WO 03/ 004498 PCT/ US02/ 21349 BETA- AM NO TETRAHYDRO M DAZO (1, 2-A) PYRAZI NES
AND TETRAHYDROTRI AZOLO (4, 3-A) PYRAZI NES AS DI PEPTI DYL PEPTI DASE | NHI Bl TORS
FOR THE TREAHEMsNHsOR PREVENTI ON  OF DI ABETES 5 BACKGROUND g /dsia i WENTI ON
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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
insulin receptors but to a post-insulin receptor binding defect that is not yet
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.

The available treatments for type 2 diabetes, which have not changed
substantially in many years, have recognized limitations. While physical exercise and

35 reductions in dietary intake of calories will dramatically improve the diabetic
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The available treatnents for type 2 di abetes, which have not changed
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subtype. PPAR-gamma agonism is generally believed 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 II diabetes are agonists of the
25  alpha, gamma or delta subtype, or a combination of these, and in many cases are
chemically different from the glitazones (i.e., they are not thiazolidinediones).
Serious side effects (e.g. liver toxicity) have occurred with some of the glitazones,
such as troglitazone.
Additional methods of treating the disease are still under investigation.
30 New biochemical approaches that have been recently introduced or are still under
development include treatment with alpha-glucosidase inhibitors (e.g. acarbose) and
protein tyrosine phosphatase-1B (PTP-1B) inhibitors.
Compounds that are inhibitors of the dipeptidyl peptidase-IV ("DP-IV"
or "DPP-IV") enzyme are also under investigation as drugs that may be useful in the
35 treatment of diabetes, and particularly type 2 diabetes. See for example WO
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such as troglitazone. Additional nethods of treating the disease are still
under investigation. 30 New biochem cal approaches that have been recently
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SUMMARY OF THE INVENTION
The present invention is directed to compounds which are inhibitors of
the dipeptidyl peptidase-IV enzyme ("DP-IV inhibitors") and which are useful in the
25  treatment or prevention of diseases in which the dipeptidyl peptidase-IV enzyme is
involved, such as diabetes and particularly type 2 diabetes. The invention is also
directed to pharmaceutical compositions comprising these compounds and the use of
these compounds and compositions in the prevention or treatment of such diseases in
which the dipeptidyl peptidase-IV enzyme is involved.
30



t he di peptidyl peptidase-1V enzyne ("DP-1V inhibitors”) and which are
useful in the 25 treatnent or prevention of diseases in which the

di pepti dyWopBsphigsase- |V enzynme i s involved, such as di abetreg/esvd/21349
particularly type 2 diabetes. The invention is also directed to
pharmaceutical conpositions conprising these conpounds and the use of

t hese conpou (. { jon or treatnment of such

di seases in Bﬁ%?%@%ﬁ%?kgﬁmgﬁ?@%‘enzym is involved. 30 -3 WO
03/ 004498 PCT/ US02/ 2137 be poEamalinventiOESCRIEPE] Gh\carpauEs pRikeNmmaNg Fhe present
invention is directed to conpounds of the formula I: NH2 OAr :,--N NX
NZ RL | 5 wherein: Ar is phenyl whillH2i®@ unsubstituted or substituted with
1-5 of R3, wherein R3 is indepgndent!|y ele/ct\i romthe group consisting

of : (1) halogen, (2) Ci-6alkyl, i’ch™s I'Nnear=or. pranched and is
unsubstituted or 10 substituted with 1-5 mng‘ ngX (3) OCl-6al kyl, which
is linear or branched and is unsubstituted O suRstituted with 1-5
hal ogens, and (4) CN; 15 X is selected fromthe grRip consisting of: (1)
N, and (2) CR2; Rl and R2 are independently selected fromthe group
consisting of: 20 (1) hydrogen, (2) CN g
5  wherein:
Ar is phenyl which is unsubstituted or substituted with 1-5 of R3, wherein R3 is
independently selected from the group consisting of:
(1)  halogen,
@) C1-6alkyl, which is linear or branched and is unsubstituted or
10 substituted with 1-5 halogens,
3) OC1-galkyl, which is linear or branched and is unsubstituted or
substituted with 1-5 halogens, and

4 CN;

15 Xis selected from the group consisting of:
(1) N, and
2) CRZ

R1 and R2 are independently selected from the group consisting of:
20 (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 is unsubstituted or

substituted with 1-5 substituents independently selected from halogen,
25 CN, OH, R4, OR4, NHSO,R4, SOoR4, 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, NHSOR4,

SO9R4, CO2H, and CO2C1-6alkyl, wherein the CO2C]-galkyl is
30 linear or branched, and
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(3) Cl1-1Calkyl, which is linear or branched and which is unsubstituted or
substituted with 1-5 hal ogens or phenyl, which is unsubstituted or

substi t utved oswda4mosl- 5 substituents i ndependently sel ected PeDwséezdiogen, 25
CN, OH R4, OR4, NHSO2R4, SO2R4, CO2H, and CO2Cl-6al kyl, wherein the
CO2C1-6al kyl is linear or branched, (4) phenyl which is unsubstituted or

bstituted with 4:5 It 1 , CN,
oL Rd, ORA, WNHS(S@:M, %%%%Ilgiﬂ aedee h%l%%@@gg ity %’%ﬁ%\%\lﬁ thell bP A Aga"
O2Cl- 6al kyl is 30 |i wemprisingrhheipreatomsrindepsndentlyseioosd SonEdT? emh9: 21349
(6) a 5- or 6-nenber e%@ﬁét@xb@ﬁ‘)f&i)ﬁgﬁ‘ﬁﬁ&l%tﬁﬁbéd@sﬁfﬁiuﬁé’d ®€h QL3 sibsalubhRt ed
e

conprising 1-4 heteroatons | ndepen |y sel f N a 0, the
het er ocycl e bei ng uns B@e[pﬂlckﬁngasgfc S@Eg%{\ Pi%e @%f’%lg]toﬁélﬁ;@'éﬁg%ltﬁ%uents
i ndependént |y sel ect edD€1-gatkpk whe®h) the &l 1ogkyl a6d O821-&alkyl aanlindgr OC1- 6al kyl ,
wherein the Cl-6al kyl .and 1- 6al kyl .are lLinear..o branched and optionally
substituted with 1-5 W§%8%§?£W41°¥glﬁu%é%ﬁu%aVylt%_isc%ﬁ?gseﬁf’i near or branched
and which is unsubstituted or substituted wth 1-5 groups independently
selected fr Q(ni@@ﬁ%ﬂgyl, FRRhlis Ridr dPbehBed aRakydn is Whaibsiifutddg sGhRGledal ky
ea,

is linear or branc and pharnmaceutically acceptable salts thereof and

i ndi vi dual di ast evidohersoundndappndenily S@ﬁﬁé‘%frﬁﬁmal%@nt @e2Bralent invention

i ncl udegoconmpound0et hikyl, dhefert thelGOICy-aMkEA ilindsr oNdkaXched; R1 | a wherein
X, Ar and Rl are defined herein; and pharnmaceutically acceptable salts and
i ndi vi dual di astereoners thereof. 20 Another enbodi nent of the present

invention i nahpHesnaenmalndscepfable salts thereof and individual diastereomers thereof.

An embodiment of the present invention includes compounds of the

15 formula]la:

NH, O

AI‘M N/\KN\X

Ia
wherein X, Ar and R1 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\)\/“\ N/\KN\N

25  wherein Ar and R! are defined herein;



the formula Ib: NH2 OAr _ NNMN N RL |b 25 wherein Ar and Rl are
defined herein; -5 WD 03/004498 PCT/ US02/ 21349 and pharnmaceutical ly
accept abl we@ldosogand i ndi vi dual di ast ereoners thereof. Anagidyeseenpndi nent
of the present invention includes conpounds of the formula Ic: NH2 O Ar
NON Il R N5RL IC wherein Ar, RL and R2 are defined herein; and
phar maceuti cal accept.ahl e sal t.s thereof n]g i.ndi vi dual di ast.ereoners
Phoreor - 1ot phaRgsRhElaciRils IR R ndPparEi BT s “heny
which is wunsubstituted or substituted with 1-5 substitutents which are

i ndependently sel ected SRR LSk ‘s )
bronmo, and 15 (3) G3An§%lgﬁlé@€drng%ent tfifé; e%]et%:t(ﬁ)ﬂr}}gﬁ?&ll lélgﬂr?l)firege&dgﬁé gfi? éﬁ t hat
Ar is sel ectéigfompfeinie group consisting of: (1) phenyl, 20 (2)

2-fl uor ophenyl ,
P Y NH, O
_N
N/\r 2
k/N J
R!

Ar

5
Ic
wherein Ar, R1 and R2 are defined herein;
and pharmaceutically acceptable salts thereof and individual diastereomers thereof.
10 In the present invention it is preferred that Ar is phenyl which is
unsubstituted or substituted with 1-5 substitutents which are independently selected
from the group consisting of:
(D fluoro,
@) bromo, and
15 3) CFs.
In the present invention it is more preferred that Ar is selected from the
group consisting of:
(1) phenyl,
20 (2) 2-fluorophenyl,
(3) 3,4-difluorophenyl,
“ 2,5-difluorophenyl,
5) 2,4,5-trifluorophenyl,
(6) 2-fluoro-4-(triflouromethyl)phenyl, and
25 @) 4-bromo-2,5-difluorophenyl.

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



(3) 3,4-difluorophenyl, (4) 2,5-difluorophenyl, (5)
2,4,5-trifluorophenyl, (6) 2-fluoro-4-(triflouronethyl)phenyl, and 25 (7)
4- br ono- 2why @dlobk49er ophenyl . I n the present invention it i pqneferinagd that
Rl is selected fromthe group consisting of: (1) hydrogen, and -6 WO

03/ 004498 PCT/ US02/ 21349 (2) Cl-6alkyl, which is linear or branched and
which is unsubstituted, qr sybstituted with phenyl or 1- | uoro. In the
present invention it i m)rgﬂr}%al,\]?yi’r‘?%gﬁhfsﬁﬁe%r%?0§8?8%$ghl$f%mthe 5
group consisting of: (1) hydnas@eiuted(o?sutseitdiyd with pBnyeohy!s fludd) CF3, 10
(5) CH2CF3, (5) CF2CF3 (6) phenyl, and (7) benzyl. 15 In the present
invention it is nore preferred that RL is selected fromthe group
consisting of: (1) hydirgempreseftihventivhyd is mog@preéartedlthat Rl is4}le@Bq froante ( 5)
CH2CF3. 14 tg%ﬁg%ggﬁmngid}yenti on it is even nore preferred that Rl is

hydr ogen ~ or
Y J (1) hydrogen,

2) methyl,
3) ethyl,
4  CF3,
10 (5) CH2CFs3,
(5) CF2CF3
(6)  phenyl, and
(7)  benzyl.
15 In the present invention it is more preferred that R1 is selected from the

group consisting of:
@8] hydrogen,

2) methyl,
3 ethyl,

20 4) CF3, and
5) CH2CFs.

In the present invention it is even more preferred that R1 is hydrogen

or CF3.
25
In the present invention it is preferred that R2 is selected from:
1) hydrogen,
(2)  Ci-ealkyl, 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, OCHgz, and
OCFjs.



In the present invention it is preferred that R2 is selected from (1)
hydr ogen, (2) Cl-6alkyl, which is linear or branched and which is

unsubst! t wicegd/o0hqo8ubstituted with 1-5 fluoro, 30 (3) phencr/vdsbaissb S
unsubstituted or substituted with 1-3 substituents independently sel ected

fromfluoro, OCH3, and OCF3. -7 WD 03/004498 PCT/ US02/ 21349 In the present
invention it is nore preferred that R2.is selected from4he grgup
consi sting of: (1) hydibHePreseptinveplionyy is mage P@fer@dﬁwt,R%]&)Sd@tS, fropxthe
CH2CF3,  (5) gfdnplbasistifp)ofphenyl , 10 (7) (4-nethoxy)phenyl, (8)
(4-trifluoronet oxy)ph?ﬁyl , élgé 4-fl uorophenyl, and (10)
3, 4-di fl uor ophenyl . n tﬁ@ @eent invention it is even nore preferred
that R2 is CF3 or CF2EB. | metliyd, present invention it is preferred that R3
is F, Br gr CF3. The rrpogﬂ&? of the present invention nay contain one or
nore 20 asymetric cent’ers and can thus occur as racemates and racem c
m xtures, single enant (“Drrer £F3di ast er eoneric nixtures and i ndi vi dual
di astereoners. The conpundeH@F3, he instant invention have one asymetric
center at the beta car t@n am Addi ti onal asymmetric centers nmay be
present dependi ng upon‘t’he £ Pé of the wvarious substituents on the
ol ecul e. Each such asygpret bhenygenter will 25 independently produce two
opti cal ESOW‘”S and itd')s i?i_%ﬂl%q(ygpkﬁgﬁylﬁll of the possible

(8) (4-trifluoromethoxy)phenyl,

9 4-fluorophenyl, and

(10) 3,4-difluorophenyl.

15 In the present invention it is even more preferred that R2is CF3 or
CF2F3.
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 diastereomers. The compounds
of the instant invention have one asymmetric center at the beta carbon atom.
Additional asymmetric centers may be present depending upon the nature of the
various substituents on the molecule. Each such asymmetric 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 compounds.
Some of the compounds described herein contain olefinic double
30 bonds, and unless specified otherwise, are meant to include both E and Z geometric
isomers.
Some of the compounds described herein may exist as tautomers,
which have different points of attachment of hydrogen accompanied by one or more

double bond shifts. For example, a ketone and its enol form are keto-enol tautomers.
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optical isoners and diastereoners in mxtures and as pure or partially
purified conpounds are included within the anbit of this invention. The
present i woemstoensi s neant to conprehend all such isonerirCTiuser1zad t hese
conpounds. Sone of the conpounds described herein contain olefinic double
30 bonds, and unless specified otherwi se, are neant to include both E and Z

geonetric i . i L exi st as
Pautoner s, SRy HeRual Blhecthors A6 pER TR ORI UERELS PECARILBIRaTRE o1
acconpani ed &gmpevads pf themeesedlonéiobond shifts. For exanple, a ketone and

!tz_ e_”g' fogmare ket OFﬁﬂﬂllllat%v% f&m@&g‘ﬁ@t}@%ﬁf&%ﬂ@&nﬁ&ﬁﬂd@&@@gﬁﬂ?fg The
i ndi vidual tautoners as well as m res reof are enconpassed. w
conpounds of Pf %ﬁ&%em%nﬁo%ﬁa%%séﬁ?pmsﬁ{gc HEE AR of t he

cl ass of Zonpabodsowni thhcishttaghed tetheathisd goep ohdribstaraminéacidftomn waickhows t he
preferred stﬁ{?ochem' stré/ at thedS carbon atomthat is attached to the am ne

group of the E%o%uﬁg AEPERYSm whi ch  these conpounds are prepared. The
i ndependent synt heses ®he idependdintaynihcsesof (hesodiasthromerscéntbeint ogr aphi ¢

ot 1 roatt ontEprisR Rl CARA AR, Adid) ol sElhot i ARP AR b Opriatc
st er eocheni smogificgtiomgf the n@%h%%ﬁ&ﬂéhﬁcwe@ Reteip. rIhgirabyelpig stesegchpmistiys

crystallime RaQ®HetRriined by $ieat-tdyt@ystdlbofiphB @f alySlMBipedthRtsordeystaliaid zed,
if necessary, wWith a reagent caontai rHIar?t“ c.center of known

. ing an - asy
absol ute confligjmegiaiesnvii ar&é’@P?’@&eg’rlggwsé‘Wﬁ‘%f LasH COMAMEAounds may
be separ at edag@nmdtiaterdtbicofi kndivii slscllite@oafiguratioar.s are isol ated. The

separation can be carrj out by .15. et ho | Kk i rt.. such as
the coupling of a raceW%’Slﬁ?ci(ﬁf%gn%gmggrr?fﬁgﬁ’ﬁg%{ng%@n&\éﬁ@;n% %ﬁgrra?egasf)l y pure
conpound to flat theandivaistlemeniiemérs ariixelated, Thé stpavatied chy be egraiedoitdsy of t he
 ndi vi dupd dhRe1A0 GRIRLSwhYn MAROE, HRhDOMBINg BF A rRBmid Fipahiopal
crystallization or chronatography. e coupling reaction Is often, the

f ormati on of cempeundssp g earntivmeaiicribypie campguisiiodome p diasferepaacsic myxgire,

di asteroneri gkkcd®y sgﬁérhtY&ﬁoﬂtﬁyiddMauéPaia%@bﬁ{e&ﬁ@ly §tandap@nidthods @naihd ONMer s
by cl eavage of the added chiral residue. e racemc mxture of the

conpounds ca acffangl gustallization %r(fhgﬁrpgegrg y. The coupling reaction is often the

formation 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 racemic mixture of the compounds can also be separated directly
by chromatographic methods utilizing chiral stationary phases, which methods are
well known in the art.

Alternatively, any enantiomer of a compound may be obtained by

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

The term "pharmaceutically 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 derived from inorganic bases

30 include aluminum, 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 pharmaceutically acceptable organic non-toxic

35  bases include salts of primary, secondary, and tertiary amines, substituted amines
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by chromat ographi c nethods utilizing chiral stationary phases, which
nmet hods are well known in the art. Alternatively, any enantioner of a

conmpound Wayo3e40Pt ai ned by 25 stereosel ective synthesis ugitagsoepijssal |y
pure starting materials or reagents of known configuration by nmethods well

known in the art. The term "pharnmaceutically acceptable salts” refers to

sal ts preparged, 101 rgﬁr 8@0%%%' %%l Jlt)(lte%(:ceﬁ)é ablc‘flc%ﬂnésoéﬁ&bﬁ?csﬁﬁ or acids
Jeifiecas & bas

i ncl udi ng i noYf gani ases anad ganic acids. Salts
derived fronexchenggawsios, tsasle@ @gininee b@teheae,adaffmnnucrhohamﬁm @men@ﬁbfbyl@n@—

COPPET, 1 ©7 i ifEHI A Sormiret Moy ARADERNAT 2 ofRAGAREOSBEAS, MRNIANOLS.

potassi um sodi um ZI referred are the

anmoni um cagtk ﬂflﬂlrf}mmgﬁbﬂf: pediapiae N-ethynmosplp %dNLﬁﬁhﬂBlP?%dlnSeﬂhﬂ@mm% t he

solid form meycesindhe, histidHeCh§RUnAARE iSpYSIyiimihié, rlyﬁhwr@ethﬁgmcmﬁmcal so be in
t he formof hﬁ%@ﬁtes Sal.ts derived fromp harmaceutlcallﬁ 6 table

organi ¢ non- 9 Be, JIREAENG, PERCHGICs Belyamipe Toins,grqraing A,
tertiary am tishylanins} trimetiedaraine neipropyBmiie, Gdnfikdige, I%{ﬁ]i/thﬁﬂw 21349

ol uding naturally oG 0. SRR R R AT en L bR Tyfleny BB DaSiC

ion exchange resins, suCh as ar
N, N -di benzyplephydém)m phfirmatewsicallyi mcqgtaldnmﬂnrm)@c mléa,mwlmgmmmmd

2-di met hyd a”b%gﬁm Sucrﬁaémgmﬁ% i 1c%éﬁl&&ﬁﬁgxﬁ%ﬂﬂggzmﬁ%ﬁh@g&sﬂﬂ&ﬁbo' i ne,

N-et hyl pi per ucan sam ne am ne
i sopr opy! ani pigic, P%ﬂ@ﬁ@lfoﬁ@t ﬁ‘}all?glcuglﬁﬁﬁ’fﬁ“e glutpmicy RYAPRMIE; i élF Jomie,

F' pe{ Ihd: ne, REhYGHY, ']!iﬂztﬂbeﬁﬂaléﬁ; nﬁgleclﬁhﬁ&hc F}Héthél%‘éulféﬂi@(}ﬁﬁ@énﬂ"@w , pamoic,

e e oGt hea i e g B e PR i B S, e
from phar macgekd. i Ralitylady prefiraddl age ciaiv, hpdibbroatie dgydrochiriedimalyid, phogphotic, and
10 organ aci ﬂunc EQMCh aCI&jfaHI nc ﬁle acetic, benzenesul fonic, benzoic,

carrphors o?ﬁl g Ce A aNegUrT oni c, furar i c, gluconic, glutamc,
hydr obromi ¢, hydrochl oftivill tegmderistmord ¢hat) ?aolscctherml, milerengea ito dle cnm@@mdsc

et hanesul T ot Porif1 fre el (o%soNAMIS the pgaﬂﬁa%a%m,ac&%%wgw succi ni c,

sul furic, tartaric, p-toluenesulfonic aci Particularly

preferred are citric, W@B@P@Wﬂ@ﬂh‘?@@ééﬁbﬁ@%@éﬁ@ algss ghbtedc, 15
sul furic, fuhatinare anehdednd miciude ditiocts chlbto, brdrho bed indde Sehdadly, (hag, asé&s used

herein, (?f eb?nga yl S detﬁrr]lgd ?ooiﬁgl%ﬁ?%e group as having 1, 2, 3,4, 5, 6, 7 or 8 carbons in a
linear or branched arrangement, such that C1-galkyl specifically includes methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, pentyl, hexyl, heptyl and
octyl. Likewise, C, as in Cgalkyl 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-membered ring systems which are within the following listing: benzimidazolyl,
benzodioxanyl, benzofuranyl, benzopyrazolyl, benzothiadiazolyl, benzotriazolyl,
benzothiophenyl, benzoxadiazolyl, benzoxazolyl, carbazolyl, carbolinyl, chromanyl,

30  cinnolinyl, furanyl, imidazolyl, indolinyl, indolyl, indolazinyl, indazolyl,
isobenzofuranyl, isoindolyl, isoquinolyl, isothiazolyl, isoxazolyl, naphthyridinyl,
oxadiazolyl, oxazolyl, pyrazinyl, pyraiolyl, pyridopyridinyl, pyridazinyl, pyridyl,
pyrimidyl, pyrrolyl, quinazolinyl, quinolinyl, quinoxalinyl, tetrazolyl, thiadiazolyl,
thiazolidinyl, thiazolyl, thienyl, triazolyl, azetidinyl, 1,4-dioxanyl, hexahydroazepinyl,

35  piperazinyl, piperidinyl, pyrrolidinyl, morpholinyl, thiomorpholinyl,
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of Formula | are neant to also include the pharnmaceutically acceptable
salts. As appreciated by those of skill in the art, halo or hal ogen as used
herei n arwa ostoesded to i nclude fluoro, chloro, brono and irdousoSizmd4bar| y,
Cl-8, as in 20 Cl-8alkyl is defined to identify the group ‘as having 1, 2,
3, 4, 5 6, 7 or 8 carbons in a linear or branched arrangenent, such that

Cl- 8al kyl spggl.fi VA dee t = kLB0- propyl,
n-butyl, i 50-8%1 {iﬂfiﬁ@ﬁ%ﬁéﬂa’%@gyiﬁﬁr pen??#f?raﬁgkgﬁ&%ogglg?ﬁﬂgﬂbm&%ct yl . Likew se,
CO, as in Codihigiobprzogazqledinydroferamtli 419ycifﬁ’éfﬂ6?7@§3én%83"3f3m§1°b’llsr ect coval ent
bond. A gr ougingliciddbokszolAstiai@bRethasolie diflydddenrnden dity&ubaiblyt ed with
25 substltueajﬁ& ma\j/ be mag’(fa endent*}% ub tltgiét egéﬁﬁ)&g rm?,t.l | e nunbers of
such subst i fipefgopyrazyl, ORyEHZ8 OEOPYRE S ?@WHF@Y’M ended to

i ncl ude 55 odihy6roppirbi, elihydrogisytisye dihydivtettazaly diyideothiatitaeolybl | owi ng
l'isting: benzim o] V] P [ OXA fq |t zopyrazol yl ,
benzot hi adi aé%lplgiﬁ%%g%dnglb?lp Pﬁéﬁ%}’? &gé@%ﬁ%&%ﬂrﬁ? (?(aZBté&nlgglk adi azol yl ,
benzoxazol yl metyldnadiokybenzegy tsthhydyofuranyl, cateshydroirgglagalinol i nyl, furanyl,

i mdazol yl, | ! 1 &g@hy i I; , indazolyl, isobenzofuranyl,

i soi ndol yl, |{eso cllrg%mlluh I Q’t%déétg%g{@%%'azol yl,. napht hyridinyl, .

oxadi azol yl , oxazol yl , Esgmplifving the giventes isithe wigof dhpsampaungs disgoseddazi ny| |
pyridyl, 10 pyfﬂelﬁ,gmples%aqg{eyﬁ_, qui nazol i nyl, quinolinyl, quinoxalinyl,
tetrazolyl, thiadiazolyl, ..thiazolidinyl, thiazolyl, thie , triazolyl,
azetidinyl, 1,4-di oxan§P?C1ﬁ%ﬁ%fﬂ9%H“6‘é¥’é Thipe Pf%sgntdﬁ‘béé‘ﬂﬂla?il‘}f@%/‘i,e HFRG Ny |
pyrrol i di nyl whivhrspleotedfydm tHehiroumeqnsistingyf the cothPoifds @iRsclizdd BBthe following

PCT/ US02/ 21349 __di hyd im ' r : -

i ydr obenzol ABBIE A0 S BrFo apcrsenallsif AERArAldih i) distercomers

di hydr oi m dathekepf, di hydr oi ndol yl, di hydroi sooxazol yl,

di hydr oi st hi azol yl , di j I i XA Winhibiting th
di hydr opit azi nyl, di hyﬁﬁﬁggﬁgﬁﬁﬁﬂﬁﬁ%ﬁgﬂg% nyl %ﬁlﬂ%‘i}%}%&r? midinyl, 5
di hydr opyr r oFipepti SNl In apasigrl ek oy a swimmal iy negARistel adi azol yI |
di hydr ot hi azg{hyhitiofl bEMgHiah R HRMAminiirodr oTtah iet2edwe amdlinb¥Eithe @ssboid1y | |,

T e e Oy S U Y o T SRR 5, on
i's the use oinhiiersofpipeptilyl gemihasBdenaymekotivine Exanpl es and herein.
Speci i cygompounds Wi t i 0 i, B SfAEs, SIMERHuRMNL MHEE & HRTRRMas

can be treated according to the method of the present invention. For instance,

mammals including, but not limited to, cows, sheep, goats, horses, dogs, cats, guinea

pigs, rats or other bovine, ovine, 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.g., chickens).

The present invention is further directed to a 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
with a pharmaceutical carrier or diluent.

30 The subject treated in the present methods is generally a mammal,
preferably a human being, male or female, in whom inhibition of dipeptidyl peptidase-
IV enzyme activity is desired. The term "therapeutically effective amount" means the
amount of the subject compound that will elicit the biological or medical response of
a tissue, system, animal or human that is being sought by the researcher, veterinarian,
35 medical doctor or other clinician.
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whi ch selected fromthe group consisting of the conpounds disclosed in the
follow ng Exanples and pharmaceutically acceptable salts thereof and

i ndi vi duatvodizass@seoners thereof. 15 The subject conmpoundTar®2nasabul in a
met hod of inhibiting the dipeptidyl peptidase-1V enzynme in a patient such
afsfa manmal in need of such inhibition conprising the adm nistration of an
effective anount of th %—:]%‘[ | ted to the
use of the conpounds d?sg oseg&ggcr)séa-(ﬁpfgw %#?%@ggng?@dj échﬁl[rpg&

pept i dase- | \rodustreempeisingithg/spepiied angiertipnts ahthp@pwﬁl%m@@mt% a&weld@s Al¥rans, a

variety of Otlﬂ%ﬁﬁctmh%ultsc Aely 6rr1§<ﬁffe%ﬁy%&ﬁrcgm'ﬁﬁlaﬁgn bf‘@le diggl of the
present invehtion i nst ance, inclu I| ted to,

cows, sheep, U@Ff‘élﬂeélts Wghe greci tfé‘g"énoueﬁt sguC]@EﬁrWéﬁrgB‘i“ﬁ%to aCGPl her bovi ne,.

ﬂ\c/) I ne, eCBtJ Ih n@omﬁc%ﬁ%diﬁ is 1fn@nt1d§tﬁto elh@@iﬁpiss (afprcsﬂﬂct Mn@ﬁb@mg &S active m@&ﬁiehﬁa)t ed.
wever e 0 ca ced in other.spe

25 species (& tth ?( ﬁtﬁgtplﬂaées@n © CHvigh P S5l aﬁ%ffoiglg?tu lFlgit Zél ?(r)] a

met hod for tfeeulmﬂnacﬁt&cd)mnmrmlyafrmdombmanbn foomplexhtitn of sggrepaiopof ayl

pepti dase-1V, vﬁ&glyrggrea&tthé/ % rc\l&én'& Byﬂ&ﬁsdl&%ﬁﬁéﬂ SRR dt EIO§tH%QHg1‘9HEQhﬂ§| ng a

conpound of resent arnmaceutical carrie

di luent. 30 mh@ommlpfééypqs pémaéuonsmrﬂrﬁ@ragmwaﬁpnwet meEsofi the ferrskientsy.y a
mammeal , 1" eheER] gl eﬁ ReLAEH cHRbEsi@ns TR ﬁesdn&ﬂ%ﬁtﬁ@ﬂ ébRiphdson of
dlpeptldy pepti da enzynme activity is de e term

"t her apeut i c&M gpnépqsg&n. RpelediyAda xmg@gﬁglpp %HBBWFGIHF“‘{%O% aRf &ct
conmpound t haphattraber@ichiGy accbﬁt@bllalcaﬂrﬁgl Byr'plmrmatasﬂmaly dcesats'eit of meant thessue,
system ani mal _.or %}qn t hat

resear.ch
veteri nari an°arigs @éFX%BIEP%‘PUSEPCgPWB?‘%ﬂ? Wﬁ%&%’%ﬂther ]fsgire\%n%ﬁfd}éM%
PCT/ US02/ ZISMumnmdmt'Mmsttodwreapleusmdrebﬁre| nis intended to
enconpasss a product co " i ecified
anount s, fas wel | as an;lf;BE '[t)er 0 ({'[Hlv\ﬁ &%éfs%ﬁ pg‘{éﬁg}el%% C&H Ol?ﬂ[eeict I
fr om combi nashiaytd b undeestegskioi m¢a@d>rov1d@g@cﬁompp§nqi af tha ém@p@em 121 %Hméﬁ’c&ﬁfy

Such termin, g, ﬁrﬁf‘otttﬁeHﬂéﬁﬁ@ﬁ%%éﬁﬁlwcﬁmﬂ?ﬁma'oﬂr@ﬂmehﬁ intended to
encorrpass a pI’Od ct CO&]RI’ISIH he aCtIV 1 ng re |ent= ! and the inert

i ngredi ent(s) that mak Gﬁtﬂcﬂﬁé)fél%\er "‘rqné’foun m\ﬁéFq’r auce e parseRt Trnggn
as inhibitors of dipeptidyl peptidase-IV enzyme activity may be demonstrated by

20  methodology 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
parameters that describe this reaction are as follows: Kn = 50 uM; kear =75 s'l;
Kea/Km = 1.5 x 10 MIs™. A typical reaction contains approximately 50 pM enzyme,

25 50 uM Gly-Pro-AMC, and buffer (100 mM HEPES, pH 7.5, 0.1 mg/ml BSA) in a
total reaction volume of 100 pl. Liberation of AMC is monitored continuously in a
96-well plate fluorometer using an excitation wavelength of 360 nm and an emission
wavelength of 460 nm. Under these conditions, approximately 0.8 uM AMC is
produced in 30 minutes at 25 degrees C. The enzyme used in these studies was

30 soluble (transmembrane domain and cytoplasmic extension excluded) human protein
produced in a baculovirus expression system (Bac-To-Bac, Gibco BRL). The kinetic
constants for hydrolysis of Gly-Pro-AMC and GLP-1 were found to be in accord with
literature values for the native enzyme. To measure the dissociation constants for
compounds, solutions of inhibitor in DMSO were added to reactions containing

35  enzyme and substrate (final DMSO concentration is 1%). All experiments were
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results, directly or indirectly, from conbination, conplexation or
aggregation of any two or nore of the ingredients, or fromdissociation of
one or nowe @fookife i ngredients, or fromother types of raagiiwpa13a
interactions of one or nore of the ingredients. 10 Accordingly, the
pharmaceutical conpositions of the present invention enconpass any
conposition made b dm xi ng a,conmpound of th esent .i.nvent i nd a

phar maceut i catt ctg%gglbqogbﬁegﬂlggltwg e f S?apnrﬁigrrdenrggéélﬁ) iC gfhltlflm%l@%%%?% le" it is
meant the cabaveeo ditdrménetthodiseociitionenostants (Kibeeatiopattehverevittty mone ot her
| ngredient s phed Rorods R it MRthadicVBRon 4G RIEI P Rich BEHGELR! FhE

t hereof. 15 _ adm nistration o or "a nistering_a" conpound
shoul d be une&esinEpRredycigdhe gistgiadion Gorstathysrrcaly lﬁﬁéhi“hv@n'{gql‘bn or a
prodrug of a CO”PO_UndhpI?arﬁ&\ﬁaﬂ, héeBhdpeiindsdfiierdiIading skagdpldsthaf @eevief in

treat ment. Th%_ utility. o %ﬂ(eﬂ conpoynds in actgorglance with the prese t

i nvention a@iNihinsthediRePley. GBE‘%F' y S1BERE Sé‘-qr‘%fn%rﬁﬂnﬁa ARAYS ¢S ﬁhy be
denonst r at edwith a23Ca@ vhisdotheg pbdutdwiMi Suctharesnlt is indicative ¢fche tdngdant s are
determ ned as_f ol | . A cont.inuous. fl.uorometric.assay..l I W th

t he substrat %Ct@lty-og%-mou%ﬁ ieF &° mi‘fbété)\gsetgg 611 C%E&Bﬁ‘ye%(%aafsg eaél%yrﬁ e

fl uorescent A&WRityeavi ng group. The kinetic paraneters that describe this
reacti onygare as foll owsy: = : = 3 3 t = 06 M1
s 1. A t%/(gi cal reacti 3%%%&?%‘%@“%458?8% %?%@P%g) lsh%(%%zslyﬁrrg%,e %‘%’teg“ofhéﬁﬂ

A y- Pr o- AMC, hasreen inplisatqdiin® wine HExeeSf bislpgicat Tungtionsyyglt hes agapd figsug ¢ ot al
reaction vol grgitatiod G@testind; kRBERIven ﬁﬁcr@&@pla@eﬂ&ﬂhﬁﬁﬁ@@pl@é&ﬂggigh@iﬁ| y ina

96-wel | plate fluoronmeter using, an. excitatign wayel ength of . m and an
oni Ssi on” waRISeHGPHC TP Y DERRAGHC FHEER gal £ SGHaD. HP S BEURy 08
tM QNC is pﬁm&lle@pé Bxp('i”@ssm'nrltﬁl@§ DRIV 5 idegicak® the TOsE aethvation nusket i n t hese
st udi es S ol ubl e (transnmenirange. donmai n cyt opl. ] ,on

xe! udedh nubRopreEL e LA B AP IR P PP YA RARE i st kAP

( Bac- To- Bac, p&itideninBRIry. Thisdiak swgeested apotestiairols fhothihwaptidhsedn @ vefiety of

G y- Pro- AMC ai@gasgg%n%%‘éﬁfﬁ&%@q’fbﬁﬁggpﬁﬁs-accor d wth literature val ues

for the native e 0 neasure ¢ ssoci ation constants for
conpounds, sol utions ofACFeHINE die suhiepviompaupds g geeful i 4 wathed éprdhe

contai ni ng 3preQBoRE raRdnSeHd of thetf@uc(xa}ih?aise%%ma@r@aﬁd édrdaibnss 199 . Al
experinments were -12 WO 03/004498 PCT/USO02/ 21349 conducted at room

tenperattfe using the standard reaction conditions descri bed
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 peptides involved in
glucose regulation 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 II 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 II diabetes that may respond to
treatment with the compounds of this invention.
The following diseases, disorders and conditions are related to Type 2
35  diabetes, and therefore may be treated, controlled or in some cases prevented, by
-13-



above. To determ ne the dissociation constants (K;), reaction rates were
fit by non- linear regression to the M chaelis-Mnton equation for

conpetitiwed3nokfgti on. The errors in reproducing the di Sgqeihbhoie
constants are typically less than two-fold. 5 In particular, the conpounds.

of the follow ng exanples had activity in inhibiting the dipeptidyl

F 1 ese. ¢ hantSOERT it e dbpfo Ry his SNER AR B RyodElFtiin. o b shufle' ©°
activity of tolearwen3oLnsidin msisiseceadd) obésityt &) dipithdisdidesspt(E) yslipegemidase- | V
i o \ ; v . ’
ey 2L ) b RabhRE Ry tl-oRaRla 03t |9 SREXIBLERIY, | Gopsel |
functions. |HDAdevels.beldadigh EBLdeved, S172) sherogderosinped its ppstuclp.dddy, i ver,

pancreas,5 pl a&8MNhAresteR¥IRI$14)3 8818 bo®Bl dyietdn (15 Al SamMBsEbdvAe] disease,
endot hel i um . IE@‘&ho d d. nyel oi sti'nct tissue and

a ny d.cells, seru nd . d
cel | -type expriddied ohaaisehs -dl%ﬂqr%“‘iecféﬁflﬁ’c@p) (e Rl REIOTY SROgTRRE on
ma;l ker 15I Cca6) I pdidrdatiti@,qu)Cdbaaﬂ@aaobashﬁ“dy;a(rl%)fnehﬂasﬂvngqué disedsy, (Zﬂjfjocr: ne,
and neur ol ogi ca eptbdes,in yitr Thi s has ggest e ential role
for this pegﬁeﬁa%aéﬁ ’n&ﬁ e%)ﬁ%qayxyof@md}eggogg@ypK%@eg%cfbroxpﬁ%g%gngva&anot her
speci es. Accloypdiangtogenistne(pslybystic tovegarpsyndasne andusiedridisordera whretehoailihor t he
preventign o]rf i%{?ﬁ@ég%]%aﬁjo &{le foll ow ng di seases, disorders and
8 ype | aBe

condi ti ons. es and Related Disorders: It is well
established that the incretins GP-1 and G P are rapidly inactivated in
vivo by DP-|§pestUdiresy WHiktdePma) 68 uderBBiol fletRiatmétt 68 0Bty P Tals iSbaREY
clinical tria indicate that DP-1V iphibitjion increases ,tyhe é}}_ﬁad state
concent r at i ofsthgrbegrped inhihitogy gifecksan fopd fyakeprndRss i saRiying 85 S nce.
By 25danal og(;}lLPczéI @;&g&n(?mdidfﬂiﬂstrziﬁolnic&”(}ﬂmﬁ liy htiais gdigicanglyeagades feod | y(
pepti des, d nvol ved i ucase regu i 0 re | Y y -1V (eg.
PACAP, §uca _and Fﬁﬁg{%ﬁaé}gf i %g?g %11332 P@é@? fgzg’ @%%é}@lﬁg@?ai play a
rol e in gl ucokeinisoreosoBSLE-1 ifilvas B hlicd alsn hristppofound effétnts pn éwdnntakaivent i on
therefore h el Ly e t : Lahet i he
tr eat ment aﬁ%“’aééi’sv(_hg_% tink 2 ARSI GERT il ol bt Sk BIE N SR e o
acconpany Ty@bPIR di miset indicating-thatithaty affectiifos medigieddhionsh Rrain €3&t1 ve
hypogl ycem ayecaisksdipgphiogy @y SLPPI, 485 tiRely SRR EPL2 IS HERREEISI OV S
anot her condjtion that is ?H@n f.oun .vyl%’h J{p Il di abet e% tPfat may
respond ¥ IreadmuitiiatorR '%@ﬁ‘bH%HH? fged {nigle. p e efiects

observed with GLP-1 (Nature Medicine 6, 802-807 (2000)).

Growth Hormone Deficiency: DP-IV inhibition 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
data provide evidence that GRF is an endogenous substrate: (1) GRF is efficiently
cleaved in vitro to generate the inactive product GRF[3-44] (BBA 1122, 147-153
(1992)); (2) GRF is rapidly degraded in plasma 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
GREF transgenic pig (J. Clin. Invest. 83, 1533-1540 (1989)). Thus DP-1V inhibitors
may be useful for the same spectrum of indications which have been considered for

growth hormone secretagogues.
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The foll ow ng di seases, disorders and conditions are related to Type 2 35
di abetes, and therefore may be treated, controlled or in sone cases

pr event edwdis/oo14b8 WO 03/ 004498 PCT/ US02/ 21349 treat nent pgtiisobAes49
conpounds of this invention: (1) hyperglycem a, (2) |ow glucose tolerance,
(3) insulin resistance, (4) obesity, (5) lipid disorders, (6) dyslipidem a,

7) h i py 1 8 t I
N e e T i i b L R
sequel ae, ( Jjﬁ)esﬁnalamury Jarsuggsﬂeé by shesresylts4f Studrqsumbt%mlgdhmglwg@r -Bke, (15)
i nfl ammat or y %ﬁﬁ ﬁsghkel'\o/ %ﬁ&&&h%& ShaRRe ?og%lf  BPSRaOhibtl £EPHALT Ve

colitis, (16 ry conditions, ancreatitis, (18)
abdoni nal oﬁﬁqctswn t@ig)teaﬁ@a el (Reguleor Repkides 9(? 2032 @8Dhopat hy, (21)

Eegg g ggtshy Aﬁ%?rﬁstﬁ@iléh%@ a}tLlez rdsg B9 inPHAEERIBmAI bovA) m@%@ﬁh |r6d(1jbnts an((ji "

y rogenis 0 ic ovarian s ot her disorders ere
insulin 10 4%}1%{%5%% lglu%HﬁBﬂ%fn"yd&é’glch’/ﬁs -¥FUShi bit ors may be
useful for the treatnent of obesity. This is based on the observed

i nhi bitory ﬁfects on fgod k | G GLP-2
Exogenous a R Ib%_Ig %hl%qmﬁggné}ge&w #lrégnl cr%lggtggnef ood 15
i ntake and siespumsgdmsed upoarspidiésigplicatinghe Dy mzymzm T qaglagumpa and 99) ) .
POV admA SR Bheddify Jana@fﬁ&gg ofDP- Iml?ﬁlbﬁbl%qn 25D hRiRKI apbiect s on

f ood |ntake his 1 nhibition of

feeding i s nd Wﬁs’ﬂérb?@blshohm t@l_bpl@m(ﬂcﬂl—t? QRQ(%& CP%@H@&FW?& ek actifaled ef fect s

are medi at edmhhﬁ&t&lns brak ex&eﬁmh ofr@@mivs%%anaté’d/bﬁﬂélc@ﬂ&eh@atﬁnana it is
likely that GP-2 is als i

t 1 f
ot ol oot B ES AT IR eI LY gt e e CDRE RLEI A o ¢
GLP-1 (Nature- Nﬁdml@tomﬁnﬁlecﬂﬁan &OVm(toﬁ&&)s) of BreelMabtitdoionD AenBatier of ency: DP-1V

hi bi ful. f
based ort Y nelgRbiifa opBepmbl b, b ERke Boup B DS R i Y,
pepti de t hatfremideptadation lvyemcaa&maﬁlfc agripopeptidasesroMany pf)thﬁsdwleavaﬂv@@r ishewn
pituitary, i gl eaus él% szP(?bPBP'IV/ anZY, al'c'ﬁse‘é'(l(%l\ﬁ\ﬁg 99R6% MDENE

following data provide evidence that GRF is an endogénous substrafe: (1)
GRF is effi c‘F%ﬁiﬁlnySDE'llé]&b@dC]ieﬁV@PWS@hﬁHl@bﬂ@?%’t?@tlf’ﬁém Fhesrataxas ?ﬂdoduct

G:?F[ 3-44] ( alih %ssa §17R135§pt01(51%93%ﬁ)/1)c alb@) tb%ehﬁiﬂlﬁ'édﬁn@@ﬂl@%d@@ in
Praste %) AT h Nl Q@?@Fg% Qe DL P B G0 dhRr ot i 0

been 1dent1fled in in vitro cell culture systems, including the predicted products of
DP-IV hydrolysis.
DP-IV inhibitors have been shown to be efficacious
immunosupressants in animal models of transplantation and arthritis. Prodipine (Pro-
25  Pro-diphenyl-phosphonate), an irreversible inhibitor of DP-IV, was shown to double
cardiac allograft survival in rats from day 7 to day 14 (Transplantation 63, 1495-1500
(1997)). DP-IV inhibitors have been tested in collagen and alkyldiamine-induced
arthritis in rats and showed a statistically significant attenuation of hind paw swelling
in this model (Int. J. Immunopharmacology 19, 15-24 (1997), Immunopharmacology
30 40, 21-26 (1998)). DP-1V is upregulated in a number of autoimmune diseases
including rheumatoid arthritis, multiple sclerosis, Graves’ disease, and Hashimoto’s
thyroiditis (Immunology Today 20, 367-375 (1999)).

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



GRF transgenic pig (J. din. Invest. 83, 1533-1540 (1989)). Thus DP-1V
inhibitors may be useful for the sanme spectrum of indications which have

been conswideiadsfo®r growt h hornone secretagogues. -14 WO @3/OM4EAP39

PCT/ US02/ 21349 Intestinal Injury: The potential for using DP-1V inhibitors
for the treatnent of intestinal injury is suggested by the results of
studi es indicating that gl.u - i de- - | i

endogenous SB%Q?? F%b %$%Eﬁ€$€894%§§§§ﬂ$§f?0&1é%h$§k§g$¥%%??'gﬁﬁkﬁgma

i ntestinal epf$BEtlialpha( Regyabadergaseoptivitelacagity FNAS 9626/11)( (1999)).

Admi ni str at | g OkiFHizagod @ss!fblbﬁ Ba ﬂﬂSﬁg@ﬁﬁﬁﬂit?dﬁ%f‘DIb-W’%Jouﬁ@%eﬂéﬁctw@&”t s
and attenuates intestinal 1njury in rodent nodels of colitis and
enteritis. femeasedi¥plessYiBh: DP-1V inhibition may be useful for

nodul ati opn of the i Mmune response, based upon studies inplicating the

of 11 cacy of - BEDRPBRRRih L6 TR Ty nectel 9 BF (ACRaLar Peipniy fas been

shown to be helambpiesik bbausdPB;IVamagbd insulvbddrehematkpoiedior ADR-IW adhébitor] mune

cells. The e ssign of i | at. b i ff i.all and
cti vati on svArBGEY AR el R R ot Mg TR Bhiuesns
functi ons asimlucabaaitriopediatWwi/99%H6 B3 e in in vitro nodels of T cell
activatign. A number of 15 chenokines contain proline in the penultinmate
position, presumably to protect them from degradation by non-specific
ami nopept i dadesron ogslers; HAZ-AV fntibitigs ppydigainpful £05 tsaletHeds EVERIM tr o by
DlP- V. In Sebﬁ}ﬁio_u@ @éﬁ@nfl{%ﬁ'ﬁ?%\ﬁiatﬁ@a@t'_ £ ?Ilaelgs@ecmh a nufBEAK ﬂbpti&fyaﬁnibiﬁ_bmh@) ,
cl eavage results {n an altered activi i n. chenot a n nal...
ssaye  Recepbratsly Btdtui) oS emeliridt & B holrr e mPeaRielEos 20
ERANTES). M tHuis phagy v @ thierautiy beretin trathe dreftorens obdevsoralidiserdesst chenoki nes

ave e identified An in vitro,cel r i L ng.1he
pr edi ct eg§] pr %8%%?%@@“2&9&%'%5%%?9&? e %1% g“&%%-%f"%? ?%1?1% %llirﬁ%ern sslﬂﬁlg%/f 26 E% 3{1 shown
to be effi cavitwumbstiateniooDIRpNG sleaitcasdsninarifroraleayagdds bigbly efficiprfpivétht at i on
and arthritig. qor adigpivie (ddPsard™ 1 El’i’éﬁ&tH@%ﬂé(ék"Hﬂl S0 PRRACLYF an@lkesia in
irreversi bl e f'h Tbitor of DP-TV, was shown to Jou | e cardiac al] ograft
survival in Fab§ PR-Shirtibitor shewedy sienificrmtaailest St 3es siiepandentagigha 500
(1997)). DP- bNsédBiopekSdchioltptRloR@eshii-e¥BRAn RBsearthl 158278086 (1999)).
aIkyIdlag%ne-lnduced arthritis in rats and showed a statistically
significént attenuation of hind paw swelling

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
specific. For example, increased CD26/DP-IV expression has been observed on T cell
lymphoma, T cell 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
benign 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
(1992)).

35
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in this nodel (Int. J. | munopharmacol ogy 19, 15-24 (1997),

| munophar macol ogy 30 40, 21-26 (1998)). DP-1V is upregulated in a nunber
of aut oi NG/ dieeases including rheumatoid arthritis, mdrgeee2saberosis,
G aves' disease, and Hashinmobto's thyroiditis (Immunol ogy Today 20, 367-375
(1999)). HIV Infection: DP-1V inhibition my be useful for the treatnent or

it oh i nini bi 2espnmediy g S lon ORo BEFEG: Bl EIR p bty SRR DS
pot enti al s u:tmtmamcéﬂlty and foPnale ¢antmependioo dpgcabieel tysep0nal 3BiTd, Prost{taPBEs) . | n
the case nge_lg%h%@or[gﬁ Qfe\é‘?xﬂ otE T(‘%‘-E%g%%l ﬁ[iﬁflhwab@éhse&qehy h% 1RV 95,

6331-6 (1998 I zatlon Q rou i bition of
DP- 1V woul d BB8-I¥astwitefure]. (i CagseC ]-‘IP\Blloﬁl‘lleé‘é?’ t opoi esi s:

DP-1V inhg bition may be useful for the treatnent or preventlon of

hemat opi esi s_b b I h t A DP-1V
bt Cor QU Bl DAY, Mt e e BF el obe Beraenh b neiis Beter of
cycl ophosphaDPd&-actinity e@s foudtin gingivabcreViCuRP (16flmd)in sdfie badies catrelBiedor der s:
oL D1 LI @R RGUe L0 (ARS OESAIERE 187 PAGIERALOn  of varl ous

t
neur onal or B’%y@ PSorders? because a nunger o nplicated
in a vari ety of neuronal processes are cleaved in vitro by DP-IV A DP-1V

i nhi bi t of a by G f tg teﬁ’ﬁ neur onal
di sor ders %ﬁ%é‘{%? %?WIBH@E@ ca};soerr%?ae fbltthb 85%85 ce g’%e al |
been shown t @steRPOrasis bﬁicwss C‘ﬂﬁts@qepmrwemsempnweollﬂﬁstm| cases, in vitro
cleavage is highly efficient, with kcat/Km- 106 M1s 1 or greater. In an

el ectric shock ju te nodel hi bi t

showed a si gni 1 cant g Dehutl 10 HesbimenicoenBithpealitgon; "

:ax ogenous e nﬁ&mftﬁh@idile dr ﬁiﬂlr@oﬂhaédhﬁvm@ c@iditiond 68-dx8fset:1 90 MypergROemhiayor
nvasi on t ast.asj s: NeIm f t t

o or vkt YRR e oh Ml RReRY, 8 MREA L) fhia B E e

decr ease i n dyskipidessa, o 7)dfypedipiiesdia,¢8} lufps{ing]dagabnumd%hlymgcml%sﬂemlm been

observed dur r f
phenot ype (J U'ngc;v@ﬁ&} fe@%% 0?1 lﬁélgf&Dﬂ 1eVH, "@b) SRbdoSc1tPsiR al ks BRRRlae,
(13) Vascular restenosis, (14) irritable bowel syndrome, (15) inflammatory bowel

disease, including Crohn’s disease and ulcerative colitis, (16) other inflammatory

20  conditions, (17) pancreatitis, (18) abdominal obesity, (19) neurodegenerative
disease, (20) retinopathy, (21) nephropathy, (22) neuropathy, (23) Syndrome X,
(24) ovarian hyperandrogenism (polycystic ovarian syndrome), (25) Type II
diabetes, (26) growth hormone deficiency, (27) neutropenia, (28) neuronal
disorders, (29) tumor metastasis, (30) benign prostatic hypertrophy, (32)

25  gingivitis, (33) hypertension, (34) osteoporosis, and other conditions that may be
treated or prevented by inhibition of DP-IV.

The subject compounds are further useful in a method for the
prevention or treatment of the aforementioned diseases, disorders and conditions in
combination with other agents.

30 The compounds of the present invention may be used in combination
with one or more other drugs in the treatment, prevention, suppression or amelioration
of diseases or conditions for which compounds of Formula I or the other drugs may
have utility, where the combination of the drugs together are safer or more effective
than either drug alone. Such other drug(s) may be administered, by a route and in an

35  amount commonly used therefor, contemporaneously or sequentially with a
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25 (1999)). Up- or down-regulation of these proteins appears to be tissue
and cell-type specific. For exanple, increased CD26/DP-1V expression has

been obsewed/omed cell |ynphoma, T cell acute |ynphobl agidigudeedkam a,
cell-derived thyroid carcinomas, basal cell carcinoms, and breast

carcinomas. Thus, DP-1V inhibitors may have utility in the treatmnent of

such car ci nonmas r ati C ert
useful for t(i%nptot]'lggf) Eﬁﬂ?ﬂg?’? nei'ngancofjnrr1 at EEB%X p%flPPS d%(% Itt)t %ﬂg g&f as ed
DP- 1V act | Vi wyh waes onmprcbther qmugssa ah@‘mawm«;alewﬂmpmﬂmtm @ntt slowgt: fiomBPH ( Eur :

J. din. ta h sudl cﬂﬁ&edfh and?tﬁéé(ﬁﬁltﬁ)unﬁ%?%g)rﬂula:f% 04498

PCT/U802/213 rmnoti | raception: DP- |n ibition may be
useful for tthecem @ﬂtl%thewmyrﬁé&q 1F1F1ﬂ1§1esdh@FaPJ@F 1r¥ﬁé(h@h(§]é‘?1‘fqnéﬁ,®ﬁ€1|08n because

in sem nal flaHfhla Pér@lsdr@td?m&her %@§h1%taﬂnﬂﬁ§ﬂeﬁdm%ﬁ@&ﬁi bRsla Emsmgr tant for
spermrmtlllt}/l%_ﬁ ess ver Qf %g@ E DP-IVactlwt%% r. J. din.
Chem din. 8 §J(§ alsppenienplated disy yV! elsuSédﬁ@FWP’inéﬁofbﬁl VP RhPOTS i on may
be useful }‘Ocrthéﬂmtlt/ef ﬁx’gfmf s, mlie cgjnlqgmnds mfsthbpmamenvda&mh Wadttieiother yetives f ound
in gingival cre ar £l ui |

peri odont al GF'S; 1618 nsl@(/% glrﬁ rao%ga ar‘lik'&% }}?S Sgg ]%%gﬂ(qégg%??gly’lo

Cst eopor osi sthe pﬁarnmceutmemmumy ob thepsesent infentiontieclodethpsrethat epntain
prevent|@n ole AhGeRA:PaY ?veQ§§1@ﬁ1%ﬁ"ts RbfRARS QCSmBbPEERERIIN

ost eobl ast s t

e conpoun resent I nventi have utility in

treating or preventi ngrapplenet QWT@CBYC geedicats Hof may boadminisiried By
di se ats g f] : e( Qogwg;gféﬁﬂ WiRIE Bt Smp cléld(ég‘)F&hg\glagl MRS Bt ﬁﬁlﬁﬁlﬂ-ﬂf&@d ?je(paﬂatdly’l St;inl n
yper | | bt deria SmgphrgeticH LAy BReF arnatody G st BiErelBer of ami o (10)
| ow HDL | evel s, (11) h{ay bthbﬂhpbﬁvd@»{l peptidhsy) I\aﬂjiiéw}?mhﬂnmss s and its
T s a4 L BTA SR kD AR BB e pepee, | (19
colitis, ( 16911tmztdne$ (6. pftoglhitraomns, plog@ta@omj cngldn@ne(MQC pahcrosiglitazpre, apd 8)
abdoni nal Obt'ﬁi Jo‘%ﬂerwwﬂggqe %@ﬁlgmg PPNl beflsed ShdRAaRAY. (21)
nephr opat hy neuro ath
and PPARoc agomsts suchas fenoflbnc a01d derivatives (gemfibrozil, clofibrate,
fenofibrate and bezafibrate), (ii) biguanides such as metformin and phenformin, and
20  (iii) protein 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) o-glucosidase inhibitors (such as acarbose);
25 (f) glucagon receptor antagonists such as those disclosed in WO
98/04528, WO 99/01423, WO 00/39088, and WO 00/69810;
(g) GLP-1, GLP-1 mimetics, and GLP-1 receptor agonists such as
those disclosed in WO00/42026 and WOO00/59887;
(h) GIP and GIP mimetics such as those disclosed in WO00/58360,
30 and GIP receptor agonists;
(i) PACAP, PACAP mimetics, and PACAP receptor 3 agonists such as
those disclosed in WO 01/23420;
(j) cholesterol lowering agents such as (i) HMG-CoA reductase
inhibitors (lovastatin, simvastatin, pravastatin, fluvastatin, atorvastatin, rivastatin,
35  itavastatin, rosuvastatin, and other statins), (ii) sequestrants (cholestyramine,
-18 -



(24) ovarian hyperandrogeni sm (pol ycystic ovarian syndrone), (25) Type I
di abetes, (26) grow h hornone deficiency, (27) neutropenia, (28) neuronal

di sor der swg @@psdopnor met astasi s, (30) benign prostatic hyeantgeepisie (32)
25 gingivitis, (33) hypertension, (34) osteoporosis, and other conditions
that may be treated or prevented by inhibition of DP-1V. The subject
conpounds are,further, useful .in thod for the ..preventian.oyr .treatmnment
of the afor ecr%eﬁﬁP(gnM ‘ﬁ?@é@% ?al]%flrs&g]? PEs 8{1%“88%]&%{6%&%%(&?%’ ("&i)%?t%{&’ﬁi on
wi t h ot her ajehbk ni®finiheidanpsitibsea, (ivhBP pResgnnisissuenad fenofiteic dvel used in
conbi nati on ' - ; : ' ; mrﬁ% jjon,
suppr essi on dg%gtﬁr}glgRgﬁﬁl?%%ﬂ’%%&%%é%ég@gff ’ng% %t{bg%éﬁﬁgjr E IC ??:%Arlrpounds
of Fornul a |agopistshachn &RR1PUG S vininhibitey ef cholasiergl abjpratian.isheh adhnat i on of
the drugs togekibR)l afd 82cH@liBe, (i) d?E?I €oLich6kebibog acyit @ f@hdeNBRibAsH Sueh aoe.
Such ot her dr ugé@% ma¥ be. adm ni_s ere&,b b rgute and in an 35 anount
commonl y usyasiEhe A (VIELHs gt S8 ‘I‘syﬁ;B UQequentially with a -17 WO
?3_/ 004493 PCT/ US02/ 213(&9PFAR6m(guﬁdts,O§ucE@§ thebadiscloMden Woopptumd of Fornul a
i s used contenporanegusl. ith one or re. ofher .drugs har maceut i cal
conposi tion in unit dq®aﬁlggpﬁ%h90%ﬂ?%cﬁr‘ﬂl . assﬁﬁ&ﬂu_rgﬁ%ei‘ %g’ffﬁ’&@u % he
conmpound of mhenterrnine] sibuirasmiae.crligel, neysorspéifle Y Stipkibiterspantidy eiendigieapy may

al so i nglyud r.apk:es. in which the compound of 5 Formula | and one or
nore ot ﬁlgr ﬁ%@g&éggﬁlg%m nistered on different overlapping schedules. It

is also contenpl ated t(atanileehbilgsasid iransperiesiinibitehaddt h one or nore ot her
active ingredients, thg)gamroutddedior liCinRhRSBMatdrNYEIHHER s8étad Rpirk her
active ingredi ent,safray, pbe used in | ower doses.(% hg%r;ﬂﬁlé}en each is used
singly. Accdlrsigry artth@l‘%‘aﬂémm@mssc&lw FOLTS, 8f> AHEYPPesent
invengi on i nxlypéetRisé Deslectieahhidfeisai n - 10 one or nore other active
ingredients, in additiggn to a compound .of. Fornul.a |. anpl es of her
active ingredients tha mvﬁgorgg%awr?tl ?18%"?%%%W%P%%p%q%noﬁﬁ%onpound
of Fornul a Ipresntineettiver natcmilyivith ®ne dthee pativatcepound, but alshwith dwe or

phar maceut i C J u byt ar i.m ot t her

di pepti dyl S@% i gglg&:tl%/k?%ﬂ)wsi gﬁ’flblﬁﬁglpge gﬁ@%}%{ﬂcmr?rggﬁfnkﬂgg%@?f?zer S

i ncl udi ng (i9PnERARYs kaying Fosnwlad withdworps mage petiveseepopedspelecteddian azone,

pi ogl i t azoneyig@Retek ! RFBAGurdNEHITRCoAQSH B Ast FAPHIOrs, FPAR agonists, PTP-1B

20  inhibitors, other DP-IV inhibitors, and anti-obesity compounds.

Likewise, compounds of the present invention may be used in
combination with other drugs that are used in the treatment/prevention/suppression or
amelioration of the diseases or conditions for which compounds of the present
invention are useful. Such other drugs may be administered, by a route and in an

25  amount commonly used therefor, contemporaneously or sequentially with a
compound of the present invention. When a compound of the present invention is
used contemporaneously with one or more other drugs, 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

30 include those that also contain one or more other active ingredients, in addition to a
compound of the present invention.

The weight ratio of the compound 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. Generally, an effective dose of each will be used.

35  Thus, for example, when a compound of the present invention is combined with
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the like) and other PPAR |igands, including PPARa/y dual agonists, such as
KRP- 297, and PPARa agoni sts such as fenofibric acid derivatives

(genti br owid 03/00k08i brate, fenofibrate and bezafibrate), (Fdpudsauani des
such as netform n and phenformn, and 20 (iii) protein tyrosine

phosphat ase- 1B (PTP-1B) inhibitors; (c) insulin or insulin mnetics; (d)

| | d
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0 oni sts suc ose

01/ 23420; (j) chol estg[Péﬁd} W@@P% Zl?frﬁc’én%oﬁe Oggle(plrﬁseﬁl\yg'%%%%%gﬁﬁﬁ}eﬁse

i [lhi bi t ;)rf (detivesgents may bé aiﬂtﬁm_ts&trd:dlseppn'aw]!ﬁeﬂ iatdonjunttien datadtlition, the

atorvastatin,, rivastati |

atatine) - ( ropEREt o ne o fuenh RAEPL Bkl LRI ERe Py up g 1B

PCT/ US02/ 21 3dninistwhtest ofmsher agerd(sdli al kyI am noal kyI derivatives of a

cross-|ijpked dextran), I salt
Ther sof (1 v) PPARGG. Ao mipoin e B brest ioetion Byt h%?}l%%??‘v’gé’fﬁ

(genfi br oz |parentestlj (greatipiraessnlar, bnta%péﬂméalb@irawwatlg , IREACISEBA: dy  dual
agoni sts, sUgfc@én KRRADA, s&Béhﬂanédlﬁh%béthnS oplﬁn;qmy e)ytlﬂwitlom@mypﬁas@n such

as beta55|tost I b | est
acyl t r ansf er'@gdal. rﬁgﬁtﬂri ‘g‘fz’v‘? l&c‘ﬁoﬁgal Ve %?ﬁr‘q%é‘msgﬁbon( Q%dlel?slﬁlf%%%op%we(ﬁlant s,

such as pr ohil@el or t¢gexhdPPARBitatde dosaibs nnis furmudsiohd ceeaidingcooseiona non-
doxt on Iy ariPHE BRERy v AECEPEPIAFIcH e Bt AN WO, Broprs fox v
i nhi bi t or s caplird@ affrdemeistyaigon. 10 adéktl@ptt@thea@@ml@ﬁ of wearmp- bémdcd eaimalyi | e acid
transporter sh@llf' h@ﬁﬁ&f rat@,'ﬂgrses, cattle, sheep, dogs, cats, monkeys, etc., the compounds of
the invention are effective for use in humans.
The pharmaceutical compositions for the administration of the
20  compounds of this invention may conveniently be presented in dosage unit form and
may be prepared by any of the methods well known in the art of pharmacy. All
methods include the step of bringing the active ingredient into association with the
carrier which constitutes one or more accessory ingredients. In general, the
pharmaceutical compositions are prepared by uniformly and intimately bringing the
25  active ingredient into association with a liquid carrier or a finely divided solid carrier
or both, and then, if necessary, shaping the product into the desired formulation. In
the pharmaceutical composition the active object compound is included in an amount
sufficient to produce the desired effect upon the process or condition of diseases. As
used herein, the term "composition" 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, troches, lozenges, aqueous
35  or oily suspensions, dispersible powders or granules, emulsions, hard or soft capsules,
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(n) agents intended for use in inflammatory conditions such as aspirin,
non-steroidal anti-inflammtory drugs, glucocorticoids, azulfidine, and
cycl o- oxywgersamew? sel ective inhibitors. 15 The above conirararsoonss4b ncl ude
conbi nati ons of a compound of the present invention not only with one

ot her active conpound, but also with two or nore other active corrpounds
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conposi tion taini 0grtsuch ot ugs In addition to the corrpound of the

present i nvé?hoﬁﬂrﬁw Qr sogiuap Bh@s@liateﬁ&fé@ﬂéﬁfkﬂgﬂ%d digiptegipHag aeby forexpmple,

conposi tl'Oonscd?xfl sthh¥@, B ﬁgﬁmacﬁd‘\bﬂﬁﬁﬂg)zigeﬁ@ fd@%k&kﬁﬁletsfh@&ﬁ gtiAgh oﬁb@@mCQfm ain
one or nore er actlveln%irelents in additio t he

present i nveIH%]i‘%ﬂtnmg'Fﬁ%ntMP’g anyplg mag%?ﬁl%%te%faﬁ?p%tm a§fd ?‘hté‘rpg[ﬁlﬁéﬁﬁﬁs of the
present i nuany b@mndo@teﬁtw tl&gcr@a}d)eawatevle,ylmgwadammquﬁa;o deaydisinedraaiod wil |

oSS RS e Bh5 UL oS8R Rl RSB M PLSLE PP s v
present i nvenlonger desiodoior sradhphé, alime d@awx@ataaammgeglmarwsomszwwgor

anot her e ol her f t t
the other- %ﬁc&ﬁ%%ﬁf%&%ﬁﬁ P b P e 00,
preferably eibeggo ﬂle UtSoPa‘lé‘:@‘iﬁﬁ %%@@z 4.E6060 i A Jr2d5et 74 éoé‘?fﬁb%’%&wof t he
present i nvecﬁgﬂaﬁéh@rtgblggsl]@fcon%gfeyegsé ngredients will generally also be

wi thin the aforenentio I n_eac case, ffective dose of
each active ingredi entﬁ‘%rﬂlﬁlﬁﬂt’d’ ngrl%%ldlse mﬁ‘y&{i’ﬁ’ec%‘??ﬁmﬁala? E i‘?‘é‘ Nconpound of
the present dapvieed wheredintle aétheringredient is mixed with an inert solid diluent, for

20 example, calcium carbonate, calcium phosphate or kaolin, or as soft gelatin capsules

wherein the active ingredient is mixed with water or an oil medium, for example
peanut oil, liquid paraffin, or olive oil.
Aqueous 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 carboxymethylcellulose, methylcellulose,
hydroxy- propylmethylcellulose, sodium alginate, polyvinyl-pyrrolidone, gum
tragacanth and gum acacia; dispersing or wetting agents may be a naturally-occurring
phosphatide, for example lecithin, or condensation products of an alkylene oxide with
fatty acids, for example polyoxyethylene stearate, or condensation products of

30 ethylene oxide with long chain aliphatic alcohols, for example
heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with partial
esters derived from fatty acids and a hexitol such as polyoxyethylene sorbitol
monooleate, or condensation products of ethylene oxide with partial esters derived
from fatty acids and hexitol anhydrides, for example polyethylene sorbitan

35 monooleate. The aqueous suspensions may also contain one or more preservatives,
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active agents may be admi nistered separately or in conjunction. In
addition, the admnistration of one elenent may be prior to, concurrent
to, or subLespwessto the adm nistration of other agent (s)PCTIR022Ti3e
conpounds of the present invention nmay be adm nistered by oral, parenteral
(e.g., intramuscular, intraperitoneal, intravenous, |ICV, intracisternal
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gum acacia or gum tragacanth, naturally-occurring phosphatides, for example soy

bean, lecithin, and esters or partial esters derived from fatty acids and hexitol

anhydrides, for example sorbitan monooleate, and condensation products of the said

partial esters with ethylene oxide, for example polyoxyethylene sorbitan monooleate.
25  The emulsions may also contain sweetening and flavoring 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 preservative and flavoring and coloring agents.

The pharmaceutical compositions may be in the form of a sterile

30 injectable aqueous or oleagenous suspension. 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
parenterally-acceptable diluent or solvent, for example as a solution in 1,3-butane

35 diol. Among the acceptable vehicles and solvents that may be employed are water,
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any nethod known to the art for the manufacture of pharnmaceuti cal
conpositions and such conpositions may contain one or nore agents sel ected
fromthe gigismogeRsi sting of sweetening agents, flavori ngp@Egentaiz4sol oring
agents and preserving agents in order 5 to provide pharmaceutically el egant
and pal atabl e preparations. Tablets contain the active ingredient in

d : : h

Sutabl e orPpd Yol nl MKIRE iy BhlogBEGRRLE B ERE R o7
exanpl e, i neare cefivendonally esipdoyedsis e aplyruirnrsastisodiag enedsoai Hen @esrmmpme

| act ose, calgly lyiand&%anmh@yQéerﬁ@@ywnnemaﬁ@f@hﬁeu&ﬁ@ﬂw &Idlg cAis. In

di si nt egratlrﬁdg agents, for ‘exa corn_ Starch, or al I c _acid;
bi ndi ng agerfds! lopofatfé(ﬁﬁﬁiﬁls%dbﬁsé}l@ﬁ acigdingyse 1rbﬂle@§e&@;aé10n@,ﬂgueqt%¢q cating
agents, fsor exanple rrerglm stiealtae 9res§ﬁt@1We|n€i01@ﬁiaSi al¥o He&ﬁﬁnnﬁt@&dtlﬁlm ets

b
i 41 ntegr at 18R oGl AR ol ot AU aR pF U0 Ha | R cOmBRt ObHer oby
provi de a susihaikpezpasct bhyonixanvgethe dand witly e suipebld mnh~1rﬁtmt1ngxm1pieat which iisre deI ay

material su r r
enpl oyed. Tﬁsjéi}a%tag}dyrﬁﬂ; yeE;neﬁ&éoat egl?t lﬁltuﬁﬁ t{wléhgﬁ K e}gnél%sa??l%gﬁgﬁe% e U S.
Pat ent s 4, 258¢eligghe zectgs o Bieasethe dﬂm&t‘)?)l@mt@@am @uempg@&ﬂmtte@ and her apeuti c

t abl et s 1hor Iﬁ)@};&a@éner Al@pse. Fornulations for oral use may al so be
presented as hard gelatin capsul es wherein the active ingredient is m xed
with an inert solid difqidericaliugs, corgmsy ginpnents, dellies, SphiH QRS HFHERONSIORY: ci um

phosphat e oretka@tining rthea@nspzﬁmdg@ﬂ "B p}es‘eﬁﬂﬁw&ﬁﬁnn ab empioyed. h@oapmpm@es

10Tt LA S5 ol S, T P AR B

materials in adm xt ur €l'lvd pharmeoeatiqd] enmpogition asdl method of the pmmflamnjm)ﬁ of
aqueous ;JUS g f Wge%ﬁ%‘e'r Hle?ﬁ?ﬁ 19:{1 acﬁs?e oot %(‘ij{ﬂé DO RGPRLSin W[1REn SXaNP! €
sodi um car box ose |"ul’ ose,

propyl net hylaé@usuallmgephesldd |tlnmﬁr@lt1g¢mtwtf éhe qb@wmenwnqﬁmaﬂmkpgimh eondjtigns.

tragacanth and gum acagitge trgdtl%eﬁro? f;ﬁegieﬁﬁoﬂ‘@itédnaﬂloﬁQW& iredd@hition of
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oxide with part
day, or about 0.1 to 50 mg/kg per day. Within this range the dosage may be 0.05 to

0.5,0.5 to 5 or 5 to 50 mg/kg per day. For oral administration, the compositions are
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 preventing diabetes mellitus and/or hyperglycemia 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 milligram per kilogram of animal body weight, preferably given as a single
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H. N
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A A k/N\(:
R

OH
I III

where Ar, X and R! are as defined above and P is a suitable nitrogen protecting group
such as tert-butoxycarbonyl, benzyloxycarbonyl, or 9-fluorenylmethoxycarbonyl.

25 SCHEME 1
P N 1) isoBUOCOCI, EizN PsnH 0
y E3
2) CHoN
Ar\)YOH 2182 . Ar\)\/”\OH
o) 3) PhCOLAg

1 I
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2 III
20 Compounds I are commercially 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 example, by treatment with hydrogen gas and a catalyst such as palladium
on carbon or platinum oxide in a solvent such as methanol or ethanol to provide

25  Compound III.
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0.5, 0.5to 5 o0or 5to 50 ng/kg per day. For oral admnistration, the
conpositions are 25 preferably provided in the formof tablets containing
1.0 to 1690osrid4hdsgrans of the active ingredient, particubariogo221849 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 mlligrams of the
active ingredient for the synptomati gc-pggsgnent of the dosage to the
patient to be treated. The conpoundS may be adm nistered on a reginmen of 1
to 4 times per day, 30 prefergply once or tuhge per day. Wien treating or
preventing di abetes nellitus arjd/ or hypergly¢ema or hypertriglyceridem a

or other diseases for whi oPr nt irwé‘nit:g—m are

i ndi cat ed, genﬁr/aktyNﬁati sfa ry reérul ts ﬁe5{o) tai ned when t npounds
of the pr eseny i nVention ar & adm nisteredRat®a dai Y f from about
0.1 mlligram B about 100 mill | gram per kil ogram of ani malyibody wei ght,
preferably givengas a single -23 WD 03/004498 PCT/ US02/ 225349 " dai |l y dose
or in divided doSes two to six times a day, or in sustained release form
For nost large mammals, the total daily dosage is from about 1 0
mlligrans to about ﬁﬁ@‘@%ﬁ%%r@ﬁ%sc}ﬁ’m%@%ﬁ?mﬁ? e commercitlly | | grams to

about 50 mi h‘lf{h&bﬁnﬁnoW@lﬂ the litgasee &fmza_/ H&dﬁge@&umprbpmtay hhmdtpbﬁl daily

dose wi | gen e mlllgram;
This dos g@%ﬁé%nﬁ’&& O%?oﬁ?(ﬂquéa ttieoar% 83’\}‘? Hsnﬁeﬁ@ %Bﬁ?’hgsl RefSapeut i ¢
response. ﬂlusvtrhﬂed msmsmnmppmmaéns trédiad withe Zipadckdiore sddses 2-evel and
frequency o or |1
depend upon{)%?qn 3{%?3%6 41n aas'8¥veH€§ ﬁcisl%lyh% hagglt 6reeﬂ'?]angﬁ% ;9'8&11\{195&%91}6%{5@68%\% Cific
conpound errﬁlltsm@dvelwf@rmmaaﬁmmqf lstﬂﬁmdlatcg_awhdrel%rﬂg 20roét i on of t hat
conpound, taﬁnéfﬂﬁacel?ﬂ%vanw Ghiiytic SEARE Bf a&&ﬁl&l% 1§@&6chBHBlacidReeand time
of adm nistrat]on excretl on, drug conbination, the séverity of

t he par WcuP@Plodf%Hleqaéﬁ’fHﬁ?@leﬂﬁéﬁi}ost under goi ng t herapy. Several nethods
for preparing the conpounds of this invention are illustrated in the

foll ow ng Schenmes and Exanpl es. St arg'ﬂ%@t erials are made 15 according
to procedures known in the art or as=H q[.at ed herein. The conpounds of
the present invention can be epar ed from beta am Nﬁ idinternediates
such as those of fornul EN’(\E’% 2 intermedi at es

sulbsNNHhg ed hegy
such as those of fornmul au/ usi rg—standard p{/ e coupling conditions

o

101y

6 7

R'CH(OEY); (&) NN
> X N\/(

or R'COzH (9), PPA s R

A convenient method for the preparation of intermediate 2b, where X
15  is 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 triethyl orthoester 8 to give 2b or with 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 following schenes. P-1 NH O HHNNX Ar OHVvN-~ 1 R 1|1
[11 wher ew#yosose@pd RL are as defined above and P is a suiga@ah®2aiish ogen
protecting group such as tert-butoxycarbonyl, benzyl oxycarbonyl, or

9-fl uorenyl net hoxycarbonyl. 25 SCHEME 1 R, NH 1) isoBuOCOCI, Et3N P-1 NH O
Ar OH 2) CH2N2 Ar OH 0 3) PhCO2Ag | lgrgipfi 03/ 004498 PCT/ US02/ 21349
Compounds of fornula Il are connercigg‘y—avmlabl e, known in the literature
or may be conveni(ﬁntly prepared by a vasjety of nmethods famliar to those

skilled in the arft. One common route is Ill'ﬂﬁ Ii_[";lted iin Scheme 1. Acid 1,
which may be W%g;v&'al | HoAINH abl e (g }\ly 2pr e PafEORa B he
correspondi ng g nd aci d—by—S—pretectjon ysing, f
di -tert-butyl -a‘r\cca’fr'\bonate (for P = Bock)/ ar bobenﬁéll ﬂ?héoébﬂ?: (for P =
Cobz), or N (9-flugy enyl met hoxycar bonyl oxy) succi ni rdlg@(lcp (. B noc), is
treated with isobtutyl chloroformate and a base such as triethylam ne or
di i sopropyl et hyl ami ne, followed by di azonet hane. The resultant di azoketone
is then treated W'th silver benzoate in a solvent such as nethanol or
aqueous di oxane 10ymay be subjected t onjpcation foll ow ng the
procedure of Sewald R - Synthesi s, 37 TQQ}\?) in order to provide the
beta amino acid . N&{\MII be—underst ood\byNthose  skilled in the art, for
the preparation of enant; oneri Dy pure beta 'n(J)_| acids |1,
enantionerically pwe 5pha am no acids 1 1Hp used. Alternate routes to
t hese conpounds can be found in the follow ng reviews: E. Juaristi,
Enanti osel ective 15 Synthesis of 8-Anzino Acids, FEd., W - \(CH,. w Yor k:
1007, Suaristi et o Bhafigrevrnradtapeansber onConbamd Mhpten o
Tet r ahedr on, N 32illuSpdtdd {nlSine 5. Sddgddund 12 is prepared according to the method
5 outlined above employing dichloropyrazine 10 instead of chloropyrazine 6.
Compound 12 is then subjected to catalytic hydrogenation using a catalyst such as

platinum oxide to provide Compound I1Ib, as its monohydrochloride salt.
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NNX [H H N~NX catalyst ~ --~ RLRL 211l 20 Conpounds IIll are
commercially avail able, known in the literature or may be conveniently
prepared o @/éaogety of nethods famliar to those skill ecpdipdoheizsart. One
convenient nmethod is shown in Schene 2. Unsaturated derivative 2 is
reduced, for exanple, by treatment with hydrogen gas and a catalyst such as
pal | adi um on carbon or platlnun1OX| ol vent such as net hanol or

et hanol to provide 25 Conpound M -2 04498 PCT/ US02/ 21349 SCHEME 3
0 O NH2 Br R2 or Br Ove NN 2 OCN t5 ~NR ~ RlL 3 2a a

I nternedi ates 2, fPam Scheme 2, are FN cdﬁﬁ%H@BEUN§A[ﬁﬂéilable
known in the literat may ke con en prepa ed—b uPety of 5
net hods faniliaAF&g/Etgsix lled in t One §ﬁ%ﬁr%¥%ﬁﬁﬂ” is CR2
is illustrated in hene An1nopyra2| 3?|s treated with a 2- haloketone
such as 2- bronoketoHe 4 in a sol vent su as net hanol or ethanol to ‘
provide internediate 2a. Alternatively, for the preparation of

i nternmedi ate 2a mheﬁe R2 is H 2-brono dinmethylacetal 5 and a catalytic
amount of acid such™agyhygrochloric acid may be 10 enpl oyed instead of

I nternedi ate 4. P&Ml H2NNH2 N NebFRecton/ RICH(OEt)3 (8) N''N N
or RICO2H (9), »

\( e.g., TFA/CHJCl, for P = Boc
’

13 R

Ar N

Intermediates II and III are coupled under standard peptide coupling
conditions, for example, using 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
5 (EDC), 1-hydroxybenzotriazole (HOBT), and a base, generally diisopropylethylamine,
in a solvent such as N,N-dimethylformamide (DMTF) or dichloromethane for 3 to 48
hours at ambient temperature 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 I. 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.

15 In some cases the intermediate 13 from the coupling reaction described
in 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, alkylation, acylation, and
hydrolysis reactions which are commonly known to those skilled in the art.
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A conveni ent nethod for the preparation of internediate 2b, where X 15 is
N, is illustrated in Scheme 4. Chloropyrazine 6 is treated wth hydrazine
to provi deo dywdiegi nopyrazi ne 7. Conpound 7 may be condenggdywdobhimabt her an
orthoester such as triethyl orthoester 8 to give 2b or with a carboxylic
acid 9 in pol yphosphoric acid at elevated tenperatures to give 2b. -26 WO

03/ 004498 PCT/ US02/ 21349 SCHENE. 5_(J N C N. NHNH? t)3
(8) ~N N 10 11 or Rl%zgﬂ“teé’)a?‘es Aorg‘é‘i gﬁwlng\%ﬁﬁgwﬂ%ﬁﬂ\“ﬁ@%ﬁﬁ@%éﬁ 0 ~N-~
1 HCl 12 Rihdy be Ruikd talfactiitatithe reactien dide avéid upmaptedaedctinn pfodgoypdbad 1Eb
wherein X 'Sfollﬁlx/in'%eéxh'aingﬁsra?é uﬁﬂvﬂd@d %Eﬁ%egnveﬁ%ﬂﬁﬁ bjc o fRIePar ed

according to t I'i ned_above ['oyi ng”di chl or opyr azi ne 10
i nst ead of cHIdemENr dAesfee@mplessyp BlysEative q @mﬂe‘s{hog obbe eaNtHed At al ytic

hydr ogenat | O fiee ﬁwg@;@{m% h as platinum oxi de to provi de Conpound

I1lb, as its rmnohydrochl ori de sa -27 WO 03/004498 PCT/ US02/ 21349
SCHEME 6 P-1 NH O H, N'-e, EDC, HCBT, DIEA, DM Ar + ~N~ or other peptide
coupling OHRL II IIl P-1 NH O ANTERMEDIAEELT on ~N. X e.g., TFA CH2Cl 2

for P = Boc

F 0._20
b
NH O

OH
F

(3R)-3-[(1,1-Dimethylethoxycarbonyl)amino]-4-(2.5-difluorophenyl)butanoic acid
10

Step A. (R,S)-N-(1.1-Dimethylethoxvycarbonyl)-2.5-difluorophenylalanine
To a solution of 0.5 g (2.49 mmol) of 2,5-difluoro-DL-phenylalanine in

5 mL of tert-butanol were added sequentially 1.5 mL of 2N aqueous sodium
hydroxide solution and 543 mg of di-tert-butyl dicarbonate. The reaction was stirred
15  at ambient temperature for 16 h and diluted with ethyl acetate. The organic phase was
washed sequentially with 1N hydrochloric acid and brine, dried over magnesium
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
-3-[(1.1-Dimethylethoxycarbonyl)amino]-1-diazo-4-(2,5-difluoro-
phenyl)butan-2-one
To a solution of 2.23 g (7.4 mmol) of (R,S)-N-(1,1-
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 further 16 h. The excess
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13 RNH2 0O Ar NN ~N~X1 R Internediates Il and IIl are coupl ed under
standard peptide coupling conditions, for exanple, using

1- et hyl - 3wo3e3dio®@s hyl am nopr opyl ) car bodiim de 5 (EDC), PCT/US02/21349

1- hydr oxybenzotri azol e (HOBT), and a base, generally diisopropyl ethyl am ne,
in a solvent such as N, N-di net hyl formam de (DWMF) or dichl oronethane for 3

L g ot Bhop AR LEIRELALY L LN DL IRl Bl ign v 11

Schenme 6. The ectl n
trifluor oace;hiUCcda\mﬂdethUl aﬁetalﬁamdl washednmuorgteaﬂycwﬂoﬁ%dwdm@hldm@ aglse of Boc to

give the de%b{u?aqe@%ddé%ué %odmﬁ b&ra%ﬁﬁﬁe sbfutibf aRYblihd, eiel bOLR lﬁgge@ﬁhﬁld si de

products, if necess recrystallizatjon, tr] t'urati on, preparative

thin layer oHH @tﬁ@pégp%ﬁﬁﬁgratefl llragwuehPéﬁﬁe%@ﬁl&aﬁlﬂ%ﬁh@maﬁﬁa@wﬂaga gelescri bed
by W C. 5Sti4:{ hetandlethyd ace@t@)affawéms %fd?a%ﬁetéﬂ&l@mm@d%@{z@rmounds

which are p CRLY [

Purificati olr?j]b{; g%nf%r grr@é es) ?’?éaé @InégH? 3 AH:@ n)égﬁggﬁ%rlﬁg’l%g# n some
cases the |r(ber1m®d3.a9e5.nzs(1ﬁ,r1®m I.B@mem,llfﬁb, 1.8&¢s, OBN. described in Schene 6
may be further nodified before renoval of the protecting group, for

exanpl e, by mani pul at| on of substi tuents on X or Rl These mani pul at| ons
may i ncl udedtehut (b« 1-IDinpeith dethe 9 ] % iSefh he 8

acyl ati qg, gy hydrol yS| S reactions Whl ch are commnl y known to t hose
skilled in the art. -28 WO 03/004498 PCT/US02/21349 |n sone cases the
order of carrying out theselgieyel hit éaes mupoly ehdhes3hdyl-be varied to

facilitate tdifeth &@ﬁdx@@a@énﬂpaﬁiﬂé{lﬂ dimamps-dﬁmbpm ph@gciche The

Lﬁh'e?l“tggdexc@we@eﬁé&iﬁ%ﬁﬁv Shorta P Do e RS 1Y

const rued aSnﬁlol)ldfldhsas;gomhahyllammt dndr802mg@ (iy3 2vaynol) MsHRMERINATHe.1Thd O O
15  reaction was stirred for 90 min before diluting with ethyl acetate and washing

sequentially with 2N hydrochloric acid, saturated aqueous 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 aqueous 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  compound as a white foamy solid. 1H NMR (500 MHz, CDCI3) § 7.21 (m, 1H), 6.98
(m, 2H), 6.10 (bs, 1H), 5.05 (m,1H), 4.21 (m, 1H), 2.98 (m, 2H), 2.60 (m, 2H), 1.38
(s, 9H).
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NH O OH

(3R)-3-1(1, 1- D met hyl et hoxycar bonyl ) am nol - 4- (2, 5-di fl uor ophenyl ) but anoi c
acid 10 ®iep/oaogR S)-N-(1,1-Dinmeth |ey PCT/US02/21349

t hoxycar bonyl ) -2, 5-di f | uor ophenyl al anine To a solution of 0.5 g (2.49 mmol)
of 2,5-difluoro-DL-phenylalanine in 5 nL of tert-butanol were added
sequentially 1.5 nL of 2N aqueous W&?’%I de solution and 543 ny of
di-tert-butyl dicarbonate. The rea itred 15 at anbi ent
tenperature for 16 h and diluted with ethyl acetate. The organi c phase was
washed sequentially with 1IN hydrochlori id and brine, dried over

magnesi um sul fate and concentrated in vgcuo. The crude material was
purified by flash chromatography (silic®©gel® 97:2:1

di chl or onet hane: net hanol : acetgf cid) to afford 671 ng of the title
conmpound. Ms 302 (M + 1). %@ 2 , S) -NHF(@, 1- Di net h

| eet hoxycar bonyl ) am nol - | - di azo- difl phenyl ) but an-2-one To a
solutlonof2239(74mml)of( T OH
di et hyl et hoxycar bonyl ) - 2, 5-di fl uorophenyl al anine in 100 m, of diethyl
ether at 0 C 25 were added sequentially 1.37 nL (8.1 mol) of
triethylamne and 0.931 nL (7.5 nmol ) of isobutyl chlorofornmate and the

reaction wasagyB(EL HinetHyldhd&oRBoRiEnb14-[2-HBor- A (triffucReheat phegpal
sol ution of di azonethane was then added until the yellow col or persisted

and stirrin 1 inued for a further 16 h. The excess -29 W) 03/ 004498
PCT/ US02/521349 di azonet hane was quenched by dropw se addition of acetic
acid, and thg 5 YB8%Din b Elhilleh S 23 A REE U A S ARBI N Ry -
sequenti al | 6 hydi ocri ort ¢ acr d, ur at edagueous SO

bi car bonat e &mﬁm@m}mmm_brl ne, dried over magne5| um sulfate and -
concentrated in vacuo. T&%bl}\h&%fﬁzggléhﬁﬁ&) gﬂ”tro%}ﬁéleﬂmamaw(%smsse:MS

4:1 hexane: et hyI acetate of di azoket one
CDC13) 8 7. oBhilros . G-Aimefhgxy- %1sggtoay]g>gra(zme ip 10 mi. offeirgydrofjyan a5—17C s,
arn &% R§‘b§§ adibl 12 81 im0 1691s0RBH oo QHAUmherdncBB Afes OH) .
car bonyl ) am SRR BisRRRET P AT be( b pEmoD of 2-luoro-4

tnﬂuoromethylbenzyl bromide in 20 mL of tetrahydrofuran was added and stirring

was continued for 3 h before warming the reaction to ambient 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. IH NMR (500 MHz, CDCI3) & 7.33-
7.25 (m, 3H), 4.35-4.31 (m, 1H), 3.75 (s, 3H), 3.65 (s, 3H), 3.60 (t, 1H, J = 3.4 Hz),
3.33 (dd, 1H, J = 4.6, 13.5 Hz), 3.03 (dd, 1H, J =7, 13.5 Hz), 2.25-2.15 (m, 1H), 1.0

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

Step B. (R)-N-(1,1-Dimethylethoxycarbonyl)-2-fluoro-4-trifluoromethyl)phenyl-
alanine methyl ester
To a solution of 5.5 g (15 mmol) of (2R,5S5)-2,5-dihydro-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 1N aqueous
trifluoroacetic acid. The reaction was stirred for 6 h and the organic solvents were
removed in vacuo. Sodium carbonate was added until the solution was basic (>pH 8),
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10 acid To a solution of 2.14 g (6.58 mmol) of (R S)-3-[(1,1-

di net hyl et hoxycar bonyl ) -am no] -1-di azo-4-(2, 5-difluorophenyl)butan-2-one
di ssol vedwigysk@egl of net hanol at -30 C were added sequerfdradoy2d4e Nl (19
mrol ) of diisopropylethylamne and 302 ng (1.32 mmol ) of silver benzoate.
The 15 reaction was stirred for 90 mn before diluting with ethyl acetate

Codi um bi carBOnRe s e i BXEPEREO faBD ot LG0T HERE

sul fate, conufelrarabey] dicasbanate waaaddedhdhemesuitingsdursy wes girsssldar 46 bd by

preparative | P ' . 4 QnF}H& | : to
gi ve 550 ng Cg)p !:Elf’n#eate:{]'{ellé[igl‘:11 é%%x&?é}@%éﬁﬁ?g%@hﬂ%ietgﬁ I@é el ut (lra}%a?rl I st %‘5}%? S
mat eri al waswaii wasbed wdthibaing 0drid, a1d eonsentraledinoreyetiuiiration by Hash et hanol
rlglaggggglgaalsdhgégg?t%ﬁm emdfa_ege Qo_%; ckhyla08tatetih hé}@ﬂle@tafﬁ)?dcﬁ 5.1 glof fhditleThe
y 0 y r

eactl on e bRk S B LSk AL S S B H8 0
brine, drieglopugs 1HRATEEBH)SBLAES @ndDPRNEB3I05Aed H)Nl 4o oOH)0 gi ve 360
ng of the title 25 conpound as a white foany solid. 1H NVMR (500 MHz, CDC13)
57.21 (m 1H, 6.98 (m 2H), 6.10 (bs, 1H, 5.05 (m1H), 4.21 (m 1H),
2.98 (m 2H)SteR CO6QR)EMA(1.2HDimethy3@hoxysarb®hij]l)-2-fROrWAD tH 8L 0SS PEFMWIS02/ 21349
| NTERVEQIATE 2. O~O F3C NH O OH F (3R)-3-[(1,1-Dineth ley
t hoxycar on%*fz%m nol -4-[2-fluoro-4-(trifluor omatR)/I )phen | butanoic acid 5
Step A (2R, 5S A solution of 5.1 g (14 mmol) of (R,S)-N-(1,1-
- 2-ydro- 3, 6- g yRarbényl]-b YRIoRs-4-triflhdrbie 9 BREK AN RE ME i
5-i sopropyl p lrﬂé’ﬁ-‘gz@i@taﬁr%(}."gl'o a ysz)l g{hl (%bn 51];11(13- %% tgl?) iﬂ r}rITmzlg) of . (%?féerélilal |y
avai | abl e ( 290mLof agrinias of tetrahgrofistanoppthanels lgﬁw&yﬁr&m%é i hf)més m of
t et rahydr of ustidfedat 50 70 £6z 4 h. The reaction was cooled, acidified with 5% dilute

15  hydrochloric acid and extracted with ethyl acetate. The combined organic phases

were washed with brine, dried over magnesium sulfate and concentrated in vacuo to
give 4.8 g of the title compound. 1 NMR (500 MHz, CD30D) & 7.45-7.38 (m, 3H),

4.44-4.40 (m, 1H), 3.38-3.33 (m, 1H), 2.98 (dd, 1H, T = 9.6, 13.5 Hz), 1.4 (s, 9H).

20  Step D. (3R)-3-[(1,1-Dimethylethoxycarbonyl)amino]-4-[2-fluoro-4-(trifluoromethyl)-
phenyl]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 stirred at this temperature for 30 min. A cooled ethereal solution of

diazomethane was then added until the yellow color persisted and stirring was
continued for a further 16 h. The excess 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

30 solution and brine, dried over magnesium sulfate and concentrated in vacuo.
Purification by flash chromatography (silica gel, 9:1 hexane:ethyl acetate) afforded
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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10 was added 12 nL (19 mmol) of a 1.6M solution of butyllithiumin hexanes.
After stirring at this tenperature for 20 mn, 5 g (19.5 mmol) of

2- f 1 uor o- ¢ ¢3vdoidogior oret hyl benzyl bromide in 20 nL of tet rmiygReebhwsan was
added and stirring was continued for 3 h before warm ng the reaction to
anbi ent tenperature. The reaction was quenched with water, concentrated in

vacuo, and e)‘Eltrrrea%grefl h\B‘C%)IPC Sltl\gt}ll‘{éo\%%l gt?l?f %‘é%te meﬂvgsﬂ{%' S@g ’ ﬁig(ytlf% ﬁh ase was

washed with Brinet arie i'on by flash

chr omat ogr armsdrc(omdnccmmg @atura@emewmodwebm@onate améwmes heprganiged 5.5 g

Zf 3t5h2 gllt l( %&g{?gygﬁe?d Hér M\%nés?lgﬁ sifiize, SRt id v§§.1o %d%ﬁss@%d%@ )

3. 65
3.33 (dd, 1HpLypfamixgie o tegahgofuymeéwl 15?4@130148 lith u@h#r%)ie (%1 21% 2. 15
g.mDi 1"2 A 5|1 ?arllla(&tlf*@d 835‘0 °d for 3f7t|1 Hrhe re@ctftﬁl \]s/iﬁh codldd, gcr%diflzd g 5|‘§tdﬁ};iteB (R - tN;l( Il
- Di me et ho on uor,o-4-trifluoro - ani ne ne
ester Toya chgr@z tr@i@dme)hﬂﬁcit?ﬁ @5’ émégl&ﬁﬁ%%ff‘ Pllages, 5 Y
di met hoxy- Z-W&eﬂﬁdshat Wrtlfl'bﬂ(lé rdrfed woe OB HRylupbearitay gndonsaypracyih pycuwzione i n
50 n of a i th tl%ct?tﬁfgoéfg)ung ag:?. 1t3rf8£$§ pcﬁﬂfs 1f—I \ 5% ded 80 m.
(Hé»s

of 1N aqueou%l © on was h and

the organic @QBQ@M@ %7@ (e AF k88 @?SVH&JG 20503 (¥ ]c%)s (S)rq ded
until thg) soj ?? g(gﬁ\g@&‘lgﬁ@ljgzag&gﬁ]%&& 3d.(s V\Q{?SI 004498 PCT/ US02/ 21349 and

then the reac lute et rahydrofuran and 10 g (46
mmol) of di-tert-butyl dicarbonate was added. The resulting slurry was
stirred for 16 h, concentrated i NNEERMEHEAdEXtracted with ethyl acetate.
The conbi ned organi ¢ 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 g of title conmpound. 1H NWR (500 MHz,
CDC13) 8 7.38-7.28 (m 3H), 5.10 (bd, 1H), 4.65- 3.98 (m 1H), 3.76 (s,
3H), 3.32-3.25 (m 1H), 3.13-3.05 ( 1 \ﬁio40 (s, 9H). Step C (R-N( 1
1- Di et hyl et hoxycar bonyl ) - 2-fl upro-4<trifl boronet hyl ) phenyl 10 al ani ne A
solution of 5.1 g (14 mmol) of (R (1,MH O

di net hyl et hoxycar bonyl ) -2-fl uor o-4 fl ugtonethyl ) phenyl al ani ne net hyl
ester in 350 nL of a mixture of te dr otuf anOHret hanol : 1IN it hium
hydroxi de (3:1:1) was

(3R)-3-[(1,1-Dimethvlethoxycarbonyl)amino]-4-(2.4,5-trifluorophenyl)butanoic acid

15
Step A. (2S5, 5R)-2.5-Dihvdro-3,6-dimethoxy-2-isopropyl-5-(2°.4’ .5’ trifluorobenzyl)-

razine

The title compound (3.81 g) was prepared from 3.42 g (18.5 mmol) of
(25)-2,5-dihydro-3,6-dimethoxy-2-isopropylpyrazine using the procedure described
20  for Intermediate 2, Step A. TH NMR (500 MHz, CDCI3) § 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, 1H), 2.98 (m,
1H), 2.20 (m, 1H), 0.99 (d, 3H, J = 8 Hz), 0.62 (d, 3H, J = 8 Hz).

Step B. (R)-N-(1,1-Dimethylethoxycarbonyl)-2.4.5-trifluorophenylalanine 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-benzyl)pyrazine in 20 mL of acetonitrile
was added 20 mL of 2N hydrochloric acid. The reaction was stirred for 72 h and
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stirred at 50 C for 4 h. The reaction was cooled, acidified with 5%dilute
15 hydrochloric acid and extracted with ethyl acetate. The conbi ned organic
phases waigepawesfed with brine, dried over magnesi um sul f gicg/ednd21349
concentrated in vacuo to give 4.8 g of the title conpound. 1H NWMR (500
MHz, CD30OD) 8 7.45-7.38 (m 3H), 4.44-4.40 (m 1H), 3.38-3.33 (m 1H),

298 (0 Dot i, T st el o2 1 SR By i

phenyl | but antd mIAGR dnriiol) af sixthylamineahd 8.68 (4¢3, imoiyoif )di-odrz-bhtyldicanohnate f rom

Step Cin 60 t tiQl 3 nL
(13 ol ) of "Eacts, A AN %@eﬁﬁfh@%ﬁﬁﬁ%&hﬁi SE LBt
chl or of or mat @qaﬁaldlmévlﬁslméaémpblﬁnwa@dgnd priael Hhe ugpmicp ﬁq@eW%Stdmeé oveF 30
mn. A copl ed,@ihsngat c%ﬁl:éﬂtﬂa@h@l iffvacd a’i‘ﬂ%ﬁ%@&lﬁ? ﬂ\ﬁ@@cﬁrbﬁato%%ﬂgl ($1hdd | the

yel | ow col or persisted and stirring. wa i nue

excess di azo&at HhRexangs: eﬁﬂé?‘ﬁ%”é@ tB)?ffHFd(ﬁ)ﬁM §é’% ﬂ%?ddijetqogipogmurlﬁ]ﬁ@[é&o , and
t he reacti onMkls CIDC1g) &46.9% (th) 1&D) 694 Go ety 6.08r{vh, WHI, a8 (BeldlleA784,y with

5% hydr ochl oy ' t ted di bi bonate 30 | uti d
ori ne. dr i e B a2 HRTLE 1ATAEHE Bihcent rat od i vacuo. o
Purification by flash chromatography (silica gel, 9:1 hexane:ethyl acetate)
arf or dedyg 0. $ief Ol ANGAABLAN 1A foaltftnthiOALs. %ﬂQQI%pgena,ﬂm Agadrmrol ) of the
i azoket'one drssof vea i L ded sequentlally
0.7 nL (4 mml) of di ifb@pﬂ@p«)mp@wﬁua@ﬂrgé“aﬁ@reyzreﬁg”rqrm%égwﬁ%’o’ir;mlafo si | ver
benzoate. The[RAe!idietRitoldcRd. 09549 8uBEPALSIARAS AR NS LGN Bth OF 2 1

bef ore dllutlng wi'th et hyl acétate and washin

hydr ochl ori ct S@F%ed%fgtdﬁﬁ%‘tt@ tafnesnsdias e §Fﬁptf?é\§§g]b’ﬁ E%Q}%d&%l ne. The
organic phase was dried over magnesium sul fate, concentrat ed in vacuo and
di ssol ved in 50 ; tetrahydraf

l'ithiumtydr ghlop: chsdgthoxycarbonyljomip inicas

cool ed, aci dblftﬁl&ﬂCMlﬂh 5% di I ut e hydrochloric aci d and extract ed W th

ethyl acetate. The con%ragglmrog%@b%7%t@sll%ﬁm\l}§@r ?(}é@ﬁtﬁ q_with brine, dried

over nmagnesi um sul fate and concentrat uo 'to i've 410 of t he

title conpoudisheszylethokycadbonpiA, SoifleprophanypiRninsoy 1 Of@%@b} & a-Ay-7.33

(m 3H), 4.8& ()J%?@ adkel s% gﬁ’al%f @@iﬁﬁl (1@)mm%l)%@‘t§et9§haﬁﬁﬂe akdo. 18181 4183- 2. 77

(m 1H, 2 58- 2. Fg
mmol) of 1sobutyl loroformate and thé 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 further 1 h. The excess diazomethane
was quenched 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
0.36 g of diazoketone. To a solution of 0.35 g (1.15 mmol) of the diazoketone
dissolved in 12 mL of 1,4-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 1N 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. 1H NMR (500 MHz, CDCI3) & 7.06 (m, 1H), 6.95 (m,

1H), 5.06 (bs, 1H), 4.18 (m, 1F), 2.98 (m, 2H), 2.61 (m, 2H), 1.39 (s, 9H).
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| NTERVEDIATE 3 F O-OF NHO OH (3R -3-f(1

1- Di net hyl et hoxycar bonyl )am nol -4-(2,4,5-trifl uorophenyl)butanoic acid 15

Step A (49 03ml498 5- Di hydro-3 PCT/US02/21349

6- di met hoxy- 2-i sopropyl -5-(2',4"',5 trifluorobenzyl)- rpy azine The title

conpound (3.81 g) was prepared from3.42 g (18.5 mmol ) of

(2S) - 2, 5-di hydro- 3, 6-di net hoxy- 2-i sopropyl pyrazi ne using the procedure

described 20 for Internediate 2, Step A. 1H NWMR (500 MHz, CDC13) 8 7.01

(m 1H), 6.85 (m 1H), 4.22 (m 1HNTERMEBDIAYE3H), 3.64 (m 3H), 3.61 (m

1H, 3.20 (m 1H), 2.98 (m 1H), 2.20 (m 1H), 0.99 (d, 3H, J = 8 Hz),

0.62 (d, 3H, J =8 Hz). Step B. (R-N(1}.

- D net hyl et hoxycarbonyl )-2,4,5-trifluor enyl al ani ne nethyl 25 ester To a

solution of 3.81 g (11.6 mml) of (ZFS 5R) - 2 .5- di hydr o- 3, 6-

di met hoxy- 2-i sopropyl -5-(2',4",5 trif penzyl ) pyrazine in 20 nL of

acetonitrile was added 20 n1_ dﬂ‘r 2 ric acid. The reaction was

stirred for 72 h and -33 WD 03/ 00 2/21349 concentrated in

vacuo. The residue was di ssol ved ilg 30 : Jchl oronet hane and 10 nlL (72
.81 of @l-tert-butyl di carbonate

were added. The reaction was stirred=for 16 h, diluted with ethyl acetate

and washed sequentl ally with 1IN hydrochloric acid and brine. The organic

phase was drj |  at ed in jacuo, an purified

by flash chrefeatoy i = -to afford

2.41 g of5 thmnMKﬁdan@onpound 1H NNR (500 VHz, CDC13) 8 6.99 (m 1H), 6.94

(m 1H, 5.08 (m 1H, 4.58 (m 1H, 3.78 (m 3H), 3.19 (m 1H), 3.01 (m

1H, 1.41 (s, 9H. 10 Steg C. (R) N-(1 ,1-Di nethl ei

t hoxycar bony3tep 2. 4:-Bromoi-2.b1éiilensoleany hremidee The titl e conpound (2.01 g) was

prepared from2.41 g (Fo 2 s8Mtidn Qf 2 £8 44 mmol) of 4-bromo-2,5-difluorobenzoic acid

(R -N- (1, 1-di et hyl et hoxycar bony 5-trifluorophenyl al ani ne net hyl

ester using (pfqpéreﬁras%émgéompfqui@@ qf(;?hlk%’(ae?tr?éd agx9 bagakgsshi 0gs (M +

1) - BOC 220. 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 temperature and 100 mL of methanol was added. The reaction was
then heated for a further 2 h, cooled and concentrated 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. (28, 5R)-2.5-Dihydro-3.6-dimethoxy-2-isopropyl-5-(4’-bromo-2",5’-
difluorobenzyl)pyrazine

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, CDCI3) § 7.21 (m, 1H), 6.97 (m, 1H), 4.25 (m, 1H),
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15 Step D.

(3R)-3-1(1, 1- D met hyl et hoxycar bonyl )am nol -4- (2, 4,5-trifl uorophenyl) -
but anoi ¢ @@ @/obpea sol ution of 0.37 g (1.16 mmol) of (R)-Ndrlysh2/21349

di et hyl et hoxycar bonyl )-2,4,5-trifluorophenyl al anine in 10 nL of diethyl
ether at -20 C were added sequentially 0.193 nL (1.3 mmol ) of

11 et hyl ami ng and 30181 P 4 SUBL) 5 L ERYBAL RReRBhCE BROGE @nd < he

reacti on was |rre at "thi's réal
sol ution of HHxAdHetdnaHel wsHDn@AS 48 Pel Jond He).t he yel | ow col or persisted
and stirring was continued for a further 1 h. The excess di azonet hane was
quenched by dropvm se addl t| on of acetic acid, and the reaction was dil uted
with ethyl a& 8)-and . REREAYIEDOUEGRERORY -0y & ardidugrapheaylalasine sodi um
bi car bonag e gﬁthggégﬂéﬂ on and br| ne, dr| ed over magneS| um suI fate and
concentrated 1 n vacuo.,, Purjfica y flash c sjlica gel,
3:1 hexane: ethyl acet gf’é‘)so IPBPEE.J(I%%? g()(4§é16m8]f) g(gggkg%oﬁg‘wq% éaésol ution
of 0.35 g (1ldihfetiroxytd-isoprophks-¢4 anokethe- mﬂhcsshdnzyﬂcb irazidinnd0 . of
1, 4- di oxane: . >J zoat e.
The resul t anf"s n‘[?&[lei(%ﬁ&%%dgﬁggﬁglggfzﬁ%g&c@gﬁ%égp ore %ea}% fm%va t?lf#@g et hyl
acetate and ilf\@lalancrhgormqtmtnd iravdcyowiThérresidup s dishdlyed i 3{bind. Qind brine,
drying er |4f i on by
dﬂgﬁﬂﬁﬁﬁétli esah'lld 4 ﬁlLa(]lZi@ n‘&ﬁ&z %f‘&fg?&c)lf‘l]afiﬂmb And ’2‘%,9 10 dﬁ%gl;%ofaf

flash romat ogr aphy (silica ge onet hane: acetic
aci d) af f or d@dt-b%ﬂﬂl%ﬂmﬁtetwrée gdldede The mpnstion was simedRor 36, dipted wretyl g

7.06 (m 1H) ace@t@ﬁlc( thhe&"l%queﬁuﬂ Wit satdidlled oudchs sBUiuAd DicarBofle {dTuiticdH)
2.61 (m ZH)aINih) -34 %1?{@04498 PCT/ US02/ 21349 | NTERVEDI ATE 4

F 00 Br -f e@am%p]?a@iwils PYFL pagnesium su ate, concentrated in
t hoxycar bonyVjcaniand budfi¢dtbpflasiichZorbatdgiphsofsijeh galy D) - hdx atst caindiacetae) @ St ep

A 4-Br 01'2‘5352 dé?rﬁ'lfizu bPRE Mo 38155}&1‘9@% tc)ég'iahgi‘ éiff)cgg @7(537 445 gﬁg‘a' ) of

4- br ono UOI’O enzol C acl prep ared a proc re of
| shi kawa et #H),6.9¢9d (aydk 5. BadshiH), 1-4.55 (m, 1H), 3. 75 s, 3H) %303.3.18 (m,

1H), 3.05-2.95 (m, 1H), 1.41 (s, OH).

Step D. (R)-N-(1,1-Dimethylethoxycarbonyl)-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 -3-[(1,1-Dimethylethoxycarbonyl)amino]-4-(4’-bromo-2’
difluorophenyl)butanoic acid
The title compound (0.36 g) was prepared from 0.6 g (1.57 mmol) of
(R)-N-(1,1-dimethylethoxycarbonyl)-4-bromo-2,5-diifluorophenylalanine using the
procedure described for Intermediate 3, Step D. MS (M + 1) 394.1 and 396.1.
30
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10 972-979, 1970) in 20 nL of tetrahydrofuran was added 40 nL of a 1M
solution of borane-tetrahydrofuran conplex. The solution was heated under
refl ux fowdgagegcool ed to anbi ent tenperature and 100 mpa@fusekimnol was
added. The reaction was then heated for a further 2 h, cool ed and
concentrated in vacuo. Purification by flash chromatography (silica gel,
9:1 hexane: ethyl acetate) afforded 1f§%§¥?i§ bronn 2,5 15 dlfluorobenzyl
al cohol. To a solution of 1.3 g (5.6 f~ 4- brono- 2, 5- di fl uorobenzyl
al cohol in 20 nL of dichlqgonethane at 0 C was added 2.27 g (6.7 nmol) of
carbon tetrabrom de and 1.'8\g7(6, 7 nupb)cpf trlphenylphosphlne The
reaction was stirred for 2 h hi sJtengerature, the solvent was renoved
in vacuo and the residue sti \NﬁfiﬁﬁﬁNethyl et her. The
solution was filtered, 20 concentrated in v cuoNeZ?&ﬂﬁﬁgfied by flash
chromat ography (silica gel, 9:1 hexgp@nethgkva te) to afford 1.5 g of
the title conpound Step B. (2S, 5R

-2, 5-Di hydro- 3, 6- dlnethoxy-Z Lsopropyl 5 (4'-bronp-2',5

dlfluorobenz- BBSadmig0-4-53 Ardifly 7 gt o grkepet ed from
0.865 g (4. Ttefm}droiafidadoPSR- a?mﬁaﬁn&gdfvar&hﬁnﬁibrret hoxy 2-i sopropyl pyrazi ne
and 1.5 (5.2 mmol) of 4- brono-2,5-difluorobenzyl bromnm de using the
procedur e’ descri bed for I nt er medi at e 2, Step A 1H NWMR (400 MHz, CDC13) 6
7.21 (m 1FDSmﬁf@?Z(ﬁmﬂﬂmbnmﬁwDEnKMMﬂ1Emﬂpwﬁﬁnmo 03/ 004498 PCT/ US02/ 21349

> 98- 16 (m any. 1 g9 yutihor 3 aﬁﬁ%%%ﬂ‘@”%i R NG
(R) - N- (1, 1- Dinfi s édegcbiyonnyB B, Jatriflueraaccione 65713 mbs apRarmply Zhe F?@CUQII ot hyi
ester To a S\Q/Llé'%tirﬂﬂl ef?frefiu br 90 b3 Akthr mo}atf%‘h &%eﬁveﬁt@he%eﬁd&g wxdr o- 3, 6-

di met hox -1'soprop brono-2', 5 uor oben zine in.10 nL of
acet oni tilq | eP#EEO Wﬁé@ﬁ“’@@ gyl geetalg aﬁ9é?tB@Fﬂdcﬁq|u€°‘%§éPé}/ Hzl'ﬁéaﬁ%e%‘f’ YRR
stirred for TAbadhedislla wmxha&teal with eViag WestatE 18X )l GHedumbngd ofigmscopheeel i n

30 nL of 10 dich d.5 2.2
(10 rmgl) of Wla?(‘:waﬁ thﬂhhg a’g?ﬂBﬁﬁﬁa@néﬁ?lg%ﬁé&néﬁ%cepég%?aﬁlﬁem Sngtl rred
for 16 h, diwatpaifiédthy ﬂishyslhrmmmgrap}g/ (aitida wels helcbtisd quetateieking, vhenHOQ%

sat ur at ed aq ous Sgeg'tﬁvg&cgag%ptﬁgﬁﬂggﬁtpéfr@ Saahns%hgr 'lﬁeI\H\/JH'FSOBrI\@ﬁQ,' c phase

was dried ov
15 CDC13) 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~(trifluoromethyl)imidazo[1,2-a]pyrazine (2.0 g,
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 mixture was filtered through Celite and washed with
methanol (3X). The filtrate was concentrated and purified by flash chromatography
(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. 1H
25 NMR (500 MHz, CDCl3) 8 1.93 (bs, 1H), 3.26 (t, 2H, J=5.5 Hz), 3.99 (t, 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-

difluorophenvyl)butanoyl]-2-(trifluoromethyl)-5.6,7.8-tetrahydroimidazo[1.2-
30 glpyrazine
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vacuo and purified by flash chromatography (silica gel, 9:1 hexanes: et hyl
acetate) to 15 afford 1.22 g of the title conpound. 1H NVR (400 MHz, CDC13)

8 7.27-7. Wo (3/04498H) , 6.98-6.93 (m 1H), 5.08 (bs, 1H), 4.fddsodpidsn 1H),
3.78 (s, 3H), 3.23-3.18 (m 1H), 3.05-2.95 (m 1H), 1.41 (s, 9H). Step D.
(R -N(1, 1- D et hyl et hoxcar bonyl ) - 4- br ono- 2, 5-di f| uor ophenyl al ani ne 20 The

titl d (1.34 . l,) . of

(R-N- (1, 1o di et iyl ot RoR 9 SaPBBRST Bt ad 4 T s Tet BT ERPLA ne

?ﬁ/}hyl egggra]pmizimg (648 npg, 0Cddume!, desc Bicpdt) ahd (3RA3-E(ledi ate 2, Step C. M
+ 1 ) . . = 3- ' -l

thoxchir bony(iﬁ a%g'rl%ﬁ- © %P@%%BEE%M’?%W}P%%%R%ﬁ% Eﬂg zgﬁjc?l%mgég) 4The

title conmpoumtolloinzéchigromsthape Epmle was pddnddI@BY (54-5ire. AR mef) at 0 °C.

(R) - N-(1,51- dirpetehsti gt WX RERPOYE YorrPh A Bred EDAi(94.6 aiféggb@mbglv@dai ne using

the procedure described for_|nternediate 3, Step D. M+ 1).394.1 and
396. 1. 30 - 3¥idp® Odfenmamg! piche sPAD i@zl@a‘:tm‘mﬁl_ﬂ@%r’e “Ngw‘zf aé)am)t’}enﬂl N F CF3

| N "2HC 7-tfempBatide Ao 1i0h. 4THe3miktakie fw ds @bagEnaalet ahd parified ty HPLC (Gilson;

| -2-(triflu hyl )L-5 7.8- tetrahydroim dazof. 1, 2-alpyrazine,

di hydr ochl or g?éb% W_C%?@Wf@gr%&mrﬂr,%ogﬂgg&r gffil?‘%t-fg?‘% 15%’[{’zi ne To a
sol ution of ®etwmitribyP0%rwater, bbd 03 % trifiGorgagetiogidite 98¥reaionit(ile2 00% matetwas
added 1-{y onp- =t Jop-Tey=\i 7 ; T, oy

s stiribd fcﬁ%ﬁﬁg (bl Bl RAE) AR 5 lg B ho 2R S RBlAd o MRAEFIBHACT
was 10 parti tHORdR (560 MiEn 6] 6 436t(a198])aha2 dat 2k 2686 uudd)lis34 Gwi um

bi carbonat e f{ Wldedhy 1H), 4.05 (m, 4H). 4.85 (m, 1H) 5.30-5.38 (m, 1H) 6.97 (m, 3H), 7.28

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

15  Step D. 7-[(3R)-3-Amino-4-(3.4-difluorophenyl)butanoyl]-2-(trifluoromethyl)-
5,6.7.8-tetrahydroimidazo[1,2-alpyrazine, dihydrochloride
To 7-[(3R)-3-[(1,1-dimethylethoxycarbonyl)amino]-4-(3,4-
difluorophenyl)butanoyl]-2-(trifluoromethyl)-5,6,7,8-tetrahydroimidazo[ 1,2-
a]pyrazine (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. 1 NMR
(500 MHz, CD30D) 6 2.97-3.10 (m, 4H), 3.91-4.34 (m, 5H), 4.90-5.04 (m, 2H), 7.16-
7.33 (m, 2H), 8.01-8.08 (m, 1H). ESI-MS 389 (M+1).

25 EXAMPLE 2

NH, O

tetrahydroimidazo[1,2-alpyrazine, dihydrochloride
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The aqueous | ayer was extracted with ethyl acetate (3x). The conbi ned
organi ¢ phase was washed with brine, dried over magnesi um sul fate and
concent r a{yefzbRgr €si due was purified by flash chromat og@pRG2L4hi Ca
gel, 1.1 et hy{ acet at e: hexane, then 100% ethyl acetate) to give 2.35 g of
the title conpound as a solid. 1H NIVR (500 MHz, 15 CDC13) S 8.02 (m 2H),
8.13(m 1H), 9.22

2-(Trifl uor OPASRIY Y rFazin To a sol ution
of 2-(trifl u@ﬂfmmwmwmamaﬂaﬁs:b 2Saétmhwmmﬁlaé<ﬂlﬂ aﬂpvraiﬁhe46 mmol, from Step
A) in nmethanol (100 nL al | mg). The
m xture was stirred un@gw?tz? ﬁ%[g%%ug%ig% F?§Efﬂaggfef¥no%t% D(aﬁ?oéﬁlﬁjg%gggjng@?agture for
14 h. The mi tetrahgirovasddzol t,2wdpyrazime(2gh n@s li4Semmoll fioas Hsampletlh Stepdd)hanol

3X Thes fi h
ESI |)I ca gjel I {%% ﬁet han%@gﬁﬁmé{?ﬁﬁﬁ&lﬁﬁn&g - { Saqlfp%réﬂr}rlgltﬁﬂ ano n% Irgrpo?‘/or m
with 1% aqudsigsmediniedi 4 mgdk8% F@é‘)l),tWPWZQH% 1 8gpoly,FEOB{H( Nﬁ E’@rrpound

as a solid. 1bg2%1)\WR HATY mgcﬁ)@33ﬁol§5m1Dﬁﬁ3 (6t}ﬁL) llkih %rQ&dﬁIfe 2H, J=5.5
Hz), 3.99 (t, 2H J=5.5 .Hz), #éﬁg?a g‘?e ﬁf ESL-M5 192 (M+1).
Step C. 7-[ (#1fossus tq thahdegeiRaddy etk B&W‘aea %lPe fg«azon met

di f | uor ophenyhg &uﬁ;&dunyllvilas%)uﬁﬁéd bl peparEyd YLI-(Silica Z6182(D%thbﬁmedn ethyl dazof

L e

0.34 mml, faoafostsmn d\n(/mR)SOGi»ﬂIﬂi CDCl3) & 1.35 (s, 9H), 2.62 (m, 2H), 2.88 (m,

di ety Mﬁf%ﬁ- dféc(iw’?ﬁi} SRS B S R P
mol ) at 0 C7.06(ms, 2He7 2460t ildn BEMSuBP (Md1at 0 C for 10 min, then EDC
(96.6 ng, 0.50 mmol ) was added. After renoval of the ice- bath the reaction

was al lowed to stir at anbl ent tenperature for 14 h. The m xture was
concent r kbt edSEAB. plrf BR)-3 (25 dfilyosephenyYutaroyHES C18 col um, 100 x

20 nm1.D.; &%Hﬁﬁémﬂ&%fﬁ@lahfﬂfr%elg%vdﬁ%ﬁkﬁﬂbt“|e 90% vt er, and 0.1 %
trifluoroacetic acid t 90°oacetontr e, 10% e 1 dO.l%

tr: fl 3or oacet: c ac: d) &B 980@3%1“#@”%?“?9‘?&6 ﬁr@rpé? @%@'&ﬂgl'as a foany
solid. 1H l\mmle(tmﬁ szarb@ﬁ)ﬂl&)mlﬁiu RBE,1-difldrpheylFditnoyl] 2§,7,82. . 86 (m 2H)
3.34 (bs, Qr‘abiydi éggo[lllz_ba]pyrazqa: 63%8m|_% Oﬁr%gl (ﬁ%lm éé%élﬁq 55mi%f( m 1H

6.97 (m 311
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 MHz, 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
U SN
= 2HCI K/N\/)— ’

7-[(3R)-3-Amino-4-(2.4,5-trifluorophenyl)butanoyl]-2-(trifluoromethyl)-5.6,7.8-
tetrahydroimidazo[1,2-¢lpvyrazine, dihydrochloride
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(m 1H). LCIMs 489 (M+l). 15 Step D. 7-[(3R)-3-Am no-4- (3, 4-difl uorophenyl
but anoyl | -2-(trifluoronethyl)- 5,6,7,8-tetrahydroi m dazo[ 1, 2-al pvrazi ne,

di hydr ochly@y dézd@44b® 7-[ (3R)-3-[ (1, 1-di et hyl et hoxycar bony!| )yryi/ingaprfssf 3, 4-
di f 1 uorophenyl ) butanoyl] -2-(trifluoronethyl)-5,6,7, 8-tetrahydroimdazo |
1,2- a]pyrazine (110.8 ng, 0.226 mol, from Step C) was added 2 nL of

nmet hanol 20 saturated with hydrogen chloride. The reaction was stirred at
anbi ent tenperature for 1 h. Concentratlon gave 89.5 ng of the title
conpound as Steb@arﬂrf@ﬂl)ﬁd(l 1idiribik YO alilbin 2.R2307-3.10 (m 4H),
391434(. ! ; 8.01-8.08 (m
1H). ESI-Ms g ( N HC1

7-[ (3R) - 3- Ami no- 4- (2 The t1t1e compound was prepared from 2- (tnﬂuoromethyl) 5,6,7,8-

5-difl uorsaphe&xﬂl;)&&haa%Li 2%115}&511{1& @q tmydsé m%m@ fforB Exb [@hmé;os dazo[
1, 2- al pvr azi d 44 g /U 02/ 11)349 %p A
7-1 (3R) - 3- [((%%Q ﬁ(}l,é c[‘ ﬁ%%%m] i -(tlé gorophenyl)butanoic aci
f': I : go (r: gﬁgg Egiét)ehuécamw 57 51g60 166@@@1? ?E@?Eg?g[ﬁned@() 199 1nitnel| marBRCH47.She
t et r ahydr oi n{nﬁa%?%%émg? 4?5’&1 o%@@éﬁ ang v ﬁlbngr%%f)ée P anaE)%gH%}o gt gt ep
B), b5 described in Example 1, Step C. Purification by preparative TLC (silica gel, 100%
3R) - 3- 1- I but
ei d (1 iy e REE, ety eRERARY ) A b e S 10 MY GRAGRIC ) 21 e
(216 g, 1. gnpmi! aa?doa:myrm(d?éﬁmﬁmt §3DGi3)|§|\A=35(GB 5.3 (g .
rocedure gg):;@] e I@é@gp xg$)o4 or e
Burl fication nié%h 2%% 5% I‘Eloﬁlﬁﬂlbﬁqu 183 r e arg% |I§ ngm lica
gel , 20% hexaA8 (n2H) iyl (11191 it @, ]tfﬂeﬁoi@% He- hlé dMtor onet hane)

to give 360 ng of the title conpound as a foany SO|Id 1H NVR (500 MHz,
: , 2.

i) o35 (e S 30 (m S, 473

tetrahvdromndazo[l 2—a]pvrazme dthdI'OChIOI‘lde
The title compound was prepared from 7-[(3R)-3-[(1,1-
dimethylethoxycarbonyl)amino]-4-(2,4,5-trifluorophenyl)butanoyl]-5,6,7,8-
tetrahydroimidazo[1,2-a]pyrazine (38 mg, 0.075 mmol, 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 34 mg of the title
compound as a foamy solid. 1 NMR (500 MHz, CD30D): § 2.59-2.66 (m, 2H),

2.92 (m, 2H), 3.89-4.16-4.22 (m, 5H), 4.70-4.84 (m, 2H), 5.42 (m, 1H), 6.86 (m, 1H),
7.06 (m, 1H), 7.24 (m, 1H). ESI-MS 407(M+1).

25
EXAMPLE 4
F
F N/\ﬁ\"‘)
/
* 2HCI LN
alpyrazine, dihydrochloride
30
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7.06(m 2H), 7.24(m 111). ESI-MS 489 (M+1l). 15 Step B.

7-[ (3R) - 3- Am no-4- (2, 5-di fl uorophenyl ) but anoyl | -5, 6, 7, 8-

t et r ahydrgigwsdezeg 1, 2- al pyrazi ne, di hydrochlori de The tigdreyweapavnd was
prepared from7-[(3R)-3-[(1, 1-

di et hyl et hoxycar bonyl ) - am no] - 4- (2, 5-di f| uor ophenyl ) but anoyl ] -5, 6,7, 8-

t et rahydroi ndazo[1,.2-a razine (349.8 ng, 0.72 nol, fromStep A in 1.5
m. of 20 net : BV 2H2%ydr ogen chl oride, using a procedure

anal ogous to that desToialsehition oE2anphepytazist @9 £.2103apomodtinethaodl 0] vent

gave 299 ny h 14 £ PaQL 4k, ,
CD3OD): 6 3. ‘%@ %@?7&2@% fBﬁ?‘ng%g‘gm@%ﬁga %ﬁqgﬁ)ﬁﬂ}“aﬂs}%@l Ig‘gﬂ *8%5’&%%%4. 33
(m 1H), 4. 9drops aBcqnepntpathd hydrochlariomid mifteiefluxigg dor Ydnhoursithe sodyent/mas
389(Mr1) .5 25 \%ﬁ@l‘xP = The BeiliPwhd Phrtibbredatwden 2t alltde b Rtodebgidosd- (2
4,5-trifl uor%p_en &li_ffbutearn%vl I,YVZ- trlilfrlleuorowrrgtnhyl )-aS, 6?7,_8- k
t et r ahydr oi n‘f'%iélcf,f@ﬂa@ﬁ?}“&?ﬂn he aqyapys BYAT WRS erdracted Wi efhylgeatasd 3.
$CT é :L))J%)Zé 21?’fﬁe coc?mﬁﬂecﬁorganiﬁ phase WBbS waslhed with brine, dn'zed over magnesium sulfate,
- T -3-r - di net oxycar bon nal - 4- 4 5-
trifluor ophe?ﬂﬂlﬁoﬂﬁ%%%ilﬁ@,r%%/lg?%w?%g‘frgﬁ%&yﬁ%ﬁ8&?@%‘?‘%9%%99%%em%’ I The
title conpousdttaddOfs mptharad ifiietryl 2eetdic,ithénutl% metlapbo) insdiéh1drcBactizane) to
tB)et rahydypi M dazok tiothO¥ @2 ASonaks 4 s0Ba. Crr™AGREB0 Mt ¥DELRER!A Lo Step
(3R)-3-[ (1, 1¢udi re), Myd2ebhyati)c 2B Gyl dmit Ad]2)48.0Q (d, 15% Uit G Hm)y DB enyH) but anoi
c acid (Internediate 3, 57 ng, 0.166 nmmol), HOBT (26.9 ny, 0.199) mml, and
EDC (47.8 mS; 0.249 mmol) in 4 nL of dichloronethane, using a procedure
anal ogous t oStehA. 5.6 Tetwhydioimidezold 2% 2ginép C. Purification by
preparative TLC (silicenhggle céhgﬁo nd was prepared from imidazo[1,2-a]pyrazine (500
15  mg, 4.20 mmol, from Step A) and platinum oxide (250 mg) in methanol (50 mL),

using a procedure analogous to that described in Example 1, Step B. Concentration

gave the title compound (512 mg) as a viscous oil. 1H NMR (500 MHz, CD;0D) §

3.37 (t, 1H, J=5.5 Hz), 4.18 (t, 2H, J=5.6 Hz), 4.88 (s, 1H), 7.27 (d, J=1.6 Hz, 1H),

7.33 (d, 1H).

- A -~ D =

20
Step C. 7-T1(3R)-3-[(1.1-dimethylethoxycarbonyllamino]-4-(3.4-
difluorophenvl)butanovl]-5.,6.7.8-tetrahydroimidazo[1,2-a]pyrazine

The title compound was prepared from 5,6,7,8-tetrahydroimidazo[1,2-
alpyrazine (31.3 mg, 0.254 mmol, from Step B), (3R)-3-[(1,1-

25  dimethylethoxycarbonyl)amino]-4-(3,4-difluorophenyl)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 LD.; solvent gradient system from 10% acetonitrile, 90% water,

30 and 0.1% trifluoroacetic acid to 90% acetonitrile, 10% water, and 0.1% trifluoroacetic
acid) gave 75 mg of the title compound as a viscous oil. 1H NMR (500 MHz, CDCl5)
8 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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10 ethyl acetate, then 10% net hanol in dichloronethane) gave 40 ng of the
title conpound as a foany solid. IHNW (500 MHz, CDC13) S 1.35 (s, 9H),

3.00 (M wHhso0d080 (m 2H), 3.93 (m 1H) 4.04-4.24 (m 2hcr/éso2d1ds, 1H),
4.35 (m 1H) 4.97- 5.48 (m 2H)722(m 1H), 7.44 (m 1H), 8.04 (m 1H).

ESI - M5 507 (M+l). 15 Step B. 7-[(3R)-3-Am no-4-(2,4,5-trifluorophenyl

but anoyl | -5, §, 7 , I 1, 2-al .5 giﬂgydrochl oride The

title compoufd® :

di met hyl et hote fdeuor ophenyl ) but anoyl] -5,6,7,

8- tetrahydroim dao[ 1ﬁe ﬁhpx&gﬁélﬂﬁv&% ég&red)ﬁ&ég [;mgj 3- {lrpm Step A), in

1.5 nmL of 20 nethanol saturate rogen c usl ng a procedure
n

anal ogous t odimeshylethersisprbgp)amim]ahid. &diluompnbenyhbutapgilirya®./ §n of sol vent
gave 34 my Oferh 61hhhﬁzoépgfﬁ}1§&fﬁ‘ﬂn@§26}n RIM $BRol, drond B’telﬁ"(? (P08 nivtt

CD3OD): S 2. 59-
4. 70- 21 84 (ninetyagol sg e thﬂ%?hogen @0{1 uiﬂﬁapf‘?c%‘ére(%?ﬁf Pé's tofg% (m 1H).

ESI - M5 407( Wésbnbélﬁn@%hﬁlkﬂ AStefrDNnCentratibn lgaté 662iglof ti title compound as a
7-1(3R) - 3- Anj )
4-difluor ophe%y) 8u?ano i ;5(5809 E t ]??’%nggrzo%% ?é m 3% @ ﬂoyr a |4m1=33

di hydr ochl or (me2E0 42461 mlﬂ,szmpmagt FJoh, 25024 .20 3454 (nStQ(H) 7\19 7.36 (m, 3H),

| m dazo] 2-2 a n of 2-am nopyrazine (2.0 g, 21.03 mmol)
i n et hano 5§\(ﬁ1 ;Ha/a eSZﬁZM%J-Qrm- 1, 1- di met hoxyet hane (2.5 m., 21.03
mol ) foIIowed by 5 drops of concentrated hydrochloric acid. After
refluxing for 14 hours, the solvent ywBsatpgyaporated. The residue was
partitioned between ethyl acetate and saturated aqueous sodium bicarbonate

sol ution. The aqueous |ayet was extracted with ethyl acetate (3x). The
conbi ned organi c phase was @i wi tNiHprOne, dried over magnesi um sul f at e,
F N/\&N

N\

N

/
" 2HC| K/N\<_
CH,

-3-ethyl-5,6.7.8-tetrahydro-1.2.4-

15  triazolo[4.,3-alpyrazine, dihvdrochloride

Step A. 8-Chloro-3-ethyl-1.2 4-triazolo[4.,3-alpyrazine
To 3-chloro-2-hydrazinopyrazine (3.0 g, 20.75 mmol), prepared 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 8 mL 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% ethyl acetate, then 10% methanol in ethyl acetate) to give 2.73

g of the title compound as a solid. 1H NMR (500 MHz, CDCl3) 3 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[4.,3-a] pyrazine, hydrochloride
The title compound was prepared from 8-chloro-3-ethyl-1,2,4-

triazolo[4,3-a]pyrazine (2.70 g, 14.8 mmol, from Step A) and platinum oxide (0.4 g)
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and concentrated. The residue was purified by flash chromatography (100%
ethyl acetate, 10% nethanol in ethyl acetate, then 10% nethanol in
dichloro MRlsok0 10 give 536 ng of the title corrpound Fr1usohide 1H NWVR
(500 M—IZWB $7.70 (bs, 1H), 7.82 (bs, 1H), 7.89 (d, 1H§’J)431Hz),
8.10 (d, 1H, J 4 6 Hz), 9.12 (s, 1H. Step B. 5,6, 7 8- Tetr ahydr oi m dazol

1, 2-al pvrazine The title conpound was prepared fromlmdazo 1, 2-a] pyrazine

(500 15 ny, n@@m%ﬁﬁmetmﬂelﬁna@ﬁr shpkerrpden hydrogem Sk pesior A4dokEs) i n
rlret gfmol B( SOCglma)mtn thlrt%hglg cahwf@nadwt (2% amaél RGBS gh(éb ﬂ(hg ?Ele@@f)ﬂpbmhﬁﬁ d golidxanpl e
ep ncentration_ gave the title conp Vi Scous

oi . 1H NVR (BOOMK& &‘B%%)D % b6 tt3H=1F6(hﬁg) 5-§4A Sﬁ Jfg ’%Z) éa J=5.6
Hz), 4.88 (s, ﬂH)J,_SMZZ) 493 (284, ﬁ=8‘BHzJJ'4)O6(s B}BSHSQM&&BB (M@l)St ep C.

7-[ (3R) - -[(1 1-di meth | e~ycar bonyl)am nol -4-(3, 4

di f1 uorophenyl ) but anoyl | -5,6,7, 8-tetrahydroimdazo [ 1,2-alp rrazine The

EI tl e conpouStdpWass- HBRbaﬂéﬁl-ﬁrmem‘ﬂet&oivcﬁmoav})Mﬂﬁ@az0[ 1, 2- a] pyrazi ne
31.3 ny, O. ] -

dlnethyletho&rlgl@%% yt ) ant R0

rrrml) DI PEA (32.8 ng,h@u@@qommmylwaﬂma{edrcznﬁget ﬂ%@%&tﬁﬁmydmm EDC (73

0. 381
that descrerErQ él tnlaﬁblé[&m_agyrﬁﬁmﬁ%ﬁﬁ%g?:aﬁocﬁgImmﬁmﬁpﬁ@ﬁ%@? BygsRgous to

ion b S
YMC- PacklOpr o3-€ilgl- d’é’%ﬂtlﬂbﬂﬁho’iwl’)@n J-463.4-di 'il‘i’}féﬂlﬂe“é]r)g‘df?’é‘ﬁé Qég&ﬁn& om
10% acet oni t 2,15 eSO WEAE(L 1 30, md n(ﬁndl%H(DBfrl(w B AGS LIS rAfiol) ahd EDIY

TR e e L T T T
g 05 (5 bg 3 1Hhat @&s€2Zbednn Exlainple?l, ES@eI(@h TBH;cruﬂe plodaciOntay prrifisd)by HPI84- 4. 88 ( m
H). gﬁ %F%?%Eé& Pé?)'@l%gdhgmé (180 33 mnfh:: IX@IVél%Jng{gﬁt)from (ALY

03/ 004498 P
7- 1( 3R) - B Andastonitsile 9%tk @n@ BA&nyifluertnageitsydcid ® %)% acetonitrile, 10% water,

t et rahydr oi rﬂw% 'tnﬁ’uc%&‘)éﬁ@éélﬁﬁto e PRl R HiedfieThengdubll s § 9EBeNNS]. was

prepared fromn
di met hyl et hoxlslé‘ﬁ‘([gdﬁ Qﬂﬂll-a)tlﬁ 1 3143 G, USHphehdI920o: SRyt 93-4.18 in, 8 5

tet r ahydr ol mdpaqjsls 31 BhPYRREIG( 1D, 785 (A, 3% BORMS dsRmEshep O, in 1.5

20  StepD. 7-[(3R)-3-Amino-4-(3.4-difluorophenyl)butanoyl]-3-ethyl-5.6.7,8-tetrahydro-
1,2 4-triazolo[4,3-a] pyrazine, dihydrochloride
The title compound was prepared from 7-[(3R)-3-[(1,1-
dimethylethoxycarbonyl)-amino]-4-(3,4-difluorophenyl)butanoyl]-3-ethyl-5,6,7,8-
tetrahydro-1,2,4-triazolo[4,3-a]pyrazine (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, 5H), 5.08 (m, 2H), 7.16 (s, 1H), 7.31 (m, 2H). ESI-MS 350
(M+H).
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met hanol saturated with hydrogen chloride, using a procedure anal ogous to

that described in Exanple 1, Step D. Concentration gave 66 ng of the title

conmpound &% &0olLany solid. 1H NMR (500 MHz, CD30D) 8 2. 9@;&/13@2&{13494%

3.93 (m 1H), 4.13 (m 2H), 4.26-4.38 (m 2H), 4.26-4.38 (m

4.90-5.04 (m 2H), 7.19-7.36 (m 3H), 10 7. 58 (m 1H). ESI-NB 321 (ML) .

EXAMPLE 5 F NH2 QF NN N 2HC VN [ (3R)-3- Am no-4-(3

4-di fl uor ophenyl butanoyl | - 3-et hyl -5, I*LEeQrahydro 1,2,4- 15

triazol o] 4, 3-al pyrazi ne, di hydrochl ori de Step A

8-Chloro-3-ethyl-1,2,4-triazolqg[4,3-alp r To 3-chl oro-2-hydrazi nopyrazi ne

(3.0 g, 20.75 mmol), prepared - dichl oropyrazi ne and hydrazi ne

usi ng a procedure anal ogous t ed in 20 the literature

(Huynh-Dinh et al, J. Og. ‘ s added 8 niL of

triethyl orthopropionate. After i ng he reacti on was cool ed

down to anbient tenperature a t he preC| pltat filtered. The solid

was purified by flash chromat ograph‘SlH@ 00% e cetate, then 10%

met hanol in ethyl acetate) to give 2.73 g of the tCFLte conpound as a

solid. 1H NMR (500 MHz, CIKHS) 8 1.54 (t, 3H, J=7. 6 25 Ft) 3.16 (g, 2H,

J=7. S}t) - : d =4.

3- Et hyl - ] ] L=

The t|tIe conmehwﬂoma54mmmmhﬂéﬂcﬂpmﬂzﬁedhﬂnkhkﬁxbthyl 1,2,4-

triazol o[§1 3-a]pyrazine (2.70 g, 14.8 mmol, from Step A) and pl ati num oxi de

(0.4 g) -42 WD 03/004498 PCT/ US02/ 21349 in 200 nL of methanol in a paar

shaker under Stepdk.o3€FriflgoromethyDt b2.4qraradeldS3-alpFiazineat i on t hr ough Cel ite

fol l owed by concentrat i %z@@fé%fbhﬁrd}dziﬂoﬁ 1%91559?%@5’7 asﬁﬁha? pre CM@H( 500

Mz, CD3CD) 8 1.36 (t, 3H  J= 84 (t, 2H,

J=8.0 Hz), 42shlorgpyragipe ?J“@WIW‘)G uswgcﬁamrgcedm anaﬂ;goufv@ tils%dqsmlaeﬂ 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

hI oride

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
g, 22.4 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). 'H NMR (500 MHz, CDCl5) &
8.17~8.20 (m, 2H), 9.54 (s, 1H). LC/MS (M+1) 189.
20
Step B. 3-(Trifluoromethyl)-5.6.7.8-tetrahydro-1,2.4-triazolo[4,3-a]pyrazine
3-(Trifluoromethyl)-1,2,4-triazolo[4,3-a] pyrazine (540 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
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Step C 7-[(3R)-3-[(1, 1-dimeth leycarbonyl)am nol -4-(3, 4-

di fl uor ophenyl ) but anoyl | - 3-ethyl -5, 6,7, 8-tetrahydro-1,2,4-triazolo[4, 3-alp
razin Thed dstdogegonmpound was prepared from 3-ethyl -5, 6, 7, @1tedopaipsor o
1,2,4-triazol o[ 4, 3-a] pyrazi ne hydrochloride (400 ng, 2.12 muol, from Step
B), (3R - 10

3-[(1, 1-di ne (o] 0 o) aci d
(665 1, 2. EO0NIBR COBPEA-FaE 0 205 inde. Heb T eth 455314 ol )
and EDC (60@.26(@@}1)31%1@1[—}1)”@320 mL of dichl oronmethane, using a
procedure anal ogous to that described in Exanple 1, Step C. The crude
product was purified by HPLC (Gllson YI\/C- Pack Pro C18 colum, 100 x 20 mm
| . D.; sol venbtegrGdi-6(3R)-Be ¢l Idivmettylethexvearbpnyl)a 44 at er and 0. 1%

trifluoropc e&ﬁﬁlo@%ﬂl%g%@yﬁ%e&%&ﬁfnleﬁvb1@8 W‘@a&ﬁﬁhvﬁ@ Qtnan)IOM 3-

trifluoroacetic a ive 366 of the title compound as a Vi scous
oil. 1HN|\/I@@."1%HWI—|Z, CDC13) 6131134(m 12H), 2.67-2.92 (m 6H),

4.03-4.12 (m 4|'|) S. Qﬁeﬁtle?»éoxﬁ undhias frefided Fom¥BR)-34(0b- (m 2H). ESI-M
450 (MF1). 20

4-di f | uor oph 3@?@8@‘1@@ @FHWT J;?%éiffgmff%ﬂhreﬁwt@mc acid (Intermediate 1,

1,2, 4-triaz ob‘@big,, 8:-18/mmyl)and Berifilidayrdethgld 50,7 Baetfdiydtd-1 Rel-canpoddt was

pr epar ed 3

B ooyt M hodp ki i, Y imaD asing a prosedure smalogons g that described for |y 5

7 8- tetr ahyExmnplez,, 8teprQ.atie ofude Bnodpgw@zpunléled by pmj)ara@lveé‘i cafgf:bm St ep
in 1.5 371 Q(%ﬁﬁrlﬁén f@%%@%ﬁgll&khf&r&ﬁaﬁ%ﬁe@)@‘ﬂ&ﬂfo@@me‘{ﬁlen9 a

procedure anal ogou escr

I n_EX )s‘i 3 ) Evaporatl on of
sol vent affo@@@ﬂmw@(ﬁélanVE@SPhéléih@éﬂﬁ8WhNH§§C3XUp 538 G, 1H NVR (500
'VHZ CD30OD) 8%74%06 (m, 44, 3. 8%~&33o?(n93 %H),&.@ﬂ%,ﬁ@ $21)5.46. 08 (m

PCT/ Usozf5z Q’él{%&ﬁrﬁécéz% é)%%')d:?)' 43 V0 037004458
7-[ (3R)-3- Am no-4- (2, 5-difl uorophenyl)butanoyl | -3-(trifluoronethyl)-5,6,7,8
Step D. 7-[(3R)-3-Amino-4-(2.5-difluorophenyl)butanoyl]-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-

L\

20  dimethylethoxycarbonyl)-amino]-4-(2,5-difluorophenyl)butanoyl]-3-(trifluoromethyl)-
5,6,7,8-tetrahydro-1,2,4-triazolo[4,3-a]pyrazine (19.1 mg, 0.039 mmol, from Step C)
using a procedure analogous to that described for Example 1, Step D. Concentration
afforded the title compound (16.1 mg) as a solid. I'H NMR (500 MHz, 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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tetrahydro-1, 2,4-triazol o[ 4, 3-al pyrazi ne, hydrochloride 5 Step A
3-(Trifluoronethyl)-1,2,4-triazol o[ 4, 3-al pyrazine A m xture of

2- hydr azi wepysioazdope (820 ny, 7.45 mmol), prepared from 2-phgepyssazi ne
and hydrazine using a procedure anal ogous to that described in the
literature (P.J. Nelson and I.T. Potts, J. Og. Chem 1962, 27, 3243,
except that the 10 crude product was t into

10%vret hanol / di chl or omret hane and filtgﬁggwﬁﬁ gpt filtrate was
concentrated and purified by flash chronatography on silica gel, eluting
with 100% ethyl acetate followed by 10% methanol in dichloronethane), TFA
(2.55 g, 22.4 mmol ), and pb p agid (10 m) was heated to 140 C
with stirring for 18 h. The ¢ 2dded to ice and neutralized by
t he addition of anmonium 15 h

Rol ution was extracted
with ethyl acetate (3X), washed|w th™ brine, nd over anhydrous
magnesi um sul fate. Concentrati o fol | owed by Lf\lgsm / romat ography (silica
gel, 1:1 hexane:ethyl acetate, then 19094 et hyl ~acet afforded the title
conpound as a solid (861 ng). 1H NMR (500 NPB CDC13$F§ 8.178.20 (m 2H

9.54 (s, 1H). LC/NB(M+1) 189 20 Step B.
| ahyd

3-(Trifluorofre AN} ‘

from Step A)tewals Xyérénieriol Ipyrazibenhygioe “ydrogen mnth 10@6Pd/C
(200 ng) as a catalyst i n et hanol (10 nL) at anblent tenperature for 18 h.
Filtration 25 througRCellte foI I O\f/%d by concientrau on av a darklcol ored
oi l. : C EYEH ) : g

orecip L yaindgioegn iy SORCESk sy 0001 A B 0 (500
conpound as an ol
MHz, CDC13) 8 2.21 ( br% gg&le cempepnd;was prppagediremy ’2&% [(&T{ gé“‘%éﬁetgﬁ‘yu = 5.5
Hz), 4.24 (é‘arb )1émmbﬂ3/4 A Mirff)uot&henyBiteganGic acid (Intermediate 3, 50.1 mg,
7-[ (3R car (
dlfluoroﬁ% @F%Bﬂ?@ﬁ ?éHﬁF¥ t8§$§§%fg&$¥h§é€:§234F5?¥%ﬁﬁﬁggw%¥5?4-triaz
olo[4,3- a ré&?t?nmgT(héO irhol@ usiogp provddwa sngogpaite that deserib&Rjor Bxpufiplell,

Step C. The crude product was purified by preparative TLC (silica gel, 100% ethyl

acetate) to afford the title compound (29 mg) as a solid. TH NMR (500 MHz, CDCls)

8 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.

(SIN

Step B. 7-[(3R)-3-Amino-4-(2,4,5-trifluorophenyl)butanoyl]-3-(trifluoromethyl)-
5,6.7.8-tetrahydro-1,2 4-triazolo[4,3-a] 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 described for Example 1,
Step D. Concentration afforded the title compound (16.5 mg) as a solid. "HNMR

25 (500 MHz, CD;0D) & 2.75~3.15 (m, 4H), 3.82~4.35 (m, 5H), 4.90~5.05 (m, 2H),
7.16~7.25 (m, 1H), 7.30~7.42 (m, 1H). LC/MS (M+1) 408.
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di et hyl et hoxycar bonyl ) - am no] - 4- (2, 5-di f| uor ophenyl ) but anoi ¢ aci d
(Intermediate 1, 50 ng, 0.16 mmol) and

3-(trifl upigoismbigs) -5, 6, 7, 8-tetrahydro-1, 2, 4-triazol o[ 4, 3 pktdyedopeixagi ne (30
ng, 0.16 mmol) using a procedure anal ogous to that described for Exanple
1, Step C. The cr ude product was purified by preparative TLC (silica gel,

100% et hyl acetate, 0 hanol d| chl or onet to aord the
title conpound (38.1 ﬁ,ﬁs)eng%ﬁyg?gmv}n@ rf%‘&ﬁpﬁﬁi&%%es é'a; h}?8 (s,
9H), 2.57- BCMpqmsthdlﬂTﬁﬁeA“Z}a@epmpatﬁdi), 4.90 (s, 111), 4.95-5.15 (m
1H), 5.22-5.40 15 (br, 1H), 6.86-7.24 (m 311). LC/ M5 (M+l-t-Boc) 390. Step
D. 7-[(3R)-3-Am no-4-(2,5-difluorophenyl)butanoyl!-3-(trifluoronethyl)- 5 6
7 8-tetrahydro-1, 2,4-triazol of 4, 3-al é%lélzﬁrle, hydrochl ori de The title
conmpound was prepared from7-[(3R)-3-[(1,1 20

di et hyl et hoxycar bonyl ) -am n A 5- dNAL uor ophenyl ) but anoyl ] -3-(trifluoro
nmet hyl ) - 5678tetrahydr01 i az Io[ 3a]pyra2|ne(191rrg 0. 039
mmol, fromStep C) using a proc \hat descri bed for

Exanple 1, Step D. Concentration afforded th%\ﬁ corrpound (16.1 ng) as
a solid. 1HNIVR(500M—|z CD30D) 8 2.75-3.16 Z‘Z) 3.86-4.35 (m 5H),
4.95-5.0% (m 2H), 7.03-7.20 (m 3H). 25 LC/ M5 (IVHB 390. -45 WD 03/004498
PCT/ US02/ 21349 EXAMPLE 7 F F |1 NH2 ONN F_ HCA N CF3

7-[(3R)-3-Amno-4-(2 4
5-trifluoroppepybrbipa@noyl | - 3- (trxfl uoronet hylgl-5, 6,7, 8- | MS (M+1)
t et rahydr o- I, 2, 4-tTifazot of 4, 3-aj pyr azi he, nydgrocnioride 5 Step A
7-r(3R)-3-F(1, 1- D net_hyl et hoxyca yl)am nol{-4-(2,4,5-tr uor ophenyl ) -
but anoyl | - 3k (Tr8f|ll{l;12 thyl)-5 6835“}2 fpfrah\ﬂn-1,7,4-tt éiylgl_g,_z;_,;;_m pyraz
ine The title conpound was pr epar ed from (3R)-3-[(1, 1-di et hyl et hoxy
carbonyl)-apm nod-4- (3,A4F trifl uocaphenyl ) but @hoi c acid (| M%rnedi ate 3,
50.1 nyg,

10 2-F CH H 303

11 2-F C-CF; H 371

12 3-FA4-F C-(4-F-Ph) H 415

13 3-F4-F C-Ph H 397

14 3-F4-F C-(4-OMe-Ph) | H 427

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

16 3-F4-F C-(4-OCF5-Ph) | H 481

17 3-F4-F C-C,Fs H 439

18 2-F N Et 352

19 3-F4-F N Et 336

20 2-F N Me 318
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10 0.15 rnnol) and

3-(trifluoronethyl)-5,6,7,8-tetrahydro-1, 2,4-triazol o[ 4, 3-a] pyrazi ne

(39.2

ng, 0.20 wendz)oow®gng a procedure anal ogous to that descri bhgd/fwe2anple 1,
Step C. The crude product was purified by preparative TLC (silica gel, 100%
ethyl acetate) to afford the title conpound (29 ng) as a solid. 1H NWR
(500 MHz, 13)—S+-3F+(s—9H—261+-3060(m—4H-—3-924-36—(m—5H),
4.93 (s, 1H), 4.95-%.12 (m 15 12%{, 5.22-5.35% (br, 1H), 6 83-6. 95 (m 1H),
7.02-7.12 (m_¥). LGHREH Mr1-t-BY) 452, StedtB. 7-[(3R)+35Rm no-4- (2
4,5-trifluofophenyl)butanoyl|l-3-(trifluoronethyl)-
5,6,7,8-tet[ahydro-1p2z4-triazol p\4, 3-al pyrazine, hydrochhgyide 20 The
title conpound —was prepared from 7-{(3R=3-1(T 1-
di met hyl et hpxycar bonyl)-am no] -4+ (2,4, 5-triflluorophenyl) but anoyl ] - 3-
(trifl uor o fhyf43)-'—'s %%7 ?ffpfrah} rn-1,?,A-fr:i£7nl n[A, 3-23 ﬁgznﬂ ne (22 ny,
0.039 mol| from Step A) using @ procedure gnal ogous to that descr|i bed for
Exanple 1, |Stepa D. |Ganggntrati onNaf forded thecH;itle conpopgo@ (16.5 ng) as
a solid. 1HNVR 25 (500 MHz, CD30D) S 2.75-3.|15 (m 4H), B.82-4.35|(m 5H),
4.90-5.05 : 25 (m1H), 7.30-7. 1H) . M5 (M#1) 408.
-46 WO 03/ (();]M@.DC ﬁL%%éﬁ““g l ._sslz?e‘nti aH-y ‘Ci%' (Gm "gH2 h,h/gi Gceéure)s
outlined for Exanples 1-7, the ronpounds listed in Table|l were prlepared.
TABLE 1 R3|\ N2 O|N-F4X N~ RIN 5 Exanple [RHXH1 M5 (M4 8 2-F CGEt H
331 9 3-F,4-F CGEt |H 349 10 2-F CHH 303 11 2-F CCF3 H 371

27 2-F,5-F N CH,CF; 404

28 2-F CH CH,Ph 393

29 2-F CH Ph 379

30 2-F, 4-CF5 C-CF; H 439

31 2-F4-F,5-F C-CF,CF; H 379

32 4-Br,2-F,5-F C-CF; H 467, 469

33 4-Br,2-F,5-F N CF; 468, 470
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12 3-F,4-F C(4-F-Ph) H 415 13 3-F,4-F CPh H 397 14 3-F, 4-F C (4- Ove- Ph)
H 427 15 3-F, 4-F G (3-F,4-F-Ph) H 433 16 3-F, 4-F C (4-OCF3-Ph) H 481 17
3-F, 4-F Ga@Baoked39 18 2-F N Et 352 19 3-F,4-F N Et 336c126s022B40N Me 318
-47 WD 03/ 004498 PCT/ US02/21349 21 2-F,5-F N Et 350 22 2-F N H 304 23
3-F,4-F NH 322 24 3-F, 4-F NCF3 390 25 2-F,4-CF3 N CF3 440 26 3-F, 4-F N

CHROFS 404 27 2.F. 5 FRRER Rt pRied R bR IS B9 1 " 370
C CF3 H 467, toksstaBRpatiBrlaranthcglirents Dol 6Boseakiled i thewt Wil gpaerdge that

PCT/ US02/ 2136&0&4"%%1&51&% &H&}eg&t hR)Ialf 38 ofe §lbs ﬁﬁl%ﬁ§ beftdRd ok h&diﬁ&ﬁsa&ed Wi th
reference to certal pal’tl n”ents t hereo hose ski | in the
art will apppespdires akprotogals mysbeara@&\@f Qi epw@@@ thergrarit ancescppsmefl

substituts on&e iAedn@iloh O WGy eﬂ&n;ﬂ@@ffebtﬁ%dd@ﬁges REHRE qmurt@@p@ﬂéulmr @s0ERaS sy be
made w t hout arting from {%lrlt an the i nvention

e o Gt atin dBats S, b GpP LRk at AEowEAeTor Db iAeRs HU S SnsRRest or ¢
her ei n aboveofrhy nirenaplBeirgpindatedofor anycoithe fdtrationovith sid @tnmuads of the

FeSponst VENeER ention indicated above. The specific pharmacological responses observed may
vary according to and depending upon the particular active compounds selected or
10  whether there are present pharmaceutical carriers, as well as the type of formulation
and mode of administration employed, and such expected variations or differences in
the results are contemplated in accordance with the objects and practices of the
present invention. It is intended, therefore, that the invention be defined by the scope
of the claims which follow and that such claims be interpreted as broadly as is

15 reasonable.
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of the mammal being treated for any of the indications with the conpounds
of the invention indicated above. The specific pharnacol ogi cal responses
observed wey3/mawy accordi ng to and dependi ng upon the parrdmcusoarizaeti ve
conpounds sel ected or 10 whether there are present pharnmaceutical carriers,
as well as the type of forrmulation and node of adm nistration enpl oyed,
and such exp (="' or differences in the results are
contenplated%ﬁ%ggg%ggégﬁggﬂafth the objects and practices of the present
invention. It is intended, therefore, that the invention be defined by the

scope of the clains wpich faal waddr thedbmsgh clains be interpreted as
broadly as is 15 reasonable. -49 WO 03/004498 PCT/ US02/21349 WHAT IS

"CLAIMED IS : 1. A conpound of the fqyuule@ I: N2 OAr N~ Y /X RL 5|
wherein: Ar is phenyl which i?x;unsubs ifjuted or substituted wth 1-5 of

R3, wherein R3 is independent Nkﬁhhgﬂ& group consisting of: (1)
hal ogen, 10 (2) Cl-6al kyl, which is linearjor branghed and is unsubstituted
or substituted with 1-5 hal ogens, (3) OCl.‘\@azI , Which is linear or

branched and is unsubstituted or substituted withxl-5 hal ogens, and (4)
CN;, 15 X is selected fromthe group consisting of:" (1) N, and (2) CR2;

5 I
wherein:
Ar is phenyl which is unsubstituted or substituted with 1-5 of R3, wherein R3 is
independently selected from the group consisting of:
(D) halogen,
10 ) C1-6alkyl, which is linear or branched and is unsubstituted or

substituted with 1-5 halogens,
3) OC1-ealkyl, which is linear or branched and is unsubstituted or

substituted with 1-5 halogens, and

@4 CN;
15
X is selected from the group consisting of:
¢ N, and
(2) CRZ

20  R1 and R2 are independently selected from the group consisting of:
)] hydrogen,
2) CN,
(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, NHSO,R4, SOoR4, CO2H, and CO2C1-6alkyl,
wherein the CO2C1-galkyl is linear or branched,

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

~50-



20 R1 and R2 are independently selected fromthe group consisting of: (1)
hydrogen, (2) CN, (3) Cl-1Calkyl, which is linear or branched and which is

unsubsti t wicegd/0ksegsubstituted with 1-5 hal ogens or phenyl ,potirhb 21559
unsubstituted or 25 substituted with 1-5 substituents independently

selected from halogen, CN, OH R4, OR4, NHSO2R4, SO2R4, CO2H, and

CQ2C1- 6al kyl, wherein_the CORCL- 6al késl is |Linear qr branched, (4) phenyl
which i's unsubstit ut edS82RE B H; trEORF 1162HyE Whern the(Res1-6pkkdbiSendent | v

sel ected from hal ogen, j; , NHSQ2R4, -50 WD 03/004498
PCT/ US02/ 21349 802R4,h%|-1§0, Hﬁ‘ﬁ%‘%&%‘;- 6al kyl , wherein the COR2Cl-6al kyl is
li near or branchet®) and5¢e)o-membegnd htaregyslerwlich gy bs sytrased pr wWsatieaied e

saturated or unsat ur at g&npSeRPI-UsicRFoatortts hRlefERIshPTlédiieRendes dnd gel ect ed
fromN, S and 0, 5 the hﬁ%eroc cl.e bein unsﬁt#)sti%ut ed or, s gstét.ut ed with
1-3 substituents i ndePErERRqYGledsingnsEPsHBeH e Sttﬂlfedl’f‘éﬂlbg' FUPHURE Kyl |

and OCl-6al kyl , wher eindepé¢ndely Gidckeg fram axO@HGhdlagen, &1 walkiyhead or

branched and optional | ¥ u@lga};%é\yﬂvﬁgn%é 01k a,B%{d)@@?_ZGglk%ms@é-nie& 4&z1- 6al kyl ,

which is linear or branche Ich 1s unsdbstitu stituted wth
1-5 groups i ndependent bsansledent] egtibnabimshbdtivefed wilGd2fHhalagehs; CO2C1- 6al kyl ,
wherein the CO2Cl-6al kyl is linear or branched; and pharmaceutically

acceptabl e sal,ts thereof and. individual_ djastereomers thereof. .15 2. The
conpoundibr *Rra l-BBELoHEN i geribgmensd SRLTHER  fasbotipred i subgGrufé
with 1-5 groups independently selected from halogen, CO2H, and

CO2C1-6alkyl, wherein the CO2C1-6alkyl is linear or branched;

and pharmaceutically acceptable salts thereof and individual diastereomers thereof.
15
2. The compound of Claim 1 of the formula Ia:

NH, O

i A

Ia
20  wherein X, Ar and R1 are defined in Claim 1;
and pharmaceutically acceptable salts and individual diastereomers thereof.

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

AFMN/\KN\N

25 Ib



20 wherein X, Ar and R1 are defined in Claim1; and pharnmaceutically
acceptabl e salts and individual diastereoners thereof. 3. The conpound of
Caiml olvghaod@gmula Ib: NHZ2 O Ar N"N N Rl 25 |b -falrWeRe1004498
PCT/ US02/ 21349 wherein Ar and Rl are defined in aiml; and
pharmaceutically acceptable salts and individual diastereoners thereof. 4.
The compound of Caiml of the formula Ic: NH2 O Ar NON Il _ R2 NS5 RL
lc  wherein WhereimApy R agrdsfiged infel@imAd: O ai m 1; and pharmaceutical |y

accept abl e Sﬁldpﬁqah’ﬁ%eﬁﬁéal@%céﬂ&’dlé’hﬂ&%d%cﬁﬁﬁ@ﬂ&ﬁéﬁ@&%ﬁé}@ﬂ%ﬁ&f 10 5. The
conpound of Claim1l wherein Ar is phenyl which is wunsubstituted or

substituted with 1-5 substitutents which are i ndependently selected from
the group consisting off: (1Yhéteapaund of Dlaibr bobthedndnuld ke:(3) CF3. 6. The
compound of Claim1l wherein Ar is sel ect ed fromthe group consisting of:

(1) phenyl, NH, O
N/\‘/\Q;Rz

Ar
Ic

wherein Ar, Rl and R? 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:

(D) fluoro,
(2) bromo, and
15 3) CFs.
6. The compound of Claim 1 wherein Ar is selected from the

group consisting of:
(1)  phenyl,
20 2) 2-fluorophenyl,
3) 3,4-difluorophenyl,
) 2,5-difluorophenyl,
&) 2,4,5-trifluorophenyl,
6) 2-fluoro-4-(triflouromethyl)phenyl, and
25 (7 4-bromo-2,5-difluorophenyl.

7. The compound of Claim 1 wherein R1 is selected from the
group consisting of:

¢)) hydrogen, and
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20 (2) 2-fluorophenyl, (3) 3,4-difluorophenyl, (4) 2,5-difluorophenyl,
(5) 2,4,5-tifluorophenyl, (6) 2-fluoro-4-(triflouronethyl)phenyl, and 25
(7) 4-browey®d/bi@sfl uorophenyl. 7. The conpound of C ai m JponngdoeissRl i s
selected fromthe group consisting of: (1) hydrogen, and -52 WD 03/004498
PCT/ US02/ 21349 (2) Cil-6al kyl, which is |inear or branched and which is
unsubstituted or substitute conpound of

Claim1 wherein RLis § Iec%é\é%aﬁlfyé ﬁlﬁgls lgnreﬁjf glag{l ;lilbc-l;d? (1)

hydrogen, (2) nmethyl, (3) uﬁidb}s’ﬁtuted((ﬂ')su@ﬁ&lteclQ/ltﬁ?}le@ﬂ%@ﬁ?ﬁ fludrd) CF2CF3
(6) phenyl, and (7) benzyl. 15 9. The conpound of Caim1l wherein Rl is
selected fromthe group consisting of: (1) hydrogen (2) methyl, (3)
ethyl, 20 (4) CF3, and8. (5) Tet2aRBountf Clhien d:&mprmmﬂ af sd[écmdrﬁrdmwlmrel n Rl
IS hydr ogen Qfougansmtﬁl%o]f.l The conpound of Claim1l wherein R2 is selected

from

(1) hydrogen,
2) methyl,
3 ethyl,
4 Ch3,

10 (5) CH2CFs,
5) CF2CF3
(6)  phenyl, and
@) benzyl.

15 9. The compound of Claim 1 wherein R1 is selected from the

group consisting of:
(1)  hydrogen,

2) methyl,
3) ethyl,

20 4 CF3, and
o) CH2CFs3.

10.  The compound of Claim 1 wherein R1 is hydrogen or CF3.

25 11.  The compound of Claim 1 wherein R2 is selected from:
(1)  hydrogen,
2) C1-6alkyl, which is linear or branched and which is
unsubstituted or substituted with 1-5 fluoro,

(3)  phenyl, which is unsubstituted or substituted with 1-3
30 substituents independently selected from fluoro, OCHj3, and

OCF3.

12.  The compound of Claim 1 wherein R2 is selected from the

group consisting of:
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(1) hydrogen, (2) Cil-6alkyl, which is linear or branched and which is
unsubstituted or substituted with 1-5 fluoro, (3) phenyl, which is
unsubsti t wicegd/poksesubstituted with 1-3 30 substituents i ndgrandenbiio
selected fromfluoro, OCH3, and OCF3. 12. The conmpound of Claim 1l wherein
R2 is selected fromthe group consisting of: -53 WO 03/004498

PCT/ US02/ 21349 (1) hy rogegjfI %26) methyl, (3) ethyl, (4) CF3, 5 (5)
CH2CF3, (5) CF2CF3  (BY phB¥¥PE% 7) (4- et hoxy) phenyl, (8)
(4-trifluoronethoxy)ph&yl , metl,(9) 4-fluorophenyl, and (10)

3, 4-di fl uor ophenyl . 13(3 he ound of daim1l wherein R2 is CF3 or CF2F3.
15 14. The conpound of %ai "wherein R3 is F, Br or CF3. 15. A conpound
which is selected fronf®h gkéup consisting of: F NH2 ON F IN)/- NCF3

F NH2 O NON (5) CHoCF3,
(5) CFCF3
(6) phenyl,

(7)  (4-methoxy)phenyl,
(8) (4-trifluoromethoxy)phenyl,
10 (9)  4-fluorophenyl, and
(10)  3,4-difluorophenyl.
13.  The compound of Claim 1 wherein R2 is CF3 or CF2F3.

15 14.  The compound of Claim 1 wherein R3 is F, Br or CF3.

15. A compound which is selected from the group consisting of:
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pj~t N\N\ N N F~N~5CH2CH3 FCNH2 ON F NN ~N CH2CH3 -57 WO
03/ 004498 PCT/ US02/21349 NH2 O N~NNF NCH3 F NH2 ON ~NN CH2CH3 NH2 O
NMNN F Nod@EwHsO ~ NFN.N ~N/ FNH2 O~N F N .N pPdT/US02/21349

NH, O
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5 CF3 -58 WD 03/004498 PCT/US02/21349 CF3 NH2 O\ I _ NMN FCF3 F~0
FNCHRCF3 FNH2 ON MN FN CHRCF3 NH2 O"'T-7 NH2 ONN F 5 ~ -59
WO 03/ 0044303h0d498/S02/ 21349 F,,,~:, NH2 ON N F CF3 F BdWiZso220849

~~- CF2CF3 FBr/ NH2 O
NH2 O
o

F k/N\/(

-58 -



~1 NNJ-CF3 FBr NH2 ON NN F NCF3 5 and pharnmaceutically
acceptabl e salts thereof. 16. A pharnmaceutical conposition which conprises
an inert gaydioelqosand a conpound of Claim1l. 10 17. A net hed/fs i3k bi tion
of di peptidyl peptidase-1V enzyne activity in a mammal which conprises the
adm ni stration of an effective anount of the conmpound of Claiml. -60 WO
03/ 004498 PCT/ US02/ 21349 é?. A nethod for treating, controlling, or
preventing di abetes conprisi#g i @ation to a patient of an
effective anount of the compou 5 19. A nethod for treating,
controlling, or preventing non- lpe 2) diabetes
mellitus in a mammal i an pati ent

iiln need of such tireafNment which conprises
adnmini stering to the patient a tHherapeuticall Ive anount of a
conmpound of Claim 1. 10 20. A nethod for treating, c rolling or
preventing hyperglycema in a manmalian patient in et of such treatnent
whi ch conprises admnistering to the patient a therapeutically effective
anount of a conpound of Claim1l. 21. A nethod for treating, controlling or
preventing obesity in a PHI IiaNFpakjent in need of such treatnent

whi ch conpri ses adm ni steri they pPaffl ent a therapeutically effective
anount of a conpound of Cla z oefoLN reating, controlling or
preventing insulin resistance i an patigqt in need of such
treatment which conprises 20 adm nistering kg/;N fatient a therapeutically
effective anmount of a compound of

CH,CF3
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Claim1. 23. Anethod for treating, controlling or preventing one or nore

| ipid disorders selected fromthe group conisting of dyslipidem a,

hyper | i pi @ izawsd® hypertriglyceridem a, hyperchol est er ol gataysokays4yiDL, and
high LDL in a mammalian patient in need of such treatnent which conprises
adm nistering to the patient a therapeutically effective anount of a
conpound of Claim1l. 24. ,Q nmet hod for treating, controlling or preventing
at herosclerosis 30 in a nhamfalian mﬁ%e@t in need of such treatnent which
conprises admnistering to ient H therapeutically effective anmount
of a conpound of Claim1l. 25A M S hpféa%kN or controlling growh
hornone deficiency in a manmal i an patient |In neg%ﬁ%CEgch treatment which
conprises -61 WO 03/004498 PET/ US02/ 21349 {stering to the patient a
t herapeutically effective amount of a conmpound of Caim1l. 26. A nethod
for nodul ating the i mune response in a 5 mammalian patient in need of such
treatment which conprises adfAinistering to the patient a therapeutically
effective anount of a c ound of daiml. 27. A nethod for treating or
controlling HV infectionyA & naNmy i@n patient in need of such treatnment
whi ch conpri ses adm ni ster (o tHe D patient a therapeutically

ef fective anount of a conpovpd of Chair nmet hod for treating,
controlling or preventing inia nanmalianjpati en/v fR€He; of treatment one
or nore disorders selected fFomthe grouE\ga +6ting of neutropenia,
neuronal disorders, tunor netastasis, benign 15 prostatic hypertrophy,
gingivitis, hypertension and osteoporosis which conprises admnistering to
the patient a therapeutically [Effective amobunt of a conpound of Caim 1.
29. A nmethod for reducingksper nmotility in a male mamalian 20 patient

whi ch conprises adninisterimg7toytheNHy i@nt a therapeutically effective
anount of a conpound of d ai A gt hod for treating, controlling or
preventing in a mamualian p
conditions selected fromthe

<

ment one or nore

Br

CF3
5 and pharmaceutically acceptable salts thereof.
16. A pharmaceutical composition which comprises an inert carrier
and a compound of Claim 1.
10 17. A method for inhibition of dipeptidyl peptidase-IV enzyme

activity in a mammal which comprises the administration of an effective amount of
the compound of Claim 1.

- 60 -



25 group consisitng of (1) hyperglycema, (2) |ow glucose tol erance, (3)
insulin resistance, (4) obesity, (5) lipid disorders, (6) dyslipidema, (7)
hyper | i pi d@nizan44988) hypertriglyceridem a, (9) hyperchol egicangdoenirag (10)

| ow HDL | evels, (11) high LDL levels, (12) atherosclerosis and its

sequel ae, (13) vascul ar restenosis, (14) irritable bowel syndrome, (15)

i nfl ammatory bowel di Se, j hn! i.se Yl cerative
colitis, (16) other in .am%tnge%oﬁgg%}aﬁn hé;?n?r(o jl%f% ggﬁr(??%ne@%ﬁl%},e% 18)

abdomi nal olesipriging(th®idmimistiati ey torepaticntel i tegtes atho@t of e avopmung of (21)
nephropat hy,-gg@) neuropathy, (23) Syndrome X, (24) ovarian

hyper andr ogeni sm ( pol ycystic ovarian syndrone), and ot her di sorders where
insulin resistance is a conponent, wherein the nmethod conprises the

compound of & ai m 1 Sa0 W3 S0a4ss PeT, sl TiSb AL A method for
conpound o ai - . 449, : . t hod for
treating, ccfgp?l%dym %’PS%BJi\é‘\g?/tg%F’ieﬂﬁuﬁ ) a&ﬂ?—?ﬁwﬁﬁ% 1egbin R Ofﬂw eed of

treat nent onesaohemowkich oodiptisesngnsEbtedhetb the panidnhe thegappuficadlyredfestiveng of (1)
hyper gl ycem | Qw 0 ol erance, (3) insulin 5 resistance, (4)
obesity, (5)&?“%?@%?%“6%&%@5"?%(1%%gyslipi demia, (7) hyperlipidenia (8)
hypertriglyceridema, (9) hypercholesterolema, (10) Iow HDL |evels, (11)
high LGk |evels, (12)ypathekoss i d.d SRntihd BYpetSS&dhiar

rest enos[?:Bs, (14) i rr_iztcgb_l e ,bom}/gcﬁﬂsa%rg%t%%é? ngl%% I nﬁJIra,mTalt%r, _eb%\?ve

di sease, i ndPadhaamelishpatientingead ef sughgremesr whicheorprises admipisisying (her
i nf | ammat or yhe pirent h @RapetididallyREREH RALhdnS of 4 d&hpdthdalidpinnal obesity, (19)
neur odegener at 1 ve di sease, (2(3/) reti nopat hy, (215) nephr opat hy, (22)

neur opat hy, (23) Syndrone X, (24) ovarian hyperandrogeni sm (polycystic
ovarian syndrone), (231.Typ4a nidthali febetatg, (Rjollgreomtpreveatin® nbesitgdéd & ci ency,
(27) neutropenia,..(.28).. ronal di SH?F'? i 30)
beni gn gﬁostrg?@rgahé/rb%%tfe?lgb riletéﬁ‘(a Q%C%g{e%%ﬁe%t '?Vl(h gc E?l)c(o %B;}R%z?er gsrrtleg]%gﬁ?t 34) 15
ost eopor osi spatigmich thetapeutiselyleif¢asive amonnt ofmycopwornéaf €thimyl. i nhi bi ti on of
DP-1V, wherein the treatnent conprises the admnistration to the patient

of a therapeutically effective anpunt of a first conmpound of Claiml, or a
phar maceut i cal | y accepiabl eAdugtihod fop e, CURPLETGICYRHHBE BISRER conpounds

sel ected f L Q‘S}_,i‘étﬁﬁcegh(aqﬁarﬁﬁlﬁﬁﬁrﬁﬁa}ti_&ﬁt i@africed 8 sueh h@ﬁtniiﬁnpﬁlmldhdﬁbhl[ﬂ@ég i dase 1V
P ) g i g 2 patitt 4 thétaScHiehly Five SheGAET o LRl OUP

Claim 1.

23. A method for treating, controlling or preventing one or more
lipid disorders selected from the group conisting of dyslipidemia, hyperlipidemia,
25  hypertriglyceridemia, hypercholesterolemia, low HDL, and high LDL in a mammalian
patient in need of such treatment which comprises administering to the patient a
therapeutically effective amount of a compound of Claim 1.

24, A method for treating, controlling or preventing atherosclerosis
30  in a mammalian patient in need of such treatment which comprises administering to

the patient a therapeutically effective amount of a compound of Claim 1.

25. A method for treating or controlling growth hormone

deficiency in a mammalian patient in need of such treatment which comprises
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agoni sts, (ii) biguanides, and (iii) protein tyrosine phosphatase-1B
(PTP-1B) inhibitors; (c) insulin or insulin mnetics; (d) sul fonylureas or
ot her i nswlg 6309808 et agogues; 25 (e) a-glucosi dase inhi bi tpgrgysoehiz4gl ucagon
receptor agonists; (g) GP-1, GLP-1 mnetics, and GLP-1 receptor agonists;
(h) dP, AP mnetics, and G P receptor agonists; (i) PACAP, PACAP

m metics, and,_PACAP recept of. oni st.s;.3 B haol ester ol | i Nng agents
sel ected fr e e@'rngg?)ﬁ’%&’ﬁé?étaﬁﬁ%ra%‘?utm%lll}ﬁ &P‘%@BWCO Olrnéd)fjf%t%én 0%??& 19 or g
(i1) sequestClamhd, (iii) nicotinyl alcohol, nicotinic acid or a salt

t hereof, (iv) PPARa agonists, (v) PPARcdy dual agonists, (vi) inhibitors
of chol esterol absorption, (vii) acyl CoA: chol esterol acyltransferase

i nhibitors, and (viii)2@ntiAdyat g mogulatipg thepmmeinggeTosssin a 63 WO

03/ 004498 PGRAMSERAR pRAR irl debd BN bicBRRSIheht SATIMSIASised Amiaistdrdrgab thd | e aci d

transporter inhibitor; and anti-inflamuatory. agents.. 5 32. A net hod
for the tredtdygniat @H?W%ﬂaPY%&g%"s\?WWo aocfon&?él}{‘épgeﬁbmel'conditiog °

selected fromintestinal injury, inflamatory bowel disease, Crohn's

di sease, and ul cerativg, col jti i.ch et ho ESES injistering to a
mammal i an patient in néed o n%‘%lg%d,\]{gfgrﬁ%tm rcanﬁﬁgﬁé%gﬁtlfl%gﬁ%’lgfneaffecti ve
amount of a mamnpbiemgatint @ seethof suchGredBnens whidthesanrfres adneinistestngrie the
control r ! [ : i “

rol,(g e, fcafl To gTel ted fromthe group
consi sting O@Eﬁ%éper%%gflg[sctae?gffgétrllvggﬁ{og{lﬁer osotg?ﬁe%?gg?gb%ow HDL | evel s, high
LDL levels, hyperlipidema, hypertriglyceridenia, and dyslipidem a, which
nmet hod conprises adnm mpgt er ARgeth& Br LBatiTBBE i P prévénting imged of such

treatnent a thera ti I i i
an HVG CoA rBamEma 'g%p%ngﬂ%itl qeg];lfo %r'fa:!u;vmeenta onrguor}tmc?rfe d%orfe?sn&?e%?e% f?gm%ea' m1 and

group consisting of neutropenia, neuronal disorders, tumor metastasis, benign

15  prostatic hypertrophy, gingivitis, hypertension and osteoporosis which comprises
administering to the patient a therapeutically effective amount of a compound of
Claim 1. ‘

29. A method for reducing sperm motility in a male mammalian
20  patient which comprises administering to the patient a therapeutically effective

amount of a compound of Claim 1.

30. A method for treating, controlling or preventing in a

mammalian patient in need of treatment one or more conditions selected from the

25  group consisitng of (1) hyperglycemia, (2) low glucose tolerance, (3) insulin
resistance, (4) obesity, (5) lipid disorders, (6) dyslipidemia, (7) hyperlipidemia,
(8) hypertriglyceridemia, (9) hypercholesterolemia, (10) low HDL levels, (11) high
LDL levels, (12) atherosclerosis and its sequelae, (13) vascular restenosis, (14)
irritable bowel syndrome, (15) inflammatory bowel disease, including Crohn’s disease

30 and ulcerative colitis, (16) other inflammatory conditions, (17) pancreatitis, (18)
abdominal obesity, (19) neurodegenerative disease, (20) retinopathy, (21)
nephropathy, (22) neuropathy, (23) Syndrome X, (24) ovarian hyperandrogenism
(polycystic ovarian syndrome), and other disorders where insulin resistance is a
component, wherein the method comprises the administration to the patient of a

35 therapeutically effective amount of a compound of Claim 1.
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34. The nethod of C aim 33, wherein the HUG CoA reductase inhibitor is a
statin. 20 35. The nethod of Caim 34, wherein the statin is selected from

the grouweE@nek®ti ng of | ovastatin, sinvastatin, pravast gidiysobhuast atin,
atorvastatin, itavastatin, ZD- 4522 and rivastatin. 25 36. A nethod for the

treatment, control, or prevention of atherosclerosis in a manmalian
patient in need of such treatnment conprising the admnistration to the
patient of an effective anount of a conpound of Claim1l and an effective
anount of an HMG- CoA rféﬁuctAsnetthob'rtmming,Bmtfiﬂling'meprﬁmdﬂmgilas recited in

A ai m 36, Bﬁs@ﬂ%@@d omféaﬁ{e% e‘&%&’e ceﬁdlhan@segec 44 b # The

met hod as reC| es at romthe
group consi sgrpn@cmsmltmg@é(Bthypergmcﬁmwsﬁ?at Jow, glhﬁé%@é@?@m% (3)f insvbdt atin, 35

I%tC'(I)'; I’Eg '[2/%'[2'1212 éb&%@s(hﬁtdbe?%?ﬂiﬁg gliastHeEd V(%?" ttcflﬁlhfﬂdemﬁdf ; &&9&
prevention o) E}ﬂ?ﬁfﬁ“@ﬂycﬁ?ld%{f“ﬁefgi‘ﬁﬂ’eé?@‘?sggo Bhpr R%d)ﬂgwtf%;ﬁf‘a’e@ uh’@hof
d ai mt 1bI (2)LBD 160, (@)Aathadmrageammm J‘,Hq'uelhe, (aB)valsd)aerepbassin eyt i cal |y
accept abl e carrjer. eut i ition 1
conpound of lfﬁltﬁijﬁ] %ndf)%ggfg)ﬁﬁ EP;%B?I‘@% %Ia%%‘:t%écéucfﬁg%‘%ﬁ%e or éoaﬁ%) :
((:g?s: f]; i ngnodnd ulge(r@t)ve(noﬂlas dl@&ﬁherdyﬂlarmmpttoryjmmdﬁs(@m Ip@ncrera,hi(ltbl)(wglra ,SA 10
. i
Sgoni st 20 o ﬁ’b‘ﬁé)&éﬁ%ﬁgaﬁo?i%ﬁﬁ&%eﬁ%ﬁg ARERD ORI R L on ot
(ii) biguani @@bromﬂw (Rineupmpethei Iﬁzi)y$m@me gihé%éﬁh@twehmre mEirpgeniym
neul tn°220r%’t6§)g"o%%?’“ah5’“ O ot daet Tl b dre "“fﬁﬁﬁ""é@"t e
(2 ) tumorm tastasis 89

recept or agdHfitaCy, ?27) neutropema (%)ur?gl?(l)rgja? ?sng:rs
benign prostatic hypertrophy, (32) gingivitis, (33) hypertension, (34)

15  osteoporosis, and other conditions that may be treated by inhibition of DP-IV,
wherein the treatment comprises the administration to the patient of a therapeutically
effective amount of a first compound of Claim 1, or a pharmaceutically acceptable salt
thereof, and one or more other compounds selected from the group consisting of:

(a) other dipeptidyl peptidase IV (DP-IV) inhibitors,

20 (b) insulin sensitizers selected from the group consisting of (i) PPAR
agonists, (i) biguanides, and (iii) protein tyrosine phosphatase-1B (PTP-1B)
inhibitors;

(c) insulin or insulin mimetics;
(d) sulfonylureas or other insulin secretagogues;
25 (e) a-glucosidase inhibitors;
(f) glucagon receptor 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;

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

35 (k) PPARS agonists;
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(g) GLP-1, GP-1 mnetics, and G.P-1 receptor agonists; (h) AP, AP
m metics, and G P receptor agonists; (i) PACAP, PACAP m netics, and PACAP
receptor woa@aok®ss; 20 (j) chol esterol |owering agents sqlegeg®d2izgom t he
group consisting of (i) HMG CoA reductase inhibitors, (ii) sequestrants,
(iii) nicotinyl alcohol, nicotinic acid or a salt thereof, (iv) PPARa
agoni sts, (v) PPARa/y al ni st s vi) inhibitors of chol esterol
absorption, (vii) acyl ﬂgﬂl}i (pﬁ%f) E‘}P‘(l ’acyl transferase inhibitors, and
(viii) anti-oxidants; @b){kilcaPPiRécidgnipeitss inhibjitograndobesity conpounds; (m
an ileal bile acid tra I i .and (n) anti-inflamuatory

ﬁgc e{l tu?ﬂar&r?@ﬂo&é %%E%%Sa .

agents; and (3) a phar utica ble carrier. 30 -65

5 32. A method for the treatment, control, or prevention of one or
more conditions selected from intestinal injury, inflammatory bowel disease, Crohn’s
disease, and ulcerative colitis, which method comprises administering to a
mammalian patient in need of such treatment a therapeutically effective amount of a
compound of Claim 1.

10
33. A method for the treatment, control, or prevention of one or
more conditions selected from the group consisting of hypercholesterolemia,
atherosclerosis, low HDL levels, high LDL levels, hyperlipidemia,
hypertriglyceridemia, and dyslipidemia, which method comprises administering to a
15 mammalian patient in need of such treatment a therapeutically effective amount of a

compound of Claim 1 and an HMG-CoA reductase inhibitor.

34, The method of Claim 33, wherein the HMG-CoA reductase
inhibitor is a statin.
20
35.  The method of Claim 34, wherein the statin is selected from the
group consisting of lovastatin, simvastatin, pravastatin, fluvastatin, atorvastatin,
itavastatin, ZID-4522 and rivastatin.

25 36. A method for the treatment, control, or prevention of
atherosclerosis in a mammalian patient in need of such treatment comprising the
administration to the patient of an effective amount of a compound of Claim 1 and an
effective amount of an HMG-CoA reductase inhibitor.

30 37. The method as recited in Claim 36, wherein the HMG-CoA
reductase inhibitor is a statin.

38. The method as recited in Claim 37, wherein the statin is
selected from the group consisting of lovastatin, simvastatin, pravastatin, fluvastatin,
35  atorvastatin, itavastatin, ZD-4522 and rivastatin.
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39. A pharmaceutical composition for the treatment, prevention or
control of atherosclerosis, comprising: (1) a compound of Claim 1, (2) an HMG-
CoA reductase inhibitor, and (3) a pharmaceutically acceptable carrier.

40. A pharmaceutical composition comprising
(1) a compound of Claim 1,
(2) one or more compounds selected from the group consisting of :
(a) other dipeptidyl peptidase IV (DP-IV) inhibitors;
(b) insulin sensitizers selected from the group consisting of (i) PPARyY
agonists, other PPAR ligands, PPARa/y dual agonists, and PPAR« agonists,
(ii) biguanides, and (iii) protein tyrosine phosphatase-1B (PTP-1B) inhibitors;
(b) insulin or insulin mimetics;
(c) sulfonylureas or other insulin secretagogues;
(d) a-glucosidase inhibitors;
(f) glucagon receptor 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;
(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) PPAR agonists, (v) PPARo/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.
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