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WD 2004/ 089307 PCT/ US2004/ 009751 TITLE OF THE
| NVENTI ON ACYLATED SPI ROPI PERI DI NE DERI VATI VES AS
WORIARKGBCRTI N- 4 RECEPTOR AGONI STS FI ELD OF THECT/US2004/009751

I NVENTI ON 5 The present invention relates to acyl ated

spi ropi peridine derivatives, their synthesis, and

their use as nelanocortin receptor (MC-R) agonists.

More particularly, the conmpounds of the present

i nvention are sel ective agonists of the nelanocortin-4
TITLEGREREONVENTIONR) and are thereby useful for the

oL Ptk SRS P RSESIA ALOgTRespeekifOnsloonsrs

dysfunction, and femal e sexual dysfunction. 10
FIEL NHE INVENTI ON Qoesity, which can be
defined as a bod ght nore than 20% above the ideal
bstwp%n@mfenu?rsreﬁtes rﬁaf}%lateﬁ SBIFPIPeERE A5 AR Yo AN Bpfiess. and ther
use as ﬁl@ﬁh&‘bﬂﬁ‘ﬁecehlor (MCERS) tagdﬂiﬁtﬁ aviérB phrtial @it tl'ﬁzoﬁpédnd@dif the present

States are ov ar o
invent B iispl g misty R el T A IR SiPasS e Rgtut for the
treatmeént obdis@dprere@nsife thFhd avdvatias efIMCaAR, suabfas obdsivy.idebetad, alele sexual
Epi dem ol ogi cal studi es have
dysmn%'ﬁo Qﬁtg%?lgé&%ﬁgfggglﬁcﬁlgndegr ees of overwei ght and
obesity are inportant predictors of decreased life

BACKSRAGB O THE fhaatmyncauses or exacerbates many heal th
probl ens, both |nde endently. and in a [
oY i Be PR Stk AP OB e 202001 ey veigh is o

major B&&ﬁ conternih Weltemabcibiies SR fid eﬁtiﬁmtﬁsﬁlﬂlai dbbet-A7hmilmh adultsdy the United

States gﬁe ov%rw&gply T 0 etzs%nai)es iy is tMﬁp resu%t 9) t rp%? B\ee en”&& Ibhltaﬁ&{:% as a consequence of

asnme I nsurin concen
increaged sattod nda;lc dQkeltpshérpy ehpandityre. tﬁpp‘bmlql(pgl@é stiidics have shown that
1ncrea§ﬁg &e%gge i’ir Ivew;éfgﬁ@z?h'ﬂ obEHit %Ie%ﬁor@aﬂ%ﬁ&kt@ﬁ of 815 &ESed life expectancy

tis resplra ory I cations, such
Obesity @@twww@f:érbgqe@@pnydsﬁ@wro'elw é’P‘iht"I*ﬂea%’!d§“ﬂY@§1i v%%swt@gon with other

diseasé t’I%E hﬁ&l@ﬁ'pgib%iﬂsiissoﬁﬁt@ﬂ tyitloB&AS Bihichtdah BE Eﬁﬂoud’kﬁﬂﬂife—threatemng,
thns an

et Y i 15360 S B SR P oS B s

dyslipideintas; myﬁﬂﬁpldefrﬁamacbﬂietﬁﬂd)rmst, broatawiagh tdlorcaanterj esco@dsis; respiratory
compllca?oqlg rstug}l ésto%stﬁﬂpven?eeg &‘I’?& Yeh lreﬁtmars@t é’aﬁhgnes r%%ﬁ@src%&%hs heart disease;

ctron, con ure, coronar

abnorlmlileas@ythamhnd @@mf@aﬁry&@a@ﬂKm@mm Pt(F}eNﬂﬁa@ﬁO‘ﬂraﬁ%ﬁﬁ (20g@)). Obesity is
funheP&%?&%céd%thﬂraﬂéhé dedi0gndCAUSE QlifidaREn &% &€ ﬁﬁn@@dhgoaﬁla tdorbidity from

I's not_immed| ate apparent. A currently acce
strokey gy qepidi] H%efme%qngesr%e M Fallisocgrpnpny oo et fuigen deah.
nrmﬁ fhel agt abjoaty cﬁffobésh mdmlcmam tﬁe cankadTahd dxcése Scﬂpdm'i@ id @t immediately

apparegv ; Flgrgﬁgﬁ? tf@:e%tfzg SR %E?‘?‘Eeé}% & 2 o%eas th? Tesu c}t ofa naaladaptatlon of the
innatesextboliarespressio ehiifohmettalahallengs ISeqincae uIlIQQI&d azatabmy?qf)low cost/ energy
dense Hbﬁs g‘x{dl’lsgaen%{nn%g %Irli@ét dln tS@lléI%:el 1@95 r2§@ 13#15 VTIQ‘%URH %P%r@‘”ﬁ’take in free

iI'mted’success and definitive
living éwp@rsuhﬁ%wetamthewmmeé sugsats ang pelingivs Greeriggnightrideaceha hyperphagia
causesf ﬁ&ﬁ@orfhg oﬂﬁﬁﬁiﬁ o@&ﬁ? lstlé/cking F@lﬁ%\hﬁ@the Eﬂ&dv@x\f)‘ddﬁ @:ptifl@he interest in the

di s C e Int e I n
neuroffstip ) e e o BB B ST LT oK P PEnovledge has
been g¥iig® b tlmreg}dm‘iﬁtveﬁ food/\thtakcelnn‘uddnts kind vthedhgandd geecieh eleinderstanding of the

neuro%}yﬁloi%gyd kel fee beﬁg}li'cl)rqrtl ang Fenfa2Q %{(ﬁ%?%gnﬂ(g{h rodents and

e unaers

n &ue- omhlyslanﬂcgrgy (RﬁMﬂéé@Vn@pmﬁ%\ﬁr@mown tmffmh@mi ftakp-ngeveral lines
of ew&?ﬁké S‘dﬁﬁ&ﬁ’ the 'nmctnqgat tfr@pﬁ%ﬁm#ﬂ@@ Redtdrt mﬁm thé ﬁl@laﬁ&@mn

&é des are known to affect Tood intake. Severa

receptof (MG-R) funilys sexerpkpd phishirsraresset e ﬁw}%ﬁefh?éwg%thef POMC derived
G protein coupled receptors (GPCRs) of the
mel anocortin -1-
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receptor (MC-R) famly, several of which are expressed
in the brain, are the targets of POMC derived -1 WD
wQooBeB07 PCT/ US2004/ 009751 pepti des i nvol R&dUS2904/009751

the control of food intake and netabolism A specific
single MC-R that may be targeted for the control of
obesity has not yet been identified, although evidence
has been presented that MC-4R signalling is inportant
in nmediating feed behavior (S.Q Graudo et al.,

peptides meetled in thé E@abbofdbod 1hlylkaﬁnﬁad1eathsblism. nh emerifiosingle MC-R that may be

targeteggclg%lgacf gtE(%}I ggée)sn}? ga%p te {r)]égg ?#gt?ﬁ?dhﬁ[h%h%’o \‘I}%ﬁ%r}}%pb%eﬁ giesented that
MC-4RizRlling iisimpbeait trymedming dhed behayior (feQdGierndp ef(ahy Heeding eftects of
hypoth‘ﬁ'ﬁfnfchn_] e&fh P hféﬁh!)c)értﬁ?(éplregeiﬁﬁ $ig#HAs B BEAYRBe St RD: 302806 (1998)).

MC- 3R a -4R besé, indicatln t hat

bﬁﬁé%ic%@)f fh@envoa@meﬁtr?f §IC-RHfaa abasiy WEiviRs: R 8o (ATEymptse which
ectopdﬁﬂ}a@(pﬂé%?@ laA a@BEbnbAROMCCI K] MOBR @hi& 4R ik pbedd iR ating that blocking the

o 555 e S e e BB B g Y B paon i

(D. Huasadettah eGell, 881 13@-14t €196 seeapitulaie)th¢ plenatypd dfthe agouti mouse and these

mice ar@eoggs%p%’)" {He%ﬁcl e{)t%%e%ﬁdéM'f“']f ln%ﬁ Eélé/c%vyg{) —31§ R4R ?(BLSR agonist)

ected 1 ntrace roventricu

injected m@ayewhm\feemma@y ) u@eéenfswéuqeﬁfoaﬂ dntqke i gayerplgnimal feedmg models
(NPY, %B}ogaa.lgo&t? eficapwhRAetS d_eétNP QHU@M@(MC-@RQ{H& hR aﬁtﬁ'ﬁlﬁﬁl )MC IR and -5R

, |g# (%ed SHU- 9119 NC—% 4R antgﬁgl ¢ of Zuck
asonis\ESeReit TG e MEEPBISBE EHPDedF FBRA Oyt of Zucker
fatty rdtede & GNP SHGIeAativy JHR28 )Yk beentépgoapdtol activaealIC-1R, -3R, 4R, and -
SR an(} tg Iag%nélﬁteg%o%( ﬂ%\%@? bﬁcgg v@%t erllgto%e(_)r\r’:\aﬁt egvet%ﬂ p%éotlyl%\? gt&Hs et al., “HP228 is
a poteV@g iRt of Beanocdifin repaptor-4 & meﬁqamtlmtueetmﬁatobesftmdi dighetek én Zucker

fatty rﬁ{"ds(f&’e‘i‘yf \P%%Ea&@é Rb&éé&ﬁ 3. - (1&@gk, period (1. Corcos

HP228 1s 15 a pot ent egpnlst of nel anocortin

r Eve pisene M%ﬁd; hgyesps P idpniifisdernddhess ats suapsssl ig qifferent tissues.

MC-11l 'w@pﬁltﬁﬁy blfhra%k&&&f by cfoﬁﬁﬁabﬂt gaﬂ{ &ifuncﬁ@ﬁ: in@taMorfsQF the Extension locus,
Neur os nce cts, 199 7 Five

atecipE STt S GO R e RELN T YT Lo e P Beh bqhpl o rosinase
MC-1Risnies$ exbres@ed:infrﬂeMnec_r}tesI MES2R 8. expiviSed R thasirénal glargll ang represents the
ACT r?c?e%ﬁc&t %;d ﬁgg o%re%@danﬁ%ngralg up agé %1‘;&&9&%8 %a%é @%19&1% the control

coat
of food ptetke eind tihﬁgﬂOQMsG)nMICa‘m n umgu@mmr@mdnn the ey, Wb# inactivation was

shownttg' E&HQSB@%WA( ﬁasl@ Ee i y*%&@@%ﬁtaﬁ&gst Mozt nt18nddBkiRlfeceptor (HS014)
exp ressed ’in anocytes

increagga A1 B RS Gl BB BB rsalan Coaiabt oo SRR 4pes). MC-
5Ris éx%re@s)éﬂ ﬁrﬁﬁ&@dlsbtﬁas tlhkﬂudiﬁg&illﬂte fgulblaceﬁfadn@émﬁﬁﬁ @arﬂmdAlmylevel of

exprestmﬁg }sr%sa ex)%eaeg m f\l)ﬁ% q\g&%ﬁ 1%1:8]; oillto lgng:% Ifegféag i ucl:eﬁ s%lﬁtgeous gland lipid
produdiivai(@henzhal., CeR, 9ma&9&7%d19%h was shown to cause
O'Weﬁ%e osg éu §tkc|re ﬁltrreﬁ’tl used é‘?}e?&}bk &y h@%t lﬁﬂ%'eﬁfcaéyod’nd significant

anocortin rec I NCIr eases

side effgptsalSeudies of ﬂ)éevefgélé@ﬁsngedfo&t@s orlisia fpsifsoBMbphsts! (1‘«98?) JAMA
281: Z@Wﬁenﬁlﬁﬁﬁnng%%ﬁﬂ@%wal (MB92DarR J: Bl4@ % sBEGAAIné (Bray, G. A. et

o o R Sk 2 BR300 e

demorzhised ¥ Batitedweible 1das af about\d%-50% lofi bmﬂymnhgmfom drulgevmpz{red to placebo. The

. educed bacequ
side eff?&ls o%&els ruéslan .?ﬁté %{}eég)q ?gfblg%jr hexp{@xq Hﬁ: T u s 2 Q% m%}nﬂe]z was
withdawe fnourth@mmkyt hesange ofsutpeeied heats éshvulypahlav erlistabyis ﬂléki}ed by gastromtestmal
side effbdid; BRGYe HNEbiShAR it LA by Bhif n8lER G Rem sdttll &R tﬁ@f usE Besibutramine

wei ght [ oss nedi cations orlistat (Davidson, M H.

al . (1999) JAMA 30 281:235-42), dexfenfluram ne

(Quy: Grand, B. et al. (1989) Lancet 2:1142-5),

sibutramne (Bray, G A et -2al. (1999) (bes. Res.

& 189-98) and phenterm ne (Douglas, A et al. (1983)

Int. J. Qoes. 7:591-5) have denonstrated a limted

wei ght | oss of about 5% 10% of body wei ght for drug

conpared to placebo. The
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side effects of these drugs and anti-obesity agents
further imt their use. Dexfenfluram ne was w thdrawn
wo cangdse’ mar ket because of suspected heart PCT/US2004/009751
val vul opathy; orlistat is limted by gastrointestina
35 side effects; the use of topiramate is limted by
central nervous systemeffects; and the use of
sibutramne -2 WD 2004/089307 PCT/ US2004/ 009751 is
limted by its cardiovascul ar side effects which have
is limitedibyt ies calpiendcaladfiddeadeR Svhadhthatd 18d W rbpudis anadattis b8dhts WidRirawal from
menp%alehdyn Italy. There is a need for a weight |oss
fréat ment with enhanced ef fi cacy and fewer undesirable
Si ’Here ied heedtfer.a Weight ilass treatierit itk ehhabcedadifitaes arifewdtivadesirable side
effect®! '?lkRal 1ﬁ§ﬁ1@ ﬁw@t&f?ﬁﬂ'a%r@&em %Fb%?e%{ l%}’ eﬂ}?\;lg” ‘BS the%oc %(1[1:1 re%ep oF] g\/IC-R)

gOI’]ISS |npar|cuar se Ive~agonl s
agoniptp|apth BRSFtichar seleckivaggonists pibe mnoqqgmecqptprme 4R), useful in the

treatnieh € PRIVEnt A Gf BB LiHdl o‘BE‘sn?frech@@ Gikdrier@ Rt luding dlabetes
N&ﬁéﬂﬁy relat%d dlsorders i ncl udi ng di abete
GO Fsrepta Byl yoenhip sraleand femaleserpgl éysimuprehamabo been

reportgéxual dysfunction has al so been reported Erectile
d)ﬁrgctfl:q C&gsﬂlﬂct%% eo%eesrtéc e 6 r?? %ﬁgﬁ F ’&‘F@h‘g’q? g{hleve pemlle eltregtlon
Sufﬁcsﬁm:@ewﬁﬂfulsﬁemmtﬂrmumec Bl sen “ifipetetct’ in dfienfro¢senpisyed ® describe

this p&@il@rﬁ%bmﬁme %bﬁ)‘iﬁﬁj&tél? Mﬁ%dnk?ﬁﬁ 1 viddaSidd! zﬁl\ﬁaz!lcﬁgﬁimé to a National

t1.on. prOXI mate ['1Ton menh wor
Instlt‘ﬁ?ﬁoof }%@E’Oﬁt‘ﬂ’iyn*’d’ o 0mitign Aspégican Toppsufienirers impotesenbr drectle dysfunction.

It has $)Edlh¢)ﬁt,lmzﬁ&DtH§t tﬁ@laﬁ%ﬂ nluinEé} cﬁﬂ& E‘llsé;t@nﬂ rﬁﬁl’hoﬁ lrl{ef'n Y tlfery@ﬂ‘ 2000. Erectile
r erectil ncti.on

dysfunc OICI) L C% gﬂxgtelt ar grgaglﬁo Psy ¢ caélaem Hlt}f, iﬁg)@t 2{0(% afsuch cases being
purelmsMhog@mm@nQip EnetilealysfuRfion incenes frohnel0%0yt a§4 TS td 67% at age 75, with
over ﬁ%q%cé'ﬁrlgﬁg f%%@v@# tth g%ehoqgg zfeﬁlss o(!;f tﬁ)es % & rl]lglg%g(::u%reg(:aé o% ﬁns condition, only
a smaf ayabgs gEpatients ha\@rrfzcgnvnd tregternt |b¢<@us¢>ﬁsfsung:11reat1mn|t sleregisassuch as
injectfoh AP AR RhilA9 st is 1ﬁlﬁla1€thK9na£nd%&1uﬁ§punﬁk tlﬁve Qe%ﬁ ?mﬁﬁrﬁiy disagreeable

urrin I N._en over age .
[for aﬁfs‘éﬁﬁfewgf‘od*&ﬁ pleygrgal bralth n preciile dsfuncins,” ml)@_d_ B$aBY7-390 (1999)].
Only mmb&fenﬂzf hapﬁhbﬂﬁ:ﬂ:ld‘t@é&ﬁndnﬁﬁ@dla\ﬁﬁgs Bet&ad ARNAbId) W&‘ﬁlar orally active

tr ct I “
seenr e A R ook ey e B e e el Bmersing
phanrpmipgcal ﬁ@melebéae aregile Hysfudcyiond Bag Opmalihee. Pajdnero: a689 1696 (1999)).

Sllderﬁﬁ?i@ H%@l&&i@e m“ﬁﬁ)?tor cﬁﬁﬁ)eq} pﬁogmglfgtgﬁgés(ﬁiﬁgg\@e% %8%1 C?/IP %cﬁc

dysfuncti on,
phosppp(ligsterase §°¥Yé‘?§dﬁﬂel I%/B H\év@laﬁ@)m /i Salgenafit: Aebievek ubibitor of

PhosphBdiesterdsk Q‘§peb39ﬁQ{{Ena§\C§kﬂu§ @a?emdsﬁ‘m @ﬁfobﬂh%s@fe R | ¥e Sci., 62: 309-318
I.ve citrate, marketed,

(1998@y Bettg él],eq%ﬁ)d@?tu{n as S| th%l %E)tf legg, tgﬁ]r ]é)(%i 9f patl@ésesuffermg from
erectile Emfmg:nmgrec@imlrtrmtIMno Pildadafil Balsapeifs efaliated i€t clifc for the treatment
Exp. Opin. Ther. Patents 9: 1689-1696
Offen%es%g{%f&}!sméullogenaf il is a selective inhibitor of type
v Thneagplatony appraypkefigemriEforyhe qal epathient- C@Eeiﬂp dyififriction has invigorated
effonm%ﬁmgé\%ﬁ H%F@&?echv%‘%ﬁéfﬁ%s kSRt g?c%le &@ﬁ Wb gerﬁ laditional selective

denafi]: A Novel Inhibitor ospho |es erase

PDE-\(—%)émugrsl are pﬁhﬁiﬁa @64 b JeKdidadp %%]ﬁp@ﬁbchhum% Ptzer with supposedly
improG&l grépettiek.] Talafagil or ICEA1 (BAB-CokB) is Q:ﬂaﬁﬁ&])t]) haVRdr&fer "sé?ecftlbi%y for PDE-V

over B3R e OB oM by Pt oBh o P B Y amd M

5401&frcelaM¢elnda Pi@ithadewtah] Co.j apd EH49H00 ﬁemﬂj;saeaal L@t ed in the
C |dtﬁHr ‘f)hzfrﬁlﬁco‘i&%af £p?) mo th® Ireanggm loﬁ?rgc%;f %lsfunctlo(n hjwef been described

qfunctlo atory approva
[see, %e Latestl thnlf@a%ﬁmm%ﬂm%? wetTreagmeny of Engetile Bisfivaption,” _lm,g_N_eVLs;&
invigorated 30 efforts to discover even nore
effective nmethods to treat erectile dysfunction.
Several additional selective
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PDE-V inhibitors are in clinical trials. UK-114542 is
a sildenafil backup fromPfizer with supposedly

WO pgero8wd7 properties. Tadalafil or |G 351 (1 COXTZUO8®03/009751
is clained to have greater selectivity for PDE-V over
PDE- VI than sildenafil. Qther PDE-V inhibitors include
vardenafil from Bayer, M 54033 and M 54018 from
Mochi da Pharmaceutical Co., and E-40 10 from Ei sai
Co., Ltd. 35 O her pharnmacol ogi cal approaches to the

Persptdiivgd, 0EITR-505 (BO6E t‘@ﬁaEPlﬁYlﬁic@ﬂx@iapﬁ’ﬁl Bi8dtRe Dﬁ@lﬁlcﬂ&ﬁc(‘:ﬁtﬁﬁﬁbpmlm in

Urol#?[ ?ﬁ%ﬁi (6?97Eat e]BSrtPﬁhg nglgllg % Fc&ﬁel?lgp gy @éen&s an %ra ulatlon of

the alﬁlﬁ}@ﬁt@S@@@ﬁ‘ aREFOMIGA@0bIaBME Ehbylafeamnaqreies irmeiamd of Vasomax®.
r
Vaso%% ik n I oﬁ)%lgg g')a&ﬂjltegfﬁj th%e%[lﬁ%? 81I ihl% %Qé&'um dysﬁrugc(flog 49- 353
( T29gs tp treg erﬂcw@difumd@act eitlien peraiheméwed aspivdlyt They are also classified

accoréﬁé‘ ﬁgﬁlﬂstﬂé th@Piafiidle” b QxIMADbRR oP¥*facifid@” 2 sexual response i to prior

.enocept or, ant agoni st phent ol am ne nes
S“mugﬂg‘éﬁo SCH$SIARgISeR aftel DERPAYHE & AEpeemy of Trgataspia fqr CCF@ Dysfunction: An

Evolusibsdy hﬁpeﬁg‘w@\? ait Ualng@ich@ Rdshe: 11562l (BoY)] oWhile Sllefafil and phentolamine

nct to L& £
st o B RSB B R s g Ees S rosmaneg o et
stimulgtien, gildepafi|appsisfto belefficasus th huth tnidd vigedihard dsixdyggenic erectile
dysfundtidh! bfdeRafiihaSEX: of &?1819 BE5-&J T"fngég hiltéé LRb&L do@e @ﬁfl( Hl% effect lasting

response to prior stinul ati on I SCUSSI
about-4 howys eWherag phentolainisayires H-3Pmeputeslar @lsﬂdvlth@rcblmon ef 2 hous,

Altho@tﬁsﬁltlﬂﬁﬁl ¢ Bffea@'\}e m'-:d/xﬁit Uﬂit @F Pdtdéntk qplﬁf(@!taﬂ ré’l@tivelyll tnr]e for the compound
| e Sildenafil

to shoavntg é 5??1 ’Fllg faséqﬁactﬂkgr E%églgf e);lp%ﬁz}ﬂz t%]n%leis(;ﬁ@?ta@ 2adjto have a

shortdr duﬂaeoﬂ drahmmaharsﬂdmﬁl fGaal sildérafibis sifedbive fn@o@ TRBAIf men who take it,

L at.i on,..sil d
wnecHEPERIR BB RSSO0 bOS3EH  RRGR! Bo
compeipdg reipige er@imlmlﬁtlmofvr efSichaye fakce Blldqa@'ll anliretlyéncregies blood flow in the
syste[?d@tcirélﬂat{%fl b? Qarafcifd ME BSoRhb&ie RRx Mo ertOSs n‘ﬁh{: Bl is

fect about 4 hours, whereas phentol am rie
°°ntfar“@jﬂﬁfit %f Tatieg YﬁﬂhERS@élefhé%ﬂ emdisionygricardipvenanla dissaseom particular

patledmuhﬁg nitré¥ed, BEIAGH nﬁﬂoél@*&ﬁhﬂf ﬂohreht&tngiﬁﬁ e@lhbﬁ/a%vérﬁb e’ifeﬁi@hﬁﬁéﬁﬁéd with the
tine

iR RS Sl S0 B8 e
resulthﬁsﬂiémlmcotf thagype VB phaipbaiicserapegns (PDEHA), la@&ﬂm-GNfP -specific

phospﬁgélégrésg glaﬁﬂ? I?cgnt%{i’e\é]qn the Jr%mﬁ h Q,.&llgn%g‘lnﬁl{/rs tnl’? deﬁnedacl% ta ngfcli and transient
§ han sil dena al sildenafi I've in
blul%%&?ﬁo Msignaftibalsanengreased sghgitidtydo lght rblyued dsipwsp o n s e
W Syhth@ﬂil’ﬁrﬁélﬁﬂo@&hﬂ ?ecblﬁorchlg&ﬁgty @gel:h{(‘)tr%ll: Yephidest ik (Bfeen found to initiate

g ients, H n;pLig quire erotic stlmg‘l
erectipi in iy WBBBVC gepiE Eecl Aeeim SRR WetseYs ataler SiRskegc Melanotropi
Peptide! Initiaked Frewtidng it Men Wi;ty ﬁﬁﬁbg@nmlﬂr&ﬂ;{leﬁbysﬂmdﬂ)ﬁ VB B1iAg, Placebo

Contrt)lﬁk% (ﬁ&QQJep tS{EH? e f%rof lgé gg? %83 Fl B%?I’%te%q()fq nggl tﬁégt‘l Cg @Foé:ll %Ymposium

June Hekpk ﬂ9Q7dN@IShMUQ A8 b rActizatipn of a@bmcartlndﬂ@p@wf therbrain appears to cause
normd} firhd1 GHnAF seBalRBSus 8N Shel BBV \ud)! df ﬁénrﬁ'ﬁlé dascHﬁ oczilrfé afno%yte stimulating

nltroglycerln to treat angl na.
hormege apalpg; melmgtpi-Ff (MTD. exhibie aVS‘Zag@p@?se sqtq,al@rnlaﬂiouesults obtained with

apombrphihé| GeheR B@d&&ﬁ fi@randubdufallly BYsubSYERE Y @ama@éﬁd\/lth%ﬂﬁ lc erectile
d}'sfu?{du%h Ogll‘l" -IIE1 gﬁﬁé&fc%g%l}ch@%t e}K ?ﬁ(‘fé EAc (NI? Iﬁl%él %‘J bPhe-gr - iys] -NHp,

era SoZyme
whlclmpotlams tl@l\dﬂosp@moﬁomn repdsp@sr&hml@gesglm amendnhabc-MSH and

adren&%%}fc%@& 112tsbﬁgwfr’grl]p? %agm&%hé 1% is aA?IP qu%ﬁ lg[?fl{) rBR -4%} and —5R agonist

I ne ansi en

(Dorrgt alj, bide Seiencess Vob S8l 77 it Fedatdd). MBI (talsv retfeyreci@o aa 1§1h14)c6Erecude®) is

blurred vision. 25 Synthetic nel anocortin receptor

agoni sts (nel anotropi c peptides) have been found to

initiate erections in nmen with psychogenic erectile

dysfunction [See H Wssells et al., "Synthetic

Mel anotropic Peptide Initiates Erections in Men Wth

Psychogenlc Erectil e Dysfunction: Doubl e-Blind,
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Controlled Crossover Study," J. Uol., 160: 389-393
(1998); Fifteenth Anerican Peptide Synposium June

wa200208930097 (Nashville TN)]. Activation of PCT/US2004/009751
nmel anocortin receptors of the brain appears to cause

30 normal stimulation of sexual arousal. In the above
study, the centrally acting a-nel anocyte-stinulating
hor none anal og, nelanotan-11 (MI-11), exhibited a 75%

response rate, simlar to results obtained with
preserﬁ‘l@ AR J@elowﬂﬁﬂ by Phl@t‘ﬁ{ 'Féihﬁd?&grl@&nli'ﬁ Cib ARENTRN, Inc as anon-penile

subcut aneousl to males wth Sy ChO en|C ereCt|
subcuigyeops, imischiomAatan. figs gongideredy teang V’étfﬁ’“& Pt %?gsléaa fgsgense. The time
to ons&iCof Bebtida[ Wi thisidsug PR ifEIg sﬁUrtfi(-l b.ys lmNté%) withM iéhtion of action

o A o i LSRN A e Ao

appetiteq attegahiinigy andgewning andmay eahe maihmftacmtlmf]l\m IR3MC-2R RIC-3R, and/or

(]2 S, 5
0557 Ay O Rl ey ] 8BNSy
intranfuirudas rqude 6inge) it jsqrot abgorind ipEARY sygg@wnp@rmme &ivenby7the oral route.

PIEE ﬁnstér%tdg@m@ :pfoilbﬁ@d SR y%?é"ﬁﬂﬁm@%d Radagds oPpsychogenic erectile

Technol ogi €s, TheraTech, I.nc a._non-penile
dysfungtige H‘tt%é‘?ff}é”“ihrﬁ YaEety GhoreieRigkdagtem de‘ie{OPFiPeGHﬁ rghopgpon
subcuta@edd@infettion & thé @nfpotnd) notdoeer st 1eat] of esainissire Wl Sighifi@ntly higher

after lglﬁ—&f a;('(lism(ufg%f?ag %ﬁ Lﬁt%nga\’cme‘t}o F'eelﬂ §Vessetllllg 1E?fet?t%lf %% IAié)%!l-X/Ielanocyte
Stimubytipg Bximrme dinylog o Pénla Esectigiand iSsruat Bagiteiin Nen olith élrgangt Erectile
Dysfu\‘i’!:ﬁo'ﬂ oﬂogys Is8Cé4 46 W@ﬁa flushing, loss of 5

ap ‘tretching yawni ng and nmay be the

pps16«?nsa>é fqe\?a@tmpw R?Ptldvﬁarmnetws yid thmamnt afrR§y dpgenic erectile
dysfuﬁé&o{é Be dfobdd ifuss. PRentabTs BT GLEY, @éﬁlgﬂ@f’t@'ﬂoﬁﬁ)&itiv)é Te&mamgles Methods

of Sllrp‘ﬁﬁﬂl‘é Sg)glig tg)%?lieeolﬁ W%qgtuglg}é g;?].gg%rqpmpgplttcﬁé E%vg;é 1%{osed in U.S. Patent
No. 6;05I355I ation when given by the oral route. MI-H s

é)%g)p gefr{ghneyg LR a!ng éllp ? ﬁ% ge@‘*z%th ?B%e%gén ciléc[gs%dﬁlq V{fﬁ 99/64002 (16

ogeni C unct

Decembdr A9V Q@Wszﬁ (14 Dgeamiber 2008k Wfa@tllaﬁ"@Sd%X/&}pw@dr 2001); WO
01/70B81Y geﬁéﬁ&& h&WS; wm/dﬁ/s@ E&ﬁé&%ﬁﬂ&%@l)l W(ﬁ@/{bs@mﬂﬁ Au3st 2002);

al
3710 (RGBT o byrr RO DDGTUGAT pareyet S H SR DS ] s 2002) WO
02/06834766 SehtaBIRD roizs 8 0H2/00638386 BéptemtEfr benh; WO 031007949 (30 January 2003);

and V@b @%ﬁ?%% gé::lge u%ﬂ%&& glg??ntésltﬁnc% tlﬁe‘ﬁe wof?p%nefaeégﬁ?rgs) arI?CF Ezlirtlicetllarly as
selectBre@gdmidteof thyNOwHRCterapmr andsherklpgysefub Bir tig4batBttt (f2BSBY and disorders,
such %E%%Psﬁ’t?' &éb%{& agfi F&gé@i@ﬁ%@%ﬁfﬂ gnoglrﬁig&(% Q%ﬁﬂearg)gfgglﬁgon gﬁjtffefngfe sexual

eatment o unction
dysfupgtiondi scl osed in U S. Patent No. 5,576,290, assigned

t BARARPBE tht L¥BsolRE HBﬁHléﬁgieE& th&%ﬁﬁﬁﬁmﬁco&ﬁieﬂﬁk@ﬁd cﬁﬂ:ussed above,
sexual respopse in | es usin ot r.opi

there ﬁmnw ngpd iy tl&eslg l‘f ar@ fgr mp(rﬁv {neth ang g&sglg S to treat individuals
suffer&gi trdfmppqgelfdgelma énd/@iopnic déxuel BBiingiope Sact mehade sliovkithavesider

wrptig By BGR6755RE bl bR P onp G tppopagly one

durati@e pf @tibeand o@inal sige eﬁects)vzﬂl?®3@7>n(rtzﬁdl®élpnse AtempGA 19 agents now
avall\éQ 01/91752 (6 Decenber 2001); WO 02/059095 (1 August

2002); WD 02/059107(1 August 2002); WD 02/059108(1

Au]@ {§§l@erq91@ 2p objegt of) the prysant ;n(vg_ntméqjgliovgg wated\mroplpendme derivatives

whicl&¢ QBBA&Ort{nbre 2Pk eFIAREs 2380 (héjeby MY 24 BHB 3&Sity, Biabetes, male sexual
d fSe tergggé%aioozgl V%) 03/ 007949 (30 January 2003); and
YN OB 3 &serBl dEIPEEPY 2003) as agoni sts of the
nmel anocortin receptor(s) and particularly as
sel ective agonists of the MC-4R receptor and thereby
useful for the treatnent of diseases and disorders,
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25 such as obesity, diabetes, and sexual dysfuncti on,
i ncluding erectile dysfunction and femal e sexua
waely®hossdT on. Because of the unresol ved defi ci BCIUE00609751
t he vari ous pharmacol ogi cal agents di scussed above,
there is a continuing need in the nedical arts for
i nproved net hods and conpositions to treat individuals
suffering from psychogeni c and/ or organi c sexua
dysfunction. Such nethods shoul d have w der 30
ajp 3l ainothéyi dbjeci/of thmpresestdveotonte praviteacdadd spopiperfidine derivatives which
' PSE } reasonably | ong
are Sel%fgp%%o%& %F thglgr% Eatgﬂ an%l (l\?h& ﬁﬁnﬁcgﬁo de effects with few
ch istanetherdibiest q>fdhﬁ5,9re@gt 1@@9@7 t@@rqvgie@@@tmageqﬁgthomposmons comprising
the meP¥&oktRRb&ptok hgdnfstd %{e%fré%étﬁ iBRneR Bt a ﬁfanﬁﬂ&@utﬁﬁlﬁsa@e&ptable carrier.
Invention to provide acylated sp IJgﬁﬁgérlm

dl s papRbiset e pesFEn RERe 8 eEde & ¥ e egigriniqrgrevention of
disordé@§)disk43ey, Gbribnﬂﬁleﬁd'i’esﬁ)ﬁsﬁer t8 g{efaetbsfaﬁbﬁ yf, thelinalasdcesin-d@tetor in a
an e

sexual éﬁ%g nct | e s xual functi
mammalgn v\ﬁdé é E&g E}g 61812‘9 ai:esu %a?] O osmgns of the

presentipyation.of the present invention to prOV|de acylated

Sﬂ '15r aggl!h Cl)#éé{ {);ﬁhé:g&e}{ﬁme\ﬁﬁén IWE*&}IHG Adthods ?dr %ttfe\(i@neln% or, pgeventlon of

oni sts [ 'anocortin receptor
obesusa Bbdiesrmaliup apalotexyah dyshimetiem and fﬁ%lﬁtsWﬁl dygfuptioy by administering the

compoBﬁH% raﬁ@ﬁ%b&ﬂﬁcapwm&lbﬂs% the RIEL hlﬁ/leﬁtﬁ)n té Aammal in need thereof.
Iano or hﬁﬁ tor a onlsts of , t

e
FEHPGrPH FEHAON0T toaryeebtapl BT teapmepgf erctl
dysfun5t1dntbyl agmiaidring theodoppotnde hnd Iﬂnrqmcaﬂ&mltcompwsﬂ!mns ofitht present invention
toam%n%z\ﬁ l%geegﬁ;egﬁ%gs for the treatnent or prevention of
ers I Seases, or conditions responsive to the
a&hdse and adher objeeth wilhedcamoteadity apparent ofietyiled descripfimmeghat follows.
in need thereof by adm nistering the conpounds and
pharnaceutlcal conpositions of the present invention.
SUMMARY OFHEE REYERE) (ggt of the present invention to
PR/ r@@nﬁﬁ&dﬁﬁdﬁreﬁaﬁ&s td Revel N-@aflaredpiropipgidinee Bi dtbtued forthOla I and
Q@Slty di abetes nellitus, male sexual dysfunction,
ormulz ¥ f enml e sexual dysfunctlon by adm ni stering the
conpounds agd pharmaceutical conpositions of the
present |nvegploq to a mammal in need thereof. It is
anot her OHT 1. the present invgation to provide
hec t reat ment of er ect ;tb e
S §

,dysfunBtion by

conp03|t|on3‘4f
need thereof. 1 s g ot her '
readi |y apparent from he detallede@e
follows. SUMVARY OF TILE I NVENTI ON The present

i nvention rel ated"to novel N—acylated(§p|roplperldlnes

of structural forrmula | and formula VI: RA b R4. R4

R&'hese acylated spiropiperidine derivatives are effective as melanocortin receptor agonists and are

particularly effective as selective melanocortin-4 receptor (MC-4R) agonists. They are therefore useful
for the treatment and/or prevention of disorders responsive to the activation of MC-4R, such as obesity,
diabetes as well as male and female sexuval dysfunction, in particular, male erectile dysfunction.

The present invention also relates to pharmaceutical compositions comprising the compounds of
the present invention and a pharmaceutically acceptable carrier.

The present invention also relates to methods for the treatment or prevention of disorders,
diseases, or conditions responsive to the activation of the melanocortin-4 receptor in a mammal in need

thereof by administering the compounds and pharmaceutical compositions of the present invention.

-6-



10

15

20

25

all RLNRAC Y"1 RILR-Xa r JsYWNR2 02 XWO

20 0) NO These acyl ated spiropiperidine derivatives
w@e@4e8M3erti ve as nel anocortin receptor agoni SPGT/ESIH04/009751

are particularly effective as selective

nmel anocortin-4 receptor (MZ-4R) agoni sts. They are

therefore useful for the treatnent and/ or prevention

of disorders responsive to the activation of M>4R

such as obesity, diabetes as well as male and fenale

S ?ﬁ?ﬁﬂeseﬂ@’ g 519cﬂrela'te@ tPREhbEUbARe tré@th@nt 6f fi6¥enti6h of obesity, diabetes

ncti on. resent 1nvention also relates to

melht‘t?hﬁlﬁlﬁﬁ@‘é‘alt Qyéfanctl@efﬁaé Srmlosigsuad dribricomly admnieRssbmepgipounds and
phm@éeutléah&)@oeas&tofkﬁé\p@é@&ﬂtmem a pharnaceut i cal | y

B € Sk LEL 5, PSR AONEL LR, B8RS R
the codlbﬁmﬁdﬁrdsphamdabaﬁazﬂ esmpccsruonoofdhé preeest inemfionsi ve to the
(Ia ér%fs]enp Jtnventloltl Flg%re ate m %thl%)&sr}or treraﬁﬁégéc%e ci fu ctf&rﬁg%hnumstenng
the cop:namﬁacfecm pregent mmpmsmtcpmhma@fn WIﬂea tperege@ﬁ@allw ﬁff@qﬁwp amount of
another Qgéﬁgq%%ﬂté Q@gs'éﬂﬂ t(ﬁgﬂ ﬂ‘@&glqﬁ{og 09751 The present

invention also relates to nethods for the treatnment or
pr EAp@HRSPRS inVGRtiqBI3serEIgics tgimetogs for URYINE Pf RESVenfiRg ehesibyby pdministering

the coﬂm)ﬁ&fddﬂ 6t th@ﬁeseﬁfhﬂvefnﬁﬁfﬁin&:oﬁx@iﬁd@dn iysd ﬂh&@pduﬁéhllbyéffectlve amount of
b kn?St er.i Eg R& ﬁ t%ﬁ ﬁuar maceut i cal

anot 966‘%‘?5'6 IR ET B hoepr gts%t THAVERTT8l. The present

i Mhe ptesaphingéision rled Blats t¢ meviedsfodseafing ortprevantinggliabetes by administering
the coﬁ'%gl&tdh Lﬁhgﬁ §e&{{‘1%4[n99n nycoﬁlgmamrﬁlz ﬂ{i mﬁr pe':_ﬁn&hg FEaRe Hﬁglﬁlt of

armaceut |1 cal conpositions o e pres

anotherrramkmqyw to Ppasefyl tsreitent g snthasrnditien rel ates to

met hods for treating erectile dysfunction by

adm nisterin of the present invention
DET@I%E]B%%]{I%N @ﬁfﬂﬁwglgﬁlg&ut ically effective anount

OfThe @ﬂ:@dnh fm/erﬂ@ﬁ Rdlatésto Wrach tell @pittspirferitiing derlvatas utelfi as melanocortin
recept%%gﬁmats lfl 8&1 1fnﬁarp %s sel%alvell\/n(\rf ggégti?n%tsa lé(%ngo%ltl@ . gﬁle p?esent invention are
describethbyrstrg¢taral fognuld D the corrpounds of t he present

i nvention in conbination Wth a therapeutically

effective anmount of 40[; her agent known to be useful

to prevent or treat hQ O/m?ﬂiti on. The present

invention also relategtosnmethods for treating or

preventing di abetes b?‘ M ni steri ng .,t he conpounds of

the present inventionyn i natdop 'th a

therapeutically effecti “we amgunt yof \, anot her agent

known to be useful to prevent t the condition.

15 DETAI LED DESCRI PTION OF TI LB | NTI ON The present

invention relates to N-acyl ated spiropiperidine

derivatives useful as mel and@ortin

or a pharmaceutically acceptable salt thereof; wherein
a, b and c are all single bonds or all double bonds;

X and Y taken together form —C(R6)=C(R6)-, or
one of X and Y is C(R6)2 and the other is selected from the group consisting of

(1)  CROy,
2)  NRO),
@ O,

@  C=NR9)
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receptor agonists, in particular, as selective MC4R
agoni sts. Conpounds of the present invention are

walemansdset by structural fornmula |: R4 R4 /- IRAT/HE3004/609751

RL )CNr )s OR2 20 (lI) or a pharnaceutically
acceptable salt thereof; wherein a, b and c are all
single bonds or all double bonds; X and Y taken
together form-C(R6)=C(R6)-, or one of X and Y is
C(R6)2 and the other is selected fromthe group
0(6nsisd>dy@@ of 25 (1) C(R6)2, (2) N(R6), (3) (O,
ng6 -7 WD 2004/ 089307 PCT/ US2004/ 009751 (5)
gen, t8) sulfur, (7) S(O, and (8) S(O2, 5 or
o(ﬁie of SR).amd Y is N( R9) and the other is selected from
t@e grqay,consisting of (1) C(R6)2, (2) N(R9), (3)

N(R6) 10 (5 (6 | f 7
or one &?@mﬂ ‘émﬂz’ (Pgé )mds{@tber 1%%6166%3 o ntb@ afﬁw) wifglgﬂf%{%) gnél

tiie ot@@d)4,s selected fromthe group consisting of .15

(&) ARG

3 O,
4  C=NR9)
(&) oxygen,
6) sulfur,
@) S(O), and
® SO,
or one of X and Y is C(O) and the other is selected from the group consisting of
() CROY,
@  NR9,
3y O,
@  C=NRS)
&) oxygen, and
6) sulfur;
Z is independently selected from the group consisting of
(1) CH,
(2) CRl),and
3 N

R1 is selected from the group consisting of

) hydrogen,

2) «(CH2)n-NR7RS,

€))] amidino,

@ C1-4 alkyliminoyl,

Gy  Cr-1oalkyl,

(6) -(CH2)n-C3-7 cycloalkyl,
(7)  -(CH2)n-phenyl,

& -(CH2)p-naphthyl, and
® -(CH2)p-heteroaryl,
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(2) N(R6), (3) C(O, (4) C=N(R6) (5) oxygen, and 20
(6) sulfur; Z is independently selected fromthe group
we@oemghsing of (1) CH (2) C(R1), and (3) N, PCHURDO/@09751
sel ected fromthe group consisting of (1) hydrogen,

(2) -(CH2)n-NR7R8, (3) amidino, (4) Cl-4

al kylimnoyl, 30 (5) Ci1-10 alkyl, (6) -(CH2)n-C3-7
cycloal kyl, (7) -(CH2)n-phenyl, (8) -(CH2)n-naphthyl,
and (9) -(CH2)n-heteroaryl, -8 WD 2004/089307

where gﬁénb}? @rﬁﬂ}@ Q94 ﬁétero%f??e[r@ hﬁkugﬁﬁﬁé’d or sPRARREANith cﬁ\@ @Jo three groups

are unsu or substituted w

one
indepepgenglp ﬁ@@ct@rfmg aneh &’éﬁ‘éﬁd‘@ﬁi gl cyelpalkexl ate Wl&wtr@d opfstituted with

one to\emgé bﬁbs%&é}{énd@rﬂ@ sEEbPLBbk X afd Bxdynsubsti tut ed or
2 éF ituted with _onpe to three groups independently
R=is selerted frap ths SAPRONSIPESk0; R2 is selected fromthe

grpup ehwsi,sting of 5 (1) phenyl, (2) naphthyl, and

(’é%) heter a )él wher ei n phenyl, naphthyl, and
eroary are unsubstituted or substituted with one

t @)t hr betegaylips i ndependent |y sel ected fromR3; 10

whereﬁxgﬁig?ygehla% }‘l ndg ﬂ&%%?ﬁ oy u%bﬁﬂt?ﬁor sﬁl%%}_l}%aﬁwg{ cglﬁs? t’hree groups

mdePe(“Q‘)nﬂ-Y(swejdrﬁ%B&’t hyl, (4) -(CH2)n-heteroaryl,
each R3 is independently selected from the group consisting of

(1)  Cr-ealkyl,

(2  -(CH2)n-phenyl,

3) -(CH2)p-naphthyl,

@ -(CH2)qp-heteroaryl,

&) -(CH2)3C2-~7 heterocycloalkyl,

®) -(CH2)pC3-7 cycloalkyl,

@) halogen,

®) ORSJ,

9  «(CH)INRS)2,

(10)  «(CH2)nC=N,

(11)  -(CH2)pCOZ2R5,

(12)  NO2,

(13)  -(CH2)pNRSS(O)pRS

(14)  «(CH2)rS(0)pNRS ),

(15)  «(CH2)nS(O)pR3,

(16)  -(CH2)pNRIC(O)N(RS),

(17)  -(CH2)nC(O)N(R3)2,

(18)  <(CH2)nNRSC(O)R5,

(19)  <(CH2)uNRSCO2R5,

(20)  -(CH2)nNRSC(O)-heteroaryl,

(21)  <(CH2)nC(O)NRSN(R3)2,

(22)  -(CH2)RC(O)NRSNRIC(O)R,

(23)  O(CH2)pC(O)N(RS),

(24) CFs3,

(25) CH2CFs,

(26) OCF3, and
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15 (5) -(CH2)nC2-7 heterocycloal kyl, (6) -(CH2)nC3-7

cycloal kyl, (7) halogen, (8) ORS, (9) -(CH2)nN(R5)2,
wQ@ogagso7 (CH2) nC=N, (11) -(CH2)nCO2R5, (12)PCORS2004/009751

(13) -(CH2) INRSS(O pR5 (14) -(CH2)nS(O pN(R5) 2, 25

(15) -(CH2)nS(O pR5, (16) -(CH2)NNRSC(O) N(R5)2, (17)

-(CH2)NC(O N(R5) 2, (18) -(CH2)nNRSC(O R5, (19)

- (CH2) nNR5CO2R5, 30 (20) -(CH2)NnNRSC(O) - heteroaryl,

(21) -(CH2)nC(O NRBN(R5) 2, (22)

C@m??% 5NRSC(O) R5,  (23) O(CH2) nC(O) N(R5) 2, (24)
, * CH2CF3, (26) OCF3, and -9 WO

whereid @0d&uy) 88301, RGT hetSROPUIrO BGUBstitutddA7 putGDHRAFgth opk tar thiep substituents
1ndepe9m§1ﬂ keleddARRI N 10geRA M dIBRF, €104, tﬁﬂﬁ‘orﬂlﬂ&ﬂﬁsinkltﬂit £48k&xy, and
T T R T e T T
subst1taéﬂ(sy1|nde[kﬁdeﬁﬂju§ﬂdaféﬂ oy halogerd hiZlroxly, akds @1y, allgrh driflwin@nethyd, and C1.4
alkoxy, %r V¥ e’ret-m c%su st{gyents et er H1§¥a el Ol%%tﬁylene (@Flg) % %&'ﬁlare %’i{gn together with

or su
the cardboibstbintttl @Rich tHep dlera&mﬁemtolfymseb}empa@yr graup; hal ogen,

each ﬂgﬁg%@(%%éh ernﬁ%elecg'edq:r tﬁg gfogé{,c;nyst cf’rmt hyl, and Cl-4

erein MS when on the same
mébhy| épdroge@H2) group are taken together with the
canbongtgmy,0 which they are attached to forma
c¥3§I opr 5 ro}lsz; each R4 is independently sel ected
m t A B Consi sting of (1) hydrogen, 10 (2)
C)8 ak(CH2)nPhthyk CH2) n- phenyl ,

o -(CH2)p-heteroaryl,

6) -(CH2)nC2-7 heterocycloalkyl,
N -(CH2)iC3-7 cycloalkyl,

(8) halogen,

) OR3,

(10)  -(CH2)nN(RS)2,

(11)  «(CH2)nC=N,

(12)  -(CH2)2C(O)ORS,

(13)  -(CH2)nOC(O)R3,

(14) NOg,

(15)  -(CH2)pNR3S(O)pR5,

(16)  «(CH2)nN(S(O)pR5)2,

(17)  -(CH2)nS(O)pNR5)2,

(18)  -(CH2)»S(O)pR3,

(19)  -(CH2)nNRIC(O)NRD)2,
(20)  -(CH2)nC(O)N(RS)2,

(21)  -(CH2)nNRSC(O)R?,

(22)  -(CH2)pNR3CO2RS,

(23)  -(CH2)pNR5C(O)-heteroaryl,
(24)  -(CH2)nC(O)NRSN(RO)2,
(25)  «(CH2)pC(O)NRSNRSC(O)RS,
(26)  O(CH2)nC(O)N(R?)2,

(27) CF3,

-10 -
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(4) -(CH2)n-naphthyl, (5) -(CH2)n-heteroaryl, (6)
-(CH2) nC2-7 heterocycloal kyl, 15 (7) -(CH2)nC3-7
weywhosdskyl , (8) hal ogen, (9) OR5, (10) - (CHzZpemNIRSBPL009751
(11) -(CH2)nC=N, 20 (12) -(CH2)nC(O OR5, (13)
-(CH2) nOC(O) R5, (14) NO2, (15) -(CH2)nNR5S(0)pR5,
(16) -(CH2)NN(S(O pR5) 2, 25 (17) -(CH2)nS(O pN(R5) 2,
(18) -(CH2)nS(O pR5, (19) -(CH2)nNNR5C(O) N(R5)2, (20)
- (CH2) nC( O N( R5)2 (21) -(CH2)nNRSC(O R5, 30 (22)
- (832) rO¥REPeRR5, (23) - (CH2) nNR5C(O) - heteroaryl, (24)

g ) SN(R5) 2, (25) - ( CH2) nC( O) NRSNR5C( O) R5,
( gao@% O N(R5)2, 35 (27) CF3, -10 WD
280/ ommzmea/ us2004/ 009751 ~(28) CH2CF3, (29) OCF3,

ot O ST PR BERTA by Sl e b
mdemndeltthrselectsdjf;@m ﬂl@lggqm lsydr@cy; @rte plpld Biftupyonetiyb endd]-f nlimxy, and

whereﬁl@il%g Q@clogll(ﬁr&)@focyglaalﬂyl%}ﬂXbHﬁ drd ﬁﬂsH&‘hﬁH&tJMﬁbsnﬁ&q with one to three

wherel n al ,CCO&

Substlrv@eté f“&ERFBﬂ%‘&V R@l?ctedafﬁan hadegey. @ﬁ@xnr%ertfslt 4 @ﬁ;ﬂer@lﬂg@mmethyl and C1-4

alkox§ WP hérbid @6l sublstitler® Wehdn@ntthy @fie n@thyRhé (CI8))efoup are taken together with
[ ndePendent |y sel ected from hal ogen, hydroxy, oxo,

the cagbpn gtomy tR wihichitheyraps affached tiprm A SYRIORCSBAETORp: ’koxy, or
each Rhie tir@lepentistily Selbadd foi tHe SrodP eons@ling e same net hyl ene
(% g}ﬁgug are taken together with the carbon atom

are attached to forma cycl opropyl
C1 -g alk; yl

(3) -(CH2)nC3-7 cycloalkyl,

“@ -(CH2)nC2-7 heterocycloalkyl,

(5)  -(CHp)n-phenyl,

(6)  -(CHp)p-naphthyl,

@) -(CH2)p-heteroaryl, and

(8) -(CH2)nC3-7 bicycloalkyl;
wherein alkyl, phenyl, heteroaryl, heterocycloalkyl, naphthyl, cycloalkyl, bicycloalkyl and (CHp) are
unsubstituted or substituted with one to three groups independently selected from halogen, C1-4 alkyl,
hydroxy, and Cj.4 alkoxy, or wherein two R3 groups together with the atom to which they are attached

form a 4- to 8-membered mono- or bicyclic ring system optionally containing an additional heteroatom
selected from O, S, and -NC1.4 alkyl;
each RO is independently selected from the group consisting of
)] hydrogen,
2  Cralkyl,
3) -(CH2)nC3~7 cycloalkyl,
G)) -(CH2)nC2-7 heterocycloalkyl,
(5)  ~(CH2)n-phenyl,
©) -(CH2)p-naphthyl,
) -(CH2)p-heteroaryl,
(8)  -(CH2)RC(O)RS,
(9  «(CH2)nC(O)ORS,
(10)  -(CH2)nC(OH)R5,
(11)  «(CH2)nC(O)CH2)p-N(R5)2,
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10 each R5 is independently selected fromthe group
consisting of (1) hydrogen, (2) Cl-8 al kyl, (3)
WO ¢@Ha393C8- 7 cycl oal kyl, (4) -(CH2)nC2-7 PCT/US2004/009751

het erocycl oal kyl, 15 (5) -(CH2)n-phenyl, (6)

-(CH2) n-naphthyl, (7) -(CH2)n-heteroaryl, and (8)

-(CH2) nC3-7 bicycl oal kyl ; wherein al kyl, phenyl,

het eroaryl, heterocycloal kyl, naphthyl, cycloal kyl,

bi cycl oal kyl and (CH2) are 20 unsubstituted or

S tit g hree groups independently
g&zcte ?rbér%)keﬁg ﬂtl 4 al kyl, hydroxy, and Cil-4.
aKl&dxy-(Cﬁz)mﬁEﬁel n tvvo R5 groups together with the

at( mto(rd%%cbcgdmy are attached forma 4- to

nono- cyclic ring systemoptionally

bi
cé]r§t)a| G - @H&)ﬂtﬁl@ﬁ& het eroatom sel ected from 0,
8(1@nd_((ﬁgjn-céq al kyl; each R6 is independently sel ected

fr consisting of 25 (1) hydrogen, (2
&[én al'@ﬂ,’ﬁ%% 1 (CH2) an 7 cycl ogl Lyl?/ (4)g (2)
(ISI)IZ) n(mIQYHN(Rﬁ)e}(mRﬁcI oal kyl, (5) -(CH2)n-phenyl, 30
])é,Hz( (7) (CH2)n heteroaryl, (8)
? C@%%y 2{9%&5(19"2) nC(O OR5, (10)

) B CH2) nC( O) (CH2) n- N(R5) 2, - 11
ZQ)IZ d@@@i}l‘ﬁ 3)C58)

OO%@M&@ZOOM 009752.CH(2;I.ﬁ) o5, (14)
_ (@) i C(@ggﬂzh@@é};zﬂ O (CH2)n-N(R5)2, 5 (16)
$312) ROH2){NRY)-S(OFD)dRS) 2, (18)
éﬁ?z ) R 1)3)1\%9 §na-c1s alkyl,
25) -(CH2)n-S-R5,
26) -(CH2)p-S(O)-R3, and
(27)  -(CH2)p-S(0)2-R5,
wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three groups
independently selected from R3, and wherein alkyl, cycloalkyl and heterocycloalkyl are unsubstituted or

substituted with one to three groups independently selected from R3 and oxo, and wherein any methylene
(CH?) in RS is unsubstituted or substituted with one to two groups independently selected from halogen,

hydroxy, and C|-4 alkyl; or wherein two RO groups together with the atoms to which they are attached

form a 3- to 7-membered monocyclic ring optionally containing an additional heteroatom selected from
O, S, and N, wherein the monocyclic ring is unsubstituted or substituted on carbon or nitrogen with one
to three groups independently selected from R3 and 0xo;
each R7 and R8 is independently selected from the group consisting of

) hydrogen,

2) amidino,

3) C1-4 alkyliminoy],

4 Cr-ioalkyl,

&) -(CH2)n-C3-7 cycloalkyl,

(6)  -(CH2)n-phenyl,

N -(CH2)p-naphthyl, and

8 -(CH2)p-heteroaryl,
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(19) -(CHR2)NN(C(O R5)2, (20) -(CH2)nN(R5)C(O OR5, 10
(21) -(CH2)nN(C(O OR5) 2, (22)

WO ¢@a33d R5) C( O (CH2) nN(R5) 2, (23) PCT/US2004/009751
-(CH2)NnN(RB) - S(O) - C1-8 al kyl, (24)
-(CH2) nN(RB) - S(0) 2-C1-8 al kyl, (25) -(CH2)n-S-R5, 15
(26) -(CH2)n-S(O-R5, and (27) -(CH2)n-S(O 2-R5,
wher ei n phenyl, naphthyl, and heteroaryl are
unsubstituted or substituted with one to three groups

whereingﬁi; %g‘lﬂfl}h}’anﬁ %Et@fbtaﬁgart: L FRute AR uMBRIET WS XS three groups

eterocycl oal kyl are unsubstituted or

mdep%ld%lﬁ/ﬁ@lmt%cbfrwﬁﬁ A avheigin alleyd @dgcwel@eky iaFfomsEhsHted oy substituted with

one to¥RLE @Isi; lﬁdegéndaalyaseréctea(ﬂommdma\leﬁd ein any methyl ene 20
h1{9 gﬁ 51 su3|tuted or su%stltuted with one
cach y'gst e@‘ii Eﬁée?"ﬁ Eﬁﬂ“&’c%}s‘éﬁ d from hal ogen,
hytr ox hydragea, C1- 4 al kyl; or wherein two R6 groups
t eget her é/\glf{}n the atoms to which they are attached
form a 31 7-menber ed nonocyclic ring optionally
céht ai nﬁ%)lﬁﬁ"é% ®lghal het er oat om sel ected from O,
Sand -(EHWEL-£hdlerbdigloamApcycl ic ring i s unsubstituted

or )subs d&izﬁ@? n carbon or nitrogen with one to
t hPee g ependently sel ected from R3 and oxo;

2%6)eac A((RD)@naphtRgl, | s i ndependently selected fromthe
gr{ﬂup C@]ﬁ)shét&g (1) hydrogen, (2) am dino, (3)

(4) C1-10 alkyl, 30 (5)
(@HZ) rdmﬁ(% | oal kyl, (6) -(CH2)n-phenyl, (7)
ﬁﬁnﬂyd)mand (8) -(CH2) n-heteroaryl, -12 WO
20 4/ 08 qh(g’( 2004/ 009751 wherei n phenyl,
t hy eroaryl are unsubstituted or

qubBt i HOFeg, @I ICHRENRD)4,hr ee groups i ndependent |y
cte grein al kyl and cycl oal kyl are
s bst&ﬁ@‘gqbg%&}lsngg?wm ed with one to three groups

|rﬁblﬁpen63iﬁ)in30 lected from R3 and oxo; each RO is

[ pen@gp} gsted fromthe group consisting of 5
r%i@hyd ) E Cl 6_al kyl, (3) -(CH)nC3-7
)ﬁ Joal" Z)m'o In-NR3)2, ‘

(16)  -(CH2)mCN,

(17)  «(CH2)mNRS),

(18)  «(CH2)mNR)COR,

(19)  -(CH2)mN(C(O)R5)y,

(20)  ~(CH2)mN(R)C(O)OR?,

1) -(CH2)mN(C(O)ORS),

22) -(CH2)mNR3)C(O)CH2)nNRS)2,

23) ~(CH2)mN(R3)-S(0)-C].§ alkyl,

(24)  -(CH2)mN(RS)-S(0)2-C1.-8 alkyl,

@5) -(CH2)mSR,

26) ~(CH2)p-S(0)-R3, and

27)  -(CH2)n-S(O)2-R5,
wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three groups
independently selected from R3, and wherein alkyl, cycloalkyl and heterocycloalkyl are unsubstituted or

substituted with one to three groups independently selected from R3 and oxo, and wherein any methylene
(CH?p) in R? is unsubstituted or substituted with one to two groups independently selected from halogen,

hydroxy, and C]-4 alkyl; or wherein two RY groups together with the atoms to which they are attached
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(4) -(CH2)nC2-7 heterocycloal kyl, (5) -(CH2)n-phenyl,
10 (6) -(CH2)n-naphthyl, (7) -(CH2)n-heteroaryl, (8)
WO A3 O R5, (9) -(CHR2)nC(O OR5, (10) PCT/US2004/009751
-(CH2)NnC(OH) R5, 15 (11) -(CH2)nC(O (CH2)n- N( R5) 2,
(12) -(CH2)nC(O (CH2) n-NR7R8, (13) -(CH2) m OR5, (14)
-(CH2)m OC(O R5, (15) -(CH2)m O (CH2)n-N(R5)2, 20
(16) -(CH2)nCN, (17) -(CH2)mN(R5)2, (18)
-(CH2) MN(R5) C(O R5, (19) -(CH2)mMN(C(O R5) 2, (20)
form a § %ﬁ)nﬁgﬂ(ba@l eHokd 5b r1 (131411)1 c&m}lm St Rroatoféselected from

0,5, 2 - ( E % ;%g,c (fl_%mg}l%ﬂ?r}%yl])shtute%igg%ubstltuted on carbon or nitrogen with one

to three(gbipy idefendenSy Oletidd flonBRAMYdx0; (25) - (CH2) n¥S-R5, 30
(26).,: (CH2)n-S(O -R5, and (27) -(CH2)n-S(0)2-R5,
wherei‘n phenyl , naphthyl, and heteroaryl are
sis urlswBBstituted or substituted with one to three groups
nis | Rdepepdently selected fromR3, and wherein al kyl,
) cIoaIkyI and heterocycl oal kyl are unsubstituted or
mis Lb%?ﬁ@t“bd with one to three groups independently
pis ?Qﬂ @;argd %om R3 and oxo, agd V\,hergltn an%/ (rjret hyl ene 35
CH2) i i,s. unsuhstituted or_substituted w
to two %PWOF]HE@ AfeorIPgUs PEUHERYT %%wvlﬁal%%@ﬁnula VLR1is
Selectpf;/fwmw grapgosisting off lygrogen C1vdrdkydi-(CHD0- 1 183-geyslopkyl, -(CH2)0-1-
h CAQ@ W KRk 316y HRte ot Yr &S tﬁk&%ﬂ%ﬂe hr
Db S PSRl i SR8 i el 3 o three groups
mdepemdﬁ@hbeheeteld fiem BEyandiwhersimakyd prd eyalahlkyl a@@M@nﬂlyrsgbmmted with one to

three @@G‘ﬁsﬁh&ﬁéﬂdeﬁi@ts@l{e@c@& ﬁ‘&hwlaﬁ@ bed thh @ms (9 'th1§em9d?lgné}lt R1is selected from
nocycl

e e O R e—
groupg md@msdantlyi eqbested divinl B3 arel axot EchnbthamldR8 ofthid eotbodimenti B! & -(CH2)(.-1-

NR7EY 2

In a second embodiment of the compounds of structural formula I and formula VI, R2 is phenyl

ris

or thienyl optionally substituted with one to three groups independently selected from R3. In a class of
this embodiment, R2 is phenyl optionally substituted with one to three groups independently selected
from R3.

In a third embodiment of the compounds of structural formula I and formula VI, R3 is selected
from the group consisting of C].¢ alkyl, (CH2)pn-phenyl, (CH2)y-heteroaryl, (CH2),C2-7
heterocycloalkyl, -(CH2)nC3-7 cycloalkyl, halogen, ORS,
~(CH2)pN(R5)3, (CH2)n,CO2R5, NO2, and CF3, wherein phenyl, naphthyl, and heteroaryl are
unsubstituted or substituted with one to three substituents independently selected from halogen, hydroxy,
C1-4 alkyl, trifluoromethyl, and C1-4 alkoxy, and wherein alkyl, cycloalkyl, heterocycloalkyl, and (CHp)
are unsubstituted or substituted with one to three substituents independently selected from halogen,
hydroxy, oxo, C1-4 alkyl, trifluoromethyl, and C1-4 alkoxy, or wherein two substituents when on the
same methylene (CH2) group are taken together with the carbon atom to which they are attached to form
a cyclopropyl group. In a class of this embodiment, R3 is selected from the group consisting of C1.¢

alkyl, halogen, and OR5, wherein alkyl is unsubstituted or substituted with one to three substituents
independently selected from halogen, hydroxy, oxo, C1-4 alkyl, trifluoromethyl, and C1.4 alkoxy.

In a fourth embodiment of the compounds of structural formula I and formula VI, R4 is selected
from the group consisting of hydrogen, C1-6 alkyl, halogen, OR5,

-(CH2)npN(R3)2, -(CH2)nC=N, ~(CH2)nNR5SO2R5, -(CH2);N(S(O)2R5)2, and
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5sis!l|l or 2, nis 0, 1, 2, or 3; mis 1, 2, or 3;
and pis 0,1,0r2. In one enbodi nent of the conpounds
wo@toogmsaset ural forrmula | and forrmula VI, Rl i SPCT0S2004/009751
sel ected fromthe group consisting of hydrogen, Cl-6
al kyl, -(CH2)0-1-C3-6 cycl oal kyl, -(CH2)0-1- phenyl,
and - (CH2)0-1-NR7R8; wherein phenyl is unsubstituted
or substituted with one to three groups independently
sel ected from R3, and wherein al kyl and cycl oal kyl are
{ t h
(Cr R AN, R b S B e ek O PR g gp e
substituiiits Indppodintte selectqdifiranshalegendtydidxy. oo Cit-hdkyjr toflporomethyl, and Cp.4
alkoxy; Q)F' §Ih§1%1'n@90 QbstU I OPRR on A afnd 1R eﬁé/ {cHA %ﬂ)uﬁ b Ykeh Bogether with
optionally substituted with one to three groups
the cajhod ejvaridevhidhytheyareatteend to ©orm R3ydemlopykgroup.n  anot her
cl ﬂrc‘asﬁﬁ{ etht¥dRnaPHqeH JE%Lﬂ)BundR%f étﬁlcfuga%gl'ﬁ anc[\BZIBﬁa Vk REAs
. second enbodi nent of e conpounds of structural
indepgngdpily| sgleptechfom therERMP£ORAISOROL i s phenyl  or t hi enyl
om) onalyliygsubstituted with one to three groups
Eg)epe&glnﬁk selected fromR3. In a class of this
i's phenyl optionally substituted with
ond to f@ﬁ@&@?éﬁ@b@%bdependently sel ected 20 from
R34y I n_ ﬁien§frbod| ment of the conpounds of
structura rmula | and formula VI, R3 is selected
f @mth%c%lr@ HeroyMki sting of C1-6 al kyl

- (6&H2) n¢qHORIO)RS, ( CH2) n- het er oar yl , (CH2) nC2-7
er oc (CH2) nC3-7 cycl oaI kyl , hal ogen,
ore@ @?WV - (CH2) nCD2R5, NC2, and CF3,
whi&)rel n((ﬁlmﬁ@(DH)R%Lpht hyl, and heteroaryl are 25
ungybst éﬁ%)l%iﬁdg(cfﬁybgmj)ft ed with one to three

substitu nde y sel ected from hal ogen,
h)ﬁé(?)oxy@HZ?JlC@)@PEZ}rl NR?R fluoromethyl, and Cl-4
al(kpxy,-@ng,orsrei n al kyl, cycl oal kyl,

het er oc and (CH2) are unsubstituted or
séﬁ)@t [ tmwﬁkone to three substituents

i (tBpendei),Q-(CHYgN®)f r om hal ogen, hydroxy, oxo,

|f| uoronet hyl, and Cl-4 al koxy, or
](g?)el n@v@nsu’bstltuents when on the same net hyl ene

( CHD) ngﬂq) nRe)t aken together with the carbon atomto

heh t 5 $1ed to form 30 a cycl opropyl
V\h 6:) azé)s;r?g this enbodi ment, R3 is sel ected

fr(&)?%th@j%?r)mNu(&@ &-sting of Cl-6 alkyl, hal ogen, and
ORE) wharieh) IN@Skato)OBS, unsubst | tuted or substituted

R S S

t r(2)l uof@iﬂmm@w) -SeNg-Ctls Akl koxy. In a fourth

3‘28 )ofS ﬁjwe compounds of structural fornula I
f or mu a VI, R4 is selected fromthe group

cd@di st- (Q@Z)wﬁ( -8%fen, C1-6 al kyl, hal ogen, ORS, 35
- (€¥2) NNHRE) R0 EBH2) NCN, - ( CH2) NNR5SCRR5,
- (CHR2) nN( 2R§) 2. and -14 WD 2004/ 089307
whereprtepdpumrph grﬂélrteroa(m)umhst@e@} Rosubskfieeceith eielty fhree groups
lndepél{a@nt(ﬁ'él%}te@fr&nmsédﬁsd?ﬂeléehﬂ Aky1@hd ltdf'é @r@ulyyltﬁulfbd% Subs@ruted with

tafé
one tchtﬁ{eg grougs 'ﬁé Ieﬁdégtﬁl}; Rlec eg %%m}gbent l %{o a{x i ! 819 an m%y/l,ane (CHp) in RO is

roxy,” o0xo, U or
unsubatitdteChr éhbstltuted w1th one to two groups mdependently selected from halogen, hydroxy, and

C1-4 alkyl, or wherein two RO groups together with the atoms to which they are attached form a 3- to 7-

membered monocyclic ring optionally containing an additional heteroatom selected from O, S, and N,
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al koxy, or wherein two substituents when on the sane
nmet hyl ene (CH2) group are taken together with the
W@ 200b0893at omt 0 which they are attached to forPCHEUS2004/009751
cycl opropyl group. 5 In a fifth enbodi nent of the
conmpounds of structural fornmula | and fornmula VI, R6
is independently selected fromthe group consisting
of (1) hydrogen, (2) Cl-6 alkyl, (3) -(CH2)nC3-7
cycl oal kyl, 10 (4) -(CH2)n-phenyl, (5)
wherem(t%%rﬂ) ki %%r&ﬁgubstlt(l@i of §u%ﬁt@@6@aﬁib§ or (uzl)ogen with one to three

R5
group&lp@yﬂzl)qq wteaqéfrﬁm%%@)@m (10)OH)

- (R %@)&n@ﬁﬁ)of'th@lw und{ ¥ SructirH3 I £ORMA forkd)a VI, X and Y are

indepen%l }Q%F(d%o?g he%%%y&sﬁf%%@x&g (11 (;f(ﬁ% ﬁ%&% and2&0§ Jo?'}( and Y taken
together(fﬁiﬂi}@d‘l(@%@m@) Rhb,a cla(ss’l.(ﬁ)thls er1ab&alimedt,C{ @)dRB pi2,indepdrd}ntly selected from

the gron% H% &Por X and Y taken together form —C( R6)=C( R6)-. Ina
CH2) nN{ RS) C( nN(

subclassvéﬁg ﬁpq(s@g s ss{eel)aé from. the gpwonsm(u(ng ﬁ N(l%9@1_@()12|§)28a1p@5C(0) orXandY
taken gcfler'férg'@( ’?‘@R 6% In tther Gdhss df @l’?élﬁ‘ss% Q) RrebRd 38 the group

conswaags?fe%ﬁﬁﬁm"@ B2 Ry YR B o R B B0 ups.

seventh REBEBMEIRBE totnRhEGE EFmTaQ EhdBrm@d VI,VHe Nei 1A a dlakyydf tiadébodiment, Z
isN aﬁ:(y ﬁi ﬁ@«lﬂg&éd R0 1 :}g(glg%gﬁsg wh Pflglﬁr é{p §1tnidlt1r %4%&%%{391%1- 10 alkyl,

ree pendent 'y ‘sefedte
-(CH2r).rx63-7&m!0 EQHa)arﬁbenubt(ﬁﬁalm@pbtlezandu fCH?Bmhgteroaryl
u @I?Mpé %{‘ t gf'ﬂ% IHIE 8{%?1411&191 2138, ltﬂgllg WP qu é P a class of this

ep ogen, r oxy,
embo‘k‘i‘ iis R6 groups toget her W|th t he

a tflﬁth‘éhérfm)dﬁﬁb%y oﬁﬁ@c@{ﬁ)@&ﬁ Rfltht BFelRn indentiof, therdare provided

compoy %rsgﬁ%wgﬁgwﬁ%g% AL e e StecocB N Confispgtions having
the 1roMDoRERA4100 8B R2 RAT HipSAHk44r0H T hibstituents:

R4
Mo R
R
a\\ ’IC
,R1 or ,Fﬂ
Yo /\ ( 7 ( 7
N WM ) A7)
\“\\\ s » s
0 R2 o] ﬁz

(l1a) (Ib)

or a pharmaceutically acceptable salt thereof; wherein
a, b and c are all single bonds or all double bonds;

X and Y taken together form —C(R0)=C(R6)-, or
one of X and Y is C(RO)2 and the other is selected from the group consisting of

(1)  CRO),
(2 NRY),
3 O,

)  C=N(RO)
5) oxygen,
(6) sulfur,
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wherein the nonocyclic ring is unsubstituted or
substituted on carbon or nitrogen wwth one to three
w@e@yps93dhdependent |y sel ected from R3 and oXxOPCT/HISH04/009751
si xt h enbodi nent of the conpounds of structural
formula | and fornula VI, X and Y are independently
sel ected fromthe group consisting of oxygen, C(R6)2,
N(R9), and C(O), or X and Y taken 5 together form-(C(
R6)=C( R6)-. In a class of this enbodinment, X and Y
ar(e> [ nz@g nt I y selected fromthe group consisting
and C(O, or X and Y taken together
fc@m C( R6) In a subclass of this class, X
or ond F 38&ldecis E»%R%iamtﬁet&me {sQURCtEPRSH el ghehpREndNRD bf
) 2, (O, or X and Y taken together form-C(
96 I n anot her subclass of this class, Y is
sebect etttRﬂyomthe group consisting of C(R6)2, and
Nf@g)’&? X and Y taken together form-C( R6)=C( R6)-
1 seventh enbodi nent of conpounds of formula I
ar(él)for@nlﬁ(& M, Zis N In a class of this enbodinent,
511 q Rl is selected fromthe group consisting
ydr oggn am di no, Cl-4 al kylininoyl, Cl-10 al kyl,
OH2) ru 7 cycl oal kyl, -(CH2)n-phenyl,

((@—|2) rsOnRid hyl , and (CH2) n-heteroaryl. In an eighth
ert’g)odl r%eaz of corrpounds of formula I and formula VI, Z
is CH Tn“ class of this enbodinent, Zis CH and Rl

or ond &f X @R )srG(NRAd8he diberlinseleeted frofuthd grewp @niisttigmént  of
t he) cortggﬂﬂds of the present invention, there are
provide compounds of structural for mula Ha or I1b of
t H®) i nd¥®&ked rel ative stereochenical configurations
hawj ng cdhe trans orientation of the R2 and
pi perl d| nec rbonyl substituents: RA RA bb R-R4 R\
) R4 %dwcvxw( ~R-or WX~ B.S' N)S
(r()sR |\6x'yrgéa andl 1 a) (11b) or a pharmaceutically
ﬁeptab e salt thereof; wherein 20 a, b and c are all
5ofids or all doubl e bonds; X and Y taken
Zis tndg@hﬂmﬁlyfsmqnd fOORB} SO(REYnsistimgrofone of X and Y is
C((Iﬁp)z d the other is selected fromthe group
conS|st|n (1) CR6)2, (2) N(R6), 25 (3) (O,
(48 C—I\(Iz(ﬂg) and 5) oxygen, (6) sulfur, -16

(3) N;

R1 is selected from the group consisting of hydrogen, amidino, C1-4 alkyliminoyl, C1.¢ alkyl, C5.¢
cycloalkyl, (CH2)0-1 phenyl, (CH2)0-1 heteroaryl, and -(CH2)(-1-NR7R8; wherein phenyl and
heteroaryl are unsubstituted or substituted with one to three groups independently selected from R3, and
wherein alkyl and cycloalkyl are unsubstituted or substituted with one to three groups independently

selected from R3 and oxo;
R2 is phenyl or thienyl optionally substituted with one to three groups independently selected from R3;
each R3 is independently selected from the group consisting of

1) Cipalkyl,

(2)  «(CH2)p-phenyl,

(3)  ~(CH2)p-naphthyl,

) -(CH2)p-heteroaryl,

(&) -(CH2)nC2-7 heterocycloalkyl,

(6) -(CH2)nC3~7 cycloalkyl,

@) halogen,

-17 -



WD 2004/ 089307 PCT/ US2004/ 009751 (7) S(O, and (8)
S(O 2, or one of Xand Yis N(RO) and the other is
W@ 200808%07 f rom t he group consi sting of (1) C(IR6)/BES2084/009751

(2) N(R9), (3) O, (4) CNR6) (5) oxygen, (6)

sul fur, 10 (7) S(O, and (8) S(O 2, or one of X and Y

is C(O and the other is selected fromthe group

consisting of (1) C(R6)2, (2) N(R6), 15 (3) C(O,

(4) C=N(R6) (5) oxygen, and (6) sulfur; Zis
epegggrntly sel ected fromthe group consisting of

g C(R1), and (3) N, RL is selected from
tﬂ% grd@ﬁzhé% ?2ting of hydrogen, anidino, Cl-4

al oyl | f(C IG_NC1 6 al kyl, C5-6 cycloal kyl, -(CH2)0-1
phenyl, 1 heteroaryl and - (CH2)0- 1- NR7RS;
whid? ei I’{C é\%dZ nd 25 heteroaryl are unsubstituted or
supst i tNabed with one to three groups independently

S cte gd wherein alkyl and cycl oal kyl
aﬁe”?unsg"@q%ﬂ%#g%)l’gr substituted with one to three
g(mps—(@hﬁﬁéhlﬂ,élnﬂ)y sel ected fromR3 and oxo; R2 is

p yl Boptlonally substituted with one to
EﬁZe g(r@(i){ I%I( ﬁ ently selected fromR3; each R3
GIOBEReS

i §16) ndepéia ¥ied fromthe group consisting of
1) -Cln§ bR 2) - (CH2)n-phenyl,  (3)
? ﬁ@a% ?& 4) -(CH2) n- heter oaryl (5)
ycl oal kyl ,

(19) -(CHz)nNR5C02R5

(20)  -(CH2)pNRSC(O)-heteroaryl,

(21)  ~(CH2)nC(O)NRSNRS),

(22)  «(CH2)RC(O)NRSNRSC(O)R5,

(23)  O(CH2)RC(O)N(R)2,

(24) CFs,

(25) CHoCF3,

(26) OCF3, and

(27) OCHoCF3;
wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three substituents
independently selected from halogen, hydroxy, C1-4 alkyl, trifluoromethyl, and C1.4 alkoxy, and
wherein alkyl, cycloalkyl, heterocycloalkyl, and (CH2) are unsubstituted or substituted with one to three
substituents independently selected from halogen, hydroxy, oxo, C1-4 alkyl, trifluoromethyl, and C1_4
alkoxy, or wherein two substituents when on the same methylene (CH2) group are taken together with
the carbon atom to which they are attached to form a cyclopropyl group;
each R4 is independently selected from the group consisting of

§)) hydrogen,

2y  Ci-galkyl,

(3)  (CH2)p-phenyl,

@ -(CH2)p-naphthyl,

5) -(CH2)p-heteroaryl,

6) -(CH2)nC2-7 heterocycloalkyl,

¢)) -(CH2)nC3-7 cycloalkyl,

(8) halogen,
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35 (6) -(CH2)nC3-7 cycloal kyl, (7) halogen, -17 WO
2004/ 089307 PCT/ US2004/ 009751 (8) ORS, (9)
WO ¢@a393d R5) 2,  (10) -(CH2)nCN, (11) - (CH2) nE2BS2008009751

(12) N2, (13) -(CH2)nNR5S(O pR5 (14)

-(CH2)NnS(O pN(R5) 2, (15) -(CH2)nS(O pR5, (16)

-(CH2) NNRSC(O N(R5) 2, 10 (17) -(CH2)nC(O N(R5) 2,

(18) -(CH2)NnNRSC(O R5, (19) -(CH2)nNR5CO2R5, (20)

-(CH2) NNR5C( O) - heteroaryl, (21) -(CH2)nC(O NRSN(R5) 2,
1%) (22pRS5,( CH2) nC( O NR5NR5C( O R5, (23)

Cﬁ@—&) g&%ﬁ) 2, (24) CF3, (25) CH2CF3, (26) OCF3,

CF3; wherein phenyl, naphthyl, and

i‘(étl)er o&C)nEEN, unsubstituted or substituted with one
)thr %uéﬁj)bklgents i ndependently sel ected from
o en dro Cl4 al kyl, trifluoronethyl, and Cl-4

aqlﬁ)oxy((‘:%ﬂd 0C ein al kyl, cycloal kyl,

hatrer ogws! oal kyl , and (CH2) are unsubstituted or

sybstit to three substituents
ﬁg)epeﬁ%?%ﬂw@%éé)g‘g%ed from hal ogen, hydroxy, oxo,
Qlex aJ(dZI;Ijg)nN(S(OﬁIJRioz onet hyl, and Cl1-4 25 al koxy, or
ei ents vvhen on the sanme nethyl ene
V\@—E SC%}OS@% { n together with the carbon atom
t68M|éﬂH2)h§§Q)pR% attached to forma cycl opropyl

9r1oup; (€BSNNRSC endently selected fromthe
g{o}dp éon@?stl n{G;)Ngm?’g) hydrogen, (2) Ci1-8 al kyl, 30
(9P - 81«%5 )2 (4) -{CH2)n-napht hyl ,

(21) -(CHz)nNR5C(O)R5

(22)  -(CH2)pNRSCO2R?,

(23)  -(CH2)pNRSC(O)-heteroaryl,

(24)  -(CH2)ZC(O)NRSN(R3)),

(25)  -(CH2)pC(O)NRSNRSC(O)RS,

(26)  O(CHYCONRA)2,

27) CFs,

(28) CH»CFs,

(29) OCF3,and

(30) OCH2CF3;
wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three substituents
independently selected from halogen, hydroxy, C1-4 alkyl, trifluoromethyl, and Cj-4 alkoxy, and
wherein alkyl, cycloalkyl, heterocycloalkyl, and (CHp) are unsubstituted or substituted with one to three
substituents independently selected from halogen, hydroxy, oxo, C1-4 alkyl, trifluoromethyl, and C1.4
alkoxy, or wherein two substituents when on the same methylene (CH2) group are taken together with
the carbon atom to which they are attached to form a cyclopropyl group;
each RS is independently selected from the group consisting of

§)) hydrogen,

(2  Crsalkyl,

3) -(CH2)nC3-7 cycloalkyl,

G)) -(CH2)nC2-7 heterocycloalkyl,

(5)  -(CH2)n-phenyl,

(6) -(CH2)p-naphthyl,
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(5) -(CH2)n-heteroaryl, (6) -(CH2)nC2-7
het erocycl oal kyl, (7) -(CH2)nC3-7 cycl oal kyl, 35 (8)
wh 2000089307 - 18 WO 2004/ 089307 PCT/ US2004/ 009751PC1/8$2004/009751
OR5, (10) -(CH2)nN(R5)2, (11) -(CH2)nC=N, (12
-(CHR2)NC(O OR5, 5 (13) -(CH2)nOC(O R5, (14) NO2, (15)
- (CH2) NNR5S( O) pR5, (16) -(CH2)nN(S(O pR5)2, (17)
-(CH2) nS(O) pN(R5) 2, 10 (18) -(CH2)nS(O pR5, (19)
(CH2)nNR5C(O) N(R5)2, (20) -(CH2)nC(ON(R5)2, (21)
1&%2) - (CH2) NNR5CO2R5, 15 (23)
i %t er oar yI (24) -(CH2)nC(O NRSN(R5) 2,
c@iizz?nﬂzcﬁylmﬁa OR5, (26) O CH2)nC(O) N(R5)?2.
whereﬁ12am §1y1 h&@ro@u%@)het@d@f& lkyl, (nZ h}@'?aoalﬂﬂd)lcy@ﬁﬁﬁ( 1 and (CH2) are
X d het roarﬁlq
unsubgfifus %&SP?%‘PE?? %felelﬂ- %/Hffn@ﬁﬁ‘gy ff‘ée“feﬁrf’é’é“ alogen, C1.4 alkyl,
hydrosy) st €y elltbs_/ of m&qﬁﬁ nekeRY gmulseb@dteedltﬁ the rAtofatio ahédh, they are attached
hydr al k rifluoronmethyl and Cl-4
form aa‘%éo %W?F%Flﬁ“ O}ék}’FYCtl‘E vop @QFWPMH){P&W&P‘SW@E daf Onayhetematom
Select@rfcbm%)anérl%cumgmﬂst ituted or substituted with one to
tituents | ndependent . | ected from
cach RN Senehekil G Sond S ERERESREAE 1 PF 1 Uor ot hy!
afb Clhndm@nkoxy or wherein two substituents when on
tl(@ samy._d@khyl ene (CH2) group are taken together wth

o391 oo r Stttk 5 12 (ndependent iy sel act ed
f |(45)m t REHPipp7 baversiyslonligl, of

(5)  -(CHp)p-phenyl,

(6) -(CH2)p-naphthyl,

() -(CHp)p-heteroaryl,

3 -(CH2)nC(O)R,

&) -(CH2)nC(O)OR3,

(10)  ~(CH2)nC(OH)RS,

(11)  -(CH2)nC(O)(CH)n-NR3),

(12)  «(CH2)nC(O)(CH2)p-NR7RS,

(13)  «(CH2)y-OR3,

(14)  «(CH2)y-OC(O)R5,

(15)  «(CH2)p-O-(CH2)n-N(R3)2,

(16)  -(CH2)nCN,

(17)  «(CH2NRS)2,

(18)  «(CH2)uN(R3)C(O)R5,

(19)  ~(CH2)uN(C(O)RS)2,

(20)  -(CH2)nN(R3)C(O)OR3,

(21)  «(CH2)pN(C(O)OR5)2,

22) -(CH2)nN(RS)C(O)CH2)nN(R3)2,

(23)  ~(CH)nN(R)-S(0)-Cj-g alkyl,

(24)  <(CH2)pN(R3)-S(0)2-C1-8 alkyl,

(25) ~(CH2)p-S-R3,

26) -(CH2)p-S(0)-R3, and

27)  -(CHp)y-S(0)2-RS,
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30 (1) hydrogen, (2) C1-8 al kyl, (3) -(CH2)nC3-7
cycloal kyl, (4) -(CH2)nC2-7 heterocycl oal kyl, (5)

WO ¢@asasephenyl , 35 (6) -(CH2)n-naphthyl, -19 REX/US2004/009751
2004/ 089307 PCT/ US2004/ 009751 (7) -(CH2)n-heteroaryl,
and (8) -(CH2)nC3-7 bicycloal kyl; wherein al kyl,
phenyl , heteroaryl, heterocycl oal kyl, naphthyl,
cycl oal kyl, bicycloal kyl and (CH2) are unsubstituted
or substituted with one to three groups independently

whereis plieagli maphfhy ) amdistargeyl areGihsubstituted loy subStithigd with yne tamidee groups

1ndepe1ﬁ%nt® %le%@? ¥m{ll\1;]ﬁ ﬁiﬂf\kﬁeran Eil‘léﬁ &%gg%gl’a%ﬁ g%trgnggsgcgo%hiygﬁ.rg Hnsubstituted or

ar e
substit@edyeitbeiede thiesrasoups nndbpemmlv ecleatatifrany B end enot andvédiefejn any methylene
(CHp) hR(ft i umungmaéu addbstidtiabitheak e St @saps &ﬂg%ﬂiﬁﬂy fsélaﬁed&rom halogen,
naent
nyaronysagft ¥ algh st Bl R Y tog%'?ff ARG, © FOTRLRS « atachea
form a &lto G -ridnktyeted n(léil)acycﬁ@hﬁg &Ye3nallyeyethid gy laddifidhhl heteroatom selected from

Q,S, ancf %eﬁel%gﬁm%%ﬁ: ic Eg 1? %sul\{ina_@% SH%qglg{t_%l)Wgrbon glgjltrégezn with one
to three grGiR JniSpeDiRBly sele@pd F¢roR3 pnd3§:0) ORS,  ( 10)

cach R] %:%1@9 ig@g%gr@%n %Mﬁ ﬂﬁﬂ%ﬁ%g“%%@‘% Eﬁz)R ) é?s, 2?14)

QIM)wd@@e@)RS (15) -(CH2)n-O (CH2)n-N(R5)2, (16)
OH2) filno,25 (17) - (CH2)nN(R5) 2, (18)

@FHZ)@J\'S R  (19) -(CH)nN(C(O) RS) 2,
4) C1-10 alkyl,

(S) -(CH2)p-C3.7 cycloalkyl,

(6) -(CH2)p-phenyl,

) -(CH2)p-naphthyl, and

(8)  «(CH)p-heteroaryl,

wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three groups
independently selected from R3, and wherein alkyl and cycloalkyl are unsubstituted or substituted with
one to three groups independently selected from R3 and oxo;
each R? is independently selected from the group consisting of

(D hydrogen,

2)  Cr-ealkyl,

3 -(CH2)nC3-7 cycloalkyl,

@ -(CH2)nC2-7 heterocycloalkyl,

(5)  ~(CH2)n-phenyl,

(6) -(CH2)p-naphthyl,

@) -(CH2)n-heteroaryl,

(8)  -(CH2)nC(O)RS,

(9)  -(CH2)RC(O)ORS,

(10)  -(CH2)nC(OH)R?,

(11)  -(CH2)nC(O)(CH2)p-N(R3)2,

(12)  (CH2)nC(O)CH2)n-NR7RS,

(13)  -(CH2)m-ORS,

(14)  -(CH2)m-OC(O)R5,

(15)  -(CH2)m-O-(CH2)n-N(R3)2,
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(20) -(CH2)NN(R5)C(O) OR5, (21) -(CH2)NN(C(O ORS) 2, 30
(22) -(CH2)NN(R5) C(O (CH2) nN(R5) 2, (23)
WO ¢RI R5) - S(O) - C1-8 al kyl, (24) PCT/US2004/009751
-(CH2) nN(R5) - S(0) 2-C1-8 al kyl, (25) -(CH2)n-S- R5,
(26) -(CH2)n-S(O-R5, and 35 (27) -(CH2)n-S(0)2-RS,
-20 WD 2004/ 089307 PCT/ US2004/ 009751 wherei n phenyl,
napht hyl , and heteroaryl are unsubstituted or
substituted with one to three groups independently
sﬁ@ct qdths QONR3, and wherein al kyl, cycloal kyl and
g@ roc g%bﬁlar e unsubstituted or substituted with
0 ps i ndependently selected from R3 and
oﬂ&) ar(d:HmﬁN@%C(m)&inet hylene (CH2) in R6 is

bst stituted wth one to two groups
@}mmy(é&b Rgé?ed from hal ogen, 5 hydroxy, and

1204'r aFGCﬁZ)mNGRm@Rﬁ, two R6 groups together with the

at(glys t(@HgS‘mN(t(bB‘(WS)ﬁ”e attached forma 3- to
nber e %@IC ri ééoptlonally cont ai ni ng an
a@ﬁ)tl oAt EH2NE2%ed from 0, S, and N,

wWhey) el (CHISNIRMSYO)CLgblkilg s unsubstituted or

tit 0 i.trogen with one to three
g?%@ @@galgﬂ%ﬁﬁ %Q‘s]e %lg’fled from R3 and oxo; each R7
al(wlj)RS GC?HzDIﬁd;eRfEndent ly selected fromthe group

|st §(O) hydrogen, (2) am dino, (3) Cl-4

@%%ﬂ }ﬁ% -10 al kyl, (5) -(CH2)n-C3-7
c;ﬁ%)oal E2)n-SO2RE) - (CH2) n- phenyl , (7)
wheremhpe e rhaﬁlﬁ t{%&i lheteﬁ) ?ﬁlé %%subgtgs_t'%a & snﬁs'ﬁﬁftéa%liﬂ one\f\@g&e% rgjﬂ)ups

teroa are unsubstitute

mdep@d@g |St=19<tt ﬁﬁ %A é"h?’@mt qlnl?y(laéyvg}%kbﬁ gud hefpeqyelqpfkydtapaunsubstituted or
substlﬁﬁd%ﬁﬁﬂe fo @R %%upﬁﬁ@ep%&ﬁ@}‘ R1calel Yﬂonﬁ(ﬁjanﬁlé% Qad K¥dreiday methylene

(CHQ) I ?{g 1§ unsubd;%lteuged 554 tltutse% W%B?)Q%t\gft‘?vo ﬁn{oll_.%s 19@@3)8%(%1(1){1}t]%§e§ﬁd Hgm halogen,

hydroms anch@ep elkwe nt Wherei tvenl&%gtoﬁpsdmethaewgh mptmm@wm thgy eife attached
form ag: 3:" QXr?eEz%?reg E},omg(zc%l% rlnégig o '}lg 9on|g;]an% énccyé?tlm g heﬁeroatom selected from
0,8, and N, wherem the monocyclic ring is unsubstituted or substituted on carbon or nitrogen with one
to three groups independently selected from R3 and oxo;
ris lor2;
sis  lor2;
nis 0,1,2,0r3;
mis 1,2,or3;and
pis  0,1,0r2.

In yet a further embodiment of the compounds of the present invention, there are provided

compounds of structural formula ITa or IMb of the indicated relative stereochemical configurations

having the frans orientation of the phenyl and piperidinecarbonyl substituents:
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(5) -(CH2)n-phenyl, (6) -(CH2)n-naphthyl, (7)
-(CH2) n-heteroaryl, (8) -(CH2)nC(OR5, 30 (9)

W0 ¢@Ha33C( O OR5, (10) -(CH2)nC(OH) R5, (11) PCT/US2004/009751

-(CH2)nC(O) (CH2) n- N(R5) 2,  (12)

- (CH2) nC(O) (CH2) n- NR7R8,  (13) - (CH2) m OR5, 35 (14)

~(CH2)m OC(O) R5, (15) -(CH2)m O (CH2) n- N(R5) 2, -21 WD

2004/ 089307 PCT/ US2004/ 009751 (16) - (CH2) nCN, (17)

- (CH2) MN(R5) 2, (18) - (CH2) M\(R5) C(O) R5,  (19)

- (CH2) M\N( C( QuR5) 2, 5 (20) -(CH2) 4R5)C(O)OR5, (21)
er

- (CH2) m\( 2, (22) -(CH2)gN(} O)(CH2)nN(R5)2,
(23) -(CH)Y} -S(0)-C1-8 al kyRE":
- (CH2) m\( R\ Sf®) 2- C1-8 al kyl, &8 (, ) - (CH2) m S- R5,

(26) -(CH2) andR1 (27) Y( -S(0) 2- RA!
wher ei n pheny”, andorhet ryll ar g2
unsubstituted o ed with on R3TNG! )gr oups

i ndependently sel ectied ¥rom R3, and vvhere'n I kyl,
cycl oal kyl and heterogﬁ\hogl kyl are unsubst eq or
15 substituted with o ,e\y@three groups i ndepen @ently
sel ected from R3 and gXogr3and wherei n any mgthgkene
(CH2) in RO is unsubstituted or substituted with one
to two groups indégendently sel ected frm hal ogen,
hydroxy, and -4 al kyl; or wherein two R9 groups

orapl‘ia@ﬁf&ﬁl@d’all%&@ tgﬁ@sﬂgt%flﬁle% ch they are attached
form nmber ed monocyclic ring optionally

3, band Gy aih?“i‘ﬁje %wdaaroqlkqoa?%aboqﬁlé{ er oat om sel ected from O,
X and, tabdictoddther@meioRORe®Mnacyclic ring is unsubstituted

one o PR GRS O FRERWCOE AL IRISAL WA NG: 20 tO

hr ee % gps I'n pend y selec and oxo; r
0

| él)l s is | or 2
() N(R6),
3) O,
(4)  C=N(R)
5) oxygen,
(6) sulfur,
@) S(O), and
® 5002,
or one of X and Y is N(R?) and the other is selected from the group consisting of
1) CRO)y,
() NR9),
3 <O,
(4)  C=N(RO)
®) oxygen,
6) sulfur,
@) S(0), and
& S0,
or one of X and Y is C(O) and the other is selected from the group consisting of
(1) CROY,
2 N®9),
3  CO),
4) C=N(R6)
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nis 0, 1, 2, or 3; mis 1, 2, or 3; and 25 pis O,
1, or 2. In yet a further enbodi nent of the conpounds
wW@Booklg93pT esent i nvention, there are provi ded PCT/US2004/009751
conmpounds of structural fornula Illa or IHb of the
indicated rel ative stereochem cal configurations
having the trans orientation of the phenyl and
pi peri di necar bonyl substituents: -22 WO 2004/ 089307
PCT/U82004/009751 Ra R4 R\\%Q R\\ /Ra a, ,'c a
q5)R~ ef,dndZ or Xr zss Oj I RBRO R3I Rs Rs R3
Eif(lllb) or a pharmaceutically acceptable
séP} tﬁ@ wherein a, b and c are all single bonds
Zis mdepaldenttwsabbm homdse grduppdddsiséingaken t ogether form
)R6) -, or 5o0ne of Xand Y is C(R6)2 and the
IS selected fromthe group consisting of (1)
3 C((%)ZC(BQMN(RG) (3) O, (4) CNR6) 10 (5)
oxype (6) sul fur, (7) (O, and (8) S(O2, or one
. of t he ot her l ected from
Rlis @‘il?fEF& @? EORR éona%tmg@ hydpess Rey ol kyl( ?Hmz%yhenﬂe e)d Linpo-r-
NRTE®O), (4) C=N(R6) (5) oxygen,
each R3 is independently selected from the group consisting of
10 ) C1-6 alkyl,
(2)  -(CH2)0-1-phenyl,
(3 -(CH2)0-1-naphthyl,
@) -(CH2)(-1-heteroaryl,
&) -(CH2)(0-1-C2-7 heterocycloalkyl,

15 ©) -(CH2)0-1-C3-7 cycloalkyl,
) halogen,
t)) OR5,

9  -(CH2)0-1-NR3),
(10)  «(CH2)p-1-C=N,
20 (11)  -(CH2)(-1-CO2RS,
(12) NO2,
(13)  -(CH2)0-1-NR3S(0)1-2R5,
(14)  «(CH2)0-1-S(0)1-2N(R5)2,
(15)  -(CH2) 0-1-S(0)0-2R,
25 (16)  -(CH2)0-1-NRIC(O)N(R?)2,
(17)  -(CH2)0-1-C(O)N(R>)2,
(18)  -(CH2)0-1-NR3C(O)R5,
(19)  -(CH2)0-1-NRSCO2RS,
(20)  -(CH2)0-1-NR5C(O)-heteroaryl,
30 (1)  -(CH)0-1-C(O)NRSN(RS)p,
(22)  -(CH2)0-1-C(O)NRSNRSC(O)R?,
(23)  O(CH2)0-1-C(O)N(R5)p,

(24) CF3,
(25) CH)CF3,
35 (26)  OCF3, and

27) OCH32CF3;
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20 (6) sulfur, (7) S(O, and (8) S(O2, or one of X
and Y is C(O and the other is selected fromthe group
we@eoemghsing of (1) C(R6)2, 25 (2) N(R6), (3)P/dh2004/009751

(4) C=N(R6) -23 WD 2004/089307 PCT/ US2004/ 009751 (5)

oxygen, and (6) sulfur; Z is independently selected

fromthe group consisting of (1) CH 5 (2) CR), and

(3) Ny R is selected fromthe group consisting of

hydrogen, Cl_4 al kyl, -(CH2)0_1-phenyl, and -(CH2)0-1-
whereldptiBsy1, RpEhylIR&d lﬁtefdﬁfi@@t@%ﬂ%&titﬁte@ 61 @bdiRfed WideR8 three substituents

1ndep&1'é:1%ﬁ§r 8@%@%&5 'ﬂ?logen lggdgox%ég;h? %l:kgl_, %%ﬁ{oﬁgfh?l), ar(d4511_4 alkoxy, and

wherelry(@gg)qyclggal tl@ﬁqgmyylpalkxl@nd.(@@m)r@uqbu@mufed or substituted with one to three
substﬁl@ﬁt@ {Iﬁgﬁéﬁh&ﬁ& l§é‘lal:oted fi]o'i_’n ﬂa@ en (h?ﬂ%)(%) o;co z%l% C[Llﬁ?&fé Jathyl and C1_4

alkoxy, (){thﬁrem wq;s_x&stltug@s \(vlfj})on_t CCRDS glegpy]@gez 1) gy aqq@(en together with

ec 0 a a 0-1 -S(O
th aﬁjzlaﬁ)at E{St)%z éﬂtﬂeg)'%@)e&t@fgﬁn_ nge 8}03} f’ﬁsgdg% 16 (O
each R (Wj}]ﬁ?l‘li@ p@@ d,\j(q;qghg group consisting of

(D hydrogen,

(2)  Ci-galkyl,

(3)  -(CH2)0-1-phenyl,

(4)  -(CH2)0-1-naphthyl,

o) -(CH2)(0-1-heteroaryl,

6) -(CH2)0-1-C2-7 heterocycloalkyl,
@) -(CH2)0-1-C3-7 cycloalkyl,

®) halogen,

(9  ORS,

(10)  «(CH2)0-1-NR3),

(11)  -(CH2)0-1-C=N,

(12)  -(CH2)0-1-C(O)OR5,

(13)  -(CH2)0-1-OC(O)R3,

(14) NOy,

(15)  «(CH2)0-1-NR3S(0)1-2-R3,
(16)  «(CH2)0-1-N(S(0)1-2-R3)p,
(17)  «(CH2)0-1-S(0)1-2-N(R5)2,
(18)  «(CH2)0-1-S(0)p2-R3,

(19)  -(CH2)0-1-NR3C(O)N(RS)2,
(20)  -(CH2)0-1-C(O)N(R3)p,

(21)  «(CH2)0-1-NR3C(O)RY,

(22)  -(CH2)0-1-NR3CO2R5,

(23)  -(CH2)0-1-NR5C(O)-heteroaryl,
(24)  -(CH2)0-1-C(O)NRSN(RS),
(25)  <(CH2)0-1-C(O)NRSNRSC(O)RSI,
(26)  O(CH2)0-1-C(O)N(R5)y,

(27) CFg,

(28) CH)CF3,

(29) OCF3, and
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(17) -(CH2)0-1-C(ON(RS)2, (18) -(CH2)0-1-NRSC(O RS,
(19) -(CH2)0-1-NR5C02R5, (20)

WO ¢@HA3B07L- NRSC( O) - heteroaryl, 30 (21) PCT/US2004/009751
-(CH2) 0-1-C(O) NRSN(RS) 2, (22)
-(CH2) 0-1-C(O) NRSNRSC(O RS, (23)
Q(CH2)0-1-C(O N(R5) 2, (24) CF3, (25) CH2CF3, 35 (26)
OCF3, and (27) OCH2CF3; -24 WD 2004/ 089307
PCT/ US2004/ 009751 wherei n phenyl, naphthyl, and
héﬂOﬁaro@ﬂHzCEB,e unsubstituted or substitut ed wth one

wherewah h£ gp Igéyjtg%faﬁlhargap d e]?s%?lg%’] ﬁlg?glﬁ% VH donfe (%)no g}ee substituents
indepegdenty mlmg-o@h@ogmﬂwn Hicatkl, t@ﬁwr@@waw and'C14 alkoxy, and
whereﬁeah@l[ @ ié lg@lﬂébékocyél&ﬂk}(l GRR )C1) Qre Sk utet Wt ﬁi@stﬁﬁted with one to three

substi one to three. substituents

substitppipigdpardreily seested dioathal et KU P D 8 CHy i By ileggmethyl, and C1-4
alkoxyC&\r wheadik Wro substitfidntsonteieh fhglsamameth @aned( CHoRlo0X e taken together with

rein two substituents when on the sanme nethyl ene
the car(oemt))mg? dhish &fey apearashet ferhe FYAGPERY! 1A% car bon at om
each HSqS bégehdentle yelevted fevint te B@dp tansitigota cycl opr opyl
@up, ch R4 is independently selected fromthe
pEfigste ng of (1) hydrogen, (2) CL-8 alkyl, 10
(S%) (@-HZ) gkyl- phenyl ,  (4) - (CH2)0- 1- napht hyl,  (5)
- (HH2) Qchzblﬁf%%ymbalkﬁﬁ) -(CH2) 0- 1- C2- 7
hg%eroc % b ) (CH2) 0- 1- C3-7 cycl oal kyl, 15
) har 3’8?9-1‘ <) eé@c oAby - (cH2) 0- 1- N(RS) 2, (11)
((55H2; gﬂizﬁ?erhen(yIlZ) ( 12)0—{%2)(2) 1i %)O) ORS, 20 ( 13)
(i) (TR g
€)) -(CH2)(0-1-heteroaryl, and
® -(CH2)(p-1-C3-7 bicycloalkyl,
wherein alkyl, phenyl, heteroaryl, heterocycloalkyl, naphthyl, cycloalkyl, bicycloalkyl and (CH?) are
unsubstituted or substituted with one to three groups independently selected from halogen, C1-4 alkyl,
hydroxy, and C-4 alkoxy, or wherein two RS groups together with the atom to which they are attached
form a 4- to 8-membered mono- or bicyclic ring system optionally containing an additional heteroatom
selected from O, S, and -NCj_4 alkyl;
each RO is independently selected from the group consisting of
) hydrogen,
(2>  Cr-ealkyl,
3) -(CH2)0-1-C3-7 cycloalkyl,
@ -(CH2)(-1-C2-7 heterocycloalkyl,
(5)  -(CH2)0-1-phenyl,
(6)  -(CH2)0-1-naphthyl,
@) -(CH2)(Q-1-heteroaryl,
(8)  -(CH2)0-1-C(O)R,
(9  ~(CH2)0-1-C(O)ORS,
(10)  <(CH2)0-1-C(OH)R5,
(1) -(CH2)0-1-C(O)(CH2)0-1-N(R3)2,
(12)  -(CH2)0-1C(0)(CH2)0-1-NR7RS,
(13)  «(CH2)0-1-OR5,
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(16) -(CH2)0-1-N(S(O 1-2-R5)2, (17) -(CH2)0-1 -S(O
1-2-N(R5)2, 25 (18) -(CH2)0-1-S(O0-2-RS, (19

WO @A3Be7- NRSC( O) N(R5) 2, (20) - (CH2) 0-1- C( O MRByDP4/009751
(21) -(CH2)0-1-NRSC(O RS, (22) -(CH2)0-1-NRSCO2R5, 30
(23) -(CH2)0-1-NR5C(O) -heteroaryl, (24)
-(CH2) 0-1-C(O) NRSN(RS) 2, (25)
-(CH2) 0-1- C{O) NR5NRSC(O) RS,  (26)
Q(CH2)0-1-C(O N(RS) 2, (27) CF3, 35 (28) CH2CF3, (29)

, a < 4/ 089307 PCT/ US2004/ 009751 30
ST AT ety (29)

ényl, naphthyl, and heteroaryl are
uiiENbs t+{GHEtHOaCHoMb3N®RAeed with one to three

S tit 5 _cnpdependent |y sel ected from hal ogen,
h$g?oxyﬁ%§@ldgp yl, trifluoromethyl, and Cl1_4 al koxy,
aftl) Wh&GHRG3A®YR, cycl oal kyl, het erocycl oal kyl, and

(CH3) afansieiictoyrRsd or substituted with one to
tgi Se 5 [ $ i ndependently sel ected from
h 9ger’l(,

st

?ﬁ@&ﬂgx » Cl1_4 alkyl, trifluoronethyl,

?mm)CLéCHza(b_EMR?)O(ID)ORﬁe)rei n two su?sLitutent st\r/]\hen p?h
samn group are taken together wi

tﬁgl)cap@o}%@’ll%%?@o& th they are attached to forma

;:3(22)0{0EW)O-@M&@C(%%}Q]HSIN(BS)???eﬁegdent ly i(e)l ((agg ed

r ) i ROgf, ydr ogen,
A A %}fﬁ@%‘%(@?%ﬂ% gl cycloal kyl , (4)
_ (@) o GHRp I NRISPHEG e88%kyl ,~ (5)

(apiacei (0 (GO0, 1 ()
- = het er an - -1- C3-
bi®)c] 6@1@3@‘;1'%\5\@3%i%dal kyl, phenyl, heteroaryl,
he2Br oc(@ D@l BY0)-RPapht hyl , cycl oal kyl , bi cycl oal kyl
bstit ut bstituted w t
where TR PP RRaR by e By i bt dg B soups
indepéptletly sellettyd from Rﬁmndw,ereamlk}d;]gldloakﬁ @x@/]?et@ocymh@]kgli ane unsgbstituted or
substiB?ed%iﬁt}%% td RRE tgl%%f)s i‘ﬁﬁép@n&eiﬂ&y ?etle%{ghtﬁ%m\’i@ zﬁlla o‘k&%d Fnrein any methylene

t
(CHz)aintR%cis unsubstituted or substituted with one to two groups independently selected from halogen,
hydroxy, and C1-4 alkyl, or wherein two RS groups together with the atoms to which they are attached

form a 3- to 7-membered monocyclic ring optionally containing an additional heteroatom selected from
0, S, and N, wherein the monocyclic ring is unsubstituted or substituted on carbon or nitrogen with one
to three groups independently selected from R3 and oxo;
each R7 and R8 is independently selected from the group consisting of

D hydrogen,

) amidino,

3 C1-4 alkyliminoyl,

4 Ci-10alkyl,

&) -(CH2)(0-1-C3.7 cycloalkyl,

(6)  -(CH2)0-1-phenyl,

) -(CH2)(-1-naphthyl, and

® -(CH2)0-1-heteroaryl,
wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three groups
independently selected from R3, and wherein alkyl and cycloalkyl are unsubstituted or substituted with
one to three groups independently selected from R3 and oxo;

each RY is independently selected from the group consisting of
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20 forma 4- to 8-nenbered nono- or bicyclic ring
system optionally contai ning an addi ti onal heteroatom
waelogossd7 from 0, S, and -NC1_4 al kyl; each REPCEHUS2004/009751
i ndependently selected fromthe group consisting of
(1) hydrogen, (2) Cl-6 alkyl, 25 (3) -(CH2)0-1-C3-7
- cycloal kyl, (4) -(CH2)0_1-C2-7 heterocycl oal kyl, (5)
-(CH2)0_1-phenyl, (6) -(CH2)0_1-naphthyl, (7)
- (CH2) 0- 1- heteroaryl, 30 (8) -(CH2)0-1- C(O)R5, (9)
((15:I—I2) d;dggﬁO)(PS (10) -(CH2)0-1-C(OH) R5, (11)
(CH2)01N(R5)2 (12)
CH2 0-1-NR7R8, 35 (13) -(CH2)0_1-0OR5,
(256 VD(QH@WEGQSWCW@W US2004/ 009751 (14)

) ote 0-1- 0- (CH2) 1- 2- N(R5) 2,
( gHz Q%ﬁ%ﬁ?@@t&g’?w %30 3 N((RS) 2) 5 (1%) )
(50}|2)f§C§2 FEFEElO R5,  (19) - (CH2) 0- 3- N( C(0) R5) 2,
?9 ((@H%%Or N(l@ﬁgg(o)( 2%3 (21)

(CH2)O IN(R5)2, 10 (23)
(8¢H2) QC%MRGQG)B@O) Cl-8 al kyl, (24)

% gg) %C%'Zg(gé g) g ?CI%Q)S oallkél( 0) - (RéS) and  (27)

(IQIHZ) EICHQE(DS:@ > 15 wherein phenyl, naphthyl, and
Pgltlﬂ]oq@dz)aa{ @(@(@Hgétﬂﬁ(ﬁﬁgd or substituted with one

ree grou ly selected fromR3, and
(ngﬁilﬁ\;#ﬁ%nd het erocycl oal kyl are

ums_r,glbst(tjﬂ@leﬂonﬁ substituted with one to three groups
an&%pen@ %O%%ﬁ{%t ed from R3 and oxo, and wherein

(15)  -(CH2)1-3-0-(CH2)1-2-N(R3)2,

(16)  -(CH2)1-3-CN,

(I7)  -(CH2)1-3N®Ry,

(18)  -(CH2)1-3-N(R3)C(O)R3,

(19)  ~(CH2)1-3-N(C(O)R3)2,

(20)  «CH2)1-3-NR)C(O)OR5,

(21)  -(CH2)1-3-N(C(O)OR3)2,

(22) -(CH2)1-3-N(R3)C(0)(CH2)0-INR)2,

23) ~(CH2)13-NR5)-8(0)-C1-8 alkyl,

(24)  -(CH2)1-3 -N(R)-S(0)2-C1-8 alkyl,

(25) -(CH2)1-3-S-R,

(26)  -(CH2)0-1-S(0)-R3, and

27)  -(CH2)0-1-S(0)2-R>,

wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three groups
independently selected from R3, and wherein alkyl, cycloalkyl and heterocycloalkyl are unsubstituted or

substituted with one to three groups independently selected from R3 and oxo, and wherein any methylene
(CHp) in RY is unsubstituted or substituted with one to two groups independently selected from halogen,

hydroxy, and C1-4 alkyl; or wherein two R9 groups together with the atoms to which they are attached .
form a 3- to 7-membered monocyclic ring optionally containing an additional heteroatom selected from
0, S, and N, wherein the monocyclic ring is unsubstituted or substituted on carbon or nitrogen with one
to three groups independently selected from R3 and oxo;

Tis 1or2; and
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(CH2) in R6 is unsubstituted or substituted with one
to two groups independently sel ected from hal ogen,
whyanos9s07 and Cl-4 al kyl, or wherein two R6 grPCpES2004/009751
together with the atons to which they are attached 20
forma 3- to 7-nmenbered nonocyclic ring optionally
containing an additional heteroatom selected from O,
S, and N, wherein the nonocyclic ring is unsubstituted
or substituted on carbon or nitrogen with one to
sis tHree groups independently selected fromR3 and oxo;
each R7 and R8 is independently selected fromthe
griBafrtherranbedinggt effthe gompoprdg pbgrwsturap Eprmpha Iethere prgprovidsyl compounds
of stréehn4l f@nte)d ived noyl,  (4) Cl1-10 alkyl, (5)
-(CH2) 0-1-C3-7 cycl oal kyl, (6) -(CH2)0-1-phenyl, 30
(7) -(CH2)O0-1-naphthyl, and (8) -(CH2)O0-1-heteroaryl,
wherei n phenyl, naphtgdy |.,|=\aﬁtl het eroaryl are
unsubstituted or substigutpd with one to three gr oups
I ndependent |y sel ected m R3, and erein al kyl and
cycl oal kyl are unsubstivtu rs ituted with one
to three groups independén | ynselleeped from R3 and
oxo; 35 each RO is independentlly Sgl&cted fromthe
group consisting of -27 WD 20064/ G89307
PCT/ US2004/ 009751 (1) hydrogen, (2) Ci1-6 al kyl, (3)
-(CH2) 0-1- C3- 7 cycloal kyl, (&Y -(cH2)0-1-C2-7
het erocycl oal kyl, 5 (5) -(CH2)O0-1-phenyl, (6)
- (o )pGardhen eplidingdnt of the fomfott)od sthuched] dsramiayl] there @f)provided
5 =k .(9) -(CH2)0-i-C(O OR5, 10 (10)
°°mp9‘§1g{§'§58‘3‘%9%%§%,\"(11) - (CH2) 0- 1- C( O) ( CH2) 0- 1- N( R5) 2,
(12) -(CH2)0-1-C(O (CH2) P+ 1- NR7R8, (13)

- (CH2) 1-3-OR5, (14) -4 -3-0C(O R5, 15 (15
-204231-3-0-(04(2)1?2-'%1&%15 49 (19)

A

Illustrative but nonlimiting examples of compounds of the present invention that are useful as

melanocortin-4 receptor agonists are the following:
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(16) -(CH2)1-3-CN, (17) -(CH2)1-3-N(R5)2, (18)
-(CH2) 1-3-N(R5) C(O R5, (19) -(CH2)1-3-N(C(OR5)2, 20

W@ 20)3/083CH2) 1- 3- N(R5) C(O) OR5, (21) PCT/US2004/009751
-(CH2) 1-3-N(C(O OR5) 2, (22)
-(CH2) 1-3-N(RS) C(O) (CH2) 0- IN(R5) 2, (23)
-(CH2) 1-3-N(R5)-S(O -C1-8 al kyl, (24) -(CH2)1-3
-N(R5)-S(0)2-C1-8 al kyl, 25 (25) -(CH2)1-3-S-R5, (26)
-(CH2)o-1 -S(O-R5, and (27) -(CH2)0-1 -S(O 2-R5,
wher ei n phenyl ,/wapht hyl, and hetergapyl are
unsubstituted substituted with énélto three groups

i ndependent |y s@ ected f R3,\a erein f%f

cycl oal kyl ands -te ocC | kyl /ary ubstl ed or
30 substitute Qe 3o three

sel ected from an@(n<, and mhereln aﬁy m
(CH2) in RO is unsubstd

to two groups indepen
hydr oxy, and Cl-4 alkylé
together with the atons to which they are dttached
forma 3- to 7-nenbered nonocyclic ring optionally
contai ning an agditional heteroatom selected from O
S, and N, wherej he nmonocyclic rijpg ¢is unsubsti tuted
or substituted carbon or nitrog i
t hree groups isfidgpendently, sel ecte rom R3 and oxo; r
is 1lor 2; An WO 2004+ 08930 7NP U82004b609751

sis lor2. In ther odi ment [Of( t e ounds of
structural fornula )" tpere are provi gw ounds of
structural fornmula VaAR4r RrH R4 Rlo N r N)s
O R (IV) 51nyet a t her enbodi nent e
conmpounds of structura ormula |, there provi ded
conpounds of structuralrformula V: F
cl
N \‘ gE
HNf_/r—o N ;Vig NH N><L
2 o N -
Y T AR
F F
cl
N>< /o\'% N><
N Ve N \“. ;
PN O )i
o) E o] F
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R4 Rte,-1- -RA R Y XYr2 OR (V) Illustrative but
nonlimting exanpl es of conpounds of the present

WO pwengd3on t hat are useful as nel anocorti n-4 PEDER1004/009751
agoni sts are the following: O g0O8 O'I" OF NHOO F
N 10 F -29 WO 2004/ 089307 PCT/ US2004/ 009751 -N N N
ON o OFOF FF A ~\_N\-N\ ONNNON O
FOF FF G ~N HZNO N~ O N 4H,

V. 8@ <
! %{

\\‘

@)
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Oi FOjF FF OO0 N,ON NHNON; OpNOF
0O, F FF -30 WO 2004/ 089307 PCT/ US2004/ 009751 qH
WOR4ABI7TON NOF FO | F F FN \ Nn' N HQI/N1004009751
FO I F F FONN " ONN OFOF FF HN

Cl Me

\{rﬁ
o) N
Me Cl
N
T !
Me cl
I\I/Ie
N
T !
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ON H N~I, ,. NHR NN OFOF FF NNNO-~N
OOFI OF O Br ONHN O N-I~~" and Ny* )-N
WO 20408800 F 5 F F -33 WO 2004/ 089307 PCT/US2004/009751

PCT/ US2004/ 009751 or a pharmaceutically acceptable
salt thereof. Further illustrative of the present
i nvention are the conpounds sel ected fromthe group
consisting of L ONNHN OOFFF HON(r) N >
and "~ , OFOF 5 FF or a pharnaceutically

or a pRAFSRLANIG 2Bkl DENRGLor, The present fnvention al so

relates to N-acyl ated spiropiperidine derivatives
usef ul Fygher illustrative of the present invention are the compounds selected from the group

N :
/—J 0o N NH YNO’ o N>L
) b :
0 0 F

consisting of:

e
2 \\

or a pharmaceutically acceptable salt thereof.
The present invention also relates to N-acylated spiropiperidine derivatives useful as
melanocortin receptor agonists, in particular, as selective MC-4R agonists. Compounds of the present

invention are described by structural formula VI:

R4
4 \b R4 IIqAI
REAT :
a\s /Jc ( r )S
Y N RZ
X-w o)
10 (V1)

or a pharmaceutically acceptable salt thereof; wherein

a, b and c are all single bonds or all double bonds;

W is independently selected from the group consisting of
1 C0),
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nmel anocortin receptor agonists, in particular, as

sel ective MC-4R agoni sts.

Conpounds of the present

WO pwengd3on are descri bed by structural fornul aPGA/USTRA4/009751

Ri

RAIN~j R&.ZT CNR2 X-W10 (M) or a

pharmaceutically acceptable salt thereof; wherein a,

b and ¢ are all

singl e bonds or all double bonds; Wis

i ndependently selected fromthe group consisting of

(1) C(O)

and K BBZogek R@ = (‘0196
1

-34 WD 2004/ 089307 PCT/ US2004/ 009751 (2)

411) C(R10)2; X and Y taken together form
‘\&E , or one of Xand Y is C(R6)2 and the
ot( er [ ’ect ed fromthe group consisting of 5 (1)

t B gr @ROponsi sti ng of

OO

C(QZB])SI stCI(Og of

4) S(O, and

d tlge q\lkew)se

(4) C—N( R6) (5)

gf?‘éﬂ% lﬁtgﬁ%’#’ CPéss%‘Bg ted ? gom

(1) AR6)2, 15 (2) (O, (3)
(5) S(O2, or one of X and Y

(gn)d the other is selected fromthe group

20 (1) C(R6)?2,

or one of X and Y is N(R?) and the other is selected from the group consisting of

or one of X and Y is C(O) and the other is selected from the group consisting of

4)  C=NR%)
5) oxygen,
6) sulfur,
@) S(0), and
@&  S(0)2,
(1)  CRYy,
@ O,
(3) C=NR9)
G)) S(0), and
() S0,
1) CRS2,
(2)  NRO),
(€)) oxygen, and
@ sulfur;
Z is independently selected from the group consisting of
1 CH,
2) C(RD), and
3 N
R1 is selected from the group consisting of
(1) hydrogen,
(2)  -(CH2)n-NR7RS,
3 amidino,
@ C1-4 alkyliminoyl,
(3)  Ci-10alkyl,
(6) -(CH2)n-C3-7 cycloalkyl,
(7)  -(CH2)n-phenyl,
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(2) N(R6), (3) oxygen, and (4) sulfur; Zis

i ndependently selected fromthe group consisting of
wWQ@20040893CH, (2) C(R1), and (3) N, Rl is sel ecPeru$2004009751

the group consisting of (1) hydrogen, 30 (2)

-(CH2) n-NR7R8, (3) amdino, (4) C 1-4 al kylim noyl,

(5 Ci1-10 alkyl, (6) -(CH2)n-C3-7 cycloal kyl, 35 (7)

- (CH2) n- phenyl , -35 WD 2004/ 089307 PCT/ US2004/ 009751

(8) -(CH2)n-naphthyl, and (9) -(CH2)n-heteroaryl,

Wagr ei pCEMgaphthylamlt hyl , and heteroaryl are

unsubst ted or substituted with one to three groups
i&gepe'ﬁglgéﬂ tegoéfyict ed from R3, and wherein al kyl and

whereiff YEdngRhdphthyBhd G ohsitard wHs@dtinted Db Ribbiititdd @ath\ohd 3 thrbe groups

indepegiggy el Ton e B bR RERAGT il RE PR & pftued wieh
one to fhepydups nd¥pendankiy kyiéctedsfro R &) dxet er oaryl, 10 wherein

. ph h [ . | bsti d
R2 s Sg‘ﬁ gﬁ?ﬁaﬂé%f@#%éﬂﬁms%%?pet eroaryl are unsubstituted or

one“to three groups independently
s@bect@ynily om R3; each R3 is independently sel ected

fg%mztllih%hlgg,gm consisting of (1) Cl-6 alkyl, (2)

- )n-phenyl, 15 (3) -(CH2)n-naphthyl, (4)
) ey oaryl , (5) - (CH2)nC2-7 heterocycl oal kyl ,

wherei @herryl, GiphHIAnd hatat6drgicdrdytsubstituted or substituted with one to three groups
independently selected from R3;

each R3 is independently selected from the group consisting of
(1) Ci-ealkyl,
(2)  ~«(CH2)n-phenyl,
3) -(CH2)p-naphthyl,
@) -(CH2)p-heteroaryl,
(&) -(CH2)nC2-7 heterocycloalkyl,
© ~(CH2)nC3-7 cycloalkyl,
N halogen,
(8) OR,
9  «(CH2)RNR3)2,
(10) -«(CH2)nC=N,
(11)  «(CH2)nCO2RS,
(12) NO2,
(13)  -(CH2)nNRSS(O)pRS
(14)  «(CH)RS(0)pNR3)2,
(15)  -(CH2)nS(O)pRS,
(16)  -(CH2)nNRSC(O)N(RS),
(17)  «(CH2)RCONRS),
(18)  ~(CH2)RNRSC(O)RS,
(19)  «(CH2)pNRSCO2R5,
(20)  ~(CH2)yNRSC(O)-heteroaryl,
(21)  «(CH2)nC(ONRIN(RS),
(22)  «(CH2)nC(O)NRSNRSC(O)R,
(23)  O(CH2)nC(OIN(RO)2,
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(7) halogen, 20 (8) OR5, (9) -(CH2)nN(R5)2, (10)
-(CH2)nC=N, (11) -(CH2)nC2R5, (12) NO2, 25 (13)
WO LaHB3BNRSS( O) pRS  (14) -(CH2) nS(O pN(R5) 2, BABYPS2004/009751
-(CH2) nS(O) pR5, (16) -(CH2) nNRSC(O N(R5) 2, (17)
-(CH2)nC(O N(R5) 2, 30 (18) -(CH2)nNRSC(O R5, (19)
- (CH2) NNR5CO2R5, (20) -(CH2)nNR5C(O) - heteroaryl, (21)
-(CH2) nC(O NREN(R5) 2,  (22) -(CH2) nC(O) NRENR5C( O R5,
35 (23) (CH2)nC(O) N(R5) 2, -36 WO 2004/089307
P?E{)US 4/ 009751 (24) CF3, (25) CH2CF3, (26) OCF3,
and” ( " OCH2CF3; 5 wherein phenyl, naphthyl, and
hé3®r o&HpCFar e unsubstituted or substituted with one
t @gyhr Qﬁ;;ﬁygﬁt ituents independently selected from
hal ogen ydroxy, Cl1-4 alkyl, trifluoronethyl, and
ci2n alqgéWF%nd wherei n al kyl, cycl oal kyl,

wherehleﬁh@ﬁ}@,(‘rﬁé heR) z{fﬁilhetel%ﬁlqll LEERMb AR BSHRSitdtddUbiB bR o three substituents
e

. sybstii t.u W one t.o three ubsti t uent

indepgiel st o belp @ iReh Rk UG e Gaegationy, and
wheretﬁ]allqll,?;b'ayzilkyl,thetetdcgdoadhsé,t angt (CHRIre @kubstitugddloo xubstitoted with one to three
subsiif 5 flsEhehdbh? iheetdai ol oo 2o, bRE A TRGTRH NG L and C1g
alkoxy, @r whgreip tw%WStgp@tsayheg ©p & saie mpthiicre @@D &9EP pFp|taken together with

e ol SHER Y e phoeREBAFR o ERogy oLl
each ‘{ler@yméwéml?ctedifm Wy sroprresistirggfht hyl ,  (5)
- (BH2) mylrier oar yl ,
2y  Cjp-galkyl,
(3)  -(CH2)p-phenyl,
@) -(CH2)p-naphthyl,
3 -(CH2)p-heteroaryl,
(6) -(CH2)nC2~7 heterocycloalkyl,
) -(CH2)nC3-7 cycloalkyl,
8 halogen,
(9)  ORS,
(10)  -(CHpnNR3)2,
(11)  «(CH2)nC=N,
(12)  -(CH2)5C(O)OR3,
(13)  -(CH2)nOC(O)R3,
(14) NOy,
(15)  «(CH2)nNRIS(O)pR5,
(16)  -(CH2)nN(S(O)pR)2,
(17)  «(CH2)nS(0)pNRS)2,
(18)  -(CH2)nS(O)pRS,
(19)  -(CH2)nNRIC(O)N(RS)2,
(20)  <(CH2)nC(O)N(RS)2,
(21)  «(CH2)nNR3C(O)R,
(22)  -(CH2)nNRSCO9RS,
(23)  «(CH2)nNR3C(0)-heteroaryl,
(24)  «(CH2)RC(O)NRIN(RS)2,
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(6) -(CH2)nC2-7 heterocycloal kyl, (7) -(CH2)nC3-7
cycl oal kyl, (8) halogen, 20 (9) OR5, (10)

WO ¢@a393d R5) 2, (11) -(CH2)nC=N, (12) - (CH2)PX/0p10RE009751
(13) -(CH2)nOC(O RS, 25 (14) N2, (15)
-(CH2) nNR5S(O) pR5, (16) -(CH2)nN(S(O pR5) 2, (17)
-(CH2)NnS(O pN(R5) 2, (18) -(CH2)nS(O pR5, 30 (19)
-(CH2) NNRSC(O N(R5) 2,  (20) -(CH2)nC(O N(R5)2, (21)
(CH2)nNR5C(O)R5 (22) -(CH2) nNNRECO2R5, (23)

5( %(‘Fﬁg@ﬁggﬁ%%b# V\D3200421/4089307

P@H)USZIIGEQBWB\IKNQ%) - (CH2) nC( O) NR5NR5C( O) R5, (126)
%42) ON(R5)2, (27) CF3, (28) CH2CF3, 5 (29)
(30) OCHZCFS wher ei n phenyl, naphthyl, and
hé2®r ozﬁﬂﬂCFare unsubstituted or substituted with one
t @odyhr Qj@lsjumt ituents independently selected from
haI oge droxy, Cl-4 alkyl, trifluoronmethyl, and
2)/: 3and wherein al kyI cycl oal kyl ,

wher _h%ﬁﬁ %?htﬁﬁl Kl hete?d’ﬂﬂfl ﬁt@ldggubﬁft@ce&' Glsédps?ftﬁtcgdj\kﬁgo&rto three substituents
nder RS 0 e b 5 b, AR SHSR 352 G o, and

where@g_alkyl,wlyklyalkylt Irettefrdayolodlngi dml (CH2)redle Glsubstitugddiop xghstlimted with one to three
. t

substﬁ(’f@@t wgd e'hMQlt ZF%@({t%dLﬁé{%?{l%ogééﬁ %gdl%a OES é]h_gﬁk%%gﬁergﬁaml and C1-4

alkoxy,9r WhsTeiR t‘f"ﬁ ggbstatp@lt%wl@e@@ﬁél@ spge msthleae (D gppup pigitaken together with

the cafof 4 B3fhnlthey e 4100 %\ﬁﬁgg lcyclﬁ&!)ﬁaﬁ E&fp;f rom the

% consi st I
each RV is mdependently selected fromt e group con51st1ng of

)] hydrogen,

2 Cigalkyl,

3 -(CH2)C3-7 cycloalkyl,

@) -(CH2)nC2-7 heterocycloalkyl,

()  -(CH2)n-phenyl,

(6)  -(CH2)n-naphthyl,

@) -(CH2)p-heteroaryl, and

® -(CH2)nC3-~7 bicycloalkyl,
wherein alkyl, phenyl, heteroaryl, heterocycloalkyl, naphthyl, cycloalkyl, bicycloalkyl and (CH2) are
unsubstituted or substituted with one to three groups independently selected from halogen, C1-4 alkyl,
hydroxy, and C].4 alkoxy, or wherein two RS groups together with the atom to which they are attached
form a 4- to 8-membered mono- or bicyclic ring system optionally containing an additional heteroatom
selected from O, S, and -NCj -4 alkyl;
each RO is independently selected from the group consisting of

@) hydrogen,

(2)  Ciealkyl,

3) -(CH2)nC3-7 cycloalkyl,

@ -(CH2)nC2-7 heterocycloalkyl,

(3)  -(CH2)n-phenyl,

6) -(CH2)n-naphthyl,

N -(CH2)p-heteroaryl,

(8)  ~(CH2)nC(O)RS,
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15 (2) C1_8 al kyl, (3) -(CH2)nC3-7 cycloal kyl, (4)
-(CH2) nC2-7 heterocycl oal kyl, (5) -(CH2)n-phenyl, (6)
wo ¢@asasenapht hyl , 20 (7) -(CH2) n- het eroaryl , Perus2008009751
-(CH2) nC3-7 bicycl oal kyl; wherein al kyl, phenyl,
het eroaryl, heterocycloal kyl, naphthyl, cycloal kyl,
bi cycl oal kyl and (CH2) are unsubstituted or
substituted with one to three groups independently
selected from hal ogen, G _4 alkyl, hydroxy, and Cl_4

oxy 1 two RS groups together with the
écﬁén\gﬁ CER are attached 25 forma 4- to

8(Wérrbe(€é1d)ri€®(ﬁH)R r bi cycl ic ring systemoptionally

cept ai ni ofReeh1 119 het eroatom selected fromDO,
?ﬂg\ p( RII%?@X R Eb? @{; R6 i s independently sel ected

fﬂ@mtr{QHg}r&ﬁ@(Q BiNR of (1) hydrogen, (2) Cl-6
akjg I, @8 30RS,(CH2) nC3-7 cycl oal kyl, (4) -(CH2)nC2-7
teroc&gﬁ bﬁ{é)RS (5) -(CH2)n- phenyl (6)
(7) -(CH2)n- heteroaryl, 35 (8)
(ﬁl)-IZ) RCHE)R5-(CH3B-N@R32004/ 089307 PCT/ US2004/ 009751

g Bty 2 g 0

- (R) HCHO)NRD)n- NR7R8, 5 (13) - (CH2)n- OR5, (14)

g@;&)r@g (135)(;@ -(CH2)n- O (CH2) n- N(RS) 2, (16)

CHZ) nN(R5) 2, 10 (18)
2’ (19) -(CH2)NN(C(O R5) 2, (20)
- (B2) DMBMWR-’Z
(21)  ~(CH2)pN(C(O)OR3)y,
22) «CH2)pNRS)C(O)CH2)nNR)2,
23) ~(CH2)pN(R5)-S(0)-C1-g alkyl,
(24)  «(CH2)pN(RS)-S(0)2-C1-8 alkyl,
@25) -(CH2)n-S-R3,
26) ~(CH2)p-S(O)-R3, and
27)  <(CH2)n-S(O)2-R,
wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three groups
independently selected from R3, and wherein alkyl, cycloalkyl and heterocycloalkyl are unsubstituted or

substituted with one to three groups independently selected from R3 and oxo, and wherein any methylene
(CHp) in RO is unsubstituted or substituted with one to two groups independently selected from halogen,

hydroxy, and C1-4 alkyl; or wherein two R6 groups together with the atoms to which they are attached

form a 3- to 7-membered monocyclic ring optionally containing an additional heteroatom selected from
0, S, and N, wherein the monocyclic ring is unsubstituted or substituted on carbon or nitrogen with one
to three groups independently selected from R3 and oxo;
each R7 and RS is independently selected from the group consisting of

¢)) hydrogen,

) amidino,

3 C1-4 alkyliminoyl,

4)  Ci-10alkyl,

(%) -(CH2)p-C3-7 cycloalkyl,

(6)  «(CH2)n-phenyl,

@) -(CH2)p-naphthyl, and

-39 -



10

15

20

25

30

35

(21) -(CH2)NN(C(O OR5) 2, (22)
-(CH2) NN(R5) C( O (CH2) nN(R5) 2, 15 (23)

WO ¢RI R5) - S(O) - C1-8 al kyl, (24) PCT/US2004/009751
-(CH2) nN(RB) - S(0) 2-C1-8 al kyl, (25) -(CH2)n-S-R5,
(26) -(CH2)n-S(O-R5, and (27) -(CH2)n-S(0)2-R5, 20
wher ei n phenyl, naphthyl, and heteroaryl are
unsubstituted or substituted with one to three groups
i ndependently selected from R3, and wherei n al kyl,

Cc oal _ am grocycl oal kyl are unsubstituted or
sﬁgjst i tkl}‘t!ﬂéz(}nvm&f%%gﬁe to three groups independently

wheregrephenylenhphthplaidhetenairyd we unsubstituiad pesubstiguigd wigh onelte theee groups

. n . .
bl 08 B o B S @ Pt v
one torfyiee 5EPps ingeperientinielepted frop Ravadores two R6 gr oups

each RPBetdepEnaviyRelbhign RER IR tRip\Whistding By are attached 25
forma 3- to 7-nmenbered nonocyclic ring optionally

cdht ai MYAGEHEh additi onal heter oat om sel ected from O,
S,2and -6 elkdrei n t he nonocyclic ring is unsubstituted

orizpubstdpt €sl, efisakpon or nitrogen with one to
th(r)Ze gg ouiglsl, ?%d%bpengentl]é sel ected from R3 and oxo;
e

edth RGBT beeropglpdibient |y sel ected fromthe
greyp cawi)sphéargl,of (1) hydrogen, 30 (2) amdino, (3)
G -4 al@%imn tI11 (4) d-10 alkyl, (5 -(CH)n-C3-7
cy® oal” %)n'nﬁl%/ YL oHR) n- phenyl, 35 (7)

- (TH2) n¢CBRhegloaryand - 39 WO 2004/ 089307

PGy USZEE;}Hﬂ%ﬁ?@ﬁé (8) -(CH2)n-heteroaryl, wherein

phenyl , and heteroaryl are unsubstituted or
suBst i t-(FBDWDARIne to three groups independent!y

sqh@ct egrhiy)pMmdrBr5and wherein al kyl and cycl oal kyl are
unsubsti t ut edcgr I-i?ngtié)Ut ed wth one to three groups

i peﬁ&gﬁi)ng( BP2om R3 and oxo; 5 each RO is
i ndependan),@aeot-s®7R8.om t he group consi sting of

APOASIIRB) (Goynco-7 het of ocydl bl kyl | 10 (5)
- (@) N{EFHBRYDCO)RS,
(15)  -(CH2)m-O-(CH2)n-N(R)2,
(16)  -(CH2)mCN,
(17)  -(CH2)mNRS),
(18)  ~(CH2)mN(RI)C(O)R?,
(19)  -(CH2)mN(C(O)R5),,
(20)  «(CH2)mN(RA)C(O)OR,
(21)  ~(CH2)mN(C(O)ORS)y,
22) ~(CH2)mNRS)C(O)CH2)nNRS),
(23)  ~(CH2)mN®R)-S(0)-C1-g alkyl,
(24)  -(CH2)mN(R)-S(0)2-C].-8 alkyl,
(25)  ~(CH2)m-S-R5,
(26) -(CH2)p-S(0)-R3, and
(27)  «(CH2)n-S(0)2-R5,
wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three groups
independently selected from R3, and wherein alkyl, cycloalkyl and heterocycloalkyl are unsubstituted or

substituted with one to three groups independently selected from R3 and oxo, and wherein any methylene
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(6) -(CH2)n-naphthyl, (7) -(CH2)n-heteroaryl, (8)
-(CH2)NnC(O R5, (9) -(CH2)nC(O OR5, 15 (10)

WO ¢@RA33C OH) RS, (11) - (CH2) nC( O (CH2) n- N( R5) 2pCT/(1320p4/009751
-(CH2)NnC(O (CH2) n-NR7R8, (13) -(CH2)m OR5, (14)
-(CHR2) M OC(O R5, 20 (15) -(CH2)m O (CH2)n- N(R5) 2,

(16) -(CH2)nCN, (17) -(CH2)nN(R5)2, (18)
-(CH2) MN(R5) C(O R5, (19) -(CH2)mMN\(C(O) R5)2, 25 (20)
-(CH2) MN(R5) C(O) OR5, (21) -(CH2)mN(C(O) OR5) 2, (22)

(CH2): iEj %% %@Eg@é&%&%&%ﬁ“ gvlﬁgz?rzu? to t%% %oups independently selected from halogen,

hydroxy, @20 nanaIRS) oS¢irein Glo R golys| togett@pwit Bl atohGHR hich 1R are attached
- -S(O -.R5 27) .- (.CH?2) n-.S( O),2- RS
form %(,\%2% %wlm%l%g%)g% %ogoc&gb%%ﬁqggongﬁﬁ c%{-é%ué}l% %I}r %d%é)}%l%eterdatom selected from

O, S, ad3S\ivdeieinubevonrcydishigiit wiswdtitvet lor erpetitiried pin rarbongiroilfpgen with one
d [ 1haes shesdaeif kP MaR3 and wherein al kyl,
tOthrg%c_l ga{ﬁgﬁé anf:ﬁﬁet grgg) c%ioéﬂ kylo_ are unsubstituted or
each R igigdependentle splegiadpronhiae gigup ¢nsistingrdups i ndependent |y
select gdabgmm R3 and oxo, and wherein any nethyl ene
g VWO ?8%1(3189307 PCT/ US2004/ 009751 (CH2) in R9 is
ated’

ubst i or substituted with one to two groups
i idependéhtCiye albyleaded from hal ogen, hydroxy, and

Clp¢d al. We'lf rein two RO groups together with the
atjfzcl))rrs t%ﬂ%gﬁ%y are attached forma 3- to
ris  7-lmedber ed nmonocyclic ring optionally containing an
sis addjbi onal heteroatom selected from 0, S, and N,
. Wherein the nonocyclic ring is unsubstituted or
nis g @®bt% Pited on carbon or nitrogen with one 5 to three
mis 9I,oups3:amflependent|ly sel ected from R3 and oxo; each
. 0,is,independently selected fromthe group
Pis o 9n&i%¢ing of (1) hydrogen, (2) -Cl-6 al kyl,
lustrative but nonlimiting examples of compounds of the present invention that are useful as

melanocortin-4 receptor agonists are the following:

NP Y

F

N
\II\! (_Z@ , and " F;
T o]
Cl z
g
T

.
NJ S/’O

Cl
0// ~

or a pharmaceutically acceptable salt thereof.

The compounds of structural formula I and VI are effective as melanocortin receptor agonists
and are particularly effective as selective agonists of MC-4R. They are therefore useful for the treatment
and/or prevention of disorders responsive to the activation of MC-4R, such as obesity, diabetes as well as
male and/or female sexual dysfunction, in particular, erectile dysfunction, and further in particular, male
erectile dysfunction.

Another aspect of the present invention provides a method for the treatment or prevention of
obesity or diabetes in a mammal in need thereof which comprises administering to said mammal a

therapeutically or prophylactically effective amount of a compound of structural formula I or VI.
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(3) -C(O-C1-6 alkyl, and 10 (4) -S(0)2-Cl-6 al kyl; r

isl or 2, sisl or 2, nis O, 1, 2, or 3; mis 1,
WQ@2000088907 and 15 pis 0, 1,or2. Illustrative bRXT/US2004/009751

nonlimting exanpl es of conmpounds of the present

invention that are useful as nelanocortin-4 receptor

agoni sts are the followng: N NF F O~~ Nand F F

G MSO0OGA _ 0 or apharmaceutically acceptable salt

thereof. 20 The conpounds of structural formula I and

\Anaginee agpeéted the peesars inventin@edvides A nfethoé fidr dte tﬁagmeinsdi@revention of

male oxaigﬁjxﬁ%r %ﬁ@lacfy fluﬁé‘d! oﬂ 'illc%/tﬁlﬁ{ge?or le dg ct1SeI SJ%B ?\gnélpr%asr X rmmstl@rmg toa

mammg] iginesd opsush érmtm@rt oppreyintion o é\egpmélsgibm mmhyl@cttchié/ effective amount of

acompa@ﬂ&&%&h&.ﬁal%nﬁ\{?afd?foﬁﬁ&hwas obesity, diabetes as well
mal e and/ or femal e sexual dysfunction, in

p%ﬁ\ftﬂi'eé aiPast of E’F@&SW EveRtion rRfdes phazmigrentifel ¢puppopifion comprising a

compoRalrdf iswthal, f%ﬂi’ﬁilﬂaﬁ or ¥ ed 4 prRrEieshtitals Ao tab?e‘ScaﬁmstaL h Sr
t the esent .i nventi on r 0]
T8 SRl B PR ARETGR ror e b BEEY T apeee Tyention of
male ofemmalmseduali dysfoeeitn itvbdegferastileclysfomnipn ivhieb catprisad &lnéibtAgog to a

mannnﬁel?? ﬁé%ﬁ gf %H@tmalt O# Bf@\r/é?lﬁgﬁl% th%%&;%%(w%{yrog %%5%1% %&1 y eq’%ect)(ve amount of

ective anount ormu

a compgynd\gif strucquralfgynpdrilay @ oRh N IpCTymigpaion Mifh 9 Fistapewirotiheffective amount

of anotB&GRE&GH kfwrlth Be RS €& iihd thv@int Mnd3k Sorlaias. 2 et hod f Or
evention of male or fenml e sexu

e atnent
d{‘/]?%?’f aEchag e gﬁsmj PR BV idey & FHIOE &5 i frRatpent & prevenion of
obesityontighr dogpsisea difinlseriag tdmidmal in mﬁ’lﬁiﬁkuch &emmad 0B preSéitibn a

t her apeut |
w8 b8 B0 BEPRRUERY R iy or ot
in Comglmt@@tv\uﬂlal th&fr'menmalaly ¢ffestivd anompt of avbtherBgein bhdver tods peedil for the

treatmeg{ofttﬁgc&{dgﬁ,gnt i nventi on provi des a pharnmaceuti cal
nposi tion conpri sing compound of structural

£ ALEET PSR F oyfegrrtemt Hpﬁ%ﬁ%%léf@% fockg ysp obeprontst @ formula Tor
formulzCHI fok ehe maX@factBRQF N ekdidSRAE bseOfl fdre: tRAASANr Pré¥ @l @uppression of
s ey RLIBS, 90 00 SRR, 0 Brvept Lon, of

d¥/es huooilodr iagpectwifi the lpresenvnviestizs relaies 10ithd 8 bfigcdntpoind of formula I or
formula VI for the manufacture of a medicament useful for the treatment or prevention, or suppression of
a disease mediated by the melanocortin-4 receptor, wherein the disease is selected from the group
consisting of obesity, diabetes, male sexual dysfunction and female sexual dysfunction in a mammal in
need thereof.

Yet another aspect of the present invention relates to the use of a compound of formula I or
formula VI for the manufacture of a medicament useful for the treatment or prevention, or suppression of
male erectile dysfunction in a mammal in need thereof.

Yet another aspect of the present invention relates to the use of a therapeutically effective
amount of a compound of formula I or formula VI, or a pharmaceutically acceptable salt thereof, and a
therapeutically effective amount of an agent selected from the group consisting of an insulin sensitizer,
an insulin mimetic, a sulfonylurea, an o-glucosidase inhibitor, a HMG-CoA reductase inhibitor, a
serotonergic agent, a B3-adrenoreceptor agonist, a neuropeptide Y1 antagonist, a neuropeptide Y2
agonist, a neuropeptide Y5 antagonist, a pancreatic lipase inhibitor, a cannabinoid CB | receptor
antagonist or inverse agonist, a melanin-concentrating hormone receptor antagonist, a bombesin receptor

subtype 3 agonist, and a ghrelin receptor antagonist, or a pharmaceutically acceptable salt thereof, for the
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manmal in need of such treatnment or prevention a
therapeutically or prophylactically effective anpount
w@bo0d0sBsoronpound of structural formula | or fRPCHUSR0IN09751

in conbination with a therapeutically effective anount

of anot her agent known to be useful for the treatnent

of these conditions. Yet another aspect of the present

i nvention provides a nethod for the treatnment or
preventi on of obesity which conprises adm nistering

manuﬂa&m% of B l¥Bcarhdht D&EH f@HthetGtindaf, %@ﬂtf@? e pfRlenBbE YEREHRE ofobesity in a
herapeutically or praphylactically e? fective anount

mam‘%ﬁ‘iméle%ﬂfd&ﬁh@eagfle"ét ructural formula | or fornula VI 15
l lYeGQﬂdeeﬂ adpbara,fmeE&s@t inReftRR eaitegaltﬁems@&fﬁﬁérhp@u@dmp 'éfﬂactlve

anot her ' a ful for at men
amousf £ FRbpeish ApTOE | Sapmisiol st Phepmer tsribyReep b Boaiand esers
thereoif,ravé A Ithempellt&hm dﬁacﬁ‘& anfoentus en adentsetzote framdheodrodporontistag of an
msulul seg 1t1fer nq}ljsluﬁlé}ﬂtlmétfgra &ﬂ%nﬁ?ﬂ” yaR f eéféc%sﬁlse ﬁlhrg:f‘t%{' 3%@ CoA reductase

for 't reat ment -or |drev suppres
mhlbl@r, a saromnsmmerrmﬁ%ade&momepﬁcrr@gmstmmpcpude ¥l rae@gtpnagra
neuropeptide VR BFORIst,i dnenLspebtidd a5eafagontd), afRhcradtioipsse idHaRE,la c@fnabinoid CB|
the present invention relates to the use of a conmpound

Teceptg anfagphis) of IVerse agnish drtelpniprcongsntpting Wﬁ%é@?ﬂp’éan&gmém a bombesin
receptiE bG8 Afonits, @hdih ghirdlin febptdr bRAEIBE lan@phaph R @ithilPitce@ible salts and

osrs PR S50 P e AR BC S o B ion o e o sty
whichwemgtitesdn Effetive dreougt efuyzompaimgiof firmgla bbr e ¥y and an effective amount
Ofﬂmgéﬁf%6§§hﬂ rgtg_ual dysfunctlon and fenmal e sexual

unction | in need thereof. 25 Yet
pothes agpeetof @P pfeﬁe@t gw@ﬁ@nfelatﬁaﬁe ithej ushofy actherepestieadly effective

amouM$€a BdmPoui® BPRHMATa Dér fh@fuliN ol a armic@t[tf&'l’l}aacwptibwsatt BRreof, and a
ure of a dlcanentsﬁ h for the treatnent

theraPS\’mB{l%%t% Y SHmougt ofap geank selse PP eAngisiing ok a type V cyclic-GMP-
selectigy sh%phqdu@wrasmmalbrtemwauz-adrem@lrepm@oﬁagomﬁatan@m domtennerglc agent, or

a phm%ﬁ?%é%%%&ﬁ%e:ﬁ%gf%{sgl% 1% f %%tﬂla%ﬂfarct%%ea()t %Smetd{g:arhgn usezlﬁ f?r the treatment,
contrdfl,r preivention of erf:@ﬂmMSﬁmwon ipp rramphhmma@ieqftsuczhatelagment
a%@ Qﬁoﬁmr Gspetlof thb Iﬁ?e%&@fnvelﬁﬂq réates?’tg tﬁehﬁé @lpa,etﬁélhﬁe% iéa‘l'ly effective

fective anount Of an agent selected fromt roup
amomé@ﬁé Ferapqygd of fosmnle hadpimlasieh apd phaepacewigallypseqpfakle salts and esters

theredT) 2B b itierapdutsddlly €t Beoun@dT ad agintl&RBicd &S thd ol ddkisting of a type V

cyclict gQIAct{vgg %ﬁ‘&ﬁes{e&@é ﬂ}uto%r aﬁ"‘oc g&ér%%g?@%&%f% aREERMst, afd 2

renor tor agonis At ope
doparmmrg:g agnnstapd phansaccogralby aad@ta{iBe saagamﬁ esters thererdufonthe ptahwfecture of a

medchélelﬂ @%I et C?%ch piev@ﬂﬂﬁ ‘?égeétﬁe %}%s%%gonls’m&p&oﬁn%ﬁws%n effective amount of a

C"mp%‘é f frmulg I pefoaniln VE @W@ér‘i’ffﬁ%tt"ﬁ ngloms ehibaagent éagptherror separately.

anMa8Rb%ih recBptBOIFBEH cBmpSMBPER be ﬁ)vﬂé@hﬁflﬁte SAciRYRPiyplcally contains
and a %@relln receptor antagqnis

an act SPRRGIB TR LS RCBT LT LA HFeEG G coiginy Ay ficieppamount of
active\dBInp6\0d/sO8 B4} 8 bRfSTicldBHYda0 O ébtdine il adfirivt@eddo agpatient during

regular 1nQervz§1‘% s%c%l at‘ls)fﬁ%{)jg !:11616% a daygcr?urltnr% %%tcggrgé of 1Cc§%qnor??gr!l];iazf ﬁrﬁferabléld a kit

contap$ instgitiony inditatmg the uyeof thindnsa'grfombe wblghjfreddqgorpﬁegs @émtreat obesity or
overv)g 5] a éeQﬁal rd?éf@ﬁcﬁgn tai?d B EmHSE op(ﬁos tfp%? %ﬁ)l@ ggk}sﬁ; g\#ek ¥ specified time

i fective anount of a conpound
periog.or nul a VI, and pharnaceutical |y acceptable salts and

e Sltlﬁdu%ho? tﬁehﬁ.{taﬁlo ftppll@d@ilén ahd %ﬁ?@ﬂg 'tgtrilf]@ Rdvk YheBhdigdd ﬂt(etfanm gs:
unt_ q ected fro e.gLoup consistin
o PTHE T i ap PRoEFODS RS PROE Sk R AgeIRoty kanoy,
meanseakfonrydiog afahe desigeatgl lerptswhials may bdinkistraipht o bidBeCodhfiguration, or
reduct ase

-43 .
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inhibitor, a serotonergic agent, a (33-adrenoreceptor

agoni st, a neuropeptide Y1 antagonist, a neuropeptide
wOr200aQga3dst , a neuropeptide Y5 antagoni st, a pRCIUSADI/@09751

i pase inhibitor, a cannabinoid CB 1 receptor

ant agoni st or inverse agoni st, a nelanin-concentrating

hor none receptor antagonist, a bonbesin 10 receptor

subtype 3 agonist, and a ghrelin receptor antagonist,

and pharmaceutically acceptable salts and esters

combidafi&fs8Rreot§ Phe AL IRPALE deldde£merthylane B6lips MMiRA taref déhgnated as (CHp)
treatnment or prevention of diabetes or obesity

herein.cBxapples efalkyl sequpeipeiudemeiivlusihyloF PapH oS R5ORTY nd%“tsflerﬂPﬂPfOPyl 2-
methyl r09§l {eﬁfbmﬂfl Q-péhtyR N Gnay 11 EL b AbAGD B‘Jiﬁethyﬂfut}ﬂ hiez-digelpropyl, 1,1-

ametypgmshg 2 e am L r kb S ieo 2an et 3 bl penst, 4
methylbéteyl apetjlbeal tyth@fbﬁ@I;Bteﬂfylb]lﬁyl,mm«ﬁﬁtethgafb\myl,CDIF}imuhj’llmfyl 1,3-

dlmethggag{rglngcingetg%&%tyﬂzIé?dé g thylgut%la?; Qﬁfﬁgeﬁ?/ &fl’ ﬁ%%#t%{l 1-methylhexyl, 2-

methylbéAyd Gtatieyllzmpl Mnedfyllmqylai;mnmylb@iyé dteélwlnentth%dﬂyl@mh g-ethylpentyl,
—ethylg)ﬁrﬂgl' ﬁg@?ﬁb&)&l grc}pyﬂﬁtyy3$¥éﬂylb%ﬁygm d1§1@ih%€ﬁt¥lel 2-dimethylpentyl, 1,3-

adr ener [

to
dlmethg}ppq%hﬂﬂmet}@ﬁ@ngl %@meﬂ)é}p@m&l %é dHpethylpenty; 2 4 d1meth91pentyl 3,3-
dimethy pRANRG Aldirh @R IpehtyR CICP Bt ibly Bek -niefh@f—ﬁ@ﬂlylbﬁ@r ltditﬁhyl—2-ethylbutyl 2-

e LRSS 02 R T LSE ol Rl e,

and thevilraral i n need of such treatnent. 20 Yet anot her

a .
259 Ay n?e%ﬁ%itgawu@giﬂe%g%ﬁ%rﬁé@o@g%&glaﬁaég@me
iodinef ormula | or formula VI, and pharnmaceutically

arepinbC L4 am&mrﬁlnaﬂdneatsﬂlsgalktylwﬁmf and a

therapeutically effective grmunt of an agent sel ected

f EBHCER YT dishdeotend ephiprBtyl t ype v

csrﬁé fefin %r&aeﬂrle ficiudes pdies plidddyelid @b@se: ingb tdvitdining fram 1 to 4

ecept or ant ageni n . ' i Crooe

e Gt L 82 O DGR e RSP
pyridigdtferys thidvei, @gmfroly]‘ oxazolyk thaenlyl, anazglyb trgfzingl, tepgzolyl, thiadiazolyl,
muda%g}ﬁi #&QE%WI lgo\(%lagoﬁ@ %&H&?A‘Zo g@ gyﬁ&ﬁylepﬁin;ﬁ?l\rllglf gﬁ%ﬁﬁ}l 'ﬂyﬁdazmyl quinolyl,

lsoqm@@ﬂpbﬁnﬁlﬁu@ﬁdﬁ’bPWPf&rﬂl b@nzorﬁfmfwh jmgloly}. b%?@%%’éﬁﬂ%?@%ﬂ@@ and the like.

In one%ﬁﬁ@&ﬁneﬁfof {Reraas 'iﬂvenﬁdﬂgﬂé}@zfryl% sefeRRa frdhathy group consisting of pyridinyl,
anOCOTtln r ounas

t
fuyl. et BRI REA BETY R RAH P el idazoly.
pyrazdigf ﬂsMﬁzdlyimsahiaﬁblylno;@lﬂﬁmgbl podmigiofy pymzinylmyslﬂﬂmﬂyll,q]umole(l
1soqu%cgls’lage%z1f R f)g%&?ﬁ%’l %eﬁ%}ﬁl&ﬁl %top?%gﬁ%iaz%{yl a1 %én\égxazce}yl

oun suc bene
wiBagychalimitarpageraztisdingpingluge birters naf limitedytogbenzethigdiagole, indole,

benzo{hmpﬁén\éaﬁeﬁzofﬁldﬁ hheRgmillaidle, BerdztsBRS0IR, tdRdbthisHle, &lﬂﬂ&lﬂl@ qumazolme
course of 1 or nore days. Preferably ont a

benzofriyaqle. PERZOBHELS inRAUNling, guingefureparidipe, tﬂﬁénoa&%’gf‘e %?ftﬂs %’}e’
trlazolbﬁyrﬁﬁﬂmé eat §I6l7§83te(rﬂ1y@roquihﬁhﬂer eat obesit y or

d\(l)lglrﬁ\é\éeglnfg‘ﬁiciﬂ ﬁ%l”ﬁléc)i'ijdgf( glﬁx \%P %§técl i2 gbn-arf) nat(ljc Elngrré:oﬁjtymmg or(ley carbon
atomsT Exoogésfcyddnikyl inslude buegphét diatited v, cichmprdpyl, k:mhwbmgfl cyclopentyl,
the indicated nmeanings: 35 The term
Cydoﬁ&?%ckﬂgﬁl wel | as ot her roqu havi ng the prefix
A termg hetprogysloglkyloiy/inteadladdm giglude NQRAPBALICAICISERTY Elpiopi@ining one to

four h@tferdafﬂ)%ls dasdi o firb QMY gt‘!ﬁ"‘én@@ulﬁ&y ShtitufioRoBthe AbtgldtycWalkyl ring
branched confi atl

includeggyEISYARRARGRYS Ggﬂ“o‘?‘?ﬂéfff%eﬁ&“l“ﬁé’f 383‘4{@1‘1%‘: ?%‘fyrlrfmg Examples of
al kyl al so i ncludes nethyl ene groups which are
designated as (CH2) herein. Exanples of alkyl groups
i nclude nmethyl, ethyl, n-propyl, isopropyl, n -butyl,
1- met hyl propyl, 2- nethylpropyl, tert-butyl, n-pentyl,
1- met hyl butyl, 2-methyl butyl, 3-nethyl butyl,
1, 2-di i net hyl propyl, 1, 1-
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di met hyl propyl, 2, 2-di net hyl propyl, n-hexyl,

1- met hyl pentyl, 2-nethyl pentyl, 3-nethylpentyl, 4 5
woreaohpsgsent yl | 1-et hyl butyl, 2-ethyl butyl, PCT/US2004/009751

3-ethyl butyl, 1,1-dinmethyl butyl, 1,2-dinethylbutyl,

1, 3- dinethyl butyl, 2,2-dinethyl butyl,

2, 3-di net hyl but yl , 3,3-dinethy| butyl, n-heptyl,

1- met hyl hexyl , 2- nethyl hexyl, 3-nethyl hexyl,
4- et hyl hexyl , 5-net hyl hexyl, 1-ethyl pentyl,

hetero«%cﬁ)gﬁ 1 Hﬁ:ﬁltdwbut gi‘e ﬁ&thﬁﬁhf&&% X&eudmé ;ﬁ’ﬁeﬁﬁin@% oline, thiamorpholine,

ut yl - propyl but'yl opy
pyrrohalmz»lav%é@l#y}epfémlwquta@ P@FW@Pﬁthgléﬁrvﬁ-CYﬁgi@xane
dCQi@iiIhW tReiHoyé deﬁlae&'rteﬁhsﬂiﬁ @ahdry than once in the above formula and upon

such o%ugelaﬁe Ie]mitl { %rlngﬂzl?l]? gef deﬁéégm %Prcgeti‘tleﬁéi{ ﬁﬁp?%t ?r hus for example, NR4R# may

repres@t m}m lﬁﬁﬂﬁyl HzQH%amd weliksy/| pentyl ,

T ehte 2su‘) eﬁt ’ F%L\F gﬁ g‘élg ?r{leﬁﬁ F%th?ééf[){ l‘margmal” is a “human,”
said hu_[nagtuqylg e@hem;@hyqr Lfﬁma}q Thg 111sta(m @m}py}up% @Wﬂso uppf@l(,fpyqreatmg or preventing

obemt}nalﬂ%E{le re:l?t@d:I dlgckf@eré jnleBts akd @ogts eﬁgbuch ahO@AA “mhBimhIN bRAMES ompanion
i ncl ude hal ogen atons fluorine, chlorine,

amnm%ﬁ%ﬁﬁﬁ@“%ﬁ@‘bg%dlne 15 The tern1 'Cl-4 al kyl i minoyl "

WH@&H@ m@rﬁ;hkl}ih ﬁl(eﬁ Nl‘el}eof ’ reﬁﬁ’ﬁofaeﬂialfﬁmaaﬁ/hb s 1i1 el i @satment or

n&’s d %nd 0 qre%aargp%'haetter%xarl;an mgén(::aéﬁ é(%fr rﬂr oih ]%C]lnlc%:\il to
4Thdn&tm f’@atpomsoné' sisen:pl@dnéqemmamcmrpggm, 1sgmygbd tagngompass a product
compr] %HJg it actll@(;ﬁg@{h@xﬁ S I'zlﬁf ﬁnguhl o n%‘/rie{ﬁ&t(s)bﬂ‘lﬁt k€ uﬂ;‘ﬁlte cLu’rlgfl' bedell as any

pyrrolyl, oxazoly
produqt mhg;bgq:w}ts dtr¢qtla z)bm&l][rectly,rfrcalz pmlnatlprétcp@g]@ﬁwon or aggtegation of any two

or moreld¥ ﬁﬁ'l@éﬂl&k& oﬁg)nh tﬂ‘fbé&i)@lé@élt’éf,oné SON&E of thik mgteﬂiéhfél @Z@nYdther types of

reacu% S}g %%%%lﬂé}s of [ az ol of th $ é @E]}eﬁgréﬁzcorcﬁ%gﬁi Ztmpia%wtlcal

compdﬁﬁhﬂ@cﬁﬂlhwreseﬂﬁmﬁdﬁi @n@khpass; ayaombositiamzile bpadrhiying a compound of the

azo ne enbodi nent of the
preseng}nven%op |(|¥’1 % %hatrmacgut Cﬁﬁ écc%p%ablﬁ émée?sel acted fromthe

g Bywpnatamedrtin iepgptaf ‘agopisi db m;zant an mglpgqnoustqmdgwpbstance or compound
that ca‘MﬁtEﬁl:t)ﬂrlth' aolﬁégri?)lcéﬁjtm réc%t@xza‘ﬁli Yﬂltlaté 5 Plﬁﬁﬁi&ﬁ oglcﬁlrrleéi)%h&%haractensnc of

tetrazo hi adi azol , Im azo razo
the mglagggeitin rewplort @dtamleéazlemm resSPARTh FI&%%?PW it !B%nit ﬁ%ﬂlﬁﬁ’w compound that

oppos&yth@ﬁlblﬁﬂdcoﬂiﬂ)fédeﬂ@ﬁﬁs@&atedwép@ﬁ:iey hormaﬂﬁmtlﬁdéﬂl i mihe bioactive agent.
benzi m dazo) benzof u enzo t hi

The zggwft[uh ng%)(gpg;? l)f tg PR %%)?gglglp set méFxgv% lvdeEe measur\éc!l in the functional
assay teatiitred delowa (The funttivgsl asmldwdmmnbilﬂs a melanavottin|reqrptoragonif from a

nmhn@%%&%kﬂlﬁg'ﬂﬁgﬁl i ndol e, benzot hi ophene, benzof uran,

_en2|soxazole benzot hi azol e,
qéyribindive affipify his skt e abilife Abropipaunsidsug IdMEAR iy biolegical target, in

the thé SRS QhdcB! Qhe aﬂ)\ﬂl‘itg’ a chﬂiJ'oQWéf‘ sBidial ﬁ)ﬂﬂllﬁf[W)ﬂ’)rhIﬂﬂlm to bind to a

benzi sodi azol e rimdine
melangccgﬁn]rese_plt(gt p gcpr tﬁ%c ng)@unflﬁ gf tlh‘é P]ﬁf.en{: &pg?nélgp R\S‘;{e measured in

the binding aswsdemhal bemw zmd@ya:dxuamswé as K1501 r-'Fat ic rings

c Q‘E% tflacgl”ré%ﬁ’{lg artlée rg%ﬁvq mten%lfé)/ dm%h VX%&] (’gf)msts vlrQ/' ‘Ifr}/ t‘ﬁl: Qe%&Xé they produce
even \&l}emltwl,qupy tleyseemanhey bf recepyard :gldewyu the saype htfipétpt fficachtiethe property
that eﬁa%[e@dru%?\t.o%r&ﬁx&}e hée¥! ¥ Pr §§mésnc;f %&qﬁ&nﬁs‘?drh&%laﬁ' g?categorlzed into two

n-aromati c OC cle contalnln% oneto
grouph dlaase which geuse Bpwde @saoerl%mth fheresgeiprs (Bindipefiiaing aad, thogs that produce a

stxmulﬁkxI tb’i’ﬁdat:ﬂt a8 te@h “dfhiEactress @EAY chdatdhyd the iV of %xiﬂﬁﬁfa@lﬁﬁi&s induced
stltuglon on .t he carbon

by agwsti H\éOtﬁ f’%‘f'“b%%&f 2 6%{:'3%91 arg F d/gglgwbclxr%égel&ﬁlcﬁ? 41213 \ﬁjnammal IeSponses.
2004/ 089307 PCT/USZOO4/OO9751 het er ocycl oal kyl s
include, but are not |limted to, azetidine,
pi peridi ne, norpholine, thiaggcpholine,

proph
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pyrrolidine, imdazolidine, tetrahydrofuran,

pi perazine, 1l-thia-4-aza-cyclohexane. Certain of the
w@bwveswef i ned terns may occur nore than once PCT/UR®04/009751

above formula and upon such occurrence each term

shall be defined i ndependently of the other; thus for

exanple, NRAR4 may 5 represent NH2, NHCH3,

N( CH3) CH2CH3, and the |ike. The tern1"subject" neans a

mammal . One enbodi nent of the term"mammal " is a

Max1m5‘ll+€§§>6nse deﬁeﬁﬂgomg@fﬁcﬁﬁém r&hﬁt&%ou?lmgeth%rls,ffﬁ%g casddd€ of events,

oun are al'so usef ul treat

which, FTR PRGRE SHBS g I lAreaeE; 4 s fetredpisloere:egiestn

C alte fenvtionkd gativitias exyuiesked s BE50'e and thertiaponikt'efficacy Udethe compounds of
oSBTy P BB A e

belovneed of treatnment or prophylaxis as determ ned by a
researcher, veterinarian, nmedical doctor or other
cI|n|C|an The tern1 conp03|t|on as in

PP dinsteraome g aufametted t O enconpass a

p r@ﬂﬁiﬁﬁlnds%@ Biﬁfchfrél rf&n{ulhq aﬂ@ fdrl‘ﬁ@la WQBﬁﬂh SR §rhhore er}‘/gm{et}ﬁ: centers and

i nert ingredient hat meke up the carrjer,
can thyg OGS TAGTEASE 1 R &inglg ppagtippsys, @as@mmeaemures and
individna) diagerebinea@t Tbenpre@ﬁﬂ'm{/eaﬁai is aRaiito eggpregad AlDsuck fsoRBryc forms of the

‘ COIIlpéI g‘?str?t tu%%ongu?la ] anchorrnlgrggl ents, or from

sSoct a 18 &of the i ngredients, or
f remesf Hercomppmds dﬁfscrlheé aetingnstaip olefinicaionldt bards, aofl udes specified
other@fse RS 1Beaf toliftfude BOHELURAH RomAiG ?%Bﬁl ERIRY: eXBllﬂﬁlﬁ, the RO subsutuent =N-
5P har maceutical compositions o0 e present” I nventi
OR> rludstipadicof theyfollQyripmEsomenis ispees: by adni xi ng a conpound
of the present |nvent|on and a pharmaceutically
accept abl e carris®r. nelanoconfin recept or
"agoni st" is nean :q@ig dogenous or @epg sybstance or
conmpound 20 thq%’can intepBdt with/a neC&hocortln
receptor and initiate a pharmacol ogi cal response
characteristic of the nelanocprtin receptor. By a
n%oﬂ{é%? ﬁ{egbﬂxﬁ&ﬁlﬁ?cﬁgsa{bed ﬂ&%ﬁ%ﬁ; ?Ist as tﬁltém 'stucﬁasq{euyqen%f tautomers.
oun opposes t anocort
The ll?dé\‘} Brtogssse el atmrayprdhereaf arfcﬁnﬁ@nnayseﬁ W@F{bméhle ¢pynpounds of
suuaaﬁpkhﬁMaDmﬁﬁﬁhmﬂ£VBgent The "agonistic” properties
of .the ¢ ounds nventi on were L
eSO BRSO i) Ewmui"aﬁﬁﬁé s é{i Mg b Fepatsd e Higir inpliddual
diastefewwombxs g foa@&myledfrﬁﬂbmd]rbnyahlﬁ&tﬁn frehanaitald éolweﬁ@ﬁﬁ‘ Bizﬁﬁple methanol
or eth?ﬁa%gl!aétnogr; E g %H.u% tl%?e;p |0§ @fé%g% 1 c%nﬁm%t%%re ty? Jsm%f% % 1ca ly actlve Xtatlonary
phasec dibsiesa ﬁféveaqeh@gnsm iy thel deterniined byyiXotay gry@tallograqh ef crystailine products or
crysta,tlllﬂl% 1ﬁt&%1e9fa{%§ Qich 'aﬂzsdeﬁ%ﬁed ifnl@c \}J 'wtlt}{ a‘i’éagéht %SMBQME dh stymmetnc
bi n

tructural formyla | formul a

‘mnmhﬁﬁ%ﬁ%@@P%Wﬁe?EgQHWHW Bi ndi ng afflnltles for the

C QATpRpaigiely Qhy §tb1%o@(5rﬁéi%ﬂﬁccbﬂipbﬁﬁﬁ bfaRe WWRER] IPRASMI, €, m:nma b, IV, V
ow ang are ex resse

he bi ndi.ng,.assay describ
ana Vs B BT B Rosb R B P Pl pGERE FRBRE Biyeagents of
knownabshlughiogfigmgoni sts vary in the response they produce
even when they occupy the same nunber of receptors and
with the sane affinity. Efficacy is the property that
Salts enabl es drugs to produce responses. Properties of

c m%ﬂﬂ'ﬁﬁﬁhﬂ@ﬁu&ﬁgﬂ a&%ptﬁlﬁ& SR lefef o] 'sﬂis(ﬂ)rép%d 3 PhREnaceutically
Ch cau ?Slaﬁ@ 0. assqoci ate wt th e receptors

scceptolfign AT £ IR B Sh Bt 289 e PR acids.
Salts de&fvédl framnyrjorgahivebates inrlude hluingraey aminSnitikeehidibn, copper, ferric, ferrous,
characterize the |l evel of maximl responses induced 35
by agoni sts. Not all agonists of a receptor are
capabl e of inducing identicalglevel s of maxi mal
responses. -45
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WO 2004/ 089307 PCT/ US2004/ 009751 Maxi mal response
depends on the efficiency of receptor coupling, that

WO 200408001 t he cascade of events, which, fromPEEUS2004/009751
bi nding of the drug to the receptor, leads to the
desired biol ogical effect. The functional activities
expressed as EC50's and the "agoni st efficacy” for the
compounds of the present invention at a particul ar
concentration were neasured in the functional assay

11th1ulge1§§ghb§?ﬁﬁi anPRHOWts, Q&thfﬁ%{ls F&Qggﬁﬁ? sodidth, 2Rk S AWBRLS, P;lartlcularly

Geonetric |soners - Tautome Conpounds of st ruct ur
preferyed agg fihg ammgpd By G-, dltl\ypmégq;glgquﬁn,@ﬁ@sswm #p¢ godium salts. Salts derived

from @ﬁﬁﬂﬁwﬁtfchl@y a(i:@é’jiakb[esorgd'h‘it ndadbxit Hasss RIS saﬁéoﬂpﬁﬁﬁ@&&@ndary, and
racem. tures, single enantione

tertlara |35]§n(e%|5 me ém)meﬁ Hﬂ“éléng Blrailés OFCYEnE Sy uted amines, cyclic amines, and
basic dmasﬂmn@(rmtsssucﬂ'hnalrglhﬂls,dntalnenmﬂahb aholiire, N@ddibehAylethylenediamine,

diethyFHTR ruc&lﬁ}'lﬁ{ulm?eﬁ}rﬁ%ir 23, Oa%?lflc%ih"ﬁol ei}?a%h@ml O&Fﬁ?rﬁ:gﬁnﬂne, N-ethyl-
morpl@bn@ Olethidpigerisline; Huehniing, glunosemine diistidisie dfyidrabemigeLikdpeopylamine, lysine,
methﬁ’é?ﬁ&ﬁuneaﬁ H&in@%ﬁpéﬁ%&' fnb@rﬂimeof)(h%rﬁﬁe%%smsagﬁ)cﬁﬁ@ﬁ‘pll'lﬁeg theobromine,

i ncl ude geonetri ¢ 1somers
methxlﬁ@mﬁéﬂ@%@em%éﬂ?roa@mmsrwaﬂ%@saﬂBéli%hksf t he

f (W h@\/mm@ng»eﬁﬂmif thepréssMBVesitionbasic, sadth tha)bdplepired fiém
escr.i bed herein

pharp el k2R TRE R B PSR o o, B gpi mouae
acetict l_aanzwnmlfsmasvemﬁd cagphotsulfonie sittid) etherehbulfone, fonmpanfrasse gluconic,
glutan\f% t}&vj{&bltomrc G cﬂH&‘rB}QSls&B niR L hHE! Mﬁl@ilc l;lfﬁ{c %ﬁe*c %glanesulfonic

or . mpounds of "structural’ Torhu
maloniGy Fyic itGic, ReEpichpanieihpnica PhagPhioRE Premetie, spaeinic, Felfic, tataric, p-

toluer@bd®hR6ia) tﬁﬂﬁ&f)zﬁ:fetlily acid, @hd tﬁf, ﬁ@l) | 'E%rtlctlfaﬁﬁ ?ﬁefé‘fi‘éh are citric, Ifumarlc
Cr on from a, sui e sqlven or exanpl e

hydro ﬁ@%ﬁ%ﬁ%‘lwc gﬁme‘f’ﬂw p?@?thﬁ?‘é S'gl urig, 30 AEFe a%iffer eof , or
vilawitltiervaderatidahm! 0 gsaitRyein) séforgnaantoad domdpolyds a€ Fd)ﬁtﬂla I and formula
S | h se Absol.ut.e ste be. .

viarhbl ARt B R B RS B 5P BR S Bt oEh L PR Goriae sas
products or crystall|ne |nternEd|ates mhlch are

utiliggleri vati zed, if necessary, with a reagent containing
an_asymmetric center of known absol ute configuration.
2530}&}99@%4% &f fopaely I andfornala ¥ bye Siskpecosin racepionpenine agfl as such are

usefu]{}fi ﬁleg@@tﬁ{eﬂd cxfn@bfﬁt' v%mtlc{ﬂa)f disédRes, Mf?ordéré J)Itbioﬁdllhbns\fespQMe to the

. e obt stereospeciIl1.C ntnesi s .u

ctivafy 0o B S LS PRl ot B PSE e UG ROyl 0 MIC-1, M2,
MC-3kMi§inh onMEBS. LBueh diversesy disatiers br cobditidiss indiie e ateatonimited to, obesity (by
reducmg Ia%[eﬂgcﬁyeésﬁ‘%l #arb%gcg ga%% I@e?'uﬁPéﬁ {n?‘ake Bre e c§ng ﬁ:girr%)%@dtreﬁe craving),
dlabetls%@eléltllé KbYaP@hmmg BHICORS tﬁgrancﬁtodqgwnmg lmuh@ rrgssaﬁnnee)bl@we@enswn,

hyperBpiferhil Qs@8dHhEit& rca&élg 3N Blade} @Sease, SR PnOChdpYQLioh R Ly, compulsion,
i nor anl bases .i ncl.ude al um num anmoni um ca

neuroieé,plﬁ séqep Fhéor Frembétagce abusg. RAFY DBIARG frgnadssexual dysfurrrl]ctlon (including
impoteXcE/ lbﬁswﬁﬂlﬂ@ﬁlﬁﬂeﬁ&:tlle dysfunction), fever, inflammation, immunemodulation, rheumatoid

e

arthritis, skin tanning, acne and other skin disorders, neuroprotective and cognitive and memory
enhancement including the treatment of Alzheimer’s disease. Some compounds encompassed by formula
I and formula VI show highly selective affinity for the melanocortin-4 receptor (MC-4R) relative to MC-
IR, MC-2R, MC-3R, and MC-5R, which makes them especially useful in the prevention and treatment of

obesity, as well as male and/or female sexual dysfunction, including erectile dysfunction.
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[ithium nagnesium mnmanganic salts, manganous,

potassium sodium zinc, and the like. Particularly
w@e@ieseed are the anmoni um cal ci um |ithi um PCT/US2004/009751

magnesi um potassium and sodiumsalts. Salts derived

from pharmaceutically acceptabl e organi c non-toxic

bases include salts of primary, secondary, and

tertiary am nes, substituted am nes incl uding

natural ly occurring substituted am nes, cyclic am nes,

anghe oldfstitiond &ﬂh@ﬁ?@@ﬁﬂgg‘enﬁ&?érg fsefud ?&nheat%:aﬁﬁ&t & fi&ention of disorders
bet ai ne, caffeine, cholin

assocWeﬁ\rwna Ieﬁ@ﬁsi‘fﬂ f@?qﬂ”ag?‘ égﬁhéilsdofapény ang @@ﬁ?lrralﬁqeﬁ élsorders The obesity herein
may bddbé ﬁ:;tahy kg, mem&agaﬂéuc o2 eliifdBinbiealani noet hanol

di phol i .
IR RBTRY prb iaster R A eoc g SUboimsst OV-RF GV obesiy
Examplyslofaibasityrelated diopriep jtichude meereatiys ibinge eatiinp} dny bglirnia styperesnsion,
dlabetgp R:b&lsd ﬂ%maﬁhs%ﬁﬁ (grl %ﬁraggﬂs%& Iin%lﬂteres&?xk:g E}Q]slrb?dernﬁ;’s ﬂﬁ)erhmderma

pur I hes, om he
endomqtmqbétrml, pigbtate and ¢q1<pjr QPSAr, niepasthrigis, @hﬁtulthm strep apnsel chplelithiasis,
gallstdrek %ear@@sé&gke RbrdofiRal @x&{m%&'t'ﬂgls afd drRerREEHE Qéardlﬂ\flﬁ”%h&f‘ coestive heart

basic, salts may E}Lgared from phar maceuti cal |y
faﬂur%eef@mr& Bt et %52116@ dePoroks: BRIy Bting aPhE g anigpigryngioma, the
Pradeﬂmml’ﬂyﬂdlaﬁlb (Frohl ol RyRigdnits GHAGS At suﬁﬁﬁﬁ in6rmal variant short stature,
TurnelP’t(se % rgoz?sj ul néig olnl(l:er p?tgc(rﬁcﬁgzlcgall g?ndhg)lp gl%gvzl}ug J%(Rlﬁ?({: metcléqthu la&t}wtg or a decrease
in restmerhnetgy @meodltmw@raqmmem’agecpf totgldatifres miass, e lgadiililen wmhlaalt@
lymp H@iaktﬁ: lediBRge lP‘uﬁhergP :r @%? Utefsﬁyh‘fate k‘&%@ are mgﬂa‘ﬁélf;: 'syndrome, insulin

nitric, panol C, (f) enlc OrIC propi oni c,
resistage; &xnﬁioele syl g éPrO{i%Pt’@aﬁibisf}mCtﬁmlﬁlch a m@ﬁé@mhvmoeadlsm in males and

hirsut@6 il fenballdsf dasidiaghl rﬁotﬂl@}l d5is;oré’er1‘£j sﬁdﬁ%s bbdsRy-relPddt daitt-@&bphageal reflux,
citr.lc,

resplrﬁtg dgs&ﬁcﬁagsr faL{(’) a%éqeél't hypB \Zouit H%‘(}, qyedl)c/)gla ?ﬁﬁf\ffl&lqanas[;{adrome) cardiovascular
disordesst inflaiamaticni, sieh ad dystamic inflenmnide oS the odhclilhaie, araaslokt&edns,

hyper%h%ﬁe%{epdlerfn%fh? e%ﬂr?c%ém}aolo%vgreba%l?gyg @)‘QI dﬁgli {Qetdsrerau gout, ané‘ ﬁgney cancer.

re neant to
The corhpgsitivoecfitheprbdeyt invention ab kleo vweful £or reslyeing the riskef secondary outcomes of

obesﬂ?}’s‘éf:l@%(ﬁfcin%@he%ﬁh{%@left%gntl-r'{‘:dlﬁr'hty &95'[}?19unds of formula I

and for rru are nel anocortin recept or agoni sts and
asthe fEm a}e@bolmvc!wm? m Al oS YRSFRTE 26 dhdetimpd ythe Third Report of

the Nﬁfoﬁmmle@lﬁroﬂﬁdlﬁhm%am@x FEhaEISonQetez O ELAIA®N and Treatment of

sign BEPRRRRE TP pob e dpaly %F%&oﬂ?@ o e, B0y By igepoon vo 356

359. BogflyVEpdrsolNiCd&ined Ma3ing MiStalbolicgyndiomb if tisusisod hssthse st more of the

fouov&ihgs%‘g)e o 2 nﬂﬂg%btehgﬂgycdeﬂﬁglg&%deﬁgt1o@"}ﬁ)ﬂ‘8¥oleséef& th‘?g% blood

Sl t , Incre
pressyipand Bigh éasw%& léasmaéa&esen ghe amtemmfoawése@re Jesigetin

c a]!‘li@@é'i%d'ﬂﬁb&eso'ra@%éag%rem ﬁicﬁa@@%lﬁ)ﬁl 1H§thldtaf9§1dér@}habetes mellitus (i.e.,
IDDNf @EPSS \wgaé) ypeﬁ)glbﬁg?t{:{g ﬁg %q%?lgsqw Feslglgq%ﬁl%t g‘ghﬁt% mellitus (i.e., NIDDM, also

known a4 Bypa il didbetek)s Typahdigtetes galidsul- M)dﬁfentd;hﬁﬁas ds the ke38lpof an absolute
deﬁc@&g%@ins&iﬁp [ gllmg)rt]lé w‘l’% Ireegtu eB §{1)1%)se u? flz[z)lﬁ ”Py'gg :ilgd,s a%rerfﬁf, o insulin-

independldntfdgabateeise XQIainSIdl}nsfeuwdcnt dmbfét¢s10¢lh|fds)ngfteni arpw$ imrileeface of normal,
or evén%‘f’e%at@cﬁ lelvélpbﬁﬁsuﬁﬂ QHCF&E@Qatré o%ecti%si‘géﬁﬁgf t2h naabgift}eéfﬁfssues to respond

i nfl ammati on, | nmune [ ation, rheumatol
approgyiately tq lingllms qut qf thent ViR IT digbgtics gﬁ:cpls@tqlq@ﬁe d'h¢ gpmpositions of the present

inven@biSQE GRAS forfﬁ@ht[r@%ﬂht'ﬁ@é [ ¥ Be NeReeks. | MR c@ﬂﬁosﬂﬁﬂ@ﬁﬁé especially

effectaleg%rg g&g‘é’ﬁﬁ ﬁglb%gtlsg Ilgﬁl‘éé t%gre g%lbwtlcfnsp Fgreseint glﬁ%ptlon are also
usefuf for medtiag Md/@ Ipenerting lgbsyatioed] debeteemdfifus.ni ty for the

nmel anocortin-4 receptor (MC-4R) relative to MG 1R,

MC- 2R, MC-3R, and MC-5R, whigh_nakes them especially

useful in the prevention and treatnent of obesity, as

wel |l as nale and/or femal e sexual dysfunction,

including erectile dysfunction. -47 WO 2004/ 089307

PCT/ US2004/ 009751
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The conpositions of the present invention are useful
for the treatnent or prevention of disorders
waz®enssdred w th excessive food intake, such aBCDDERN/§09751
and obesity-related disorders. The obesity herein may
be due to any cause, whether genetic or environnental.
The obesity-rel ated di sorders herein are associ ated
wi th, caused by, or result fromobesity. 5 Exanples
of obesity-related di sorders include overeating, binge
e direatigent ahdiatwedsinmlliys tefepeto tlerginbristratich efastorpound|op v@higthtion of the
l; [ [ t ] [ | resistance .
presel S B o A R Do ARl R bt RSP s tovel ina
subjes pibieler eedglbcase leyels. cAmtkar outoemeefdrentyent may, bedinptavingtglyeemic control.

AnottR} 88ENRIVT8BatmEMGhS e lUBLBRIng insuliPlel i ANGAbied SAthlelevated insulin levels.
di sease, .abnormal "heart rhythnms and arrythm as

Another, Qe °F fro3 meReay; b5 ecreasng ebemy wigfysarides i ayublsptavith elevated plasma
triglyepiden anytheiesutdon @i of @a@Ment kg e bwiaag NDLhé1ed&ol in a sub&ect with high

LDL %?)!a%té%()f {«;\Iﬁc‘lf ?X%{%ea I%%tﬁil%g %,t@%{n%nhg%k%ﬁ%g%}%ﬁ%ﬁ cr:ll%le%terol in a subject
with 1@WEdES ¢holesteol udls. daiother ouoeone!may de idemdia_s'mb @itet LINL/HDILIT&o in a subject in
need t-ﬁ%&e 'A'n&hélyd?lgd'o £ tr@z@ﬁt rﬁtnﬂ I!i)e Hl‘a:egﬁlllgol%lﬁﬁl er?s%lli]tgl EAlngtHg’r outcome of
show ng reduced met abol 1 ¢ activity or a decrease ™
treatmeplpay Ry cBRABFigY shirpse irlerpraedn agnbiechiitcgnecsgmtaldrancet Abother outcome of

treatnfeif mdy 1R @efTBBhe iMsulin re&Riah@if B sWjdchwik HeRasdd YRRPRLAS deGr elevated
m ?? Furt her exanpl es of obhesity-re d

level I ?uke1 | at e )
ST SBF e SORPEC MRS (€ dSSTRASIRS Sy GeREe ip A subjers ith glewated
trigly@yig@r d‘_rm}ag,noﬂemammyngpmp@mg Lo cﬂMS{jttd)Tglbirl]-QﬂDL cih_dlébte@ﬁ
. Sm.i n es an irsutismin
trigly eg ngﬁ’gjs{“ fé’%gg %?ﬁ%@%? giﬁl AP ﬁ%l!l?sy di sorders, such as
oEyiertipnof fiabates rydlitvs i opthroagedisiragbh ob@ compewsipi arabrobiyation of the
preserfl inS/RAifhRS pre it the dRsePDERAMs Y LANERLat AL tg&egfy ndrome

(Pi %kwi ckian syndrone), cardiovascul ar | sorders, N
i nPPEthral iR GANIISeNCR vAichdless 8 an exceitaf hedvefet diie eperatingal definition of
obesity &siakdda Wi od3 MAE KASE (EMDSish is BIARLENAI RS LRI Reight in meters

eryri.caeni | ower back in, gallbladder disease,
s R AR gL coRBE Ry S Bl R 54 Body s
Index B MEezmdater thae ot ¢qual ta 36 kglh@porasefidition’ wierebg duabjag withet least one co-

o ‘ . 2Q _ahesi uch as .
e S PHAETS Bk, DB P v
subjeqt itk Begy kise IndexdBivHl graaser, thaal os oquehiow kakn’syadnigens wih at least one
co-moridigekikNEBMI BrehRLthdhbd eguﬁ%),@f Egérgi. At“&%j Rt 9P st obesity” is an otherwise

Chagl.est erol  Fd i 0g Program t Panel on
healthbélll &t VE a 53 é& %gicg/@% t%ﬁasgtlﬁne’g)t " or&fsubjpﬁ:tgﬁthgp lsagy one co-morbidity
with a@Mdl &6 dp/al? tb fesfthah 2BkdMIP-111). E.S. Ford et al.,

J o 287 Jap. .16, 2002, - 359 .

Bt nelsled il asfoltoea Aoty 50 fry PRy il ABSF logex BMD in Asiams.
In Asigy erinisies includingdaprar ‘Sbesityd sferhioeeonditiorowkerely atsabjed@vith at least one
besith Hdubit o GbeJTRY ALBCo-ARFRI i i
f) . ypertri gl yc%[ﬁl dem'oa I O\i}}' E%Jﬁreglﬁ%%eé% hrt fﬁd?mﬁfl&ﬁtbﬁﬁ %%léd be
impropdehy i ght redpdion; hgh 2 B EierstsT P gimeuite 3D kem2TeAsian countries,
includ@igi Jagih] 4h ‘obdse bUHEE” Bfefs t8 @ khBAREwith atdMdst budelobeslt)SndusdBr obesity-
relatec'l'gld_ab%t gs " as .used. he%ﬁl n, | ntgl ude1$ bat h ) ] )

1 FSPTPI) LI AR VigRbisfucdion gy hatpuld be tmproved byrygight redyction, with
a BMkgreata thas ot gquel tb 26 ket dsAsiaRabifin+ubfal it iskle@BdENis a subject with a
BMI d# f K] I €. [3DM al so known as Type ||

Oglggegglttgls . I%//%e%lsle{iit%aglé?écg or insulin-dependent

d iAéb'éﬁtdé@’_,feﬂla theiteran ‘jobesifyf is afeagiro eriggopast ell 80thelalfove leimitions of obesity.

0fObkdi§LHhduBed dritBedtrEREE c ML B HehAL S A W6QKHKited to, diabetes, non-
. .utilizatj on. Tyﬁ)_e I'l diabetes, or insulin- independent
imsuliQegpdeligbpies el i A1), HRNIpO B IS BgRed fistng elucose,

mellitus), often occurs in the face of normal, or

even el evated | evels of insul9n and appears to be the

result of the inability of tissues to respond

appropriately to insulin. Mst of the Type I

di abetics are al so obese. The conpositions of the

present invention are useful for treating both Type I

I — o " o R o




10

15

20

25

30

35

useful for treating and/or preventing gestationa
di abetes nellitus. -48 WO 2004/ 089307
weEFOnAeSa004/ 009751 Treat ment of di abet es nel | PETIES2004/009751

refers to the adm nistration of a conpound or

conmbi nation of the present invention to treat

di abetes. One outcone of treatnent may be decreasing

the glucose level in a subject with elevated gl ucose

| evel s. Anot her outcone of treatnment may be inproving
insulif} lre)éﬁﬁlme%%ﬁd}&tné Qb’shﬁn F@ért@rﬁk‘ﬁ ex‘ﬁflcgcfd%ﬁ é@%rtery

decr easi I nsu l'eveé In a Wit h elevate

diseasepgycprgial @ﬁaéftson, WEA HEHES, PELRPEBPRL swfdr@rrl% Xt%rﬁﬂaﬁﬁwdwe fatty liver;

cerebﬁﬁﬁlfe@@ﬁ)h r&rdafaamnﬂo@ﬂsg}am@ﬁﬂ@ﬁémb RttRk Sdﬂhbﬁéa!c dmo&&rs arthritis

el evat | asma . tri Anot her outc
T R T R P AR R AL e
hypertéingibn, lhy@ﬂhpldelaha dhsdipeietngx; gllucdse\tﬁdlaancérmtdiﬁms@m diseme, Gleep apnea,
aabolsh BRATR W A ERARERGGEL cholesterol, in

esterol |evels. Another
0 Lifreament whgbebity @é@b@awﬂged disorddDi yeHDi tortlagt ddgninisiragion of the compounds

or coibiPitRa! of e prE&ECANIRREER red DO REAaIA Lﬂﬁe%ﬂf wlight JrRRLPED Subject. One

may be increasing insulin sensivity her  out cone
outcoge 0f eairpens P At refluainebe badkarrighhef 3§I09%86§%bl%°6 Fedatiyr tagthatgubject’s body
weighll iriid&jifey b&foiehhd}idgﬁﬂa&ubﬂ bothe Jscamands/m @chﬁl{iﬁatﬁhﬁ SFAREpr&dent
ecr easli I NS esli ance
inventiirb TR P P Tyt ProeTng DadRadh SREE e areien
prev1d>l}skyéb$ aof resultsud Idlen exdpisd, bephagudcothampyreindier decomadlitregiment may be
decre{rlsjiﬂggcr\é/ &:%ﬁljregl@g‘ 01i a@d/%r tht Qév%ﬁ{y o%%églt%?a\(é’%lt cﬁ%ases The treatnéent may suitably

triglyceri anot he
resultjip redheion &t foad or qalasie prkedy dheesybietoincluding @ @dy@@p iigietal food intake, or

a redddi@bn 81*1%&3&%?&& C%‘I;E&J&ﬁfs of iRidftt 4R hyéa@ooﬁyd}ﬁtbé &SFats:ledd/or the

Prevention o | aperes. ne itus refers. to _the
b P PORLY & %hep'alalﬁtﬂws PF g RAPFHian bR aPolierye: and in weight
reducﬂﬁleaeﬂlijedts’h‘ﬁ @Bdd thetedfo ThE emﬁ&nt hiasa alonfeeilt iafan dit@neines niefibolic rate,

such as an 11}%%&6 in megalbolécnragsxraﬁler t'hal or 11 8(5& qogtto anrwgﬁ)otﬁ)gr giqe 6%délr:tlon of

metahd)ht ratd; eiddor ipminipizetint of thesnebazs)hdre@lﬂtandtrehﬁookynawazmultsrfntmxwelght loss.
( %%mﬁ%f%besit aﬁ‘t?tgb%il d/a:%ﬁ dﬁﬁ%@l@ ¥ef¥¥§ 't(gth a&ﬁﬁlsgﬁioghk the compounds

in nmeters Sq uar ed
or cobiRRtiops @thé&ewwéaﬁ%w U grén%@amtﬂmboém WP’éb‘t of wang@pt at risk of

obes@o e m@&n@& pl'éifgﬁ%bn(nﬁly'b% r&!ﬁ@iﬂé e bM}»apm%Ht oﬁ?!ﬁlﬁ) fect fi rﬁQ?f obesity
| ect w eas
rlatifl T e ey o BN Y U0 AL R Qoo o

combiAtidrg/ofithe present divesions Ahpthmoutcbme afpretehsnvnsebelealenting body weight
regan’?’ (ljijaloﬁf %\I %’b"k"ﬁ?“r%g %/slg gégasréﬂjb tét (egelty%lg ?;}ﬁl%g{coﬁlgr%py o&nother outcome

of prqyentma may & pvvmtltlgm obgsigromn pecaﬂrrmg if theyreadines ¢ pgliminigferd prior to the onset

of obgsg_/y 'iHZa suﬁj ectSHy Hl;l@&tob%ﬁty r Aﬁ&h&foufégﬁg bit ﬁfevehﬁor?rﬁa}p&er}ﬁﬁféﬁ the
subject with | éss than

occmr@@;awdé)r seyety 15 %‘&ﬁltwehtpda%word@%f th %@at%nt AoAdBYIRfpiERFd PHey o the onse
of obditl in ﬁsuB_M:t WDFisISF ob@y‘itszoﬁeolv&Sﬁ trta:hﬁiéhtzgcdﬁ@ridﬂeed il Aigeady obese subjects,

such {rea\(t;%?? Bay yrewélé@ l%?](:(syl&%nc(eém)greﬁswn RE fegﬁréty \t/)f %ﬁ:&ﬁ\ﬁega&edadlsorders such as,
but ngtdumited ice srierionddrods, Agpelid giabgtes, p;ﬂwsttc»dVanyeliseass, dagdigvascular diseases,

t
osteo%ﬁggl%s tdeﬂﬁhteg%éa? Hﬁé?ﬁ%rg Li?#)i&’g&l?‘l Eal‘{glé g'f rg%ﬁ%gb%b@g&cholesteﬁolenua
hypergrgghyserieesmigangyeholelithinsist i on or that woul d be |nproved by

\é\e‘fl\@ehé sck @4 dgdrhRRon’ ’ha@uc&ts BhMotHES B Sbf 1tbF@; alﬂfer?ﬁléaiysﬁﬂctlon
¥ ‘IQ nAsan conrl nc U|ng n
e ﬁé(&g“’é%]?“l‘rséﬂ&f’ °t1gY V%Bﬁegadfﬂ el mprgigao agfibve erection,

ejaculalies iot Yoth. lﬁgimpﬁdls of erehiBs ditsfunctical iadleld aa rabiditybiodEHiyvetdd &faintain an
requi res wei ght reduction or that woul d be inproved by
wei ght reduction, with a BMsygreater than or equal to
25 kg/n2. In Asia-Pacific, a "subject at risk of
obesity" is a subject with a
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BM of greater than 23 kg/n2 to |less than 25 kg/nR2. As

used herein, the term"obesity" is nmeant to enconpass
W@bkdo408930he above definitions of obesity. 35 PCT/US2004/009751

oesity-induced or obesity-related co-norbidities

include, but are not |limted to, diabetes, non-

i nsul i n dependent di abetes nellitus - type Il (2),

i mpai red gl ucose tol erance, inpaired fasting glucose,

-49 WD 2004/ 089307 PCT/ US2004/ 009751 insulin
erectioﬁ,%dc&laﬁaﬂﬁﬁﬂﬁ:}é{piérﬁm,e efAvlhtiqai elendbility toy4ebieteemsirgi®m. An increase in
erectil%@g&%}ln%% I f}ng:(rt?lon 8%131%%‘% Ig]ugn(rec ugﬁl%uger%ls gcélggsa§ %ludmg but not
limitedgy (d raging,, (bRnoind.chga:hyswh dysfumetior, suchys triwneg, surgesy, @bd pdripheral
vasculérrats@{s&tz{ng r(‘3) staele g@&ﬂgslhm Sghlu tre th@ﬁséle%fgsm?nc' Qﬁfe&h& CNS disorders.

ort’h ope I SOr or mans,

| mytmf aalesarishispreign, re@ﬁ;do mqfaélmmqtqattugp of jpgompound or combination

of the ]ﬁ@d'eﬁﬂ 1ﬁ¢3nﬁ6n to@Rat TRpBlesticlah®8r bRWF UBR6, MY RS HICMET@Ion in a male
erl |§e§ m.a, d slipidem a, agl ucose i ntol erance

mammeld]e Becsh i Qpe ot tre%tfnglétﬁn ﬁ)ﬁélélecream: InjEpgience. Another outcome
of treafifitht miyUis: andindeasd dibidob &gt dnptheehadontt of asadnbhtams be a decrese in the
eat obesity-rel ated di sorders
magmtug?or enc’??]f ere&?e d&X ?ér?gfll on of the conpounds or
c’énmrmatt of onade S@Kuatl AesTypcidanamiersi ta theptingwstiabon f digempe@ind or combination
of the ﬁ@éeﬂlt iBhntibl® RADhe WE IS0 He sﬁﬁpt@iﬁ? §f3m§lﬁ @xgﬁtaiysfﬁﬁbﬁon ina male

out cone of treatnent nay be reducin .
mammgkin gepdhrsecl OpppEesme e agmgw iy Ce e frecpiliy tpagpyeve an erection.
AnothekQuisBing b trdatiieadingy B Mciosingrie dbhﬁy O fthitah 8fccdh. AfnothBEoutcome of

r conpi nati.ons ,of res yent
eamggh SRR B 3pihe SR RY PG ARtk BRe S Bkt REY b rasine
prematyue efaetilatiag & et amdthelp oulyonmeofgiehtmepi reay ‘twumdrgasing Qte ahgityato achieve an
Sesult of diet, exercise, or pharmacotherapy. Another
Gut cone of treat ment may be decreasing the occurrence
ofreymiire pf mile sexasldly sfimctign anshyadle erpetiledystungtion reltrde te administration

of the Jd?ﬁ)oﬁﬁﬁ 3t PRMindiRYs Sihd oM 1n\reﬁ§éﬂ tb pkeﬂ}eﬁ t]:[e%?ﬁh@l‘bh@ B deRual
Qr calarie intake bythe suh udi ng

dYSf““F'é‘d’Lﬂ?f‘ EEsAtlE Hystf'BFHP“ PAdeels mampal at E}Fk t%@fe ‘o e%qal@éq S&ﬁuab@ysfuncnon

can beIsEHnatk &sﬁlﬁngﬁ&ﬁ Inﬁitholé:@jmﬂﬁHﬁm 1ﬁclﬁlf1ng (b,@flﬂttﬁin 1ﬁ> tléshe asxual arousal, sexual

%dr at e and/

i nh
recept“/ﬁ)( a,sn}JS ga}e%ttai) %1rs]tuf¢15§nc&s bn tg% %111:01'15 Hagfl)na eélrt]lreo %f%ans and other trigger

points péxmuﬁtl funntioyf Imeztrabddm matoauceqndémtmwl weflifibation oé shgb trigger points may
dlmlmkkpth§ U&hs‘?ﬁ& otérﬁlapﬁ%geagthﬁﬁ& g?ﬁ% fo%ﬁ%ﬁﬁ@%au@ﬁy ’?Ilee?tﬁlent of female

r esul I N terati on 0 I'c rate such as an
sexuahdmﬁla@&%vvith IFTM%‘BE?IC?I&OI@&?@“ cpgesiliin fmpraved blqod Hlayeimoreygd

lubncdu@n ampfonéu Rhdation) fRflidta of RsEid &gasﬁ{ rediftion Rothé Effaabl period

in,mnimzation of i c, resist

beovesy e A IO FRE R S PRk AT e 11 ubadebaisy cogt o
dysfurofiornd lass ifcgrparatks edasi fay, prenatuedalehr sad dmnomﬁeer s to the

a A or

i g“g% %JFIZS; a4 nlg)s%{a/tg(% cl;fgﬁldt o"mgﬁr T ul%grm a 08191 éllﬁ %ﬁduﬁd 'l?e]u%gerstood to mean
providipgiaghmpend of tha ijvertionr a progrugef a C@bm@ of themeensign @bm%leect in need
of trea®fienPl €venti on may be reducing the body wei ght of a

subj ect, at risk_of obeS|t relative to that subje

b 85 2REPISFRLOP FHBE F AR Sﬁ’éﬂtﬁ’rpéesf’lﬂénvéﬂ'i‘ﬁ“dp SHIELiP |P8’ﬁ“‘63fthe present
metholiS 6 tIRPH) A ael Sed @it b}Ca'dE’fbmmaingCartBeereuﬁ&hﬂy pff@siefiimount of the compound to

a subjeﬁ:} 1 \}‘é"%‘% ﬁ%aclgye \Ré?%ﬁ%l)%ﬁgelf eg}éep or%%lggc{;)h%%ié %ﬁministration according
to the petbodsod $lie3pr¢sg®tmva8tlca1 is ém.rhnnedfvladheeuse ofwelt lpiosi, risk factors.
PHL B %Q‘gﬁe@g&s’ﬁllg éﬂ?&ﬁ@ hmQU CRWed H%];el ENS el BB uATRY th@ Qctive

preventin rom occurring e treatnent

compoa}aﬁiﬁhﬁﬁ willefeigthg P}Oéqglqabortmf‘élcemwnsedv a aﬁ%uwmﬁu@ea mammal, or

subj ect at risk of obesity. Another outcone of

prevention may be decreasi ngsthe occurrence and/ or

severity of obesity-related disorders if the treatnent

is adm ni stered prior to the onset of obesity in a

subject at risk of obesity. Mreover, if treatnent is

commenced in al ready obese subjects,

orgas



10

15

20

25

30

35

30 such treatnment may prevent the occurrence,

progression or severity of obesity-rel ated disorders,
wGeomh/0sss)7 but not limted to, arteriosclerosiBCT/Uyme4/009751

Il diabetes, polycystic ovary di sease, cardiovascul ar

di seases, osteoarthritis, dermatol ogical disorders,

hypertension, insulin resistance,

hypercholesterolenia, hypertri gl yceri dem a, and

cholelithiasis. "Ml e sexual dysfunction" includes

human tfm %&H&%oug’hﬂ%&h@ festdrdes Qeteﬁi‘rﬁﬁa@ @aichl Rc@Y &f Jing Elnﬁ&an which
Erecti | sf UnCtlon is a disorder |n6q(i| Vi Nn

1nclud¢saa|llpu?t@n@f thg syfg]pt@mﬁﬂ%ﬂlsqréer&eﬁg ggzgeqe r’lg)gtnp methogs of treatment of
this 1n%nﬁ6ﬂ»|ir@fdr Qﬁord@trs kb@d’/lhto tﬁ)éﬂﬂhnmﬁn efe agt ectil e dysfunction

ude,an | t.0 achi eve or,.mai nt ai
0B e Bese o Bet oy PRty 1R ey M ctve
compoiuad {thairvei]l ehaemmbmt@wa] @uedizhl responserin a tigsé, Isystem,tsebject, mammal or
humanggaﬁ flselye? %0 r‘%%[ %}aélg]reség ﬂep QIE? 1af1 '?nedﬁzﬁletﬁ)u& 8t other clinician, to prevent

o Sexual dystunction.can have numerous
the onmtl dth¢ disorder dmsvbiests ap righ forpbesitsburthedtorder mited to (1)

a g‘h@ﬁheraﬁéﬁ)wﬁl@ o¥ de)%ﬁyllydu@&y@%&iv@ @Jnoﬁhf Sor ldBé‘a%é Q)B an ﬁlﬂﬁfduﬂﬁ:ompound
trauma, sur ¥ and peri phera cul ar | seas

is detefrgipedy infbe fpala is, B%@FPPW@CW‘HB ﬁhaa%e thecass ﬁFpenSS °nafg°t°rs such as
the ex4l€ Pls@SSio®8 Ireﬁétﬂ 11t sBesritfoIShaldisasetad sthebdiseasa bnemtlitiofis from which the
patiengsr%lffgrs gtgf%](%l%gwg-x%f? lcj)f(; zbd %nlgtéz{u%fl,eortﬁer %ﬁ%g%gh% tl%gtggeeﬁ{s %\?hhc\?nttfl ﬂltlent may
cmmomhmmUaamhﬁnméb@ﬂdbaamddmppmG$QDQWMgﬂbﬁ@o and/ or

erectile dysfunction in a male nmnmal in need

thereof One outcone of treatnment nay be a decrease in
pddosphangi®er out cone of treatnent may be an

i %& @ﬁ&ﬁlelréhté d)itHdﬁﬁhlstiéﬁbn ﬂlﬂﬁbef@itipl%‘é& €& pRovfing 4 mmumnéspeclauy a
ecrese n e | tude .or
b e (BB PTRE ] BFPPOR TR TR DYt SE TR, oral rectal

topical] padenta@l, oQiary lﬁﬂlﬁﬁlﬁu‘)t @asah endatlerlikd mayr @tenpivyed. Rosagmiponsidclude
tablets &o&me?%%sg?@%ﬂﬁ%” susﬁens ogse S&{lfso%g Q:%l%slu[%\! %Péab@ gbutlt eﬁtg %QIIOS(Q{] Qnd the like.

sexua unction

PreferablyradrapoundsrofEproiutp h@éd?omqézr ¥hbire amgls@mdm ogfoplcally
U gabiRfte J@Xgebﬁ abtlVeh I?g%&ﬁéﬁgerhﬁgyea Baly ivhy dEﬂen@fﬁE LEWR padicular

erection. her out.come of tTeat ment %{3
compqupd p@al@yqqigthﬁ ﬁ@d%gﬁ qdpgxystfago%lpelﬂoaqhﬂoral?@&tge f awi the severity of the

condnﬁﬁmeﬁi@ lirefted. CSUIR d@sfage ﬁqﬁAyﬁEd dh?!&ﬂﬁaingcmséah@/ Hyeq:ldtmoﬁ] gkﬂled in the art.

at o ure. ot tco O [

b7 irg PR SR S ap AT AT Sk Sl CHa: ALY, eenerally
satisfotorg @sets @fe dbtagetl what themympremdss rtln;@n':sng invegtieryire attnymsfored at a daily
dosaggl SPI;IS‘H gl%olﬁpO Oﬁrrgﬁi?%%m ?dé a?)égttnlltop Qi dlgfaggﬁl:ﬁuﬁ HﬁJf ammalt body weight,

unction an e ction refer
preferpble giyeiming singlesdopeer in divided éOSé%W@da i $imsF a deyhBY 'ﬁait‘ﬁt%‘?@ release form.

In the@fseldn § 70% @Rthuinﬁh/ Qﬁgtbtha‘ilS) dt&fel@m &ne%eﬂ‘l@ b8 YioRitaB6® 00f7 rmlllgrams to
sexual CIlon an erectil e ST UNnG nin
about S s 106 o agpmen eiednged oGy e AR D Rt

mqmﬂﬁn be seen as resultlng from mul tiple conmponents

I’\§Lenl rea Q(r:r{e 10 almrg]{or yé)lenrgﬁl]berﬁg Xatlg %\l&ll%ﬁ 8tlﬁ§1adlseases or disorders for

whicltiostpowrida nf:fegnulml mdéomulat Wi drg usefbgienraallyretigientasy kaselfs are obtained
when gﬁe%ﬁlpoﬂﬁg?ﬂhyﬁéseh{ InOGEbn 2l AR Rtepdd 5 § YMB! dobd4R of fr&A about 0.001

ticu anatom ¢ and functional nodification of
milligsaye 9 atbpwtde‘énnlbgmﬁr Fropgramptianimal body it @&&W‘?}y given in a single dose
or in MOENAds@ twb o &% 8RS a EFNEEH siRtiched YelREOToAE) th tALHRET a 70 kg adult

Tr eat. unct i
hun ot A o et TRt P u T U R b s, o
dosagk Ireginen mayrte\adiist2dtd udwidecthe omimal theppowiedespensat i on,
facilitation of reaching orgasm reduction in the
refractory period between arsgasns, and inprovenents

in arousal and desire. In a broader sense, "fenal e
sexual
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dysfunction” al so incorporates sexual pain, premature

| abor, and dysnenorrhea. The terns "adm ni stration of'
wW@eeh408930adn ni steri ng” a conmpound shoul d be uPCiEUS1000009751

to mean providing a conmpound of the invention or a

prodrug of a conmpound of the invention to a subject in

need 30 of treatnent. The adm nistration of the

conmpounds of the present invention in order to

practice the present nethods of therapy is carried

Ollor R¥ t@&iﬂibﬂt'o?E&ﬁélQ@sf@nchBﬁ E(ﬁﬁl‘%ﬂﬁds% teYpré&bil @r%hﬁ’cﬁ are %ven in a dose

anount of the conpound a ‘subject_in need
range Pt Q89 vpillieryp toparbebtﬂ;?P a&thgrammélﬂtfeeal ?fdtodtaws%tpwyfegﬁéty 3 a single dose
orally @€l A8 mﬁas;nrs@ﬁy on according to the nethods of t he
e invention is d termn
PSR bR oot eomrktofs e d anulfulitiee Sep & <. from abon
0.01 nef habdut ' 800anpofit conpsundsd Holwedel ar Fomanis VI pee dayrprefitrabdy from about 0.1

mg to td{;(ﬁlt 35 }rfg&% dag Oﬁ@r%l‘ﬁ‘idﬁﬂ?shaﬂ\én he %Lﬁ@es t1o't1pz?re g{)e?érﬁ?}; &%J/lded in the

sponse I n i ssue

form f?fmhiﬁt* Conmnlngfsqnv\@l 21’)1)990089 Boferpdy)- @SM@ 605%3412.5, 5, 10, 15, 20, 25,

30, 400501800, 1286Lt500,3750.£1000, 129 ENI50H WilliBmE BB RGHE fngredient for the
veterlnarlan al doctor or other clinician, which

SYMPIPRENq AFESaEN} %f\}tlf‘af?q%%? iR e PREISPIEIGHE of the di sorder

b dongsetwhe gt asdmpddidonforviatranaed hdisisodtidnrieahpieyet, . mtfranaia!h f@mulations
for 1nt|treﬁ1\£§a'i] !13 n%HL?%ItE)P cgﬁrﬁ)r,gs'lr%g% v lrlgtg A ((:W\%%htt QOIPCF M2 8r EéelnLigr% df l?he
compeymdyefdtpringp &prFammala s Time aspapiahle lmamwéfoaeulaw may be used

C PR RfhettAlompbditiondbt firkvehNiR a@th%sﬁgﬁ&ﬁk elﬁﬁlo*gadé GA¥hble dosage range
esponse in a |Ssue SySte

s fro Py O DFLPE Fcabg 194 “%B’@F?Eabbyﬁ‘tfﬁg of ssa AeqyEp() me, more preferably 0.1
mg toM O he) bflaﬁtt‘dnqgﬂuncmfdﬂoﬁﬂila DaEoahul®VI pdrikg lof BddyWefdhdper db This dosage

roginPLEX R0 PP R B at i en P rab i RE b g2ty 6 we dosages
outsidp thephlnhiscinisemt tagesef f ecti ve anount, or dosage, of an
% the %&h}bﬁ%@ﬁﬁéﬂg of i, ¢ gt ?ﬁtﬂﬁl Al %ﬂaﬂ‘gﬁ)pffe; b&ﬁllr adrgmstra.tmn

|
na SIS ep ySICI case
compyd - by weighirselugprsior alsspelm@nt pfethesamenounils 9f Heraufad o5 Formula VI

in an 4dcEdHRSophttABnis ERGIatidh By BehBedli sease and ot her

d| eases,_ ofr ns fromwhich the patient su
° oRguLIe Pgli’ff’g‘yi)alcg%%‘ 1%?1?9‘1\{\‘4;493%%‘? 0? HFEBH“PW%%[ tg‘frﬁiesem invention

will, df ceatd ey depshdiagor the pmﬁtulﬁn:bmﬁﬁmd eﬁ@méﬂ'ﬂﬁeaﬁﬁdb wf administration, the
cond1{1 gbuehnr %te?tad % dio&lg seerv%ntgt(t‘#i tgnt:@] g’%lr{d Lg)emg Esgstecf: i \Téls akﬁ) Qlary according to the
age, @tght aitgl| respoung ok the findaddriahpagientaBuch ﬁoms/mbjebeamr@yedl refadify by a person
skille®{QMd gt N0 a mammal , especially a human with an

effective dosage of a compound of the present

i nvention. For exanple, oral, rectal, topical,
Cmmﬁmmngﬁﬁﬁh ocul ar, pulnonary nasal and the i ke may

Dosage, f.or tablets troches,
d.%@ FEFoBEIaAS FET GgTa e g 8 Cpaiios MG G drues that are
used mlt]tidtmtilﬁem/pramhﬁ&ﬁé@pre@m or heelidrki®n of H’feﬁfsearsed)dr)condnmns for which

compgtﬂlr&F ?PIEI) u]?fl alll: gt la Vlg araeflt].%etjz P f%tguh ?ther drlaob ma& %e aﬁﬂrtumsttere%dby a route

or
and irj mwgar@énfemnnenbl u@gdetuernhy couterppag@ioewsti ergequantialip with a compound of
Formﬂ@ﬁ bil @i VIC mlé%mﬁmld%yp&mutah%r BBV is used corlttemporaneously

adm ni stration, the condition being treated and t
with Qlig\PE PIPEeyPthst diugs 2 PRYRATeLIIGH CHROBIGOR Foniaiwag such eherflsugsdr addition to

the cdﬂ@wu&ecfemﬁﬁﬂt BorFRehnile &qiislpyef&yeda A@&fr&@@ty stké bﬂaedadeﬁtlchr@mposmons of

ntre |n con
the pr8§e8t018¥eé1§o%wal}1§er h’lﬂ%ﬁ@q? éﬂs 115one&r é a(gté\/ﬁ ér}%erdllesgts in addition to a
compsgaidi of Fammtubr lyor Fesmilld ¥1.ar e obt ai ned mhen t he conpounds
of the present invention are admnistered at a daily
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25 dosage of from about 0.001 milligramto about 100

mlligranms per kilogram of animal body wei ght,
wEe@hessbl y given in a single dose or in dividedr/ismes009751

two to six tines a day, or in sustained release form

In the case of a 70 kg adult human, the total daily

dose will generally be fromabout 0.07 mlligrans to

about 3500 milligrams. This dosage regi men may be

adj usted to provide the optimal therapeutic response.

3@3x)ﬁhﬁ@s SfToBRE hdille ﬂig%&féhﬁsthagﬁllail bd %&nlﬁ&q/ vith a comP%uélrd 82 F%mula Ior

R lpéﬁﬁogmycem a, as wel] as other diseases or
orm e RAEB RS BFFIENtion of eheritn adfor diabeiesopifher administered separately or
in the y&ed p]iarme@éiﬂlﬁﬁlaﬂoin)soﬁtainls Shaede Oty afe@Stilihiedabe obt ai ned
i nvention are

wh t

adre}innl i522f%e1rn Seu a‘ffmsélzarﬁ “I‘C)}Qiﬁ’@gagzigy APEINSBFBER 250. 001
glitazones (ei gg clghtnmye,akacg]mtazmm enplitazomgr aaglizepnd@OG535)) woglitazone;
ros1glif‘[’zl}bffga rQ R %J‘ BRE&%S@I @(%9% %%’riﬂ} é\hﬁd)i(‘)g'l?e (ii&)cfﬁl and L.Y-

oses f0 si X
30051%%@&#‘1439) a@ @aa»eurfd@rimlomd in W@%&@&l&amlmm %gzsammmsm and

97/2786; (Y amde'g@uéhchtsﬂ{etfgﬁhﬁ YndddeFoMhih] generally be from
ams to about 350 milli rams. This

a m.|

d 2@&558 i %Pﬂ@ﬁ “H%ﬁtlﬁesualaj‘ﬂ%?té& t POpreypiaaid. infidin dpiemprginsulin lispro,
insuli flenzmpgndulia zine Sipasin (lehi@ a2t ) BHSPr6 insulin, GLP-1 (73-7)
(msulﬁgglglgsg,mmgy% ) t he treat ment of sexual

dysfunction conpoun s of the present invention are
gil@enfengluzeagouch aspagigfexanid® cBiofprogaiiideg diabmése; gibenstanii@O glipizide;

glybufidel ,lglhﬁépﬁmepgfcléﬂd'eogfpamdgf gﬂgﬁi% k@ miad? [o?erzngh.ﬁigl ahd Bioamide;

S ng | e dose  _oral or as nasa spray. € case

mﬁ@r%g H‘PPS’SFS&IIHIEB‘FP;S%:%‘F%%FFaF'@S% AgiPesines camiglihope; atyighitate; miglitol;

voglibd@s p]gemﬁcamge salﬁostaan,g:mwmmbmb" 637; Q0-7843; An BRI 14, and the like;
per

a conmpound of or For I a Vi
oD 8 PR Bl O Rl oyt
itavasidany, fluFstatiorlavas@atniprivadtatat iiontatid, hesucammﬂsslmvamﬁn ahe other statins), (ii)

bile ao?e{ ;93‘5 Qg/ié’q[ugsﬁr%}{% gsggh ésflh&l@s%gallin B’I co e(s)u T%l agkygag%o miki/. geirfg/gtives of a

cross-@nl@d dextragy, Cg)lesgd®;|_lg)Ch]gsst®2 and tQ@hke, G0 picatinyl Bidohol.0fcotiib @¢id or a salt
thereo5 Q1) p%ﬁ@rat&%@vat&%&gpt@f o @Qtsrghw ds%xﬁﬁﬁn@gcﬁ %‘?wﬁtﬁ;eé (’g@mﬁbrozﬂ

ent for mat i ¢ _adj ust nment

ClOﬁb’&E?g’Ef@%fl ihrgge i‘lr?ebeﬁ%ﬁfﬁb&@ 08 iRt plesiere) iorotigs eucpuee ranol esers,
beta- smsm@cﬁmbltgl)&bmﬁ@rsucﬂfﬁs ltigilafa] and d#BrAinShdsahdHam ek&mnbe and the like, and

ot RSl A UBRS) AL BB S B B, 1)
oxidargsg |sm1|a@p®bmol $vis piemsn Brand ¢fii) thyeomioetipounds of For nul a
01? L%Prﬁ?t'o{%hﬁstyguc%gs E%lcgi%&geohéggﬁoréﬁtgﬁpggﬁﬁﬂk cloﬁbre}te etofibrate,

fenoﬁ'Pra&e epmy el endahyriose peid Hesiyatives epvph Wwé@duﬂmd@bmé Tricor®,
and thel QEQ GR1 n'mmwagohﬁtsfaﬁ asseaa M Wo §%ssn9b} 1.a00ut 100 ng

o FFERRR et Sipas s el cﬁg%%%%magﬁﬁﬁ of
FoOrmti-abdsitpagekey such 2 (V) grpeth ognak sbdetysopedsgdibwhabrmitay secretagogue
receptgmtgﬁmgglﬁﬁ%g)nfsﬁgé R I(ﬁ%’osb exar%in%fl tﬁ\&ﬁ%ﬁ%‘é S% géldggg C?Ph é&t&ngl L-692,429

ra eu I C response
and L4} %ﬁ%@!ﬁ‘gé@h anhﬁSS figdoser ens@ S| Patgnt &os. r$ 36iTd6,086633 8 9501 U.S. Patent

Apphd:ahgn K6£ 8607”1 19¥ and Qm@ﬁgném g%f;]ﬁlca@cgh‘&&% (5:1/596592 and WO

% rations for ocular adm nistra
02732158063 PSP BRoHIE YR ILBT ) (BHE L) inbibyp=r(3) epmsshinoid esptor ligands,
SuchaemnpmnmCBi Fornmnula | or Formula VI 20 in an

ht h f
I T TEY G A RTS IR TR a—
1417164 ﬁ@m)gih d};ntmﬂauohélb’r H9dhelvaynBAY 652520 (Bayer), and those disclosed in U.S.
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will, of course, vary depending on the particul ar
conpound enpl oyed, the node of adm nistration, the
W@ o0vdiogd3on bei ng treated and the severity of tPEI/US2004/009751

condition being treated. It will also vary according

to the age, weight and response of the individua
patient. Such dosage nay be ascertained readily by a
person 25 skilled in the art. Conbinati on Therapy
Conpounds of Formula | and Fornmula VI may be used in

Patenﬁ@ém Bt 430y Y3t5370§, @@839' 36, 1bhat 1121880, SL@Q 934,13 coh 941 6,028,084,
ment/ pr event | on/ ora

PCT f%HPélC%iiog Re O Fp/38 bﬁ?d“%c? gﬁ@ﬁ&%ﬁ%"ﬁ@éo""@%fﬁ%@ﬁ%d‘é’%@1/ 09120,
wOodrer | wobg/arsd 9 Rw0oeiE 206Y] wane/10867T wWo0080948, W deey20079) @\‘6099/02499

WO oﬁmn@d@ée‘iﬁ% (e &1/858’33""%} M@ng'\gg@h@ggﬁ MRHARD 03/007887; and

EPO AsmdivgivhiNal ER-658546, EP- Gﬂmﬁﬁxt; EReb76357; (40 nuitblaesity @rotérergiaidgants, such as

fenﬂuylrm e%&?en@lu&gﬁpﬁ Qtegj.j' E,%lﬁnsﬁ'bliralnn&r (dé??%llegoryée {or a %%Fsgs, such as
? or aneo W 11'111 one or nore er ru B, ag

AD965W5A|K§§73(R&HBH10 kgsla (OLi- 00,245 B4 1879y BRLSH 34t hei90#18uBBIS-196085,

RL—3513§Q (hcﬁmmmp Bmhmcwépéaﬁﬁéi z@ﬁecE@vm 8RrI59 prgAF%J@ﬁL@as those
referred. Acco phar naceut i

cisclogsgip D PROMEARBIIca66n K STORS U end HS SoH81 I dttopHRpgicatons

WO94/ 8161,V 605/2DI3H AV DIWAES 58] WIDDR B4 526had WBY8/32953, WO 01/74782, and WO

oo RIS . S B SPRRAE S0 g oo,
lipstatfiiy ¢atiphyslsoliphtatint, keasapenini digthylmgbediidfewhplsphatet andghosp disclosed in PCT
Apph{fia%PNﬁer%lmoézt CATRAYPG AL Yfgﬁt%%ts suha J:@EB%%Z’B ¥k 15814, BIBO

e treatnent or vention obesi and

3304, diYatpd 88k CP&T906y Gla%ﬁﬁgﬁ%tae@ thesesdissinsed ,@@s d’ratent No.t3{¥1.836, and PCT
Patenﬁlaimﬁcdﬁbﬂ[\]ﬂaw96/6413070\&”@@1333873 )79 99mdsoa>dwo BYg5680,8VO01/35098, WO

01/85 Lfg?%ge\ggtojésgﬁfgs{ rﬂgﬁewpgé ' '@rﬁt%lgzog%%ns'élg 8@” 0 é(?A GW-5048844,

GW-587@1iXt GRGHMS 1 18P rHR226928 OFfe 24080 |ERl28238n,e],2291§9]g GI-2e4800&, CGP71683A,

LY-3§')¥§FP§JE%%£§§%2§§&%&§ 6538}911 9@%;@4” aﬁlth%sg%mfo%d R8s, Patent

Nos. Q;G()ﬁ@@@tl? 1,160,$.319,298 0051332, £3d9 8B 61326875, 6332345, and 6,340,683,
Europeﬁm%?éﬁ @PSﬁbR}%@P‘ ahEMBPIL40R8 I P@F #%Zﬁ% %bhc%t?én%ﬁéslﬁro 97/19682,

and

wo 9&@9?%’? WQ%@R&M&Q%P&%@% {V(%§7/¥Q$§ésl VR 9§é27i3’§§s l‘NCP P.O/ 64880, WO

00/63MMBLD 0F/60339,0MOa3/doL T, &0 b 714308, Woms5aps, WO DDSSH30/WO 01/07409,
| | r n

wo RSty b1 DR oS Do AT o bDEE o

01/6273& WO 01/002e-WO(0282592, V\((D AN tulld)WIO’f)ZM%ﬁl&i (Blksldnin-concentrating

hormé ink l(lgl?%P Ngc%en@r d;ﬁa&)g dlﬁéi%)l gﬁe%aé Wo@?gi%cé?:sgﬁ? §a (ﬁ%??ﬂﬁﬁ% @%21169; (10)
melang-capgentiging l@rrpﬁ@ﬁ, IpGegier (lgp Rh@tqggmst@ spgeafqt |—ié%296 (Takeda), and those
discloBéd if m‘qxaém &%ﬂl@&ioﬁ MNod. GWOt(ms@mmd%ummtwbtuﬂomﬂ &0 02/04433,

ase_i nhibitors,
and “é@ b%!ggﬁ%h %mvf‘gF PHeplicaigh Npgﬁ”ﬁ??ﬁﬁ il &me?afg' ~concentrating
hormat@ gl rBd&pﬁE(M@HZRDI agonibtrnQorsad; 123 bekinAl re€dfbdr 4dtdgonists, such as SB-

3348&@: é{h%gg(?ls I 1n%rcll%415a’ten {igplf\c/%qrx]a%os ﬁf’c‘fu W@&v&& 01/6860, WO

agen
02/5 l%%l amct WQeOZi/iiBB&a (130 B@o!pam apupteke mhibitors sichaes Aloxeting paroxetine, and

sertrafihd) ¥@Bth&dk [ clobd RSt PhiBat %%ﬁ%ﬁ Rbl @365@3’5 ash pbir ri"atent Application

rosuvastatin, sinvastatin statins

Nos. $iQ (g/?ggp(aanélk}g 04 dp334d eﬂﬁb@?lﬁ%ﬂﬁ?%m agw guch as elanotan II or those
describBcDinGBOWD@ﬂﬂ)GIde b es4qro] (15 htkdr Md4ﬁ{ﬂldl'z{31@1:diﬂ1|1 4 receptor) agomsts such

A E R —

Nos. WiQc@ty9VE2, 0 0l/d4844, WaIR/12166, WO 02/11715, and WO 02/12178; (16) SHT-2

-55-



10

15

20

25

30

35

20 thereof, (iii) proliferator-activater receptor a
agoni sts such as fenofibric acid derivatives
W@ g@asdnozil, clofibrate, fenofibrate and  PCT/US2004/009751
benzafi brate), (iv) inhibitors of chol estero
absorption such as stanol esters, beta-sitosterol,
sterol glycosides such as tiqueside; and azeti di nones
such as ezetimbe, and the like, and (acyl
CoA: chol esterol acyltransferase (ACAT)) inhibitors

agonisiy ¢1V) SHT2E @@tdﬁr@@recé}f& 20hdonRR den as( WT@JSt DPCR¥43WRY 161503, R-

1065, taﬁfttr]xosesdh%{ Salii s, B %V' 91}5}2}@}335"5%% AR Ty égglﬁ:azé@ Nos. WO 02/36596, WO
02/48 b%‘«cWé?f 0216, WO Las4sh N e2/4415rwid2r5a8es, Wb 0f/kdu58128d WO

02/40@7% liS?ézﬁa{n?n anézfé’%ﬂlgtfs{(lm\j)aé&( %ajorr]l%ts ?O&{Zbgrﬁg éc(hpl)ecysﬁ)gsﬁm h%)agomsts, such
as ARd}] HS%P i @IolrS(l'ﬁl IMY @0t d 1378k &7 1623chnBBRR46 13 ¢1cundl gHose digribed in U.S.

PatentCN&S § "73@ @@15 Kﬂ) \é@PSMgéﬁéZ QZB%OF%@%%%%%&E%@&%H%% 1§'ts S(23)

hose di scl ose
hlStaIIgl’llﬁI‘FCCBE)é 3 {-I? Iggdélllﬂt %éa@ﬁtaggne(rggep@r@mﬁ) maepmisigfinverse agonists, such

as hiopaeahids, 8g@§uﬂﬁdaz@f4%ﬂp¥bpbm@ﬁ&1t&1§9&@$&%% H@benﬁ%pu iodophenpropit,

IS a oni s 03,
moprp BREREFEg %r?}ﬂé‘t?fég i i aﬂéﬁw&l???dsﬂc’l“ Ppgligstigmo. WO
OZ/lS%ﬁdang.O_:B{a(,lElﬁﬁudaamidl -g)pedpasdl]-tdnioseted i(Kiet-Boachowitz UK St al., Pharmazie,

P RSy R BB P .

Pharm%?” 219 (20Rb)s benggphengns dgrdativasdnd\ElatQio8 peB8Es (Sa&p, A. et al., Arch.
PharmMQrbkith) 1354:05.59 €200 N9 SBRBLAIEN- ﬁﬁn@?&‘é’axﬁﬁés (R@%aérﬁé&tglf Sictal

id receptaqr |igands, as cahna n0|
Pham%ég 3533 %a@&@& & Bior @sﬁrvgtlges 65534 fepiab T Yisshi Ghemn. 4§1§é$§-43
(2000)9,5(25)ﬁmmabamterc(lﬂiaﬂiyﬂﬂogéﬁthiﬂhﬁﬁ&)ﬂ (B-880-1SR6} PPEG @%q]o@i%sterase)

mhlbnééls;.\%gé %@ﬂgl %ne %Xn% ngg %%ﬁn?lgtr ég]elaf %911'8\1/1%}/6) mllggfo%ﬂostannde

roliprapp gut} GROBAT; @@mhmomas/t@@@ -BBAPDEAB EinbibiNes,. (28, NEB@eRBifiephrine)
transp&'t ﬁﬁiﬁité@ 7sucl53sc@‘% 386(?59 ée&%%%}&%@ falsugtt‘agnl &%&fa@ﬁz Q&QYganréhn receptor

amagO%We%“ilw th%ed@slpgémBCT wwsqan%rs@ W OBRZ36384 W@V2/08250; (30)
leptin, Wﬂ%&&ombﬂﬂﬂﬁ{uﬁfhﬁ i’e tin WEXBOA 1ﬁ3@ma1¥ﬂagl%cﬁ%)oa§& recom%ant methionyl

096 00/ 10968, VW097/ 29079, VD9S]
A T e
5,552 S/%OZﬁﬂzmmszlam AND PO/ 10Bra880hal BublicHiokROs. "WQ|96Q§$1|30W0 96/23514
wo 98351 ERv 62324616, §F0 695334 wBR 6%9%%’9 g@é%ﬂﬂt d%@%/&%'szo (32)

serotonerglc a ents such as
BRS3 thompesit Tecapigriswiypesh agrmistsa{ 332 CNAR dCintyuienatrophis fa(t&)s) such as GI-

181771 ('iﬁa)ﬁlﬁﬂxﬁiﬂﬂﬂﬁﬁﬁ BR@J&@%@%&I §ynt1%}5%g)gﬁ§t %éggﬁﬁéﬁ?w 4pq PD 149164

E Takeda
(Pfizer %gg‘g]%o Nglvisg 6%515 axofsiee _(%gfgggp) odhozq ¢r$gzi‘osegl|r;a12(2]213pphcatlon
Nos. WO 84/6213¢# &0 9R¢32628 ahd/ WDA9/43815H Y35) Idnodhide &Uﬁ@k&ﬁhlﬁl@§ Such as

those ﬂcgﬁ%@ﬁ ?@Z&pﬁ(\f;m ?gs E}@gl 0@2?(5_}%0 a I\ggl 0“2@??% QQBTCP—I (uncoupling

proteing§)9 o1 8 2@ vatoyR)9Bh 29 Binic\ABiIE74-HES 365,698 D436, 58 tetramethyl-2-
napthalé@ﬁgyl -%?0%@1%»1 bMQoR]alc:lﬁztﬁ'%%PB)aﬁﬁnXsp amg 2a/n§ al%sei dlscéos%d in PCT Patent

atIC Pase In t’'ors, such as or
Apphcgfé@rhI & AYQ P9/90123; (37 shyreRbesuone Ri4gests Buch as KBs26{ (aroBioBMS), and

those diselosall iy @CT| ApEEaibh No. W@@%@Iﬁ Bnd ﬁgﬁk%ﬁﬁ%kﬁﬂ&%ﬂ% TP

hos nd t.hose disclgsed in Appl
200023 R H 5B 341 Rt S 06 b ah Cerglonih 80 73 (0 DA T
(diacylBlyBPA22@ ranbfetast B BihHibitdih;BM) IRROW (dia¥yBE@8ihcy@Rstfk9 Ofnhibitors;

D AT S Sy R s

such a%?OI Strene. fisrloed 38¢8 Mar-Bosa V51 6DMbeWR RekéBE69002-N2001); (44)
01/85098, WO 01/85173, and WO 01/89528; (8)
neur opepti de Y5 ant agoni st s,56such as GM569180A,
GW 594884A,
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GW587081X, GW548118X, FR226928, FR 240662, FR252384,
122991, d -264879A, CGEP71683A, LY-377897, PD- 160170,
WGEGRLABG2A, SR- 120819A and JCF- 104, and t hosePCT/US2004/009751

disclosed in U S. Patent Nos. 6,140, 354, 6, 191, 160,

6, 313, 298, 6, 337,332, 6, 329, 395, 6, 326, 375, 6, 335, 345,

and 6, 340, 683, 20 European Patent Nos. EP-01010691,

and EP-0 1044970, and PCT Patent Publication Nos. WO

97/ 19682, WO 97/20820, WO 97/20821, WO 97/20822, WO
dipepti® pA08 26 IV\DPIY) REDBGs, sSwh B04obb8iBe thiAdblididd) NOBLBFP728YP32/98; and

Lo 20580455, O 9 e R 385 DO AARE e s
P9310/8364 X BRQL77\F I SPZ 28 9-444n@ndthe sampprbndsfizolose GRAEQ 0303498 (16
JanuarﬁﬂdO@)ZW(mmct@éh%%&aQ 26@3,}3%#21&59276 &g@»@%&ﬁﬂé%@oﬁi)\@%ms

(24 Ociois B0 VPGS Augie 0Rs 63000306 e RHAGIO 031002530
(9 Janutky/2205;7W Ca0Bd0 0263 100/12dubP,00%)1 D)0 031602353 (9 JaRSEIVOB AW 0 03/002593 (9

o BUESE SEERE AT, TSRO0 B AR i s

transpoptgph]inbla:m @&40) NizarboyDnt® fraiBORS inhiDof1 (49 Y gi8¢hse Whisporter inhibitors; (48)

phosphgtg 41’91@? II}M%IQ)?SJ @@f’ﬁétfornﬁﬁ] %g@é)g%é} %Qc? (5 O? Q‘gpﬂ]a%@t%§ﬁmax®), and

Ilcatlon

(0) Peh%lle%‘( r? ?ré@rpﬁwaleu%aqﬁb)@wn‘é?ﬂraé@@m wh emtegRjsclosed in WO

os/ozswgowcs@d/@?!z@sg e Wios03/d2%837, @ﬁcﬁ(&urtgllorc%gaagééltfz inhibitors such as
an hose

. @? ‘g?om stsd such as SB- 30 334 A,
rofecoxify, SelPOERyANd A SER Pat ent Appli cation Nos. WO 01/ 96302,
\iRathples SHHEr aMiDobeSiRy fpbR3 that cndbe ‘éﬁpﬂ?é(ﬁih 8818b1n£tib'ﬁ)w1th a compound of
Formul%?gﬁlﬁ%%ﬁlar\?‘fﬂl% éﬂél%sédqn Atén?fo%uss {Lh nt1 -0 e51 at eI:nrt]se” Exp Opin. Ther.

ose sed
Patentsuosi;lq;&ztle(a@ooApmow@lapm@bpsmdrugs _g»,;. O, Inyesti [RESE, Paalt3éﬁ-[1326 (2000);

and “RABR M GALIGR feeMAS suppBsGdd a%Z&@ %o@ﬁ@al‘ﬁ@r@lﬂt%gy foE1 & hreatment of

. nel anocorftl n. agonl Sts such
obesity ofxps Opie ther-Paigpisob 410 2 @OWT@BF(’M W@uroeqrsyie Yoimgpesity is
discussBEHIExo NBYiA TGS, Dindps 4: u:ezwem@ (20089 @ahSdbsnoidSrdEptod HeAds are discussed

. R860 Ch and ME- 10145 Iacure
lngzggﬁglgﬂgégzégsglggéés%ﬁz Appllcatlon ( a

(Hxa@9ley 6 the\@ e ingAdidedts thDnBP bd erﬂﬁned\ﬂﬁllﬂﬁdoinb@’ﬂlﬁl of &tinula I or

/ 0,
Formulml ?c% él%egt%eé%a %%e\élgt%g%lf Isntag%r {%?‘f% sgﬁélag%g etrl% inp artlcular male
ereculerdé{&fg)@ﬁt]@p egtrgr ag@@pﬁt@@ sepaypfel oas! tEy/POB PhamPCAL7H ];gmposmons include,

but are WoKYibEka@3¢a) ? e ¥QG&ic-Gne -sﬁ&ﬁﬁeplﬂéﬁ%l%ﬁgse \S\%DEL 1nhﬁﬁ{o§‘sn£ncludmg

|ication
PN NE R ORCT el TR T R N
pyrazind{2’ 026, Sip@edb[ 3, Bl ifkiAed N4-8fbne AGB5VI(b) Albhd Qdkbriergit leB3ptor antagonists,

1ncludu?€1}1h%{;@oﬂmﬂ[%ta§9 g&légis cn(apg ?ﬁnasc%utlcglgro ﬁep%%ge sgi%ﬁo(?ggﬁgopanune

receptoGhgonBByseh agapmePbine Ar PRBTRBcutitallyl 26 tablrosaBRbAB A3 dnd (d)witric oxide
(NO)d&h9§e discribed in U S. Patent No. 5,739,106; (21)
P-1 agoni sts; (22) corticotropin-releasing hornone

ai@aﬁli'sgafl invangigy alshingludsfiaminisseipn oo smelerbyrseNiFal dgtage formulation
which dodéins Iabmmrmcemr@@ﬁatlﬂ Eontbifdridh wath b AERRd 8dtivé ipMAle8€as well as

womini SEH 31 BI85 g PRSPPI Pharpastse Avees Bl Where

separate lgsbgenpmaoybations are dsd hbe ndiyjaiubl, comipomets@X tl‘fea:nmp@ifﬂﬁ @dn be

admnlgtget? i?(%gst%{&%)arl]ly %%%a{xx%ﬁ%g %QF%B%%%Y%}% ge §r§ eBI ?a%gérgd tE) es, i.e.

sequen@.l Ir 1("1‘P|—°F Fribsrepent tothy F“;%‘ﬂ’é‘pj@mlof the ethgnigrmpegent of the composition. The
instant (bRfon KORGBIBY 16 Be uklerstiod & incluf Al WBH feBimes ePsind@mecus or alternating
peridine- gont ;;u ni.ng hi stam ne H3-recept or
treatme&hfl % g?.% @%% an g)tmlg?rmg aqgﬁ%peh;g%eted accordingly.
56:927-32 (2001), benzophenone derivatives and rel at ed
conpounds (Sasse, A. et al -57Arch. Pharm (Wi nheim

334:45-52 (2001)), substituted N phenyl carbamates
(Rei denei ster, S. et al.,
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Phar mazi e, 55:83-6 (2000)), and proxifan derivatives
(Sasse, A et al., J. Med. Chem . 43:3335-43 15
W@ 200039307 (25) fi-hydroxy steroid dehydr ogenasee/US2004/009751

inhibitors ((3 HSD-1); 26) PDE (phosphodi esterase)
i nhibitors, such as theophylline, pentoxifylline,
zaprinast, sildenafil, anrinone, mlrinone,
cilostam de, rolipram and cilomlast; (27)
phosphodi est erase- 3B ( PDE3B) i nhi bitors; (28) NE

Adrrmglg‘t%i%ﬁ’ i GPRNAAG) wald zfi‘@wt%lte foriEM ﬁ}ésteﬁtr c% R] f o stlo@/\cgs the beneficial

, desglrarnl ne, tal su ram and S| ne,
Phamljfﬁuélml Efpct obihe spmbingtion ghike MR agrufst g@tbwg@d@rcw ipgredjent is

realizédbyRbd pAR dt SidbktaRiIINGS sad¥i8d./ SubB IenefiBALE 19 Ple@BAPPachieved when

tin, j.nc reconbi nant human
the taieBcoclove e R oF e G5t AL o APt FPBLY the same
time. fivisrprefdnepthanth¢ Aortemyion 68thy MEER hgonibe aidvhd sevasl,actbwedhgradient be co-

en S
ol U568l 6o 7 Bl bl 3Ry 5l e Moy Aendosin sgpes suchas
the Mﬁu{ﬁ dgenist quae q\@agl and!\(beg@*/og@ gclige mmdgagy QR6 Twice ok/@ore times per day, is also
€nco ésgé;ﬁé'réin WQ; &ﬁ%@@t e RSBl A oM rlse\éQf 8%%%&11 aggalst and a second
/23519, and 96/2 520; (32) 3 (bombesi.n
active “é%%‘b?f’é I RIS & e %%?ﬁesff)%n“ a(t@s )Wﬂé:N‘PFﬂd% egnvprignge for the patient,
whichrie i mtpl’oﬁmh lcOnsideation &pecidlyGhr Atiedd witldidbblek 62 obese patients who may be in’
need{)f lﬁ%pe tahliél ine), SR146131 (Sanofi Synt hel abos),
AR A YOPb170, 292, and PD 149164 (Pfizer); (34)
CNTHE cotepiunds m\ﬂ@s:on@methpna of thx pteseng infEege may dbajdmiaisered separately,

therefgllg(?ﬁeei}lgénﬁ&l; 8?@1@1 e 1 &I}bﬁgrgl%ﬁﬂ%t% ggﬂa mﬁtway\&nﬂ)%élgg%qi%m a kit form.

22128, nonoam ne ‘reu
The kityasrasdipg fcsthlsswhtw&scommé@éwa Feparatsbgrageuticat composmons a first unit
dosagé\ﬂﬂinl c6ﬁ1bh§ﬁlg &ﬂﬁ%phy‘lﬁ@u&il& 3063 euﬁ&ﬂly\é@e&% Qrdddht of thdRklanocortin-4

unc ‘9[ rotein 2, or ?Ctl vat ors,
receptg{ﬁg?mg obzh acg galfyoacceptable alt or ester thereo and a pharmaceutically acceptable
carriedler dilint 2 { HrsOynit, &sigefdrﬂnhg&ﬂraczxaﬁqnﬂ uBit 8@%@ fofrrediptsing a%@ophylactlcally
e p benzoi c. aC| ret
or the&?%ﬁﬁh egi’é{:%]os 1 l& Sog s;c ¢ ac Bﬁglnvs {eng qr dr%%l a pélg{rﬁlagﬁutlcally
accepigble syPIGQEOHEREE, aI(CBl'@haltntWﬂmIC@llmmmbé c3Bieagoliuettdn a second unit
dosagS frhh. @s KB- 2611 (KaroBi oBM5), and those disclosed in
PCT Application No. WO 02/15845, and Japanese Patent
Afp PReceRthodimer the X furthsperpmpsisere: copamipr. Fngh kifswe gppegdally suited for the

deliveBy S¥ sBRS 61hl ﬂoﬁm Ak Q tﬁ)let§bi(‘da Aufes CBlidhl 184 pefaBly %ﬁdes( z&%mber of unit

dosag?DG%ug'lbl&gf-ﬁ g%% é gabv c{‘s%he? ];)Eeir a%lgp é)r% op thelf 1n1.ended use. An

examplebf doch okis js ﬂ'ﬁll{tatb}ckACBﬁstérqmeks)ake G kknoan limohy pakagind) industry and are
w1del§1 [1‘4%}:1 kP&rép%léém% él%’)rmgég cgglgﬁtto oga%/ lqc_)rgig: rﬁgl%gf‘eﬁt q(cﬁ:g 2118 can be provided,
for eXél@Ple fbshe Eqraees numbers fettets, or ofisempkingRe Y mwlengarzmmgiemgnatmg the
days dr &8 ihe &ﬁﬁﬁnent‘s@l@dygng\%léﬁ @8 %%Zespgéékﬁ%ﬁﬁé:w@ 9751

di peptidyl peptidase |V (DP-I i nhibitors, such as

i sol euci ne thiazolidide; NVP-DPP728 P32/98 and LAF

237, P 3298, TSL 225, valine pyrrolidide,

TMC- 2A/ 2B/ 2C, CD-26 inhibitors, FE 999011,

P9310/ K364, VIP 0177, DPP4, SDZ 274-444; and the

conmpounds di scl osed in WD 03/004498 (16 January

2003); WO 03/004496 (16 January 2003); EP 1 258 476

(20 November 2002); WO 02/083128 5 (24 Cctober 2002);

WO 02/ 062764 (15 August 2002); WO 03/000250 (3 January

2003); WD 03/002530 (9 January 2003); WD 03/002531 (9

January 2003); WD 03/002553 (9 January 2003); WO

03/ 002593 (9 January 2003); WD 03/000180 (3 January

2003); and WD 03/000181 (3 January 2003); (45) fatty

acid transporter inhibitors; (46) dicarboxylate

transporter inhibitors; (47)sglucose transporter

inhibitors; (48) phosphate transporter inhibitors;

(49) Metformn (d ucophage(r)); and (50) Topiranmate

(Topi max(D); and 10 (50) peptide YY, PYY 3-36, peptide

YY anal ogs, and PYY agoni sts such as those discl osed
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03/ 026591, WO 03/057235, and WD 03/027637; and (51)
cycl o- oxygenase-2 inhibitors such as rofecoxib,
w@edoaosns)b, and arcoxi a. Exanpl es of ot her antPCDDEXN4/§09751

agents that can be enployed in conmbination with a

conmpound of Fornula | and Forrmula VI are disclosed in

"Patent focus on new anti-obesity agents," Ex.QOpin.

Ther. 15 Patents, 10: 819-831 (2000); "Novel

anti-obesity drugs," Exp. Qpin. Invest. Drugs, 9:
Pharmicbhtical 4Rndsiid®) ; and "Recent advances in feeding

suppr essi n gents potential therapeutic strategy for

t H%élotthpreaépqqgﬂﬁt %presegblegqmlgn prE)@ges chum@llcomp@gt@ag which comprises

a compckind $HFofmBR I 2or([F38AM) VI, khea Eglﬁhﬁadéﬁtldﬁﬂjd ERBSMIS ElericY. The pharmaceutlcal
IS discussed in

comp 58 A0S iRy SH O I PR BR ST b REAER T 2 an active
ingreditins atagghethacemicilkymccdppible. salk theesf, anOmaygalso GntakbFmifmédutically

d
acceptgiglg g%%ercaéggﬁﬁ%gﬁ%maﬁ?{%er%%&% in g&ﬂaﬁ? F’%ﬂ%%%% lpFarEn’ficeglp (%tlly acceptable
salts" E@rml salts\firepfagad ftdmepharre@pmnlﬂy aseeprblamonttpxinbases erabiés eluding

inorgahRHRdeS oS £X4Bhd ¥paditi BEstd @Rcigk.n particular, male
erect|I dysfunction, either adni ni st er ed separately

o h¢ FP“BR?é‘t‘%WBClM‘Fa‘iOH‘ﬁe%%ﬂ“F uifable Sprsd; fertaln sopwﬁlnmrwaal (including

subcuﬁhﬁou@ ﬁx&raﬁ@&cuﬂdrl‘ﬂnﬁ (ﬁdrat/ého(ls’j,) octhfJ@)thﬁlﬁﬁd)J ﬁﬂ@ﬂ?xﬁ(ﬁ%ﬁl dribiccal
t.er 1 NC

mhalagorﬁucg ﬁxg?al ngp]la? %@ﬁ altg(l)zquthe most sultaglfa %dute in any glvengcase will depend on the
naturelafd Ryveidty 3f the Corditioh? heihg trerteddnd o thembtuyd of Ghe(a8tive-ingtdigtiteThey may
be coﬁ%ﬂ%@%@nﬂé’d th uﬁ§ dea§ fogg fuéd, %?%a]reidr})g dﬁfl}é 9f1t,he£:‘r{natlh8c}]sewell-known in the art
OfﬂmFWG¥351) (b) alpha adrenergi c receptor antagonists,

| Mbﬂd&icﬂ]glsé’ hﬁé‘écﬂ{p@ﬁﬂdﬁ of P&Hluhéqtahd"pérﬁﬁlao\}’l can be combmed as the active

har maceutically acceptable s S, t her eof

1ngredbe61b1£ﬁ?tﬁgat pdpuxture syt ﬁ%gutlcg&éﬂleﬁgccaﬂ&%? cmv?fglom,l pharmaceutical
comquin&hgr&ehm@ee aTheycatriee apy aké & widlvasety befoand deparithg(di)the form of
prepan:n héx} deglre%)%lor rgri]nnnlglsN? 10(’}i Qn 0 e og;paef‘enlteri‘ﬁ élncl:llldmﬁén rggls?n%{llsa] in preparing the
comp@tt@ag@r Pt dnshgetforon an)BQf thahmsuﬂ pbmmaeﬁunsal stiia npaly dve kABpldfRd, such as, for
exampd Wates tgly}cﬂls C&Hbz{l&flﬁ)fs %VW1 C%Ir}alg@n@ fRQYatREL, 'céflgrlngnagents and the like in the

I ngre |ent nis ratlon of eac
case ogar@h]llqupchprpgagatm sgc@@g,rfgq e@aﬁhlg,rwg%@qsc%xug gglasggltlons or carriers such

as staicBds/Bubat, ingBrocYiElife ceHeRaY, Al @nBOSageatihe Eg@ﬂ{saﬁlb@cﬁﬁtsaﬁﬁlers
oSsi.tion

a3 g e e e SRR B A R S fovaers
hard apd sfurapentidslayd tabletsawitls tip aslaiteedl prepraggerbenis pref@sd overehe liquid
Pﬁm aafgientially prior to or subsequent to the

mni stration of the other conponent of the
C &?ﬁ%@@ ofi thgir eayhel adminisigtion tabletpaad eanswles spreprat e bipicak gal dosage
unit fd2, MRABISaQOL1il PharRede i) @khiers4E Rypicaly %ﬁoﬁﬁ If deiued tablets may be

coatedS lglgs}ufinh?rg l%&l%?)}l%({)[‘ n%%ﬁerzort]lgwuﬂ(a@% rGCP’eL?:tH ggrrr]ltaqsg1op§)an‘51é)reparatlons should

contain at ledsp0.¢ pexder ©F Autide Etghg()unc} 5[‘7he\ﬁﬁcaﬁ%/o® 8&39 ZOmpound in these

cornposcgynsU r%gyg %géoo Os% ?e va%rleci:l arid asy c?)rgxéeglﬁ?tly be be \%66{1 aborlilgﬁ gain&%)gabout 60

perceny $>f thh av eix@h@ﬁh&:mlaﬂ The hmeun Q@gtlvaz‘allmpeﬁridelo suabfthdrdpeutically useful

compSRILAL 2GRyt 2h eff&%v@/&;sgg% A 80 bBhinef ko "E R APSLrAC L Ro be
|ngre ient 1s reali ze t he pati ent

admingstgsed igiEgasally ps.torexample lthﬁ‘élmPSQF: W ¥eneficial effect is

Prigé edbreky, ﬁhll@%ﬁﬂ)ﬁlé@ G Mike BEalké@Blin Dbiaad sﬁcﬂ\éﬁ bum tragacanth,

T A ACR A Y e—
starchppaedte starehl, aAdiait atither lckmivbitrsadh a maghesiulrestdditite} Bndgordeshing agent such as
and the second active ingredient be co- adm ni stered
concurrently on a once-a-daysgosi ng schedul e; however,
varyi ng dosi ng schedul es, such as the Mz 4R agoni st
once a day and the second active ingredi ent once,
twice or nore tinmes per day, is also
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enconpassed herein. A single oral dosage formul ation
conprised of both a MZ>4R agoni st and a second active
wo ppneglizent is preferred. A single dosage for neCEHUSIN4/009751

wi || provide convenience for the patient, 10 which is
an inportant consideration especially for patients
Wi th di abetes or obese patients who may be in need of
mul ti pl e nedi cati ons. The conpounds in the
conmbi nations of the present invention nmay be

sucros idiotd Sls&dcBtirS Wﬁéh%tcﬁlsa)ge unit FRM&S DEPsilld) @ hdy\cOMthinOM addition to

relates to conbin g%bate ha maceuti ca
materigiophs3beyolpiee: F‘Hﬂ‘Bd 3arF%?rt fibsp fa kit, according to

tmrisoub BmenhatamS Iﬁ@lﬁél‘plré‘sa& at mtlﬁ@pm tcarhé}:hfyhhﬁ’ physiealtforoedf the dosage
oSl t.| ..
unit. FB? ggtmﬁeat&@?t& g}éljy corafc' fiﬁ‘/ét?l aslﬁeell]? %\.Sr loggotl}; g%rﬁg gperllxﬁ'rﬁ‘a? c@ntam, in

additionfo thiactive hlgrﬁzdmm, slicrosd as 7 ephiog aaﬁglo miedty] angyprepylparabens as

preserﬁﬁ@ip%%ﬂ % ﬁlﬂl €§ﬁﬁ Rl &ngg o§@1]a1tlgecﬂavﬁ3t er thereof, and

ceutica accept carrier, or dlluen{ in
F Corpound o Termslagand isvmyIa A aneg ase BoHIPTIPIS queRiSBLY-opeftions or

suspenﬁ@ﬁmff ek £k tiRe Ends 36 beogbpaved iR Waﬁehﬁﬁt@lﬂ? wixedatithya surfactant such as
fectiyve amunt of the second

hydrorggy o aoep RAPTHECRAE Al Py PR ELP Aok APEE Bpoeafigge veolsand
mixturédthérestfin oids) Anderidinay cenditionabf sforaecad twbibeseqagpaiatipnsaiontain a

preservgh%e i prevelgl tﬁ?let %%'o&@%?m#l’.@u (%T‘(ﬁ n?sglsdosage form In one

er conprises a cont ai ner.
Sliphiaimaseuticel fempauitable for iectably upincladresteridraquoqs yolgtions or

dlsperi&ls a6l Q&AL p(f)\%e@sfoﬁtlﬂg th@xﬁp&rﬂl%b@stp?eﬁfau@@@fsétﬁrﬁesmj eotdBIB sdutions or

L 7 1 CNAENTC MTDONC S

exists. Of m@§1H8 GrablB uhdde the cattitiddk of M&iufactund sddethgd ard mAdt be preserved against

the co%gtgﬁgtmgragu%eq %ﬂ%ﬁ%{gﬂ%ﬁf@f S{,lﬁmeasgwgctﬁna a}n%galc k d%hgtcfllg/n%éga(rﬁl bea solvent or
dispersZEn mn:(ﬂmhyon]laamdg ffarexpaplk agitercetipnal; pelye e-g-glicengh |ptopylene glycol and

ot Ll Han be

i SSSEATETR M ISSHLAL AT Al o b2
| etters, or other markings or with a cal endar insert,

Prepmgt‘?&lcg@%lﬁpﬂﬁad& Bfthe BR¥RiORT tiMe in the treatnment

schedule i n which the do n dm ni st er ed.
VBh BB P G O BTSs AL AL ICfion cabe prepared
accordu P @&l procemGesAT tictTellovaspSshemed antl Bz apples esihg appwanitie amterials and are

furthe exggxﬁﬁte %lnb%r%@ef {Tﬁowellflﬁ% pr%cazliliﬁc exa%)p%SI l£/401oe i?’evlvlégrl u‘t"ﬂé&gm«% rpl()%gcﬁlres‘described
in detgihia PR datemidab] &pp&e@@ptl’ablicetlm AV D R/06838§E (6 September 2002) and WO
02/06@3%%6‘?@%%9%02) Spdgﬁﬁﬁétldn%ﬁl thd dib MG uREHEMEd hedddf Wnk Bfordinary skill

a co Formula | or Fornula VI as an
in the g £ 28243}y PFRgRIE @ﬂ@ﬁ@nab@na)omﬂa ke Btrest Hvprog cleaprddisredr. The
compovlld illhdtRiea G the 8X16hplER Yiredlos BowmORE,3b Be @nfiad ﬂ@ibﬁhing Cl&l dnly genus that is

B TR A T T A —

of the pedsérss inveritforr Thase sisBdd ia thprastpeitlecadily umephad fatinevinoatidtipns of the
condltm%% gl?& a%rgiegsgp 8&115 ﬂ))fll)\%m? %?e%ﬁrag{;e o[?&!egﬁreé (%‘ﬁ e dicd % %reFare these

ases 0or acC anl C ases or
compdtmés cvaxmwnt ¢amrpoudy @rqg@eerelbmigtpd inghesfom pk thejr Bhapgpceutically

accepf%l@lsaltsr &ch & thode ARIcHBA pr%lﬁ@tlﬁfeﬂlab&\ﬂen Q‘hélﬂéeﬂﬂmné-ﬁhses corresponding to
subcut aneous, i ntranuscul ar, q‘tﬂ,l nt.ravenou , aOCUl ar
%ﬁ'ﬁl

the isqlfpsh 2l P HEEenoER Y PP RS SUSERLE B, Syt piep B diom
hydro@éncﬂ@&&le eddifinnéasBonat,| sﬁﬂhum&lyﬂﬂfmidg,hmﬂ petagsmat hydtoixidapdnd extraction of the

e R
in thinagmmerecapbe funtherronvevted 1ntpgm@d1eepttarmaphlg&calﬂwcem16 salt by dissolution in an

conveniently presented in unit dosage form and
prepared by any of the nethadg-well-known in the art
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of pharmacy. 15 In practical use, the conpounds of
Formula | and Formula VI can be conbined as the active
WO preghizent in inti mate adm xture with a phar nBCBEUS10048009751
carrier according to conventional pharmaceutica
conmpoundi ng techni ques. The carrier may take a w de
variety of forns depending on the formof preparation
desired for adm nistration, e.g., oral or parentera
(i ncluding intravenous). In preparing the

organﬁgglp&ﬁ Tctllo%&b aitRn @ 1dQ gﬁmft cifl an@'Wbs ehti§a aﬂﬁh recipitation, or
A ayPpereiolel] u Wheen a2y

armaceutica Ia may

crystaﬁ%@fna@} All tappesptureg prp degrees Cel S}Ué unlﬁ*S@@m\V@e nfmda\}‘é%s;s PRthfa (MS) were

measx@&l%’jfte%ctrﬁﬁ-ﬁﬁrwMﬁ‘-‘iﬂah’s%%ectl%@oﬁy| ng agents and the Ilke in
aratl ons, such as,

t ui d
&z‘ﬁﬂ“ése §‘i?r§‘iﬁ‘é‘{1%‘ip8ﬁﬁ‘sc uglmgmc ot eRpAEIGNY) tn?eaﬁsscoua‘rng a carboxylic acid
with ag amireaiksmg atl schd acﬂﬁ'at&tgagﬂiﬂ as:h aSBDAY BCCandBOH iyiah éettisoleent such as

dlchlokr)omectjhalng %neth Prgserrllfe otsz'i ctatgir’}l such aslﬁ@B'Fg’ﬁEehuse P% Rlirgtreclztmg lglt,]oups for the amine

egra g agents ‘and
and cacrmluoatcubfuattlogdﬁue@l tpfaahiatedhd desisedsaasiiomand rhipimigsendpdined reactions is

well dgaﬂﬁ{e%feﬁ Coﬁﬂﬁ&hs @é'hqlrécf)&trelﬁ(ﬁ/@ %HJt ?Qx@uﬁsé}ipé Yothul 1n\§‘[a¥1(§]ar(i Qﬁtbooks such

or al preparati ons erred over
as Grqepfafﬁ e uis & GaMat Frgfegiive @ewgféoo&antq%mﬁeseva@nwey & Sons, Inc.,

New BRI NIY 81t9|9 at CBE and BOC @fecotdngapsiirescting rg&ﬁgmtorgahﬁ synthesis, and

| h
oo B BRSO SR S ok vt
catalytdeBydragdpation lih élbgemye Ofer nobleahetad obifs Stiderstielr b paljadionien ativated
carboﬁ] Hlna &?cos%ﬁ/eﬁtesﬁﬂ{uu ?‘%%8%1% gt!ﬂarﬁ)? nﬂ%ﬁée& Wgra fﬁglgtic léyd{oge?ation is

arations s ain at |east
contraenﬂeqatﬁé dgetnfbuprasencrrnd offer patantialhereadtive émptianalitiasremak! pHCBZ groups
can alﬁ@l‘f‘esé%m%@e TReSlch VQii}?'a sﬂiﬁﬁon of hy‘?i%géﬁ' BrorfiR iN Adeki€ deid Bx%y treatment with
conveni entl ween about yercent .to about
a mixfygp of gﬁ&é‘ﬁ@“ﬁﬁ‘h%ﬁ‘g}% ReRevaoet e DUSHGeLRE SFARPS e ot vith  seong
acid, @ch hs\/tﬁﬂﬁﬁtﬂmtiﬂd:ld hydirbkihl(bric haeid pgreiiiiogal dhyorids gfsiiin a solvent such as

o) Sl that an effective dosage will be
lnethyg%lggﬁlﬁ%%e ﬁ’anoac({w@ & & %t?“rtﬁounds can al so be

adm nistered intranasally as, for exanple, liquid

Abbr aﬁBﬁs I?sred %%@bescﬁ S't?ont(ﬁ*meq;rébara’ﬁlnln l)isthe @Qrﬁﬁ&:llngssof tl?enﬂe

aln a DI nder such as gum iragaca

BOC @33)05@ a@maloxwrh?nglt BPR i t@nzogazalﬂ ﬂoxsész%ﬁﬁhme@maguwdwow@mum
hexaffibfphdsbhiiR, BAGSRARI SBu 18 baiyB b4t @gEat ﬂ'i‘éljaaeﬂ%éd SdHdis @8lite TM

orn star tarc ni | upri ant
diatorgieons s G PICPA s SPallpRr o e SR D Y PB Atcloeni, o prois
cyclogrugh, REBAD i58eti¥D a26eA HO8H RO, DIEET i5 Qis2Pody1 i Fndine, DMAP is 4-
dimetlﬁ);lgrgnggégisdm%gl’gﬁ??s ﬁ’gvj&%‘gﬁlpgﬁﬁmﬁé\h@g’g I% t 1?13%3%%%pﬁ&bfphgsgﬁi%)ferrocene,
EDC isdt(@rdimagthylarhinpiyepyhBepthylcasppdiimide HCk i ¢ egrivalierifs).FipeMS dsselectron spray

1on-m§ssf cEr)stc%bJr Fit MakdyP g0 AL ﬁ%{hyf%feﬁ{e' @Bﬁu@@%uk?) ANGSEb- @S
i ngs or modi physi cal form of. the dosage

azabea%ﬂtrfazolpwl) ld&%ﬁ%net%/ygﬁp@t'@ hveaflupropkasaltagel HAL 5 L-hydroxy-7-
azabefibRiidzele, HOBia -h9droRehiotrAzSly hytﬁ)ate 'HRELQ % high @S&Yorﬁﬁﬁﬁeaiqﬁxd

chvombessPhf e MSTERE M S i o Elp P EPats R Fh8 DA frium

dusogymny@endeaMG‘fés is raeldrpeomm@ca:tdrl(ab@ng angunsheohMa $s m«tthylrMF @ molecular
formf, W‘é‘ dak%é@&gm%@ﬁi&ﬁ@w%lfé oL lé Nﬁ\@éililﬁ Igﬂ(!ﬂﬁle\ﬂlMO is N-

m ni stere are

Methﬂﬁl@ﬁéﬁ%nedﬁ@mé? Qﬂfe%téﬂamw&a@@ﬁbeﬂnﬁsls @bwybé’hw@bwbﬁanme Pris
propyl, ”Pﬂ’i@fs@ﬁroﬁ}m pré kYpreéPared q’y‘MJﬂ"ﬁs @ro‘ﬁié&f@ﬁ}rﬁﬂfdn@%@spﬂ&num

ropyl cel | ul ose. ns can al so
hexatlgbisp ot A g Jobam oo a1 YRR T ERLOgRLB g, TFA is
trifludrGacaticidcid, &sIFtiStetrggfirofuram aﬂcserJndhih-layedém(an@togsphgh tions
of storage and use, these preparations contain a
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preservative to prevent the growh of m croorgani sns.
The pharnmaceutical fornms suitable for injectable use
WO pk8iBost eri | e aqueous sol utions or di sper sSPORESANG009751

sterile powders for the extenporaneous preparation of
sterile injectable solutions or dispersions. In al

cases, the formnust be sterile and nust be fluid to

the extent that easy syringability 15 exists. It rnust

be stabl e under the conditions of manufacture and

stRebaDR samhemsm ilherie ﬁl‘é@ib&’@éi‘np?@@d Psthe syhfisis of the compounds of the
roor ani snms_such

preser G R E‘hi?g?aﬂﬁt il A1y figpt i BEngd 4B dplessgpdicated

otherwiss per si on nedlun1conta|n|ng, for exanple, water,

et , yigera opyl.ene col
| Iﬂq&gﬁ%h Scl%y et!ﬁil ugetﬁaée%gl FB n ‘g yg%’%ﬁp Q’ ofﬁﬂg&o&ﬂéc mpounrds of structural
formujaeof Q@fpresﬂﬁ drw%ig@t é\blsleovm ingeac@éh $ehepaAathe ceactodn of a plperldme

derlva@é"%iq #fa &a?l?ox&ﬁ@’&m de?i(}?tm Sf RRRQYAHSaQh tﬁ% E&ﬁéoﬂn&a of structural
%

a’l and forul a present 1 nven
formu prade dondsepdg |r?ﬁ§t1?1bﬂlt1%@teé rﬂb’@é‘d@ﬁ Sehegfe 4 tseonducted in an

approlﬁrﬁﬂtd inwt m]jveﬁcdﬂlemlﬁaﬂyl@fﬂlmdﬁ %DMIF? infh gﬁﬁ@ Eﬁlgﬁdeadr@he like and may be

perfm*ne |w1th a van%bgfcr?%et&ts ét}%tghlg ?%rgzrm g@%lreacg sath gs £3- ﬁgazabenzotnazol—
1-yD-4, hé,3ﬁ¢tmduhmnurdh@<aﬂuquﬂlosphatedﬁhmm 1@ dHﬁTéEhylaImno propyl)-3-

e AT WL T

hexaﬂzdezl)osphaﬁ: @B é’qu@rﬁdwpmuqm éordhesazmétsbmé ceuyhng rqaetibn shown in
reactidb€IcBéme A QREnB¥N & tHbR kil S o’réamc s?ntﬁel%ﬁ 8dn Iﬁ@tﬁﬁga@i@@ rlﬁé' include, but

ddi t L onal resent 1 nventi
are noPERGLS, e ok e SR DED i ey IS TR S A Y it opyicthylamine
(DIPEAY,amphesthymerphaline (NBIMEY eif the hddlith® of ensdditive ducdkSs ft Q@Bﬂo!a;@%

L TGP NS FERTLEEIE, B VRIS oo
formu]@rfe_b aeRbe teatesfwithpm ag@vqmundsamdcchlohﬂedqmweds froitn carboxylic acid A-2 which
also aff N EMnlpBlinds Ehﬁﬁﬁtu%f iedehGA 1 Pnd ﬁﬁd@gém\@ﬁ%dh&g glgogfvrn dX feaction Scheme A is

understand t hat known variations o

usually, ¢ppd bcrt a dpyepspure petwees| Q° g\ﬂpd]@oyrt@m@@mwcapr@@lm elesated

tempefufesDidUBLdupihgRERAGH R tipRARE corRBARLIPES0dd HYEI bR HAL.
conmpounds are generally iso ated |n t e formof their
phar maceutical |y accept abi% such as those

descri bed previously herelnabove The frge am ne bases
correspggding to the isolated saltsga bbe gener at ed
by nEﬁQFL i zation with a sitable basé\;Eu as

aqueous sgdi um hydroge rbon ) car bonat e,
roxi de, and |\ A S|uﬁéﬁ§dro

sodi u
extra\}i f the edH@MI ne
or gani x-4ol vent fol | gwedl by eva¥6rati of.

Biated ©On tRis manner can be
converted into anot her pharnaceutically acceptabl e?
salt by dissolution inAazn -60 WO 20044R89307
PCT/ US2004/ 009751 organi c sol vent followed by
a equent . .
o e o R P AR S Bl B2} VRS Pt migpyen nd RLis

hydrogep, BQf weteapdangiogs efs%m@etatfomlsulal NDG$ be wed arthe s@thesis and

deprot&‘igdeﬂderl\@ﬁﬁ c%ﬁ’cﬁﬁ&fs ok MRnclRERe TRBRHEST ﬁélbl mha solvent like methylene
chlond% On S@ don-nmass spect rOSCOpy

108 SeSE FIeRGS FEYGET R HCTARPerHBet RS and room
mnmmumupllng a carboxyllc acid 5 with an am ne using an

a n ent suc s, EDC

it REYR O BBRE R b St et TP D i uifien and R is
not a hwfoﬁn(:@@ adppounds of lgermsal HEBTa I The NuRe =) maydieefaithien ghodified using the

groups for the am ne and carboxylic acid

functionalities to facilitatge.the desired reaction and

mnimze undesired reactions is well docunented.

Conditions required to renove protecting groups are

found in standard textbooks such
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as Geene, T, and Wits, P. G M, Protective Goups in
Organic Synthesis, John Wley & Sons, Inc., 10 New
wOroook/089sty7 1991. CBZ and BOC are connnnly usedPCTnmzmmmmn51
protecting groups in organic synthesis, and their
renoval conditions are known to those skilled in the
art. For exanple, CBZ nay be renoved by catalytic
hydrogenation in the presence of a noble netal or its
oxi de such as palladiumon activated carbon in a
methodoRfe9 dbderibeal beRit in seactionsfhermt BaRal exampletthaMOC prtegtad egnpound of
structur, er e]g‘ia aléeyfi%lgr%teg%g ?Qc%m ?&xd%tﬁm {%Q ﬂltrs.{éxgégq?{/tf(;e%ﬁgt @M?hydrogen
chlor1defiruﬂhyllao&1§tb pt isgg, tﬂﬂW@ﬂC 3@fd lmg@h@WB@HQL@ pEgiPusly digscpied. The

resultmgg?etérc?cg Bﬁn%%tf E'Eﬁﬁturéﬂ"f&lihuﬁ 152/=0¢,iran- 1f mﬁ&’t‘ﬁé@%ﬂlbjected to one of

e in ce ic acid by t'r eat nent a n1x%ure

several agifylafion staFeRieH RV hip SR e P4 pter g‘b@‘%‘?o?&‘c’{’? g

compouﬂsQIf'} 3 —NSRQ QIH) in@d be uilizel il RdStivORgnatRmirehctisuieith asnitable carbonyl
[

contam%gﬂeaéqlfllgéo q%ﬁxgegng%qtl\?% g{a%@uh‘é rbI (i:m? a If(?rﬁlaﬁcgn &)ég B9E Between the
amine offok@iilh U7 = NERh afib)land etheedraldehpdeatr &t:tgne @dormhvé vibgtintemmediate
imine 1s£ H,greated wqg Ha lr?tﬁg B%Pgtghtoég.})&? (gfr}gdugﬁxg Qzﬁﬁﬁﬁﬁlﬁa%eﬁfdoﬁﬁgbonds such as

ounds sen nvent i s
sodium tyabokoydhysinpdsenr sestiyn ¢ triaggbpxyjbgrohydride and an alkylated product of structural

formulaki?si}ﬁ?(?d'cécﬁz& enlanyél %{a&&&éiicréeﬁlbydnam ﬂﬁ:):turaﬂ) resphdhi@mN, R1 = H)

uor ophasp Bn iIs Bu i s _but al.c
may be fect iaeh SRAIMEDR SEBLIED §04 & o pi dtventbifes DM 1o
this readion! tREAGE QUL l%aﬁﬁ@gro@?ﬂ(i( Ghonpbsndidena ek viny ganp gie bs 2 halide,

e SRR = SRR S RSB R0 e

substitueliti sopr opyl - ethylan1ne DWAP is 4 25
di met hyl am nopyri di ne, DMgukge Bl N-di net hyl f or mam de,
dppf is 1,1 -Bis(di phenyl' phosphi no)ferrocene, EDC is
1- (3- di netdfayl am nopr opyl ) 3- ethylcarbwdllnlde HCl, eq
IS eqU|HQtEptgs) ES-MS is electroﬁyﬁﬁqay I on- mass
sopy, Et is ethyl, HGIOAC i “myl acetate, h
or hr i8)hglar(s), HARdd s BQ*e-

azabenzwr -1 J-l,l 3,3-tetrage ur ong;
hexaf | uoréphosphat/¢, t is 1-hydrdxy- 744 D),
azabenzotri is 1-hydroxybenzt6trijazole

hydrate, HPLC i s hi perfornance I|qU|d 3 R?

chr omat ogr aph LC-MS or LC-MASS is I| ;
chronatﬁﬁmﬁﬁﬁ%'ﬁﬁssB%%ectrun1 LDA is P! 'ﬁ“ﬁﬁ#n =H
di i sopropyl am de, MC-xR is nelanocortln receptor (x

bei ng a nugber), M is ;$ M- is nol ecul ar
fornul a, IS mass specy, d%}WW@ i s met hane sul fonyl,

NWM is N Ry| Bor phol i is N R

Met hyl Mqﬂh*ofr"qwchgom deg is /
trlfluor%ﬁﬁkhanesulfonyl phéhy Phe is phenyl
al ani ne, Proris propyl, |Pr N |, prep. is

prepared——PZsrop—ﬁs bronD tris-pyrraql, di no- phosphoni um
35 hexafl Bg %ﬁhosphate r.t. or rt i's room

t enper at ufEC>PMFi s triflate Gormula | (Z = N)

trifluoro tpq&gsulfonate TFA is trifluoroacetic
acid, TH M§éﬁp&5ahydrofuran and TLC is thin-layer
chronatography -61 WD 2004/ 089307 PCT/ US2004/ 009751
Reaction Schenes A-U illustrate nmethods enpl oyed in

t ﬁ@acﬁ&ﬂﬁém@&?ssc @clllﬁﬁﬁteff@iﬂlﬁyﬂﬂ &e@?nthd%ﬁ olﬁﬂes:aibbxyhc acids of general
I nvention of s uctu
formula Béh e e Bs oo Sbargretion b SRR Gh SR A. These

Reaction Schene A illustrates a key step in the

synt hesis of the novel conpounds of structural 5
formula | of the present inv@ttion. As shown in
reacti on Schene A, the reaction of a piperidine
derivative of type | with a carboxylic acid derivative
of formula 2 affords a title conmpound of structura
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formula |I. The am de bond coupling reaction

illustrated in reaction Schenme A is conducted in an
wa@pprogsdat e i nert sol vent such as di net hyl f or memiUsm®04/009751

(DMF), nethylene chloride or the Iike and nay be

performed with a variety of reagents suitable for

am de coupling reactions such as O (7-azabenzotri azol

10 1-yl)-1,1, 3, 3-tetranet hyl uroni um

hexaf | uor ophosphat e (HATU),

schem‘l,s 2(1& i@%tlfﬁ%trﬁ%ﬂoﬁmd? %ﬁﬁ'ﬁmoh "o elabrin GRESRSHuhAE F€eneral formula L.
drochl orj de

React181é Jhstes g—g{)qllus_frayq E@QW]P%I W}hlogq fogthg éﬁ’f%?é]ﬁ REHfgisubstituted piperidines of
generdl mﬁlaugm %fmsmmuael dnfRyeARY codpliag ﬁﬁ&tﬁ‘ﬂ dAtb Ffdaas mE@eds for
m de coupl.i reaction shown in reaction
elabor%&%e‘ﬁﬁo’iﬂpoé'ing ‘%&8%5 tf%m%}?&e skilled in organic
s Reydties SshenButitlusimhs b ipedidried ms:thvd yori thecdyuthesis dficompaumds of general

formuﬂ&t Wl{x&hé]%l g?nsdan ﬁﬁzagfé%% Bﬁﬁ %1; I1 gg%l'rtgat Elf‘eg'tgﬁﬂfng hgtléﬁnlg%@é; is a 3-aryl-4-

plpen‘éln);f m‘yh@md\ﬂwﬂw I13o T htheynthass ¢ N&Mzgmwnh heoraEeltigilipayailable B-
keto eaér sﬂEh Add Idanyﬁldyw%tea@nglgrmpcmt@%u oﬁ&ﬂh@@togrsﬁ;ﬁfépdhszv “benzyl

t I
gfoupba Reéfpﬁ%adﬂwl;ﬂ T&ﬂ%%ﬁ??tﬁgi}%r %%HS@ 1 Fwéegtesfm debghzy]afign by

hydroﬁenﬂxlyﬁ_ﬁym@a palladiti@cbn\edaiblon adlalget il a/hvest S@Etelﬁrsucﬂx@s d:1 ethanol—water under
a hydr?g?elfnga:tljaosphere r’gllljen 8su§t{n%rpégzgﬁonte)é¥s {hel% %rolec ed aﬁ 1tsv¥?rt %thl caabamate using
BOC inhpdfide awthee rpregersh ofmbaspandecoitabigsoBehie der ¢gxaimple, hisirah bgaccomplished
ina tMBQ%%ﬁgre%f cﬁlo}cﬁmnﬁta#&e%u&%ﬁmc%n% ds oA Incorporation of the 3-

enper at ure, occasi onal at el evated 20 tenperatures,
aryl S%@u%qﬁes then BSFiPHREd R BYQ ﬁtfem Figstthaf-kalp psjerasppiteuierted to the

corres @.’fdﬁr@dﬁn}@ glfhté Dusary _F{ijﬂ&ﬂr&n@lhaﬁ@ﬁﬁﬁﬁc Anifydirde zﬁﬂ an Bébafiic bas@ like N,N-
a Z a

dusopg:py\et 1}@ 1p an NHD‘{S slgb/esltssu@ as mel{wiengc]ﬁoé{% I,?;SIF aezﬁﬁpg V1P¥1 triflate 8 is
then sillsjedtkeisb b allddpmnpeandyreé cmsmnplmgnehcnﬁn with srciryl erorfioacidupusing a

palladhnﬁ@%%%@;tég{h}é ?%Eg‘%“g g%ﬁ&fyﬁﬂgs ur a ce]pg])ﬁ%hﬁgo%glladmpﬁg) Preferred
conditigne dorithis reaetionara thewseot ame%etdi@rmlmwem@ddlum@erboam ml\@nt system at

an ele%?é&jtb&bé}%re fo? fnsﬂaﬂ&ts@rl‘@)@%}' %rr&g)eﬁ&d &l Z@rlﬁ’ﬁ{%e tin€ rR@tifk drfl-substituted
a_ sol vent ke neth ﬁ?ene | ori de or

tetrah P Te Sk e ) 4 K et o piggrje oA 9958 a gariety of known

technfq@amﬁd fhk bidethob ehmewﬂnﬁw@mﬁhe m@mreot:m@l alitddirfe oﬂMHE;Btodhict For
[ sired t oun truct raI

instanIFeS: Mcgp%e[nﬁtloz 0? é_@er alpP gzééu n catg HB? V?{S/ al%cgrag]ﬁ’ zfanol affords
cis-3.4-tisutsttufed pipdadiots of gerera Iforfrlolarj;ﬂu alterngtiely, Ndisgllving aptalreduction using

a met%%%}%%gg%&?gggg%ﬂi&ﬁangﬁ .i‘erdgceg h@ doatiéud 0%%)%(9&8&1@25 a mixture of both

cis and trans 3,4-disubstituted piperidines of formula 11. The resulting mixture of cis and trans

diastereoisomers may be separated chromatographically or it may be subsequently epimerized to afford
the pure trans isomer of 11 by treating the mixture with a base like sodium methoxide in methanol.
Finally, hydrolysis of either the cis or trans 3-aryl-4-piperidine carboxylic ester 11 affords either a cis or
trans 3-aryl-4-piperidine carboxylic acid of general formula 12, corresponding to an acid of general
formula 2 wherein r is 2 and s is 1. The cis or trans carboxylic acids of general formula 12 are produced
as racemates and either may be resolved to afford enantiomerically pure compounds by methods known
in organic synthesis. Preferred methods include resolution by crystallization of diastereoisomeric salts
derived from acids 12 and a chiral amine base or the use of chiral stationary phase liquid chromatography
columns. Alternatively, the cis or trans carboxylic esters 11 can also be resolved by the use of chiral

stationary phase liquid chromatography columns.
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nmet hodol ogy descri bed below in reaction Schene B. For
exanpl e, the N-BOC protected conpound of structura

wo eoa8so1 can be deprotected under aci di ¢ conPT/US2984/009751
for instance by treatnment with hydrogen <chloride in
ethyl acetate or using trifluoroacetic acid in
di chl or onet hane as previously described. The
resulting heterocyclic conpound of structural fornmula
Il (Z=N RlL =H may then be subjected to one of 5
several al kylation strateg¢gspkaown in organic
chemi stry to add another RI group. For instance,

compounds I[/(Z =N, Rl= H) may be ilized in a

reductiv natfhon reaction with g st abl e yl
cont ai ni a'éﬁt.svﬁ%@E_Leductl 'héﬂﬂonﬁggggg_.
achF@P&d b initial B0 i orF'®PCan ] mi ne betAriahiCoOre

anmine of f@rnula | (ZUN, R1= H) aﬁﬁ ei t her arfHCh

al dehyde o% ketone of forrmula 3. The internediate
imne is then treated with a reduciﬁ% agent capabl e of
reduci ng carbon-nitrogen doubl e bonds such ag. N£HCO,,
sodi um cyanobgiphydri de or sodium Boc Pd(dppfCl,

tri acet oxybofohydr i B 8ih an al kylfat pr od taiteng/fthanol
structur ornulé_g"“—“ﬁroduce NAU ernat iveLy, &
het ERO& cI¥{c conpound %GB st r BOOGr al Yf or mul a (Eﬁfﬁ? =
N, RL = HHO may be directly aIkyIat@H usi ng RERY 9
al kyl ati ng_agent such as 4 in a polar aprotic bH),
such as . In this reaction, thesubstituent

| eaving group, LG of conpound 4 is a |eaving group
such as a halide, nesylate or triflate, and the

product is thg-B¥mpound of strue -Niﬂoofornula BQC
N) bearing Rl 15 substituent. Bchenme B R g R4 4
R ~| EOR¢ a cMEtNBRE a BoBOC W~ 0 |, REOASR TYN Y\ X
)s NI )~ R20R2 Formul a | =N, RlL = B
Formula | [Z2Ng Rl = H R4/ ‘|R Ap, \ ~= bR4 2 a
c Rl AcOH, \NéBEOAc)SH Y\ CHCH2XX “-or- N ls/v
4 OR2 Kz@OBRsDM: Formula | (Zs= ) Ry
10 11 (trans) 11 (cis)
~BOC [:::T/zoc
Hooc™ Hooc™
or =
1. Na, MeOH RN ~N
e [ e 0 Jn
2, Aq. NaOH /Qﬁe <¢e
Ry Rs Rs Rs
12 (trans) 12 (cis)

Reaction Scheme D illustrates a preferred method for the synthesis of compounds of general
formula 2 wherein Z is a nitrogen, r is 1 and s is 2, such that the resulting heterocycle is a 4-aryl-3-
piperidine-carboxylic acid derivative 19. The synthesis of 19 is similar to the synthesis shown in
reaction Scheme C, and may begin with either of the commercially available B-keto esters 13 or 14.
Conversion of 13 or 14 to the N-BOC-protected piperidine 15 is performed as shown and the resulting B-
keto ester is subjeéted to the two-step arylation protocol previously described in Scheme C to yield 17.
Reduction of the double bond of 17 using conditions appropriate for obtaining either cis or trans 18 is

followed by ester hydrolysis which affords either a cis or trans 4-aryl-3-piperidine-carboxylic acid of
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LG = halide, Ows, OIf, etc. 20 Reaction Schenes C-O
illustrate nmethods for the synthesis of the carboxylic
w@eiodsswh7 general formula 2 that are utilizedP@TUS1904/009751
am de bond coupling reaction shown in reaction Schene

A. These -63 WD 2004/ 089307 PCT/ US2004/ 009751
schenmes al so feature nethods for nodification or

el aboration of conpounds of general formula I

Reaction Schenes P-U illustrate additional methods for

generdl RGmRMNORAR L oftEs fﬁmﬂ 6 b ARB & g‘éhgrQQOrﬂiuPan whlR S 19& mtrogen ris 1 and
eneral” formul a t hat are used t he am de bo

s is 2. &b s PR €A0erBIs acidhef gspergl f?@a%wr%rpﬂl&s% ag ra?emates and either may
be ressﬂvecb@raﬁbtmmfon@ﬁeamg lpﬁté&oﬁaﬁo@e@w Béthdd kidkRinl orgalic synthesis.

Preferf acs %ﬂ%? Hgg.\ﬂg res?lutécglntgg%hr Ezet?o & é ﬁ%x?%{%gfs?rg?r%}a{; %n]:/e?c{ from the acids
19 and/\dnd‘ﬂfal amirie base ar by the egefichiral statichagrptiase ligsid theumtvgtaplat columns. As
i& I

beforet Hl% cfs%‘? a%.sl Jalgal g ee:s@?&lt%l cgré 51?&@61 1%1 ?eéill)ﬁ tﬁ}? gg%, é)te :i:#rgl f%?ionary phase
hqmd@@@nﬁg%vwhhﬂﬁﬂmﬁnnerC|aIIy avai | abl e f3- keto ester

such as 5. Cenerally a proggehipg group interchange of

an N-BOC group for the N-benzyl group is perforned

initially. Thus (3-keto ester of formula 5 is

subj ected to dgbenzyl ation by 10 hydrogenoly3|s usi ng

a pal | adi um opngaddoon catal yst in a u.FVBnt system

such as 1:1 ¢t hgnol - magamxunder ogen (BOC),O

at nosphefRc result perhgereNe i s t
protected as ilts tert-8 It carbanat"

usi ng"% BEXC0s
anhydride in the presence of a base and a suitable
solvent. For aganple, this can be acepnplished in a
two phase m xture of chloroformand aqueous sodi um
bi carbonat e as shown. Incorporatlon of th@qamcagyl
substituent i#8Cthen performed in t (%tepswwﬁmcgt t he
P-keto estef gnoup ﬂsodmﬂwerted t e 15 toluene/ethanol
cor respondj

trifl JdPFet anesﬁlfon?c anhﬁ@PP nd an o?izjlf base

i ke N, N- diiOsopropyl et hyl am ne |n<ﬁﬁ apr &fiic sloBvent
such as nethyl ene chloride. The resylting vi B(OH),
triflate 8 i then subjected to a-palladiumcatal yzed
cross-couplipgcreaction wth an argdc boronic aC|go¢9)
using a p ium (I1) catalyst
[1,1' - bi s(diphenyl phosphi no) -fer[oce e]dlchlor&é;) adi
un( | 1 )Eo®gefefred MemePti ormodasr i s T ec@9aSh

the use of oluene et hanol - aque sodi um car \\ate
{ 20 an el evated |f edbgrature, fpr__R

sol vent sy Qe
i nstance 505¥&§0C, for a period of¥2X24 hours.

resul ting &bylRsubstitut ed tetr@hy&kopyrldlneRs
derivative 10 can be reduced to ridine su

11 using a vg}lety of known tecﬁhﬁgﬁgs and theiﬁéghod
chosen will determ ne the stereochem cal outcone of
the product. For instance, Bhydrogenatlon 10 with a
pal | adi um on-car bon cataly fN'n a sol ven ch as

et hanol af f orgg, mehs- 3,1% Ssubstitute Ep(;jl di nes of
general for ernafi vel yor a |SS@'V|ng net al
reduction using 25 a netal| ch as magneStymin

met hanol , reduces the doubtech®nd of 10 &psPfoduces a
m xture of both cis and tmans 3, 4-di subgd i Bt ed

pi peridines of formula 11. Tl g resultlng1g1 ture of
cis and trans di astereoi SONEPS may be sepa at ed
chromat ographically or it may be subsequently
epiinerized to afford the pure trans isoner of 11 by
treating the mxture with a base |ike sodi um net hoxi de
in methanol. Finally, hydraqlgysis of either the cis or
trans 3-aryl -4-piperidine carboxylic ester 11 affords
either a cis or
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general formula 12, corresponding to an acid of
w@eoensd3o7 formula 2 whereinr is 2 and s i s 1.PANESWOE009751

or trans carboxylic acids of general fornula 12 are

produced as racenmates and either may be resolved to

afford enantionerically pure conpounds by nethods

known in organic synthesis. Preferred nmethods include

resolution by crystallization of diastereoisoneric

SHiets?nthaﬁrdf vedv- BOG)’prétédtﬂScaﬂlﬁxyﬂﬁdlcﬂs ohgenherl farmhule 1Darle 9 illustrated
in react&% §cl£1,arfl%s%re%n%fD z(l:rg Igge?%llfér an tsprg&%%rtyeo}l rc])g ?ﬁ qm)})%ul%cﬁ of structural formula I (Z
=N) beariagis vamtyblfﬁ}l sistigentersnddd abave. dlos the lyenthessof veednb;tletchmpounds of

fi ?*}blf tancg Hetirel B8 2 id il AHORO1BELY

suucrabd® forflt 1105 aneS WK PRALMRBARPE ¢ iBtael] pETRO IR ARLGRMup. i
preferabjerqo mpprpp;pte it Rpgntetifenyat any @rhiey stege ofthocntipsi he gynthesis of a 1-
substltlﬁécgt)ge erﬂﬁi@%rhoxghc( ckied wmmrﬁn r@acﬁorpgohelh@ﬁo%nmary amine 20
bearm@ 521 ﬁ& 3 teyt %utgP@oW I teq_ ng ?%gle %Fr@gv)gutyrate at elevated

temperiNB£aGn tHBGRsehte. dB@Solvéait m)ﬁfdhdgthe MexObitifiteDdéth i Ghobi3rate-21) The amino
ester ig%n a%ﬁ@ﬁ%ﬁtiﬁ% rwﬁx. etl}lﬁgl?r%%}g%{a%qa)a h%%\}\gﬁfn%ne&vﬁg%t such as
toluenemd iNchOprepenge-gf dpaR3suRly a®wagred potassium carbonate. The resulting aminodiester
of general formula 22 is then cyclized using an intramolecular Dieckmann reaction to afford a piperidine
such as 23. The Dieckmann reaction is performed using a strong base such as potassium fert-butoxide or
the like, in an aprotic solvent such as THF at temperatures between room temperature and the boiling
point of the solvent. The resulting 1-substituted-3-ketopiperidine-4-carboxylic ester 23 corresponds to a
compound of general formula 7 shown in reaction Scheme C, where the BOC group is replaced with the
desired R1 substituent. The compounds of general formula 23 may then be converted to compounds of
general formula 2 (Z = N) where the R1 substituent replaces the BOC group using the reaction sequence

illustrated in reaction Scheme C.

Scheme E
R Heat R BrN_-COE!
I + Et02C Br " N EtO. C/V\N/
NH, s 2 H KaCOs,
toluene, heat
20 21
R! t"BUOK, N/R1
Et0,c7 " N7 THF, rt
EtO,C
Et0,C 22 1

When it is desirable to synthesize a compound of general formula 19 wherein the BOC group is replaced
with a substituent group R1, a reaction sequence similar to the one illustrated in reaction Scheme D may
be employed starting with a compound of general formula 15, which may be synthesized as shown in
reaction Scheme F. An amine 20 bearing the desired R! substituent is first subjected to a Michael
addition with excess ethyl acrylate in the presence of a solvent such as THF or ethanol. The resulting
diester 24 is then converted to a 1-substituted-4-ketopiperidine-3-carboxylic ester 25 using an

intramolecular Dieckmann reaction under conditions similar to those illustrated in reaction Scheme E.
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5 12 (trans) 12 (cis) Reaction Scheme Dillustrates a

preferred nethod for the synthesis of conpounds of
w@eoensd3o7 formul a 2 wherein Z is a nitrogen, rrP¢EUS20841609751

s is 2, such that the resulting heterocycle is a

4-aryl -3- piperidine-carboxylic acid derivative 19.

The synthesis of 19 is simlar to the synthesis shown

in reaction Schenme C, and may begin with either of

the commercially available (3-keto esters 13 or 14. 10

The subtiM& p?f)é?ﬂm%gé l*ghégf)on@léf td @co‘iﬂfx@uﬂﬁ'o@g&eﬁl %rﬁrﬁlaqg shown in reaction

pl peridi ne IS fornmed gn d? ul ti 9
Schemp D! ebargin S IC BB T TASC L e LRaret R Wby P8 porpppinds of
generapﬂbﬁfuﬂﬁ? 24 mRy B¥h Bikohyerfde $CEdntpotnds O @hbﬁhﬁ)rrﬁillh @ whieltitk R7substituent

on of .t baopd of .17 nej tions
replaceﬁﬁ:?r%é# ﬁ‘%&’f’%“ﬁ“?ﬁtg%’r}i‘?tg‘f’éﬁ??% THysFrRied 1nc]freasc 18? h%%n? 18 is
foll owed by ester hydrol ySchemedi ch af fords either a
cis or trans 4-aryl-3-piperidine-carboxylic acid of

-65 WD 2004/ 089307 PCT/U82004/0097§} general fofrhul a

19 whi ch, cofipgsponds_to an aci g of eral for a2
mherern.ZrMo@@?ﬁ%g%anﬁ—»’ ks 2. The dis
or tran¥Hzarb®B®%l i c aci ds of Jgeneral for
produced as r*at8&mates and efther may be resol ve
af ford gmanti omeri cal | g4 puce,etonpounds by 38t hods

knomP in organi c synthesis. Preferred nmet hods i ncl ude

.re ut iQ cr all.izatio i ast ereqd rd

Reactlglbg%gma erﬁk‘ﬁg%tef ?%()tfﬂttﬁgﬁ éor & sas{lllg 59 cqtu éugldg % %%g%}ﬁ g?n&ﬁléa 2(Z=N)
whereipalseevaties by anth e argseleaéd subh thail the testlfimgmtepoqybla dsen 3-iugjlr-gyrrolidine
carboxglﬁg g&?@ﬁﬁqgﬁtﬂg&éﬂ ¢ ?héj {%rre(fﬁ\ethp@ fRbR 'syﬁtﬁlﬁls(b'f Eorﬁ’[{ouﬁdsa!ﬁT $eneral formula -

Ic e can al so be resol ve he use

31 invelvesdhe rzame@tnaﬂ/ 1@) ?\Ja% gyclopdditéon rpacon of a@ﬁ?‘aﬁ@‘é‘r@%}’l&d&’rwmm of general
formul‘éQ|7 ‘dﬁﬂ‘é‘ subWENBinkdmit Effer26 HThdNhzotmkthinklcyi{dadii@ion 2déton of 26 and 27

affordﬁqeﬁﬁ di%lbsfl:gutidz'pym%lfﬁggg @13& the R%%@eg&c@%@r&?&; o%t[lfe)igbstltuents on the

newly Bbrinéd pﬁl’rd]ﬁﬁre/rﬁg halReimindd kKt 0OSe€bth2hRirFoOCdRDlNbhd REthgcinnamate

ester ggT fI‘hlllzesathe }rzz(ns ester 526 a@fo?c‘sg_tl)a%s 3,&%5%%ecﬁ§r%idine of formula 28. The

corresponding cis cinnamate ester affords a cis 3,4-disubstituted pyrrolidine of general formula 28. Cis

or trans 3-arylpyrrolidine-4-carboxylic esters of general formula 28 may be resolved to afford
enantiomerically pure compounds using a method such as resolution by crystallization of the
diastereoisomeric salts derived from_28 and a chiral carboxylic acid, or directly by the use of chiral
stationary phase liquid chromatography columns. Reaction Scheme G illustrates the case where a trans
cinnamic ester 26 is converted to a trans 3,4-disubstituted pyrrolidine 28 and its subsequent resolution
affords the enantiomerically pure trans pyrrolidine esters 29 and 30. Finally, the esters of general
formula 28 (or their pure enantiomers 29 and 30) are hydrolyzed to the corresponding amino acid
hydrochlorides of general formula 31 as shown at the bottom of reaction Scheme G.

Amino acids of general formula 31 are zwitterionic. Therefore it is in some cases
difficult to achieve efficient separation and purification of these compounds from aqueous reactions or
workups. In these cases it is preferred to effect the hydrolysis using a reagent such potassium
trimethylsilanolate in diethyl ether. Under these conditions the potassium salt of the carboxylic acid is
produced which affords an easily isolated precipitate in ether. The resulting salt is then converted to the
corresponding amino acid hydrochloride by treatment with excess hydrogen chloride in a suitable solvent
such as ethyl acetate. Alternatively, esters such as 28 may be converted directly to the amino acid

hydrochlorides 31 under acidic hydrolysis conditions. The hydrolysis of the ester 28 is achieved by
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R3 R3 19 (trans) 19 (cis) -66 WO 2004/089307

PCT/ US2004/ 009751 The synthesis of the N BOC

prot ected carboxylic acids of general fornmula 12 and

19 illustrated in reaction Schenmes C and D are usef ul

for the preparation of title conpounds of structural

prolofigad fﬂd&tﬁm|Wiﬁ12:on&nﬁ*atecb?@|idcﬁﬁ>rié‘ aéé@ﬁti at%tﬁlévﬁf:d itg%mer_ature. fFor example, this
Qve. or e syntnesis o

e R B b S kb s g s e
cooled melteammeatathe madub to sfale telathotadithydrotiotidel 310 J8H ardind addd
R B O gy B RLER ol REIEELEN 2 o
=N) \gl}emilh.b@h sandTyaee &onk ngsbe.gngpioyai directly in the z_imide bond coupling step illustrated
in readtié Sehdntél £ pRodtel ARIBEH i élfé'ﬁ'g@s%}PtQMml&l &%&&Jtlérélzfgx)mula L

is shown in reaction Schene rimary am ne
bearing a desired R subst3ohgmet |jke a tert-butyl
group is reacted with ethyl 4-bronobutyrate at

el evated tenperature in the absence of a sol vent,Rfo

afford the N-substituted ethyl 4- am nobutyrate The
amno ester 21 is then al kyl atﬁbd aZecdmd.t | th
et hyl brofpacet at e B°n a ¥e;8k _boil_iodtei nert | vént
such a010 ol né<\angl i-nthe presence of a%h such
as powder ed pot &ssilifh car 8G&RES CHIBe resul ting~ ——R®
am no%_'gester of eral formula 22 is then c Nzed
usi ng=an intranol ecul ar Di ecknann reacti®n t R%ffBrd a

pi peridine such as 23. The D eckmann reaction is
performed using a strong base such as potassium
tert-butoxide or the like, in an aprot,@ sol vent such
as TBF at tenperatures between room tEnmperidtiure and
the boiling point ofkddnes,s@loeriO e_resul ting
1- subst i t ut ed- 3- ket epi@andat ne- 4- car bokyl i ¢ ester 23
corresponds to a 15 conpound of geﬁ)er gixformula 7
shown in reaction Sc:he;ir?"{_lg| where t he i
replaced with the desited R S%thit eX(t. The
conmpounds of general formula 23 y R*henBbe converted
to conpounds of general fornmula 2 (Z = N) where the
Rl substituent replaces the BOC gropgp usi ng the ;

7

reacti on sequefice illustrated in action SchenE/RC.
N[ ~
SChem:K‘/Ieg 2 H%@&aratd Rl&eowa MeQ

isomers
——————n

or

o chiral HPLC o) 0]
/\.\ 3 /\l 3 —l 3
S R S NUR R
X RX
28 "3 RS 29 R3 R3 30 R3 R3

Another preferred method for the synthesis of enantiomerically pure 3-arylpyrrolidine-4-carboxylic acid
derivatives is illustrated in reaction Scheme H. In this synthetic method, cinnamyl oxazolidinones of
general formula 34 are readily prepared from cinnamic acids and (8)-(-)-4-benzyl-2-oxazolidinone using
published methodology (Ho, G.-J.; Mathre, D.J. J. Org. Chem. 1995, 60, 2271 and references cited
therein). The acylation of chiral auxiliary 33 with cinnamic acids of formula 32 is performed by initial

activation of the acid to afford a mixed anhydride. Typically acids of general formula 32 are reacted

* with an acid chloride such as pivaloyl chloride in the presence of a base such as triethylamine and in a

suitable aprotic solvent such as THF. The intermediate cinnamyl-pivaloyl anhydride is converted to the
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| + Et02C~,Br Et02C N' CO 2 H 2 3, toluene, heat 20

21 ~Rl1 t-BuOK, N~R1 Et02CT\N THF, rt Et02C) Et Q2C
WQ200p/0280%hen it is desirable to synthesize a PONPS2N€009751

of general formula 19 wherein the BOC group is

replaced wth a substituent group R, a reaction

sequence simlar to the one illustrated in reaction

Scheme D may be enployed starting with a conpound of

general formula 15, which may be synt hesized as shown

produci B4y réa&ﬁ@ﬁ WElﬂth@ék‘a&BEdlﬁoneﬁB ifdE Bx%se%@e Qﬁﬁﬁlhﬁ%hfolﬁﬁe an amlne base such

i r.ed n i,rst subjected a Mch
o bR § b el ST PRt horEhge D Gamrcabry between -
20°C ancbobm&mﬁpesanﬁdﬂ faaperidde oD I-2&hdiad Q‘klterﬁﬁheely @Rdibdakdli@linone 33 may be

depro%lr@é%@ th %éttrén bﬁ&%ﬂ%hga%r}l\rgl)e rtyllllgfglum 1 C ar ytf:ﬁnger%tg{eé FHCE @s ~78°C and
then rgagted gy lﬁlrfl mixer grhydride obtamed Bowekid@ and @eacid adhtorida dike pivaloyl chloride as

noted‘&Q(Wé' Th@&ﬁna%{_y%;ta%hcﬁl%/n% gg%e%%ﬂai Ff&_ LIJEKS%% 8&1}0%8 %@&E&r&pelther of these

meth@érﬁ%thﬁ trecef Withde pepmeehinesylidpracas o ds 2 mgneer sigtlgbiernt déscribed in
reactigieSehemb Gf adthe grodiftsSIT @M edchok ﬁ@ﬁfels%tltuﬁﬂ%ff@hcﬁ}les of general formula

[ NEE R TR I

and 37 bre diaterecivomes diwich othercun oiay derefidre beseparated by standasl Rethods such as

recrys\f?gaﬁ%l% ﬁ%&/ Iﬁil]ulﬁlénl%Ha{o Efg é?%t%?lgrg gﬁﬁng ! g}ﬁ SLOUR uéi A& ussed
abovegH therfeanispaper q I}Blfgqampq acpi]_of Eereptfornuig30 Mnﬁgby'ﬁﬂ{ﬁh the first step of
reacth'gchanQH kn d HnshsdahdPéEind Qubgt‘ftu@@giﬁhax%ﬁ ol D8RR is }%roduced If

hene G|I .ates strate t'he synt hesi's
such 3016% SiAaay &xazﬁéﬁlifg?lgps %551 ﬂme&teg ¥ct the azoRbethnwyélfi &y§oadgigion with an
azomatiiheI @l plécul"soﬂdsﬁfoﬁmﬂﬁ Z7, gelpeaiuasl as Wehlidshadoidohrié S#aml disi@tituted

3-aryl-4-pyrrolidine carboxylic acid
pyrmlgg%e%r&%g "??&?%The preferred method for the

synthesi s of conpounds of SehewmeHd fornula 10 31
i nvol ves the azonethine ylid 3+2 cycl oaddition

reactionpf an azgiret hi. reaiyd dhidriay ecurﬁor f gener g‘la
f or mul g /subst FeNufdd ci nna , e
azonet hi ne cyc |o % i 9pKeactg on o ——R3
w X, Lo, PIR X
== R THF Q7 “NH R®
\ { PhH 34

33 Ph

R1 27 \\l /F{1
. l / \ N Separate
Me3Si N _-OMe Isomers
CF3CO5H, R3 chromatography
CHyCl, ©c 0 ~ X
__R3
x \)
35
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affords the 3,4-disubstituted pyrrolidine 28, and the
stereochem cal relationship of the substituents on the
woenmkpsg3or med pyrrolidine ring i s determ ned bRCT/K82004/009751
stereochem stry of the double bond in the cinnanate
ester 26. Thus the trans ester 26 affords a trans
3,4-disubstituted pyrrolidine of fornmula 28. The 15
corresponding cis cinnamate ester affords a cis
3,4-disubstituted pyrrolidine of general formnula 28.
Cis or frans 3- qrylpyrrollahne 4- carboxylic esters of
general fgrnul a, 28 nmay be re§b|ved fb af ford
enantvonquc pure co g a method such as

resol stallizatj N o

dlastgﬁ$gﬁ§ | ¢ saPPS deffivell from28 and a chiral
car boxy®i c Qacitshy< or directly b@ ycuse of chira
stationary p asélh?qU|d chronatogigghy col umms.
Reacti on _Sche ké illustrates th se where a trans
20 ¢innaRfc esteR® 26 is condrted t&®a trans

3,4-disubstituted pyrrolidine 28 and its subsequent
The azcsrﬁ&mhwlidwyclo@cfdﬁtmhdéacﬁ&ﬁ sBoValTh irQ0BEH Sohbihds (P bideH h@@e&muy

conducli b Cpgpeiy'S nga?{srazwe ipe e Ve R @Dy Bk,
(trimetigdyilymeshyRypneilymisei 2 R s - eWb@h‘(hP RS s@hwwema@;mg title compounds
of stru%l)égltrfgﬁltul 1E glﬁ)%elptfo rkljg Egﬁﬁxﬁéthéqhﬁgkeﬂ Oﬁ ]1t @ re%raﬁl?% remove the

omo reaptlo ener
benzyl groppriipa tgsubstisutodpirobiding ernapounthis this mvét md rpEadeni withpgemore readily

remove@%%ﬁ&:tlgé b gdcﬁ ldé ﬁn N—‘BO@Cﬁb@V Q{eﬁétfoh Scitle ISRRBABS t'hﬁrﬂ)r&@Q with a
fica |0n

ueous reacti
generalfged 3 e phps o hyriofgeeofGeBts 5 The? TR TR e Lpt the N-
benzyl gloap h‘yﬂrcohlp&lnﬂs bﬁgeﬂ@aléfoma@mblllﬁﬂpﬂﬁd REdradS ideFity of the R3
substltuen{sgﬁttaéée subfﬁﬂgntsa L& € uréa@f&%ecg%abihl?ydroge%aﬁlgn 8%{{&‘1@% lttl}egst\'féec Benzyl group
may bej rgmmpd by bgcgrdgenhlyuhusafgfmaﬂgilmoe-ambblycat@)@t mtagsdlvent such as ethanol and
in the p%s@&:'e R Lﬁfr@geh ?as%rg%ldrogeggloﬁ&%wht ds @M@Acﬁd '(ﬁ:c&slﬂﬁxglly it may be

convert ed respond INng am no ac

preferrqa%@t@eﬁ p%t}aqa g@squer{ts( ‘r@qﬁsl}ﬁogw pqgnggbgr&@ﬂﬁw} @ggqafi above which would
be reactitd @fdbﬂ@rdtdge@nﬁ#bdnaﬁlbﬁs IR0 e dascBOthS b&ﬁpoaﬁd &tgeﬁ(éral formula 35 is

at.ivel esters suc
reated 5 G iy ISRl 1 M ST ST LO b FEPGLIPBE e bevveen
room tSdpetancte andaldOtT Oihfgdr, BlA/ st &. £ angliGHean84, o208y 1l r’ﬂieysluale is then

removegﬁ}l%zrg%%%daﬁégef% Ach r%Y o, %Xnod' q’%S \e@n‘gr?\ﬁ 4é/ 28,9, product is the

rol onge reac
debenzglaid epreligined! Bgngrad ’éqglm@lp B8 g’gh,q rgs@;ngmnghcbm@a then protected as its tert-

butyl cﬁr@ﬂﬁﬁé BV Eng BOEC aﬁi&@ﬁ&l if thelpdsence b€ QG?ISE QﬁH J@Yta@@ solvent. For example,
onducted in 8 M hydrochloric acid

this Ca‘b\’Fe‘}“ﬁ‘i’“@?hShed?ﬁé BRSO SIEOIPED HaHueops e bigbonate 2
ﬂmwnﬁMﬁﬂﬂbﬂSﬂﬁnhﬂ vacuo to afford the amno acid

o RSPy T o G Rosd B PR ARS8 offenerat formut
39 as shoypdr 2 ¢liel bottond of whctips iSelreale If Ehmbldaolﬁsm(rZacﬁomsN):cmﬂpéas}ed msing lithium
hydmpafas&@ g%@ﬁged%n 8 Jm ﬁ!ﬂﬁuﬁ@ﬁﬁ%ﬂe%@b&% %&he%;fgg B %e@oﬁ&e The

coupling stepillTustrated “1nr
reactiogispnieallx corslugied i verey S ish neiaauepust . prddbereaction is performed at

temperhtmee Bétivedh OC asid fdéﬁit%@ratﬁ@ rfml | Rribd ofacmcm?s G"hBlesumn cdRboxylic
20 M0, B 3Sh e N QB B0 2L O R G ?
acids ofgeneral formula correspond to oxyhc acids of general formula wherem 1s nitrogen,

and both r and s are 1. Using the methodology presented in reaction Scheme A, the compounds of
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26 R3 2g RR3 Rl s N- HC 1) KOS Me3, Et20 HO 2)
HCl, EtOAc 0O or RB Ag. HC 31 R3BRs RL 'Pi /R N NN
WG eansase’ MeO i somers MeO MeO\ ~~~,. 0 chi r al P&IPLI2004/609751

or 0 R3/~R3 R3 10 28 R3~\ 29 R3 R3 30 R3 R3 Anot her

preferred nmethod for the synthesis of enantionerically

pure 3-aryl pyrrolidine-4-carboxylic acid derivatives

is illustrated in reaction Schene H In this synthetic

met hod, cinnanyl oxazolidinones of general formula 34
generaﬁfo%n&l@@hlh)y thBs Bk @ik cbmiptandsCof @@ pidseifhention of structural

- 4-benzyl - 2- oxazolldlnone usi ng published

fonmﬂﬁézﬁoallogy (Ho, G-J.; Mathre, D.J. J. Og. Chefs.

1995, 60, 2271 and referenﬁﬁamsited 15 therein). The

acylation of chiral auxiliary 33 with cinnam c acids

of formulf& 32 is_performed by |n|fPaI activation of

the acid ﬂ% affg?d a  nilxRse, anhydrlde Typj cal Iy acids

of gengra\ fo a 32 aF@react éd \ with 3n acig,

chl ori pi val ayl” chl orfee™s

a base sgchgas ethymamuwe andg n

aprotic solve Bgshtﬁg‘TﬁE The i nt erfrfe

ci nnanyl - pi va mded@mls convert

2004/@ﬁﬂﬁgmhﬁ@T/U82004/009751 pro®uct 34 by reaction

Wi th the oxazolidinone 33 in the presence of |ithium

chloride, an anine base such as triethylamne and in

a sol V&nt such as THF, and the reactlon I's conduct ed

at tenperatuy between - 20C a m tenperature for

t

perfods of [ 1- hours. Alt &P y, the
0X Ml 33 dﬁf*ﬁgz depriot onatged wWith a strong

base lsucli ag_m2but yd.Liothi um i n hat | ow tenperatures

_ Wi a nixed anhydride
obt ai ned f Q§a0|d 32 and ap acid ghloride |ike
pi val o3d chl'o&§ de as noted above. The ci nnanyl
oxazol i di none of general formula 34, which is produced

As no@& 1%'&/1%5%%'; 111Qﬁe &151:%§§ons WRLRAS Schetnel BRRA Fe@ﬁlﬁﬁgcc&\dl&ﬁllﬁ Bpreferable to
precursor 27 in a manner
1ncorppﬁ1§t th@%& g}bptbtgfalt ill’ﬁo the substituted pyrrolidine of general ormu{aao at an earlier stage of
the synthesis, for instance when it is desired that R1 be a tert-butyl group. In such cases, it is possible to
utilize an azomethine ylid precursor (27) bearing the desired R1 substituent in the cycloaddition reactions
illustrated in reaction Schemes G and H. Reaction Scheme J illustrates the preparation of azomethine
precursors of formula 27 starting with amines of general formula 20. Reaction of the amine of formula
20 with chloromethyltrimethylsilane at high temperature and in the absence of solvent affords the N-
trimethylsilylmethyl-substituted amine of general formula 41. Subsequent reaction of 41 with aqueous
formaldehyde in the presence of methanol and a base such as potassium carbonate then affords the
generalized ylid precursor 27 which can be utilized in the cycloaddition reactions discussed above.

Scheme J

37% aqueous

R Me;Si~__-Cl 1?1 formaldehyde ||R1

I .

NH; heat MG3SI\/N K>COg, Me3Sl\/N\/OMe
MeOH

20 4 27

Reaction Schemes K and L illustrate the synthesis of the novel compounds of structural formula I (Z = C)
when it is preferred to effect the amide bond coupling step prior to incorporation of the basic substituent

R! as mentioned above. Reaction Scheme K illustrates a preferred method for the synthesis of
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reacti on Scheme G and the products of the reaction
are the substituted pyrrolidines of general fornula
wW@204/8830¢h nmay be separated into pyrrolidi nes BET/US2004/009751

general fornula 36 and 37 as shown. The products 36 10

and 37 are di astereoi soners of each other and may

therefore be separated by standard nethods such as
recrystallization or by liquid chromatography on a

stationary phase such as silica gel. As discussed

compandy ef strututahformiila D&hich efBloyd pibdRlireiof Batal forhiel 1@hd a cycloalkanone

LT RN TR TN o —
formuda handi thmﬂmxﬂimw fforomhza| a'redﬁimm&plé’dltoiaﬂ’oﬂraadmgfe%f g&lgaral formula

: sle i di .S _then su cte .
B AR AN 00 OO i
Scheme A nEha R habgtitnent (R lee NRIRY) nesty thesrheuncarpRmfedtah the ppodercdfshe carbonyl
groupd¥ Qerfdthirl ASARE ROINRIRA kéachdrARiSh aring Ptk Ad ?Q&}gla 44. Typical

pyrrol idi nes rel a&ed to 36 and 37. Scheme H O I~
conditgh 5‘?’?6%’?“% Fshiageducyegnpaation incfyde prefqrming an jrpjge 4% fiomdetone 43 and
amine2i4 fEHBNA bDrellu@iondf tH@linterﬁlediBteTﬁi;ﬁlle\:l @itNH;—:dﬁrin@ Az saéél': a%%ocfi’ﬁ‘m

. X rat.e 3Si... [N S S | . .
boroh@@%&éﬁ?g#gﬁ%@%@ﬁg o I\églu tflhqet%l%}%ydﬁ%ﬁog@at%of. t(ge intermediate
imine 29 4o/ o8 GO PiRGTinS20DaiHIDTRS occBtsptitarRiusly iRkolufidrr ifRBay be
prom@éﬂdviﬁ%‘é'gélws s_ucB_aQtithiQn/ (f\Q ish f&goiidel, inRolval sﬁ‘l a§ Zneﬁal%nc;ll_ rc])re with
oa al tpl snown I n

azonet hi ne ylid, cycl n reactlons

anhydpous pRERSHUS HE R & logsiernH Ehedommatien of thyiminestideipeenillyperformed at
tempetangesienyeen 0f@iddythanfil @Rb&a@TalcibRntyhddtledly GF Hod Qe mperature.

The erhé H)%a %)r(l%ggtishéélngrﬁlll\}lf- allowed to proceed to completion over a period of several hours to

1 day prior to the reduction step which minimizes the formation of secondary alcohols formed by simple
reduction of the keto group in compounds of general formula 43. The intermediate imine 45 may in
some cases be isolated and purified, however it is generally preferred to use it directly in the reduction
step. The reduction of the imine 45 is typically conducted in an alcoholic solvent such as methanol or
ethanol at temperatures between 0°C and room temperature, and the reduction is generally completed in
periods of several hours or less.

Scheme K

EDC, HOBt
NMM, CH,Cl,
R7
HNRTR® 44 N—R® NaBH,
Ti(OiPr),, MeOH ( or
or N ) NaCNBH,
MgS0;, CHC, s or
Na(OAc),BH
45 o R | a(OA)s
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(trinmethylsilylmethyl)-benzyl am ne (27, R1 = - CH2Ph).

When the Rl substituent in the title conpounds 5 of
w@reowosawal formula | is chosen to be a group PCTES2004/009751

than benzyl, it is generally preferable to renove the

benzyl group fromthe substituted pyrrolidine conpound

at this point, and replace it with a nore readily

renoved protecting group such as an N-BOC group.

Reaction Schene | illustrates this process with a

gener akt zed 3, 4-di substituted pyrrolidine of formula

35.“{Q§gpr§ferred met hod for renoval of the N- benzyl

grou - conpognds of general formula 35 will depend
upon® ¥kgci dent i ty\aksthe R3 10 substituents. If these
subs\ t S & naf f ected by hydrogenati on

condi i

th Ee N- benzyl group may be renoved by
hydr ogen ' i g a pal | adi um on-carbon catal yst in
a solvent sugh et hanol and in the presence of
hydrogen gas or a hgdrogen donor such as formc acid.
COccarmoned (4 5C.iR =N )be preferred that one of the
substituents R3 be a hal ogen or another substituent

Reactid@ Sciae IaﬂlﬁMfatéMalpﬁdiferWduﬂldd‘lod & thesmtheMEoflbddPbunds of structural formula I

@=JPdERTD Raieati S fotpl R ARG Bl GR C Ry

carboxyflic acid b gamatabformula A6 antbe parsets netht amidebombcauplingssrep. dhe amide bond

coupl?%g@ﬁ Béa%n%ﬁpgﬁh\éqgﬁd C%Q&gé &@%@héﬁ%@g@lﬂrs} M%B’éi ing a
carbodijyaide wpgsahkke EDE gomete tb@\?@eplma ardeseribed alivel oeby any of the other

methdd€ adsibell i KB URARGbN fR Feadtidch@nt Af Tﬂéh}lﬁlg)xm ﬁlﬁtztgﬁed #fide 47 which is
rrolkidine o

0 s the |, at ed
Pr"d“@"g‘d%ﬁ’ﬁ’i‘ e ety medingd ETRgISF RO sytsiiiventaipssnd in the dte
compbindnofisirottant ends I (4 S Ch.es t'arlehlj(ttyhetlﬁkﬁlﬁ Eﬁb"mite tl(o%ékﬂléﬂ Ilm@gamc

synthg ag%h ¥1dr Itg (?nclmgo}a eechggﬁ %qctuen orﬁxés agg g}l,g‘ygrgﬁ\é &rouﬁ gcompounds
of gertewd.) fthal@é_ may be DEdlgéd uﬁmg@r\/@ﬁ@v’ m’ mettiodsdo affurd cabatiylignmpounds of

genergif&ﬁ{u Qﬁatlﬁe #e2u tlﬁgﬁé@&nh&s Bfgéﬁgfa%nﬁﬁg @?ﬁxﬁ% ’glre P@converted to the title

oxazol idi none chital auxil I'S next
compyngpl Sﬂéctbv} fosmpla Hes vaw@éh@eévc% ARRRLON Ig@hcalélegwbmn reaction
Scher® Kt he bottom of reaction Schene |. The hydroly3|s

ct [ d usi lithi hyd de
TSR T R Ta 1 P Ch RS ARG of Scners formala
47 in aﬁ‘ulmgarsa ]v@ndmm:ge reagin@Xukaigamal e CABungeSIC oW/ C.HS; Hidai, Y.; Kan, T.
TetraﬁeyipdnCL% ]}?B'E,%‘}dg%tl %ﬂ séq:aen%e thX%H En 1%Xc§1fog @cl’?éﬁi%lit 3% this method for the

ueous eacC
synth«tsesnaé reapvel e permnounds @‘mmﬂ rf@m\iift IdApef)athg ingerfopdtiatg hydroxyl-

substﬂ%d' d?éio&lfql&n nfde B9 }érr&tcteam?th%Qslﬂcllﬁﬂlﬁgelﬁa{egﬁ%ﬂdu@e of8fchd$! formula 48 in
éﬁe&gF ormul a 40 corresg to carboxylic acids
the P%%ﬂn@ EinapoonRiiopRhing 2nd gihazodicss %yﬂ%e TrgPotehas i Bl igaction is
perforimed irdla suitalsle ra:lirotld.l&ll\légt dubteasrrehdend %m@y of)fe&ﬂ@ﬂidhdaﬂ Bypically at room
reactj Sc A oun
empdsiS 58 oA s ol DB 10 G Popisy ThePeh oS fatgton i the
secontldrg A4 blanigoruzenesatfonamided gemprgh dermdk 49f whiblempy theebd readily converted to

a title cBPﬂE(ﬂﬁh gf]stﬁlfctuﬁ{l 'f#%hﬂ@‘:@ Cf) %g# %{H g{ Tﬁe B@I’pr%ézﬁla@g%a%sulfonanﬁde

groupgs @ycp(gplgghe@ﬂ I8RcHER ﬁg,gp_ ngl egshex3 bage likqgar-poopylamine in a solvent Tike methylene

chloride or by reaction of 49 with a nucleophilic reagent such as mercaptoacetic acid with triethylamine

in methylene chloride. In either case the reaction is typically conducted at room temperature, for periods
of 5 minutes to one hour. An advantage of the Fukuyama-Mitsunobu reaction sequence is that the

stereochemistry of the carbon atom undergoing substitution is cleanly inverted. Thus if the hydroxyl-
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/| | chloroformate, / -1 3 CHCI3 R3 toluene , R\J3 2.
MeOH, heat 3 35 (Rl = CH2Ph) R3 38 R3 Ph NBOC NBCC
woid0d/od606 H2O2 3 O O R Ag. UGH, 0 R 3 R3 THEPAT/US20R4/809751

\J g0 R3 5 39 R3 As noted previously in the

di scussions of reaction Schenes E and F, it may

occasionally be preferable to incorporate the Rl

substituent into the substituted pyrrolidine of

general fornula 40 at an earlier stage of the
substltﬁtydl&}bﬁ’)‘il'kﬁlamfda 47 i1m§1ﬁgl£ﬁasmeﬁsdlﬁer,itﬁendm[i»rbdmit 49waill tela sbgle
dlasterﬁ(%lﬁqrr'eg%lg Utﬁlészlg oﬁ r?ic,épo )}Fl Hlbc:i@ei zgrfﬂél%tlgc} 3 gdrfilgclrl]lgsle? i r2action Scheme
Kwhmﬂn@x_mrdty aﬂordsmabmkuuteuénplmenc pivduaty cl oaddi t| on reactions

]’91#]3 Je!:dﬁ?&r? Q'tnﬁlg o!f ﬁ)rﬁ‘ﬁﬁcf it ﬁ@ hq\q[ FﬁR’f? sﬂ&% i rea%ﬁﬁﬁ‘iéh@ﬂe L may then

ustrates e pr eparation of azomet
be furthgr synihesionlly reddiffedraging a vmetis efapathady kngwmin qFgapis symglesis to incorporate

other eﬁf%ﬂ(ﬁfnt@llﬁs Bfl:»]llh@llg ﬁlbtgﬁtu?ﬁeﬁ&tl?ﬁa{hlc@ faI ct)ﬂlﬁo@tmof' arfurdl o6riMlad (z = ©)
C y nme silane a
where R it i Bl 17 TGt A BN S0 Vidhir AEprogfefe sldpyde orketone
using the ccﬁlﬂiﬂbﬁh&IeEk;tibSdl in)&hiﬂiﬁblil&dheﬁlbl B tAlterttatick 1 micodpaind gésiacakal formula I
ct i .ag . -

= ¢} B8 it P EFR b SR BPeiooh e B AEER R s o conitons
descrl@dmeasmpﬁcmgsll?um carbonate then affords the 15

generalized ylid precursorg.gemayhi ch can be utilized in

the cycl oaddition reactions discussed above. Schene J

37% aquequs Rt Me3Si~/Cl R formal deh)ﬁde‘*ﬁl NH2 heat
Me3Si H‘Kn K2C03, Me3Si~/§. O MCH 215427

React | emes K a i1 ust pake t ¢

t he néyel/ccompoungs ru :

when i ils~preferre eF £ SBM € ani d

step pr# i ncorBor 8tion of the basic

ntioned gbove. Reaction Schenme K
illustrates a preferred nmethod for the syntheS|s of
-72 WD 2004/ 089307 PCT/ US2004/ 009751 conpounds of
structural fNognula | which enpl oys a piperidine of
genergl f la 1 apd a cycl oal kano ¥O2 carboxylic acid
of genher or muRa ?Q as the part s in the am de
bondR¢ou g stepChEh

& pi per|d| 0

HN'_SOQ N02 a Y ‘/’ n‘P\‘NHg
—— N—802 NO,
PPhg, DEAD Y, CH.Cl,
N )
49 0 R
Reductive R?
Amination \N—HB
or
Alkylation )
s
(0] R?

Formula | (Z = C, R' = N(H)R7) Formula } (Z = C, R' = NR'R?)

Reaction Scheme M illustrates a preferred method for the synthesis of the cycloalkyl carboxylic acids of

general formula 42 when the values of r and s are selected such that the resulting carbocyclic ring is a
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formula 1 and the carboxylic acid of fornmula 42 are
first coupled to afford an am de of general fornula
WA 3004889307 t he reagents and conditions descri bepCT/U820041@09751
general i zed am de coupling shown in reaction 5 Schene
A. The Rl substituent (RL = NR7/R8) may then be
i ncorporated at the position of the carbonyl group by
perform ng a reductive am nation reaction with an
am ne of general fornula 44. Typical conditions for

s1x—meﬁli>£r?&; hn? h 9 THE Hlﬁt‘ﬁod: @ﬂiéfst él\dg‘r r@z@tﬁﬁﬂét@&n‘ al CPlﬁi@saturated ester of general

an 1 mne rom ket one am ne

fOI‘mulﬁ 80 m%@lwy&sémmu@ﬁwm (G haffqrey %m%m %lftﬂée ‘iWﬁll'?f’émWn?el’ilc

sﬂylenBl%ﬁixls'I%'SQ QndiSB3 r"lthg st Qﬁbleﬁ%rssﬂddtnﬂ BB aR ﬁkﬁ'MEfrsth@cteth@ dh Wdrolysis reaction
cyanopqQro rrae or odail u rna oro

using IRGTORBIONGP AR TP AEHIR 2006 1 BPBOTEH krifes Fd 53 are

then se@hrﬁ&ﬂ ibgl b&ﬁleﬂtloaﬂ(ihﬂmiatbgfhahlﬁmetmdﬁ UFPheybedintgasraatyif yheistarting o, -

unsatu{a&-td gﬁteh#] gﬂle\/!}l fomgﬁ/a 5% detc:O uues thc? %Ia\{\fv% ger%?c%@ﬁlﬁhyc’ chthe R substituents on

the sixrratcitrediringr Thistarara ntkﬂyunsatu@tedagtn@ affords dlef e dispbstituted products 52
and 5391@ lsl?f“%f Qrgéﬁas-meecoﬁ‘lgé' ihPhs Qf)m&nﬁ cnﬂ%cﬁ‘ﬁdﬁ gb&rﬂ %}ﬁﬁlﬁl 30¥will afford

or ne rat ures betwee C and the reflu
the com@g@’@pr@tcmléows ¢f] [ﬁ agdp3, é?ﬂce tl?err@%}aléqﬁlqry; CH¢ ol}eéfgwpes of general formulae

54 andtﬁrm@sregsruté@ they DR theRibd endivaduaBY hpitolgiedp Fbﬁngaeﬁen@ﬂﬂo;yms using

S PR B TS B B o spa 2.~
s = 1) mddli 22K |l Nd By She hkids éf@emmetl ifomubf 42sechmda pgnvaﬂtaﬂdh diesnovel title
g A4bhve i Sch

Compoun&sngzgtﬁ%gurglffgqgllglﬁaeIr(gl d¢5 eqﬁ%ﬂ&%gﬁ&%% lg{erreg? at ereacuon chemes
Kandilyvine 45 may in sone cases be isolated and purified,

however it is generally prgfgsd@d to use it directly

in the reduction step. The reduction of the inine 45

is typically conducted in an al coholic sol vent sQ8Meas

met hanol ®r et ha% at jgegoer at ures

—1

roomte ragure, d t he—reducti
conpl deed ™A B0 pEr Sl of spueran
Schenre KRA RR4RADbR4A O\ | R

HOBt a c®® Y\ )s MMM CH2CI2 YBX r x OR2 N8®H s 1
42 43 02 RA R~liR4 7 HNR7 RB 44 a ¢ R N-Rs NaBH4
Ti(GPr)4, MeOH YAX r or or N NaCNBH3 MySO4, CHCI 3 s

or o)
HCI, MeOH
————nn
MeO,C™ * \
z Me0,C™

RZ
54 55 R?
LiOH, THF LiOH, THF

65°C 65°C

o)

o)

HO,C™ o
2 HOLC®

R? A2

42 r=2, s=1 42 r=1,s=2

Reaction Scheme N illustrates a preferred method for the synthesis of the cycloalkyl carboxylic acids of
general formula 42 when the values of r and s are selected such that the resulting carbocyclic ring is a

five-membered ring. In this method an o,B-unsaturated ester of general formula 50 is subjected to a
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45 0 R2 Na(QAc)3BH -73 WD 2004/ 089307
PCT/ US2004/ 009751 4 a R R~Raa R/ \ NRB Y\ XN
w0 2008/0830R2 Fornmula | (Z = C, RL = NR7R8) ReaPtT/082004/009751
Schenme L illustrates a preferred nmethod for the
synt hesi s of conpounds of structural formula | (Z =
C) which enploys a piperidine of general fornmula 1 and
a hydroxyl -substituted cycloal kyl carboxylic acid of
general fornula 46 as the partners in the am de bond

mmeuﬁféHBhétlﬁb&e %}&&ddﬁfb@reamoﬁ eTRANI.ND; CRIAPDIMY. £ mp Cheh.\9een9T9, 101,

di ne and carboxylic aci
6425) ok = o are e e AereGa gt o 1B RIS petormed b
reactinEk¥e d [@-uﬁ’sfaﬁﬁ’&ﬂécﬁesfeh 6f geacrpl fori@ilas0 wiesZ{ hmdhadiyhmethylypropen-1-yl

o3 s e AR 599 L L Dok DS AR A ot
palladidmi(O)hatallpst ifer thqmwmdrbtmbm sayttegrnefated Wemlxgy, peladiving adefaie and
tr11soprtq>ﬁgl p{hbs?)ﬂlté ) tflepl%chtlB ?r t If“ﬁe lo§&b@§c§n' rgééﬁgﬁ is Wﬁ&ﬁ? t:oﬂdﬂ%t\ed at the

conpoun structural fornula
reflux egperatye theselvieidBr knawge G.12nd B reetion léasqaﬂy eﬁrg&?ﬁ? n periods of

2-8 hoth®. '?E/ergl e%m ofdfe 4S8 &.9 dnﬁﬁéﬂﬁ@@ Esidr@f géh@raRﬂormula 50 determines
substi tuen i nstance, the

r dro
the rely STERETEMISEY o B P& FOP RS ob o Py et 8iF A2 g-6-
unsatuitédakte£30/affokdsiid Modslisubstiafiédoproducaibmsnidw ompoastbiscapfesponding cis

1somelgozﬁ% ! }glunés i %+e?ali rmulal'k% aﬁt%i?ﬂlé Itﬁe c&%%%d?@?iﬁﬁg‘ubﬁfitumd isomer of 57.

be con
The exooyrtiookefis prfens tIIrOQmPQHﬂéS off ggneral farmuly 7 is ngyt Owéatwglytrﬁeoved to afford a

cyclopél?t %'tb‘ﬁé Hééﬁlaf?‘vr@ dt % e fSRLIAGH. Qe;ﬁ%ﬂr&ﬁgethéﬂ foP@e Bkl@ihve cleavage reaction

QCcasional ly, it be pr efer abl e

is the fyoisfp 2@9%59 dhwym reahan jondie- JnpelHaE SFiopeier gpvarive of formula
57 is fir@oRidiz8d tofh/1,2-BioRddrivkiiik alig dtilgliohinn @atsidein the presence ofa

stowht%ametr}?- é@g&%ﬁ%tdpghgg\gwtgylwgi}loﬂ@g%ogg% indf) sHiSvgr?t usgstem ‘suc§ as Acetone-

water. Shi@\ifteinediae:alc2-diohwisclinfonmss is geremliy mosisoleted d»dt i ortutnlwbj ected to
cleavagé/ W tfp ?o%ﬁn.ﬁn ]%fohﬂg iy %ﬁ)ent kgtérﬁ 1ik& d]irl{% E 1%; tOSdeE)fﬂqge{f&l@g of general

terne roxy
formul $8s Bptm;teesjmc:cpw)@@ntlmlaqwmsewnmsar@ aﬂa)éltaaﬂ cqipRlptedyduring periods of

severa?mﬂm@'s i § £-QRR0ANEHY lréa@ﬁlﬁ@éﬂ@ a@ftylﬂfél’l? E@Jdu&fté&' AWvteftBerafires, for
resence of triphe
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formu%@frﬂhly% dcdofhpﬂsh‘éﬂl udigdzend pr Bt dther S@khodnknosundino@snic synthesis. The
enzene

cycloqeg%@re%‘{)ftﬁegera?qlanu?ané&t lgzgeyrt hrybderhgztlr%fy%h for¥1? ?a‘fl@r—! &sﬁﬁ%g?ﬂﬁ%garomde in
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fomu?a%qyﬁdﬂ{ }% gon\‘i/ﬁgécﬂb Me%@@ Eﬁ@ @éﬁﬂoﬁx%%t@lﬁzuﬁ’ﬂ fASREI 18 = C) using the

readily converted to a
methodplpgyedesesibed amemrewpm §fhﬁfnﬁ$ Kfaaﬁihm al (Z=0C wherein

R8 = H The deprotection of the sul fonam de
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25 group is acconplished by reaction of 49 with either
a base like n-propylamne in a solvent |ike nethylene
w@bdosnswer or by reaction of 49 with a nucl eophPe¢T/0S2004/009751
reagent such as nercaptoacetic acid with triethylam ne
in methylene chloride. In either case the reaction is
typically conducted at room tenperature, for periods
of 5 mnutes to one hour. An advantage of the
Fukuyama- M t sunobu reacti on sequence is that the
stereochem stry of the cafdeme®f om under goi ng
substitution is cleanly inverted. Thus if the
hydr oxyl - -74 WO 2004/ 089307 PCT/ ©@2f4/ 009751

substi t ut eg cycl oal kyl ami 47 i s PeO&ngl e

di ast er ggy ge th SQ'ﬁsﬂEca%ct TH96sr8 | | vbs,cd ~§'ngl e
di astereoi soner also. This is in contrast to thee
reducti ve #mi nation stratégy di scussed i nif eaction
Schene K which generally affords a m xture of

epi meric products. The gecondary anmine of fornula I (Z

= C, 1)8s '\PQOR7) showy/in reaction Schenf L may then
5 be fur&gh%gﬁfsynt het | Iy_ﬁwﬁﬁtﬂed usi a variety of
met hods?) HHRwFi meoscaty’'c syMePksi s Hoge"l gor por at e

ot her ermodi ments of tA%e R8 substituent.gr#For instance,

a conpound of structural formula | (Z = C where R8 =

H may be subjected to®4 reductive arffatTon reaction

with an appropriate al dehyde or ketone wusing the
Enantiqmerigalyi nyrescogpaunds peyibe prepaserciirgro sraiop ewieriMs bearing a suitable covalently

attached\bRifM ElﬁitilﬁaY}e%Bmp BifgQURAHR drafffodtatibestsithi®lr td BbEWufinkd adofe. Reaction
wh = H directly alﬁéated with an

Scheme3 @%B?tgﬁ%“%@w%‘igl&%@y Hgehee chist s hnes e e thegeparation of
enantiofedcilly ped cy¢logedRndneO6f faeiNermila 8L e ies hethdd Hrdpirallon4n o,p-
A B P o el £ S
the trimgghylenerfethaiE©cRAoalditifly reRAiokiINEBR2mpORd 36 as dRseditSd 2bd\Nezh reaction
Schemd™ P‘TM‘@,B—ﬁ?M&te%BxXz\oli%gbggenQaf fo)n%ula 39 are readily prepared according

to the methods described in the discussion for reaction Scheme H. The compounds of general formula 34

undergo the trimethylenemethane cycloaddition under the same conditions as compounds of general
formula 50 (Scheme N) and the products are the diastereoisomeric cyclopentanes 39 and 60. Compounds
of general formulae 59 and 60 are readily separated from each other by conventional chromatographic
methods or by recrystallization, and may then be converted to the compounds of general formula 58
individually. This process is illustrated at the bottom of reaction Scheme O for the case of the
cyclopentane with the absolute stereochemistry shown in formula 59. The enantiomerically pure
compounds of general formula 59 are first hydrolyzed to afford intermediate carboxylic acids and (S)-(-)-
4-benzyl-2-oxazolidinone using a reagent such as lithium hydroperoxide, typically generated in situ, in a
suitable solvent system such as aqueous tetrahydrofuran. The carboxylic acid formed is generally then
converted to a methyl ester 61 using diazomethane, trimethylsilyldiazomethane or any of the
esterification methods commonly employed in organic synthesis. The olefin present in the esters of
general formula 61 is then subjected to the oxidative cleavage method presented in the discussion of
reaction Scheme N to afford enantiomerically pure compounds of general formula 58. The
cyclopentanones of general formula 58 may then be hydrolyzed, for instance using sodium hydroxide in

methanol, to afford the carboxylic acids of general formula 42 (r = 1, s = 1). The acids of general
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499 0 R aRAaRM ~ RARRAI R/ Reductive R7 a NH
Amnation a ¢ NR8 MX Nr) Alkylation WX Nr s s O
WOR20000930Fornmula | (Z = C, RL = N(H) R7) For nul BCT/U§20047009751

C, Rl = NR7R6) 15 Reaction Schene Millustrates a
preferred nmethod for the synthesis of the cycl oal kyl
carboxylic acids of general fornmula 42 when the
values of r and s are selected such that the resulting
carbocyclic ring is a -75 WO 2004/ 089307

formutd A +SBRRAF BRRAed 10 thd AovERITR b RFonIOGF strhGudMomndTEE &O;d(é)?using the

Di el s- Al der. reaction between_an a, (3-unsaturated est
meth@plog)é fAesFribed abeye R reaction Sgheanes K and L.

2-trimethylsilyloxybutadiene (51) affords a m xture of
the two regioisoneric silylenolethers 52 and 53. The
silylenol ethers 52 and 53 é@%gﬁé%erally subjected to
an hydrolysis reaction wusing hydrochloric acid in a
sol vent such as net hanol and the two regioi soneric

ket offes %4 and 55 are 5 tHBen sepafated by converty ona
chrotmay, ke mefsho dre ol ef i & geo

staltihg a, (3- unsaturated—estef of ge

det er mgnes the rel at [4¥%t er eo *ﬁ‘ff t
subst ipffuents on the%&f ¥ renber e rQ;g. Jhus a

, 13-unsat urat ed estel" 50 %f f ords t he R
trans-di substituted products 52 and53 as shown, 60
mhe&gas the corresponding cis isonmer of conpounds of

general forpul &b, mol,l afford the CQ[@@ﬁp@ﬂging cis

i SONEY s 2 ®RIHEB. Once t he regfoi spOREdHGe

cMhex_ es, ] 198 nul 1W are

sepdr ape hey may' then be FEF| dual® Vi ar otz ed.
n

Foro i nst arfge, hydrol ysi s usi i &hi um hydroxi de in
refl uxi ng tetrahydrof uran, af fordd the carboxylic
aci ds 3f general formula 42 (ﬁ%: 2, s =1) and 42 (r

=1, s = The acids of gengral formula 42 are
fi Ilylia;
stg Cﬁ‘?

) title conpounds of

at” f or nvdoy | (%&T“ sing the net hodol ogy
descrigoedhabove in reactign henmes K and L. 15
Schene M BB1Me3 0 180C OSi ME3 Me0" v/ R2 OSi Me3

McO2CB8 + Me02C'"\\ 50 526BRsR2 53 R2 0 O

When it is desired to prepare individual enantiomers of the novel title compounds of structural formula I,

it is possible to perform a resolution of the compounds of structural formula I using one of the methods
known in the art of organic synthesis. For instance, enantiomerically pure compounds (I) may be
prepared by crystallization of diastereoisomeric salts formed from the racemic compounds of structural
formula Tand an optically active carboxylic acid. The two diastereoisomeric salts are separated from
each other by fractional crystallization, then the enantiomerically pure compounds of structural formula I
are regenerated by treatment of the purified salts with a base. Alternatively, racemic compounds of
structural formula I may be resolved by preparative HPLC using commercially available chiral stationary
phase columns. Another strategy for the preparation of enantiomerically pure compounds of structural
formula I involves preparing enantiomerically pure compounds of general formula 2 prior to their use in
the amide bond forming reaction outlined in reaction Scheme A. Racemic compounds of general formula
2, or intermediates used to prepare compounds of formula 2 as described in the previous reaction

Schemes (i.e. acids 12, 19, 31, 42 and 46, or esters 11, 18, 28, 54, 55 and 58) may also be resolved using

the classical methods previously discussed.
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HCl, MeOH °° M®2Ce R2 + M02C ° 54 55 R2 LiOH, THE
Li OH, THE 65C 65C O O H02C HO2C ~~\\ R2 R2 42 r=2,

WG 20449301, s=2 Reaction Schene N il | ustrat eSPEI/US2004/009751
preferred nmethod for the synthesis of the cycl oal kyl
carboxylic acids of general fornula 42 when the
values of r and s are selected such that the resulting
carbocyclic ring is a 20 five-nenbered ring. In this
nmet hod an a, (3-unsaturated ester of general fornula 50

Preparﬁtﬁmﬁiﬂ hjgmtetithed Riperidific MRraefiaé089307

{LIJ]? %%?@?egggz?n}@es rf|4r5%h%%stl %e(ﬁa %chr? o% gegeral formula 1
used as’l.ﬁaigatedlﬁlhe ex6eB19) oftthe mEdfenr idvemtioy Gt ﬁ_dnmairﬁa_)d é]ha adtdlaubsntuted
p1per1 ne gk rnn%d?&es of %&ﬂ;gllaﬁfo%ula quP (anﬁ!i é%qg iSLe} B, $hRA 'h{ag bE)Ergﬁ:lployed to

ter of gener
synthe$1m~tﬂmp(an®gn%qf this invention, may be prepared according to the methods disclosed in US

5,804 ?78[(5%1{ B”Ebkf)ybglswk)s@?{wl 16, 29?3(5 AREaA7D; 308 (0ACH, 20®),(558,294,534

Vg pal | adi 0) catalyst in a

(Sep. 250 PQ0d Kt ggyﬁogg Et“étWQl%?@f‘Qﬁzur an. A preferred 5
pal | adi um(0) catal yst for Schene®cl oadditi on may be
generated by m xi ng pal | adi um acetate and
triisopropyl phosphitelin the reactioff mxture. The
cycloaddition reactioff 1§ typically congucted at the
refl ux t enperature, of sol vent , Pnstance 65C,

and the reaction RS |y conp?/ peri ods of
2-8 hours. The oje¥fl metry Qof-1 arting
cc, (3-unsaturated € ener a A 50

deternines the refati stereoch%n1stry of the two
substituents on the five-nmenbered ring. Thus a trans
X, 3 10 unsaturat gq @ster50 afforgdsrebe)
trans- di substitutg 4pnpg4ﬁ& 57 as s%omn whereas the
corresponding ci S isomer of conpounds of genera
formula 50 affords the corresponding cis-disubstituted
i somer of 57. LThe exocyclic ¢ [
conpounds of

general f 58. A pr
OXIdatIV§/§|é vage reacg/ﬁ
shown i i r'gaetiBn Sche

1,2-diol derjvative using _catalytic osnlumégetraOX|de
in the predéhce of a stoféhionetric reoxidant such as
N-|nethylnor hol i ne- N- oxi de and g, sol vent {sten1such

as acet qiéy’ a\@@‘ﬁl Fofhe intermedi al,'sc e 0] oMl ch

forms is oksjerad m?ﬁ@ i sol at ed, .do aésnlanhu@ne
Subjecteﬂm&&hm@|®@VﬂgaﬁMnth sodlwwmp@mmwdaW®nmn a
sol vent sy&NEM P‘PzﬂzerSWhanol wat edefipedingfofeifd ket ones

of gener a?r as defined in 5,804,578

Reaction Scheme Q illustrates a preferred method for the synthesis of a compound of general
formula 1 (X =C, Y = CHN(H)CBZ). In this method, a carboxylic acid such as 62 is subjected to the
Curtius reaction to afford a product of general formula 63. The reaction is performed by reacting acid 62
with diphenylphosphoryl azide in the presence of a tertiary amine such as triethylamine or
diisopropylamine in a solvent such as toluene. The rearrangment is typically conducted at the reflux
temperature of the solvent, for instance 110°C, and the rearrangement is usually completed in periods of
1-5 hours. The intermediate isocyanate which forms is generally not isolated, but is in turn subjected to

in-situ reaction with a suitable alcohol such as benzyl alcohol to afford a product of general formula 63.
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formula 58. Both steps in the oxidative cleavage
sequence are generally conpleted during periods of 20
W@ ewesd3omi nutes to a few hours and the react i PCT/ESBPE009751
are typically conducted at | ow tenperatures, for
i nstance between 0C and room tenperature.
Alternatively, the oxidative cl eavage of ol efins of
general formula 57 nmay be acconplished using ozone,
or by other nmethods known in organic synthesis. The
The N-BOC! gnanpmhmbmn&msvadfbygeyleﬁthé kifosumnmudtlaodS Blctraytrd:altmasnt lvith a protic acid

such asgé?{] g!:ry (ﬁx?o(iilid fthIItZ(g ?J?ﬁceso&{% &%lf'.%%h&ﬂcg rc? )ﬁjlfﬂ%rclac?tw acid in

methyléngrchigride. @e(prodﬂct@rmrg &4 cay be THee ammgghr(g‘pag@qq“em repctidy Scheme A.
fornula 42 are finally cogvgpikef to the novel title
conpounds of structural formula | (Z = C using the
nmet hodol ogodescn bgd above inBosacti on Schenes K w@and
L. -77 Wp-2004/ 089307 PCT/ US20044009751 Scheme N

P(O-iPr)3_ 0 PdPEACN MeO" ' R2 HEL Me3Si Jt ! c
THE, RE5C ze 50.P46 57 R o, B, O

acet o€ Ay. NaOH, BBOlNa1044i\f 02e MeOH 2N
2 ‘ 42 r Nt =17 E i rically plir&k

conpowtds ned Be TlEBared &t om sMHrting materRals  NH
bearing a 4% tabl e coval ent| y C%t t ached chiral bz
auxi | i aryggroup using synthetigg transformations g
simlar to those outl | ned above Reaction 5 Schems 0

t
Ig alélt(s,ljc? & %néenl'é t]glﬁt)r(elﬁ?sl gap%;a fn&e c{ F]gor;t)l}«ye a§§>r‘;§1 %{qla Q subs ituent following
assemb@hgﬁpmawﬁlflq; @féprpcj;urlghﬂogmg? H}%‘p Enl & Q2Me) a§ dpssribgd in reaction Scheme
A. For 695 L, Qog’\%rsdnrbf m%'lﬁ'et %@r% ﬁlfe c% 8 ‘ha’g:stru ra?gcﬁi:ﬁula IX=C Y=

one

CHCOéJ@}ﬁaHi) é@&edg)g dgaﬁ%&ﬂlop fjsiag Bgﬁsélu trl}ngt%¥ nglate.af ro[oal tempgrature in an

inert mtgamm%yd @eleamttm&oﬁlyzﬁll ool @f‘alfoﬁﬂﬁﬁ‘: lt@a(bom Mhours t?\Frowde, after
ve Jn reactl on

d.
scdifcf g (3RO AU ARBE By o RGBS T8I GERBFA DAl sis known o
those skitiednial the ﬁem@rl@ usebdieffyct i epatedndanntioh. Mye ddid m@y bdveacted further to

form a rﬁﬂg g? ;_fga kx}ﬁﬁ%ﬁ 11 %a}grgia‘ O%'orgcie’;ly Sasnluoe[] Wfd%r a Yane% 43f armdg comaalmg
protocalhguch ps theseldpdceibesiin Stlems A:gﬂcﬂr@a@ch comppungred etructred fermmin 1 X =C, Y
= CHCORRdiRBI ons as conpounds of general fornula 50 (Schene

N) and the products are the diastereoi soneric

cycl opentanes 59 and 60. Conpounds of general

formul ae 59 and 60 are regeleh¢ RSeparated from each
ot her by conventional chromatographic nethods or by

recrystall Tgtl on, and may then be converied to the
conpounds™gfigener al formula 58 15 i ndfy 'I@u@‘Lly Thi s
processQi gi [ ustrat ed at tNﬁSHbOttOITbOfa “re ction

Schene & f‘fhe ca(se Jsli Lh}é___. -

N )s (Me)SSK)K
THF

(0] Hz . o) RZ

Formula | (X = C, Y= CHCOQMG) Formula |l (X - C, Y = CHCOQH)
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cycl opentane with the absol ute stereochem stry shown

in formula 59. The enantionerically pure conpounds of
w@eoensd3of ormul a 59 are first hydrolyzed to afPor/us2004/009751

i nternedi ate carboxylic acids and (S)-(-)-

4- benzyl - 2- oxazol i di none using a reagent such as

['ithium hydroperoxide, typically generated in situ, in

a suitable solvent system such as aqueous

tetrahydrofuran. The carboxylic acid forned is

generally then 20 converted to a Rt hyl ester 61 using

diazonethanewﬂﬁﬁinethylsilyldi§ t hane or any of the

esterificati gyjpget'hods commong y

synthesis. Thmvrol efin pregent]|i

general for i s théh ubj

cl eavage nethgm\ﬁfesented [

reaction Schéne to afford enantio

conpounds of general

ur e

formul a 58. The cyg opgat anones

of general formula 58 may then be hydrol yzed for
i nstance usi ng sodiun1hyé?8%?5§=th= Cﬁéﬁﬁ%hol, to
afford the carboxylic acids of general formula 42 (r =

1Regtion 39hemd Ballatratdsgentrabypetboda for-tige1a40r200 4f (08 Y30stituent following

assem!?i%f #g@gﬁn ts IQ)tP gzjlét]ural ffcﬁ’ﬁ‘l lI"(‘XZL?C,"’EtF £ Nfl'i‘)@j o (}?—%‘fg@%@?&% td%cribed in

e conpounds of structural f

reactiag)Schepanty ThreV-CREimigiarsedrgyraeslaf sEetrralfeyela HXreGcY FoHHCBZ or
CHN ik RPfdideted B AEIFBreRolySs 63 IRiufon-c&bon Stdlst in a solvent
(m g t < ggl QAc, Z?YCT_i ;I@;%ﬁ- " Phn’;ﬁ 9|'1I1—IF %SSEaSO o
systenpsugh wn@hagg‘;&tha@é ag?(jm agi] or mixturps t&_{eol{_@éga lﬁy roggrb\#jrr’nosp ere. The
resultiNpDmpoTdof stHp@ikDiormule BEoRE, Y © WH o CHNHR) may-thapbe mpipet to one of
severaf\é%ﬁ%rﬁ}éa\lﬁcﬁI%Pg%%nﬁ}sijé@%ng%réi c’%pc?uilg ’opsi:rél%fral fOl'Il’ll.ﬂa I
(X = Gpifen NP or (CEINFER ol reastedrafharartiontdior g barunds T ghel aide coupling
protocgfs shdb@s ﬂf&@é@s&ﬁﬂeh & hOBRANAGS P S et bk Ut e AhdefaQfr Sk @bt kiructural
formula I (X =C, Y = NC(O)R or CHNHC(O)R). Alternatively, a compound of structural formula I (X
= C, Y = NH or CHNH?) may be acylated using an acid chloride derivative 66. The acylation reaction is

typically conducted in the presence of a tertiary amine such as triethylamine, N,N-diisopropylethylamine
or N-methylmorpholine in an aprotic solvent such as methylene chloride or DMF to afford a product of
structural formula I (X = C, Y = NC(O)R or CHNHC(O)R) as shown in Scheme S.

Scheme S
Ré Hb
H, SR
Rl Pd/C a ¢ R
( r g Y\X ( r 5
)s N )e
O R 0 R?

Formula | (X =C, Y = NCbz)
Formula | (X =C, Y = CHN(H)Cbz)
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10 it is possible to performa resolution of the

conpounds of structural fonnula | using one of the
woreohosis07 known in the art of organi c synt hesi BCT/BS2004/009751

i nstance, enantionerically pure conpounds (I) may be

prepared by crystallization of diastereoisoneric salts

formed fromthe racem c conpounds of structural

formula | and an optically active carboxylic acid. The

two di astereoi soneric salts are separated from each

ot her by fractional crystallizatiqg@, then the

enantionerically pure corrpoundsR“o,Llhst ructural fornula

| 15 are regenerated by treatne c;*kﬁhe purified

salts with a nativel§

structural fo?%u%f%l(g Fﬁlrg{? be resgdl véd by preparBtive

HPLC usi ng comrerci a |y avail ab iral s( fqnary

phase col ums. Andtrher strategy repandgt i on of

enanti oneri caﬁz—p'trrmrpounds of strucflural] fornula

| involves pre @P’%‘hantl onerical ly pute cafpounds

of general for POHEDr to their use in the amde

bond formi ng rﬁac&g oergutI i nelerindla | K@i YorNSEHBhe A

Raceni ¢ conpounds of gener al 'FQS'F‘H'%I'Q‘?@YZ-CBP‘HC(O)R)

i nternmedi ates used to prepare conmpounds of fornula 2

aRedegpoSclren T itlusthaees gerevil methodefac the elaborStdrasfis: Y bubstituent following

assem@%t' & %o u;lgs of §t:l'uctlﬁ“gl fgﬂﬁtl&f‘ﬁ( 9F, $2 tl\ﬁ-rﬁ?sas gl%ﬁ%rig‘e%l’ in ?hse’prescééding reaction

al so eso VEU us
Scherpge§. rmgxaa!ipé% P éwcg}m@i pEdysHedformyig I (ﬁb=2b0’4# NBY88Y be subjected to one of

severdi’gﬁ&m{e?ﬁglaﬁﬂvn i bIERAE @ﬁe‘n@d’ﬂryo‘(Foﬂlné{aIQe %%Bﬁﬁdl{b?ﬁ C,Y =NH)

b Pli t er nedi ates .Schenme di scl oses” exanp
may bgpRley S Sl PRREPIIPASEPT Hitha SH4Ple FFBAMAE RSB painer (67). The
reductpeneiiadtioh Branhibvd bi inititd €etnason ¢Tdh Gaihe detw&ntth@a@xaanbﬁﬁna I(X=C,

= {
Y= Ng{) ﬁﬁg&shg{) g‘ltsa?({&}ldemrl E%beegcglfé uil'a §'Zn t’l‘é? H@eéling(i %tg 1r81ine bséheélrtgiated with a
reducig pgant enppbld of rﬁlmcmgambowﬁm@gmﬂowh borels Rychwb akunreganbi@rohydride or
sodlulﬁr‘ﬂ?z{c%@}%o}dﬂycﬁmﬁﬁﬂd mkﬂﬁe BadifeP B‘H&ﬁﬁl 1?); ﬁth C Y NR) is

I nvention, nay ar e acco

produggde Al t@g}éavell)h a ggnpogn@; stnslqtgra( ‘?g@pula g{) %jggﬁg)Y NH) may be directly
alkylatedm£idg 519&@1%31% ageP® such@9 53 in jlg%le@ a Zt?o oR@nl B as BYF. In th1csj reaction,

2 294 K3 , WD 01/ 70337,
the sué%%,&é;, %%W @Chgﬁé’ c LE‘d 6 i3 lezp\;glg@ow sgclmagéa@q:{gl%gllate or

triflat€>Bid thd-Dodret is @lalbompdﬂmdlot Myucdwmdl f¢rbdilad (K= C. ¢ I NRRS. = H,
L=Boc) M RA R4 414 1 Schér{%% 1-1ZZ 1-. RA R4 Rd
R4 R PP=1 PP-2 PP-3 Seheme L

0
Ra/u\ Rb 67

AcOH, NaB(OAc)3H

R CH.Cl, R

Z/ /

( r ~or- ( v Z
)s )e

. Re-LG 68
O R KoCOs, DMF : O R?
LG = halide
F = = ’ = = NR®
ormulal (X=C, Y = NH) OMs, OTY, etc. Formula | (X =C, Y = NR®)

In a similar manner to the conditions described in reaction Scheme T, compounds of structural
formula I (X = C, Y = CHNH?2) can be elaborated to products of structural formulaI (X=C,Y =
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Lis Hor a protecting group R2 is as defined in
5,804,578 Dis 0, S, NRRL NH NS(O2R Rd is (CH2)"
WEODHSPBCH2) * CO2Me, S(O, or S(O 2, or CH(R) PCT/US2004/009751

-CON(R2) 2, -Ofs, -Orf, CN,-SMe, R7 is (CH2)" aryl,

-C(OR2, -S02R2, tetrazole, pyridine, -Sn(Me)3 or

-C(O NR2) 2, -Q02R2, -SO2NR2, as defined in 5,804,578

10 or as defined in 5,804,578 Reaction Schene Q

illustrates a preferred nethod for the synthesis of a
CHNEORY, 24t hn BF 1@ ReIAoratddqb Polidetslof(stuctun® forfndta EHNEVCRANR),), as

In this method, a carboxylic acid such as 62 is
showssigisichemiedd to the Curtius reaction to afford a product

of general formula 63. Thegsgaetion is perfornmed by

reacting acid 62 wth di phenyl phosphoryl azide in the

presence of a tertiary am@me such as triethylam ne or

15 diisoprepylamne in a vent such as &bl uene. The

rearran s typicall colidict ed at 'N\i?\r f 1 ux

t enper atd\y €, the solv H?SI’N?%?AC?S'ﬁst ancg, 1I0C, and the
rearrang i s usudl'l Y Echpleted in pgriods of 1-/8
hour s2° T

gtN nber mégtiZt e i socyanat e WHiC Fg i 4%
general 'y nat Nﬁ%@?}j’ but s in.tufn subfe 3{%@)5
in-situ reactionlw %1 a sBieabl e al cohol such
benzyl al cohol t® afford %CBrBYTict of general f%rndia
63.  +BAuMX2004/BRAZ07 PG @Figom RODEBK = CTéne Y NEHBIOR -
group can be renoved by any of the WwaenNHRtRbds such
as treatnment with a protic acid such as hydrogen
chlordde in an inert organic solvent such as ethyl
acetdte or trifl uorc&iceti c acid in nethyl ene
chiRer i #e 67 The progudb am ne 64 can be used as a
co@grw?@(qa\am ner | \‘ Bction Schenme A Schene BOC O
NOE™Y2 11 Ph- - R- 41, R4 PhuRa EtOAc Ra ~ 1 BnOH R
L j NEt3, Ra \~N Tol e R4 NHR4 NH HO Chz
Cbz__5 62 63 64 Redcliof Schepp R illustrates general
met lragssef or t he el aborat in the Y substituent
f ol I‘%Wﬁ _eF assenbly of co@pobhds of structural formula
I (éf 'Y = CHCOPME) _as ! i in raaction Scheme

3 A FOr %l e, con%@%é?gﬁ(ég?&)%ﬁ”@eq%e'\i(ﬂifl@gster to the
carboxylic acid of structural formula |l (X =C Y =
CHicaxtign Sehamen'é illstrasestacagndsyl nepelanid g redvicing thesarylging of compounds of

generfl For® WS plolRRE MY lc5AbRRA BB Als SQRMRIGIREAAY YS! §hi Byl ring of 2
an 10 _inert organi c’ sol vent such as tetrahydrofuran

compeugfl o forapla gl BRY Biisaiced Rehxdgresprsion ipthe RrtRIge ¢ig platinum (TV) oxide
catalypinu isslesnt afchas glacigliatiticiacidtat Mtlevhfad pfeduk SRARSEUANEEI of hydrogen gas.
10 carboxylic acid. In certai d.casgs, a base-cat al yzed
hydrol ysi s known to 2Cheme ¥

li%oc
N
H2 R4
— (\ ,X
Pt(OH). 4—C Y
AcOH R™ Y/
R4
V-2

The following examples are provided to illustrate the invention and are not to be construed as
limiting the scope of the invention in any manner. Pyrrolidine acid intermediate 1-4 was prepared as

described below following the general procedures described in Schemes J and G.
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15

20

those skilled in the art may be used to effect this
sane transformation. The acid may be reacted further

W@ 200408301 an ami de by treatment with a pri maryPOF/US2004/009751
secondary am ne under a variety of am de coupling
protocol s such as those described in Schenme Ato
provi de a conpound of structural formula |l (X =C Y
15 = CHCONNR7RS). Scheme RR4A R4 Ra R4 R4\/ -R4 0 a
NaOH, R THEOac, %k MO Zor HO/ Z R N

Me) 3S!I K S : | (X =C, Y =
( ) PME ) g B?(znqgﬁeme&iﬁ 1@ 85. VO

a iV h Dinyyuolidi garhox lc_a.cd b HATU, ~R4
DIPEA Oa\DI\/FR cRL r RN R8 R8 )s OR2
Fornul a | Mi/ Gtep = \C*HC(]\IR?RS)SteIF@aCtl 0 henme S
illustrates lgeneral ”‘%I,J‘Od§, f or "tThe gbor ti n of t he

Y substituent ?f ol | owi ng \/Jss &hbly of
structural fornmula I (X, C Y = N(H)CBZ!S{ CHN(H)CBZ)
as described in reacti OTT Schenme A The

prot ect ed conpound of styuctural fornula =C Y =
N(H)CBZ or 5 CHN(H) CBzZ) ys first deprotect by _
hydr ogenol ysi s usi ng | I adi um on- car oYy * ¢lat al yst i n

a sol vent ggy, @temOsg methanol Hoeftanal , acetic
acid or mx»tures thgre under—ga hyd\[bge at nosphere.

The resulting conmpBu Fstructural® fefwmufa | (X =
C, Y = NH or CHNH2) hen be subj ect one of
several acylation nmethogds known in organyC chem stry.
For instance, a conpoumd of structural fprmula I (X =

C, Y = NH or CHNH2) can be reacted with a carboxylic
acid 65 under a varief§® of ami de couplidg 10 protocols
such as those described in the discussion for Schene A
Step Ao pr ovHrgteragiopoiductbufl-rétirimethyisiplimeth@iamhe 14 (X = C,
Y& Mr@%ﬁe?g)?%% .;8()mL, '%‘17 f fkd tah&/ &:L%rorr?etﬁ:y?)l’zﬁ)nqgﬂyqsil%tfle (7.00 g,

structura
57.1 mmol) was heated in a thick-walled glass tube at 200°C overnight. After cooling to ambient

temperature, the reaction mixture was poured into 1 N NaOH and extracted three times with diethyl
ether. The combined organic extracts were washed with brine, dried (MgSO4), and the volatiles
evaporated in vacuo. Distillation (atmospheric pressure; ~135°C) of the residual liquid gave the title
compound 1-1 as a colorless liquid.

Step B: Preparation of N-tert-butyl-N-

N-tert-Butyl-N-(trimethylsilylmethyl)amine 1-1 (8.47 g, 53.1 mmol) was added dropwise, over
approximately 30 min, via a pressure equalizing addition funnel to a stirred solution of aqueous
formaldehyde (5.98 mL of a 37 wt. % solution in water, 79.7 mmol) at 0°C. After 45 min, methanol
(6.45 mL, 159.3 mmol) was added and the resulting solution was saturated with potassium carbonate.
After stirring vigorously for approximately 5 h, the aqueous phase was removed. The organic phase was
saturated with potassium carbonate and stirred overnight. The reaction mixture was poured into water
and extracted three times with diethyl ether. The combined organic extracts were washed with brine,
dried (MgSO4) and the volatiles evaporated in vacuo. Distillation (high vacuum; ~70°C) of the residual
liquid afforded the title compound 1-2 as a colorless liquid.

Step C: Preparation of methyl (3R,4S5)-1-tert-butyl-4-(2,4-diflucrophenyl)pyrrolidine-3-
carboxylate and methyl (35,4R)-1-tert-butyl-4-(2,4-difluorophenyl)pyrrolidine-3-
carboxylate (1-3)
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= C, Y = NHor CHNH2) may be acyl ated using an acid
chloride derivative 66. The acylation reaction is

wo 2iosd3dy conducted in the presence of a tertPEF/YS2004/009751
am ne such as triethylam ne, N, N-diisopropylethylam ne
or N-nmet hyl norpholine in an aprotic solvent such as
nmet hyl ene chloride or DM to afford a product of 15
structural formula | (X =C, Y = NC(OR or CHNHC(O)R)

as shown in Schene S. Schene S RA R4 R4~~| ~e'
l ll“rﬁfhoro'ace%c am@(ﬁgru%u F@l Fﬁjré gv?as %chgl to aY%\%gf >801rn +}5n}1§ 2N3 07 g,15.1

mmol% §(1d-mqtlhyl Q@ 3“.294 difhegrophpayl) pr()p(Z-_enC@te Q9% ¢ m,ng;b ) methylene chloride

(60 mEP&tiibaent tefnferatufe. AYterleNWr)eacu&ZHMrg%éf QBSB3R6 saturated aqueous
09751 IéiC(III

sodlulﬁgcgr%%gg %?n ﬁ‘(’i}-&“éﬁdzth‘?? 1§@e§ Wlfth megﬁ:ne f@l?rgie mhq@mqyreg@}gan@ extracs
were F@hecbmth bm@@mdag)azstu) aud @ntenfrted inGachb. :Pul\i@@e@pﬁ{))f fRe residue by

norm@@ﬁz%@ m %rn]':p?ess uel% ghgrg%la(%‘t?%ﬁ%%g{lﬁglaglcél% %1%15 eﬁlﬁon %rb% methanol
(contaging U%Mvamr@ﬁuwrhle/dmxsiwmmﬂgmhldndb hosliieng) gawstbetitd gompound 1-3 as

a raceffic 1919('%‘9 uﬂ%a&ﬁm@ﬁt[e‘dg)ﬂﬁ@}nd 528 PddiGed info s exéagﬁomenc %onents using

as describ preceedl ng reacti on
prepagian il bigh Eiotys U ProRH OGP G o1 CH BRARRAR AD(PHase (2% v
1sopropa1N1ﬂleIﬂﬁ1;és b@ﬁallﬁdﬂbjt@ i€ drder 8NQuih: ﬁxetﬁ?l\/(gS 3R)- Blekybudf uq 4-
dlﬂuoE%):lE% JIdjne%X:arbOéylatQ gz{]n:t\ll(éﬂ‘lgrh < mﬁglﬁggsa l0}1 %?1?3’83 hz] H’ﬁ methyl (3R,45)-1-
tert-butgpld+(2.4- dq@uanphmaylbpmohdm@ B-cohosplaidenantiomiet 34312 a calbhian yil.

t N4s o
s 8001 IABALASS k6l oA ARRIRUA L ot i
am ne @@Mﬂ%ﬁﬂ 4 = C

A mixture of the methyl (35,4R)-1- -tert-butyl-4-(2,4-diflucrophenyl)pyrrolidine-3-carboxylate

enantiomer 1-3 (1.37 g, 4.61 mmol) and potassium trimethylsilanolate (0.68 g, 5.30 mmol) in diethyl
ether (23 mL) was stirred at room temperature overnight. A saturated solution of hydrogen chloride in
ethyl acetate was then added, the volatiles were evaporated to give 1-4, which was used without further
purification in the preparation of Examples detailed below.

Alternatively, (35,4R)-1-tert-butyl-4-(2,4-diflucrophenyl)pyrrolidine-3-carboxylic acid (1-4) may

be prepared according to the procedure of Scheme W:

Scheme W
/©iu\/ Step /EI\/ Step B w
W-1 W-2 W-3
CN
NC
OH
Step C o Step D N\é
BP0
F F F F
W-4 W-5
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Y = NH) and either an al dehyde or ketone of fornula
67. The internediate imne is then treated with a
w0 e@y/089397 agent capabl e of reduci ng car bon-ni t POLES2004/009751
doubl e bonds such as sodi um cyanobor ohydri de or 10
sodium tri acet oxyborohydri de and an al kyl ated product
of structural formula | (X =C, Y =NR) is produced.
Alternatively, a compound of structural formula (1) (X
C, Y=NH) may be directly alkylated using an
aI kﬁl ati nfc\]/Fag:ant Fﬁ‘zﬂ:h as 68 in a polar aprotic sol vent
suc S nthis actjion, the substituent
IeaVJ_%gp_égt,oup, und 68 i s a | eavi ng group
such as a halid sylate or triflate and the
product is th nd of structural formula I (X =
C, Y =NR6). 15 Schene 740 R4 RA RA/_b Ra Rb 67 R4
IbaRaAcO—I NaB(QAc)3H, X Rac RL CH2Cl12 ac 1 HN

Step A R2 F scl)\ll}ltgonI of) %Q%&&Y&BS 5?00&)%&%1% (Qﬁglﬁ }ﬁ]‘zl@g’tol% Bbrane-N, N-

diethylenitive (Ft@ﬁ@rm ia MTJ@E«H) 10), way heatqdRe $8-4 °G, thayd soltionghwehforpg 4 -di-

fluoro- Bgéﬁ%)ﬁ%gé W_PPRoESHA rNI’f‘lﬁﬂ(lB I‘IL) Wﬁﬁ&‘ddb&) BveDC0 BT hd | homogeneous solution
ounds™ of structural

wasstiga il "G e BPECHERA pPAtEoBeR e & Cifup aiiasd gmIR dapthancl 23

L) was(afdéd dver 60 rin, wiBR ﬂi@lﬁﬁ%k&&&ﬁ}&ﬁtﬂ@ﬂ KIBPQOHi @Ol The reaction

mlxturg WF%%%’{# g? g{;‘tg Iﬂf%l?}l 08 ace ﬁb&hﬁ %)_ la\%%f(g§\%g 36 Phirf) sz?lﬂy &Lﬁtammg the

temperBmier22-5 *Gofith weolidg. GftRstiRing 3R4nil the mham VR @parﬂ-qd @nckthe organic
phase éﬁﬁllaiﬂed \ﬁtmgf!item[\lé%‘f@aéﬁtheﬁec&cgi'tragd%grgcuo to Sbtdita sdrigln of

-0or - ~r ) RLG68 0 R2 K2C3, DW O
compogad W-2.
Step B: Compound W-2 in the MTBE solution from Step A (5040 g, 98 wt%, 25.67 mol) was
diluted with methanol (5 L), then fert-butylamine (25 L) was added. The mixture was cooled to 25 °C,

solid NaOH pellets (1048 g) were added, and the resulting reaction mixture was stirred and warmed to
reflux. After 12-20 hr at reflux, the mixture was concentrated in vacuo to 1/3 volume, then water (5 L)
and MTBE (20 L) were added. The phases were separated and the aqueous phase was re-extracted with
MTBE (2 x 2 L). The combined extracts were washed with saturated aqueous NaCl (1 1), and then
concentrated in vacuo. Heptane (40 L) was added and the concentration was continued to bring the
volume to 20 L. The mixture was heated to ~90 °C to dissolve all solids, then allowed to cool to 22 °Cto
crystallize over 4 hr. The mixture was cooled to 0 °C, stirred 12-15 hr, then filtered. The resulting filtrate
was washed with cold heptane (2 x 5 L), then dried in vacuo at 35 °C to obtain compound W-3.

Step C: A mixture of compound W-3 (5.205 kg, 99.9%, 22.68 mol) and acrylonitrile (26.9 L, 408
mol) was heated to reflux (~77 °C) under nitrogen atmosphere. After heating for 20 h (~90%
conversion), one equivalent each of ethanol (1.32 L., 22.68 mol) and formamide (0.9 L, 22.68 mol) was
added and heating was continued for 12 h. After cooling to 22 °C, the solution was concentrated to 12 L
by distillation (80-90 torr at 20-22 °C pot temperature), and the resulting residue was diluted with
isopropyl acetate (22 L) and re-concentrated (55-75 torr and 22-27 °C pot temperature). This was
repeated. Then the residue was diluted with isopropyl acetate to a total volume of 34 L, and the
supernatant was filtered using a 10-15 pm porosity filter. The filter cake was washed with isopropyl
acetate, and the filtrate was diluted with a total of 24 L of isopropyl acetate. The combined filtrate (~54
L) was washed with a solution made up of water (31.2 L), acetic acid (52 mL, 4 mol%), and saturated
brine (3.1 L), followed by a 12% aqueous NaCl wash (2 x 34 L). The organic layer was concentrated
(15-45 torr and 5-29 °C) to ~15 L volume and flushed with 5 x 6 L n-heptane, during which time product
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LG = halide, Forrmula | (X =C and Y =CHN(H) R -

Formula | (X =C Y = CHNH2) Ows, OTf, etc. wherein
wWORdd8930Rs) O R4 Ra Rb 67 R4 b AcOH, NaB( GACh/BE2004/009751
~~I1 R4 CHRCI2 acRL N(r -or- s1RNr /s RLG

69 K2C03, DVF O R2 LG = halide, 5 Ovws, OIf, etc.
Formula | (X =C Y =CHN(R)2 -wherein N(R)2 = R6)
Reaction Schene V illustrates a general nethod for

reducing the aryl ring of compounds of general

crystaﬁlﬁécm*flﬁ s}ﬁn%]we{s ‘allﬂﬁ@%(/itﬁiﬁ hEll)'{QneQM & Iv@lt]ﬁé )5% 25’]9 %%& ath 5 °C for 1-3 days

until %ﬂfﬁﬂfaﬂcwfio ﬁﬂ§ lt}%a‘ihéed% igh E@tmﬁg’/ alildo\j@h%q W’é‘hcql%@t"ﬁ?é n-heptane (14
L). The .ﬁ&&:ﬁk‘eﬁwﬁfdrlad pl v@xt:zkd’hlﬂ oo (¢ With @¥itd€en s@@%@io}éﬁﬁ)fd ddnound W-4.

t an e
sep 3L oA it (BAEREL-P B G AUE A g ap) v
cooledp -B2°(Rahen XhiXro dRthilpho¥phiate((Biy2 k§421¥9 ApD waRddded. Lﬂ-ﬁ\][DS’(Q?aS M in
THF s-ghﬁ‘loﬁ 0§1I 5%""45%8 @'Wa' gl%wgfab a8 81\& F? ﬂ vJ e Ha n?fh%ﬁl{l?{hg reaftﬁon

|nven 1 on an e cons rue
tempeggtypat b “¢-Hifter mrélng oS “Criomhly, theamavtion rrpstmrr: ola qltmeheéo\{lth water (50.6

L) at J:ﬁt"@'dﬁﬁdktﬁ{cﬁd Tvidh4- ﬁre@ﬁn@gg%gd) Efrheog@ gglgr%lp%m@ elb\%sﬁWshed with 10% aq
Nact ity (o4 ) i apdeioaioh 95 SPUA3504/ 50 mh with oolmg o keep the

tempePt@p aBAeQ. OIhe(hfquddilﬁ Ry¢rE st BY was(adijudted to pH 11-12 with 50% aq NaOH (6.13L,
116. l%ﬁ aélliﬁ%x ac 8 w1th nqutggtalgi (859, %X‘"g?el (%lgalé%rp%gs%evp% lv&)aa}é{l ror%el W1th FO% aq NaCl

solution (26 L) and the resultmg heptane solut1on containing compound W-5 was used in Step E.

Step E: The solution of compound W-5 (4.88 kg, 18.46 mol) in n-heptane (~65 L total) from the
Step D was solvent-switched to ethanol (~20.6 L total). To this solution was added 50% aq NaOH (2.7
L, 51.15 mol) over 2 min with stirring. Upon addition of the NaOH, the temperature of the mixture rose
from 16 to 34 °C. The mixture was then heated to reflux (78-80 °C) under nitrogen for 5-6 h. After
cooling to 20 °C, the solution was diluted with ethanol (25.4 L) and methanol (40.6 ). The solution was
then cooled to 12 °C; the pH was adjusted to apparent pH 6.8 with 96% H,SO, (1.42 L, 25.6 mol), while
maintaining the temperature at ~20 °C. The sodium sulfate slurry was filtered through a bed of Solka-
Floc® (5 kg) and anhydrous powder Na,SO, (4 kg), and washed with 1:1 EtOH:MeOH (20 L). The
filtrate was filtered, concentrated and solvent-switched to a 2-propanol solution (~15 L volume). The
resulting slurry was heated at reflux (~80 °C) for 2 h, then cooled to 16 °C. MTBE (30.4 L, 3 vol relative
to IPA) was added to the mixture over 5 h. After stirring at 16-17 °C for 3 days, the resulting slurry was
filtered and washed with 12 L. 1:3 IPA:MTBE. The solids were dried in vacuo (150 torr) at 50 °C with a

nitrogen sweep to give compound 1-4.

SCHEME 1
o) 0]
NH, HN)K HN/U\
Step A Step B Br pC
1-5 1-6
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NH2 - HN. SimMe3 MOL1 I1.N..SiMe3 11=11 2 . |I/-
"Y-- NN HC Step C MO-~\~% Step DHO-r s OF OF
wWO-2(04/089868 11=4 Step A Preparation of N-tertrP@UUy100M009751
(trinmethylsilylnmethyl)am ne (1-1) 5 A m xture of
tert-butylamne (18.0 ni, 171 nmol) and
(chloronmethyl)trinmethylsilane (7.00 g, 57.1 mmol) was
heated in a thick-walled glass tube at 200C overni ght.
After cooling to anmbient tenperature, the reaction
m xture was poured into 1 N NaOH and extracted three
times wth diet ether. Thgy i ned organic
extract sStweg e gried WON), and the
vol atiles evaf tedln vacy Di stillation
(at nospheric ' ; ¥ the residual |iquid
gave the title L0 conpound 1 | as a colorless liquid.
Step Preparation of Ntert- butyl
(met hoxymet hyl ) 4N-(trinmeth ylsﬁ Imsthyl)am ne (1-2)
N-tert-Butyl-N-(trinethylsilylnmethyl)amne 11-11 (8. 47
g, 53.1 mol) was added dropwi se, over approximtely -
30 nin, vBaCa press@P‘é equal |B|£an addition funnel to a

stirred sd tgtgd*Eo lg%gpsg | dehatelas (5. 98 nL of

a 37 w. % ) "at 0C. After
45 m n, thanol 5 (6 45 mol ) was added
and t heyd [ ting gotgtion rated with
pot assi um car bonate, . After st rlaﬂg vi gorously for
appr oxi rTaJ(—@y 5 h, ‘H'ne aqueous ase was renoved. The
organi ¢ phase was saturated vv?-i‘.—%] pot assi um car bonat e
and stirred overnight. The reaction m xture was poured
into water nd extracted three timeg wth diethyl
et her. The cq{p%i ned organi c extracts uere washed with
brine, driegd {MySH) agpshthe vol ati evaporated in
vacuo. Distt ti on {highvacuum - 706 of they—
resi dual d affor t he t>T'iJ onpoupd 14122
Oﬁ%eparatin QfN I

as a col 8 liquid. S ,

(3R 4S) “1-tert 5.4 i f1 uorophenyl ’py roki di ne
-3- car bg_%/l ate an ‘f
(3S, 4R ert-butyl - ﬂ (2 4Edi Tl uorophenyl ) p lidine
-3- carboxylate (1-3) - WD 2004/ 089307 F

PCT/ US2004/ 009751 Tri flyioroacetic acid (116 L, 1.51
mmol ) was added to &%sol ftion of conpound 11-%2 (3.07
g, 15.1 muol) and nethyl (2E)-3-(2,4-difluorophenyl)
prop-2-enoate (2.99 g, 15.1 mmol ) in nethyl ene
chloride (60 nlL) at anb|mre§__rﬁahﬁ,erature After 18 h,

the reaction m xture was nto saturated aqueous
Prepagticti offd B ar bonat e and extract ed three tines with

Step At hl epg, Qﬁh@l{ bg@ 3 Ai[lfﬁle geeRf@\i1G extracs 5 were
washed w %g concenc} t.ed H14
vacuo. APG‘F‘E ‘f‘ihbfdartqeé?\g %F‘Lt mprael} WeferdgA to a stirred solution of 3,4-
dimethylaniline 1-5 (10.0 g, 82.5 mmol) in pyridine (150 mL) at ambient temperature. After stirring at

approximately 60°C for 2h, the volatiles were removed in vacuo, and the residue was partitioned between

diethy] ether and aqueous 1 N hydrochloric acid. The organic phase was separated and washed with
saturated aqueous sodium bicarbonate, brine, dried (sodium sulfate) and concentrated in vacuo to afford

1-6 as a white crystalline solid.

Step B: Preparation of N-(2-bromo-4.5-dimethylphenylacetamide (1-7)
Bromine (5.08 mL, 99.1 mmol) was added over 1h to a stirred solution of N-(3,4-

dimethylphenyl)acetamide 1-6 (13.5 g, 82.6 mmol) in acetic acid (200 mL) at approximately 15°C. After
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35

nor mal phase nmedi um pressure |iquid chromatography on
silica gel (gradient elution; 0-9% nethanol

w@ ewansg3nl ng 10% v/ v ammoni um hydr oxi de) / met hyPE@r©S2004/009751
chl oride as eluent) gave the title conmpound 11-33 as
a racemc mxture. The racenmic titled conpound was
resolved into its enantioneric conponents using
preparative chiral high pressure Iiquid chronatography
on CH RALPAK AD Phase (5 % 10 i sopropanol / hept anes as

15 nmﬁjtéée\%tér (%1_@2 IQL%’»%S' A R %@ﬁlrtﬁérlﬁéc%atldﬁe@ﬂ%served The resultant solid
- e r -

was ﬁé?rfd W@#@B Wétﬁwa}eﬁwf{wmg e drieddp sk oAbt # Bhik cryalline solid.
Step @ COl OPkepaGHG df Qﬁtﬁbﬂnmctml;mhﬂml_ﬁﬂg,yl (3R, 4S) - 1-

T Lot b L AL joraatenyl vt 3 BfgFopor SN o orome-

4,5-diRethplphcayDaatamide (1-7) (17.2 g, 71 0 mmol) in methanol (350 ml.) at ambient temperature.

After gt%én zB%%g]{ 11%5&12 by kcﬁ‘lgl( gl% A]i‘f:gltlt)lll H]B&IR‘P @q?éﬁoﬁ%ﬁ)ﬁ%@ fﬂl& ogéaH% volatiles

oride sa
removaql i vgew. e fqmamm am}apous phase was diluted with additional water (65 mL) and the

resultdosolid @od&cttv@ars tfit@ﬂé&ﬂ/asﬂed(v?ith“wﬁér ahal Qxﬁélllfm Sb }cpamr@ hls% RS/hite solid.
-3-carhb oxy ate enantlomsr 1 -33. (1 % 9 1 30 I)

Step Dand po Preparation of 2-bramos/
in di etAhgbllunoﬁbh@étoﬁQ@ 6O, VVGS Iﬁrhcbly iirﬁldlqﬁftouﬁ OdMulfuric acid (5.20 mL,
20.8 nhmogf i tegrﬁl %(ﬁ?fgx} | gé II%E‘S W%St %ﬁ?c{ cﬁé@%@et (o X1 slu‘redt ﬁ%)ﬂltlon 8%2 8romo-4 5-
dlmetln}h@ﬂmuﬁ (1B8g, ¢%63% mnehap @tralty@cbfmr@n ¢fiOvel.) bt approgirhaely (S Sodium
{
boroh&{ﬁﬁg (Qa\észt %“69% a%ita% PEJ dadd&lp% htfléu‘élg ah{l)fhe ruiile nfi%(t@r@ Al ddq8 warm to

npr es Al ternatively,
amble(lggnmturf. Qygioy the zeagtionsragiapengbddp s sprefiysequsntiad pdeation of

water (3188 @ ¥k hﬁﬁbﬂd& ﬂeﬂét); (WY strdaBly @n@m eTheAe £ B0A iGurt Yas

extracfﬁgév@‘;t%?—gﬁxf IR%B}’I@?’ Sﬁg@“\\g fmsqtge;or G%N%SSt eagh%émgllt*mg dried

(sodiulm 41fhte)/¥nd chﬁntr&t«ﬂﬁnWtﬁ@@@h@ﬁ&Bﬂ)e?reﬁ’ﬂiﬂ WS 66400 00RS drude residue by

flash %%%o%ag%ﬁ 8‘?/6'1:’ é@g@ %eF 5%’ (gent %188 %%1 %k#@'c&% /ﬁ%xanes as eluent) afforded

1-9 astaplage palp orapey eithe- NN-  di et hyl ani I ine (46.36 L) in MIBE
Step ;10 L) %aﬁ@@&ﬁgﬂ %&Vﬁﬁ(cﬂ%r&arb%%l@ﬂ&ﬁé ich®Bxyte (1- 11)
: 2-chl or o- di - 1Tuoro-acet ophénone Wlﬁé489‘1@gj
MTBE. ( 150) Shlprde el 2 M 6oIHion 1 RETHISNG mmol) ollowed
by N,S-Alniy®Brmamide (0.5 mL) were added to a stirred solution of 1-(ters-
butoxycarbonyl)piperidine-4-carboxylic acid 1-10 (10.0 g, 43.6 mmol) in methylene chloride (150 mL) at

approximately 0°C. After 1h, the volatiles were removed in vacuo, azeotroping twice with toluene to
afford 1-11 as an orange oil. Compound 1-11 was dissolved in methylene chloride to generate 43.6 mL of
a 1M solution and used as such in the subsequent reaction.
Step F: Preparation of zert-butyl 4-{[(2-bromo-4,5-dimethylphenyl)(isopropyl)-

amino]carbonyl }piperidine-1-carboxylate (1-12

N,N-dimethylaniline (7.12 mL, 56.2 mmol) followed by terz-butyl 4-
(chlorocarbonyl)piperidine-1-carboxylate 1-11 (42.1 mL of a 1 M solution in methylene chloride, 42.1
mmol) were added to a neat stirred mixture of 2-bromo-N-isopropyl-4,5-dimethylaniline 1-9 (6.80 g, 28.1
mmol) and N,N-dimethylamino-pyridine (172 mg, 1.40 mmol) at approximately 0°C. The resulting
mixture was heated to reflux for 30 min, cooled to ambient temperature and partitioned between diethyl
ether and aqueous 1 N hydrochloric acid. The organic phase was separated and washed successively with

aqueous 1 N hydrochloric acid, saturated aqueous sodium bicarbonate, brine, dried (sodium sulfate) and
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5 was stirred at 40 C for one hour, then allowed to
cooled to 18 C and stirred overnight. Methanol (2.3
waromagesatdded over 60 min, while maintaini ng tPEr/US2004/009751

tenperature at <20 Cwith cooling. The reaction

m xture was stirred 30 mn, then 5.0 Nag HO (10 L)

was added over 30 mn, while naintaining the

tenperature at 22-25 Cwith cooling. After stirring 30

mn, the phases were separated, and the organic phase
concenff@ed Y)ﬁ%ﬁ‘(ﬂt \terh chile WsathuB PudifibkRioH Sf IN8 Glude fekidife by flash chromatography

over G g oy AR SR o ed 1202 i s
SprsqutlampﬁmﬂmkﬁwhnﬂA (5040 g, 98 wt% 25.67 nmol) was

dilute rt-butyl amne (25

L) vvasg‘a Hecgnn%h %nte”bgt?l ‘LMSB‘E’%{& L{é% to 25 C, solid
dimethiXtpBbyDEdpetps ) fnipaRangynyhkpinerididerd darbardate bd2 (s 6152immoD,
b1s(dlbrm?i?rﬁ&éng&e{yné)%ma@m Sﬁﬁlk rg.£4 nﬁﬂ&i) ‘P@El’ﬁﬁdz p 91s(d'i}ﬂifeﬁ}l%osphmo) 1,1-

ture was_concentrated

the
binaphihyl (348 g, @-690ppmol) é’lldcﬁ?émmt AT (95¢ g §-93 mimghdn ppsgee (100 mL)
was e alappMRingitadyl deEC fkhe hpTiRsesctive hextse pas péuedd 1ﬁlﬂdqﬁdﬁ>&s 2N

TN T T EE ORI O T

washeaq'im btise, Bﬁéﬂ (s¢diurh pylfagei and doecentrated eatwoad eive karudamgidue. Purification

of the El% %ﬁﬁu %a%%c%ﬁat@%%ﬁ? 9:%@11&9 Q%&%ﬁte[?ﬁgﬁ ;9% W ethyl

Slicng e mxture
acetataﬁmam as deenpaffogiod & 18 ¢s ¢ fEwhijesclil sol i ds, then

Step ERI | oveg b 680l (19422 C to crystallize over 4 hr. The
=i xture was cooled to 0.C irred 12-15 hr

filter Bydrogensehiaeide (4 mk Qf 34 M%oéntlgﬂ In¢joxane, mﬂigawd@ﬁd to a stirred
solutich@f @-18 € pisang 0(334 ¥anl)Lin meihbﬂ%ﬁ]e dﬂcbr&ﬁ (2 mLy stcurbicat tedperfiuteo After 1h,

the rea(zgonzwuﬁeg ngﬁaagqfatecgtf dé;glegs i G acuo Cia(l e lréh S%l‘f/]eidtlﬁ g‘[&fl@%ﬁ% lﬁgﬁde (5 mL).
(3S, 4Rl)_1 14@Butyhdb(2.4 dﬁlgoﬂqglmlyiapyrrghdleé B-lgarbcéxyﬁv aq)) hysinepbtoride 1-4 (100 mg,
0.313 Pdof Oﬂﬁ{hoﬁygﬁa%%%o@e h @(57 bsdd b%% &%1)29 [ﬂd(me‘?@‘i/&mno)propyl] 3

convers ne equlva each Oi‘BPS
cthylcgpo BRI Han e BARedR S DBIoD An o ety REgoliE 0. 156 i L42 mmoD)
were a@ﬁ‘&l éﬂ&%ﬁdl\régy Wkeer 6ERE étli‘étﬁﬁjtefr@éraﬂai?e for 184, ttlﬁfre‘&ﬁ@xﬁ in[)@urt: @as diluted

he sol u % on wa gcentr ted to ﬁ, % dried

with emygatcﬁa}eﬁlg 8’ﬁSh€ BHCERSSY Y fm tsat%te ?qlEObSOSP 1{1 C@f ondte, éa)rme rie
(sodivanrsdlifitb)eand @ sndeiitratgl in esdnd tegivescradd radide. Rtificatiosoffthogyde residue by
flash c%ionf?ot %%vet%)mhga ?el E%ad‘f o &.ﬁ.ﬂé L 6% eisil)%( I?lgth%ngﬂ/eg&h?ﬁéqgﬂorﬁe as eluent)
affordecb wulmresohé,svldcph wasalisseliedrin theopiniopy aneuat ceftr@th.‘/éﬁna chlgridg and acidified
with h‘ﬁ@ﬂog’éﬁhﬂndg’ 1\11- sol@Rd if h‘i@thylséﬂw Rd ﬂﬁ‘étﬂé’ﬁ&ré ﬂeinb@erdeﬁl vacuo to afford 1-

usi ng - tn1por05|ty filter. The filter cake was
14asma&ﬁ@%mdﬁmﬁ<ﬁgﬁﬁﬁeﬂyr acetate, and the filtrate was
dl | ut eonbwig protafuids siafila2td that 8ésciisedpboveybr Bxagbrtlethe Tl wing
ined filtrate (-54 30 L) was washed with a
Comp%%'%v?8ﬁmﬂﬂﬁ up of water (31.2 L), acetic acid (52
m., 4 nol%, and saturated brine (3.1 L), followed by
a 1296aqueous NaCl wash (2 x 34 Q The organic |ayer
was concentrated (15-45 tort and 5-29 C) to -15 L
vol ume and flushed with 5 x 6 L n-heptane, during
whi ch tinme product -87 WO 2004/ 089307
PCT/ US2004/ 009751 crystallized. The slurry was
diluted with n-heptane to a volunme of 23 L and stirred
at 0-5 Cfor 1-3 days wuntil a concentration of 10
g/18 L is achieved, then filtered and washed with cold
(5 © n-heptane (14 L). The wet cake was dried in
vacuo at 20 Cwith a nitrogen sweep to afford conpound
Wi, Step D. A solution of conpound W4 (5.73 kg,
99.9% 20.28 nol) in dry THEg9f{31.3 L) was 5 cooled to
-20 C, then chloro diethyl phosphate (3.79 kg, 21.29
nol) was added. LiHMDS (1.35 Min




THE sol uti

WO 1@®4/08938f t er stirring at
m xture was quenched with water (50.6
extracted with n-heptane (40.5 L) at 20 C

on;

31.5 L, 42.58 nol) was slowy added over
1.5 h while nmaintaining the reaction

-15C for 2 h,

t enper at ur

L) at <15
The o

e at

t he r eBCT/U81904/009751

C and
rgani c

| ayer was washed with 10% aq Nadl solution (52 L),
and extracted with 3 N HCO solution (40.6 L, 121.8
nol) with cooling to keep the 10 tenperature <35 C
The aqueous | ayer (58 k) was adjusted to pH 11-12 with
1Rffol ) and extracted wth

50% aq NaOH (6. 13 L,

n- hept ane (54 Q
with 10% aq NaCl

| ut
hept ane sol uti on co%—am [
Step E. Step E. The’/sol
in n-heptan® (
was sol vent-swi tched to ethano
this solution was added 50% aq

nol) over 2 min with stirring.
the tenperature of the m xt

18. 46 nol )

NaCH,

116.
The or
S

(26 L)M

the result

5 was use
ound W5 (4.
) fromthe
O L total).
2.7 15 L,
addi tion of

c phase was washed once

i ng
din
88 kg,
Step D

To
51.15
t he

re rose from1l1l6 to

34 C. The nixture was then heatedFto reflux (78-80 O

under ni t regep—fpr5-6-h—AHer—eopHngte-20—G the
sol ution Wagxdi | ut edRdd t h et haR#dl ( 25 Péreht)lommek
net hanol (40.6 Q The solution was thermﬁ%l ed to 12
C, the pHpwas—adfustetd—to—ppparent—pH-6-"0—wtH—96%
H2S04 (1.42 12 265.6 @l ), whil & mmintai fddg the
tenperaturie at -po C.HThe sodi sulifate ghurry was
filtered tihroughrabedof—Sotka20—fFtoc(T) (5 kgy) and
anhydr ous [povder| Na28®4 (4| kg) H and V\B.S_h_é?ﬁmi_l_h_l: 1
Et OH MeOH|(2Q Q| The gfiltyateypas fiilterpd,
concent r atfed_and|{ Sof VENt=-SW tched t¢ a 2- propano
sol uti on (-1'@! Vol urﬁl) The Mﬁqulting 5|8rry WwWas
heat ed at |refd ux| (-8@C) fpr 2ch, then copked to|l 16 C
MIBE (30.4 L, 3 vol refatiyve to IPA) Was_added to the
mxture oder & hl Aft i t 116-1218 for
days, theresult|ng skurry{wasg filtlered ssd washed
with 12 L 1:30|PA: MT],@E The soljds were (ili?-led I n| vacuo
(150 torn)—at+—50 C v th—a| 25 M trogen svweep—toe—i ve
conpound 11-44. SCHENE1 NH2 HRJ1"' |HN~ Ri5ep A Step B
Br Step C 1_3 16 1157 -8B WD,2004//08930
PCT/ US2004/-069751—NFE—HN--St-ep—c—B—Step-B-—Br—11- 9
1-8 BOC BAC Bdc | N NHStepj{ E NCBtep |F Stef35G HO D CI
Y N1-1011-31 )|Br g Br 590

15 H 1 636

16 Me NHp 539

17 NHp Me 539

18 H OH 526

19 H NMe2 553

20 H OMe 540
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1-12 Booi N Step HONHCI NHC (r) HOO F 1-13
OFI F14F11-14 5 EXAMPLE 1 Preparation of (1-14)

WEL@p/08930Pr epar ati on of N- (3, 4-di net hyl phenyl ) BCBEUS20DH@9751

(1-6) Acetic anhydride (38.9 nL, 412 mmol) was added
to a stirred solution of 3,4- dinmethylaniline 1-55
(10.0 g, 82.5 mmmol) in pyridine (150 nlL) at anbi ent
tenperature. After stirring at 10 approximtely 60C
for 2h, the volatiles were renoved in vacuo, and the
-residue was partitioned befcheea2di et hyl ether and
aqueous 1 N hydrochloric acid. The organi c phase was
separated and washed wi th sapurated agueousgsodi um
bi carbonate, brine, dried (sodiumsulfate) ajd
concentrated i MHgacuo to afNor 1-6 as aHWhi te
crystalline sagli y epar atiqn of Brbr ono- 4
5-di net hyl phe 7) %E_%P r oni 5.08 ni,
99.1 nmol) 0 a stirree~seal ution of
N-(3,4- dinethylphenyl)acetamde 1 6 (13.5 g, 82.6
mmol ) in acetic acid (200 nl) at approxinap ly 15C.
After -89 WD 2Q04/089307 PgBd/ US2004/ 0097%13 15
m nutes, water (400 nL) was added until no further
preci pitati on was observed. The resultant solid was
filtered, washed with ter (unti ite) and dried in
vacuo to afford 1-7 angE%hite crég¢glline sol i d.
Step C Pregtapd i on @GR br di me$teyPani | i ne
(1-8) Potassium hyds 284 mmol ) was added
to a stirred solufion]Jof N-(2-bropo- 5
4, 5-di net hyl phenyl ) acét am de (16 17.2 g, 71.0 mol)
in methanol (350 nmL) at anbient {efperature. After
stirring at approxi nately 80C for.448h, the reaction
m xture was cool ed and the organic volatiles renobved
i n vacuo. The_remai ni ng aqueous phase was diluted with
addi ti onal wafe¥ (65 nL) and the §%¥ultant solid

product was fM{tered, washed wit ter and dried in
vacuo to afford 1-3¢ - @ white solid. tep D.
Preparation 2- D- N- i §tspEopyh1, ' %hyl ani line
(1-9) 10 A sgluti pf acetone (5,60 76. 3 nmol )
and aqueous©4 W'sufffuric acid (5920,
Br Bn Br
2-5 26

-03 .



20.8 mmol ) in tetrahydrofuran (15 nL) was added

dropwi se to a stirred solution of 2-brono-4, 5-
walzompspshani | i ne 11-88 (13.9 g, 69.3 mmol ) i n PCT/US2004/009751

tetrahydrofuran (40 niL) at approximately OC. Sodi um

bor ohydride (2.62 g, 69.3 mol ) was added cautiously

and the resulting mxture allowed to warmto anbient

tenperature. After 30 min, the reaction was quenched

by the careful sequential addition of 15 water (25 nL)

and sodi um hydroxi de pgshdets (until strongl

al kal ine). The reactiofp m xture was extra¢{ed W th

tert-butyl nethyl etifer3(150 nL) and the piganic phase

was washed wtth brine, dried &8 dlun1sul 5

concentr a %|V ) @lve—a—erugﬁ 2.0
Purification o ge residue by

chr omat ogr aphy ovg ili'ga gel (gradief eIUFlon,

0% 20% et hyl acet at e/ hexanes as eluent) afforded 1-9
as a clear, pale orang& oil. 20 Step E 2Breparation of

tert-butyl 4-(chlorocarbonyl)piperidine-I|-carboxyate
(1-11) Oxalyl chloride (32.¥ rgl of a 2 Msolution in
nmet hyl ene chlg e, 65.4 foll owed by

N, N- di met hyl f 8F%Eni de (0.5 wer e adggg t cstépisti rred
solution of 1-(tert- HN -

but oxycar bonyl ) p\peri di ne- arboxyli® acid 1-10 (10.0
g, 43.6 mmol) inympgphyl enegchlomMde 0 nL) at
approxinq&9ly 0Cy After Ih t he Jélat Ieé wer e renoved
i n vacuo, ﬁo opi ng tMAce W th to 25 afford
1-11 as an ge @i l. Conpound 1-1 s dissolved in
nmet hyl ene chl e to generate 43.6 of a 1M

sol ution ang as such in the subsequent reaction.
Step F. Préparation of tent-butyl 4-

[ (2-brono-4, 5- d|nethylphenyl)(lsopropyl)

am nol carbon, |} piperidine-I|-carboxylate (1-12)
N,N-dinethyl. [
tert-butyl 4735

of a 1 M sol/ut
were added teg-8

2- brono- Ni !p . -A ~di met hyl

28.1 ) and N, ﬁﬂd"-th Ianiﬁ pyrldlne
1.40 nmo apprle~ s 0C. “The resul ti
was heatedﬂo&flux w 30 mn, cooled to ang

aqueous 1 N hydrochl orifc acid. The organi c phase was
separated and washed successively with 35 aqueous 1 N
hydrochl oric acid, saturated aqueous sodi um
bi carbonate, brine, drie i sulfate) and -90 WO
2004/ 089307 PCT/U82004/033Q§@&bgchentrated in vacuo

Prepatatiogof@-14) cr ude residue. Purification of the crude

5 Stepsa®9) du v

Stepsp3, i Bl e UG B CEERR- B RS
eIuentﬁﬁaﬁﬁ@ﬁuédhﬂxuﬂmﬁﬂﬁmbWWEw(%6btd Qtpn G
Prepar qte}’t%t}@fl ((i bﬂ&ﬂo Aclﬁ&*ofstrﬁéihﬁbﬁéhyisa@m&f]caIrS‘JnK/r}%eylhme 1-

r ono-
Cafbow%%yfﬂa REERYEY ffP@émhl?ﬁ‘gfﬁ‘}T%iPWHBﬂhe%\%éﬂl}qV}% pemjler presesture to that
describal fopxY [(2beonib-4 2 dfn@tHyIphbnyHZsspidPy))amino]carbonyl } piperidine-1-carboxylate 1-
10 12 bi s(di benzyl i deneacet one) pal | adi um (187 ngy, 0. 326

= mol), racem c 2, 2'-bis(diphenyl phosphino)-1,1'-

bi napht hyl (309 ng, 0.496 mml) and sodi um

tert-butoxide (954 ng, 9.93 nmol) in di oxane (100 ni)

was heated at approximately 100C for 18 h. The

reaction mxture was poured_ppto aqueous 2 N
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hydrochloric acid and extracted three tines with
di ethyl ether. The conbined ethereal extracts were 10
wo®heshswi th brine, dried (sodium sul fate) andPCT/US2004/009751

concentrated in vacuo to give a crude residue.
Purification of the crude residue by flash
chromat ography over silica gel (gradient elution;
0% 40% et hyl acet at e/ hexanes as eluent) afforded 1-13
as an off-white solid. Step H Preparation of (1-14)

Step EHy dr og@reparhiianrdf deer-$utylrit{ [bdnzg (Abrvins dichtoref | n di oxane,
( 1r2T'gDI }ne{@@ﬁ)h&q;ﬂ?hmkﬁar%oﬂl ﬂiéeﬁgme :E-Cai%gj(%ﬁtélgg-% ’Of IT&; 1gt
aﬁbilernﬂlydrmﬁb%angs 8@6 il ewas| added tp  stinrasisetutiomofiyernt tbutyed-{ [(2-bromo-

4-chlo¥$$ nﬁi‘.ﬁ?fﬁﬁ&@f)ﬁﬁmg]@arg&é@ﬁ)ﬁ%nﬂﬁe—\i 26148xANE2582.90 8P MAkol th NN-

| éne Chlorid

dlmeﬂ(yﬁwml 21(40 mly a%m)wmzﬁte(lyzo"ﬂ dibe FRSHAITREINA Y5y rarsed @iambient
temperafir€ @iddgad/fot 30 ARl Beddyhrogidk 1. 2001110 UAmOL) 0@s #dlled akll a3ikB1h, the

reactiq?drﬁl%‘)ujﬂe’ \gfz;f%g{ % a'%( ben Z Ot :,{,\]?ﬁ%;)( d lETalE gnc{ eeragec{Tgith Qlet%yISether The

organie phagt way wastied wnldatdngteﬁ ambduwe sodien bic2rbOnatg prifk, 8i&d (sodbhnh sulfate) and
conceﬂ%gadg erciﬁp YJ L{?l?cie T du%o P&l@f?ca%n of]th &u@@éﬂue%g il c%romatography

SUCCES ter aging roomte
over sfligt gel gerpdient hletl@le 8%:309n aqvf%ﬂam@wlm%cfmndmawuew *tffW@Eit%yﬁ as a white

solid. acet at e and washed successively with saturated aqueous
SOdI um_bi car, bog Ee, brine, dried (sodiumsulfate) and

StepFe oncen acuo to give a crude residue.
P%h]bbmﬂui-masqfrepbfeﬂ fiokiree- bn@sil-({i [benZyy(2-bfdnawstichloro-5-

methy E}éngy I P((}ilfxpgetrrxﬁlsn%:le%cgar &%ﬁate fgl%\& gé § lnﬁignl prQCedure to that

descriwdffolrliéﬁ a \Nhl te solid, which was d| ssol ved in the

Step @1 NI MUK ADDUG] £03 g{TEt hyI ene chloride and acidified 25
vvlth hydr izn chioride (1M solution in diethyl ether).

THesolsPapf 2861 1w &-68 el bardianisola b b Lirramal) in triflgorgacetic
acid/céhc\éﬁttafé@ sﬁ@uhrlc%cfd@(l 1 t(1|5$%5 ﬁﬁ_t%&éa@ IeAtdd)i bm 3, E&Ls)iu@éﬂﬂu?@at approxlmately 110°C
eaur ar 0 a escri bed above, for
ror 15 AFRE<GRE T gy OO R Wop b APRYES et e reidue vas
neutraP@4dA/ih3Q8&bas PCN OFRO04MBARIERAd exRbatedRdh hMbyIMectaty-THe orddnic phase

was WI\LhEﬁP w%ﬂlie, dr?edﬁsc&li:un% gﬁfateﬁE a&&n@%g‘atg@{;ﬁgguol 8 foggdz é;_%mn orange

gum.
Step H: Preparation (2-9)

Compound 2-9 was prepared from 2-8 following a similar procedure to that described for 1-14.
Step I Preparation of (2-10)

Sodium hydride (4.00 mg, 0.174 mmol) was added to a stirred solution of 2-9 (60.0 mg, 0.116
mmol) in N,N-dimethylformamide (1 mL) at approximately 0°C. After 15 min, tert-butyl 2-
bromopropylcarbamate (83.0 mg, 0.349 mmol) was added and the resulting mixture was aged at ambient
temperature for 1h. The reaction mixture was poured into saturated aqueous sodium bicarbonate and
extracted with ethyl acetate. The organic phase was washed with brine, dried (sodium sulfate) and
concentrated in vacuo. Purification of the crude residue by flash chromatography over silica gel
(gradient elution; 60%-100% acetone/methylene chloride afforded 2-10 as a white solid.
Step J: Preparation of (2-11)

Hydrogen chloride (1 mL of a 4M in dioxane, 1 mmol) was added to a stirred solution of 2-10
(30 mg, 45 pmol) in methylene chloride (0.5 mL) at ambient temperature. After 1h, the volatiles were
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4 M H524 5 HM 524 6 O M 558 7 M O 558 8 H
H510 9 F H528 10 NH2 H 525 11 HNH2 525 12 HF
WG284/0880H CN 535 14 H Br 590 15 H | 636 16P@bUBEdR4/009751

539 17 NH2 Me 539 18 H OH 526 19 H NMe2 553 20 H

Owve 540 -92 WO 2004/ 089307 PCT/ US2004/ 009751 Schene
200 NH2 HN'U'- HNjI"- Step A Step BBr C C C

22=1 22=2 22=3 NH2 BOCi Step CBr N Step D + 0

G O 2-41-11 BOC BOC NNC Step EC

removed in vacuo and the residue was triturated with diethyl ether/hexanes to afford 2-11 as a white
powder (m/z (ES) 574 (MH)).
Following procedures similar to that described above for Example 21, the following compounds

were prepared:

Cl
Me Me
RE—N " Me
O Ny
O F
F
Ex. # RO Parent Ion m/z
(M+H)
22 -CHpCHpNH) 559
23 -CHpCHNHBoc 516"
" (M-"Bu+H)
, 24 -CHpCHpNMep 587
25 -(CH2)3NHC(O)Me 573
26 -CH>CHyCHyNHBoc 673
27 -CH(Me)CN 569
28 -CH(Me)CO2tBu 644
29 -CH(Me)CO2H 588
30 -CH(Me)CHaMe 572
31 -CH(Me)Ph 620
32 -CHPh 572
33 H 516
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N

N HBr Bn Br 2-5 2-6 -93 WO 2004/ 089307

PCT/ US2004/ 009751 BOC H N N Step F O Step GC O
WOB04889302-7 2-8 CI  Step H Step I HN N N HCl PQX/NS2004/009751
HOL,." OF OF1-4\ | F F29 C CI NNStep J N

N

N HW O - FH2N (r) F(r) (r) BOC2-10 2-11 F F

EXAMPLE 21 Preparation of (2-11) 5 Steps A-D:
Preparation of tert-butyl 4-{

[ (2- br ono- 4-chl or o- 5- net hyl phenyl )

am nol car bonyl | pi peri di ne-| - GoHEMEBat e (2-5)
Tert-butyl 4-{

[ (2- brono-4-chl oro- 5- et hyl p%en | ) am no] car bonyl

}-pi peridi fe% - carboxyl ate 2% was prepar ed i poHCI
4-chl oro- 3<et hyl ani | i ne 2= N Il ow ng a si iNar
procedure|to jthat Sederibed fgr 4-§terB

[ (2- br onp- $<5- di met hyl phenyl >i_sopropyl )am n ar bonyl
} pi peri gi Q car boxyl at

CO.H [\IH [\IH
Cbz Cbz
C\bz >[
HN N
StepC N Step D
14 l F
34 F
H2N N
N \“\\\‘ StﬂE
(o] F
35 F
EXAMPIE 34

Preparation of (3-6)

Step A:

Preparation of (3-2)
Diphenylphosphoryl azide (1.95 mL, 9.05 mmol) was added to a stirred solution of compound 3-

1(2.50 g, 7.54 mmol) and triethylamine (1.47 mL, 10.5 mmol) in toluene (35 mL.) at ambient
temperature. The resulting mixture was stirred at approximately 85°C for 4 h and then cooled to room
temperature. Benzyl alcohol (0.94 mL, 9.08 mmol) was added and the resulting solution was aged at

ambient temperature for 18 h. The reaction mixture was poured into aqueous 1 N hydrochloric acid and
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10 12. -94 WD 2004/089307 PCT/ US2004/ 009751 Step E:
Preparation of tert-butyl 4-{

WO beangd3)2- br ono- 4- chl oro-5 PCT/US2004/009751
met hyl phenyl ) ami nol car bonyl | pi peri di ne-1| - carboxyl ate
(2-6) Sodium hydride (193 ng, 8.06 nmol) was added to
a stirred solution of tert-butyl 4-{ [(2-brono-

4- chl or o- 5- et hyl phenyl ) am no] car bonyl
} pi peridine-1-carboxylate 22=5 (2.90 g, 6.72 mmol) in

extractdl Dr& (Hhd¥RlietyPiceRE d@e (:&leﬁéé)oré’aﬁuc%ﬂﬁﬁ&wwfatv@ﬁ'&d @4gh water, brine,
Tereactlon m._xt ure S war ne

dried (p@gz&élrug)(s& %te)aqqa C%%}HI‘&F (i BEEUG un g@tﬁ(ﬂﬂf ettgrcgﬁlie a%sud(ui b% 61ash
chromébgragify. olleﬂ'ﬂimia)gel\l(@ﬁdlaﬁi@ﬁdloﬁ,l’ﬂ%-AO% @thyl &eetatelhexaneeascdiient) afforded

ured into aqueous 2 N hydrochloric acid
Compogﬂ‘ﬁ—gﬁ?\é\\@f’%g V\ﬁﬁ'th di ethyl ether. The organic phase
Step Baas wa

urat ed agqueous sodi um bi car bonat e,

b EA sgﬁ‘lratgf §0ﬁ1ﬁox( gﬂ‘g/ é&h&ﬂ%"ﬁ'} etﬂﬁ qceteﬁ@&@qﬂ;) Fodls g&’deﬁ'ﬂo a stirred solution

vacuo I ve e resid Purification of

of corrmou@ela 6. lBqulb;g ﬁle&fme@ﬁaltlergqca{%ww aave%ﬁm@rqlx Q% After2h,

the voffiles %fe@%ﬂ%ﬁﬁed@h u&dua Mind ER6cRARMQLRE RS HBEBY vaeSwith dry diethyl ether
hIorlde forded 22=6 as a' white solid.

el
tog“’esﬁoé‘l?oﬁn éspaa"ro‘ir' -7) Conpound 2=7 was prepar ed
Step Cf: r om t @rdpadatidrydf (3H4) [benzyl (2- brono- 4-chl or o- 5-

mﬁé@‘%ﬂ ﬁ&?%l&h%@nﬂ&d 1685 RAN¥LERIRSY aﬁ%ﬁi' & équge%)ﬂuﬁ&?of (3SAR)-1-

l'ar proce ure
tert-bﬁﬁ%GZL%QU¢mhemmm01@@ﬁ Grqub’b(pmcbhﬁdmﬁhleﬂdf(z_g() 674 g, 2.09 mmol),

compo%ﬁh ] (@ F?o?é 22)92111{1&1) A c§1(7 2Bz HRo0)- 1@1391 231 EthReth ufb'élum

in trif|uoroacetjc. aci ncentraf
N TV I AR T TR ——
After P8 B Slbe&tibhl bexnat wappsusad ifdtvker addléxGactédihret Sintes with byl acetate. The
TR INE AT  ae—
vacuoa fugiiaatioRoBhd\trededesidne by diagxihdenaophpby byea sifiealgahi gridient elution; 0%-

9% m BQX)& (c § %Wan iy 2083/ me ﬁng\@tﬁm a%fu@nt) furnished
ghabelBEnd S By A e

SOdI um ncentrated 1 n
Compwé@dqsécalpfl@ﬁs@azl8 as an orange gum Step H:

Step TR €Par ahiffibRofds-sConpound 2=9 was pr epar ed from 2=8
E:fIIovvln a sim]lar procedure, t escrj bed
1 Ayt B WBWJMZ o] R%ﬁ(% @%V%Géﬁdﬁ &5 He
ethanc(].%la@ﬁl f@tic &idl(d4, ﬁ[’ﬁ]ﬂ) )Nay\ﬂﬁir@dz&eﬂ @tnaasplictw p&ﬁbuﬁs(ﬂoutﬂ IorThe resulting

nnxthelwarsrL tel(eg Qhrouﬁgg short ct“o 1fmn gm ilkkf eputl c;unﬁt\xp efth%%gﬁa q?-xg Bitrate was

evapogatedomad thepesigyy I“@apa:mmé bf(t%eronfvﬁ@'le@ cmgdmlsytum aqueous sodium
blcarb%f-m@ d’l’l?é'lﬁlggntbephﬁs%%g &4 ?H&téa‘aﬁ& Hle Gqidas ﬂﬁ%é@%—@iﬁh’cé@ twice with

nperature or he reaction m xture was ed
methquﬁlﬁ shlsrde,rThe é@n@wéﬁa@lwaﬁﬂwm 2AHIS it vaighrigp dried (sodium

sulfat€ahil asdcedradtiivehd yiburiic ficatof the thide edslan b 1A @R@maRgraphy over silica

h | fate
st St B 3 e S R S G g et o
as elueigsfuthighet yorfiponsd3-6 as oodoregs foplmy over silica gel

Ste Iggradl ?35 ?aPHIIBQ@ 6) Sg:%: éogzla ;aget one/ net hyl ene chl ori de

Acetyl chloride (11.4 pL, 160 wmol) was added to a stirred solution of compound 3-5 (50.0 mg,

(D

107 pwmol) and triethylamine (44.7 pL, 321 pmol) in methylene chloride at approximately 0°C. The
resulting mixture was allowed to warm to ambient temperature and aged for 18h. The reaction mixture
was poured into water and extracted three times with methylene chloride. The combined organic extracts
were washed with water, brine, dried (sodium sulfate) and concentrated in vacuo. Purification of the

crude residue by preparative reversed phase high performance liquid chromatography on YMC Pack Pro
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Step J: Preparation of (2-11) Hydrogen chloride (1 nL
of a 4Min dioxane, 1 nmol) was added to a stirred
wadowpswor of 2-10 35 (30 ng, 45 gnol) in net hpCBOE2004/009751
chloride (0.5 nL) at anbient tenperature. After |h,
the volatiles were -95 WO 2004/ 089307
PCT/ US2004/ 009751 renoved in vacuo and the residue
was triturated with diethyl ether/hexanes to afford
2-11 as a white powder (mz (ES) 574 (MH)).
C18 phadel(9dig eMitios;HII G, SdetBnludle/wakr bi@herd @515 THEhRARRY Followed by

f.or.. Exampl e 21 e foll ow onpounds _were
tyophiiPcm SIS Eipoiid 85 Iyl fierigy Sy TS g oyt s

# HRBowag pricedunss sintilar (d\irdt)descABed 4B Qo BkdznpBb®!, thé $ollowing compounds
werepr%%lzmsoc 516* * (h4- Bu+H) 24 -CH2CH2NMe2 587 25

d 3NHC(O) Me 573 26 - CH2CH2CH2NHBoc 673 27

- CH(Me) CN 569 28 -CH(nxggacozt Bu 644 29 - CH( Me) CO2H

588 30 -CH(Me)CH2Me 572\ 3IR® CH(Me) Ph 620 32 - CH2Ph

572 33 H 516 -96 WD 20¢

SCHEME 3

Hr'\l N
Rc N RSN
b
(o] F
F
Ex. # Réa R4b ‘ Rc Parent Ion
m/z (M+H)
35 Me Me \H/Me 538
(v}
36 H H 524
\H/\Me
(0]
37 H H Me 538
e
(o]
38 H H Me 552

o}
39 H H 525
NH,
\g/\

40 H H

539

@
nnn
=Z
I
5

-99 .



Boc Boc H HOI N NN Step A Step B CO2H - NH NH Cbz
Cbz 33=1 33=2 33=3 Cbz HNN Step CN Step D 1-4 0
W0 264889%0F H2R1L NH S -~Rc N Step E O/ F O FCT/LISD04/009751

3=5 F 3=3 F 5 EXAMPLE 34 Preparation of (3-6) Step A
Preparation of (3-2) Diphenyl phosphoryl azide (1.95

nm., 9.05 mmol) was added to a stirred sol ution of
compound 3- (2.50 g, 7.54 mmol) and triethylam ne

(1.47 nL, 10.5 mmol) in toluene (35 nL) at anbient 10

teffper-ature T TheresuH g mxturewas 7stiTTred at
4approxiWatelly 85@& for 4 h and ghen coolied t 83% oom
t enperature.{ Benzyl al cohol g m., 9.08 mol) was

added and thie resulting sol utj on as aged at anbignt
tenperature for 18 h. The reaction m xtjure was pouyed
Ao agqueous| I N pydroghloric acid and{-97
43004/ 089307 PCT/ U52004/ 009751 \extracted th tinmes
wi tth et hyl acetate. The conbhyfethHpr ganijc extracts were
waghed with water, bripe, draed (nmagngsi um sulfatg)
and concentrated. in vacuo. _Purification.-of - the crude
4regi dueygby f] ash gchr opat ogr aphy..over gili casgel
(grjadi ent el pytion; 0% 40% et hyl aret at ¢/ hexanes as
el yent) affofded conpound 3 Hs a cqglorless oil} 5
Step B: Preparation of |(3-3) saturatgd sol ution pf
hydrogen chlpride in ethyl acetate (20 ilm) was-added
440 {a styrred] sol uggi on |of conmpound 33=3 (2.6859, 6§17
mrgl ) in nethylene chl oride (2 ) at japproxi mate|y
OC{ After 2 h, the volatile fe evapgorated in
vacuo, and the crude ré¢sidue as triturjfated twice with
dryvi diethyl ether to give conpound 33-133 as.a
col orl ess solid.

SCHEME 4
H » HCI %
Chz—
H%I\\\\\ + iﬁ N I\\\\‘
O 1 8
Cbz
1-4 41 42

] va
HN N N
Step B Ne_ o Step C NH NW o

EXAMPLE 45
Preparation of (4-4)
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10 Step C Preparation of (3-4)
N, N- Di i sopropyl ethylamne (1.09 nL, 6.26 mol) was
w@oaeise3o7 a stirred solution of (3S,4R)-1- PCT/US2004/009751

tert-butyl-4-(2,4-difluorophenyl)pyrrolidine-3-carboxy
lic acid hydrochloride 11-44 (0.671 g, 2.09 nnnol),
conpound 33-33 (0.705 g, 2.09 mmol ) and
O (7-azabenzotriazol-1-yl)-1,1, 3, 3-tetranet hyl uroni um
hexaf | uor ophosphate (0.954 g, 2.51 mmol) in

Step AN, N- di pepdrstidn@fapi de (10 nL) at anbi ent tenperature

T oAbl SARLER A R M aglaon of (35411

tert-bulré-(2.4 lifbiornptienyhgymiliding Bt dahok gicvueidehydeslilexdden-4 (0.9 z€2.87 mmol),
compoQﬁd 1‘ ? (1. gj % %%7 gxﬁgcqz)%lq‘g P7I ;{]z%e?lzona&gl fgﬂ gelrg %?‘irfnlnethﬂuromum

iticati ere
heXaﬂ‘é%‘?Rbﬁﬁﬁléfg l(h%:hgé 3¢l anme)) inj\GH- dgaftthy(l@rrmjméﬂtﬁelhlu)tat gnhier® ¥mperature.

After 1%% Rt ORAR mk QRN ﬂ%hl@g ik Wadf aRRBRIHAYRRec times with e hyl acetate. The
drOX|de /neth | ene.chl ori de as el uent urnis é

combngas PRI GxUsispyerg washed withy pigh Sriney drigd (eslip sfapy) and concentrated in
vacuo. Aheifiaitidni of the@fudé eshijie By fI:lslib%&a@baﬁl@%ﬂﬁﬂca@ﬁ@ra@%n@uﬁon, 0%-

9% me't 3 ﬁ)olkccin}aurlt? aid‘?a v)gc ?tu uglué-xcl}yém((%x iimetg)glme) %g%lg% as erIuent) furnished

<Dﬁm0Wy&£§g%maﬂ@ﬂms®matnospherlc pressure for 18 h. The

Step B reSU|tE@&umﬁh4ka9 was filtered through a short colum
of celrte(r) elutlngzco piously with ethanol. The

f fopixiggeet \ﬁﬂgpoue@éq&d? senolad piladivex(ily hudrowds (0.169 g) in
ethanopgﬁduutat@ia aetd el WoeR )Rk hydrsg&ﬁatemLttatm&shéiliaqxe%aﬁélfo@ﬁ@dﬂ The resulting

TR MR O W T

evaporawd imd theetebijlheomes pahitiondddetwedh ﬁle(h@l&ﬁ& ¢hstide ra@c&fhhﬁrated aqueous sodium

icwo i 38 ol Bl SST M e RG] LSS
methylengechiorideleTheeoomtined prgarfi exiacts Mb@nmkmylrmﬂhyatGVEmInesdried(ﬁ@dlum

sulfategﬁld coRl=AGENE; vahit P&ﬁﬁca@cﬁ? 3 (ﬁé@&d&qc ({l ?gﬂg rﬁblgo#a%%% over silica

anmoni um hydr oxi de /HEtlﬁ ene

gel (gf?de&“ﬁ plutiony 0%oivh B thanat conining 19%: vy ewneslsmflwmld@@n@n e chloride

as elueft) fd?memaarcainp@md af3 ds3cblbridegdayl. chloride (11.4 L, 160

Ste tnDI) ddeg4 a stirred solution of conpound

——2—33 55 07 trmol) and triethylamne (44.7 L, .
39.1V- Mopropﬂemﬂam&i’@ 1h 1160 pobel) ats adalpd axd stibkee bylutdi.of N-Boc-

Glycmé- bﬁ 3 th T4 |5%n,'nﬂ>% 4 lgatogﬁfﬁlo_r ?@%B%Jné $‘§gq@‘é Wﬁmﬁaozal%ael%tr?aggl 1-yD)-

t enper at ur on mX
3. 3vietsmsiyPusenivp hexafizarenhosphate 630 ¥ met 80l winelpin NN dizsetiyilformamide (0.75

mL) at ARbRNI t@tﬁ ritileO Wft@ﬁlS hTEH% rERAB ﬂ&%@ﬁv%u&d%&% WRRE Snd3Reracted three
brine, dried (sodiumsu

e
times Véﬁuﬂ%@ﬁ%ﬁg‘?sﬁ% gf fﬁeﬁmv IBRLOrS s S FRe Y Pg Hried (speiem s@fard)end
concentresd duaciyy The efude sbsidvewisaligolsatin Piasenb cabri@an iha!l) fewEieh a

s ) SOSOTRLEBAATRY A Y PO a0 0 0 s

removed| iy ygcyp andibg wodosesidet onipurifiddefypatreratiasreedrsrephase GighYerformance
liquid J]Fcﬁnaﬂ@nggﬁ% &h %(l\/f@i’flc@pg(g? hade)( Pfeht' ! Od'%.g?()’ﬁ aciertﬂmtnle/water as

as a ess occul ent 'so

onpoun
eluent, @égap TEA @Oé(fm}—yophﬁaww Hg Pyribeddlinstiens ssymgompoundst-4 pregt colorless
flocculel@selid (bﬂﬁ(ESbQMG(M}W)) Exanpl e 34, the follow ng

CIQOrfr(J)wmg pl‘OCeC\{\uB}eS sn%Iia% Po tlilatdd:escnbed abovebfor Example 45, the following compounds

were prepared:

N
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HNN RN~ OF5F Ex. #
n?/z (MH) 35 Me Me Me 538
WoR(d4}0s9987 538 Y "Me 0 38 H
HHNH2 525 0 40 H H = 539

R4a R4b Rc Par ent
O 36 HH ,)r Me 524 0 37
H M 552 , Me MePCIVUS2008@9751
f NH2 0 -99 WD 2004/ 089307

| on

PCT/ US2004/ 009751 41 HH 539 NH2 0 42 H H 553 -T~I
NH2 0 43 HH 565 NO 44 HH565 YON
R4a R4b
R®—N ;}L
N_ o
7
O F
F
Ex. R4a R4b RO Parent Ion
# m/z (M+H)
46 H H " 496
o}
47 H H z 525
o
(o]
48 H H 525
o~
(o]
49 H H - 551
O
H
(o]
50 H H 551
W
H
(e}
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H O SCHEME 4 H HCI N NCI N Cbz-N N HO-Step AO F

NN O. F Cbhz 1 4F 4=144-2 F HNI N N Step B N'!
wWh20040880Ep NH2 O / F O F 4i3 4-4 F F 5 EXAMRUEUEH04/009751

Preparation of (4-4) - 100 WO 2004/ 089307

PCT/ US2004/ 009751 Step A: Preparation of (4-2)

N, N- Di i sopropyl ethylam ne (1.50 nL, 8.61 mmol) was

added to a stirred solution of (3S,4R)-1-

tert-butyl-4-(2,4-difluorophenyl)pyrrolidine-3-carboxy

l'ic acid hydrochl oride 11- $dhef@5921 g, 2.87 mol),

conpound 4471 (1.03 g, 2.87 mmol) and

O (7-azabenzotria2#iGil-yl)-1, 1, 3, 3-tetranet hyl uroni um

5 hexaf | uor ophosph @. 31 %P8, 481ugel) Ao _Ci

N, N- di met hyl f ormampide (15 nlL) at anbi ent 't enperat ure.

After 18 h, the reaction mixture was pouP®d into water

and extracted thréd times with ethyl acetate. The

conbi ned organi c extracts were washed with water,

brine, dried (sodiums§Pfate) and concent rBdaced in

vacuo. Purification o e crude residue py flash

chromat ogr asiep Bover sjili¢a gel gigg@di ent [el ution; 0%

9% net hanol ~{Tont ai ni Ng10% v/ v—amroni um

hydr oxi de) / net hy! @@ , '

conmpound 44=2 as ax=¢pP B:-t=O ’

Preparation of (4-3) A mxture of compound 44=2 (2.87

mrol ) and pal | adium @3 ) hydroxi de (0.16954) in

et hanol /gl aci al acetic acid (1:1, 10 nL) was

hydr ogenat ed at atmspheric pressure f 18h. The

resulting mxture short col um

of celitegipiting |ously\3t¥\5gh eth . BedF
filtrate was™

5-5 5-8
Boc Boc BZ‘
N N N e HCI
Step G Q HO\"-“‘
H +
-\N7/ N 0] F
S-7 5-8 14 F

Step H
_—'—_‘_>

!
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15 evaporated and the residue was partitioned between

nmet hyl ene chl ori de and saturated aqueous sodi um
wher@anksoat e. The organi ¢ phase was separ at ed BT US1904/009751

aqueous phase was re-extracted twice with nethylene

chl oride. The conbi ned organic extracts were washed

wWth water, brine, dried (sodium sulfate) and

concentrated in vacuo. Purification of the crude

resi due by flash chromatography over silica gel

(gradient elution; 0% 9% 1 (containing 10% v/v
ammoni um hydr oxi de) / met hyl'ene chlioride 20 as el uent)
Pre conpound 4;3 as a colorless foam Step

Step A2r epar Frdpartioh of MrrbhtyNoibéo BhiofRBy DRYb AR5y ne (27.9

pt St d sol ution_ of
Rt Dol O A0 e g (109D e sl apS CobpbtaR o i rergbuoy
dicartoRate 21 19)g, BBmédl) pitd M Mbls(ahhioﬁetﬁ)?léz&lﬁﬁbmmzdﬂﬂoh&a 81 (1.6ykg, 5.64 mol) in
methy}em],r @8&(55 @B ﬁ)taqylmﬁir ﬁ{l ]?erz]éz?%é 4 oer rsrEl m hoszglg)aeygte%erﬁ{uje for 18 h, the
Teactl@tt mixfrist was ﬁlt gnmgﬁlecak;e\fwutb me!ﬂlehe clilprider Blaecfiliratn was washed with
water rﬂr?ﬁte Whied Wﬁa%n@é%ﬂi %fa'te‘? ttﬁte%tt}ﬁl:)ug"ﬁrégdﬁfflts nl%’zﬁé ﬁgl Joﬁgeﬁﬁ‘ated in vacuo.

mes wth l ene’chlorid he co ne %M
Purfigahoh 366 iR & r@ﬂavq Riflash %P@wgmlwv@) Slign ] (495 6Ok Acsialefhexancs os
eluent) Bffotd€lcdmpdiiRl T2 biiepalelieueilwas di ssol ved in net hyl ene

St hl ori 1.mL 9 which a saturated sol ution of

P droggﬁ-‘-’é‘{‘ﬁ%’i‘ﬂz’—o@—r}e ! n ethyl acetate (1 nL) was added.
AfrtBatyllithinin(178 hrmLod b 2151 M eslutivarie hexasesp4.¢6moh) wasedded aved 2 h to a

stirred {gﬁm%ﬁ Ufjlﬁﬁé'n% %@?ﬁﬁr&\éﬁ?g&?dh Feltrglﬁ}'dp Clﬁ{l gﬁ%%ﬂﬁ Y€ g/n%\,(lﬁl{

ase

L1th1uphl@k(trmeg1y@1181)%lgg @7()@ mhdif 8 A0 M selatignin te@% n, 5.77 mol) was added
over 23feBbORI 1.5 h trﬁiﬂ(’@ﬁlﬂl@ tiSreacBbiRBberafdrelbd oAb pPBRehdti1$59C). A solution of

ere i L R PR S oA £ % g s By SRR ALS vas ten
added(aviia) periodoff 1. DM Aaginpiadt£inlidg &8 r&ictivn tampdratutehalowdpokindelly 5°C). The
e B 838 es SO B 0 o S R PR OR PR 58 guon v

was pmbi into vR@erfnd\eratted @itk idopropyl aketate. Whe ofgdbic RBasPavaemtatddorith Darco®
charcdhl @6‘5 %), %@smm Riithle '(ﬁdy%) Fbsilida gél7(1é_§ gf)' aﬁg Sirred for 1 h. The solution was

filtered and concentrated in vacuo to give a crude residue, which was recrystallized from hexane to

afford compound 5-3 as white crystals.
Step C: Preparation of (5-4)

(8,5)-(+)-N,N"-Bis(3,5-Di-tert-butylsalicylidene)-1,2-cyclohexane diamino-manganese (III)
chloride (110 mg, 0.175 mmol) was added to a stirred solution of compound 53-3 (11.0 g, 3.50 mmol) in

methylene chloride (30.0 mL) at ambient temperature followed by 4-phenylpyridine N-oxide (180 mg,
1.05 mmol). After stirring at ambient temperature for 10 min, sodium hypochlorite (7.01 mL of a 1.0 M
aqueous solution, 7.01 mmol) was added. After a further 2 h, the reaction mixture was diluted with water
and extracted with ethyl acetate. The organic phase was washed with brine, dried (sodium sulfate) and
concentrated in vacuo.

Purification of the crude residue by flash chromatography over silica gel (gradient elution; 0%-20% ethyl
acetate/hexanes as eluent) afforded 5-4 as a white solid.

Step D: Preparation of (5-5)

A solution of compound 5-4 (1.43 g, 4.75 mmol) in isopropylamine (30 mL) was heated in a

sealed tube at approximately 60°C for 18 h. The reaction mixture was cooled and concentrated in vacuo.
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~NH2 O48 HH525 NHR 049 HH551 N )T,~HOO50 H
H551 N HO -102 WO 2004/ 089307 PCT/ US2004/ 009751

wetvensg3d? HCI Cf ~~H~-Cl Step A Cl~~N~"Cl Boc PGHUSHOR009751
Boc Boc N N Step B Step C 553 5=4 Boc Boc Step DN
Step ENStep F OHiIiNZ HN~1 55=5 55 Boc Boc NN
NHCI HStep + Hr) ,IiIN.,i NOF 5=7 558 1°4 F

Purification of the crude residue by flash chromatography over silica gel (gradient elution; 20%-60%
ethyl acetate/hexanes as eluent) afforded compound 5-5 as a white solid.
Step E: Preparation of (5-6)

Triethylamine (1.00 mL, 7.12 mmol) followed by methanesulfonyl chloride (0.440 mL., 5.69
mmol) was added to a stirred solution of compound 5-5 (1.71 g, 4.74 mmol) in dichloroethane (30 mL) at

approximately 0°C. After stirring at approximately 60°C for 2 h, the reaction mixture was cooled,
poured into saturated aqueous sodium bicarbonate and extracted with ethyl acetate. The organic phase
was washed with brine, dried (sodium sulfate) and concentrated in vacuo to give a crude residue, which
was purified by flash chromatography over silica gel (gradient elution; 0%-25% acetone/methylene
chloride as eluent) to afford compound 5-6 as a white solid.
Step F: Preparation of (5-7)

A mixture of compound 5-6 (1.00 g, 2.92 mmol), palladium (IT) hydroxide (0.205 g) and glacial
acetic acid (0.167 mL, 2.92 mmol) in ethanol (30 mL) was hydrogenated at 50 psi for 18 h. The resulting

mixture was filtered through a short column of celite®, eluting with ethanol. The filtrate was evaporated

in vacuo. The crude residue was purified by flash chromatography over silica gel (gradient elution; 0%-
35% acetone/methylene chloride as eluent) furnished compound 5-7 as a white solid.

Step G: Preparation of (5-8)

Acetic anhydride (0.134 mL, 1.42 mmol) was added to a stirred solution of compound 5-7 (50.0
mg, 0.142 mmol) in pyridine (2 mL) at ambient temperature. After stirring at approximately 100°C for 18
h, the reaction mixture was cooled and concentrated in vacuo. Purification of the crude residue by flash
chromatography over silica gel (gradient elution; 0%-40% ethyl acetate/hexanes as eluent) afforded
compound 5-8 as an off-white solid.

Step H: Preparation of (5-9)

Hydrogen chloride (2.5 mL of a 4 M solution in dioxane, 10 mmol) was added to a stirred
solution of compound 3-8 (71.1 mg, 0.180 mmol) in methylene chloride (2 mL) at ambient temperature.
After 1h, the reaction mixture was evaporated to dryness in vacuo and re-dissolved in methylene chloride
(5 mL). (3S.,4R)-1-tert-butyl-3-carboxy-4-(2,4-difluorophenyl)pyrrolidinium chloride 1-4 (58.5 mg,
0.180 mmol), 1-hydroxybenzotriazole hydrate (27.2 mg, 0.200 mmol), 1-[3-(dimethylamino)-propyl]-3-
ethylcarbodiimide hydrochloride (38.5 mg, 0.200 mmol) and 4-methyl-morpholine (0.090 mL., 0.820
mmol) were added successively. After aging at room temperature for 18 h, the reaction mixture was
diluted with ethyl acetate and washed successively with saturated aqueous sodium bicarbonate, brine,
dried (sodium sulfate) and concentrated ir vacuo. Purification of the crude residue by flash
chromatography over silica gel (gradient elution; 0%-20% methanol/methylene chloride as eluent)
afforded a white solid, which was dissolved in the minimum amount of methylene chloride and acidified
with hydrogen chloride (1M solution in diethyl ether). The volatiles were removed in vacuo to afford
compound 5-9 as a white solid (m/z (ES) 552 (MH™)).
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WO 2004/ 089307 PCT/ US2004/ 009751 EXAMPLE 51
woe@passdi on of (5-9) Step A: Preparation of tRCT/URDYH9751
bi s(2-chl oroet hyl ) carbamate (5-2) Over a period of 3
h, triethylam ne (1000 .nL.) was added to a solution of
di-tert-butyl 5 dicarbonate (1121 g, 5.2 nol) and
N, N- bi s(2-chl oroet hyl ) am ne hydrochl ori de 55=1 (1.00
kg, 5.64 nol) in nethylene chloride (3600 nL) at
anbi ent tenperature. AftEXAMPLERR2Ng at anbi ent
tenperature for 18 h, the reaction m xture was
filtered, rinsing the cake with nethyl ene chloride.
The filtrate waB%washed with wayeRr, brine, dried
(magnesi um sul £dte), filtered th h sodi u | fate

and concentratied Jin vacdienA Puri on of crude
resi due by flasi{ chromatography ovér silita\gel (10%
et hyl acet anes as el uent) S8 Yot ded compound
55-22 as a pat'e yellow oi |{, ,ptep B Pr t iFon of

(5-3) n-Butyl kit hi %(1 85 nL of a52.5 M
hexanes, 4.46 nol) “added over 2 h'to
sol ution of indene (5 490 mol) in F
tetrahydrofuran (3572 t approximately 0OC

Li t hi um bi s(tri nmet hylsi amde (5768 nL of a 1.0 M
solution in tetrahydrofuran, 5.77 nol) was added 15
over a period of 2.5 h (rmaintaining the reaction
tenperature bel ow approxi mately 5C). A solution of

t - ' - car te 5.2 44 5 .4,

cSirho Bt X2 vl R SRR IS et bR Lo for 52 e
(ES) 40QHD- period of 2.5 h (again naintaining the reaction

tenperature bel ow approxi mately 5C). The resultant

solution was allowed to warmslowy to anbi ent

tenperature over 18 h. TREAMELRES3on nixture was

poured into watgr and extracted wth isopropyl

acetate. The origani c phase was tpeated with Darco(r)

20 charcoal (855yg), nmgnesiums ate (365 and

silica gel (183 _g) and $¢rAred f

was filteped-and concentrated i>vacug tg

g!gg :

stirred

crude resi Bbhch was agg{ystalli
af ford conpolnd 55-33 as ite crystals.o
Prepar ati on ofs4 5- 4) N e HCI 88

(S,9-(+)-N N -Bis(@%ﬁ i

cycl ohexane di am no-ngngdnese (111) 25 chlaride (110
nmg, 0.175 mmol) was a 0 a stirred solution of
conpound 55=3 (11.0;,g, O mol) in nethylene
chloride (30.0 nL) at anli ent tenperature foll owed by

4- phenyl pyri di ne N-oxide (180 nyg,
Compound 53 was prepared from 5-4 following a similar procedure to that described for 5-9 (m/z

(ES) 467 (ME).

EXAMPLE 54
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1.05 mol ). After stirring at anbient tenperature for
10 mn, sodium hydochlorite (7.01 nL of a 1.0 M
w@ouwenssosol uti on, 7.01 mmol) was added. Aft erPEI/US2004/009751
further 2 h, the reaction mxture was diluted with
water and extracted with ethyl acetate. The organic
phase was washed with brine, dried (sodiumsulfate)
and 30 concentrated in vacuo. Purification of the
crude residue by flash chromatography over silica ge
(gradient elution; 0% 20% et hyl aceratel/ hexanes as
el uent) affordediﬁxn as a mhlte sol i Step D
pound 55 (1.43

g, 4.75 L isopropyla vas h din
a 35 sedhed 2l at appr qxi matel The
reaction nmi Xxguge was cool and concentrafgd~yh vacuo

- 104 804/Y689307 PC Lﬁﬁ004/0 51 PRurikication
of the X%%ﬁe ¢si dyg. b ash chro%%;ograph

silica gel |ent\[[elu i on; 20% 60% et hyl
acet at e/ hexane
a white solid. Step E gpar ati on of (5-6)
Triethylamine (1.004, V.12 nmol) fol | owed by

met hanesul f onyl chlorldeF(0.44O m, 5.69 5 nmol) was
added to a stirred solution of conmpound 5 5 (1.71 g,

Step A4- 74 "pRbatiod of(sabhor oet hane (30 nl) at approximately
. 0C. After stirrin proxi matel.,y, 60C fqor 2 h, the
oo 4k 2 PEDYEC o S o B G s a1 g bed forte
prepar@ipd @O¢tHnp®0s J18aid ﬁﬁﬁtbﬁtﬁ@tn&tl@m teneyitanfies it theviildch ofisdpropyl amine for
the proa?q% eoéefcg%)ﬁ%ﬁ]%e%?ﬁhc p! a & oS 5Washed with brine,

contentrated in vacuo to
Step Bgi ve aPrpargmnofsi-fe, mhlch was purified by flash

CQB@@H%}E@ G4 3RAY P%éﬁéd ﬁbxh 5.3 f&ﬁlwn(gge[ &%ﬂﬁ%oc%hd%& {oqﬂat described for 5:9

acetone ene 10 chloride as eluent) t

(m/z B FE @ ohpound 55= 6 as a white solid. Std
Preparation of (5-7) A mx re 8f conpound 5-6 (1.00
g, 2.92 mol), palladium( droxi de (0.205 g) and
glacial acetic acid (f,167 nm, 2.92 mmolg,in ethano
(30 m) was hydrogenatgd at 50 psi for 18§ h. The
resulting mxture wdas |Iteregegkrough a 3hort colum
of celite(r), elutingwth ethapek. The{jFtrate was
evaporated 15 in vz The crude re ”ﬂ’ purified
by flash chromat ography’ over silica g griadi ent
elution; 0% 35% acétone/ net hyl ene chloride as el uent)
f ur ni shed conmpound 553877 as a white soligll Step G
Preparation of (5-8) Acetic anhydride (0.134 nL, 1.42
mol ) was added to a sgirred solution of, conpound 5_7
(50.0 ng, 0.142 nnnl)ﬁln pyridine (2 nﬁ? at anbi ent
t enper at ur e.gi)fg er std’rrj ng agepppr oxi fratel y 100C for
18 20 h, the—reactioqg i xturewas cooled and

concentrated in va

resi due by flash
(gradi ent elution; 764096ethy| acetat e/ hex@nes as
eluent) afforded conpound 5 8 as an off-white solid.
Step H Preparation 82 (5-9) Hydrogen &hloride (2.5 nL
of a 4 Msolution in dioxane, 10 mmol) was added to a
stirred

-
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net hyl ene chloride (2 nlL) at anbient tenperature.
WQ@\RG0e084307 t he reaction m xture was evapor at edP@DUS2004/009751
dryness in vacuo and re-dissolved in nethyl ene
chloride (5 nL).
(3S,4R)-1-tert-butyl -3-carboxy-4-(2, 4-di fl uorophenyl)p
yrrolidiniumchloride 1 4 (58.5 ng, 0.180 mmol),
1- hydr oxybenzotri azol e hydrate (27.2 ng, 0.200 nmol),
1-[ 3-(di met hyl am no) - pr opyl ] - 3- yl car bodi i m de
hydr ochl oride (38.5 ng, 0.200 and
4- met hyl - mor phol 5ggp (0. 090 ni, 20 30 nns%%‘mere
added successivety—After—agi ng\ raom redpéCht ur e
for 18 h, the reac{f on m xt u@e @a Y with ethyl
acetate and washe §ﬁﬁcessive y wth ggtu atqﬁ aqueous
sodi um bi carbonate, brine, dried (sodiu fate) and
concent r at éiPNn ~wdcuo. Purification of t rude
resi due by fl gsh A _chg omat ography over sililca ge
(gradient eluti O@éZO@bnethanol/nethylgne chl ori de
as eluent) affoxded a white solid, we#ch was
di ssol ved in the imni mum anount of nethyl ene chloride
and acidified 35 with hydrogen chloride (1M sol ution
in diethyl ether} The volatiles were renoved in vacuo
to afford conpound 55-99 as a white solid (mz (ES)
552 (M#)). -105 WO 2004£R3%89 F §3CT/ US2004/ 009751
EXAMPLE 52 Boc \ N Step AN Y-t ~f HOI OF N 52
Prepargtion ofi¢9-4)* O F F 14 F Conpound 53 was prepared from
Step Ab5- 33 Prbphaténd (&15i M | ar procedure to that described

;%gg%d&ﬂ %ascyg'eg)@eg ir%fl{} %—%&’%% s%ﬁa%xlbged%ge to %%de%&r%d for 5-4.

Step B: Preparation of (6-2)

Ammonium formate (1.60 g, 25.4 mmol) was added to a stirred solution of compound 6-1 (385
mg, 1.28 mmol) and 5% palladium on activated carbon (45 mg) at ambient temperature. After stirring at
approximately 80°C for 1 h, the reaction was cooled, filtered through a short column of celite®, eluting
with dioxane. The filtrate was washed with brine, dried (sodium sulfate) and concentrated in vacuo.
The crude residue was purified by flash chromatography over silica gel (20% ethyl acetate/hexanes as
eluent) furnished 6-2 as a white solid.

Step C: Preparation of (6-3)

Triethylamine (0.100 mL, 0.717 mmol) followed by acetyl chloride (0.0185 mL., 0.260 mmol)

was added to a stirred solution of compound 6-2 (120 mg, 0.260 mmol) in methylene chloride (5 mL) at

approximately 0°C. After stirring at ambient temperature for 18 h, the reaction mixture was diluted with
methylene chloride and washed successively with saturated aqueous sodium bicarbonate, brine, dried
(sodium sulfate) and concentrated in vacuo. Purification of the crude residue by flash chromatography
over silica gel (20% ethyl acetate/hexanes as eluent) furnished 6-3 as a white solid.

Step D: Preparation of (6-4)

Compound 6-4 was prepared from compound 6-3 following a similar procedure to that described
for 5-9 (m/z (ES) 511 (MH™)).
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2004/ 089307 PCT/ US2004/009751 H ,BOCZHNHN N H
54-1 NNCl 54-2 0O F HOOFF 1-4 F Step A
Preparation of (54-1) Conpound 54-1 was prepared from
55=4 following a simlar procedure to that described

- PADE6S200009751

for the
substituting nethyl
i sopropyl am ne for

5t
synt hesi s of conpound 5 5
(5-9) Compound 54-2 was
simlar precedure to thg

preparation of conmpound 55-66 and

benz%&wggyne in the place of

e procedure described for the

Step B: Preparation of
ﬁigpared fron1§§éé foll owing a
(mz

escri bed fig§-5%"9

(ES) 570 f )). Schene]6 Boc Boc N S%gp A 5-3 6=1
Boc Boc SBepAB St OSigpR 6- Step C
Ci Cl
741 72 7-3
HzN HN/!\
Br Step D Br Step E
?OC
Cl Cl N
74 75
113
Cr ~0
?oc ?oc
N
Ci y
Step F ol o Step G
o N ii!'s N
/)\\ Br )“‘
8 77
?oc
N
Step H >L.
0 >““ N » HCH
N N AN
)- N » HCI o B
HOW“'\\\ F
-8 0 E 7.0
1-4 F

- 109 -



10

15

-107 WD 2004/ 089307 PCT/ US2004/ 009751 %~ ~L - Step D
NHJd O NHC I OF HO)1"" O/ FF 66=4 F 1-4
WE0MVPRBIBE5 Preparation of (6-4) Step A PrepBCHUSING/009751
of (6-1) 5 Conmpound 66-11 was prepared fromb5_3
following a simlar procedure to that described for
5=4. Step B: Preparation of (6-2) Ammonium formte
(1.60 g, 25.4 mmol) was added to a stirred sol ution of
compound 6=1 (385 ng, 1.28 mml) and 5% pal | adi um on
activated carbon (45 ng) at anbient tenperature. After
stirring at 10 approximately 80C for 1 h, the
reacti on was cool ed, fil E&AMPEESQugh a short col um
Steps @fF:Cel iPiéparation @Y W th di oxane. The filtrate was

combeer AL il Comnaoed BR Pl B erse o dscrved

for cohmpodnddsis. chr omat ogr aphy over silica gel (20% et hyl
cetat eluent) furnished 6-2 as a white
S_tep‘g; gl 7 aration of (6-3) 15 Triethylam ne
( G\ mgmarmf copippu Trr(5109 1fgo L. B wmewhbplatinaet JY) axided@Qimg) in glacial acetic
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sol uti q .
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Step G Preparation of (7-8) A m xture of conpound
77=7 (500 ng, 1.32 mmol), platinum (1V) oxide (300 np)

wo pooglossisdal acetic acid (10 nL) was hydr ogenaP@rusi0041609751
psi for 20 h. The resulting m xture was filtered
t hrough a short colum of celite, eluting with
ethanol. The filtrate was evaporated in vacuo. The
crude residue was 10 purified by flash chromatography
over silica gel (gradient elution; 0% 20%
acetone/ net hyl ene chloride as elwuent) furnished
conmpound 77=8 astepkwhite foan Ste Prepar ati on

e X
(7-9) Compound 77=9 was prep?ped gm conpoun 77=8
at descri for
. HiY St ep

following a simlar procedug
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orf
812
F
14 F
EXAMPLE 57
Preparation of (8-12)
Step A: Preparation of tert-butyl 4-(1-cyano-2-ethoxy-2-oxoethylidene) piperidine-1-carboxylate

(8-2)
Ethyl cyanoacetate (11.0 mL, 126 mmol), aminomium acetate (0.976 g, 12.6 mmol) and acetic

acid (0.715 mL, 12.6 mmol) were added to a solution of tert-butyl 4-oxopiperidine-1-carboxylate 8-1
(25.0 g, 126 mmol) in 200 mL of benzene at ambient temperature. After stirring at reflux with azeotropic
removal of water (Dean-Stark apparatus), the reaction mixture was cooled to ambient temperature and
diluted with ethyl acetate (500 mL). The organics were washed with saturated aqueous sodium
bicarbonate, brine, dried (magnesium sulfate), and concentrated in vacuo to give a crude residue.
Purification of the crude residue by recrystallization from 10% ethyl acetate/hexanes afforded 8-2 as a
white crystalline solid.
Step B: Preparation of tert-butyl 4-(1-cyano-2-ethoxy-2-oxoethyl)-4-(3,4-
dimethylphenyl)piperidine-1-carboxylate (8-3)

3,4-Dimethylmagnesium bromide (250 mL of a 0.5 M solution in tetrahydrofuran, 125 mmol,
Rieke Metals, Inc., 3045) was added to a suspension of copper (I) cyanide (5.48 g, 61.2 mmol) in
anhydrous tetrahydrofuran (400 mL) under nitrogen at approximately -50 °C. After stirring at
approximately -50°C for 10 minutes, the reaction mixture was allowed to warm to ambient temperature
over 1h then recooled to approximately -50 °C. A solution of tert-butyl 4-(1-cyano-2-ethoxy-2-
oxoethylidene) piperidine-1-carboxylate 8-2 (15.0 g, 51.0 mmol) in tetrahydrofuran (50 mL) was added.
After stirring at —=50°C for 3 h, the reaction mixture was warmed to 0 °C and quenched with saturated
aqueous ammonium chloride. The mixture was extracted with ethyl acetate and the organic layer was
washed with brine, dried (magnesium sulfate) and concentrated in vacuo to give compound 8-3 as light
yellow oil.
Step C: Preparation of tert-butyl 4-(cyanomethy!)-4-(3,4-dimethylphenyl) piperidine-1-

carboxylate (8-4)
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OYO yO',,< NN Step H Step 8-8 O89 OYO H NN

Step J OHNH 8-10 8-11 f 5 O - 111 WD 2004/089307
weEFOnANSB004/ 009751 Step KO HN HC N HC Ne@&DUs$2000009751

F OF 8-12 F 1-4 F EXAWPLE 57 Preparation of (8-12)

Step A: Preparation of tert-butyl

4- (1- cyano- 2- et hoxy- 2- oxoet hyl i dene)

pi peridi ne-|-carboxylate 5 (8-2) Ethyl cyanoacetate

(11.0 nmL, 126 mml ), am nom um acetate (0.976 g, 12.6

nﬂﬁhlhm%ﬁ@nﬁé: ét%cg 6Rg i‘n?no()QmZ wtem—S’ 0 ) RerfB®led tadcBution of tert-butyl
to a solution of ter

ded
4- <1~cxene>%cs*ﬁr0mé o4 mew%n%mﬂmeésm@%ﬂmﬁé (20.0g,49.9
mmol)ﬂﬁ'ﬂin)ethym sﬂﬁQldWOOfmﬂ)em‘K@ﬁ@ctﬁh néxtieaiis héatsine 60 ¢ and stirred at

v S SOAE 39, TR oA ERLS SR o
quencledovithcbotdovaerti8ntL ) aedperaated mathathy] dfier ¢4 k 6@wiLwi Ehig ether 1ayer was
dried (%a?%(ésmﬂlcsgi an(l %&Qeﬁ%}ed z;{ b%cug rtcg%(;é &&u&@r@ﬁdmaﬁﬂﬁ& the crude

urate ueous sodl um I carbonate, brine, dried

residug baa@wwh@ma@gtaplm @pr siligageb@rdisnt aleicad20%4Q% ethy! qegfatghpganes as

eluentPaffdr@deofn ?&ndlsﬁtasa%lﬁtbfsélﬁlatl on of the crude residue by
recrys

step 7 o cbipoaigot et St oy 4EF g USIpRrD beridin b yacetc acid
(8-5)

Water (50 mL) and potassium hydroxide (11.9 g, 213 mmol) were added to a solution of tert-

butyl 4-(cyanomethyl)-4-(3,4-dimethylphenyl) piperidine-1-carboxylate 8-4 (14.0 g, 42.6 mmol) in
ethanol (200 mL). The reaction was heated at approximately 90 °C until complete conversion of starting
material (as monitored by high-pressure liquid chromatography). The reaction mixture was then cooled
to ambient temperature, quenched with ice cold 1 N aqueous hydrochloric acid (500 mL) and extracted
with ethyl acetate (3 x 500 mL). The organic phase was washed with brine, dried (magnesium sulfate)
and concentrated in vacuo to give a crude residue. Purification of the crude residue by flash
chromatography over silica gel (gradient elution; 20%-40% ethyl acetate/hexanes as eluent) afforded
compound 8-5 as a white solid.
Step E: Preparation of (8-6a) and (8-6b)

Oxalyl chloride (20.6 mL of a 2.0 M solution in dichloromethane, 41.2 mmol) followed by N,N-
dimethylformamide (0.5 mL) were slowly added to a stirred solution of [1-(tert-butoxycarbonyl)-4-(3,4-
dimethylphenyl) piperidin-4-ylJacetic acid 8-5 (13.0 g, 37.4 mmol) in dichloromethane (250 mL) at

approximately O °C. After stirring at 0 °C for 30 minutes, then at ambient temperature for approximately

1 h; after the bubbling ceased, the volatiles were removed in vacuo and nitromethane (500 mL) was
added. Aluminum chloride (12.5 g, 93.5 mmol) was added portionwise to the resulting suspension, under
nitrogen, at approximately 0 °C. After stirring at 0°C for 30 minutes, the reaction mixture was poured
into 200 g of ice containing 600 mL of 1 N aqueous sodium hydroxide. The solids were filtered and the
filtrate was extracted with ethyl acetate (3 x 500 mL). The organic layer was washed with brine, dried
(sodium sulfate), and concentrated in vacuo to a volume of approximately 500 mL. Triethylamine (10
mL) and di(tert-butyl) dicarbonate (9.80 g, 44.9 mmol) were added to the resulting solutiop. After
stirring at ambient temperature overnight the reaction mixture was concentrated in vacuo to give a crude
residue. Purification of the crude residue by flash chromatography over silica gel (20% ethyl
acetate/hexanes as eluent) afforded compounds 8-6a and 8-6b as white solids.

Step F: Preparation of (8-7)
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solution in tetrahydrofuran, 125 mvol, R eke Metal s,
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(gradient elution; 0%r)-10%r) ethyl acetatel/hexanes

as eluent) afforded conpound 8 8 as a white solid.
WEL@p/08430Pr epar ati on of (8-9) 20 A m xture of PONPS2NL009751

8-8 (2.00 g, 5.19 mml) and 10% Pd on carbon (552 ng,

0.519 mmol ) in ethanol (100 nL) was hydrogenated at

50 psi for 20 h. The resulting mxture was filtered

through a short columm of celite, eluting with

et hanol. The filtrate was evaporated in vacuo to give

conpound 8 9 as a white solid. Step |I: Preparation of

(8-10) 25 Methyllithium (20.0 nL of a 1.4 N solution

in tetrahydrofuran, 28.0 nashémesas added to a

solution of conmpound 88-99 (1.10 g, 2.84 nmol) in

anhydr ous tgtrahydrofuran (400.0 nl) at approximately

- 78 C. Aftler stirring at -\78 Cfor 1 h theHPeﬂ@tion

m xture wgs -uench&d&Mtf1 ydr ogen gplgrid: (H0 M

sol ution g _di oxanglsat - ¥8/C. TheZfsacti on

et her w s 5
filtrateée=was =i n VE&Me to give=/30 CO:Me
conmpound 8-10 as a white solid. Step J: Preparation of
(8-11) Conc¥htrated sul furi acid (1.10 nL, %0.5 mol)
in acetonitrile (10 niL) was added to a solution of
compound 8-10 (0.640 g, 1.71 mol)_in acetonitrile (40
mL) at ambi ent erature. Aftirring t
approximately 6 Q%Jor 4 h, the Jfgaction n:§£ure was
i ) > nand 35
fhe StepD
um sul T at e)
esiFdue.
ssure -

NEt hyl &eetate (3 X
conbi néd organilc |@ayers were dried
and concentr a
Purification /
114 WD 2004/ 089307 PCT/ US2004/ 009751 | i Oy
chr omat ography (gradi ent elution; 1&% 95% r
acetonitrile/water as eluent) afforded conpound 8-11
as a white saglid. Step K Preparation of (8-12)

\ N, N, N oN,
hexaf | uor ophosphak

vol atil es were ggnovedrin vacuo to give @sCrudeg
residue. Purification of the crude residue by

preparative thin-layer chiroqad phy (10%
triethyl am ne/ethyl acet ol ij‘ent) 10 afforded

Prepavatioofi(A$) 8- 12 as a white solid. The diastereoners were

Step Aepar atdRYiohbebopr essure liquid chromatography with
: Chi r al Pa colum gé996isopro anol in_heptane a

S.. :
elAiBehly prensyed ethexgpl sohygon plhdinzomethane (gxgessy Wat sldediigraetirred solution of
comp&indi9-1800.200 g1 64 nelesI Sl daeigh1 afhev@ nfl) ft ox@nehRrdfe. After approximately

9]l by th ti f,th It
50 mity e (s REr VG RGE gl <H S e plofen doont
Step Bhr onatRugrasphy of (@3 r al Pak, 10%

A saturated solution of hydrogen chloride in ethyl acetate (~5 mL) was added to a stirred
solution of compound 9-2 (0.604 mmol) in methylene chloride (5 mL) at approximately 0°C. After 1 h,
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prepared: R4a Rob 1 M M \ )LMe HNN NO F F Ex.
wor2idasRdb * chiral Parent lon mz (MrH) centRCT/USBOMNI751
M R580 59 M M S 580 60 HHR552 61 HH S 552
-115 WD 2004/ 089307 PCT/ US2004/ 009751 Schene 9 Boc |
Ncc H HCI Step A Step B CO2H - CO2Me - CO2Me  9-1
9-2 9-3 -- ~L N-A M02C -% N HO-1"" Step C Step D O
F(r) F 11 4 F99=4 F OH®XC NN NStep EHW NO F
the voatifles w%%‘e'@aﬁ)raqghﬁ vicuoat@iNRhde 1B2aRRR Biftated Bwiel witRaf)diethyl ether

. tep A: Preparation of QM%—}
o give 9-3'as a colorless solid (m/z (ES) 246 (MHY)).
Step C: Preparatlon of (9-4)

N,N-Diisopropylethylamine (0.316 mL, 1.81 mmol) was added to a stirred solution of (3S,4R)-1-
tert-butyl-4-(2,4-difluorophenyl)pyrrolidine-3-carboxylic acid hydrochloride 1-4 (0.193 g, 0.604 mmol),
compound 9-3 (0.604 mmol) and O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluoro-

phosphate (0.344 g, 0.906 mmol) in N,N-dimethylformamide (6 mL) at ambient temperature. After 18 h,

the reaction mixture was poured into saturated aqueous sodium bicarbonate and extracted three times
with methylene chloride. The combined organic extracts were washed with water, brine, dried (sodium
sulfate) and concentrated in vacuo. Purification of the crude residue by flash chromatography over silica
gel (gradient elution; 0%-9% methanol (containing 10% v/v ammonium hydroxide)/methylene chloride
as eluent) furnished 9-4 as a very pale yellow foam (m/z (ES) 511 (MH*)).

Step D: Preparation of (9-5)

Potassium trimethylsilanolate (25.1 mg, 0.196 mmol) was added to a stirred solution of
compound 9-4 (50.0 mg, 0.0979 mmol) in tetrahydrofuran (1 mL) at room temperature. After
approximately 15 h, the volatiles were evaporated in vacuo and the crude residue was treated with a
saturated solution of hydrogen chloride in ethyl acetate (excess). After approximately 5 min, the reaction
mixture was concentrated under reduced pressure and the crude residue triturated twice with dry diethyl
ether to give 9-3 as an amorphous white solid (#/z (ES) 497 (MH)).

Step E: ‘ Preparation of (9-6)

N-Methylmorpholine (75.3 pL, 685 pmol) was added to a stirred mixture of compound 9-5 (97.9
umol), methylamine hydrochloride (33.1 mg, 0.490 mmol), 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (22.5 mg, 0.118 mmol) and 1-hydroxybenzotriazole
(36.7 mg, 0.272 mmol) in methylene chloride (10 mL) at 0°C. After 18 h, the reaction mixture was
poured into saturated aqueous sodium bicarbonate and extracted three times with methylene chloride.
The combined organic extracts were washed with water, brine, dried (sodium sulfate) and concentrated in
vacuo. Purification of the crude residue by preparative reversed phase HPLC on YMC Pack Pro C18
phase (gradient elution; 0%-100% acetonitrile/water as eluent, 0.1% TFA modifier) furnished 9-6 as a
colorless buff solid (m/z (ES) 510 (MHT)).

Following procedures similar to that described above for Example 62, the following compounds

were prepared:
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phase (gradient elution; 0% 100% acetonitrile/water as
el uent, 0.1% TFA nodifier) furnished 9-6 as a

w@ioenssss buff solid (mz (ES) 510 (Mt)). 30PCT/US2004/009751
Fol | owi ng procedures simlar to that descri bed above
for Exanple 62, the foll ow ng conpounds were
prepared: - 117 WO 2004/089307 PCT/US2004/009751 R4a
RAb R6 N OF F Ex. R4da Rdb R6 Parent lon # niz

(MH) 63 HH O 511 MO ~1 64 HH O 511 | MO 65 Me
MO 53966 Ve~ IvE—Q 0
469 | HO ~H 68 H H 0 Ho7 " - 1% WD 2004/ 089307
PCT/ US2004/ 009751 69 H H|0 510 H 70|H H1© 510 H
~
N
H
70 H H o
510
\N)L//,Sf
H
71 H H o

- /U,// 524

72 H H 0
j 524

73 H H o
J 552
7,

74 H H o
/L )j 338
N
H
75 H H 0
] 538
N
H

- 119 -



5

10

70 HHO0 524 72 HHO0 524 H 73 HH 552 74 HH 538
H75 HHO538 H-119 WO 2004/ 089307

WEMASB004/ 009751 76 HH 552 2 NH 77 H H BCBHBS2004009751
Schene 10 BOC BOC N N Step A S=3 10-1 Step B\ ~ N
NHCO 0O NOHOO1) OF OFF 1-4 F 10-2 EXAMPLE 78

6 H
7 H 0
S |
N
H
77 - H H 0
Z\ /U 536
N~
H
Scheme 10
BOG BOC
N N
Step A
X :
o
53 101
Step B
/
NoHo O
HO\[ \\\\ o
1 c
4 f
EXAMPLE 78

Preparation of (10-2)

Step A: Preparation of (10-1)
Rhodium acetate (75.0 mg, 0.175 mmol) and ethyl diazoacetate (0.203 mL, 1.93 mmol) were

added to a stirred solution of compound 5-3 (500 mg, 1.75 mmol) in dichloroethane at approximately

0°C. After stirring at ambient temperature for 18 h, then at approximately 80°C for 20 h, the volatiles
were removed in vacuo, and the residue was partitioned between diethyl ether and aqueous 1 N
hydrochloric acid. The organic phase was separated and washed with saturated aqueous sodium

bicarbonate, brine, dried (sodium sulfate) and concentrated in vacuo to give a crude residue. Purification
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Preparation of (10-2) 5 Step A: Preparation of (10-1)

Rhodi um acetate (75.0 ng, 0.175 mmol) and et hyl
walc@aoswset ate (0.203 L, 1.93 mmol) were addeRCT/USA04/009751

stirred solution of conpound 5-3 (500 ng, 1.75 mmol)

i n dichloroethane at approximately OC After stirring

at anbient tenperature for 18 h, then at approxi mately

80C for 20 h, the volatiles were renoved in vacuo,

and the residue was partitioned between di ethyl ether

of the@Rde aQideObE fldsh Nhrbﬁlatbgﬁpmﬁé%pﬁh& g@}tq%éhdleﬂ@ut%g@%u@% ethyl

se was, S n sat urat ed aqueous
acetatg/g%ﬁaﬁ?‘?]as usrgf%goﬁ%%glo—alkﬂs V\g“te fed (sodi um sul fate) and
Step B:oncentBrephmdon of ¥@2)Mo to gi ve a crude residue.

o TRRSRR s e bR SRR SRR St gt R et for 114
(m/z (B$Y 53¢ 4MFED- (gradi ent el ution; 0% 20% et hyl

acet at e/ hexanes as el uent) afforded 10-1 as a white

foam Step Preparation of (3%e®e1&ompound 10-2 was

prepared from 10-1 following a simlar procedure to

that described forF1-14 5 (mz (E$ 537 (MH)).

Schenme 11 F OF Step A | \®fep AEO / O/oove 11-1

11-2 N N H2N St , 2

Ove Step (r)msoep~ZN N 1-13ve6

Ove EXAMPLE 79

11-1

N
HoN Step B f \S'/ Step C

H |

A0 N

11-3 11-
Siep D Step E
113
N
\( Y

OMe

EXAMPLE 79

Preparation of (11-7)

Step A: Preparation of (11-2)

A solution of 2-fluoro-4-methoxybenzaldehyde 11-1 (2.43g, 15.8 mmol, Aldrich) in THF (100
ml) was cooled it to 0°C, followed by the addition of methyl(triphenyl)phosphoranylidene (5.88 g). The
mixture was stirred at room temperature overnight, then concentrated in vacuo to give a crude residue,
which was purified by flash chromatography to give compound 11-2.
Step B: Preparation of (11-3)

To a solution of compound 11-2 (10 ml, 94 mmol) and iodomethyltrimethyl silane (28 ml, 189

mumol) in acetonitrile (30ml) was added potassium carbonate (26 g, 189 mmol). The reaction mixture
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Preparation of (11-7) 10 Step A: Preparation of (11-2)
A sol ution of 2-fluoro-4-nmethoxybenzal dehyde 11-1
W@ 200488930715. 8 nmol, Aldrich) in THE (100 nl) BBUS2004/009751

cooled it to OC, followed by the addition of
met hyl (tri phenyl ) phosphor anyl i dene (5.88 g). The
m xture was stirred at room tenperature overnight,
then concentrated in vacuo to give a crude residue,
whi ch was purified by flash chromat ography to give

was stroadpo al Fedled tea2tionlessBt #30R foPregeatagd, Fadldwed by thd aditidiofdaturated

sod1u1ﬁ 8 é%l}&ﬁa @{)Olﬁlzeg?cﬁ LJcIrt]rgctlofl gzﬁtg(eghf% riHe cnglg‘éT&) ﬁ?}gqﬁyefsryvere dried (sodium

Sﬂfatféc*’é‘tiémopmalteé i Bt(l):wb)‘-o gimstha dobedd potpmssd Lind.car bonat e (26
Step (¥, 189 p¥Radion JHTE1ALACti On mixture -121 WO
2004/0 ) 04/ 009751 was stirred in a seal ed
r e22tPYHon A sempounds Sh(F28me) prd-21 418 ) gy asroitriily (10rvel) was

added a’@ﬁ‘ i(1.2Dg). dhe Sidktiie Ha @tlrr&thdfdéHﬂ tQhﬁe@z[th@ RtRighd BRI, 280G resulting
racti ined_ether | ayers were

A RSBl i oasif B S0 SRR 8 R co ey flash
chromgnogl@pltyf(é()%i &0 Aeth TeMPOUedn Adkatk ) aBloafed Compdon@ panat h M8ar oil.
Ste [pf (11p iaSrd £ ution of conpounds 11-3 (525 ng)

and 11- dry acetonitrile (10 m) was

ad@eédolagm <(f fOIEVOltgyi 114K &35mieX inponcontate s HH (260mBitwas adoled water (7.5 mi).
The reh&THRN Ak vhhs O8It Stfut 84°CvEh B andRGn e EatdBis Yhdib gcgglve compound
115, filtrate was concentrated in vacuo to give a cru
residue. Purification of the crude residue by flash
Step Fc hr omaPegaratidnyof (PO§ Et OAc to 70% Et OQAc i n hexane)

d - |
SRR e o e s PR gy coite
ml) wa(SllQ@tigi)lsqpmmbnm@r{m aubdHeE! (1623.ng)rdn)l HkeU Gﬁdd’&ﬂg)\mie&ﬁlxture was
stu‘red(a?ro'ém%ﬂlperata—lg Bvd; r%@ﬁtt ihQﬁ‘cdHcé%i%S zry\@a%uos {ol rlvreeadCéuacfe resugle which was

C overni concentrate

84
punﬁeé&wg;@ﬁanve%j_‘cs( IO@tl\ggC)I@ in m@tbﬁqmyb],ogde)dﬁ a(fqrﬂ-c@r)apd[md A1-7 as a mixture
of diasted dilek <0 IThe ni GG ﬂi@ﬁer?eém&s &f&nﬂgﬁnd@%% &&@&%&h 1i'1fgé13sdmd1v1dual

e chloride (2

diasterorfert o | e Lot lg o, % epgrony] 8oghoki hepined (ATES) 550
MHM.54.7 ng). The n1xture was stirred at room

tenperature overnight, then concentrated in vacuo to

give a crude residue, which was purified by

preparative TLC (10% Me@khdrd 18t hyl ene chloride) to

afford conpound 11-7 as a m xture of diastereoners.

The m xture Of dlasthreoners of conpognd 11 -gd was

separated in Hli vi gl di ast g -éﬁ%
iral OD col'umm, 5% al ol in

chiral HPLC
hept ane) (ES) 550 20 (M) )g Sebene 12 F O F O

Br OH Step A Brl BN 12-1 12-2 122

\‘l

12-3

Br
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Ste sBBEp N NNOF 0O12-3 Br - 122 W
2004/ 089307 PCT/ US2004/ 009751 EXAMPLE 80 Preparati on
w@booga3®) Step A: Preparation of (12-2) Thi onReT/US2004/009751

chloride (5.9 mM) was added dropwi se to 100 m of

nmet hanol , followed by the addition of 5

4- brono-2-fluoroci nnamc acid 12-1 (4.0 g, Aldrich).

The m xture was refluxed for 2 hours, then

concentrated in vacuo to give conpound 12-2. Steps

B-E: Preparation of (12-FxLarpeend 12-3 was prepared

from12-2 following a simlar procedure to that
Prepagption pb Q2 f or 11-7 (mz (ES) 599 (MH+)). Schene 13 0

Step XO11< @répafatibn 6f 1D2O N Step A C Step B Step C N%\
\ "Jl“hlqnyl 6’1\&8{3 ?{? %82 a%%d%d ]flm_lsg do l@\@[)og\lo %‘Y}@ﬁ%% by the addition of
5 4-broBo-2glubroSinepmie aGh 121 (€D g, ABridh). Thd RixburEWhs tkBuxed for 2 hours, then
concentrated in vacuo to give compound 12-2.
Steps B-E: Preparation of (12-3)
Compound 12-3 was prepared from 12-2 following a similar procedure to that described for 11-7

(m/z (ES) 599 (MH™M).

Scheme 13
O\|<
Step A 0o Step B Step C
\| cl H
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Cl 5 Cl X
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Stepj | N\HFONNHI OHOFFOF1.4NH FO la-1b
di astereoner 2 (d2) - 124 WD 2004/089307

weEFOnAeSa004/ 009751 EXAMPLE 81 Preparation of ¥aBUIDa3/009751
and (13-10b) Step A: Preparation of (13-1) Copper (I)
cyanide (24.34 g, 272 mmol ) was added to a sol ution of
4- chl orophenyl magnesi um 5 brom de (1087 nL of a 1M
solution in tetrahhydrofuran, 543 nmol) in
tetrahydrofuran (100 nL) at approximately -50C. After
stirring at approxi mat el gxaAB@EERPr 10 mn, the

r_eactilon m xture s allowed to warmto anbient
—M@&Mﬁmhemf 1 ~stitrred for a further 45 mn. Reaction
Step AN Xt Ur Brep@@ioh@C@atied to approximately -50C and a

i B Bt B B TSPy

on unne over
bromided 50817 tmlngf asiVl srlutom imeesraldiytiofusah, 643 maohislebaliygrofgan (100 mL) at

approxﬂgzﬂélg QOH@UQJ&% stir}iQ%:atQa}Sg{ ximnat¥y -564 0 €0 ffiA e QR YWRSixture was allowed

quenthed with satura 8 aqueoqus ammoni um ch] ori de 20?

to warptt) arahient jgaepsratyro g sHrpd for Ffutherdy minoReagien BEreEas f%‘f%’ ed to

approx@hdi¥} -sweebid Lol o8P in thRehyafpAEAMIA SO RS @a¥@Hled via an addition funnel

over oS B P e o S b o T RSP D5 SR S5 over

The re&dtilof a»bmﬁQueaﬂréd with Ravenated atedud ammaduwny clloridgi (Y@ olbgmd wwater (200 mL).
13-.1 whi ch ' f [.fd ' :

e 8l W4 0281 A Y RLL 24y

actetate.i hicombiody agdnihs wWes: wh@ff wittpgater agehbriye, fltied (sodiem pyjtate) and

concetBleBn takBo %Agé\mcom?&%d43m1&h WRNRBedWERA: fultherpuiBéaibh QfYz (ES) 421
of 13-1 (57.2 g, 135.9 mmol) in dinethylsul foxide (300

(ME+R ). After stirring at approximately 160 C for 2 h,
Step Bt he r epgbh@onBixtame was cool ed to anbi ent

RS T oS, . O e st
a solutiingd B4 (EX2 ga56.9 nwedl eindinehy{ufagjde 600 mL20Aex stigring)at appepximately
160 °Cﬁ fs?)gg ﬁvn\t}l% ﬁe%ﬁ?m}nﬁﬁﬂ%é%g cB@e«?ﬁo‘é&bféﬂMﬁ&g&%&%@?@%ﬁ gzlﬂ;h VW& water (400

mL) advgipgted itleprhd:ethey @pafsgéi)o H‘%gfpcl)rglgjgedsc)rgzp:& extragts, pere dried (magnesium

sulfatd) Y bt Gated B aeudko givd Comipdtng 198 SvhddRd ubed vathsed fufihe Purification
" of 3%0 ound 13-2 (47.4 g, 135 mmol) in ethanol (600
( Z(ﬁ@) 8 er (150 nL). After stirring the reaction

Step @71 Xt Ur @rephraGfpsfaid-smt el y
Potassium hydroxide (152.5 g, 717 mmol) was added to a solution of compound 13-2 (47.4 g,

135 mmol) in ethanol (600 mL) and water (150 mL). After stirring the reaction mixture at approximately
90 °C for 3 days, voaltilgs were removed in vacuo, ice/water was added to the residue and it was cooled
(ice bath), neutralized with a mixture of concentrated hydrochloric acid (about 210 mL)/ice and extracted
with ethyl acetate. The combined organic extracts were washed with brine, dried (sodium sulfate) and
concentrated in vacuo to give a crude residue. Purification of the crude residue by flash chromatography
over silica gel (gradient elution; 0%-40% acetone/methylene chloride as eluent) afforded compound 13-3
as a white solid (m/z (ES) 368 (MH+)).
Step D: Preparation of (13-4a) and (13-4b)

Oxalyl chloride (6.75 mL, 77.4 mmol) followed by N,N-dimethylformamide (0.06 mL) were
added to a stirred solution of compound 13-3 (14.4 g, 39.14 mmol) in dichloromethane (115 mL) at

approximately 0 °C under a drying tube. After stirring at 0 °C for 30 min then at ambient temperature for
1.5 h, the drying tube was removed, and hydrogen chloride (40 mL of a 4.0M solution in 1,4-dioxanes)

was added. After stirring at ambient temperature for 90 minutes, the volatiles were removed in vacuo
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25 90 C for 3 days, voaltiles were renoved in vacuo,
ice/water was added to the residue and it was cool ed

W@ c@e/okmsdh) , neutralized with a m xture of conPe€nUSBDELAI751
hydrochl oric acid (about 210 nlL)/ice and extracted
with ethyl acetate. The conbi ned organic extracts were
washed with brine, dried (sodiumsulfate) and
concentrated in vacuo to give a crude residue.
Purification of the crude residue by flash

and th&l()i&&?@?&l&ﬁﬂzﬁ:@@ ¥n aPYiBpungd foi maies (meaesuﬁmg s&llidJ\t/asQﬁated with
deorgp (A Al e e 5 R, eI 0l

suspenﬁbﬂ-ﬂt)a);proﬁtrﬂ&lyl]) °(®r Afparatring at 63€ fér]ﬂ)—rﬂ;ayteaﬂﬁk réatBentinixture was warmed

to roo:ﬁém_p%ratu% %ﬁr Ogd 1(09 "]57 gm% %ergg%u))n BJ%!&IE{Q \G@i?%@%ed into aqueous

Fmam de
sodiumgityidroxisid sslmum (e 8 i@fm@@nw@me icp3-13-Dipyangs ¢.50 8d.) fdlopadby di-tert-

butyl dicgrthaQ@ 19r8ngT§§ @?xﬂﬁ)l)(\ﬁéé addlkd tofthe re@tﬂﬁﬁ@ﬁﬁixﬂﬁé €A fYer Qtngng at ambient

under a_ dr tube. After stirring 0 C for 510
temperpti pVERniEH P&aethnéﬂlfs@feawwen%ﬁrat@@nfa@wrﬁo gy %ﬂieﬂaue The
residud MQQhM@& wit@ A§WREs sodfuch HyMabkidg €flukdH (9M, 30 nil4 Qnmtﬁéte@wnh

IR RER R (o T M T
Purificwiidnatf iHeesudaeesilue byrfleshathromatograpby ovet Siicd/§ol 2004tIS 8@ Bife/hexanes as

eluent)%ﬁgéﬁg%é‘c{ugﬁ)sg%é% anB 5L 4f) Eﬁﬁl‘fﬂé&%ﬂ& & was placed on an

e resuflting solid was
Step By r eat eBLmMLEhﬁlor orret hane (115 ml). Al um num

Cmt%iuﬂﬁolé(ﬁﬁnelhy%ﬂyﬁﬁmae mm | L, 285 rdslenls Wointtbl8ene) was slowly added to

s ol TERP IS b S T e S

approx\ivaz&elyva]m Afted sttrﬁﬁgThttOé’mfeﬂ‘ B.li uthe reacttbnshiktureewhsicosled® -78 °C and a

.m T {
T T Y L
anhydrousieigdhyilroguric@ 0 ml) M@@ﬁ@ nBle réaclon prixpure Blas doweld vigymed to ambient
tempelgiéﬁet ch'é}nlghp U reg'tﬁl"f‘fng&ﬁétfﬁs dobedBo I8 °B3yndE®hid ‘Mﬁﬁl@d to ambient

to the resulti ng m xture. After Stl I‘rlrl’jr?
temperghis- b mixtareyEs sRAcied Syiss Mith Bbyhaeiateand hexares ktft%g@lc phase was

washe®@&h Eﬂﬁlﬁ ehdd (@écﬁ‘ﬂn kil fasd GacohnBthié@ indvabiidid @ive @ Studel Esidhd) EPurification

l.uted wt ous
of the RS AER G o0k eSO 3 LR A B i w3586 ity
acetatedheg ied postednhanfilerded banmmgd Hi-§ aphabiee solid. dri ed (sodi um
sulfat ntrated to glveare5|due 10
&QEEP rif E) A3t crude residue by flash
c Hr@mmfg’rcaplhwnd\lét_ (829 mee! Gemn Siepddp tegthylpmine (1.47 mL, 10.58 mmol),
trlphexﬁ@[ﬁlt)?hﬁ{e @3?4‘@% ﬁﬁmol?laH@Blel)adﬁfnfa@étQ@ ©IRYUH 208 Gﬁnol)?m 4fhanol (10 mL)

4b as. white solids tei . Preparation of
and NV imeffy fasmaide (34 B Syaspreed ﬁv EPP‘W aropq Fiogoxide; Adter stirring
under fn @mosPiere of Garﬁod\fhd)ﬂ’d)xids lfdi@ﬁ&%yﬁl\l&&mbieﬁlv#elylp@ddledhé oolates were

solution of co nd, 13-4
removgtg%zyra?ugﬁgg {h&r?ag ylﬁl}naifuder: \év%s d(]g\%:d h%atter fgc? eM?tg%( w1t{1] f,th?/l acetate. The
organie ?&s@was!\m$ﬂd with watenapddting dged @demhulfatﬁ @mi emegnitiated in vacuo to give

f silica gel (gradi
a crud iﬁé{\ﬁ%&ﬁ? fol(ﬂ?#uorcgﬁg {%@U&J}fﬂghekogﬂ% ﬁlg v@ si cl)cra oggy(rgfa ient
elutionySHe>q% cthyl agetate/hegnes euepthatfos m@a@dt aéﬁy‘é‘f%fqhdan
Step c{_mepﬁeﬂﬁommqlﬁed The reaction mxture was slowy

et gempda-a 3B 5ol Bt ith Pin oA e g 0% mmob n

ethyl @ehie€30 mL} @m:l@/ﬂﬁigetra&d aﬂ'imemmmliemae wiakatewiphere fad ht Wheesulting

mlxtu%ldrsas fiﬁ%]lhg ! an&‘&%tf@tgeﬁe @Qsdc Hc%)ﬁgﬁgcg i(r)z dzlﬂ% t8 gﬁ? @érggogg@@ WAL white solid.

rone, drie um's
Step s Breperatiomefdd3-h vacuo to give a crude residue.
Purification of the crude residue by flash

chromat ogr aphy over silica gee-(gradient elution;
5% 50% et hyl
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acet at e/ hexanes as eluent) afforded conpound 13-5 as a
white solid. Step F: Preparation of (13-6) A m xture
wo@toogosgzound 13-5 (5.29 mmol from Step F), PCT/US2004/009751

triethylamne (1.47 niL, 10.58 nmol), 25

tri phenyl phosphine (0.554 g, 2.1 mml), and pall adi um

acetate (238 ng, 1.06 nmmol) in ethanol (10 nL) and

N, N- di net hyl f ormam de (20 nL) was purged for 10

m nutes with carbon nonoxi de. After stirring under an

atviaisyhinamesiah igidde {69 mbrodxi3dé sdlotiondn Bledayahat l4edpmel) twas added to a

.1 e I
solutléméﬁrgﬁelg&%ﬁﬁ §3.7 rg{)] %ﬁt% %(r)leébt V%Jgglz 111V§|¥1§dé&%rh? t'thgr (‘f %ﬁg At @@ The reaction
mixtuegxwas Aeatetowgtiun fert Iy | TheaeactioremixTthie wasgogied ita0 fhasequamphed by dropwise
addltlm%iindﬂilﬁlhch\lﬁfd@ Sat@iafdd BideBEy softfiib® TSR AUl AL P ambient

concentrated in vacua to give 30 a crude, residue.
tempem&lf-rP FRLEmes et dichigomeibing d b gompingdyprganic layers were dried

(sodive$ubrai} QEIcaaNtrAMER valuboite Xfge bofy@uadi®at el uti on;

St 1-5%500/ eth { acetal / h as eluent) afforded
—ep—torrpou%@%—%uéﬁ—g—ml —a sotid. Step G Preparation

0fCohdedtratpd sulfurix heid €. B mE.diYEommal) in3céiofi€il® 600 mlA wAs added to a

solutl Fmgcgl%d :&9%’( F %8 fm&’)‘ hn( ég?tgﬁqgfgg g%t) %@wﬂt Qemperature After
stlrrmg @hqa@nfatt tpmpergture] fog ¢ é’ﬁm@ﬂcéloﬁ @nxtmﬁ wasrﬂ'@nﬁlpé uwrltha wager 3ad ice, and then

conceffiratddih @aé’i@% éllvé i RERGs. @H‘ﬁixtﬁlla &f fhis rEJi(ﬁfeeiceWﬁsl dloxane (20 L), aqueous

sodlulggxlyq? gﬁhé q_%m :(-Ig 1\@&@5&) \éng)gtg/ cag onatfﬂ36§,@ 7. % mmolt) was stirred at
amb1e20l%bﬁ&9&(ﬁelﬂ@ﬂ WG4 0y vGHBte%ﬁﬂ)vedl%ﬂ e regidyie &k Hﬂrdctéd ik ethyl acetate.
The cgrﬁblpsd %anlc laygerssw I\r/I% %vgéhseé let Ibronrlfz O]flecf dil%n& r<:1u Faﬁe% nffl Bce?gated in vacuo
to givga crd@Gsidwn Pyrifiqatiemdfythly ouds reiidtetby Iﬂaelt dinecnm(t@rarnh)' ogeyr sifica gel
(gradlglt eﬂi“i@n rl@%cfdo%qeth}magété{é/ﬁex% ap Qﬁérﬁ)daffoﬂjdeﬁﬁ ejiééﬁucf r&%tu}e (E)f 13-9a and

he reactlon m xture was cool quenc
13- 9bd ABpiRcaRic mbsiet 2 Fespivedprtieh mﬁﬁﬁoemw ?lw@n%&rmt\f@@ ChiralPak OJ

columqaﬁl@an@dmlmxasmmmma cHludah Wy MBSt 03 iIBEn bP78 8thh@ in Reptane, and
extracted t.inme

UV GHERT B el e S R b RO BTGt s ver o

StepJdr i ed HRrgaditiomoiBfled @) 1aAdbconcentrated in vacuo to

f . r , | 5 ,
L0 ST B oSy FESPRERS Il 71 88 o o
with hydysidn ¢htprige &4 Wrintl ﬂfdi@{a(lqz @Gonlpiay amient ifehethture 'Bhe resulting mixture was

stlneﬁﬁla%ieﬁﬂeﬁfyergtmw B rhixtfure a3 cgnceg’trégg‘l lméu)) td glve aresidue. A
acetonitrile ¥ﬁ5at ambi ent tenperature.

mixtugerpf £his pesidpgy -ﬁt@%\%a & 15 ol &P A1 arabenzgiriazal- IyD NALN', N
tetranfe@ R drdin Hé)&&ﬂhﬂt&thﬁﬂlaﬁlQHAG‘ g6 ik tdN 68akad]), d e dio& A, 7-@fEknzotriazole

ORI E ST 58 LR SRR IS 1 B 8RS rometne s i)
was samgrdet amblemodnp,emthy omymghte Tho quﬂatllcmwe(re enioved20 affbid a’armgldue which was
puriﬁ e \?vftl?fli h g&f&ﬁln%[%b E%B%g%gl})‘o’h &8 Sversbd ?%MIIH)JI\ Wﬂﬁfi adient of water

I ent ature OVG
(0. 1%\/03?@ afl% Agstaairile A 1 fenld A o e CWU@ a8 @ White polig IW[Z (ES) 600.4
(M @oafpsund 1hen GasPiepesh @iganisild: B8R Rkt WRE REsteyid Sbmpound

[ dium sul fate) and concentrated in
@?F&Esﬁédot‘loﬂ\é% e a crude residue. Purification of the

crude resi due by flash chromatography over silica gel
(gradient elution; 10% 100% et hyl acet at e/ hexanes as
eluent) afforded a racem c mi xture of 13-9a and
13-9b. The racem c m xture was resolved on high
performance chromatography wth Chiral Pak Q3 col um
(Chiral Cel Q) 4.6x250 mm | Qu colum, flowrate at 0.5
n- fl/mn of 7% ethanol in heptane, and
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WV detection at 220 nM to give two separate
enantioners 13-9a and 13-9b. 20 Step J: Preparation of
w@ 1®@40880and 13- 10b) A sol ution of conmpound 13POHUS$HB4/009751

ing, 0.127mmol) in dichloronmethane (0.7 inL) was
treated w th hydrogen chloride (4 Min 1, 4-di oxane, 2
nmL) at anbient tenperature. The resulting m xture was
stirred at anbient tenperature for 4 h. The m xture
was concentrated in vacuo to give a residue. A

m Xture of this residue, Stheiak 447 ng, 0.165 mmol),)

O (7-azabenzotriazol-1-yl)-N NN ,N, 25

t et ramet hyl ur oni um hexaf | uor ophosphate (HATU, 63 ng,
0.165 mmol ), 1-kydipxyl-7-azaben 0azol e (HOAT, 22
ng, 0.165 mmol) and met hyl mor phokj ne (56L, 0.508
mmol ) in dichl orefrst hane (5 nl) as) stirred_at

ambi ent tenperatiure oveenrght vol at i PERBwer e
renoved to a 1% residue, pas purified with
hi gh perf or nan romat ogr ap 18 reversed phase
colum with a gradiedti of water (O TFA) and
acetonitrile @R 1% TFA) to affdft congound 13-10a as a
white solid. (in/z (ES) 600.4 30 (MN). Conpound

13- 10b was prepared using a simlar procedure to that

used to prepare c 13-10a. ( E% 600. 4
(MH)). -127 WO 2004/0 07 PCT/ US20044 009751 Schene
14 NN Step A Step B O4 NB8-10 141(0 |NIN + NIN

14-2b /1 14-2a Q O/ F N Step C +NH M N

/ /

N
14-2a /I—>/"— 14-2b >/'—

(0] (o)
00
Y \K F F

N
Step C

14-3a
diastereomer 1 (d1)

-128 -



10

15

20

25

Il 11 4 F\ O 14-3a diastereoner 1 (dl) -128 WO
2004/ 089307 PCT/ US2004/ 009751 O /O / NIT\ F F Step

wWO200M08930y O / O 14-2b NHCI F O N O HO i\f PCHUR004M09751
F\ | / 11=4 F O/ 14-3b diastereonmer 2 (d2)
EXAMPLE 82 Preparation of (14-3a) and (14-3b) Step A
Preparation of (14-1) 5 Conpound 14-1 was prepared as
a racemic mxture from8-10 following a simlar
procedure to that described for conpound 8-11. Step
Preparation of ( and (14-2b) Conpound 14-1 (30
nmg, 0.072 mmol) S eotroped twice with 5 rrLFof .
toluene to give[a Jresi dueS A solution o resi due
i n anhydr ous_tetrahydr of urdR (1 m) d to -78
C. Sodium 1d tri met hyl'sityl)ya R(0.35 nmL of a

I m\t ey r ahydr of n) vva% addﬁd and the

1.0 M sol ut+o

resul ting sol i or s stirred.ai 1 h.

| odonmet hane (22.5 ulg 0x361 1) a%l dJat -78 C,
and the solution was stirlked overnigh e war m ng
to roomtenperature. The e “6n i xt s cool ed

to - 78 C and quenched by t ropw s [ n of
sat urat ed aqueous sodi um4hi carbonate sol u '&n The
m xture was warnmed to room tenperature arﬂ:l extracted 3
times with ethyl acetate and hexanesd,al.é;(;ﬁpm)om mat el y
1:1). The conbi ned organic | ayers were washed with

brine, dried (sodium sul 1‘%&5@%_ concentrated in
vacuo to give a crude re ; ification of the
Mé&k&éﬁﬁgﬁ!ﬁg&ﬁl ash chromat ography over silica gel

Step A:9r adi @Rdpa@list b1Q4-120% 100% et hyl acet at e/ hexanes as

| uent forded a racem c m xture
€ dil)renpogndeiél 1 was prepared as a racemic mixture from 8-10 following a similar procedure to

that described for compound 8-11.
Step B: Preparation of (14-2a) and (14-2b)

Compound 14-1 (30 mg, 0.072 mmol) was azeotroped twice with 5 mL of toluene to give a
residue. A solution of this residue in anhydrous tetrahydrofuran (1 mlL) was cooled to -78 °C. Sodium
bis(trimethylsilyl)amide (0.35 mL of a 1.0 M solution in tetrahydrofuran) was added, and the resulting
solution was stirred at -78 °C for 1 h. Todomethane (22.5 uL, 0.361 mmol) was added at -78 °C, and the
solution was stirred overnight while warming to room temperature. The reaction mixture was cooled to -
78 °C and quenched by the dropwise addition of saturated aqueous sodium bicarbonate solution. The
mixture was warmed to room temperature and extracted 3 times with ethyl acetate and hexanes
(approximately 1:1). The combined organic layers were washed with brine, dried (sodium sulfate) and
concentrated in vacuo to give a crude residue. Purification of the crude residue by flash chromatography
over silica gel (gradient elution; 20%-100% ethyl acetate/hexanes as eluent) afforded a racemic mixture
of 14-2a and 14-2b. The racemic mixture was resolved on high performance chromatography with
ChiralPak AD column (Chiral Pak AD-H 4.6x250 mm 5u column, flow rate at 0.5 ml/min of 5% ethanol
in heptane, and UV detection at 220 nM) to give two separate enantiomers 14-2a and 14-2b.

Steps C-D: Preparation of (14-3a) and (14-3b)

Compound 14-3a was prepared from compound 14-2a following a similar procedure to that
described for compound 8-12. (m/z (ES) 594.7 (MH")).

Compound 14-3b was prepared from compound 14-2b following a similar procedure to that
described for compound 8-12. (m/z (ES) 594.7 (MH™)).
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of 14-2a and 14-2b. The racem c m xture was resol ved
on hi gh performance chromatography with Chiral Pak AD

w@ 20008930 Chi ral Pak AD-H 4. 6x250 nm 5u col um, PET/082004/009751

rate at 0.5 m/mn of 5% ethanol 20 in heptane, and
UV detection at 220 nM to give two separate
enantioners 14-2a and 14-2b. Steps C-D. Preparation of
(14-3a) and (14-3b) Conpound 14-3a was prepared from
conmpound 14-2a following a simlar procedure to that
descri bed for conpound 8-18chdmeé 5 (ES) 594.7 (MH)).
Conpound 14-3b was prepared from conpound 14-2b
following a simlar procedure to that 25 descri bed

for conpog %/C%gi (M D 594. 7 (I\/H)QY

2004/ 08930 US2004/ 0§97 Scheme 15 (Ov ONOO
NO N St Ste/% C Oo NN 15-1
15-2 N NN St eB o /"e -3
15-4 0 15- 0\ Ste tep H Step |
H  xi - Q7o AV N~ stepld \ C \ o+

a\ /N7 RN 1510aN~150prO-

N
0 Step D Step E Step F
or (L)
15:3 154 O 155 O
N \F; N N
Step G Step H %tfﬂ_l»
O O OH
156 0 187 0 158
OQT/O OQT/O\T<: OQT/O\T<:
N N N
Step J
— + Cl
NH “—NH NH
15-9 2 15-10a | 2 15-10b
9] 0]
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10

N~I\ F/ F Step K\ C -XNH NHNHCO F \O N
15-10)a HO FF C O ~NH F O 1-4 15-11a

waelr@svgrseoner 1 (dl) OY0O NI~\ F/ F Step K RCIUS2604/009751
NH 0 e NN No :dt 15-10b OHO "' (r)Cl NH 1. 4 F O
15-11b diastereomer 2 (d2) EXAMPLE 83 Preparation of
(15-1 la) and (15-1 I1b) 5 Step A Preparation of
(15-1) p-Tol yl magnesi um brom de (250 nL of a 1.0 M
solution in diethyl ether) was added to a suspension
of copper (1) oyaoi (11.0 g, 122.4 mmol ) in
anhydrous tetrahlydrpfuran (150 nL) under TrH trQgerm at

approxi mately C. Afte sklrrlng at appr- tely

-50C for 10 ni he reactTdh i xt ure ed to

warmto &hkj enpe tf%ﬂ C ed to
0

appr oxi mat C. A soluti 10

4- (1- cyano- 2¥et hgxy- 2- oxoet hyl i gne)p N
piperidine-l-carﬁ_¥§ﬁate 88-/ZA\ @rJIOZ 1) in
t et r ahydr of ug4da (50/ni)H ‘:rded TﬁeFreac

m xture was all owed to warfm tp agbienbl ure
over 4 h. The reaction m xtuy s cool e 3£iand
guenched with saturated aques anmoni u N
F
1 o]
15-11a

Step K

HO\”‘ Wb
0]
1-4 F
dlastereomer 2 (d2)
EXAMPLE 83

Preparation of (15-11a) and (15-11b)
Step A: Preparation of (15-1)

p-Tolylmagnesium bromide (250 mL of a 1.0 M solution in diethyl ether) was added to a
suspension of copper (I) cyanide (11.0 g, 122.4 mmol) in anhydrous tetrahydrofuran (150 mL) under

nitrogen at approximately - 50 °C. After stirring at approximately -50°C for 10 min, the reaction mixture

was allowed to warm to ambient temperature over 1h then recooled to approximately - 50 °C. A solution

of tert-butyl 4-(1-cyano-2-ethoxy-2-oxoethylidene) piperidine-1-carboxylate 8-2 (30.0 g, 102 mmol) in

tetrahydrofuran (50 mL) was added. The reaction mixture was allowed to warm to ambient temperature

over 4 h. The reaction mixture was cooled to 0 °C and quenched with saturated aqueous ammonium

-131-



10

15

20

25

30

35

- 131 WO 2004/ 089307 PCT/ US2004/ 009751 chloride. The
reaction mxture was extracted with ethyl acetate and
wheooangso7 The organic | ayers were washed w t hP@F/US04/009751

dried (sodium sulfate) and concentrated in vacuo to

gi ve conmpound 15-1 as an oil. Step B: Preparation of

(15-2) Lithiumchloride (8.65 g, 204 mmol ) and water

(14.7 nm.) were added to a solution of 15-1 (102 5

nmol , crude from Step B) in dinmethyl sulfoxide (200

chlorlﬁé—)l“he AR nBkdufe v A x@lcteaRAMHVM ?"i' Qnte?alteyana ﬁQxagesf Ofhé orgmlc layers were

he reactjon m xture was cool nmbi ent
Washqdém?éaﬂa? (Jried (spdimenliatenagd F@@elaw&de&f%@ togvafoppowdphat L as an oil.
Step Bcet at @repaRfdoleXanep (4 x 400 nL). The organi c phase

r.e. washe | brine, drie sodi um sul f ate
e BEPE e e 2P Fpiobign patep g oL OGP gBuion of -1 102
mmol Rundeffrapa$teR) mfdimhdtky] culfickéder(2G0 IdIJIE Alftgr dikréxgfut approx1mately 160 °Cfor4 h
the re%c@ér? g?’é‘%g (2P p(%ledqg %{1 1§1lxt t%rﬁpa F%mr WI ! Q i o5 %e a%d" %%ra&ted \g/ltléethyl acetate

exanes as e uen npoun
and heganasé4 549G wl). TCheor @plcc’phasempawahw)\mtlowat(nlﬁur&) drfed (sodium sulfate) and
conceﬂ?rdféd&fz Salb t&ﬁ%@%ﬁ@&ﬁ@u&‘h Y%&%ﬁ&@&ﬂt& c@ﬁﬂe‘ilesgt?ug(%y Hadh &Hgnatography

was heat ed
over Sgl\fé B %25 %mlévl ﬁ@é?éft/heéﬁn%a& elyen afﬁﬂéedc@ﬁ@é?ﬂdrlét-?e%f 3 white solid.
Step Gtacuo tmepgt_ﬁn & (¢3-8de residue. The residue

M AR ol 2T

reflux\gaernighyaiThe Naeiamenﬁxwret Wasaquesotigted pducumtb gidte @ xruderesiudV] The residue
was tréa’iednv)th ﬁglgoug Ig&lllml ﬁ&df&)ﬁ%é"@q\d 14% rﬁ]_(?)%g EH? 618;(12 \}vzg e Pated in vacuo.

he residue was treate
The refld&e Arvaeaidrepted pithpguepey ﬁOé\n@dWévmdd 5 Medd bianyl| the mixture was

concefitk &I ROAAD € The2@siducOvas kdted withwhter (106 :(lt Mﬂi%xéﬁ\@% 100 mL) followed by
ure overn |

dier RS Fol7a g 1D TS RES A ARG g overight
The veixmlesawére danvéd‘lm@ztzJ‘uﬁlana detrasdidhe ansl e;hﬁl(tazﬂl &f&h ethiEacetofe@adhdxanes. The
oroa,n %{S%N%@&J é’% \glﬁqlc erI;] 5 an drdecf (goed\lllgrg gualgl c\(?gceg ratg%gzi VaEHe to give a
res1durauP¢rffic@m dthegesiduedy rﬂ@sh dmnmgrzfpﬂmsm sihmgeéwgﬂé%fwhyl
acetatOHSlaniab Elﬁ@htﬂa?ford@dtc %&Jé&qtj Bk a %git@&gig,at e/ hexanes as

el uent)_ afforded con‘p “I5-3 as a Ite solid. Step
Step By pr o fEgRaRfinofdiS-fn 5. 4) Oxal yI chloride (4.0 nL, 46.1

Malyl ViBGridadele ehr f, 96. anﬁﬁlmasaadeafto 4 Soldich b2198 (. 7835,8 384 mmol) and

N e
N NS 20 L B R s e g Blyblen rgp e i for 2.
h. HyflmgerPchoridh (4. (D-Min dgedioxziné)ovs déde@émﬂ)thh/lrmnufb whs dorx@red in vacuo. The

remdu)!:\%s %ﬂ%ﬁ&lerzﬁ vLJh‘ﬁ rq ﬁ#l‘fgreo %STﬁ ol@%& t\{;aggrgcgte& Q/lﬂ\ll ?ﬁﬁo&n}gthane (100

resi due was g vacuum
mL) aﬁd CCP#‘@ tp BS¢-dliethiteysnepsien web agiledan Yd’swsehmmrh emeru(eim)S g 96 mmol).

After B@-x)fm?dﬂ d °cond Rtknlr®wls Farmli® ahBiesit t%ﬁ@ﬁﬁ‘x%'aﬁ@ stiid f&dﬂile q‘he reaction
anhydr ous, al .um num chl orj de (12,

mintu S OHLTE] i 68 AL P NEon M G0 By &9 PH of the mixtare was
ad_]ustécbl’di[%‘I(HfIlhE eni-amnd wak tréd’t@ﬂwideI AldtoxanEeoor sEcbileed H’jﬂdﬂdﬂtﬁﬁltyl

st B R 55 B 0PRSS YOO8 Rl Vo
were rEpevadiix vasre amdalae twém e extradedlith alhyd aeemte z(nﬂ@ﬁ):hid@methane The
orgamfc @zlyleﬁ%ﬁje xb%h&i wﬁfﬁgﬁne kg Hllmd?(go ncf Qﬁ@%gé)ta?foﬂdlazregdlge P%Zlﬁgatlon of the

mxture was stirre at a
crude Eﬁﬂé‘PﬁPBgﬂ%Sh chygmatogply ovgisilicagalfgrrdignt elntipacifo-28 @thyh@cetate/hexanes as

eluentD eforakdeconpsundNbl4ae b edhitwkdifa. et hyl acetate and
|chI oronet han The organic |layers were washed with
r| ne Mﬁ%@b@m umsulfate) to afford a residue.
Purification of the crude residue by flash

chr omat ogr aphy over silica gel (gradient elution;
5% 25% et hyl acet at e/ hexanes;43s
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el uent) afforded conmpound 15-4 as a white solid. 35

Step E: Preparation of (15-5) - 132 WD 2004/089307
WEMASB004/ 009751  Sodi um bi s(tri met hyl silyl)Bei/tig2004/009751

(14.3 nm., 14.3 mmol, 1.0 Min tetrahydrofuran) was

slowy added to a solution of conpound 15-4 (3.0 g,

9.52 mmol ) in anhydrous tetrahydrofuran (60 nlL) at

approximately -78 C. After stirring at 0 C for 1 h,

the reaction m xture was cooled to -78 C and a

S 8bditiuh O (teifnethylsilyl)amide (14.3 mL, 14.3 mmol, 1.0 M in tetrahydrofuran) was slowly

added gq_ %]%)httlgn fgé(}él{plo{tll&#] m )5:52u | f&ﬂ%b@?ﬁo&? 1e_trgﬁy%?clf81rar? %rIIiIL) at
approximy ey RYRITG f Afieastirfing atrfL‘)C fingr & h.a the echctiobheixiugcawasicopled to -78 °C and a

solu’uorﬁ'I o)f 5 ;tf\ﬁ\;] \9@&@09&41@&9{@ f%ﬁ%ahﬁlo? gt?:hl% r1(§1f-:fé"§elr2%I 1.§ mmol) in

Xture was
anhyd@uewehlé/drqﬁva@ 28 i) gees adilerlt Thareantion gwxtyfe Atee éilowd@é%d to ambient

tempefaﬁﬁlé SWEIMAT PEERaGiBh RPARE SadBeblerab DBGCt QueadHi Bi]‘ Hropw1se addition of

erature. The m xture rac ed with
saturaig Aep e S&W&%&@ﬁ%@%@%ﬁ%ﬁﬁé tﬂnbfﬁgl%faws < e mixture was
extract&ﬂsdiltﬂi(éthyl ddataterand ﬁexad&’slt@ﬁ:e ( Smrmc phizbef @ts@yastead dvith brine, dried (sodium
i B EEAPAER DA 35 5 PR s et
chromgtiograplet @gr Blidayzeldgradient dlitivn; ell2 Pgthatiicetate/hekanes ayeluent) afforded
comporﬁl{a 12%.e1 Byl a6t at e/ hexanes as el uent) afforded
onpound 15-5 as a white solid. Step F: Preparation of
.S.LQP_€15 6) Erepasatien @fd1%6) conpound 15-5 (4.27 g, 9.55 mmol ),
ty @ixhifé aidotpound. 186G (a7 g;Lstslmﬂiap tHiethylamine (2.66 mL, 19.1 mmol),

R T NS U T TR

and NN dllfrfllhmﬁbr_l'n}hlfda I(mmas(p@fgedﬁ()r lﬁmmpesrvgﬁd:afhon nibPoxide. After stirring
under gitl %I&ji'}scﬁ e otf E?r&% 19 x2 @&)&'Oqlethe ‘%151?1 \§ rE Fern?] egd M@ggfo a"ﬁﬁ] the reaction

. ere o carbon nonoxi de f vol ati|
mixtugoraa Sihb Vst vier Vbl esita 19 heynss: (e oigaaic phase was

washefl '\&llﬂﬁtv@d@er\ﬁh& ﬁlﬂé'adrf‘eﬁ (ﬁﬁﬂlﬂ%ﬁfﬁt@?i&@oﬂeﬁtﬁtﬁ ih )ﬁlzcu@@@é@é @crude residue.
hexanes. The ani c phase was

and
Purificafign g they %mdf‘d‘ieflé‘éf b(y %hwrg%}wr%&hé)w%{ﬁ&we sﬂgﬁ% Pyt hexanes a
eluenty afét@ed @nPpbu 18-6C4s Utkhite esliddue.  Purification of the
St rude r.esi £.Dy fl ash chromat ography over silica gel
—e’ickif@r@i-ﬁ%?ﬁ;:éa : at e/ hexanes as 20 el uent) afforded
c gnpiaure oflnpoas! 13-6¥RiSe5. Koinindl) agt H)F B3 oPraetpan(#43 op0.¢4 mmol) in
ethyl &%@t&ég élp,m»%stn Wafoe ate‘&%ﬁl%ﬁ/g %@h Ha1lbén Qmeén&%n]%}Bhl)e for L h. The
resulting gygpLs a5 @lt@pg(} angihe ﬁl}rgﬁed@é ﬁ‘éﬁpg@te@ﬁzq WC’&O W@@@%ound 15-7 as a white
solid.bal  oon at anbient tenperature for 1 h. The resulting
S ture 1 iltered and the filtrate was evaporated
——P—ite 'Mﬁ@d@—@m@%—éﬁw " e compound 15-7 as a white 25 solid.
StvghtithRine@a ndt ofarl.6caV sqldthon8n tedphyuydflmiat, 516 mmdl BBasrddaif to a solution

of corgpé%ilhg _ﬁé%ﬁj tSi 601§‘]mloﬁ i& %&ﬂgt\(sqgtga{q g(ﬁr%@rafﬁg E%?llt)apé}%glmately 78 °C.
After ghirgih} ati-78 3@ hgrdrie g@m(@g}(mﬁy}gﬁt@fm da Ir(ng arh_6) N gqlutlon in tetrahydrofuran,

16 mrﬁﬁpﬁz%dﬁai e solu?gn :9 ap Iéfuﬁﬁfe%ys gl Meﬁ&m"m 3 - ¢8 $@for 2 h the
addi ti onal It) hi.um (10 6g

reactipmpgyy ARy BTGt gﬁx sejeraige awemsoé\ia@ hugdest epopRgand extaced with

ethyl S@taet dnﬂ lhe)&hesa [ADE Gghiie bRlsy was Wikhéd wiffl brétle, &idd($ddivgn @lfate) and

78 t%} ! theé_geacti on m xture was gquenched wth
conceging ’éft‘@ﬂwéﬁélg%ﬁ $odi um hydr ogen car bonate and

Step Iext r act of (15-9
Concentrated sulfuric acid (4.59 mL, 84 mmol) in acetonitrile (100 mL) was added to a solution

of compound 15-8 (5.63 mmol) in acetonitrile (100 mL) at ambient temperature. After stirring at
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et hyl acetate and hexanes. The organi c phase was
washed with brine, dried (sodiumsulfate) and
w@emgeswspat ed i n vacuo to give a 15-8. Step |:PCT/US2004/009751

Preparation of (15-9) 35 Concentrated sul furic acid

(4.59 nL, 84 mmol) in acetonitrile (100 nm.) was added

to a solution of conpound 15-8 (5.63 nmmol) in

acetonitrile (100 nL) at ambient tenperature. After

stirring at -133 WD 2004/ 089307 PCT/ US2004/ 009751
amblenawhiperaﬁlrd femIEl{ alteuéz&uf)m fixdfle Iw,as qdeacheé adthisoall ameinn pEicevas! water.

Volatll%o\f/eg? 1: é%\g Iy%culg 0 1varm 0 He res1due 6s%“&dx¥¥%$a% eatad with ice, aqueous

in vacuo
sodiunrhysiodide (5.0M; 49 mes fqiﬂlgwe@\la‘sl Hdmaaned 190 l‘lﬂh) dndeli-tearguigbdiearbonate (2.46

g, 11. 2?91%& &C?mﬂﬂé( ﬁjﬁ)&?’%g@ %e% gﬂlgeﬂne)mpefagﬁé Q\W%:iglgy Volatiles were removed and

I oXxane I -ter-butyl dicarbonate
the res@ge ueE exgactql]_3 thgesiyigl gthyl Tetatgandhgranesyglhe cppingdiorggnic layers were

washe@'mﬁl @rme &r%ﬁ‘l@&)ﬁﬁlwuﬁat@)/ﬁfdf&bﬁﬂ&ﬁtraté&h Rhdubo @S g h BesidadNPutification of the
t he resi dque was. ext

rsiducadlegh STSHIORERAREE it &5 Pt R e By Bt piipged a rcomic
rmxtur&\ﬂﬁd?nﬁ(ﬂowﬂdtllﬂ -%rine, dried (sodiumsulfate) and

concengr at a residue. Purification
SLLO]‘ t hetrepardls op %30 O lﬁ(% tography over silica

g8dlid(N-Bitteresuayimided 88 mige)- %manb gvagadded trehtojutign pheampgued 15-9 (134

CRAMRAEAF D The mBltefe whi h&¥i@INA kbl Bdth (50 °C
mg’ogﬁ&?mgﬁll%%)%ﬁ%?%t%gnblob) ?O gol [ del\l- cth orgsu cim de1 ( )

for 1.5h.gBhapgaction péxtyradiey copled 1 fdednd grenched it sypra a‘é‘&ﬁlﬂﬁﬁ?ﬂﬂm
hydrog3315 czﬁbcﬁﬁ@‘foﬂdﬂ}d b9 sahsraf@iadyeotssoivin tKuﬂ:sd]lﬁal)e &he miivire Mas extracted with

coo bSOt e T 8 0 oo
concerdmattd ﬁ;umnnﬂ']le@lwatrbsuhmt Bumﬁ@doraﬂfum)@Sd'@dﬁ'I flagh clingmigtogyaphy over silica
gel (gr?(ﬂénl? gﬂ% A 73‘%- ﬁ%’ee%ﬁ Xce&@/%&a{eggs GEHABA rd2@9! !réégﬂmc mlxture of 15-10a

at e. emxture was extracted wmth et
and 15ak0bt Fherageveic Méstern s repplecdamdush rerfprmeses %@n%m Wﬁhlraﬂ’ak AD
columP ([CHAG PATATR L 45280 Him ﬁi’doﬁtﬁhﬁﬂo@?@e %9 . TOMGRINYF At elarioNin heptane,
vacuo to %ﬁve a reS| due. Purificati oq ‘E‘r i due
and Uy, dletegtion gt 200dRhde aiferd ﬂsmsetaeféb eggnomers J&ifl ag %?o@
Step K€ Prebirdtitin of 505 1AQHE es-hid) acet at e/ hexanes as el uent)

r §€8Lﬂ?8 d?fc)(e{ng?%% V%é_-slﬂl% 23{0 &%91’111%?]1% Pq?dlclﬁ&g%lgtﬁaar%ege 3 IIEB Qvas treated

with hgdrogenehlogdea@ iy ind . 4-dic@hmier &inba kt aAIblenmmmﬁtu(eaﬂhﬁ Fisulppgmixture was
stlrred%? 1{;{)1§nt 3&%@ Lﬁ[g}’é Y hC QY mi‘xtulfe bW drdlfratl iPvaudid (?Wenl &lﬁde residue. A

ept ane, UV detection. at

mixturgfof Brscresidus. béﬁ%rag &-09Q mqlb)rl%w(%a@‘seni%a@ha Y!l?é‘l lfél‘) 20
tetram@ﬁl?lﬂrdﬁlunﬁ{eﬁﬂﬂfoﬂi h&lf: APy H4ang 0690 brmbl)p ) -hdrs:0/l-GiakabBnzotriazole

(HOA'd?“:C H%Sg?)&#@ﬂ%% 8 rée %@1@ 33)?{12&6%76 Inlil’lﬂl) i cgchloromethane (2mL)

was stﬁ‘l‘bld(at arotdent thni};ﬂeraturé.o%rrﬂglpxﬁhmgolalﬂmﬁ)ermmavﬂd! te mﬁford a residue, which was
purlﬁed %rrﬁlehr @'} ]%%rﬁfma-gh clﬁ&ﬁéu)érhﬂ%@ o2 X'18 'ieglef’é@cf'?ha% il 2 gradient of

erature e was
water (e dHA) atd@aetpmtruaw > TBAYfoygfopl C@ma@drlésu aea white solid (m/z (ES)

600.3 g/l}‘l;ﬁ r @orﬁﬁouﬁ@ 51 f‘tﬁ\ﬁzisq}t'@parea %Slﬂ%l §1gﬁaﬂ'ﬂ}oceau@9@thmﬂl&ed)for compound

azabenzotriazol -1 -yl)
15-11a-et r amet hyl ur oni um hexaf | uor ophosphat e (HATU 34 ny,
0.090 mmol ), 1-hydroxyl-7-azabenzotriazole (HOAT, 12

g%ﬁ}lgwgg gﬁ?%ﬁ%% Isfgr%{ %Zatﬁ%td%s}éhl?ﬁ% Qv%l florrf)%a(n%ga 83%?.} fgllgwﬁg compounds
were @ofpregint t enperature overni ght. The volatiles were
renoved to afford a residue, which was purified with

hi gh performance chronmat ography on a C18 reversed
phase colum with a gradient of
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water (0.1% TFA) and acetonitrile (0.1% TFA) to afford
conpound 15-1la as a white solid (nmz (ES) 30 600.3

w@ kd#p3930Conpound 15-1 | b was prepared usi ng aPGi/n$1084/009751
procedure to that utilized for conpound 15-11a.
Fol | owi ng procedures simlar to that descri bed above
for Exanple 83 the foll owi ng conpounds were prepared.
- 134 WO 2004/089307 PCT/ US2004/009751 F + NH On
pf~o F uN FO FRARS ~-NH Odiastereoner 1 (dl)
and/ or di astereonmer 2 (d2) Eks nFdl or d2 R4 R5
Parent lon mlz # (MtH) 84 Me 594.3 85 2 d2

Me Me 594.3 86 1 dI H%@“l 56 87 1 d2 H Me 566. 4
Schene 16 0 (r)~ (r)~ (r)

)LOF 1 - F/ F O Step A
O Step BNHN NH NN 5-10a 0 16-1a HO O F 11_4

| ~\ F O 16-2a 5
E
F
R4
5
R >-‘NH
O

Ex.H- n dl ord2 R* R’ Parent Ion m/z
# (M+H)
84 2 d1 Me Me 594.3
85 2 d2 Me Me 594.3
86 1 d1 H Me 566.4
87 1 d2 H Me 566.4

Scheme 16
o) R \/'(i
00 o) _
Y \|< %]/ \l< F/‘ O E F
N N F
&
o Step A ¢ Step B —>—NH 00
“NH ZN b N
Ne HCI
1510a/|_ >/'— 1613/[— }_ HO_ .~
0 0 A} Ci
o} F
) IS
£ o}
1623

diastereomer 1 (d1)
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di astereonmer 1 (dl) -135 WD 2004/ 089307

PCT/ US2004/ 009751 O OOOYO FF YOFNNFF C
wWGeL@p/08930TlI Step B -+-NH\/ N NH N N HC 15-BCUS2004/009751

161b 0 HOCI A 14 F 0O 16-2b diastereonmer 2 (d2)

EXAMPLE 88 Preparation of (16-2a) and (16-2b) 5 Step

A. Preparation of (16-la and 16-1b) Conpound 15-10a

(86 ng, 0.198 mmol) was azeotroped twice with 5 nmL of

toluene. Next 2 nL of anhydrous tetrahydrofuran were

added, and the solution was cooled to -78 COSodl um

bis(trln%hQLrQIyl)amd ﬁ(*@ m. of a1 @tl,ﬁ)nlnF

t et rahydr @¢f urtan) was added, 'and the resul'fu:ng

sol uti on| wap tlrred at Cf | odo

uL, Ci paSl~aekded d t he ,,
sol ut sstlrred e ight V\,hlle rmngtor

(trinmethyTgiTyl)ani de (1 of a ™M &6 ution §
tetrahyd%ofw)élr_l) was érd%ed 2?-— ¢ and the g
solution was stirred at -78 C forol

uL, 1.37 nmol) was added at -78 C, qu\‘}i’
was stirred overnight while vvarr‘ﬁ“ng {0 room d N
tenperature. Then the reaction nixtuFe was coqlsz%d to
-78 C and quenched by the dropw se addition d@;e,eomerg(dz)
sat urat ed aqueous sodi um bi carbonate 15 sol ution. The

m xture was warnmed to roomtenperature and extracted 3
times with a 1:1 m xtur cEXAMELE®B acetate / hexanes.

Preparatdf of ABLNE[ (96-03Ni ¢ | ayers were washed with brine,
dried (sodiumsulfate) and concentrated in vacuo to
Step Ay ve i&%ﬁ@—ﬁé@—d@é——k@}@r fication of the crude
r €aiyshugd 052104 (86 g o 1 9B RO (VAP OLrPY@FWisd WHICRmUA toluene. Next 2 ml
0,
of anh)‘(flrous ettr)aﬁ fﬁrag téva\l%n gﬁ%ls éﬁﬁhﬁ%’h%ag %vtaat cge%)é) Hg&e% %Bdl\'ﬁﬁls
bis(trinpatiepeily Banifle €0 1hB-of 8 M silitonimgtrahygioftrharwag added chnd ehetresulting

soluuoh bat «HesGs *7@3«? fg(r%g %;Qioﬁ %%Edﬁ@u}.zé 5%%omn§>t1)e\9ac?%%edft 78 °C, and the

Pr epar ation .
solutiop wapiried oyqreight pehile avarramg VORI teampSTaRTE. aThqarad@lé@mi ?:Odtuan bis

(trimethy1@ify))BaRIE (1.0 8. Jr @M M solution in tetrahydrofuran) was added at-78 °C and the resulting
solution was stirred at -78 °C for 1h. Iodomethane (85 ul., 1.37 mmol) was added at -78 °C, and the

solution was stirred overnight while warming to room temperature. Then the reaction mixture was
cooled to -78 °C and quenched by the dropwise addition of saturated aqueous sodium bicarbonate
solution. The mixture was warmed to room temperature and extracted 3 times with a 1:1 mixture of ethyl
acetate / hexanes. The combined organic layers were washed with brine, dried (sodium sulfate) and
concentrated in vacuo to give a crude residue. Purification of the crude residue by flash chromatography
over silica gel (isocratic elution; 75% ethyl acetate/hexanes as eluent) afforded compound 16-1a.

Compound 16-1b was prepared from 15-10b following a similar procedure to that described for

compound 16-1a.
Step B: Preparation of (16-2a) and (16-2b)

Compound 16-2a was prepared from 16-1a following a similar procedure to that described for
compound 15-11a. (m/z (ES) 614.3 (MH"). Compound 16-2b was prepared from 16-1b following a
similar procedure to that described for compound 15-11b. (m/z (ES) 614.3 (MH).
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5

conpound 15-1 la. (mz (ES) 614.3 (M#). Conpound
16-2b was prepared from16-Ib followwng a simlar
w@e@aeeshine to that described for conpound 15- 1P¢TDS2004/009751
(infz (ES) 614.3 (MH). - 136 WD 2004/089307
PCT/ US2004/ 009751 Schene 17 ONY OONY O OYO N
Step ANH-TNHNH 15-9 O 17-1 a O17-1 b O OYO N
I~\ FF StepB+D | | \ +NHil-NHNHC F> 1, ON
17-la HOF FI ~ UF-NH 1 4 F O 17-2a diastereomer
1 (dl) OYyOol, < NF ao F StemeG7+NH NH NHCI F ~ N
17-1 b OHBFF OF ~NH 11=4 F 0 17-2b
di astereoner 2 (d2) EXAMPLE 89

OYOW< OYO\K OYO\K

Step B

dlastereomer 1 (d1)

JR oy

Step C
I +
_>'NH o
‘0, 2
NH i f\ll/
2 N Hel F o“
17-1b é HO
NH
_17_2b
diastereomer 2 (d2)
EXAMPLE 89

Preparation of (17-2a) and (17-2b)
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5 Preparation of (17-2a) and (17-2b) - 137 WO
2004/ 089307 PCT/ US2004/ 009751 Step A Preparation of

w@ 1004408930and (17-1b) Conpound 15-9 (140 ny, O0.BSI/O8W0J/009751
was di ssolved in 3 nL of trifluoroacetic acid, and the
solution was stirred at roomtenperature for 20
m nutes. N-1odosuccinimde (80 ng, 0.355 mml) was
added, and the reaction was stirred in the dark at
roomtenperature for 15 mnutes. The reaction was 5

Ste AliuenCh?fbpbnﬁtléﬁkﬁ(ﬁﬂﬂd)tah&ﬂﬁﬂ:) solid sodi um bi carbonat e.

Tgﬂ@gw@gﬁ ij g}%é) s Ssr\’,ivef? @2531?'%}# [rﬁ]uglg)aqeflg{l%d and the

solutidnlviéfs stilged £ r&ﬁﬂteﬂipaht)lre feotli it §) | Sadobat@imidai80mat 8.855 mmol) was

added aagH 819 K/?acgglhﬁ% s?rreé ilh tgLaaaf(J‘ rL%ﬂc‘;J‘nq ye%%glfe’lturé) %r Y41 nnd}ﬂ]g ODH&B Raction was

quenohadtﬂy tie, afldifiion mﬁmd (SQCBumbi)carhmdtted iThe pHtway @dmtectjiociﬁ ik agldition of
aqueo&s]slégiu%yd&)xﬁg ZS @‘N,EI )Sod’i@ﬁ thl&qﬁﬁg (123-'?1% U‘SM o) WA8ium thiosulfate

stirred for approximately 4 hours and then extracted 4
saturagefl ggteoy soRitign haelé@awe@uﬂsadlﬁwdwﬁ@%aiﬁé@ Mhgpiloxiersrdded; The

mlxtur]a wh) dildtbewRP IRidisene1 g ail) )and aytemgw@ﬂlearw@ﬁt&quwmg 10687 mmol) was
an oncentr

d
added TGS pES st i dbrothale Bl ERouR o R SR sted 4 e it ethy! acetate
and hexaned éappesinshtdy Iby) f Theshmbioét agatiogyaphyre waehied svithibciae, geibd (sodium

sulfateé QE@gdn?Qﬁrlgﬁh ggo to?g eea]c%éore%cﬂxl Plﬁ‘ﬁ%%@(;f?&f fﬁ@@&hg%s?d%e by flash

racemc m xture
chromatpgiaphy qmgsmca(géhﬁgtadwpg@hmog, e 1909 ethylcagetaia/hpages as eluent) afforded a

racemf(l%&ﬁfé@rlQﬁa KM] { ﬁi@tﬂgg%%)é ﬁé&'xtuhs VAM rERbvea kn ﬁ\@h ?&k&mce
u.caolu
chromytogragley yathy ﬁﬁllrﬁ%ﬁfs@ FeLfFB (el g@%;) it Gy ate a 05

ml/mif 7 %22An61N) hépeang) anet wabt@e@aatanenmm 80 giveormIsSpatafe énAntiontbrs 17-1a and
17-1b 1b17 | b. Steps B-C. Preparation of (17-2a) and (17-2b)
~—— Conpound 17-2a vvas prepared from conmpound 17-1a

Steps Befl:| owiPngpamticn of P dfbie to that described for

%Hﬂﬂ 117 Eﬁ'aéwag B&EL?%%H %@ouﬁg %E gza fdﬂbl)f«?ng "EFLQ gﬂf&gedure to that

r
descriBgdrfor %ﬂmp@lares’cleﬁlcbée (e (B £02-8 éM »-beempaypd éba@wame@@from
compédad 17418 fAllowinp)a Sfiar HrocédWirdth khat S:BEwHE fé{&o&g}nm@rl)i‘llb (m/z (BS) 692.6
I JN(r)~ (r)N(r)~ Step C Step Al Step a a a
(M E) 18-1 18-2 18-3 -138 WD 2004/ 089307
PCT/ US2004/ 009751 ONO ONO ONO Step D Step E Step F
Cl N3. SO,- CI 'NH C IN', Scheme 18

—

I_L
IN
—
[e+]
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18-4 18-5 18-6 O/OOYO '( Step C Step D .MH I nN

0Ccd C O 18-7 18-8 1 O /O Step EN(r)~ \/ - N
woiaio4/08¢301CI (r) N Cl HO)f IO F 18-9 0 F 18-HOI/BS2004/609751

F 5 EXAMPLE 90 Preparation of Conpound (18-10) Step

A: Preparation of (18-2) Conpound 18-1 was prepared

followng a simlar procedure to that described for

the preparation of 13-4. Sodi um borohydride (0.704 g,

18.61 mmol ) was added to a solution of 18-1 in

nmet hyl ene loride (25 and net hanap, (50 -n) at

appr oxi mat el N After stirkin t approxilmatjely 0 C

for 10 min n at. angi ent

hydr ochl
extract or gani c
extra®’s wer exwaghed Wt h aqueblis s&lurated Sbdi um
bi car bonat e aHé rine, driegg(sodium suhfate) and
concentrat®d in vacuo to give a crude residue.

p- Tol uenesul fonic acid (7.04 g, 37.01 mml) 15 was
added to a sol ol f the crude abgobQl i n benzene
(500 nm.). Afte?ﬁfgxz;w{ng at reflux o erﬁﬁht, the -
139 WD 2004/ 089897 PCT/ US2004/ 00975 reaction

m xture was dilutgd with ethyl ace ,%\%gheg m’th I N
aqueous sodptsAxdr oxi deehd” br jfe dri/e S m

sul fate) -an stitifat ed in va "Phve T crude
resi due. ert-butyl dicarbbnate was add%@, to a
solution of thgzcrude residue in 1Q%¥striethyl am ne /
nmet hanol (300 nlL). After stirring at ambient
tenperature for 2 hr, the reaction m xture was
concentrated in vacuo to give a crude reS{due. 5

Puri fi cadd om gf t he crudeskpsi due by fla

chr omat ognap over silica gel (gradient At i on;
0% 20% eth' |

Q > >[ N = HCI
N = HCI O_f N
N o— \ \”
cl \ HO_ W O F

Tl o)

18:9 0 F /

18-10
F
14 F
EXAMPLE 90

Preparation of Compound (18-10)

Step A: Preparation of (18-2)

Compound 18-1 was prepared following a similar procedure to that described for the preparation
of 13-4. Sodium borohydride (0.704 g, 18.61 mmol) was added to a solution of 18-1 in methylene
chloride (25 mL) and methanol (150 mL) at approximately 0°C. After stirring at approximately 0 °C for
10 min then at ambient temperature for 20 min, the reaction mixture was poured into 2N aqueous
hydrochloric acid and ice. The resulting emulsion was extracted with ethyl acetate. The combined
organic extracts were washed with aqueous saturated sodium bicarbonate and brine, dried (sodium
sulfate) and concentrated in vacuo to give a crude residue. p-Toluenesulfonic acid (7.04 g, 37.01 mmol)

was added to a solution of the crude alcohol in benzene (500 mL). After heating at reflux overnight, the
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acet at e/ hexane as eluent) afforded conpound 18-2 a

white solid, (mz (ES) 320 (M+)). Step B: Preparation
W®@R004/0838) PCT/US2004/009751

(S, S-(+)-N,N -Bis(3,5-Di-tert-butylsalicylidene)-1,2-

cycl ohexane di am no- manganese (111) chloride (0.44 g,

0.7 mmol) foll owed by 4-phenyl pyridine N-oxide (707

ng, 4.12 nmol) were added to a 10 stirred solution of

conmpound 18-2 (4.4 g, 13.76 mmol) in nethyl ene

reactloﬁ H’L}Rﬁﬂe J8s ﬁiﬁgecpwf@ﬁ-éthﬁtac@@@ kOBl TN anEéus Addi@h hydroxide and brine,
Irrlnfgqaat ambi ent ten’peraturefor

dried (le ) and C(ng:egtraﬁeéi igpacyo 40 GVA %{t}%"&ﬁ}gﬂe SJth?H g%tﬁlramarbonate was
added b3 séRtiBNBH the Wade Bslaiedn 10% eudﬂ@wmn@nnnhanbumo wh3 After stirring at

call dt nbi {
amblerﬁl Fe_rr?p\g?ﬁglr? %)52%1' gl},? fﬁﬁ%?lﬁ%‘ lﬁg gzai %OQICCH Cfa 5'? \Erﬁz%éjtro%ﬂg\é%;ud% residue.
Purificatitgh of ercack eckidet b fleshieiiomametagheover Silien gst gradicat PHise0%-20% ethyl
acetate%}'irjl %an‘é’%g’ glggxt%ﬂféopdeﬁ%gﬁ?ﬁd §aby lﬁt@ doigodhy RS b iE+pnd

magnesi um I5 s ate) and concentrated
Step Bi n vac crude residue. Purlfl cation of the

(SJS%_ +J- ﬁfw géltlg%% 9g)l}]ftérﬁﬁ/ﬂylsa‘ljbflﬂﬁﬁd)Q@F@?ﬁhey@ﬂ@dla@nbm&ag@eie am

[ % 55% ce ex
chlorldé%Qrééhg )0 7am¥1)8}) é@&)weég (B gXlge g-oxgia \Xﬁf?h ggﬁ %Were addedtoa
stirred @ﬁ&iorﬁcﬁ@o@%ﬁh}l 118-2%t.d gPr3cipan@asl) mnn@ﬁyh{rfb&h%)ldeﬂﬁﬁ:@mnlum approximately
0°C. A(t]ﬁar 6%11165; atgayi (35 47t & T:r)ature]fom% g Ingl%gcfﬁ)&itéfﬁcﬁ MNP i LY aqueous

0O a so I on of
solutich8+3376 mmok whaznidled Wt eeact{c@ nlixtufe1os aHpyeddp WAFD pley}y to ambient

tempelraﬁl?g)@\reﬁﬁ HE §he RbLRR niktdewal %eﬁhllutﬁ@fv thiafeVy ﬁfd@xﬁi&ed wibeethyl acetate.
eaction m xture was cool ed Conégft r%{e (S'eﬁ cuo
The Ofg%ﬁl%haﬁe VassvashadgyifEAduRyF Em‘gate W@W it ave Ve i g‘?%%‘esmm
sulfate?’bﬁd’boﬁﬁ%@at‘é%bﬁracm cB¥tcAdE edidut. Plrifietiby bithecrold wesitlatehy flash
he co I ned organi.c
e AR U5 SNSRI D BT

compc@h¥ 3-8 ac4 whliee solié s (BS) ¥ (MEnys ul fonyl chl oride (0.89

, 11p44 1 » added to a sol ution of the crude
sten (o quEipelliml dr (88, hyl ani ne (2.90 ni, 20.

nétrmwnemckdmcbr(il 422(2250 mrngh) Oﬁﬁhywﬂlﬁﬁltaa% (”eQi’ g A? tS% pamol) were
added$4 4 5J1ﬁtfbg o8-8 P& Rinot: @E’EEIG(‘S ab e nf]_grat ﬁ%léﬁt Ebmpteﬁﬁlre After stirring at

reacti on mxture was ‘Zd W th

el RS, (e ECRIST VBT HEL AT SN Yd PO By s orsinal volume.
The re@ﬁh@waéﬂdlm%dlifﬁthsoatdlwa’ﬂéradd S)@ﬂbﬂddlrwhh prthiyenathtoraledl igrdombined organic

extracfs w%? W%s%n%%ﬁlggl am S 4];11\7#6 i Qlfa&%rll(ﬁg n&r{c?ﬁﬁged i v%gﬁﬂ)oglve a crude

res1dupuMefhane3ullf@1yl t(lmﬁrzie (((E@ ml 5. 44viagl) wasgldst tep splution of the crude residue
and trg]TS/Fa?r[n?et (? 90 n@f 2@%@ éﬁ?oR JES in@th Xﬁe?diﬁlo?ﬁe gz%o 81 A appefindately 0°C. After

phenyl

stirring @ Frphient WV‘W?J ﬁg, p1}np H§ gﬁ)ﬁpq{bm](xgqu_wasgdﬂu@d ngthmi 3cetate washed
succeé’yﬁ/re_f? vﬁﬂﬁa@lqedu@ 2R h§@ﬂoé&ﬂd>rﬂ:rhcﬂ[ gj;h&lﬂ s{tlraftd s@diurd bd@rbowawndn) brine, dried

(magrgﬁLBWéHllfat?)@ﬁ% £91g lmaée %ﬂ/ﬁ ve c?%ltgg ! él;l_gér rﬂﬁalgwa% utsed without further

purifit¥dion COACENN4SAH+))N vacuo, the residue was partitioned

Ste ﬁetvveer}? et hyl aggkate, brine and 35 perfluorinated
xaner%grggﬁ?%—ﬁégébs). The upper nost orﬁanic hase

weBriethylaeting @ &d imla28.43 ﬁlapb)folmwd by divbeyi-(AtR4H 2R3 c uo

e i f d
P rflutofbdgéa/‘()ghﬁlyﬁ?ﬁbgﬁx % Pg %?t %ﬂrdglbl;)] weRd dd%a Ote h G%h%gcgf g ﬁ(j 84 g, 4.03
mmolP@TTfQémGﬂI/ @erdr8e nﬂ*) hite FW‘B&%&"“P@%‘BF@W{*’ WPRHg ffic reaction

nnxtu%e%&%%l@ﬁﬁ&mﬁlvaatohmh eRRue hh@[fah'tdﬁm_a‘sbee\lvm rthyl abfer ded and
perfhto ti(yﬂexanes %FC E}E f(ﬂ{(%)f Tt\xAclhdp%g l I gdan{cryhgse (aj‘:ass)irigt‘fg(?odium sulfate) and

concentrated in vacuo to give a crude residue. Purification of the crude residue by flash chromatography
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Step E: Preparation of (18-6) Potassium carbonate
(0.15 g, 1.08 mmol) followed by nethyl iodide (0.03
worgo408847 mol ) were 5 added to a sol uti on of PCDORMO4IODI7S51

18-5 (0.12 g, 0.36 mml) in acetone. After stirring at
approximately 50C for 2 h, the reaction m xture was
concentrated in vacuo. The residue was diluted with
nmet hyl ene chloride and washed with brine, dried
(magnesi um sul fate) and concentrated in vacuo to give

over silcCdeli@eadichedinibne 5%P0% dcewad/inethylede dhiveide nsiclaent)esfodtiaé cdgpound 18-5

f ; il I di ent
as an o (s BYE CEHBIMEENE) ot byl ana chi or de as el uent)
Step Eaf f or dBdparatignmintB-a8- 6 (m'z (ES) 349 (MH+)). 10 Step
l:Pot {]ﬁgla{aﬁ)toh?g ((PIS %:&%Bchﬁ)) fgﬁ$\k’éﬁ%§h@tﬁy@ EUdﬁieQ@ bﬂmL 0.54 mmol) were

nono 2. 34 sodi um
added wawbw@n @frﬁparrppw@ 18£3(0913 gg0- 3@mml>we50nwfée¥ slérefag)atjapproximately
50°C thovh, QLS i M8 fwad cdREtARd 9f vabud) IThe Eesilus FhdMdilu@a vafh methylene

ctoridgind b i RO G st Sl Bve a crce

residudliPxiifidadobf thdrtrnéatesidiechyiRsladhismatégraphy oferrsilioce pel 3 adiem elution; 5%-

h
55 oEHE PRy s ERNCl WERY KB o185, GOS0
Step Fnas coBreparptiont afdl8-¥W vacua and extracted with et hyl
a$ %ﬁfeﬁesulﬁiﬁc Qﬁcgﬁaﬁ(fﬁydr% oL g’\@%4mﬁ$1?f$11%$d7b}k§bﬂ1ﬁﬁm cyanoborohydride

(sodium sul fate) and concentra%t ed in vac

0.15 g 208 TR YT SR i POt Y S RERRA I s lgRa! 16 (037 8,058
mmolYift &Jtldhl}@r(m(raﬁ (BShL b ﬁﬁﬂi&ﬁt@@ﬁ};&ﬁiﬁ)te Qe stiirilng €hé r@edion mixture at ambient

tempeéglr% oL, L]t;rjhgl,!a Igvld%qyezc%? 5Q u%l%%(ﬂ%éldea gii'e ?f was a]dE]e Xaa%lq;sjt?mng continued
for 30 (@fB)Th3 Sebctfdaixure Bisepn@ntredsip anaiiapthexsfacied 8/.1t8 )3th20acetate The organic
phase %{T@%s!ﬂ&i \Qﬂl# {nln{éedlfxe(& (gf%%élm}ﬂf %}5&% cmwratm v@%@g gltVQa. 8rude residue.

I on

Purifiqgtiethef] thm@uwwuedy flagh M9matqar4pév ogétrusmea a@ (%redl%mﬁﬁuém 20%-100%

ethyl Jc%m B@»Eaﬁdeads eﬁfen§ Qeroradh 1827 asAGRIEGENHS SNt MV YIESE B 1QRITT).
Step Ot m, Q.9 mol ) was added. "After stirring the

e at anbient tenperature overnight,
diDiméthylhalid (DIIGS (rﬂ,, 2.85miro]) whs 8dletnomd Johaiod of compound 18-7 (65 mg,

2- acet 0x 0
0.185 e lggﬁé’éﬂ% ‘gﬂ% cl%r(% | ng %%er{tsmr %gatl?mbleﬂi g Q?P%ét%a% i >
acetoxpispentyrghablogide ((h13/mbLh93 minel) 28s 3ddsd. dufier stagngiihe rraciepnwpirtyre at
ambleﬁ tgﬁ/n% to@érﬁl 1n¥<¥?r§nﬁﬁm§ prig%%_, q%'SXnﬁ%lf ;ihd@odé@@k'ﬁso%{}{yryl chloride

or| c acl d ueous saturated sodi um

(0.13 QP hwmab avesadest w}étlmas Fnpeddar ks Yplptilesyerg ganoved in vacuo, the

residu€ @3& &ﬂitéd&illﬁfjethﬁ a&z’éﬂ&él andlvishedi sM@eRivelyuieh 4q@&dud BN hydrochloric acid,
Purifi Cdgiffl on of the cr

soueoptyopit Gop SRy etvaneand s Gt et by cgpsepea invacuo o

give aT%6d4 B%idae.Pucifiedtivr bhthk ende ehilor bydashshreategraphyafvérilie gel (gradient

elutlotg,%gpg(?wa ?%%eo erWi%l S@#%%‘F f}c)rd doc)§I gf}udz&‘ 18.8 (a2 (BS) 479 (MER)).
B@EMQ@LQ&QM

i n nmet hanol, O. 925 rmol) was added to a
S @oHﬁxhﬁHetﬂfm&QWﬁHﬂ dr 48581 £d%§10ﬁ§h m@thm 0B |rr)rnd1)"was added to a

met hano After stirrin over ni
oot SPBRRI AV M S ok D U S e vernigh,
the refictidh ddecosRd, @atdnirhic® Bﬁ\dzcrbﬁinﬂl&&ﬁe%b@fas aadtiones beryleaneater and

hl ori de. .Th
methygﬂxieggllfna% gh%grggrﬁ g}ﬁ)ts : g? f}m%esmmf qfal(ﬁpalg{] concen%tad in vacuo to give
a crudegssidieie SodBou hydride Y4 ingld - %mdgfollqw%bmhgl iqdide| (B fetimby/0.926

mmole%Jé%hde'dQQh gl?ut &4 gﬁ&df%cohgl 228raRrbRP). NI EmbiRide (10:1) (4

sol ut1 on cru in tetrawydrofuran :

mL). mesarr%tahwbwra eraneatEe (’YF@I&W ttl%feafr?@)‘ migpgeayas §‘PI}°FIFW‘F& in vacuo and
at anbi ent tenperature overnight, the reaction m xture
was concentrated in vacuo anth4l - 141
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WO 2004/ 089307 PCT/ US2004/ 009751 the residue was

partitioned between water and nethyl ene chloride. The
w@owenssophase was extracted w th methyl ene chtDUSIE4/009751

t he conmbi ned organic extracts were dried (rmagnesium

sul fate) and concentrated in vacuo to give a crude

residue. Purification of the crude residue by flash

chr omat ography over silica gel (gradient elution;

20% 60% acet one/ net hyl ene chl ori de as el uent) afforded

the resﬁQMMm]oﬁe(pbe@@eeﬁ w@te\‘*@ﬁci ﬁetﬁﬁéﬂedzh{oﬁﬂ@ T@Eﬁ)ueétfslphédwvbla)s Extracted

Pr eparati on

b st i et LA T0) Corpeind. L1 5 e
in vacd&r Q b! Eﬁld& Qsiﬁﬁe’itPunﬁeﬁﬁ)h lobthe cfude residngiyuitecth hrbRatpfmaplry over silica

gel (gr laté%rb %&%I-F 665)’7 %gt\(;l: neQ:hP 19& g%éfﬁe%ﬁe ?ﬂf?f‘ﬁie{l g&vaié]ognd 189asa
white otidmom IGES) 45WEVIE+)r epar ed Rl R 2 M M Y-Me N R3N 0

seeptk  F M%rem lon n/z (MH—I) 91 d H
COMB 5 Me 594 93 O H SO2NH2 1'595 94
MEorsERme 1808 waggerredEonoenoty oLV faigninegs aHPI@éjxs’é‘fe to that
descr1l§éa4‘or c%&P&'m'al 83@%%31 E661638mHh.H CO2Me 540 99 H H CQO(c

O HHCOc clorol) 550 101 HH
COPr 552 102 FHCOVE542 103 F H SO2Me 578 - 142

Following procedures similar to that described above for Example 90, the following compounds

were prepared:

Ex. # R1 R2 R3 Parent Ion m/z
(M+H)
91 Cl H COMe 558
92 Cl H SO2Me 594
93 Cl H SO2NH2 595
94 Cl Me SO2Me 608
95 Cl Me COC(Me)20Me 630
96 H H COMe 524
97 H H SO2Me 560
98 H H CO2Me 540
99 H H CO(cyclopropyl) 540
100 H H CO(cyclopropyl) 550
101 H H COiPr 552
102 F H COMe 542
103 F H SO2Me 578
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WD 2004/ 089307 PCT/ US2004/ 009751 104 F Me COWe 556

105 F M S2Me 592 106 H H COC(Me)20H 568 107 HH
wCOo4REPBIOVe 582 108 H H COCH2OH 540 109 H HCDTHOMEN9751

554 110 H H COCH2C(Me) 20H 582 111 H H COCH2CH2OH 554

112 H H COCH2CH2C1 572 113 H H COCHF2 560 114 HH

COCH=CH2 536 Fol |l ow ng procedures simlar to that

descri bed above for Exanple 51, the follow ng

compounds were prepared: RL R2 M M Y-M NN R3 N

~I FF [EX. # L2ZT RZ R3 Parent ton [in/z (A 115
O HicoM 586 Fiie ¥Mp 1 corc €PMero 1) 1612 15260 me
come {60¢ps5 118 pe MevieOVe 580g02iR Me Mg CO(c s9bo ro If)
606 [TZU0 ME[ME CA Pr_608 12ZL HH COC[clOo ro ) 578
122 HH®o pr HBggl b3l LCOSMeEOH 174 £ \MI0%80ve 584
- 143 107 H H COC(Me)20Me 582

108 H COCH20H ' 540

109 H H COCH20Me 554

110 H H COCH2C(Me)20H 582

111 H H COCH2CH20H 554

112 H H COCH2CH2Cl 572

113 H H COCHF2 560

114 H H COCH=CH2 536

Following procedures similar to that described above for Example 51, the following compounds

were prepared:

Ex. # R1 R2 R3 Parent Ion m/z (M+H)
115 Cl H COMe 586
116 Cl H CO(cyclopropyl) 612
117 Cl Me COMe 600
118 Me Me COMe 580
119 Me Me CO(cyclopropyl) 606
120 Me Me COiPr 608
121 H H CO(cyclopropyl) 578
122 H H COiPr 580
123 F H COMe 570
124 F Me COMe 584
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WO 2004/ 089307 PCT/ US2004/ 009751 Schene 19 Nc Nc Nc

Step A Step B Step C C \ :HCO2Et G CO2Et O OH 13-7
wa 203089862 HHCI Boo Boo Boc Step D Step E + MHRUSINBIAGITS1

NHAc NHAc CI C C C  19-3 19-4 19-5a 19-5b Boc

NHCI NNF Step F Step GO, N NHAc NHAc F C HO

19-5a 19-6a OF NHAc 11 4 F 19-7a 5 diastereoner 1

(dl) Boc HHOO N F Step F Step GNF NHAc = HAG N C

Cl 19-6b HO NHAc 19-5b -6b OF C | 19-7b 1;4 F

di astereoner 2 (d2) - 1Sphemeld

Boc
e :
Step A Step B Step G
OH
Q ]‘ Et Q / I‘Co Et
cl C0: cl 2 cl
18-7 19-1

HHCI Boc
N

F diastereomer 2 (d2)
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WO 2004/ 089307 PCT/ US2004/ 009751 EXAMPLE 125
Preparation of Conpound (19-7a and 19-7b) Step A

woe@passdi on of (19-1) To the stirred sol uti onP@f/UEIDA/009751
(1.5 Min cycl ohexane, Aldrich, 1.8 m, 2.7 mol) in
dry THE 5 (15 m) was added conmpound 13-7 (725 ng,
1.77 mol) in THE (5m ) dropwi se at -78C. The m xture
was stirred at -78C for 1 h, then Mel (5531, 8.85
mol ) was added. The reaction m xture was slowy
warmed up to room tenpergkuhfpr 39 stirred overnight.
To the reactl on m xture was added cold IN HO aqueous

Coy e anhlBtib) The aqueous | ayer was
Ste @xtractpe@{)amlbﬂoﬁtm)ﬁ\p three tinmes. The conbi ned

B B0 i Db SO LT e e 1,27 gD iy THF

(15 mslwat adt@dsmhpcmmﬁ 13 (5des) 1,00 mpealnid 'I‘]:E?-(hﬂ)ﬁﬁipmlsefaoﬂ8°c The mixture

was st%e?dg%epar K trl 0?11&%? M{egég%l%g‘ rﬁﬁx%&%ls ?c% Q%Nﬁb re 1on m%%ﬂ?r@ was slowly

warmerbipio uerdn tegpdraiuns endptirred O@rmighd! Yo the r@hcyonTmEu(quma)ddgt cold IN HCl
aqueous7 &@n%ﬁd EW@O&@ Lirnd Jqu@odylldy@r @&s@ﬁ{racte%rullth ]chfl&@ 1D thes. The

combyE BT ORI R M B ico g SIEEHE: BT in hosans

as thepbuting eblvant affdrdedsampowt dd-1a qiakoies C2W@Et4@l\cfound by LC-MASS:
M+N§E% /30ml). The aqueous |ayer was extracted with

¢ three tines, the conbined organic phases were
Step Bir i ed @reparaig®6¥(19dhd concentrated in vacuo to afford

Lm@%m%olanonqg ng%cruﬂﬁ 19-; @pg%ar i 1?81860 d WS% at -78°C was
added ek 6 1A H pepttper, SZB.J - %gﬂmd) WBWﬁﬁfoTl)e Iwa@rww@n%@ fpr? Iy, ghen
quenchitd Wy 1@@@1 ﬁf@tﬁerr 8 1%1) Tﬁ@ﬁlx@lﬁ@ %@ﬁdu?édqg collridapiPted BfRoRL,

NaHC’k#;r/%Om fml/ 50 C)oI e \z}\%uteous l%ae% Wgs s%xﬁra&ed W{t]h {itO%xcl%hree t?imes the combined
organigtphasep Wemtdricd over Va¥Peraat gersensiatadrin givuo toﬁf&)rd/mnaiouma&_ Calc. for

v sigdge was partitioned
czgugﬁfx&%ﬂ%%&h&g&@%@iﬁd\% )and CH202 (25 m ). The

_P_Ciqueoué’_tm;%n_mé@l_éi(t racted wt h CH2C12 three tines,

(%ﬁn&:fg@tﬁgﬁ 0(5 %Molﬁ’ b@sc’@l f%rl‘iﬂtqubél:l%ﬁ)gutrﬂe then concentrated
HZSQN?@ HE o ne éﬁsfgf‘ PUG ARG SRR A st AR o bath. The

reactidPws stitddl 66 robr@ Eemperd Tﬁe‘k&)latiﬂé@ ek DRp drét:ed\/ﬁ@ﬁ;he residue was
pal'tltllgpl-%d betv%e%g Oﬁh ?\QLOB ()(&ﬁ df%prgls %&d glg%@l%_é&llﬁb 4Ehe-|‘||-‘(|‘2|10 (%;'.\g laﬁfgljéié%gtracted with
CH2Q12gﬁqe)tlmgasandebmp@ngmg@sesyege dﬁpg|oyer;}ha804, acidified to form the

HCI sgllt ustn?%: N % }{1| etlfé?ﬁllfhodp%ﬁl{egtr%%cﬁ 4 vﬁg[g) 'to g‘p MA }9—3 Teﬁc f r

ure over ni

Ca0pi DGR A o PR R b ASY Ml 7 Sashod i th | N HCL and.
Step At ur atﬁ%amlldg:@QwMg af f ord corrpougd4%2 4. Calc. . MV
P?feoptgrzg rred 5018 1011( (ﬂgoxg%dug% ; 282%46151;;, 8h65 %OIHB%E&ZE(ZOM) was added

DIEAr (6Lt B('miﬁn(ﬂf andalg-ene- itylc arboha e (CD$4 @ﬁg}pﬁﬂmﬂlmbg Fhethixture was stirred at

room %mé)e{a?urg Qverfnl l§ dghoweﬁﬁw Pgu rtc}nga \fvcf> n %%sﬁ'npg TJ &ll Egj‘ ﬂl(i saturated
NaHGQQ) tg#fad, gonmqpnd 19-4. Calc. MW for C25 37CIN2073: 448, found M+Na = 471.

Step E: Preparation of (19-5a and 19-5b)

Chiral HPLC resolution of racemic mixture of compound 19-4 on Gilson chiral HPLC system

afforded the individual enantiomers 19-5a and 19-5b using ChiralPak AD-H column and 7%
IPA/Heptane as eluting solvent. Calc. MW for Cp5H37CIN20O3: 448, found M+Na =471 for both 19-5a

and 19-5b.
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35 | PA/ Hept ane as el uting solvent. Calc. MANfor
C25H37C1LN203: 448, found MrNa = 471 for both 19-5a
wW@na40P38b. -145 WO 2004/ 089307 PCT/ US2004/ 0097GL/USEB0€ w9751
F: Preparation of (19-6a and 19-6b) Conpound 19-5a (65
ng) was dissolved in 4N HO in dioxane (15 m), and
stirred at room tenperature for 60 mn, foll owed by
evaporation to dryness to yield conpound 19-6a. Calc.
MV for C20H29CLN20: 348, found M+l = 349 on LC MASS.
Stepfconpouﬁﬂepll%‘ng@oi(d@6Md Wash) di ssol ved in 4N 5 HC ' n

I OXane , and st rred at._room terrper ature
G&q?ipﬁundfle%ﬁéé mebyasslisspypdini 4o Idn dioyaed & m{)oa“)?lSBF%fl at room
tempeZnirp G50 k) f6lloweddl ¢vapMilibinto de2REA0 GkN2dinpaddtid, 19f@u eic. MW for

B R T ST e

HCl if @iSxape (1. 169, Jandwiixirgd at roo@H2:GAGat(2 fod G0 mmsfoﬂd\d@lday eRiifefation to dryness
to ylefdargm%o)ung 18%H. taR! dw ﬁ;@ uilt A48 (B3dnd W41 0 34@&. LC-MASS.

HOAt (15 ny, and HATU 10 9 ny,
Mﬂmmmnperature The mi xture vvas

StTorthedingt sslogon df e omppsual 19-6a (wsﬁigm @Itmmap ﬁﬂ&[ﬁjﬂlﬁ (/Bml-ﬂ:w@s added
10% MeOH i as an el

i on_usi ng
DIEARE} behe8: PEPDRaony L s PaataRD 0RO e fatb] fimob and HATU
(69 mef (W82 nlutol pdtfrasml teraia i) AThE Ynixtareasas ivrddeat S6dnd @mpdzath.overnight.

PrepaMWé "Pl’,c phraRi s &N%@@Meéﬂﬁn C éggﬁpﬁgﬁlr@g'iég%ﬁyg%t%gl%\g% by

To the stirred solution o
aCIdlf@a@QllusmﬁdN)H@nn e 2ff¢id conjpound 494 ekeadbifl sBUd. (GBc. MW for
C35Ha6CI65N$0R 6] 3; femiapaumiMbbsdd (3814000 tﬁést@re&@&utmmif omiound 19-6b

5 T
<35m§%?b&m°%>é'ﬁ$@3§f%?@mwgﬁﬁﬁd‘%’?§r 5 400 38 b B (31 me,
0. 109&&&51)3&@1&@5 Iﬁg enrm%hﬁol) dﬁa@p@ﬂaw%@g )13 @Mfol)fat ﬁ)@fn‘ t@fperature. The
10% n el ut g QLV
mixeof Oy R T etyPe Bl B AP B CPROR G b 10% MeOH in
CH2Glz @S&n@l%mmw fqltpweg by agidifipation using i HOTi ether i ffand compound 19-7b
as whisS&Jid: 66k FAMBR2 C Clif . 813, EfmdBrec Midssni 14 Lol

Schene 20\ )1 tep boStep B\ Br C
20-1 20-2 20-3 1 OYO_. NN StepC~CNStepDStepE
CN CN 20-4 C C 20-5 20-6 OYO, _/ OYO _/ 0OYO,-,,- N
N N SSP@I:! Shap 3t ei@/CHon Step B D/\Br
cl
20-3
OO~
| Y
N N
Step C t@/\CN Step D Step E
— CN CN
cl o
cl
OO OO O O~
Step F Step G Step H
NH, HN. ° N
cl cl s cl A
20-7 og O ”S\
= 20-9
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/[0 C I / NH2 A HNSO 401 C20-7 20-8 O 20-9 20 -
146 WD 2004/ 089307 PCT/ US2004/009751 N N Step | + \

WO 200424930y S O Cl g N, i0 20-9a 0-9b O O ' - Ne¢1/T52004/669751
OF StepJ Step KNN,ON, sOF G SdC " CYDC-S
0 20-9 a 20 10a HO2C G 8N, F O 20-11 a 1=4
diastereoner 1 (dl) OFY NMHC' HNF Step L Step
MOTON "ON X1I0 F C (r)S C 0 S\ Y\ 0O 20-9b
20-1b H2C'" A | /| N F O 20-11b

N N
Step | +
N~ N. /°
cl rFN S
20-9a 20-9b
OYOV \,!; cl
H
N N 0 F
Step J N
ep Step K \l
— N
N< //O N //O % F
cl S cl g
v i N o
20-9a 20-10a HOLC™ cl v N:/s”\
= O
F.
1.4 20-11a
- diastereomer 1 {d1)
F
OYO\\/ NH cr
H
N N o F
StepL X"
P Step M \]
® )
N. P O e >L F
Cl S Cl °s
I o> b > N .
0.9 20-10p HOLC™ ol Nyl
O
F
1-4 20-11b
— diastereomer 2 {d2)
F
5
EXAMPLE 126

Preparation of Compound (20-11)

Step A: Preparation of (20-2)
4-Chloro-3-methyl benzoic acid 20-1 (8.40 g, 49.2 mmol) was dissolved in anhydrous
10 tetrahydrofuran (100 mL), and the mixture was cooled to -78 °Cin a dry ice-acetone bath. A solution of
lithium aluminum hydride in tetrahydrofuran (1.0 M, 73.8 mL) was added dropwise to the reaction
mixture over 30 min. The resulting mixture was stirred at -78 °C for 30 min and then at room
temperature for 1 hr. Then the reaction was quenched by adding water (2.9 mL) slowly, NaOH (5N, 2.9
mL) and water (9 mL). The resulting slurry was stirred for 30 min, filtered, washed with ethyl acetate,
15  and the filtrate was concentrated to afford 20-2.
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1-4 diastereoner 2 (d2) F 5 EXAMPLE 126 Preparation
of Conpound (20-11) Step A: Preparation of (20-2)
wa@2@aogn307 3- net hyl benzoic acid 20-1 (8.40 g, BOI/BS2004/009751
nmol ) was di ssol ved i n anhydrous 10 tetrahydrofuran
(100 m.), and the m xture was cooled to -78 Cin a dry
i ce-acetone bath. A solution of [ithium alum num
hydride in tetrahydrofuran (1.0 M 73.8 nlL) was added
dropwi se to the reaction mxture over 30 mn. The
Step BF €Sul t pRearmliontdf(Zn-3yas stirred at -78 C for 30 mn and

::Nggsg]qlgt%lhr §$p81§1%%§ égr e f m{r}%l)g{ Wft;: (S’flde @%@L was cooled to
0 °C i &Nce Watbr batﬂ.)UrﬂBﬁtm{gefrlpb&yhjﬁ)osphTMW 85 gl,l G8i06gursdlLwasyadded slowly
in sma, gg{tl%%ls Svef gg‘u rfc&%(\;lﬁcriang thle sfow a%dl% gn of'@fb%ﬁq 1{ H)é(%:(gib g, 68.06

Was >concent
mmol)cif $roaltip2Qor over 10 TuinFhe ®®141ﬁ108 9@@17176 Pay stiosd @0017 ©B913pnd then

concerﬂaﬁeﬁ t@élvg 4 Fe@ﬂﬁ%tz’l‘l%'}es@éue G429 Io%ﬁedAO a waﬂl%%@gartﬁ@éwﬂ BRlted with ethyl

I n_nethylene chlforid
acetatq,{lp_e)xa%a glog@dp @féorfl gomppupd 203 mpixed v ?rgqfo%t“ﬂnchm é}i;ed for next step

without firthet figifickddnphenyl phosphine (17.85 g, 68.06 mol )

Step (NAS added stl.ovvly i.n small portions over 5 mn,

& 1o ! - addi tion of carbon tetrabrom de

( 78 a5dlution @8etbutGlamohinmi ahlogidal43.q5@x 157008smoels pothesium eyanide

(10. 23g,h 7108 %H]ll(;l A9 rﬂ%{tﬂ&l’g’f gce%?tnﬁ:t(Bé fnf? étaite wgq%én% \;v%;'adﬂépdropwise over

concentr g res he res|
20 mituissdselution of 20N BrosvRls Bomi)| Thceafingasagtiensnikfurnvas stirred at room

tempel?nﬁtgée/fé)r 186 %ahﬁﬁ 'ﬂ@éﬁ@ﬁk@%y (aa&lr@ whier @bhand Tﬁ@&gmag@wéﬁ separated and
orm eXx

the aagoi Gy g PEEIES BuFHYY €5 o 10y - aneg @ﬁa?%?%ﬁf Rppses were

washef B wéter @0) had Briepdrisdioosr MﬁSG@ﬂlt@thn}i lcamsamtratadmn Thb bmdé pkeduct was

punﬁe%é)y ]\8%,(% {?ﬁ%/ffthylﬁacetatﬁ!h%%agrgsgfg% 38 tg nffor cor%%caméég; ém/& (ES)

M+Hiet@. (30nL), was added dr opwi se over 20 m nutes a

step 80! Ut T @00 6056324.5) acetonitrile (50 mb). The
SR Fesul ting reaction i xture was stirred at room

t Svperendet ©J8 £139. 13 mmply weneharegd Bye O dnlpgnedigelief gound bottomed flask
along Wﬂh &ecK168thBinine hydiScHI B INT.$3 Q@ﬂ&g Iﬁﬁﬁﬁ) efRRltAkBMoa R hydrosulfate

e R MBS L o B By ot

in an oiBlag of (120 R fcﬁBd] Biftengplih to @cbnoremiperMysOhe rfikthiteoras dilaediwith water

(SOml((:) tﬁf Qra{:t%& E}d eth 1 ag tgt? ﬁég )?( é(ﬁ); ! ;J(r;[tgfzh &%é%nicep%ag%( %!JMP éﬂgshed by

water @ﬂp@unddr@@.oner(mg&(h( fHigyed qniiepi)centtapgl) Theraspltipg crude was purified by
MPL(P(6@19PJa§\hg§én etﬁﬁ aé&QLe/ﬁbexéﬁ@m&H N0%20160% @nd‘]tﬁelglzo%;”lg[eéﬁ/o 1%

in a 500 one necked round

wa
NG bt ord ks b8 G A D SN o o s oo
Step B3y dr oC lPré&paiatien 6f4268) 9, 39. 13 mmol ), tetrabutyl anmoni um

NYr QS Ul RLE(1.05 g, 4.22 mmol) was dissolved in 1, 2-dichloroethane (9 mL) and ethyl
chloroformate (0.916 g, 0.807 mL, 8.44 mmol). The mixture was stirred and heated to reflux for 19 h
overnight. Then the mixture was concentrated and the resulting residue was purified by MPLC (25 M
cartridge, ethyl acetate/hexanes from O % to 25 %) to afford product 20-6 (m/z (ES) (M+I-i)+= 307).
Step F: Preparation of (20-7)

To a solution of compound 20-6 (0.841 g, 2.74 mmol) in anhydrous tetrahydrofuran (5 mL) was
added borane in tetrahydrofuran (1.5 M, 5.5 mL, 8.22 mmol) dropwise over 5 min. The resulting mixture
was stirred at room temperature for 10 min and then at 40 °C for 3 h. After cooling to room temperature,

the reaction was quenched by the slow addition of methanol (2 mL) and NaOH (1IN, 5 mL). The organic
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(0.664 g, 1.96 rnnol) and NaCH (50% 60 nlL). The
m xture was stirred vigorously and heated to refl ux
w0 pooaeswdt bath of 100 C for 3 h. After cool i nRCT/US20000M9751
tenperature, the mxture was diluted with water
(50,L) and extracted by ethyl acetate (4 x 100 ni).
The conbi ned organi ¢ phases were washed by water (2
X), brine, dried over MpSO4, filtered and
concentrated. The resulting crude was purified by 25

layer W&&B&ﬁé&/h&ﬁﬁé z[cjugcﬁﬁ h&RE W4 edekab éthﬁ%@%ﬁi@% fram gcgrf@med organic

2) to affor

phasef)?,vsﬁogé/ qu t\{]al?ﬁr; ]fo ,S;\r/t %&ﬁ@ }lteregtagg cgricentrated to afford compound
20-7 (Bve@@s) auirayi=if1).( 20- 6) Conmpound 20-5 (1.05 g, 4.22
Step GTR lved in 1, 2-dichloroethane (9 nL) and
€ ﬁ#m%ﬁg(rlz—vﬁgrnate (0.916 g, 0.807 ml, 8.44 nmol).
Theowityee of @npasnddtT 26d remad) nesdtigdent ohlosdd (mif)and frtHyl amine
. 68§% (fB\QG'irﬁ, 9'@5 mmUlB étcgﬁe(mo)@ délrlﬁ g AR walkP %ﬁ@%@ﬂw@ﬁﬁl&nﬂ chloride

[t ng resi due was purl
(. 40%&&%”&5@ 3. 5@PW}P|D VRS @ %ﬂd@,fmwsr kOrn@m Ghe/geacsion snigguretvgs stirred at 0

°C forf(f i AndP ihesl itGbord Ql‘rﬁ)el(a[ﬂr@fo@ ER) TeMebdiba w%@ @encheﬁtﬁ Radi lég water (4 mL).

Pre ratlon of - To a solution o ound
The ofig 8 Vg eipaaut e Hocsip b UE Tty G GOy asp qaprice (30, The
combinkd ongaric plasiedrdessherthy watéreind aiiiyed ﬂﬁedeb’valngS.O@ filkre®arfl concentrated.
The cmde F%idﬁ%@&iheéjw\%gz@g ‘a?{m?d%e aeTcht§ ofex ul gl;r 883 0%t0 50%) to
give Caﬁ’aoqfﬁéﬁi‘e(tn/ﬂl(@SHMﬁﬂ) BY). After cool ing to room

St ﬁq}}aﬁfﬁbﬁlgﬁgmbhe reacti on was quenched by the sl ow
= dgltlon of net hanol ;2 m.) and, NaOH (1N, 5 nlL). The

opnd 2018, Ippymee$h 37 ypgeh) apdivsolysd bener a8 miy ten
acetalblﬂ@rds eparmag, 0865 mehot)as aﬁﬂéﬁoﬂdﬂox@ﬁaﬁﬂhwﬁpvﬁﬁ ddafiod @f Qi¥furic acid (0.3

o) 550l RGBT LA R BB . e
react1anwawnmtxl bediting withvaer (2 mlompd exichcte? O4th e(hyi Zce(aES’Q)lx) The

combﬂ‘n%/clr 5%3-111@%1‘3&268 esxpazs%df%' R’ %&dr&@d ﬁ%lﬁé(ﬁ wgge%% X&rrergeover MgSO,,

filtereghapd @ﬁ?@emqateé t(hg}ve wligpides. The r@siye yas mlrs"sé bmzrepaatgsl FhE(2P00 nm, ethyl
tathBEx 68 BE) tb fo&d@oﬂn u%ﬁ 2019 S 2
o et hane ?5f . o Gemyke@sﬂg, 3, 3. 56
mmml) ot pacasted 380920 Wer 10 nin. The reaction
mi Chirdl @passtionf th‘e rnﬁk’ku&tof Q0-9C1 fri@fin 1 hIJHtOHaR dsoblhy@ﬁho@ton a preparatlve

Chlrafggwolﬁlgmmgn% ?’ ITE? Etélflﬂm h%)qglgréga 96%] eg‘i}}on\ﬁ,gfg%‘ggvé? eglfnétaa\{ners 20-9a
(m/z (Eﬁbl(l\ﬂﬂé) a@@en&&ﬂhﬂ@éﬂﬁ@é(lﬂﬁﬂb adi®d with nethyl ene

Step Jehl ori qgega{.’ﬁn&)of(}j@qog)o conbi ned organic phases wer e
vvas e wat er _and brine, dried over filtered

% dlissolyddn & PR EolpE of fBrim c%ﬂm miLedThsymixture was

stirred\lﬂd@eét&ﬁln$n G bhth loﬂgfﬁ"C ﬁi‘ hwt, (t)l@g@ﬁeasbﬁéﬁl%a aesovhd &M dO%%idue was
10 509 t
prfy S0 o S RTERURS, SU5E e Vo 8o
affordXo8®8undr20t 10a (we's (E8)IBBIHY Ed343)) whivhtwas cavemkd(t0 it8 HITL Jalt.
te a bahpghyde (29.3 ng, 0.665 nml) was added,
—LI?‘I‘%W&@_{‘#TE‘S dropwi se addition of sulfuric acid
( OLo3r sojptipn @ﬁf‘@mpgu%M K- 102, G5¢ manab), seiditd (Wa'g mg, 0.058 mmol) and

methy%n'e Eﬁl@ﬂde&“lmll? QAL hAIER @ﬁ@%%ﬂefh?fanﬁﬁ@(ﬁl@ nel, (f@'} FmBB UtTRe mixture was

I
stlrrec}ﬂl_r)tll gﬁ Ct I ]rcg%%/’\@%p \%p?nno 31 Wpergetlé@%{l Ié-r;/ 41}[}\1 N' -HVT,vgtet?armeﬁhyluromum

hexafluorophosphate (HATU, 24.6 mg, 0.065 mmol), and 1-hydroxyl-7-azabenzotriazole (HOAT, 7.3

mg, 0.054 mmol) were added and the resulting mixture was stirred at room temperature for 2 h. The

solvent was then removed and the residue was dissolved in methanol (1mL) and filtered. The filtrate was
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conmbi ned organi ¢ phases were washed by water,
saturated NaHCO3, water, and brine, dried over MgSO4,
wo pdoses®sa7 and concentrated to give a residue. HEEBUS2004/009751
residue was purified by preparation TLC (2000 nm
ethyl 20 acetate: hexanes = 2:3) to afford conpound
-9 (mMz (ES) (MtH)+= 415). Step |I: Preparation of
(20-9a and 20-9b) Chiral separation of the m xture of
20-9 (1 nmg in 1 nL EtOH or isopropanol) on a
conceﬂfa@éﬁ%é‘iﬂe‘f@sultfﬁg 'résﬁ'fue g?s g@iffégﬂ?’r i’é%%t@@e\l%se’ﬁﬁ_% fgga(ﬁé%ﬁ %_l% 0 80%

tane gradient eluti enant | omer s
acetongigjlegy wategyto a{fgg)pr((dw%li@ /e XE%MM-I@ =g981 ﬁ@zch(vxggjzonverted to its HCI
salt. (MtH) += 415). 25 Step J: Preparation of (20-10a)
Conpound 20-9a issolved in-a 38% solution of HEr
StepLin Ac i xture was stirred and heated in
arh ginllatyaddadaé to%e;o Wasrusdd for the prepiratidheof 20110 (iv/z (B8) (M+H) = 343)
ved and the residue was purified by reverse phase

usi ng gradi ent elution of acetonitrile and water
Step MyPrpaafion ofd280t 0  af f ord conpound 20-10a (m z (ES)
( M*é'%ﬂzr 303 dure WS K VRS u&l %ﬁﬁé ﬁ%’pa}a%h be2dGh (ﬁ@é &s) @9+my*= 608)
K: Preparation of (20-1 a solution
from 2 und 20- 10a(203nrg, 0054 mmol ), acid 14(16.7
nmg, 0.058 mmol) and nethylene chloride (InL), was

Fottofiog iR SR ¥t T P se bt pvidfindi el kg were propred

Then \'/
O (7-azabenzotriazol -1-yl)-N, N,

um hexaf | uorophosphate (HATU¢ 24. , 0.065 mmol),
and 1-hydroxyl - 7-azabenzotgj agele (HOAT, 7.3 35 nm,
0.054 mol) were added and the re¥ ing mxture was
stirred at room tenperatureN The solvent was
al ved i n net hanol
(1m) and filtered. ﬂ'he trate was - 149 WO
2004/ 089307 PCT/ US2004 10097 concentrated and the

M by° reverse phase HPLC
(gradient 20 %to 809 acetonitPiNe in water) to
afford product 20-1 la (nmz RES) (M+H) += 608), which
was converted to its HCO salt. Step L: Preparation of

from

(20110R) |5 simTar ocedure fto St J.was uskd for
&f-%e p%gpa‘ra@on of 20%% (m z |(ES) F%= 343) Fefeghionmz
20-9b. Stlep M [Preparation of ({25-11b) A sim | af (M+H)

1&0:e§;¢reﬁj& Step K wag;, used fdr the prepﬁrhathgn of 504

1 Q) LA L=~ N0\ £ 20
U= ] LIS UL ) \virTT=—"000Q0) o= 0-—100- ERv)

17| || oMeng| tMe procedur 8 descri hed above i n Exanpl e 574

13264 wpe copgpoynds shgyn bel ow |were prgpared: N F Nygg

130 Me Me Me d2 588
131 Me Me Et 602
132 H Cl H 580
133 H Me H 560
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F RL/ W0 R O$3 Ex. # RL R2 R3 dl or d2 Parent
lon ;n/fz (MtH) 127 Me d H 594 128 Me Me H 574 129
wo/kooMesdsR7 dl 588 130 Me Me Me d2 588 131 Me RET/ES2060®9751

132 HA H580 133 HMe H560 15 - 150 WO

2004/ 089307 PCT/ US2004/ 009751 Schene 21 ONO < ONO ONO
Step AStep BCNIT \ C2HC C / C OH 21-1 21-2
21-3 0O YO\ 00\ / N~I\ NStep C Step D Step E HH
c od I /| CREt 21-4 21-5 "( I7\. Nlid NIT\-
Step F Step G Step HCl ClSdheie@D2Et CI CO2H 21-6
21-7 21-3 0 5

Step A Step B
CN CO.H
OH
Cl Cl Cl
21-1 212 21-3
! T
Step C Step D Step E
H H
5 I
cl cl CO,Et
21-4 21-5
OYO OYOW< Oﬁ/Oj<
N N N
Step F Step G Step H
cl CO,Et cl CO,H Ci
216 217 218 ©
H
¥ N
+
cl v cl
N \I/N\ﬂ/
Ty !
21-9a 21-9b
(o]
N*H F
g F
Oxr
Step | %]\
21-9a —_— N E
N
HOCM™ cl 2
F N
1-4 Y \ﬂ/
O
F 21-10a
diastereomer 1 (d1)
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HNH C Cd | NN~~NIO 21-9a 21-9p -O0 F N+H F
F O~~ Step | 21-9a NI / F N HO2C'" C ):/ 1-4 F
wO\N2008/08%307 F 21-10a di astereoner 1 (dl) -151 VEZT/US2004/009751
2004/ 089307 PCT/ US2004/009751 OF NMHOF F 21-9b
Step JN Y- F NH®RC" C 11=4 1 F -YN,,r O F 21-1
(b diastereoner 2 (d2) EXAMPLE 134 Preparation of
Compound (21-10a and 21-10b) 5 Step A: Preparation of
(21-2) Conpound 21-1 was prepared using a procedure
simlar to the procedure used to preﬁrﬁe

) F
© F

N*H

F

O\ \
Step J X
21-9b _—p_. \I"\l
v F
N
HO,C*" Ci
F N
1-4 \‘/ \n/

0]
F 21-10b

diastereomer 2 (d2)

EXAMPLE 134
Preparation of Compound (21-10a and 21-10b)

Step A: Preparation of (21-2)

Compound 21-1 was prepared using a procedure similar to the procedure used to prepare
compound 20-6. Compound 21-1 (1.77 g, 5.29 mmol) was charged in a sealed vessel along with
concentrated HC1 (30 mL). The vessel was sealed by a screw cap and the mixture was stirred and heated
in an oil bath of 110 °C for 18 hr over night. After cooling to room temperature, the solvent was
removed by rotary evaporation. The resulting residue was then transferred to a 250 mL one necked
round bottomed flask by methylene chloride (50 mL), then TEA (1.07 g, 1.378 mL, 10.58 mmol) was
added, followed by the addition of di-tert-butyl dicarbonate (1.50 g, 6.88 mmol). The resulting mixture
was stirred at room temperature for 1 hr, then diluted by ethyl acetate (100 mL) and washed with cold
HCI (2 N, 50 mL), water, brine, dried over MgSO,, filtered and concentrated to afford compound 21-2
(o/z (BS) (M+H)"= 354).

Step B: Preparation of (21-3)

Compound 21-2 was dissolved in anhydrous tetrahydrofuran (20 mL). The mixture was cooled
to -78 °C in a dry ice acetone bath, and a solution of borane in THF (1.5 M, 17.6 mL, 26.45 mmol) was
added dropwise over 15 min. The resulting mixture was stirred at -78 °C for 15 min, then at room
temperature for 3 hr, and then quenched with methanol (3 mL) and water (10 mL). T he aqueous layer
was extracted with ethyl acetate (3x30 mL). The combined organic phases were washed with water,
brine, dried over MgSO,, filtered and concentrated. The resulting crude product was purified by MPLC
(408, ethyl acetate/hexanes from O to 30%) to afford compound 21-3 (m/z (ES) (M+H)*= 340).

Step C: Preparation of (21-4)

Compound 21-3 (1.8 g, 5.29 mmol) was dissolved in anhydrous methylene chloride ( 15 mL),
then N-methylmorpholine N-oxide (NMO, 0.745 g, 6.35 mmol) and activated molecular sieves (4 A, 1 g)

were added. The mixture was cooled to 0 °C in an ice water bath. Tetrapropylammonium perruthenate
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compound 20-6. Conpound 21-1 (1.77 g, 5.29 mml) was

charged in a seal ed vessel along with concentrated
woiabgegr3nl) . The vessel was seal ed by a screw PEpUS29d4/009751

the m xture was stirred and heated in an oil bath of

110 C for 18 hr over night. After cooling to room

tenperature, the solvent was 10 renoved by rotary

evaporation. The resulting residue was then

transferred to a 250 nL one necked round bottoned

(TPAP) %ﬁfg bﬁ651'ﬁ|§ﬂ'(‘)?lv% %dd%hh@Sﬂe%rtﬁﬁOTMesulﬁﬁflﬂlxmgimgzd &0 °C for 30

mml ) was  added lowed b
min, %18&? TOPR ereRerayre s dhr. b?]leﬁwea%m BRER e then ﬁ@creé thr@giglg g short silica gel

stem (T00H) hnd Wiked WBhIh ixi@he BF %hylfaCetat¥Wiskahdsi (2BEZ5034L) QR TFiltrate was

re for hr., th il Ut e y ethyl acetate
°°“°3P‘I%gie tﬁLffugﬁan\R% 6&6”3){)93 2 N 50 ni),
Step Wt er BDIQ_L&p_df_(Mlover MyS™4, filtered and

c %&@Bﬁﬁ%( lt(% gafl f7% ?)ce{%gg? gegﬁ&oﬁ()? %}? %S: ne&loédz zlndqbottomed flask
along mﬂlzrlﬁméplwﬁ@ma%@e (1620 Ayl 8 imsepd) and mnlasidyais mtnahsaimf(uzm(ls mL). The

mlxtufg—\)/as cdbled !6‘0(@5 ﬁn R SvafeP BhR dhent 1t (386 fngl § 1§'m b vJag &dded in small
ceton bat a solution of borane in THE 5 M
portiopy Oyt Yaahfia Jeagiann mixeeraes diepsat 9 Cdovet g Gemqugnched by water

(5 mLyhEher zﬁlﬁfhﬂuts lziygr ms,)emxoaedv\ﬁm eBiiyl fideett (3k50 niB). @'he @bmBiRedBrLanic phases
were &/psggdﬁ lawgtg{rhrzlr(l)e L Sy ov|er 5§ ;‘Rerﬁg’ an Ciog?engitﬁg ﬁﬂ}e resﬂ,ﬁlélg residue was

Purlﬁ@chlweMBbC 4008 rethyh@sta@/dtewm fomRite RO%} toykforicetmpbend(23:636vz (ES)
M+Ht 408 he conbi ned organi ¢ phases were washed with

water, brine, dried over MgSO™4, filtered and
Step Bignc entBrepaidon o210k syl t i ng crude product was purified

b)Co&@bﬁ‘nd A14903.48{ Bgh mABlws hALNAH €300 P BhOndcRed¥Bid HoRomed flask

aong B Bl PR AR (D 1ok phdefab bt S Ao 1obeqpedtisga bdrogen

balloamrdhg sysas whsssaluwed andvefilddydthcydroget thydeaines el hen sﬂi&ed under a
hydroéélnSaé Hé%here tf(F%rh N&g%t%ﬁ/ tIRE P pere trﬂ?ougﬁ g)inrg F&érNo[}/%) Alte and f«ﬂshed with

va te alr sl e
ethang)y TheyBlrateathd e@ncemrﬂéedm) Riferd eomné 2b6 6n/2BSOMSH)F= 416).

Step B:C€ Watmgdpahabhlefr (2€HS apr opyl anmoni um perrut henate - 152
e 5 00Ot L e004] 009751 (TPAP, 93

, 0.265
miATPoRRZLR1ded & R3S PEoPItaE idéﬁPlveﬁﬁléMe@thlﬁgt%?ﬁ golptign of NaOH (5
N in Wi, ALy wachdadd drofwikedsveBd min) The r@ORingniXtAeMas sl,lrred at room
tempe]:z}%{;{:g gorqg{rj{tﬁ f ora%e%ger&g%t&gﬂvesal rﬁ@ug SE? res@{teg{aﬁs( crl in ﬁﬁlyl acetate (60
mL) and gidifledwvitinHET (AND taupld 2 SFheatiipphs lage that e:tti'aeoeanmh e(hgt d3etate (2x30 mL).

The cgrﬁﬂné&r)ﬁ%an}_mage% %ﬁ&%@ﬁm@&cﬁ &j{eﬁ% %(Mgé%?ﬁlgered and
concew»éwpaffpréﬁowoqns_i M3 1. 62 g, 4. 79

Step (méphamoggmged in a 100 nmL one necked round

torred th tri phor oacet at e .
0615’0511 5;1—1@%% ?9 g‘ﬁ\g‘ Dar g Y?Q &%&ww&hﬂ?%hme (10 mL),
then dxh.l)ll chldhide (58i8xig, 482 ml)&mla&dbdtdﬁ)p@1£ ovér SaMinl Tl ré@tied was initiated

with &@ﬁ{bp orf Bﬁ/ﬂs hﬁl %ﬁl%gﬁ %‘fﬁé w]a'ls5 st1 room%em erz%e%re It;?r)?p ﬁe@ concentrated

ons over e resu |ng reac
by rotwasr;vmorarﬂp@a) raevide 8 fqyt cilorivie, Thérany! cuerivietvad dissolved fremethflene

chlon(lé( IM) Al Riné@d lt'x@c@nﬁldla @M@ r%‘g@§4 ﬁ%{oi)% %Qde\ﬁ" ih Qn gatom/o!n The resulting

acetate (3x50 ani ¢ phase

reactigRgyEge Wi w%ﬁtépém Eﬁmm@tur@for aa B Wgesehpd “Yifhytagar 6kmL). The
nﬁxtuﬁuwhsmlwﬁ@leﬁﬁeﬂ #iitB dthyildeetafe @S0l ) 449 nb@EliskiBwEEN NROHIuh#iI8EE solid all

dissolg%/df gflr?lla‘ g: %ﬁgtwg%exéac & attl?%g)j )gggz?tg (Jx28 IIELS) &‘oe c%?n@neé organic phases

were washed with water, brine, dried over MgSQ,, filtered and concentrated to afford an oil. The oil was
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(MtH) += 408). Step E: Preparation of (21-6) 15
Conmpound 21-5 (1.48 g, 3.63 nmmol) was charged to a 100
workooang93pecked round bottoned flask al ong w tPCT/US2004/009751
pl ati num di oxi de (100 ng) and ethanol (20 nlL). The
flask was connected to a hydrogen balloon. The system
was vacuuned and refilled with hydrogen three tines
and then stirred under a hydrogen atnosphere for 3 h.
The catal yst was filtered through a thin | ayer of
dissole&d fnlnAMsle mmqlmbw an@hl%@}&%nn (IT“EAf5d3trﬁ€‘t5e16‘i‘ﬁﬁolmas added. The

concentrated to afford conpound 21-6

Xt F3s stiged %P@&lﬁﬂ-wwéﬁaﬁiop% (%4 mgp4.3 %y’n@m a@dfdzqm@ portion. The
result{ng nrllﬁtu@, wad s@ed i Bdom témBeratueT6d 30afin A fMEEEdIGEnIt)s refnb&ﬂ by rotary

cvapcp L Bvasaied Sl ot i 85 oy aton

compaund@_f&ﬁn/z@ﬁbé\ddﬂh#é&f)or 1 hr, then concentrated to

Step 1@ ' &% si due was di ssolved in ethyl
Stelgc%fag% cpﬁbC|d|f|edW|thI—|CI 2N) to pH 2.

THeompgecbiis8 (189 &3, ! rameh sves erapdl inn ssalhg fubg elepgmwish sodium acetate
(140 Ihg ><13fb4 Minlol), Z2Bpropf ﬁaﬁ{é’f{naeﬁmg 9Bl fﬂ&%ﬁﬁolvw B%L\gaﬁ&‘séinder

ried over MgSO4, tere

molecls et ﬁ%af*e’&?t By SEFp R a'e 5 TQRRLN pEs was stirred and
heate®BiZh .oil Bathpf & *®fce pa haAﬁteﬁl’(’to@fng &&rbo&)telﬁiﬁﬂi’m%ﬁﬂdﬁﬁrb%rohydnde (103 mg,

275 ol Sacg FbaTBRbon 5% R0 e s ROPUCH R s for 30 min
and thep que410®21 withovdterih8 nddd&he wsudiing sokd let&BedrthmugHﬁhém layer of celite
and wh§RE Wltﬁ %e\’lﬁﬁo]'(i]hﬁb a‘fl%q}ltrao’tg w\ﬁé édﬂcéﬁﬂ‘gteﬁi 'Eooeﬁ’fo?(i tEPWhine. T ?ﬁe amine was

resultin irred roomtenperature

dissolyed W%?thgeaﬁ eléPﬂlqea(? g B%d T é1r79 n@y &pb frmql)dfnaStaédqér follpwied by the
dropwisterdaigivh oCb9T dniigide (4081 AEY.518 Miyl). %e‘f@ﬁlth ﬁa%@tﬁdﬁ%xﬂufé as stirred

R R N ST R e

layer wesetiaced by mtthylenewhkbridd (36 adl).aTher coaibsined mgemaphus& \f/@é washed with

water hbrﬁl@ rfeﬁ b rﬂ)&g%'ﬂ% qﬁ%{% a}l{i' ﬁg}?gng%léeg 1¥he r% HmﬁLSude Rla)duct was purified by
prepaw@m T1a¢ @@@pqm, IchZMCNa@—hmqs F 27 ¢o sftird cheehic agfide (m/z (ES) (M+H)'=

449). dlfh%%% &f‘aﬂnoﬂéﬂ@oﬁwﬁﬁﬂéwEIQX@ﬂara\f@%sﬁéta ﬁ‘i?zﬁ@ﬂ) W bRoftihl 79
cetate (3x20 nL). The conbi ned organi c phases were

isopragga ARl ph S e solygnt apd 22@mpeng dglgeimaygoiensthii gige ey Boc protected
enantidf@r fepmpnindal @4 (he (BS)f (@1+a1)840) hnd tﬁmo@rbte&%enammr of compound

S e T T N P

mmolb§as lmgted?,vu‘h@ mirtpte) of warscepdt@ldICITH.S miryiand viethawd 61 ®E) atHeaC for 40
min. ’T"ﬂé IIDS(t é ggsetﬁlén &lﬂ&éﬁ r?tg-!i Mtﬁ%@iﬁ&e \(,2%4&% U%ora%eﬁ%t%eﬂe twice to afford

In one Xt u

the H§l ﬁa}t Péepnaaouwo@n&at @%@ﬁéﬂ\ﬁﬂé} t é119>3@ smnlﬁr pmcpd;ve Whreused to prepare the
HCI s§1®bﬁ/@>ﬂ{pom321f9%r(ﬂ¥/ﬂ918 FI9fr-asap). evaporation, the
lJreS| dug Eurtlf: gg y MPLC 225M et hyl
SEPacet at 0 to 20% to afford 5 compound
2 ICdnplontidz2 1(FaSY.06Nthindtr wadSeéharged S £15 hi. oty @pRedabindbodbmed flask along

with a\(,cvgdlsl'_wgﬁzl %%’7@ %ogo%gﬂg(lfr%gsbnzlgﬂéﬁen(e c%fcl)n (1 nQLI'd) élllﬁo ;rlé’., | I%it{%lamine (26.8

arged in a s
mg, 0294 gmely, The mirdurprives tirred Qoqdrtbq)gohd allnim@l\(em6 Thé& Qrj7-aAbéhBotriazol-1-yl)-

N N,mltétranﬁﬁ&mmm fiekaBudtbphodyh Bl 31. mg Q083 3Hhmat ﬁl\ﬁeishydroxylﬂ-

The tube was sea e w cap and t
azabep@g&zpls %It Ut w8 ({694 gl hpyerg ﬂ(&%{ed subsequently. The resultmg reactlon

mixture was stirred at room temperature for 1.5 hr until LC-MS showed complete reaction. The mixture

was concentrated and the residue was purified by reverse phase HPLC using gradient elution (20% to
80% acetonitrile in water) to afford TFA salt of 21-10a (m/z (ES) (M+H)'= 614).
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15

10 heated in an oil bath of 85 C for 19 h. After

cooling to roomtenperature, sodi um borohydride (103
woreno4/02378 nmmol ) was added in one portion. ThePCT/US2004/009751

resulting mxture was stirred at roomtenperature for

30 mn and then quenched.with water (1.5 nL). The

resulting solid was filtered through a thin |ayer of

celite and washed with nmethanol (3 nlL). The filtrate

was concentrated to afford the am ne. The am ne was

Step Jdi ssol \;@eq,afaﬁoygf@yjl@me chloride (2 nL) and TEA (173
was added, followed by the 15 dropw se

ad’dﬂﬂelﬁf&fﬁn‘gg%e iq Siep Eyiasaitiliged tp the prepasg;, CO@P‘E}TQ 2jnigb, )aS a TH@ salt, from

compéudd QI Vb N@/1 &35 tMOH) 86x4)ure was stirred at room
tenperature for 1 h, then.quenched w th anmoni um
chloride (saturated, 2 nlL). The aqueous |ayer was

Following thepreddusy inrthe Byangieel 3¢ tho cangeuiBiBtedblow Teee meprddned
organi ¢ phases were washed wi water, brine, dried
over MgSOH4, filtered and conceptrated. The resulting
crude product was purified by N reﬁl_aratlve TLC (2x2000
nm ethyl acetate: hexanes =\2:3) tjo afford racem c
am de (mz (ES) (MFH)—ZO 9) . wo enanti omers of
the am de were separated usjng a al AD-H col um
wWth 7% isopropanol in hgptape as™®l UEi ng sol vent and

[ h to give the Boc

sound 21-9a (m z (ES)

ect ed enanti oner of

fitH) += 449). The Boc

protected enantio
(MtH) += 449) and the B
conpound 21-9b (m B3
protected enantioner of copp d 21-9a (31.0 ng, 0.069
nmol ) was treated with thﬂXt\[‘J}le of concentrated HC
(0.5 nL) and nethanol (1 nL) @t 40 C for 40 25 mn.

The m xture was then concentrated and the resi due was
cQ- evaporlat M th tol ne twde to aff rg t he
Exed) ¢ %ﬁ conggund 21-9a8 m z (ES) (M9 erd 49 H(Bafemk’nmfz

sim | ar _procedyre was used to prepare the salt Of+H)
LEPTPONRA 21ePh (M2 (B (MH) 4= 349). 4 LeEpL; by ST2
FT epardl 1rjoir Ul \LJ. J.Ucl) Conmpoatfi—zZ21=a (U Uo0IJx HTOT™)
136as | cher gedClnla 15 miHone necKed round2bottoned fl as¥2
1% 0Ngpe30 wythjacid 11p44 (21.3 ng, 0.Q76 mml) 559
annydrous| methytene—cThioride (i —nt);

138 | SopfeapylMehyl ami ne H26. 8 0.20749%mpl). The 552

139 Xt uge vwasMgtl rred unnp}l the dolid al Idldi ssol ved. 504
en O (7F-azabenzotriazol - -yt)= NN ;
140+ ¢ a Mt \/IM-?nm um_hexB¥ | llnrnnkncnhmp 2HAT[J M5 n’g5,94

0. 083 mml) and 1-hydroxyl -7- azabenzotri azol e ( HOAT,

9.4 ng, 0.0691 mmol) dA }Q gquently. The

resulting reaction i ed at room
A. Binéinpdssayure for 1.5 hr until LC-MS showed conpl ete

r C e nd t

" 2@?‘ Sgﬂr\ﬁgg Qﬂdﬂk ?53%‘%35%?%\@2‘}‘3@@@ Cﬁ)ﬂlégtﬂhﬁﬂl}%ltors oli] ?25I-NDP—alpha-
MSH gingdige égloned lhtllin@mM(CB@ %nr@ssedau %Oasﬁeh on Chmsseélamstewva/aleir(siHO) ~cells.

t Ceffifhey é}B%Eﬁ 1hndRbrtia fecdiférs (N@?eg%évﬁﬁ)n Tt Mtiﬁa?k‘s c@ﬂtél)mng selective

154 WD 2004/ 089307 PCT/ US2004/ 751 Step
medivg} of §b coppatitien: 1 oulhespy's odifisd Hagles ew{%ﬁ%w@e & giL-glucose, 25
mM Hepss, withduit Zithnh pyrivkiee, (Gi6RABRL);CIO0RO uo% hzat-lﬂ&hvataﬁfeﬁl %%e serum

. sal fr ound.,.21- m,z. (ES
csigmifth g TO00D pE R eRGIRLE g B st e, 1050 200 e
L-glutgwine dGibde’BRI)s t eng/nidegepwiioive(Ge 1P (GiitwoMBR1). THe cElls were grown at 37°C with

CO2 and humidity control until the desired cell density and cell number was obtained.
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NI / F RRLR R~Ny 3 Ex. # RL R R3 dl or d2 Parent
lon nvz (M:tH) 135 M d Hdl 572 136 M O H d2 572
waoo4meeshe H dl 552 138 Me Me H d2 552 139 MeCIVES20P4/009751

dl 594 140 Me Me 'Pr d2 594 BI OLOGd CAL ASSAYS 10 A
Bi ndi ng Assay The nenbrane bi nding assay was used to
identify conpetitive inhibitors of 1251- NDP-al pha- MSH
bi nding to cl oned hunan MCRs expressed in nouse L- or

Chi nese hanster ovary (CHO-cells. Cell lines
eXIFBE SR &R ABbABPEA LA 1D HRARRbRYE om{ﬁmg-lfl‘am%o@la{{orﬂiﬁéhla (Specialty
fl asks contai ning sel ective nmedium of "the conpositio

MediayIng.) yogf 39dede 00 crliat e Bautited lpbd fden ]l?rﬁu(‘ ORI cllsplpughed off when
flask Waslbafided@@fi®t had. 15 nM Hepes, without sodi um pyruvat e,

( ?IthqFRl égl}?‘%\%gte?glt%g fgf %%%l Elgﬁct{l %1?1}1 %&1{13{( ]?Clopbov 4[’]% for 10 min.
The sup@MAAO6 \g'ds ntiscarded angd ttimngls werg @stperidied Jn 5 il/mdnoRer mavhbrane preparation

buffe %{ggth?%gﬁ os{nﬁ@ﬁbﬁfg@ﬁ Pris vé{r i‘%'lﬂ w&ﬁ@el,;&}%pﬁn Qﬁ“‘%@io g

Phospheranigion (Bqe gebMamheim) ﬂ(hleg/ éiaplérdcm €¥igma)eh yg/mf Apretinin (Sigma); 10
mM Pebloc ceMREnindl Med eell's Rr h\éﬁogg%é mmor-dni%n dounce (Talboy

/ US20 /009751 Th
Settm%@ &8359@&65 &d tB%B%}e?P&E‘PaF‘eCé’nH‘if‘é%éé'i & R0ghmnGh for 15 min

( Spe pilrtstwere féﬁd;paldbmm 0.2 ik AncaOHEee mehibeane @rdpbulier @d ahquots were
placed 1,??1&1) V\E@%H 1?(?0 t%bwa? an% gmclg%cr)]zeg én lﬁi]u‘ti %gﬁ%nlaxsr%gela %ﬁxieg at -80°C.
wdiest champermds @dmlahtllﬁdm ﬂ‘LMS:fé whs dddedy 100 bé@f sauibmpeibinding buffer to
a finaPlondeRBRidnRFY uﬁfl GFhefn(Pér&S emnal %uﬁa%a& fh: YRRM Tris pH7.2;2
B

mM GRE; TEMED T S VLI e “B?.H“I“ Fig e

PhospB&@RISh (B&HrngQMKMh-E[m)SMD '@/&L%a&uﬂmn @Igm 5Q1 REIDApdtinin

NRE RN N N T

contaibidg 16440 Re fratnbage @Btmhwasrag&rd WDW&EH)}HDOD HMD @2 TND S MESER to final
conceﬁtg e 89106 V\Tﬁet}e thfev as v 1%’}'(@& gné Taa!ng or}é%lba%%tt%rl %)gl 20 min at
rifuge

O stro onobgenate cen
Ioomtﬁnp(&ﬂmlegh 4C, for 15 min. 10 The pel lets were

I g% %ﬁ’ﬁﬁl@ Q\?s ﬁﬁer@d %nﬂ?%kﬁ{‘arl\@itn%}ﬂﬁfe 156 HRE LB arRiu€ BBk Bfed Unifilter
96-we?1 (gF/C ﬁlter with 0. 1% polyethylenelmme (Sigma). The filter was washed (5 times with a total of

10 mL per well) with room temperature of filter wash having the composition: 50 mM Tris-HCI pH 7.2
and 20 mM NaCl. The filter was dried, and the bottom sealed and 50 pL of Packard Microscint-20 was
added to each well. The top was sealed and the radioactivity quantitated in a Packard Topcount

Microplate Scintillation counter.

B. Functional assay

Functional cell based assays were developed to discriminate melanocortin receptor agonists from
antagonists.

Cells (for example, CHO- or L-cells or other eukaryotic cells) expressing a human melanocortin
receptor (see e.g. Yang-YK; Ollmanﬁ—MM; Wilson-BD; Dickinson-C; Yamada-T; Barsh-GS; Gantz-I;
Mol-Endocrinol. 1997 Mar; 11(3): 274-80) were dissociated from tissue culture flasks by rinsing with Ca
and Mg free phosphate buffered saline (14190-136, Life Technologies, Gaithersburg, MD) and detached
following 5 min incubation at 37°C with enzyme free dissociation buffer (S-014-B, Specialty Media,
Lavellette, NJ). Cells were collected by centrifugation and resuspended in Earle’s Balanced Salt
Solution (14015-069, Life Technologies, Gaithersburg, MD) with additions of 10 mM HEPES pH 7.5, 5
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pl aced in tubes (500-1000 p.iL/tube) and quick frozen

in liquid nitrogen and then stored at -80C. Test
w@oovposasads or unl abel | ed NDP-a- MSH was added tRCT/0820p4/009751

of menbrane binding buffer to a final concentration

of 1 M The nenbrane binding buffer had the

conposition: 50 MM Tris pH 7.2; 2 nMCaCl2; 1 W

MyCl2; 5 mM KCl; 0.2% BSA; 4 pag/nlL Leupeptin (Sl GWA);

10 paM 15 Phosphor am don (Boehri nger Mannhein); 40

mM M%& S?’Ll HRGIth@mE Bnd Shihboviie dehd Ablmin ACEN Wdit Sounted and dlluted to1to
); and 10 nmM Pef abl oc (Boehri nger Mannhei

5% 106h0hdf]@(?hpﬂ’°©ﬁ5t¢fm@1@r %ﬂﬁﬁzgqltﬁlgl -pgihy pnthlg%wg%}dﬁqf&t@ cells to 0.6 mM.
M ABaBbichaIRERIAANR B RinBh RS BYDRS0) (105 @1ed I 280.1 volume

| -NDP-a-MSH to final oncentra
of compyad FASHTOT LI AE 09 SOWEES T BRB-tp ot fipt B orblfation vas
1%. Aft&@b’&ﬂteﬂﬂ)e{aﬁﬂe D0Oubhizéh ot 45 @in, celle omtetlgsep byvichtatisnatkiofY: for 5 min to
F‘*{E e was filtered with Packard M cropl ate
releasef@%]mf“ ks é%par atus using Packard Unifilter 96-well
GAMP fvias teasunedl ranCiligedg of thp odlllzsateyvisndie Aimseshirsi(yikiggton Heights, IL)
cAMP I(ggctloh H !é[ (lﬂ@%%‘fas{lﬂg gm&lﬁlt Bf JEvP ‘Hoﬁﬁ‘ctﬁn LAlR |resﬁfted filch Ad-unknown

omtenperature o [ter vvag (gh
compomtqle)v@ @ﬁipggec{ todhpt amgopng Rl CHNIR pqqég_ceg i r?spgnseéﬂ airhay wh1 was

defined\NR Gl 100 Tapohisl. tThe BA36 istiefigd, as dredotmpennid sbicentrasion whigh sesults in half

50 pL. of Packard M.croscint-20 S gld qL0 each
maximglfifnilofpn, MPEh QR L PR P L RO |

Qu@Bgdnisatagsdy: Antagdiise ketivity Tap defined a2be Mbility@ph aorepound to block cAMP
producg%rr in r%sgloﬁasta (X ﬁghaol\%gfle golutdc% of t&pg%ﬁ&ﬂgdélaﬁ&’ SR enEHH of ﬂe@é'f)?(lr containing

SC

cells wes|P&PBEE8 PR Fixed ESefl?ﬁ%ibe%hsW? é’t‘%m’rxf%w asa‘ﬁ?%&% fg %‘g mirg gnd an EC50
dose (agg{?kﬁnaglyp fo ﬁ%%ﬁg% RIS adlled bo tﬁ@ LIB. Phe fkdYBHas terminated at 45 min and

ot1c cell's) expressing mel anpcortin
cAMP dpBBithes (bBe Bogent srg%twwas POV R i Sgpount of AP
produc@l ﬁhh@ﬁ@&n@é to YidlBdauctd inBh¢ sH3ercSpf Eatrebmpdund.
- Endocrinol . 1997 Mar; 11(3): 274-80) were
dISSOCIated fromtissue culture flasks by rinsing with
CIIninﬁﬁmdnﬂhnﬁﬂde phosphat e buffered saline (14190- 136,
) %_ﬁg&ggé) g\ a%é S Q@ag lfb?i{;vfég lﬂ;!t%are Wéct@qgtréé%ﬁ%b&%culaﬂy with a test

enz
compoa;imi; wd6p abiob50% mop@lﬁne( @mkml’écmlsﬁ@émémlw ng hmg@rlor to onset of

dark c%ﬁ @b lh@&rg)e FoDW dntakER! de@riiBEPusiRal BSp@EriAY system in which each rat’s food

oo g om i feslspenie o el o SelanE o
admln@&hﬁdiiﬁlé’ﬁl&léﬁ@d MD) with additions of 10 nM HEPES pH

?Q 5 1¥ }%%115 GHletVQE uce%oﬁés% 8?91§ O?\/Ié) %ét@% g@?ééﬁlem a high fat diet

(60% fnt lories) foJe b ente fremdovackseef aamte die| dggeddntrageritoneglly with test
compc%lg((l3 / ﬁggt Ql?e 28 Wﬁh@ SHeGheaSifed FBI B di déHti day penod Blochemlcal

-1 - et hyl xant hi ne was adde o cel
paraunpids relyEngio el 1%?®ndp¥wetaghwﬁr@w&eﬁ§ﬂysaﬁ1df ; Gpfegeol and
serum (VB evekQrdddidmied.10 M and 0.1 vol ume of conpound

sol ution was added to 0.9 volunes of cell suspension;

the final DVMBO concentration was 5 1% After room
D. Rdt BROepah Bewyi Nncubation for 45 min, cells were lysed by

i eubat i r

E‘é/ﬁ" ! R%E) %al%%gé;g{ﬁa?lD 1vga gkﬁg%e ﬂa@)lesrqgfﬁ) tfﬁﬁsc(H{;@t' kBB old) are used
with theysispessany tigamentsurgienily mﬁvedm prwgmdﬁr%mgﬂtt%e Pepﬁ)backdmwﬁle penile

sheattfjcﬁltrﬁg tHeQR cARTAN aluRRAR S RdimalkhEeABBsHAlan@ va@Mlib and are kept on a normal

cPr odOction_which resulted from an unknown
light/dark cycle. Studies are conducted durmg the light cycle.
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conmpound was conpared to that amount of cAMP produced
in response to al pha- MSH whi ch was 10 defined as a 100
wQO2@gosn3st . The ECS50 is defined as the conmpounkiCT/US2004/009751

concentration which results in half maximal

stimul ati on, when conpared to its own nmaxi mal |evel of

stinmul ati on. Antagoni st assay: Antagoni st activity was

defined as the ability of a conpound to bl ock cAMP

production in response to al pha-MSH. Sol ution of test

c dirpondititsirgd S& Mﬁ&amﬂfoﬁﬁlx CepnapR effexlasts.aTHik étgxdltrbeing fakes ~ 4
days. WE&F l‘ﬁreean \Argagse zigrer:] afz]ld éltrpré )é ken idegg'nrlér%n zf)tbfgr %Cﬁb r&lgutasoggy 2, the
animafsgppresssained ired wph@ paditier lphlmrb@al)nemﬁvs ladﬂeummltas tDhg 3, the animals are

restrafnéd %n%he sh d gsgt‘ﬁgqbov ol WiASthd Eéél?% g%&ﬁ%@&gé% rr[i50 38 Hﬁinute%% 4, the animals

qu ant | ta
are reﬂ@tneii i thealpw pegtemYith e pepale ahﬁauwrretr@reddmmenﬁ@ Senpaeay are observed.
Some baffindald Qecﬁrir@ §&ﬁﬁ(ﬁlat thyE bdon @i QHMLIREL ré el BR ceﬁrperé cBlimated to the

proce ezstr ﬂc?ngrﬁ ge&jarp Fﬁtwg(y %rv 0 f%glgrg | ak e Sﬁ 3§1y zfugl 1ngg' ?)r evaluation
animalshijreegitemch treat ubaﬁmreﬁrrsni\ve rﬁilrfmeememt Iy WI th a test

gg?ﬁg E‘Béglé ﬁeﬁe@r?%elst!s L ar%% rrgS?]%glrgE % agsu IHQPO ]liotnlvtd hctl}ell‘ anterior
torso plgeefl gns{de 2 chilindesyf adﬁn@t# sizg t@lllem for @emelrhwdred pawigngpuang. For a 400-

500 gefmmhe ldlafRelr SYEL SyTintidk I%mlﬁﬁey 8 CAL The 16RYorsb Bnd hind limbs are
l aced on a conmput'er _noni tored bal ance. Cunul ative

restraigh it hpelkaFRYE TR pEEER) cOmisbifivaal pigshiohyeiep Hith gholedn it, through
whichTREgIhts@Enis #81 Be) paE&ﬂ ds FRteaddRvemthéliriinall to i@t B Qﬁaﬁutlal sheath in a

retac i B KPR 110 PP Gy B RS ERED P G4 et st

Typwdiy agﬂleao@eaﬂeeld@&edwﬂmcmapmntcmemem Wighina fdw mimstes after sheath
r

retracgé}g? Hﬁﬁges o E&%&%@ﬂ@%}%ﬁ%ﬁ gregﬁ m 21 chﬁlre%loqﬁag?)ﬂ e%gorgement cup and

flip. Aneglopgnting iy aseﬁ“@é PY gn extengipyef th@gpqnéetwdy Emsg?menr ks a dilation of the glans

penis tﬁ( bliy St AIRs anflﬁt@ﬁ‘sefeékﬁdﬁ Wifekethe @1@1@ ﬁﬁ%grr& Ithe%'ﬂﬂs péﬁ’sr Hbhentarily
uco e | evel s are rm ned, Copul a

flares %@@tfé‘ﬂ firpis 8 %rs ¥ign QHE%Eﬁnillﬁhoqﬁer i ved Sprague
Dawseﬂiyie GkdYr vekitls e(lalu‘etﬁbnﬁﬂe d)ﬁi;lﬁctdﬂ td )ietalﬁlﬁndﬂ‘icﬁ\dand\/lf dﬂ‘hntﬂiﬁﬂi will

:neslr)orldJ ?8 G0 Siidls h?\% duraltllog ool tllé/fﬁfl reapﬂ%se gglﬁ B%rers a5 élg{r-ﬁesponders

Ion enr's back
altoge@h@r |13nlgmg thés laxelive pv,ahauew htenet toding respriseaiugiberené type of wephnses are
recorcf%ﬁ dl“h\é@ésﬁﬁ fi‘rﬁe hhllﬁe %rlg nﬁﬁtﬁeska?tglt th® ﬁrs@re 5@3 35
t/ dar cyc Studi es are conducted during the
| .f% 2 gyjpipogmi of 1 fswa\rwez@mime% deserate agpBb Ao g ergy the test

comp&mﬂ dt 20 Bk ghd QalShtpd fd)@pé?ﬂé bRkt Afl era@rloﬁéowblae&@%a 84 scored later.
&I’% congr tioni, n E
Duta g it ed D Rt R P s RSP el vebicl

evaluftions tbsirug t&@temevalilzelSns oaipdiziduslheimadn Gooulps ofar ®inimum of 4 animals are

. ' asuplne position in the restrainer for
uuhzerfggydﬁ%%gaﬂl{}e 3, the animals are restrained in
t W@Slemefr@nseeqmrpbmrwﬂwed ireeagle pidhetogbre the yadidityef theistudy. Animals

can bd @sedBy & nudtheMbIHLESof aBRMishatidn R p&HAt TR ShehafthEof the study to be
restrained in the supine position with the penil

perforgied 211 rPes AR BITARGN inhasep mirayeaeidl intrapesiio IR eyboutancous
(SC) fpdnmraastetral ventiiedut I€VRddi ti onal days of conditioning
before they are conpletely acclimated to the
procedures non-responders are renoved from further
' 5 ARt Bysfnggiorhandl i ng or eval uati on

Rodent assays relevant to female sexual receptivity include the behavioral model of lordosis and

direct observations of copulatory activity. There is also a urethrogenital reflex model in anesthetized
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animal s are given a treat to ensure positive

reinforcenent. 2) Ex Copula Reflex Tests. Rats are
w@emtioge3nestrai ned in a supine position wth tPEi/IS2004/009751

anterior 10 torso placed inside a cylinder of

adequate size to allow for normal head and paw

groom ng. For a 400- 500 gramrat, the dianmeter of the

cylinder is approximately 8 cm The |ower torso and

hind Iinbs are restrained with a non-adhesive

spinalﬁﬁ{eict@h el 1‘3I fn@z@)m ﬁi‘ga@fﬁqh B{;}tﬂ [Pr%he b ?&&l@lfatsv §hi Qnd"f)tha established

ein it l ans penis w |

animalygedetspf fgnaaly %maé ﬁ)ésé‘mé‘i}‘é? are fiescrabed %MCKenq%ﬂﬁﬂrﬁt&l AME@I For The Study
of SexBA1FREEH0A I ARQBHeRzdd MAe ARCFLRLS RELS, Dﬁﬁ iTt M@Eﬁol a&@hiaﬁ)ry Integratlve

Com 35RO S 1 B PRAST R WD S Mt B S SPL G o e

ThrestelERdriSeximl Reflldxein Geihals [Ratt Blfaﬁﬁ Eibah. Bbﬁahl #0:85 - E56, 1991; and Takahashi

IK et ?féﬁ gl%%tr%{mleA tiSn ﬁlalthe D1en%£p Anla ‘The ﬂggl 1t %ﬁ Of %oclos%gu?eﬁhehavmr In

rexggermc erectirre resp bEb I IILI uuce I Ong
M@MM&MR&F}&S%H%@WMS%I ongation is

cl assi fl(eﬁ‘éseﬂﬁﬂ%‘co%%@r% bpfﬁe ?fesénla SivBR#dh MRrd¥8§84: and found to bind to the

- molanp AP R P PR LY ap BTl ARG bR - iy 5 than 10100

Repref8afa@idiconipolfte ofiiha pesddefiventith R alol tésyed i the f@fti G fsdyOand found

gener%lgg&c@iﬁéy E‘Ig g@le{nhc&tlﬂi re%elg&r \% 113@5)8 RheOfesd 50}9&' l e

I ne and or € ev uations are
conducted to determ ne hom1and if an animal wll
respond. SqRE. P} AL PRANG1ACEOPE AUEBMPRRTMENS the
first response e others are non-responders
alAs@gpicifécembpdimenipefan el epmanspifipofa compatitinofthe papsent inention, 5 mg
of Exdipit isTE&SRQRaey it MRt ARy divigl Biod-Q8 PRVRIES tdd1@mount of 580 to 590
or ded Téi%teStl g time franme is 15 mnutes after

ngtofﬁésﬁpf%W“4 BEREYCAf ter a mini num of 1 day between
e\3lanahérepsifid daedeinR Aot an Btah&in@oélllen ﬂdi’ﬂoﬂlpsﬁlﬂrcﬁ thetﬂi‘ﬁent invention,

25
2.5 mé gﬁxgyglse%g%pﬁjnlﬂatfﬁ a*%h squcmg ﬁnglly 81\/1({11 d 'Ija.c se to a)rovmpe aq;al,afeamount of

580 td ¥ ez to ﬁDatSézeéﬂaId:gﬁlldtm@ttIesdleand anal yzed u5| ng paired 2
t 3iliRqnd fnbc%%ﬁh%%e&mw&fb@&j d;laalﬁﬁétﬂaﬂéﬁ i fenfd to‘é@ﬁén‘fk ferred

evaluations to drug treate eval uat1 ons tor i ndi vi dua
embo@mp%}l@reo@l@@mg{ﬂ@:fl ipthe ok v sEPETiatE thaivamQus changes, modifications and

substithtibAsl &R B nfdd tREHIE &vithaktidabirtidgt fom fe splht @ stk er ﬁi@ @fvention. For

on are i ded in_e st ud ssure the
enamg i oS5 RIPeL P PR TR P $OL A DS OGeR By by soplicableas
consedquentzest v@rﬁatlbmmnelﬁs rofpoasiveness of tha hiaomatliseytchiated farsetehiey of bone
dlSOI‘CQ%tC%SSd %J}gtlfﬁl, Hrdfp %gegkﬂl‘f‘dl aﬁglgsgf&r tﬁg%ﬂ;{l}yﬁds P H1te ?rﬁlegtgon indicated
abovej ﬂmqe}ype,rthc tpaeifit p]qqrmgcologg:g]crgqum@ glyerv(eds@)iy wasyjaccording to and depending
upon ﬂh@ b£rﬁ&ﬁ£r%@ﬁ@l coMBOMnkisQbbt@ or (WHeMr thése aIMbgc%lﬂﬁ Rirmb&Bt L carrlers, as

sfunction 35 Rodent, assays ré€l evant to femal e

well ag 8‘5‘?&3&16 of faticn gnd mode pladninipEatign FERIPYdatnd fidiexpested variations or
differér@egia $heSeaulislare dbﬂtﬁﬁﬂlat&bﬁ@tbéb@ddn@d’lﬁltloﬂle cbysué @ldqiracttices of the present

act Vi t e.ls t.hro it reflex del . .
imvenfifyt 0% e St oo 18 PRy GBTBY obepy e BB Flagms which
follovspidrilat lsqchtctaansl@antewratalas bfaadly e &geaspmayleor gasm i n bot h

mal e and femal e rats. These and ot her established

ani mal nodel s of fenmal e sexual dysfunction are

described in McKenna KE et al, A Mddel For The Study

of Sexual Function In Anesthetized Mal e And Fenul e

Rats, Am J. Physiol. (Regulatory Integrative Conp.

Physi ol 30): R1276-R1285, 1991; MKenna KE et al,

Modul ation By Peripheral Serotonin of The 5 Threshold

For Sexual Reflexes In Female Rats, Pharm Bioch.

Behav., 40:151-156, 1991; angkglakahashi
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LK et al, Dual Estradiol Action In The D encephal on
And The Regul ation O Soci osexual Behavior In Fenale

wadodesospanst ers, Brain Res., 359:194-207, 198BCT/US2004/009751

Representati ve conpounds of the present invention were
tested and found to bind to the nelanocortin-4
receptor. These conpounds were generally found to have
| C50 values less than 10 M 10 Representative
conmpounds of the present invention were also tested in
WHAIMS di wmetspogal assay and found generally to activate
t he nel anocortin-4 receptor with EC50 val ues | ess than
5 .M EXAWPLES OF PHARVACEUTI CAL COVPCSI TIONS As a
speci filc enhadommiinhd of straftuAl Bkm@@IPOSi ti on of a
conposition of the present invention, 5 ng 15 of
Exanple 1 is fornmulated*with sufficient finely divided
| actose to provide a.@QA§* grount of 580 to 590 ng to
fill a size 0 hard gel & i1 capsul e. As anot her
speci fi ¢ enbodi ment of? Bral conposition of a
conpound. of the present_iyenion, 25 ng of Exanple
57 is fornmulated with sdffici\a%jﬁ?éfly di vi ded
| actose to provide a total dnoynt s 580 to 590 ng to
fill a size O hard gelatin capeul esz 20 While the
i nvention has been described and illustrated in
reference to certain preferr@d enbodi ment s t hereof,
those skilled in the art will appreciate that various
or a phraacpaticallirpelicpiablasilothereefnd  substitutions can be nmade
wherdiierei n wi t hout departing fromthe spirit and scope of
he invention. For__exanple, effective dosages other

t
a, b apq cape plh gingle Bends ppefl dpybledords: set forth herei nabove may
be applicable as a consequence of variations in the

onsi veness h mmal being treated for
X an(gi\%g?q tl%etgﬁ’% _(ég(gézglldg%"r’ ders caused by resorption, or
one of % pnd Y ieE B Daipnddhg eihes i sslected Eomdhagrourcionsfting ot
I nyent iqqRréjndi cated  above. Likew se, the specific
phar macol ggi cal responses observed may vary accordi ng
t d2and NM&B8kndi ng upon the particul ar active conpound
sgbect qgoyr whether there are present pharnaceutica
C rrieQi% %ﬁ well as the type of formulation and node
of Padm GiNERPht i on enpl oyed, and such expected
vas) at icapgenpr differences in the results are
cqg}en%hﬁ&gd in accordance with the objects and
practi ces of the present 30 invention. It is intended,
t Héx ef &¥(@). abdhat the invention be limted only by the
sqepe @oihe clains which follow and that such clains
be interpre%gd as broadly as_ is reasonable. -159 WO

or oneXf G4y SV RPN s s ispelsvtsd fromyeereup copsigimpof S 1. A
cabpour@Réfr, structural formula I: R4 b R4/’ =1/ R4
a3 Red), -

3 CoO,
@  C=NRS
(5)  oxygen,
6) sulfur,
@) S(O), and
&  S(0)2,
or one of X and Y is C(O) and the other is selected from the group consisting of
D  CROY2,
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XNr )s OR2(l) 5 or a pharmaceutically acceptable
salt thereof; wherein a, b and c are all single bonds

w@eooals93adoubl e bonds; X and Y taken together POF/I$2004/009751
-C(R6)=C(R6)-, or 10 one of X and Y is C(R6)2 and the
other is selected fromthe group consisting of (1)
AR6)2, (2) N(RE), (3) O, (4) CGNRe6) 15 (5)
oxygen, (6) sulfur, (7) S(O, and (8) S(0O2, or one
of X and Y is N(R9) and the other is selected fromthe
g’f(z%up ﬁg@lstlng of 20 (1) C(R6)2, (2) N(R9), (3

), >C=N(R6) (5) oxygen, 25 (6) sulfur, (7)

SED), efd. (8) S(O 2, or one of X and Yis C(O and

t ot pe Iifﬁ selected fromthe group consisting of

( C(R6 & - 160 WD 2004/089307 PCT/ US2004/ 009751

(&) N(ROEe3) (O, (4) C=N(R6) (5) oxygen, and 5

(@) subdifar;

Zis independently selected from the group consisting of

¢)) CH,
2) CRD), and
3 N;

R1 is selected from the group consisting of

¢)) hydrogen,

@) amidino,

(3)  -(CH2)p-NR7RS,

“) C1-4 alkyliminoyl,

()  Ci-10alkyl,

(6) ~(CH2)p-C3-7 cycloalkyl,

(D ~-(CH2)n-phenyl,

(8) -(CH2)p-naphthyl, and

C)] -(CH2)p-heteroaryl,
wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three groups
independently selected from R3, and wherein alkyl and cycloalkyl are unsubstituted or substituted with

one to three groups independently selected from R3 and oxo;

R2 is selected from the group consisting of

(1) phenyl,

@) naphthyl, and

€)) heteroaryl,
wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three groups
independently selected from R3;

each R3 is independently selected from the group consisting of
(1)  Ciealkyl,
(2 -(CH2)p-phenyl,
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Z is independently selected fromthe group consisting

of

(1) CH (2) CRL), and 10 (3) N, Rl is selected

wo can0g43e7 gr oup consi sting of (1) hydrogen, (BJT/US2004/009751
am di no, 15 (3) -(CH2)n-NR7R8, (4) Cl-4 alkylim noyl,
(5) G -10 alkyl, (6) -(CH2)n-C3-7 cycloal kyl, (7)
-(CH2) n- phenyl, 20 (8) -(CH2)n-naphthyl, and (9)
-(CH2) n- heteroaryl, wherein phenyl, naphthyl, and
heteroaryl are unsubstituted or substituted with one
t @3X hr ecCHY) gufshthyl,ndependent | y sel ected from R3, and

rein yl _.and cycloal kyl are unsubstituted or
oqPhe cr Eping

stit

Wi one to three groups independently

séblect eCHYaM-RBetemeyclmbiyl, 25 R2 is sel ected fromthe

)

' 1) phenyl, (2 ht hyl, and
?féébup qm)ﬁ(t;%_?gggg%g ) phenyl, (2) naphthy

het er da

y erei n phenyl, naphthyl, and

héDer odwlpgerar e unsubstituted or substituted with one
}:%S)t hr FRYr oups i ndependently sel ected from R3; each

tly selected fromthe group consisting
of?) (1)‘&@8’@{@?&%, 35 (2) -(CH2)n-phenyl, - 161 WO
2@/ 08E3YF,, M/ US2004/ 009751  (3) - (CH2) n- napht hyl ,

- - I, (5) -(CH)nC2-7
(hg%lgr(()cq@zg‘é%ﬁoa%) gc%—|2) nC3-7 cycloal kyl, 5 (7)
h&l%geMNO2.(8) OR5,

is i

(13)
(14)
(15)
(16)
(17
(18)
(19)
(20)
@D
22)
(23)
@24)
25)
(26)
@7

-(CH2)nNR3S(0)pR3
-(CH2)nS(O)pN(RS)y,
-(CH2)nS(O)pR?,
-(CH2)pNRIC(O)N(RS)p,
-(CH2)nC(O)N(RJ)2,
-(CH2)pNRSIC(O)R5,
-(CH2)pNRICO2R5,
-(CH2)nNR5C(O)-heteroaryl,
-(CH2)nC(O)NRIN(RS),,
-(CH2),C(O)NRSNRSC(O)RS5,
O(CH2)nC(O)N(RSYy,

CF3,

CH)CF3,

OCF3, and

OCH>CF3,

wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three substituents
independently selected from halogen, hydroxy, C1.4 alkyl, trifluoromethyl, and C1.4 alkoxy, and

wherein alkyl, cycloalkyl, heterocycloalkyl, and (CH7) are unsubstituted or substituted with one to three

substituents independently selected from halogen, hydroxy, oxo, C1.4 alkyl, trifluoromethyl, and Ci4

alkoxy, or wherein two substituents when on the same methylene (CH2) group are taken together with

the carbon atom to which they are attached to form a cyclopropyl group;

each R4 is independently selected from the group consisting of

(D
)

hydrogen,
C1-8 alkyl,

-162 -



10

15

20

25

30

35

(9) -(CH2)NN(RS)2, (10) -(CH2)1C=N, (11)
-(CH2) nCO2R5, 10 (12) NO2, (13) -(CH2)nNR5S(O) pR5

W@ 2603/083CH2) NS( O pN(R5) 2, (15) - (CH2) nS( O pR5PCT/38)4/009751
-(CH2) NNRSC(O N(R5) 2, 15 (17) -(CH2)nC(O N(R5)2, (18)
-(CH2) nNR5C(O) R5, (19) - (CH2) nNRSCO2R5, (20)
-(CH2) nNR5C( O) - heteroaryl, (21) -(CH2)nC(O NRSN(RS) 2,
20 (22) -(CH2)NnC(O) NRSNRSC(O RS, (23)
O(CH2) nC(O) N( RS)2, (24) CF3, (25) CH2CF3, (26) OCF3,
angh 7)-pfdefl2CF3, wherei n phenyl, naphthyl, and
het er oar are_ unsubstituted or subst ituted with one
t 6% hr e@?&mgifﬂhﬁ‘%nt s independently selected from
hasogenCHygdh@%parylCl- 4 al kyl, trifluoronethyl, and

Cl-4 al ~an al kyI cycl oal kyl ,

hi@er oc@%‘h%@ﬁetergﬂ'&{(’(‘%) are unsubstituted or

Slﬂ’b)st i ({0, Q-1 tycbmkkyl,0 t hree substituents
epe ently sel ected from hal ogen, hydroxy, oxo,

D4 alPRYE™trifluoromethyl, and Cl-4 30 al koxy, or
\M\i@)rel IOR5wo substituents V\,hen on the sane nethyl ene

(@t@) gﬁ@{éﬁ L, NRE)AL aken together with the carbon atom
are attached to forma cycl opropyl
gr(b]l)p, Qfﬂ%ﬂeéﬂ\’l s i ndependently selected fromthe
grImp c@mHLTOMRAf (1) hydrogen, 35 (2) Cl-g al kyl,
(/O 9307 PCT/ US2004/ 009751 (3)
((gja)n ¢ 9%4: _(CH2) n- napht hyl,  (5)
- (BhR) rNOlzet eroaryl, (6) -(CH2)nC2-7 heterocycl oal kyl,
5 () '—&@iﬁaﬁ%@)pwﬁ oal kyl, "
(16)  -(CH2)pN(S(O)pR5)2,
(17)  -(CH2)nS(O)pN(R5)2,
(18)  -(CH2)pS(O)pR,
(19)  -(CH2)uNRIC(O)NRY,
(20)  -(CH)RC(O)N(RS),
1)  -(CH2)nNRSC(O)R5,
(22)  «(CH2)pNRSCO2RS,
(23)  -(CH2)pNRS5C(O)-heteroaryl,
(24)  -(CH2)RC(O)NRIN(RSY,
(25)  ~(CH2)nC(O)NRINRSC(O)RS,
(26)  O(CH2)pC(O)N(RY)2,
27)  CFs,
(28) CH2CF3,
(29) OCF3, and
(30) OCH2CF3,
wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three substituents
independently selected from halogen, hydroxy, C1-4 alkyl, trifluoromethyl, and C1-4 alkoxy, and
wherein alkyl, cycloalkyl, heterocycloalkyl, and (CH2) are unsubstituted or substituted with one to three
substituents independently selected from halogen, hydroxy, oxo, C1-4 alkyl, trifluoromethyl, and Cj.4

alkoxy, or wherein two substituents when on the same methylene (CH)) group are taken together with

the carbon atom to which they are attached to form a cyclopropyl group;

-163 -



10

15

20

25

30

35

(8) halogen, (9) OR5, (10) -(CH2)nN(R5)2, (11)
-(CH2)nC=N, 10 (12) -(CH2)nC(O OR5, (13)

WO aHBA33QC( O RS, (14) NO2, (15) -(CH2)nNRS5S(Qr@iRBs2004/009751
(16) -(CH2)nN(S(O pR5)2, 15 (17) -(CH2)nS(O pN(R5) 2,
(18) -(CH2)nS(O pR5, (19) -(CH2)NNRSC(O) N(R5)2, (20)
-(CH2)NnC(O) N(R5) 2, (21) -(CH2)nNR5C(O R5, 20 (22)

- (CH2) nNR5CO2R5, (23) -(CH2)nNR5C(O) -heteroaryl, (24)
- (CH2) NC(O NRSN(R5) 2,  (25) - (CH2) nC(O) NRENR5C( O) R5,

(Mg[,rg CF3, (28) CH2CF3,

eacm{%@“&f&@;@&g%@t E)%ﬁféo%?% S\l/\%{;]1 eln phenyl ,

ndbht hyllydrogend het eroaryl are unsubstituted or
supst i tajteslkyi th one to three substituents 30

I ngepen | y sel ected from hal ogen, hydroxy, Cil-4

alg@I, @é?%&)?@ﬁ&ahv and Cl.4 al koxy, and wherein

altyl , -EHd)aed- kyéterodf}etoeﬂc@bycl oal kyl, and (CH2) are

uq ubst éPF#)eg j Substituted with one to three
Stituerts in é endent|y sel ected from hal ogen,

h)i@r oxy{Chiptonaptithys al kyl, trifluoronethyl, and Cl4

al(k)oxy,_ @ty @céx%h@l ho substituents when on the same

hyl en rou are taken together with the
cé bon - 6(333 Wﬂ’c& f'rey are attached to forma

wheretyalkyd arhepy ] he@eca, he@focydbadk Y Raghtt/ &8BEIRYI, bicycloalkyl and (CH?) are
unsub]stgr!etys IhsugAf tlgo(? wéﬁl' onetg heeRS%4p§ rlf?}g nlg geg%:lte}{i tfcg}l} E%g_%g, C1-4 alkyl,

consi's
hydrozy. leyd C1-4 alkoxy or wherein two R groups together with the atom to which they are attached

form a 4- to 8-membered mono- or bicyclic ring system optionally containing an additional heteroatom
selected from O, S, and -NC1-4 alkyl;

each RO is independently selected from the group consisting of
3] hydrogen,
(2)  Cr-galkyl,
3) -(CH2)nC3-7 cycloalkyl,
@ -(CH2)nC2-7 heterocycloalkyl,
(5)  -(CH2)n-phenyl,
(6)  -(CHp)n-naphthyl,
€ -(CH2)p-heteroaryl,
(8)  -(CH2)C(O)R3,
(9  -(CH2)C(O)ORS,
(10)  -(CH2)RC(OH)RS,
(11)  -(CH2)nC(O)(CH2)n-N(R3)2,
(12)  -(CH2)RC(O)(CH2)n-NR7RS,
(13)  -(CH2)n-ORS,
(14)  -(CH2)p-OC(O)R3,
(15)  -(CH2)p-O-(CH2)n-N(RO)2,
(16)  -(CH2)nCN,
(17)  -(CH2)pN(RO)2,
(18)  ~(CH2nNRS)C(O)R,
(19)  -(CH2)nN(C(O)R5)y,
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(3) -(CH2)NnC3-7 cycloalkyl, 5 (4) -(CH2)nC2-7
het erocycl oal kyl, (5) -(CH2)n-phenyl, (6)
WO ¢@asasenapht hyl , (7) -(CH2)n-heteroaryl, anBCT/{83004/009751
-(CH2) nC3-7 bicycl oal kyl, 10 wherein al kyl, phenyl,
het eroaryl, heterocycloal kyl, naphthyl, cycloal kyl,
bi cycl oal kyl and (CH2) are unsubstituted or
substituted with one to three groups independently
sel ected from hal ogen, Cl1-4 alkyl, hydroxy, and Cl-4

al Y. 5 R5 groups together with the
até@nxt o(@h)m@{ ﬁgf}é@é attached forma 4- to

8-FBmb et R )mBEO)¥)Bi cyclic ring system optionally
cQBsai N{CHL)RNRES i NRG Lroatom selected fromo,

S, d R6 i s independently
sépggt e@}%)@ﬁﬁ% gé}r%hﬁ)alg ¥nsisting of (1) hydrogen,
(224)C1--@@)W4R5)$®)241(§‘9k)ﬂC3 7 cycloal kyl, 20 (4)

| oal kyl 5 CH2) n- phenyl , (6)
)n né%ﬁﬁqgﬁrocy?7?a (%%Q)n(hétesoar;I (8)

((IBHZ) DRSO 68§ - (CH2) nC(O) OR5,  ( 10)

1 CH2 O (CH2)n-N(RS) 2, (12)
((W)n %@Q)Z%SN%??R(S )(2% )gwgﬂ OR5, 30 (14)

wherear( p‘ngglnnagmp@) 1 hetetdayyl a(e@h@ﬂast;t@e@ @H)Qt))ﬂ}tlltléd?ﬁitlione t$ flide groups
1ndep<:;§§%i;§é%§§% gii)é{;h&sn S ﬁlégl %yglo&lﬂc? Q;R)g ﬁg o&lkyl ai%ﬁnsubstltuted or

substi gpseps indens By selested oxo and wherein any methylene
(CH2) l(’l@ﬁZ$ wriSEREJUEdOr ORB:ituted with one to two groups independently selected from halogen,

hydroxy, and C1-4 alkyl, or wherein two R groups together with the atoms to which they are attached

form a 3- to 7-membered monocyclic ring optionally containing an additional heteroatom selected from
0O, S, and N, wherein the monocyclic ring is unsubstituted or substituted on carbon or nitrogen with one

to three groups independently selected from R3 and oxo;

each R7 and RS js independently selected from the group consisting of

) hydrogen,

@ amidino,

3 C]-4 alkyliminoyl,

4)  Cr-10alkyl,

&) -(CH2)p-C3-7 cycloalkyl,

(6)  -(CH)p-phenyl,

N -(CH2)p-naphthyl, and

® -(CH2)p-heteroaryl,
wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three groups
independently selected from R3, and wherein alkyl and cycloalkyl are unsubstituted or substituted with

one to three groups independently selected from R3 and oxo;

each RY is independently selected from the group consisting of
) hydrogen,
(2) Crealkyl,
3) -(CH2)nC3-7 cycloalkyl,
@ -(CH2)nC2-7 heterocycloalkyl,
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(21) -(CH2)NN(C(O) ORS) 2, (22)
-(CH2) NN(R5) C( O (CH2) nN(RS) 2, (23)

WO ¢@HR33d R5) - S(O) - C1-8 al kyl, 5 (24) PCT/US2004/009751
-(CH2)nN(RS) - S(0) 2-C1-8 al kyl, (25) -(CH2)n-S-R5,
(26) -(CH2)n-S(O-R5, and (27) -(CH2)n-S(O 2-R5,
wher ei n phenyl, naphthyl, and heteroaryl are
unsubstituted or substituted with one to three groups
10 [ ndepend'ent ly selected from R3, and wherein al kyl,
cys) oal fp &gg {{}et erocycl oal kyl are unsubstituted or
substltute th one to three groups independently
séPect eFHPwMPREYANd oxo, and wherein any nethyl ene

(@) i@l -h&erbiasubstituted or substituted with one
ependent |y sel ected from hal ogen,

hgﬁroxy%}gﬁ%&é&d al kyl, or wherein two R6 groups

t @@et he(CH)ITOIORS,at ons t 0 whi ch they are attached

ybered nmonocyclic ring optionally
cgﬁgglnﬁjgbﬁé i'ti onal heteroatom sel ected from 15

0,113, a@{MC(WM%DmN(R%Z,nDnocyCI icringis

urewbst_(d}q)lg@( yheR7k8It ed on carbon or nitrogen
one ee gr oups independently selected from
R$13nd -GH)m R7 and R8 is independently sel ected

fr(mnth@}m)ﬁum(omﬁl sting of (1) hydrogen, 20 (2)
| m noyl, (4) Cl-10 al kyl, (5)
't ?f"&gcﬁ%%]l’\@ 2 (6) -(CH2)n-phenyl, 25 (7)
((CﬂZ) n@@fbmnCNyl and (8) -(CH2) n-het eroaryl, wherein
gﬁ h hyj)z and heteroaryl are unsubstltut ed or
su t|t ’

3£ one_to three groups independently
sdl®ct e@}h)mm C(QRe: wherein al kyl and cycl oal kyl ~are

qug;bst@};g) ﬂ(@(@éﬁi}!@stltut ed with one to three groups

IR%@BEE&@%@“@S @bgs fromR3 and oxo; 30 each R9 is

fromthe group consisting of
( Dhy deaHeANCE@)OK)6 al kyl, (3) -(CH2)nC3-7

wéoal_%@lyg‘a{%@ﬁ)@%@l%7 het erocycl oal kyl , -165
004 751
23) -(CH)mN(RS)-5(0)-C1-8 alkyl,
(24)  -(CH2)mN(RS)-S(0)2-C1-8 alkyl,
25) ~(CH2);m-S-R3,
(26) -(CH2)p-S(O)-R, and
27)  ~(CH2)p-S(0)2-R5,
wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three groups
independently selected from R3, and wherein alkyl, cycloalkyl and heterocycloalkyl are unsubstituted or

substituted with one to three groups independently selected from R3 and oxo, and wherein any methylene
(CHp) in R9 is unsubstituted or substituted with one to two groups independently selected from halogen,

hydroxy, and C1.4 alkyl; or wherein two R? groups together with the atoms to which they are attached

form a 3- to 7-membered monocyclic ring optionally containing an additional heteroatom selected from
O, S, and N, wherein the monocyclic ring is unsubstituted or substituted on carbon or nitrogen with one
to three groups independently selected from R3 and oxo;

ris 1or2;

sis lor2;

nis 0,1,2,0r3;

mis 1,2, 0or 3; and

- 166 -



10

15

20

25

30

(5) -(CH2)n-phenyl, (6) -(CH2)n-naphthyl, (7)
-(CH2) n-heteroaryl, (8) -(CH2)nC(OR5, 5 (9)
WO ¢@sA33C O) OR5, (10) - (CH2)nC(OH) R5, (11) PCT/US2004/009751
-(CH2)NC(O (CH2) n-N(R5) 2, (12)
-(CH2)NC(O (CH2) n-NR7R8, (13) -(CH2)m OR5, 10 (14)
-(CHR2) NMPOC(O) R5, (15) -(CH2)m O (CH2)n-N(R5)2, (16)
-(CH2) nCN, (17) -(CH2)mN(R5)2, (18)
-(CH2) MN\(R5) C(O R5, 15 (19) -(CH2)nmN\N(C(O) R5) 2, (20)
pis -€@H)AN(RS) (O OR5,  (21) -(CH2) MN(C(O) ORS) 2, (22)
-(CH2) MN(R5) C( O (CH2) nN(R5) 2, (23)
-(CH2) MN\(R5) - S(O) - C1-8 al kyl, 20 (24)
- ( CH2) &iN\( R5TheS{opBur@lof Sllzaﬂnldyvvheren( RE)s sele@ixom 81eR5,
group c(o%gltmg( %%}9{;&(@ g BRyl Qﬂﬁz)o(lz@%] 6 c%ﬂﬁﬁy‘l‘ -&19)@ 1 Bhenyl, and -(CH2)0-1-

wher ei n naph ﬁy and heteroar are
NR7R% vdteit phlemstl e@n@mbsgwmor substisatedivith opmie tgree grRvRsandgpengprly selected

from R3 saddqqﬁfé‘ﬁpg!?ﬁ bhd ey RhEGT a?éjoﬁtiroﬁmyagbsnﬁﬁéh WS R ItdthedeleYdups

c and_het erocycl oal k are unsupstituted_or
mdepeg%ﬁgr pal ?f%legd ToR} Rangrpsor4gd Phﬂl’é’é%ﬁP%?HpsécﬁeWagﬁéﬂ'd gﬁ-ﬁf’{/
sel ect ed fron1R3 and oxo, and wherein any nethyl ene
t(ngzNok gr OUE ?oﬁéurg éﬁt\lfn d oren? 39%#\%19 th‘%%l%ﬁ&&ﬁlly substituted

with olmyid tioe/groars dncrénenderalylsylbqtedafromﬁérmdmhmcel&gcaglw @eqgBtable salts thereof.
together with the atons to which they are attached
forma 3- to 7-nmenbered nonocyclic.ring optio

cont ai fti ng ghe enmponRcnf ATlaimey Wiesis Biissbrwt P@H’“ﬁ?%%‘%%@“‘ed with one

to thred groﬁ'%s iAPeientiRIcticd foMR TR fhdcSutichINthctdptable salts thereof.
unsubstituted or substituted on carbon or nitrogen

with one to three groups independently selected from
R3 and50x0; The tanpbumt of Llaimst wiserdin Bran@ Y ané mdépendenity or 3;

selected Trom the grbup onsRfingof &R6)y, N(R?), and C(0), or X and Y taken together form —C(
R6)=C( R6)-, and pharmaceutically acceptable salts thereof.

6. The compound of Claim 5 wherein R4 is selected from the group consisting of
hydrogen, C1-6 atkyl, halogen, OR3, (CH2)nN(RS)2, (CH2)pC=N, -(CH2)pNRISO2RS, -
(CH2)pN(S(0)2R5)2, and -(CH2)nNR5C(O)R3, wherein alkyl and (CH2) are unsubstituted or
substituted with one to three substituents independently selected from halogen, hydroxy, oxo, C1.4 alkyl,

trifluoromethyl, and Cj.4 alkoxy, or wherein two substituents when on the same methylene (CH2) group

are taken together with the carbon atom to which they are attached to form a cyclopropyl group, and

pharmaceutically acceptable salts thereof.

7. The compound of Claim 5 wherein Z is CH.
8. The compound of Claim 6 wherein Z is N.
9. The compound of Claim 1 of structural formula IIa or IIb

of the indicated trans relative stereochemical configuration:
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2. The conpound of Caiml wherein RL is selected from
W b@40800p consi sting of hydrogen, Cl-6 al kyl ,PCT/US2004/009751
-(CH2)0-1-C3-6 cycloal kyl, -(CH2)0-1-phenyl, and
-(CH2)0-1- 5 NR7R8, wherein phenyl is unsubstituted or
substituted with one to three groups independently
selected from R3, and wherein al kyl and cycl oal kyl
are optionally substituted with one to three groups
i ndependent | yossel ected from R3 apd oxo, and
phar maceut i cplxag( ﬁwcept abl e sal t;s\thepeof. 3. The
compound of R wherein R2R enyl or thienyl
optional l'y s@h ptuted 10 with do0 three groups
i ndependent | w.s r R KB, rmaceyti cal ly
accept abl e sal ¥sl.t h re 4. The X np@Un )Cla|m3
wherein R2 is phenyl\ﬂ‘op c)ﬁally substitufedyWwi't h one
to three groups indegendently sel ected f@onmirR3, and
pharmaceutical l'y accept able salts thereof. 15 5. The
compound of O ai m #3herein X and Y ar®i ndependent |y
sel ected fromthe group consisting of C(R6)2, N(R9),
oraplﬁﬂﬂac@ﬁt@hllyﬂfceﬁfamdﬂt\{hdraken together form-C( R6)=C(
where and pharmaceutically acceptable salts thereof.
81. The conpound of Cdaimb5 wherein R4 is selected from
a, b artdveargyzlbumelclomds atallnigudé bor@s; hydr ogen, Cl-6 al kyl ,
hal ogen, OR5, (CH2)nN( R5) 2, -(CH2) nC=N,
CH2) NNR5SO2RS5, O—P%))nN(S(O)ZRS)Z, and
Xand\éek@)tﬁ OPRERGFERI OB Kyl and (OH2) are
one ofliXi anth¥ s (E(Rﬁlzdmd: rhe osheb Btstleettdfomitelzrampeotsisting vl e
g) Sti tddﬁ?}%s i ndependent|y sel ected from hal ogen,
h;; r oxy, Cl-4. alkyl, trifluoronethyl, and Cil-4
al(k)oxy N(®BS), wher ein two substituents when on the sane
mg Pd;? (CH2) group are taken together with the
car’bon émto which they are attached to forma
cy#) opr&PYRO)gr oup, and 25 pharnaceutical ly acceptabl e
sqg)ts tolg%?gof 7. The conpound of Claim5 wherein Z is
e compound of Claim6 wherein Zis N 30 9.
TH@ corf’ﬁ]é‘i]nd of aim1 of structural formula Ila or
I 'Ilp ofsdhend ndi cated trans rel ative stereochem cal
Zg))fl g§r( i on: -167 WD 2004/ 089307 PCT/ US2004/ 009751
R 'RR4 a', % DNa't cR or .RL (Z Y' X
or oneZof ¥ dndXY DN(R?) and the other is selected from the group consisting of

1 CRO,
(2) NR9),
3) O,
@)  C=NR9)
&) oxygen,
(6) sulfur,
@)) S(0), and
@  S0),

or one of X and Y is C(O) and the other is selected from the group consisting of
(1)  CRO),
(2)  NRY),
3 <O,
(4)  C=N(R9)
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Nr )S ~I r OR (r) Rz (lla) (Ilb) or a
phar maceutically acceptable salt thereof; wherein a,
wh2@adswsoare all single bonds or all doubl e boPcBDS2084/009751
and Y taken together form-C(R6)=C(R6)-, or one of X
and Y is C(R6)2 and the other is selected fromthe
group consisting of (1) C(R6)2, (2) N(R6), 10 (3)
C(O, (4) CNR6) (5) oxygen, (6) sulfur, (7)
S(O, and 15 (8) S(O 2, or one of X and Y is N(R9) and
t @) ott‘@@ dnSariel ected fromthe group consisting of
é (2) N(R9), (3) (O, 20 (4) C=N(R6) (5)
x(z(?b t‘res) sulfur, (7) S(O, and (8) S(O2, 25 or
one of Xand Yis C(O) and the other is selected from

Zis i‘{‘%%“,g‘gnqwf?%%{f(%khe Qéﬁ‘%‘ﬁ%cé/ 0)8330(72) NRo), - (3)
PCT) US20B4/ 009751
@  CR), and

3) N;

R1 is selected from the group consisting of hydrogen, amidino, C1-4 alkyliminoyl, C1.¢ alkyl, C5.6
cycloalkyl, -(CH2)0-1 phenyl, -(CH2)(-1 heteroaryl, and
-(CH2)0-1-NR7R8, wherein phenyl and heteroaryl are unsubstituted or substituted with one to three

groups independently selected from R3, and wherein alkyl and cycloalkyl are unsubstituted or substituted

15

20

25

30

35

with one to three groups independently selected from R3 and oxo;

R2 is phenyl or thienyl optionally substituted with one to three groups independently selected from R3;

each R3 is independently selected from the group consisting of
(1)  Crealkyl,
(2)  -(CH2)n-phenyl,
3 -(CH2)p-naphthyl,
“) -(CH2)p-heteroaryl,
(&) -(CH2)nC2-7 heterocycloalkyl,
6) -(CH2)nC3-7 cycloalkyl,
@) halogen,
(8)  ORJ,
(9)  «(CH2)NRS)y,
(10)  -(CH2)nC=N,
(11)  -(CH2)RCO2RS5,
(12)  NO2,
(13)  -(CH2)pNRSS(O)pRS
(14)  -(CH2)pS(O)pNR)2,
(15)  -(CH2)nS(O)pR,
(16)  (CH2)pNRSC(O)N(R)2,
(17)  (CH2nCONRSY,
(18)  -(CH2)nNRIC(O)RS,
(19)  -(CH2)pNR3CO2R5,
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(5) oxygen, and (6) sulfur; Z is independently

sel ected fromthe group consisting of 5 (1) CH (2)
w@tmapsand (3) N, RL is selected fromthe grBCpUS2004/009751

consi sting of hydrogen, ami dino, Cl-4 al kylimnoyl,

C1-6 al kyl, C5-6 10 cycloal kyl, -(CH2)0-1 .phenyl,

-(CH2) 0-1 heteroaryl, and -(CH2)0-1-NR7R8, wherein

phenyl and heteroaryl are unsubstituted or substituted

with one to three groups independently selected from

Zogﬁggﬁd%ﬁgb@} F%t[mggp cycl oal kyl are unsubstituted

to three groups independently
séill]éct e@CHDSHOPTR2NE QD(o 15 R2 is phenyl or thienyl

ORbS) onadd}yz b?NRSNR 5h one to three groups

[ ndependen sel e rom R3; each R3 is
i AERpetier2) @B‘f(@ )t2ed fromthe group consisting of

(B4Cldsal kyl, (2) -(CH2)n-phenyl, 20 (3)

- gig) : %%hthyl, (4) -(CH2)n-heteroaryI, (5)
- )3%{212- 3het erocycl oal kyl, (6) -(CH2)nC3-7
cy2d)oalOGH3, and7) hal ogen, 25 (8) ORS, (9)

10) - (CH2) nC=N, 11) -(CH2) nCO2RS,
NS o)l oy keSO pR (1)

whereﬂ(lfﬂeﬁ})lnﬁ()ml]dl\l(rﬂﬁl)aﬁroaryﬂ %ﬁns@ﬁﬁtﬂ):mﬁ(@spﬁﬁed Yillb9ne to three substituents
1ndep61ﬁ%)s@lémgl Mlﬁ%)nzligdr&x% ;@ 1-2

% Hﬁs@ﬂ&h&ﬁ)&& C]l% %ko%and
q RS é NNR5CO2
wher /l,(yggl Qgg«zl@@ky Ozglg{zg a(@g)substltuted or substituted with one to three
substituehtkimiepeRFa(l Db elévtddeffa@@hialdgen, hydroxy, oxo, C1-4 alkyl, trifluoromethyl, and C1-4
alkoxy, or wherein two substituents when on the same methylene (CH2) group are taken together with

15

20

25

30

35

the carbon atom to which they are attached to form a cyclopropyl group;

each R4 is independently selected from the group consisting of

0 hydrogen,

@  Crgalkyl,

(3)  -(CH2)n-phenyl,

@ -(CH2)p-naphthyl,

&) -(CH2)p-hetercaryl,

©6) -(CH2)C2-7 heterocycloalkyl,
@) -(CH2)»nC3-7 cycloalkyl,
(8) halogen,

(9  OR,

(10)  «(CH2nNRS)2,

(11)  -(CH2)nC=N,

(12)  «(CH2)nC(O)ORS,

(13)  -(CH2),OC(O)R?,

(14) NOag,

(15)  -(CH2)nNR3S(O)pRS,
(16)  -(CH2)nN(S(O)pR5)2,
(17)  ~(CH2)nS(O)pN(RS5)y,
(18)  -(CH2)nS(O)pR,

(19)  ~(CH2)nNRSC(O)N(RS)p,
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(21) -(CH2)nC(O NRBSN(R5) 2, (22)
-(CH2) nC{O) NRENRSC( O R5,  (23) Q(CH2)nC(O N(R5) 2, 5

w@ 200/08B87 (25) CH2CF3, (26) OCF3, and (27)PCXZHR10p8009751
wher ei n phenyl, naphthyl, and heteroaryl are
unsubstituted or substituted with one to three
substituents 10 independently selected from hal ogen,
hydroxy, Cl1-4 alkyl, trifluoromethyl, and Cl-4 al koxy,
and wherein al kyl, cycloal kyl, heterocycl oal kyl, and

( ) k{.uted or substituted with one to
% aé@g&ﬁ{ﬂﬁ?(k[iz i ndependently sel ected from
hﬂldgerﬁCszﬂfR%ﬂQ )Rox0, Cl-4 al kyl, trifluoronethyl,

a C1- 'Pﬁ@@() RO! wherein two substltuents when on
t@)sarr(g r%z 2 CH2) group are taken together with

t &) car6éha) ﬁ%@bh PEW. t hey are attached to forma
cypi)opt@tzbn(gommﬁsneach R4 is independently

cte 5?5 gr nsisting of (1) hydrogen,
(% ﬁ%éﬁn phenyl, 20 (4)

- (IEHi2) m(ﬁHpjﬁCt(y)lN(R5)Q5) -(CH2) n- heteroaryl, (6)
39#2) -7 heterocycl oal kyl, (7) -(CH2)nC3-7
cloalkyl, (8) halogen, 25 (9) ORS, (10)
- (B2) ARRE3.2, (11) -(CH2)nC=N, (12) -(CH2)nC(O) OR5,
() - )HEC(O RS, 30 (14) N2, (15)
CH2) NNRSS(O) pR5, (16) -(CH2)nN(S(O pR5) 2, (17)
BR(R5)2, (18) -(CH2)nS(O pR5, 35 (19)
wherem(;ﬁ:ﬁ%)l Wﬁm%ﬁl@a@o&yl are 4f@bstituted or substituted with one to three substituents

independently selected from halogen, hydroxy, C1-4 alkyl, trifluoromethyl, and C1-4 alkoxy, and
wherein alkyl, cycloalkyl, heterocycloalkyl, and (CH2) are unsubstituted or substituted with one to three
substituents independently selected from halogen, hydroxy, oxo, C1-4 alkyl, trifluoromethyl, and C1-4

alkoxy, or wherein two substituents when on the same methylene (CH2) group are taken together with

the carbon atom to which they are attached to form a cyclopropyl group;

each R3 is independently selected from the group consisting of

) hydrogen,

@ Cr1-3alkyl,

3) -(CH2)nC3-7 cycloalkyl,

@ -(CH2)»C2-7 heterocycloalkyl,

(5)  «(CH2)n-phenyl,

(6)  -(CH2)p-naphthyl,

(7)  -(CHp)p-heteroaryl, and

)] -(CH2),C3-7 bicycloalkyl,
wherein alkyl, phenyl, heteroaryl, heterocycloalkyl, naphthyl, cycloalkyl, bicycloalkyl and (CH)) are
unsubstituted or substituted with one to three groups independently selected from halogen, C1-4 alkyl,
hydroxy, and C].4 alkoxy, or wherein two RS groups together with the atom to which they are attached

form a 4- to 8-membered mono- or bicyclic ring system optionally containing an additional heteroatom
selected from O, S, and -NC14 alkyl;

each RO is independently selected from the group consisting of

I hydrogen,
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WO 2004/ 089307 PCT/ US2004/ 009751 (20)
-(CH2)NC(O N(R5) 2, (21) -(CH2)nNRSC(O R5, (22)
WO ¢@HAIBNRSC02R5, (23) - (CH2) nNR5C( O) - het er oar BET/USH04/009751

(24) -(CH2)nC(O NRBSN(R5) 2, (25)

-(CH2) NnC(O) NRSNRSC( O R5, (26) Q(CH2) nC(O N(R5) 2, (27)

CF3, (28) CH2CF3, 10 (29) OCF3, and (30) OCH2CF3,

wher ei n phenyl, naphthyl, and heteroaryl are

unsubstituted or substituted with one to three

sybgst i t@le@m 1, i ndependent |y sel ected from hal ogen,

hy r oxy 4 al k){ trifluoronethyl, and Cl-4 al koxy,

g;}&)ﬁC%VRXH °a‘“@’§'cl oal kyl , heterocycl oal kyl, and

(@32) a((a{yﬁ!sybﬁétblbaﬁcﬁdn@r substituted with one to
2 ee 1 |tyents i ndependently sel ected from
h ogen Pﬁ%lj ,’ oxo, Cl 4. alkyl, trifluoronethyl,
an(@ Cl--@CHzahmphyhylor wherein two substituents when on

t sa t 1.(CH2) group are taken together with
he) :TE}E% 'Hé(tln%

the ca tom vvhichthey are attached to forma
cy&l oprdg¥ane@Bp; each R5 is independently sel ected

frgmth@}gi)g@@)ggﬁy sting of 20 (1) hydrogen, (2)

Cl1- K CH2nC37choaIkI 4
&ﬁ%e) @ﬁnﬁ&@@}‘o’cyc? oal kyl , Y (5) {CHZ)(n?phenyI, 25
(6)1) gctﬂzmn@(mtﬂftMN(Ri)ﬁ l(CI\Aﬂﬁ) n-hete{ﬁa{yl : handI
ereln a , en ,
ﬁgroﬁﬁ’fﬁcﬁ@@?ﬁwﬁ% Kyl | naphthyl . cycl oal kyl .
b|(d;§/)cl otTH)h-ORYd (CH2) are unsubstituted or

sylpgt it 9 b;gmetothree groups i ndependently
sgl ?ct egé}??%md(ha? Cl-4 al kyl, 30 hydroxy, and

oge
ciiR al f@i%)n'%@%%ﬁi%two R5 groups together with
tr(qes)at omf@n@hl ch they are attached forma 4- to

CSDai S BNCSRA i onal et er oatom sl ected rom o,
S,(18nd QI MEDEREHRI,each R6 i s i ndependently sel ected
f ray t h&@)%&@%&yst ing of 35 (1) hydrogen, -171
(20)  -(CH2)nN(R3)C(O)ORS,
1)  «(CH2)nN(C(O)OR5)3,
(22)  «(CH2RNR)C(0)(CH2)pN(RI)2,
(23)  ~(CH2)pN(RJ)-S(0)-C1.g alkyl,
(24)  «(CH2)N(RS)-S(0)2-Cy-g alkyl,
25) -(CH2)n-S-R5,
(26) -(CH2)p-S(0)-R3, and
(27)  -(CH2)p-S(0)2-R5,
wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three groups
independently selected from R3, and wherein alkyl, cycloalkyl and heterocycloalkyl are unsubstituted or

substituted with one to three groups independently selected from R3 and oxo, and wherein any methylene
(CHp) in RO is unsubstituted or substituted with one to two groups independently selected from halogen,

hydroxy, and Cj-4 alkyl, or wherein two RO groups together with the atoms to which they are attached
form a 3- to 7-membered monocyclic ring optionally containing an additional heteroatom selected from
O, S, and N, wherein the monocyclic ring is unsubstituted or substituted on carbon or nitrogen with one

to three groups independently selected from R3 and oxo;
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WD 2004/ 089307 PCT/ US2004/ 009751 (2) Cl-6 al kyl, (3)
-(CH2) nC3-7 cycl oal kyl, (4) -(CH2)nC2-7

whedoengsyt!| oal kyl,  (5) -(CH2)n-phenyl, 5 (6) PCT/US2004/009751
-(CH2) n-naphthyl, (7) -(CH2)n-heteroaryl, (8)
-(CH2)NnC(O R5, (9) -(CH2)nC(O ORS, (10)
-(CH2)nC(OH) RS, 10 (11) -(CH2)nC(O (CH2)n-N(RS) 2,
(12) -(CH2)nC(O (CH2) n-NR7R8, (13) -(CH2)n-OR5, (14)
-(CH2)n-OC(O) R5, (15) -(CH2)n-O (CH2)n-N(RS) 2, 15

iR LR b o

mHz)hMrcefeyC(O)ORS 20 (21) -(CH2)nN(C(O) OR5)2, (22)

: % RS) C(O) (CH2) nN(RS) 2, (23)
- O - C1-8 al kyl 24
; )Eﬂ(@ §§‘6§‘/& Cl1-8 alﬁyl ((223) _(CH2)n-S-R5, 25
(26) - CgHR)RlyB( O) - RS, and (57%1 - (CH2) n|-5(0)2- R5,

rei and heteroaryl are
\qu ubst C?ié?%gggrg(gﬁ |tut ed with one %/o t hree groups
i t@eper@&add-phesd} ect ed from R3, and wherein al kyl,

pl oal nihét ekocycl oal kyl are unsubstituted or
substlt@ednaﬁv?t h§o ne to three groups independently

séPect d¢HbAeR¥nd oxo, and wherein any nethyl ene 30
where(nqﬂgﬂyl IrRpHeRy1] a%d %Q@%ﬁﬁrﬁ heb ﬂﬁs%gstﬁﬁtetﬁéft%ﬁﬁétﬁdféde&‘it%ﬂemo BRL groups

ou dependently sel ected from hal o
mdepq.pg%qt]é)g?}ect%{go ,4§1ng IWWIH a(]Jli.yl ey elopkyl pge ‘F’?Gu‘?jp@%ﬂé’r substituted with
one toltrgeEioays indepéndeitly saleol® frinvg RAtang bxd;hey are attached
forma 3- to 7-nenbered nonocyclic ring optionally
cont ai ni ng an additional heteroatom selected from 0,
each RS is ndepehileniii edlesitad frdmethrgrop yaiisising 9fng i s unsubsti t ut ed
or(l)sub§1 &t ed on carbon or nitrogen with one to

tle)ee ou Syll ndependently sel ected from R3 and oxo;

€)) -(CH2)HC3—7 cycloalkyl,

) -(CH2)1nC2-7 beterocycloalkyl,
(5)  -(CH2)n-phenyl,

©6) -(CH2)p-naphthyl,

¥)) -(CH2)p-heteroaryl,

(8)  -(CH2)RC(O)R5,

(9  -(CH2)nC(O)ORS,

(10)  (CH2)nC(OH)R5,

(11)  «(CH2)nC(O)(CH)n-NRS),
(12)  -(CH2)nC(O)(CH)p-NR7RS,
(13)  -(CH2)m-OR5,

(14)  -(CH2)m-OC(O)R3,

(15)  «(CH2)m-O-(CH2)n-NRS)2,
(16)  -(CH2)mCN,

(17)  «(CH2)mN(R5)2,

(18)  «(CH2)mN(RS5)C(O)RS,

(19)  «(CH)mN(C(O)R)2,

(20)  -(CH2)mN(R5)C(O)ORS,
21 ~(CH2)mN(C(O)ORS)y,
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and R8 is independently selected fromthe group
w@ovgisedng of (1) hydrogen, (2) am dino, (3)PCuUg2004/009751

alkylimnoyl, 5 (4) Cl-10 alkyl, (5) -(CH2)n-C3-7

cycl oal kyl, (6) -(CH2)n-phenyl, (7) -(CH2)n-naphthyl,

and (8) -(CH2)n-heteroaryl, 10 wherein phenyl,

napht hyl , and heteroaryl are unsubstituted or

substituted with one to three groups independently

al kyl and cycl oal kyl are
ugﬁbstqéﬁ&?%ghgj %ﬁy{%%ﬁwywthy one toythr ee ér oups
||ﬁ2£6)pen@é’1ﬁ)m§( RDHSEO-EH8 flkwkn R3 and oxo; each RI is
pen 1 gy the group consisting of
ﬂ? r‘l‘émelﬁﬁ S?G?a%fg al kyl, (3) -(CH2)nC3-7
c;@i oaI Zm( - (CH2) nC2- 7 heterocycl oal kyl, (5)
Qé%bl2) RCIOPSI0) F0a®) - (CH2) n-naphthyl ,  (7)

8 @%}'ﬂ%@ﬁ”ﬁ(ﬁ (8) -(CH2)NnC(OR5, (9)
10) - (CH2) nC(OH) R5, 25 (11)
wheren(;(ﬁb@lﬂﬁﬁﬁt)xﬂ%)hﬂtef‘d@% )r@ ;unsu()ét&)ted or substituted with one to three groups

mdepen%%g)sgﬁ% 1&5&% ”a(n?I Ak @@{1%%@ %ﬁ’gf]%llk}lﬁ unsubstituted or

substifufed)with(c@EIR) thaehl groups/indepexide nda{e¥si Zrom 1{31281)1 0xo0, and wherein any methylene
(CH2Yy ih |39 wrNGHREduteld@r Ribstitufed Hth bﬁgﬁ%ﬂﬂo%glﬁé):ﬁ)dently selected from halogen,

hydroxy, and C}-4 alkyl; or wherein two R9 groups together with the atoms to which they are attached
form a 3- to 7-membered monocyclic ring optionally containing an additional heteroatom selected from
0, S, and N, wherein the monocyclic ring is unsubstituted or substituted on carbon or nitrogen with one
to three groups independently selected from R3 and oxo;

ris 1or2;

s is lor2;

nis 0,1,2,0r3;

mis 1,2 or3; and

pis 0,1,o0r2.

10. The compound of Claim 1 of structural formula IlTa or IIlb of the indicated trans

relative stereochemical configuration:

(Illa) (Ilib)

or a pharmaceutically acceptable salt thereof;

wherein

- 174 -



10

15

20

25

30

35

(20) -(CH2)MN(R5) C(O) OR5, 35 (21) -(CH2) mMN(C(O) OR5) 2,
-173 WD 2004/ 089307 PCT/ US2004/ 009751 (22)

WO ¢@a3asd R5) C( O) (CH2) nN(R5) 2, (23) PCT/US2004/009751
-(CH2) M\(RB) - S(O) - C1-8 al kyl, (24)
-(CH2) M\(R5) - S(0) 2-C1-8 al kyl, (25) -(CH2)nVS-R5, 5
(26) -(CH2)n-S(O-R5, and (27) -(CH2)n-S(0)2-R5,
wher ei n phenyl, naphthyl, and heteroaryl are
unsubstituted or substituted with one to three groups

a,baﬁcﬂd&@ﬂﬂﬁﬁ%ﬁb%ﬁgfﬁmoﬁﬁe%ﬁ@ R3, and wherein al kyl,
cycl oal kyl and heterocycl oal kyl are unsubstituted or
substituted with one to three groups independently

X andS¥ taker ©gktlidr GHRTROECER®,, oaNd wherei n any net hyLene 10
% I: d [ : th one

one Olf 0 t\/\% lsrtr:(lﬁ% ﬁﬁdﬁ%zdé%zééestﬁ#‘g‘gfée élie:ég(g}pf%og%lnﬁﬂg}eggen,
h)ﬁ&'oxﬁRgﬁd Cl-4 al kyl; or wherein two RO groups
tqg)ethq\gR@%th the atons to which they are attached
forma 3- fo 7-menbered nonocyclic ring optionally
cd?t ai K@y an additional heteroatom selected from O,
S,@and ddN@ber ei n the nmonocyclic ring is unsubstituted
or,_substituted on carbon or nitrogen with one to
t HPke @¥F¥8fBs i ndependent!|y sel ected from R3 and oxo;
156y isulfuror 2; Sis | or 2, nis 0, 1, 2, or 3; m
[ , . and pis 0, 1,or2. 20 10. The compound
o?mél ai?sr(tgga%? structural forrmula Ma or 111b of the
i A8} cat¥®@%rans relative stereocheni cal

or onEGK hfdUy ﬁtN(RQ)' arfd R other i\ selectb¥Hrbin theagrg)lfp £ﬂsi§tin§ P 1 . RL
Rj(l) 1- ]C(ﬁﬁ)%, ‘'t Y, X

(2) NR?,
3 ),
#)  C=N(RY)
(5) oxygen,
(6) sulfur,
) S(0), and
&  S(0),

or one of X and Y is C(O) and the other is selected from the group consisting of
()  CRO),
()  NRO),
3 O,
4)  C=N(RO)
4) oxygen, and
6) sulfur;

Z is independently selected from the group consisting of

() CH,
) C(R1), and
(3) N;

R! is selected from the group consisting of hydrogen, C1.4 alkyl, -(CH2)(-1-phenyl, and -(CH2)Q-1-
NR7RS,;
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)S NNs r Zor Y, X X\Z~-3 OOR3SRR3 RBR3R3 (llia)
(I'1'I'b) 25 or a pharmaceutically acceptable salt

w0 bh@negf3p7 wherein - 174 WO 2004/ 089307 PCT/US2004/009751
PCT/ US2004/ 009751 a, b and c are all single bonds or
al |l double bonds; X and Y taken together form
-C(R6)=C(R6)-, or one of X and Y is C(R6)2 and the
other is selected fromthe group consisting of 5 (1)
a(R6)2, (2) N(R6), (3) (O, (4 CNRE) (5)
oxygen 10 (6) sulfur, (7) S(O, and (8) S(O 2, or

. dth t | ected f
con S 0 MR A0 SRR B L S5 et from
(%) C(O;62lk4) C=N(R6) (5) oxygen, (6) sulfur, 20
(a S(Q)GH g_ph&@) S((r))2, or one of X and Y is C(O

he

is selected fromthe group consisting of
(1 o 1o3ls) . 25 (3) QO (4) CoNFE) (3
0X4)gen ~(GHMy-1-heteroaryl,

©)) -(CH2)0-1-C2-7 heterocycloalkyl,

(6)  -(CH2)0-1-C3-7 cycloalkyl,

@) halogen,

(8 OR),

©  -(CH2)0-1-NR3)2,

(10)  -(CH2)0-1-C=N,

(11)  -(CHp)0-1-CO2R5,

(12)  NO2,

(13)  «(CH2)0-1-NR3S(0)1-2R5,

(14)  -(CH2)0-1-8(0)1-2NR)2,

(15)  -(CH2) 0-1-S(0)0-2R>,

(16)  ~(CH2)0-1-NRIC(O)N(RS)2,

(17)  «(CH2)0-1-C(O)NRS),

(18)  -(CH2)0-1-NR3C(O)R,

(19)  -(CH2)-1-NR3CO2R5,

(20)  ~(CH2)0-1-NR3C(O)-heteroaryl,

(21)  -(CH2)0-1-C(O)NRSN(RS)2,

(22)  -(CH2)0-1-C(O)NRSNRIC(O)R5,

(23)  O(CH2)0-1-C(O)N(RS)2,

(24) CFs,

25) CHoCF3,

(26) OCF3, and

(27) OCH»CF3,
wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three substituents
independently selected from halogen, hydroxy, C]-4 alkyl, trifluoromethyl, and C1-4 alkoxy, and
wherein alkyl, cycloalkyl, heterocycloalkyl, and (CH2) are unsubstituted or substituted with one to three
substituents independently selected from halogen, hydroxy, oxo, C1-4 alkyl, trifluoromethyl, and C1-4

alkoxy, or wherein two substituents when on the same methylene (CH2) group are taken together with

the carbon atom to which they are attached to form a cyclopropyl group;
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(6) sulfur; 30 Z is independently selected fromthe

group consisting of (1) CH (2) C(Rl), and (3) N 35
wRloesset ected fromthe group consisting of hRCr/O§®N4/009751

Cl-4 al kyl, -(CH2)O0-1-phenyl, and -(CH2)0-1- NR7RS;

-175 WD 2004/ 089307 PCT/ US2004/ 009751 each R3 is

i ndependently selected fromthe group consisting of

(1) C1-6 alkyl, (2) -(CH2)0-1-phenyl, 5 (3)

-(CH2) 0- 1- napht hyl, (4) -(CH2)0-1-heteroaryl, (5)

caon e TR s RLOBGIAR Ll 4O (O2) 0157

sz)@mega(nRs)z (10) -(CH2)0-1-C=N, (11)
BH2) @ls DARS,  (12) N02, 15 (13)

((gQRSS(%{Zl}ﬁ% i N éﬁg) o( 14)5( o§ gHg)Rg (1155;5 (9
- (OH2) OCCHEMNRPTOBY(RS) 2, (17) - (CH2) 0- 1- (O N(R5) 2,
23%}( 18) g&%%){lgﬁég 5C(O R5, (19) -(CH2)0-1- NR5CO2R5,
) 'O -heteroaryl, (21)
- (@) Gccﬁm@)qﬂ%‘?%q‘m@f’alkﬂﬂ)
oBo) STAGRRI N8 cvs. “(29) rocrs
halogen
(9) OR5,
(10)  -(CH2)0-1-NR>)2,
(1)  -(CH2)0-1-C=N,
(12)  «(CH2)0-1-C(O)ORS,
(13)  -(CH2)0-1-OC(O)R5,
(14)  NOa2,
(15)  -(CH2)0-1-NR5S(0)1-2-R5,
(16)  «(CH2)0-1-N(S(0)1-2-R)2,
(17)  «(CH2)0-1-S(0)1-2-N(R3)z,
(18)  «(CH2)0-1-8(0)p-2-R5,
(19)  -(CH2)0-1-NRIC(O)N(R3)2,
(20)  «(CH2)0-1-C(ON(R?)2,
21)  ~(CH2)0-1-NR3C(O)R,
(22)  <(CH2)0-1-NRCO2RS,
(23)  -(CH2)0-1-NRSC(O)-heteroaryl,
(24)  <(CH2)0-1-C(O)NRSN(RS)2,
(25)  «(CH2)0-1-C(O)NRSNRSC(O)RS5,
(26)  O(CH2)0-1-C(O)N(R3)2,
27) CFs,
(28) CH»CFs3,
(29) OCF3, and
(30) OCH2CF3,
wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three substituents
independently selected from halogen, hydroxy, C1-4 alkyl, trifluoromethyl, and C1.-4 alkoxy, and
wherein alkyl, cycloalkyl, heterocycloalkyl, and (CH2) are unsubstituted or substituted with one to three
substituents independently selected from halogen, hydroxy, oxo, C1-4 alkyl, trifluoromethyl, and C1.4
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(26) OCF3, and (27) OCH2CF3, 30 wherein phenyl,
napht hyl, and heteroaryl are unsubstituted or

we oot ed with one to three substituents PCT/US2004/009751

i ndependent|ly sel ected from hal ogen, hydroxy, Cl-4

al kyl, trifluoronethyl, and Cl-4 al koxy, and wherein
al kyl, cycl oal kyl, heterocycl oal kyl, and (CH2) are
unsubstituted or substituted with one to three
substituents independently sel ected from hal ogen,

alkoxy) ?695&/98?&11 e Substitherts Whh¥oh thel shink hid ?EH@\A;](!}E) gro%? dre@hkeft together with

koxy, or wherein two substituen en on the sane

the carhon hipingn avhictil®y agr atiaghed teefotm k eyclersepyl Brorpswi t h 35 t he

each

carbon atomto which they are attached to forma

cl opropyl group; - 176 WD 2004/089307
CTP@@?@W@G@?‘S@ﬁ%Eﬁ groyp cansispefendent | y sel ect ed
f rom t mediggeuip consisting of (1) hydrogen, (2) Cl1_8
aI CH2) 0_1- phenyl, 5 (4)

@i&) célig*hlkdht hyl . (5) -(CH2)0 1-heteroaryl, (6)
(@Hz) 6(CHR1 T 3reaveloalsyle | oal kyl , ~ (7) - (CH2)0-1- C3-7

. 0 (9) OR5, (10
%gté?owlﬁ%{fi ﬁz% Jp@f’lté(?'g’k‘f') (’]cl:Hz)( 0)1 C=N, ( ()12)
- L "(13) -(CH2)0-1-O0C(OR5, 15 (14)
( 1&H» ¢ Sria)inyd- NR5S( O) 1- 2-R5,  (16)

%@ﬁ) 0@{2‘5 g)(hq)e?aﬂi RS% g § %8 - (CH2) 0- 1- S( O) 0- 2- R5,
28Y 19)(CHmHRYXB-1bityRE@le) N( R5) 2, ( 20)

wheren{%)p%e]%ﬂ %@%ﬁ{@eg oc§§lga]d% nglﬁm%)l '{/lll'o Clgl c'[-@lkgl a(n%%tHz) are

eter

unsubgtgut(:@g;) subsltle’.t% vith org(t@) lms)ngependently se ected from halogen C1_4 alkyl,
hydroxy, and C}-4 alkoxy, or wherein two RS groups together with the atom to which they are attached

form a 4- to 8-membered mono- or bicyclic ring system optionally containing an additional heteroatom
selected from O, S, and -NCj_4 alkyl,

each RO is independently selected from the group consisting of

)] hydrogen,

(2)  Cralkyl,

(€)) -(CH2)(0-1-C3-7 cycloalkyl,

@ -(CH2)0-1-C2-7 heterocycloalkyl,
(5)  -(CH2)0-1-phenyl,

(6)  -(CH2)0-1-naphthyl,

@) -(CH2)(-1-heteroaryl,

(8)  -(CH2)0-1-C(O)RS,

(9)  -(CH2)0-1-C(O)ORS,

(10)  «(CH2)0-1-C(OH)R,

(11)  «(CH2)0-1-C(O)(CH2)0-1-N(R3)2,
(12)  «(CH2)0-1-C(O)(CH2)0-1-NR7RS,
(13)  -(CH2)0-1-OR5,

(14)  -(CH2)0-1-OC(O)R5,

(15)  «(CH2)0-1-0-(CH2)1-2-N(R3)2,
(16)  -(CH2)0-1-CN,
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(25) -(CH2)0-1-C(O NRSNR5C(O R5, (26)
QA CH2)0-1-C(O N(R5) 2, (27) CF3, (28) CH2CF3, 30 (29)
w@ze3/osed (30) OCH2CF3, wherein phenyl, naphtPgl/pSmn009751
heteroaryl are unsubstituted or substituted with one
to three substituents independently selected from
hal ogen, hydroxy, Cl1 4 alkyl, trifluoronethyl, and
Cl_4 al koxy, and wherein aIkyI cycl oal kyl ,
heterocycl oal kyl , and (CH2) are unsubstitut ed or
@ﬁ?q?’\@ )gne to three 35 substituents
pende el’&ct ed from hal ogen, hydroxy, oxo,
(31184 ar@ﬂz)o-z-Nl(Ri)G@)Bﬁet hyl, and Cl-4 -177 WD
/O%ﬁﬁz fg}'(é(@%g%/ 009751 al koxy, or wherein two
S L

substltuen vvhe§1 on e sanme net hyl ene (CH2) group
af) t aRER2BHRIRREC the carbon atomto which they

ags)at t@ehssl; NecORD», cycl opropyl group; each R5 is
SR R (R T
ygzj)oak(lcy‘lz)o $-N(R)(SOPRYCD-8IGR- 7 het erocycl oal kyl, (5)

2 Q%Izz(g?er G %9)2(@18 st ) Oi éHg?SEtlh)élg . (7)

bl(ZS)cI o&H2)0-1-Skver ei n al kyl , phenyl het er oaryl
ro Xyd).rNamht hyl , cycl oal kyI bi cycl oal kyl
Cci-%q:g@i m% ﬁ%bstltuted or substituted with one
té27t)hre Oy ependent |y sel ected from hal ogen,
whereﬁ%)‘héng@' dapfhthyl, aha h%&?]&l(é?e uﬁ‘ﬁ&gstﬁltéd & sabdGa%SA, will] ondh& thedeEroups
1ndep%1gfifné]é(ﬁglgc cbtfr) ?P%El glelgl gaa%g ﬁ]af{ &&r@o&?]@%ﬂe%e uns1?bst1tuted or

substituted Gvithyosit eNnthep groopmhdiepemmmserucmg frath Rckahid ok @rad wherein any methylene
(CHz)hﬁ‘ R @lﬁk%ltugeﬁlo? Q&bgt‘i.jtuﬂ‘efl Wﬁhgne t% tw8 Qﬁi)u Nﬁéepén(ﬁht!f}y éeiec@é $lam halogen,

1S 1 ndepen ent | cted fromt group consistin
hydrow, and@]1 @ﬂky]h 9@{1139@6@9] twq]ﬁf)egrgg_psgogmgywlth (hg)atoms to which they are attached

form g Wmnﬂ)er@ i’n@n&*)ﬁa c?ﬂl)glf%honaﬁ? ):on'te(ng‘_g%pzladlhuggal%(etegoatom selected from

et erocycl oa phenyl, .
0,S, an@@{.,mhgnegth%@mquhc ring is unsubs ituted or substituted on carbon or nitrogen with one

to three groups independently selected from R3 and oxo;

each R7 and R3 is independently selected from the group consisting of

¢)) hydrogen,

2) amidino,

3 C1-4 alkyliminoyl,

4)  Ci-ioalkyl,

(5)  ~(CH2)0-1-C3-7 cycloalkyl,

(6)  -(CH2)0-1-phenyl,

@) -(CH2)()-1-naphthyl, and

) -(CH2)0-1-heteroaryl,
wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three groups
independently selected from R3, and wherein alkyl and cycloalkyl are unsubstituted or substituted with

one to three groups independently selected from R3 and oxo;

each R? is independently selected from the group consisting of

) hydrogen,
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(7) -(CH2)0_1-heteroaryl, (8) -(CH2)0-1-C(OR5, (9)
-(CH2)0-1-C(O ORS, (10) -(CH2)0-1-C(OH)R5, 30 (11)

WO ¢@HR3BeL- C(O (CH2) 0- 1-N(R5) 2, (12) PCT/US2004/009751
-(CH2) 0-1-C(O (CH2) 0- 1-NR7R8, (13) -(CH2)0-1-0R5,
(14) -(CH2)0-1-OC(O RS, (15)
-(CH2)0-1-0-(CH2)1-2-N(R5) 2, 35 (16) -(CH2)0_1-CN,
-178 WD 2004/ 089307 PCT/ US2004/ 009751 (17)
-(CH2)0-3-N(R5)2, (18) -(CH2)0-3-N(R5)C(O R5, (19)

O R5) 2 20) -(CH2)0-3-N(R5)C(O OR5, 5
Ry S ’N(c%omé)z’ (557 IO

é?éHz o( l&(k@ﬁ &k 0- IN(R5) 2, (23)
- (HH2) O(fﬁszB@zﬁ(e@}oc?dloaﬁksaJ kyl, (24)

%:E @h@é O)2 C18alkyl (25)

2 (26) -(CH2)O- 1 5(0-R5, and (27)
-(@HZ) G(Clizaﬁﬁ)laalﬂ@l wher ei n phenyl, naphthyl, and
hg})er oa(rc)ﬁ )@Beﬁet%ﬁﬁpst ituted or subst ituted with one
t

t hree dependently selected fromR3, and
wik®r ei n( ZRQ/LII-C(QWI’ oal kyl and heterocycl oal kyl are

ubstddHQt) QLCQ@ ofybstituted with one to three groups
%pen@é(h cié ed from R3 and oxo, and wherein
& ) in R6 is unsubstituted or
sunst i t(lﬂ]I-Qd()WCl(@)(CHQ)OIlON@R/ﬁ)Q,gI‘ oups i ndependently
cte oxy, and Cl-4 al kyl, or
ei n&ﬁ\@é(?hb&éir(ggg@ 188% Her with the atons to which
tlﬁl@ ar@€Ht-a forma 3- to 7-nenbered nonocyclic

ri op Iocg ai ni ng an addi tional heteroatom
S((e{lgct e(t(?lrgr?fcj;!3 6 SKH N, wherein the nonocyclic

rihy |S%hb‘§i‘ﬁq}{&)b@1‘1\{§w§ubstltut ed on carbon or
niitgoge@mth.ae to three groups independently

SszﬁCt e&é%?t rnl\gg?)znd oxo0; 20 each R7 and R8 is
pen tted fromthe group consisting of
(1®hy dﬁ(ﬁ@em N®Y)Camirdi no,
(19)  «(CH2)1-3-N(C(O)R3)2,
(20)  «(CH2)1-3-N(R5)C(O)ORS5,
(21)  «(CH2)1-3-N(C(O)OR5),
(22)  ~(CH2)1-3-NRS)C(O)CH2)0-1N(RS)2,
(23) (CH2)1-3-N(R>)-S(0)-C] g alkyl,
(24)  -(CH2)1-3 N(R5)-5(0)2-C1-8 alkyl,
25) -(CH2)1-3-S-R,
26)  ~(CH2)0-1 -S(O)-R3, and
27)  -(CH2)0-1 -S(0)2-R,
wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three groups
independently selected from R3, and wherein alkyl, cycloalkyl and heterocycloalkyl are unsubstituted or

substituted with one to three groups independently selected from R3 and oxo, and wherein any methylene
(CHp) in R is unsubstituted or substituted with one to two groups independently selected from halogen,

hydroxy, and C1.4 alkyl; or wherein two R groups together with the atoms to which they are attached
form a 3- to 7-membered monocyclic ring optionally containing an additional heteroatom selected from
O, S, and N, wherein the monocyclic ring is unsubstituted or substituted on carbon or nitrogen with one
to three groups independently selected from R3 and oxo;

ris 1 or2; and
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(3) C1-4 alkylimnoyl, 25 (4) Cl1-10 alkyl, (5)
-(CH2) 0-1-C3-7 cycloal kyl, (6) -(CH2)O0-1-phenyl, (7)

WO ¢@HA3Be7L- napht hyl , and (8) -(CH2)O0-1- het er oBeUS2080009751
wher ei n phenyl, naphthyl, and heteroaryl are
unsubstituted or substituted with one to three groups
i ndependently selected from R3, and wherein al kyl and
cycl oal kyl are unsubstituted or substituted with one
to three groups independently selected fromR3 and

sis 0%Q@rz2each R9 is independently selected fromthe group
consisting of 35 (1) hydrogen, -179 WD 2004/ 089307
PCT/ US2004/ 009751 (2) Cl-6 alkyl, (3) -(CH2)0-1-C3-7
cycl oaliky! , Thétomfdu®dC1din{CR sélcbed B6MGHCIrod d@Milstingbﬁ)
- (CH2) 0- 1- phenyl, 5 (6) -(CH2)O0-1-naphthyl, (7)
- (CH2) 0- 1- het efs arx,{e (8) -(CH2)O0- 1@(:(9@@5 (9)
-(CH2) 0-1-C( O (10) -(CH2)O0-1- 10 (11)
-(CH2)0-1-C(O ) 0- 1- N(R5)Y2, (12)

-(CH2) 0-1-® O )0-1- NR7[¥8:  (H.3) ) 1- 3- OR5;
(14) -(Cl»h?j 5. 15 N o N
- (CH2) 1- 350 (. 5 1< 3-CN,

) -
(17) -(CH2)1-3-N(R5) 2,1
(19) -(CH2)1-3-N(C(O)[%
- (CH2) 1- 3- N( R5) C( O) OR5,
(22) -(CH2)1-3-N(R5) (O (I

20
(21) ). (CH2) 1- 3- N( c@o- 2,
)0- IN(R5) 2, (23)

- (CH2) 1- 3- N(R5) - S(O) - C1- & al kyl , F
Me al Me Cl
H
\n/N »
o]
Me Ci Me Cl
r\',\/:e BL_ r\',\fe >L_
N W N
R O T AU
7 b
F F
F F
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(24) -(CH2)1-3 -N(R5)-S(0)2-C1-8 al kyl, (25)
-(CH2) 1-3-S-R5, 25 (26) -(CH2)0-1 -S(O-R5, and (27)

WO ¢@HA3BeL - S(O) 2- R5, wherei n phenyl, napht hyl PCEIS2004/009751
het eroaryl are unsubstituted or substituted with one
to three groups independently selected fromR3, and
wherei n al kyl, cycl oal kyl and het erocycl oal kyl are
unsubstituted or substituted with one to three groups
i ndependent|y selected from R3 and oxo, and wherein
any methylene 8 (@d2) in RO is unsul uted or
substituted wth—g
sel ected from

wherein t oustoge er Wit K at ons t g&whi ch
they are ACT or m a-N3- Y ; rm yclic
ring opti ; nivag antg:jd?}\l 3 e oat om
sel ect ed from 0, S, dnd N, wherein the nonpcyglic
ring i s unsubstitutedrssybStituted on carBo F

nitrogen with one to th ! groups i ndepende

selected fromR3 and oxo;J35 r is 1 or 2; and 180
WO 2004/ 089307 PCT/ US20047 009751 sis lor2. 11F The
orapna@muﬁuiugaﬁcc@ﬂmﬂma%&@dfect ed fromthe group
consisting of. C M M NN O/ FOF FF MCUd
M Cd HH NNNNON)IaON)I"'OFOF 5 FF M

G Me @RB. Me Thicoripopnd\ofNCIMmNI0QelNeied from@hd\rdup Gnéisthag@r:F
F F -181 WD 2004/ 089307 PCT/ US2004/ 009751
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C M C M ~NN~-NNYL ONON OFOFI I FF or

a pharmaceutically acceptable salt thereof. 12. The

w@ eovposasa7 of Cl aim 10 sel ected fromthe group PCT/US2004/009751
consistingof. Q NOONTOCNHNOFCF 5FF\~

~1 >N NNONN OOFOFI I FF - 182 W

2004/ 089307 PCT/ US2004/009751 C1 C }-N~t >N ON
NO1l1, NN FoF FF G HNN ON

Ci
Cl
-

0O N, &><L >F-N ;>41
o . g/ F
F

Ci

) N .
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ONHN (r) FOF FF CIN H\OON N?", 40~ O F
OF | FF Hy, , HHNOON OY: i | FOF FF

WO 1®3/084302004/ 089307 PCT/ US2004/ 009751 / H dNeC®UBL064/009751
NHNNOF OFF FONYNN NONI

aw

NH
N
A j% ’ )i
o 0
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-0 FOF FF HNNN O\ NON(r) OFOF FF N
NN ONNHO OF FF -184 WD 2004/089307
WESDLBB004/ 009751 \\~~ H\\// N NN O N O NIPEI/US2004/609751
OF FF O NN-NNIIIIIINOOOFOFFF ON
‘\~%ONHW NN NHS (r)F(r) FFF NNNNN 0 ON
OF

Br
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Il O F O Br -185 WO 2004/089307 PCT/ US2004/ 009751 O
NHNN Ok~ NN and ) ~-OTOFOF FF or a
w@baansseut i cal |y acceptable salt thereof. 13.Pdmnes2004/009751
compound of Claim12 which is selected fromthe group
consisting of: ~~-N ~-NNNOt". FOF 5FF d O
4,t ~(r) NV N \ ONF/ NOFF\r I F - 186 W
2004/ 089307 PCT/ US2004/009751 HN NN N/ ONOFOF
\Io\d

)\rﬁ o R
):0 \c“) F IL F

or a pharmaceutically acceptable salt thereof.

13. The compound of Claim 12 which is selected from the group consisting of:
- \
N N_ . o N_
o%_ b ’ b ’
O F 0] i F

F F

; N
F ™ ’
N O F
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FF OHNand NONNEkK~t ~F\ ~OO F OFF N NN
~=0OOF F or a pharmaceutically acceptable salt
wo banegf307 5 14. The conpound of C ai m 13 whi chPCBUS2004/009751

187 WO 2004/ 089307 PCT/ US2004/009751 ON N", OF

F or a pharmaceutically acceptable salt thereof. 15.

The conmpound of daiml13 whichis: NN NOOF 5F

or a pharmaceutically acceptable salt thereof. 16. The
compound of Cdaiml1l3 whichis: 0 N--NNCO \-OOF

O
" - va
N >'N N
N R\ y N “\\\ ’

T i © b i
o F o] F

F F

HN N

, and

or a pharmaceutically acceptable salt thereof.

14. The compound of Claim 13 which is:
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F 10 or a pharmaceutically acceptable salt thereof.

17. The conpound of Caim13 which is: - 188 WO
wQeoBeB07 PCT/ US2004/ 009751 N "N N ) =0 LLFPCHUSWD4/609751

pharmaceutically acceptable salt thereof. 18. A

conmpound of structural formula VI: RA1 RA R4 Zrr

ll<a, oc PS YR2 (-WO0O5 (VI) or a

pharmaceutically acceptable salt thereof; wherein a,

b and c are all single bonds or all double bonds; 10 W

I's independently selectedyfromthe group consisting of

(1) O, (2) NRLO)g and ) C(R10)2; 15 X and Y

g R6)-, Qr,one of X and Y

sel ect ed m t he group

N(ReN, (3) (O, 20

is C(R6)2 and the o
consi sting of (1)
(4) C=N(Re6) (5) oxyge

or a pharmaceutically acceptable salt thereof.

15. The compound of Claim 13 which is:

N
o Ny
0] i F
]
F ;

or a pharmaceutically acceptable salt thereof.

16. The compound of Claim 13 which is:

)N): T
0o

or a pharmaceutically acceptable salt thereof.
17. The compound of Claim 13 which is:
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-189 WD 2004/ 089307 PCT/ US2004/ 009751 (6) sulfur, (7)
S(O, and (8) S(O2, or one of X and Y is N(R9) and

wo bw4os43er i s sel ected fromthe group consi stipPgr/o§2005009751
(1) AR6)2, (2) O, (3) C&NR6) (4) S(O, and (5)
S(O 2, 10 or one of Xand Yis C(O and the other is
sel ected fromthe group consisting of (1) C(R6)2, (2)
N(R6), (3) oxygen, and (4) sulfur; 15 Z is
i ndependently selected fromthe group consisting of
(1) CH (2) C(R1), and 3) NN 20 RL is selected from
the group consisting of hydr ogen, (2) am di no,
(3) -(CH2)n-NR7R8, 25 Cl-4 al kyl,i mi noyl, (5)
Cl- 10 al kyl, (6) -(CH2) cycl odkyl, (7)
- (CH2) n- phenyl, (8) -(C , and 30 (9)
-(CH2) n- het eroaryl, ereilg pgenyl , Jnapht hyl, and
heteroaryl are unsubsti®Nuted offf supstituted with one
to three groups indepquﬁﬂtl 2ciE&d fromR3, and
wherei n al kyl and cycl oal kyl are ubstituted or
substituted with one to three gr s i ndependently
sel ected from R3 and oxo; F

>

or a pharmaceutically acceptable salt thereof.

18. A compound of structural formula VI:
R4
4 b R4 IR‘l
R (2 |

\ r

a\ 5

\l/\ N RZ
X-W 9,

or a pharmaceutically acceptable salt thereof;
wherein

a, b and c are all single bonds or all double bonds;

W is independently selected from the group consisting of
1) CO),
()  NRI0),and
3)  CRIOy;

X and Y taken together form —C(R6)=C(R6)-, or
one of X and Y is C(R6) and the other is selected from the group consisting of

(1)  CRO),
(2)  NERY),
3)  C),
(4)  C=N(RS)
(5)  oxygen,
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35 R2 is selected fromthe group consisting of (1)
phenyl, - 190 WD 2004/089307 PCT/ US2004/009751 (2)

wmaphosssh7 and (3) heteroaryl, wherein phenyl ,PCT/US2004/009751

napht hyl , and heteroaryl are unsubstituted or
substituted wth one to three groups independently
selected fromR3; 5 each R3 is independently sel ected
fromthe group consisting of (1) Cl-6 al kyl, (2)

- (CH2) n- phenyl, (3) -(CH2)n-naphthyl, 10 (4)

(@-IZ) neultet, eroaryl, (5) -(CH2)nC2-7 heterocycl oal kyl,

)7 %}@ﬁ% 7 cycloal kyl,” (7) halogen, (8 ORS, 15
6 - ( R5)2, (10) -(CH2)nC=N, (11)
((@)—lz)nﬁmns (12) N02, (13) (CH2)nNR58(O)pR5 20

or oné %@Q’j‘é degg %ggr 1§( W%gég%’éﬂjﬁ%%’ﬁsﬁ(ﬁ(l ﬁgt of %28)

(@le) O RS, 25 (19) -(CH2) nNR5CO2RS, (20)
n%‘% O -heteroaryl, (21) -(CH2)nC(O NRSN(R5) 2,
f%{%q O NRSNRSC{ O) R5,  (23) O( CH2) nC( O N( R5) 2,
30( 24)C (25) CH2CF3,

@ S(0), and

) SO,
or one of X and Y is C(O) and the other is selected from the group consisting of
1) CROY,
(2) NS,
3 oxygen, and
“) sulfur;

Z is independently selected from the group consisting of

(H CR,
2) CRD), and
3) N;

Rl is selected from the group consisting of
n hydrogen,
2) amidino,
(3)  ~(CH2)n-NRRS,
(G} C1-4 alkyliminoyl,
(3> Ci-10alkyl,
©) -(CH2)n~C3-7 cycloalkyl,
(1) -(CH2)n-phenyl,
@ -(CH2)p-naphthyl, and
€)) -(CH2)p-heteroaryl,

wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three groups

independently selected from R3, and wherein alkyl and cycloalkyl are unsubstituted or substituted with

one to three groups independently selected from R3 and 0X0;

R2 is selected from the group consisting of
03 phenyl,
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(26) OCF3, and (27) OCH2CF3, wherein phenyl,
napht hyl, and heteroaryl are unsubstituted or

wGeaipsnseut ed with one to three substituents 3BCT/US2004/009751
i ndependent|ly sel ected from hal ogen, hydroxy, Cl-4
al kyl, trifluoronethyl, and Cl-4 al koxy, and wherein
al kyl, cycl oal kyl, heterocycl oal kyl, and (CH2) are
unsubstituted or substituted with one to three -191 WD
2004/ 089307 PCT/ US2004/ 009751 substituents

| peqlq i1Yapg€el ected from hal ogen, hydroxy, oxo,
Q@I)e ﬁﬁ }l%/arnlfl uoronethyl, and d -4 al koxy, or

ei ﬁle ¥bubst i t uents when on the sane net hyl ene
where{r(piid)y10daphifyladim HeRlRry1 e gaiubaituted bisubitih@eCwitbe? tathdd8 groups

ttached to f I I
lndepa\%S‘g}/E/ Se@“&‘ﬂ’%m%z?eu 2 i ﬁgegendgnt Io;/mSZI gzsegp; ?g?/n t he
group consisting of (1) hydrogen, (2) Cl-8 al kyl, (3)
10 (5
each RE{ %&ﬁenﬁ&?@%@gﬁte%ﬂ? &Q%&lﬁ%@é &y het er oc§/cl) oal kyl ,
'f}) &7 cycl oal kyl, (8) hal ogen, (9) CRS, 15
(J(®>) (@mﬁ&wﬁﬂzis)(l(l)c@)(cggg)céy &421; N2, 20
- n - n , :
(%g’;a-('g!%ﬁﬂﬂ%’&y)p%, (16) - ( CH2) nN( S(O) pRS) 2,
(13 - (-CPR)aBégppd.R5) 2, (18) -(CH2)nS(O pR5, (19)

SN e (9 SN,
B Ey- 7ﬁ1§%‘@}1@£r yl, " (24) -(CH2)nC(O) NRSN(RS) 2,
@) halogen,

(8)  ORS,

9 -(CH2nN®RS),

(10)  ~(CH2)sC=N,

(11)  -(CH2)sCO2R5,

(12) NO2,

(13)  «(CH2)pNRSS(O)pRS

(14)  «(CH2)pS(O)pN(RS)2,

(15)  «(CH2)pS(O)pR3,

(16)  ~(CH2)nNRIC(O)N(RI)2,
(17)  «(CH2)nCO)NRI)2,

(18)  «(CH2)nNRSC(O)R,

(19)  -(CH2)pNRSCO2R5,

(20)  -(CH2)nNRSC(O)-heteroaryl,
1)  -(CH2)pC(O)NRSN(RS),
(22)  -(CH2),C(O)NRSNRSC(O)RSY,
(23)  O(CH2)nC(O)NR>)2,

(24) CFs,

(25) CHaCFs,

(26) OCF3, and

(27)  OCH2CF3,

wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three substituents
independently selected from halogen, hydroxy, C1-4 alkyl, trifluoromethyl, and C1-4 alkoxy, and

wherein alkyl, cycloalkyl, heterocycloalkyl, and (CH2) are unsubstituted or substituted with one to three
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30 (25) -(CH2)nC(O NRS5NR5C(O) R5, (26)

A CH2)NC(O N(RS)2, (27) CF3, (28) CH2CF3, (29) OCF3,
w@eah4/08807 30) OCH2CF3, - 192 WD 2004/ 089307 PCT/US2004/009751

PCT/ US2004/ 009751 wherei n phenyl, naphthyl, and

heteroaryl are unsubstituted or substituted with one

to three substituents independently selected from

hal ogen, hydroxy, Cl1-4 alkyl, trifluoromethyl, and C

1-4 al koxy, and wherein alkyl, cycloal kyl,

substifRh® RIe Yl QRly Yk oteBidhn b , Bafoxy X8 et by ieditRbromethyl, and C1.4
substi tut ed th o o three substituents

h one_t .
alkoxy,rpa Shersmde |s‘¥s.§télplgavgedl qoyt aﬁxgmg:&gllﬁne %)Wp ag:rxtélgen together with
the catBonthicih fWhhicH thdyf drdi SRRt ¥rm a%?go;tg)pﬁ grou@l koxy, or

wherein two substituents when on the sane net hyl ene

(CH2) group are taken together with the carbon atom
each RbisWidepdndehiBysclacted frbrh arheshptcondigingon cycl opr opyl

gr Qyp; hegrcoh R5 is independently selected fromthe

group cOnsFet ng of (1) hydrogen, 10 (2) Ci-8 al kyl,

(3P - (&3 ks 7 cycloal kyl, (4) -(CH2)nC2-7

hﬁgﬁr?cmg plsth (1?(_7)( CH(Z)cEl_zg)heﬂylt' 0yl and (8)

- n- : - n- heteroaryl, an

- (@:E) n'&fgl-'algnﬁf‘%wg’oal kyl, wherein alkyl, phenyl,

haber oatGiy)yhetewagtycl oal kyl , napht hyl, cycl oal kyl

bi cycl o I unsubstituted or

su@s/t i t-@@n%?ﬂetérﬁg@ogﬁz&ﬁr ee groups i ndependent!y

sellkct etCHDob3-Raydepdlyl. C1-4. al kyl, hydroxy, and Cl-4

al koxy,, or erein two R5 groups together with the

at(gfntoha%%?ﬁé\ﬂ they are attached 20 forma 4- to

8-@enbePBY nono- or bicyclic ring system optionally

cambdyi NHCK)aNEgi ti onal heteroatom selected from O,

S,,;and -l* -4 alkyl; each R6 is independently

se(l1 ct é&élﬁ)%ﬁ’he group consisting of (1) hydrogen,

25122) -GHH@RPR), (3) - (CH2)nC3-7 cycl oal kyl, (4)

- ( ) n gcycl oal kyl, (5) -(CH2)n-phenyl, (6)

-(% ﬁ%ﬂ?ﬁ@?’

n-n
) O

(15)  «(CH2)nNRIS(O)pRS,

(16)  -(CH2)pN(S(O)pR3)2,

(17)  -(CH2)nS(O)pNRS)2,

(18)  -(CH2)nS(O)pR3,

(19)  ~(CH2)sNRIC(O)N(R3),
(20)  -(CH2)nC(O)NRS)2,

(21)  «(CH2)nNRSC(O)R5,

(22)  -(CH2)pNR5CO2RS3,

(23)  -(CH2)pNR3C(0)-heteroaryl,
(24)  -«(CH2)yC(O)NRIN(RSY,,
(25) «(CH2)n,C(O)NRSNRSC(O)RS,
(26)  O(CH2)nC(O)N(RS)y,

(27) CFs,

(28) CH»CF3,

(29) OCF3, and

(30) OCH)CF3,
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30 (7) -(CH2)n-heteroaryl, (8) -(CH2)nC(OR5, (9)
-(CH2)nC(O OR5, (10) -(CH2)nC(OH)R5, (11)
WO B33 O) (CH2) n- N(R5) 2, 35 (12) PCT/US2004/009751

-(CH2) nC(O) (CH2) n-NR7R8, (13) -(CH2)n-OR5, -193 WO

2004/ 089307 PCT/ US2004/ 009751 (14) -(CH2)n-OC(O R5,

(15) -(CH2)Nn-O (CH2)n-N(R5) 2, (16) -(CH2)nCN, (17)

-(CH2)NN(R5) 2, 5 (18) -(CH2)nN(R5)C(O R5, (19)

-(CH2)NN(C(O R5) 2, (20) -(CH2)nN(R5)C(O OR5, (21)
wheref]r_l( %%%%%l%@a%@&%’gﬁﬁygﬁ%uﬁ&igf@t%Rﬁﬂsg@d(v@f) HonB ¥ fRRb Bubstituents
el g kS S DOERIS Tt Bl Sferoptd s gt n
where{n24y1, < <Tb2iyl 18(e)cy Boalkydradd (CIZD)are (nDrB)ituic® (O uLstRBted With one to three
substit\l{}grg{I @g‘%l)le?%t%{ei% Lelec%ﬂqg)st Ia{l%?lggg%g?% %%& %rlﬂ alB1 Srifluoromethyl, and C1-4

) or su ne to t'hree rouPs i
alkoxy, peiehrsein ét supstieaniscyhed op thrpmrgmethilgne f¢diog gwuaﬁlregak?n ogether with

the calg)éﬁ étt(a?'ltté wglgﬂ\%lge%/ prARCIg e 1%&41 KX&ol%ﬁaﬁrﬁ%&gSt ituted or

h one to three qgr pendent |y
sel ected from R3 and oxo, and wherein any nethyl ene

each R3GEEtependdRBly kSlecdistRS tht Lidhp doRistisgidrst i tut ed wi th one
to two groups independently sel ected from hal ogen,
hibr ox Y49 d C1- 4 al kyl, or wherein two R6 groups
t 6¥et héi-gdlkh, t he atons to which they are attached 20

fefym a_ =l BRRLEd nmonocyclic ring optionally
cgn)t ai n(l%r?zt)rén?’ Fég% tﬁ(gﬁal het er oat om sel ected from O,
S®and “(CHwfeehsterprsloaHocyclic ring is unsubstituted

0K5)s UbStGHYL-BkEngn Car bon or nitrogen with one to

ég{})ﬁeRg{cgﬁgﬁ_ﬁlg}%ﬁ@Pendent ly selected fromR3 and oxo;

i ndependent |y selected fromthe
grioup c@E®)shetagargl, and25 (1) hydrogen, (2) am di no, (3)

Cgft aloth N 0¥teycloaliy,
wherein alkyl, phenyl, heteroaryl, heterocycloalkyl, naphthyl, cycloalkyl, bicycloalkyl and (CH?) are
unsubstituted or substituted with one to three groups independently selected from halogen, C-4 alkyl,
hydroxy, and C1_4 alkoxy, or wherein two RS groups together with the atom to which they are attached

form a 4- to 8-membered mono- or bicyclic ring system optionally containing an additional heteroatom
selected from O, S, and -NCj_4 alkyl;

each RO is independently selected from the group consisting of
n hydrogen,
(2)  Cr-ealkyl,
3 -(CH2)nC3-7 cycloalkyl,
G)) -(CH2)C2-7 heterocycloalkyl,
(5)  -(CH2)p-phenyl,
(6) -(CH2)p-naphthyl,
@) -(CH2)p-heteroaryl,
(8)  -(CH2)nC(O)RS,
(9  -(CH2)4C(O)ORS,
(10)  ~(CH2)nC(OH)RS,
(1) «(CH2)uCO)CH)nNR)2,
(12)  ~(CH2)nC(O)(CH2)n-NR7RS,
(13)  -(CH2)n-ORS,
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(4) CG-10 alkyl, (5) -(CH)n-C3-7 cycloal kyl, 30 (6)
-(CH2) n-phenyl, (7) -(CH2)n-naphthyl, and (8)

WO ¢@Ha3sehet er oaryl , wherei n phenyl, naphthyl , Perts2004/009751
heteroaryl are unsubstituted or substituted with one
to three groups independently selected fromR3, and
wherei n al kyl and cycl oal kyl are unsubstituted or
substituted with 35 one to three groups independently
sel ected fromR3 and oxo; - 194 WD 2004/089307

Pgl;(l)n SZ%O%%Z%5 each RO is independently sel ected

consi sting of (1) hydrogen, (2) Cl-6
al(k%)l -6CH23)- O(@@zﬂyﬂ@)z cycl oal kyl, (4) -(CH2)nC2-7
I 5 CH2 h I 6
;%?ﬁ%@%ﬁﬁé ( ) §CH232 ﬁe?gﬁloargl) 10 (8)
BPr) n§ 1) (CH2) nC(O) OR5, (10)
o) e O PR RIRD, 15 (1) - (02 nwcks, (14)
n m
%@g n&@@ﬁé@%&l -(CH2) I n-O (CH2) n-N(R5) 2,  (16)

((EBIZ) n(cvﬂiz)ﬁn(R)S)C(oomé m\( R5) 2, 20 (18)

g{%@g)z( 19) -(CHR2)MN(C(O R5) 2,  (20)
g% (21@ (CH2) m\( C(O) OR5) 2, (22)
((229I2) 2; 25 (23)

NGK5QS e Bg ak (24)
'%2 ) M%nN&(S%%O 1883a*1yif/y'

25) ~(CH2)p-S-R3,

26) ~-(CH2)p-S(O)-R5, and

(27)  «(CH2)p-S(0)2-R5,
wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three groups
independently selected from R3, and wherein alkyl, cycloalkyl and heterocycloalkyl are unsubstituted or

substituted with one to three groups independently selected from R3 and oxo, and wherein any methylene
(CH?) in RS is unsubstituted or substituted with one to two groups independently selected from halogen,

hydroxy, and C1_4 alkyl, or wherein two RO groups together with the atoms to which they are attached

form a 3- to 7-membered monocyclic ring optionally containing an additional heteroatom selected from
0, S, and N, wherein the monocyclic ring is unsubstituted or substituted on carbon or nitrogen with one

to three groups independently selected from R3 and oxo;

each R7 and R8 is independently selected from the group consisting of

)] hydrogen,

2) amidino,

3 C1-4 alkyliminoyl,

4 Ci-10alkyl,

») -(CH2)n-C3-7 cycloalkyl,

(6)  -(CH2)n-phenyl,

@) -(CH2)p-naphthyl, and

®) -(CH2)p-heteroaryl,
wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three groups
independently selected from R3, and wherein alkyl and cycloalkyl are unsubstituted or substituted with

one to three groups independently selected from R3 and oxo;
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(25) -(CH2)m S-R5, (26) -(CH2)n-S(O-R5, and (27)
-(CH2) n-S(0) 2-R5, 30 wherein phenyl, naphthyl, and
whedoengmnyl are unsubstituted or substituted wWaTUs2964/009751
to three groups independently selected fromR3, and
wherei n al kyl, cycl oal kyl and heterocycl oal kyl are
unsubstituted or substituted with one to three groups
i ndependently selected from R3 and oxo, and wherein
any nethylene (CH2) in RO is unsubstituted or
substitut ed wth one to two groups independently
| ected fromhalo hydr oxy,. and Cl1-4 al kyl; or
cach is independepsl y@eﬂ?‘%%% W@@%‘PHQ‘FSIWGH the atoms to which
t ey angdagégched 35 forma 3- to 7-nenbered
m:(Q)ocycd Hng optionally containing an additional
het'er oato eI’ ected from -195 WO 2004/ 089307
P&3Y USZ@iTZ)ﬁ@}}?SXCIQﬁlkYS and N, wherein the nmonocyclic
rl(mg | S(CHDHOSY htdoeftiRAlkysUbSt i t ut ed on carbon or
%roge I¥v|th on to three groups independently
sé ket eff ZPeﬁP%‘ 'and oxo; each R10 is independently

se€bect e(CHy)pmmiHie1,gr oup consisting of 5 (1) hydrogen,

(2) - Cl, G al (O -Cl-6 alkyl, and  (4)
g‘%’o @{%%?‘(tﬁflmg"mrlsl or 2, Sis lor 2, nis
0,81, Z(C@z)n@(O)R%ls 1, 2, or 3; and pis 0, 1, or 2.

139)19. é@@goﬁgr the treatnment or prevention of
dlsorders | seases or conditions responsive to the

addPvat{Gi) Q?J(QI'HB nel anocortin-4 receptor in a manmal
| mmeed@;hgw@xaﬂmg&w(mi;gprl ses admnistering to the

rrma gqﬁ eé [ c % gOr prophylactically effective
t according to Claim1l. 20 20. A
nelihod {@H2)EHeR reat ment or prevention of obesity in a

I s geof which conprises adm nistering
(o Phe THIAEFICAIRS

to t’he er aﬁeutl cally or prophylactically
ef@®ct | HHAMMEED- ¥R 2onpound according to C ai m 1.
29181 & p;? {jagd for the treatnent or prevention of an
obesi ty-related.di sorder selected fromthe group

cdhd st KQEZ)GIN(%@& eating, binge eating, and bulim a,

hy(m&)rt e(CHPRLN@EMEeRes, el evated plasma insulin
ent Ne) [\psul i n resistance, dyslipidem as,

hy(p rli E Iik]Zc(dgﬁd@rnet rial, breast,

(20) -(CH2)1nN(R5)C(O)OR5

21 «(CH2)mN(C(O)ORSY,,

(22)  ~(CH2)mNRS)C(O)CH2)pN(RS)2,

23)  -(CH2)mN(RS)-S(0)-C1-8 alkyl,

(24)  -(CH2)mN(R5)-S(0)2-C1-8 alkyl,

25) ~(CH2)m-S-R5,

(26) -(CH2)n-S(0)-R5, and

(27)  «(CH2)n-S(0)2-R5,
wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three groups
independently selected from R3, and wherein alkyl, cycloalkyl and heterocycloalkyl are unsubstituted or

substituted with one to three groups independently selected from R3 and oxo, and wherein any methylene
(CHp) in RY is unsubstituted or substituted with one to two groups independently selected from halogen,

hydroxy, and C1-4 alkyl; or wherein two R9 groups together with the atoms to which they are attached

form a 3- to 7-membered monocyclic ring optionally containing an additional heteroatom selected from
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prostate and col on cancer, osteoarthritis, obstructive
sl eep apnea, cholelithiasis, gallstones, heart
waele@eas®s)7 abnormal heart rhythns and arryt hm B&T/US2004/009751
nmyocardi al infarction, congestive heart failure,
coronary heart 30 di sease, sudden death, stroke,
pol ycystic ovary di sease, craniopharyngi oma, the
Prader-WIIli Syndrome, Frohlich's syndrone,
GH deficient subjects, normal variant short stature,

0, S, AN &fheRirSHE QlBﬁUE?ehcqﬁfg abRlshsticuBRA 5eHIBrutell B Bdrbdh or nitrogen with one
resi st ance sexu?l and reproductive

to thrﬁﬁcfu@ﬁ@émﬁgenﬁﬁﬁ%%d|frw MFgonadi sm hirsutism
obesity-related gastro esophageal reflux, Pickw ckian

dr qme r disorders inflannation,
each RIS g ity ST BF bR 208660 of ur e,
aKthri¢s¢b3ﬂ05|s hyper chol esterol em a, 35

hxpprurcg@qm@p, Iomer back pain, gall bl adder disease,
og} Vmﬁgadh cer, cardiac hypertrophy and -
$ d?‘PCT/USZOO4/009751 | eft ventricul ar
hyper t r-8(@hy-Ciiguliglmanmmal i n need t hereof which
conprises adm nistering to the manmal a
t herapeutically or prophylactically effective anount
ris ofl @2¢conpound according to Claiml1. 22. A method for
tqe ‘breatnent or prevention of diabetes nellitus in a
mammal in 5 need ther eof conprising admnistering to
nis t Weli¥amhdil a therapeutically or prophylactically
mis ©fif 8ckBY&g anount of a conpound according to Caim 1.
. ‘A nethod for the treatment or prevention of nale
Pis o, {<¥dl e sexual dysfunction in a manmmal in need
thereof conprising adnministering to the nannal a

tal'r‘ne)Lﬁ{) t ic a‘%g‘ﬁi&ﬁlﬁ)& ﬂﬁg@%@ﬁ%ﬁr}%%{'e&g Iolgly ﬁ? igor ?ﬁ dlsﬁ\ases or conditions

respomB'BtehOJ mefamvatlbteoﬁth@aﬂmmlmﬁ rgeptoeinta roamrod] ireneed _the_teef which comprises

. [
i B b P A B ST P compound
wxmﬂm@ﬁﬁywﬁbklcally effective amount of a conpound

according to Caim1. 15 25. A pharnaceutica

conposition whi ch conprises conpound _of Claim 1 and

a pharffaceut ey fpr %é@ﬁtﬂ?% & PEEFR}oB Of Obsgity Hpggnammal in need thereof
Whiclﬂ:h)&ipm atinin®sadring e fiiinln thiragdudtaity 2bpiopliylideecally effective amount of a
comnSOTRLL Sk mQHmnPPnd active 20 ingredient selected

PPPORT T he %roup consisting of an insulin sensitizer, an
|nsuI|n m metic, a sulfonylurea, an a-glucosidase

i nhi bi tgr, aA }‘rje!hml f3r %eﬁ%%&%?&eﬁt%'o@ het Sesity3related dlsorder selected

serotonerg ent, a ( 3-ad renoreceptor ag oni st ,
from %gmgb é?ﬂS}Sa%g ovgrﬁgtglgdﬂlpgteatlrg Mﬁu&;ﬁ%p}/mgenﬁ@n, dlabetes elevated

plasnﬁﬁﬁsﬁ@@éﬁnﬁéntraﬁoﬂg ARG Mdsistndd, ﬂﬁaﬁpldmﬂm biyp&lipidednia, endometrial, breast,
noi d

t
pros A EBIon Sy e PP LGRSt AP HOr i i aptones, hear discase,
abnoranl lzgo nhyslims ad bopthagis myceadipt wfargiohs oppges@vedgamniasitine, amchary heart

dlsea% glﬁéreglLdguPi caFQ %&MSI ?ﬂgﬁh&: secﬁénigg%y-ﬁg%mta the Prader-Willi Syndrome,
Frohlishg5y1idsemgy Gil-deficisnicsublests, wermal magraatisheristatied, & emerds fyndpeme, metabolic

syndrBllﬂ@ ngs'hﬁﬁ‘ RsRARS! s$hdréife, Qéxuﬁ‘l an¥ P@réﬂu%ld&ﬁ’n%n st @aly, Mogonadism,
hosphodi est erase i.nhi bitor, a2-ad renergi c,

hirsutig, g By et Spphagsy re&%&’;&%l@%ﬁ@fﬁf@% fifrdioxgpeulgr disorders,
inflanfndtivh w9 stemic mmmaﬁanﬁ@ ofth€ ¢dstllgudysfetiogier@ i, hypehdsleirelemia,

hyperuHcaem%dlonere lgacg pain, gallbladder disease, gout, and kidney cancer, cardiac hypertrophy and

S is
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conprising admnistering to the mammal a
therapeutically effective anount of the conposition of
w@b@u89325. 29. A nethod of treating erectil e PCT/US2004/009751

dysfunction in a mammal in need thereof 35 conprising

adm nistering to the manmal a therapeutically

ef fective anount of a conpound of Claiml in -197 WO
2004/ 089307 PCT/ US2004/ 009751 conbination with a type

V cyclic-QAW-sel ective phosphodi esterase inhibitor, an

left ve"i’lglcﬁl(é’lr ﬁ)g‘)@fn% &y, 51?@1%9{51951 in ACH ALY Sthich @bmpriHORATHINBFLY 6 the mammal
met hod of treating diabetes in_a &Rﬂ@mi
t q .

athe“}Pﬁ“tf?é]éﬂOftHﬁ%ﬂ@@?tl%ghﬁﬁf?‘%‘i’%@m“ét ORPINd 2roogling
manmal a therapeutically effective anount of the

bout 1921 1 A RGO 1R CrRB R BB Sh et A a mammal i
need thﬁmfmpmpemmg@lntimjstbﬂit@ torthenmimnael & erappeistllyceriprgphylactically effective

f ' jcomposi tion of Caim?25. 10
anmm%g%?%&ﬁ%?g%%ﬁ%@hgﬁéga?ﬁg di abetes or obesity in a

mamal in need thereof conprising adm nistering to the

rramml 28. t hex ABAUA ip ﬁleltﬂéatﬁ‘feﬁﬁﬁtpte\#@ntﬁ%ﬂﬁﬁle of feﬁlale sexual dysfunctlon

ound 0 aim1 in cqonbination wt n
ina “’§’é‘ﬁ’§ ipngedt Lerﬁ‘g cPRETTREAdRIEETRE to ?eé‘ﬂﬁ“fnlﬂlﬂfz all?FaBS““C
prophgla@icaltyefedeteenmauntif Ricbpouna adddtdifgnd Alanduct ase
inhibitor, a serotonergic agent, a (33-adrenoreceptor
agoni st, a neuropeptide Y1l antagonist, a neuropeptide
Y5 ant aego ni sk methogfon thedrgetment arpeeyention lof ¢eatide dysgunction in a mammal in
need HABHRBMPALRL AnifiBerlnd 16 ARARmA Qttl%%@ﬁtﬁzﬁll}%r préPiShSRally effective

agoni st, or a nel anin- concentratlng hor none recept or
aﬁww%ﬁfé@@ﬁﬂ@Wdm&¢”§@ﬁ%8¥?ﬁ receptor subtype 3 agonist, or
a ghrelin receptor ant agoni st. 33. The conpound of

Claim ein the armaceut | acceptab

Chor 601531 o ChEM PSR Sraateh e e SEREBRR g8 Sl 1 and a
pharnateuGtaiyracddtableeneien t he pharnaceutically acceptable

salt thereof is the trifluoroacetic acid salt. 35. The

use of a conpound according to Claim1 for the

manuf acbur e Bfe pharpBeaytien! eampasitiop eEEigim 2 ofurtheyeomprising a second active

ingredi&rf® SR fr A thi 'gFo\éE @&isﬁﬁngﬁf aft nfihﬁl?&‘ﬁﬁtli@? Ghh &{s8h Mnettlb & sulfonylurea,
mel anocorti.n unman sub ect inn

an o-{ RGP G g or PGP R TG CraPRIaEC ABH By ssporeceptor
agonil S@ASPDePrii vt @chgbiist] H2urdpBitide ¥Gahtagdiish, apac@iioliphss inhibitor, a

cannagfﬁ @“éﬁdreée%g)?hﬁtgﬁ)nﬂf f?ve?s@,g, r?stt'ar}gelﬁfm Q&Q&txtaﬁm% hormone receptor

etes e séexua unction and f
antaggrastrathontbgsifi aeeptoronbty 373 ag‘ﬁhl@t amkn gledmrreliepigr antagOhia m 36,
wherein the nmal e sexual dysfunction is male erectile
dysfunction. -198 WO 2004/ 089307 PCT/ US2004/ 009751
38. TheTuse B Phargspgyges qomrasisioniohglaim 2 fughen cpmpiying higcond active

ingrediBl Ud18%dd i &n Bk gfbup consisting of a type V cyclic-GMP-selective phosphodiesterase
inhibitor, an ap-adrenergic receptor antagonist, and a dopaminergic agent.

28. A method of treating erectile dysfunction in a mammal in need thereof
comprising administering to the mammal a therapeutically effective amount of the composition of Claim
25.

29. A method of treating erectile dysfunction in a mammal in need thereof

comprising administering to the mamumal a therapeutically effective amount of a compound of Claim 1 in
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medi canment useful for the treatnment or prevention of
an obesity-rel ated disorder selected fromthe group
w@ongistdnhg of overeating, binge eating, and beXT/DBR)4/009751
hypertensi on, diabetes, elevated plasma insulin
concentrations, insulin resistance, dyslipidem as,
hyperli pi dem a, endonetrial, breast, prostate and
colon 5 cancer, osteoarthritis, obstructive sl eep
apnea, cholelithiasis, gallstones, heart disease,
combiﬁﬁl%ﬁ m!a AR I:ycli[:—@ﬁlh—@ cfl kﬁ?ﬂb}é HIAs inHI¥ittr 3 2ae{drenergic receptor
I nfarction, congestive hear al lure, coronary heart
antagagiss ©as dopaguibd@nagedeat h, stroke, polycystic ovary
di sease, crani opharyngi oma, the Prader-WIIi Syndrone,
Frohlich's syndronme, GHdeficient subjects, normal
var i anfVshor’ methed efrteating dizbetes i aspappy pbneedEicrieod poueprising
admin®WRHE & 8Be mamhall thérapRataaly ITERivE YRS BBthe 86 ¥éBkioR BLClaim 25.
reproducti ve dysfunction, infertility, hypogonadi sm
hirsutism 10 obesity-rel ated gastro-esophagea
refl ux31Pi clannetkbdsr tRytigy cba®ty i€ & freinadbia GBddathereof comprising
SR FEHE pabhl] RPN o Y ASIRLL A B il
hyperuricaem a, |ower back pain, gallbl adder disease,
gout, apd k '&ﬁ@%o&?ﬂ}%@%ng cﬁaﬁkflé% gﬁob'ayd%ﬁ b AR Aded ©f t

ventricul ar _hyper i )
thereof comprising administéring to the mammal a therapeutically effective amount of a compound of

Claim 1 in combination with an insulin sensitizer, an insulin mimetic, a sulfonylurea, an o-glucosidase
inhibitor, a HMG-CoA reductase inhibitor, a serotonergic agent, a $3-adrenoreceptor agonist, a
neuropeptide Y1 antagonist, a neuropeptide Y5 antagonist, a pancreatic lipase inhibitor, a cannabinoid

CB] receptor antagonist or inverse agonist, or a melanin-concentrating hormone receptor antagonist, a

bombesin receptor subtype 3 agonist, or a ghrelin receptor antagonist.

33. The compound of Claim 12 wherein the pharmaceutically

acceptable salt thereof is the hydrochloride salt.

34, The compound of Claim 12 wherein the pharmaceutically

acceptable salt thereof is the trifluoroacetic acid salt.

35. The use of a compound according to Claim 1 for the manufacture of a
medicament useful for the treatment or prevention of a disease mediated by the melanocortin-4 receptor

in a human subject in need thereof.
36. The use according to Claim 35 wherein the disease mediated by the
melanocortin-4 receptor is selected from the group consisting of obesity, diabetes, male sexual

dysfunction and female sexual dysfunction.

37. The use according to Claim 36, wherein the male sexual

dysfunction is male erectile dysfunction.
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38. The use of a compound according to Claim 1 for the manufacture of a
medicament useful for the treatment or prevention of an obesity-related disorder selected from the group
consisting of overeating, binge eating, and bulimia, hypertension, diabetes, elevated plasma insulin
concentrations, insulin resistance, dyslipidemias, hyperlipidemia, endometrial, breast, prostate and colon
cancer, osteoarthritis, obstructive sleep apnea, cholelithiasis, gallstones, heart disease, abnormal heart
rhythms and arrythmias, myocardial infarction, congestive heart failure, coronary heart disease, sudden
death, stroke, polycystic ovary disease, craniopharyngioma, the Prader-Willi Syndrome, Frohlich’s
syndrome, GH-deficient subjects, normal variant short stature, Turner’s syndrome, metabolic syndrome,
insulin resistance syndrome, sexual and reproductive dysfunction, infertility, hypogonadism, hirsutism,
obesity-related gastro-esophageal reflux, Pickwickian syndrome, cardiovascular disorders, inflammation,
systemic inflammation of the vasculature, arteriosclerosis, hypercholesterolemia, hyperuricaemia, lower

back pain, gallbladder disease, gout, and kidney cancer, cardiac hypertrophy and left ventricular
hypertrophy.

- 199 -



