﬂaemf 15 Thg te{ms "admi ni stration
of' and or "adm nisteri ol erst ood t.0 ,mean
provi din a conmpound OTE}(g ﬁghf);r}lv’en? y@%n%‘?lpﬁ%gusbroﬁgo?ompouggﬁ%ﬁf}ﬂﬁ%dfl t he
i nvent i 0ROt ot e{%cawiwar@d@remn need of treatment. The utility of the

conpounds i'n accor danc&puditib cbffolide $GMin ihB ‘ﬁgé}%féﬂﬂvenﬁ%n Emd&% 4 c%ri%»o(ﬁﬁd

di pepti dyl pe tldaeIVen yme activity enonstrate

ma!to hodol ogy Wﬁlﬁwfﬁf‘?‘ftqdﬁ@%z}le gf‘P%‘r'%’lS’cSP%OE%ﬁ§P@ﬁt’%ﬂdérdé3°h?&‘§f5@¥ péelloagng
follows. A ®Exatiphsaus phirtacameiiny sccagsly shis BRLOMRAAnidbal MestSUbstAAt
G y- Pro- AMC, thvgn%fﬁh Is cleaved by DP-1'V to rel ease the fluorescent AMC

| eavi ng %roup e kinetic paraneters that describe this reaction are as
fol | ows: = 50 pM kdae subjéct sbmpolkehtakdimeful In b metiddtofM¥ibithg the t ypi cal

reaction Conygleng+ApRLR ey %Meompé'\ﬂa?igﬁysggh as 2 mammal in need of such
' inhibition comprising the administration of an effective amount of the compound.
The present invention is directed to the use of the compounds disclosed herein as
inhijbitors of dipeptidyi peptidaseQIV enzyme activity.
20 In addition to primates, such as humans, 2 variety of other mammals
can be treated according to the method of the present invention. For instance,
.mammals 1n;:lud1ng, but not limited to, cows, sheep, goats, horses, dogs, cats, guinea.
pigs, rats or other bovine, ovine, equine, canine, feline, rodent or murine species can
be treated. However, the method can also be practiced in other species, such as avian
_25 | species (e 2., chlckens)

The present invention is further dlrected toa method for the
manufacture of a medicament for inhibiting dipeptidyl peptidase-IV enzyme activity
in humans and animals comprising combining a compound of the present invention
w1th a pharmaceutlcal cartier or diluent. '

30 _ The subject treated in the present methods is Uenerally a mammal,

o preferably a human being, male or female, in whom inhibition of dipeptidyl peptidase-
1V enzyme activity is desired. The term "therapeutically effective amount” means the
amount of the subject coinpound that will elicit the biological or medical response of
a tissue, system, animal or huma_n that is bein g sought by the researcher, veterinarian,

35  medical doctor or other clinician,
-11-



25 50 M dy-Pro-AMC, and buffer (100 mM HEPES, pH 7.5, 0.1 ng/m BSA) in a
total reaction volunme of 100 |. Liberation of AMC is nonitored continuously
ina 96-well plate fluoroneter using an excitation wavel en&@ﬁprﬂf?m?%O nm
and an enwssiz@ossopavel ength of 460 nm Under these condit iy RSysoa21349
approximately 0.8 MAMC is produced in 30 mnutes at 25 degrees C. The
enzyne used in these studies was 30 sol uble (transnenbrane domai n and
cytopl asm c extension ,i: c] uded) hunman,protejn _produced in a bacul ovirus
expressi on system (Bac* o Boc® @‘B%%OrBIﬁE)“.SchIPFéeI ihiofsded (LECOmRRSS 3 or

Ihydr ol ysi's olﬁﬂoﬂlqtc]?ﬁ@ﬂ@iﬁh@ﬂw@eaﬁlad igrodiests irothe dpdoifidieatheunds; @owall vk by
Iterature val ye or. t native enzyne,, To neasure.the.dissociation
constant s 1 ob RS B Pt S S i L P PG 1o
reactions comgadirngin3be grzified anunsulSsth & it félatdn DVBE@maewed rati on is
199 . Al £xperi ' - PC 1349
conduct edz"e at&{lﬁo@%ﬂ{%ﬁ}ggég?%%%ou%g?ﬁ%ésﬁ3@?&%ar réﬁ@?%ﬁ“@gﬁ%ﬁg %‘f@
descri bed abwshhe inpgt idﬁ@éﬁﬁt(%h@m%m upsthe carien as ssHes apy prodretywhigleact i on

rates were fjlekyiRy ap@ity dridBaRictY S8R S8 inBhalitn [dRipMxehae bt Srdbntionceayat i on
for conpetitive inhibition. _‘é’lhe : er{rors_l nre roﬂym ng the _di gsoci.ation
constants ar'@° QyPPRELt (e Ingeeientia AT Hrgg. disspefation opne.arenere b e REEdE]fpounds
of t_hg__ f ol II i)/wfﬁgn%m'gl pesoflﬁfdct@dﬂsidriﬁ_ttyrabﬁébnsidﬁhh@bi1inﬂﬂé d‘;ﬂt}ifl: ﬁigﬂﬁiﬁxfm'hs:lyl‘ _C50
pepti dasg:- enzynme ip the aforenentioned assays. geperall w th an |

of 1 ess tharnSREHPEY fpheniice oAl Somposions ol e e trveuied snibepRs: c
activity of ddyeoogopitionds:debyudemizisg arhinpbtot of thépredergéptantdyh apept | dase- 1V
enzyme actiuj ' ' Nt i Hasg- . - Wil

-surface prot Iﬁ#ﬁ%ﬁ C%@%ﬁe@# F%%l%%' c§?e®ﬁagﬂ%¥%§ a(rcg'l)(!’?rpgt léﬁ%f 1 gsl Ig?fﬁo‘g |{Hg al
functions. |ganfiersdidudnt onekcipiesfusust be sempiifle vith thaother ingeedidaisdiéle | i ver,

pancreas, plRegiadon gﬁwmsielé&hcﬁﬁ@@ iRRb&iPRhI @breoge! | s, vascul ar
endot hel j um ['ynphoi d and nyeloid cells,  serunm), and distinct tissue and

cel | -typ® expression | Ebelerns fpinpyisirationyeinpd g1 "adgipisiering deFPmpRtvat i on”

mar ker should be understood to mean providing a compound of the invention or a prodrug of
a compound of the invention to the individual in need of treatment.
| The utility of the compounds in accordance with the present invention '
as inhibitors of dipeptidyl peptidasc—IV enzyme activity may be demonstrated'by , '
20 methodoiogy known in the art. Inhibition constants are determined as follows. A
continuous fluorometric assay is employed with the substrate Gly-Pro-AMC, which is
cleaved by DP-IV to release the fluorescent AMC leaving group. The kinetic
parémeters that describe this reaction are as follows: K =50 uM; ket = 7557
kea'Km=1.5x 10°M st A typical reaction contains approximately 50 pM enzyme,
25 50 p,M GIy~P1‘o;AMC., and buffer (100 mM HEPES,_pH 7.5, 0.1 mg/ml BSA) ina
| total reaction volume of 100 pl. Liberation of AMC is monitored continuously in a
96-well plate fluorometer using an excitation wavelength of 360 nm and an emission
'wavelength of 460 nm. Under these conditions, approximately 0.8 uM AMC is
~ produced in 30 minutes at 25 degrees C. The enzyme used in these studies was
~ 30 soluble (transmembrane domain and cytoplasmic extension excluded) human protein
produced in a baculovirus expression system (Bac-To-Bac, Gibco BRL). The kinetic -
constants for hydrolysis of Gly—Pro-AMC and GLP-1 were found to be in accord with
literature values for the native enzyme. To measure the dissociation constants for
compounds, solutions of inhibitor in DMSO were added to reactions containing
'35 eniyme and substrate (final DMSO concentration is 1%). All experiments were
-12- '



15 CD26, and it can cleave a nunber of inmunoregul atory, endocrine, and
neur ol ogical peptides in vitro. This has suggested a potential _role for
this pept iﬁ@@e in a variety of disease processes in humans 2P eder

speci es. ‘V%ﬂ“ﬁ’ély, t he subject conpounds are useful in RCTAEYRBHBYor the
prevention or treatnent of the follow ng di seases, disorders and
conditions. 20 Type Il Diabetes and Rel ated Di sorders: It is well

est abl i shed thmtuctedeut roton EmpesnGk Bsihg tlartar@hid REQiohaphaitsns Aaetibagat ed in

[ by DP-1 t ] : - 1\Vx-! - - defi ci.ent ] d i m
ol i ol i ares i et Pigtoigion ol B BT rpalof S PRB A Lt at e
concent r at i oHBcasFegmEPion taile Widhaclielighton mgudtioni fopeamsditigk thdisiton.olks ance.
By 25 anal og¥rhR i%réd@ﬂ%tﬁ%&ssdcﬁﬁtﬂoﬁ chhdtily mrelf@ica(ﬂyrlgis.tﬂ utﬁgyglgﬁ]d.f am |y
o 1 nacti ed Dby

pepti des %nvol ved in | ucose regulation are al _ va DP-1V (eg.
PACAP, glucagon). | nadt Parteylammthercommeyedsd tad vdewing cpmpleshayg aelivty ipl ay a -
rol e in gl ucamei shigeptigy] pEBEdRI Y enb Wi B o4 Nt ed tion
t herefore hag&h%ﬁ '-{)-xf]i?:%jsh ?ahpgfélﬁﬁwgtﬁlg% t%%fﬂnﬁﬁegtdg%%?g%i%gﬂegﬂ%e
treatnent and prevention Sifap ghout 1 LM BEch s RdRticaihe qhihg infinsis,
acconpany Typeivity odiileb@ingaumdsialuse bnighibbalibt tipesind HepRiaks-1V eagind/ e

hypogl ycem a ad di abetic dyslipidema. Qobesity, discussed below, is

anot her condi 10 "that is often found with Type Il diabetes that may
respond & treatnent Ripdptidyigepidasodidsziote EWP-V) nuantlisorfacePratefmthhiowi ng

i seases, di aardes inpfANUHHONRBEELLRALE ARV BEnR 38, dhligt s, and |

therefore ma%b_e treated, control] or sone caseées prevented, -13 26
April 2005 iy Masstimckidosg Jivern pawrteas cplaeania, twimus, sileencepifolinlds of

e e e o e Ml et Ty
yper | i pi dent™ CC{8YPHARETTIcRdeys niaconigy! tRfiet erlbpebipBERica,  (10)
| ow HDLLS ev@D26, #nil) cani duve BlnuhbeedfSmniilidte st 6 06/ eMRS bd afdologRal
sequel ae, ( 11§e)ptides in vitro. This has suggested a potential role for this peptidase in a variety of
disease processes in humans or other species. o '
Accordingly, the subject compounds are useful in a method for the -
prevention or treatment of the following diseases, disorders and conditions.
20 | “
Type I Digbetes and Related Disorders: It is well established that the incretins GLP-1
and GIP are rapidly inactivated in vivo by DP-IV. Studies with DP-IV®-deficient
mice and preliminary clinical trials indicate that DP-IV inhibition increases the steady

~ state concentrations of GLP-1 and GIP, resulting in improved glucose tolerance. By
25  analogy to GLP-1 and GIP, it is likely that other glucagon family péptides involved in
glucose regulatibn are also inactivated by DP-1V (eg. PACAP, glucagon). |
Inactivation of thesg peptides by DP-IV may also play a roie in glucose homeostasis.
The DP-1V inhibitors of the present invention therefore have utility in
o the treatment of type II diabetes and in the treatment and preventidn of the numerous
30  conditions that often accompany Type II diabetes, including metabolic syndrome X,
reactive hypoglycemia, and diabetic dyslipidemia. Obesity, discussed below, ‘is
another condition that is often found with Type II diabetes that may respond to
treatment with the compounds of this invention. o
_ The following diseases, disorders and conditions_ are related to Type 2
35  diabetes, and therefore may be treated, controlled or in some cases prevented, by

-13-



5 vasc_ullar restenosis, (14) irritable bowel syndrone, (15) inflammatory
bowel disease, i ncl ud| ng Crohn's di sease and ulcerative colitis, (16).
other inflammatory conditions, (17) pancreatitis, (18) abdé®fPdR%besity,

(19) neurpdagepepati ve di sease, (20) retinopat hy, (21) nehogRakig (22)
neur opat hy, (23) Syndronme X, (24) ovarian hyperandrogenism(pol ycystic

ovarian syndrone), and other disorders where insulin . resistance is a

e Rttt e g e B e o perkbF e e A ISP e
andhgﬁza ; i gltelqmrycen@) Ic1ﬁsLﬂinl-‘res’hstamnk (@.%%ﬂyﬂ&?gﬁiﬁdﬂﬁoﬁﬁm dﬁ}tdyﬂipm]anugf tGL:Dn
CAm 3 By siTopbg ekl B ARRRa gRerh (B AEGARR BRI P TP o
rats and m cldDallseelhad 1proglolbh lefelse di ) dhedosderosintadk gs se(qualaar(éS)\/Edl cine 2,
1254- 1258 (1296)) Ielt@hésﬁ @m)%éﬂgb%elfﬁﬁ&foﬂ% tﬁ)@&ﬁaﬁgﬁﬁw dl Miscase,

GP-1R(-/-) mce, 1ndicat effects are at'ed through brain
GLP-1 r ecep%lﬂlélngé;mhﬂé|déwset9@d@ianatwe cofitis.s(46) iihsy ipfipmmeatory ondiionss o
re?uLat ed b?/(w),P ziﬂtcre%ﬁué @m)?@abﬁrﬁu bﬁésli@n(dlgj niebfnd éﬁbﬁﬁvé a&b@bf\gzdd)ood 6

i nt ake, anal ogous :to ec served Wi i cine
800807 ( 2008y SDARGWEH W@Dﬁ%e&%@%@%&mﬁp@% $BrRYAEE Usef ul
for the tr eaiypsenhdm‘vemgﬂﬂmlycjmc oo agarcehicing) cand dihaeatisopdert Whedadpoatflihesi s
that gr 25 factor (GRF), a peptide that stinulates

h- hor mone. rel easi
rel easeolﬁ 'JPW?\CWS?#BH’@% mthe anterior pituitary, is cleaved by the
DP-1V enzyme in vivo (WO 00/56297). The followi ng data provide evidence

that GRF is d y in
Vi'tro to gorilr TRENHRHSRERE st oD denRiaR oy T'f%ﬁ %%9
(1992)); ( 2)0W0b§ew%tbmm %tj%ﬁ@éw fopd }!ﬂ'félé%@ @S@Fepmmg of GhPsl prgd

pr e;/ﬁnt efl bmﬁﬁ ot @mlg&’n&u\é a%ht&fatt% AR i hdnafGeliBtardRi de&'eﬁsg:]s fbsa found
in e plasnma rans i
1533- 1546 ( f@@g? sud o0 bt PRI ATSrS P%ﬂ%gﬂ( g7 %%Q’u@ fe {39 Tove
spectrum of ddadhigakii@nst GHP-dHn Ry endetie dankdsdeoRdnd effectgo0fdod ihakeone
secret agogue(&amre %Z[edlcme 2, 1254-1258 (1996)). This inhibition of feeding is not observed in

GLP-IR( ) mice, indicating that these effects are mediated through brain GLP-1

receptors. By analogy to GLP-1, it is likely that GLP-2 is also regulated by DP-IV.

20 ICV administration of GLP-2 also inhibits food intake, analogous to the effects
observed Wlth GLP-1 (Nature Medicine 6, 802-807 (2600)).

Growth Hormone Deficiency: DP-TV ihhibition may be useful for the treatment of
growth hormone deficiency, based on the hypothesis that growth-hormone releasing

25 factor (GRF), a peptide that stimulates release of growth hormone from the anterior
pituitary,‘ is cleaved by the DP-IV enzyme in vivo (WO 00/56297). The following
datafprovide evidence that GRF is an ehdogenous ‘substrate: (1) GREF is efficiently
cleaved in vitro to generate the inactive product GRF{[3-44] (BBA 1122, 147-153
(1992)); (2) GRF is rapidly degraded in pIasma to GRF[3-44]; this is prevented by

30 the DP-IV 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 DP-IV inhibitors
may be useful fo: the same spectrum of indications which have been considered for
growth hormone secretagogues.
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26 April 2005 WO 03/004498 PCT/US02/21349 Intestinal Injury: The potenti al
for using DP-1V inhibitors for the treatnment of intestinal_injur |s
suggeste 3{99 gesul ts of studies indicating that gI uca off Mk gd05

pepti de- 2" %’ a likely endogenous substrate for LT 2341 bi t
trophic effects on the intestinal epithelium (Regul atory Peptides 90,
27-32 (2000)). 5 Administration of GLP-2 results in increased small bowel
mass i n roddntestizahdhjugt tTiw pateatiali fot estg rﬁRWhjhibi;ord for tledecatmeaél s of

lit d f ul
For odur ai Saoel ify i APMAR APRESMARpe Rbarbetnalhl BnbRulnRonl
DP- 1V enzyme?ePHder2 §6LP-Za.ct likedt ¢rt§hgms wbsnrate KVnmap eskibi diophic and

ef ficacy of e@Pcds\énltn@in@sﬁﬂﬂ% jthkliuth ewelam;gi%ﬁldeé ofi B85 8000))DP- | V has been
g a ce surface. narker for actlvated I Mmune

shown to _be enti cal
cells. TRe A%%a ﬂne GWS%W%F%F%I boveel anass By wHeItaEibn and

activation si@buisesdhtebfilifugeh talen hodds geffitis hhd cr6seNt ed that CD26
functions as a co-stinulatory nolecule in in vitro nodels of T cell
activation. A nunber of 15 chenokines contain proline in the penultinmate
posi tion, priesguminpréssiopr GIEEY inhiistion inag)bedmjuiefdambdmiabgn ofthe &pemhé |

am nopept i dag %sted% £ he N andytn zpz;eqfa% d dhd ht ro by
DP-1V. In se Sgﬁa? cases Eﬁ"%% %? %[}T )\%&“ ax n, % Epﬁ
cl eavagd9r eshemgkipg pmeﬁmgem@hefﬁémmfﬂ%)’ I\ﬁn&ﬂ@tﬂm mn sfn@rmodeéa @rmqawg

assays. Recap oy haeb&nlshih Yo@éﬁ@n@dép%a("lﬁ?& Ché?:ﬁ sﬁﬁgdeflhﬁ‘ﬂ:ef fr 8RS e 20
(RANTES). Myltiple NNtermnally truncated f unber of chenoknes

have been i'BEREPCEEY The sxprestion ot ¢BRP 1%198%9?3@ bé’ﬁ&@c @f%renpﬁtéqqqung t he
pr edi ct ed praeﬂm“roa sﬁaftus dPnbovinB ¥ell0 | Iy Biggnerbiy Addeptod itat COS thadtRnbeesn shown

(0,0, 5 Ay ITHASSUPLERSAN Seul BEUTRL RS of RIS antat i on
i rrever 4bbl ehemblibet amtaid pioBat i thaqend timate ;tomtxdnql&bﬂmmﬂ;dtoq&ombd thgmnaf t
L1060 70y ! Dol RearhABoAIBY plp LB srditob ISR, AL AlbeORaycuedh hBRH
al kyl d| am néo bepigsessed in vitro by DP-IV. In several cases (RANTES 1L.D78-beta, MDC,
: eotaxin, SDF-1alpha), cleavage results in an altered activity in chemotaxis and
| signaling assays. Receptor selectivity also appears to be modified in some cases
20 (RANTES). Multiple N—teiminally' truncated forms of a number of chemokines have
been identified in in vitro cell culture systems, including the predicted products of
DP-TV hydrolysis. .
DP~IV 1nh1b1t01s have been shown to be efficacious
immunosupressants in an_lmal models of transplantation and arthritis. Prodipine (Pro-
25  Pro-diphenyl-phosphonate), an irreversible inhibitor of DP-IV, was shown to double
' cardiac allograft survival in rats from day 7 to day 14 (Transplantation 63, 1495-1500
'(1997)). DP-IV inhibitors have been tested in collagen and alkyldiamine-induced
arthritis in rats and shoWed a statistically significant attenuation of hind paw swelling
_ in this model (Int. J. Immunopharmacology 19, 15-24 (1997), immunopharmacology
30 40,21-26 (1998)). DP-IV is upregulated in a number of autoimmune diseases
‘ “including rheumatoid arthritis, multiple sclerosis, Graves’ disease, and Hashimoto’s

thyroiditis Immunology Today 20, 367-375 (1999)).

HIV Infection: DP-IV inhibition may be useful for the treatment or prévention of HIV
- 35 imfection or AIDS because a number of chemokines which inhibit HIV cell entry are
' ' -15-



arthritis in rats and showed a statistically significant attenuation of
hind paw swelling in this nodel (Int. J. |Imunopharnmacol ogy 19, 15-24
(1997), | munophar macol ogy 30 40, 21-26 (1998)). DP-1V is ué‘?é@fﬁ?—%ﬂ%d in a
nunber ofw@us@isgsgune di seases including rheumatoid art hrpbirsiseinikis pl e
sclerosis, Graves' disease, and Hashinoto's thyroiditis (Imunol ogy Today
20, 367-375 (1999)). IRV Infection: DP-IV i nhi bition may be useful for the

 chenoki nes IR TFEes o SRR Fruhg iy Bhtad 20 e B04R5 T IS 0006

PCT/ US02/ 213ﬁgmempma aleasagestermoes ahmuab@emmmpmnﬂqm EGP1BAd998)20, 367- 375
1999 I Vi

(Pra b5, oS fluPh orSh BRIty R SORoH B DRAE otk Epeipt | V1 1Y

i nhi bi tion ofecomse NAvodeativisg. expect ed to decrease H Vi nf ectivity. 5

Hemat opoisesi s: DP-1V inhibition my be useful for the treatnent or
prevention of hematopiesis because DP-1V may be involved i n hemat gpoi esi s

A DP- 1V i nhillemappoiesis| DBdVonhibiionspaybs wycay f%ﬁﬁﬁé%@%i’%wﬂ‘?fﬁmﬁﬁ se nodel

g‘ cygl ophO%hfa\E}apﬂ@ls %&gh&@-wlﬂ%@%ﬁlﬂ#«ﬂr%@ h%glﬁ BfpoRsdis.  ALOPNBUREIbtor, t
sorders: - | | e useful for reven i on

of various %rﬁﬂ{% f%rstl&%ﬁﬁ%/m Ep?}Filﬁ)P’o‘ae?JQuﬁeteﬁ‘ilfgé’? qﬁé}g&p%agﬁ Pept i des

i nplicated indncedwentraieyiaqWOS9r6788). pr ocesses are cleaved in vitro. by

DP-1V. DP-1V inhibitor thus may have a therapeutic benefit in the

treat ment’ of neuronal disorders. 15 Endonorphin-2, beta-casonorphin, and
subst ance Pﬂ@m@]ﬂ%& BRelhinhibitien inay by hsefd fotthettreatresnt PHPEDRIOY, |'n

all cases, ﬁ&ﬁﬁleﬁkcﬁﬁngsybﬁoﬁtcgﬂé&dﬁg Eé&h@éﬁ nuﬁ%érrbf E?@de/s KpricabQB | vrls

1 or great er an el ect t est LN rats, a
DP-1V i nhi b.lﬂ@wa@m\ﬁéaewogalgﬂquaeaﬁfe dervedon t”ﬁa’t ma% | nd% 2rReHer  he

thus may have a therapeutic benefit in the treatment of nenronal disorders.
15 Endomorphin—.’l, beta—casorﬁorphin, and substance P have all been shown to be in -
Vitro sﬁbstrates for DP-IV. In all cases, in vitro cleavage is highly efficient, with
kca;/Km ~10% M 's™ or greater. In an electric shock jump test model of analgesia in
‘rats, a DP-IV inhibitor showed a significant effect that was independent of the ‘
. presence of exogenous endomorphin-2 (Brain Research 815, 278-286 (1999)).
20 ’

Tumor Invasion and Metastasis: DP-IV inhibition may be useful for the treatment or
prevention of tumor invasion and metastasis because an increase or decrease in
expression of several ectopeptidases including DP-IV has been observed during the
transformation of normal cells to a malignant phenotype (J. Exp. Med. 190, 301-305
25 (1999)) Up- or down-regulation of these proteins appears to be tissue and cell-type
' specxﬁc For example 1ncreascd CD26/DP-IV expressmn has been observed on T cell
' lymphoma Teell acute lymphoblastic leukemia, cell-derived thyroid carcinomas,
basal cell carcinomas, and breast carcinomas. Thus, DP-IV inhibitors may have utility

in the treatment of such carcinomas.

30 _
Benign Prostatic Hypertrophy: DP-IV inhibition may be useful for the treatment of
benigﬁ prostatic hypertrophy because increased DP-IV activity was noted in prostate
tissue from patients with BPH (Eur. J. Clin. Chem. Clin. Biochem 30, 333-338
G N | |
35
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presence of exogenous endonorphin-2 (Brain Research_'815, 278- 286 (1999)).
20 Tunor Invasi on and Metastasis: DP-1V inhibition nmay be useful Bor t.he

t reat ment V% @{ ivvent i on of tunor invasion.and netastasis n
i ncrease ofd¥ se in expression of several ectopepti dd¥&4Us0R213d8i ng

DP-1V has been observed during the transformation of normal cells to a
mal i gnant. phenotype (J. Exp. Med. 190, 301-305 25 (1999)). Up- or

down- r egul at Emmmwwmm initgbibien hia?shéelseﬂadfcﬁ@{d aleyine

specific. Fo I V ex r essi n _observed on
Toell i ymprR Rty ah @S5 IAIE Lol bochuSi Bl R M e AR { by of
carci nomms, Pt desived O%ﬂdhﬁmgfta@ﬁﬁ spmaasxonh@r possessasry bl ssveDRA V

i nhi bitors mupy hayewbikid Y ¢ b omas. 30 Benign
Prostatic I—IypertrophyS[dEDFﬁ Vlih{]nﬁhbj?lt?gﬁaérrla e usa%?o{5 @E’%)Ee treat ment of

beni gn prgstatlc hypertrophy because |ncreased DP-1V acti vi ty was noted in

prostate ti Shusvitis:OmWPPAL infibiGoWahNbBRSE( bt the freatlehiNof 9%&% ¢ Bl ochem
03/,0044 /U802/21349

30, 333-338 35 .16 .26 2005

Sperm not i | i P%’/lﬁ’g?%)vgésmaﬁé%%lil éﬁﬁ'l"@lﬁr’f\w%ﬁﬁdﬁneﬁn ﬁ%}}leb‘@ Gsertalatedr t he
altering spwithpeboddnitdlyissad stocritpghehcOnl Baslepl,ilen-17eqaemy). i n seni nal
fluid, prostatosones, prostate derived organelles inportant for sperm
motility, possess very high |levels of- DP-1V activity (Eur. J. din. Chem
Cin. B #h efstzoporgds- B a%(mQM)m méy 1@ usgfud ifdri the trBmbYt dnpaewintiboof may be
usef ul for tBﬁec;proﬁﬁisrﬂ%ﬁﬁusngIg'ré&bﬂrstéré ggﬁlfﬁsste(l;ﬁa4 activity was found in

gi ngival crevicular flurd and 1 n"sone Ies correlated wth periodontal
di sease severity (Arch. Oral Biol. 37, 167 173 (1992)).

Tthe compounds of the present invention have utility in treating or
preventing one or more of the following conditions or diseases: (1) hyperglycemia,
15 (2) low glucose tolerance, (3) insulin resistance, (4) obesity, (5) lipid disorders, (6)
dyslipidemia, (7) hyperlipidemia, (8) hypertriglyceridemmia, (9) hypercholesterolemia,
(10) low HDL levels, (11) high LDL levels, (12) atherosclerosis. and its sequelae,_'
.(13) vascular restenosis, (14) irritable bowel syndromé, (15) inflammatory bowél
disease, including Crohn’s disease and ulcerative colitis, (16) other inflammatory
20 conditions, (17) pancre_atitis, (18) ab_domjhal obesity, (19) neurodegenerative
. disease, (20) retinopathy, (21) nephropathy, (22) neuropathy, i (23) Syndrome X,
(24) ovarian hyperandrogenism (polycystic ovarian syndrome),- (25) Type
diabetes, (26) growth hormone deficiency, (27) neutropenia, (28) meuronal
o disorders, (29) tumor metastasis, (30) benign prostatic hypertrophy, (32)
25. - gingivitis, (33) hypertension, (34) osteoporosis, and other conditions that may be
treated or prevehted by inhibition of DP-IV. | - "

- : The subject compomids are further usc;ﬁll in a method for the
prevention or treatment of the aforementioned diseas'es,-disorders and conditions in
combination with other agents. | | |

30 - " The corﬁpounds of the present invention may be used in combination
with one or more other drugs in the treatment, prevention, suppréssion or amelioration
of diseases or conditions for which compounds of Formula I or the other drugs may

~ have uiility, where the combination of the drugs togsther are safer or more effective
than either drug alone. Such other drug(s) may be administered, by a route and inan

35  amount commonly used therefor, contemporaneously or sequenua]ly with a
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10 Csteo orosis: DP-1V inhibition may be useful for the treatnent. or
prevention of osteoporosis because G P receptors are present in
‘osteobl asts. Tthe conpounds of the present invention have uf§M 3P4

treating woospogyenting one or nore of the follow ng condiplirRie/9f340
di seases: (1) hyperglycema, 15 (2) |low glucose tolerance, (3) 1tnsulin
resi st ance, (4) obesity, (5) lipid disorders, (6) dyslipidema, (7)

h I d d h hol est I 10
Do P ol of MRS | SR ISR P BT oL et er ol el (10)
sequel ae,  (Wi8) oncagaubranthee sty B pisrmbdadificalraontpabitien boust d@sﬁlgﬁifdiﬁi?, (15)
“infl t d erative
colitier (1Epatihe sEhRRER el 45 RO BT AiRet B8 1,
abdoni nal olﬂ@smwbm@tml)thﬁ@py otdlegtsnemcdudaséhcrdplseas\ebmh g@)congoundpht hy, (21)
nephr opashy pofida Ir&ﬁH HQ@I’ Mbre étggt)dr@sn.gé R%tele%l é)dﬂ?éé‘@ﬂt' 1Iap&)1

e dbet es,

hyper andr ogeni sm po ycystic ovarl an- syn ro

(26) gr owt h SHisdrsEe lida plse capferpplatetthatehan used i raomlelzg)omwh enRPL Igies or der s,

(29) tU{mr e Séta% i grelRais, @@%bﬂ?o@ﬂi&?ﬁf@lﬁé ewﬁf%ﬁ%mﬁ%&zd thd theRRotive hat
ingivitis ensi ost eopqrosi s, . and. ot her con ns tha

gaygbe t reﬁ%@lé}g#gbj@ﬁ?‘é‘glw&% 1567 fhaﬁﬁv eppll isyisedrgiaglyy Bice ‘tﬁhﬁfmounds

are furt her thesgifanhadcantiaalrmetdpeositiboy oﬂtheprepérﬁ:\iﬁ‘tfﬂrﬂtiﬁﬂ irludertbeic Bt iconthint he -

af oreme o] | ons in I nation with

ot her agglnt gﬁgggﬁ@[‘%&ggﬂ acgﬁgg{oquf]ér{tﬁ a&gﬁg?\% ?ﬁ%?ﬁqngr??@?n@@ Tused in

conbi nation with one Ex:amlviﬂse)foﬂmactmeuggredmntshhatmadieradnnmsqar@mnt i on,

Suppr esst onoginibh Yidld @hpdiha 8 FEARES L Ana AR gd&rﬁlﬁﬁteie%ﬁgé}a f} & gagpounds

of Formula I e ot ugs na ave ut I nati on of
the drugs tglj‘étaH@ haFreaceytical coRPRY @émqlé@q,bvtearemnblﬂmé@dwer drug al one.

- Such other drug(s) rraxa)bﬁhe%dr@é@hamfe@ﬁidaé@mnpow)qnﬁﬁﬂofsn an 35 anmount
commonl y_used t herefor qQr.aneo dy or fSﬂ entially with a -17 26
~ April 2605 VO 03/ O044BH e Va7 Grgidng () PEAKY bgonists fuch s’ ™
' glitazones (e.g. trovhtazone p1og11tazone englitazone, MCC-553, rosiglitazone, and
the like) and other PPAR ligands, including PPARo/y dual agonists, such as KRP-
- 297; and PPARe agonists such as fenofibric acid derivatives (gemfibrozil, clofibrate,

fenof1b1ate and bezafibrate), (ii) biguanides such as metformin and phenformin, and
20 (iii) protem tyrosine phosphatase-1B (PTP-1B) inhibitors;
‘ (c) insulin or insulin mimetics;
(d) sulfonylureas and other insulin secretagogues such as tolbutamide
and glipizide, meglitinide, and related materials;
| (e) a-glucosidase inhibitors (such as acarbose);
25 ' (f) glucagon receptor antagonists such as those disclosed in WO
. 08/04528, WO 99/01423, WO 00/39088, and WO 00/69810;
' (g)GLP-1, GLP-1 mimetics, and GLP-1 receptor agomsts such as
those disclosed in WO00/42026 and WO00/598 87,
. () GIP and GIP munehcs such as those disclosed in WO00/58360,
30 and GIP receptor agonists; ' _
(1) PACAP, PACAP mimetics, and PACAP receptor 3 agoﬁi'sts such as
those disclosed in WO 01/23420;
(j) cholesterol Iowen'hg agents such as (i) HMG-CoA reductase
. inhibitors (Iovastatm simvastatin, pravastatin, fluvastatin, atorvastatm nvastatm,
35 itavastatin, rosuvastaun, and other statins), (ii) sequestrants {(cholestyramine,
-18 -



conmpound of Fornmula I. Wen a conpound of Formula I is used
contenporaneously wth one or nore other drugs, a pharnaceuti cal
conpositiqQp.in unit dosage form containing such other drug® 2RH%4%Re
conpound o.O_IQg?ﬂrﬁﬂSa | is preferred. However, the conbi nath(dUIR@tHDYy may
al so includes therapies in which the conpound of 5 Fornmula | and one or
nore ot her drugs are adm nistered on different overlapping schedules. It
i s al so cont evipdtiabk dnd HalkyWhenoalkAdetinahesbf aatosORniddidex@ne, Qfi) MB6tRy] Ot her
active ingregi S,: > oun f e ent_i.nvention-and the, ot her
active ingr gg%trl\’tusméﬁtglgc %Cg(ﬁrgrsae%aqtistﬁgﬁefﬁl\gy) gfc)) LRSS TSRS a5tk
singly. Accofdivatiss (gemfibrogharlofilmetst feoafibroerand detdfinse)of(v) MR AR duni

i nvention in hass 1B r AGLive
i ngredients, %ld;l&ggsd%ii ti omhgﬁggﬁg@}ug@g %? P@b"%ﬁﬁ#@ al%.s%ﬁglgr?g&eéssvbg *ot her
active i rér etfostsra ang grctivibe Keilhany] Gp4ichplssteiah acydvansfenaseiianibisms sush gonpound

of Formul a | avasifdbe&izhl¢viiipait-oLiahas adcsanabBiely or in the sane

phar maceutical conposi 5 .nclude, but are not limted to: (a) other

di pepti dyl peptidase | ,?’%ﬁgﬁ\?ﬁo?lﬁ'ﬁi Pich 8¢ those dis¢lpsedipn YPPH28E% t i zer s

inc: uding (i) PPfIRy ag@nirsiobesity@BmpsuidRencighd feafARSEN| Bedenilur@eivict azone,
pogl i t azone, AL z - . . t e)..and ot her
PPAR | i gands[? I nc j%r%l ﬁg%@%ﬁ%ﬁ%@%ﬁ P????q@b“éﬁ&g’sa“ﬁ% Adf%“%‘s’lgnd PPARa
agoni st slOsuctcepsorfagnoisisbri ¢ aci d derivatives (genfibrozil, clofibrate,
fenofi brate and bezafi Ad ) i ' -such metform n and
phenform n, and. 20 (i@)?atn?reglt%*éngc%&)irr%gﬁﬁ%&qﬁgg%ﬁa?@ze- 1B (PTP-1B)

i nhibitors; (c) insul i@ agenfsisignded for pes ingntlameyitosytdnditidng sedisasanpiriot her

i nsul i N secrRhagaeIaB atRNaf Y AN H8c0ANYiE! iRiFife anfBglst i ni de, and
related materials; ég %hgl,uqosldase IMhi bitors {such as acafbose); 25 (f)

gl ucagon recEPETIG ‘zé!ﬁ hEdRubUeieh as those disclosed in WO 98/ 04528, WO

99/ 014235 WD 00/ 39088, Tharuho VW %628k indiede (Safbidatiofd-&F dcdth H&$ theand

GLP- 1 T ecept ol ABA0bMh 2UThARit bIOSHer it 25 Hotah, ML G2 6 S50

more other active compounds. Non-limiting examples include combinations of
compounds having Formula I with two or more active compounds selected from
bignanides, sulfonylureas, HMG-CoA reductase inhibitors, PPAR agonists, PTP-1B
20 inhibitors, other DP-IV inhibitors, and anti-obesity compounds. '
R Likewise, compounds of the present invention may be usedin =
' combination'with_ other drugs that are used in the treatment/prevéntion/suppression or
amelioration of the diseases or conditions for which cbmpounds of the present
_ _invention are useful. Such other drugs niay be administered, by a route and in an
25  amount c'qmmonly used therefor, contemporaneously or sequentially with a
compound of the present invention. When a compound of the present invention is
used contemporanéously with one or more other drogs, a pharmaceutical composition
containing such other drugs in addition to the compound of the present invention is
- | prefe:fred. Accordingly, the pharmaceutical compositions of the present invention
30 include those that also contain one or more other active ingr‘edients, in',addition toa
compound of the present invention. - |
The weight ratio of the conipound of the compound of the present
invention to the second active ingredient may be varied and will depend upon the
- effective dose of each ingredient. Gcné:ally, an ;éffective dose of each will be used.
35  Thus, for example, when a compound of the present invention is combined with
-19-



(h) AP and G P mrnetics such as those disclosed in W00158360, 30 and
G P receptor agonists; (i) PACAP, PACAP m netics, and PACAP recegtor
agoni sts such as- those disclosed in WO 01/ 23420; 6) chol es &t 9Bwer i ng
agent s su%@mugg HMG- CoA reductase inhibitors (I ovastatidpyghRyastatin,
pravastatin, fluvastatin, atorvastatin, rivastatin, 35 itavastatin,
rosuvastatin, and other statl ns), (ii) sequest rants (chol estyram ne, -18 26
April 2005 WD 03/004498 PCT/ US02/ F2h§?>49 coltfs%'hg and di.al k am noaI | cyl
deri vat i ves BPIEr 33e85 409 WHRgBFaHR Rf Mg tPmperRg § easnwv%ﬂélpe&% ¥ cotini c
acid or a sabtnttWilrgeadraily remge Hlaﬁﬁa)oagmosl & sbsah1:d600 @nﬁfnrabm aboatc(0: 1

derivatives | Zi | br e, _fen ate and beza
PPARc/y dualt(g gg (%%O@s d ﬁﬁc%somﬁﬁf%ﬁf BiPet %"thzl%q arﬁu&f‘est er o
absorption, astwrhngsedtmtmﬁl gnbmﬂy elsolbe avithie tetaforcventi¢neadirimgechut in each

Co: chol gst egg) LR LEE AR LA QR A usegyast T be, and (viiD)

anti - oxi dant's, "suc agoni sts, such as those

di scl osed in W97/ 281495ﬂ((h19011§?1¥4t1§1@é§16t%®m#969ﬁﬁ@ peefeh! igEeTtionfand O ne,

dexfenfluranfg a eﬁﬂ%ﬂaﬂdﬂdhﬁnlsﬁr%ﬁ)ﬁﬁt@ﬁm 19rc|ohﬁ1tn@t’i@n nRudaReR! thee Y5
i nhi bitors, and I§3 adrenergtemenlo r t or agoni’st an ileal bile acid

transpor t er JREIHFAUOR, O £ HYan EP ﬂ‘t‘@n%ﬁuffﬁ‘?t tﬂs‘g hseanentinbst or y
~conditions &uﬁﬁhlmtmmfuma gdiof3).st er oi daI ant i -inflammatory drugs,

gl ucocorgt.i coi ds, azul i di ne enase 2 cti.ve | hlb'tors
15 The aBove combi nati WP@PE% O%Bé% Eu?ﬁ mgyi)g T 8?1%
present i nvq;atanmmlr(etj @mttamwmcuilar umtmpentmealamhmvmaus,n[ﬁbu matrackstamal so wit h

two or nore njg%t%%ror%ﬁﬁl f{)ﬁs&ﬁ,@t%'& 11}]&9_{1) {}lmr{ 154 %%ﬁ%ﬁﬁﬁm sBPa.Igul‘ila%al

conbi nat i ons avi n or nore-active’
~Corrp0u nds s Magmale;hctaim@bhngual or t0p1cal routes of adrmmstratmn and may be formulated,

alone or together, in sujtable dosage unit formulations containing conventional non-

F—<

15  toxic phaﬁnaceutlcally acceptable carriers, adjuvants and vehicles appropriate for -
each route of administrati_on. In addition to the treatment of warm-blooded animals
such as mice, rats, hofseé, cattle, sheep, dogs, cats, monkeys, etc., the compounds of
the invention are effective for use in humans. A

The pharmaceutical compositions for the administration of the
20 compounds of this invention may convenjently be presented in dosage unit form and 7
may be preparcd by any of the methods well known in the art of pharmacy. All
methods include the step of bringing the active ingredient into association with the
carrier which constitutes one or more accessory ingredients. In general, the
pharmaceutiCal compdsitio_hs are prepared by uniformly and intimately bringing the

25  active ingredient into association with a liquid carrier ora finely divided solid carrier
or both, and then, if necessary, shaping the product into the désired formulation. In
the pharrdaceuﬁ(:al composition the active object compound is included in an amount
sufficient to produce the desired effect upon the process or condition of diseases. As
used herein, the term "compoéition" is intended to encompass a product comprising

30  the specified ingredients in the specified amounts, as well as any product which
results, directly or indirectly, from combination of the specified ingredients in the
specified amounts. |

The pharmaceutical compositions containing the active ingredient may
be in a form suitable for oral use, for example, as tablets, trochés, lozenges,: aqueous

35 or oily suspensions, dispersible powders or granules, emulsions, hard or soft capsules;
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bi guani des, sul fonyl ureas, HMG CoA reductase inhibitors, PPAR agonists,
PTP-1B 20 inhibitors, other DP-IV inhibitors, and anti-obesity conpounds.
Li kew se, HRYRLS of the present invention nmay be used i n26 ARTHBPYPat i on
with other drugs that are used in the treatment/preventiof/SUp{iFéss! on or
anel ioration of the diseases or conditions for which conpounds of the
present invention are useful. Such other drugs may be adm nistered, by a
route and i nOBHTUES euebkint. CompesHians infeled e ehiorse noayricanprarateoosing or

sequenti al | yaWi théthad kKeWRRHRE 28 ol HEmRheSER e éfghﬁaﬁéc%ﬁtlcay\b&ﬂlﬁsﬁ&ﬁ%y“d of

the present invention is used- contenporaneo nore ot her
drugs, a phatUfBERTPPHEEPIIBRheIA GAC Ordﬁﬂﬁea?lcﬁﬁltﬁgeléﬁ%foM? gD §endiging
addition to mmee@mwdm@fﬂatvhﬁn@a@mn&o1bﬁﬂe£§dn%u%>res}afﬁﬁ§£geﬁé in order
Accordin Yoy t he aflmaceutj gﬁl 1 %ﬁf ti onbs1 {1) e‘l;] I nvention 30

i ncl ude thos® FRYEEC RMEBIABHEaT R igsrat i hatgtable prropratiens. BRIy raiaie fhs, in
addi ti on to ative orgredied iphdmbeurp meﬂlemh—tbnv@hﬁﬂnm&eutiﬂaﬁy\a&egﬁblere&gipﬁbrﬁsf t he
conmpound of veption to.t e active

i ngr edi ent rr‘;élgl Be vari e f&f BE Hle“flﬁfagé en&aﬁlg%h%ﬁsg exglﬁ)feé%stlin@%ged@’% of each

i ngredi ent . @@ﬁ@ﬂfalllhﬁﬁ dlh?@ﬂ@f fush @k O@Cldmrwna%mﬂlwﬂchrbbaatasledosa5ald'ﬂuns for
exanpl e, wh n -19 26
April 2005 TR 004498 Pc{i)'/ Usgg"’it? ﬁ%@@r@ \ﬁﬁfaﬁgug@%fﬁﬁng 9%93'{5 file %%‘E‘Eat io of
the conpdlundcost SEkE. pr dgivk acid PEKingAgRtS, ftOﬁéX@@Méﬁtm@ggﬁﬂuwn acage,nmdm ly
range from aibiidatih@QRerks, tfer @@mﬂe hadRO8m RELLEr AOIY RROMa180Fhd tabids about

1: 200. Conbi natj ons o npou resent Inventjon and other

active ingr é&?%#\et gn%a{ep % gf?é( F%YHV C&P@‘g BBﬁWF FﬁChm[qH%s fé’f‘i?f (ERIEEREeD 1 ange,

but in each @dchsaptiemircthé gmﬁtnomemi@slamf ax&hmbreaypiov@dd Dgisesicgnttishewrd be

used. . In a t f .t.he ent_inven and

other acti \S/ag% Q%&%%Bb& Pb%&%m i i gr[%g@g gflgf)?lg yeary Iﬁ%‘ﬁ’f{?ﬁ@&l An

addi ti ot t radyceryl dlstearate may be employed. They may also be coated by the technigues
described in the U.S. Patents 4,256,108; 4, 166 452; and 4,265,874 to form osmotic
therapeutic tabiets for control release.

Formulations for oral use may also be presented as hard gelatin
'capsules wherein the active ingredient is mixed with an inert _sdlid diluent, for
20 example, calcium carbonate, calcium phosphate or kaolin, or as soft gelaﬁn‘capsules
wherein the active ingredient is mixed with water or an oil medium, for example
peanut oil, liquid paraffin, or olive 0il. _ | ' |
Agqueous suspensions contain the active materials in admixture with
excipients suitable for the manufacture of aqueous suspensions. Such excipients are
25 suspending agents, for example sodium carboxymethyicellulose, methylcellulose,
hydroxy- propylmethylcellulose, sodium algmate polyvmyl—pyrrohdonc, gum
traoracanth and gum acacia; dispersing or wetting agents may be a naturally-occurring
phosphatide, for example lecithin, or condensation products of an alkylene oxide with
fatty acids, for example polyoxyethylene stearate, or condensation products of
30 cthylene oxide with long chain ahphatlc alcohols, for cxample ‘
heptadecaethyleneoxycetanol or condensation products of ethylene omde with partial
esters derived from fatty acids and a hexitol such as polyoxyethylene sorbitol
monooleate, or condensation products of ethylene oxide with partial esters derived
- from fatty acids and hexitol anhydrides, for exﬂniple polyethylene sorbitan
35 'monooleate. The aqueous suspensions may also contain one or more preservatives,
-21-




adm ni strati on of one el enent may be prior to, concurrent to, or subsequent
to the admnistration of other agent(s). 10 The conpounds of the present
invention may be administered by oral, parenteral (e.g., i A% PRSI ar,

i ntraperi {QnBahsqog Nt ravenous, ICV, intracistemal injecti gy OfsehAids! ON,
subcut aneous 1 njection, or i rrpl ant), by inhalation spray, nasaﬁ vagi naI

rectal, sublingual, or topical routes of adm nistration and may be
f or mul at ed, alone or together, -in suitable dosage unit formul ations
cont ai ni ng dBhGERIILR AGYL AR PIEPYLARIYAHRAERERAER 0N a1 TPTeRd@ISARCBt ol | er s,

adj uvants ang m&@mlveﬁnua@%epﬁﬂ&ére dr@ore SR6htehifb ber®, sadMdstusiokabi on. I n
addition to th% t r eat nent war m bl ooded animals such as mce, rats,

horses, cat t¥& alé;‘Heep, dogs cats, nonkeys, etc., the conpounds of t he
invention are effecti Vtelli arls u&musmndywwfbﬂnurﬁtm mhas;rmdegtthe:aiuveorrposu tions

f h d

convent et Iy BEUSELEdYS Sl i Lu SRR R ok e iy BT PU ARy, any

of the met h(mﬁs omizl 4 mikeeairili such heliqrid padatiizh aF ety suspdnsioms tiydoniamncd ude t he
step of bring {E&Jﬁ%‘i ?tfbf’&ahﬂﬂéﬁ’&'s%ﬁ Ha?cigarg@‘?z&'c@&l mt%&e%m a”'er

whi ch consti Or nhore*accessor ents n eneral

phar maceut | ¢&knie svgiossi thessrsst el ab@eqaan Hapgringgents may b@rmidfzqhtq mv@w

bri ngi ng thq)a?a%ameafavsrepwleﬁl fﬁeselcaﬁa?oﬁﬁeecm b@ﬁre%r%ﬁﬁy!h'e%ﬁﬂiﬁioﬁ%f“ er or
a finel égdl vided solid carrier and t i f necessary, shaping

the proatict %’WPB Qxﬁ%alﬁé%hraéés‘f%\’lﬁﬁ@éltlon I n the phar maceut i cal
conposi tion the activeDiapdrsible Wn&mmﬂgrsnmmduudﬁé fmrpraphratimwﬂan sufficient

to produce the desired .e ﬁ%gkté l&&gﬁ) r}e afl%roces§ gndlt egcge (%f di seases. As
used her ei n,2WHBSEETRRDSIEE Mp 65 U TV B RYES eoac NeSbat e product
conpri si-ng Siﬁnll}ttaresxpﬂh i idi spelrsinggir evekitidug @ent; su:n:en&pgegéntedd anpanmere as wel |

as 20 Prodyel. el eRabliGuehiLGHARE bl EEBialamb bR nat L on o

the specifi ar maceut i cal
conposi fPonsxewn aﬁqhbﬂghosmh@dy maenpn@idmvenﬁddﬁx,@nalb@cmmﬁs fier amasple abl e

for oral usguelRhin@XANR aﬁé céﬁﬁhgﬁsent.@t HRANES bd HEeAges, . aqueous 35 or
. olly suspensi ons. I's pe h tlcal com os1gg%n§fltﬁg1nvgrrlrtllj(lnsxlngnalso Eg;rgthgr sof t
capsul es; The p afmacc“ p! Y
form of oil-in-water emulsions. The oily phase may be a vegetable oil, for example
~ olive oil or arachis oil, or 2 mineral oil, for example liquid paraffin or mixtures of
20  these. Suitable emulsifying agents may be naturally- occurring gums, for example
| gum acacia or gum tragacanth, naturally-occurring phosphatides, for example sy
~ bean, lecithin, and esters or partial esters derived from fatty acids and hexitol
anhydrides, for example sorbitan moneoleate; and condensation products of the said
partial esters with ethylene oxide, for example polyoxyei:hylene sorbitan monooleate.
25 The eﬁ;ulsions may also-contain sweetening and ﬂa\foring agents.
- | Syrups and elixirs may be formulated with sweetening agents, for
: example ercherol propy]ene glycol, sorbitol or sucrose. Such fonnulatlons may also
- contain a demulcent, a preservative and ﬂavonng and coloring agents.
The pharmaceutical compositions may be in the form of a sterile
30  injectable aqueous or oleagenous suspensior. This suspension may be formulated -
accordmg to the known art using those suitable d13pers1ng or welting agents and
suspending agents which have been menuoned above. The sterile mjectable
preparation may also be a sterile injectable solution or suspension in a non-toxic
parentel*allyraeceptable diluent or solvent, for example as a solution in 1,3-butane
35  diol. Among the acceptable vehicles and solvents that may be employed are water,
-29.



-20 WO 03/004498 26 April 2005 PCT/US02/21349 or syrups or elixirs.
. Conpositions intended for oral use may be prepared according to ~any nethod
known to t\QSO@f%-;sor t he manuf acture of pharnaceuti cal 'cona)%&‘l‘ﬁ"f%ﬂ% and
such composPtP8Hé % my contain one or more agents sel ect ed ¥¢HHYRAEr oup
consisting of sweetening agents, flavoring agents, coloring agents and

preserving agents in order 5 to provide pharnaceutically el egant and
pal at abl e pr %ﬁ%ﬁeﬂ ppison apglgsasoric odivai ohlarivle soltivivin dddifice stenilte, firedamlhi xt ur e

W th non-t oXiafe JIRAETRETU 4 FTel LCh- i tabl e
for the manuf actur‘% of: %é?@%’%éﬁ@?ﬁdgsggteg%‘%&?ﬁéﬁ?@b%ﬁ%% Qfm@%ﬁ%k!e, I nert
di I uents, sudhy Bend breq eilinay pp satayed Eishidig waksbaaioa- srdgeaidesalnci um
phosphat e or asdidbsMuphasiiatieas gerdldidd e 3 the BRI Rt ABa8ENt S, for
exanpl e, go corn starc}i or aflljglldmﬁ aci d; hi ndl,ng a%ents, Tor exanpl e
starch, gelatin or acadP&COBNYNIF Qhihe PEFFHJNURRERT ay akio teadministerrddhesi um
stearate, st 8arfoonafsuppositdriab 6or rddial ddatihietrsionrd@yhddupnThadeednPositibgy My be
coated by kn ' J | ay_ disi ation . and ahsorption.in the
gast r oi nt est ?na éﬁg%%ggfgnﬁlﬁ%%%b@xﬁg%@ia éﬁzgﬁ%ﬂ%]f’efp@&f%??ﬁﬂp‘gb’é 5 3
| onger per i o#plidmordiraripireperaiures bot kplidyt thetastal ddmperahreand grijl desryfore
nonost ear at e i I | e : ' al so be
Rt id heGbAGRI Y Eelgdsngittlgigﬂ Lesh m%@gﬁgﬁllae%%ggas bl.}pigé%(,fmy e

coat ed by, the teﬁhnl ques . descr Tnthe ten 108;
4,166, 458  apefyethyless gyopls-o form osnotic therapeutic tablets for control

rel ease. Formul ations F@rioitall uskS@ediRy ofinfbhtbSelREL S6EHEH ASuljpndope! atin
capsul es Wneéel n the.active in red%fnt Is - mxéd wth an_inert solli
di l uent, for S0 “YLAMREdNe AR et MoRfstcst myentin ase sRBaye%t €op PUIPAwSSi n, or
as soft gel atf thisappKcdties, toplosir mipticdtion shgll inekide AguEvagHes bsd Q&rlgﬁﬁi? with water
or an oil nedium  for I ut oil.. liguid raffin, or. ol.ive oil.
Agqueous suspensi ons coﬁ 271[ Hngmﬁﬁ%eggga? icb%“pﬂ%fl%r} ?Ig%u eﬁhﬁgggheﬁ%c}ét Rreen
exci pi ents sy fbther ¢amprissethratheraputicalyottiuoummpmndtispensd sin vBidh )
exci pi ents afg nodMy PSRN %of thePhboS& IRt Sned QB o; it
car boxymnet hyl cel ['u ogé tﬂ%g’fr%%ﬁ%l ose, ° ﬁﬁ%&eﬁ%@i%’f&gxcal conditions.
. In the tredtment or prevention of conditions which require inhibition of
~ dipeptidyl peptidase-IV enzyme activity an appropriate dosage level will generally be
about 0.01 to 500 mg per kg patient body weight per day which can be administered in
20  single or multiple doses. Preferably, the dosage level will be about 0.1 to about 250
- - mg/kg per day; more preferably about 0.5 to about 100 mg/kg per day. A suitable
dosage level may be about 0.01 to 250 mg/kg 'per day, about 0.05 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
0.5,0.5to 5 or 5 to 50 mg/kg per day. For oral administration, the compositions are
25 preferably provided in the form of tablets containing 1.0 to 1000 milligrams of the
active ingredient, particiﬂarly 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 milligrams
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,
30 preferably once or twice per day. -

When treating or preventing diabetes mellitus and/or hyperglycemia or
hypertriglyceridemia or other diseases for which compounds of the preseﬁt 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 milligram to

" 35 about 100 milligram per kilogram of animal body weight, preferably given as a single
_ o a3 :



hydr oxy- propyl methyl cellul ose, sodium alginate, polyvinyl-pyrrolidone, gum
tragacanth and gum acaci a; dispersing or wetting agents may_ be a

natural l y-occurring phosphatide, for exanple lecithin, or %%WWEH@étlon
products ®b @Roabkyl ene oxide with fatty acids, for exanpt US02/21349

pol yoxyet hyl ene stearate, or condensation products of 30 ethylene oxide
with I ong chain aliphatic al cohols, for exanple

hept adecaet h Ieneoxycetanol or condensation products of ethylene OXIde
with parti aldilpgeserar ipdrndedlopesdoria sraiaes Qj@aYaﬁH“a?uFtﬁJé‘%iF%?aS%

pol yoxyet hy e -5 Riin@hals, FRNBAL @ﬁl}ﬂios@g"e i§ Dloge ARt | 1 o %@E&ab@:ﬁlt et hyl ene
oxide with @ﬁ aIl esters derjved fr tt aC| XI toI ydr| des,
for exanpl eH@ JatigATeh @efe S 3a0 @to

Sl ons
may al so conhs ¢f a0EkOadulHEnaal &eemmbdaﬂ\yeﬁse Wllﬂgerﬁﬁlﬂ&ﬂfelﬂoni%ﬂ?\l) 03/ 004498

T USO24 2138k AR 5] RS R Sl ©

sweet eni ng dpeoptBnal sherhpasic sesppse or  saccharin. O |y suspensions may be
fornulated by suspendiy P&lﬁﬁ‘@urﬁfé}s’w{cﬁ ﬁo&@&?%ﬂéﬁﬂé speBifit %@9&%@1%% oil, for

exanpl e arachl s oil, Ive ol sesane oil”or _co onu . in a m ner al
oi | such as reﬂq@nca of dpssteifor awmértwulaypmemlbéﬂgn%%ndcm@ipﬁn@upmﬁ ckeni ng

agent, for |0? fReas Y‘ﬁ:’fudlﬁaﬂhg B Bf dfithe ﬂfecﬁﬁtcﬁhlp@hﬁpﬁﬁbley&’\@% eni ng

agents ch a ose.: et f ove, avor e added to
provi deslg §iskab %tﬁla“%{eé‘ﬁ%‘r‘% &[I]tﬁ%té’é’ H’b‘ggli‘et gﬁn O%W lﬁlgt preserved
by the addi tgb@ialdfealtﬂ,(heﬁmlammod@xmdamts o$ u@hmacmam ahfeiof eRGklon, Angper si bl e

owders and U|tab ar at.i,on S ension b
e oo s PIER AR oA R GRS BaringPe nAT U RE TR "
di spersing or wetting &genatmeﬂmdqoﬁm@mpgu@mntcomdum&mm movestion are

t t
Do 15 oxermnr g (et lbaRE SRR Pind it M hE nA R ARERAL 70 Dot <.

for exadpl e accordmg to procedures konown in the art or as iHustrated herem

" The compounds of the present invention can be prepared from beta
* amino acid intermediates such as those of felmula 1T and substituted heterocyclic
intermediates such as those of formula HI, using standard peptide coupling conditions
fallowed by deprotection. :The‘preparation of these intermediates is described in the
20 following schemes. |

- Pwo o /N
Ar\/k)j\(jH | I\/
i m

thl:e Ar, X and R! are as defined above andPisa suitable nitrogen protecting group
- such as tert-butoxycarbonyl, benzyloxycarbonyl, or 9-fluorenylmethoxycarbonyl.

25 o SCHEME 1
PoNH {)iSOBUOCOCH, EtoN SNH OO
Ar ~-OH 2) CHNp LA oH
4 0 3) PhCO,Ag -
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sweet eni ng, flavoring and col oring agents, may al so be 'pr esent. The

phar maceuti cal conpositions of the irnvention may al so be in t}{]perif%ﬁogrmof
oi | -in-wa ul.sions. The oily phase may be a vegetabl e i?u ~exanpl e
olive oi Iﬁgmg}p}e{% is oil, or a mneral oil, for exanple IﬁQq ia{n&ir”ﬁ’ffi no
m xtures of 20 these. Suitable emulsifying agents nmay be naturally-
occurring guns, for exanple gum acacia or gumtragacanth,

natural | y-occurring pHowppramidsesfonhala leatapineresagily bainble) leowntin the and
esters or pafithake SSHEY be SafveNRA] HRPALREY ¥ vaSL |ehiflhr oY r i des,
for exanple sor bi_at an neoo eat e, %ﬁdﬂ?gond%ng%tq_%tggf%%glggg@g%{tf)he sai d
partial est ekdlediin heerhyPrarongnremeouts is ilusiraied i Sphstyeok yAcidyll, sihéchgphi t an

monool eat e. hR%olkher&Hl 5V AR5l Yeadll§ PrepRRl Foh HeRekEHoAdn@Rthidd AYPH{ NY
agents. ri_})s and eliXxirs ma\é Wi t h_sweet enin ents, for

be fornmuil ate a
o e S R e PG e B DAt G e B oo b UROPGHORAL | ons
may al SOThC(mhLoaidB (for peal bz)ea:tN—(H-fp'b@?hﬁﬁﬁdkwearaaﬂyléiﬁmgbinﬁl@id?f(ﬁbr(PGi O_r: ng 20
agents. e maceut |, c .C t1IQns na e, 1l n the arm a.sterile
et bl o AR TR e SR IR b i el st ey e
formul at ed déisquopljflmgytanﬁmd;éoﬂmce&bya:ﬁazousthage.t Hhseselinng dakzekaompetienng. or
wet ting fig?fﬁeateg%h SHRPERYLAE iR s&%@tmﬂ o rﬂaﬁfno%fquzs&& aipie%% aggove. The
sterile i nj ectabl e . preparat_l on ma a_ SO 1be, a sterlile 1 njectable sol ution
or suspéfisi avayihe S&bﬁéwdtt@ﬁ@mcatlparf@ﬁlﬁvérl&the;pra@démc&tﬁe@am stabn¥yndtesisol vent

for exanpl e g83 (F9YidibidePiol Povids tieMeiAREns aciBIP! As &E@B&uﬁ&%ﬁ&ﬁ?@ﬂhé@ e
vehi cl es and, sol vent e.enp ter, '-22 WD 03/004498 26

S tgcg_t may b oyed arrjzﬁé\/a
April 2005 S /254 Eor dheprrprption engrtiamerically paisthsta A asidhdlchl or i de
sol ulti on. | I&nadﬂiniejﬂgﬂﬂy pﬁxeglﬂha,anﬁlho(&ﬂc]lqsoj gy baﬁsasdcaﬂv&ﬁﬁt%ﬁﬂxgéslw t}&gal Oyed as
a solvent or_suspendin i,u For this purpose.  a and fixed oil. may
be enpl oyed CPWEP%@-H gf?E&%ﬁ%erﬁh%wlngfevg?ﬁgygeﬁaﬂgé.)%Iaﬁ”.osﬁ G4 on, fatty
aci ds suéh Ssntbkss of Adindnd Aoids, Kk, Wiley-NEH MNgvaiyatk: dﬁthJu&ni\jtmttahbl es.
- Aldrichimica Acta, 27, 3 (1994), Cole et al., Tefrahedron, 32, 9517 (1994).

' SCHEME 2

N -H‘N/YN\X
N B & ———— N/
~ g

catalyst

[

m

20 - Compounds HI are commcréially available, known in the literature or
" -may be conveniently prepared by a variety of methods familiar to those skilled in the
art..One convenient method is shown in Scheme 2. Unsaturated derivative 2 is
- reduced, for exémplc, by treatment with hydrogen gas and a catalyst such as palladium -
_ on qarbon or platinum oxide in a solvent such as methanol or ethanol to provide
-25 . Compound III. | |
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5 The conpounds of the present invention may al so be adm ni stered in the
formof suppositories for rectal adm nistration of the drug. The
conpositions can be prepared by mixing the drug with a sui {2%6Pr¢§2005
non-irritgfd fghogsi pient which is solid at ordinary tenpgiaioes: Ryt
liquid at the rectal tenperature and will therefore nelt in the rectumto
rel ease the drug. Such materials are cocoa butter and 10 pol yet hyl ene
gl ycols. For topical use, creans, oin ts, jellies, solutions or
suspensi ons, etc., containing the cé@@sﬁof The present invention are
enpl oyed. (For purposes of thig application,_ topical application shall
i ncl ude nmout h washes and gargle%.) The phar Mgt i cal conposition and
met hod of the present i nveBrio ég conpr i se he
t herapeutically sonpournds r%t ed h rel(HM%hl ch are us h& appl i ed
in the treatne the aboveRYe#t i oned patFﬁﬂoIQ)gl cal co I'n the
treatment or pr v i on of ‘Cﬁﬁdrﬁm‘é"ﬁ”mnhlbltlo
di pepti dyl peptl se-1V enzyne activity an appropriate dogage l3eve| will
general ly be t 0.01 to 500 ng per kg patient body weight per day which
can be adm ni stered in 20 single or nultiple doses. Preferably, the dosage
|l evel will be about O.Ihtdredhatyt, ﬂBﬁSdﬁi@ﬁm, merthﬂagelvamomﬂm@ﬁgr ably about
0.5 to about 1 Aswta a out 0.01
0 ot RO E e Bl 33 BL S IS5 Rl P RERAROL 0- 01
mg/ kg pers da;aethwaifannhmftoshcrsamm&ed hethd ega gnersmgh bEﬂG)doﬁleuléi IS(E ,i80.5 to 5
or 5to 50 QRS are 25
preferably prOV| é&? doin t)é 8 Alﬁﬁ@fyr&qﬁglS%‘%lgérﬁ\gﬁrﬂ}l?%%&amtﬂgﬁ%oa%@
mlligrans diromekctonediive sciﬂrvrgrrtémlbmmetbamluoe ghapehto Prfe}fldeen@nnqql}af@ 2215 0.

20. 0, 25.0, z@ﬁ’ rﬁatl\%'i_’y Q@l tﬁ@@ré%ara@iéﬁ oPinterdfd@fite ZPRhbke FBGOHO2-vdHe-0; 500. 0,
600. 0, 750. 800, i ve. ingredient

|
for the syr’rpql@ﬁ"ﬁ’cﬂ”&e%? @E@ ﬁﬁ'ﬁt@lygf’ a{r‘ﬁémcﬂ?saﬁl | %Fg ap Hg?rac&{l?%%%cug BaYBE treat ed.

The com@un%ﬁ[@y@dqgstamiqhmwﬁeqn areginmen of 1 to 4 times per day, 30
preferably once or tw ce per day. Wen treating or preventing di abet es

mel litus and/or hyperglycem a or hypertriglyceridem a or other diseases
for which conpounds of the present i nMeHENMIN4

N/\/Ci HgNNHg N X NHNH,
l I
N N
6 7
R1CH(_OEt)3‘(§-) | NWN\N
) > l\/N {
orR'CO:H (9), PPA o R

* A convenient method for the preparation of intermediate 2b, where X
15 s N, is illustrated in Scheme 4. Chloropyrazine 6 is treated with hydrazine to provide
hydrazinopyrazine 7. Compound 7 may be condensed with either an orthoester such _
as triethy] orthoester 8 to give Zb or witﬁ a carboxylic acid 9 in polyphosphoric acid at
elevated temperatures to give 2b. -
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are indicated, generally satisfactory results are obtai ned when the
conpounds of the present invention are adm nistered at a dally dosage. of
frontaboq& éllgrantto 35 about 100 nilligram per kil ﬁﬁﬁ%@manlwa
body wei ght.” pre erably given as a single -23 26 April USi3@A1$41004498
PCT/U802/21349 PINHO Ar-,,-~OH where Ar, X and Rl are as defined above
and P is a suitable nitrogen protectine roup such as tert-butoxycarbonyl,
benzyl oxycar bonyl, or 9-fluorenyl net & onyl. daily dose or in divided
doses two to six tinmes a day, or in sustained release form For nost |arge
manmal s, the tot daily dosage is fro about 1. 0 nilligrans t o about 1000
mlligranms, pref

fr out 1 m NG | igrans.
the case of aN70 g adullquIﬁpl thi to al dai y dose (\ﬁS%Lnerally be

from about 7 5I i LNi granms to about 3 | i grans. Thi s dosage r&gi nen may
be adjusted to provide the optimal thérapeutic r@smtw@g-l (b} P | be
under st ood, howed8r,, that the speci f| didose | evel and frequency of dosage

for any particular patient may be varied and will depend upon a variety of
factors includingCthe activity of the specific conpound enpl oyed, the 10
met abolic stabilily and length of action of that conpound, the age, body
wei ght, generaN“h , ‘Sex, qq nnﬂm an e of admnistration, rate
of excretion, diug N ination.” theg Qgggkﬁ t he particul ar condltion,
and t he host und g thera 0 Severa s fHl preparing the
conpounds of this |nvqﬁt|on are?~i|lustrat iRt he foll owi ng Schenes and
Exanpl es. Starting=materials are nade 15 ording to procedures known in
the art or as illustrated herein..- The conmpounds of the present invention

can be prepared from bﬁta&tematﬁ 100ted6i e ipfdpefaies bRCEmHp §Mﬂmﬁdﬂﬁﬁ§£ Bf
formula 11 ee dnter dlat u t hose of
formula |11 mg éllﬂr% 3{8 g péep éo%'gf}&l 1 RPES &fqopﬁng W & metho d
outlined above employmg dlchlompyrazme 10 instead of chloropyrazine 6.
. Compound 12 is then subjected to catalytic hydrogenation using a catalyst such as
platinum oxide to provide Compound Iffb, as its monohydrochloride salt.
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foll owed by deprotection. The preparation of these internediates is
described in the 20 follow ng-schenes. 25 SCHEME 1 P-1 NH %2) i sSoBuOCCCl
Et3N P-1 NH O OH 2) CH2N2 Ar---~OH 1 3) PhCORAg |1 0 -24 28 Api#9052005 WO

03/ 004498wiGkhb/R92/ 21349 Conpounds of fornmula Il are comBicgl @b Y1349

avail abl e, known in the |literature or may be conveniently prepared by a
variety of nethods famliar to those skilled in the art. One commpn route
is illustrated in Schene 1. Acid 1, ' % be commercially avail abl e or
readily prepared fromthe correspondi acid by 5 protection using,

for exanple, di-tert-butyl-dicarbongte (for P = Boc), carbobenzyl oxy
chloride (for P = Bhgz), qr N (9-fl T;eﬁ?r\lafe’}'\hoxywcbﬁﬁmmdm,m@ci ni m de
(for P = Fnoc), is ated vvitmisobktey/l chior of . ) such as
triethyl am ne oAr~disso (ﬁél et hyl anune; N1 owed hyinerPepiiEeuRie. The
resultant diazoketone is tHen treated withRilver benzoate in a sol vent
such as net hanol or 1équeous di oxane and ‘0 may be subjected to sonication
following the procedure of Sewald et al., Synthesis, 837 (1997) in order
to provide the beta amno acid H As will be understood by those skilled
inthe art, for theég p%ation of enantionerically pure beta am no acids

1, enantionerically} purje al pha am no agj npy be used. Alternate
SRV Pure ﬁb&%ﬁéécuﬁg ,

routes to these ™\ found I n"t |l owi ng reviews: E.

Juaristi, Enantiosel ective Iﬁil/ﬁ\n}(\lﬁesi S 8f96ﬁ=;@@|-['29:12%lr E':S:_z ngl.r, W | ey- VCR,

New Yor k: 1997, Juaristi et
1
13 R

NH, O

Ar N
) - °N =N
i R

Intermediates I and III are coupled under standard peptide coupling '

conditions, for example, vsing 1—ethy1—3‘-(3-dimethylaminopropyl)carbodiimide |

5 (EDQ), 1~hyd_rokybenzotriazoie (HOBT), and a base, generally diisopropylethylamine,
in a solvent such as N,N-dimethylformamide (DMF) or dichloromethane for 3 to 48
hours at ambient teﬁperature to provide intermediate 13 as shown in Scheme 6. The
protecting group is then removed with, for example, trifluoroacetic acid or methanolic
hydrogen chloride in the case of Boc to give the desired amine L. The product is

10 purified from unwanted side products, if necessary, by recrystallization, trituration,

preparative thin layer chromatography, flash chromatography on silica gel as
described by W. C. Still et al, J. Org. Chem., 43, 2923(1978), or HPLC. Compounds
‘which are puriﬁed-by HPLC may be isolated as the corresponding salt. Purification of
intermediates is achieved in the same manner. o '

15 . In some cases the intermediate 13 from the coupling reaction described
1in Scheme 6 may be further modified before removal of the protecting group, for
example, by manipulation of substituents on X or R1. These manipulations may
include, but are not limited to, reduction, oxidation, alkjlation, acylation, and
hydrolysis reactions which are commonly known to those skilled in the art.
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Al drichimca Acta, 27, 3 (1994), Cole et al., Tetrahedron, 32, 9517 (1994) )

SCHEME 2 2 20 Conpounds |11 are comrercially avail abl e, known in the

literatur od]®% be conveniently prepared by a variety of 2o hd s
faniliar Q’V&P%ose skilled in the art. One convenient net F6d'Y¥22Kdhn in

Schenme 2. Unsaturated derivative 2 is reduced, for exanple, by treatnent
wi th hydrogen gas and a catal yst such as pall adl um on carbon or platinum
oxide in a sol vent such sesnemssesdhopder ofetahryinglout thefomgbilg réftiGoagpurd |11 .

26 April 200g;, R}/\@e Q%%‘f@ﬁh@t@%ﬂ’@x&(ﬁl o B /dlrﬁ%ﬁl%g@%% IWRgogu ts R%h&g ar e

~~~0Ove N ~ 2a nterrredl ates
t hensel ves c@%‘ﬁ’#‘%ﬁ %ﬂaF'I}PIeSaW%PIIOX}S?Q 50 b inYeiipe Mightdegperedult may be

conveni ent | yulegfpesd drifeye @caﬁﬁjlés%&aﬂmfsuﬁamtsoﬂﬁi dhdild cbe Eohsti@ess skill ed
in the ar Xis CRRis illustrated in Schene 3.

Ani nopyra5t2| n@g@lqg;{ﬁ??rg’ﬁf‘téﬂl%apﬁwéh hal oket one such as 2- bronoketone 4 in

a solvent such as nethanol or ethanol to provi de I ntermedi ate 2a.
Al ternatively, for the preparationlg\ﬂli rpﬂh Lﬁ@ ate 2a where R2 is H,
2- brono- dinethylacetal 5 and a ca I'c a u of acid such as

hydrochl oric acid nmay be

F O__0O
\(

NH O
OH.

2 S-diﬂuorb henyl butan_oic acid

-3-[(1 l—Dimet_h lethoxycarbonvl)amino]-4-
10 |

Step A. (R.S)-N-(1.1-Dimethylethoxycarbonyl)-2,5-difluorophenylalanine ' _
| . Toasaclution of 0.5 g (2.49 mmol) of 2,S-diﬂﬁoro;DL—phenylalanine in’
5 mL of zert-butanol were added sequentially 1.5 mL of 2N aqueous sodium
hydroxide solution and 543 mg of di-fert-butyl dicarbonate. The reaction was stirred
15  at ambient temperature for 16 h and diluted with ethyl acetate. The organic phése was
washed sequentially with 1N hydrochloric acid and brine, dried over magnesinm
sulfate and concentrated in vacuo. The crude material was purified by flash
chromatography (silica gel, 97:2:1 dichloromethane:methanol:acetic acid) to afford
671 mg of the title compound. . MS 302 (M + 1). | ' '
20

-1-diazo-4- A2 S-difluoro-

| . 1,1-Dimethylethoxycarbonylamino
phenyhbutan-2-one
To a solution of 2.23 g (7.4 mmol) of (R,S)-N-(1,1- 7 _
dimethylethoxycarbonyl)-2,5-difluorophenylalanine in 100 mL of diethyl ether at 0 °C
25  were added sequentially 1.37 ml. (8.1 mmol) of triethylamine and 0.931 mL (7.5
- mmol) of isobutyl chloroformate and the reaction was stirred at this temperature for

15 min. A cooled ethereal solution of_ diazomethane was then added until the yellow
color persisted and stirring was continued for a fusther 16 h. The €Xcess
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10 enpl oyed .instead of intermediate 4. SCHEME 4 RICH(CEt)3 "8) or. RICO2H
(2), PPA NHNH2 A convenient nethod for the preparation of internediate 2b,
where X 15 is N is illustrated in Scheme 4. Chloropyrazi né &P 3045 eat ed

‘Wi th hydsag i gialisg Provi de hydrazi nopyrazine 7. Conpound TpdRYskspndensed
with either an orthoester such as triethyl orthoester 8 to give 2b or with

a carboxylic acid 9 in polyphosphoric acid at elevated tenperatures to
give 2b. - 26 ril 2005 03/ 004498. PCT/ US02/ 21.349 SCHEME .5 NHNH2
"RLCH(CEt) 3 ‘?%%O%?tﬁ\%ﬁﬂﬁﬂ%?}e\é\%ﬂﬁg?m@se lﬁédm@?? %&Qﬁﬁ:ﬁi\? © RARKOTRR 28
al ternate rdied fvith etling apsiap andivashedobqanipby ndth d%bhydiesigonc xids N is
I Tustrat edsaltlﬂatéggaggou% 'SO%%gar}gOﬂ]a%e é(ﬁl]t?(;ﬂe _n%’l:?rgne? CG c()jvlep afgrr?esgur}g met hod
sulfate and concentrated in vacuo. Purification by flash chromatography (silica gel.
5  4:1 hexane:ethyl acetate) afforded 1.5 g of diazoketone. 1H NMR (500 MHz,
CDCl3) 8 7.03-6.95 (m, 1H), 6.95-6.88 (m, 2I), 5.43 (bs, 111}, 5.18 (bs, 1H), 4.45
(bs, 1HD), 3.19-3.12 (m, 1H), 2.97-2.80 (m, 1H), 1.38 (s, 9H).  _ :

-3-[(1,1-Dimethylethoxvcarbonvllamino

N -4-(2.5-difluorophenyl)butanoic ~
10 acid | o |
' To a solution of 2.14 g (6.58 mmol) of (&,S)-3-[(1,1-
" dimethylethoxycarbonyl)-amino]-1-diazo-4-(2,5-difluorophenyl)putan-2-one
dissolved in 100 mL of methanol at —30 °C were added sequentially 33mL (19
mmol) of diisopropylethylamine and 302 mg (1.32 mmol) of silver benzoate. The.

15  reaction was stirred for 90 min before diluting with ethyl acetate and washing -
sequentiafly with 2N hydrochloric acid, saturated agueous sodium bicarbonate, and '
brine. The organic phase Was dried over magnesium sulfate, concentrated in vacuo
and the enantiomers were separated by preparative chiral HPLC (Chiralpak'AD
column, 5% ethanol in hexanes) to give 550 mg of the desired (R)-enantiomer, which

20  eluted first. This material was dissolved in 50 mL of a mixture of
tetrahydrofuran:methanol: 1N agueous lithium hydroxide (3:1:1) .and stirred at 50 °C
for 4 h. The reaction was cooled, acidified with 5% dilute hydrochloric acid and
extracted with ethyl acetate. The combined organic phases were washed with brine,
dried over magnesium sulfate and concentrated in vacuo to give 360 mg of the title

25 compdund as a white foamy solid. 1H NMR (500 MHz, CDCl3) 6 7.21 (m, IH)_, 6.98
(m, 2H), 6.10 (bs, 1H), 5.05 (w0, 1H), 4.21 (m, 1H), 2.98 (m, 2H), 2.60 (m, 2H), 1.38
(s, 9H). : ‘
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out| i ned above enpl oyi ng di-chl oropyrazi ne 10 instead of Chloropyrazine 6.

Compound 12 is then subjected to catal ytic hydrogenation using a catal yst
such as | at i num oxi de to provide Conpound IIlb, as its wo?%‘?%ﬂ%@éhl oride
salt. | -Y? %P3 004498 PENH O Ar--'~OH PENH 0 Arl ' POFRRNZI34 N (

13 R 1 N2 0 Ar~ N--N, ,.X Rt | 26 April 2005 PCT/US02/21349 SCHEME
6 EDC, HOBT, DI EA, DMF

10
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INTERMEDIATE 2

O. 0O
FsC '
3 NH O
OH
F

(GBR)-3-[(1, 1—Dimethvlethoxvcarbonyl)amino]-4— [2-flnoro-4-( tﬁfluoromethvl)phenvﬂ—

butanoic acid

Step A. (2R.55)-2,5-Dihydro-3.6-dimethoxy-2-(2’-fluoro-4’-(trifuoromethylYbenzyl)-
5-1s0propyipyiazine :

To a solution of 3.32 g (18 mmol) of commercially available (28)-2.5-
dihydro-3,6-dimethoxy-2-isopropylpyrazine in 100 mL of tetrahydrofuran at <70 °C
was added 12 mL (19 mmol) of a 1.6M solution of butyllithium in hexanes. After
stirring at this temperature for 20 min, 5 g (19.5 mmol) of 2-fluoro-4- -
trifluoromethylbenzyl bromide in 20 ml. of tetrahydrofuran was added and stirring
was continued for 3 h before warming the reaction to amb_ienf temperature. The

reaction was quenched with water, concentrated in vacuo, and extracted with ethyl
acetate. The combined organic phase was washed with brine, dried, and concentrated
in vacuo. Purification by flash chromatography (silica gel, 0-5% ethyl acetate in
hexanes) afforded 5.5 g of the title compound. 1 NMR (500 MHz, CDCl13) § 7.33-
7.25 (m, 3H), 4.35-4.31 (m, 1H), 3.75 (s, 3H), 3.65 (s, 3H), 3.60 (t, 1H; T = 3.4 Hz),
3.33 (dd, 1H, T = 4.6, 13.5 Hz), 3.03 (dd, 1H, T=7, 13.5 Hz), 2.25-2.15 (m, 1H), 1.0
(d,3H,7 =7 Hz), 0.66 (d, 3H, J =7 Hz).

-2 flnoro-4-trifluoromethyl)phenyl- -

. 1.1-Dimethylethoxycarbonyl
alanine methyl ester ' _ 3
© To a solution of 5.5 g (15 mmol) of (2R,55)-2,5-dihydro-3;6-
dimethoxy-2-(2’-fluoro-4’-(trifluoromethyl)benzyl)-5-isopropylpyrazine in 50 mL of a
mixture of acetonitrile:dichloromethane (10:1) was added 80 mL of IN aqueous
trifluoroacetic acid. The reaction was stirred for 6 h and the organic solvents were

‘temoved in vacuo. Sodium carbonate was added until the solution was basic (>pH 8),
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NoX or ot her pept i de coupling R 11l deprotection e.g., TFA/CHCI 2 for P =

Boo Internediates Il and |1l are coupl ed under standard peptlde co §| I ng
conditions, for exanple, using 26 April 200
1-et hyl - 3“,(0363% g hyl am nopropyl ) car bodi i mi de 5 (EDC), PCT/US02/21349

1- hydroxybenzotr| azole (HOBT), and a base, generally diisopropylethyl am ne,
In a solvent such as N, N-di net hyl f ormam de (DWVMF) or dichl oronethane for 3
to 48 hours at anbi ent tenperature rovide internmediate 13 as shown in

Scherre 6. THa tighe SEFHen BRoTRIIES NG Pk Bl FaI AT TN o)
trifl UorOacﬁifld@tea@bﬁ’typﬂw%bﬁ@@@\]abﬁddeﬁyqfh@géﬁlh@ﬁﬂ Qﬁﬂtﬁ'&/ak BikfEfoe 868, of Boc to

give the desired amine |. The rodu t .i,S nwant ed si de
products, i fCOREOSRELS Y vaw P‘é‘t‘: "Yl%tt%%rﬁ%etaﬁ ?ﬁ?a BWCH Ot%ﬂalﬁatﬁatﬁ ve

lt) hin | ayer mﬁsomhec?mtmnem&ﬁihmmW@tmwmhmm Birificzéioge) flash descri bed
y W C Sti et. a

9 9 d
whi ch arg pu IF?I?%H %g_}h Eﬂtfa%ﬁb(i@% Ethg a%%ta 1%%% Ze%;t; ré%&%)kgl‘)f%rm s
t HUMIE, PRI\ d 3817 -2dhan, sﬁﬁeSﬁﬁr{%ﬂ 1456$ﬂ sone

e be Turt no S TR, S 7h %, LT 0 SO 10 1820 G (BOFUbpEden! 1 Seher 6

maybe further rermval he " pro group
exanpl e, by mani pul ati on of substituents on X or These mani pul ati ons

may incl udeste 18- (DtDikdei iGHod Rarbbs %&ﬂw%ﬁ@@t@%tm |
acyl atian, rolysis reactions 'chare commonl'y known to0 t hose

ski |l ed 10n tﬂ&@l‘éﬁrt -28 1t WD 03/004498 26 April 2005 PCT/US02/21349 In
sonme cases the order oA sitiby bN§.1QUl4 higol) @F GRIE)-AY(1fIeact i on schenes

dimethylethoxycarbonyl)-2-fluoro-4-trifluoromethyl)phenylalanine methyl ester in
350 mL of a mixture of tetrahydrofuran: methanol: 1N lithium hydroxide (3:1:1) was
stirred at 50 °C for 4 h. The reaction was cooled, acidified with 5% dilute

15  hydrochloric acid and extracted with ethyl acetate. The combined organic phases
were washed with brine, dried over magnesium sulfate and concentrated in vacuo to
give 4.8 gof the title compound. 11 NMR (500 MHz, CD30D) § 7.45-7.38 (m, 3H),
4.44-4.40 (m, 1H), 3.38-3.33 (m, 1H), ‘2.98.(dd, 1H, J=9.6, 13.5 Hz), 1.44 (s, SH).

20

phenvl]butanoic acid

To asofution of 3.4 g (9.7 mmol) of the product from Step C in 60 mL
of tetrahydrofuran at 0 °C were added sequentially 2.3 mkL (13 mmol) of
- diisopropylethylamine and 1.7 mL (13 mmol) of isobutyl chloroformate and the
25  reaction was stifred at this temperature for 30 min. A cooled ethereal solution of i
diazomethane was then added until the yellow color pérsisted and stirring was
continued for a further 16 h. The excess diazomethane was quenched by dropwise
_'add.ition of acetit: acid, and the reaction was diluted with ethyl acetate and washed -
sequentially with 5% hydrochloric acid, saturated aqueous sodium bicarbonate
30  solution and briné, dried over magnesium sulfate aud concentrated in vacuo.
- _Puﬂﬁcation by flash chromatography (silica gel, 9:1 hexane:ethyl acetate) afforded
05 g of diazoketone. To a solution of 0.5 g (1.33 mmol) of the diazoketone dissolved
in 100 mL of methanol at 0 °C were added sequentially 0.7 mL (4 mmol) of
- diisopropylethylamine and 32 mg (0.13 mmol) of silver benzoate. The reaction was
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may be varied to facilitate the reaction or to avoid unwanted reaction
products. The follow ng exanples are provided so that the |nvent| on m ght
be nore fﬁ) IH% under st ood. These exanples are illustrative of? §PHAP S houl d
not be contP&H*4s 5 1initing the invention in any way. Ff] BI9ATE 1 O
OH (3R)-3-[(1, 1- D net hyl ethox cy arbonyl)am nol -4-(2 _
5-di fl uorophenyl )butanoic acid 10 Step A (R, S)-N(1

1- Di net hy| etshiones éar Dio by for2diButihigfui thostlog estyte ahd miasieng eccuestidllytwidn2l§f 0.5 ¢

2. 49 | | t |
dded ?JSULJB’E‘*%%PE@ opld PGt A O R cbdhaid ool BloorHhE"2 | "Shs
my of di -t erfhasivid m@ﬁdda/ﬁbmaaﬂ@lumwéfaﬁmmqeéﬁaﬁm@ wacinp ped deslved iarfifi ent
tenperature fpe éﬁuiame@ék@ﬁ&ﬂ}a&%ﬁ%&ﬁ&%@ykmﬁﬁé@wﬂmﬁf&m .jphpse was

washed s%quentl ally wwth IN_Hydrochloric acid brine, “dried over

magnesi umh  SHAPHE ainf ‘Colpgént rQ}eefHa‘itlﬁn\V@éGB(’ledf r?é@ﬁ%\é‘“hﬁ%ﬁﬂ“é‘? was
purified by h@ﬁ@&ﬁlon@&&f@l%ﬂ@ﬂtr&ﬂ&lwﬁﬁ leﬂin@ce%é T@JGcﬁntﬂmed or amc phases

di chl or onet hane; acetj.c,acid) to. he title
Compound T Ve olg el el DRSSt A% Haghlsifysfle fﬂ%ﬁﬂ?@?ﬂﬁ%t@é Pt
car bonyl )amgnv:d4]:{}1dga:fme4rt132:oﬁ}pduﬁdlamwmt@fmnmsbbdiﬁmmm&m sol ution

of 2.23 g (& @ﬁgbhzﬂhé =) 38 €88Ybs, 1H), 4.26-3,98 (m, 1H), 3.06-3.01 (m, 1H.
di et hyl et hoxﬁ3 carbon B{s Il\1‘#uortj)(pshe1r;9 1al ani ne(ml nHRO L of(mdl eg hyl ™

et her atllp @. 32%7ﬁéme1 é’eiﬁ%é@ﬂ@n?ﬂhlll%? ($.99.nL (8.1 mml) of
triethylamne and 0.931 nL (7.5 nnol) of isobutyl chloroformate and the
reaction was stirred at this tenperature for 15 mn. A cool ed ethereal
sol ution of di azonet hane was t hen INdEEMERIATE Bhe yell ow col or persisted
and stirring was continued for a further 16 h. The excess -29 :

15

Step A. (28, 5R5—2,5—15ihvdr0-3,6-dimethoxv~2—isonropv1—5-( 2.4 5’trifluorobenzyl)-
azine '
“The title compound (3.81 g) was prepared from 3.42 g (18.5 mmol) of
(25)-2,5- d1hydro -3,6- dlmethoxy—E isopropylpyrazine using the procedure described
20  for Intermediate 2, Step A. 1H NMR (500 MHz, CDCl3).5 7. 01 (m, 1H), 6.85 (m,
1H), 4.22 (m, 1H), 3.78 (m, 3H), 3.64 (m, 3H), 3.61 (m, 1H), 3.20 (m,r 1H), 2.98 (m,
1H), 2.20 (m, 1H), 0.99 (d, 3H, T = 8 Hz), 0.62 (d, 3H, T =8 Hz).

Step B. (R)-N-(1.1-Dimethylethoxycarbonyl)-2.4,5-trifluoro hen lalanine methyl
25  ester
' To a solution of 3.81 g (11.6 mmol) of (25, 5R)_2,5;dihydro-3,6~ |
dimethoxy-2-isopropyl-5-(2’ 4,5 trifluoro-benzylpyrazine in 20 mL of acetonitrile
was added 20 mL of 2N hydrochloric acid. The reaction was stirred for 72 h and
-33-



26 April 2005. WO 031004498 PCT/ US02/ 21349 di azonet hane was quenched by
dropwi se addition of acetic acid, and the reaction was diluted with ethyl
acetate and washed sequentially with 5% hydrochloric acid, &3¢ F%ed
aqueous SQ@gj dspliegar bonate sol ution and brine, dried over pERGH&SHHD
sul fate and concentrated in vacuo. Purification by flash chromatography
(silica gel, 5 4:1 hexane: et hyl acet at e) afforded 1.5 g of diazoketone. 1H
NI\/R(SOOM—IZ CDCl 3). 8 7.03-6. (m 6. 95- 6. m  2H), 5.43 (bs,
1H), 5.18 (beoncaiifatedsingeeuq.pEhe rw)iue E’aﬁléLS%)l‘fid o0 @&9} dichlagomethgpe 1 1H) |
1.38 (s, 911)0 ml; Qﬁmﬁﬂl) of tnethy]amme and 9.68 g (44.8 mmol) of d1—te:t~buty1d1carbonate

ERAE e LV I R e I A

di et hyl et hosey;uanimﬁyWﬁh Birhpdrbelllotd azid add bans- Thd dugamio pheseywidirtedrmvRe one

di ssol ve 3 nm
(16" o) il SuE ST e AR e Seg it gydRLe b??ﬂ%acfﬁg&%%%%ﬁ& ik
benzoat e. Thgﬂ&%lheanﬁsc&yhasﬁﬁﬂmbﬂ&rﬁlﬂl9©fﬂmdﬂb€munﬁmudl JEH NYRMI et hy
acetate and MMCmgzlgwq@@rﬁd aHbyssm(ﬂfn 12? bydras higrd.s8 asl i), sggymat ed
agueous sodi um bi car bonate, and _brine. The organi ¢ phase was dried over
magnesi um s 3HhBd9 EbdéBni-Phimdlih liddsdHand the enantiomers wer e
separated by preparative chiral HPLC (Chiral pak AD colum, 5% ethanol in
hexanes). to give ) mTlch 20 el uted
first. TH s Ngp&e{B) St FO--H PR

t et rahydr of ur an: met han’@he tnl}é aqu;ﬁmna (12 Du tgbumbmmmfﬂnn @311z )5 mol) ofti rred

at 50 C for a with

hydr ochl ori C(Rjﬁ-&l,l—ﬁe&net&ferh%y yboﬂé’sthu ngl %‘}YE fie me§1 étL"éﬁscﬁ}gganl
phases wer e thapheddwitdasdribed éor mmmaﬂawﬁestep@mds i(Mie- é)ilBDﬁ é”&ﬂd

- concentrated in vacuo to give 360 ng of the title 25 conpound as a white

foany solid. 1H NVR (500 Mz, CDCI3) 8 7.21 (m 111 (m 211) 6. 10
(bs, 11185, 08 I nf3R1-By[ (1. 2-Dimethylethoryrarbond wmuigol-$4§.4 pherpyl)- © 1. 38~

(s, 9H). butanoic acid

To a solution of 0.37 g (1.16 mmol) of (R)-N-(1,1-
dimethylethoxycarbonyl)-2,4,5-trifluorophenylalanine in 10 mL of diethyl ether at -20

_ °C were added sequentially 0.193 mL (1.3 mmol) of triethylamine and 0.18 ml. (1.3

20  mmol) of isobutyl chloroformate, and the reacﬁon was stirred at this temperature for
15 min. A cooled ethereal solution of diazomethane was then added until the yellow
color persisted and stirring was continued for a further 1 h. The excess diazomethane
‘was guenched by dropwise addition of acetic acid, and the reaction was diluted with
ethyl acetate and washed sequentially with saturated aqueous sodium bicarbonate

25 solution and brine, dried over magnesium sulfate and concentrated in vacuo.
Purification by flash chromatography (silica gel, 3:1 hexane:ethyl acetate) afforded
036¢g of diazoketone. To a solution of 0.35 g (1.15 mmol) of the diazoketone
dissolved in 12 mL of 1 A-dioxane: water (5: 1) was added 26 mg (0 113 mmol) of
silver benzoate. The resultant solution was sonicated for 2 h before diluting with

30  ethyl acetate and washing sequentially with IN hydrochloric acid and brine, drying
over magnesium sulfate and concentrating in vacuo. Purification by flash |
chromatography (silica gel, 97:2:1 dichloromethane:methanol:acetic acid) afforded
401 mg of the title compound. tH NMR (500 MElz, CDCI3) 3 7.06 (m, 1H), 6.95 (m,

1H), 5.06 (bs, 15D, 4.18 (m, 1H), 2.98 (m, 2H), 2.61 (m, 2H), 1.39 (s, 9H).
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26 April 2005 WD 03/004498 PCT/ US02/21349 | NTERVEDI ATE 2 F3C (3R) 3-f(1
1- Di net hyl et hoxyearbony | )am nol -4-f2-fluoro-4-(trifl uororreth M)henyl | -
but anoi ¢ g} step A (2R SS)-2 5-Di hydro-3 pril 2005

6- di net ho%(5 2% | uor 0-4' - (tri f1uoromet hyl ) benzyl)- 5-i §’(§E¥‘6ﬁ9%’6§}? azi ne
To a solution of 3.32 g (18 rrrml) of commercially available (2S)-2,5-
di hydr o- 3, 6- di nmet hoxy- 2-i sopropyl pyrazine in 100 L of tetrahydrofuran at
-70 C 10 was added 12 nL (19 mml) of & 1.6M solution of butyllithiumin
hexanes. After stirring at this tﬁ\ﬂﬁﬁg\aﬁb f(:S 20 mn, 5 g (19.5 nmol) of
2-fluoro-4 trifluoronethyl benzyl bromde in '5 nmL of tetrahydrofuran was
added and stirring was continued for before warm ng the reaction to
anbi ent tenperature. The reaction WaS\q‘[:;ﬂched with water, concentrated in
vacuo, and extracted with ethyl 15 acetate. The conbi ned organi ¢ phase was
washed with brine, dried, and concerffrat®d _On vacuo: Purification by flash
chromat ography (silica gel, 0-5% | acefate in heéexanes) afforded 5.5 g
of the title compound. 1H NMR 1=B)d3733 7.25 (m 3H)
4.35-4.31 (m lH), 3.75 (s, 311), H) 3.60 (t, 1111 J 3.4 Hz),
3.33 (dd, 1H, J 4.6, 13.5 Hz), 3. O_H7 135Hz)225215
(m 1H), 1.0 20 (d 3H, J=7 Hz), O. 66 (d 3H J 7 Hz). Step B. (R-N-(1
1- Di met hyl et hox cy arbonyl)-2-fl uord:4 trifluoronethyl)phenyl  al ani he
met hyl ester To a solution of 5.5 g (15 nml) of (2R 5S)-2,5-di hydro-3,6 25
di met hoxy-'2-ggg)-stﬂ(u@mmﬂﬂamdMWbmmew azine in
50 nL Off ;m xtourelgf acetonitrile:dichloronethane (10:1) was added 80 nL
of 1N aqueo oroacetic acid. The reactlon was stlrred for 6 h and
t he organi c solvents were

- Step A. 4-Bromo-2,5-difluorobenzyl bromide
To a solution of 2 g (8.44 mmol) of 4-bromo-2,5-difluorobenzoic acid
(prepared according to the procedure of Ishikawa et al., Kogyo Kagaku Zasshi, pg
10 972-979, 1970) in 20 mL of tetrahydrofuran was added 40 mL. of a 1M solution of
borane-tetrahydrofuran complex. The solution was heated under reflux for 64 h,

cooled to ambient tempefature and 100 mL of methanol was added. The reaction was
then heated for a further 2 h, cooled and cdncentrﬁted in vacuo. Purification by flash -
- chromatography (silica gel, 9:1 hexane:ethyl acetate) afforded 1.6 g of 4-bromo-2,5-
15 difluorobenzyl alcohol. Toa solution of 1.3 g (5.6 mmol) of 4-bromo-2,5-

- difluorobenzyl alcohol in 20 mL of dichloromethane at 0 °C was added 2.27 g (6.7
mmol) of carbon tetrabromide and 1.8 g (6.7 mmol) of triphenylphosphine. The
reaction was stirred for 2 h at this temperature, the solvent was removed in vacuo and
the residue stirred with 100 mL of diethyl ether. The solution was filtered,

20" concentrated in vacuo, and purified by flash chromatography (silica gel, 9:1
hexane:ethyl acetate) to afford 1.5 g of the title compound.

Step B. (25, 5R)-2,5-Dihydro-3,6-dimethox
- difluorobenzyllpyrazine o
25 The title compound (1.61 g) was prepared from 0.865 g (4.7 mmol) of
(25)-2,5-dihydro-3,6-dimethoxy-2-isopropylpyrazine and 1.5 g (5.2 mmol) of 4-
bromo-2,5-difluorobenzyl bromide using the procedure described for Intermediate 2,
Step A. 1HNMR (400 MHz, CDClI3) § 7.21 (m, 1H), 6 97 (m, 1H), 4.25 (m, 1H),

-35.
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renmoved i n vacuo. Sodi um carbonate was added until the sol ution was basic
(>pH 8), -31 26 April 2005 WO 03/004498 PCT/ US02/ 21349 and then the .
reaction was diluted with 100 nL of tetrahydrofuran and 10 & ¢@B2%f%0l) of

di -t ert - biyhyssoflisar bonate was added. The resulting slurrypngg.sgidkied for
16 h, "concentrated in vacuo, and extracted with ethyl acetate. Tlhe

conbi ned organi ¢ phase was washed with brine, dried, and concentrated in

vacuo. Puri f}] i 5 r.o rap sil e 20% e I
acetate in h%i@hegﬁ)g?%&%éz%élﬁgﬁgﬁggnt %édéc%%é‘gn#{) 3?@501\9\-/%'(%00 VHz,
CDC13) 8 7.38d)/128 ((3E 3128, HA, eS (hAH, 1HRB HA. 65- 3.98 (m 111), 3.76 (s,
3H), 3.32-3.25 (m 1H), 3.13-3.05 (m 1H), 1.40 (s, 9H). Step C -
(R -N-(1.1-D et hyl et hoxycar bonyl )-2-fluoro-4-trifluoronethyl)phenyl- 10

al ani ne A sobtar R b.13D1 [ HCRIDY BympEX 3 difhuorophenylalanine

di et hyl gt hqﬁgtﬁ@rgg%@yl ) - 2-f1 uo 0-4-tri I uoot yI ) phenyl al ani ne net hyl
ester in 3 of a mixture of tetrahydrofuran: methanol :I N Iithium
hydroxi de (3:1:1) was Teapelten af1.6D3Cdmmolhof (PleSKedétdiaydredsd-cool ed,
Zcet at 'ee-dTh“edi?sﬁ‘b%?‘9“351‘3‘%1?°%’Er’“y“”ﬁ’9&m’9”’5“‘f?‘@ﬁ@ A R O O over
magnesi um sCFRRE ﬁ’&aS@@%E‘éﬁPﬁt%}ﬁhY% ig g5id. g Thereactpngvas sticred Ie5 ¢ | o
conpound. g.l—lél\ll\/ﬁld((ﬁﬁﬁeﬂﬂ'ﬂed foRacHY). DhefredBue/waddifdblvedth 30 ML 44- 4. 40 (m 1IH),

3. 38- 3. . .114 2.98 . oAl =.9.6. 5. Hz 4 S . 20 Step
D (3R 3 1231"@91 et}aﬂelaﬂég%rrﬂ%@q et %fﬁiﬂﬁt%%ﬁ‘?%%’rdoi%g?%é e hyl ) -
phenyl | but aneitdugddidarbonaic selarddoh The Badtioyp W, stirmdbr) 16, dilveedpwiddethy! from
Step Cin 6 entially 2.3 L
(13 ol ) of U A sthe@ bl Ruayfiy o WleB QMR R o © ™
chl or of or matd@d&rget hbe opanisahnsconas,iedver maghesiun $ijlfate, epmeentiated & f or 30
- mn. A cool qg, . | I - il the
T oy SO0t o ﬁff;tﬁgiieagiyaﬁdﬁ?i;@@aéﬁmﬁwmw, ek DREAJHRL At

15 “Taford 23 g0t the'fifte ompound® HERMR (400 MLz, CDCI3) § 7.27-7.15 (an, -

. 1H), 6.98-6.93 (m, 1H), 5.08 (bs, 1H), 4.61-4.55 (m, 1H), 3.78 (s, 31D, 3.23-3.18 (m,
1H), 3.05-2.95 (m, 1H), 1.41 (s, 9H). :

Step D. (R)-N-(1, 1—Dimethyleth0§cycarbonyl )-4-bromo-2.5-difluorophenylalanine

20 The title compound (1.34 g) was prepared from 1.4 g (3.5 mmol) of
(R)-N-(1,1-dimethylethoxycarbonyl)-4-bromo-2,5-diifluorophenylalanine methyl ester
using the procedure described for Intermediate 2, Step C. MS (M + 1) 380.3 and
382.3.

25  Step B. (3R)-3-[(1.1-Dimethylethoxycarbonyl}aminol-4-(4’-bromo-2".5'
difluorophenyDbutanoic acid -
The title compound (0.36 g) was prepared from 0.6 g (1.57 mmol) of
(R)—N-(l,1—dimethylethoxycarbQnyl)—4—b1'0mo-2,5—diiﬂuorophenylalan_ine using the
- procedure described for Intermediate 3, Step D. MS (M + 1) 394.1 and 396.1.
30 | - A |
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continued for a further 16 h. The excess di azonet hane was quenched by
dropwi se addition of acetic acid, and the reaction was diluted with ethyl
acet ate a%mgﬁg sequentially with 5% hydrochloric acid, 2&84p2%%ed
aqueous sodi Um Bi carbonate 30 sol ution and brine, dried oF&rYMHHEE um

sul fate and concentrated in vacuo. Purification by flash chromatography
(silica gel, 9:1 hexane:ethyl acetate) afforded 0.5 g of diazolcetone. To
a solution of 0.5 g (1.33 mml) of tHELANBEBKet one dissolved in 100 nL of
met hanol- at 0 C were added sequentlally 0.7 nL (4 nmol) of '

di i sopropyl et hyl am ne and F3 .1 of silver benzoate. The
reaction was -32 26 April 304498 PCT/ US02/ 21349 stirred for 2 h
before diluting with ethyl acgtate ahg J, gpentially with 2N
hydrochl oric acid, saturafed agueols sodi uerg\ﬁb and brine. The
organic phase was dried over magne5| um suIng(eN trated i n vacuo and
dissolved in 50 nL of a mixture of"gdHd ahydr furanrret hanol : I N aqueous

l'i thi um hydroxide (3:.1:1) 5 and stirred at 50 C for 3 h. The reaction was
cool ed, aci dT.fammmmhlcﬁ&/mmm@mmﬁvmmmncz asifidomndtextsagteed Wi th

et hyl acet at g The . ere washed Wi th brine, dried .
over nagne5|-" ¢ iiv Centrat-e uo to give 410 ng of t he
title corﬁpound as a vvhlte foany SO|Id 1H NWMR (500 MHz, CD30D) S 7.47-7.33
(m 3H) 4. 8§.f 3] . ; AZit: 06301(m 11-1), 10
2.83-2.77 (rn ‘ . ' T.29 (s, 911). |INTERMEDI ATE 3 OH n
yl )am nol - 4- (2, 4, 5- trqu) @é@lﬁﬁmﬂﬁﬂ mummzmeéﬁﬂa g, 55.2 mmol) in ethanol (120 -
(3R)-3-r (I, ImD) wRé mdeﬁtlmﬁfe%aﬁ @Qnﬂéor%c%@or%% (55391 oL, 55 2 mn}ol) The reachoxl'l

I"Uor obenzyl’)

5R 25D|hdro t hox I, SOpro
a ZI) ne ywas stm:e?l at re?[leux for 3/0 h. AfterpevaggraUOn of solvent, the residue was

ochloride

VO

10 partitioned between ethyl acetate and saturated aqueous sodium bicarbonate solution.
The aqueous layer was extracted with ethyl acetate (3x). The combined organic phase -
" was washed with brine, dried over magnesium sulfate and concentrated. The residue
was purified by flash chromatography (silica gel, 1:1 ethyl acetaté:hcxane, then 100%
ethyl acetate) to give 2.35 g of the title compound as a solid. 1H NMR (500 MHz,
15  CDCl3) 6 8.02 (m, 2H), 8.13(m, 1H), 9.22 (s, 1H). ESI-MS 188 (M+1).

 Step B. 2-(Trifluoromethyl)-5.6.7.8-tetrahydroimidazo[ 1,2-alpyrazine
, ' To a solution of 2—(t1iﬂu0r0metﬁy1)imida_zo[l,2—a]pyrazinc 2.0g,
10.46 mmol, from Step A) in methanol (100 mL) was added 10% palladium on
20  -carbon (400 mg). The mixture was stirred under atmospheric hydrogen at ambient
temperature for 14 h. The Imxture was filtered through Celite and washed with
methanol (3X). The filtrate was concentrated and purified by flash cbromatography
(silica gel, 10% methanol in ethyl acetate, then 15% methanol in chloroform with 1% - |
‘aqueous ammonium hydroxide) to give 1.33 g of the title compound as a solid. 1I-I
25 NMR (500 MHz, CDCls) 6 1.93 (bs, 1H), 3.26 (t, 2H, J=5.5 Hz),3.99 (1, 2H, J=5.5 |
Hz), 4.10 (s, 1H), 7.16 (s, 1H). ESI-MS 192 (M+1).

" Step C. 7-[(3R)-3-[(1.1- dimethylethoxycarbonyl)amino]-4-(3.4-

1ﬂuoroghenyl Ybutanoyl]-2-( tnﬂuoromethyl)—5,6,7 ,8 tetrahydromudazol 1,2— ‘

30 azine
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The title c.orrpoundA(3.81 g) was prepared from 3. 42 g (18.5 mmol ) of
(2S) - 2, 5-di hydro- 3, 6-di nehoxy-2-i sopropyl pyrazi ne usi ng the procedure .
described 20 for Intermediate 2, Step A 1H NWVR (500 Mz, c@%ﬁef) 28057 01 (m

1H , 6. 85wigh 4,22 111), 3.78 311). 3.64 1
1501) 3. 20 (3{00%4\1?\%)2 08 (m(mlll)? 220 (ﬁnm 111)? 0. 99 (c(j%érﬁn@yzéﬁz (m

0.62 (d, 3H J = 8 Hz). Step B.

(R-N(1,1-Di rret hyl et hoxycar bonyI% 4,5-trifluoro hen£I al ani ne nmethyl 25
ester To a sol ution of [82gatugon ah2-¢rifkeromehyl}-56,7, yBommiAgnlb23, 6-

di rrft h0;<y I2 d]ﬁ?@ﬁlﬂ@ﬁ%ﬂ# gnﬁé 0.4 mﬁof ol gtéf)%gl%ﬂ yk)lﬁY('élalZ'T Ee in 2? nL of
acetonitrile e oric_acl ctio s
stirred for GBCRYEOSeY Q%Y% %@% ditfporenepgn st e oy
gon(r:”ent r at ednindl)Macidlorbheiags (Tue) was ?@HeﬁSIQd)BQ‘Ctﬁit B n8f) 02 r8ol) at O 09121 o

i chl or oget hgne an of . triet :
mmol ) of %gl hﬁ}eere?’c %w%soqngg&gggl%m)w QW&@&%@ @SP ﬁ’%g’ éti rred
for 16-h, didddeddAvfiet eneival/df thesedith, Sedreacsivedas dlogad nd stalak ymbietth | N
hydr ochl ori I4 I
sﬁl fate, coﬁ[clz1 @%?gg)rﬁ#}p/gﬁf—c@%ﬁ 3‘3’?. ?l%&ﬁ%&%ﬁ g‘%ﬁflﬁgofnlgf%ciagﬁy “(silica
gel, 9:1 hex@%‘sf’@ﬂh@fp Glfetckiray, 108 x40 wrylD. ,zﬁﬂzlvgnfcﬁfadlﬁé fram 1@%conmpound. | H
NVR (500 - Mdgetobfdde390B Hat&h atd®. l%ﬁﬂﬂlﬁ)rgfceﬁmacﬁﬂfa 90%-BEohitdle 1% whteeS_( M

S C.
(1 F!% N(ﬂ%l canﬁé}m’fceﬁn%@ﬁm%qfﬁmﬁwz 14 sns P{%m&@ﬁ&ﬁweﬂwda%&rfpﬁw o ‘title
conpound (2.1g¢ 191}&0@13313)1‘8?%23 911)92(5 , P, Zz @é m ZH) 3.34 (bs,

(R -N-(1, 1-d| Iethoxycar -trlfluoro anl ne rrethyl
RIS sV e DI ORTNEEH 0. R85 +
1) - BOC 220. E{m ISI)SI_QDMIS 489 (M+1).

(3R -3-[ (1, 1- Di et hyl et hoxycarbonyl )ani nol -4-(2, 4,5-trifl uorophenyl) -
but anoic acid To a solution of 0.37 g (1.16 mml) of (R)-N-(1, 1-
15  Step D. 7-[(3R)-3-Amino-4-(3.4-diflucrophenvl)butanoyl}-2-(triflacromethyl)-

5,6.7.8-tetrahydroimidazof 1.2-alpyrazine, dihydrochloride
. To 7-[(3R)-3-[(1,1-dimethylethoxycarbonyl)amino]-4-(3,4-

diflucrophenyl)butanoyl]-2-(trifluoromethyl)-5,6,7, 8-tetrahydroimidazo[1,2-
alpyrazine (110.8 mg, 0.226 mmol, from Step C) was added 2 mL of methanol

20  saturated with hydrogen chloride. The reaction was stirred at ambient temperature for
1 h. Concentration gave 89.5 mg of the title compound as a foamy solid. 1H NMR
(500 MHz, CD30D) $ 2.97-3.10 (m, 4H), 3.91-4.34 (m, 5SH), 4.90-5.04 (m, 2H), 7.16-
7.33 (m, 21—1), 8.01-8.08 (m, 1H). ESI-MS 389 (M+1).

95 o EXAMPLE 2

"-2HC| K/

: tetrahydrbimidazol I,Z—d lp}g_"azinc, dihydrochloride
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dlnethylethoxycarbonyl) 2,4,5- trlfluorophenylalanlne in 10 nmL of dlethyl
ether at -20 C were added sequentlally 0.193 nL, (1.3 mml

triethyl a%d'l /@99)80 18 nL (1.3 20 nmmol ) of isobutyl chI or é@%ﬁ%ﬂmand t he
reacti on was I'rred at this tenperature for 15 mn. €& eal

sol ution of diazonethane was then added until the yell ow coI or persisted
and stirring was contl nued for a further: 1 h. The excess di azonmet hane was
quenched by dippii de(3d drelimethaletiorpcaslodnd] yaming d.>xeaction was diluted

with ethyl aﬁﬁb%&eﬁﬂ%umatm cﬁﬁ%&f%&;@%&%&ﬁ&&ﬂﬂz%ﬁ%ﬁwd aqueous sodi um
bi carbonate 25 solution and briné, dried over nagnesium sul fate and

concentrated i n vacuo. Thefifls sompruingdrvasprenagediun cdftusgemsiy)-6€1 1.8ta gel |
3: 1 hexane: etdihydepbiddR)] 1,274 rﬂﬁ@b@@v’%ﬁ: g@fmﬂblamhﬁﬁmlﬂosraps@l ution of

water 53151)15@@5%&5%%%20% R O sl oA eourt ant
sol Eft i on was(Isemneditied, # D5 m3, hBDHﬁmﬂi}g DIPEAt DG m, 1. E%??JAEEMT F[Zn:l@t[a%\?e?nd
rmgnest um surSeRLind P O U TERaab S BEE AR, Pibd f o i o

chr omat ogr ap#malggsiuk e thagdsiserilg:ip Exantplehl Sep ik thrapefontiepuridicatamanétbodici d)

afforded  40%pa, Ogng%vag lgﬁe&B Eh‘iluvé’d(&“\@gﬁ?% M?BQQ?%Q’% ,72021(?] m

P
113), 6.95
2H)) 1. 39 (ggegaﬁ)t en YW phip dzg;é@onwbao@/tgaws@éb PETvio e saypoun

| NTERVEDI AT (ng;g? ]

c~onyl ) am nclfffls4 fbé4 brg(?r)oﬁg (?P(IBJOI’O %ﬁ%ﬁ%gﬁg 9H%CZI%2(§n D 288 (m,
AR R B VN L0 T @fﬂ%ngl@aéaﬁ(wm) of
4- brono- 2, 5- vioﬁdxyczmbma@aqmcmx MS 489 (M+1).

15 StepB. 7— 3R)-3-Amino-4-(2,5-difluorophenyhbutanoyli-5.6 7 8-
tetrahydroimidazo[i.2-a lpﬂazme, dihydrochloride
The title compound was prepared from 7-[(3R)-3-[(1,1-
dimethylethoxycarbonyl)—amino]—4-(2,S-diﬂuorophenyl)buténoyl]-S ,0,7,8-
tetrahydroimidazo[1,2-a]pyrazine (349.8‘mg, 0.72 mol, from Step A) in 1.5 mL of
20  methanol saturated with hydrogen chloride, using a procedure analogous to that

described in Example 1, Step D. Evaporation of solvent gave 299 mg of the title
compound as a foamy solid. 1H NMR (500 MEz, CD30D): § 3.10-3.17 (m, 2H),
2.89-2.99 (m, 2H), 3.94-4.22 (m, 4H), 4.33 (m, 1H), 4.91-5.48 (m, 2H), 7.07-7.23 (m,
3H), 8.05 (m, 1H). ESI-MS 389(M+1). | '
25 |
EXAMPLE 3

NH, O

tetrahydroimidazo[1,2-alpyrazine, dihydrochloﬁde
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(prepared according to the procedure of Ishikawa et at, Kogyo Kagal u
Zasshi, pg 10 972-979, 1970) in 20 nL of tetrahydrofuran was_ added 40 ni of
a I'Msolution of borane-tetrahydrofuran conplex. The sol ut FoPhaheat ed
under ref @4 h, cooled to anbient tenperature and ‘

met hanol V\lvgbs(oj; de The reaction was then heated for a fuﬂ(?lg f?%,g cool ed
and concentrat ed i n vacuo. Purification by flash chromat ography (silica
gel, 9:1 hexane:ethyl acetate) afforded 1.6 g of 4-bronp-2,5 15

di fl uorobenzyl al cohol. To a solution of 1.3 g (5.6 mmol) of 4-brono-2, 5-

di 1 uor obenzgiepal. caltolr) 1 29. el dishlaramihans oty £5C vas added 2.27 g

trl'phenyl phoSHH i i - 2INLHS his t enperat ure,
the sol vent was rermveurhe ﬁtlua@mpommmastmepaimfrdmez &hﬂﬁmdaemyum 80®B-nL of

Sfft Pﬁéﬁ“iﬁ% ﬁ?ﬁ@&aﬁ%ﬁﬁ% ﬁi c%g%efﬁi&ﬁﬁ;ﬁrafﬁ;%nﬁ% a%"B%dZPS) to
1.5 e - trifluorophenyl)butanoic aci

USRI ity e

. é']ﬁgé efla 3”‘32%@351 Bn%fl&'jof% T‘izg &gggey md EDC (478

di f | uor obenz yrazi né e’conpoun was prepare

0.865 g (4.7 425¥9mm(q125942:l50fd11 @noaleﬂw@emsmmwye wmy%wfazl ne
and 1.5 g (%&ﬁﬂ&iﬁﬂﬁg bmech P@nﬁbﬁﬁ&%@ﬁ%ﬁ%&ﬁvebﬂ}@‘(ﬁﬁcél Lh@ovhe
procedurf des bed for ter 512 Step AL 1H N Otg CDC13) 6
7.21 (m1Q1-¢ y FEGE, (ﬂhqlil i?qu aﬂa i glichigromeyhanc) gaﬁ%‘*@@lqaeﬁr Fudpos wWo -
8% 00421482 5@6&%&/ ?a@%ﬂfgarﬁ Z@hds H BINIR (SO0, @b(fl?ﬁ £55 (s 3}13536’0@113 (() m65 :
(d, 311, J 2 (}JSt%B 36@)%%?“1‘%%@%%@ %e;}igr‘b By 1@%%

5-di f | uor ophenrg @l 2H) Ne2 (51 MEY, 44 66,1 6T), 304 qms ot ESRMS 5317 @&+Q) (4.14 rrrml )
of (2S, 5R) 2, 5-di hydr o- 3, 6-

15

tetrahvdmmudazoil 2-alpyrazine, d1hvdrochlonde

The title compound was prepared from 7-[(3R)-3-[(1, 1-
_ dimethylethoxycarbonyl)almno]—4—(2,4,5—tnﬂuor.ophenyl)butanoyl]-5 ,6,7,8-
tetrahydroirrﬁdazlo[l, 2-ajpyrazine (38 mg, 0 075 mmol, from Step A), in 1. SAmL of ‘
20  methanol saturated with hydrogen chloride, using a procedure analogous to that
described in Example 1, Step D. Evaporation of solvent gave 34 mg of the tltle
compound as a foamy solid. 1H NMR (500 MHz, CD30D) 0 2.59-2.66 (m, 2H),
2.92 (m, 2H), 3.89-4.16-4.22 (m, 5H), 4.70-4.84 (m, 2H), 542(111 1H), 6.86 (m, 1H),
- T 06 (m, lH) 7.24 (m, lH) ESI-MS 407(M+1)

25
EXAMPLE 4
F '
= : N/\I/\)
" =2HCI
_ 3.4-difluorophenyl}butanoyli-5.6 7 8-tetrahydroimidazo(1.2-
Igygazme, dlhydrochlond '
© 30
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di met hoxy- 2-i sopropyl -5-(4' -brono-2',5' -di fl uorobenzyl ) pyr azi n'e_ in 10 nmL of

acetonitrile was added 10 nL of 2N hydrochloric acid. The reaction was
stirred -f%[ ?OS‘B and concentrated in vacuo. The residue wa& HE&WWyved in
30 L of 1 B'ChI°8r onet hane and 5.6 nL (40 mmol) of triet RFTARIHE3Ehd 2.2 ¢

(10 mml) of di- tert-butyldicarbonate were added. The reaction.was sti rred

for 16 h, diluted with ethyl acetate and washed sequentially with
sat ur at ed agbepus lemdiaaait Biaddpythonat e sol uti on and brine. The organi c phase

was dried over nagneswmgnasgg uftl%‘ﬁ”éﬁ{fﬁ% Eazﬁ}ee(%dtgh%l ﬁ@gﬁ tﬁ‘é’ﬁ@} (?d by

fl ash chromat ography (Srli exXanes e afford
1.22 g of thelymak ed@adrﬁabm@ 1 1+dummh0(imnm@5 IﬂD(ZJL3)3 ml)z‘ﬁmwagﬁoy(in

%1% 36138( ?ndl%ﬁs 1f%0m1:§ﬁtra§§‘l l%%g&?’ﬁ’onéd% )&ft%"rﬁ )?ﬁg fdglffjrﬂoaé the- Séﬁ/m(ts\/va 11),
(R -N-(1,1- [f\f?@@#@;qdet%@%éwwmﬁfuwﬁbﬁwezn sthl adetpse @pﬂn@ﬁwta@ agienss 20

The title COéﬂ@ﬁlﬁﬂ@lcfaﬂbo%ﬂte%lu\ﬂ%ﬁ Q‘h@ﬁ@i’e@ﬁs fa'jz%aﬂs e‘ktxgctfﬁ “éth@@ﬂ%ll ﬁcé@ite (3x).
(R -N-(I, oxycar | uor opheny au%nl ne

ot hyl ester S eBG pBe R sied BEh B st raraesE whdsy ¢ v
(M + 1) 380. ﬁldaj‘m@lcexﬁ&?eﬁB Tkﬁ&cﬁﬁw)wfﬁ purified by flash chromatography (100% ethyl
(3R)-3-1(1.1;

I et Qxuca \Mano
di fl'uor ophenyﬁ%aggzlg [k hgrél ‘?% p%lceal ﬂéegr%)g }(‘ﬂ?th(aﬂogg%b's%l%ﬁgm%‘ﬂ%é? ed from
0.6 g (1®7 gneb}6 nfg of the title compound as a solid.” "H NMR (500 MHz, CDCls) § 7.70 ‘
(R - N-(lld ) H%F W ne using
the pr oceduq'bg}af(}@yé ?B@%ﬁ@f%ﬁ{%}ﬁ@&—ﬁﬁ% @E gdp&g j’I'I\A/’Sg %y ggi) 1 and
396. 1. 30 WD 03/004498 EXAMPLE 1 CF3 26 April 2005 PCT/US02/21349 _
7" [(3R) -3- Akiaged-o By & b yRCARGAYE HoAEAAAKL! - 2- (trifl uoromethyl)-5 6 7
The title compound was prepared from imidazo[1,2-@]pyrazine (500
15  mg, 4.20 mmol, from Step A) and platinum oxide (250 mg) in methanol (50 mLy),
" using a procedﬁre analogous to that described in Example 1, Step B. Concentration
gave the title compound (512 mg) as a viscous oil. 1I—I NMR (500 MHz, CD;0D) 6
3.37 (t, 1H, J=5.5 Hz), 4.18 (1, 2H, J=5.6 Hz), 4.88 (s, 1H), 7.27 (4, J=1.6 Hz, lH)
- 733(, 1H)
- 20

1.1-dimethylethoxycarbonyDaminol-4-(3.4-

difluorophenyl)butanoyll-5.6,7.8-tetrahydroimidazo[ 1.2-a]pyrazine
The title compound was prepared from 5,6,7,8-tetrahydroimidazo[1,2-
a]pyrazme (31.3 mg, 0.254 mmol, from Step B), (3R)-3-[(1,1-
25  dimethylethoxycarbonyl)amino]-4-(3,4-diflucrophenyl)butanoic acid (80 mg, mmol)

- DIPEA (32.8 mg, 0.254 mmol), HOBT (41.2 mg, 0.305 mmol) and EDC (73 mg,
0.381 mmol) in 5 mL of dichloromethane, using a procedure analogous to that
described in Example 1, Step C. Purification by HPLC (Gilson; YMC-Pack Pro C18

- ¢column, 100 x 20 mm 1D.; solvent gradient system from 10% acetonitrile, 90% water, -

30 - and 0.1% trifluoroacetic acid to-90% acetonitrile, 10% water, énd 0.1% trifiuoroacetic
acid) gave 75 mg of the title compound as a viscous oil. 1H NMR (500 MHZ CDCly)
& 1.38 (s, 9H), 2.05 (bs, 1H), 2.62 (m, 2H), 2.89 (m, 2H) 3.81-4.04 (m, 5H), 4.64-4.88
(m, 2H). 5.38 (m, 1H) 6.88 (m, 2H), 7.0 5(m, 3H). ESI-MS 421 (M:+1).
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fet rahydroi m dazo[ 1, 2- al pyrazi ne, di hydrochlori de Step A

2-(Trifluoronethyl)imdazo[1l 2-a] pyrazine To a solution of 2-an1_n68 razi ne
(5.25 g, 55.2 mmol) in ethanol (120 nL) was added 26 April 20

1- br onmo- 3,3, | uor oacetone (5.73 nL, 55.2 nmol). The r

stirred at rethtuux%f or 20 h. After evaporation of solvent, 1?‘2%%‘%%1311 was
10 partitioned between ethyl acetate and saturated agueous sodi um '

bi car bonat e sol uti on. The aqueous Iayer was extract ed with ethyl acetate

(3x). The cofispdad’d : (3. A U oyl Majte %e].8dri ed over
nmagnesi um SU{eftI%IﬁdxéﬂﬁdE%T‘i?Q”&]bﬁfaﬁqe d-flli'\ﬁ:lr&%ﬁér@dée was purified by flash
chromat ogr aphy (siTica 7T et_hcgr acetate; hexane, then 100% et hyl
acetate) to give 2.35 s titeiamppyn waOrEPAIRA 88 4ISRBdL.IH NVR (500 Mz,

15 CDC13) S &nﬁb@hﬁ@ﬂheﬁk&arbo% B3nitho JLHY3 4 HifZorbheniBbuthnoyESs 6 V3-188 (M+1) .

ol Ut on b BEbifp ré‘@%%#ti@wpynam% “@ﬁ?éfwoiﬁﬁﬁ@@ kb Sy
from _ﬁ] gpmAz(methaﬁBI skmade??ﬂiﬂmwtogemhloadd,aml ma?d(;mdammmgms ﬂﬂthaar bon (400
trrgirper ature @escﬁ&%@% E&ﬁ%p lggk E e wasrﬂggﬁﬂhoné% V?ﬁg CQWPtI‘? dasS Red
with methan arrm}ld THeNMR {308 HgeGD a@m&ﬁ%@éa (mq&w% {n@dl 4dPash
chromat ograp '4'26%‘3%& 2139)%2@94 @@ 2H 4%“&‘*1?4 gﬁOXI 19“?%'(1&5%)

met hanol in ’Ioré formwt ueou Ini um to gl ve

of the t141 e7-88kpodhd E§IM%%216~4+1.DH 25 NNR (500 M-lz CDC13) 8 1.93
(bs, 111), 3.26 (t, 2H, J=5.5 Hz), 3.99 (t, 2H, J=5.5 Hz), 410(3, 1H),

7.16 (s, 111). ESI-M5 192 (Mtl). Ste -[(3R)-3-[(1
1- di met hyl et hoxycar bonyl ) am nol -4-(3%?&1\/&'&?
di f 1 uorophenyl ) butanoyl | -2-(trifluoromethyl)-5 6 7 8-tetrahydroi m dazo[1l 2-

ine - i1 Fg :
30 al pyrazi ne | 37 26_ Apri | WO qqpl906498 PCT/ US02/ 21349_
. | _ N .
_ : - F N : ,
| | O:/\N - |
: o " 2HCI \<- |
CHj

_ 7_[(3R) 3-Am1no—4 {3.4-diftuorophenyl)butanovi]-3- ethvl-S 6.7.8-tetrahydro- 1 2.4~
15 _txlazolol 4,3—a lpyrazine, dihydrochloride

Step A. 8-Chloro-3-ethyl-1,2 4-triazolo[4.3-alpyrazine
' - To 3-chloro-2-hydrazinopyrazine (3.0 g, 20.75 mmol), pfepared from
- 2,3-dichloropyrazine and hydrazine using a procedure analogous to that described in
20 the literature (Huynh-Dinh et al, J. Org. Chem. 1979, 44, 1028), was added & mlL. of
triethyl orthopropionate. After refluxing for 10 h, the reaction was cooled down to
ambient temperature and the precipitate was filtered. The solid was purified by flash
“chromatography (100% éthyl acetate, then 10% methanol in ethyl acetate) to give 2.73
: gof thc title compound as a solid. 1H NMR (500 MHz, CDCl3) & 1.54 (t, 3H, J=7.6
25 Hz),3.16 (q, 2H, J=7.8 Hz), 7.70 (d, 1H, J=4.5 Hz), 7.83 (d, 1H, J=4.8 Hz).

 Step B. 3-Ethyl-5,6,7 8-tetrahydro-1.2 4-triazolo[43-a] pyrazine, hydrochloride
- The title compound was prepared from 8-chloro-3-ethyl-1,2,4~
triazolo[4,3-a]pyrazine (2.70 g, 14.8 mmol, from Step A) and platinum oxide (0.4 g)
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To a solution of 2-(trifluoronethyl)-5,6,7,8-tetrahydroim dazo[l 2-

al pyrazine (64.3 ng, 0.34 mol, from Step B) and (3R)-3-[ (|

di net hyl ew(g)é%/ i&anpony! ) ami noj - 4- (3, 4-di fI uor ophenyl ) but angj 86é€W180Q5105 9
ng, 0.34 § im di chl oromethane (5 nL) was added HOBT (B478%g%0. 42
mmol) at 0 C. 5 The reaction was stirred at 0 C for 10 mn, then EDC (96.6 -
ng, 0.50 nmmol) was added. After renoval of the ice-bath, the reacti on was
al | oned to sin 200tlaripiedimnol inerper dtalmemﬂe!rhjzddogwn (Fhpsinfox tld heumsas
concentrat ed o 4100 x
20 niml1.D.; Pﬁ& \Ilcgﬁﬁggdl"gg:egﬁetéaﬁr om %%;ﬁi gg%treat%%staf%g nﬁ%%&ﬁﬁg{%ﬁﬂﬂ% 0 1 %
trifluoroace H@W(@%&M%&ﬁi)@l 86 (1, 311, 1806 Wal, r34 (4 2HI-60. Hz)Y8.70

trifluoroacefi sga I afoarry _
ol i d - pt MR TE50 P ARG 35 4P 0. A0Re Al SEIRBSOED.S TS5 m 21
3.34 (bs5 111), 3.86 (m 111) 4. 05 (m 4R) 4.85 (m 1H) 5. 30- 5 38 (m~
1H) 6.97 (m s@&pkt)7- %R ( R B9 dd¥ibh
7-f (3R) - 3- Am_no- 4- )
5,6,7,8-tetr S = : : i g2 1p
g 1[I(3R) 3h[ (1, 1-di et hy‘hetxtl@mf llﬁaﬁws)padr?afw]frcﬂne%ﬂﬁyi 5 67 8-tetrah dro- "[ L
i f1 uor ophen o tri zo[ 1, 2- -
al pyrazi ne (i%épgwﬁ@ Y%% s ﬁ%&@o@g\%@ #@?ﬁ%)ﬂéﬂﬂanol 20
sat ur at et wi Bﬂ(lhydnmjhyietbbxWb@ayl)émao} ézﬁz‘,mdnﬂuwammyll)butmbmacmmﬁmg
t enperature J nd as a
Foany sol 1 d. “TerRRR: DEBORL IR SRpIR 15T (30 Phns 234 thbbf F VTS T
5H), 4. 90- 5. (W9Gme. B 1§ mpliig20mB of gighlopypethgegysigg @Broc:mlurqm}alomrs VB 389
(7M[+(1%R) 22 E\)wﬂf&ﬁcgbéa:lﬁ Example 1, Sﬁa p C. The %rude pﬁduct WE%S Ipu%'ilfied th 5.6 7
ugr opheny anoyl | - 2- | uoronle
- tet rahyd%‘%"ﬂa&ﬁ& @ﬁ%"ﬁé‘m &%ﬁm@v gl vens grasiie i/@7)60 |
15 acetonitrile, 90% water, and 0.1% trifluoroacetic acid to 90% acetonitrile, 10% water,
and 0. % trifluoroacetic acid) to give 366.3 mg of the title compound as a viscous oil.
la v (500 MHz, CDCl3)} & 1.31-1.34 (m, 12H), 2.67-2.92 (m, 6H), 4.03-4.12 (m,
4H), 5.03-5.31 (m, 3H), 6.93 (s, 1H), 7.05 (m, 2H). ESL-MS 450 (M+1).

20 Step D. 7-[(3R)-3-Amino-4-(3.4-difluorophenyDbutanoylj-3-ethyl-5.6.7.8-tetrahvdro-
’ 1,2 4-triazolo[4 3-a] pyrazine, dihvdrochloride
The title compound was prepared from 7-[(3R)-3-[(1,1-
dlmethylethoxycarbonyl) amino]-4-(3,4- d1ﬂuoropheny1)butanoy1]-3 ethyl-5,6,7,8-
. .tetrahydro-l,2,4-tnazolo[4,3-a]pyrazme (30 mg, 0.067 mmol from Step C), in 1.5 mL
25 of methanol saturated with hydrogen chloride, using a procedure analogous to that _

described in Example 1, Step D. Evaporation of solvent afforded 28 mg of the title
compound as a viscous oil. 1H NMR (500 MHz, CD30D) § 1.45 (t, 3H), 2.93-3.07

(m, 6H), 3.90-4.31 (m, SH), 5.08 (m, 2H), 7.16 (s, TH), 7.31 (m, 2E). ESI-MS 350 _
(M), |
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WO 03/ 004498 PCT/ US02/ 21349 Step A 7-[(3R)-3-[(1 1-dineth

| exycar bonyl ) am nol -4- (2 5- difluorophenyl)butanoyll -5,6,7,

~ 8-tetrahydroi m dazo [ 1, 2-al pyrazine The title corrpound mszﬁf‘giﬁép% from
2-(triflugpaarblys) -5, 6,7,8- tetrahydroi m dazo[ 1, 2- a] pyr azi}&;d 945449, 1. 45
mmol , from Exanple 1, Step B, 5 '

(3R -3-[ (1, 1-di met hyl et hoxycar bonyl ) am no] - 4- (2, 5-di fl uor ophenyl ) but anoi c
acid (Internmediate 1, 416 ng, 1.32 % PEA (226 ng, 1.58 nol), HOBT
(216 ng, 1.98 nol) and HATU (753 ngy : ) in DVF (6 nL), using a
procedure analogous to that described in Exanple 1 Step C, except for the
purification nethod. The conpund was purified by preparative TLC (silica
gel, 20% hexane in ethyl 10 ace ate, then 10% et hanol in dichl oronethane)
to give 360 ng of the title ‘ N foarry solid. 1H NVR (500 Mz,

. CDC13) S 1.35 (s, 9H), 2.62 ! .88 ( 3.88-4.16 (m 5H), 4.73
(s, 1H), 4.85 (m 1H) 5.26-5.3¥ (M 1H>6.90 (b3~ w 7.06(m 211),
7.24(m 111). ESI-M5-489 (Ml) g 15 Step B. _
7-[ (3R) - 3- Ami no- 4- (2, 5-di f | uor ophenytBi®Gut ano NS. 7 8-

t et rahydroi m dazof |, 2-al pyrazi ne, di hydrochl oride |esti tl e conpound was
prepared from 7- [(3R) 3- [(1 1-

di et hyl et hg ) /| ] 4 di f1 uorophen I)butano I] 5,6,7,8

t et r ahydr oi m=Ha2 215 YEbyia 3 8A) in 1.5
nL of 20 rretthﬁtﬂﬁyldrcsa,tzwaia@dlowB%hﬁ!&tﬁﬁ@@x@d@hhl@hﬂ@e using a procedure
anal ogoug to that described in Exanple 1, Step D. Evaporation of solvent
gave 299ng of the title conpound as a foany solid. 1H NVMR (500 MHz,
CD30D): S 3.3tép A. BA(TriflucpdihethyD- 1804 2 BB 4B-Ablrazide 94- 4. 22 (m 4H), 4.33

(m 1H), 4.91-5.48 (m %:E% % 0 E
389(MH1). 25 CF3 7-| S tud 0BT 2} &&%ﬁﬂ%ﬁ%ﬁ’ ﬁ’%’r“}‘%%t‘%e %fﬁ om
- 2-(trifl uor chehlpsapyraging, aﬂdbydnﬂémﬁalwaracnrmedamamagusaw@atmmcd in the
di hydr ochl orjiterature (P.J. Nelson and K.T. Pots, J. Org. Chem. 1962, 27, 3243, except that the

10 crude product was extracted into 10%methanol/dichloromethane and filtered, and the

filtrate was concentrated and purified by flash chromatography on silica gel, eluting
with 100% ethyl acetate followed by 10% methanol in dichloromethane), TFA (2.55
8. 224 mmol), and polyphosphoric acid (10 mL) was heated to 140 °C with stirring
for 18 h. The solution was added to ice and neutralized by the addition of ammonium
15  hydroxide. The aqueous solution was extracted with ethyl acetate (3X), washed with
| brine, and dried over anhydrous magnesium sulfate. Concentration followed by flash
chromatography (silica gel, 1:1 hexane:ethyl acetate, then 100% ethyl acetate)
afforded the title compound as a solid (861 mg). 1H NMR (500 N[[—Iz CDCl3) 6
8.17~8.20 (m, 2H), 9.54 (s, 1H). LC/MS (M+1) 189.
20
Ste B. 3- Trifluoromethyl)-5.6.7.8-tetrahydro-1,2 4-triazolo[4.3-alpyrazine
' 3-(Trifluoromethyl)-1,2,4-tdazolo{4,3-a] pyrazine (5_40 mg, 2.87
mmol, from Step A) was hydrogenated under atmospheric hydrogen with 10% Pd/C
(200 mg) as a catalyst in ethanol (10 mL) at ambient temperature for 18 h. Filtration
25  through Celite followed by concentration gave a dark colored oil. Dichloromethane -
was added to the above oil and the insoluble black precipitate was filtered off.
Concentration of the filtrate gave the title compound as an oil (495 mg). 'H NMR



de -39 26 April 2005 WO 03/004498 PCT/ US02/ 21349 St ep A '
7-[(3R)-3-[(1, 1-di net hyl et hoxycar bonyl ) am nol -4-(2,4,5- trifluoro '
henyl )but%dxﬂ] 6, 7, 8-t etrahydroi m dazof 1, 2-al pyrazi ne Thed i PUS corrpound
was prepa 2.(trifluoromethyl)-5,6,7, 8 5 PCT/US02/21349 .
tetrahydroi m dazo[ 1, 2-a] pyrazi ne (31.7 ny, 0. 166 mmol, from Exanple 1, Step
B),
(3R) - 3 [ E 1, 1500 Mdﬂﬂ)(tlachpﬁ Pexrbgny)) Hp9 (tplIl-I,)4} £ 3,55 @2 woofit, ooy Dﬁi’_ﬁei”l};ﬂ)z)), but ianoi
c aci I'nt Lat e Y/ 166 nunol), HOBT (26.9 ng, 0.199 )-mol,
and EDC (47. %ﬁfﬁgbﬁé’ %§W9'1§34 mL of dichl oronethane, using a
procedure anal ogous to that descrl bed in Exarrpl e 1, Step C. Purification
by preparati ke ' t hen 10% net hanol in
di chl or onget hsa/m B—g? V§R % foarry solid. IHNW
(500 MHz,> crifle Dbuanoy 219, 7.8 getghvdrer L2dptriazplaf4.3c m  1H)
4.04-4.24 (my 11%1}16 4. 23 (s 111) 4 35 (m 111) 4 97- 5.48 (m 2H) 7.22
(m 1H, 7. H) , (m 111). ESI- 507 1 15 Step B.
7-1 (3R) - 3- Ani no- Ta (2, 4T1m1'aki FIRRAE w@ﬁympﬁ?fl&mdﬁ) E&lﬂ
t et r ahydr oi rdiffedsietiodcabpyyRanne)] mztwaﬂasﬂ@bnéﬂﬂ)%utﬁh&ctabﬁl (Et&aanwng - was

df - 3- 1, 1-. . )
R oot et nod i & Xk it 3 ifiugromednyl) 5 6Tty besrsl-3s, 6. 7. 6.
t et r ahydioi nilg@azipg (30 mppd.danme) (88g aproctdifi snatopdus té thand@Stdpeddpr in 1.5
nL of 20 netjhang 1e§§§t912?} ﬁ@ng"&r&&é}é@fo‘?%gpﬁ@é’d ls)%?re%&apora Igsr l‘i’&:feo%}”e

anal ogous to th Sol vent

gave 34 ng of00fheihyl aceiate, &mﬂ@ﬁ’mea@nd/di@éww&am (23Dp1 tonmvifor( sloroti

CD3CD S 2. U P2 S
4. 70 21 8n ( c':e)%né:% ﬁ@(E@ﬁ ascaj Hm'ﬁ@ Ol@figgcﬂdggﬁ‘iﬁ% (Ql_%) 5H)

ESI - |\/5 3|\§%Sl§m 41, Maﬁ%(lg SH), 4 9 (s 1H) 4.95~5.15 (mnhi), 5. 22~57 45
15 (br 1H), 6.86~7.24 (m, 3H). LC/MS (M+1-t-Boc) 390.

4 (m

Step D. 7-

9.6.7.8-tetrahydro-1,2 4-triazolo[4.3-a azine, hydrochloride
) The title compound was prepared from 7-[(3R)-3-[(1,1-
20 dimethylethoxycarbonyl)-amino]-4-(2,5-difluorophenyl)butanoyl]-3-(trifluoromethyl)-
o 5,6,7,8-tetrahydro-1,2,4-triazolo[4,3-a]pyrazine (19.1 mg, 0.039 ﬁ]mol, from Step C)

~using a procedure analogous to that described for Example 1, Stép D. Concentration

~ afforded the title compound (16.1 mg) as 2 solid. "H NMR (500 M¥z, CD;0D) §
2.75~3.16 (m, 4H), 3.86~4.35 (m, 5H), 4.95~5.05 (m, 2H) 7.03~7.20 (m, 3H).

25 LC/MS (M+1)390.
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7-f(3R)-3-Am.no-4- (3 4-difluorophenyl)butanoyll-5 6 7, 8-tetrahydroi m dazof

~1,2- al pyrazine, di hydrochl ori de 30 -40 26 April 2005 WD 03/004498
PCT/ US02/ 21349 Step A. | mdazo[ 1, 2-al pyrazine To a sol uti on2&fpril2005
2- am nopy #-0 g, 21.03 nmmol ) in ethanol (40 .nl)

2- br ono- lwmt hoxyet hane (2.5 nmL, 21.03 mol) foll O\A/e\élvaﬁcyﬁggh%d;rmggs of
concentrated hydrochloric acid. After refluxing for 14 hours, the sol vent
was 5 evaporated. The residue was partitlioned between ethyl acetate and
saturated aqueous sodi um bi car bonat EXMELEGh. The aqueous | ayer was
extracted with ethyl acetate (3x). The conbi ned organi c phase was washed
with brine, dried over magnesiufi sulfate, and concentrated. The residue
was purified by flash chronmgt ogrlaphy (100% et hyl acetate, 10% net hanol in

ethyl acetate, then 10% net ha . dithl & onet hane)' to 10 give 536 ny of
- the title conpound as a solid. VR {500 livHz, ) S7.70 (bs, IM
7.82 (bs, 11-1), 7.89 (d, 1H, . (d ~nJ=4.6 Hz), 9.12 (s,
1H). Step B. 5,6,7,8-Tetrahydroi 'dazofl 2 a] i The title conpound
was prepared frominidazo[1l, 2-a]pyr azi'Hei(SOO . 4.20 mmol, from Step

A) and platinumoxide (250 nmg) in methanol (50 ni), cyging a pr ocedur e
anal ogous to that described in Exanple 1, Step B. Concentration gave the

title corrpound (512 rrg) as a vi scous oil. . 1H NMR (500 Mz, CDBCD) S 3.37
(t, 1H, J=5.8 )-3-A (2 Ao-trifemonhenyd Ybuta ol -F-Grflueromethyhizd .o

113),  7.33 {fhanidib.1 i@ é&ﬁ)@or@a c?lt»h(aéﬁé Rbdchickiddi

net hyl et hg)xycarb“onyl y.am nol - 4- (

Step A. 7-[{(3R)-3-[(1, 1—Dimethvlethoxvcarbonvl)amino]-4-( 2.4 5-trifluorophenyl)-
- butanoyl]-3-(trifluoromethyl)-5.6.7.8-tetrahydro-1.2 4-tdazolo[4.3-alpyrazine
_ The title compound was preparéd from (3R)-3-{(1,1-dimethylethoxy-
carbonyl)—amino]—4-(2,4,S-triﬂuorophenyl)butanoic acid (Intermediate 3, 50.1 mg,
10 0.15 mmol) and 3-(trifluoromethyl)-5,6,7,8-tetrahydro-1,2,4-triazolo[4,3-aipyrazine
- (392 mg, -0.20 inmol) using a procedure analogous to that described for Example 1, |

‘Step C. The crude product was purified by preparative TLC (silica gel, 100% ethyl
acetate) to afford the title compound (29 mg) as a solid. "H NMR (500 MHz, CDCls)
 §1.37 (s, 9H), 2.61~3.00 (m, 4H), 3.92~4.30 (m, 5H), 4.93 (s, 1H), 4.95~5.12 (m,
15 - 1H), 5.22~5.35 (br, 1H), 6.83~6.95 (m, 1H), 7.02~7.12 (m, 1H). LC/MS (M+1-t-Bu)
452. '

‘B. 2.4, 5-triffoorophenylbutanoyli-3-(trifluoromethyl)-

_ 5,6,7,8—tetrahyd10 1,2,4-tnazolo[4,3 -¢1 pyrazine, hydrochloride '

20 - The title compound was prepared from 7-[(3R)-3-[(1,1-
dimethylethoxycarbonyl)-amino]-4-(2,4,5-trifluorophenyl)butanoyl}-3-
(trifluoromethyl)-5,6,7,8-tetrahydro-1,2 4-triazolo[4,3-a]pyrazine (22 mg, 0.039
mmol, from Step A) using a procedure analogous to that dcscribed for Example 1,

~ Step D. Concentration afforded the title compound (16.5 mg) as a solid. '"H NMR
25 (500 MHz, CDsOD) § 2.75~3.15 (m, 4H), 3.82~4.35 (m, 5H), 4.90~5.05 (m, 2H),

7.16~7.25 (m, 1H), 7.30~7.42 (m, 1H). LC/MS (M+1) 408.
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di fl uorophenyl ) butanoyl | -5, 6, 7, 8-tetrahydroi nii dazo[ 1, 2-a]pyrazine The
title conpound was prepared fromb5, 6,7, 8-tetrahydroi mdazo[l, 2- a(]opyrazi ne
(31.3 ny, »ﬁ 254,mol , fromStep B), (3R)-3-[(1,1 25 ~26April2005
di net hyl et %x@%é‘# onyl ) ani no] - 4- (3, 4- di f | uor opheny! ) but an&CEEE313¢80 ny,
mol ), DIPEA (32.8 ng, 0.254 mmol ), HOBT (41.2 ng, 0.305 minol) and EDC
(73 ng, 0.38-1 nmmol) in 5 nL of dichloronethane, using a procedure '
anal ogous to that desdissdngdlly follewargihe pioce@trepouilinddifvt Exaapleoh7bthe HPLC
(G lson; YMZ : 20 mm1.D.; solvent gradient
system from Eg@?%@%%@%gﬁkg%ﬁg@dw and 0.1%trifluoroacetic acid
to 90% acetonitrile, 10% water, and 0.1% trifluoroacetic acid) gave 75 ng
of the title conpound as a viscous oilpagHzNWR (500 MHz, CDC13) S 1.38 (s,
9H), 2.05 (bs, 111), 2.62 (m 2H), 2.89 (m 2H 3.81-4.04 (m 5H), -
4.64-4.88 (m 2H). 5.38 (m 111)»6.88 (m 211), 7.0 5(m 3H). ESI-Ms 421
(Mrl). -41 26 April 2005 WO QB004#98 dr/¥s02/ 21349 St ep D.

7-[ (3R)-3- Ami no-4- (3, 4-di fluoro Il/\'él_,j\]7,8-
t et rahydroi mi dazo[1, 2-al pyrazi ne, di hydrochl ofide The title conpound was
prepared from7-[(3R-3-[(1, 1- Nz

di et hyl el hoxycar bonyl ) - am no] - 4- ( 3, 4- di f | uor ophenytybut anoyl]-5,6,7,8- 5
t etrahydroi m dazo[ 1, 2-a] pyrazine (72 ng, 0.171 muol, fromStep C, in 1.5

nmL of met hapot—satunated-w th—hydrogen —chioride,—using ajprocedure
anal ogous tp_that described in [Exanple 1, Step D. Concentration gave 66 ny
of the titl aE?‘@iHB’ﬁun(R as a foamyXsolid 1H | (500 NMHz,| MBdEWEN) S
2.96-3.13 (m 411), {3.93 (m 1H)|, 4.13 4.26-4.38 (m 2H),| 4.26-4.3B (m
2H), 4.90-5/04 g¢m 2pLy, 7.19-7.38Em 31-1)|mg 10 7.58 (mh3sziH) . ES -MS 321
(Mrl) . EXAMPLE 5 F. |7 NH -

9 . |3Far C-Bt | H 349

10 {2F - |cum = ' 303

11 |2F CCF; H HES

12 3-F4-F C-(4-F-Ph) H 415

13. |3-F4F C-Ph | H 1397

14 I3F4F . |C(4OMePh) |H 427

15 3-FA4-F C-(3-F4-F-Ph) |H 433

16  {3F4F | C-4-OCFPh) |H |41

17 |3FAF | C-CFs H 439

18 |2r N Et 352

19 |3F4r  |N o 336

20 |{2F N Me 318
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0 2 11 CH3 7-[(3R)-3-Am no-4- (3, 4-difluorophenyl ,
but anoyl | - 3-ethyl -5,6,7,8-tetrahydro-1,2,4- 15 triazol o[ 4, 3-al pyrazi ne,
di hydrochl oride Step A 8-Ch|oro-3-ethy|-1,2,4-triazolo[4,32%ﬁﬂV?%?ine To

3- chl or o-gouh¥%ghAass nopyrazine (3.0 g, 20. 75 mol ), preparegc;ﬁ@
2, 3-di chl oropyrazi ne and hydrazi ne using a procedure anal ogous

20 the literature (Huynh-Di nh et at,
m__of triethyl

descri bed i
1028), was
h, the reac
was filtere
acetate, th
conpound as
3.16 (q, 2

n
dded._..8

art hopr api

J.
nonate. After

ref l.uxi ng

P har

O g. Chem 1979, 44,

for 10

ti on was
d. The s

cool ed down
DhiFgs-was puri

to anbient
fifed by flas

enperature 3§
NEt chr omat ogr

nd the pr
apy (100

bci pitate
b et hyl

2,29 5

en 10% net hano

In et
NVR (500

\:IPH77(\,IA
o — O

hyl  acetate)

e, ODel3)

3=4-5

H

to give 2.7

g 154 (1, 3

g of th
J=7.6
Eﬁﬁ J=4_8

e title
25 Hz),

Step B. 3-Bthyl-5 6

pyrazi ne, hy|
8- chl oro- 3-
Step A) and
PCT/ US02/ 21
psi) for 14
gave the ti

dr o@BI or

7 8-tetrah r
3de4-FThe tit

0-1: 2,4-tria
I}¢ conpound

7..83 (d
A Uk |
7ol 014, 3- al

NBls prepared

f32am

Hz) .

et hyl -1,
plaainu

2,4 triazol o]

g ge (00

4, 3-a] pyr azi
G -42 26 Ap

ne (2.70 g, 1
‘bb12005 WO

4.8 mol ,
q%@004498
Y h

from

OQF—+1H—Z
hour s.
t| e28onp

o-—-—ot—1ett
Filtration t

gAtH-6%:a sol

ano—trH—a—Ppa
hrough Cel it
.  1H NMR

F—Shaketr—uh
e foll onwed by
660 Mz,  CDJ

1 uyerg
concentr

@P S 1.3

en (50
At i on
5 (t, 3H,

J=6.0 Hz),
J=8.0 Hz).

2.84 (q,
4. 06§s,

2H, J=6.0 Hz
Dbl 4 ESI - VB ]

), 3.70 (t,
53 (MH1). 5

211, J=8.0 H
k.

z), 4. 28
404

t, 2H,

7-[(3R)-3-[
di f | uor ophe
rr

(L, 1=di
| ). but
ny £7u a

thyt et hoxycs
hoyl | - 3- et hyl
EsE Y

roonytyantTm
-5.6,7,8-tet
N

B3
o1

—4=(34=

rahydro-1, 2, 4
CE%CI% 7 404

-triazolo

(4 3-a.]p

28

2-F

CH

CH;FPh

393

29

2-F

CH

Ph

379

30

2-F, 4-CF;

C-CFs5’

H

439

- 31

2-F4-F5-F

C-CRE,CH

‘H

379

32

4-Br2-E5-F

C-CF;

H

467, 469

33

4-Br,2-F 5-F

CFE3

468, 470

.48 -



The title conpound was prepared from 3-ethyl -5, 6, 7, 8-tetrahydro-
1,2,4-triazol o[ 4, 3-a] pyrazi ne-hydrochl oride (400 ng, 2.12 mmol, from Step
B), (3R)- WO?) 004498 . 26 April 20.05
3-[(1, 1-di net y(l et hoxycar bonyl ) am no] - 4- (3, 4-di f | uor ophenyq(‘)Tﬁgﬁoé/ﬁbzﬁ% aci d
(668 my, 2.12 mmol ), DIPEA (1.1 nlL, 4.24 mol), HOBT (343.8 ng, 2.54 mol)
and EDC (609.6 ng, 3.18 mmol) in 20 nlL of dichloronethane, using a
procedure anal ogous t o Whikathedewatiphbes bean Exsgapedand iligstepedCyitefereneed e
product was P EsdfdieparyyldPlfbodifkhs Mbreof Mrofaklian R t@a@% &l éﬁ;?egi%g%a%(/ 20 mm
, n . (I

|.D.; solvent gradient from 10% 15 atget_onl trile, 90% water 1
tri f1 uor oacet'PHOEAEP RE G ohaget SMdiiGaiians, seasifioas, deletinps, or additions of

ol ”‘iL&@%ﬁ%ﬁmﬁnd&%&?’iﬁﬁ??tgeim‘ff“’}‘?‘fj“”‘ﬂqi“zﬁ‘?@%@%ﬂéﬁ? G 11§COUS
oil. e31=1. m , 2.67-2. ‘m :
4.03-4. 127 (m " FYnIoB: S9T grapple, HHCS I dospeeg pther Mapifie pastigiay dasagaups s¢t) - v
450 (Mrl). ( 2@0191 bl-gj_ein,abovg may be zpplicablee) asa conseq}}lf;ncc of variations frti( respff;):eness
12 a-triazol ol D isily HORAPRE Y JOHS RRRba s B e el ol as
pr eb ared fr Omwnﬁglgjq)ﬁ@%/efi(abple. "The specific pharmacological responses observed may '
di met hyl et hox¥&akbanMml ] ; lefdaHas 3 Cp%}c -3-=et.hyl -5, 6,
7,8- tet Eéhyd%{%?&lggl, l\zﬁg%t? ?g%gfﬂgn?g%g?%giﬁgzi_nepa?%%% - 0. g'g@%r%l%:%d%%om'& ep
O, in 118 nivhstepiiersars grrsent Phpmaceairal Gacremy 4 vedas thaboe offormyliing a
procedur e anahdgous of adrhitraticles@ploped ahd sichaxpbRed varkieRs & difvaRQkayi on of
v, coson)  Teul® Peciepplish i eGor Bt i e i SE MR s 1 1) . . 08
g :T/ 03I42)98 I7D p@sér invehion. 71t 3infamyled herefBf, HdBR5Aventibh Wdzﬂ&dkmﬁa¢ ]§o|’é@9_5 WO
EAVR - - 3- -4- -difluoro
henyl ) but an(c);;;;lf iﬂ@ g%f‘%?’%or ometahgltt%-t éﬂ:c gl c;m%lg %glntgmég{L&gs bm&ﬁy §S 1 :
t et rahyd?‘i)- 1Tepsopable; azol of 4, 3- al pyrazi ne, hydrochl ori de '
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.5 Step A 3-(Trifluoronethyl)-1,2,4-triazol ol 4, 3-al pyrazine A m xture of

2- hydr azi nopyrazine (820 ng, 7.45 mml), prepared from 2-chloropyrazine
and hydrazi ne using a procedure anal ogous to that descri bedzﬁﬁp'@'ﬁé%
literaturgo(Budssodlel son and K T. Potts, J. Og. Chein. 19§2.,..af,,3243,
except that the 10 crude product was extracted into
10%ret hanol / di chl oronet hane and filtered, and the filtrate was
concentrated and purified by flash chromatography on silica gel, eluting
with 100% etWiABg%EéﬁéNﬁ}Pf{%med by 10% met hanol i n di chl or omet hane), TFA
(2.55 g, 22.4 mmol ), and pol yphosphoric acid (10 nL) was heated to 140 C
with stirring for 18 h. The sol utiogn \ﬁ/a added to ice and neutralized by
the addition of anmmmonitm 15AW)9’B%P853F‘§%f.t ‘Tﬁ@“&g% sous sol ution was extracted
with ethyl acetate (3X), washed wt brine, and dried over anhydrous
- magnesi um sul fate. Concentration fol by flash chromatography (silica

gel, 1:1 hexane:ethyl acetate, Arhen 00%. et “aggtate) afforded the title
conmpound as a solid (861 ng). 1H , N3) S 8.17-8.20 (m 2H),

00
9.54 (s, 1H. LC M5 (M+1l) 189. 20 Step B. &:N / _
3-(Trifluoronethyl)-5,6,7,8-tetrahydro-1, 2, 4> ri\aéol ol 4,3-alp ry azine
3-(Trifluoronmethyl)-1,2,4-triazol o[ 4, 3-a] pyrazi neR1540 ng, 2.87 mmol, from
- Step A) was hydrogenat ed under atnospheric hydrogen with 10% Pd/C (200 np)
as a cata yst in ethanol (10 nlL) at anbignt tenperature for.18 h.

Filtration 25 through Celite followed by concentration gave a dark col ored
oi | . Dichl orW&tHane was added to the above oil and the insol uble bl ack

preci pi t at e Mg phidjenteh RidncubsGanebat subétitard afith he of RB{ wateing®Ve the title
conmpound as .ag oi | (t495'%' H'INI\/R 26 r{.l 2%)05 "WD 03/004498

PCT/ US02/ 21 3RECTERERIMigtec 035“?%‘?“2100(%8‘:3}“5_9 ), 3.29 (t, 211, J = 5.5
Hz), 4.09 (t, 2H(1J = Enlégeriz), 4.24 (s, 2H). LC/ M5 (Mrl) 193. Step C.
7-[(3R) - f (1, 1-@&)net @}’Jﬁﬁfk@@,%ﬁ{ Q@B¥ﬁ)c§'&£ﬁhécﬂﬁ(d2is Bmnsubstituted or

substituted with 1-5 halogens,
(3) 0C1-6alkyl, which is linear or branched and is unsubstituted or

substituted with 1-5 halogens, and

. @ CN;
15 ' _
X is selected from the group consisting of:
(1) N,and '
(@) CR%

20  R1 and R2 are independently selected from the group consisting of:
(1)  hydrogen, :
@ N, | |
3) C1-10alkyl, which is linear or branched and which is unsubstituted or
substituted with 1-5 halogens or phenyl, which is unsubstituted or
25 ' substituted with 1-5 substituents independently selected from halogen, -
| CN, OH, R4, OR4, NHSOyR4, SO9R4, CO2H, and CO2C1_galkyl,
wherein the CO2C1-galkyl is linear or branched,

(4)  phenyl which is unsubstituted or substituted with 1-5 substituents
independently selected from halogen, CN, OH, R4 OR4,NHS 02R4,
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5 7 .
difluorophenyl)butanoylI-3 (trifluoromethyl)-5,6,7, 8- tetrah dr o- 1 2 4-triaz

ol o[ 4, 3- ine The title conpound was prepared from (3R g:‘i
di et hyl‘ggﬂéﬁé #4¥ bony! ) - ani no] - 4- (2, 5- di f | uor ophenyl ) but && 4‘@02 3

(Internediate 1, 50 ng, 0.16 mml) and
3- (trifluororrethyl) 5,6,7,8-tetrahydro-1,2,4-triazolo[4,3 10 a] pyrazi ne (30

ng, 0.16 mol) using g0 mmmear@r@d) USIID whidadin SR 1k@rs Exanpl e
1, Step C. The crude pr%%uct was purlggpg bg preparative i@f@b('{glllca ge
10096ethy| acet at e, tlnear eOpadeRand! / di chl or onet hane (2X)) to afford t he

title conpound (g )?8 1a 509 @ﬁl&ﬁﬁbéﬁhlhgtﬁréc%lgl\ﬁﬂé@%%%@aﬁll@@@%?llnﬁd &ra@g (s,
911), 2.57-3.05{m 411), ( 1) 15(

5H)
111), 5.22-5.40 15 (bFOMPHsing ]64$i6t317°a§k1m( inflepppdsntly: %d(met 886)0 390
Step D. 57-[ (3R) - 3- Ami i@ hétefodySie Geink wasdRAGIR or substituted with 1-3 substituents

butanoy - 3 (87 1 uorgg il ek kel BN Qo] HAELRI 4 321

pyrazi ne, hydrochl ori oun
7-[(3R)-3-[(1,1 20 OC1_6a1ky1 wherein the C1-ealkyl and OClﬁﬁalkyl are linear or

dlnethylethoxycarbonwh% Ogg% é%¥%9?3§%$6F%{gﬂﬁqthkgg%@noyl] 3-(trifluoro

nmethyl)- 5,6,7,8-tetra razrne (19.1 ng, 0.039
mml ,. from Step C) using a procedure anal ogous to that described for

Exarrpl €01, 1&3@1%1@%%%&@1111@@ 01 Bfahaiiddeﬁhdt\ﬂﬁcﬁ istdnguli‘sﬁmmféuf)&ﬁutéd ng) as
a solid. 1H NWR (500 Mz, 2.75-3.16 (m ](%H%386435 m

511), 4.95-5.05 V(“ﬁke 1MOUHB leéep?ﬂ@@ﬂ@rﬁﬁles@é)ffon%ﬂiz@nw@ and 390. 26 Aprll
2005 WO 03/ 0044 9B0FCT/6IBHR MhtBAD tHEXMILE 6 TkQRS lifiedr(od Ryandhellyi no- 4- (2 4
5-trifluorophenyl.) butanoyl!l-3-(trifluoromethyl)-5,6,7, 8-
tetrahydro-1, 2,4-triazol o[ 4, 3-a] pyrazi ne, hydrochloride 5 S

and pharmaceutically acceptable salts thereof and individual diastereomers thereof.

15 o _ -

2. The compound of Claim 1 of the formula Ia:

NH, O

Ar\)\)LN _N

- Ia
20  wherein X, Ar and R! are defined in Claim 1;
-and phammceutiéé]ly accéptable salts and individual diastereomers thereof.

3. The compound of Claim 1 of the formula Ib:
NH, O |

‘_ A'\/k/“\N/\éN\.N

25 - b



A 7-[(3R)-3-[(1, 1- Di net hyl et hoxycar bonyl )am nol -4-(2,4,5-trifluoro henvl e
but anoyl | -3-(trifluoronethyl)-5 6 7 , o ‘
8-tetrahydro-12, 4-tri azol o] 4, 3-a] pyrazine The title conmpountf AME2YPepar ed
from (BR‘}V- 3;}][0&1, 1- di met hyl et hoxy-
car bony| YO8 4- (2, 4, 5-t ri f1 uor ophenyl ) but anoi ¢ aci d (AGEEIRE&H4te 3,
50.1 ng, 10 0.15 mml) and ‘
3-(trifluoronethyl)-5,6,7,8-tetrahydro-1, 2,4-triazol o[ 4, 3-a] pyrazi ne (39.2
ng, 0.20 HSANgh R P ous to that described for Exanple 1
Step C Tﬂgp%%ﬁge prg}ucég&ggﬁ%ﬁﬁﬁg?gggby_prepanative TLC (silica gel, 100%
ethyl aceta@dPhatmacgatieally acerptable salts aafpidirguplzbasigsyoraers shasenfi d.  1H NUR
(500 MHz, CDC13) S 1.37 (s, 9H), 2.61-3.00 (m 4H), 3.92-4.30 (m 5H),

4.93 (s, 111), 4.95-5,12 (m 15 113), ,5,.22-5. br, 1H), 6.83-6.95 (m ‘
1H), 7.02-7.12 (m 1H-. LCT‘R%C_O(W“-H?-‘%@MH?Q?&& SFHE 4 [ (3R) - 3- A no- 4- (2
4 5-trifluorophenyl)butanoyll -3-( Hgﬂ uoronethyl)- de 5 6,7 8-tetrahydro-1
2 4-triazol o[ 4, 3-al pyrazine, hyd hi-ori 20 The title conpound was .
pr epar ed fron17-[(3R)-3-[(LAk\V/§i\/ﬁE\ N _
di met hyl et hoxycar bonyl ) - ami no] -4- (2,4, 5- fr?wﬁb ophenyl ) but anoyl | - 3-
(trifluoronethyl)-5,6,7,8-tetrahydro-1, thl&‘-e/tmi\a%o_lB 4, 3-a] pyrazi ne (22 ng,
0.039 mmol, from Step A) using a procedur€ analogous to that described for
Exanpl e51, Step D. Concentration afforded the tRRtle conpound (16.5 ng) as
a solid. 1H NVR 25.(500 MHz, CD30D) S 2.753.15 (m 411), 3.82-4.35 (m
'513), 4.90-5.05 (m 213), 7.16-7.25 (m111), 7.30-7.42 (m 1H). LC M
(M+1l) 408. -46 W) 03/004 26, April 2005  PCT/US02/ 21349 Essentially

fol | owi ng t"ﬁ?r?ﬂld’geg{#@éi ufuieidﬁgae‘#ﬁlra@?&r%l es 1-7, the

and pharmaceutically acceptable salts thereof and individual diastereomers thereof.

10 ' 5. The compound of Claim 1 wherein Ar is phenyl which is
unsubstituted or substituted with 1-5 substitutents which are independently selected

from the group consisting of:

(1)  fluoro,
@) bromo, and
15 3) CF3.
6. - The compound of Claim I wherein Ar is selected from the

group consisting of:
(@  phemyl,
20 - (2 2-Aluoroplienyl,
| N E 73,4—diﬂuor0phenyl,
(4) ~ 2,5-difluorophenyl,
(5)  2.4,5-trifluorophenyl,
: : (6) 2-fluoro-4-(trifluoromethoxy)phenyl,and
25 )] 4-bromo~2,5—diﬂuor0phcny1.

7. . The compound of Claim 1 wherein Rlis seleétcd ffom the
group consisting of:

§)) hydrogeﬁ, and
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corrpounds Ilsted in TabI e | were prepared. TABLE 1 5 Exarrpl eR3XRl V5 (MH)
82- FC- Et H331 93-F, 4- FC- Et H349 102- FCHH303 112- FC- CF3H371
123-F, 4- FC- (4- F- Ph) H415 133-F, 4- FC- PhH397 143-F, 4- FC- ( 4- OVe25o 9?7
153- F, 4-WQ@06/804H981- F- Ph) H433 163- F, 4- FC- (4- OCF3- Ph) H481 1PGr/se/FEwC2F5HA39
182- FNEt 352 193- F, 4- FNEt 336 202- FNMe318 -47 26 April 2005 WO 03/ 004498
PCT/ US02/ 21349 212-F, 5- FNEt 350 222- FNH304 233-F, 4- FNH322 243-F, 4- FNCF3 - 390

252- F, 4- CFANCF3440. 263 F. 40 PNCHRCRRAGH Rh2aror b MR SR04 5

unsubstituted or substituted with phenyl or 1-5 flucro.

_ 8. The compound of Claim 1 wherein R1 is selected from the
5  group consisting of:
1) hydrogen,

(2)  methyl, _
3) ethyl,
_ (4) CFsz,
10 (5)  CH2CF3,
| (6)  CF2CF3,
(7)  phenyl, and
(8)  benzyl
15 9. The compound of Claim 1 wherein R1 is selected from the | -

group éonsisting of:
(D hydrogen,

(2) methyl,
_ 3) ethyl,
- 20 , 4) CF3, and

(5) CH>CFs.
10.  The compound of Claim 1 wherein R1 is hydrogén or CF3.

25 . 11.  The compound of Claim 1 wherein R2 is selected from:

1 hydrogen, |
(2) C1-6alkyl, which is linear or branched and which is

unsubstituted or substituted with 1-5 fluoro, and

, (3)  phenyl, which is unsubstituted or substituted with 1-3
- 30 substituents independently selected from fluoro, OCH3, and

OCFs3.

12.  The compound of Claim 1 wherein R? s selected from the

group consisting of:
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282- FCHCH2Ph393 292- FCHPh379 302-F, 4- CF3C- CF3H439

312-F, 4-F, 5- FC- CF2CF3H379 324-Br, 2-F, 5- FC- CF3H467, 469

334-Br, 2-F, 5- FNCF3468, 470 26 April 2005 WO 03/ 004498 PCT/ %6@1*%@%49 Whi | e
t he invention has been described and illustrated with reference to certain
parti cWaP3BHIYdi ments thereof, those skilled in the artPGIUII023p? eci at e
that various adaptations, changes, nodifications, substitutions,

del etions, or additions of procedures and protocols may be nmade w thout
departing fromthe spjrithsmskencope of 5 the invention. For exanple,
effective dosages ot ger t han 1he particul ar dosages as set forth herein
above may be applic dbl e ggetly onsequence of variations in responsiveness

of the mammal being (8) eatetlylf or any of the indications with the conpounds
of the invention i cat@pl3 above. The specific pharnmacol ogi cal responses .
observed may vary accordi t o and dependi ng upon the particular active
corrpouﬁds sel ected de) 10 QHg@ﬁér there are present pharmaceutical carriers,
as wel'l as the type (gf chmEgl on ‘and node of adm nistration enpl oyed,

and such expected vgﬁhatrons of differences in the results are
contenplated in acc anceiyk h t he objects and practices of the present
invention. It is lnt(ﬁhdeii‘-ﬁﬂﬂbﬁi)gn@glthat the invention be defined by the

scope of the clai rrsg:f)\h %Ch clainms be interpreted-as
broadly as is 15 reasoOna 03/ 004498 WHAT IS CLAIMED | S:
| . Aloonpound of tHd0} or4niluarchheryti2ing '

(11)  3,4-diftuorophenyl.

13. The compound of Claim 1 wherein RZis CF3 or CFzC,F:J,.
15 | 14. The compound of Claim 1 wherein R3isF, Bror CF3.

15. A compound which is selected from the group consisting of:

20
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5 1 PCT/US02/ 21349 wherein: Ar is phenyl which is unsubstituted or -
substituted with 1-5 of R3, wherein R3 is independently sekgﬁt%%e&{on1the
group copsisting of-. (1) halogen, 10 (2) Cl-6al kyl, which ESAPH or
branchedugL@5°§gﬁnsubstituted or substituted with 1-5 haiQged21348)

OCl1- 6al kyl, which is linear or branched and is unsubstituted or
substituted with 1-5 hal ogens, and (4) CN;, 15 X is selected fromthe group
consisting of- (1) N, and (2)FCR2; 20 RI and R2 are independently sel ected
fromthe group consistingof:] (1) hydrogen, (2) CN, (3) CI - | Calkyl,
which is |inear or branched ch whi giHJ ©Qunsubstituted or substituted with
1-5 hal ogens or phenyl, whi s undubst]jjtuted or substituted with 1-5
substituents independently S&l-écted 0 ,rAgﬁBﬂﬂ CN, OH, R4, OR4,
"NHSO02R4, S02R4, CO02K and C02QA -6al kYl, wh reihbigk—amapl-Galkyl is |linear
or- branched, (4) phenyl whi chFis unsubstit substituted with .1-5
substituents independently selected from hal ogen, CN, OH R4, OR4,

NHSO2R4, -50 26 April. 2005
. F
Fooy N N

| K/IN/\/)' |

FOX /“\T/N

=

— N

N

N\<;— - . -
CHy
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WD 03/ 004498 PCT/ US02/ 21349 (5) 5 S02R4, CORH, and CO2CL- 6al kyl, wherein

‘the CORCL-6al kyl is Ilinear or branched, and a 5- or 6-nenbered het erocycl e
whi ch may be saturated or unsaturated conprising 1-4 heter 8af8ig90

i ndependgpt ected fromN, S and O, the heterocycle

unsubstﬁt%gtolyﬁogf% substituted with 1-3 substituents i ndep‘gﬁﬂé{g%tzﬁugel ected
fromoxo, OH, hal ogen, Cl-6alkyl, and OCl-6al kyl, wherein the Cl-6al kyl and
OCl- 6al kyl are linear or branched and opti onaIIy substituted with 1-5

hal ogens; 10 R4 is Cl-6a whipgh, i@ |inear or branched and which is
unsubstituted or substit Wi t ;:)L- 5 groups independently selected from
hal ogen, CO2H, and CQ2C : WNOZCl 6al kyl is linear or
branched; and pharmaceutical |y accept ab sal t spt-hgHgaH,and i ndi vi dual

di astereoners thereof. 15 B. The corrpourlrd\/of aim1l of the formula la: NH2
0O Arl JNJX R la 20 wherein X, Ar and Rl are defined in CCaim1; and
phar maceutical ly acceptable salts and individual diastereoners thereof. The

conmpound of Claiml of ghe formula Ib: NH2 O Ar~~ J -51
' _ NH, O L
= ' N

U/ fCHzcm -

NH, O

NH, O
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26 April 2005 WO 03/004498 - PCT/ US02/ 21349 wherein Ar and R1 are defined
in Caim1l; and pharmaceutically acceptable salts and individual ‘

di aSte“’vQH?S/ﬁ Lhereof . 4. The conpound of Claim1 of the f ofhh28®: NH2 | O
Ar 1 N-~. W% herein Ar, R and R2 are defined in O aPRTAS0%4HA
pharmaceutical ly acceptable salts thereof and individual diastereoners
thereof. 10 S. The conpound of Cdaim1l wherein Ar is phenyl which is
unsubstituted or substituied W -5 substitutents which are independently
selected fromthe gro i &tandlof: (1) fluoro, (2) bromo, and 15 (3)

CF3. 6. The conpound o A m A gr el r inp selected fromthe group
consisting of: (1) d‘—heny , 20 (2) uor s 3) 804-difl uor ophenyl
(4) 2,5-difluorophenyl,” (5) 2,4,5-tit]uogapfieny g Hs

n 2

2-fluoro-4-(trifluoronethoxy)phenyl, a
4- br ono- 2, 5-di f | uor ophenyl . 7.

F NN §
S J/ -

(7)



The conpound of Caiml| wherein Rl is selected fromthe group consisting
of: (1) hydrogen, ‘and -52 26 April 2005 WO 03/004498 PCT/ US02/ 21349 (2)
Cl 6a|ky| mhich is linear or branched and which is unsubsqAnit E@50r
substlt x@# phenyl or 1-5 fluoro. 8. The conpound of Claim 1 wherein
is se ecte fomthe 5 group consisting of, (1) hydr8§gﬂmoy(§f9nethyl
(3) ethyl, (4) CF3, 10 (5) CH2CF3, (6) CF2CF3 (7) phenyl, and (8)
benzyl. 15 9. The conpound of Claim1l wherein RL is selected fromthe group
consisting of: (1) hydrogen ) n¢h@ lg (3) ethyl, 20 (4) CF3, and (5)
CH2CF3. 10. The conpound of erlein R is hydrogen or CF3. 25 11.
The conpound of C aim1 where - /anl 30

NH, O
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(1) hydrogen, (2) d _6alkyl, which is linear or branched and which is
unsubstituted or substituted with 1-5 fluoro, and (3) phenyl, which is
unsubstituted or substituted with 1-3 substituents mdepen@%ﬁﬁﬂ‘?o%f’el ect ed
from fl U8PE3EEIB, and OCF3. 12. The conpound of O ai mACUBEREIHIR? is
selected fromthe group consisting of: 53 26 April 2005 WO 03/004498

PCT/ US02/ 21349 5 10 15 hydrogen, nethyl, ethyl, CF3, CH2CF3, CF2CF3,
phenyl ,  (4-nmet hoxy) phengg,. (4<trifluoromethoxy)phenyl, 4-fluorophenyl,
and 3, 4-di fl uor ophenyl . 13, orrpNh’QdQ)f Claim1l wherein R2 is CF3 or

CF2CF3. - 14. The conpound of 1 @in R3is, F, Br or CF3. 15. A
conpound which is selected frory gr oup cQ‘m\si/ f of :
F N\/<
- CF3
F —
N
j " n
LN
CH,CF3
F.'
NH2 O -
_ _N
| N/\]/ |
F LNy
CH,CF3
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2005 WD 03/ 004498 PCT/ US02/ 21349 CH2CH3 CH2CH3 CF3 WO 03/ 004498 26 Apri
2005 PCT/ US02/ 21349 OCH3 OCF3 CF2CF3 CH2CH3 CH2CH3 -57 26 APFPT 29¢0s wo

037004498 oodbs N | PCT/US02/21349

NH, O

o |
1 Ufca -

- 5 + of a pharmaceutically acceptable salt. thereof.

16, A phafmacéﬁtical 6omposition which comprises_an inert carrier .
.ﬁndécqmpoundofCIajml..‘ T | '

10

.60~
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~Nj/ CH2CH3 F RH20 CF3 PCT/ US02/ 21349 26 April 2005 WD 03/004498

PCT/ US02/ 21349 CF3 CH2CF3 CH2CF3 -59 26 April 2005 WO 03/ 004498

PCT/ US02/ 21349 CF3 CF2CF3 : (Ora, pharnmaceutical ly accept abl e2§éPrﬂ‘2095hereof
16. A pharmaceuti cal corrp05|t|on whi ch conprises an inert carrier . and a
conmpound of ClaimL. 10 26 April 2005 17. A pharmaceutical conposition
conprising (1) a conmpound of Claim1, (2) one or nobre conpounds sel ected
fromthe group consisting of : (a) other dipeptidyl peptidase N (DP-1V)
inhibitors; 10 (b) insulin sensitizers selected fromthe group consisting
of (i) PPARy agonists, other PPAR |igands, PPAR ily dual agonists, and
PPARa agonists, (ii) biguanides, and (iii) protein tyrosine phosphatase-1B

(PTP-1B) inhibitors;

5
17.. A pharmace:utlcal composmon compnsm‘f!r
(Da compound of Claim 1, B
. (2) one or more compounds selected from the group consisting of :
' (a) other dipeptidy] peptidase TV (DP-IV) inhibitors;
10 - (b) insulin sensitizers selected from the group consisting of (i) PPARY
agonists, other PPAR ligands, PPARoy dual agonists, and PPARG. agonists,
(ii) bxouamdes, and (iii} protein tyrosine phosphatase-IB (PTP-1B) inhibitors;
(¢) msulin or insulin mimetics;
(d) sulfonylureas or other insulin secretagogucs;
15 (e) a-glucosidase inhibitors:
(D) glucagon recepior agonists;
(g)'GLP-1, GLP-1 mimetics, and GLP-1 receptor agonists;
(h) GIP, GIP mimetics, and GIP receptor agonists;
_ _ (i) PACAP, PACAP mimetics, and PACAP receptor 3 agonists;
20° - (3) cholesterol lowering agents selected from the group consisting of
(i) HMG-CoA reductase 1nh1b1tors (if) sequestrants, (iii) mconnvl alcohol,
- micotinic acid or a salt thereof, (iv) PPARa agomsts (v) PPARoy dual
agonists, (vi) inhibitors of cholesterol absorption, (vii) acyl CoA cholesterol
) acyltransferase inhibitors, and (viii) anti-oxidants; '
25 "~ {k) PPARS agonists;
, (I} antiobesity compounds;
(m) an ileal bile acid transporter inhibitor; and
(n) anti—inﬁamrﬁamry agents; and
(3) a pharmaceutically acceptable carrier.
30 )
- 18."  The compound of Claim 15 which is selected from the group
consisting of:

- 61 -
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(c) insulin or insulin mnetics; (d). sulfonyl ureas or other insulin

secretagogues; 15 (e) a-glucosidase inhibitors; (1) gl ucagon rece tor .
agoni sts; (g)GLP-1, GP-1 minetics, and GLP-1 receptor noni $%4Pi20¢y) OF,
G P mnetics, and G P receptor agoni sts; (i) PACAP, PACAP m netics, and
PACAP receptor 3 agonists; 20" (j) cholesterol |owering agents sel ected
fromthe group consisting of (i) HMG CoA reductase inhibitors, (ii)
sequestrants, (iii) nicotinvl alcohol, nicotinic acid or a salt ther eof
(iv) PPARa agonists, (v) PPARa/y dual agonists, (vi) inhibitors of "
chol esterol absorption, (vii)j acyl CoA:cholesterol acyltransferase
inhibitors, and (viii) anti dant & Z‘é) (k) PPARB agonists; (1)
antiobesity conpounds; (mn) E[ § acid transporter i nhi bi tor; and
(n) anti-inflammatory agent 3 ™acepf i cal ly acceptable
carrier. 30 18. The conpound jof CI aim 15 'S bq:ct ed fromthe group
consisting of: . 61 AMENDEDFSHEET 26 Apri i/gf_ea phar maceutically -
acceptable salt thereof. - 62 AMENDED SHEET CF3

or a pharmaceutically acceptable salt thereof.

- 62 -~
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and CF3 CF2CF3 26 April 2005 19. The conpound of Claim18 which is F or a
phar maceutical ly acceptable salt thereof. S 20,. The conpound of C aim 18
which i's 'F or a pharmaceutically acceptable salt thereof. /e

compound of Claim-18 which is F NH~/L 10 or a. pharmaceutically acceptable
salt thereof. 63 CF2CF3 CF3 AMENDED SHEET 26 April 2005 22. Use of a
compound in accordance with Claiml in the manufacture of a nedi canent for
use in treating a condition selected fromthe group consisting of .
hyperglycem a, Type 2 di abetes, obesity, and a lipid disorder in a mamal .
23. Type 2 diabetes. .Jhe use accprding to C aim22 wherein said condition
is 24. The pharng%éutf%%ﬁmﬁﬁﬂﬁgngéﬁﬁﬂgﬁ‘@Féﬂﬁ]17 conprising a conpound of
Claim1, netformn, and a pqgrnaceutically acceptable carrier. ‘

NH, O . _
N .
°N — -
F (,T:J‘CFZCFS
or a pharmaceutically acceptable salt tﬁereof._

5 20, The compound of Claim 18 which is

ora phénnaceuticai}-y acceptable salt thereof,

2,1__;. The compound of Claim 18 which is

10 or apharmaceutically acceptablc salt thereof.

- 63 -
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26 April 2005

22. ‘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 hyperglycemia, Type 2 diabetes, obesity, and a lipid disorder in a mammal.

23. : The use according to Claim 22 wherein said condition is

Type 2 diabetes.

24. The pharmaceutical composition of Claim 17 comprising a

compound of Claim 1, metformin, and a pharmaceutically acceptable carrier.
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