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PYRAZI NES AS DI PEPTI DYL PEPTI DASE | NHI BI TORS FOR THE TREATMENT OR
PREVENTI ON- OF- DI ABETES 5 BACKGROUND OF THE | NVENTI ON Di abetes refers to a
di sease p\;vg ? r| ved frommultiple causative factors and® erized
by el evated Ievels of plasma gl ucose or hyperglycenia in YREUS{2$9ng state
or after adm ni stratlon of glucose during an oral glucose tol erance test.
Persistent or uncontrolled hyperglycema is associated with increased and
premature 10 norbidity and nortality. Often abnormal gl ucose honeostasis is
associ BEEdABB{h TETHAEERRATYIRARD i hai-Re ctirpzwiksham treratuvorsgrrohzdie (4 jpagd,
| i popr oV &AL 28 JOIPEPUPI Dt RIPAIDARS AUIBISPRSA AR OHBeTREAERITObR CPREMENTTON
henodynam ¢ di sease. Therefore petipentsreei th Type 2 diabetes nellitus are
at especially increased risk of macrovascular and nicrovascul ar
conplicati n | ' rt disease, stroke, peripheral 15
vascul ;5? sggséé@ﬁwg%gﬁé@ﬁ%ﬁﬁ(ﬁ opat hy, neuropathy, and retinopathy.
Therefore, therapeuDiabales cxfiert tod distasg lprwesaichiosd fsinatilsipleldaéadveet abol i sm
and hypert, 0 in the clinpical. mana nt and
t r eat nent %}f%i' ﬁ%%g?c%k%d @a&w%deiggdéf’gp]?%a GRS o H&peﬂééﬁféﬁqﬁ g‘é@ef orns of
di abet es. flﬁﬁlltgﬁﬁfée or aftiradeimstration of ghwbierhuimgendes tghdbsheleemenedst.i t us o
(1 DDV, pqﬁdrﬁé’ﬁeﬁt (R‘rlﬁag?’fﬁﬁ)lieﬂth?]/ﬂ)&%lﬁécﬁg is %sgoél 8 lnérgﬁeﬁgﬁﬁﬂgﬁla%é ch

r egul esrfg %cqolse utilizatio et es noni I'n dependent
di abet Py endNResEsyy. GHen @Hltoﬁmélf&héwsﬁhv@e?ﬂt%ﬁssﬁ&aﬁsn@aﬂedrbotlﬂ evel s that

are the satiecoy ammue&tgwﬁit@du&mroeﬂmtlgmm Pﬁ)@ﬁﬁ lafid ShHHp @fo%em however,
t hese patie ts have devel o | stance .t he | Esul I mul ati ng
effect onTgf ﬂl%%’s‘s@ fheT; "IP%) gg nami¢ diseasai AnSRiom PEHK@@r‘@ﬂ“t ive

tissues, mpen distetesundlies akd atespeamdyzﬁmdeqbﬁgwoﬁmsc&m@ulmdt he pl asma
insulin | I V. ake |nsuff|c t to erco

pronounce |nsu %@Ircggl%hﬁatﬁ)gg m(flnsllljlg ﬂrcpgl@?gﬁygaﬁe Stﬁ’ mﬁﬁ' ly.due to a
di mi nilShedapamidsalisease, hyprighsion,mepeppathy, Mtopaﬁzyaamhstnopaﬂml |'Iﬂnereéme,pt or
bi ndi ng dQﬁ@iﬁﬁeuﬁB@ﬁcoh&oP&ftgl%@E? &Hgﬁ&ﬁfso @d rﬂgﬁl%)&s 3512?&?&11&18 asul in

respon5| veness. resul I cl ent Ion O ucose
upt ake, oXFHEHIOIPRIFERSIRdhagnisah mm@gﬂn@nawai #fmé@ﬂ;étd@bﬁﬁ% memtus

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.
~ - Insulin 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
-




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

whi-.ch have not changed substantially in many years, have r &8 Wl

limtati opg oMbidog physi cal exercise and 35 reductions i np@igt@rysfpnt ake
of calories wll dramatically inprove the diabetic W 03/004498 26 Apri |
2005 PCT/ US02/ 21349 condl tion, conpliance with this treatnment is very poor
because of wel |- ent renc ntary lifestyles and ex f

Conounpt | on. SR ERRaLgEe ORISR BT I oK Pt SRS SErerarer s ed fat.
| ncr easi ng tttelentla@slmfastbrhvehd efcetnoot icondwynpaichng espsdialigt obfivodd corsaihjfngrhj/gtur eas
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| nsul 0 cpnCicrdli: g% b AR EROHIR i AR I S bR ks VhGT-  es st ant

ti ssues. ngerous | evel s of p asm g ucose can result from
adnmi ni st r at | SRfcEFTesEr rrwgbtamidﬁ begquie WsHpdivageAi e IR nsiAonr@RRLighs

neglitinide) h1gﬁ Rflow@dh tbrsﬁﬁﬁe@@dmlv@y)emmin-waﬁt&nt fisshbs. @6 WEtR\EmpeioRslyQow he
even hi gher nsul n | evel s The uani des ncrease

i nsulin sensfef’a&n?y aﬁ%‘%@hcf)??gcqnﬁe%ﬁgo P]él(‘;"?t;r%‘r?“cﬂf%h‘&‘ﬁf-}ro F@Ig&‘ i a. However,
the two bi gu&maﬂ@gu&ﬁ‘(@nﬁfm{}mﬁmamdn@mﬁmiem and aaancreased tevel aftinwdiraci dosi s
o0 1205 LLREE o M LIPS PGh S i iph PR B 1 ond
glitazones (mcgaasefn-nbxdnzgdnslhwa;x oisitliingén 2ome dvnmé@)l Oﬁhgpfaglumrela teyevet.y
described cl 8838 bifGiReY Mg b aq,ggtxﬁé&erﬁh 135 1Rt 1 Rhi@ hLidgERAY syrmt ons

of type 2 dia et es hes€ “agent' s stanti a I ncrease insulln sensitivity
in nuscle, M‘-\ﬁ@&’d@ﬁheﬂaoﬂﬂﬁ@@@ﬂﬂ|h§§ﬁ%”qfﬁld§@@%¢félth3élrﬂhﬁﬁf0%d@d§s@ﬁq‘ype 2

di abet es resplckid@d rhnthPakhdiint O THRPHigb&eLOr recti on of t he el evated
pl asma | evel s of gl ucose t hout occurre of 0 cem a: The
" glitazones that are cu?@%&qa?o%ﬁ%ﬁewnéylg”%@gﬁf@fQX%l of) arc a thore

recently described class of compounds with potential for ameliorating many

symptoms of type 2 diabetes. These agents substantially increase insulin sensitivity in
muscle, liver anri 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 7
*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-



of the peroxisone proliferator activated receptor (PPAR), primarily the
PPAR- gamma subt ype. PPAR-gamma agonismis generally believed to be
responsible for the inproved insulin sensititization that f&*ghéved 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
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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 diéeases 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:




i nappropriate tinmes, such as between neals, which can lead to excessively
| ow bl ood sugar (hypoglycem a). Inhibition of DP-1V is therefore expected

to increase insulin wthout increasing the risk of hypoglyé%ﬁﬂﬁgmﬁhich 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 diggaggs and 20 conditions. SUMVARY OF THE
| NVENTI ON The present invention iis Tifrected to conpounds which are

i nhibitors of the dipeptid@f -Vveﬁgyme ("DP-1V inhibitors") and
whi ch are useful in the 25 treatnment or|preventxon of diseases in which the
di pepti dyl peptidase-1V enzyme is invohtvedN-sfich as di abetes and
particularly type 2 diabetes. The invention is*ghso directed to

phar maceutical conpositions conprising these cJ%pounds and the use of

t hese conpounds and conpositions in the prevention or treatnment of such

di seases in which the dipeptidyl peptidase-1V enzyne is involved. 30 A
first asppedinof the present invention provides a conpound of the formula I:
-3 26 April 2005 | . wherein: . Ar, is phenyl which is,unsubstituted or -~
subst i t dtd8P QYF?WBL%%FH%@,SUW%%SWW%Wlt?wd%aéﬁaew ?rﬁms@ Bcted fromthe

group c@idepeiidendy eélectéd Froftethe geiup dodsgistlg &l kyl , which is Iinear or
branched and .i.s u%gﬁggﬁituted or substituted

)

(2} Ci-galkyl, which is linear or branched and is unsubstituted or substituted

with 1-5 halogens, .
3) GC1-galkyl, which 1s linear or branched and is unsubstituted or

substituted with 1-5 halogens, and
4 N

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

- 3a -



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 group consisting of (1) N, and (2) CR2; R and Ro23fRgi2005 ]
i ndependently selected fromthe group consisting of: (1) hydrogen, (2) CN,
(3) C1-1Callcyl, which is linear or branched and which is unsubstituted or
-- substituted with 1-5 hal ogens or phenyl, which is unsubstituted or
substituted with 1-5 substituents independently selected from hal ogen, CN,
OH, R4, OR4, NHSO2R4, SO2R4, CO2H, and CO2C1-6al kyl, wherein the

C02C1_6al kyl is linear or branched, (4) phenyl which is unsubstituted or
substituted with 1-5 substituents independently selected from hal ogen, CN,

OH R4, OR4, NHSCZR4 S02R4 H .and. i e
co2Cl- 6al kyl3) s2| rﬂ%@'ﬁle‘gﬁef%dr%%%?8&?’6§%&%)‘%%bg%ﬁ W%@%‘gﬁi a 5- or
6- menber ed het ecoapdting Wi dtemaipnisandepcadentydsetactagriisemay.at @yl OcBipri si ng

1-4 heteroatons, jndependent| Mhhd witRNB SibstiRRnishet er ocycl e
bei ng unsubsti tB?tgla)c ?leg)gglgtl%ﬁtsél él \[E/:\n&;tg §be§h3 subst.i tug&iiss:l i ﬁdependent |y

sel ect ed from oXsiependentiy selgeird frem g, K3JF- halgggn, %tﬁ-a L& wherein the

Cl - 6al kyl and OQC6adlieyll waeein ihe€ayr calkybarane@edalkyhdredptennoripgchedbst i t ut ed

with 1-5 hal ogens; )
9 and optionally substituted with 1-5 halogens;

R4 is C].galky!, which is linear or branched and which is unsubstituted or substituted

with 1-5 groups independentl..y 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:
F - NH, O

: ~ N
F e ngFs

L o k/j‘\‘/ _\/)*CF3.

- 3b -



R4 is Cl-6al kyl, which is linear or branched and which:is unsubstituted or
substituted with 1-5 groups independently sel ected from hal ggen, CO2H, . and
CO2C1- 6al kyh o3M1g9sei n the CO2Cl-6al kyl is linear or branc (}gfg '
pharmaceutically acceptable salts thereof and individual diastereoners

t hereof A second aspect of the present invention provides a conpound which
is selected fromthe group consjisting of: CF3 CF3 - 3b WD 03/004498 CF3
CF3 26 April 2005 PCT/US02/21349 WO 03/004498 26 Apdl 2005 PCT/.US02/21349
CH2CH3 CH2CH3 CF3 - 3d WJR03/004498 26 %ril 2005 PCT/ US02/ 21349 OCHS3.
NH2 0 OCF3 CF2CF3 INH,

- 3¢ --



CH2CH3 CH2CH3 26 Apfil 2005 WD 03/ 004498 PCT/ US02/ 21349 CH3 CH2CH3 WO

03/ 004498 CH2CF3 CH2CF3 26 April 2005 - PCT/US02/ 21349 - 3g 26 April 2005
PCT/ US02/ 21349 CF3 CF2CF3 or a pharnmaceutically acceptabl e LAAPI200her eof |
A third aganlefbst he present invention provides a phar maguylideabhizo
conposi tion 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 conposition. conprising (1) a conpound of the first aspect,
(2) one or nore conpounds ect ed\Nifly oth t he group consisting of (a) other
di peptidyl peptidase |V (DP i i bifors; (b) insulin sensitizers

sel ected fromthe group CONs g NP agoni sts, other PPAR
| i gands, PPARa/y dual agoni sts, and PPAR4 ag QL;}STCth}% bi guani des, and
~(iii) protein tyrosine phosphatase-1B (P nhi bi tors;

F
@

T::rxij>H—CkbCH3

NH, O

_73d"-_‘



(be) insulin or insulin mnmetics; (ed) sulfonylureas or other insulin
secret agogues; (de) a-glucosidase inhibitors; (1) glucagon recegtor

agoni sts; “&ﬂ%m&hg 1, GP-1 minetics, and G.P-1 receptor Pg Aprd 2005y g p,
GP minet'cs, and G P receptor agonists: (i) PACAP, PACAPT/HEY?¥ and
PACAP r ecept or 3 agoni sts; (j) cholesterol |lowering agents selected from
the group consisting of (i) HMS CoA reductase inhibitors, (ii)
sequestrants, (iii) nicotinic acid or a salt thereof,
(iv) PPARa agonists, (V) agoni sts, (vi) inhibitors of

chol esterol absorption , | egj erol —agyl transferase

i nhi bitors, and (viiﬂi antl-OX|dants k) LEN %ﬂ) antiobesity
compounds; (m an ileal bile acid tran or Ner/ ; Q ¢ (n)
anti-inflammtory agents; and (3) a pharrraceutically acceptable carrier. A
fifth aspect of the present invention provides a use of a conpound as
defined in the first agpect in the manufacture of a nmedi canent for use in
treating a condition sehe 1d frigpn,t )e group conS|st|n%ngf hyper gl ycerm a,
Type 2 di abetes, obesit d a |p|m di sorder in a - 3 26 Apri
2005 WD 03/ 004498 PCTEUS € i S\ OF THE | NVENTI ON The

0% 3 Ak | PT
r esent |nvent|on is dlrected to conpounds of t} ' aH: NH2 O Ar N .
p o g ety e Ne0

L Rl
D=
_ L
m .
@
‘28
ps




and -4 WD 03/004498

| Rt 5 wherein: Ar is phenyl which is unsubstituted or substituted with 1-5

of R3, wherein R3 is independently selected fromthe group consisting of:
(1) hal ogen, (2) Cl_6alKkyl, which is linear or branched and2{4pri2005
unsubst i t Yk 0@i05 10 substituted with 1-5 hal ogens, (3) 0%¥1340 Wi Ch
is linear or branched and is unsubstituted or substituted wth 1-

hal ogens, and (4) CN, 15 X is selected fromthe group consisting of: (1)
N, and (2) CR2; Rl and R2 are independently selected fromthe group
consisting of: 20 (1) hydroge (2) MW, ©3) d-loalkyl, which is linear or
branched and whi ch is unsubs ed o sjpbsti t ut ed W|th 1-5 hal ogens or
phenyl, which is unsubstituted 3 tNeﬁgrﬁn{ 1-5 substituents

i ndependently sel ected from ha}:ogen, 25 ' M\%ﬁl OR4, NHSO2R4, S02R4,

C2H, and CO2Cl-6al kyl, wherefn the CO2Cl s linear or branched,
(4) phenyl which is unsubstituted or substituted O{(t 1-5 substituents

i ndependently sel ected from hal ogen, CN, OH R4, Zﬁ3 NHSO2R4, SO2R4,
CO2H, and CQ2C1l-6al kyl, wherein the C02Cl-6al kyl is 30 |inear or branched,

. NH, ©
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CH,CHs

NH, O o R
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26 April 2005 PCT/US02/21349 (6) a 5- or 6-nmenbered heterocycle which rfay _

be saturated or unsaturated conprising 1-4 heteroatons inde%n_dently
sel ected \&r q)%%\%#%f and 0, the heterocycle being unsubsti i u#6APribF005

substi t ut B4 Wi -3 substituents independently sel ect ed®$VEH2AY? o,

hal ogen, d _6al kyl, and OCl_6al kyl, wherein the Cl-6al kyl and OO _6all cyl
are linear or branched and optionally substituted with 1-5 hal ogens; R4 is
Cl-6allcyl, which is |inedF and._ which is unsubstituted or
substituted wth 1-5 groups iff el ected from hal ogen, CO2H, and
10 CO2C1-6al kyl, wherein the G | inear NPT branched; and

phar maceutical |y acceptabl e salt andNi ndi¥i qual di ast er eomers

t hereof . An enbodi nent of the present inventigg/i claldes compounds of the
15 formula la: NH2ZO Ar~"N -~X la Rl wherein At and Rl are defined
herein; and pharmaceutically acceptable salts and.ing@Fyi dual diastereoners
t hereof. 20 Another enbodi nent of the present invention includes conpounds
of the formula Ib: NH2 O ArL NN IDb

F‘ NH, O | -
F | N/\.léN\ o

CH,CF,
F: .
NH, O o
o
E LNy
CH,CF4
NH, O

_39...



25 wherein Ar and Rl are defined herein; RL -5 WD 03/004498 26 April 2005
PCT/ US02/ 21349 and pharnmaceutically acceptable salts and indjvi dual

di astereoners thereof. Another enbodinent of the present in¢®HeT6é%S ncludes
conpouRdseffeshdze fornula Ic: NH2O Ar~ 2 NN N/ 5Ri | cpPpags#iRseAr, 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 mhiczzis unsubstituted or substituted with 1-5
substitutents which are~.pdepende §h¥ el ected fromthe group consisting
of : (1) fluoro, 15(2) brao b ) 3. In the present invention it is

nore preferred that Ar i '*Nh@\ﬁggmp consi sting of:
e

' :; 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.

- '3n =




(1) phenyl, 20(2)2-fluorophenyl, (3)3,4-difluorophenyl,
(4)2,5-di fluorophenyl, (5)2,4,5-trifluorophenyl,

(6)2-fluoro-4-(triflouronethyl)phenyl, and 25(7)4-brono- 2, 524 %l%)rﬁophrenyl .

In the present. invention it is preferred that Rl is selected fromthe
group consisting of: (1) hydrogen, and 26 April 2005 WO 03/004498

PCT/ US02/ 21349 (2) d _6al hyl, which is linear or branched and which is
unsubstituted or substituted with phenyl or 1-5 fluoro. 10 In the present
invention it is nore preferred that Rl is selected fromthe group
consisting of: (1) hydrogen, (2) nethyl, (3) ethyl, (4) CF3, (5)
CH2CF3, (5) CF2CF3 (6) phenyl; and (7) benzyl. 15 In the present

invention it is nobre Rr ' t
consi sting of. 20 RIefne b§fct BethePredett HREBGSE ProvideRal Pigirm8EdutiBal

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-



(1) hydrogen, (2) nethyl, (3) ethyl, (4) CF3, and (5) CH2CF3.. In the
present invention it is even nore preferred that Rl is hydrggen 25 30 or
CF3. In the present invention it is preferred that R2 is se?gé[’éaoqsrom

(1) hydrqgg®dsndsdds C -6allcyl, which is linear or branchedpa 1§p) i's
unsubstituted or substituted with 1-5 fluoro, (3) phenyl,

unsubstituted or substitut ed wth 1-3 substituents independently sel ected
fromfluoro, OCH3, and -7 26 April 2005- WD 03/004498 PCT/ US02/ 21349
In the presdMel MWREH@N%'@H&%NB@Nhat R2 is selected fromthe

10 15 group consi sti noriRfpredeh) inkMAIRAE Qirectéddo dBRIpAKhds oftBd bR T:  (4) CF3,
(5) CH2CF3,
NH, O

Ar\)\)J\ N/\ﬁ N‘x

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-patkyl, which is linear or branched and 18 unsubsntuted 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 halegens or phenyl, which is unsubstitrited 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-



(5) CF2CF3 (6) phenyl, (7) (4-methoxy)phenyl, (8)

(4-trifluoronethoxy)phenyl, (9) 4-fluorophenyl, and (10)

3, 4-di Tl ugrpp; In the present invention it is even ?@%ﬁ%ed t hat
R2 is CF3 or @E%% In the present invention it is prefe??é is F,
Br or CF3. The conpounds of the present invention nmay contain one or nore

20 asymetric centers and can thus occur as racemates and racem c nixtures,
singl e enantioner®) di aste@reoempbpiedfpiasyes vdich inay by saderated g ataspaioder s.

The conpounds of the idisiante 1-weﬂaﬁdagﬂnﬂ%@peﬁa&t@%%mw&u Keghggcat the
beta carbon atom Add|t| onal s§rme ric centers may be present depénding

upon the nature of thethePgiersyse ReiPgLpibehinted S’tlwélt%ql wath) 13 subsiyentgch

asymetric center wil lingépandeislysnktetnt fypnpood @it Halugenpti-gakyl smivers-and-i-t---

is intendgd that all ' ' eoners in
m xtures and as pure gér) Bg’? wepélﬁﬁl}ﬁﬁhﬁﬁgo&naoun{iga gm?!ﬂ‘q%&ged W t hin

the anmbit of this |nvdnmh@?adaf[@epmmﬂgmbsﬁnﬂmmmﬂ jisalogwasnt to conprehend
all such isoneric fornms of these conmpounds. Some of the conpounds descri bed

herei n cont olefinic 30 bonds, and unl ess specified of herw se,
are meant t hscq:héél%ﬁ‘%“ iy a@%g@ﬁfé}%a& W@M@SU@BWWSPP@“%%OUMS

descri bed ner ei n WARY 15Xk Shp AR dd RIS sSlectelMiofDh 184S, étfﬁeérﬁlm poi nts of
h f h bre’ bond shi f
exanpl o, s ket O%Sééﬁﬁme@wﬁ"%%%ﬂﬁ%@i%@%&ﬁeaémmkﬁw 0626 hpril

2005 WO 03/004498 PCT/ US02/ 21349

and pharmaceutically acceptable salts thereof and individual diastereomers thereof.

An embodiment of the present invention includes compounds of the
15  formula Ia: |

NH, O

ArMN - =N
K

: 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;



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 conpounds wi thout preferred stereochem stry. For ntft 8P 22%hows t he
preferredyghpsedren stry at the 5 carbon atomthat is attpghedidAslhe am ne
group of the beta amno acid fromwhich these conpounds are prepared. The
i ndependent syntheses of these diastereoners or their chromatographic
separations nay be achj eved as known in the art by appropriate

modi f i cat i oANGPhATABCHtICRAYAICERipDIgisalty ysligdiviqusl diasierramersibhespit e

stereochem stry 10 may be determined by the x-ray crystallography of
crystalline products or crystall.ine ternedi.ate h are deriyvati zed,

T hecessary, with a rAnsgi ErRaTR R e B eaS R R R B PEr
absol ut e coiie fgunalkailon. |1f desired, racem c m xtures of the conpounds may
be separated so that the individual enantioners are isolated. The
separation can be carried out by N, m@thods well known in the art, such as
the coupling of a racem c m xture Yof cjponpounds to an enantronerrcally pure

conpound to form a di ast er eonert u N, omed by separation of the
i ndi vi dual di astereoners by standard net ods BE fractional
crystallization or chromatography. The co N] reaction is often the

formation of salts using an enantionerically purglacid or base. The
di asteromeric 20 derivatives may then be converted to the pure enantioners
by cl eavage of the added chiral residu The racem c m xture of the

- conpounds can al so be separat ed directly® by chromatographi c nethods

utilizing chrhemlmmreil M%mh&ﬁasdhwehﬁh rret hods are wel | known in the

| Y b
2 er eosel ectibr e AR SR REE s Bl uPref P ARPC A S RRb B P8,

reagents of known confr guration by net hods vveII known inthe art. The term

" phar magguti cal Iy aCC%E}%%&eﬁﬁh&&ﬁoﬁ%{)ﬁ sz Feﬂe&ﬁlai%g&{{%&?x&e\ghmﬁ{ som

phar maceuti cal |y acceptabl'e non-toxic S or _acl di'ng 1 norganic or
unsubstltuted or substituted with 1-5 substitutents which are 1ndependently 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-diﬂuorepheny1,
) 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



organic bases and inorganic or organic acids. Salts derived frominorganic
bases 30 i ncl ude aluninun1 ammoni um cal cium copper, ferric ferrous
lithium &ﬁ% mangani ¢ salts, manganous, potassiu ﬁ? grnc

and the like articularly preferred are the ammoni um caFcrunr nagnesrunr
potassium and sodiumsalts. Salts in the solid formmy exist in nore

t han one crystal structure, and _nmay also be in the formof hydrates. Salts

derived from phar maceufdcal £§- @Mbm@@e@w@mbﬁa@w@m& bases i ncl ude

Aori T 2005 W0 b 004408 P OR0S 18§ R R R R Tng ©

substituted am nes, cyclic am nes, and basrc ion exchange resi.ns, such as
argi nine, betaine, caf hﬁﬂh@%x&s@rﬂ%&béﬂﬁom N iDrrost DeRASh e RI6D rte bR TbAGne
drethylag$ 2-di eth noethanol 2-di net hyl am noet hanol, et hanol am ne,
et hyl ene anvﬁ@PcﬂP%ﬁ I nDrpholrne N- et hyl pi peri di ne, glucanlne 5

gl ucosam ne, histidi ne(l)hydhghagenne, isopropyl am ne, |ysine,

met hyl gl ucam ne, norpbhgline, p perazrne pi peri di ne, pol yam ne resins,
procai ne, purines, theobro Q > triethylam ne, trinethylam ne,

tripropyl am ne, tronetﬁﬁnlnebybnd the |Iike. Wien the conpound of the
present invention is bagic,cpalts may be prepared from pharmaceutically

accept ab non-t oxi ¢ ac¢i ds udi ng inorganic and 10 organic acids. Such
bfude acetic, %ﬁnzeﬁggﬁk

acids in Boni c, benzoic, canphorsulfonic, citric,:
et hanesul f oni'c, funarrcﬁ gIaBg®F§ glutanic, hydrobronic, hydrochl ori c,

i set hionic, Iactlc mandel i ¢, net hanesul fonic, nucic,
nitric, panoic, panto( enr@“mﬁLég%horic, succinic, sulfuric, tartaric,
p-tol uenesul foni c aci d¢7)andhdnhel. |ike. Particularly preferred are citric,
hydr obrom ¢, hydrochloric, maleic, phosphoric, 15 sulfuric, fumaric, and
tartaric acids. It will be understood that, as used herein, references to
t he conpbunds of For nid the presgre imveation itds mbsoprefeakd dat RAds plienebfremttheal | y
acceptabl e S%JhﬁcoﬁﬁaﬁBQEBCiated by those of skill in the art, halo or

hal ogen as u e

(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 prescr;t 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.



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, 6, 7 or 8 carbons in a |linear or branched arrangenghfrrl $8R8h t hat
Cl - gal kyl wapsmiokisgal |y i ncl udes nmethyl, ethyl, n-propyl, pSOu@rRRM .
n-butyl, iso-butyl, tert-butyl, pentyl, hexyl, heptyl and octyl. Likew se,
CO, as in CQalkyl is defined to identify the presence of a direct covalent
bond. A group which is_designated as. bei hg i ndependent I]{,)'_substi tuted with
substituents may be i nHePeRISERlHveniioad) is grwe riderediipt R pissclsaivdiom 8 such
subst i tuentsnl-oE@Qohggt[ﬁg'dfet erocycle" as used herein is intended to include
5- or 6-nenbered ring ystﬁ which are within the following listing:
‘benzi m dazolyl, benzo&t/oxa %‘Pg%nzof uranyl, benzopyrazolyl,

benzot hi adi azol yl, bengptri am@hy), benzothiophenyl, benzoxadi azolyl,
benzoxazO#yI , carbazol Y_J{ , ca bPl i nyl, chromanyl, 30 cinnolinyl, furanyl,

i m dazol yT, indolinyl,* ndozg;,’ i ndol azi nyl, indazolyl, isobenzofuranyl,

i soi ndol yl, isoquinol.y® is bazol yl, isoxazolyl, naphthyridinyl,

oxadi azol yl', oxazolyl, (pyr aguhdss, pyrazol yl, pyridopyridinyl, pyridazinyl,
pyridyl, pyrimdyl, pyrrol ﬁ? Q%Ui nazol i nyl, quinolinyl, quinoxalinyl,
tetrazolyl, thiadiazol ﬁ), Razél idinyl, thiazolyl, thienyl, triazolyl,

azetidinyl, 1,4-dioxang), h?ﬁg{yy,droazepi nyl, 35. piperazinyl, piperidinyl,
|,

pyrrolidjnyl, norpholinyl, i onor linyl, -10 WD 03/004498 26 April 2005
PCT/ USOZ}“21349 di hydr ob€nzi ﬁ‘pﬁlfggﬁ"g’yp?‘ﬂllﬂydr obenzof ur anyl ,
gl Eygro_benéot h: olphegylh(g) di bydfmltmma;ﬁﬁzpbwnyl,di hyder}c uranyl ,

i ‘hydroi m dazol yl, di. roi vyl i roi sooxazol yl ,
di hydr oi sot hi azol yI, d@ydrggﬁﬁ%‘?p&’%ﬂy?‘?"{jdi hydr ooxazol yi-,
di hydr opyrazi nyl, di hy@opyBazdifigbropberdtyy.dr opyri di nyl, di hydropyrimdinyl, 5
di hydropyi rol yl, di hydroqui nolinyl, dihydrotetrazolyl, dihydrothiadiazolyl,
di hydr ot hi azol yl , di hydrot hienyl, dihydrotriazolyl, dihydroazetidinyl,
met hyl endi oxybenzoy! , It B¢ PEFGH-BY TSRV is cven marprelisrad thas i<y CF3 or

CEoFa.

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. o
_ Some of the,_ compounds described herein contain olefinic double
.30 bonds, and unless spéciﬁcd 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 accbmpanied by one or more.
double bond shifts. For example, a ketone and its enol form are keto—enol tautomers.

-8-



t et rahydroi soqui nolinyl, and tetrahydrothienyl. Exenplifying the invention
Is the use of the conpounds disclosed in - 10 the Exanples and herein..
Specific ngg within the present invention include a cSHPRUAMS which
sel ected fromthe group consisting of the conpounds di scl S&dPYHZPHR

foll ow ng Exanples and pharnaceutically acceptable salts thereof and

i ndi vi dual diastereoners thereof. 15 The subject conpounds are useful in a
met hod .of i nAngindividual fautorden epwicl b mpepres desenflave ewpypessed vathpat i ent such

as a manmual bdj}n?@ﬁaqsgfrt}é%&enﬂiﬁwlﬁﬂohi on conprising the adm nistration of an
effective anount of the conpound. The present invention is directed to the

use of ‘the conpounds dfeERrdadshqyesths sirugture phibeisiass poanpainge pithent
pepti dase- | Vp&fmy@ﬂ&te&@?dh&ﬁﬁsﬁy. @Bnhﬁla@@ﬂiﬁ%ds@lﬁb ﬁl@f@f@ﬁ@%&@cﬁmﬂﬁéﬂﬁﬁhtg% Pumﬁns, a
variety of other S __can reat ed accor di to.thée nethod of the
pr esent i%ve%\%}ﬁ%rh%%ﬁaﬁlﬁgﬁ%?ﬁe‘gfo ﬁlﬁﬁ’m%c"il%%{tgﬁggtﬂ,a%’ﬁﬂ agig fropy yhickq t o,
cows, sheep, thgeatmppduodsas prepagsl, cats, guinea. pigs, rats or other

[ ' nurine species can be

bovi ne, ovine, equine, i I n r

treated. However, the %?ﬁggﬁ%lg%ﬁasbﬁgesgéggﬁg%ﬁg%gefjweﬁtoﬁ “Speci es, such
as avian 25ckspEeiogeaphis. sgparaéensohashie) achibhed g lowent inithe aby epprogridtear t her
directed to molARicHAch 60he H@:ﬁlodﬂﬁ%?hﬁgfo%ﬁe%i ariggdiy Pl hén@t@ﬂﬁg' ting

di pepti dyl pept dase- |V enzyme activity in Rumans “and ani ral e co pri sing
combi ni n§’ a E’B)‘r%% sieined Ry therrex srystalosaphioel cryitalling pisduetaee erstalime

carri elrI or dinltdma‘lﬁiatea@@vh]?%}ﬁa:é glbﬂiﬁ@ﬁzed, ﬁﬁﬂ:&:@éﬂaﬂy,nwltli%lrQég,%ﬁ??Hnta‘]lEihQ‘aﬁs :MS]

general ly a mama refera uman Jbei ng, male or female. in whom

i nhi bi tion of>BFFEK ?%I%Q?Wﬁﬁg@iht?@@bﬁ?ﬁ?g‘nact ivity is desired. The term
"therapeutical |y effecKidegredpmioermhic miganss éfhie canpaunds afaybiecsdtbesd

conmpound th ' 1 Clat e bi o]l odgi cal nedi cal response of .a tissue,
system ani an%ﬁmé'% lrhdséﬁ%%lteﬁéal{holn%r%%?%Sé)?ag%du © sgyargﬁ%n FELES eéf‘?ut by

vet eri nabl anpethgds weldlkeewn ifotbe ert, sich a4 tercoupling afizancemic mixture of

- compounds to an enantiomerically pure compound to form a diastereomeric mixture,

followed by separation of the individual diastereomers by standard methods, such as
fractional crysﬁa]lizaﬁon or chromatography. The coupling reaction is often the
Tformation of salts using an enantiomerically pure acid or base. The diasteromeric

20 derivatives may then be converted to the pure enantiomers by cleavage of the added
chiral residue. The racentic mixture of the compounds can also be sepafated 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
configuration by methods well known in the art. |
, The term "pha_tmaceuticéﬂy 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. phﬁrmaceutica]ly accepiable organic non-toxic

35 ' bases include salts of primary, secondary, and tertiary amines, substituted amines

-9.



11 WO 03/ 004498 26 April 2005 PCT/US02/21349 The term "conposition" as

used herein is intended to enconpass a product conprising %‘?Eaﬁ?@gfied
ingredients in the specified amounts, as well as any produ i

results, diogr@gbdgsor indirectly, from conbination of the sggidpreehsio

ingredients in the specified amounts. Such termin relation to

pharmaceutical 5 conmposition, is intended to enconpass a product conprising

th t d d t ' di K th
carrier s UEREzI SN pedfled it anbif EIEARYs pREhT TR oet |y
from conbl namctlmgecmsmk esxelt amgmmeag@imegalafﬁameotﬁhcémy Niwdlismzytothglené- t he
| ngr edi ent s, g0k, 4 AMMIAANE! AN Ghind0fa Rl TBEe@fiatifcliggedi ent s, or

from ot her ty hs or eracti ons o nore’ of the

i ngredi ent s. €t @@@nmemthﬂbgcdlme,dﬁﬁ%@wph@me Yorthupireiiding ghecaphiae,pr esent
i nventi ors engaINasSne Wldﬁ@%ﬁgallﬁﬂc e eoparRielB] 1 élﬂg rﬁetﬁﬂgm@é&ﬁﬁleOf the

pr esent | nvent I on and a p armaceut | cal | accep ta e carriler.
"phar maceut | BaMARPURSRipHaHPe PiReriding, a%laﬁm@ﬁ%sm% BFQ2ie; P‘lﬂfleﬁréh?o pmine,

exci pi ent num&r@mamh&dﬁhﬁaﬂmmubh@yﬁ&mé thomHtedhen] smdafe like fornul ation

~and not del eter| ous to eci pi ent ere 15 The 1 dm nistration
of' and or "adni ni sterlv\s'?{j3 zi‘{; ﬁ%ﬁ% @%%ﬂﬁ%e&tﬁgeﬁ%ﬁsi’f‘%&faﬁ g
providing a pmpqroalu frbrophartmecduticait dcoeptable aopitade agjdefinclading inpogande ofd t he

i nventi t Oortcrg%c 2 %' Vng%%d%ﬁﬁaﬁﬂga&fnct6&%&&%@&01}13- kb%n%ﬂ: lda 8Isuff91‘ﬁ

conpounds i n_&ccordance W ent ors 0
di pepti dyl pssid d@geemﬁomz@amchHme gﬁwnmhM@WbMﬁdIydd)Cbiﬂr@O
met hodol ogy knQWRid Mackiiemalelc, nlaﬁ@'lﬂéﬁdeﬁ@ Iﬁaﬁéﬁémtfémerrﬁua@tr@{nm pefoias

follows. A ‘contindous fluorometric assayls_rrp oyed w th the substrate

G y- Pr o- AMC, PaRteenis.sphogphosigeticpipippulfuyic W@Pe&géuw«éulﬁ%@%@@ﬁﬁ AMC
| eavi ng gr OUlflee, m@ndﬂlw @ feriRArapd @ R, BydraBlondle SR QBIdHY, Baleddphoghodte as

fol | ows: p kca—753 kcatIKm—lgx106lvle A typical _
reacti ontc rﬁ"éﬁ%ﬂg gﬁ?ﬁ”& AR C %dSpM enzyne,
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
substituents. The term "heterocycle" as used herein is intended to include 5- or
6—m‘;:mbéred 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-



25 50 M @ y-Pro-AMC, and buffer (100 mM HEPES, pH 7.5, 0.1 ng/m BSA) in a

total reaction volune of 100 |. Liberation of AMC is nonitored conti nuousl y
ina 96-well, plate fluorometer using an excitation wavele Aprib200360 nm
and an eni ssion wavel ength of 460 nm Under these conditi US02/21349

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
cyt opl asmi ¢ @lhﬁﬂ@b@mmﬁ@dﬂe@mydmmmﬁmmyh|dmydmﬂ:@dmbldphdnya bacul ovi rus

B tant s for
yar oyt of iy g srassa st MRSy il asp kK OSSR W ¢
literature vélli‘hégﬂlﬁ%?xaﬁﬂél ARy iispesodnzaping, dﬂ’ddma@ilwlylhéhmdest@ﬁ,l on
et one Ordlhﬁﬁ i o o on 1 5
e St G B sa s ooty OB o ey 25340
conduct ed at dlmmmmgr athyamusm,gdﬂllyeraﬁﬁmgarcﬁhycﬁa&taﬁ@m pondl tions

e e PR e S o S iR () o ot o0
for conpetit |t®teﬁhwdrr®ustmqumohnlezmdteteahydrcﬁhlemylr eprodu0| ng the di ssociation

of the | §| ?E& g oxampltSeh PR HLAR shlablshe et RO Sariin Bl bR o "
pepti dasé t@ﬁw@l%ﬂf@ﬂ@f@m .or enent i oned assays generally wth an 1C50
o] eee than apout 1 | BoodHie Bodpseashinkisink B GALLY uealﬁélga'm ﬁéase v

activity of e Cco ds i.n use as jnhibi

enzyme. acti \Wr}ﬁ;‘ %t%r}ff%fhec%?f’ulb%ﬂsa%éfthC@W?SJWS( qsv} lfi @359 ing
surface prot @xamplatand Premacaitichpidce@iisle st terdbOmdiameanal aikitgkagbgal
functions. 'ttheh?§ a broad tissue distribution (intestine, kidney, liver,

pancreas, pl acent a, thymus, spleen, epithelial cells, vascular
endot hel L&m | ynphoi d dhd smeitoompomidsstre wseful i ar@ﬂd)dcbf:’lﬁhlhmhothessue and

cel | - type exRiRfskfobeel B R uohn SpaiSFEE Al o bkl il nGSH dr 351 1 VAt i on

mar ker
‘ " 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-



15 CD26,‘ and.it can cl eave a nunber of immunoregul atory, endocrine, and
neurol ogi cal peptides in vitro. This has suggested a potential role for
this peptidase in a variety of disease processes in humans 23fPB e ‘

speci es. Wecwrdingl y, the subject conpounds are useful in gmedbegidor the
prevention or treatnent of the follow ng diseases, di sorders and

conditions. 20 Type || Diabetes and Rel at ed Di sorders s well
established that the ijil&i[etln,s GP-.1 %CP are ra i nactivated in
vivo by DP-1V. Studies ﬁngoq}stmlon Baé’Fff hegeip ISW"F SPEPARi%har y

clinical trilaioeludmdir@atsmcttﬂibaipeaﬁeﬂmgreﬂjeﬂns il BB spemﬁ;ﬂieﬁbaﬁ@nttd)es stRadyny state

By 25 anal ogf Rt aTEn gl et SRRy ehaB R e PSRRI s a1y
pepti des i nviogwedibniain tht speosiedreaguhist |Sonhm1mlalrd@tlommghan:aacodt1@91 DP-1V (eg.

ol e §n o ueatasichr Bibiead @haLhpblEap-RRR! (G Re B st Riclieion B B
t her ef or e ha#ng the inertipgiedienkmethatraalterimihe efrries pe well agianppradyctaniich n t he

treat ment a“@snﬂfseﬂﬁéﬁtly% iffirec$, iﬁéﬂff%ﬁﬂxﬁﬁxaué@ c%ﬁiih‘i’éxfah&? 8r ﬁé;%@éga%ﬁ
acconpany T I'f etes, Incl Udﬁlg%m t abol i ¢ "syndr one react i

hypogl ycemi awoa%n%ﬁe & pegdentsyP lisspriaton 9f ongjar e of ths dng Ie‘Fté’
anot her condrtfrdn ottteatypes obfehetions @i icteratdidhs Bf pge bi mdfo&ﬂﬁh@&g’tdﬁﬁﬂnftﬂ?ﬁy )
on The fol |l ow ng

d i;th th ds
(i sbasest® oi ARTRHEPED, i thma r SR PRSPt bRy B ophipmpco. aod
t her ef or e neanytwentpoeribe dnade diytadolixieg a@pmipnusbofehe pesntpnenént entl aby -13 26

’ [ | ' 2005 H [ f
s i nvent ARt bttt 5 A EBRTRNCY ol MM RC) |

resi stance, qaijerp@idgint g1 exChyientirpisd bel P@I@P@téﬂ% withghe ether rmgted@msanf thy 7)

hyperli pi de”?o?mufaﬁon Qﬁ{cﬁﬁéttc’(elﬁéﬂ’&ﬁrto gﬁ%ﬁgleﬁ%cﬁﬁper chol esterolema, (10)

low HDL |evels | evel s at herosclerosis and its
sequel ael? (13) _ he terms admmlstranon of™ and or "administering a" compound

should be understood to mean providing a compound of the mventmn 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
kcat[Km =15x 106 Mgt A typical reaction contains approximately 50 pM enzyme,
25 50 pM Gly-Pro-AMC, and buffer (100 mM HEPES, pH75,01 mg/mlBSA)ina
| total reaction volume of 100 pi. Liberation of AMC is monitored continuously in a
96-well p]ate 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- '



5 vascul ar restenosis, (14) irritable bowel Syndrorre (15) inflammatory
bowel disease, i ncl ud| ng Crohn's di sease and ul cerative coliti s12 0%16)

ot her infl é? conditions, (17) pancreatitis, (18) abd&tRi4rO%Gbesi ty,
(19) neuro’@‘ggg gf”étlve di sease, (20) retinopat hy, (21) ndfHéOPAREP? (22) .
neur opat hy, (23) Syndrone X, (24) ovarian hyperandrogeni sm (polycystic
ovarian syndrone), and other disorders where insulin 10 . resistance is a
conponent . Obeshupterd aDRanVteimplerdoirt: @sisg Mysthﬁiausﬁﬁmionfd@hdmbﬁs taseabaent of

besi t Thi ects on. food intake
and gasiric Sapty el LSRRI, B b Ca ain vef e ol aLp-1
in humans si §Rsairespsion tadey Micheslisiouton Sqiattomifer erndpesitivasnhilsitom.i Thenpt yi ng

(Am J. PhysiRbrs ir feprod®@ il tﬁ@éﬁs&?ﬁ?ﬂgkénstén areg}%ﬂ::{ﬂa/ags%ﬁa%oofolﬁp- 1in

rats and ce al so has_profou ture di ci ne 2,
1254- 1258§n( 1996)). Thi & PHHFWe therropporrdsif e followang axlowplapddd apfivity in

GLP- 1R(-/-) rrh@ting ﬂfélcﬁﬁépnﬂﬁ ﬁepﬁaasbm%ﬁzﬁﬁé ﬁpché afiéin 84 EQHia ybr ain

_ ik
Cegulat ea by "BYS B RSl FI I Buit aieSed s Bk Al il oah®

i nt ake, anal egivity of thet deenmiihécihuise abisBibuet té Hipefd: I% %M&Wcﬁ%&' ne 6,
802- 807 (200Q):)4+ Growt h Hornone Deficiency: DP-1 I tion -may be useful
for the treat man?’ growt h hornone defici ency, based on the hypot hesi s
t hat gr ot h- hor rrone r eDepeptidy pZBndao{‘oren:éW@P -iVpsptdel gutfhatprsteimitihat es

el ease of gicl BAADAR (ERARUL BN} Bl R HbS Yad Syl ERNgE bY e

DP-1V enzyme in_ vivo 00/ rovi deevi dence
that GRF is % “@HH%@H@&%H% M@@Y,éltver, p@@%ﬁ@ﬁﬂﬂfﬁ@%tﬁ&fﬁ@lsemlw, epitheligled in

vitro to gen@ﬂl@t@s&mg éﬂﬂl@ﬂiehﬁﬁﬁ 1@ Uﬁtan@ﬁ'ﬂe%l&é&us( éla%% dishhée tsdfe
(1992)); (2) Al Idl%/ﬂ‘%i dla} @qasmato ; this1s
prevented by FFXP PSR TS Sieantisalio il celdyctivpipmmarkeri s f ound
in the pliasn@D26, adhitemlcaeRh nhﬁﬁﬂﬁ@ﬁﬁin@ﬂ@t@u(ai@ry@ﬁd?crllﬁd”‘ VS ﬁér:]ur&%gcal
1533- 1540 ( Th V. inhi u or.the sane
spect rum of 1’19%%?1%:% i ogﬁé ﬁ éﬁs e’ %‘%%Bm%tﬁ%l%lg?%totﬁ]{sdﬁspu Bt HVHEYBhe
secr et agoguediseasg grocesses in humans or other species.
Accordingly, the subject compounds are useful in a method for the -
pievention or treatment of the following diseases, disorders and conditions.
20 _
Type II Diabetes 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 pepudes mvolved in
glucose regulatzon are also inactivated by DP-IV (eg. PACAP, glucagon).
Inactivation of these peptides by DP-IV may also play a role in glucose homeostasis.

_ The DP-IV inhibitors of the present invention therefore have utility in
_ the treatment of type I diabetes and in the treatment and prevention 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 I diabetes that may respond to

treatment with the compounds of this invention.

The following diseases, disorders and condltlons are related to Type 2
- 35 dlabetes and therefore may be treated, controlled or in some cases prevented by
' -13 -



26 Apri | 2005 WO 03/ 004498 PCT/ US02/21349 Intestinal | njury: The.potenti al
for using DP-1V inhibitors for the treatnent of intestinal injur |s
suggested by the results of studies indicating that gl ucagofAPiell

pepti de- 2wildsRBesps a |i kel y endogenous substrate for DP-I\f,Cv[m@ggzg;(ﬂgbit
trophic effects on the intestinal epithelium (Regulatory Peptides 90,

27-32 (2000)). 5 Administration of G.P-2 results I n increased small bowel
mass in rodents and tenuat es, i ntesti na ry in roden del.s of

ol ti s and Srirman ik bR S B Rtie, 0 Y piBl S ey Vst ui

for nodul at |toh¢mfcet@e insolinnesistaesp dhs ebedias€d lippd disetdeed, §6) |dmiip1@aming t he
DP- 1V enzy C rQCces )
ef fi cacy. of @?H}’R?fﬁ ]ﬁe%‘??t‘ ggf)\{%f) %Qé]%%%?l\ﬁgﬂun%ggeﬁ@%g%ﬁagg%gé%m%’ S(E)@j;qo\\yahas been
shown to be iBédevaal (1i1p higpbDLAcvsd. |(181atheroeclenasik end ftosequelkeé (@B d | mune
cell's. The exprassid n&fls %glrritﬁalé sgwaastsyﬂ&m% EMH%IJMEBE%HJ%&IQ%B

activation status O | nmine g ner al accept
tip,

functions asngluding Grohmg|digeaseandmileseative oRtis.n(4) tqﬂéﬁl‘r‘(@ﬂf@@m@fy CF’U@EMHS

acti ;/at ion. A7 ng;l@feaaﬁs 3(58)?115@8@%‘{121{16535?9%19% meﬁfdgle%éh%ra!u@e aheasee peo)t i } mat e
position, presu e romde specific

am nopept i dﬁEEOPam%ﬁg} g‘?ﬂ%&@é‘ﬁw 32%@8???@ W%E%[g O@Fx%zggeﬂ‘%lﬁnw tro by
DP-1V. In sdm@mhdmﬁﬁm((ﬁél)ﬂﬁﬁc o7 fr dyatiemdyNmd othatdistirders Shreliadyding) ,

cl eavage  esul.t n. .al terefd activity in chenotaxis and signaling

assays. ecerﬁfl?.)t rlcéeells PP al so appears to be nodified in sonme cases 20
(RANTES). Multiple Ntermnally truncated forns of a nunber of chenoknes

h b

predi cted prodiity TAEIV ol b o ot I BBl S Bhed 9T THE D Bk
to be efficadl fba@bsmmm.ﬂb@uﬁﬂ@&&ﬁtcm foad & pksandrasgeicenaftying ahSpPahtit i on

and arthritigpphr @mrgbﬁam(a&&@mst%oﬁr&&mme@uhmm ABak8)decrBses food

irreversible iphibitor of DP-1V, was sh e af t
survi vallSi n iPERE 2R sl oo cuDRIgE (T REg gﬁﬁﬁl&nﬁ@& el 855 -
(199-7)). DRdiNnistiidi 6f0GEEP1aY eath ephmi@sdiedhdsiprefuhd gffectass food intake
aI Kyl di-am ne(N'aPure ﬁedlcme 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.

-14 -



arthritis in rats and showed a statistically significant attenuation of

hi nd paw swelling in this nodel (Int. J. |Imunopharnacol ogy 19, 15-24
(1997), W@ﬁ macol ogy 30 40, 21-26 (1998)). DP-1V is_u tEed in a
nunber of ne di seases including rheumatoid arthrPeTISIHRIEY; pl e
sclerosis, Graves' disease, and Hashimoto's thyroiditis (Immunol ogy Today
20, 367- 375 (1999)). IRV Infection: DP-1V inhibition my be useful for the
t r eat ment or_'&m&h‘umn T peltevtial3br usifie QR-OW irdibitke OSr ectaessiee ofiunber  of

chenoki ne I 03/ 004498
PCT/ US02/ Zl\é}g il Bl slpon Py € Rosihs %Ixﬁ%ég(s GRatr iga%g@g%m‘ . 367-375
(1999)). In Reﬁéd%%@LPtﬁ) aSPrly %H‘%@H@'loué E@ﬁﬁ&@é%@&@aﬁ@ﬁ G&hﬂblt\ﬁlrﬂphlc activity

(PNAS 95, 63e$flem§ oak89Rkastinal Epifeliud] @RIchiafR] POS RS 9§%éz§‘t§®h@ through
i nhibitiqn DP- 1V vvou%]g be e ected to decrease H V |nfect|V|ty 5

Hemat oporesi deIﬁFstrla‘i}’O‘i’H Eréis Wé?/l‘lféeaﬁ%de‘ﬁﬂl poyrel ppes iy iedempard or
prevention oitenitedEh@pies irfulped aidat BPddIVon@yitiband Bnteditved i n henat opoi esi s
A DP-1V inhibitor, Val-Boro-Pro, stinulated hemat6poiesis in a nouse nodel
of cycl ophospham de- i nduced neut ropenia (WD 99/56753). 10 Neur onal

Di sorders: [Raiwiopyrpirdssiono DEEY inhiitisrefuay bé eseftifer inpdalhtiensf the iprmaxent i on
of various pLti des
Dol § cat ed '}Eértfoﬂgéabas%ﬁ u@éﬁ’ gﬂ&%& {d&ﬁhﬁ%ﬁgghg?%ﬁégg%ﬁ@ﬁfc Zr{:‘léei cl?ir'i{atgcfr{ Ahd {5

DP- | V. AODP-chezpking pracetsing, mrkelfiagcymiaP-B ithdbitgseintin oihioenedels ofi dqsmma
treatment ofpmey 'h@@@éen@h&!?ﬁ %&de&&aﬁw@ﬂ% F?Iuen saﬁa&%ﬁke@ﬁgaafvamdn and

subst ance P _have all been shown t bstrat es I n

al | cases, PHmHEcelle | Hnpagessign Hf 6@?9 1%‘1‘34‘5?]&3@@6’ Ihegiffrrentiatigny aagh - 106 | vr 1s

1 or great efactivAliodRt@ksasFiinhfns bAGK Ti Hnées} ad?faptea tHat CBalfaRGioas kdla rats, a

DP- | V | nhi blctopstlmutl"é%ory m(ﬁeculglrﬁ x];z Iv(z:riqon}no Efﬂ]; GF tT cetfl actn\ﬁ\%%nl r}gggmger o?t of the

15  chemokines contain proline in the penultimate position, presumably to protect them

from degradation by non-specific aminopeptidases. Many of these have been shown
to be processed in vitro by DP-IV. In several cases (RANTES, LD78-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 40,2126 (1998)). DP-IV is upregulated in a number of autoimmune diseases
‘ “including rheumatoid arthritis, multiple sclerosis, Graves’ disease, and Hashimoto’s
thyroiditis (Tmmunology 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-



presence of exogenous endormrphl n- 2 (Bra| n Research 815, 278-286 (1999))
20 Tunor Invasion and Metastasis: DP-1V inhibition may be useful for the
treatment or prevention of tunor invasion.and metastasis bé@aedéd®n

i ncrease wo ofleeuease in  expression of several ectopepti dagesspngebkisdi ng
DP-1'V 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

d - | at i . h | be t] |
Speci fio Foreaual ety SuSh eRBBRBS (el IR PEE ved on
T cell | ynpH&ieE-14diples kleavayet decteyses hobiied itivilys PR 93, 638116-(dBY3)yed t hyroi d
car ci nomas, T%S&mﬁfa{tﬂop%iﬂsﬁww@ﬁ o MifREb SEDPLRPHBAN bl Becidlol ¥

- inhibitors may have U suc carcinomas. 30 Benign
Prostatic I—Welreawmfmww i nhi bition may be useful for the treatnent of
beni gn prsostatic hypertrophy because |ncreased DP-IV activity was noted in
prostate tlssuefrompatlents wi th BPH ( Eur in. Chem din. Biochem

30, 333- 338 Hemaiopoigsis: 3BP-TIVgnbigitigsr ey %@ﬁ‘&fﬂl\f@ fbelfe@tméom’mﬁ@?/oélmg
Sloter m mot i | ifey{05 lﬁlﬁﬁahﬁs%mw(ﬁﬁhy Hléﬁn'lrél/v%dﬁﬁilﬂéh{at@@ldmy ﬁb@ﬂ[%fnﬁibltf)@rl t he
altering sper | mal.e .contracept i e i.n _sem na
lutd, | or oot Getdhesmusso, spdafa behudPrigutifs Gane medt o N PEE CEper m
motility, pdad&esdneeropehiagWOOPEE58f.- DP-1V activity (Eur. J. Cin, Chem
din. B §chem 30, 333 338 (1992)). 5 Gngivitis: DP-1V inhibition nay be

usef ul r the treatnent of gingivitis because DP-IV activity was found in
gi ngi val cr e¥éuronzh Difdrdgrg BRIV mhidtien may b ssefiddor diedteatnenipr repetiosdont al

di sease s eVEHf it od Netbonatb@syBhidlric BordekEBechhst 4 hARBArof peptides implicated

in a variety of neuronal processes are cleaved in vitro by DP-IV. A DP-1V inhibitor
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
S (1992)). ' '
35
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10 Gsteo orosis: DP-IV inhibition may be useful for the treatnent- or
prevention of osteoporosis because G P receptors are present in

ost eobl as 00 st conpounds of the present invention have L&Gﬁpplt%gm?n
treating o Sd vBnting one or nore of the fol |l owing condiRGTHH2BE349
di seases: (1) hyperglycem a, 15 (2) l|ow glucose tolerance, (3) insulin

resi stance, (4) obesity, (5) lipid disorders, (6) dyslipidema, (7)
lhypelr: : iDEi Fenéa,m(&ptihﬁ@alt comtkaceptian dpi-BY ;r(lﬁl)mﬁypeiydilmiseﬁﬂ ﬂfr@{e&dneﬁno (10)
ow ev at her osc its
@g@n shdifily Bh@ Borlefic baBL gy % daul RN TER ofiigis® (15)

sequel ae, Vascul res ehosl &,
i nfl ammat or yPE@WéEI dﬁl‘dfpé @ég@eeﬂasn@pg@m CSpcIlmnmtlths pasmessavety hik &rvalsiofe

colitis, (16DPOIVh§‘crt1vitgf(Emlﬁf Lneh. EARAbLLRRS 30 (3137;&38%3@%@?? ' tis, (18)

abdoni nal _obesi ty, ) neurodegenerative disease I nopat hy, (21)
nephropatﬁ (22) neuropathy, (23) Syndrone X, (24) ovarian

hyper andr Oge@l@M@ODY’CBBifnhfblm&hﬁbb SHAAEQRS tre&t%éht Jﬂ'@ﬁglbins b@éa%?@t es,
nJ a, neur onal d| sorders,

(26)- growt h efici.en neutr

(29) tunor BE AUt ﬂy Wes6gdh Eﬁﬁ ‘)6} HEVIGHAE HWé‘Flt”P é?mwué@@yorzﬂé
gingivitis, (z@ﬁ)pehgqhmtalelmam;m{raﬁmmht GoPpBicIS3 B, 16F3q $uM), condi ti ons t hat
may be treated or prevented by inhibition of DP-1V. The subject conpounds
are further useful in a nethod for the prevention or treatnent of the

af or enent onfategporesis eBP-I¥i isbibitensmagnkt wsofud ifdr theereatmentamrpéveatiomnf wi t h
ot her agent Sost@Poldifs BRIREWIBSeR EteOtrr@% gfegérﬁ'?ﬁo%]tgéﬁﬁgstté on may be used in

conbination wth one or nore ot gs Int redat nent, prevention,
suppression or anelioration of diseases or conditions for which conpounds

of Formula | or the otfge cdmpg&ldmy thefﬁas%nﬁhvéﬂt{o\ﬁ a0 8if IH%eEc jynati on of
t he drugs td%%thng are saf h E% tjve han elqtﬁfﬁ al one.
Such ot her S8 rEY O’E)]ém i A Wllovdng C%gh%?nﬁ Sﬁfhéeaéﬁﬂ I ﬁﬁ’?’fg ﬁ@f%}ﬁnunt
commonl yluse@) tlhwrodajamse totaradcen{i) riandinusdiytamie, $4)0uBsityalsh Miphd 8oders] (6)26
April 2005 &%18‘%89 4?7% h?ﬂl%gﬂ Z%Egéhypertnclycendema (9) hypercholesterolemia,

(10) low HDL levels, (11) high LDL levels, (12) atherosclerosis. and its sequelae,_

.(13) vascular restenosis, (14) irritable bowel syndromé, (15) inflammatory bowel

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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corrpound of Formula |I. Wen a conpound of Fornula | is used .
cont enporaneously with one or nore other drugs, a phar maceut i cal
‘conposition in unit dosage form containing such other drug# 2M423%Re

conpound wh obooqmmg a | is preferred. However, the conbi nati-9Rhhhef;apy may
al so includes therapies in which the'conpound of 5 Fornmula | and one or

nore ot her drugs are adm ni stered on different overlapping schedules. It
is also conte nyvlth one or nore . other

I at ]%]hat used i n conbj atl
active ingr eam %T%a\égou 2 ampound o tE ‘i‘ﬁ%ﬁé‘ﬁ?‘i SRR her
active ingmath mmsc ey olttmdmgd a pharmaentidgsesypokizion Wwhetit éaape femused
“si ngl Accq t t of. th resent
Tivention i CoReRe sush ol BARGIRE Qe ciosR R RS AR B Rl ROEERY
i ngredi ents thg ¢pmshidiatidnotheapy may elspdudiadesithdtapintiinawhich tHEcampgioesd of ot her
active iggr @Qhﬁﬂfasl ahﬁ%he %o;@otﬁg'ﬂrﬂﬁéil@ %%ﬂﬁfl&ﬁ%ﬂ%@&&#t%&ﬂ%ﬁrﬁn@ conpound

of Formula i, and either adm nistered separately or
phar maceut i dehedalsip b else sontemplatrsthatyyhenaised i eombingticawit ong e meteher

di peptidyl pgRkbétastnb¥dRR; ﬂh‘é)con@bmmst&rtﬁe bSenk RivehfiGiddns 6!?1§i hdgers

I ncl udi ng (|3 ni st u ? oneseff tro Lt azone,
pogl i tazone! %ﬁg?‘%g?gﬂj 'ﬁ%@slg%’%r SS%F é’*lséﬁ SIP%@ ﬁCR %ﬁﬂ ot her
PPAR | i gandshe phmcdnamhungalléﬁﬁiﬁaélylomleﬂ thagmsexﬁttlﬁvenslt:lﬁ Enoaﬁielﬂﬁ%e tﬁﬁz_on'tamd PPARa
Fonof | bt o ol A peE L LY s RetitRl BANER 1) oAb IR P ana
phenformin, and 20 (|E}<|a)npiﬂsolf@ﬂx¢rtagtn@sngledphtsshﬂtamMaﬂBu(lﬂEfédﬁB)

| nhi bi t or'S; cbhinaflSMbidh Aol bPFGIARA § G Jﬂéra%&ﬁlm%}féd% ng&ﬁtet it her

insulin secretagogues suc e, and
rel at ed mtmwph@@a%uw%@@@pa%@mmmwﬂ b@?@eeguhmlt@étoacar bose); 25 (f)

gl ucagon receptor ant h 2} t1El£k@5W spf qﬁﬁgtbﬂg WO 98/04528, WO
99/ 01423, WD 00/ 39088Q®%d ESM igﬁ @ 1 and

-1’ minetjcs,
GLP-1 rg%ept or agoni s (@ 1ZFRlR sggsm%q%g@l l’é:c lgggﬁ ‘Vﬁc%ﬁéf‘%@@ééheand *
- W00/ 59887 glitazones (e.g. troglitazone, pioglitazone, 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,
. ' {h) GIP and GIP munehcs such as those disclosed in WO00/58360,
30 and GIP receptor agonists; '
(1) PACAP, PACAP mimetics, and PACAP receptor 3 agomsts 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 -



(h) G P and

G P mrnetics such as those disclosed in W)00158360 -30 and

G P receptor agonists; (i) PACAP, PACAP nmimetics, and PACAP receptor 3
agoni sts- 83%/90(1 those disclosed in WO 01/23420: 6) chol es?&MS 2§%wer i ng

agents suc
pravastatin,

¥ HMG- CoA reductase inhibitors (IovastatBGI/USREIAESt atin,
fluvastatin, atorvastatin, rivastatin, 35 itavastatin,

rosuvastatin, and other stati ns), (ii) sequestrants (chol estyram ne, -18 26
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deyiativen (gzinfiprogi] mloﬂwlateefenﬁﬁmfel dpd e enfibrate)) e(z)afapbmvfe Jlgal (V)

PPARC/y dual 4eiaga !3§5hsas I@@QQ@S(vféer O‘ﬁl?OZ‘S 8ﬁ olﬂc)leskéi'&' a%kor?ﬁén %Lchcg%e?s'[ erol

absorptio

such as beta

CoA: chol est ePissterl yng eagtinibe.4€id) aCﬁhCofxthﬁbstemh@wlo@sfeamsmlnbmfs sapldag viii)

ant i - oxi dant suasigiibé) aaa (ﬂrlpﬂup@hdar(tk)suaP oB@QRi sts, such as those
di scl osed i'n W97/ 2814

anti obesity such as fenfl uran ne,
dexf enf | ur ani ne, phen&ép %1}\#@ agg%‘iﬁt%“é%‘r’?ﬁ@‘os%ﬂs‘tﬂ%eétm Wetf8pt%i de Y5

i nhibitors,
transporter

condi tions such as asplrln non- st er ol

and P3 adr@netigbesity LOnpeceRlsach A0RMIShine MixfeMidrh@ale, bi | e acid
HRRicBRHRY sib @Rt B)orBYET horh A AREGS lﬁﬁ&f#%eaﬂdqa& Ahréal%mgt ory

gl ucocorkl coteekptorargohisisdi ne, and cycto- oxygenase 2 sel ective i nhi bi tors.
15 The .above conmbi nat'@@samoﬁ RS EPAR AR AL, Byporpount of the

present invention not

I've c¢tonpound, but also with

two or nore other actﬁns)/égﬁ‘@@rm@uﬁ@%fm nmmllnﬂmmmﬁ@rmdm@s siahcisudpirin,
conbi nati onshodlster6RIEPAUDRSIaRMAYY dRQsBthéochrtiold], A2FFiRhe, TBE BydSt 1 Ve

conpounds sel ected fr

15

20

oxygenase selre%twe inhibitors.

The above combinations include combinations of a compound of the
present invention not only with one other active compound, but also with two or
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

1nh1b1tors other DP-IV inhibitors, and anti-obesity compounds.

Likewise, compounds of the plesont invention may be used in -

combination with other drugs that are used in the treatment/preventlon/suppressmn or

amelioration of the diseases or conditions for which compounds of the present

_invention are useful. Such other drugs niay be administered, by a route and in an

25

30

- 35

amount commonly used therefor, contemporaneously or sequentially W1th 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

preferred. Accordingly, the pharmaceutical compositions of the present invention

include those that also contain one or more other active moredients in addition to a
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. Gcno:ally, an offcctive dose of each will be used.

Thus, for example, when a compound of the present invention is combined with
| " -19- |



bi guani des, sul fonyl ureas, HMG CoA reductase inhibitors, PPAR agonists,
PTP-1B 20 inhibitors, other DP-1V inhibitors, and anti-obe5|t conpounds.
Li kewi se, conpounds of the present invention nmay be used i n28 ERiBY%at i on
Wi th ot hegyghsugsg hat are used in the treatnent/preventi orysuhgsshon or
anelioration of the diseases or conditions for which conmpounds of the
present invention are useful. Such other drugs may be adm ni stered, by a

route and in an 25 anpunt commnly used therefor, conte aneoqu

sequent i al | WPIERRSERL SynsigRats © W&Cﬁ@@ew[ Og'g‘%QFﬁS?’i‘fﬁﬂ%ﬁt%%Eé’ bund of

é he presen}] agmeﬁﬂlo@ﬂemﬁy ramge&onmbmemhm { atyl@a?}@ rprifmbmabmmom her
rugs, a phar |t| cont ai ni such. ot her

Caart ] on Lo ABSESAH e of Beaf PO dbPaRtl ¥ Eon fdffer "

Accordi ngly, acwfsangfmd[amﬂ]t gemaztallgalspdnsivtiﬂﬁmﬁlecalfomheupmw.e“am,gc; bwtgneaagn 30

| el ude §NO%Esd APLralaR SONLALE QR SheBRER: SLORARAV | nared! ents. i n

additionto a

resen “I'nventl on wei ght ratio of the
conpound of the comodnduﬁfcmnméémcompwﬁpf%Pﬁ“%ﬁ@ﬁ@‘@é’@@ﬁﬁdaﬁﬂ ve

i ngredi ent Ry Oe KRS SREnWMstre IRPSREIHRORN dolRnc @, Qﬁtaldﬂﬁloﬁotﬁé of each
i.ngredi ent. Generall o an e{fectlve dose of each will be used. 35 Thus, for

exanpl e, wh mam%qm g Flepeat maybe REOY oy eANCPBARG e, SHBSSRENNIR s - 19 26

~April 2005 \A@Jﬁ}ﬁémﬂgﬁoﬂﬁf/agﬁﬂg 21349 anot her agent, the weight ratio of
t he conﬁgund of the pregsent |n £n to the other Egent wi | | en%ially
range from about 1000: t8m£88 % %BTGSBD:S?IE’PBV%WY BaiEred B Pilapout

1: 200. Conbipa&h'temis(egf imtranouspalan dntodpetitvacgly mtramtnous e, immcastainat her
D gt SeS M or i oD SRahoou2 i, M Sllifhed 5 RMARIRAI, O0RE "ange.

but in each e, an efrecti eac I ngredi oul d be
used. . In gtagmalcmmlmnbhml,tméomﬁ&p@umbfcﬁdmh@trm@smmamb@f@méhteénd

gég?[ | O‘;‘Ct ' \éﬁ)n@Q? B o2 O Yin RE A AN 8¢ SREFHrRRRALAL Sdnfaifllng! DBnF@oHANGOhON. AN
15 tOXlC phaﬁnaceutlcally acceptable carriers, adjuvants and vehicles appropriate for -
each route of admmlstratl_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 coﬁvenjently 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
phérmaceutiCal compdsitio_hs are prepared by uniformly and intimately briﬁging 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;
220 -



adni ni stration of one el enent may be prior to, concurrent to, or Subsequent
to the admnistration of other agent(s). 10 The corrpounds of the E esent

i nvent i on wigys; ‘fb Rdm nistered by oral, parenteral (e.g., T
i ntraperitoneal, intravenous, ICV, intracistemal injecti d’r‘F (HSOF"ﬁ’fﬂél on
subcut aneous i njection, or |nplant) by inhal ati on spray, nasal, vaglnal,

rectal, sublingual, or topical routes of admnistration and may be
formul ated, O&YEHE %lﬁhlﬂég et prapositions giiendgBIfer Qids@g@layrbctpr&pﬁrmcawdm@to
cont ai ni ng Cﬂ{y\&ﬁ&hb@Rﬁ&wﬁ‘%&%ﬁ?@%&nﬁﬁ@ﬁa&%&%ﬁoﬂh‘éﬁhﬁ% RGAERRANS 3L ors,

adj uvants and vehi cl es appropriate for each ute o 1 on.
addi tion to TUGB CPMEabHERN B COpdiiPh YJues asmissaslected from the gipup @011&1%111%

horses, cat tbfesweafa;eﬁfg agdRgSlavedhs acdmn&s@ssﬁ §§e‘¥1ts- mﬂftﬁeseﬁﬂpg)&g&ﬁé ifloradkhe
I nventi o;5 are ef fg hve fouEt ein % har.maceuyt i ca corrp03| tions
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for the adm MREPYEY ¥ 32?}%38 f DFe Flg?lﬂpﬁ%, eFAAlEHHcqRkgn the
conveni ent | yadise propsdienténl admixthos ageth nonitbxit @hﬁﬂn&i&éuhdmy ab@pRBRRACRALIRY any

of the nethog nmet hods_ i ncl ude t he
step of bringi n}éj\%i Qlt\él:}?/ﬂetﬂ?;ﬁﬁﬁu f%elﬁetgft%] gig%s |eé([’7'ipb TRPEROTHRE  carrier
whi ch const | xample. durst Gluentsy wich¢s edeivmycarmgrtsdsetinm cafbongferertae, czﬂh!ﬁm
phar maceut i Ig

Gitlos FRRDBRAJah AR Bh et g%aﬁmﬂlggamtaﬁylﬁt%ﬁl A0, Rl qwszg&l S

brlnglnglthe 25 active ingre ent fnto associ ati on W

a finel yi%i vicsgags) P’tﬁlé’é%crar‘%qr binglingpgents, fon gxarppip starah, gelalisenacgciasidpi ng

the product Jubficuting@ceas, Ifbﬁ&aﬁ@léﬂﬁh@emaﬂ} stédate] MGRRITHARM! THEtablets
conposition the active ob rrpoun&bﬁ%l ncl uged I n an, ampunt sufficient

to produce tR& BReWiqoatpder #k@e‘ftm’ﬂ i£Or QWa chpiqueTigiqelay figptegratighses. As
used her ei n,andifabsdrption irctherpastiolritesihaliteact ﬁﬂcBﬁhéﬁBypﬁbvﬁiE@%ﬁBMdacn@{ oaict .
conprisin i r eci f,i ed .amoun as we
as rrgny pr gdﬁagtoglgﬁ ﬁS& Iqbleqi % g%én%ﬁ&ay Jpat Iﬁ%lslu # ﬁg}ycwldﬂ%“}% T on of
the spedif i edlydenddisipaaic Slalyrbeteh@b)@@e’éhfﬁy wdy a}mbnt:eated’hﬁtfphmhnumemt i cal

composi i OnsiesaieAliRROSPaBti k956 108/ £ M2, ; BRY 4. 285 578 1Pl BlohtL t abl e

for oral use, for exanple, as tablets, trod ozenges,, agueous 35 or
oily suspensth?{ﬁgeuuﬁlt%'ﬂ%tﬁ@fmoétfﬁ]dm&ﬁes or granul es, errul sions, hard or soft
capsul es; Formulations for oral use may also be presented as hard gelatin

capsules wherein the active ingredient is mixed with an inert _selid 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—pyrrohdone, 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 ethylene oxide with long chain ahphatlc alcohols, for example ‘
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-




-20 WD 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 the art for the manufacture of pharnaceuti cal conpggﬁPW8ﬂ and
such conpgg dsle@Res My contain one or nore agents sel ected f+oRLARHT OUP
consi sting of sweet eni ng agents, flavoring agents, coloring agents and
preserving agents in order 5 to provide pharmaceutically el egant and
pal at abl e preparati ons. Tablets contain _the active ingredient in adm xture
wi t h non- t oxXPeexsmalerabslor aropylatheheamienzesic Ope enmere GHRPTEH 28CBEsI% abl e
for the manufragdrdtigvefind ARhA! shd JHRATEY GivBEBRMKS afdYs, BEI Alsuc@¥abPpl e, inert
di luents, such _as cal cium carbonate, sodium carbonate, |actose, cal cium
phosphat e oﬁaggﬁpﬂn1phosphate; granul ating and di sintegrating agents, for
exanpl e, 10 corn st ar obily Qspéds@ingintayde fdrmblatedibygua@ading,thd astivexanpl e

starch, gelatin,or acacia n | ubri cating.agent.s, for exanpl e esi um
st ear at.e,g - stné%rﬁil@n%'@i advegpfa?glo%} fofﬁéa?jg 51 aé%]cgus (grgf lgéeoﬂhsgﬁ)%rf'%gﬁg% C‘{’Tﬁ%ggt may be
coat ed by krodiwor insrcimmenales! such deliqyid ghmifin. €Greatilosuspemtbnalbsgyraoniagna i n t he

astroi nt estj; : Lde_ a ' [ a
Ponger per: ayeRiaihé A ABEeli s AL M0 pRaEL g foBlr BB ne
monost ear at eigents sechpsyibeseypt fgithrbayarad Hayoring agepls ayayde aided iopipvidedo be
coat ed by t haikadpidyRSaratEs CThA8 GomPodiNbndindy bEBleH &l By $heGddiiBn of

4,166, 452; and 4, 265,374 to formosnotic therapeutic tablets for control
rel ease M0FordmAEI PNt sh as8torRis&ciay al so be presented . as hard gel atin
galosul es }A/ner,ei n the fmltspetﬁlbier;gmeiékmﬁ g'rﬁnulw(ﬁltkawafdil*}ﬁépdrﬂﬁdom| ikd |
iluent, for 20 exanple, cal.ciumcarhonate, calcium.phos te.or kaolin, or
G5 soft’ ger gerrEpaeaen B AR B e Bk e AN RO W wat or
or an oil medmimyred with exliappisimg Qeaing agent, shipgodidg paemrfhd ope ormotd ve oil .
Aqueous sus | aln the activ Lerl i ) Xt i1 h
exci pi ents %S%f% g%lngesfc' (;ﬁrul.@hfél“ Oﬁrﬁ)ﬁlﬁﬁ% eft(]tnﬁ%tgg‘l’ g‘aén#e%ludsslasg%glg}e sallé(%ﬁtg\.%%uch
exci pi edbs @xemplifcd by foseilrpdygentioned ahovex Avgitwnglogicipignts, for example
car boxy et hylseelhitls O Svoriig LAY k6Blihb 288 s, may also be present.

The pharmaceutical compositions of the invention may also be in the

form of oil-in-water emulsions. The oily phaée may be a vegetable oil, for example
- olive oil or arachis oil, or a 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 soy
~ bean, lecithin, and esters or partial esters derived from fatty acids and hexitol
anhydrides, for example sorbitan monboleate; and condensation products of the said
partial esters with ethylene oxide, for example polyoxyei:hylenc 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 glycerol, propylene glycol, sorbitol or sucrose. Such formulations may also
" contain a demulcent, a preéervative and ﬂavoﬁng and coloring agcnts.‘
The pharmaceutical compdsitions may be in the form of a sterile
30  injectable aqueous or oleagenous suspensior. This suspension may be formulated -
according to the known art using those suitable dispersing or wetting agents and
suspending agents which have been mentioned above. The sterile injectable
preparation may also be a sterile injectable solution or suspension in a non-toxic
pafenteralljf,—aéceptable diluent or solvent, for example as a solution in 1,3-butane
35  diol Among the acceptab.le vehicles and solvents that may be employed are water,
-29.



hydroxy propyl met hyI cel l ul ose, sodium al gi nate, polyvinyl - pyrrol I done gum
- tragacanth and gum acaci a; dispersing or wetting agents may_be a -

naturally phosphati de, for exanple lecithin; or DoARIbHO3t i on
product's o‘%f&%{’%% ene oxide with fatty acids, for exangi@/US02/21349

pol yoxyet hyl ene stearate, or condensation products of 30 ethylene oxide

with long chain aliphatic al cohols, for exanple
hept adecaet h%@%@)?@lé‘é@%@l isotomic sofiterphkride isoltionlubt Esidﬂioresﬂagt]eeﬁmecbmlsd e

with partial areet%heérﬁmqﬂ éé%oﬁé@i@d‘s%we}it&%u i fedilng Xl h%ss os@S

pol yoxyet hyl ene sorg§ nool eate,  or ensﬁt .on pro et hyl ene
oxi de with paRybland ?%?%%&PP@%IOYP‘? sielyding %Z’ﬂﬁ’@lil@lgloaﬂdflmglly{?@ldeanhydr| des,

for exanpl e padiyes, hyﬂt}em@dsss@abhé aezc?aéldmmb@@ﬂﬁ rézﬂaeatﬁﬂlb% Scislspensi ons
may al so gontain one of, nhore atives, f 005 WO Q3/004498

PCT/ US02/ 21349 for exanpf &8¢ erﬁ’r‘ﬁf’%wemﬁnﬁiﬁé{ apiRisEeddhe or
nore col or i nthedigenbs suppnsitories fmraeaalfddmxmsuraitgma;gelm&u am‘ﬂeséften@bsmmi@

tening a S r| n. may be
Formulat od boriiepeBbdt? BiaHE RGP hina3SEHE kol aﬁg SaPUAl BRGRIS for
exanpl e ar achflisl @iordingy ismpepitires dSaslgrad of the mctalmnmwmmwmnﬂ witlithdrefose mi ner al
oi | _such as megqﬁqaera@at%ftb?elﬁﬂéegmodrbg SHIARASHAD S8 £OM Py a L hickening
ard paraf eo

agent, glnph beeswax inor cety et ening
agent s s yethylere g¥¢olf.ort h above, and flavori ng agents may be added to

provide a pal atabl e OF@tolﬁEﬂRﬁEEttréaﬁﬁh ofﬁ'ﬂﬁ@xﬁs SR SbItigRNSor W¥pRSioRy, eser ved
by the addition o ant i g nt such.as ascorbic. acid, D spérsible

powder s and Btfaﬁ?ﬂt@@%d%ﬁ RO PSERF BrieRgfongme e‘é’ﬁlﬁ’é{%s@ﬁ Bp@Ason by
t he addi ti onofathisvepplcatipnowpidel dppticahiskel nohide eidiFt whihes aﬁiﬂbaﬁrléﬁ g wth a
pr eSer var Pves. - sul t abl DR RRE R RRTin B Se s ribeBdmueatn agent s
are 15 elenpinpy fusthepgomprissethar theaghputientlyi sotieticaymneds Acidittd hevein vehicti pi ent s,
for exanple g usually applied in the treatment of the above mentioned pathological conditions.
In the treatment or prevention of conditions which fequire 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, particularly 1.0, 5.0, 10.0, 15.0. 20.0, 25.0, 50.0, 75.0, 100.0, 150.0,
200.0, 250.0, 300.0, 400.0, 500.0, 600.0, 750.0, 800.0, 900.0, and 1000.0 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 preventmg diabetes mellitas and/or hypcrolycemla or
hypertriglyceridemia or other diseases for which compounds of the present invention
are indicated, generally satisfactory results are obtained when the compounds of the |
present invention are administered at a daily dosage of from about 0.1 milligram to
35 about 100 Imlhgram per kilogram of animal body weight, preferably given as a smgle
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sweet eni ng, flavoring and coloring agents, may al so be present. The

phar maceuti cal conpositions of the invention may also be in the formof
oi | -in-water emulsions. The oily phase may be a vegetabl e of4APH2exanpl e
ol ive oilweypabaedis oil, or a mneral oil, for exanple | pgyjidopanaffin or
m xtures of 20 these. Suitable emulsifying agents may be naturally-
occurring guns, for exanple gum acacia or gumtragacanth,

natural |l y-occurring phosphatides, for exanple soy bean, lecithin, and
esters or pdPHY dpseeytin dendpsrdogesdworte ixtimesya das asingteamed relense frh K des,
for t _exi'mpl te ekt m_rgﬁﬁl@la?%{hﬁg Heabel gﬁﬁd%d@@g&i@ ﬁ%ﬂil ALt F.oqﬁmgtx@mlmo At sg! ?
partial esters.w. et hyl ene, oxi de,. for exanpl e oxye ene sorbitan
nonool eat e. %9@0 ?H@l%%%ﬂ%ﬁ@bhégpﬂaﬂ%ﬂ&mﬁ%gﬂ%eﬁﬁhﬁ@l@%@% &9?}7’? ng
agent is S?/r ups: ciﬁIW(Htg X(}m&@’ theltétﬁr dfmﬂgaloﬂ]iwvﬂ géneﬁaméieéfdnﬂgbm?ént sl, for
exanple gly 0 0 (CO rbitol ar. sucrose or. ations
may al sog cgﬁp %\%r%mggod%ﬂlfg@]’%,ﬂ}iﬁmﬁse?@fsvdﬁs?ﬁéewnﬂ]@’voer?di‘g&%nt& L7 1%? i'ng
agent s. The tizheptimeal eberkpaitic cesppesi t i ons nay be in the formof a sterile 30

I'nj ect abl e aqueous or IPlvﬂPﬁeEﬁ&Edé?stéd&SH&ﬂé‘Jeﬂ%at Eé(:) %;géﬂﬁ%@%}e&@l dgmy be

fornul ated accordi ng tot own art using t Ssuita persing or
wet ti ng- agerdtequensy of €o

'S
ing' age 8758 fheli any PaEHIas Pelking My &g ¢ aebandieht depprdiipBiove.  The
sterile inj eatidklof facksi§ PRt RtihOMe ABYviB SThdSedifRic8hipband ehfllablig: sol ution
or suspension.in._a n q:t'omf? arent er Lé acceﬁtc?bl e di]Juent or solvent,
f or exaﬁﬁl e Tapdabolic stabtlity ang lengthof aglipneidnatcompatind, M3y bery Weightnt abl e
Xghi fl ggogmggmlhmu Otztlls, gfigidgcmmdben&mhlwaﬁnm ﬁsera(vji/aﬁ,eme ofei&eﬂ%h,ﬂaig)ﬁlzlwsdza

ril - . r's.sqlutiqgn. and j.sotonic.sodiumchloride
col ut i on. 1 SORHERRPEee SR bl 4 1oy pidia fooliliaRomd FE bAT e EPpE Bt ea s
a sol vent or suspendi rigvesbinetmdn ptdphsnpine pompouaisyof thisa i ehiiceareoi | may
be enpl oyed ;¢ I ti = i }: _ itiuon, fatty
aci ds suoh ALRERHE A HeRTbuE SRRy AL Syl AR OC

5  according to procedures known in the art or as illustrated herein.

* The compounds of the present invention can be prepared from beta
* amino acid intermediates such as those of fblmula 1T and substituted heterocyclic
intermediates such as those of formula HI, using standard peptide coupling conditions
followed by deprotéction. :The‘preparation of these intermediates is described in the

20 following schemes.

, . H .
P\ o - \N/YN‘x
Ar\/k)j\oH | K‘/N\_/g 1
o I

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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5 The conpounds of the present invention may al so be adni nistered in the
form of suppositories for rectal adninistration of the drug. Tr}ezso%S
conposi ti an.be prepared by mxing the drug with a sui ”
non-irri tg;ta{soﬁﬁ]ﬁgg%i pient which is solid at ordinary terrpgt 3But
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 ycol s. For topical uUseppemdantiomnvitatihencemnmjeetiilieayailgiok Litovmsn dre
SUSpensi-ons, jiie8hCe or M bALR VRSl MEnERIFRPHNG .on are
enpl oyed. (Fo? puermosgg o@t%es@g%p??gat oﬁ?l?%%-é?%ae Oggg_ |ggﬁéglﬁ$§§hal 1

i ncl ude moutskilkedmehs ah OrpaaogIBan Joutis Ipnkrted de Selicaan 1.copgdds Mhichmand

net hod of thg BHRSREkIY BYERbIeOR realfly ﬁ&?aﬂ‘eﬂ e the @BARIJoRBnG aleRo acid by _

t her apeut.i cal I% active %ongoun%: as no ?g%(?er ein i.ch re usual ly applied
i n the t PeatiRIHEIGHIS e 1oTsoPBP re i Parhuy sisRenra o F T 61 CHBARNZYIXY he
treat nent orchjureéfor PonCot), coNdbfluonsylhdticdx yeabohylexy)sfichitideifeP =

di pepti dyl tidase-1Y enz i Vit n_appyopriate dosage.l evel will
general |y bg%) %%dﬁ&cﬁ?gflﬁdgggfﬁ%@%o@% ?)rﬁfz%‘?ﬁg SB%W_%@%E"P}“E%‘?I day whi ch
can be adm niistEpedethplagnes follpveddy darbtictilaec.dTsessuibme fieralddtone is tendosage
| evel will : : ' : rably about
075t o about 100 sy iy e o &b S RRhalRY; odfBbe BLSLEWRN Y, 20701
to 250 i/ kghayere syhipctediio sanicitios fellpviig thegrkesdpeerof Seapld gl abiouliesd. 1 to 50
my/ kg per dagy WdMidoldsi & fréideiHeMR1a0R8AS 8cillaY Rewlli POudRrstbdhy Blof 1O 5
or 5to 50 %gp@r da¥. or-oral a nistratign, the conpositi'gns are 25
preferably KOG gbtheiar 10T PPN Gisrartonssicelly Rs et i agidol. -

20, 0. 25, 0, B0 DT B e . O 4005 500. 0
500. 0, ~ 750, 60RO Ea8 36 FOMAIR EONO SRR VPV b B ISR | ngr edi ent
for thelS§ynpyuoivets of Gdjnists Aeis, al, Wiey-¥aFhdeevt Totlhd 9p3tinendti ¢tal., be treat ed.
The conpoun Pt egl t tod®S per day, 30 .
preferably g?\%iﬁiﬁ&t%vﬁ%nzgéﬁ%ggg (&Eee% ag'Fg%'f | %39%? %%’r%vl‘e}rg?gr%'g di abet es -
mel l'itus and/or- hyperglycem a or hypertriglyceridem a or. other diseases '
for which conpounds of the present i gremvRD - _ -

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. | |

-25- |



are indicated, generally satisfactory results are obtai ned when the
conpounds of the present invention are adm nistered at a daily dosage. of
fromabout 0.1 nmilligramto 35 about 100 milligram per kil od?4#éf%ani mal
body wei 9o odfogfegr ably given as a single -23 26 April 2QQ&gud06,934004498
PCT/ US02/ 21349 PINH O Ar-,,-~OH where Ar, X and Rl are as defined above
and P is a suitable nitrogen protecting group such as tert-butoxycarbonyl,
benzyl oxycar bonyl, or 9-fl uorenyl nmet gﬁéﬁﬁgnyl . daily dose or in divided
doses two to six tines a day, or in rel ease form For nost |arge
manmal s, the total daily dosage_is fromabout 1.0 mlligranms to about 1000

mlligranms, preferably from abo 1 mlligra Meo about 50 mlligranms. In
the case of a 70 kg adult bhe t dB ' dose Wi neral ly be
fromabout 7 5 midligidss to bouft 356 mi | Y gr dA¥e Thi sNdos ge £2men may
be adjusted toprovfde the optifal therapdatiZ respons IN%\H be
under st ood, howevesM, that the speciTic dose revel alfd frequ ncy of dosage

for any particular patient may be varied and will depend gpon variety of
factors includingithe activity of the specific conpound enpl oyed, the 10
met abolic stability and I ength of action of that conpound, .the age, body
wei ght, general heal thyerfRdiated RefromBatiema d atel themed vea doinniesdialit i on, rate

of excretion r conhi nation, the seyerit f 4 he particul ar ndi t'i on,
o’ he: hosr AR guoRg pat ik EmRg Pe ﬁg?%ec?ﬁ%m‘%@?e%feg&aﬁ%ﬁ%gﬁ%
conpoundss ofmethbds famikat to dhosaskilled id the tartatG suoh miethddovienuk isgKclienes and
Exanpl es. Startlg; |.al.s Jar: L r o t known in
the art or alisﬂul' %ﬁ&?‘%@gﬁé%ﬁgﬁﬁmc%%p%%ﬁs (gl? gt2 k@&ré;%gg%ﬁ%vze ntion
can be prepdredoketons hén a solyprtisactnes methpnd oretiaaelds Peeyds iatermedate 281

formula I'l' angkasbrly, Foi &€ g&%&ﬁeﬁﬁfiﬂt&mehm@@wﬁéﬂaéss BUgbrdisot hose of

formula Ill, using standar epti de coupl i condjtjo
' dimethylacetal 5 and a cgtaf)ytic amount cPf ac{]dgsucg as hyé:ocr:lﬁonc acid may be

10  employed instead of intermediate 4.

SCHEME 4
O oNNRE. NHNH
S HgNNHg N X 2
T LT
6 " 7
R1CH(_OEt)3‘(§-) | NWN\N
_ —> N7
orR'COH(E,PPA . 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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foll owed by deprotection. The preparation of these internediates is
described in the 20 followi ng schenes. 25 SCHEME 1 P-1 NH 1) isoBuOCQCl,

Et 3N P_l‘bﬁ&%’ ,8&2) CH2N2 Ar---~OH 1 3) PhCRAg Il 0 -24 2 F P9952005 WO
03/ 004498 V&6L/ 21349 Conpounds of formula IT are oS HPY 22349
avai l able, known .in the |literature or may be conveniently prepared by a
variety of methods famliar to those skilled in the art. One commopn route
isillustrated in Scheme 1. Acid 1, 26HEMESy be commercially available or
readily prepared fromthe corresponding am no acid by 5 protection using,

for exanpl e, brt- butyI di carbonatet{for P = Boc), carbobenzyloxy
chl ori de (for HQ fl uor enyl caps %{?)(ﬁycci ni m de
(for P = Fm)c treate W Fh i sobut chl oroformate an base such as

triethyl am ne [dl i sopr opyI et hayl anuge,Nf ol | oned by di azomet han&. The
resul tant di azoketone is then treated W|th sil veajr[bkr:@gat(g PPAa sol vent
such as met hanol 18r aqueous di oxane and110 may be subjected to sonication
followi ng the procedure of Sewald et al., Synthesis, 837 (1997) in order
to provide the beCh amino acid HW As wll be understood by those skilled
in the art, for the preparation of enantlorrerlcally pure beta am no acids
I, enantioneriN€a ure alp am noH \may be used. Alternate .
routes to thesel_co ds can. e fgqu kﬁ/ ollowng reviews: E
Juaristi, Enanti OB€l e tlve 15 @é@t heS| s 0 g@"@m HClAci ds, ' Ed., W ey-VCR

New York: 1997, JLi%I’IS[Iﬂ et al.

An alternate route for the preparation of Compound IITb wherein X is
N is illustrated in Scheme 5. Compound 12 is prepared according to the method
5  outlined above employing dichloropyrazine 10 instead of chloropyfazine 6.
_ Compouﬁd 12 is then subjected to catalytic hydrogenation using a catalyst such as
platinum oxide to provide C'Ompound MTb, as its monohydrochloride salt.
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Al drichimca. Acta, 27, 3 (1994), Cole et al., Tetrahedron, 32, 9517 (1994).
SCHEME 2 2 20 Conpounds |Il are comercially available, known in the
literature or may be conveniently prepared by a variety of 2¢feihdefp

fam | iar wo dshepesskilled in the art. One conveni ent et g isssA®WN I N
Schenme 2. Unsaturated derivative 2 is reduced, for exanple, by treatnent
wi th hydrogen gas and a catal yst such as palladium on carbon or platinum
oxide in a solvent such as nethanol ¢ | to provide 25 Conpound I11.
26 April 2005 WO 03/004498 0 SCHEME US02/ 21349 NH "--(~R2 or
~~~0Ove N~2 R 4RL5NN-~-NRL 3 lga | nternedi ates 2, from Schene 2, are
t hensel ves commer chPa L'y avai |l abl e, 0 Rt he EDC{ EORT,UY@A, @Ay be
conveniently prepare byoa.vari gty of{ 5 t h&ds f-amtH-ar—to—those skilled
in the art. OneAbuc 08 when X is i i || PsPiarRepfide souBttene 3.

Am nopyrazine 3 is treate With a 2-hal oket @le such as 2- bronoketone 4 in
a sol vent such as nE]E[hanoI or et hanol toT_-Hprovi de i nternedi ate 2a.
Alternatively, for the preparation of internediate 2a where R2 is H,
2-brono- dinethylacetal 5 and a catal ytic anmount of acid such as
hydrochloric acid myghe o

Ar\)\)J\N =N
e,

13 R

deprotection

—
Coansl

e.g., TFA/CHxCl, for P = Bac

NHy O

: N/YN\X
N/
l\/ \%

I

Ar

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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10 enpl oyed instead of internmediate 4. SCHEME 4 RICH(CEt)3 "8) or RLCO2H
(2), PPA NHNH2 A convenient nethod for the prepar ation of internedi ate 2b,.
where X 15 1S S illustrated in Schene 4. Chloropyrazi S A7 00Br eat ed

with hydrazi ne 't provi de hydrazi nopyrazine 7. Conpound 7 BeV$822Edhdensed
W|th ei ther an orthoester such as triethyl orthoester 8 to give 2b or wth
a carboxylic acid 9 in_polyphosphoric acid at elevated tenperatures to

give 2b. -26 26 April lIpgos cay thapOendonPor/dusdr/ 2248 g SCidEME schedhH2
Rl CH( CEt ) 3 (ﬁﬂi 214 le'ﬂa&lﬁl)dtc tﬁ’g ﬁ:a!:tlcg orj_t@ avg)ﬁ%%ea V\ﬁ%hb&hro@l 'f‘ﬁls i s

alternate ro#;qile for the preparatlon oun
i | lustrated foOgieHEmplesEsnpOuKad ﬁ@thaéﬂlﬁﬂéwﬁ@@ﬂaEdewg felly ¢ he met hod

!
understood. These examples are illustrative only and should not be construed as 1‘
5 limiting the invention in any way. :

1

INTERMEDIATE 1
- |
|
F 0 O
NH O
OH.
F

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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outlined above enpl oyi ng dichloropyrazine 10 instead of chloropyrazine 6.
Compound 12 is then subjected to catal ytic hydrogenation usi ng a catal yst

such as platinumoxide to provide Conpound I1lb, as its nmo#oNgHPHEhI ori de
salt. | SRgoYQH 004498 PENH 0 Ar--"CHPENH O Al " pdrisplngalt N (
13 R 1 NH2 0 Ar~~ NN, ,.X R | 26 April 2005 PCT/US02/21349 SCHEME

6 EDC, HOBT, D EA, DWF _

diazomethane was quenched by dropwise addition of acetic acid, and the reaction was

. diluted with ethyl acetate and washed sequentially with 5% hydrochloric acid,

_ saturated aqueous sodium bicarbonate solution and brine, dried over magnesium
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) & 7.03-6.95 (mm, 1H), 6.95-6.88 (m, 2I), 5.43 (bs, 1H), 5.18 (bs, 1H), 4.45
(bs, 1H), 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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NoX or ot her peptide coupling R IIll deprotection e.g., TFA/CHCI 2 for P =
Boo Internediates Il and |1l are coupl ed under standard peptlde coupling
conditions, for exanple, using 26 April 2005
1- et hyl - 3W9393'89ﬁ%§ hyl ani nopropyl ) carbodiimide 5 (EDC),  PCT/US02/21349
1- hydr oxybenzotri azol e (HOBT), and a base, generally diisopropyl ethyl ani ne,
In a solvent such as N, N-di net hyl f or mam de--(DMF) or di chl oronet hane for 3
to 48 hours at anbient tenperat urETEBMIEDIATE2i nternedi ate 13 as shown in
Schenme 6. The protecting group is then renoved with, for exanple,
trifluoroacetic acid or nethanolic hydrégen chlori de In the-case of Boc to

give the desired amine |. The product i 0 purified fromunwanted side
products, if necessary, by recrystallizafion, trituration, preparative
thin | ayer chromatography, flash chronmat E)ny on silica gel as .described

by W C Still et al, J. Og. /K
which are purified by } PLC may be
Purification of internediates is la
cases the internmediate 13 fromthe ' ldn described in Schene 6
maybe further nodified before renov of the protecting group, for

exanpl e, by mani pul ati on of substituents on X or RI. These mani pul ati ons
may include, but are_not lim ted to reductlon oXi d_af1 i on, al kyl at’Oh'

acyl ation, 43834 imethlethoxx 4 sorfeEAL I e
skilled in tﬂﬁﬁmafctaqd- 28 1 t V\D 03/ 004498 26 Apr|I 2005 PCT/ US02/ 21349 I n
sone casgs the order of carrying out the foregoing reaction schenes

3, 2 3(1978) or }PLC. Compounds
Nk the corresponding salt.
e sane nmanner. 15 1n sone

Step A. (2R.55)-2.5-Dihydro-3.6-dimethoxy-2-(2’-fluoro-4’-(trif ioromethyl)benzyl)-

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

10  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
15  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
20 (d,3H,J =7 Hz), 0.66 (d, 3H, T =7 Hz).

1.1-Dimethylethox caxbon 1)-2-fluoro-4-trifluoromethyl)phenyl- -

alanine methyl ester
_ ~ To a solution of S 5 g (15 mmol) of (2R,55)-2 5—d1hydro-3 6-

25 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
tﬁﬂuoroacetic acid. The reaction was stirred for 6 h and the organic solvents were

“removed in vacuo. Sodmm carbonate was added until the solution was basic (>pH 8),
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di chl or onet Hamporpd HERDIMR ¢

may be varied to facilitate the reaction or to avoi d unwanted reaction
products. The follow ng exanples are provided so that the invention m ght
be nore fully understood. These exanples are illustrative oﬁ?@p"é{ﬁepe’shoul d

not be co s 5 1limting the invention in any way. ATE 1 O
OH (3R) - S?ﬁ%}@?%?rret hyl et hox cy arbonyl)am nol - 4- ()2/ V- loHRERS
5-di fl uorophenyl )butanoic acid 10 Step A. (R S)-N (1
1- Di et hyl et hoxycarbon)f-2 5-difl uorophenyl al anine. To a solution of Q.5 g
(2. 49 mmol ) % thengtheyrgaction wapdUyreé withdi08 mila ef {efrabydrpfurar andddg @omamel) wer e
ﬁgdeg 3_eq ;Jerl{fid%kétry-lbﬁ{g?di@k%)@ﬁatg Maagﬁmu The Gkl g :nm{ Qs QSLT&&?OHEG an andt 543
of di-tent-bu i car bonat e. r.eacti.on was irr at. anbi en

t enper at ur e PBFEnEEEH 1%?(3“8%%4%’8”\% H’”gl?fbyl agg@{eagrg_e CHR 1“8%6’%4?“(‘? Pgﬁ%ese was
was hed_,sequemlts}v@dshyd Withibrind| drjeds acdhdoneémranad it \aﬂdo.bPl'hrI[fE('j atid 'bﬁﬁaThver
magnesi um s ate a ncentr 2N , crd '
our i 1 ed by riSe R (G g%ﬁ%q‘%ﬁﬂ’%ﬁ%‘{g e85 SiHA%d R g fle AR

: ( 0 MFc CRCIBGD BPR6H28 (15 EDws 1810 HED:4.67¢
conmpound. + . . 35 &L ] hyl
car bonyl )a%%ﬁ%ﬁoél’--lg%a%%}sﬁ’(%g{)gg glﬁf3 FQUSE)@BSI k%h%%%%@é% é_#g"(érfg?f;. sol uti on
of 2.23 g (7.4 mmol) of (R S)-N (1, 1- '

I e

di met hyl et hoygycar 1.1 divnetid byiphesiiet hyl”
ether at 0 75 Were added sequentially ) 0
triethy & #anied 0. 931 nL (7.5 nmol) of isobutyl chloroformate and the

reaction was stirred aA sbiatisn bEFNES @4 whirdol) OF (R, IpAIN- A cool ed et her eal

sol ution of di azonet hane, wa n added unti h I, aw col or persi sted
ond st irr | ng R R ey Hor o rr gty fer it meBy b Th
350 mL of a mixture of tetrahydrofuran: methanol: 1N lithium hydroxide (3:1:1) was
stirred at 50 ‘fC for 4 h. The reaction was cooled, acidified with 5% diluie
15  hydrochloric acid and extracted with ethyl acetate. The combined organic phases

AR fifludRhne
mo

were washed with brine, dried over magnesium sulfate and concentrated in vacuo to
give 4.8 g-of the title compound. 1H NMR (500 MHz, CD30D) 3 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 a solution 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 mL. (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
_'addiﬁon of acetic acid, and the reaction was diluted with ethyl écetate and washed -
sequentially with 5% hydrochloric acid, saturated aqueous sodium bicarbonate
30  solution and brine, dried over magnesium sulfate and concentrated in vacuo.
- _Puﬂﬁcation by flash chromatography (silica gel, 9:1 hexane:ethyl acetate) afforded
IA 0.5 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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26 April 2005. WO 031004498 PCT/ U302/21349 di azonet hane was guenched by
dropwi se addition of acetic acid, and the reaction was diluyted with ethyl
acetate a,g& shed sequentially with 5% hydrochl oric acid, 28 4pH AR %d

aqueous S Ob”%ar bonate sol ution and brine, dried over PREYRR&A1HH

sul fate and concentrated in vacuo. Purification by flash chronatography .
(silica gel, 5 4:1 hexane:ethyl acetate) afforded 1.5 g of diazoketone. 1H
NVR (500 MHztirre@D@! 23] béfore diBxttg G athyl bbitate6nd 5-abhiBg s¢quent2ily, with 28 ( bs,

iHé 8 (5518 (ti@dml:g%cncda 1‘}15 sat&ﬁ?ed aﬁh@ous’éo&lgm?bléz&b&{&e 2[1:1'&'?)1’11162 ’ﬂZ& cﬁ'frégc (m 1H),
(3R) - 3- f ( 1, Ehepersrhriask VK pearesimy ylias. sencentrpted & wicb aod dissadvisd ISt anoi ¢
10 acid To aypelyidiieobs taﬁai@dgafﬁﬁn%mi iNqﬁuédas BhtnidmHydrokide (3:1:1)

di et hyl gt hoxycar bony di azo-4- ( di f 1 uor opl an- 2 one

di ssol-ved i rfnagarpg po 59? (?r@trﬁ‘alhoT edfpactign “@S\ﬁe?léda?&uﬂé@eds‘éahé%%%wy 3.3 nL
(19 nmol) afydebcheeiR-eildndteRthasd ﬁrﬁh% 1%2atérgr16elecﬁanﬂmdmgaﬁé Baskyer

benzoate. The 15 re CtJO wa irre fore ng with ethyl
oo ot e and Ve ArE i B Sud pv e SR e ﬁp@??@eat&%taé’ ‘é{’gﬁ‘?éﬁ ed
aqueous sodigiva Hicag bbtizttdle contpoutd asmewhl‘fdnﬂ)anmhdc iR (SesMdt4, ed over
magnesi um S@E@B}S@Qﬂc’?% F“ ﬁgﬂb u@gg@&q@f) @@@3@3%@@@5\@ SUTBI0S (M A,

separ at ed by 9arat|ve C Chi'ral pak AD’ col um, 5% ét hanol -
hexanesY0t o 3\7% P50, M. S5 %O@QSRHbd 20/ Bant i omer, which 20 el ut ed
first. This material was dissolved in 50 nL of a mixture of

t et rahydr of uran: net hanol : I N aqueous I i thium hﬁ\édrom de (3:1:1) and stirred
at 50 C for 4 h. The reaction wadlNd EEdi fied with 5%dilute
hydrochloric acid and extracted with et hyI acetate. The conbined or gani c
phases were washed with brine, dried.over nmagnesi um sul fate and
concentrated in vacuo to give 360 . ng of Jthe title 25 conpound as a white
foany solid. 1H NMR (500 MHz, CDC13p 8 Zldm 111), 6.98 (m 211), 6.10
(bs, 111), 505(m111) 421( 11), Z\réB m 2H), 2.60 (m 2H), 1.38
(s, 9H).

CH

F

2.4 5-trifluoropheny! butanoi¢ acid
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 WD 03/004498 PCT/ US02/ 21349 | NTERVEDI ATE 2 F3C (3R -3-f(1

1- Di et hyl et hoxyear bony |)ami nol -4-f2-fluoro-4-(trifl uoromet th )ghenyl | -
butanoic acid 5 Step A (2R SS)-2 5-Di hydro-3 pril 2005 _
6- di met howyy Brologiog f | uoro-4' - (trifluoromethyl)benzyl )- W@mhwgazi ne
To a solution of 3.32 g (18 mmol ) of commercially avai I abI e (29)-2,5-
di hydr o- 3, 6- di net hoxy- 2 isopropylpyrazine in 100 nmL of tetrahydrofuran at
-70 C 10 was added 12 niL (19 nmol) a 1.6Msolution of butyllithiumin
hexanes. Af t“é%ncefgfﬁtffdr]iﬂd{jw%ﬁ Fh T§Slt1‘é‘?rﬁé$ éﬁﬂlwl@rﬁ‘%wf fichiprgmpthgnasandyp) ) of

2d1;I I gor od4 : 10 fL 1O enabih vk b?;ﬂiﬂdnélh? QR g BBig4d3 Ifrﬂnogfoffdﬁ-fté:ﬁlﬂu@hﬁéﬂbmm/\/as
aqade an Stirri contil nue or. t
anbi ent t enp@?rﬁta[‘ia‘é‘?'V\ﬁi‘?erea‘ft@gc“t'zfs&méorqﬁ;e}h?HE&’Ww P&% "?ﬁhf’gt ed in

vacuo, and esegnaciaig wittt 1N aydrgthlade acdétad brind h”ﬁh@mrgbmn@dammrdrmdpivase was

washed wid h ! r.ed, a n y flash

chr omat ogi ap'vgDdl S'fl?c,t%.’ Cogfen?rgteg%l g%ﬁl a%h?ﬂflgk 4 byﬁ%&h%h%gﬁles %?‘%cgﬁge% 5 590

of the titl egaldhbbaxahes: t&yM@%@@@aWZ{DQDB)heSItE @3ponnds

4..35-4. 31 (meticpd 56(9@ m31 6534 59 3648 (m 1D 378 4 Hz),

3.33 (dd, 1H,_J = 4. )7 él Fi) gﬁ(g? WmH@ gmm,:&%SZ.lS

(m 1H), 1. 031103(1&(@#1)1]&017(19&3}1) é@ds,(ﬁlﬁ) 3H J = 7 Hz). Step B. (R)-N-(1

1-Di et hyl et hox cy arbonyl)-2-fluoro-4-tri fI uor onet hyl ) phenyl _ al ani nie

met hyl ester To 2 . f. - di hydro-3,6 25

di met hoxy 2-%¢ ‘ h : y LS EEYE pyrazine in

5]9 m. of a mi Xt ur e ofTHé:&ﬂ&)dinrh;ﬁddnd (ﬁ[)d:lgb Wa@p&tph&ﬁefrc(rﬂ.gﬁu)g (WeSmatjdeéd 80 L
1IN

,? he or ggﬁfgu@%ﬂ\% gﬁi §lu féﬁ{[okgcar Co'n()jzl) ZE g tnﬁag}opﬁg'ny\fﬁgmrsié :'mreﬁﬁij egtglr us‘?\ng] and

rthe procedure descnbed for Intermediate 2, Step C. MS (M + 1)-BOC 220.9.

15  StepD. (3R)-3-[(1,1-Dimethylethoxycarbonyl)amino

2.4 .5-triflyorophenyl)- .

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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renoved in vacuo. Sodi um carbonate was added until the solution was basic
(>pH 8), -31 26 April 2005 WD 03/004498 PCT/ US02/21349 and then the .
reaction q‘@ldut ed with 100 nL of tetrahydrofuran and 10\&5%62%I) of
di -tert-bw_@f’3 #t4r bonat e was added. The resul ting sl urry Na&@S9ERPd for
16 h, .concentrated in vacuo, and extracted with ethyl acetate. The

conbi ned organi c phase was washed with brine, dried, and concentrated in
vacuo. Purification by flash 5 chromatography (silica gel, 20% et hyl
acetate in hexanes) afforded 5.1 Ehg conmpound. 1H NWVR (500 MHz,
CDC13) 8 7.38-7.28 (m 311), 5.10 , , 4.65- 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 net hyl et hoxycar bonyl ) - 2-fhz¥;vo- 4-trifluoromet hyl)phenyl- 10

al anine A solution of 5.1 g (14 mmol) of { (R S)-N-(1, 1- _

di met hyl et hoxycar bonyl ) - 2-f | uor o- 4- tifi f |@Qr o@et hyl ) phenyl al ani ne net hyl
ester in 350 nL of a mxture . t ety ahydr ¢f uran: methanol : IN lithium
hydroxide (3:1:1) was stirred at™N\80 § forn#Hy hg The reacti on was cool ed,
acidified with 5%dilute 15 hydro c afid dnd extracted with ethyl
acetate. The conbi ned organi c phase S vashegyywi th brine, dried over
magnesi um sul fate and concentrated iln vacuo to give 4.8 g of the title
conpound.” 1H NVR (500 MHz, CD3OD) 6 F7.45-7.38 (m 3H), 4.44-4.40 (m~1H),
3.38-3.33 (m 114), 2.98 (dd, 1H,'J = 9.6, 13.5 Hz), 1.44 (s, 911). 20 Step
D.h (Sﬁ) b 3-1(_C_B_RJ.-SEF(I%@MGW@@@@L@P&%@%@]M—%&?M,?;%fdrb-ﬁeln grret h1¥| ) -
pheny anpi.c aci 0 a solution o .49 .7 nmol ) of the product from
Step Ci -GOn&}%%?ﬂgetrahydrofuran at 0 C were added sequentially 2.3 niL
(13 mmol ) of diisopropylethylamne and 1.7 nL (13 nmol) of ‘i sobutyl

chl oroformat% gt@d; Pﬁ&_i)é_ @% Pg@; jy.red at this tenperature for 30
mn. A coole € '4% bl eShide thane was then added until the

ye| | ow col or per Si st ed-.!:'O &Mu@@ﬁ ?1?2 g@g%g’lﬂlﬂl} of 4—br0m0-2,S-diﬂUOIOanZOiC 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. To-a 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 SR -2 5-Dihydro-3 .6-dimethoxv-2-isopropyl-5- 4’ bromo-2’.5'-

- 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. 1H NMR (400 MHz, cDClg)' §7.21 (m, 1H), 6.97 (m, 1), 4.25 (m, 1H),
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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 wth ethyl

acetate and washed sequentially with 5% hydrochl oric acid, 284¢H2%Bed

aqueous sy@igmAbgar bonate 30 solution and brine, dried oygﬁmgﬂgg 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
of

asolutlono ( f i,az e om_
met hanol %7%%% 31%@25130 ﬁgﬁﬁéﬂh%g ﬁﬁltﬂ% %r% Lﬁ‘i) 225 2. 161

di i sopr opyI eIIh)ylla)m(d,émnﬁz3Hz)g).65)(<ﬂ,3Hr,mal8)H@f silver benzoat e. The
reaction was -32 26 April 2005 WD 03/004498 PCT/ US02/21349 stirred for 2 h
before diluting with et hyI acet ate and vvashl ng sequentl al | y with 2N

hydr ochl ori odtap i d(R)</d i : diuerord

organic Sphaxﬁ&hﬁh{e‘ij” ed over magne5| umsul fate concentrat ed in vacuo and
di ssolved in of a m xture of tetrahydrofurannethanol:| N aqueous

lithium hydroxide (3:1Tayselutigeiokt O} eédlammg) of €6y SB-hs- dityaire-84ct i on was
cool ed, - aci %fde&@xwztﬁo}fre{ L3 oy Iy QQ&meo@)eﬁﬂlﬁyﬁaﬂﬁm‘?ﬁﬁbmgﬂ with

ethyl acetate. The, co r wer e ‘'washed, wth bri ne dried
over magnesifiCtIeAYS aéﬁagéﬁﬁgeﬂi?ﬁ\éﬁ O‘P oreecid The regetinn wasstmgdder + he
title conpourtch asl convhitiged @anyucs OTlickesidit MARibMEINHB) mICEBOD) S 7. 47-'7. 33

S 99 Afebpnebbl and sEGap R by il G2 g batbonde 5 o o

yl ) ami nol - 4-#¢72-batyddicarbbhate mephaidyd.) Bhe maction i sairred for 16 h, diluted with ethyl

SR 2.5, 0 hydral i eEhap @gﬂkﬂ?sﬁ%&@@ Eaqlsid sodum picapiomats solaion

azi ne - “and brine. The organic phase was ed over magnesium sulfate concentrated in

vacuo and purified by flash chromatography (silica gel, 9:1 hexanes:ethyl acetate) to
15  afford 1.22 g of the title compound. 1H NMR (400 MHz, CDCI3) § 7.27-7.15 (m, -
- 1H), 6.98-6.93 (m, 1H), 5.08 (bs, 1H), 4.61-4.55 (m, 1H), 3.78 (5, 3H),'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  StepE. (3R)-3-[(1, 1-D1methvlethoxvca1bonvl)a:mno1—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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The title conpound (3.81 g) was prepared from3.42 g (18.5 mml) of
(2S) -2, 5-di hydro- 3, 6-di nehoxy- 2-i sopropyl pyrazi ne using the g ocedure
descri bedw?(po%a 4 %ntermadl ate 2, Step A 1H NWR (500 MHz, 1 (m
1H), 6.85 %), 4.22 (m 111), 3.78 (m 311), 3.64 (FCTAR? ’2134961 (m
111), 3.20 (m 1W 2.98 (m 111), 2.20 (m 111), 0.99 (d, 3H J 8 Hz),
0.62 (d, 3H, J = 8 Hz). Step B. ' '

(R -N- (1, 1- D et hyl et hoxycar bonyl ) - 2EXAMPLEfll uor ophenyl al ani ne net hyl 25
ester To a solution of 3.81 g (11 6 mol) of (2S, 5R)-2,5-dihydro-3, 6-

di met hoxy- 2-i sopropyl - 5- (¥ or.o- benzyl)pyra2| ne in 20 nL of
acetonitrile was added 20 thloric acid. The reaction was

stirred for 72 h and -33 26Ag 2085 QO 0&%@8 PCT/ U302/21349
e

concentrated in vacuo. Th& residue was di sdbl v ;nt

di chl oromethane and 10 ni (72 mmol ) _of truk\ﬁy Ad 9.68 g (44.8
nmmol ) of di-ter t-butyldicarbonate ddd add The reaction was stirred
for 16 h, diluted wi-th ethyl acetate and washed sequentially with IN

hydr ochl or i c7-8GRY-3amehiy-4 €2-Waslubfon@th WNe6 78-sodi um
sulfate, co Gent sat.ed.in yacyo and flash chromat ography (silica
gel, 9:1 hexanes etRyizitet St PEPE2N49 g of the title conpound. | H
NI\/R(5005|\/HZ CDClS) 3 6.99 (m 1H) 6. 94 (m 1H), 5.08 (m 1H), 4.58 (m -
1H), 3.78 (N&iep AH) : : 1.41 (s, 9H). 10 Step C
(R-N(1,1- uor ophenyl al anine The title
conpound (2.01 g) was o epelpden ¢ %moﬂﬁaglfﬁf535rm5§2@ﬁm01)inethaIlOl (120 -

(R -N-(1,1- wayhﬁeaqueafo@@zl&lﬂaméac%wﬂel & Imggat 2 WH%%@JEENEHW

ester using ocedure described f I .nter
1) - BOC 220. gNaslsgrA%Elébr ux for 20 h, Adfter evaporahon of solvent, the res1due was

(3R) - 3- [101, Jpa&ti’tﬁieﬁ%bﬂid&ﬁéﬂ@ﬁﬁd@ﬂﬁé’bﬂ@dﬁl@%dﬁ &e%ués&hﬁzﬂlltﬁémnamsmﬁbh
but anoi ¢ aCI’ﬂle-I;t%ugoussqla#etr \wag extr.?tc:(ged3 w1t}96tgll[ acetate x% 'ﬂxe éorszmea( orgaruc phase -

~ was washed with brine, dried over magnesium sulfate and concentrated. The residue

was purifi_ed by flash chromatography (silica gel, 1:1 ethyl acetate:hexane, 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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di met hyl et hoxycar bbnyl )-2,4,5-trifluor Qphenyl' alanine in 10 nmL of diethyl
ether at -20 C were added sequentially 0.193 nL, (1.3 nmol é of .
triethylamne and 0.18 nlL (1.3 20 mml) of isobutyl chl orof éf A&#é%%nd t he

reacti on Wasyabifged at this tenperature for 15 mn. Ac ey eal
sol ution of @azorret hane was then added until the yell ow (}glgﬁ%rﬂ%%%r%si sted

and stirring was continued for a further 1 h. The excess di azonet hane was
gquenched by dropw se addition of acetic acid, and the reaction was dil uted

with ethyl acetate an8owaeiben eeglafiupegmsihyl)-510, 5&iqirahydginideradlid- sodi um
bi car b?nat edcggyﬁ,@ﬂn@f(&ﬂﬁl n@d]d__allg_rmfﬂts]!, fidkd S ;B’)E‘aﬁdr(r%gp}igdtmm sulhf ate ?_nd I
concentrated,. I n_ vacuo. urificati y. Il ash chromat ogra silica gel,
3:1 hexane: &IWF}W&]@{X&Y’Eégo’éﬁfl?WH@HB?%gfg'bOIBPhe&VQQ‘HR@%%g(?f/géggamgo(l]-%i on of
0.35 g( g 1.1 ;anmnqh)gi%ﬁozrgh@trﬁh@mhgy one la.ddéid]gsols_vre(dat.is Iii%gl, D.48mmbl) fh?] 8°di. ox?ne:
wat er ; s adde : ) enzaqat e. e resultant
sol ut i onwastEgHe ?Pe%ﬁsfs&ggg(‘lgo %é??f;@olﬂh 31%%5@@6;6 56 é’?’ﬁﬁm%}ggta%t e and
washi ng sequelded.aAftgr wmintdval of thy dedehl, trd reactaindvasredlobyed bestirdt yinbignt over
magnesi um s rail | i f) 9@% i f .

chr omat ogr ag IfﬂB Igfﬁ?goéqgrgf Gﬂfﬁﬁ%&@gg{ag ﬁﬁ%&%&eﬁgﬁggm a%%éét}?g&éci d)

af f or ded 4oiﬂy4éPaﬁk Eméf’xa qqheme di9g sudtbmm FONvRvesiomadiest frooptl®) S 7. 06 (m

113), 6.95 (detonitMe, 969:00atéPand 3.1 1) writhuok8adelt adilitd 0% 2c&Bnitile, #I% water 51 (M
2H) | 133 (s, 911 4 26 Apri| 2005 . WD 03/ 004498 PCT/ US02/21349

| NTERVE ATSEmg 0}1 %'_n{fli@rqac%tg:\s)ci@_tf g@/,ell_lﬁ%pgthp ditle compound as a foamy solid.
o, Do MK oo Coclid og soden » botarmp sl B s,
~4- br ono- 2: S-ﬁ‘bf? ﬁ@ér(g:béﬁ[gél.@i g&ﬁ% 4.85 (m, 1H) 5.30-5.38 (m, 11—% é.97' {m, 3H), 7:28

: (mn, 1H). LC/MS 489 (M+1).

15  Step D. 7-[(3R)-3-Amino-4-(3.4-difluorophenyhbutanoyll-2-(triflaoromethyyl)-
5,6,7.8-tetrahydroimidazof1.2-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, 5H), 4.90-5.04 (i, 2H), 7.16-

7.33 (m, 2H), 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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(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 nlL of
a | Msol Ut 44) borane t et rahydr of uran conpl ex. The sol %t \5}%&0 heat ed
under refl ux cooled to anbient tenperature and _Pr?_218f9

met hanol was added The reaction was then heated for a further 2 h, cooled
and concentrated in vacuo. Purlflcatlon by fl ash chromat ogr aphy (SI lica
gel, 9:1 hexal@:.® shme Apcatb@

di f I uor obenzyif al&HR I)bu-traﬂo@i]%cd ?E't&ﬁh@&r@hﬁaﬂa{ﬁ@ cﬁp\i‘i Q of 4-brono-2, 5-
di f1 uor obenzyl alcono In 20 nL of di chl of omet hane C was added 2.27 g

(6.7 nmmol) of carbon T8¢ HEGFURPAEIATRY Premsrey frgn 2- (Haffb}qrorgﬂhyl)é 6,7,8-

triphenyl pho%l&'ﬁhftﬁouﬂiﬂ&oﬂ 23Ghyir2nd\@I 7 Bigd, 11480nher, fx%rﬂ”!E}?ém 1@ntssht%§gge$t u ][ e,
W 0

th | t d.th t

e AL G LRI R ST A e
purified by (Iheshedihtedral ©grahBY n{sel), IREADR26 figl 1.5RexdA) eIGBNYl16aagt ate) to
o ord 15,918t lguld AT S AP M ), s e

di fl uor obenzgﬂla)lqgﬂuam thet &Scritted in Fixkmpledniiep A exckp6ior gl)e—pma’ﬁcgicmpaﬂbcﬂ from
0.865 g (4 7THE‘P$1)1 d(v%lg)puﬁﬁéd er g&gﬁ%ﬁ?ﬁ: fre (gg%{%}}y%o% h Eﬂpé’th yrazine

and 1.5 uor o using the-

pr ocedurﬂ) de%f@ﬁ%éhprﬂé} mﬂf@ﬂﬁbaud& remethsfl@ﬁomveﬁﬁpma@f(th%ﬂqw&mp@éle,) 6

7.21 11- 1) 1
03/ ooglzlngs PCT/ usoz 21%%8 (SOM%% @D%?]’%i 24 §ﬁ)4{;§ﬂ}% iz%)zg%?ém
1H), 2.96-2.9d) 38419 Qméﬂz54i fis5 1Hon 4-851 6., lﬁ)w a (mHLH)6.90 ghsy ), o 65

(d, 311, J ‘766 )2 v et 1HRESKMY 489 hyl et hoxycar bonyl ) - 4- br ono- 2
5-difl uorophenyﬁl a{%\)lsne ( rrIfa)t hyl ester@t'lggga solution of 1.61 g (4.14 mmol)

of (2S, 5R)-2,5-di hydro- 3 6-
15 Ste B. 7-1(3R)-3-Amino-4-(2.5- dlﬂuoro henyDbutanoyl 5 6 7 8-

tetrahydroimidazo[1.2-alpyrazine, 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
-39



di met hoxy-2-isopropyl -5-(4'-brono-2',5"-di fl uorobenzyl)pyrazine in 10 nL. of
acetonitrile was added 10 nL of 2N hydrochlorlc acid. The reaction was
stirred for 16 h and concentrated in vacuo. The residue wa® H¢Wyved in
30 nL of dronet hane and 5.6 nL (40 mml) of triet d 2.2
(10 nnnl)%gg&%l?l?ert but yl di car bonate were added. The rehm%ﬁgﬁﬁ&asgstlrred
for 16 h, diluted with ethyl acetate and washed sequentially wth

sat ur at ed aqueous sodi um bi carbonate solution and brine. The organic phase
was dried over nmagnesium sul fate, concentrated in vacuo and purified by

flash chronmag r@p’m.y(mjgui(;q dekihvRikbxhex aglityl4aacetate) to 15 afford
1.22 g of the |tl<ah ound H_NVR (400 (.27-7.15 (m
111), 6. 98- 6t e ‘blu—%i!é—tdz&—%t hydgo 0 L , 3.78 (s, 311),
3.23-3.18 (m 114), 3T86tde 95mpdumd idslrepatediftofns2-(tAddronBtied)-106,7,8-

e e T e e T,
met hyl ester fxé&@tﬂg%?e gﬁ%%%%% ‘?mgﬁﬁ GfibBIY269'm b 0195 Testhél fnPrpel@PsC Mo

M+ 1) 380, 3"
E3R) 3) 1( 1. 1093 3 hyraelhind edr dohghiymamethsne A1s{ng 2 piossiranaiogous to that

8' g | uor Ophsnﬁés)cﬁﬁéc?ﬁ%ﬁmﬁﬁéﬂ kB Ct IHukigic ARSI HIEp AR ROTIO0 (RS gitepaped from
(R - RI— ( 1“? d%‘?‘?ﬁa&t HsRy O B’SH’WS’I in dishlpramsthane) gave ﬂBF’Eﬁ)‘Pféh?/PHF ani ne using

the proceduggy Eralsla%arﬁ olld)t e MR 250 BRI BSOS § V5 1?)0(3?6 1 and.

r-T(3R 3 At I N N lﬁﬁ’gi%%iﬁa, 975 6 7

5.48 (m, 2H) 7.22 (m, 1H), 7.44 (m, 1H), 8.04 (m, 1E). ESEMS 507 (M+1).

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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tetrahydroi m dazo[ 1, 2- al pyrazi ne, di hydrochlori de Step A

2-(Trifluoromnet hyI )i m dazo[ 1 2-a] pyrazine To a.solution of 2- ani nopyr azi ne

(5.25 g, in ethanol (120 nl) was added 26 April 2005
1- br ono- 3%%’”{& ‘a]8| uor oacetone (5.73 ni, 55.2 nmmol). The FPEAEBPEH3*has

stirred at reflux for 20 h. After evaporation of solvent, the residue was

10 partitioned between ethyl acetate and saturated aqueous sodi um
bi car bonat e Sebut.iJomdazoThe-dpyeons | ayer was extracted with ethyl acetate

3 Th nbi ned i
I(TB.)Q(]I)’IESI uan §8| f:';ttng agggigﬁggﬁl ra? %%ﬁlﬁ%@?ﬁ%g} a(l\%ngtg’\%/gsol?’nur Pﬁ %%@dﬁ ash
chr onmat ogr api) (ak kildesl Zybtomot1,1-dembihbx yetlemat @ 5 h@x,é’rléB el fodoved st hy|
i‘éeéﬁéié,) S FopSofcotioflila fiocldrc ek RO HNARA 1 M e Mgt R, )T
Step B. 2%( T?‘fE‘PP’@gﬁde r?ﬁleﬁ?f‘rldl!? @asmﬁgum@wﬁézhwé ﬁthyh@p@tqtqa@i &ilttwﬁéﬁweusro a
sol ution of Zydidih bidattme@abiivioh The &mbﬁs Rya PW AEhA8d 62hQugd aceldle f6)mmol

om0 D TRAE0SL Gl 00 T, SO0 A0k pell e o 26 galon (400

t errper ature irll’rcoiléeﬂ’lratéﬂ’l elteiredidueew aaufiel by Thaeh tioeugiarpal (1% atlywas hed
wth net han

chr omat ogr ap y 4E'(’;fp% o gfci’llntlr@’(y/Ie aﬁlgﬁﬁ] &ehﬁﬂngggjfcg‘?orergnfﬁgﬁ%%%?Sh
WFtPﬁQOHOt lneglqd: GB@Sﬁxgrcrﬁﬂm titte d(ﬁhp(ﬁmdeﬁ)gsd INIVIR {50 BB €Dl J1.ve 1.33 g
(bs. 111). 3.8 [0 9%% 6518 ‘f’}i%?d 13! é@‘??%ﬁ?& Pﬂgﬁéj‘%ﬁ ]%0‘1(’3% 1H)
7.16 (s, 111) ESI-M5 192 (Mrl). Step C. 7-[(3R)-3-[(1

1-di met hyl ethaxycay p ét foti4:
di f1 uoropheny a_;; G)ng k ﬁa HEE: 6 7 8-tetrahydroi m dazo[1l 2-

30 al pyrazine - 37 26 A@“P nthmommmmér@mm@%ﬂ Zi@pgrazine (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 (SOO‘M[-IZ CD;0D) &
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)
7.33 (d, 1H)

Step C. 7- (3R)-3—[(1,1—diméthylethoxycarb0ny1)anﬁn0]—4-§3,4—'

difluorophenylbutanoyll-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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To a solution of 2-(trifluoronethyl)-5,6,7, 8- tetrahydroirn'dazo[l 2-

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

d| met hyl et hoxycar bonyl ) ami no] - 4- (3, 4- di f | uor ophenyl ) but anoi @65‘87‘@0@%05 9 -
ng, 0.34 Es‘rag?,l di chl oronet hane (5 nlL) was added HOBT ( 42

mol.) at "O)Oé'lg?he reaction was stirred at 0 C for 10 mé&’ﬁﬁ 1l‘:‘%c (96.6

ng, 0.50 mml) was added. After renoval of the ice-bath, the reaction was

allowed to stir at arrbl ent terrperature for 14 h. The m xture was

concentrateS M o-pt (624, erophenyinapedkSBeh8C18 col urm, 100 x

20 nimlI.D. qé@iﬁ&ﬂfnn%&qwn&mwaﬁ% @P@dr@&ﬁér@d& trile, 90% water, and 0.1 %

trifluoroaceti ¢ acid to_90% acetonifriTe, 10% water #%0 and 0.1 %

trifluoroacetic acid) {I‘ge&'t éOTPBu%W%WPIPH%e@frPF’eF" -EéMyediblas a f oany

gol?)l4 d. ; 1H N}-&Blﬁ(t @th $RG Bmifo M‘3§4(C§ﬂ0&bﬂheﬂil)ﬁﬁalﬁdﬂl]-?l‘ﬂ)7,.8 5 82 (m 2H)
1H) 6. 9_7 01 if e (& e PR B Sen.t), i
. 34 (bs, Gg)fbﬁfq% dé@[lé ]]%qqqg E@ Q@,{ Gﬁfng sé?k%) Q2 38 (M

7-f(3R) - 3- AmnedraﬂaK Sitadd f\mﬂm;dpcbmnych])dmﬂb,am;g 4 przeédum fhalagonsit thyO-

5,6,7,8-tetrah m

7-[(3R)-3-[ (@ s%gégci 1r|tl§)?a'ngql% }3( %ﬁ?&uoﬁ' Q%QE %%F &Ifhgﬁﬂg cQ,ompound as a

di f | uor ophenfpayyi ok P |5) 86-8. ?(mﬂé&@?%?d%éé%H 2-
| | f t d t | 20
Saturateq w i Aaae g R, ??35426 ‘L@%a%@ loaiat fiie, 2 DLPhe fE A

t enper at i e 7-68 (1 1K). ESh&ENE2bENHH- gave 89.5 ng of the title corrpound as a
foamy solid. 1H NVR (500 MHz, CD3OD) S 2.97-3.10 (m 41-1), 3.91-4.34 (m

5H), 4.90-5.04 211), 7.16- 7.33 .01-8.08 1H). ESI-Ms 389
(WH). 25 EXAI\/P(LEIZ CF% ‘Weaftis § (m 1%

7-[ (3R) - 3-Am no- 4- (2, 5-di f L_uor ophenyl ) but anoyl | - 2-(trifluoroniethyl)-5,6,7,

8- tetrahydroi m dazol |, 2-a i.ne, [qHQyér ochloride -38 26 April 2005
| . . . F N/Y»N - , | 7

. \N
/ .
= 2HC l\/N\<-
CH,

_ 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)

42~



WO 03/ 004498 PCT/ US02/ 21349 Step A 7-[(3R)-3-[(1 1-di rreth

| exycar bonyl )am nol -4-(2 5- difluorophenyl)butanoyl| -5,

8-tetrahydy _%(ﬁg‘ [. 1,2-al pyrazine The title corrpound vvas g&?% from
2- (trlfluoro 178) ,6,7,8- tetrahydroinidazo[ 1, 2-a] pyr aZit& {774y, 1.45
mol , from Exanple 1, Step B), 5 :
(3R)-3-[(1, 1-di et hyI et hoxycar bonyl ) am no] - 4- (2, 5- di f | uor ophenyl ) but anoi ¢
aci d (I nt er mod2@ mlbf mbll&nnbm alpad@shaived YndeDhydiEuReh 22Bpsipfor 14 58umol ) | HCBT

216 , 1. 1%}1@ l%ﬁg}a o
g)roce(rjrgre %ﬁ gﬁggo%% t&h%ﬁ fgggﬁ? ed(;lrl b b&f@%ﬁ (3918 xce%t gor the
purificati on Hd‘tﬂ]vﬂBdGOONﬁﬁz @qﬁlﬂbrﬁﬂ dast, E)HrHﬁ Qesz)Z %r(q,pﬁﬁ,alqﬁ\ﬂeHﬂ)LBﬁOm lica

gel, 20% hex [ G | or onet hane)
to give %60 gge%’fﬁ-tsﬁdeﬁt%l tﬁlljg(e% @Zﬁ %ttﬁg S é(géwrﬁ/e so?gécilgjl]QN (500 MHz,
CDC13) sa .35 (s, 9H), 262(m 213), 2.88 (m 2H) 3.88-4.16 (m 5H), 4.73

(s, 1H), 4. 88w, ‘LHBERE-36t, Mﬁﬁetﬁﬂbth%k‘f}caﬁm%%érﬁﬁm l&h'is 4- 7.06(m 211)
1.g

; [Z?g)g]) |3| !A\?lefnompl}\gmt?hut DV.U

&

t et r ahydr oi m dazof |, 2- E‘h@;{ﬂazcbrﬂ@undlm%é;ﬂfddquﬂS-eTK}EP-Stﬁ7BEtetﬁa}@’ﬂﬂj-lnd was
prepared fro .

di met hy! et ho%?c“a{“%%% ‘53 3 giﬂyﬁ*’&]‘neiyﬁ’?cgl‘)&‘ud? G Bglg P BB £8- o

;Et r ?hggﬂbi {rﬁd@zbﬁ@ttﬂhﬁpqhyxmmﬁyloﬁmﬁo}}4@4 dﬁﬂﬂtﬁopt[dnyl)tbutaxm@hca@ (@B8my 1.5
0 me i r i e

anal ogous to '?E elg%ﬁ%gﬁ’% %QX%Q&?%I@%#%A%§ oug Sgr aﬁ&ﬁ sol vent

gave 299 Eﬁ09téﬁég,t3 1§ mmadbimyHurkd OQQICbIOfQ;afrﬂ}ar@ousl@E a QIQCNNRB QEaVEQ

?%303_0 34 gth@t dsdbddn Egclﬁanle 12 S @ Qﬁe Erfide E{)}l?&iuctaﬂﬁdpuﬁﬁga l_éf'I‘IPL@'D 4. 33

ooy “ratcibensy MR ik ok, 190k 30 b L3 oMt arant £Roy 10

3 g t 8 i fl Jﬁslor omtdmydn)e 90@, wat8r, ahi0. [l%’i&‘ﬁ]hl@tdﬁbﬁmfd th. SRR RITaEld) 20% water,
i hydrochl or|]

1

and 0. % trifluoroacetic acid) to give 366.3 mg of the title compound as a viscous oil.
HNMR (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). ESEMS 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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de -39 26 April 2005 WO 03/004498 PCT/ USOZ/ 21349 Step A

7-[(3R)-3-[(1, 1-di net hyl et hoxycar bonyl ) am nol -4-(2,4,5- trifl yor g

~ henyl) but anoyl ] -5, 6, 7, 8-t et rahydr oi m dazof 1, 2- al pyrazi ne Thé® t”‘P’E‘Izgosconpound
was prepayedsfohpoy 2- (trifluoromethyl)-5,6,7,8- 5 PCTIIS02/21349
tetrahydrmmdazo[l 2- a] pyrazine (31.7 ng, 0 166 nmol, from arrp1e 1, Step

B),

(3R)-3-[ (1, 1-di et hyl et hoxycar bonyl )Mﬁ%— %6( 2,4,5-trifluorophenyl) but anoi

c acid (Internediate 3, 57 ng, 0.16 £ ¢ hosT (26.9 ng, 0.199 ) - mol

and EDC (47.8 ng, 0.249 nmmol) _in 4 nL of dichl oronethane, using a

procedure anal ogous to that dgscribed in Exanple 1, Step C. Purification

by preparative TLC (silica gel; 100% 10 ethyl acetate, then 10% met hanol in

di chl or onet hane) gave 40 ny i Ocorrpound as a foany solid. IHNW

. (500 MHz, CDC13) 61.35 (s, 9

v 2H) 33Q(m2H) 3.93 (m 1H)
4.04-4.24 (m 211), 4.23 (s, 35 {m - 5.48 (m 2H) 7.22
(m 1H), 7.44 (m 1H:, 8.04 (mg 111) . ESI-NKE% (MM). 15 Step B.
7-1(3R) -3-Ami no-4-(2,4,5-trifl uorophdd@l ) but ancyl 5. 6,7. 8-

t et rahydroi m dazof 1.2-al pyrazine, dihydrochloride d’pg title conpound was
prepared from7-[(3R)-3-[(1, 1-
di et hyl et hg /| ] - -(2 4, 5- trlfluorophenyl)butanoyl
tetr ahydr O| A~ H =i AT o "EJI N b t ) 'jg 52 ~bhAd u01‘ ‘ u‘h Qn 7y

m. of 20 rretthamldrcsa,tzwma@@nomBmw&”@a@dﬁbhmu@le using a procedure
anal ogous to that described in Exanple 1, Step D. Evaporation of sol vent
gave 34~ of the title conpound as a foany solid. 1H NVR (500 MHz,
CD30D): S 2.%ep A. G6(Triffucptihethvl-1924-f1ia7Alo1d.3-Fp@A9zibe 16- 4. 22 (m 5H),
4.70-4.84 (m 211), 5. é@&%ﬁ@@dr@zﬁ%ﬁ%ﬁ@% 111Z 8 ﬁ]ﬂol} H}epm?ed%flong m

1H). ESI-Ms 407(M1).
7-ch10r0pyraz1ne and hydrazine using a procedure analogous to that described in the

literature (P.J. Nelson and K.T. Potts, J. Org. Chem. 1962, 27, 3243, except that the
10 crude product was extracted into 10%methanol/dichloromethane and filtered, and the

Q‘.

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



7-f(3R)-3- Am no-4- (3 4-difluorophenyl)butanoyll-5 6 7, 8-tetrahydroi m dazof
1, 2- al pyrazi ne, di hydrochl ori de 30 -40 26 April 2005 WO 03/004498 '
PCT/ US02/ B%ﬁ S A. Imidazo[1,2-al pyrazine To a sol uti gn2®Apni2005

2- ani nopy a7 P& %éﬁ 0 g, 21.03 mol) in ethanol (40 nL) wBSTASH&I34

2- brono-1, 1-di net hoxyet hane (2.5 nL, 21.03 mml) followed by 5 drops of
concentrated hydrochloric acid. After refluxing for 14 hours, the sol vent
was 5 evgpor@ﬂ&dﬂif@)@g;ﬁd% basAs.L9 (t% e b@t]%ﬁ)@mOQ-t(ﬂSZH, fieafaﬂe), and
saturated a ate solution. The aqueous |ayer was
extracted qﬁ‘?gﬁv%ﬁ g@@wﬂ%@? The conbi ned organi ¢ phase was washed
with brine, dried over magnesium sul fate, and concentrated. The residue
was purifiedg Eﬁcf Iﬁﬁ%g@ @QW%F@@% SEhiinciacetat e, 10% net hanol in
et hyl acetate | 0 10 gl ve 536 ng of .
t he t|t|é .!'ug:_. (195 hl SUEH( 13‘ !':.' PR ARG A ELARY N , Hedl;

7.82 (bs, 1l;1)razifie89 (d, 1H, J44Hz) 810(d 1H, J46Hz) 9.12 (s,
1H). Step B. , 8- Tetrahydr0| mgazofl 2-a]lpyrazine The title conpound
was prepared fromi ni dEotle eompowpd a8 REPassddrom B Ryd-1A.150 mol, from Step
A) and pl at |dmie’t}@kltlﬁtﬁcy(:%enﬂghmnm]mbamnhoﬁoﬁﬁeﬁﬂ)butanb&&laﬁﬂ (mt@ﬁ@aﬁdw e

1Tl 6 compouit et € o RE e Jrab Bt s B Ridtepb vt ealibtr S . 37
(t, 1H, W=5. cﬂpmne @mﬁg(tﬂ 16 2#hol) ufinga pcedute 8RalOgous Ivhat des2@bdddfor J=1. 6 Hz,
113), 7.33 ]ﬁ){jangﬁ %@%@tﬁ% F %9713 Bé\%&vaés plfngf:ltedlb)dbrepalatlve TLC (silica gel,

met hyl et hoxycar onyl
00% ethyl acetate, then 10% methanol/dichloromethane (2X)) to afford the title

compound (38.1 mg) as a solid. 'H NMR (500 MHz, CDCls)  1.38 (s, 9H),
2.57~3.05 (m, 4H), 3.85~4.30 (m, SH), 4.90 (s, 1H), 4.95~5.15 (m, 1H), 5.22~5.40
15 (br, 1H), 6.86~7.24 (m, 3H). LC/MS (M-+1-t-Boc) 390.

Step D. 7- 7 2,5-difluorophenyhbutanoyl]-3-(trifluoromethyl)-
5.6.7.8-tetrahydro-1,2 4-triazolo[4,3-a] pyrazine, 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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di fl uorophenyl ) butanoyl | -5, 6, 7, 8-tetrahydroi nii dazo[ 1, 2-a]pyrazine The
~ title conpound was prepared from5 6, 7, 8-t etrahydr oi mdazo[l 2- Joyram ne
(31.3 ng, 0.254 mol, from Step B), (3R)-3-[(1,1 25 - 26 April2 '
di met hyl e onyI ) am no] - 4- (3, 4-di fl uor ophenyl ).but an 0 ny,
ol ) | @A%g%gs gy, 0.254 mol), HOBT (41.2 ng, O 305%&”@%")2%%1%2 EDC
(73 ny, 0 38- 1 mol) in 5 nL of dichloromethane, using a procedure
anal ogous to that described in Exanple 1, St ep C. Purification by HPLC
(G lson; YMC-Pack Pro C18 col um, @@{W D.; solvent gradient
system from 10% acetonitrile, 90% water, 30 and 0. 1% trifluoroacetic acid
to 90% acetonitrile, 10%water, fand 0.1%trifl uoroacetic aci d) gave 75 ny
of the title conpound as a ¥y s 1H NVR (500 MHz, CDC13) S 1.38 (s,
9H), 2.05 (bs, 111), 2.62 (m mQ 2H) 3.81-'4.04 (m 5H),

- 4.64-4.88 (m 2H). 5.38 (m . 5(m 3H). ESI-M 421 .
(M+l). -41 26 April 2005 WO O -u Step D.
7-[ (3R) - 3- Ami no- 4- ( 3, 4-di f | uor o enyl)butanoyll 5N6 ~8- ‘
t etrahydroi m dazo[ |, 2-al pyrazi ne, di hydCbchl or e t| tl e conpound was

prepared from 7- [(3R) 3-[(1,1-

di net hyl et hoxycar bonyl ) -am no] - 4- (3, 4-di fl uorophenyl )but anoyl] 56,7, 8 5
tetrahydr0|mdazo[1 2- a]pyra2| ne (72 ng, 0.171 mol, from Ste C) in"1.5
L. of net handtCGdtrdam A5 -pfonepken d iusarioyH -3-(feflngromedivhle-h Ay ,

anal 0gous t 0kRbaro%es 1AL b aiRke Hlvdm%h%da Concentratl on gave 66 ng
of the title conpound as a foany solid. IH NVWR (500 WMHz, CD3CD) S ‘

2.96-3.13%°(m 411), 3.93 (m 1H), 4.13 4.26-4.38 (m 2H), 4.26-4.38 (m
2H), 4.90-5. 8¢p(An 728IR),3-% 1 1Pifmedbyléthvx3irbbhyl)aiBo F-4 58 4(FviflifophEs-MS 321

(M) EXAIV-PIBEtaI?o 'T —31 tnwlorometh 1)-5.6.7.8-tetrahydro-1.2 4-triazolo[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
© (39.2 mg, -0.20 inmol) using a procedure analogous to that described for Example 1, |
'Step C. The crude product was purified by prcparativc 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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0 2 11 CH3 7-[(3R)-3-Am no-4-(3, 4-di fl uor ophenyl
but anoyl | - 3-et hyl -5, 6, 7,8-tetrahydro-1, 2,4- 15 triazol o 4, 3- al pyrazi ne,
dlhydrochgaéb%&)ggep A 8-Chloro-3-ethyl-1,2, 4-triazol of 4, 326MR4 205 ne’ To
chl oro 43 hopyrazine (3.0 g, 20.75 mml), prepar e@CEURIR2I349
2, 3- dlchloropyra2|ne and hydrazi ne using a procedure anal ogous to that
descrlbed in 20 the literature (Huynh-Dinh et at, J. Org. Chem 1979, 44,
1028), was added 8 nl ddssantinidst fmylbwmgtthc)prwpdmesammhneﬁffoeﬁxmﬁlhwXﬂn@ef or 10
h, the react I j.ent tenperature and the precipitate
was f|Iteredh&@ﬁﬁgggﬁg%daggggﬁﬁl |%8éﬁ§£$1ash chr omat ogr aphy (100% et hyl
acetate, then 10% net hanol in ethyl acetate) to give 2.73 g of the title
conmpound as a solid. 1H NWR (500 MHz, y S 1.54 (t, 3H, J=7.6 25 Hz),
3.16 (q, 2H, J=7.8 Hz), 7.70 (d, 1H, J =4.5 Ft) 7.83 (d, 1H, J=4.8 Hz).

Step B. 3-Ethyl-5 6 7 8-tetrah , 2, 4- tragzolol4 3-al -
pyrazi ne, hydrochl ori de The ﬁiLfe onp Bad?was prepared from
8-chloro-3-ethyl-1,2,4 triazol of g, 14.8 mmol, from

Step A and platlnunloX|de (0.4 g) -42 26 Apr 2063X WO 03/ 004498

PCT/ US02/ 21349 in 200 nL of methanol in a paa r under hydr ogen (50
psi) for 14 hours. Filtration through Celite follo d by concentration
gave the 1itle conmpound as a solid. 1H NWR (500 ) CIBC[» S 1.36 (t, 3H

J=6.0 Hz), Pr8& (T, [2F—JI=6- 0 Hz, 3 70 (t, T2t 3=870-Hz)—428—(t, 2H
J=8.0 Hz). A, 06(5,’3 ESI-M5 153 (M+1). 5 oteip C. |
7-[ (3R) - 3- [ [Example yl et hoxycardonyl )anli ngR4- (3 4- MS (M+1)
dlfluorophenyl)butanoylI-3;ethyl-5.6,7,8-tet ahydro 1,2, 4-triazolo[4 3-a.]p
rr - 8 2-F C-Et H 331 .

9 |3FAR C-Bt | H 349

10 |2F - |cH = ' 303

11 [2F CCE, " HES

12 |3-FAF C-(4-F-Ph) H 415

13 | 3-F4F | e-Ph | H 1397

14 |3F4F | C{(4-OMePh) o 427

15 | 3-FAF C-(3-FAFPh) |H 433

16 |3P4F | C(4-OCFPh) |H 481

17 3-FAF '.C—Cst 3 H 439

18 |2r N Et 352

9 [3par  |N | Bt 1336

20 |2F N Me-‘ 318
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The title conpound was prepared from 3-ethyl -
1,2,4-triazol o[ 4, 3-a] pyrazi ne hydrochloride (400 ng, 2.12 mol,

B), (3R)- -

3-[(1, 1-
g

and EDC (609.6 ng, 3.18 nmmol)
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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 mol), prepared from 2- chI Ongr? éoram ne
and hydrazj§8s45ifdd a procedure anal ogous to that describ 'gsﬁ
literature ? 35@45{%6' son and K. T. Potts, J. Og. Chein. 19%%3“ 2893,
except that the 10 crude product was extracted into
10%ret hanol / di chl oronet hane and filtered, and the filtrate was
concentrated and puri fi%Bldheanwation hasdivan decaiperd awshillystratehwifbrefersast | ng
wi th 100% et hy Eer@@@ atieulhodthonesleRy 1Lo%r BbRanaledi; Hﬂ?@ z&b\kﬂ écl(x;ﬁé‘ﬁ)at TFA
(2.55 g, 22. and poly gqhosp ric acid e ' jfg@? to 140 C
with stirri nd’&“‘f"bgra Pptaponsy irajiames, sakse ULOBSﬂ E’tlﬁﬁ%l opadditiensiocfed by

t hehaddlh tion p@&ce&ﬁrﬁmmxdlpﬂoﬂcﬁoﬁyﬁkr@ﬁ H&de \iﬁhﬁnﬁ@b{%ﬂﬁ? ﬁ'@llélltﬁé rivasl sgéféer gkct ed
Tmgnesi sl Ll Ean e bt Rt p e ded CERBRaroBragRg: 1 | | ca
gel, 1:1 hexdewh karhiplabavemay be apiiEable @0 ¥cetdeytcnae of aﬁmﬁonaﬁifmﬁ;dﬁﬁivédtes title

co rrpou nd as ?f ﬁ%&y\lgm?‘%ﬁ% ﬁ%%atéd;gwg@ éégg ilitiof PR ine con?po%lst ofafe (M 28D,

9.54 (s,
3-(Trifl uor oﬁ@teﬁwr) ingicgted a@cweﬁ@mmm&c phm@bg@ﬂmewws®@smc®mzu ne

3-(Trifl f
1 okt B0 L YO S )

Step A s h n

as g C?’;It yst? Wegﬁﬁ%?‘ Presentphyrmaceutingl eastici citpesibas the type of fagmylation

Fi : tr %l_t i ﬁ|n . 2hd hind@ugdiﬂlﬁﬂisgﬁﬁoﬁ Eahpxtm?:aﬂ aiga/smrwc éﬁtécﬁ{rdrﬁ'ﬁoﬂ@é!ﬁ?aﬁel@ﬁéég Instolkor ed
oil. chl or was, a o_t he, abov e i.nsol ubl e blac
preci pitate was ta%er%o&te&m i &%Cc?glfﬂap%ﬁ‘f”g%aﬁf‘)bﬂ%g %I&IHI?C:S’FES @)"bafi}% the title
(I; (c):_rl_r})(l)J g (I’)l czi/ gi 3§msmt linyea@8n.niy Js m'te;ﬂdbwmﬁéfo@ thak t@ﬁﬂ&nhﬁ@b@(ﬁéﬂﬁ&ﬁl@&hi sc_o g c

Hz). 4.09 (téleti&g’ghg ;@‘ngﬁg@ an ﬂ%‘ﬁg'%“h("%ﬂf %‘J"ﬁ'ﬁ@%t% '%rbi‘é%%%s Yep C

7-[ (3R) - 33 (@S@aﬂemat hyl et hoxycar bonyl )am nol-4-(2,5
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5
dlfluorophenyl)butanoylI-3 (trifluoronethyl)-5,6,7,8-tetrahydro-1 2 4-triaz
olo[4,3- a razine The title conpound was prepared from (3R) 28Apil 2008

di met hyl e{v@qﬁmgﬁgponyl ) - am noJ - 4- (2, 5-di f I uor ophenyl ) but anRify@shds

(Internmediate 1, 0 ng, 0.16 mmol ) and

3- (trlfluoromethyl) 5,6,7,8-tetrahydro-1,2,4-triazolo[4,3 10 a] pyrazi ne (30
ng, 0.16 nmol) usi n& rocedure anal ogous to that described for Exanple
1, Step C Swas purified by preparative TLC (silica gel,

100% et hyl acet ate t hen 10% met hanol / di chl oromet hane (2X)) to afford the
title conpound (38.1 ng) asasoll H_NVR (500 MHz, CDC13) 8 1.38 (s,
911), 2.57-3.05 (m 4k1), éCQQJP@u %‘?f@m“la 90 (s, 111), 4.95-5.15 (m
111), 5.22-5.40 15 (br, 1H), 6.86- 7@# 311). LC/ M5 (M+l-t-Boc) 390.

- Step D. 7-[(3R)-3-Am no-4-(2,5-difl ibp;hnenyl

butanoyl | -3-(trifluoronmethyl)-Ap 7 0-1y?, 4- triazol of 4, 3-al
pyrazi ne, hydrochloride The title conpoundNV\ygsK’ﬁ’eRared from

7-1(3R)-3-[(1,1 20 I\’/

di et hyl et hoxycar bonyl ) -am no] -4-(2,5-difluo oph\ﬁyl )bnt anoyl ]-3-(trifluoro
methyl)- 5,6,7,8-tetrahydro-1, 2, 4-triazol of 4, 3- a]pEl azine (19.1 ng, 0.039
-mol, fromStep C wusing a procedure anal ogous to that described for -
Exanple %k Step D. Concentration affordgd the title conpound (16.1 ng) as
a solid. 1H NWR (500 MHz, CD30D) S 2.75-3.16 (m 41-1), 3.86-4.35 (m
511), 4.95- S‘VWCIPM 2H), 7.03-7.20 (m 311). 25 LC/ M5 (M+1l) 390. 26 April
2005 WO 03/ 0844 PBeRE WHISOR/ v d ke e dubstitu el Jvith 1-6 IRR33whsie R His( 2

5-trifluoroph rifluorone 5,6,7, 8-
t et rahydr o- f“gea@é“%h?‘qu]é' f‘%%& f@‘éilﬁyqu%‘ ?P@SlSﬁQ%P%cm oride 5 S
(1) halogen,
10 2) C1-6alkyl, which is linear or branched and is unsubstituted 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 con31st1ng of:
(1) N, and
(@) CR%

20 Rland R2 are independently selected from the group con31st1ng of:
L 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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A 7-[(3R)-3-[(1, 1- D net hyl et hoxycar bonyl )am nol -4-(2,4,5-trifl uor o henvl e
but anoyl | -3-(trifluoronethyl)-5 6 7

8-tetrahydro-12 4-triazol of 4, 3-a] pyrazine The title conpou 2?ﬁ5epared
fr0n1(3g¥8§iﬁéfbﬁ di met hyl et hoxy- PCUU&D&LN9

carbonyl)-am no] -4-(2,4,5-trifluorophenyl)butanoic acid (Internediate 3,
50.1 ng, 10 0.15 mml) and

3-(trifluoronethyl) - 556,R4.EOMT MTDHIC L2t WheAtphelch A piaxyagi ne (39.2

ng, 0.20 mmol) using a procedure anal ogous to that described for Exanple 1,
Step C. The crude proénget omerenghgeidided by preparative TLC (silica gel, 100%

ethyl acetate) &P af f orgl @Hﬁm@nbﬁeh%&&%@@ﬂé%ﬁ@ﬁla & s?ﬁra?ed%? Iuhéjatur%!é'dNUR
(500 Mz, CDC13)™’S 1.37 (s,

4.93 (s, 111), 4 95- 5eompIysig bt hyiproatonss @éﬁ@négrtkwiecmﬁor%%i&, aed@s (m
1H), 7.062-7.12 (m 1Hhe hbfefd¥icié bing un&ibktitddlor sBb@PuBd %ifh(1I3Ryub3tiAhio- 4- (2
4 5- tr|fIuorophenyl)qH&%Qﬁﬁéh@%egkkh?*ﬁﬁ%ﬁ%ﬁpﬁyﬂg% ﬁf ?9% | 8:4 etrahydro-1

2 4-triazol o[ 4, 3-al rochlori ound was
prepared from 7-[( 3R) @1{@m<y3,.whereln the C]-6alkyl and OCj-galkyl are linear or

di met hyl et h b 1]-3-
(T oromet i -5 ke BRA o GBud I REDIPORRMARE S0 1050 ) g

0.039 mol, from Step A) usi ng a procedure anal ogous' to that described for

Exanpl €01, R‘S;sﬂipl BRIk {30 Weightis ﬁhdze@m Bfahﬁiiddeﬁhdt\ﬂﬁcﬁ istdnguli‘sﬁmmféuf)&ﬁm‘éd ng) as
a solid. 1H NWR 25 g500|\/HZ OD), S 2.753.15 (m 411 3.82-4.35 (m

513), 4.90-5.05 Yif 1 Digpups I’Fd%ﬂderélsf splepicd from halogn, €048, d 1H) . LO/ VB
(Mr1l) 408. -46 \WDOC{.G8KAD 8v2EiNIri TCORDNBaIkPGT [iiSa2k diBdBed-ssent i al | y
following the procedures outlined for Exanples 1-7, the

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



conmpounds listed in Table | were prepared. TABLE 1 5 -Exanpl eR3XR M5 ( M+i)
82- FC- Et H331 93-F, 4- FC- Et H349 102- FCHH303 112- FC- CF3H371 B |

123- F, 4- FC- (4- F- Ph) H415 133- F, 4- FC- PhH397 143-F, 4- FC- ( 4- OVe2PHY Y

153-F, 4-FC- (3. F 4-F- Ph) H433 163-F, 4- FC- (4- OCF3- Ph) H481 173-F, 4- FC- C2F5HA39
182- FNEt W82348H¥  4- FNEt 336 202- FNMe318 - 47 26 April 200PAVY32004498

PCT/ US02/ 21349 212-F, 5- FNEt 350 222- FNH304 233-F, 4- FNH322 243-F, 4- FNCF3 - 390
252- F, 4- CF3NCF3440 263-F, 4- FNCH2CF3404 272- F, 5- FNCH2CF3404

wherein Ar and R! are defined in Claim i;

and pharmaceutically acceptable salts and individual diastereomers thereof.

4. The compound of Claim 1 of the formula Ic:

NH, O

A ~
n\,/L\V/ﬂ\N/A\Eij%Hﬁz |
5 ; : R |
| Ic

wherein Ar, R1 and R2 are defined in Claim 1;
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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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 WD 03/004498 PCT/ %5391 2%0849 Wil e
t he i nvemoioamodies been described and illustrated with rebPer@seisivo certain
particul ar enbodi nents thereof, those skilled in the art will appreciate
that various adaptations, changes, nodifications, substitutions,
del etions, or additio of r dur 8s. & r.ot ocol ne. made wi t hout
departing fromthe sp@ﬁit%ﬁ%agggggno m@m?ﬁgnﬁﬁwgﬁ¥ﬁ%ﬁﬁ¥ g&”bxanple,
effective dosages other thanubdieutpdnt substimteddogagesybs s&flucfort h herein
above may be applicable as a consequence of variations in responsiveness
of the mammal being treated for any of the indications with the conpounds
of the invention inds.cat€ebheatsonpoundiobChipech ¥haeipRlrivaclettedfoal theesponses
observed et ouy &6 ﬁﬁﬁg%gding to and dependi ng upon the particular active
conpounds sel ected or whet her there are present pharnmaceutical carriers,
as well as the type oft)forlwifregeron and node of administration enpl oyed,
and such expected var@patiogsthor differences in the results are
contenplated in accogﬂgnce ﬁj h the objects and practices of the present
invention. It is int ed,diﬂerefore, that the invention be defined by the
scope of the clains @hichCFallow and that such clains be interpreted as

broadl yjgas is 15 reagg?abug?b@ﬁgApril 2005 WO 03/004498 WHAT IS CLAI MED | S:
| . A conpound of the fornula 17" NH2 9 -
(6)  CFaCE3,
(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
unsubstitutcd_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:

53 .



5 1 PCT/US02/ 21349 wherein: Ar is phenyl which is unsubstituted or
substituted with 1-5 of R3, wherein R3 is independently selected fromthe
group consisting of-. (1) halogen, 10 (2) Cl-6al kyl, which PRAPTA®® or
branched and is unsubstituted or substituted with 1- 5 hal ogens, (3)

OC1- 6al¥KQP3 W% h is |inear or branched and is unsubsti tRETEE0BRI349
substituted with 1-5 hal ogens, and (4) CN;, 15 X is selected fromthe group
consisting of- (1) N, and (2) CR2; 20 RI and R2 are independently sel ected

fromthe group conS|(§§| NthyRkegenl) hydrogen, (2) CN, (3) CI1 - | Qalkyl,
which is linear or nched a.pd which is unsubstituted or substituted with
1-5 hal ogens or phen@ WHFER: i s unsubstituted or substituted with 1-5

substituents i ndeper(d¢nt lgthgel ected from hal ogen, CN, OH R4, OR4,
NHSO2R4, SO02R4, (1)2 @p@CI - 6al kYl wherein the C02Cl-6al kyl is |inear.
or branched, (4) pheng which is unsubstltut ed or substituted with .1-5
subst i ?uents mdepéﬁ entq:VZg'gBect ed from hal ogen, CN, OH R4, OR4,
NHSO2R4, -50 26 Aprigk) 2008F)CFs3, '
Y] ‘phenyI, -
& {4-methoxy)phenyl,
_ - (®)  (4-gifluoromethoxy)phenyl,
10 _ (10)  4-fluorophenyl, and
(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

-54- .



WD 03/ 004498 PCT/ US02/ 21349 (5) 5 SO02R4, CO2H, and CO2Cl- 6al kyl, wherein
the CO2Cl-6al kyl is |I|inear or branched, and a 5- or 6-nenbered heterocycle
whi ch naéﬁf %gt?rated or unsaturated conprising 1-4 heter 8af8ig005

i ndepend 'f}{}].‘*eq ected fromN, S and 0, the heterocycl e ¥&i'hy2/2134
unsubstituted or substituted with 1-3 substituents independently selected
fromoxo, OH, hal ogen, Cl-6al kyl, and OCl-6al kyl, wherein the Cl-6al kyl and
OCl- 6al kyl are linear or branched and optionally substituted with 1-5

hal ogens; 10 R4 is Cl-6alkyl,which is linear or branched and which is
unsubstituted or substituted” wth fMH goups independently selected from
hal ogen, CO2H, and CO2Cl_6 ereilh the CO2C1-6al kyl is |linear or
branched; and pharnaceuti cal ™y accep 9 Mer eof and i ndi vi dual

‘di astereoners thereof. 15 2. IThe conpound pf Clai ©F;the formula la: NH2
O Al JNJX R la 20 wher & n X, Ar and giva efined in Cdaiml; and
phar maceutical ly acceptable salts and individual diastereoners thereof. The
conmpound of Claiml of the formula Ib: NH2 O Ar~~ J -51

F
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26 ApriT 2005 WD 03/ 004498 - PCT/ US02/ 21349 wherein Ar and Rl are defined

in Claiml; and pharmaceutically acceptable salts and individual
di astereoners thereof. 4. The conpound of Claim1 of the fofRPE2P® NH2 10

Ar 'N“'wo%s)o{i 49é/\/ner ein Ar, Rl and R2 are defined in d ail;(? . @59349
1 i‘ast éreoners

pharmaceutically acceptable salts thereof and individual
thereof. 10 S. The conpound of Cdaim1l wherein Ar is phenyl which is

unsubstituted or substituted with 1-5 substitutents which are independently
selected fromthe group istipmgzo(f): (1) fluoro, (2) bronp, and 15 (3)

CF3. 6. The conpound of erejln Ar is selected fromthe group

consisting of: (1) pheny - R]rﬁphf,abdl , (3) 3,4-difluorophenyl,
Ophgg%#rcE@tHB |

(4) 2.5-difluorophenyl, () 2,4, 5-tifl

or
2-fluoro-4-(trifluoronethoky)phenyl, anm\ziJ\|
4- br ono- 2, 5-di f | uor ophenyl . 7.

- F
B

T:::Iif;>——crbcrg-

NH, O
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The conpound of Caiml| wherein Rl is selected fromthe group consisting
of: (1) hydrogen, and -52 26 April 2005 WD 03/004498 PCT/ US02/ 21349 (2)
C1_6alkx% §@#%%;is linear or branched and which is unsubs?§fRit &Poor
subst i t ut 24*% phenyl or 1-5 fluoro. 8. The conpound oPCEUa¥A!34%her ei n
Rl is selected fromthe 5 group consisting of, (1) hydrogen, (2) nethyl,
(3) ethyl, (4) CF3, 10 (5) CH2CF3, (6) CF2CF3, (7) phenyl, and (8) "
benzyl. 15 9. The cdnpaund of g aim 1 wherein RL is selected fromthe group
consisting of: (1) hydfogdg e2)2 nethyl,  (3) ethyl, 20 (4) CF3, and (5)

CH2CF3. 10. The conpound of. C 2l wherein R i s_hydrogen or CF3. 25 11.
The conpound of O aifm 1 Wwher&in R2 isNggré%ﬁsd f 30

F NN §

DR -

POt

F U \/)—CFZCFS
SN

5 - | CH,CHs

F: > N/\/N

by
CH,CHj

N
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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 i ndepentfehiti3P08el ect ed
fromfluQr H3, and OCF3. 12. The conpound of Claim 1 wherein R2 is
sel ect eé'@/{)ﬁbgjr%&tigﬁe group consisting of: 53 26 April 2005 587854%08
PCT/ US02/ 21349 5 10 15 hydrogen, nethyl, ethyl, CF3, CH2CF3, CF2CF3,
phenyl, (4-nethoxy) phenyl, 4-trifluoronet hoxy)phenyl, 4-fluorophenyl,
and = 3, 4-di fl uorophenyl. 13 e conpoung of Claim1l wherein R2 is CF3 or
CF2CF3. 14. The conpound o bim ¥ whefein R3is F, Br or CF3. 15. A
conpound which is sel ected e . OU] '/JQng of :
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CF3 CF3 WD 03/004498 CF3 CH3 CF3 26 April 2005 PCT/US02/21349 -55 26 April
2005 WD 03/ 004498 PCT/ US02/ 21349 CH2CH3 CH2CH3 CF3 WD 03/ 004498 26 Apri |
2005 PCT/ US02/ 21349 OCH3 OCF3 CF2CF3 CH2CH3 CH2CH3 -57 26 #pfrrii288%05 WO
03/ 0044980 H93/¢44498\ PCT/US02/21349

CFq

CH,CF5
F
NH2 O B
. N
P LNy
CH,CF,
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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,. phar maceutical |y accept abl e284P#1209%%her eof .
16. A mreeutical conposition which conprises an i net rrier. . and a
compoun gg@@gﬁm L. 10 26 April 2005 17. A pharnmaceuti i’girﬁ@?)%@églti on
conprising (1) a conpound of Caim1l1, (2) one or nore conpounds sel ected
fromthe group consisting of : (a) other dipeptidyl peptidase N (DP-1V)
inhibitors; 10 (b) insdN siti,gers~selected fromthe group consisting

of (i) PPARy agonists, o nds, PPAR ily dual agonists, and
PPARa agonists, (ii) bigbg

N rgiei n tyrosi ne phosphat ase-1B
(PTP-1B) inhibitors; i:;>AMCFé S

- 5' sora, pharmaceutically acceptable salt. thereof.

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

10
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(c) insulin or ‘insulin mnetics; (d) sulfonylureas or other I nsulin
secretagogues; 15 (e) a- gluc05|dase inhibitors: (1) glucagon receptor
agoni sts; (g)G.P-1, G.P-1 minetics, and GLP-1 receptor noni $¢4pP120¢p) OF,
G P mnetics, and G P receptor agonists; (1) PACAP, PACAP m netics, and
PACAP receptor 3 agonists; 20" (j) cholesterol |owering agents selected
fromthe group consisting of (i).HMG CoA reductase inhibitors, (ii)
sequestrants, (iii) nicotinvl alcohol, nicotinic acid or a.salt thereof
(iv) PPARa agonists, (v) PPARa/y dual agonists, (vi) inhibitors of

chol esterol absorption, (vii) acyl CoA: cholesterol acyltransferase

i nhibitors, and (viii) anti-oxidants; 25 (k) PPAR8 agonists; (1)

anti obesity conpounds; (m an ileal bile acid transporter inhibitor; and
(n) anti-inflammatory agents; and (3) a pharnmaceutically acceptable
carriers 30 18. The conpound of Claim 15 which is selected fromthe group
consisti'ng of: . 61 AMENDED SHEET 26 April 2005 or a. pharnaceutically

acceptabl e salt therggf. -A@Barmﬁgaﬁiﬁﬁpcéhﬁﬁﬁdﬁ%%nh&nsma
- Da compound of Claim 1,
. (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;
(c) msulin or insulin mimetics;

T

(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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and CF3 CF2CF3 26 Apri.l 2005 19 The corrpound of Claim18 which is F or a

phar maceutically acceptable salt thereof. S 20,. The conpound of Claim 18
which is F or a pharmaceutically acceptable salt thereof. 2aApr

conpound of Claim 18 which iss F NH~/L 10 or a. pharmaceutically acceptable
salt thereof. 63 CF2CF3 CF3 AMENDED SHEET 26 April 2005 22. Use of a
conpound in accordance with-Claiml in-the nmanufacture of a nedicanent for
use in treating a condition selected fromthe group .consisting of
hyper gl ycem a, Type 2 di abetgs, obesity, and a lipid disorder in a rmammal.
23. Type 2 diabetes. -The usg according to Caim 22 wherein said condition
is 24. The pharmaceutical cghpssi tlﬂp.l ofy A aim 17 conprising a conpound of
Claim1, netformn, and a c@m alfl y acceptable carrier.

or a pharmaceutically acceptable salt thereof.
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19.  The compound of Claim 18 which is

or a pharmaceutically acceptable salt tﬁereof._

5 20, The compound of Claim 18 which is

ora phénnaceuticai}-y acceptable salt thereof,

21. - The compound of Claim 18 which is

10 or apharmaceutically acceptablc salt thereof.
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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.

~ 64 -



