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(534) Title: ACYLATED PIPERIDINE DERIVATIVES AS MELANOCORTIN-4 RECEPTOR AGONISTS

{57) Abstract: Certain novel 4-substituted- N-acylated piperidine derivatives are agonists of the hunf@in melanocortin receptor(s)
and, in particular, are selective agonists-of the human melanocortin4 receptor (MC-4R). They are therefore useful for the treatment,
B .control, or prevéntion of disesses and disorders responsive to the activation of MCR, such as obesity, diabetes, sexual dysfinction,
' including erectile dysfunction and female sexual dysfunction. i C o :
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synthesis, and their use as nelanocortin receptor (MC-R) agonists. Mre
particularly, the conpounds of the present invention are selective

agoni sts of the nelanocortin-4 receptor (MC-4R) and are the?&uysi?88t ul for
t he treatwent/ahssdi sorders responsive to 10 the activati oprOfisdylesAR such
as obesity, diabetes, male sexual dysfunction, and female sexual
dysfunction. BACKGROUND OF THE | NVENTI ON Pr o- opi onel anocortin ( POVQ)
derived peptides are known to affect 15 food intake. Several |ines of

evi dence support the notion that the G protein coupled receptors (GPCRs)
of the nela ort| n receptor @-R) famly, several of which are expressed
in the brai M@N‘g POMC derived peptides involved in the

control of MAMBE@E@MBMV%MMM@C@@T@N Epgbpmay . be
targeted . g%(@gf? ntrol of obesity has not yet been identified, although

evi dence ha presented that MC-4R signalling is inportant in
nmedi ating feed behavior (S.Q Graudo et al., "Feeding effects of

hypot hal & cortin-4 receptor ligands,"” Brain :
Resear ch, 85 QB%E@W@ vi dence for the involvenent of MC-R s in
obesity includes: i) Thepragsinvenfigi reldtenpusglasdipiferidateairioativey, xipr esses
an ant agoni ginidsist Ra gating that

bl ocki ng th%:actsison ,I?}{QIkllll%sae tﬁlgg%é&wg%ptéﬁﬁhﬁ% 1@2’1%?1%3& M Bﬁ%‘gl §I1<yand
met abol i ¢ d§sPEPPYRdsgf tharessrt lysaleare sflewivepg Om%pétheenelamocmu{—}éll 88:
131- 141 ( 198E)ptof @IGRIR)Hha ke tthel%bp h@é?@ltﬁépﬁmqlfeaﬁl%t ag@i%fde&%g%%n&@éﬂt o hese
m ce ar Obgiﬁ tl| I I(% %S& cI| Fe&{ag MI-11 (a non-selective MC-IR
- 3R, dc Qﬁ% 881 Inflieheler alo vatel BEtingieny apdov) in
rodents, refﬂm@ssdxuaﬂcﬂy@ﬁ)uwﬁm:ake in several aninmal feeding nodels (NPY,
ob/ob, agouti, fasted) while ICV injected SHU-9119 (M>3R and 4R

antagoni st; MC-1R and -5R agonist) reverses this effect and can induce
hyperphagla BAGKHCGREUN OF THE NYENTO®RI treatment of Zucker fatty rats

Wi th an a- NDP- MBH der pyag oﬂ&ﬁ ﬁh@%gwéﬁgﬂﬁﬂ%aﬁdﬁ%ﬂ%ﬁtvﬁ& MC- 1R,

-3R, -- ﬁ -5R and to attenuate I'nt Wt gdin-over a
12 35 wkkk %é‘ itgake: | Severst lines @ltevidence suppon the nptign ant éla @tninsztouplfed
mel anocor t i fecERERIGPCRY) oflthe %MH%H%QQB@WRQ%%B sg@él HM@?@A' and

oo ot LR 30T LB ERORE Sl

r{"f @?yt}desﬁ“(%"e&lgtﬂi'%ct MC-R s
have thus femtiobenioodénblke dngidnetabelisith e4 epaiffc single MC-R that may be targeted

for the control of obesity has not yet been identified, although evidence has been
‘ 20 presented that MC-4R si gnalling 1s important in mediating feed behavior (5.Q.
' Giraudo et al., “PFeeding effects of hypofhalanﬂc injection of melanocortin-4 receptor
hgands ” Brain Research 80: 302-306 (1998)).
' Ev1dence for the involvement of MC-R’s i in obesity includes: i) the
agouti (A") mouse which ectopically expresses an antagonist of the MC-1R, MC-3R,
25  and 4R is obese, indicating that blockmg the action-of these three MC-R’s can lead to
~ hyperphagia and metabolic disorders; i) MC-4R knockout mice (D. Huszar et al.,
Cell, 88: 131-141 (1997)) recapitulate the phenotype of the agouti mouse and these |
mice are obese; iii) the cyclic heptapeptide MT-II (a non-selective MC-lR, -3R, 4R,
'. and -5R agonist) injected intracerebroventricularly (ICV) in rodents, reduces food
30  intake in several animal feeding models (NPY, ob/ob, agouti, fasted) while ICV
- : mjected SHU-9119 (MC-3R and 4R antagonist; ‘MC-1R and -5R agonist) reverses this
effect and can induce hyperphagia; iv) chronic 1ntrapent0nea1 treatment of Zucker
_ _fatty rats with an o-NDP-MSH derivative (HP228) has been reported to activate MC-
| - 1R, -3R, -4R, and -5R and to attenvate food intéke and body weight gain over a 12-
| 35  ‘week périqd (L. Corcos et al., “HP228 is a potent agonist of melanocortin receptor-4
_ 1- :
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expressed in different tissues. MC-1R was initially characterized by
dom nant gain of 5 function nutations at the Extension |ocus, affecting
coat color by controlling phaeonel anin to eunel anin conver s3H9EH RBARg h
control of tyrosinase. MC-IRis mainly expressed in nelanocytes. MC-2R is
expr esse@ jzivcédde adrenal gland and represents the ACTHpcaoeb@in2sMC-3R i S
expressed in the brain, gut, and placenta and may be involved in the
control of food intake and thernogenesis. MC-4R is 10 uni quely expressed in
the brain, and its inactivation was shown to cause obesity (A  Kask, et

al., "Selective ant agoni st for the nel anocorti n 4 receptor (HS014)
increases foaqd intake in free-feedi ngl é@é %em Bj, phys Res.
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20 Approximately 140 million men worldwide, and according to a National Institutes of
- Health study, about 30 million American men suffer from impotency or erectile
-dysfunction It has been estimated that the latter number could rise to 47 million men
by the year 2000 Erectile dysfunction can arise from either organic or psychogenic
causes with about 20% of such cases bemg purely psychogemc in origin. Erectile
25 dysfunction i mcrcases from 40% at age 40, to 67% at age 75, with over 75% occurring
in men over the age of 50. In spite ¢ of the frequent occurrence, of this condition, only a
| small number of patients have received treatment because existing treatment
altematlves such as injection therapies, penile prosthesis implantation, and vacuum
pumps, have been uniformly disagreeable [for a discussion, see “ABC of sexual
30 ~ health - erectile dysfunction,” Brit. Med, J. 318: 38_7—390 (1999)]. Only more recently
~ have more viable treatment modalities become available, in particular orally active
| agents such as sﬂdenaﬁl citrate, marketed by Pfizer under the brand name of
- _ | Vlagra® (See “Emerging pharmacologwal theraples for erectile dysfunction,” Exp.
Opm Ther. Patents 9: 1689-1696 (1999)) Sildenafil is a selective inhibitor of type V.
35 phosphochester&se (PDE-V), a cychc-GMP—spec1ﬁc phosphodiesterase isozyme [see
S -2-




29 August 2005 PCT/US02/05724 R B. Mreland et al., "Sildenafil: A Novel

I nhi bi tor of Phosphodi esterase Type 5 in Human Cor pus Caver nosum Spoot h

" Muscle Cells," Life Sci., 62: 309-3.18 (1998)].. Prior to thAU9#2PRiucti on
of Vi agr & @M/Adsessmar ket , | ess than 10% of patients sufferpmguscboonyerectile
dysfunction received treatnment. Sildenafil is also being evaluated in the

5 clinic for the treatnment of fenmale sexual dysfunction. The regul atory
approval of Viagra(r) for the oral treatnment of erectile dysfunction has
invigorated efforts to discover even nore effective nmethods to treat
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been descri bed [see, ?ﬂi‘gé " Lat est Figiﬂg\?]gs @1 t he D agnosi s and _Treat nent

of Erectile Dysfuncti dHc™SHaigryRaneval BeYidgact foy dhe orgl tfagtment phereqtdop) ;
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erectile dy b nction_act el ther periphera or centralTy. ey dre al so
classified § %OY@W?FQP]PE‘MWH@MC?% Othey I%Dét\émhdv@maludﬁ sadonaid from

"facilitat eBagerSiaxSI33080038018 BoRY MOEhigs PRAthAELARAL EOr ari ElUSFYESION, See
"A 25 Thera 1eSu.t C ﬁ‘(onorry of Treatnents for Erectile Dysfunction: An .
Evol uti onar EﬂI(lr“r?)‘e ative," Int. J. Inpotence Res., 9: 115-121 (1997)].

Wi l e sildenafil and Oirephainarbivgicatippperchphiertat toyatanth dfregeclensi dered to
be "en Ceiqf P [ 41 8" e«sexual response,to eroti '
sti mul gﬁ on&ﬁg?rﬁgg?]g%& ‘% ﬂj‘_%ae%gfeeg({@e? ggelgéé'g‘f fﬁ%%sg ?:Igténgsnmg%? R iagﬂf’ﬁl%mbcfgani ¢ and
psychogeni ¢ Tecptpant & Eesptitaipstintion S Duya il & ResspactivenSe 57D 7A1H96) 30. of
30- 60 m nut aSrapPhinRBhef3Y i BREEIM ISR A b i %;; hgur's,
whereas ph rtaﬁ"S‘ij] ne re a@ #-es 5-30 )tr%fr#t}fﬁglg’ %ﬁﬁg‘@%@ﬁnﬁgg ’ﬁé?ﬁgn. of 2
hours. Alth POy derraringt vpderetiniet fopslapment uforasey iomm gralkforneletion t
t akes a rel aftthy elpyialadigiotdpi® dn@igohfi€phentolamine mesylate under the brand name of

20  Vasomax®. Vasomax® is also being evaluated for the treatment of female sexual

dysfunction.

Drugs to treat erectile dysfunction act either peripherally or centrally.
- They are also classified according to whether théy “initiate” a sexual response or
. “facilitate” a seXual'res-pdnse to prior stimulation [for a discussion, see “A
25 Therapeutic Taxonomy of Treatments for Erectile Dysfunction: An Evolutiopary
Imperative,” Int. J. Tmpotence Res., 9: 115-121 (1997)]. While sildenafil and
phentolamine act ?cﬁpherally and are considered to be “enhancers” or “facilitators” of

the sexual response to erotic stimulation, sildenafil appears to be efficacious in both
' mild organic and psychogenic erectile dysfunction. Sildenafil has an onset of action
30 . of 30-60 minutes after an oral dose with the effect lasting about 4 hours, whereas
phentolamine requires 5-30 minutes for onset with a duration of 2 hours.” Although
~ sildenafil is effective in a majority of patients, it takes a relatively long time for the
- compound to show the desired effects. The faster-acting phentolamine appears to be
- less effective and to have a shorter duration of action. than sildenafil. Oral sildenafi] is
35 = effective'in about 70% of men who take it, whereas an adequate response with |
-3 '



compound to show the desired effects. The faster-acting phentol am ne

appears to be less effective and to have a shorter duration of action than
sildenafil. Oal sildenafil is 35 effective in about 70% of 29449ustRB0% ake
it, whereas an adequate response with -3 29 August 2005 WD 02/ 068388

PCTI USO2wabizddsyshent ol am ne is observed in only 35-40% ofpqaaidoenéss Bot h
conpounds require erotic stinulation:for efficacy. Since sildenafil
indirectly increases blood flowin the _ systemc circulation by enhancing
the snmooth nuscle relaxation effects of nitric oxide, it is

. contraindicated for patients with unstable heart conditions or 5

car di ovasc ' 1 arti atients taking nitrates,. such as

ni t rogl yCeﬁ%@(ﬁ%ﬁ%ﬁ%@seﬁvﬂ%1ﬂgpﬁzg5ﬁ-££0r‘iggge§}e£s.e%‘fthgﬁ _pgg%cgé?%@(fr%q h the
clinical us#inflaton Weefidaby. Simct sittenhidladdictntly ifdroases hippd dipspeplss a, and.
"abnor mal ViSOG o : o Liphithit.0n0 ype VI
phosphodi esétyg_iregg%_cﬁrés]g;&yn@ )E %&B@ﬁ?{%g%igﬁlg S%E/E’él%{&tgéﬁg |ﬁ§ét-s Blhl%tﬁcy :
phosphodi esftdiiscapiraindicatsn furmatisnts withmnstblorhsarteanditingmer mal  vi sion” s
defined s JdRdigvachidr BRchsk! Apat@Mar pRlisHt SOk fi8ed, Quit & rﬁﬂo%g&&m?{oso an

i ncreased sen%l ti.vi Fré to |1ght for bl urrecij VIS on. Sy?t het | (;I anocortin
receptor agdiit S8&}y fher 8t Yeassi ‘“(f.eﬁ@pﬁsmﬁgéﬁ WHp dhe gimachl perpicildenaihi ti at e
erecti osyns |h mcm@wdahhepmeﬂ_ﬁag,gtysggpgfaeisﬁq ‘{a@nsﬂﬁélwméﬂ,’pfhe[lﬁ&@tﬂ'éresﬂ\)i\??ﬁe'lgs et
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mel anocortin receptors of e bran appears to calsée norna St ation of
sexual ar ouddlurrgdyvigien. above study, the centrally acting c '

- mel anocyt e- sti nul at | §ghRHTRBBLRRRI PG ceptBr A@@gg%mmgﬁg%@) hgﬁieﬁi ted
‘ A

a 75% respanse rate, simlar to results obtalned wth aqt;, | ne,
i nj ected i NSRRI APIpesAections I BAR LB IR YO LRRF B5Clierdysiyagemdgsn th
erectile dwefssleki 41 Siithttic Meladosypit Reptide ithkdsErbana pePich Weith

Ac- N e- -H s DPhe- At.g+. Tk P- LyS]+NH I,ch, cqntai ns.the 4-10

el anocloq} ﬁsyﬂ&gggpﬁm@lﬁ@y@ﬁé@.o ou%%"%‘ﬂ’ Plgc%:_o,\éqg%d%mssover

adr enocor t i $ody, 0 Urolh §60:\#80H3%4 (1 9917) aliftbentt deneridaniPeptida®ymitisitae) Jaat i ve
MZ- 1R, - 3R 14 4R 5R. Sty L: | I | | . 58,
1777- 1784, lf’égég)l.ggml -'ﬁﬁilai% fqu!b]f é‘f‘%??%‘%‘ ‘t?ft)ma%“%% C?@r@&??@%‘%% i s
present |y |3PPeaEP imeanse nerana sEpwation 9§ sparbaronsaldo ikmatoye eeidylithe . and. ..
TheraTech, defgallPsetig dffanocyte-stimulating hormone analog, melanotan-Il (MT-1I),

20~  exhibited a 75% response rate, similar to results obtained with apomorphine, when

injected intramuscularly or subcutancously to males with psychogenic erectile
dysfdnétion. MTIlisa synthetic cyclic heptapeptide, Ac-N]e—c[As_p—_I—I_is—DPhé—Arg—
- Trp-Lys]-NH2, which contains the 4-10 melanocortin receptor binding region
- common to o-MSH and adrenocorticotropin, but with a lactam bridge. Itis a non-
25 selective MC-1R, -3R, 4R, and -5R agonist (Dorr et al., Life Sciences, Vol. 58,
~ 1777-1784, 1996). MT-I (also referred to as PT-14) (Brectide®) is presently in
. clinical development by Palatin Technologies, Inc. and TheraTech, Inc. as a non-
penile subcutaneous injection formulation. It is considered to be an “initiator” of the
sexual re_}spohse._ The time to onset of erection with this drug is relatively short (10-20
| 30  minutes) with a duration of action approximately 2.5 hours. Adverse reactions
observed with MT-II include nausea, flushing, loss of appetite, stretching, and
, yawning and may be the result of activation of MC-IR, MC-2R, MC-3R, and/or MC-
B SR _MT—H must be administered parenterally, such as'by subcutaneous, intravenous,
or intramuscular roﬁte, since it is not absorbed into the systemic circulation When
35 given by the oral route. .
-4 - -
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Penile Ere t?rgﬁﬁ Caﬁ%téggxhdg?e%é@ljr%ﬁgﬁ%ﬁ/%ﬁ W%%&Wﬁ @% ipg dlormone
Dysfunctio nalogyop Fgije Egwiiopand Baaral Degit) in. MGowihDrighio FrafilgTel anot r opi ¢
pept i des apgsioritRAASUINGo) BE- 541@4@@_ ! Q%O)}()f psychogenic erectile dysfunction

+ -

are disclosed in U S, Patent No, 90, 10 assigned to Conpetitive
Technol ogi es. Met hodSCBPOSEPR PipsIARptEpIqRaptides prohmethivds fof Srette@anersi ng

mel anot r opéfpspelmbuie srdualeedyaaRtich 56l @Easted th U.SpRat Rt s EJ% 29¢9; 051, 555..

Spi ropjooergsgig%gd@:gm b%{gf' dfnswqerliv%[i éle htave been di'scloséd’in WO

99/ 64002 (16 °Decenber §)L CHWS 77 469 °§'—‘iﬁ thepdAtieg sexpgoyspow® @1/ 70708 15
(27 Sept enfs@ales going moMDAdDPROBPEd¢HAvSLpEEdibEbseAAR 1).S. Bash W@ 01/ 91752 (6
Decenber 2§)6sh)sss agoni sts of the melanocortin receptor(s) and particularly

as selective agonists of the MC-4R receptor and thereby useful for the
treatment of di seassdropiReriginesind@ipsridinecderivatiodsdsive Yeentiiahabesa wamd sexual

o e OB DA, BRI
agent $~di <& (SSEE] )t 193 (Gorepirmbay2iatand Whel/sitsodal arts for
i nproved Destibes2(81dlas agamists bof 8 mel@obsitretdpilintd) IH@bsewbAghd ng from
psychogenisgeand/ ééronists of the MC-4R receptor and thereby useful for the tieatment of
Qiscases and disorders, such as obesity, diabetes,and sexual dysfunctiori, includihg
erectile dysfunction and female sexual dysfunction. |
20 . Because of the unresolved deficiencies of the various pharmacologiéal
agents discussed above, there is a cont_ihuing need in the medical arts for improved
methods and compositions to treat individuals suffering from psychogenic and/or
organic sexual dysfunction. Such methods should have wider applicability, enhanced
- convenience and ease of compliancé,. short onset of action, réasonably long duration

25  of action, and minimal side effects with few contraindications, as compared to agents
now available. | -

30?
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organi ¢ sexual dysfunction. Such methods shoul d have wi der applicability,

enhanced conveni ence and ease of conpliance, short onset of action,
reasonably long duration 25 of action, and mininmal side effEAWUHIZEP f ew

contraindi cations, as conpared to agents now available. 30 . 35 29 August
2005 SUMVARY OF THE I NVENTION A first aspect of the present invention

provi des a conpound of structural forrmula I: 20 or a pharnmaceutically
acceptable salt thereof; whereinr is | or 2; sis 0, 1, or 2;, 25 nis O,
1 or 2; pi —laoQr 2. Rl is selected fromthe group consisting of

hydr ogen, a%%m?&%mwwml , -C1-10 alkyl, (CH2)n-C3_ 7

cycloal kyl, (CH2)n-phenyl, .(CH2)n-naphthyl, and (CH2)n-heteroaryl

wherei n heteroaryl i a8 apedqok thenpresent ginsentionoprovides rag catipoynd)) opyr i di nyl |,
(2) furyl, &% NEba1 (4) pyrrolyl, (5) oxazolyl, (6) thiazolyl, (7)
i m dazol yl f‘ﬁpyrazofiy'l : o . ' ;

20
- or a pharmaceutically acceptable salt thereof;
wherein
ris 1or2;
. sis  0,1,0r2;
25 ' nis 0,1(5f2;
pis  0,10r2;

R1 is selected from the group consisting of
hydrogen,
amidino,
C1-4 alkyliminoyl,
C1-10 alkyl,
(CH2)n-C3-7 cycloalkyl,
(CH2)n-phenyl,
(CH2)n-naphthyl, and
(CH2)p-heteroaryl wherein heteroaryl is selected from the group consisting of
(1)  pyddinyl,
@ fuyl,
; (3)  thienyl,
@  pymolyl,
(5)  oxazolyl,
{ (6) thiazolyl,
(7)  imidazolyl,
(8)  pyrazolyl,




29 August 2005 WO 02/ 068388 PCT1US02/ 05724 (9) isoxazolyl, (10)

i sothiazolyl, (11) pyrimdinyl, (12) pyrazinyl, 5 (13) pyridazinyl, (14)
qui nolyl, (15) isoquinolyl, (16) benzimdazolyl, (17) ' Boluost0d, 10
(18) benzothienyl, (19) indolyl, (20) benzthiazolyl, and (21)
benzoxazol yl; in which phenyl, naphthyl, and heteroaryl are unsubstituted
or substituted with one to 15 three groups independently selected fromR3;
and al kyl and cycl oal kyl are unsubstituted or substituted with one to
three groups wodegenslent|y sel ected fromR3 and oxo; R2 w&ngehesied from
the group consisting of 20 phenyl, 25 30 35 naphthyl, and heteroaryl
wherein heteroaryl is selected fromthe group consisting of (1) pyridinyl,
(2) furyl, (3) thienyl, (4) pyrrolyl, (5) oxazolyl, (6) thiazolyy, (7)
i m dazol yl, '

9  isoxazolyl,

(10} isothiazolyl,

(11)  pyrimidinyl,

(12)  pyrazinyl,

5 {13) pyridazinyi,
- (14)  quinolyl,

(15)  isoquinolyl,

(16) benzimidazolyl,

(17)  benzofuryl, -

10 (18) ‘benzothienyl,

{(19) indolyl,

(20) benzihiazolyl, and

(21) benzoxazolyl;

in which phenyl, naphthyl, and heteroaryl are un_substituted or substituted with one to
15  three groups independently selected from R3; and alkyl and cycloalky! are
unsubstifuted or substituted with one to three groups independently selected from R3

and oxo;

. R2is selected from the group consisting of
20 phenyl,

naphthyl, and
heteroaryl wherein heteroaryl is selected from the group consisting of
(1)  pyridinyl,
2y fury,
25 (3)  thienyl,
)  pymolyl,
{3) oxazolyl,
(6) thiazolyl,
{7)  imidazolyl,
30 {8)  pyrazolyl,

(9)  isoxazolyl,
(10}  isothiazolyl,
(1) pyrimidinyl,
(12)  pyrazinyl,
35 (13)  pyridazinyl,



(8) pyrazolyl, (9) isoxazolyl, (10) isothiazolyl, -(11) pyriraidinyl,
(12) pyrazinyl, (13) pyridazinyl, 29 August 2005 WO 02/ 068388

PCTI US02/ 05724 (14) quinolyl, (15) isoquinolyl, (16). benz#hiusasiéPya
(17) benzofuryl, 5 (18) benzothienyl, (19) indolyl, (20) benzthiazolyl,
and . (21) benzoxazolyl; in which phenyl, naphthyl, and heteroaryl are
unsubstituted or substituted with one to 10 three groups independently
selected fromR3; each R3 is independently selected fromthe group

consi sti ng ofwo@ls&sal kyl , (CH2) n- Phenyl, is (CH2)n- naphédiydsozios72a

(CH2) n- heteroaryl, (CH2)n-heterocyclyl, (CH2)nC3-7 cycloal kyl, hal ogen,
20 OR4, (CH2)nN(R4)2, (CH2)nc=N, (CH2)nCO2R4, NO, 25 (CH2)nNR4ASC2R4
(CH2) nSO2N( R4) 2,

(14) quinolyl,
(15)  1soquinolyl,
(16) benzimidazolyl,
(17) benzoforyl,
5 (18) benzothienyl,
(19) indolyl,
(20) benzthiazolyl, and
(21) benzoxazolyl; ‘
in which phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to
10 three groups independently selected from R3;

cach B3 is independently selected from the group consisting of
Ci-6 alkyl,
(CH2)n-phenyl,

15 (CH2)y-naphthyl,

- (CH2)n-heterocaryl,
(CH2)n-heterocyciyl,
{CH2)»C3-7 cycloalkyl,

_ halogen, |

20 OR4,

(CH2)nNR %2,
(CH2)nC=N,
(CH2)nCO2R4,
NO2,

25 (CH2)nNRASO9R4
(CH2)nSO2N(RY)7,
(CHSO)pRA,
(CH2)nNRAC(O)NR ),
{CH2)nCOW®RY,

30 (CH2)nNRAC(O)R4,
(CH2)RNRACOZRY,
(CH2)oNRAC(O)-heteroaryl,
(CE2)RC(OINRANRA)2,
(CH2C(ONRINRAC(O)R4,

35 O(CER2InCONRY),



(CH2) nS(O) pR4, (CH2)NNRAC(ON(R4)2, (CH2)nC(O N(R4)2, 30 (CH2) nNR4AC(O R4,
. (CH2) nNNRACC2R4, (CH2)nNRAC(O) -heteroaryl, (CH2)nC(O NRAN(R4) 2,

(CH2) nC(O) NRANRAC( O) R4, 35. Q(CH2) nC(O) N(R4) 2, 29 August 2002 AnD:ig9200568388
PCTI t|1 SO02/ 05724 CF3, CH2CF3, OCF3, and OCH2CF3; 5 in which heteroaryl is
as defined above; phenyl, naphthyl, heteroaryl, cycloal kyl, and

het erocyclyl are unsubstituted or substituted with one to three
substituents independently selected from hal ogen, hydroxy, oxo, Cl4 al kyl,
trifluoronet WQo20a¥88 Cl-4 al koxy; and wherein any net hylren@s@@23 car bon
atomin R3 is unsubstituted or substituted with one to two groups

i ndependently sel ected from hal ogen, hydroxy, and 10 d 4 al kyl; or two
substituents when on the sane nethylene (CH2) group are taken together
with the carbon atomto which they are attached to forma cycl opropyl
group; each R4 is intependently selected fromthe group consisting of

hydr ogen, 15 Cl1-6 ahﬁ%kﬂ% (CH2) - phenyl, (CH2)n-heteroaryl, (CH2)n
napht hyl , (CHZ)n_h%§8%f%§flyl’ 20 (M) nC3-7 cycl oal kyl, and (CH2)nC3-7

bi cycl oal kyl ; wher ei , phenyl, heteroaryl, heterocyclyl, and
cycl oal kyl are unsub@€HpUFxRd or substituted with one to three groups

I ndependent |y sgl Q6o d S AMiNR! Q8RR b s fhe iKbby, heteroaryl, cycloatkyl, and
heterocyclyl are unsubstituied of substitated with one to three substituents
independently selected from halogen, hydroxy, oxo, C1-4 alkyl, triflucromethyl, and
C1-4 alkoxy; and wherein any methylene (CH2) carbon atom in R3 is unsubstituted or

substituted with one to two groups independently selected from halogen, hydroxy, and _
10 Cj.4 alkyl; or two substituents when on the same methylene (CHp) 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, '
15 C1-6 alkyl,
(CH2)n-phenyl,
(CH2)p-heteroaryl,
(CH2)p-naphthyl,
(CH2)n-heterocyclyl, .
20 (CH2)C3-7 cycloalkyl, and
(CH2)nC3-7 bicycloalkyl;
wherein alkyl, phenyl, heteroaryl, heterocyclyl, and cycloalkyl are unsubstituted or
substituted with one to three groups independently selected from halogen, Cj-4 alkyl,
hydroxy, and C1.4 alkoxy; or two R4 groups together with the atom to which they are
25  attached form a 4- to 8-membered mono- or bicyclic ring system optionally containing
an additional heteroatom selected from O, S, and NCy.4 alkyl;

each R3 is independently selected from the group consisting of
hydrogen, :
30 - C3-g alkyl,
(CH2)n-phenyl,
(CH2)p-naphthyl,
(CH2)n-heteroaryl, and
(CH2),C3-7 cycloalkyl;



hydroxy, and Cl1_4 al koxy; or two R4 groups together with the atomto which
they are 25 attached forma 4- to 8-nenbered nono- or bicyclic ring system -
optionally containing an additional heteroatom sel ected frdmugust&)05and
NCl...4 alkyl; each R5 is independently selected fromthe group consisting
of hydrogen, 30 Cl1-8 alkyl, (CH2)n-phenyl, .(CH2)n-naphthyl,

(CH2) n-heteroaryl, and (CH2)nC3-7 cycloal kyl; 29 August 2005 WD 02/ 068388
PC 1US02/ 05724 wherein heteroaryl is. as defined above; phenyl, naphthyl,
and het er oar ywoamgsssgsnsubsti t uted or substituted w th oneediousofidser gr oups
i ndependently selected fromR3; alkyl and cycl oal kyl are unsubstituted or
substituted with one to three groups - independently selected from R3 and
oxo; and wherein any nethylene (CH2) in R5 is 5 unsubstituted or
substituted - with one to two groups independently selected from hal ogen,

thr oxy, and Cﬁﬂeﬁidﬁéﬁoﬂistaﬁ\ﬂefﬁédﬁ?%i%edygﬁﬁﬁhﬂﬁl,aié@ﬁé?enf)di‘ﬁaﬁ_tOmtO whi ch.
t ey are att ache = 1. - e ¢ nmono- .0 |.C 1.C.I ( ‘stem
optionally con?gﬁu%ﬁltgbﬁ%ggbd%%felﬁévr%élonﬁeﬁgrre%éﬁo%%cm@ S?l%ﬁ%?“é,' and
NC14 al kyl ; - and 2yl ad sydealigbue snsabssmiadios sepsutsd with ohestoithree gsbups Cl - 8 al kyl |
( CH2) nC3- 8 cycl| dulepapdently samiroptizhand, ox¢;Geid whereimphy tythylenel(EH») in RS is

meran
ge.ngr}mth e atom to which

(CH2) n- het er gar whopreltkiy Eﬁ &l W%QJ&%
(CH2) 1C02R5, 2 g§§%ﬁ?ﬂﬁ%§%§d ?ﬁ%@@% groups to
they are attached form a 5- to 8-membered mono- or bicyclic ring system optionally

( CH2) NnNRSC( O) N(
containing an additional heteroatom selected from O, S, and NC1-4 alkyl; and

10 Xis selected from the group consisting of
C1-g atkyl, |
(CH2)nC3-8 cycloalkyl,
(CH2)n-phenyl,

(CH2)n-naphthyl,

15 _ (CH2)n-heteroaryl,
(CH2)gheterocyclyl,

(CH2nC=N,
(CH2)nCONRSRS),
(CH2)nCO2R5,

20 (CH2)nCORS,
{(CH2)aNR3C(O)RS,
(CH2)sNRSCO2RS5,
{CH2)sNRIC(O)NRS)2,

. (CH2)nNRISO2R5,

25 (CH2nS(O)pRS,

‘ (CH2)nSO2NRI)(R3),
(CH2)30R5,
(CH2InOC(O)R,
(CH2)2OC(O)ORS,

30 (CH2)nOC(O)NRS),

' (CH2)nNRS)RI), and
(CHZ)nNR5SOZN(R5)(R5); _
wherein heteroaryl is as defined above; naphthyl, and heteroaryl are unsubstituted

- 35 - with one to three groups independently selected from R3; phenyl is substituted
with one to three groups independéntly selected from R3; alkyl, cycloalkyl, and

._= 10 -




(CH2) NNRESO2RS, 25 (CH2) nS(O) pR5,  (CH2) nSC2N(R5) (R5),  ( CH2) nORS,

(CH2) nOC(O)R5,  (CH2) nOC(O) ORS, 30 (CH2) nOC(O) N(R5) 2, 35 ( CH2) nN(RS) (R5),
and (.CH2) nNRSS O2N(R5) (RS); wherein heteroaryl is as defifetigasisVes,
napht hy| , heiedcitleroansybstinied ansibsstutad sl ongfot thiesne to t hree groups

i ndependegibhys Bekgslestyf emB3ompRENYH dxs; sibshd tintad methiléneORE4)dnt hr ee
gr oups |‘rat‘(£:ltgpesnde l?ﬁ seylc ected fromR3; al k |, cycloal kyl, and  10. .29

August 20853 u%‘tjéﬁ“é&??(ﬂfwbsét@ée%‘r‘i% B8¢ i U‘f‘é&OBPS 'é‘t}%%@t“fiﬂﬁyeﬂl‘%?@(dﬁ[%‘ﬁe to-

three groudsgdnntghergdenti3-sadkdct ed from R3 and oxo; and wherein any
methyl ene (CH2) in Xis unsubstituted or substltuted with one to two

groups i ndependent | géalnag?%ﬁgg vgg ﬂfé&f%’as ?angkofﬁ Aalkyl 7

These acyl ated pi pe fec I've as ne ocortin
recept or mgeptossgomssislaat e pmtxt:ulaﬂy afqum@fdsgcleptme mslanegosizn-fheceptor

mel anocor %K};ﬁt{%@%ﬁ& ' The S'XE s cﬁ&ﬁgéfﬁft%r hE¥ERht b ARk BlERoSEf Ul T O

the treat or prevention O I sorders responsive'to the_activation

of MG 4R d:su@nrsagsmyﬁwthe@ptawwf MCHR, |sueisas ohesiby. sbabetes ga Mellsx ual
dysfuncti pie drfdl foR¥ald SRhAdystiR B SSffit Bad hld et dle@ysitnaiRmond aspect of

the present invention provides a usé of a conpound-as defined in the first
aspect for the manufacture of a nedicanent for the treatnent or prevention
of disorders, diseas®sonst agrpatiof| tbﬁsplteé@tﬁomwm@nt oravides actsevafizon of the

rre' anocort &d}nn}g%t{na%g%%ﬁﬁe lﬂ tﬁle mm&{@Ct ﬁ])f rt]‘leed a(gtlgrgf()&‘é']fl}lﬁtgl ! d a Ct Of t he

present invention provides a a conp fIrSt

aspect fortheheaﬂmmbﬁpteuénﬁtcmfofahsﬁﬁ&ﬂﬂrﬁ@F@Biesfo@%oﬁdiﬁonstk%ngﬁetto e Prevention
of obesity in a mammal in need thereof. A fourth aspect of the present
i nvent i on #itoetieref the msdanotortin-4gompburid aasangedliineded thexeh® first aspect for
t he manufacture of a nedicanent for the treatnment or prevention of
di abetes nellitus in a manmal in need thereof.

A third aspect of the present invention provides a use of a compound

as defined in the first aspect for the manufacture of a medicament for the

treatment or prevention of obesity in a mammal in need thereof.

A fourth aspect of the present invention provides a use of a
compound as defined in the first aspect for the manufacture of a medicament for

the treatment or prevention of diabetes mellitus in a mammal in need thereof.

A fifth aspect of the present invention provides a use of a compound
as defined in the first aspect for the manufacture of a medicament for the
treatment or prevention of male or female sexual dysfunction in a mammal in

| need thereof.

A sixth aspect of the present invention provides a use of a compound
as defined in the first aspect for the manufacture of a medicament for the

treatment or prevention of erectile dysfunction in a mammal in need thereof.

A seventh aspect of the present invention also provides a
pharmaceutical composition which comprises a compound of the first 'aspet:t and
a pharmaceutically acceptable carrier. |

An eighth aspect of the present invention provides a use of a
composition as defined above for the manufacture of a medicament for

treating erectile dysfunction in a mammal in need thereof.
‘ - 11




A fifth -aspect of the present invention provides a use of a conmpound as
defined in the first aspect for the manufacture of a nedicanent for the
treatment or prevention of. male or femal e sexual dysfuncti o Augusi2e@bmal in
need thereof. A sixth aspect of the present invention provides a use of a
conpound as defined in the first aspect for the manufacture of a

medi canent for the treatnment or prevention of erectile dysfunction in a
manmal .in need thereof. A seventh aspect of the present invention also
provi des a pharnmaceutical conposition which conprises a. conpound of the
first aspect and g phabeeeeld 68!y REGHRPLANLRIORapINRIes 4Rl ghtdh aspect of
the present invention provides a use of a conposition as defined above for
t he manuf acvopeunst  as defiiedanehd fifvrspect Batdimigngioacyith @ tysVussticon in a
manmal in need thereof. _. 11 29 August 2005 A nineth aspect of the present
i nvention PMRSeledivg Ph%méfheﬁefaé%l’f‘&gm‘?& WL ASIGIRERC [S7PRERPERStaspect i n

conbination with a type V cyclic- GW-sel ective phosphodi est erase

i nhi bitor, an 32 adLer i e Ant.a i St .. Or gpani ner gi ¢ agent
for the ma(r)lu?ac?%r ee%l@ggéﬁlgélrcgﬁe%% orarte%)gg fnr?glca%‘?‘itcg)lrl e H}‘?gtl“%ncti onin a
mamral i n ereede dhsfueafonAn b emintmalspeeéd dkrcdbhe present invention provides a
use of a conpound as defined in the first aspect in conbination with an
insulin sensitizer, an insulin mnetic, a sulfonylurea, an a-glucosidase

i nhibitor, an H r a i nhi bitor.. an anti-obesity ser.otonergic
agent, a P3 adr ﬁ)%@@pt%gre%gg%grtlli'estp,resémne‘ﬂ‘rl%‘gﬂt Pﬁ’glﬁf 6r'¥595°£n?agoni st, a

pancr eat i ¢ chinpawel i nhs lefigdd, i@ thelfasi Aspeon Ge Rbindlrialen hORIRRCins8&EePt or .
antagoni st, or. a canabi noi d_CBS receptor antagoni st or inverse agonist for

t he manuf at@igiiEClofang THBUINCEHRBRC, & sllonylyremtame-ehicapidesss inbibibesi ty in a
mammal in i r n el t e Of ent .i.nvengjon

provi des _aﬂg/gG; %%a&gﬁ%ﬁgp%oéﬁlﬁgﬁpa% %?ﬁ_%%éﬁ%b%é\;gm?%%&t hr!ié'g{ﬂ!rl%an%f %%t ure of a
medi cament adreroredeptor tagaatistngnobesdptide il ar WARmakonist, ageacrehrrigote 29 August
2005 WO 021/18938388 PCT/ US02105724 ¢

1for, a melanin-concentrafing hormone receptor antagonist, or a canabinoid
CB; receptor antagonist or inverse agonist for the manufacture of a medicament

for treating diabetes or obesity in a mammal in need thereof.
An eleventh aspect of the present invention provides a use of a

composition - as defined above for the manufacture of a medicament for the

treating obesity in a mammal in need thereof.

12




The present invention may also relate to nethods for the treatnent or
prevention. of disorders, diseases, or conditions responsive.-to the
activation of the- nelanocortin-4 receptor in a mammal in rEAISEHEP®of by
adm ni st G ixgpetdze conpounds and pharmaceutical conpositions of the present
invention. 5 The present invention fay also relate to nePhbHSI¥G24 he
treatnment or prevention of obesity, diabetes nellitus, nale sexual
dysfunction, and femal e sexual dysfunction by adm nistering the conpounds
and pharmaceutical conpositions of the -present invention, The present
invention may also relate to nethods for the treating erectile 10
dysfunction by adni niS¥eFifgt thentighpringse smide hanethedufarche toatmmsiori ons
of the premewmtionwédisbriers, dREasPE, O BHdik ' A L&Qq[:&l af & to methods
for the tre{ﬁéliaﬂc%ofﬁrﬁﬁtréc' e (ﬁl%sfunct‘i on b(gfh\ég bﬁ?‘é‘%@’?ﬁ%ﬁ%-"ﬁé%{% Gunds of
the present Tnvention T9° CoNbE REMRA! in predrihereqfityradpunisiedag the ef f ect i ve
anount of &9REndaydmthaknanentitad chaposedisloftie preRat inkenddie condition. The

present si nventi on ca I late.to nmethods for the treating or
preventing obesity bghgd%?sr?l{lg ngﬂltﬁod’ [RE Ahfriainde rgthedscfos the dreatmient ent i on-

in  conbi ndFFERUMR Phobesithaliahstasmddbius ymalt teckl dpfaraunanaieanetlan agent

known to belysfagéidn & i o ndition. .20 The present
i nvention g)geg; S0 'r%dglglgiéfégﬁl ﬁglé%%c{é‘?ﬂ{n S‘tf‘pf%dgpq}apgaﬁeflﬂbal GPmBPSé‘i}‘qufﬂ@

di abetes b i"RY¥8P5 ng 't he, conpounds of the present invention in
conbi nation with a t1BsgReHk iiahiioh ' mount . of anaot her agent known
tao be ygef Hﬁfﬁ%ﬁ%ﬁ% tﬁ;ﬂé'o{? treat trﬁé)t %lg(tr)]%ﬁ\{aﬁ? %’r{pg@%‘%‘q’%é ITEBORSERE PTI ON
OF THE | NVE N The B'Pﬂglé YERE PGS dseangd nhigrpaseutic bempositiced ofkdrcy| at ed
pi peri di nePregeitiinventioes useful as nelanocortin receptor agonists, in

particular, as selecfjV eéggffm agoni s - - WD 02/068338 29 August 2005

S.
PCT/ US02/ 03567)‘%4 Y of _c_orrpovﬁtgg) SN &isp gelata faumethedsfirahd tredtingleeectikl ect ed
from the gfBHHESRY sdminjstefing Hydoopenndse g peient invefiorBin@ok®iMAtion

with a therapeutically effective amount of another agent known to be useful to treat
15  the condition. -

The present invention can also relate to methods for the treating or
Qreventing obgsity by administering the compounds of the present invention in
combination with a therapeutically effective amount of another agent known to be
useful to prevent or treat the condition.

20 The present invention can also relate to methods for the treating or preventing

diabetes by administering the compounds of the present invention in combination

with a therapeuti:caliy gffecti{!e amount of another agent known to be useful to prevent
or treat the condition. - |

_ 25 DETAILED DESCRIPTION OF THE INVENTION
' The present invention relates to 4-substituted N-acylated piperidine

derivatives useful as melanocoriin receptor agonists, in particular, as selective MC-4R
agonists.

- 13 -



5 (CH2)nC3-8 cycl oal kyl, (CH2)n--phenyl, (CH2)n-naphthyl, :
(CH2) n-heteroaryl, and (CH2)n-heterocyclyl; 10 wherein heteroaryl is as
defi ned above, and phenyl, naphthyl, and heteroaryl are unmuhgtdsttotsed or
subst i t uxesodskizgone to three groups independently selected from R3; '
al kyl, cycloalkyl, and heterocyclyl are optionally subst?¢UV¥dON#h one to
three groups independently selected fromR3 and oxo; and wherein any
met hyl ene (CH2) in Y is wunsubstituted or substituted with one to two
groups independently selected from 15 hal ogen, hydroxy, and Cl.-4 alkyl. In
one enbodi nent of the conpounds of structural fornmula I, R can be

sel ect ed fr%ﬁfﬂlﬁéolgp@udsoﬁst&i@drhlﬁgnﬂilah I CH2).0- 1C3- 6
cycl oalkyl,” and HyareA: 1- phenyl ; wher el ﬁg%%gﬁéylfc"%?g%@hﬁ?ﬂ%%?‘i% ed' or
substituted wt ﬁ'%ué’? three groups independently selected from R3; -and
al kyl and cycl oa §| ‘e optionally 20 substituted with one to three groups
i ndependent | y séfz6wbenyk om R3 and oxo. In a second enbodi nent of the

conmpounds of str, réd_of T, R2 can be phenyl or thienyl optionally
substituted wt é@g{r%gn(?%stcﬁélw foups i ndependently selected fromR3. In a
class of this erdbS@mehenyLbR2 nmay be phenyl optionally substituted with One
to three groups (C@ﬁpﬁwﬂ y selected fromR3. 25 In a third enbodi nent of

t he conpounds of 511u tural fornyla 1, X can be selected fromthe group
consi sting of (&%’3 'ﬁ‘FF@W{XL andCHp) n- - napht hyl,  (CH2) n- heteroaryl, 30
(CH2) nC3- 8 cycl ¢@Hk)-hetaddycl{lCl 12) n- het erocycl yl; wherein heteroaryl may be
as def'aed q‘%)veh and phenyl, naphthyl, and heteroaryl are optionally
subst i tut ed W IR 1% a5rdetingd ahys. andedpeyldeaphihyl, set eteadrfl mam R3;

cycl oal kyl uasibstieterod eyt ed@iathQRk koMl gﬁ@gﬁﬁa&p@ﬂ&%ﬁ Wt B @RE 193t hr ee
roups 35 t.l lLected .from R3 and_ oxo; an \Xhere h-any net hyl ene
(o Ty "o ERSE BRI o ?f&?yggﬁé(%e SRsonafoweBted with one to tixce groups

1nL<Jiependently selected from R3 and oxo; and wherein any methylene (CH2) in Y is

unsubstituted or substituted with one to two groups independently selected from
15  halogen, hydroxy, and Cj.4 alkyl.
' In one embodiment of the compounds of structural formula I, R’ can be
selected from the group consisting of hydrogen, C1.¢ alkyl, (CH2)0-1C3-6 cycloalkyl,
‘and (CHz)o.1-phenyl; wherein phenyl may be unsubstituted or substituted with one to three
groups independently_seiected from R3; and alkyl and cycloalkyl are optionally
20 substituted with one to three groups ihdépendently selected from R3 and oxo.
In a second embodiment of the compounds of structural formula I, R2
can be pheny! or thienyl optionally substituted with one to three groups independently

3 T -
selected from R°. In a class of this embodiment, R* may be phenyl optionally substituted

- with one to three groups independently selected from R3.

25 In a third embodiment of the compounds of structural formyla I, X can be

selected from the group consisting of - '
(CH2)p-phenyl,
(CH2)p-naphthyl,
(CHD)p-beteroaryl,
30 (CH2)pC3-3 cycloalkyl, and-
 (CH2)p-heteroeyclyl; - o
yvherein heteroaryl may be as defined above, and phenyl, naphthyl, and heteroaryl are |
* optionally substituted with one to three groups independently selected from R3;
| cycloalkyl and heterocyclyl are optionally substituted with one to three groups
.35 .' independently selected from R3 and oxo; and wherein any methylene (CH?2) group in
214 -




PCT/ US02105724 X can be unsubstituted or substituted with one to two groups

i ndependently sel ected from hal ogen, hydroxy, and Cl-4 alkyl. In a class
of this enbodinent, X may be selected fromthe group consi S9iAugushf005
(CH2) 0- 1- phenyl, (CH2)O..l-heteroaryl, (CH2)0_ 1-heterocyclyl; wherein-
phenyl amdgb,@@gggg)aryl are optionally substituted with one to 5 thfee gr oups
i ndependent |y sel ected from R3; heterocyclyl is optional lI"E/ @%P&E)E‘?’c‘ut ed

wi th one to three groups independently selected fromR3 and oxo; and CH2 is
unsubstituted or substituted with one to two groups i ndependently sel ected
from hal ogen, hydroxy, and C 1-4 alkyl. In a subclass of this class, X is

phenyl opti to three groups inde endently
sel ected f rxé %%ngg uf%}mﬁﬁgﬁkggﬁg?%%gﬁgr@ﬁt 10 5yo gEpY UWSBET@P’D‘[ 3b$€mﬂtal flomY
](c:an ble hydrha@:gwn, hydlrgret, amd €uriingrinerdred opand en%odﬁﬁ ﬂ—g; ur al .

ormula I, r ur t o
t he corrpoun s o 9 nSI&Ir“%séiqﬁ&Qv]egﬁ%(yﬁ (2}{2%5@11 29& ded corrpounds of
structural 1flmtqm¢3a:flyl; whmin@hbnﬁfanﬂ heteromyiced qdldh@ll)a&%bé?tuted vl%h opeto
st er eoche ~conf i gur at s hay rans qrientation o e an
pi per i d? nglt:l% Bl(rif?} E“f‘%dlf"efgynﬁeké]ﬂ 661;}:9?91 %% il?tﬁﬁocy‘ilﬂ i3 optienatla cubatinetad | v
accept abl e Wd) qoeiig élrrr%groupezmdmdgntly M@teld fom2 R3mnid©x6; anld, CAP i2; pis 0, 1,
or 2, RLig g%gtrtg Ilmno
cycl oal kyl b 5 & gﬂ{ﬁgptﬁ&)w%g n? OTuﬂSe é?%"&FCrWFY ﬁ}?}?é?éélfFbehenyl and
het er oar yI %IP% i, fy ﬁ“ﬁi led2 tlassead thiss chso déistphienyl opiogalbups
l ndependenidbﬁumt&ﬂbﬁﬁ bR thi%'&f‘g%im ‘?ﬁtﬁap@ﬁ §agctgg{ 31@(3/' are .
unsubstj tuted or i'ndependent |y
sel ected from R3 Zf%ig%b%h emg(i‘wge'll} %@EP'@EE@S%W@&UE&@P bo hgdrogen.

: In yet a further embodiment of compounds of structural formula I, r may be

~ lor2andsmaybe 1.
In vet a further embodiment of the compounds of the present invention,
there may be provided compounds of structural formula Ila or IIb of the indicated rela‘uve _

15 stereochemical configurations having the trans orientation of the R2 and

pipenidinecarbonyl substituents:

or a pharmaceutically acceptable salt thereof;,
20 wherein
ris lor2;
o nis’ 0,1, 0r2;
pis 0 1,or2;
- Rlishydrogen, amidino, C14 alkyliminoyl, C1_6 alkyl, C5_6 cycloalkyl
25 (CH?)O_ 1 phenyl (CH2)0-1 heteroaryl wherem phenyl and heteroaryl are
' unsubstltuted or subsntuted with one to thrce groups mdependently selected from R3,

' and alkyl and cycloalkyl are unsubshtuted or substltuted w1th one to three groups
" independently selected from R3 and 0Xx0; ' :

- lda -



PCT/ US02/ 0572 t R2 is phenyl or thienyl optionally substituted with one to
t hree groups independently selected fromR3; each R3 is independently
selected fromthe group consisting of 5 Cl-6 al kyl, (CH2) rRSRegetdensyl ,

(CH2) n- hatoaraeyrtyl ; hal ogen, OR4, 10 (CH2)nN(R4)2, ( ) %&5724
(CH2) nCO2R4, (CH2) nNRASO2R4 (CH2) nSO2N(R4) 2, 15. (CH2)n (Sggp 4,

(CH2) NNRAC(O N(R4) 2, (CH2)nC(O N(R4)2, (CH2)nNRAC(O R4, (CH2)nNRACOZ2R4,
20 (CH2) nNRAC( O - heteroaryl, (CH2)nC(O NR4AN(R4)2, (CH2)nC(O NRANRAC(O R4, -
Q(CH2) nC(O) N(R4) 2, CF3, 25 CH2CF3, COCF3, and OCH2CF3; in which
heteroaryl is_as defined above; phenyl, naphthyl, heteroaryl, cycloal kyl,
and het er oc¥ lwhew@fdh@wwlpmlgtﬁubmm@dB@th’ engtte dhung groups erdepemdhntie
substi t uent g3dmslamendent |y sel ected from hal ogen, hydroxy, oxo, Cl-4
al kyl, trifluoromethyl, and Cl1-4 al koxy; ‘and wherei n any nethyl ene (CH2)
group in R3 is unsubstituted or substitutea with one to two groups

i ndependentéayhR§|i§ﬁid%§eﬁdeﬁm’-ﬁéd@é]?ﬁomm{@%%§gcoﬁdiﬁin@%f‘l al kyl; or two
substituents whea grbl ﬁe sanme net hyl ene ) group are taken together
with thé carbon aF8m to which they are attached to forma cycl opropyl
group; (CH2)p-heteroaryl, _

(CH2)n-heterocyclyl,
halogen, |
OR4,
0 (CH2)InN(R )2,
- (CH2)nC=N,
(CH2)nCO2R4,
(CH2)nNRASOgR4
(CH2)pSO2N®R4Y,
15. (CHz)nS(O)pR4,
- (CH2)pNRAC(OIN(RH)2,
(CH2)nC(OINR4)2,
(CH2)sNRAC(O)R4,
(CHQ)nNRACOIR4,
20 (CH2)NR4C(O)-heteroaryl,
' (CH)nCO)NRAN(R )2,
(CH2)pC(O)NRANRAC(O)R4,
O(CH2)nC(OINR4)2,
o CFa,
25 - CHoCF3,
o ' OCF3, and
o OCH2CF3; . _
‘in which beteroaryl is as defined above; phenyl, naphthyl, heteroaryl, cycloalkyl, and
- heterocyelyl are unsubstituted or substituted with one to three substituents
30 independently selected from halogen, hydroxy, oxo, C1-4 alkyl, trifluoromethyl, and
~ C1-4 alkoxy; and wherein any methylene (CH2) group in R3 is unsubstituted or
‘substit_uted_ with one to two groups indcpendeﬁtly selected from halogen, hydroxy, and -
C1-4 alkyl; or two substituents when on the same methylene (CHp) group are taken

together with the carbon atom to which they are attached to form a cyclopropyl group;

-15-




-15 29 August 2005 WD 021068388 PCT/ US02105724 each R4 is independently
sel ected fromthe group consisting of hydrogen, Cl1-8 alkyl, 5 phenyl,
heteroaryl, (CH2)0-1 heterocyclyl, and C3-6 cycloal kyl; wttehusisi2elkyl ,
phenyl, heteroaryl, heterocyclyl, and cycloal kyl are unsubstituted or 10
substltuhﬁy WL:Q one to three groups independently sel ected from hal ogen,
Cl -4 al kyl, roxy, and Cl-4 al koxy; or two R4 groups PEHEEHEISTH th t he
atomto mhlch they are attached forma 4- to 8-nenbered nmono- or bicyclic
ring systemoptionally containing an additional heteroatom selected from
0, S, and NC1_4 alkyl; and 15 'X is phenyl or heteroaryl each of which is
optionally substituted with one to three groups independently sel ected
fromR3. In yet a further enbodi nent of the conpounds of the present

invention, edkh®HU§s mﬁp‘g’?‘gﬁﬁf@&?ﬁ ere Oellférﬁ%sl%g(}; S hgfgur al _.f ormula I'lla or

I1lb of the indicate rve urati-ons having the.
trans orientati oWdsEephe phenyl and 20 piperi d| necar bonyl substituents: R3
or R R3- R3 (Ili@)-g@kyla. pharmaceutically acceptable salt thereof;

wher ei n5R3 -16 Vlggegj%/ 068388 0 29 August 2005 PCT./US02/ 05724

heteroaryl,
(CH2)p-1 heterocyclyl, and
C3-g cycloalkyl; :
o wherein alkyl, phenyl heteroaryl, hetcrocyclyl and cycloalkyl are unsubstituted or
10 substituted with one to three groups independently selected from halogen Ci4 alkyl
hydroxy, and C1_4 alkoxy; or two R4 groups together with the atom to which they are

aitached form a 4- to 8-membered mono- or bicyclic ring system optionally containing
an additional heteroatom selected from O, S, and NC1_4 atkyl; and '

15 "Xis phenyl! or heteroaryl each of which is optionally substituted with one to three
groups independently selected from R3. , . |
In yet a further embodiment of the comﬁou'nds of the present invehtion,
there may be provided compounds of structura] formula Illa or IIIb of the indicated
relative stereochemical configurations havmg the r ans orientation of the phenyl and
20  piperidinecarbonyl substituents:

R/ /I |
R R

( g [ ] (QFN
S = - or . o }!‘N ) |
= O .
m fﬁ |
o s
R® R 53 R®

ora phannaceuucally acceptable salt thereof;
wherein

-16 -




r is 1or 2; RLis hydrogen, Cl-4 alkyl, or (CH2)0-1 phenyl; each R3 is
i ndependent |y selected fromthe group consisting of Cl-b alkyl, 5
(CH2) 0- 1- heteroaryl, (CH2)o-1-heterocyclyl, halogen, OR429August2005 -
(CH2) 0- 1N(Rk)odsssg 10 (CH2) 0- 1C=N, (CH2)0--1 CO2R4, (CH2) W@Q@B4
(CH2) 0- 1SO2N(R4) 2, (CH2) 041S(O pR4, 15 (CH2)0- 1INRAC( O N( A
(CH2)0_1C(O N(R4)2, (CH2)0-1NRAC(O R4, (CH2)0-1NR4ACO2R4, (CH2)O0-1
NRAC(O).-heteroaryl, 20 (CH2)0-1C(O NRAN(R4)2, (CH2)0-1 C(O NRANRAC(O) R4,
O (CH2)0-1 C(ON(R4)2, CF3, CH2CF3, 25. OCF3, and OCH2CF3; in which
.phenyl, naphthyl, heteroaryl, cycloal kyl, and heterocyclyl are
unsubstitut®d " of ®8Z%bstituted with one to two substituents i ndependent |y

sel ected frﬁhmmn,clhyﬂkﬂxy; (GHEDp-1Ghhedylal kyl , trifluoromethyl, and Cl-4
al koxy; and rein any 30 nethylene (CH2) group in R3 is unsubstituted or
substit ut ed® ?hg ‘5h‘?eC?eP%n%%Y5?]6%/}B§%°thg§§@\’g’éﬁ’???‘§u%@fect ed from hal ogen,
hydroxy, and Cl-41a 3, or two substituents when on the sanme nethyl ene
(CH2) grspup are (t(fﬁf)ﬂ_t-ﬁ% }] With the carbon atomto which they are
attached to form a‘-cycﬁ opr op roup; and 35 each R4 is independently

sel ected fromt h@%E)Bulph%‘émV‘gﬁ’fng of
' halogen, o
ORrR4, . '
(CH2)0-1NR%)2,
10 - (CH2)0.1C=N,

- (CH2)p-1CO2R4,
(CH2)0-1NRASO2R4
(CH2)0-1S02N®R4Y,,

, (CH2)0-1S(O)pR4,
15 (CH2)0-1INRAC(O)N(R4A)2,
(CH2)0-1C(O)NR%)2,
(CH2)0-1NRAC(O)R4,
(CH2)0-1NR4CO2R4,
~ (CH?2)0-1NRAC(O)-heteroaryl,
20 - (CH2)0-1C(O)NRANR)2,
N (CH2)0-1C(O)NRANRAC(O)RY,
- O(CH2)0-1C(O)NRH2,
- CFg,
L CH2CF3,
25 OCF3, and
. OCHCF3; ' |
in which phenyl, naphthyl, heteroaryl, cycloalkyl, and heterocyclyl are unsubstituted
~ or substituted with one to two substituents independently selected from halogen,
hydroxy, oxo, C1-4 alkyl, triﬂuqromethyl, and Cj-4 alkoxy; and wherein any
30 methylene (CHp) group in R3 is unsubstituted or substituted with one to two groups
" ' independently selected from halogen, hydroxy, and C1-4 alkyl'; or two substituents
when on the same methylene (CH2) group are taken together with the carbon atom to

which they are attached to form a cyclopropy! group; and

35  eachR%4is independently selected from_the' group cons.i'sting of
-17-



-17 29 August 2005 WO 02/ 068388 PCT/ US02/ 05724 hydrogen, C1-S alkyl,. -
phenyl, heteroaryl, 5 (CH2)4 1 heterocyclyl, and C3-6 cycloal kyl; wherein
al kyl, phenyl, heteroaryl, .heterocyclyl, and cycl oal kyl ar.e2Qhgubt200% ut ed
or substituted with one to three groups independently selected from

hal ogen, Lhiy!, hydroxy, and Cl-4 al koxy; or two R4 get her
Wi th thevg?g%?gi%VMi ch they are 10 att,ached forma 4- to ggmﬁgﬂmno_
or bicyclic ring systemoptionally containing an additional heteroatom
selected fromO, S, and NCI -4 alkyl. Illustrative but nonlimting exanples
of conpounds of the present invention that are useful as nel anocortin-4
receptor agonists are the follow ng: 15 WO 02/068388 d 29 August 2005

PCT/ US02i 05724 - 1ydogemygust 2005 WO 02/ 068388 . HN PCT/ US02105724 WD

02/ 068388 and 5 drj_gafdyhir maceutically acceptable salt thereof. 29 .August

2005 PCT/ US02/ 05724 Further illustrative of the present invention are the
conpounds sel ect #°™¥!r om t he group consisting of:
heteroaryl,
5 (CH2)0-1 heterocyclyl, and

C3-~6 cycloalkyl;

wherein alkyl, phenyl, heteroaryl, heterocyclyl, and cycloatkyl are unsubstituted or
substituted with one to three groups independently selected from halogen, C1.4 alkyl,

hydroxy, and C1-4 alkoxy; or two R# groups together with the atom to which they are

10 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.

Hlustrative but nonlimiting examples of compounds of the present
" invention that are useful as melanocortin-4 receptor agonists are the following:

cl Me Me

-Me.

15 F

Me Me
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-21 29 August 2005 WD 02/068388 CI Me and . PCT/ US02/ 05724 5 or a
pharmaceutically acceptable salt thereof. The conpounds of structural
formula | are effective as.nelanocortin receptor agoni sts 2hshgast@005
par ti culwployoghiective as sel ective agonists of MC-4R- They gl & ] herefore
useful for the treatnent and/or prevention of disorders résponsive to the
activation of MC-4R, such as obesity, ,diabetes as well as mal e and/ or
femal e sexual 10 dysfunction, in particular, erectile dysfunction, and
further in particular, male erectile dysfunction. Another aspect of the
present invention provides a nethod for the treatnent or prevention of
obesity or diabete§® n a mammal in need thereof Rahi ch -22 29 August 2005

Throughout the i ant appl.icajfeome the foll owpmg. terms havesd kg i.ndi cated
meani ngs: The al gr oups speci ¥-g@ above are ended to i n&tuyge those

al kyl groups of the€ designat ednl ength in eithe ~ai ght,_gf branched
confi gurati on.pe Exgopl @r yyof 4 al kyl gropps : . , propyl,

i sopropyl, butyl N'see-butyl] Yertiary butyl, WenByl ™7 sgpe hexyl ,

i sohexyl ,”  and thé' like. TheDt F hal ogen" i Hintended Do jlgcl gde t he
hal ogen atons fluorine, chld , brom ne and iodine. The
al kyl i mi noyl "means Cl1..3C(=N - The term"aryl" includeés._phenyl and
napht hyl .- The term "heteroaryl'l i ncl udes nono- and bicyclic jaromatic rings
containing from1l to 4 heter oafons sel ected from nitrogen, dgygen and

sul fur. "5- or 6-Menbered heteroaryl"” represents a nonocyclic

het er oaromati c &l ng, exanples 29 August 2005%-WO 02/068388 PCTI US02/ 05724
_ Me  Me Me, Me
: Me - : >L—Me~
N . ' N .
i N Th i

a Me )
O \g F Q \g F
F F
C! Me Me : CI
Me
| N
E\N Mel N E\N,
Me \” :
O a F O
F

L -19-




t hereof include thiazole, oxazole, thiophene, furan, pyrrole, imdazole,

i soxazol e, pyrazole, triazole, thiadiazole, tetrazole, oxadiazole,
pyridi ne, pyridazine,,pyrimdine, pyrazine, and the |ike- Bifugetp@s

het eroaromatic rings include, but are not limted to, benzothi adi azole,

i ndol e, hewanidkigphene, benzofuran, benzim dazole, benzi Spéi%]%*)ﬁﬁ‘i?él _
benzot hi azol e, qui noline, benzotriazole, benzoxazole, isoquinoline, purine,
furopyridine and thienopyridine. The term"5- or 6-nenbered carbocyclyl"” is
intended to include non- aromatic rings containing only carbon atons such
as cycl opentyl and cycl ohexyl. The term"5 and 6-nenbered heterocyclyl"” is
intended to inclyde non- 10 aronmatic heterocyﬁ es containing one to four
het er oat ons sel € rom ni trogdn, Meoxygen a : ur. ExanphMes M a 5 or
6- menber ed heteroc i ncl ude pi peMedi ne, .nor i ne,_ thianoppi.i ne,.
pyrrolidine, irnfdazplidine] teprdhydrofuran, ®i ' andN he |ike.
Certain of th aﬂov wdefined. t.eLny may occu& e~hn the 15
above fornul a‘and Epo Such aEcu rence each"t i

i ndependent |y of the other; tPus~fofF exanple, NRAR4A may reBregentF NH2,
NHCH3, N(CH3) CH2CH3, and the I ! i
need thereof' is a "human in , " need thereof," said human bw
mal e or female. 20 The term "conposition", as in pharmaceuticd '
conposition, is intended to enconpass a product conprising the active
ingredient(s), and the inert ingredient(s) that nake up the carrier, as
wel | as any prod which resultg, directly orringirectly, fP%

conbi nati on, conpl ion or aggr apgon of any nore o

ar i-nteractiaps of ohe @r

i ngredients, orf gSeci at i off of .
from ot her typesjof Mstt | 00S

i ngredi ents. AgCordi hgly, hqrb'. maceut i calle” Coifposie DivoN SO e present
i nvention enconpasd dniy conpgsition gmade by adnitking a cigp f the
present invention and a phar nmag fcally acceptable carrier-. ectile
dysfunction"” is a disorder invd ng the failure of a male rial to
achi eve erection, ejaculation, or both. Synptons of erectile sfunction

30. include an inability to achi Bve or maintain an erection, j acul at ory
failure, premature ejaculation, or inability to achieve an orgasm An
increase inerecgtile . dysfunction is often(ﬂssociated with age. and is
generally causeé physi cal MesWase or as ef fect Mé Meug

treatnent. -24 - Y-Me Yne ..
_ - N N . —N -
: N AN : ) : . o -
HN™ "Me Y HN™ “Me N\”"
e 0 F o F
Me '
F F
Me Me Cl - ' g Me Me .
-Me. Me
N ' ' N
MeO Me N\n\\\\
M
F o 0 F
F F
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29 August 2005 WO 02/068388 PCT/ US02/ 05724 By a nel anocortin receptor
"agoni st" is nmeant an endogenous or drug substance or conpound that can
interact with a nelanocortin. receptor and, initiate a= pHEMWQmmEm@ica
response wihadieisgri stic of the nelanocortin receptor. By g gl ﬁrtln
receptor "antagonist" is neant a drug or a conpound that opposes t

mel anocortin receptor-associ ated responses normally i nduced by anot her

bi oactive agent. The "agonistic" properties of the conpounds of the
present invention were nmeasured in the functional assay described bel ow
The functi onal ass€y di scrimnates a nelanocortin receptor agoni st froma
nmel anocortin rece t agoni st . hkbinding fnity" i s meamMe t he
ability of a conpoun 0 bi nd g0 its. ogi cal targé#wm n the the

preésent instance, of raf"tonpound of t ryct raI prmula | 'to
bind to a nel angc i Feeptinr «(Bi hdi ng af finitiestfo ke _tonpounds of
the present invefti mere neafiurdd in the bi |n&eassa§ﬂde cribed bel ow
.and are expressed as 1C50's OFf Picaby" desg 8let he r @l ativeFintensity
wi th which agonists vary in 15 response they produce when t hey
occupy the sanme nunber of receptorRs  and wth the same affrf'gity. Efficacy

is the property that enables drugs to produce responses. Prloperties of
conpounds/ drugs can be categorized into two groups, those which cause them
to associate with the receptors (binding affinity) and.those that produce
a stimulus (effFgag The termy cﬁlllcacy" i d to chara t;g?ze t he

| evel of _ 20 max ed by ago ists of a

receptor are capa _ ndu0| entical |e% axi ma ponses
Maxi mal response dependgs qp the eff|C|ency of co plyi ng, that is,
fromthe cascaded S, eh, fromthe yh|n-Mg C rug to the
receptor, |eads: t he deS|Ced pi okogi cal eff . The f ctlon activities

ist 25 effﬁ@ac " for the ounds of the
present invention at” a partic concentrati onMewere nea in the
functional assay described below Optical |soners - Diastergoners -
Geonetric |sonmers - Tautonmers Conpounds of structural fornuFa | contain one
or more asymmetric 30 centers and can thus occur as racemates and racenic
m xtures, single_.enantioners, diastereoneric(ﬂlxtures and i ndi vi dual

di ast ereonmers. They#fesent inverdediei s meant nmpr ehend. i IMsuch
isoneric forns of onpounds of ¢uctural f ' Some Mdée

conpounds descrlﬁfd

expressed as EC80' svand the "4

Me” N7 “Me . Me
N Me T i
F
, cl - Me Me
Me
and 9 ) N N
N N7 “Me \n“
me H G F

5  or a pharmdcentically acceptable salt thereof. :
Further illustrative of the present mventmn are the compounds selected
from the group consisting of
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bonds, and unl ess specified otherwi se, are neant to include both E and Z
geonetric 35 isoners. -25 29 August 2005 WO 02/ 068388 PCT/ US02/ 05724 Sone
of the conpounds described-herein may exist as tautomers su#hfugds 2Red o- eno
tautonmers. The . individual tautoners as well as mxtures thereof are
enconpasswd mbiédags t he conpounds of structural formula 1. Eﬁﬂﬂﬁﬂ&9§4°f
structural fornmula | may be separated.into their 5 indivi

di astereoi soners by, for exanple, fractional crystallization froma
suitable solvent, for exanple nmethanol or ethyl acetate or a m xture
thereof, or via chiral chromatography using an optically active stationary
phase. Absol ute stereochem stry may be. determ ned by X-ray -
crystallographﬁzof crystalline products or {ystalline i nt ernedi ates which
are derivatize ecessary, Maj Me a reage %, ai ni ng. anpk0 pMasynmet ric
center of known & ut e conflg Meon. Alternk ely, any stéia@;soner of
a conpound of ﬂhe gen I, Ila, 1®b, v py be obtai ned

by stereoqu\ﬁ sy.nthesiNs u&i pg. opti caII re § RQ naterials or
reagents of br@%l ute konfli gurati on. Mg5 #}Eltﬂ; The tgrm
"phar maceut i cal |y acceptabl@ sz  refers to sal Mg prepére Fom

phar maceuti cal |y acceptabl e @ oxi ¢ bases or acids inclu ) i norganic or
organi ¢ bases and i norgani c oryorganic acids. Salts derivedg om i norganic
bases include alum num amonigum cal cium copper, ferric, Ff errous,
l'ithium magnesium 20 mangani c salts, manganous, potassium sodium zinc,
and the |ike. Paiti arly pref darethec i um cal cium lithium
nd sodiu e‘g‘ts Salts d e
N

magnesi um pot assi
or gan 8n-toxi c ba clude salT¥eof

phar maceutical Iy g
primary, seconda y, am nes, substl tut ed m nes yncl udi ng
i nes, cycli FC i

natural | y occuu ¥ Suhst Joj= :\
exchange resins, 25‘ such as gi bet ai ne, caffei ne chol iIne,
yl am ne, 2-diethyl am noet

NN - di benzyl et hyl enedi am ne,

2-di met hyl am noet hanol , et hanollqui’ne, et hyl enedi ai ni ne, _ _
N- et hyl - nor phol i ne, N-et hyl pi peridi ne, glucam ne, glucosam ney histidine,
hydr abamni ne, isopropyl ani ne, |ysFne, nethyl gl ucani ne, norphol Fne,

pi per azi ne, piperidine, polyanm ne resins, procaine, purines, theobrom ne,

Ci

Me Me

Me Me
Me _ —Me. ...
N
T
and
E F
E

5 ora pharmaceutically acceptable salt thereof.

' The compounds of structural formula I are effective as melanocortin
recepior agonists and are particularly effective as selective agonists of MC-4R.. They
axe 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

10 dysfunction, in particular, erectile dysfunctlon, and further in pa.rtxcular 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 néed thereof which

o -22-




E

30 triethylam ne, trinethylamne, tripropylamne, tronmetham ne, and the
| i ke. When the conpound of the present invention is basic, salts may be
prepared from pharnaceutically acceptabl e non-toxic acids, 2hslgusia0gs

i norganic and organic acids. Such acids include.. acetic, benzenesulfonic,
benzoi c, canphorsulfonic,. <citric, ethanesulfonic, formc, fumaric,

gl uconic, glutamc, hydrobrom c, hydrochloric, 35 isethionic, lactic,

mal ei ¢,  malic, mandelic, nethanesul fonic, malonic, nucic, nitric, -26 WD
02/ 068388 a 5 29 August 2005 PCT/US02105724 panvic, pantothenic,
phosphoric, propionic, succinic, sulfuric, tartaric, p- toluenesulfonic
acid, trifluoroacetic acid, and the like. Particularly preferred are
citric, fumaric, hydrephrom c. .hydrochl oric, | ei.c, .phosphoric, sulfuric,
and tartaric . acids. _?Bm\&/)\lgb?mﬁheeylﬁ%ﬂ%rag%%ang@F?O%?l @Hgﬁg?‘@ﬁh? references
to the conpoditgtsd méanimgsnul a | are nmeant ‘to al so include the _

phar maceutical ly acce : drochl.ori de salts.
Uility 10 Conpounds?g€g¥$glr%§+ﬁgspe%#§&%e 5@%&3@} I %& &’é&%ﬂ?eo&mﬁ%%ky]st s and
as such ar eBTQURY ¢f the designatad lengthrisypither a ptraight asrbranchedenmifignratibndi seases,

di sorders Ofxe: i $fisQEBalk ASRADS adAnk hivA ik ypye of the
el anocortit-n fg}f:m@!t rs Jnlr%gl udi.ng, u?y%rggly%g#bwﬁb%ﬂ’obﬁw,% 2,

MC-3, MC-4, G%W*EE-@.’PS’EQ isopprtydalcadt, 13phexylaandithglikeondi ti ons i ncl ude, but
are not linited to, oDesicty "fdyzentiuaiciged b iAPREE HealdeBE LBAS ML abol i
rate, reducéhﬂgi,{?agrg ntgke or.. reduci ng carbohydrate. craving), diabetes

mel li tus ( by enhanci 6‘%’@8@8 tol erance, decreasing insulin. resistance),
hypert ensi on, hyper | i brckernaCl-astiadiaminoyl meaps Cams¥=NHyal | - bl adder di sease,
sl eep apnea, depressi ‘ X1 b |.si;on., n ses, insomi al/sleep

di sorder, substance a utseéﬂf éﬁrg?#d'%%l%ﬂgg apgﬁ‘ﬁﬁﬁﬁgexual dysfunction

(i ncl udi ng i npot ence, Thedgan Jptesparyl indodesmonr-entlibieycky abmatit idap) , f ever,

i nfl ammat i @Rantak RSAD 400 j rthritis,. skin f.annin acne
and ot her s%ﬂﬁ%or deIrjt:H, @%,eﬁ[re?)tgg%teggglaggfog‘%lgl%%é%r?:h?%e\?ealﬁggﬂﬁﬁﬁ th
enhancenent-MiBsEdgteraeyY repteseats wenoqysheheteroamnuitic sagrexansidere conpounds
enconpassed by fornmula | show highly selective affinity for the :




nmel anocortin-4 receptor (MC-4R) relative to MC-1R MC-2R, MC-3R and MG SR
25 whi ch nmakes them especially useful in the prevention and treatnent of
obesity, as well as nale and/or ferale sexual dysfuncti on, 29 Agustdoog
erectile dysfunction. "Male sexual dysfunction' 'includes inpotence, |oss
of 1ibi davoanskssgrectile dysfunction. "Erectile dysfunctigpp ke @i sorder
involving the failure of a male 30 manmmal to achi eve erection, _

ej acul ation, or both. Synptoms of erectile dysfunction incl ude an
inability to achieve or maintain an erection, ejaculatory failure,
premature ejacul ation, or. inabili ty to achieve an orgasm An increase in

erectile dysfun n and exuaI nc n can have numer ous underl ying

causes, i ncl%li'ﬁﬂ?%dn%ﬂ‘?e g%a[zo % ﬁi“tzé’ ul(eI‘ 0 §Yel6) I a0t 859K 9394y, physi cal

g;c/:_sr ; llJJ ggtz } gnpymzoh a&zmeamimnazsm gﬁrayolegcﬂdtdrazoﬁz P}a’ﬂhﬁl?’@yﬁ&%z%w iid, 068388
n ar__di sease si de

resulting f })gr marug ‘{t?’gé‘?ﬁe nyCF%jg%tP@&qr% TR 10 ‘FF& %’W HP@HPH%#@ .

"Femal e sex bahzcx!ﬁydacﬂuamiw inddle danziibicphene, henzofenah thengnﬁdmaﬂembﬁmmxezole,

o NS N P e,

receptivi ty, or asmre ancesd
periurethra YQPEF@HG thgnoapyridipg.gger points of sexual function.

particul ar, anatonic mtérﬂﬁeilm%eﬁeaeaba%emr' f&fmtai&éa éonhaﬂaf n&P' nts

may di mni sh t he, orgasm c otentl al 1 n breast ‘cancer and gyneco 0gi
cancer pati é?ﬂl%ancﬂlbgétcﬂﬁ‘ﬁ{mr&ﬁ oRl% FATbEN SRIUICH y& EYRhRenBA ang £1¢lehexNic- 4
receptor agoni st can rigudrin ‘fmaﬂdmhmrédm&oéﬂcw islifRh@MP® ihelhad §&L1 on,

10 |itat f duct th
ot oot 0y BREFRR Bfomsh soyaling Sty RTGvBRe SR FEOVAIORY desi re.

In a br oadepan%d stlfendixampdosudla Tyst-uratteon! hetabgalyi hwdudeqipdiing exual
pain, premay, a]@%& ] d Dose Ranges 15.
Any suit abl e r udtuglggt?u n@é\%nﬁ}?%%&ﬁn% e elnmﬁﬁdyeddh?/ ‘%“Zd a

vagi na,

manmal , eep _ Hiellikea human with an effectl ve dosage of a corrpound of the
present invention. F@erﬁ%%fﬁh@abcﬁfe@ieﬁné@ﬁlhﬁg ma&%%%ﬁ%ere%ned}fcglir?{h dOCU| ar,
ude

pul m)naig/ saI0 qg the |i Cg t% ed sa forms i1 nc
t abl et s1° t r BeRESorpRIa Fad epehen aghd féwelea% g §halt boofidined apdepprdently pbans,
oi ntnents, terabat tys dockxhinpld, NRAR Pmef epedsbyt NF, NHCH3, N(CH3)CH2CH3,
and the like. ' |
An embodiment of the term “mammal in need thereof” is a “human in .
- need thereof ” said human being elther male or female. .

20 | - Theterm' ‘composition”, as in pharmaceutlcal composition, is intended
to encompass a product comprising the active ingredient(s), and the inert ingredient(s)
that make up the carrier, as well as any product which results, dlrecﬂy or indirectly,
from combinati on, complexatlon or aggregation of any two or more of the ingredients,

_ or from dissociation of .one or more of the ingredients, or from other types of reactions |

25  orinteractions of one or more of the ingredients. Accordingly, the pharmaceutical
compositions of the present invention encompass any composition made by admixing
a compound of the present invention and a pharmaceutically acceptable carrier.

7 “Frectile dysfunction” is a disorder involving the failure of a male
mammal to achjeve erection, ejaculation, or both. Symptoms of erectile dysfunction

30 - include an mablhty to achieve or maintain an erection, ejaculatory failure, premature

- ejaculation, or inability to achieve an orgasm. An increage in erectile dysfunction is
often associated with age and is generally caused bya physmal disease or as a Slde-
-effect of dmur treatment.



20 compounds of Formula | are adm ntered orally or topically. The effective
dosage of active ingredient enployed may vary depending on the particul ar
conpound enpl oyed, the node of administration, the conditiZ®ndgestogpst reat ed

and thevs@vehdshyg of the, condition being treated.' Such y be
ascertained readily by a person skilled in the art. 25- %’Zﬁg‘tﬁg%%l ng

obesity, in conjunctioon with diabetes,and/or hyperglycem a, or al one,
generally satisfactory results are obtai ned when the . conpounds of the
present invention are administered at a daily dosage of fromabout 0.001
mlligramto about 100 mlligranms per kil ogramof animal body weight,
preferably given in B3 mglaaoersta ISCEPLOr nagANIAL s dnesas asendpgenays oF drugi nes a

?ﬁy, t 0{ :n s@&tﬁuébﬁb&ﬁﬁoﬁlﬂi tﬁ@tst.%nfilf?tléfﬁbtb %ﬂphhﬁel&%‘é@;{tﬂfre@ep%} A8 ek . PU”HB t
e tota era rom abou I"i grans to abou
5000 11 1 DRarcoRRttal teshonst Shthetic Trale BeRm it BeSbEr pBBeL do ¢ he
optimal t hencdpooidin mmﬁﬂsetagm@’t i mea:ttlartgugbﬁ:be@ umlthattdp osed i/ or

S. ot her seases or i ch conpounds

h |
DYPETO ¥ Bt B3 plants St ar PR ERRE BBl oT B o Rhertboig o P
when the caegptuiltis “adonidtis” prapeeies of thesrmiponndy &f the ﬁ&smlm&hﬂ%%ﬂ: 10 29

August 200308614 Hﬁﬂ%out Z%éalaagga}fﬂe%r%e@%eﬂ)tw hXh(ﬁu 81sprfn]éﬂmg}y gbout

0.001 mlligramto ab ram _per ogramo wei ght,
pr ef er abl y 2@ EPCPHinIessRigl %Ddfééﬁo@rﬂ mﬁlas@w@eeceptsb@ésgm to six tinmes a

day, or in sustal ned Hehgafify EHIHEW’ is%éd?st&aasﬁlt9fofac3ﬁp{§lg}g%§g{t% blgggﬁp 3; ge

t ot al | t

Lot Al 8Lt HoRgtk cnCh AL e L ROy CpB T Lo e 4o b
t Eer apeut i stma‘tmhﬂﬂﬁﬁla Fomitdie dmeanmaﬁd n flcetex UBindHl)gSaff%lglﬁbs ﬂﬂ tIgO PO ;Jnds of
t he presen Ve n n.in a dose r m,l | i mto
aboulto 100 Eo ?P%rdémfgérﬁe%ngl 59 gtﬁ?rbwerﬁ%as%?ﬁ&e%ﬁcg?%?séa gesgjé‘g%jam ngl e
dose orall §75 W%i’gaée%lgéf’rseéﬂﬁ; }0’€onmbi nati on Thera Conpounds of Fornula |
may be used in conbi nﬁ%ﬁ&g%v‘ﬂés@nﬁshﬁé re‘i’%ft%‘bgﬁlgpp%ﬁlw@{ @/Rﬁﬁ?&qoﬁ@tstvgﬁ( in

treat nent/ prevention/ suppressi on or i’seases
condi t +ns Hegesnmmpe they prgsign seor hardihay peeupy Hressamsafmber s&xsnensvm@nd dr ugs

may be with the same affinity. Efficacy is the property that enables drugs to produce
responses. Properties of compounds/drugs can be categorized into two groups, those
~ which cause them to associate with the TeCeptors- (bmdmg affinity) and those that
produce a stimulus (efficacy). The term “efficacy” is used to characterize the Jevel of -
20  maximal responses induced by agonists. Not all agonists of a receptor are capable of
inducing identical levels of maximal.respenses. Maximal response depends on the
'  efficiency of receptor coupling, that is, from the cascade of events, which, from the
- binding of the drug to the receptor, leads to the desired biological effect.
' The functional actlvmes expressed as EC50’s and the “agomst
25 “efficacy” for the compounds of the present invention at a part1cular concentration
were measuréd in the functional assay descnbed below.

Optical Isomers - Diastereomers - Geometric Isomers - Tautomers

Compounds.of structural formula I contain one or more asymmetnc |
30 centers and can thus occur as racemates and racemic mixtures, sin OIe enantiomers,
diastereomeric mixiures anid individual diastereomers. The present invention is meant
‘to comprehend all such isomeric forms of the compounds of structural formula I
Some of the compounds described herein contain olefinic double
- ‘bonds, and unless specified otherwme are meant to mclude both E and Z geometnc
35  isomers.
_25_



15 adm nistered, by a route and in an amount comonly used therefor,
cont enpor aneously or sequentially with a conmpound of Formula 1. Wen a
compound of Formula | is used contenporaneously wth one or29mugestaodser
drugs, a pharnmaceutical conposition containing such other drugs in

addi tion WQotfb@;;ggorrpound of Formula | is preferred Accor,g;r}&géy %
phar maceuti cal conpositions of the 20,present invention incC ‘h% se t hat

al so contain one or nore other active ingredients, in addition to a
compound of Fornula |I. Exanples of other active ingredients that may be
combined with a conpound of Formula I for the treatment or prevention of
obesity and/or diabetes, either admnistered separately or in the sane
phar maceuti cal conposi Sqremet the gempeands deserihedl hateen moy ekisrastiadoiers sgel)

i nsul i n senskke@as®l tam@dxﬁéik NGhé ir)dl\PEﬂ_ﬁalﬁ&ﬁ@fs%E %veﬁ%%*fm%ﬁué Nfe gﬂsﬂgé azones-
(e-g. troglitazone t8Jéj1thazone engl.i tazone: BRI 48 nd the

like), and COWPBRAT %B%FHP?PWQWMWfW@mw 97/ 28137 and

of {heulkn i, )t.b ' E”a@‘ﬁﬁi‘aﬁ’fﬁ“m’é’m o e Thi 21 e
(d) ct-g ucos(m?asg1 crh?r# ‘)SOVBIPSIS%U%%@E%JYB%Q?{C%Q E%?“%‘rféﬂfﬁéts&*%hle

| oweri ng agéplvents fﬂIh:xamp(er methiddie] Co Athybahectiasea mixtidtheess of via\eagh@at i n,

G eeques flr‘ﬂa%n‘?s@?aﬁﬁd i LAY bl BhRIbBY B oty R ok %PS? 29
29 August 2005 GEZWMP@F ¢W$@Q¢g15ﬁ12ﬂ0fdeyatalhn¢ pedudt oacestaltiae | i nked
dextran), (iiimMdeatd ﬂﬂch%&&&%ﬂﬂ‘aﬁﬂ%dcﬁtﬂe@és%m%p ?geﬁf% t ﬁIH%SOf (i)

prolife[rl tor-activater 1ggptor a, .agoni sts-’su enot i brie “aci d

deri vat fves’ f@e‘ﬁ?‘i‘jﬁr"ﬁﬁﬁe}f’ BWFBP%@eCPW%@Thte and benzafr brate), (iv)

inhibitors of chol esuer@hataagpmstaaoﬂ‘s@me%mre &ﬁﬁ%f%ieté%%&%f I}rd (aCY'
CoA: chol esteg gprﬁy 19 fer e% thr tors fo& a}F npl e Trel 1 nam

pr obucol , (\irt%”vrt f ‘Hay grivane By skg rReGHiG synthomspisimga P salhi sts
such as tth@re@fimn@m&uaﬂs meageaamanowﬁg\bmmercoﬁﬁ@amm serotonergic
agents, such as fean uram ne,

15 Salts
‘The term ' pharmaceutrcally acceptable salts” refers to salts prepared
from phannaceutlcally accepiable non-toxic bases or acids mcludmg Inorganic or
orgamc bases and inorganic or organic acids. Sals derived from i morganic bases
mclude aluminum, ammonium, calclum copper ferric, ferrous, lithium, magnesium,
2() manganic salts, manganous, potassium, sodium, zinc, and the like. Particularly
' prefened are the ammonium, calcium, l1th1um magnesmm, potassium, and sodium
‘salts. Salts derived from pharmaceutlcally acceptable organic non-toxic bases mclude
salts of primary, secondary and tertiary amines, substituted amines including
. naturally occurring substituted amines, cyclic amines, and basm ion exchange resins,
25_ such as arginine, betame caffeine, choline, N N—dlbenzylethylenedlannne '
diethylamine, -d1ethy1am1noethanol 2—d1methylammoethanol ethanolamine,
ethylenediamine, N—ethyl—morphohne N—ethylplpendme glucamine, glucosamine,
histidine, hydrabargine, 1sopropylamme lysine, methylglucalmne, morpholine,
piperazine, piperidine, polyamme resins, procaine, purines, theobromme
30 ttiethylamine trimethylamine, tripropylamine, troniethamine and the like.
| ‘When the compound of the present mvention is basic, salts may be
prepared from pharmaceuncally acceptable non-toxic a01ds mcludmg inorganic and
organic acids. Such acids mclude acetic, benzenesulfonic, benzoic, camphorsulfonic,
citric, ethanesulfomc, fonmc, fumanc, gluconic, glutamic, hydrobromic, hydrochloric,
35 isethionic, lactic, maleic, malic, mandelic, methanesulfonic, malonic, m_ecic, nitric,
-26- -



dexfenfl uram ne, phenterm ne, and sibutram ne; 10 (h) P 3-adrenoreceptor
agoni sts; (i) pancreatic |lipase inhibitors, such as orlistat; (j). feeding
behavi or nodi fyi ng agents, .such as neuropeptide Y1 and Y5 28muggonics s,
such as {pemesisscl osed in WD 97119682, WO 97/20820, WO p?{g%g,%gﬂ WO
97120822, WD 97120823, WD 01/14376, and U.S. Patent No. 15 6 141 180:

nmel ani n-concentrati ng hornone (MCH) receptor antagonists, such as those

di scl osed in WO 01121577 and WO 01/21169; and orexin-1 receptor

ant agoni sts; (k), PPAR a agoni sts such as described in WD 97/36579 by.

d axo; (1) PPARy antagonists as described in W97110813; (n) serotonin
reupt ake i NREBPIERBIERAHC.LRhosRhgER HPRIONIcH RasKBe . sHBUria dta®0, Bertral i ne; (n)

growt h - hor Mg asfcRl a8 UREuorsheic asidVind®E Tike( P%n&ﬁl@ﬂ??%é?&%éﬁéér@g eptor
I nvers

| i gands, such.as cannabinoid receptor  antagaonists’ or i

agoni sts; afd$ %’jmi}?‘bhfi’f?%f%%yh@% Feisehppphoprmulfpyic, andragaticor s. 25
Exanpl es of addéd.i - obesity agents that can be enployed in conbination wth a
conmpound: of Formula I .ar.e .disclosed.in "Patepnt focys on new anti-obesity
agents, 5 Exp. Opin. Tﬁe"?lﬁ qﬁa‘i“@?ﬁ ng}ﬁaq’ §1§9§§iret1126%ﬁf?casﬁ% ICOTROP G besi ty
drugs, " ExfFappiuts I dammvesing toRisegsclude the3harmB826ti¢206)eptabickaliRemen tis

advances i ngfeedl . essing agents: potential therapeutic strategy for
t he treatnment g%logglggﬁgs{ﬁ{s&n. 30 Opin. Ther. Patents, 11: 1677-1692

(2001). The role, of neuropeptide Y in obesity is discussed in Ex . O gin.
| nvest. DI’Ugﬁh‘tgfgi 7 327-3 346 (2400). Cannabinoid receptor |igands are

di scuss I n p. Opin. Invest. Drugs, 9: 1553-1571 (2000). Exanples of

ot her aﬁfi ve ingredi eﬁP?PP qﬁéﬁgfﬂﬁgaéwééﬁoqufwegept@(ﬂgﬁ%ﬁ@néfas Formul a |
for the treaichent useful ph eeapditent Pontrl &r Revérrivhlof deexealdiddddglysf unction, in
particul ar,

P30 26 mug T RsBEE e b Fo ke KRR PR oo B AT PHEn el RRB RRc Ut cal
conposi ti onscludingl bideyre bat liraited oM nMICRE, W6 -8 AYICH4 e MC-5. Such :
cycli c- QNP GREEL ifsoRRASHMRHEShHRARe, Lt Y3: HoRMAb! ey (o) St}
15 - appetite, increasing metabolic rate, reducing fat intake or reducing carbohydrate
craving), diabetes mellitus (by enhancing glucose tolerance, décreasing insulin
resistance), hypertension, hyperlipidémia, osteoal;thritis, 'cancer,‘ gall bladder disease,
sleep apnea, depression, anxiety, corhpulsion, neu:osés, insomnia/sleep disorder,
substance abuse, pain, male and female sexual dysfunction (including impotence, loss
20 of libido and erectile dysfunction}, fever, inflammation, 'immuﬁemoduiation,
theumatoid 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 T show highly selective affinity for the
melanocortin-4 receptor (MC-4R) relative to MC-1R, MC-2R, MC-3R, and MC-5R,
25  which makes them especially useful in the prevention and treatment of obesity, as
well as male and/or female sexual dysfunction; inchiding erectile dysfunction.
“Male sexual dysfunction” includes impotence, loss of libido, and
erectile dysfunction. | _ ' |
' “Brectile dysfunc'i':i(')n” is a disorder involving the failure of a male
30 mammal to achieve erection, ejaculation, or both. Symptoms of erectile dysfunction
include an inability to achicve or maintain an erection, eja’culatoty failure, premature
ejaculation, or inability to achieve an orgasm. An increase in erectile dysfunctibn and
sexnal dysfunction can have numerous underlying causes, including but not limited to
(1) aging, (b) an underlying physical dysfunction, such as trauma, surgery, and

227 -



(6R 12aR) 2, 3 6,7,12, 12a- hexahydro 2- met hyI 6- (3 4- et hyl enedi oxyphenyl)
pyrazino[2',1":6, 1] pyrido[ 3, 4-blindole-1,4-dione (I1C351); (b)

al pha- adrenergi c 5 receptor antagonists, including phent ol aziugng 260t
yohi nbi ne or pharmaceutically acceptable salts thereof; (c) dopam ne

r ecept or wap@nicsisg, such as aponor phine or phar maceutlcalll. @g@ﬁgfﬁbl e
salts thereof; and (d) nitric oxide (NO donors. 10 Pharnaceuti ca

Conposi tions Anot her aspect of the present invention provides
pharmaceutical conpositions which conprises a conpound of Fornul al and a
pharmaceutically acceptable carrier. The pharnmaceuti cal corrp05| tions of
the present_invention rise d of Fornula | as an active

i ngredi ent %Ean‘ ﬁﬁ]é{?%@éa{?@& ?@ﬂa@&‘ggteﬁgﬂé e Ang fHap SB1e tegi@enay al so
contain a p&qncmnmuhncbﬁhén@]ﬁsmt@dﬁe carrier 15 and optionally other .
t herapeutic ingrediént romceut i cal tabl'e salts"
refers to salts preparlisédm;[?gerﬁm(a;]&nS gﬁ?l%@ﬂ 931535’&8% @ng%lh e pases
or acids i¢fehpaeny indladiggdysfuld®esn desiays selsrabaduel gamlzd rbcﬁ:@ﬁmtp andci ds.
The comepsi &ahs rdifeh ‘tlfi&igﬁlmgés’ hROBSHL G, DOl o1 Sl lomer) OPLCH

parenteral (i'nclud |ng subcut aneous, I ntranuscul ocul ar
20 (opht hal 2857 Pseie pbprup! {Ungler: Torpapiqsdas) anammcamdcfmcnoual matﬁbatxon

adni ni st r at bfasich &ﬁgglépﬁﬁﬂtstrﬁ% dRfihish tid GOLGnit fiikitn M OEHEL RS W ||
depend on the n(ﬁt ure and severjty conditions being treated and on

t he nature Df°¢ leéi&f“?"\?ép?ti?d’i“edﬁéﬂtmem ?ﬁéﬁ%@‘ﬁé‘ WstperprwithpnpMedent ed in

u PI t hdos ageretapton @nmspes?pamdmbmpa%edaﬂoddlﬂowmﬁiﬂﬂ@&bﬂ M@ﬂnlﬁatﬂéﬁ rb{)hdt he art
of phar ic e co n rul a n be
conbi ne asge?%a%()h ? iﬁ @gtmn OSF%%E%ME‘?‘FH? d‘?&‘fg‘% l%g‘rfhr %ﬁt‘éry\ﬂeflﬁg etween

phar maceut i Ggisnga pRg ST i1y i3 et -mm IEREE UeEe sexual
conpoundi. NGy L BRHRALAURS, r r{)g}{ %ﬁ et f forms
dependi ng or?ét he ?orm o]fnz&so%g%sa%e?%ad é&’ t@rg ’rﬁnr% tspg%fora 72 e, g.,

oral or .parenteral (including intravenous). In pr epar| ng the corrp03| tions

for oral 3%@aﬁm&tlbﬁlhﬂam§y;gaﬁgéshe usual pharnmaceutical nedia may be
ycol s, oils, alcohols, flavoring

enpl oyed, such as, for
agent s Plgpr eservat i ves"j"nlﬁﬁ)‘f1 %“?ﬁﬁﬁgﬂn‘é‘i‘iﬁlan@ay beempleyed for paeadiag aor al
l'i quid pr epasmatiahrspecliyh fﬁﬁnanf\ﬂith ax affpdtive @E@géﬂﬂ%lc@ﬂfpoun@ bf thiepSesaid

sol uti ons; ars rocrystalline

h
cel | ul ose, R%ﬁnl uen;l:‘g7 ré@ﬁ?ﬁ@o&% RS iégﬁe]?:gl PRIyBierl - 15t B"i‘%’ nasal, and
di si ntegr atthmbk%lgleﬁbs eapébyetie Dosdge form8hicidde tatdgats, 1:cciche:’.r ails;ﬁﬂiond

pr epar at 0%%3p%ﬂ§1'3n§§olufn‘3fxs %ﬁgﬁ?és creﬁ)ﬁg\‘j(ﬁﬁtﬁaenl?sa gro?(ﬂg anﬁ the hlg’e Prefcrablj--/

20 compounds of Formula I are admin: stered orally or topically.

_ The effectlve dosage of active ingredient employed may vary
- dependmg on the parhcular compound employed, the mode of administration, the
condition belng treated and the severity of the «condition being treated.” Such dosage
- may be ascertained: readily by a person skﬂled in the art. _ _

25. . . When treating obesity, in conjunctlon W1th dlabetes and/or
hyperglycerma or alone, generally satisfactory results are obtained when the
compounds of the present invention are administered at a daily dosage of from about

- 0.001 milligram to about 100 milligrams per kllogram of animal body weight,
_ preferably given in a single dose or in divided doses two to six times a day, or in |

30 = sustained release form. Inthe case of a 70 kg adult human, the total daily dose will
generally be from about 0.07 nn]hgrams to about 3500 m1111grams This dosage

- regimen may be adjusted to prowde the optimal therapeutic response.
- When treatmg dzabctes mellitus and/or hyperglycenna as well as other
~ diseases or dlsorders for which compounds of formula Iare useful, g enerally

35 satlsfactory results are obtained when the compounds of the present invention are
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29 August 2005 WD 02/ 068388 PCT/ US02/ 05724 capsul es and tablets, with
the solid oral preparations being preferred over the |iquid preparations.
Because of their ease of admi nistration, tablets and capsul ZEsAugepraient
the nmost ggyapsageous oral dosage unit formin which case, ’?UJSEZ/:
pharmaceutical 5 carriers are obviously enployed. If desire (b ets may
be coated by standard aqueous or nonaqueous techni ques. Such conpositions
and. preparations should contain at least 0.1 percent of active conpound.
The percentage of active conmpound in these conpositions.my, of course, be
vari ed and may convenient|ly be between about 2 I;iercent to about 60 percent

of the wei gﬁtﬂméﬂlstfﬂﬁé afiAidelly dpsage pblipm abpuld PPl eildigrane rapdhent 10hmdlighm

t her apeut i Cae} Milapsahf AGRREIOBEY Wweikht, ipfefsMBly dibat 1l 156t %6y dRspge. Wl |
be obtai ned., The active,co unds.can al 30 be afgm nj stered |ntranasally as,
t

for exanpl dOSSLERIE S ERS biavs pr mysustpmed felppssderm pln the casegha f0dke adakd t he
li ke may al smma,rthamalada@ymﬁeer willigénerally bgUrorh GBYATROT MilligGakitd ab&@BBp St ar ch

agent oudn AEHESRRE oF e 2hSs Bt el R R e Dytimhl el ol

as magnesi umﬁf@t)wrate and a sweeteni ng agent such as sucrose, |lactose or
saccharin. When a dos I n
addition to. materi al g%?{%qhéat&l%g\r;&é ?Kgﬁl &j?s?‘ijfgu% 8538?1%%{(}%0?%6 rﬁseél{s a fatty
oi | . Vari oudM6RHet angeg et ilaslosaganse o @Qbﬁml@a@@@aﬁ)mi%mﬂmmgmw t he
20' physi Ca'hlBQ*éiﬂ(ﬁfboH?%v&?ﬁaﬁ@fe%I} as £ QhglkMEAHGRY of a@éﬁésal be coat ed
wth shﬁbll ac sugar h syrup or elixir may cont al n, ‘addition to
the active ingredient, sucrose as a sweetening agent, net hyI and

propyl par ab€hsbasationr@eespyat i ves, a dye and a flavoring such as cherry or

orange fl avor. Conpo s of for e ad nster

par egt eral Yy 25 ggl E{a?(ﬁ;%ouggs W&%ﬁgy g‘? uﬁ%ﬁg@‘)‘é qa\}gn(\y tﬁﬁé‘%ﬁﬁ&%"‘q‘f’an be
prepar ed i ntwheaerusedin tiblispatmmngpobventidy/aupprosfias banatmeSoratiomsf the diseases

hyd

ydr oxy- Pr OBy k&iddtls 25w hith SBRRELANDE $RMn B I ArD el SNBH Bhel Aol METHE! hary

l'i quid pol yet hyl ene glycols m xtures t ereo I'n ol
condi ti éfs G@mﬁ%ﬁfﬁé YehEPUERsEtd il §B SEoppepEREenyised thetalph a preservative to

prevent thecamt@mp&aﬁéomjcmeqm&hﬁwﬂh%(bolit}%uneB@Fsﬁﬁﬁﬂﬁ' Gtherf L7 M5 Sui tabl e
for injectable us Sterjl e a%ueous sol.utions or dispersions and
steri | e p OV\ﬁ%IPBOLFa' f{]ﬁ)én\gﬁatlé raneolsly with one or more other drugs, a

7 pharmaceutlcal composmon contammg such other drugs in addition to the compound

of Formula I is preferred. Accordingly, the pharmaceutical compositions of the
20 present invention include those that also contain one or more other active ingredients,
in addition to a compound of Formula L. _' '
Examples of other active ingredients that may be combined with a
- compound of Formula I for the treatment or prevention of obesity and/or diabetes,
eithér adminisiered separate]y or in the same pharmaceutlcal composnlons include,
25  but are not limited to:
| @) insulin sensitizers including (i) PPARY agonists such as the
ghtazones (e.g. troglitazone, pioglitazone, englitazone, MCC-555, BRL49653 and the
like), and compounds disclosed in WO97/27857, 97/28115, 97/28137 and 97/27847
(ii) biguanides such as metformin and phenformin;
30 (b) insulin or insulin mimetics;
- “(c) sulfonylureas, such as tolbutaimide and glipizide;
(d) o-glucosidase inhibitors (such as acarbose), ‘
(e) cholesterol ‘lowering agents such as (i) HMG-CoA reductase
inhibitors (lovastatin, simvastatin, pravastatin, "ﬂuvastatin atorvastatin, and other
35 statins), (11) sequestrants (cholestyrannne, colestipol and a d1a1kylaxmnoa1ky1
_ o _9.



preparation of sterile injectable solutions or dispersions. In all cases,
the formnust be sterile and nust be fluid to. the extent that easy
syringability exists. It must be stable under the conditi. ofsAugoft 2005

manuf acture and. storage and. nust be preserved against 35 the

cont am neiongssagd i on of microorgani sms such as bacteria arefdangizg The
carrier -32 29 August 2005 WD 02/068388 PCT/ US02/ 05724 can be a sol vent
or di spersion nedium containing, for exanple, water, ethanol, polyol (e.g.
gl ycerol, propylene glycol and liquid. polyethylene glycol), suitable

m xtures: - thereof, and vegetable oils. 5 Preparation of Conpounds of the

I t Th ds of t I t h t
can be pr SBATEHRRL BrnRginket et SueBisPEs gl PRLrE G R ARRGT seHbmes and
]IcExiallrrpI es, m]sam@f, (1appfcoﬁénaatrocﬁmwreedpsom_dgcﬁm_s ﬁlwhtdﬂ?inﬁﬁﬂpblgf ied by the

ol owin e utidi zi ocedur es
descri beg ?ﬁﬁgé& I(gerﬁpﬁeﬁ’l (t]il?\%’rﬁ e&ﬁgpyaﬁ)é"ﬁi)tﬁﬁntl%gqr tSﬁ (&E Hﬁﬁ‘e'%‘gtrﬁ 81?13 WO
99164002 (EbommosomﬁﬁgiorandnmH&@&Q%&Qol(ahd (a@éébﬁmholes&ﬁm) whi ch are
. i N C th
i ncor posa gg)pttxngf&fa@é)qﬂ@%ﬁa&rfst Bt Akt W8 boblfl, (APPUAGTH Gfa it

the disclo e cont ai'ne erern, can
readi |y préparaywarimetistial conpounds. of the present |nvent|on cl ai med

herein. The conpounct%rtmgtarr@ﬁﬁgl dubh hihoSX ABLES IAWOIPkg 1dpwever,, to be
construed as forming 15 the ofnly genus .that is consjdered. as the invention.

The Exanpl es further @& Pttgpb%set@ SerIAET IS APHS. SPh prieplymamingm of the
conpounds déxfehﬂuﬂ!’nﬁﬁ@flﬁlchﬂﬁﬂﬁﬁhblzﬁiﬂlsﬂiﬁﬁﬁlﬁn&kl Iled in the art will readily

understand that kno i ons f t he.condi ti ons and processes of the
fol l ovvlrlﬁg prepar at i \Oﬁhﬁ%é@?&?@%@ %a%glsﬁgsed to prepare these conpounds.
The instant conpound$ panercgenbpak izhibsods atoed aé nriistet; f orm of their

pharmaceutical |y 20 a@%@alﬂgta@m%?&r&ﬁod@m Ogegtst Q&@%@g&&pg@ﬁgﬂ&d ously

her ei nabove .The free™am ne ases cor ted salts can

be gener at & Byagreints. snely ag these digalpsed in t9§bl9é Ba¥é) 9HEe$20a¥V@queous.

sodi um hydmmegﬁrwgrt/@es@pdwmmmnwoo1$1q@vyrandto'grpatéﬁt% and
pot assgg gy ‘o]éq and extraction of t e }b erated am ne free base into
ic: t

an org el GeRF eB AR HECERRTFRtaEPRistsyieh a5 spat ed i n
this 25 rraﬂtserose@fn mowmbwmmot/eaimmta@damtmﬁe@ o aB@esissal |y

of the-appropr1 at o adkh Fhi Behpitls SRSl ﬁﬁ%aﬁ%ét%t’e%%nadglt o
crystallization. Al (t)eRBAiRatautagematrsas degribed in BEDEI/UBR1GNI ess ot herwi se
noted. Mass spect ra ((%)set’g%rﬁn %%f‘aﬁgc?ﬂugﬂoﬁlsﬁa{ M RGRY paroxetme and
20  sertraline;
_ {n) growth hormone secretagogucs such as MK-0677;
{0) cannabmmd receptor Itoands such as cannabmozd CB1 rcccptor
antagomsts or inverse agonists; and
(p) protein tyrosine phosphatasc-lB (PT P-1B) mhtbttors
25 .Examples of anti-obesity agents that can be employed in combmatton
, w1th a compound of Formula [ are disclosed in “Patent focus on new anti-obesity
agents,” Exp Omn Ther. Patents 10: 819-831 (2000); “N ovel ant:t-obes1ty drugs,”
EXD Qpin. Invest. Drugs, 9: 1317-1 326 (2000); and “Recent advances in feeding
‘ suppressing agents: potenttal therapeutic strategy for the treatment of obesity, Exp. -
30  Opin. Ther. Patents, 11: 1677—16_92 (2001). The role of neuropeptide Y in obesity is
 discussed in Exp. Opin. Invest, Drtios 9: 1327-1346 (2000). Cannabinoid receptor
,hr-rands are discussed in Exp. Omn Invest. Drugs 9: 1553- 1571 (2000)..
Examples of othcr acttve 1ngrcd1cnts that may be combined with a

compound of Formula I for the treatmant or prevention of male or fcmalc sexual -
35 dysfunctmn, in particular, male erectile dysfunction, either adrmmstered scparately or
-30- B



| on- mass spectroscopy. 30 The phrase "standard peptide coupling reaction
condi tions" neans coupling a carboxylic acid Wth an am ne using an acid
activating agent such as EDC, DCC, and BOP in an inert sol2?¢wgusdel® as
di chl oro kn the presence of a catalyst such as e of
pr ot ectiggigk?dca)ﬁsgg for the am ne and carboxylic acid fu??% Un%%fﬁs to
facilitate the desired reaction and nmnim ze undesired reactions 35 is well
docunented. Conditions required to renove protecting groups are found in
-33. 29 August 2005 WD 02/ 068388 PCT/ US02/ 05724 standard textbooks such as
Greene, T, and Wits, P. G M, Protective Groups in Oganic Synthesis,
John W1 ey & tBppane phasmacqusnal coomositingg, ingede, buGRE neidimiBEGo (axiype Sommonl y
used prot eC&ycﬂg-(WlP%écﬁl@ p%%ﬁ&ﬂiﬁstéﬁé@é 08555 i) t&r@qgr%%&@g%@énaﬁ?%ﬂ:fj' tions

are known tgo _those skil For _éxanpl e e removed 5 by
catal ytic h&g‘p dgefhkt ?’&m ,i%l%wxﬁhlé@fér?c@e&ﬂé @tﬁ’bmthﬁ’é’ﬂ@m%}?hﬁnﬂ)-om de such

as pall adl pymﬂo[acui ngﬂd@@hbﬁﬁndcﬂed @ﬂi@h& QICS%M%§ apH&RdRBerFR! hanol or
et hanol ses i.s contraindiCated due. to
the pr esSencrgC ot mﬂg*otné %F“F(é f}’B h‘%ﬁlﬂhiaff%%ceu‘i‘%val of CBZ

groups can aicemialide salththensef (d);dc)phmﬁ&tm@aptom«bimsa seh |t kdin@bhidg @k ogen
bromde in ?ﬁgs t 10 m f TFA and

di et hyl sul h&ﬁ@%@# &?th%%ﬁ%ro | ngPCB cox%@@rcfgats out with a
strong acid, such as trifluoroacetic aC| d, hydrochloric acid, or hydrogen

chloride galshmngceamggl(y&ﬂgosmg as nethyl ene chloride, nethanol, or ethyl
acetate. Abbreviations Used 1n the Description of the Preparation of the

Conpourids of the 15 PreBETASPEGheEHie RsRsenBOTeRFdyoviderpiBumacsatieal CBZ (Cbz)
c-hex  c- petom@siiods whkARomlpkikés a compound of Formula I and a pharmaceutically |

acceptable carrier. The pharmaceutical compositions of the present invention

comprise a compound of Formula I as an active ingredient or 4 pharmaceutically
acceptable salt thereof, and may also contain a pharmaceutically acceptable carrier
15  and optionally other therapeutic ingredients. The term “pharmaceutically acceptable
-salts" refers to salts prepared from pharmaceutically acceptable non-toxic bases or
acids including inorganic bases or acids and organic bases or acids. _ _
_ The compositions include compositions suitable for orai, r’ectal, -
topical, parenteral (including subcutaneous, intramuscular, and intravenous), ocular =~
20 - (ophthalmic), pulmonary (nasal or buccal inhalation), or nasal administration, ')
although the most suitable route in any given case will depend on the nature and
severity of the conditions being treated and on the nature of the active ingredient.
- They may be conveniently presented in unit dosage form and prepared by any of the
methods well-known in the art of pharmaéy. |
25 : In 'practical use, the compounds of Formula I can be combined as the
' active ingredient in intimate admixture with a pharmaceutical carrier accordingto
conventional pharmaceutical compounding techniques. The carrier may take a wide -
variety of forms depending on the form of preparation desired for administration, e. 2.,
oral or parenteral (including intravenous). In preparing the compositions for oral
30  dosage form, any of the usual phatmaceutical media may be employed, such as, for
' ‘example, water, glycols, oils, alcohols, flavoring agents, preservatives, colonng agents
and the hke in the case of oral liquid preparations, such as, for example, suspensions,
elixirs and sblutions; or camiers such as starches, sugars, microcrystalline ceHulose,
| diluents, granulating agents, lubricants, binders, disintegrating agents and the like in
35  thecase of oraI solid preparauons such as, for example powders hard and soft
‘ . 231 - _




DIVAP DIVF 'EDC eq. ES-M5 Et EtOAc t-butyl oxycarbonyl benzotri
azol --1-yloxytri s (di nethyl am no)phosphoni um hexafl uorophosphat e butyl

cal cul ated benzyl oxycarbonyl cyclohexyl cyclopentyl cycl9poeg@eos
di et hyl azodi carboxyl ate diisopropylethylam ne 4-dinethyl am n0pyr| d| ne

N, N- di et h2mesme de  1- ( 3- di met hyl am nopr opyl ) 3- et hyl car

equi val en?{is) el ectron spray ion-nass:spectroscopy ethyl e géi‘ ate -34
WO 02/ 068388 .29 August 2005 PCT/US02/05724 HATU

O (7-azabenzotriazol-1-yl)-1,1, 3, 3-tetranet hyl uroni um hexaf | uor ophosphat e.
HOAt 1- hydroxy-7-azabenzotri azole HOBt 1- hydroxybenzotr| azol e hydrate HPLC

high perfor n&?}gﬁe n%ltaglei(::shr it gorh%{j oral preparations being preferred over the liquid
preparations. . _ e - _
' Because of thcxr gase of admlmstratlon tablets and capsules represent
- the most advantageous oral dosage unit form in which case solid pharmaceutlcal
5  carriers ate obviously employed. If desired, tablets may be coated by standard
| aqueous or nonagqueous techniques. Such composifions and preparations should
contain at least 0.1 percent of active compound. The percentage of active compound
in these compositions may, of course, be varied and may conveniently be between
about 2 percent to about 60 percent of the-weight of the unit. "The amount of active
10 compound in such therapeutically useful compositions is-such that an effective dosage
will be c_)btained. ‘The active compounds can also be administered intranasally as, for
_example, liquid drops or spray. _ :
The tablets, pills, capsules, and the like may also contam a'binder such
as gum traoacanth acacia, corn starch or gelatin; excipients such as dmal(:lum
15 phosphate; a d151ntegratmg agent such as com starch, potato starch, alginic acid; a
 Iubricant such as magnesium stearate; and a sweetening agent such as sucrose, lactose
or saccharin. When a dosage unit form is a capsule, it may contain, in addition to -
materials of the above type, a liquid carrier such as a fatty OiI , '
_ Various other materials may be present as coatings or to modify the
20 .physwal torm of the dosage unit. For instance, tablets may be coated with shellac,
~sugar or both. A syrup or elixir may contain, in addition to the active ingredient,
sucrose as a sweetemng agent, methyl and propylparabens as preservatives, a dye and
a ﬂavormg such as cherry or orange flavor. _
‘ Compounds of formula I may also be adrmmstered parenterally
25 Solutions or suspensions of these active compounds can be prepared in water suitably
| mixed with a surfactant such as hydroxy—propylcellulose Dispersions can also be
A . prepared in glycerol, hquld polyethylene glycols and Imxtures thereof in oils. Under
ordinary conditions of storage and use, these preparations contain a preservative to
prevent the growth of microorganisms.
. 30 - . The pharmaceutical forms suitable for mjcctable use include sterile
aqueous solutions or dispersions and sterile powders for the extemporaneous
. preparation of sterile injectable solutions or dispersions. In all cases, the form must
be sterile and must be fluid to the extent that easy syringability exists. It must be
i ‘ _stable under the conditions. of manufacture and storage and must be preserved against
35 the contammatmo actlon of nncroorgamsms such as bacteria and fung1 The carrier
' -32-



LDA [ithiumdiisopropyl am de MC-xR nel anocortin receptor (x being a nunber)
Me nmethyl MF nolecular formula MS mass spectrum M net hanesul fonyl  OIf
trifluoromethanesul fonyl Ph phenyl Phe phenyl al ani ne Pr 39rfogydt 2045 ep.
prepar edwidyBloggspr ono-tri s-pyrrolidi no- phosphoni um hexaf| QJQ? hosphat e
r.t. roomtenperature TFA trifluoroacetic acid THE tetrahy uran TLC

t hi n-l ayer chromat ography. Reaction Sgchenmes A-L illustrate the nethods

enpl oyed in the synthesis of the conpounds of the present invention of
structural formula I. Al substituents are as, defined above unl ess

I ndi cated ot herwi se. 5 Reaction Scheme Aillustrates a key step in the

synt hesi s of2lthe! SPVA8E OF SispRIBion P dBIn SeeiBtngs B cKoTRks Watkr.othaptlepglyelsent

i nvention. @g. gl}/@%l |p”*0g5}6é’f£étdl9dbl aRE QR phl eimf‘en&%%bl)%lﬁﬁle%uﬁfu%ébﬁ i tuted
pi peri di ne d. tetrahydropyridine of type 1 with a carboxylic

t?: f stl%g‘igle
aci d derivati8 &P PERHMNGEYSaf fords a title conpound of structural
formula |I. The am de bond coupling reaction illustrated 10 in reaction

Schene A i Sp.&! 2 i nert solvent such as
di met hyl'f orme D “fitori de or the |ike and maybe perforned
with a variety of rea@b@t@ngwnﬁabf ﬁrticmraldnrrdelad@ﬁﬁielprgysenmwntmmaxsb@h as

0 (7 35, 25 208, 104021 008300 PETLURARL O Rce nd Bxamplc

azabenzotri‘azol tranet exarl uor o oSpha Ifce ,
(HATU), 1- 3{PPIQRATIRER mte&ﬁ%sméra@pfynﬁem@myﬁ@ébb&m folpaingtepesl a@ma@uplcbe

( EDg)cpor g%%d%ﬁw htilidmig RoE RS Rk dribeB 8P BOSR PP ThiRftAbAAI OF OPhosphat e
(PYBP)ro Pr & S8 Publications WO 99/64002 (16 December 1999) and WO 00/74679 (14

December 2000), which are incorporated by reference herein in their entirety, in

conjunction with the disclosure contained herein, one of ordinary skill in the art can
readily prepare additional compounds of the present invention claimed herein.” The
compounds illustrated in the examples are not, however, to be construed as forming
15 the only genus that is considered as the invention. The Examples further illustraie
details for the preparation of the compounds of the present invention. Those skilled in
the art will readily understand that known variations of the conditions and processes
of the following preparative pr.océdures can be used to prepare these compounds. The
instant compounds are generalty isolated in the form of their pharmaceutically
20  acceptable salts, such as those described previously hereinabove. The free amine
bases corresponding to the isolated salts can be generated by neutralization with a
suitable base, such as aqueous sodium hydrogencarbb_nate, sodium carbonate, sodium
hydroxide, and potassium hydroxide, and extraction of the liberated amine free base
into an organic solvent followed by evaporation. The amine free base isolated in this
25 manner can be further converted into another pharmaceutically acceptable salt by
- dissolution in an c}rganjc solvent followed by addition of the appropriate acid and
subsequent evaporation, précipitation or crystallization. All temperatures are degrees
Celsms uniess otherwise noted Mass spectra {MS) were measured by electron-spray
ion-mass spectroscopy. 7
30 The phrase "standard peptide coupling reaction conditions" means
coupling a carboxylic acid with an amine using an acid activating agent such as EDC,
DCC, and BOP in an inert solvent such as dichloromethane inthe presence of a
catalyst such as HOBT. The use of protecting groups for the amine and carboxylic -
acid functionalities to facilitate the desired reaction and minimize undésired reactions
35  is well documented. Conditions required {0 remove protectmg oroups are found in
-33- '



conditions for the am de bond coupling reaction shown in reaction Schene A
are 5 known to those skilled in organic synthesis. Such nodifications may
include, but are not limted to, the use of basic reagent S2SAughst2605 ‘
triethylamne (TEA) or N nethyl norpholine (NVWW, or the addition of an
addi tive $eel- hydr oxy-7- azabenzotriazole (HOAt) or

1- hydroxyﬁg%}gf@‘fﬁsazol e (HOBt). Alternatively, 4- substi tuff%%u%ngépf‘dl nes or
4-substituted tetrahydropyridines of formula I. nay be 10 treated with an
active ester or acid chloride derived fromcarboxylic acid 2 which al so

af fords conpounds of structural formula |I. The am de bond coupling shown in
reaction Schenme A is usually conducted at tenperatures between 0C and room
t enper at ur eStandaaé sesithavkk Isychaas (leencale end B FaCuMs Praedive Kxogmupl i ng

reaction i so RS zhymcqmp%feglgngnwd qdéwq ork, NI? %@1“% andléowen 1is

a 4-substituted tetr dro§ dine, 't he ami de coup Cg uct can
reduced to F‘@ﬁ?\“’t%@‘ EH?erdeEfB ﬁm&goapﬁo@rqla@%smqsxﬁa@m @e’EF‘}m‘b‘gﬂl _
hydr ogenat | odhditlors BOkNGM tSMefe ASlIRL iU, P@M Al (M ma b€ tdntovdgi d or

m xt ures ereof .u a nobl.e netal cat arbon uch as platinum
(10 oo, DY Gl TS a A RR S I TsenS pAA S MYt DR BgehAs | | g

desired to palbdine ca acovpelicdbaf msat;iiruﬁ(t wl&éntfsochmd mahaﬁdl@f eihtinolRIni's a

hyd | b d
nyogen, 1L R0 81881 AR08 6P AL EL Ll R PR
using trifl D@ﬁmaaib/tmactafclfunthnahtml mm:tvall ofeB Aretdupk emealstberihdevedbyhy dr ogen

chl oride lntr@atmaﬂi %ﬁﬂ%sélﬁ%@n%?h%ﬂyé ﬁ%ﬁﬁ&’éﬁ a%&ﬁlagéf ffynﬁgtﬁ V#v%th§5 Vhen
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_ Abbreviations Used in the Description of'the Preparation of the Compounds of the
15  Present Invention: |

BOC (boc) t-butyloxycarbonyl

- BOP benzotriazoL-1—y]oxytris(dimethylamino)_phosphoniﬁm
hexafluorophosphate |
Bu butyl
calc. calculated
CBZ (Cbz) benzyloxycarbonyl
c-hex - cyclohexyl
c—pen | cyclopentyl
cpro cyclopropyl - .
DEAD . diethyl azodicarboxylate
DIEA | ~ diisopropylethylamine |
DMAP 4-dimethylaminopyridine
DMF NN-dimethylformamide = o
EDC 1-(3-dimethylaminopropyl)3-ethylcarbodiimide HCI
eq. . eqmvalent(s) o
_ | ES-MS =~ electron spray ion-mass spectroscopy
- ethyl

EtOAc ethyl acetate
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/R Reaction Schenes B-1 illustrate nmethods for the synthesis of the
carboxylic acids of general formula 2 that are utilized in the am de bond
coupling reaction shown in reaction Schenme A Reaction Sclidnegust2005
illustra kidonal 5 nmethods for the synthesis of 4-s ' e
pi peri di hg?s@%g%sgner al formula 1 that are used in that sﬁf‘r[téﬁés#é%ﬂ*%acti on
Schene B illustrates a preferred nethpd for the synthesis of conpounds of
general fornmula 2 whereinr is 2 and s is 1 such that the resulting

het erocycle is a 3-aryl -4-piperidine carboxylic acid derivative 10. The
synthesis of 10 10 begins wwth a commercially avail able 3-keto ester such

as 3. Ceneral ly magnetecti ng0-(79:52%&12%{2@.612&1%@)9?1,@{3#@&3&1‘3@1&& igyp for the
N-benzyl group is perforned |nitially. Thus'a P-keto ester of formula 3 is
subj ected to debenzyl ati on bb‘?’ﬁ@l&%’@ ARYS s using a pal | adium on- car bon
catalyst in a soHgestt systeml swefoxgs/-dzabeiohadole Wat er under a hydrogen

at nosphere. The I ting pi ridon’g 4 ]s t%ﬁ_g{ rotected as its terns 15
butyl carbanate I'g BOC anhy Fhi-o&g THROVHEC te of a base and a

sui tabl e sol vent HPLEor exanphigh petfosnamn ligeiddeanpopsbayd in a two phase

m xture of chlor rmand a --.s0dj i garbonate as shown.

| ncorporation ofE{) e 3-aryl gﬁ%@#ﬁ%@%{)@éﬂ en performed m - two steps.
First, the j3--kkMxBster grogpnpeortpmccsptosdt being amembenr espondi ng  vi nyl
triflate 6 usingperifl uoromegaresul foni c anhydride and an organi c base

l'i ke N, N 20 diisppropylethylanirne in an aprotic solvent such as nethyl ene
chloride. The r ting vinjpolecplerfypeias s then subjected to a

pal | adi um cat al ywESd cr 0ss- cotakd spgctingact i on with an aryl boronic acid ()
using a pall adi ;Igfs(ll) cat al é%%%ucpf %3 [1,1" -37 29 August 2005

PCTI U502/ 05724 August 200 021688388 PCT/ US02/ 05724

bi s(di phenyl phos@Hhf no) - - f er r tfkwedmethinlesuibmad | adi un(11). Preferred
conditions for this reactioghe@”e the use of a = .

t ol uene- et hanol - aqueous. sodi um Car bonate. sol vent systemat an el evated
tenperature, forPinstance 5ophkooleleningr a period of 2-24 hours. The
resulting aryl-spbstituted tﬁbbghydropyri di ne derivative 8 can be reduced
to a 5 piperidine such as 9 using,a variety of known techniques and the
met hod chosen wiPFP: det er mi N *P#HEI st er eocheni cal outcome of the product.
For instance, hyeyRggnation Bbmo-tris-pyrrolidino-phosphonium

hexaftuorophosphate
r.t. * room temperature
TFA - trifluoroacetic acid
THF : tetrahydrofuran
TLC thin-layer chromatography.

‘Reaction Schemes A-L illustraté the methods employed in the
synthesis of the compounds of the present invention of structural fonﬁula 1 All
substituents are as defined above unless indicated otherwise. 7

5 _ | o Reaction Scheme A illustrates a key step 1n the synthesis of the novel
compounds of structural formula I of thc present inventidn. As shown in reaction
Scheme A, the reaction of a 4-substituted piperidine or 4-substituted
tetrahydropyridine of type 1 with a carboxylic acid derivative of formula 2 affords a
title compouhd of structural formula I The amide bond coupling reaction illustrated

10 in reaction Scheme A is conducted in an appropriate inert solvent such as
dimethylformamide (DMF), methjrlene chloride or the like and may be performed
with a variety of reagents suitable for amide coupling reactions such as O-(7-
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8 with a palladiumon carbon catalyst in a solvent such as ethanol affords
Cis--3,4- disubstituted piperidines of general fornula 9. Alternatively, a
di ssolving netal reduction using a netal, such as nagnesi whA4sust@édanol
reduces the double bond of 10 8 and produces a m xture of both cis and
trans 3, a@bsesbswi t uted piperidines of formula 9. The reg éfhﬁﬂ%’  xture of
cis and trans diastereoi soners may be:separated chromatographically or it
may be subsequently epinerized to afford the pure trans isoner of 9 by
treating the mxture with a base |ike sodi um net hoxi de i n net hanol

Finally, hydrolysis of either the cis or trans 3 aryl - 4- piperidine
carboxylic est cis.or ns 3-aryl - eri di ne

ffor I.t.her
car boxylic achﬁzc‘%%n A‘ 1 lqo%rg’rﬁ?t{fni yl“r@B’r‘F'éE F@?hf’ﬁi?hé ﬁJbﬂ gener al
formula 2 V\/Iﬂ%d@mihﬁamm@r@yﬂb eilglchrbolimie ﬁyd@@cm@mgmmﬂﬁﬂo%%1 ds of

[
ot or o e R R BLoBR B OB ATl pan o -

synt hesi s. F@Eh%mWéﬁrﬁ@mﬁud&b@nhkuwhngHEQMMtﬂmnwhmxemyﬁmakhmﬂékk@@ of 20
e Lon % M s S LT S R i
0 Tf20 dii SpHeisA & Wpanphbasy XORECIS Fioh o (Y GnineTEA)or NOOC. EL O .. H2O
(1:1) (BOC) 2ethyGhofyabEtBEHIN36+HER 2dBiFen B YRA ARA3EY nydroxy-7-
azabenzotriazole (HOAL) or 1-hydroxybenzotriazole (HOBM). Altefnatively, 4-
substituted piperidines or 4-substituted tetrahydropyridines of formula 1 may be
10 treated with an active ester or acid chloride derived from carboxylic acid 2 which also
affords compounds of structural formula . The amide bond coupling shown in
reaction Scheme A is uSually conducted at temperatures between 0°C and room
temperature, occasionally at elevated temperatures, and the coupling reaction is
typically conducted for periods of 1 to 24 hours.
15 - When 1 is a 4-substituted tetrahydropyridine, the amide coupling
product can be reduced to form the corresponding piperidine derivative Dby
hydrogenation in a solvent such as ethanol, ethyl acetate, acetic acid or mixtures
thereof using a noble metal catalyst on carbon such as platinum (IV) oxide, palladmm- :
on-carbon, or palladium hydroxide.
20 ¥ it is desired to produce a compound of structural formula I wherein
R1 is a hydrogen, the N-BOC protected analogs of structural formula I may be used in
the synthesis and deprotected under acidic conditions, for instance using
. tnﬂuoroacetw acid in a solvent like methylene chloride or hydro gen chloride in a
~ solvent such as ethyl acetate at room temperature. :
25 When it is des1red to prepare compounds of structural formula I
' wherein R1 is not a hydrogen, the compounds of general formula I (R} =H) may be
further modified using the methodology described below in reaction Scheme M.

-36 -



7 B(OH)2 Na2C0al Pd(dppf)2C .CH2CI2 (cat.) toluene/ethanol/water 29
August 2005 PCT/US02/05721 My IN- MeOH .BOC NBOC 1. Na, McOHr,,,. ,"~U
~a 0cC 2 2. ag. NaOH R3 10.(trans) or Reaction Scheme C il |i#stugast@8ta

pref er r edvoretdessksf or the synthesis of conpounds of generg@nﬁgﬁmg%g 2
wherein r is 1 and s is 2, such that the resulting heterocycle is a

4-aryl - 3-pi peri di ne-carboxylic acid derivative 17. The synthesis of 17 5 is
simlar to the one shown in reaction Schene B, and nmay begin with either of
the comercially available f -keto esters 11 or 12. Conversion of one of
these starting naterials to the N—Bcggﬁrotecfed pi peridine 13 is perforned
as shown and the resulting f --keto subjected to the two-step
aryl ation protocol preV|oust descri bed to yield 15. Reduction _ of the. .
doubl e bond of 15 using’ conditions H) a roprlate for obtalnlngfglther cis

or trans 17 is # d by ester ;sfrol S e'( hef a cis or
trans 4-aryl - 3-pi perldl nq C F?box I )acid eneral Ia
corresponds to a iNH o r/gul a rein r

7 A whi ch
Ls 2. The
cis or trans carboxyllc aC|dsoof neral forrmula 17 are p oduged as
racernates and either may be re ved to afford enantiorng%lcﬁ ly pure
conpounds by net hods known in 15 organic synthesis. Prefegyed nethods
i nclude resolution by crystallization of diastereoisoneric salts derived

f

fromthe acids 17 and a chiral am ne base or by the use ..of.chiral
stationary phase |iquid chromatography coll_iurms
H,, Pt,O/C

EtOH, OH, AcOH @ \,gf)
(nc requ:red)

Reaction Schemes B-I illustrate methods for the synthesis of the
carboxylic acids of general formula 2 that are utilized in the amide bond coupling
reaction shown in reaction Scheme A. Reaction Schemes J-L illustrate additional

5  methods for the synthesis of 4-substituted piperidines of general formula 1 that are
‘used in that same step. '
' Reaction Scheme B illustrates a preferred method for the synthesis of
compounds of gene1al formula 2 whereinris 2 and sis 1° such that the resulting
heterocycle is a 3-ary1—4-p1per1d1ne carboxylic acid derivative 10. The synthesis of 10
1G | begms wrtth a commercially available B-keto ester such as 3. Generally a protecting .
group interchange of an N-BOC group for the N-benzyl group is performed initially. -
Thus a B-keto ester of formula 3 is subjected to debenzylation by hydrogenolysis
" usinga paliadmm—on_carbon catalystin a solvent system such as 1:1 ethanol—water
| - under a hydrogen atmosphere The resulting piperidone 4 is then protected as its zerz-
15 butyl carbamate using BOC anhydride in the presence of a base and a suitable solvent.
For example, this can be accomplished in a two phase mixture of chloroform and
aqueous sodium bicarbonate as shown. Incorporation of the 3-aryl substituent is then
performed in two steps. First, the B-keto ester group is converted to the corresponding
vinyl triflate 6 using_tziﬂuoromethanesﬁlfonic anhydride and an organic base like N,N-
20  diisopropylethylamine in an aprotic solvent such as methylene chloride. The resulting
vinyl triflate 6 is then subjected to a palladium-catalyzed cross-coupling reaction with
an aryl boronic acid (7) using a palladium (II) catalyst such as [1,1°-
-37-



29 August 2005 WD 02/ 068388 COR2Et 11 BOG COREt 13 Tt 20

di i sopropyl et hyl am ne CH2Cl 2 Na2CO3, Pd(dppf)2C 2. CH2A 2(cat.)

tol uene/ et hanol /water P3 ---L, BOO N~ CO2Et R3 .16 1. Na,29Me@kst2®5 ag.
NaOH 15 12 PCT/ US02/ 05724 (BOC)20 NaHCO8 CHCl 3/ H20 Tfo CO2Et 14 My MeCH

17 (ci S) WO 02/068388  PCT/US02/05724

10

15

20

bis(diphenylphosphino)-ferrocene]dichloropalladium(Il). Preferred conditions for this
reaction are the use of a toluene-ethanol-aqueous sodium carbonate solvent systeni at
an elevated temperature, for instance 50-100°C, for a period of 2-24 hours. The
resuiting aryl-substituted tetrahydropyridine derivative § can be reduced to a
piperidine such as 9 using a variety of known techniques and the method chosen will
determine the stereochemical outcome of the product. For instance, hydrogenation of
8 with a palladium on carbon catalyst in a solvent such as ethanol affords cis-3,4-
disubstituted piperidines of general formula 9. Alternatively, a dissolving metal
reduction using a metal, such as magnesium in methanol, reduces the double bond of
8 and produces a mixture of both cis and trans 3 ,4-disubstituted piperidines of
formula 9. The resulting mixture of cis and trans diastereoiébmers may be separated
chromatographically or it may be subsequently epimerized to afford the pure trans
1somer of 9 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 9
affords either a cis or trans 3-ary1~4—piperidine carboxylic acid of general formula 10, |
corresponding to an acid of general formula 2 wherein ris2andsis 1. The cis or -
trans carboxylic acids of general formula 10 are produced as racemates and either

~may be resolved to afford enantiomerically pure compounds by methods knownin

organic synthesis. - Preferred methods include resolution by crystallization of -
diastereoisomeric salts derived from acids 10 and a chiral amine base or the nse of

chiral stationary phase liquid chromatography columns.

Scheme B
' Q Ph M, Pdc 0 ¢ (BOCXO
L ) eHCl e «HGI  NaHCOjq
EtO0C I EIOHH,0 gtooo o .
o an . ~ CHCly/H,0
8 . 4 i
' _BOG - TR0 . .BOC
: diisopropylethylamine -
Et00OC o — » . E00CT X .
' : CHZC'_Z | . - OTH

v O
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The synthesis of the N-BOC protected carboxylic acids of general formula
10 and 17 illustrated in reaction Schenes B and C are useful for the 5
preparation of title conpounds of structural fornula | bearigdyugestveds ety of
R1 subst s noted above. For the synthesis of cer
corrpound"gbg?/%sstéraﬁctur al formula I, for instance.when |t£8‘yﬁt§§§évgd that R
be a ten-butyl group; it is preferabl e -40 WO 02/ 068388 to incorporate that
"Rl substituent at an earlier stage of the synthesis. The synthesis of a
1-subs tituted-3-1etopiperidine-4-carboxylic. ester 2l)-is-shown. in_
reaction-Schenme’' D. A primary am ne 18 bearing a desired Rl substituent

i ke.a tent butyl g{oumi"l S reacted with ethyl 4-brornobutyrate at el evated
tenperature in the alfiséncezof a sol vent 5 to.affpogd the N-substituted ethyl
4- ami nobut yr at e’ 1@:‘@am no ester 19 is thenN alkylated g,second tinme
with ethyl brornoacetat €B(@Hja hi gh boidhn t solvent such as tol uene
and in the presence sence of a base sugh as po ered potassi untcarboate. The
resul ting am ng ers of general formul a re then cy&fie@dd using an

i nt ranol ecul arp @@@1 mgn to affor , Tpejrai di nes such as 21. The
D eckmann 10 r aﬁ ﬁ‘ﬁé d using a Qase such as potassium
tert-but oxi de or 8 an, aprotic soI vént such as TUF at

t enperat ures betvveen roomtenperature and the boiling point of the

sol vent. The resul BOCsubst i t ut ed- 3- ket opi per gghne- 4- carb xleb@ est er
21 corresponds toja cpnpound of general for 5 shown in tion Schene
B, where theEiBOC g pis ren‘ﬂa,d‘ﬁdOMtE (Jé[e desi r ed thl_@)ug t ent. 15 The
fe onverted onpounds of

conmpounds of gener forrrul a 21 may?;
e%% i tuent aces ¥he BOC up using the
a

general fornmula 2

reaction sequencé /¥l u usstr N Pdact i on sB. 29 Auglist2005

PCTI US02/ 05724 ScRem®sD H2ZN'R 18 Br - 2 R1, N . Q)Z BI’- . @02
Et .

10 (trans) 10 (CiS)

Reaction Scheme C illustrates a preferred method for the synthesis of
compounds of general formula 2 wherein ris 1 and s is 2, such that the resulting
heterocycle is a 4~ary1_-3-piperidine—carboxylic acid derivétive 17. The synthesis of 17

5  is similar to the one shown in reaction Scheme B, and may begin with either of the
commercially available f-keto esters 11 or 12. Conversion of one of these starting
materials to the N-BOC-protected piperidine 13 is performed as shown and the
resulting P-keto ester is subjected to the two-step arylation protocol previously
described to yield 15. Reduction of the double bond of 15 using conditions

10 appropnate for obtaining either cis or trans 17 is followed by ester hydrolysis which
affords either a cis or trans 4-aryl- 3-p1pendme—carboxyhc acid of general formula 17
which corresponds to an acid of general formula 2 whereinris 1 and sis 2. The cisor
trans carboxylic a¢ids of general formula 17 are produced as racemates and either

- may be resolved to afford enantiomerically pure compoimds. by methods known in

15  organic synthesis. Preferred methods include resolution by crystallization of
diastereoisomeric salts derived from the acids 17 and a chiral amine base or by the use
of .chiral_ stationary phase liquid chromatography columns. . |
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K2CO3' tol uene, heat Et02C"--'N 20 Et02C KOt-Bu, THF, rt Wien it is
desirable to synthesize a conpound of general fornmula 17 20 wherein the
BOC group is replacéed with-a substituent group R, a react.id¥fugesidedce
simlar to the.one illustrated in reaction Schene C may be enpl oyed as
shown i nwo easksggn Schene E. An am ne 28 bearing the desi %%'ii/u@azﬂ?*}? tituent
is first subjected to a Mchael' addition with excess ethyl acryala ein

t he presence of a solvent such as THE or ethanol. The resulting diester 22
is then converted to a 1-substituted-4 25 ket opi peri di ne-3-carboxylic ester
23 using an intranol ecul ar D eckmann reaction wunder conditions simlar to
those illustrated-in rp%acti on Schene C. The substituted piperidine 23
corresponds to a congpound of general $eheme& 13, shown in reaction -41 29
August 2005 WO 02/ 068388&iPCT/ US02/ 05724 Scheme Emr ein F%ﬁ BQC group is
repl aced with the fdésijred Rl shlsPdtGent. ~The {“coppounds §PYee@ral formil a
23 may then be c ed to conpoungs of ge | J formul a Nahi®©re the Rl
substituent replaces the BOC i'ng the’ nmefhodology _illusfrated in
reacti on Scheme C. SH#he E REE@P!P ?E@cozEt Et (RC@:EL ' N R HéN*_? 0- 18 - EtOH
or THE 22 OREt K Qqt-Bu, JRL FHE/N | CHCl/H,O

RoC | TH,0 | BOC
: diisopropylethylamine
0 B - TIO"
CO,Et CH.CI, CO,Et
13 | 14
.
Ft\ /Rs 7'
o B(OH)s N Mg
Na,CQg, - : : 3/ MeOH
- Pd(dppf)oCly.CHoCly(cat.)
toluene/ethanol/water - . T BOC
, BOC - _ N
, 3- N , o Rs\ _
- R : - 1.Na, MeOH . .
93%\ —_— > R Com
& COEt 5 ag NaOH R o
R _ 17 (trans)
16 :
- : : : or . BOC-

N
R _
e
a_ T

R COH
RV

17 (cis)

| The synthesis of the N-BOC protected carboxylic acids of general
formula 10 and 17 illustrated in reaction Schemes B and C are useful for the
5 preparation of title compounds of structural formula I beéring a variety of R1
-substituents as noted above. For the synthesis of certain title compounds of structural
formula I, for instance when it is desired that R1 be a ferr-butyl group, it is preferable
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Q-- 22 CO2Et Reaction Schene F illustrates a strategy for the synthesis of
conpounds of general formula 2 when the values of r and s are sel ected such
that the resulting heterocycle is a 3-aryl-4-pyrrolidine. 2Agxsti2des aci d
derivati weo ¢26sg3ssThe preferred method for the synthesis ypf ]ﬁ% gynds of
general fornmula 29 involves the 10 azonethine ylid 3+2 cycl oa tlon
reaction of an azonethine ylid precursor of general formula 25 and a
substituted cinnamc ester 24. The azonethine cycl oaddition reaction of 24
and 25 affords the 3, 4-disubstituted pyrrolidine 26, and the stereochem cal
relationship of the substituents on the newy formed pyrrolidine ring is
det er mi ned Byineprposaie thao B snbsitvept afantdadied sialst of thersynthesis HEheoiynthasiabe est er
24. Thus 15Ub@abtA@RY. LREGhp2AAL UAUARGL LAY D) ASHLSHRSERI N hom,

pyrrolldlne of farmula 2 shown. cor re ng CI's cmnarralpeeter
af fords a cis A PEmagy lﬁlﬁﬁaﬁﬂgbﬁﬁi@ﬁllﬁ%Sfdﬁenfdé-ﬁ@r?elﬁbﬂbfﬂmualQG Cs or

tr anls 3da [ y k@weﬂehﬂdetngr 41:@@&&@%{& Gt ﬁé\ta@é@teﬁi‘pe%ﬂe iifdhe aﬁ&hwep%&gvéﬁ@y hbe
resol ved:t o ure com s using a such as
resol ution B‘iﬁfi gjﬁ%&aﬁ"%’ g‘fy ?ﬁ‘@? hé‘gfetiﬁ 2@‘9@‘!“?}3 SHrdg igkenved 20
from 26 andakybltﬂdrmecom bmeyﬂlltlﬂetﬁjﬂlbdom@ercedm’ e | Hﬂgh b(}flhh@ thevselvehit :ﬁf}h el
stationary a col unm paction Sc
illustrates ?1 %ggééﬁ]%}r n?ftaaﬁlgase ?:lll%'na glg?fig'o agumcarbog g&f“%d to a
trans 3, 4- dI@H@@glaﬂuﬂ@ﬁeﬁwDﬁgwrmaiéomﬁllaa@@metthen syshsEuséngtanr esol uti on
affords the est-ar nd
1&&%&&&%@1@%ﬁéﬁn9 Fioh Efﬁc&@ﬁﬁeﬁd&% @l?ch RUA" T8 Dy ﬁmﬁenps 27

Finally, the esters of general Tornmu pure “enan
and 2 .30 . 4agiépnis pesormeesings emm%ecb@pmwmsamu@wemm@im ed to

the corr espingi z@gd@d@d]%rﬁ@mﬂl RyoghtepédesesHetganehah (LahdRthA 4R (@S shown

2 the oty RSt SEUETR i Vel B Sitopeningd- o 2

efficient sepboxticesteald| cpmedpbhdsabiaconpbutdesgernbrl TP Eishokwnam aqueous
reactions o fer to.e

hydrol ysi s %sa%nk%%r%enéa en@ﬁ‘%%c eﬁ?%’édsu}p o pl?a}cggt“ﬁ{hﬁg? F%WS{I gtqéupwt‘bfi“ét hyl

et her.  1UndEhe ¢9iaRaungs lf?ﬂ g@nemisfomwéa %bmsmamrhesmlnvcrm‘d tb kempaurddexyl i ¢ acid is
produced Whgéﬂ@ral %1W1Q§ wHerede 'ﬂlysubﬁﬁhﬂft ?%)lz&reg ?ﬁe%(t)étﬂ?od sﬁwfglﬁé re&l_pc?n

resulting salt t‘ en converted or respondi I
hydr ochl orl%?éu‘ERPetl %%EWIWCFHH&Q% hydrogen 10 chI oride in a suitable
sol vent such as ethyl acetate. Alternatlvely esters such as 26 .

Scheme D
H2N . R1/N\/\/002Et )
18 — 19
Br COsEt - ; 1 . KO-1- - . ,R1
..__‘_v_____; EtOQC/\/\N -R TH F,B::, Q
KgCOa, . ‘ > .
toluene, heat 20 EtO,C EiO,C 1 .

When it is desirable .to sj(nthesize a compound of general formula 17
20 wherein the BOC group is replaced with a substituent group R1, a reaction sequence
similar to the one illusttated in reaction Scheme C may be employed és shown in
' reaction Scheme E. An amine lg bearing the desired R1 substituent is first subjected
- toa Michael addition with excess c‘fhyl acrylate in the presence of a solvent such as
THF or ethanol. The resulting diester 22 is then converted to a 1-substituted-4-
25 ketopipexidine-B-carbeijlic ester 23 using an intramolecular Dieckmann reaction
under conditions similar to those illustrated in reaction Scheme C. The substituted
piperidine 23 corresponds.to a compound of general formula 13 shown in reaction
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may be converted directly to the am no acid hydrochl orides 29 under acidic
hydrol ysis conditions. The hydrolysis of the ester 26 is achieved by '
prol onged reaction with concentrated hydrochloric acid at Zuwghgested
tenperature. For exanple, this reaction nay be conducted in 8 M .

hydr ochl eg &agisd at reflex overnight. The reaction m xt ur@rd&iogrdthen

cool ed and evaporated in vacua to afferd the am no acid hydrochl ori de 29.
The amino acid hydrochl ori des of general forrmula 29 correspond to an am no
acid hydrochloride of general fornula 2 wherein both.-r and s are 1 and may
be enployed directly in. the am de bond coupling. step illustrated in

reaction ch ne A.to produce the conpounds of the pre I nventjon of

( sent
Struct ural G YhéreioienHOE grors splagbmith hexles et &) AU HgmEPe. chi r al
HPLC 20 R Rtompdnddi of derave fanulE BORRM théaliWodverfedl @ oMtpousds ofR3hedD .
02/068388 1%01111%1322)“ w'ﬂ'grle’thgﬁgg\gbsti_me% rebla%gs; thlg%OE g?ougct;g/inléstgg /moe 702d_050g|§|fC|

llustrated in reaction Scheme C.

-Scheme E

1

- - COE EtO2C. -1

HEN} . _.._-._—_._>-
18 T EOHorTHF 22
CO,Et
KO-t+Bu, N,H‘ :
THF
_ : , > ®; 23
5 - COgEt

Reaction Scheme F illustrates a strategy for the synthesis of
compounds of general formula 2 when the values of r and s are selected such that the
resulting beterocycle is a 3-aryl-4-pyrrolidine carboxylic acid derivative (29). The
preferred method for the synthesis of compounds of general formula 29 involves the
10 azomethine ylid 3+2 cycloaddition reaction of an azomethine ylid precursor of general’
formula 25 and a substituted cinnamic ester 24. The azomethine cycloaddition
reaction of 24 and 25 affords the 3,4-disubstituted pyrrolidine 26, and the
stereochemical relatiénship of the substituents on the newly formed pyrrolidine ring is
determined by the stéreochérrﬁstry of the double bond in the cinnamate ester 24. Thus
15  the trans ester 24 affords a trans 3,4-disubstituted pyrrolidine of formula 26 as shown.
The corresponding cis cinnamate ester affords a cis 3,4-disubstituted pyrrolidine of
.general formula _2__6_ Cis or trans 3-arylpyrrolidine-4-carboxylic esters of general _'
~ formula 26 may be resolved to afford enantiomerically pure compounds using a
‘method such as resolution by crystallization of the diastereoisomeric salts derived
20 from 26 and a chiral carboxylic acid, or directly by the use of chiral stationary phase
liqtid Chromatography columns. Reaction Scheme F illustrates the case where a trans
cinnamic ester 24 is converted to a rrans 3,4-disubstituted pyrrolidine 26 and its
- subsequent resolution affords the enantiomerically pure trans pyrrolidine esters 27
and 28. Finally, the esters of general formula 26 {or thejr pure enantiomexs 27 and 28) -
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r;:'"~? 3 29 R3 R3 Anot her preférred met hod for the synthesis of
enantionerically pure 3-- arylpyrrolidine-4-carboxylic acid derivatives is
illustrated in reaction Scheme G In this synthetic nmethodSAagetobit ut ed

ci nnam CoFilafbe %&fss general formula 29 is first 5 derivati z?,%ﬁmsbg%_%chl ral

auxilliary suchas (S)-(-)-4-benzyl-2-oxazolidinone LO tion of
chiral auxiliary 30 with cinnamc acig¢gs of fornmula 29 is perforrred by
initial activation of the acid to afford a mi xed anhydride. Typically acids
of general fornula 29 are reacted with an acid chloride such as pival oyl
chloride in the presence of a base such as triethylamne and in a suitable
aprotic sol arehydrelyzhd asthflcoﬁesp”ﬁhéing(anﬁm sridrbgiiatielodilerdmeherpl foaholi|29

anhydride ig Sﬁgg}{%{ {h%q)OEtBIII(gﬁ'BZE&EIBQEJQfI pby reaction wth the

oxazol i di none he presence o |um chiori.de, an ami ne base such as
triethylam ne and in 4msep ﬁ@ﬁ&Ofﬁ?@Wah@fmﬂh_%mé ziiéerionics Thewsfare itapmduct ed

at  tenper aﬁdﬁ{eec%s&edlmﬁt to %@Qewﬁmﬁf@ b%ﬁsﬁ ﬁﬁ&'gﬁnﬁ&"noﬂ%{” g of 1 24
hour s. | ternati , the oxazalidi non eprotonated w

strong base®¥RM Ss fﬁmlafﬂuﬁ?ﬂsﬁ"l‘qtlf)ﬂ? B P"ﬁ‘“ﬁﬁ@fﬁgeﬂeﬁﬁsﬁsé%@?@cﬁﬁ’%@ ‘fﬁ%‘h as

-78C and t hiha hmagxsed;smgtmreaomm mbmdnﬁm@thm&@b ﬁlrcﬁéfhﬂ(‘dﬂﬁbrzg and an
acid chl OI’I-H t ed The

oxazol i di none Fhﬁgﬁ Cﬁ}lo o@ﬁﬁ?tgg%ﬂmsgﬁl E &< bﬁf%@%ﬁ%‘alwogllﬁiggl‘i‘@'mof t hese

net hods, i saffdrdnan ealy elaed ptempﬁatammhem i ’.HE igbultngsacivtlsarcorbertad ta  nanner
simlar to hl&ﬂ? of the 20
reaction ar%@?ﬁn&?ﬁg ? ﬁ@a&@ﬂ}?&rk&gl nes "o ezglglﬁggr\gtﬁ ore%wgéf% and 34 as
shown. the hﬁ?%u@t@ug@laﬁ@lh@ﬁ sheteasthdtacetatsi Sdimnatively, edieh Smﬂﬁér%and may

therefore bgap @@@ﬁﬁ%ﬁé’d dﬂyct@ttaﬂﬁadnﬁtnaa&ﬂq@am%ﬂmcﬁ 26 @ﬁ&@f%& |k}§ﬁ@éﬂf$@§1 or by

liquid chromat JBK gn a_sol ﬂ@ s silica e I scussed.
above, if t%8 Bﬁs & ByEPlygHs of eéfeﬁ Fﬁ ¥ 1%(8?1 Yo @éﬂ?érfaff‘:tlf)%%l a29is
enpl oyed i moﬁlbﬁltﬁatercﬁiydsé(ﬁlﬂbm:f acfeQbiclyvaldhenperiurs. NBdY eﬁa&ﬁle ﬂmﬁﬁleﬁtﬁldnsoner
o e Ui ) A GLARSTY AL AORS, Ak BERNCRT L otaBe 1T
cycl oaddi t ilsithenwobled and a2y epsthd nevafuo tb pifeduhs animef acidnyrnddhldble 20he
products ar nes
el ated t o 3% SanoshRAHHGRETR SRSl 2 bk B 85 S here
G O R3' . hydrochloride of general formula 2 wherein both r and s are 1 and may be employed _

' directly in the amide bond coupling step illustrated in reaction Scheme A to produce

the compounds of the present invention of structural formula L
Scheme F
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29 R 1. pivaloyl chloride, Et3N, THE O Ph R1 25 1 Me3Sil__ NLOWe CF3CQO2H,
CH2Cl 2. 33 Ph' 34 PI PCT/ US02/ 05724 The azonethine ylid cycl oaddition
reactions shown in reaction Schenmes F and G are general | y €ongugi2éed wi t h
the commercially available 5 azonethine ylid precursor

N- (et ho N-(trimethylsilylmethyl)-benzyl am ne 2Ph)
When the*g?&%ﬁﬁg%ituent inthe title gonpounds of structuagpﬁ%Po?

chosen to be a group other than benzyl, it is generally preferable to
remove 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. 10 Reaction Schene Hillustrates this-process with a
general i zed 3, 4-di substit ut ¢d pyrroI|d|ne of fornula 32 ﬁhe preferred

met hod for renoval of the benzy f%gq%conpound —Rf qgper al fornula
32 will depend upot ' tity gg%a st i oents. M these
substituents are unaffgctdd by h @ then the N-benzyl
n carbon -45 29

conditi
group may be renoved by ogenol ysi s usg&a pal | ad? u
August 2005 WO 02/ 068388 Perr8502/ 05724% G al yst in & gr#ént such as
¥n\” donor such as

et hanol and in theg—Erese\ of hydrogen gas or a hydrog
formic acid., Occagbonalff'y gt maybe preferred -tha® -oR% gef the
substituents R3 be a hal ogen or another substituent defi ned above which

conpound of GSZE'J; S PGSR0 SONE SRR minlGR Ry Dl
chl or of or nae®: Pw@lquﬁ’éﬂrbgbﬂmtd darviatives is ilbistreted imteatborpSehamer@sinbet ween
room t enper ﬁﬁéﬂ'&}%ﬂ?&@ﬁ méflbd, @QuBliRRRd cRufmiClcidbs geheral formula 29 is first
5 derivatized with a chiral aoxilliafy such as ($)-(-)}-4-benzyl-2-oxazolidinone (30). The
acylation of chira] auxiliary 30 with cinnamic acids of formuia 29 is performed by

mitial activation of the acid to afford a mixed anhydride. Typically acids of general
formula 29 are reacted with an acid chloride such as pivaloyl chloride in the presence
of a base such as tnethylammc and in a suitable aprotic solvent such as THE. The
10 intermediate cnmamyl—plvaloyl anhydride is converted to the product 31 by reaction
- with the oxazolidinone 30 in the presence of lithinm chloride, an amine base such as
tnethylannne and in a solvent such as THF, and the reaction is conducted at
temperatures between —20°C and room termnperature for periods of 1-24 hours.
Alternatively, the oxazolidinone 30 may be deprotonated with a strong base such as n-
15 butyllithium in THF at low temperatures such as —78°C and then reacted with a mixed
anhydride obtained from acid 29 and an acid chloride like prvaloyl chloride as noted

above. The cinnamyl oxazolidinone of general formula 31, which is produced by
either of these metﬁods, is then reacted with the azomethine ylid precursor 25 in a
_ manner similar to that described in reaction Scheme F‘ and the products of the |
20 reaction are the substltuted pyrrohdmes of general formulas 33 and 34 as shown. The
' products 33 33 and 34 are diastereoisomers of each other and may therefore be separated
~ by standard methods such as recrystallization or by I1qu1d chromatography on a solid
support such as sﬂlca gel. As discussed above, if the frans isomer of the cinnamic
acid of general formula 29 is employed in the first step of reaction Scheme G, then a
25 trans isomer of the substituted cinnamyl o;tazolidinone 31 s produced. ¥sucha
trans cinnamyl oxazolidinone is then subjected to the azomethine ylid cycloaddition
with an azomethine ylid precursor of formula 25, the products are the '
diastéreoisomeﬂc frans- djsubstituted pyn'olidioos related togj_ and 34.



Org. Chein. 1984, 49, 2081). The toluene is then renoved, and the residue
is heated in nethanol for a period of 15-60 m nutes, and the product is

t he debenzyl ated pyrrolidine of general fornula 35. The r e 29| Augweg 2005
pyrrolid »aedes then protected as its. 10 tert-butyl

usi ng B %ﬁnﬁégk?de in the presence of a base and a SUI%EE 0§8W3£nt For
exanpl e, this can be acconplished in a two phase mixture of chl oroform and
agueous sodi um bi carbonate as shown in reaction Schene H The oxazol i di none
chiral auxilliary is next hydrolyzed fromthe . pyrrolidines of general
formula 36 as shown at the bottom of reaction Scheme H. The 15 hydrolysis
reaction is acconplished using I|th|uﬁﬁﬁﬁﬂﬁh§brOX|de generated in situ from
l'i thi um hydroxi de and 30% aqueous hydrogen peroxi de. The reaction is

typically condugted in ahasol vent em h as aqué usoTHE and 4 he °
terrper q;‘(i E@fﬁ 4Ca rgomt enmpgrature for
ar

reaction is B
i res boxyl ic a of “genjral_gor mul a
4 c 20 aci ds of ge ra for vvh evboth r and

a period of 1-6 hou p.
37 correspond to car.b
ol ogy ﬁ%é@éNted in reaction cﬁeqﬁ%A Rhe
t conpounds of

s are 1. Using phe neth

compounds of geheral formula 37 ld&l then p,nv pted to

the present invention of structurtdf fornulia V\%‘OZ/ 068388 29 August 2005
PCT/ US02/ 0S724 Schenre HR's R3 - R3: ~/ 11 AR3 Pd/ carbon, H2, EtOH L. f
RON 1. 1-chloroethyl chloroformate, toluene 35 sOC 30% H202, Li OH
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oo == Q
MegSin_-N._OMe O/U\N separate isomers
CE%)%H ‘—s N\R1' liquid chromatography
oCla sy P
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f X | |
Q" N  and
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The azomethine ylid cycloaddition reactions shown in reaction
Schemes F and G are generally coriducted with the Gommercially available
5 azomethine yhd precursor N—(methoxymethyl)—N -(trimethylsilylmethyl)-benzylamine
(25, R1 = -CH,Ph). When the R1 substituent in the title compounds of structural
formula I is chosen to be a group other than benzyl, it is generally preferable to
remove the benzyl group from the substituted pyrrolidine compound at this point, and
replace it with a more readily relﬁo ved protecting group such as an N-BOC group.

- 10 Reaction Scheme H illustrates this process with a generalized 3,4-disubstituted
pyrrolidine of formula 32. The preferred method for removal of the N—beniyl group
from compounds of general formula 32 will depend upoﬁ the identity of the R3
substituents. If these substituents are unaffected by hydrogenation conditions, then

- the N-benzyl group may be removed by hydrogénolysis; using a palladium on carbon -
' -45-



aq. THE As noted.previously in the discussion of reaction Schene D, it may
occasionally be preferable to incorporate the RL substituent into the
substituted pyrrolidine of general fornmula 37 at an earl i €19 Bgag@f the
synthesis, for instance 5 when it is desired that Rl be a tert-butyl group.

I n such ¢g hi. 1S possible to utilize an azonethine ylj fecursor. (25)
bearing t eﬁﬁgg%%ed Rl substituent in,the cycloaddition %@Q@?ﬁﬁ%zﬁ
illustrated in reaction Schenes F and G Reaction Schene | illustrates the
preparation of azonethine precursors of formula 25 starting with am nes of
general formula 18. Reaction of the amne of fornula 18 with 10
chloronethyltrinethylsilane at high tenperature and in the absence of

sol vent af f 68i@yst ingaolNent sushah pihanolAnddn He presepse pf hitdseizearganer ahydeger al

fornul a 38. dSwhseet@MormiceREd.| OBRfondBy Wirkd} beasibRAYs ulpLABRLEGRYde in the
presence of %t.hanol ‘ﬂ;d El base such ‘as potassi um carbonate then affords
Rppeehe

t he gener al FYEHMHFRIS logen onpnpies guksiipenhefiperiabo ey whishtwruld be
cycl oaddi t i esactieamidephgdrdb&ruiss eondbons In (KL 2Rs, thilas dd¥fl3ntd0 32 R3
T I TR M LY N e
25 toluene at temperatures between room temperature and 110°C (Olafson, R.A. et al. J.
' Org. Chem. 1984, 49, 2081). The toluene is then removed, and the residue is heated
in methanol for a period of 15-60 minutes, and the product is the debenzylated
pyrrolidine of general formula 35. The resulting pyrrolidine 335 is then protected as its. -
10 . tert-butyl carbamate (36) using BOC anhydride in the presence of a base and a
suitable solvent. For example, this can be accomplished in a two phase mixture of
chloroform and aqueous sodium bicarbonate as shown in reaction Scheme H.
7 The oxazolidinone chiral auxilliary is next hydrolyzed from the .
pymolidines of general formula 36 as shown at the bottom of reaction Scheme H. The .
15  hydrolysis reaction is accomplished uSing lithium hydroperoxide generated in situ -
~ from lithium hydroxide and 30% aqueous hydrogen peroxide. The reaction is
typically conducted in a solvernit system such as aqueons THF, and the reaction is
~ performed at temperatures between 0°C and room temperature for a period of 1-6
‘ hours.” The resulting carboxylic acids of general formula 37 co’rrespoﬁd to carboxylic
20 acids of general formula 2 where both r and s are 1. Using the methodology presented
in reaction Scheme A, the compounds of general formula 37 may then be converted to
the compounds of the present invention of stractural formula .



-47 29 August 2005 V\D 02/ 068388 PCT/ U502/ 05724 Reacti on Scherres 3--L
illustrate additional nethods for the synthesis of . the 4-substituted

pi peri dines of general formula 1 which are required .in the?®/9/gi’8® bond
coupl i ngwsiepsgssg ustrated in reaction Schenme A As shown ﬂd},@ﬁ%;ﬁ)n Schene
J, treatnent of enoltriflate 39 (prepared as described in: Ro

Chayer, S.; 5 Garrido, F.; Mann, A.; Taddei, M; Wrnmuth, CG Heterocycles
1996, 43, 2131- 2138.) with bis(pinacol ato)di boron reagent in the presence
of a suitable palladium (11) catalyst such as

[ 1, 1' - bi s(di phenyl phosphi no) -ferroce_’ge;]dl cgl oropal | adi um (11)

(Pd(dppf) C1l2) and potassium acetate ar, inert organic solvent such
as nmethyl sul foxide at about 80C under an |nert at.mosphere for & period of
6- 24 hours provided (i;}/he Vi nyI di oxabor ol ane 40. Bor ol ane 74Q, /can be

further reacted with as e F’Qﬁ‘i%é?‘fffﬁémg-ﬁQﬁhbgpmﬁ presln L (0)

pal | adi um cat al gst
m phosphate iT®%an inert sol ven s

(Pd(Ph3)4) and pot dlssi
NN- di et hyl f o midextoNgi ve the coupled4arW tetr

_ ridi ne product
42. The tert-butyl oxyeagbonyl piol-ebidragthyt oup can be re d by any of
t he known net hods)such ;Z t r eat aielotofairmhbtea tguehec aci d sNch as “Hhydrogen
chloride in an ipdert organi ¢ sopvileOHUumatas et hyl acetgie or
trifluoroacetic aci3® in nethylene chI30r| de to give am ne 4?‘3
Alternatively, it is sonetines deBjrdbl e “to reduce the dou bond in
synthetic internmediate 42. This ¢ e effected by treatnent wBOb hydrogen
at at nospheri CE@(? vat ed pressukg ANG a noble nmetal 20 cat st on carbon
such as pallad ﬁéi | affi n

oxi de 30Peam,dger tH sol vent
such as et hanoNaH& @yl ace

{c acid or @lgfturest repf to give the
4- aryl pi per i-gtne—44-—»Reno tert- bul_yi'-owc:apbonylo ectl ng group
as descri bed GiHGiseHpDoVi des i ne 45g5Bot h ad@nEHFnt er medi

siAf3 and4s,
may be wused as coupling -parg,g8 ers in Reaction Scheme A. WO

\068388 29
August 2005 PCT/ USQ2/ 05724 hengs J BOC Pd(dppt)ClZ.G—_g_ﬁlﬁca*B

As noted previously in the discussion of reaction Scheme D, it may‘
occasionally be preferable to incorporate the R1 substituent into the substituted
_ pyrrolidine of general formula 37 at an eaﬂier' stage of the synthesis, for instance
5  when it is desired that R1 be a tert-butyl group. In such cases, it is possible to utilize o
an azomethme ylid precursor (__) bearing the des1red R1 substituent in the
cycloaddition reactions illustrated in reaction Schemes F and G. Reaction Scheme 1
 illustrates the preparation of azofnethine precursors of formula 25 starting with |
amines of general formula 18. -Reaction of the amine of formula 18 with
10 chloromethyltrimethylsilane at high temperatufe and in the absence of solvent affords
the N-trimethylsilylmethyl-substituted amine of general formula 38. Subseqilent
- reaction of 38 with aqueous formaldehyde in the presence of methanol and a base
such as potassium carbonate then affords the generalized ylid precursor 25 which can
be utilized in the cycloaddition reactions discussed above. |

Scheme |
o | 37% aqueous :
1 . N
R MegSi<_-Cl R formaldehyde R
S MesSi N.. 4 Si

5 88 .25
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Orf KOAc, DMSO 39 HCI EtQAc 42 H2, PtQ2/C cat. EtOH AcOH R3b R3a 41 B
O'0 Pd(PPh3)4 Cat A-0- Y~, K3PO¥, DWW R3C Ilw R b R3a BOC H (JJHC1() EtOAc
Ric 44 R3b \R3a i R3CI 45 . Rib Na As shown in Reaction Schexseaudustangd -
groups- contai ning substituents. with acidic hydrogens (e.g. and 48 can
nodi fi e Wﬁzﬁ;‘ g%gation under known protocols- For instance, treatnent of
esters 46 of 48°hith a strong base such a Iithium5 diisdfropyiide at | ow
tenperature in an inert organic solvent such as tetrahydrofuran can form
an internedi ate enol ate which can be reacted in a second step with any
al kyl ati og agent (B-LG such as iodonet hane, iodoethane, 1,2- dibronpoethane
or the like to formthe correspondi ng al kyl ated product. In addition to
ester groups, rel atedRemitesSchamed Lhallioratd addigsdd hethads 6erohesnfieesfs@irmat i on

of a stabl enlQ SRk Pipdfidlsor Bh&H MASH Biflich afe RESTALR!Ss amide -
bond coupling step illustrated in reaction Scheme A. As shown in Reaction Scheme
J, treaiment of enoltriflate 39 (prepared as described in; Rohr, M.; Chayer, S;

5  Garrido, F.; Mann, A.; Taddei, M.; Wermuth, C-G. Heterocycles 1996, 43, 2131-
2138) with bis(pinacolato)diboron reagent in the presence of a suitable palladium (If)
catalyst such as 1,1 ’-bis(diphenylphosphino)-ferrocene]dichloropalladium a
(Pd(dppf)Cl,) and potassium acetate in a polar, inert organic solvent such as methyl
sulfoxide at about 80°C under an inert atmosphere for a period of 6-24 hours provided

10 the vinyl dioxaborolane 40. Borolane 40 can be further reacted with an aryl halide
such as 41 in the presence of a palladium catalyst such as
tetrakis(iriphenylphosphine)palladium (0) (Pd(Phs)s) and potassium phosphate in an
inert solvent such as N, N-dimethylformamide to give the coupled 4-aryl '
tetrahydropyridine product 42. The teri-butyloxycarbonyl protecting group can be

15 removed by any of the known methods such as treatment with a protic acid such as
hydrogen chloride in an inert organic solvent such as ethyl acetate or trifluoroacetic
acid in methylene chloride to give amine 43.  Alternatively, it is sometimes desirable
to reduce the double bénd in synthetic intermediate 42. This can be effected by
treatment with hydrogen at aimospheric or elevated pressure and a noble mefal ,

20 catalyst on carbon such as palladium (0) or platinum(IV) oxide in an inert organic
solverit such as ethanol, ethyl acetate, acetic acid or mixtures thereof to give the 4-
aryIpipen'dine 44. Removal of the tcrt—butyloxycarbonyl protecting group as

| described above provides amine 45. Both amine intermediates, 43 and 45, may be
" used as coupling partners in Reaction Scheme A. o

-48 -



29 August 2005 WD 02/ 068388 PCT/ US02/ 05724 Br, 1, or OT-f Br, |, or OTf Rah

H B-LGRab / 0 Schenme K46 A = H, alkyl Rs,-1 i. LDA, THE -78C R3c Cwb

47 A=H,alkyl, B I. LDA, THE -78C Ra Rah H B-LG Rab 48 . AR%Aufist2006ey!

- A=H, aIkyNwBeﬁﬁﬁgm i nternedi ates such as 47 and 49 may be ﬁ /h@ﬁ aﬂBdlfled
by conversion to the corresponding carboxylic acids and co &

amnes to form am des as described in Reaction Schene L. Cbnverslon of t he

met hyl esters.47 and 5 49 to the carboxylic acid can be effected by

deal kyl ati on using potassium .triinethylsilanolate at roomtenperature in

an inert organic solvent such as tetrahygrofuran for a period of about one

to about 24 hours to provide, after aci Jon, the correspondi ng

carboxylic acids. In certain cases,, a base-catalyzed hydmebysis known'to

those skilled in thegart " to effecigychis samg 10°
transformation. Thesie acids acted furppner tg to_/ am des by .
treatnent with a |[pripary or’ secondary @ne under a v y of am de
coupl i ng protocol s~s#ch @(dpﬁﬁé@rbpieéiz'&t&h to ﬁﬁ@wlﬁlﬁ | n&r nedi at es
50 and 51. OT  KOAc, DMSO -

o PA(PPhs), cat.

39 40 )mk KsPO,, DMF

'BOG H
N
HCI N
p — /
EtOAc
= =
o) a2 Rl
S 42 R 43
Bas R Rap  Rg,
BOC H
Hy, PtO,/C cat. N HCI N
EtOH, AcOH EtOAC
= -
Rar | Racle J
R L/ X 44 Ray \F{ 42
T3b  Raa : 3

As shown in Reaction Scheme K, aryl groups contalmng substltuents
with acidic hydrogens (e.g. 46 and 48) can modified by alkylation under known
protocols. For mstance, treatment of esters 46 or 48 with a strong base such a lithium

5 dusopropylazmde at low temperature in an inert organic solvent such as
tetrahydrofuran can form an intermediate enolate which can be reacted in a second
step with any alkylatmg agent (B-LG) such as lodomethane iodoethane, 1, 2-
dibromoethane or the like to form the corresponding alkylated product Tn addition to
ester groups, related amides and functionalities that promote the formauon of a stable
10 . - anjon can be alkylated under strnilar protocols.
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-50 WD 02/068388 Schene L 29 August 2005 PCT/ US02/ 05724 Br, 1, or OIf 1.
K+(Me)3SiOl AL BR4a 47 A B=H alkyl 49 AB=H alkyl 3c THER {= it
it NR4b 2. NH(R4)2 R34 HATU, HOAI DVF 1. K+(Me)3Si O THE 22.Aublidt RDH2
HATU, HOAt DMF 50 A/B =H, alkyl 51 A B = H, alkyl Reaction- Schene M
i1 ustrai@9e0n6 al nethods for the el aboration of an RIP%Q%){,QH@M
foll ow ng assenbly of a conpound of structural fornmula I (wherein =
BOC) as described in reaction Schenme A. The N BOC protected conpound of 5
structural formula | is first deprotected under acidic conditions for
I nstance by treatnment with hydrogen chloride in ethyl acetate or using
trifluoroacetic acid in dichlorornethane. The resulting heterocyclic:
conmpound of structural formula I (Rl—ii:%-n—‘%ég t hen be subjected to one of
several al kyl ati on strategies knovvn in or gam c :

Br, I, or OTf | T BntoroTt
A i. LDA, THF A B
“7800 : OMe
—_— R3C_. o
ii. B-LG Rasy
47
A =H, alkyl, B
BOC
N .
i. LDA, THF
_780C OME
By
ii. B-LG Rap.
48 | o 49
A = H, alky! o A=H,alkyl, B

Ester intermediates such as 47 and 49 may be further modified by
conversion to the corresponding carboxylic acids and coupled with amines to form
armdes as described in Reaction Scheme L. Conversmn of the methyl esters. i’]_ and

5 49 to the carboxylic acid can be effected by dea]kylatmn using potassium
"tnmethylsﬂanolate at room temperature in an inert orgamc solvent such as-
‘ tetrahydrofuxan for a penod of about one to about 24 hours to pr0v1de after
ac1d1f1cat10n the correspondmg carboxylic amds In certain cases, a base- catalyzed
' hydroly51s kno_wn to those s_la]led_m the art may be used to effect this same
10 transfermation These acids may be reacted furthef to form amides by treatment with a
' pnmary or secondary amme under a variety of amide couphng protocols such as .
descnbed in Scherne A to prov1de mtermedlates 50 and 51



chem stry. For instance, conpounds (1) (Rl = H may be utilized in a
reductive 10 am nation reaction with a suitable carbonyl containing partner
(52). The reductive amnation is achieved by initial fornedagusf20eh inm ne
bet ween of formula | (R = H) and either an al or. ket one
of fornuﬁgggggk$%e internediate imne is then treated mﬂqﬁaégﬁgﬁﬁ |ng
agent capabl e of reduci ng carbon-nitrggen double bonds such as sodi um
cyanobor ohydri de or sodiumtriacetoxyborohydride and an al kyl ated 15
product of structural fornmula | .is produced. Alternatively, a heterocyclic
compound of structural formula (1) (R = H may be directly al kyl at ed
usi ng an al kyl ati ng agent such as 3chemed pol ar aprotic solvent such as
DMF. In this reaction, the substituent Z -51 29 August 2005 WO 02/ 068388
PCT/ US02/ 0572-t of COﬁﬂOpBﬂ3ﬁ3 i s”a good | eaving gr oyp su§F as a halide,
T Euctural

mesylate or triflate a the prod N conmpound
tugmk @F&@MBOC AR B OAc T (1) (R
z

formul a.l bearing the

= BOO R R3 52 2 QAc) 3H TGHEC 2 -of RF R Co3, DWF
= halide, OWs, © . @he fol l-ewtng—Ecmpl eéSG ' de
to-illustrate the iRwention and 2. NH(R,), Raf

- o DMF 2

AB = H, alky! | AB = H, alkyi

1. K*(Me)4Sio”
THF
— T
2. NH(Ry),
HATU, HOAt
: - DMF ' =
A,B =H, alky! AB = H, alkyl

Reaction Scheme M illustrates general methods for the elaboration of
an R1 substituent follbwing assembly of a compound of structural formula I (wherein
R1 =BOC) as described in reaction Scheme A. The N-BOC protected compound of
5  structural formula I is first deprotected under acidic conditions for instance by
treatment with hydrcgen chioride in ethyl acetate or using trifluoroacetic acid in
d1chloromethane . The resultmg heterocyclic compound of structural formula I (R1 =
H) may then be subjected to one of several alkylation strategies known in organic
chemistry. For instance, compounds (I) (R1 = H) may be utilized in a reductive
10 amination reaction with a suitable carbonyl containing partner (52). The reductive
~ amination is achieved by initial formation of an imine between the amine of formula I
(R1 H) and either an aldehyde or ketone of formula 52. The intermediate imine is
then treated with a reducing agent capable of reducing carbon-nitrogen double bonds
such as sodium cyanoborohydride or sodium tdacetoxybo_rohydride and an alkylated
15 product of structural formula I is produced. Alternatively, a heterocyclic compound
' of structural fo_rmula (D R =H) may be directly alkylated using an alkylating agent
- such as 53 in a polar aprotic solvent such as DMF, In this reaction, the substituent Z -
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5 are not to be construed as limting the scope of the invention in any
manner. Internediate 1-7 was prepared as described in Schenme N foll ow ng
the. general procedure described in Scheme F. 29 August 2085AUA@Bt@2795068388

NH2 Step A N1 Me3Si N'"----10ve N-2 Men PCTIus02/ 05724 Step B Step Y r
Step D Ryobrssshep A Preparation of <
N-tert-butyl-N-(trinmethylsi Wethyl)am,ne (NN1) A m xt ure]Y',gi‘wusm"(b724

tent-butylamne (18.0 rnL, 171 mml) and 5 (chloronethyl)trimethyl sil ane
(7.00 g, 57.1 mmol) was heated in a thick-walled glass. tube at 200C
overnight. After cooling to anbient tenperature, the reaction m xture was
poured into I N NaOH and extracted three tinmes with diethyl ether. The
conbi ned or gFOBRERRG a3 152 FRddeRaRt SF@UNSuh 54 hedide gpesaylpig Myisdale anditbe t he
vol atiles ?fa@meme cbRpMBRUSE. sthdt @ikl ibid19 Db AmPRRPRE Lhisstle@esur e;  -- 1350)
of the residual 10 l'iquid gave the title conpound as a colorless liquid
(7.67 g). Step B: Preparation of N-tengchéweyla N (et hoxynet hyl)-N-
trimethylsilylmethyl)am ne (N-2) -53 29 August 2005 WO 02/ 068388

PCT/ US02/ 0-72-t N-tert-Butyl-pNeutrinethylsilylnethyl)anaine (N=1) (8.47 g,

53.1 mmol ) - was xad dro g€, over. appr oxi makel 0 m/n N & a pressure.
equal i zing additi¢on, (fu t.0o a stiHycied solutipn o acg 20
(5.98 nL of a 37 w., ' _

j f or mal dehyde
h N .

0 EtOAC O
/ ¥
e )
() (/' = Boc) LT OER'=H
| RS RB? R e
0 -
/U\ 52 _ /! 83
Ra” “Rb | . KoCOq, DMF
AcOH, NaB(OAc)sH Tor- Z = halide
CH,Cly . OMs, OTH,
: y o Y. efc.
R1
g
N )r1
. o3
0 AT
. = 33

‘ _ The following Examples are provided to illustrate the iﬁvenﬁon and
5 arenottobe construed as limiﬁng.the scope of the invention in any inan;;er,
K VII'i_termédiate 1-7 was prep'ar,cd as described in Scheme N followiﬁg the géﬁera]
procedure descﬁbe_d in Scheme F. - o | o
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in water, 79.7 mmol) at OC (ice cooling). After 45 mn, methanol (6.45 ni,
159.3 5 mmol ) was added and the resulting solution was saturated with

pot assi um carbonate. After stirring vigorously for approxi2fAulst280h, the
aqueous removed. ‘The organic phase was satura ot assi um
car bonat@%@ és?‘lt@frred overnight. The reaction m xture §q%§ﬂ0%/%&£)| nt o

wat er and extracted three tines with ¢iethyl ether. The conbi ned organic
extracts were washed with brine, dried (MgSO) and the 10 volatiles
evaporated in vacuo. Distillation (high vacuum -70C) of the residual
liquid afforded the title conpound as_a colorless liquid (3.50 g). Step C
Preparation of methyl (3R 4S)-1-tert-Bghigmel (2 4-

di f1 uorophenyl ) pyrrolidine-3-carboxylate and nmethyl (3S, 4R)-1- tert 15

butyl - 4- (2, 4-di f 1 ugr ophen,” £¥pxr rol i dine: 3-car boxyl at ) '
Trifl uoroacetic ac B'ﬁ& Lﬁ)‘ﬁt oty wilsladdedien aiss{glﬁui on of the
product of step BY(3.07 g, 15.1 nunol )’ and nethyl (2E)-3-(2, 4-

di f 1 uor ophenyl ) prop--2-enoate (2.99 g, 15 INsol) in hyl ene chl ori de (60
m.) at .anbient tenperature. After 18 h, the reactlonExture was poured
into saturated 20 aque ed three tinmes with
met hl ene chloride. Th washed with brine,
dried (Nazsmz%ar% co entbgﬁ in vacuaMEFQ i.fieati on of the residue by
nor mal phase | |qU|Sdiep Ehromat ogllaphy on sili8&pdel (gradient
el ution; 0- 9% net hanol (contai ni ng 10%V/ v  am@ni uh hydf oxi de)7 net hyl ene
chloride as eluent) dggye the title conpound as a golorless liquid (3.50
g, 78% . The racem c titled conpound was resol ved o its enantioneric
~conponents using preparative chiral high pressure Ii qui,d, chromatography on
CHI RALPAK AD Phase (5 % i sopropanol | hept anes as el gent 0 give in order

of elution: nethyl (3S 4R)-1-tee butyl-4-(2,4- '

di fl uorophenyl ) pyrrolidi ne-3-carboxyl ate enanti onmer (1.37 g) as a colorl ess

s sodi um bi car bonate and exiy

oil 30 followed by the nethyl
(3R 4S)--1-tert.-butyl-4-(2,4-difluor ophegtgg)ppyrrol i di ne-3- carboxyl ate
enantiomer (1.1 S g) as a colorless oil St D: Preparation of

(3S,4R)-1--ter -butyl-4-(2,4-dif buoro henyl ) pyciol i di ne- 3--carbox lic acid
h drochloride salt (1-7) -54 V\( \(El 88 29 August 2005 PCT/ US02/-05724
A m xture of the nethyl (38 4R) 1 t- utyl:4(‘2 4-

F.'
i-7
Step A: - Preparation of N-terz-butyl-N-(irimethylsilylmethyl)amine (N-1)

o : A mixture of tert-butylamine (18.0 mL, 171 mmol) and
5 (chloromethyl)tnmethylsﬂane (7.00 g, 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, dn'ed (MgSO4) and the volatiles
evaporated in vacuo. Distillation (atmospheric pressure ~135°C) of the residual
. 10 . liquid gave the title compound as a coloriess liquid (7.67 g).

'S'tep B: Preparation of N-terz-butyl-N-(methoxymethyl)-N- -
- (trimethylsilylmethyDamine (N-2) '
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di fl uor‘ophenyl )pyrrolidine-37carboxyl ate. enantio ner of..Step C(1.37 .g,

4.61. nxnol) and potassiumtrinethylsilanolate (0.68 g, 5.

30 mmol)

in

diethyl ether (23 nL) was .stirred at room tenperature over3difgigust2005
saturated solution of hydrogen chloride in ethyl acetate was then added,

t he vol atyd g5swmige evaporated and the residual solid usedy:
purification in the preparation of Exanples detail ed bel ow.

gl

C2H ~CO2Me CI BOC Y OTf 1-3 1-2 Step B BOC 1-4 CI 1-6 Step C C
29 August 2005 WO 02/068388 HO F 1-7 Step F HCI 11 PCTIUS02105724 Step G

Step H

further
Step A
1-5 -55

N—ten‘—Butyl~N—(tﬁmethylsilylmethyl)amine (N-1) (8.47 g, 53.1 mimol)

was added dropwise, over approximately 30 -min, viz a pressire equalizing addition .. - - .

funnel to a stirred solution of aqueous formaldehyde (5.98 mL. of 2 37 wt. % solution
in water, 79.7 mmol} at 0°C (ice cooling). After 45 min, methanol (6.45 mL, 159.3
minol) was added and the 1'e$u1ting sohution 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 (MgS0O,) and the

10 volatiles evaporated in vacuo. Distillation (high vacuum; ~70°C) of the residual

liquid afforded the title compound as a colorless liquid (3.50 g).

Step C: Preparation of methyl (3R,45)-1-fert-butyl-4-(2 4-

difluorophenyl)pyrrolidine-3-carboxylate and methyi (35,4R)-1-tert-

15 . butyl-4-(2.4-diftuorophenylpyrrolidine-3-carboxylate (N-3)
o Trifluoroacetic acid (116 yiL, 1.51 mmol) was added to a solution of

the product of step B (3.07 g, 15.1 mmol) and methyl (2E)-3-(2,4-

difluorophenyl)prop-2-enoate (2.99 g, 15.1 mmol) in methylene chloride (60 mL) at. .

ambient temperature. After 18 h, the reaction mixture was poured into saturated

20  aqueous sodium bicarbonate and extracted three times with methlene chloride. The

combined organic extracs were washed with brine, dried (Na;SO,) and concentrated

in vacuo. Purification of the residue by normal phase medium pressure liquid

chromatography on silica gel (gtédient elution;0-9% methanol (containing 10% v/v

ammonium hydroxidé)/methylene chloride as eluent) gave the title compound as a

25 colorless liquid (3.50 g, 78%). The racemic titled compound was resolved into its

enantiomeric components using preparative chiral high pressure liquid

chromatography on CHIRALPAK AD Phase (5 % isopropanol/heptanes as eluent) to

give in order of elution: methyl (35,4R)-1-tert-butyl-4-(2,4~

difluorophenyl)pyrrolidine-3-carboxylate enantiomer (1.37 g) as a colorless oil
30 followed by the methyl (3R,4S)—71 -tert-butyl-4-(2,4-difluorophenyl)pyrrolidine-3- -

carboxylate enantiomer (1.18 g) as a colorless oil.

Step D: Preparation of (35,4R)-1-rert-butyl-4-(2,4-diflucrophenyl)pyrrolidine-

3-carboxvlic acid hydrochloride sait (1-7)
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i WO 02/ 068388 1-11 - EXAMPLE | 29 August 2005 PCT/ US02/ 05724 2- i2- 1- 3S

4R -1-tert-bu 1-4- 2 4-difluoro hen | olidin-3- Icarbon | i eridin-4-

1-5-chloro hen | N-neth lacetam de (1-11 Step A: Preparat i d® Ausietddy |-

(2-brono fphenyl)acetate (1 A solution of
(2- brom@ﬁﬂ(}%%ophenyl)acetl c acid (1-1) (15.0 g, 60.1 WP?GZQﬁE?*

~concentrated sulfuric acid (0.150 nL of a 36N solution) in nethanol (120

10 m.) was heated at reflux for. approximately 15h. After cooling to room
tenperature, the reaction m xture was concentrated in vacua and the residue
partitioned between nethylene chloride and saturated aqueous sodi um

bi car bonate. The or gan‘ix@nxfay”t’et?fthiameﬂgéM@Rbutmuuuyhé(amleous phase

t t t t
or & waoheq oty by AN 2R Aol o SR B8 2 P8 i f 2t
evapor at ed. a‘?ﬂaoiiaésgwa&ameﬁwisdw@at@ Piogu é 30emobdy digdy! eibeni(2Rineioues f urt her
purificati O@nned bth@o! teRpérahied %mﬁhepﬁam?s&&?%lﬁédn%’f @Hﬁ{g@%ﬁﬁﬁﬁé{

4(4455t I 3, gxabqr ol an- 2- ridine-1

om car box yl S f‘cf 3&7&’?6%& \?f%@?flr’ Sfsyylaitles WP’@CFV%%%@H@P@H’CG?SI@% S?’éﬁﬁﬂeﬂutyl 4
{ [(trifl uomatheuhitrihstipdrifivytiboiythe plefaraionyd Bapibicd daaridd Bdlowar boxyl at e

1-3) (1.00 g, 3.02 mmol; prepared as described in Rohr, M ; Chayer, S.;
Garrido, F.;-Mann, A.; Taddei, M; WrSGiHBEMEAG Heterocycles 1996, 43,
2131-2138), bis(pinacol ato)di boron (0.844 g 3.32 nnnol), pot assium acet ate
(0.889 g, 9.06 ynol) 25 and

[1, 1" -bis(di phe lS/I phosphi no) -ferroce
1: 1 conpl ex w et hyl ene chlori de
m.)was -57 29

vacuuni ni tr oge
15h. After cool

.e] di chl oropal | adi un{W (0. 123 g of a

1 nmol) in nmethyl sulfoxide (20
: 8 Pef802/ 05724 degassed via three
heated at 80C forgogpproxi nmately
ng to anbi ent tenpefjature, the reaction mxture was. -

Cl Cl
: _ : Step C
- BOC ' .IBOC _ COQMQ ‘
P N
N - .
Step B P _
I | ,
B 1-
OTf 0 o =
| 14
 StepD
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filtered through celite(c) eluting copiously with ethyl acetate. The
filtrate was poured into waterlbrine (1:1) and the organic phase
separated. The aqueous phase was re 5 extracted three tinmes29ughst@0dyl
acetate and the conbined organic extracts were washed with brine, dried
(MS™) ntrated in vacuo. Purification of the crude residue by
flash ch?gggﬁﬁggﬁphy on silica gel (gradient elution; 0% 25¥ &tHyrz
acet at e/ hexanes as eluent) furnished 1-4 as a white solid (0.660 g). 10 St
ep C. Preparation of tert-butyl 4-[4-chloro-2-(2-nmethoxy-2 oxoeth | hen 1
-3 6-dih dro jdine-1 2 -carbox late (1-5) A vigorously stirred m xture of
the tert-butyl 4-(4,4,5, 5-tetranethyl - _
1, 3, 2- di oxaborol an- 2-yl) - -di hydropyri di ne-1(2H) - car boxyl ate (1-4) (1.40
g, 4.53 mmol), methyl (2 Brono-5- chlorophenyl)acetate (1) (1.31 g, 4.98
mol ), potassi um 15 phodphate tribasic.(2y85. .g, '13.6 mmol) and: B
tetrakis(triphggy Iphnsph;ne)ddCIadlun(O) (9 0.227 nmol)
NN—dinethyIfornar de (22 L) was deflassed vacuuninl}k;gen
i ngress cycles an q%p ) heat ed at—100Cfor app rat el y 18h.—pjAf Ter
cooling to roomt t he rﬁhmiEon m xtiur e }as uoureo-i~to wat er and
extracted three tine oY € extracts
were washed 20 with DR{ T acua.
Purification of the cride residue by flash chronatograph | ita gel
(gradient elution; 0% B5% ethyl acetate/ hexanes as eluent) orded 1-55
(0.967 g) as a coloryfzf oil. Step D. Preparation of nethyl
[5-chloro-2-(1,2,3,6 rahydr opyr.i di n-4- 25 yI)phigillacetate
hydrochl ori de (1-6) A saturated solution of hydrogér chloridg=in ethyl
acetate (6 nL) was added to a solution of tert-butyl
4-[ 4-chl oro- 2- ( 2- net hoxy- 2- oxoet hyl ) phenyl ] - 3, 6- _ '
di hydr opyri di ne- 1( 2H) - - car b&ky] (115) (0.950 g, 2.60 znnol) in methyl ene
chloride (6 nL) at 0C. After | he vol atiles werjg-evaporated in vacuo,
and the crude residue 30 triturated e with dry-diethyl ether to give
1-6,(0.690 g) as cul ent palle ye | ow sol|o“niz (ES) 266 (Nilr ). 35
St _epE: PreparaLLon_QEjnethyl } AR 1- per -t - but Wegd 2, 4-
di f1 uor opheny! ) pyrrol i di n-14eOy . \Ti 27, 6- t et r ahydropyri di n- 4-
yl)-5-chl orophenyl | acetate (1-8) -58 29 Aug 005 MO 02/ 068388
PCT/1J802/05724 , '

StepH
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N, N dii sopropyl ethylarnine (1.36 nL, 7.80 nmol) was added to a stirred
suspension of (3S,4R)-1-ter,t-butyl-4-(2,4-difluorophenyl)pyn olidine-3-
carboxylic acid (1=7) (0. 831 g, 2.60 mml), methyl [5-chlarzRugist2003, 6

t et r ahy dsapyrdedise- 4- yl ) phenyl ] acetate hydrochl oride 1-6 ﬁ@rlﬁ?tﬁmgﬂmz 60
mmol), O (7- 5 azabenzotriazol-1-yl)-1,1,3,3-tetramnethyl uronrum

hexaf | uor ophosphate (119 g, 3.12 n’m)lﬂ) and 1- hydr oxy- 7- azabenzotri azol e
(0.425 g, 3.12 mmol) in N, N dinethylformam de (5.2 nL) at anbient
tenperature. After approximately 18 h, the reaction m xture was poured
into saturated aqueous sodi &m bi car bonate and extracted three tines with

ethyl acetate. The conbi ned JaAC extracts were shed with 10 water,
brine, dried (Na2S®) and conce ted in vacuo. gl’fl cation of the crude
resi-due by flash chromat ograph a_gel (gr nt elution; 0% 15%
met hanol  (containing 10% v/v antmoni hydr oxi de)'fmet hyl ene chl ori de as

eluent) provided 1- 8 as a p@' yel | ow oLN (raz (ES) 531 (M#)_ 15. Step
F. Preparation of  methyl [ -(13{ [(3S,4R) - 1\-“tent butyl -4-(2, 4-

di f 1 uor ophenyl ) pyrrolidin- yI Neangonyl }pigeri o n- 4Fyl )-5-

chl orophenyl | acetate (1-9) A m xture of methyl 1-{
[(3S,4R)-1-tent-butyl -4-(2,4- difluorophenyl)q i di n-3-yl]carbonyl _
}-1,2,3,6-tetrahydropyridin-4-yl)-5 20 chl oroph I]acetate (1=8) (2.60
mol ) and plati num (TV) oxide (0.300 g){fin ethangol/ glacial acetic acid
(1:1, 20 nL) was hydrogenated at at rmspheri c pressure for approxinmately
15h. The resulting m xture was filtered through a short colum of celiteo,
el uting copiously with ethanol. The BXAMPAFel was evaporated and the residue
was partitioned between nethyl ene chl ori de and saturated aqueous' sodi um 25
bi car bonat e epar at ed and the aqueous phase was
re-extracte W R shilgorophen yiinyieha-Jre d organi c extracts
wer e vva§hedy_matljmnvl/}/ainehdnb4wﬂei cﬁbt@ﬂeﬁ%@ﬁ@ﬂqﬂa@éﬁmﬁd&r@eﬂt}r ated in vacuo.
Purification of the crude residue by flash chronatography on silica gel
(gradient elution; 0%-15% net hanol (containing 10% v/v. anmoni um

hydr oxi de) /¥ep Wyl ene Risharaticeofmmetalyi(2brdmé5ratil soehkrdadet®8 (1-2) 25 g) as a

colorless foam (M z (L£Q); %{.}OQW omosfi$ 2L ﬁ&r ﬁ&amﬁ k (g 68)
Eéf’ﬁei‘f 31. ﬁ liiler{lséi )aggtcgﬁqﬁn&rgﬂwéﬁw %@1(@ m}ﬁp Ezép%;om@g%ﬁfmﬁ’ﬁﬂgghos

10 kL) was heated at reflux for apprommately 15h. After cooling to room temperature,

the reaction mixture was concentrated in vaciio and the residue partitioned between

methylene chioride and saturated aqueous sodium bl_carbonate. The organic layer was
separated and the agueous phase re-extracted twice with methylene chloride. The
combined organic extracts were washed with water, brine, dried (Mg SO4) and the

15 volatiles evaporated. The residual colorless liquid (15.9 g) was used without further
purification in the Step C below.

o Stgg B: Preparation of tert-butyl 4~(4,4,5,'5_—'tetfamethyl—1,3,2~dibxaborolan—2-
v1)-3,6- dihvdropvridine-l( 2H)-carboxyvlate (1-4) )
20 A vigorously stirred suspension of the Ten‘—butyl 4-

. {[(tnﬂuoromethyl)sulfonyl]oxy} 3 6-d1hydr0pyr1dme—1(2H)—carboxy1ate (__) (1.00 g,
3.02 mmol; prepared as described in Rohr, M.; Chayer, S.; Garrido, F.; Mann, A.;
Taddei, M.; Wermuth, C-G. Heterocycles 1996, 43, 2131—’?138) N
bis(pinacolato)diboron (0.844 g 3.32 mmol), potassmm acetate (0.889 g, 9.06 mmol)
25 and [1,1’-bis(diphenylphosphino)-ferrocene]dichloropalladium(il) (0:123 gofal:l
complex with methylene chloride, 0.151 mamol) in methyl sulfoxide (20 mL) was
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WO 02/ 068388 PCT/ US02/ 05724 Pot assium trimethyl silanolate (0.900 g, 7.05
nmmol ) was added to a stirred solution of nethyl [2-(1-{

[(3S,4R) -1-tert-butyl-4-(2,4- 29 August 2005 -

di f 1 uor ophenyl ) pyrroli din-3- yI]carbonyI} pi peridin-4-yl)- 5- chl or ophenyl ] ace
tate |- g, 2.35 mml) in tetrahydrofuran (24 ni

terrpera%(r)eoéafg ter 5 approximately 15,h, the volatiles vv)grcg g\@%%%t ed in
vacua and the crude residue was treat ed with a saturated sol ution of
hydrogen chloride in ethyl, acetate. After approximately 5 nin, the
reaction mxture was concentrated under reduced pressure and the crude
residue triturated twice with dry diethyl ether to %I ve 1-10 as an

anor phous Wagaseedsyiitlreg vaguunEg)irogewingksy cydles Sikhenheppdpi0a€ifon of

2-12-(1-{ [ap Kﬂﬁﬁtel%' 1%%”%1@1”&51) 1 &?&nﬂnent tem eratul,e the reaction mixture was
di fl uorophg_nq)é rrolid yl Jcarb g I n-
7

chl or ophen b&@%ﬁeaﬁhﬁ’é‘ @PP@EWW‘H"!\P ¥k %ﬁ%ﬁv}eefglﬁﬂeéﬁﬁsﬂ@“{e@ 166 ni,
0. 953 mmol Jinteasatartdne ¢ anaﬂwsar ﬁﬂi@ h@@%@ﬁﬂﬁﬂeenm&a weotid phase was re-

}bi per 8 n B éﬁll&?éﬂﬁsﬁ% ORTT A

met hyl am newvaskd 4R b8ine ndyjedQMEED Jramd $oncentrated in vacuo. Punﬁcatlon of the

O(7- b

0 (7 v abeegh a8l )by dony LIRS BYALON M 0o o o1 o
(17.3 ny, 6cet?/havariep asnluﬂnﬁlfmmjdfh‘aﬁrmmtdeol(d)(%&g)) at 20 anbi ent

tenperature. After approximately 18 h, the reaction mxture was poured into
saturat ed agueous sodi um bi carbonate and extracted three times w th ethyl

acet at 40 DD Conbi nducparyian & retibub ftd dvehleronhagthitikiZ-wat er , . bri ne,
dried (Na2S04) and %@@m@ﬁ@r@q3@dﬂ@ﬁt&ma;tretmmich%x%tew%)rem due by

preparati.ve reversed phase ressure YMC Pack

Pro C18.phase (gradi e'iﬁf’ ICQF‘?HS%‘HM%%H%’I?%%‘% E’é(g%wqt“'m‘{:?’vg(é?t%rn){ l§3Hel uent ,

0. 1% TFA mddi,2-decaba@¥an-2-v1)13 eslitsydnplyfidider 1(@ H) saﬂbbdyléml 12 (ES) g5323 (W) .

Fol | ow ng | ’ EX 1 t he

Fol | owi ng Aoaas HHESIZHimB R bRl IR, PR TERY el 3 i Bofestom

PCT/ US> / ozplmszphate tribasic (2. 85 g, 13 6 mmol) and tetrakls(tnphenylphosplnne)palladmm(())
(0.262 g, 0.227 mmol) in N,N-dimethylformnamide (22 mL) was degassed via three
vacuum/_mtrogen ingress cycles and then heated at 100°C for approximately 18h.

After cooling to room temperature, 'therreactioh mixture was poured into water and
extracted three t_:imés with ethyl acetate. The combined organic extracts were washed

20 with brine, dried (MgSO4) and concentratcd‘ in vacuo. Purification of the crude
residue b'y flash chromatography on silica gel (gradient elution; 0%-25% ethyl
acc_atatc/hexanes as eluent) afforded 1-5 (0.967 g) as a colorless oil. -

StepD: Preparation of methyl [5-chloro-2-(1,2 3,6<teu'ahydropyﬂdi}1—4¥
25 - yhphenyllacetate hydrochloride (1-6) -
| A saturated solution of hydrogen chlomde in ethyl acetate (6 L) was
added to a solution of teri-butyl 4-[4-chloro-2- -(2-methoxy-2-oxoethyl)phenyl]-3,6-
dihydropyridine-1 (2H)-carboxylate (1-5) (0.950 g, 2.60 mmol) in methylene chloride
© niL) at 0°C. After 1h, the volatiles were evaporated in vacub and the crude residue
30  triturated twice with dry diethyl ether to give 1-6 1 6(0.690g)asa ﬂocculent pale yellow

solid (m/z (ES) 266 (MITH).
o S__tep | Preparauon of methyl [2- (1 {[(SS 4R) 1 tert—butyl—4—(2 4-
_ d1ﬂuoropheny1)pyrrohdm 3~y1]carbony1} 1,2.3,6-tetrahydropyridin-4- -
33 yI)- 5-chlorophenv1]ac_:etate {1-8)
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Ex. #R3aR3bParent lon rrt/z (MtH) 2HWe498 N, M O 3H( Me526 "'Y N, --,

4HN524 O 5-N Me 526 Y- Me O Me 6HNS38 O 7H Me484 O 8HN Me498 O -61 29
August 2005 WO 02/ 068388 PCT/ US02105724 9HH 512 Me O 10HN512® August 2005

11H-" yNHRb 3 068388 , _ PCT/US02/05724

10

15-

20

25

30

N,N-diisopropylethylamine (1.36 mL, 7.80 mmol) was added to a
stirred suspension of (SS,4R)71—re1:{-buty1—4—(2,47diﬂuor'ophenyl)pyrmlidine&— B
carboxylic acid (1-7) (0.831 g, 2.60 mmol), methyl [5-chloro-2-(1,2,3,6-
tetrahydropyridin-4-yl)phenyl]acetate hydrochloride (1-6) (0.690 g, 2.60 mmol), O-(7-
azabenzotriazol-1-y1)-1,1,3,3-tetramethyluronium hexafluorophosphate (1.19 g, 3.12
mmol) and I-hydroxy-7-azabenzotriazole (0.425 g, 3.12 mmol) in N,N-
dimethylformamide (5.2 mL) at ambient temperature. After approximately 18 h, the
reaction mixture was poured into saturated aqueous sodium bicarboneite and extracted

- three times with ethyl acetate. The combined organic extracts were washed with

water, brine, dried (Na;SO,) and concentrated in vacuo. Purification of the crude
residue by flash chromatography on silica gel (gradient elution; 0%-15% methanol
(containing 10% v/v ammonium hydroxide)/methylene chloride as eluent) provided 1- 1—

8 as a pale yellow oil (m/z (ES) 531 (M.

Step F: Preparation of methyl {2-(1-{[(35,4R)-1-tert-butyl-4-(2,4-
difluorophenyl)pyrrolidin-3 —yl]carbonyl }plpendan—4-y1)~5—
chlorophenyllacetate (1-9)

A mixture of methyl [2-(1-{[(35 4R)-1-tert-butyl-4-(2 4-
difluorophenyl)pyrrolidin-3-yljcarbonyl}-1,2,3,6-tetrahydropyridin-4-yl)-5- .
chlorophenyl]acetate (1-8) (2.60 mmol) and platinura (IV) oxide (0.300 g) in ethanol/
glacial acetic acid (1:1, 20 mL) was hydrogenated at atmosphen'c pressure for '

- approximately 15h. The resulting mixture was filtered through a short column of

celite® » eluting coprously with ethanol The filtrate was evaporated and the residue
was partitioned between methylene chloride and saturated aqueous sodivm ,
bicarbonate. The organic layer was separated and the aqueous phase was re«extracted
twice with methylene chloride. The combined organic extracts were washed with

~ water, brine, dried (Na;S0O,), and concentrated in vacuo. Purification of the crude
‘tesidue by flash chromatography on silica gel (gradient elution; 0%-15% methanol

(containing 10% v/v ammonium hydroxide)/methylene chloride as eluent) furnished -
1.9 (1.25 g) as a colorless foami (m/z (ES) 533 (MI*).

Step G; Preparation of [2-(1-{[(35,4R)-1-tert-butyl-4-(2,4-
difluorophenyl)pyrrolidin-3 -yllcarbonyl }piperidin-4-yl)-5-

chlorophenyllacetic acid (1-10)

59—
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O 124-FCN4A70 134-Cl'I'! NH2504 O 144-CIN 518 Me O 15HO Me 499 ~ 16HO 498 Nr Mb
H17H -N Me512 Me 18HO 512 NMe H 19Ho Me 526 N J" Me H 20H. 0538 H 21HO 524
N""2H- ~Me 540 N M H : .- 28 August 2005

WO 02/068388 ‘ - PCT/US02/05724

Potassium trimethylsilanolate (0.900 g, 7.05 mmol) was added to a
stirred solution of methyl [2~(1-{[(35,4R)-1-tert-butyl-4-(2,4-
dlﬂuorophenyl)pylrohdm-S -yilcarbonyl}-piperidin-4-yl)-5- chlorophcnyl]acetatc (_,_)
(1.25 g, 2.35 mmol) in tetrahydrofuran (24 mL) at room temperature. After

5 approximately 15 h, the volatiles were evaporated in vacue and the crude residue was
~ treated with a saturated solution of hydrogen chloride in ethyl acetate. After
approximatély 5 min, the reaction mixture was concentrated under reduced pressure
and the crude residue triturated twice with dry diethyl ether to give 1-10 as an
~ amorphous white solid (m/z (BS) 519 (M.
10 | | o
Step H: Preparation of 2-[2-(1-{[(35,4R)-1-tert-butyl-4-(2 4-
diftuorophenyl)pyrrolidin-3-yljcarbonyl }piperidin-4-y1)-5-
chlorophenyl}-N-methylacetamide (1-11) ’
N,N-diisopropylethylamine (0.166 mL, 0.953 mmol) was added toa
15  stirred suspension of [2-(1-{ [(3S,4R)~1-ten‘-butyl—4—(2,4—diﬂuorophenyl)pyrrolidin—3-
' ij]carbOnyl}piperidin—4-yl)-5—ch10rophenyl]acetic acid (1-10) (40.0 mg),
methylamine HC1 (42.9 mg, 0.635 mmol), O-(7-azabenzotriazol-1-y1)-1,1,3,3-
. tetramethyluromum hexaﬂuorophosphate (48.3 mg, 0.127 mmol) and 1-hydroxy-7- - -
‘azabenotriazole (17.3 mg, 0. 127 mrnol) in N,N-dimethylformamide (0.65 mL) at
20 ambient temperature. After approxrmately 18 h, the reaction mixture was poured into

- saturated aqueons sodium bicarbonate and extracted three times with ethyl acetate.
The combined organic exiracts were washed with water, brine, dried (NazS0q4) and
concentrated in vacuo. Purification of the residue by preparatlve reversed phase hi gh
- -pressure liquid chromatography on YMC Pack Pro C18 phase (gra_chent_ elution; 0%-
25  100% acetonitrile/water as eluent, 0.1% TFA modifier) gave 1-11 as a buff white

solid (m/z (ES) 532 (MH").
Followmg procedures similar to that described above for Example 1,

~ the following compounds were prepared
30
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23HOO 526 --"'N Me Me -62 WO 02/ 068388 P 29. August 2005 PCT/ US02/ 05724
24H0O Me 540 ~ N Me.. Me 25H0 540 ' AN Me Me 26H0538 274-Cl0 546 NMVe H
2$4- O N~~Me560 H 294-C0 Me 560 N Me H 304-Cl )< Me 574 N M4@ August2005

WO 02/068388 PCT/USO2/05724

F
Ex.# | - R3a R3b | Parent
| Tonm/fz
(M-+H)
2 H Me 498
N.
Me
. (9]
3 H | e 526
: NvMe

4 H O | 524
N

5. “H o H Me 526
- ' \[r \ﬁMe :
' O Me :
6 | H - - 538
7 H H o 484

498
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H 314-Cl 0558 H 324-Cl 672 H 334-C1 0 546 N_.Me Me 344-C 00 574 N Me Me ~
354-CN Me 560 i Me -63 29 August 2005 WO 02/068388 PCT/ US02/ 05724 364-Cl 0O

Me 574 N Me., Me 374-00 558 NJ 384-010 29 August 2005
WO 02/068388 ] PCT/USO2/05724
. o) .
10 H N/j 510
T |
11 H \H/NHE ‘ 470
. : ]
12 4F CN 470
13 4-C] YNHz | 504
I }
14 4-C1 N | 518
i Me
G
15 | H \)O]\ e 499
| o |
16 H o e 1 408
.
H
17 H 1 \j)\ Mo i 512
. [l\]‘ . R
' Me
18 H Q | 512
N/.\Me
H
19 | H \)"kj"\e 1 s
N Me o
5o ,
20 H - 538
21 H 524
2 - - \)?\ ,lM<eMe 540
N Me
| N |
23 H 9 506
r[\l/\Me_
Me

-62 -



572 ~\N 394-0 0 586 N 404-C <Me 588 N Me Me 414-C "yO Me519 O 424-ClMe 533
~O" 43HWe.534 N. M@ S o f O 445-FN_ 503 Me o0 453-CH3"Y O Me499 O

463- CH3N °~ 498 Me 0 473-CH3Me512 N, ne R 29A99U3t2005
W0 .02/068388 - | PCT/US02/05724
O Me
24 H - ‘ 540
Me
25 H 0 540
N Me |
_ l\I\I[e
: 0
26 H 538
- 27 4-Cl % 546
N Me
H
28 | a4l Q o 560
, H
O Me
25 4-Ci ‘ 560
- ~ A A |
H .
a ' O Me
30 - 4-Cl 574
Me -
o NN
_ _ N
- 0
31 4-Cl 1 558
, | | \/’LN/A
' H
0
32 4-Cl . 572
| < A AT |
H_ - |
33 | 4q ’ y 546
1:1_ e
Me _ .
34 (  4C1 O o 574
| | N Me :
l\Me
35 4-Cl 3 | 560
Il\l/\Me
Me
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O 484- CH3y0-----, Me513 O 494- CH3N °
2005 PCT/ US02/ 05724 504-C OY-MeS6 O . Me 515-MeMe 498 N 0 524-FN' 503 Me O
534-C Me532 N- Me O 544- O N Me532 O 554-C (Me560 "Y NvNe O 6MigqH290%k. 546

498 Me o -64 WD 02/068388 29 August

N O M 57.4-C "' 0544

WO 02/668388 PCT/US02/05724
'. O Me
TN
Me
0
37 4-Cl \/u\ 558
N\j
0
38 - 4-C] \/IL 572
D
. 5 _
30 4-C] \Jj\ 586
9 |
. O Me
40 4-—Cl \/“\ /|<Me 588 ’
I‘l\l Me
Me
41 4-C1 \ﬂ/'°~Me 519
o)
o)
42 4-C} 533
\/U\O,Me
43 H Me 534
o ’N“Me '
_ g o
H
44 5-F 503
' 'YN,“Me
o)
45 3-CH; \"/O~Me» 499
0
"H
46 CH, N 498
\"/_ “Me
o)
47 -CH, “,1\’:? : 512
N ve
L
48 4-CHa Yovme 513
O .
, ——
49 4-CH, 408
\n/N"Me
o)




Y N 584-CN544 O 59'4,5-di -FH Me520 O 604- F568 -yN-Q 614- CF3N 552 Me O
- WD 02/068388 SCHEME 2 StepG Cl 2-3 F 1-7 1 -4 Step B 29 August 2005
PCT/ US02/ 05724 ¢l 2-2 29 August 2005 WD 02/ 068388 PCTI US02/255Rmustq E
Step G 2w ozBAMPLE 62 Step F 4- 2- IS02/057
2-azetidin-l-yl-1-rnethyl - 2-oxoehl )-4-chl or ophenyl ) - 1- (f {S&/ US04

4R) - 1-tent - but yl - 5

>0 4-Cl e 561
S N 0 o Me e
51 5-Me o ' 498
\ﬂ/ “Me
O
52 4-F H | <03
\“/ “Me
: O )
Me
53 4-Cl - : 532
‘\I/N‘Me ' '
0] .
>4 - 4d YE Me 532
S
O - -
55 4-C1 ' Me | s60
YNvMe
O
6 1 +d \H/E’YMe_ 546
e, Me .
57 4-C ' i\|:| a4

g
_ - 0

58 4-C1 g _ 44
T

597 | 4,5-di-F | H 1 20

60 | 4F - T a6
| \r"’%

61 4-CF3

552
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‘442 4-dif|uorophenyl)pyrrolidin-3- |y lcarbonyl)piperidine'(2-7) Step A

Preparation of nmeth | 2- 2-brono-5-chloro ho yl)propanoate (2-1) -67 29
August 2005 WO 02/068388 PCT/ US02/ 05724 A sol ution of 71-hbdeWubist Bi0om (1. 67
mL of a 2.5 Msolution in hexanes, 4.17 mol.) was added dropw se via
syringe t9p@:2 o red sol ution of diisopropylanraine” (O 4,36 mmol )
in tetraﬁggrégﬁﬁgn (10 nL) at -78C. After approximtely 189%%$%7m?%§
reaction mxture was warned to OC and aged for another 10 min. After re 5
cooling to -78C,. a solution of nmethyl (2-brono-5-chlorophenyl)acetate(1-2)
(1.00 g, 3.79 mmol) in tetrahydrofuran (10 nL) was added dropw se via
syringe and the resulting yellow m xture was stirred at -78C for
approximately 30 mn. | odonet hane (Oﬁﬁﬁiﬁﬂﬂig.GQ nmol ) (fdded and after
1 h, the reaction mixture was warned to anbient tenperatgre’and quenched
"The 10 resultipylm xture was
mes with ethyl &
i &C?@h@e’ dried
t he Gt Udey yesi due 1y fllash
chr omat ogr aphy ent el uti o —6-20% et |
acet at el hexanes

as eluent) furnished 2-1 as a § Iq%Les:
Step B: Prepardtion of tert-butyl 43[4-chloro-2-ﬁ%a th
oxoet hyl') phenyl b- 3, 6- di hydropyz . di ne- 1(2HZcar boxyl ate (2
stirred mxture=of tert-butyl 4-(4£4, 5 5-tetranethyl-1,2, 3
di oxabor ol an- 2-yl ) -3, 6-di hydropyri di ne- 1( 2H) - car boxyl at e i[%}.g, 3.27
mmol ), . 20 nethyl 2-(2-bron0-5-ch|orophenyl)propanoate,2-1}231.00 g, 3.60
mmol ), potassi um phosphate tribasic (2.08 g, 9.81 nmmol) and
tetraki s(triphenyl phosphi ne) pal | adi um(0) ,,(0.189 g, 0.164 mmol) in
N, N- di et hyl f ormam de (13 nlL) was degass:Q via three vacuuninitrogen
i ngress cycles and then heated at 100C app gﬁinately 18 h. After
cooling to roomtenperature, the reactijon n xture was poured into water and
25 extracted three tines wth gyl acetak€. ,The conbi ned organic extracts
were washed wth brine, dri ) and concentrated in vacuo. :
Purification of the crude residue by f ‘gﬁggﬁography on silica gel
(gradient elution; 0-25%ethyl acetat Ane 8l uent) afforded 22
(0.73 g) as a colorless oil. -

wi th saturatedaqueous armoni um chigyide.

MeWwer e

concentrat ed urificati

A vigorously
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30 Step C. Preparation of nethyl
2-[5-chloro-2-(1, 2,3, 6-tetrahydropyridin-4- yl)phen | propanoate (2-3) A
saturated solution of hydrogen chloride in ethyl acetate (.629Aupustd805 added
to a sol w4 tert-butyl 4-[4-chloro-2-(2-nmethoxy-I|-ne | - 2-

oxoet hyl ﬁ‘kgﬂa .155583, 6- di hydr opyri di ne- 1( 2H) - car boxyl at e (0‘?@%85092,’“-“11’.492 ol )
in 35 nmethylene chloride (6 nL) at 0 C. After 1 h, the volatiles were
evaporated in vacuo, -68 WO 02/068388 29 August 2005 PCT/tJS02/05724 and
the crude residue triturated twice with dry diethyl ether to give 2-3
(0.605 g) (infz (ES) 280 (MVHl). Step D: Preparation of methyl 2-{2-(I-{

[ (3S, 4R) - 1-tent - but yl - 4- (2, £I5_dizf_uor ophenyl ) pyrrol i di n- 3-yl ] car bonyl
}-1,2,3, 6-tetrahydropyridin-4- -chlorophenyllngPanoate (24} N, N

di i sopropyl et hyl azni ne (1.00 ni} 6 pol) was added to a stirred
suspensi on of (SSSﬁﬁy 1-tert-butyl-4-{2, 4)di f | yordphenyl ) pyrrol i di ne- 3-
carboxylic acid i;l;_ED.Gl4 , 1,92 mol ) Nnethyl 2-[5-chl @epdF (1,2,3,6 10
tetrahydropyridin-4-y|)pheN¥%}_ opanoat & 233‘ (0y605 g, 1792—mmot), O (7-
azabenzotriazol -1-yl)-1,1, 3, 3-tetramet hyl urghi unj hexgf | uor ophosphate (0.876
g, 2.30 mol) and 1-hydroxy-7-azabenzotriazol g&{0y314 g, 2.30 mmol) in N,/ N
-- dinethylformann.de (3.8 nL) at anbient tenpg re. After approximtely
18 h, the reaction mxture was poured into satoydted aqueous sodi um

bi carbonate and extracted 15 three tingeg with ethyl acetate. The conbi ned
organi c extracts were washed with water, brine,Fdried (Na2S™4) and
concentrated in vacuo. Purification of the crude residue by flash

- chromat ography on sikgca gel (gradient elution; 0-15% nethanol . (containing

10% v/ v anmmoni um hyd g et hyl ene chloride as eluent) provided 2 4 as a
pale yellow oil; (nz/z ( 545 (MN . 20 StEEiF:~Preparation of nmet hyl
2-12-(1-{ [(3S,4R) - -ter Dy A~ 2, 4- N _

di f | uor ophenyl ) pyrrolidi n-{3-yl bonyl [} piyperi di n-4-yl)-5-

chl or ophenyl | pr opano 7> ‘ Rbugpe “met hyl 2-[2-(1_{
[(3S,4R) -1-terns but@@é(zA-- 25 \Lfl Step G

di f1 uor ophenyl ) pyrrolidi n- 3-y1] car bofy! } Etfahydropyrir

EXAMPIE 62

4-12-(2-azetidin-1-yl-1-methyl-2-oxoethyl)-4-chlorophenyll-1-{[(35. 4R)-1-fers-butyl-
ohidin-3-yl]carbonyl }piperidine (2-7)

- Step A: Preparation of met_fwl 2-( 2'—br0mo—5;chlorophenvl)propandate 2-1)
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din-4-yl) 5 chl orophenyl ] propanoate (2-4) (1.92 nmol) and platinum (1V)
oxide (0.350 g) in ethanol/ glacial acetic acid (1:1, 20 nL) was
hydrogenat ed at atnospheric pressure for- approxi mately 159 Aligeste@®ul ti ng
m xture was filtered through a short colum of «celite(r), eluted copiously
wth eth filtrate was evaporated and the residue S _

partiti oﬁg@b%%%%en net hyl ene chl ori de and saturated aquegggmga%‘f‘“ﬁ?ﬁ

~ bicarbonate. The organic | ayer was' separated and the agueous phase was
re-extracted twice with nethylene chloride. The conbi ned organic extracts
were washed with water, brine, dried (Na2SO4), and concentrated in vacuo.
Purification of the crude residue by flash chromatography on silica gel
(gradient elution; O0-¥Sueimhanobutyifhidth AUTuSL. o2 Q0% MOERI&6B3B8anes,

PCT/ US02/ 05 t aj ni 0%/, i um h i de) / l e hl.ori d .
T2 0TA0 R0 Alongs S ATIPDIT YOO LRt BUERS,RleT ' O, =5
21 - St ﬁ Eﬁ-é])aaﬂaﬂi?(ﬁrmmb. nwbl)dn l@@ra@d{oﬂ@rﬁ@&&ﬁ)ﬁa atYBAC: Bufteylapgrofinatel§ 10

| uor o e : = a3 o, | - 4-
1)+ 5o chp or S BY ARGl Ry SAL MM o b ofie e L MANCHORY | ShDE:
(0.645 ¢ 5codingtal-)8as saden of meghy! §4-brareatSsblarephsnyldcetase y?) (1.002, ( 1-{

[ (3S, 4R) -1- 8g0tmBEh YA I&faﬁﬁdrﬂ{/ulrlﬁﬂ tﬂmp&%m&&g&_&@)@&% gﬂa%- ngé Azlfagtg@m: ) } .

pi peri di n-4-yl)-5-chl or gphen pr. opanoat e 10 ) s

t et r ahydr of EJ%H&‘“@JY@H?W IP)‘.’g'él‘e W&W%ﬁﬁe?%t%g@.apwgaatelaé&r%- radangthas h,
t_hte_hvol atitlefswmd ‘smaml a bBtv]?ai r?dged/ﬁwﬁts%ﬂdl,&lﬁ&re_ﬁéﬂ&?ﬁix@l S d&b;ﬁ“:ﬁ%ed ﬁ{ eat ed
W a saturated solution o ogen.chjoride in e acet at e. er
Sopr oni ot oPFbE: RS e A4 artished PR s e St it b Rae T Dt e
pressurd) ardulting nriktole wae poweé ifto iwatarand dxtradiedthvdet thmelr withethlyhadetatd. her to
ive 2-6 as _ ' ' /| 7. ; i "

2 [2-(2-az e??%“f"’%@‘% P@%ﬁ%&é%@g%ﬂ@)ﬁﬁ @‘_ﬁ?"éﬁ%@@#?@@d{ [(3S, 4R) -1
_-tert butyfongepipatad g Yacuer Bpreafion sy itheotthds resBive Py flesh Bumyiatdepipbgondi ne
(2-7) 20 N kMcabhigorarpyiatisy Rt adethe/mEkancd a9 ke Phohishas2added to a

stirred suspension.o

2-1 2-(1-{['(%95;%3-011- Mbut yI - 4- (2, 4- di £ 1 uor ophenyl ) pyr rol i din. - ,
3-yl]carbonyl }-1,2,3,6-tetrahydropyridin-4-yl)-5-chl orophenyl ] propanoic
acid (26) A

StepB: Preparation of terf-butyl 4—[4-chlor0—2—(2—methoxy—1-methyl—zé
oxoethyDphenyll-3.6-dihydropyridine-1{2H)-carboxylate (2-2)
A vigorously stirred mixture of fert-butyl 4-(4,4,5,5-tetramethyl-1,2,3- -
dioxaborolan-Z—yI)—?),6-dih'ydr0pyridine—1(-ZH)—carboxylatc (1.01 g, 3.27 mummol),
20 methyl 2-(2-bromo-5-chlorophenyl)propanoate (2-1) (1.00 g, 3.60 mmol), potassium
phosphate tribasic (2.08 g, 9.81 mmol) and tetrakis(triphenylphosphine)palladium(0)
(0.185 g, 0.164 mmol) in N,N-dimethylformamide (13 mL) was degassed via three
vacﬁum/riitr.ogen ingress cycles and then heated at 100°C for 'épproximately 18 h.

After cooling to room temperature, the reaction mixture was poured into water and
25  extracted three times with ethyl acetate. The combined organic extracts were washed
with brine, dried (MgSO4) and concentrated in vacuo. Purification of the crude
residue by flash chromatography on silica gel (gradient elution; 0-25% ethyl
_ iacetatelhexanes as eluent) afforded 2-2 (0.73 g) as a colorless oil.

30 Sth_ C: Preparation of methyl 2-[5-chloro-2-(1,2,3,6-tetrahydropyridin-4-
yliphenyllpropanoate (2-3) - . ‘
A saturated solution of hydrogen chloride in éthyl acetate (6 mL) was
~ added to a solution of ters-butyl 4-[4-chloro-2-(2-methoxy-1-methyl-2-
 oxoethylyphenyl]-3,6-dihydropyridine-1(2H)-carboxylate (0.730 g, 1.92 mmol) in
35  methylene chloride (6 mL}) at 0 °C. After 1 h, the volatiles were evaporated in vacuo,
‘ -68 -




(50.0 nmg), azetidine.HC (72.6 ng, 0.776 mmuol), :
O (7-azabenzotriazol-1-yl)--1,1, 3, 3- tetranet hyl uroni um hexafl uorophosphat e
(59.0 ng, 0.155 nmmol) and 1-hydroxy-7 25 azabenzotri azol e (Z1Augustgp050. 155
ol ) i nyh Mygkigt hyl formam de (0.8 L) at anbient tenpgfat, ,09/057?2@ er
approximately 1 8 h, the reaction. m xture was poured into saturated
aqueous sodi um bi carbonate and extracted three tinmes with ethyl acetate.
The conbi ned organic extract was washed with water, brine, dried (Na2SOQ4)
and concentrated in vacua. Purification of the crude residue by
preparative reversed phase 30 high pressure lIiquid chromatography on YMC
Pack Pro Cl@dp‘iliﬁé:@ld(@gﬁ%‘éqeémmféﬂeégwwﬁ;Wlﬂtﬂfl@’@?b)g@éﬁjm give Red WeltOSre) dw/zel uent ,
0. 1% TFA nodid)ixsn) ve 227 as the trifluoroacetate salt. (nfz (ES) 572
Foll owi ng a procedure sim'lar to that descri bed above for Exanple 62, 35
the foll ow ng compounds were prepared: -70 29 August 2005 WO 02/068388
PCTI US02/ 05324 [Ex. #RBadpafRan eninctiyn2 1 1-(((HR) A3et0bd@ N e Me H . 64F N
Ve Mo H 501 0560 Ve M H 6001 0504 Vs Viohb i) 2246 i f5alts, ;680 0 e
yh)-5-chlorophenylipropanoate (2-4)

N, N-diisopropylethylamine (1.00 mL, 5.76 mmol) was added to a
 stirred suspension of (35,4R)-1-zert-butyl-4-(2,4-difluorophenyl)pyrrolidine-3-
carboxylic acid (1-7) (0.614 g, 1.92 mmol), methyl 2-[5-chloro-2-(1,2,3,6-
10 tetrahydropyridin-4-yl)phenyl]propanoate (2-3) (0.605 g, 1.92 mmol), O-(7- _
' azabenzotdazbl-1—yl)—l,1,3,3—tetramethy1tironium hexafluorophosphate (0.876 g, 2.30
mmol) and 1-hydroxy-7-azabenzotriazole (0.314 g, 2.30 mmol) in N,N- |
dimethylformamide (3.8 mL) at ambient temperature. After approximately 18 h, the

reaction mixture was poured into saturated aqueous sodium bicarbonate and extracted
15  three times with ethyl acetate. The combined organic extracts were washed with
water, brine, diied (Na;SO4) and concentrated in vacuo. Purification of the crude
residue by flash chromatography on silica gel (gradient elution; 0-15% methanol
(containing 10% v/v ammonium hydroxide)/methylene chloride as eluent) provided 2-
4 as a pale yellow oil; (m/z (ES) 545 (MH"). :
20 | |
Step E: Preparation of methyl 2-[2-(1-{ [(35,4R)-1-terz-butyl-4-(2,4-
diftuorophenyl)pyrrolidin-3-yljcarbonyl }piperidin-4-y1)-5-
chilotophenyi[propanoate (2-5) :
o - A mixture of methyl 2-[2-(1-{[(35,4R)-1-ters-butyl-4-(2,4-
25 difluorophenyl)pyrrolidin-3-yl]carbonyl}-1,2,3:6-tetratiydropyridin-4-yl)-5-
chlorophenyl]propanoate {2-4) (1.92 mmol) and platinum (IV) oxide (0.350 g) in
ethanol/ glacial acetic acid (i:1, 20 mL} was hydrogenated at atmospheric pressure for

- approximately 15h. The resulting mixture was filtered through a short column of
celite®, eluted copiously with ethanol. The filtrate was evaporated and the residue
30  was partitioned between methylene chloride and saturated aqueous sodivm
~ bicarbonate. The organic layer was separated and ‘tﬁé aqueous phase was re-extracted
twice with methylene chloride. The combined organic extracts were washed with
water, brine, dried (Na,SO4), and concentrated in vacuo. Purification of the crode
residue by flash chromatography on silica gel (gradient elution; 0-15_% methanol
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10

15

20

25

30

35

(containing 10% v/v ammonium hydroxide)/methylene chioride as eluent) furnished
2-5 (0.95 g) as a colorless foam (m/z (BS).547 (MH'). .

Step F: Preparation of 2-[2-(1-{[(35,4R)-1-tert-butyl-4-(2,4-
difluorophenyl)pyrrolidin-3-yljcarbonyl}-1,2,3,6-tetrahydropyridin-4-
vi)-5-chlorophenvllpropanoic acid (2-6)

Potassium trimethylsilanolate (0.645 g, 5.03 mmol) was added to a
stirred solution of methyl 2-[2-(1-{[(3S 4R)-1-tert-butyl-4-(2,4-
d1ﬂu0r0phenyl)pyrrohdm— ~-yljcarbonyl} p1pend1n—4-y1)-5-chlorophenyl]propanoate
(__) (1.10 g, 2.01 mmol) in tetra.hydrofuran (10 ml.) at room temperaturc 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. After
approximately 5 min, the reaction mixture was concentrated under reduced pressure
and the crude residue triturated twice with dry dlethyl ether to give 2-6 as an
amorphous white solidm/z 533 (1\/11-1+ ).

Step G 4-2-(2-azetidin-1 —yl—l-methyléz—0xoethy1)-4—chlorophenyl]- 1-
| {[(3SAR)-1-tert-butyl-4-(2, 4—d1ﬂu01‘0pheny1)pyrrohdm~3-

vllcarbonyl }plpendme 2-7)

N, N-diisopropylethylamine (0.162 mL, 0.931 minol) was added to a
stirred suspension of 2-{2-(1-{[(35,4R)-1-tert-butyl-4-(2 4-difluorophenyl)pyrrolidin-
3-y1]carbonyl}—1,2,3,6—t,etrahydropyridin—ﬁl—jd)—55chlorophenyl}prop‘anoic acid (2-6)
(50.0 mg), azetidine FICl (72.6 mg, 0.776 minol), O—(7¢azé.benzqtriazolél—yl)~l,1,3,3—
tetraﬁlethyluronium hexafluorophosphate (59.0 mg, 0.155 mmol) and 1-hydroxy-7-

_ azabéhzotdézole (21.1 mg, 0.155 mmol) in N,N—dimethylformamide (0.8 mL) at
~ ambient temperature. After approximately 18 h, the reaction mixture was poured into

saturated aqueous sodium bicarbonate and extracted three times with ethy] acetate.

~ The combmed organic extract was washed with water, brme dned (N; 2,S0,) and

concentrated in vacuo. Purification of the crude residue by preparative reversed phase
high pressure liquid chromatography on YMC Pack Pro C18 phase (_grad:lent elution;
0-100% acetonitrile/water as _eluenf:, 0.1% TFA modifier) gave 2-7 as the
trifluoroacetate salt (m/z (ES) 572 (ME™). |

"Pollowing a proéédure similar to that described above for VExampIe 62,
the following compounds were prepared: ' '
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Step D Step F Step H d PCT/U802/05724 ci 3-3d OH.3-5 3-9

---------------------------- - 29 August 2005 WO 02/ 068388 PCT/ US02/ 05724
Step I 3-10 EXAMPLE 104 N-{(1S)-1 r2-(1-{ f(3S,4R)-1-tert 29 August2005

butyj - 4-4d ddidsk uor opheny_|)p. rrolidin-3- | carbonyl }pi yl)

5-chl or ophenT-I yjs%et hyl | acetam de (3-10). . Step A: Pr eparpg'tﬁﬂlrl%s(r%Ma?ﬁ4

2- br ono- 5- chl or o- N- met hoxy- N- net hyl bepzam de 3-2 N, N-di i sopropyl et hyl am ne
(1.10 m., 6.36 mMvl) was added. to a 10 stirred sol ution of

2- bronp- 5- chl orobenzoic acid (3-1) (0.500 g) 2.12 mmol), N O

di et hyl hydr oxyl ami ne. HC1 (0.310 g, 3.18 ninol), and

O (7-azabenzotriazol-1-yl)- 1,1, 3, 33ckemardet hyl ur oni um hexaf | uor ophosphat e

(1.21 g, 3.28 nmmol) in NN di met hyl formam de (8.5 ni) at . anbient .
tenperature. After 3 h, the reaction 1 xtgr'e was pouredB o water and
extracted three timesjwth e %%é&ceta e. Thg @g‘ganed 15 rganic extracts
were washed wi th sat ed a O NIl car bonat e in dried
(MgS™) and concent d in vacuo, PU i cdtion of the@j}rem due by
flash chronmat ography Qn silica gel (grdl ent el ution; 0-25% et hyl

acet at e/ hexanes as eluent) gave 3-2 (0.56 g) as a coI orless soiid. 20 St ep
B: Pre aration of 1- g24brono-5-chloro Be_n 1 et hanone 3-3 3\t hyl nagnesi ui i
brom de (4.26 nL of a I.4M solution in tetrahydrofuranltoluene, 5.97 muol)
was added dropwl se to a stirred solution of 2, . ‘

Q . BOC

7 N

Br OH :

Step C N 14 By o o

Step F |

Z2X

* HCI

Step H )
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br ono- 5- chl or o- N- met hoxy- N- net hyl benzanm de (331) (0.554 g, 1.99 nmol) in
tetrahydrofuran (20" nlL) at approximately OC. After 1 h, IN hydrochloric
acid (5 25 nL) was added and the resulting biphasic m xturewagustdes ed
vigorously for about 10 mn. The reaction m xture was poured into water
and extry Jgee tines with ethyl acetate. The conbi

extract sw\?/e?gﬁélgghed with brine, dried (MgSO4) and -76 %S’drAﬁ%Og@%%gOOS WO
02/ 068388 PCT/ US02105724 concentrated in vacuo. Purification of the crude
resi due by flash chromatography on silica gel (gradient elution; 0-10%
et hyl acetate/ hexanes as eluent) provided 33 (0.44 g) as a colorless oil.
5 Step C Preparation of (1R)-1-(2-brono-5-chloro henyl)ethanol (3-4).
Trhnet hyl borate (1.74 m., 15.4 |) was added to a stirred solution of
(S)-(-)-al pha, al pha-di phenyl - 24fpygr ol i di nemet hanol (3.24 g, 12.8 nol) in
tetrahydrofuran (350 ni) at goon tenperature. After 1. 25 h, “bor ane- et hyl
sulfide conplex (70.4 nE f & 2M sol gty ga_in tetrahydrofuran 0. 141 nol)
was added slowly 10 and an ince was ob ved.. The resulting
solution was cooled to appro a~ Sol ut i of

1- (2- br omo- 5- chl.or ophenyl) et hgrione 3-3)_ (30). 69, 8 mnol) in

t et rahydrofuran (150 nlL) -was tten added' nlform%ov r 1h. After the
addition, the resulting m xture-was al®owed to war Anbi ent t enperature
and aged overni ght. The reac®igpn m xture was conce ted under reduced
pressure to. 15 approxi mately one quarter. of 31 oribinal. volume, poured
into IN hydrochloric acid and extracted three tines With ethyl acetate. The
conbi ned organic extracts were washed with brine, dried (MgSO4) and
concentrated in vacuo. Purificati oB23MERE 104 yde residue by flash

chr omat ogr aphy on silica gel (9% et hyI acet at e/ hexanes as eluent) afforded
34asacov I | . 98 _=nant oneric ratio). 20 Stepp::

Pr epar at i orff—oF% ; f phenyl } -

3, 6-di h§dr Q@‘Nzanbdnviéalbéﬁtﬂih-ébamm_oberﬁrﬂeﬁ]m}Aca/tamnia)(asjo)j stirred m xture.of

tert-butyl 4(4455tetrarrethy| 1, 2, 3-

di oxabor ol an-2-y1) - 3, 6-di hydro rd| ne- 1(2H) car t;loxyl ate 1-4) (34 0 g, 0.110
bpA 3 ' MreR/1iRnga

mol), 25 SlBAI-(2- Hirepa 3 {110 nmrol ),
pot assi um phosphate t@Hi aS| C ( 70 0 g, O. 330 rrol ) and
tetraiis(triphenyl phos,R, i.ne) pal | adi un( 0)
N,N-ditsopropylethylamine’(1. 10 mL, 6.36 mmol) was added to a
10 stirred solution of 2- -bromo-5-chlorobenzoic acid (3-1) (0.500 g, 2.12 mmol), N,O-
dimethylhydroxylamine HCI (0.310 g, 3.18 mmol), and 0-(7-azabenzot1iézol-1—yl)—
- 1,1,3,3-tetramethyluronium hexafluorophosphate (1.21 g, 3.18 mmol) in N,N-
dimethylformamide (8.5 mL) at ambient temperature. After 3 h, the reaction mixture

was poured into water and extracted three times with ethyl acetate. The combined

15 organic extracts were washed with saturated aqueous sodium bicarbonate, brine, dried
| (MgSO4) and concentrated i vacuo. Purification of the crude residue by flash
chromatography on silica gel (gradient elution; 0-25% ethyl acetate/hexanes as eluent}
gave 3-2 (0.56 g)asa colorless solid.

20 StepB: | Preparatlon of 1-{2-bromo-5- chlorophenvl)ethanone (3-3)
Methylmagnesmm bromide (4.26 mL of a 1.4M solution in _
i tetrahydrofuranltolucne 5.97 mmol) was added dropwise to a stirred solution of 2-
bromo-5- chloro-N—mothoxy—N _methylbenzamide (3_1) (0 354 ¢,1.99 mmol) in
| tetrahydrofuran (20 mL) at approximately 0°C. After 1 h, IN hydrochlonc acid (5
25  ml) was added and the resulting biphasic mixture was stirred v;gorously for about 10

min. The reaction mixture was poured into water and extracted three times with ethyl |
acetate. The combined orgamc extracts were washed with brine, dried (MUSO4) and
- 76 -



(2.54 g, 2.20 mol) in NMdinethyl formam de (440 nL) was degassed via three
vacuuni nitrogen ingress cycles and then heated at 100C for approximtely 18
h. After cooling to roomtenperature, the reaction m xtureagugddised i nto
i ce/ wat exyBhidsaksl) and extracted three tines with ethyl acetate. The

combi ned organic extracts were washed with brine, dried ( 3T
concentrated in vacua. Purification off the crude residue by flash

chromat ography on silica gel (25% et hyI acet at el hexanes as el uent)
afforded 3-5 (27.7 g) as a pale yellow foam -77 29 August 2005 WO

02/ 068388 PCT/VS02105724 0 Step E: Preparation of tert-butyl

4- { 4--chl or oe@ncpittBpd irlvacubaPudfiyaionyd! iphanyd Jesidlub by lﬂa.\z'lﬂélﬁﬂﬁlatooraphzf on

0 508 mob s SRk Pl R 1 Wl o B Bian AES e ROy bl © ™

4-{ 4- chI or og)zas.a{c(oi@jles&oﬂ

hydr oxyet hyl ] phenyl }- 3., 6-di hydropyri di ne-1(2H) - car boxyl ate (3-5) (26.7 g,
78.9 I) Zn N3) 2. 2Py (prepared accordl ng to the rret hod descri bed by
Vi aud, C :l i n, Prepartignef idei k(2 (3-4D. 158 nol ),

tri phenyl phosphl ne (8% itnet 1b&at%¥57ﬂ%ll %J)tjﬁéﬁcgng]&%&hﬁ%% ol )

in dichloro 0 Aft er e resulting
m xture was nﬁ‘wlg q}a&?&%%ﬁ‘%‘}'ﬁiﬁﬁw&% nemetispet Gead % 13fomebin r ed
vi gorousl y fetmhyRirefurathis 50 edCtat mbmetﬁpﬂrz&um%ﬁéﬂ 12y BthokdHeaHE Y1 s’mfﬁiaof t

colum of s u t he a unme of di h romet hane
to renpve Ee(%(céss SaﬁffnL&ﬁagz%‘ng‘; OB%F%%&X‘&Q%M fl{lllf]?]zlf)@s nt r at ed
in vacul antnd a geatle elidevesest due obhesveslirTHed reshltiyg ﬁdlaﬁdsn Wb&’ﬁﬂﬂéd}gr aphy on
silica gel 1) furnis 3.9
25 a vi Scoué%.ﬁz’?féh%wo%vﬂ‘?f??g‘%%“%@f‘ﬁgﬁﬁf% -3 sHfbnsh g Hilep s (k™ © 9

e T o e o

m xt ure ofhe oRUbLY resfitt WE Qra fi it ;j
, 6-di hydr opyr,i di ne- rbox | at e . an atlnum
1V) oﬁ;ﬂe %6 (’*imb%‘ ifeﬁé tﬁ?ﬁ %ﬁ(?a%t!/aqude}dﬁx regy RseSé@ﬂedO( 1:1, 200
m) wa dappgeniatedy ate qiames plies o &8 pbOfedaMpriokh 1 The
re)sul ti ngy elﬂrg t%yhgze‘gj%%g%gthv Ii:glitm%rtee Egguugi gﬂ@ eyr;&f)ﬁié?&ecs%lilycl es to
renove the era rogen gn ytlﬁceae ecom 1ned org C extracts were
washed with brine, dned (MgSO,) and concentrated in vacuo. Purification of the

crude residue by flash c_hromat_ography on silica gel (9% ethyl acetate/hexanes as
eluent) afforded 3-4 as a colorless solid (25.8 g; 98:2 S/R enantiomeric ratio).

pwW se

4-
A
3
(

20 . :
StepD: Preparation of rers-butyl 4-{4-chloro-2-[(1R)-1-hydroxyethyl]phenyl}-
- 3.6-dihydropyridine-1(2H)-carboxylate (3-5) | _
A v1g0rously stirred miixture of terz-butyl 4-(4,4,5 5—tetramethyl 1,2,3-
dloxaborolan—z-yl)-B 6-dihydropyridine- 1(2H)—carboxy1ate (_) (34.0 g, 0.110 mol),
25 (1R)-1- (2—b10m0—5-chlcrophenyl)ethanol (3-4) (25.8 g, 0.110 mmo}), potassulm
~ phosphate tribasic (70._0 g, 0.330 mol) and tetralus(mphenylphosphme)palladlum(O)
(2.54 g, 2.20 mmol) in N,N-dimethylformamide (440 ml) was degassed via threc
~ vacuum/nitrogen ingress cycles and then heated at 100°C for approximately 18 h.
_ After cooling to room -teniperatu're ‘the reaction mixture was pdu%:ed into ice/water
30 (~1:1) and extracted three times with ethyl acetate. The combmed organic extracis
were washed with brine, dried (MgSO4) and concentrated in vacuo. Purification of
- the crude residue by flash chromatography on silica gel (25% ethyl acetate/hexanes as
eluent) afforded 3-5 (27.7 g) as a pale yellow foam. '
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hydr ogenati on was then continued for a further 24, h. The reaction m xture
was filtered through a short colum of celite(r), eluted copiously with
ethanol. The filtrate 25 was evaporated and the residue wag9paptst 2005ned
bet ween net hyl ene chloride and I N sodi um hydr oxi de. The organic | ayer

was. sepapi) §ohedidd the aqueous phase was re- extracted tw ge wih opthylene
chl oride. The. conbi ned organic extracts were washed wth water, “bFi ne,
dried (Na2SO4), and concentrated in vacuo to give crude (-70% pure) 33-77
as a colorless foam 30 Stens GG Preparation of text butyl
4-{2-[(1S)-1-(acetyl am no)ethyl]-4- chl orophenyl 1pi peri di ne-
1-carboxylate(3-8) Acetyl chloride (1.71 nL, 24.0 mmol )was added to a

sol uti on of Seplile t efrefnuitidn of reJt—butyl 4—{4—011101'0-2-[(15) 1-
4-{2-[(1S)- 1amnoethjd-- [0 I . at.e (3-7) 35
(5.42 g of -70% pure . e 6269 nll, 48.0
mmol ) -78 29 August 2@@501\1@1@@7@6@33&0@@&08@2%@6@Mn0 aliiﬂo@mmt hane at
appr oxi nat e t S into water

pp bd'degcaroﬁfvfs@ o gs@rre%ﬂﬁtﬁﬁ@fiftkﬁ%u@lﬁ el %}I&‘ﬁ) A ﬁgﬁ?}e 4 or

and ext 25aCt ed three tines wt acet € co ani c

extract m?@f%@ﬁ’éﬂ]meﬂﬂ}ﬁr 6@Y®HY§GII@W@¥WW1@®@&@®? gd/8.% vacua.
Purificati omnadl), IARNG), 2 Em@eec&h‘dih Q@&&ﬁéﬁﬂ&ﬁ@&h@&m onugi Ai.ea gel

(gradient Spehil poRisonindsts, 199695005158 25 1 500l o), BT ded

(a?:et yl ?lm ng,)®s I\S/hﬂoly&rﬁhh@dmrfgayls}gqmm{swﬁell)m ﬂmﬁerctzﬁetut@tze Rﬁ;ﬁoxﬁﬂ%até@ a

al e e OWho O es [ace nor na | oner .

o e sl Rt e haflon e SERIARE R ARSER owifa Tl ko abgar

chr omat Hyr ajgmpestuetnBALRAK vigor@isistor 3 d. 711 Saaidnanixtie ptaa figtsredshebigient ) to
give 10 or debhdl cibhithl HlidR £NARRN th%%ggrohﬁa%qjoﬂxjng?@dlﬁlﬂl)l%ognetﬁinleqx\ed by

the S-enantioner as a CO or Iess sol
N- [ (1S) - 1- (BRIYeereess spitpand eplar-byproductse H;he)fétrmwm@n@eeraeglm vehboonilde
(3-9) A sat gheaiad G Wap aﬁflta/@ly ﬂﬁls?lrblﬁ&hﬁfogﬁk?h?r Bn 81112Y belAE259 &n{ilS n)

15 added, t t d
\L/lva{s 2- [(1%) %e a&%@?ﬁ%ﬁ%%%}]%‘tstﬁ Iiun&s gﬁ@?@p@éﬁﬁ‘}‘%ﬁoﬂ%ﬁlﬁyﬂg’w o'ar boxyl at e
(3=8) (BB66 g, 9.61 nminol) in nethylene chloride (15 nL) at OC. After 3 h,

o oo u th %%9%?[ ot by R ERat o et DML B R L g odS ) O T es sl 0.
chlorophenyl }mpendme-l—carboxvlate 3-1y
A mixture of tert~buty1 4-{4-chloro-2-1(15)-1- (azrdo)ethyl]phenyl}- -
‘ 3,6-dihydropyridine-1-carboxylate (3-6) (22.9 g, 63.1 mmol) and piatinum Iv) oxi.de
20 (1.08¢g, 4.73 mmol) in ethanol/glacial acetic acid (1:1, 200 mL) was hydrogenated at
o aﬁnospheﬁc pressure for approximately 15 h. The resulting mixture was degassed via

three vacuum/hydrogen ingress cycles to remeve the liberated nitrogen and the
- hydrogenation was then continued for a further 24 h. The reaction mixture was
- ﬁltered through a short column of cehte eluted copmusly with ethanol. The fﬂtrate
25 was. evaporated and the residue was partitioned between methylene- chloride and 1IN
- sodrum hydro;ude The orgamc layer was separated and the agueous phase was re-
__extracted twice with methylene chloride. The combmed organic extracts were washed
with water, bnne dned N a2SO4) and concentrated in vacuo to give crude (~70%
pure) 3.7 3-7 as a colorless foam.
30 , _ :
- StepG: = Preparation of tert-buty! 4—{2*[(13)—lﬁ(acetylamjno)ethyl]—#-_
chlorophenyl tpiperidine-1-carboxylate (3-8)
, - Acetyl chloride (1.71 ml., 24.0 mmol) was added to a solutron of crude
tert—butyl 4-{2-[(15)-1- ammoethyl]—zt-chlorophenyl}ptpendme-l—carboxylate 3D
35 (542 gof ~70% pure matenal 11.2 mmol) and tnethylamme (6.69 mL 48.0 mmol)
' -78-




20. Step J: Preparation of N-{(1S)-1-[2-(1-{[(3S,4R) -1-tert-butyl-4-(2, 4-

di fl uor ophenyl ) pyrrolidin-3-yl]carbonyl }piperidin-4-yl)-5- chlorophen ly

i ethyl |l acetam de (3-10) N, N diisopropyl ethylanine (5.86 nll2°/388u82AFmDI) was
added to w i rred suspension of

(3S, 4R)-1-?e0r;'t5§8§%§ty| -4-(2, 4-di f | uor ophenyl ) pyrrol i di ne- 3-"CHPBB{YTA*c aci d
hydrochl ori de (319),(3.07 g, 9.61 mmol), N-[(I'S)-1-(5-chloro-2-

pi peridin-4-yl phenyl)ethyl ]acetam de hydrochloride (3.05 g, 9.61 nmmol), and
O (7- azabenzotriazol-1-yl)-1,1, 3, 3-tetranet hyl uroni um hexaf | uor o- phosphat e
(4.38 g, 11.5 mmol) in NN-di met hyl f ormam de (20 nmlL) at anbi ent

t enper at ur e.in Ai(thbqromethaaqamr@piontﬁmﬁbl)y (P8 Mftdripeh, Kieaeidion mboithas Peseour ed

t d t . nbi ned
vt er a0 ARLEIL R TR RN L3680 s colle, PR ned organic
Puri fi cati ofX8pcts Wéf@r‘é%ﬂhédlmﬂhwnﬁlba@‘md O S hodcapbytraed 8i ldcea gel
(gradi ent e'%ﬁi@ﬁ‘tmrpﬁfgt% &%Hg?égﬂiue %?%Eﬁ&:ﬂl‘oﬂﬂtojggaé%& g}{ fﬂl%g%‘)g gg)r&% a foam

hydr oxi dg) § oride as efuent) provi
35 m z (E f,gg%n( 0% gthybacaisinibexaneo® sriirosdsBerAaTyB(2105F24 H gh
resol uti on Rassylapeoidihwil-4-¢al 13 & < _!%j—* 2699:;
Found: rrVvz 546{;? g!) ﬁ?%ﬁghﬁl}%gﬁggﬁ %}H?&?}ate faka émar e?é‘g
fol lons: A SGFBIGTL & i H?FCBP ﬁVdF’@@éﬁ e@ﬁ’l‘Wﬁé"P’i@@t@W"%’é@@e (20
m.) was adde@d:pamtise shivalrhégh pmdsutdliqmd elﬁroﬁxaﬂ@n( %Q(gmmphﬁgg

met hyl ene ¢ I vol atiles were
evapor at ed mg\%gﬁgﬁ&gﬁﬁeﬁ%ggﬁ %t(?'%%'?&h%r%&e[h?tf%ﬁa@é‘au?wf@é With dry

di et hy!l 18t héF’IOF]GSS(ﬁOUé fallowpedHigl the 5-ehBntiymersis a collrlesd sgid. sol i d. 10 Fol | owi ng,
procedures simlar to that described above and for Exanple 1, the

follow ng c nds re prepared: Ex. #R3 aR3bParent lon mz (MtH)
105HNH2442 Me4gXreparation of N-[(15)-1-(5-chloro-2-piperidin-4-

ylpheayDethvllacetamide hydrochloride (3-9)

A saturated solution of hydrogen chloride in ethyl acetate (15 mL) was
15  added to a stirred solution of tert-butyl 4—{2—[(IS)-l-(acetylamino)ethyl]-él—
chlorophenyl}piperidinc-1-carboxy1ate (3;8) (3.66 g, 9.61 mmol) in inethylene
chloride (15 mL) at 0°C. After 3 h, the volatiles were evaporated in vacuo, and the
crude residue triturated twice with dry diethyl ether to give 3-9 (3. 05 glasa colorless
solid.
20 _ ,
Step It Preparation of N-{(15)-1-[2-(1-{[(3S5,4R)-1-tert-butyl-4-(2.4-
difluorophenyl)pyrrolidin- 3-yl}carbonyl}p1pendm— -y1)-5-
~ chiorophenyllethyl jacetamide (3-10)
o N,N-diisopropylethylamine (5.86 mL, 33.6 mmol) was added to a
25  stirred suspension of (3S,4R)—1—tert—butyl-4—(2,4—diﬂu.orophenyl)pyrrolidine—a‘-
- carboxylic acid hydrochloride (3-9) (3.07 g, 9.61 mmol), N-[(15)-1-(5-chloro-2-
piperidin-4-ylphenyl)ethylacetamide hydrochloride (3.05 g, 9.61 mmoi), and O-(7-
| azabenzotriazol—l-yl)—l,1,3,3-tetramethylu1_~onium hexaﬂuoro—phosphate (4.38 g 115
mmol) in N, N-dimethylformamide (20 mL) at ambient tempefature | After. |
30 . approximately 18 h, the reaction mixture was poured water and extracted three times
with ethyl acetate. The combined organic extracts were washed with brine, dried
(Nay504) and concentrated in vacuo. Purification of the residue by flash
chromatography on silica gel (gradient elution; 0-9% methanol (containing 10% viv
_ : ammonium hydroxide)/methylene chloride as eluent) provided 3-10 3-10(52g)asa foam
35 m/z (BS) 546 (MIT).
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HO 107H- 498 M N H 108HO512 N Me Me - -80 29 August 2005 WD 02/ 068388
109 110 H H 0 PCUUS02/ 05724 526 552 N 111HO540 N M H M 1.12H538 H 1130
Me 566 N . - . 29 August 2005

WO 02/068388 : PCT/US02/05724

High resolution mass specttum;: calcd. for CspHzoCIFaN;02: -
(MH+): m/z 546.2699; Found: m/z 546.2693. ‘
The hydrochioride salt of 3-10 was prepared as follows: A saturated
5 solution of hydrogen chloride in ethy! acetate (20 m1.) was added to a stirred solution
of 3-10 (5.20 g, 9.52 mmol) in methylene chloride (20 mL) at 0°C. After 10 min, the
volatiles were evaporated in vacuo, and the crude residue was triturated twice with dry
diethyl ether to give 3-10 HC] (5.55 g) as a colorless solid.

10 Following procedures similar to that described above and for Example
1, the following compounds were prepared:

Me Me

Me
N _
e -
F
Ex. # R3a ' R3b : Parent
' ' Ton m/z
' | o
105 H NH2 - 442
06 | H | j’-\» s
\N' Me :
: L H _
0
107 H ‘ : E 498
. \.NJI\/MG 7 _ '
108 "H ' 9 : 512
_ \NJH/MQ s
H Me - . .
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H 114HC564 H 115HC546 116 117 118 119 120 HO 0 ~NdMe H NH2 rMe H
yN~-Me O MY M@ H,,NUN M O HH NyN Me 520 456 541 541 0 -81 513

| . 29 August 2005
WO 02/068388 _ © PCTE/US02/05724
109 H 0 526
) . ~ Me L .
H Me ©
110 H O 552
iR se
) H
111 H © 540
\N/H\/\Me
H
Me
112 H 9 538
N
113 CH | O Me 566
: \N .
H/lb _
114 H 1% | 564
N _'
115 H . -9 546
_ Ny
H’L@
116 H | AP 520
: N Me
H
CLur H | N NH 456
-pus | o®wH | Ny ,/Me 541
| - \/N\"/NvMe - ,
) O
19 | H H"’,‘e\(""e 541
\/N\"/N“Me |
, | o)
120 | H HoH 513
\/N\“/N”Me
O

% I -




29 August 2005 WD 02/ 068388 PCT/ US02/ 05724 121H, H Me513 NyN Me O 122HN N Me
555y Y-Me O Me 123HH Me498 O 124HN 512 ~Me O 125HH Me526 Me  126HH Me
Me540 Me 0 127HMe Me555 No. O 128H0526 129H1D541 N O 130H(2907mght 2005 -

WO 02/068388 ' PCT/US02/05724

121 H H Me 513
0
H H
122 H N N .Me 555
| My e
O Me
A
123 H : 498
\/NTME
0
H
124 H 512
\\/N\W/\Me
125 H noMe 526
' - ~N Me .
126 H H MeMe 540
\N/erije_
0
Me

127 H Me\’[;\ : 555
_ 7 5 ‘

128 H My - 526

129 H % 541

O
130 | H , S

131 H St 601

132 H | @ : 538
N, |

.82~



M O 131H01% O .Me 601 ~ N N Me O 132H0 538 f~ N N H -82_ 29 August
2005 WO 02/ 068388 PCT/ US02/ 05724 133H0537 H N_ 134H0 554 | N~ HrN/ p

135H0537 ~N p , - 7 . 29 August 2005
WO 02/068388 ' PCT/US02/05724
133 H 0 537
]
H N"S’N
134 H 0 554
. \.N e
H .~_.=/O
135 H O 537
L o)
N
| k{ >
X _
136 H 0 552
H |HN/>-—Me.
137 0o 9o 537
~
N A
H l o’N
138 H O 4 551
‘ \N l N\ . ’
Hoog N
: ) Me
NH '
139 H . Y 2 468
- © Me
140 Ci \rNHZ " 504
] ] Me ' :
141 c - \rﬁ Mo 546
o Me O
142 |, F o YETMe 530
Me O .
143 a |- \I’ﬁﬁl’me 546
Me Q .
H .
144 C1 546
\\-—/NTMG
Me O
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N 136H0552 0 }{ y, -Me > N 137H0537 \ N Hrlo 138H0 H551 NN H N N M
139H NH2468 Me 1400 NH2504 Me 141CH Me . 546 - YNT Me O 142FNuMe530 Me O

143CI H 546 Me 1

WO 02/068388

. 29 August 2005
PCT/US02/05724
145 Cl \rg 1#3 586
Me O
H
wo | AT
Me O
147 c 4 560
Ny e
Me O
148 F gt
Nty e
Me O
149 Ct H Me 574
Sy e
. Me O .
150 Cl oo Mo 588
\j’er)<Me
7 Me O
151 cl non 561
s
Me O
152 F NN
Ny e
Me O
H H
153 Cl \I/N\ﬂ/N Me 603
Me O MeT®
154 CI | Vﬁ Me
s e §
155 F R e 544
Me Mé?f
156 H N e
Me Me?{
157. H \rﬁ Mo 512
Me 0-
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Me O 144Q°

N Me546 vy

Me o -83 ..
PCT/ US02/ 05721 145C1 586 Me O 146F Me O 147CIH 560 M Me O 148FH N VYl ~

29 August 2005 WD 02/ 068388

\%

Me O 149CIH Me574 N Me Me-O H McMe 150CI N 588 Me Me O 15129 A4gn$t 200561 y

Me WO 02/068338 PCT/US02/05724
158 cl ‘\K:T§F=o 544
| B e SSNH L
159 cl N 544
\tfo
160 F Me 544
. YNTMG
‘ Me O
161 CF3. \\T/Q Mo 580
Me O
162 cl T:I/E\W’ME 560
_ Me 0
163 Et \\r’ﬁ‘n’me 540
Me O
164 - Cl NHz 504
Me
165 cl o NN 614
Y o
: Me. O
166 Cl H 5”‘§“ - 615
Me O
167 cl Me. 612
_ H N"\>
N o
- Y
7 : _ Me O
168 Cl w oy 610
\rN . N
. - Me O
169 Cl- I;}TME 574
Me' _Meo
170 Ci Ho 610
At " Me
Me )




Me O 152FH H yN, Me Me O 153CN N Me 603 Y )<Me Me O Me H 1540 ° ' NyMe
Me M OHM 155FY 544 MMe. e H 156HM "X Ny Me Me 157HN Me512 Me O - 84
WD 02/ 068388 29 August 2005 . 29 August 2005

WO 02/068388 ‘ PCT/US02/05724

171 Cl 544

172 Ci 544

173 Cl \E >= 546
O .

558

- 174 Cl

175 | Cl

544
\g/lkNH ]
o,
0

176 cl R | 544
- \&/NH_ |

177 cl A 546
O
178 cl R 546
\L \o |
O
179 F e 530
- I'?lle 0 .
180 2 \'r“ Mo 530
Me O

EXAMPLES 181:184

Following a procedure similar to that described above for Example 1
_5 but using the correspondmg 1-(t-butyl)-3- 2 4-c11ﬂuorophenyl)—p1pend1ne-4-carboxyhc'
acid intermediate for the peptide coupling reaction with an appropnately substituted
4—pheny1—p1pend1ne intermediate, the followmg compounds were prepared:
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PCT/ US02/ 05724 158C p 544 NH 1590 H 544 O 160FMe544 N Me Me O 161CF3. H 580
/NyMe Me O 162CI . H 5NMB560 Me O 163EtH 540 ° /NYMe Me O 164C1 Y NH2504 Me
165CIH N-N 614 Y N~ ~Me Me. O 16601 H N 615 -Y N Me O 167C! 39 Mgusi262 -

WO 02/068388 _ PCT/US02/05724

F
Ex.# | - R3a | R3b Parent
' Ton m/z
(M+H)
181 H ‘ COOMe 499
182 H O | 408

' : \NJ\Me ‘ .
H

183 H : CH,CH,CN

184 cl COOMe ‘- 533

EXAMPIE 185 .

This exa.mple was prepared followmg a procedure sumlar to that
described above for Example 1 but using (3R, 45)-1 ~tert-butyl-4- (2,4~
dlﬂuomphenyl)pyrrohdme-?a carboxyhc ac1d for the pepude coup]_mg reaction;

10 mass sPectrum m/z 518 (M +H).

'4875,:



N. M 0.168C| H~N)610 NN M O 169CI N Me574 M MO H 1700 Me 610 ~ Me
-85- 29 August 2005 WO 02/068388 PCT/ US02/ 05724 171C H544 172 ~' ~~~ H 544
{O 173C1546 o N H 174C1 O. 558 175C ~ 544 NH 176C 644 29 August 2005

WO 02/068388 ' PCT/US02/05724

" EXAMPLE 186

Following procedures similar to that decribed above for Example 1, the
following compound was also prepared:

o Mé Me

M

Ph N
H

BIOLOGICAL ASSAYS

A. Binding Assay. The membrane binding assay was used to identify competitive
10 inhibitors of >I-NDP- alpha-MSH binding to cloned human MCRs expressed in
mouse L- or Chinese hamster ovary (CHO)-cells.

Cell lines expressing melanocortin receptors were grown in T-180.
flasks containing selective medium of the composition: 1 L Dulbecco’s modified
Eagles Medium (DMEM) with 4.5 g L-glucose, 25 mM Hepes, without sodium -

15 pyruvate, (Gibco/BRI); 100 ml 10% heat-inactivated fetal bovine serum (Sigmayj; 10
- ml 10,000 unit/mL penicillin & 10,000 pg/mL streptomycin (Gibco/BR1); 10 ml 200
mM L-glutalmne (Gibco/BRI); 1 mg/mL geneticin (G418) (Gibco/BRI). Thecells
were grown at 37°C with CO2 and humidity control until the desired cell density and
cell number was obtained. '
20 ' ‘The medium was poured off and 10 mls/monolayer of enzyme-free
dissociation media (Specialty Media Inc.) was added. The cells were incubated at
- 37°C for 10 min or until cells sloughed off when flask was baﬁged against hand.

The cells were harvested into 200 mL centrifuge tubes and spun at

1000 rpm, 4° C, for 10 min. The supernatant was discarded and the cells were
25 - resuspended ins mis/monolayer membrane preparation buffer having the
~ composition: 10. mM Tris pH 7.2-7.4; 4 pg/mL Leupeptin (Sigma); 10 uM
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NH 177CI . N546 a 178CIH546 i o0 o 179FN Me 530 Y Me O 180FMe 530 NY Me O

EXAMPLES 181-184 Followi ng a procedure simlar to that descri bed above for
Exanple 15 but using the corresponding . 29 August 2005

1- (t- but wWwdeBodsdssd- di f1 uor ophenyl ) - pi peri di ne- 4-car boxyl G- Ci <y
|n§ ermedi ate for the peptide coupling reaction wth an appergglzaf’?azF‘y

substituted 4-phenyl-piperidine internmediate, the foll ow ng conpounds were
prepared: -86 29 August 2005 WO 02/ 068388 PCT/US02/ 0, 5724 Ex.
#R3aR3bParent lon mz (M+H) 181HCOOVE499 182H0 498 N M e
Phosphoramidon (Boehringer Mannheim); 40 pg/mL Bacitracin (Sigma); 5 pg/mL
Aprotinin (Sigma); 10 mM Pefabloc (Boehringer Mannheim). The cells were.
homogenized with motor-driven dounce (Talboy setting 40), using 10 strokes and the
_ homogenate centrifuged at 6,000 rpm, 4°C, for 15 min.

5 ' The pellets were resuspended in 0.2 mls/monolayer membrane prep
buffer and aliquots were placed in tubes (500-1000 pL/tube) and quick frozen in -
liquid nitrogen and then stored at -80°C.

Test compounds or unfabelled NDP-a--MSH was added to 100 UL of
membrane binding buffer to a final concentration of 1 pM. The membrane binding
10 buffer had the composition: 50 mM Tris pH 7.2; 2 mM CaCly; 1 mM MgCls; 5 mM
 KCl;0.2% BSA: 4 pg/ml Leupeptin (SIGMA) 10 uM Phosphoranndon (Boehnnger
Mannheim); 40 pg/mL Bacitracin (SIGMA) 5 ug/mL Aprotinin (SIGMA) and 10
mM Pefabloc (Boehringer Mannheim). One hundred ul. of membrane binding buffer
containing 10-40 pg membrane protein was added, followed by 100 uM 125I-NDP-a-
15 MSH to final concentration of 100 pM. The resulting mixture was vortexed bnefly
and incubated for 90-120 min at room temp while shaking.
- The mixture was filtered with Packard Microplate 196 filter apparatus
using Packard Unifilter 96-well GF/C filter with 0.1% polyethyleneimine (Sigma)
The filter was washed (5 times with a total of 10 mL per well) with room temperature
20 of filter wash havmg the composition: 50 mM Tris-HCl pH 7.2 and 20 mM NaCl.
The _ﬁlter was dned, and the bottom sealed and 50 ul. of Packard Microscint-20 was
added to each well. The top was sealed and the radioactivity quantitated in a Packard
Topcount Microplate Scintillation counter. |

25  B.Functional assay. Functional cell based assays were developed to dlscnnnnate -
melanocortin receptor agonists from antagonists. -
Cells (for example, CHO- or L-cells or other eukaryotic ce]]s)
expressing a human melanocortm receptor (see e.g. Yang—YK ‘Ollmann-MM; Wilson-
- BD; Dickinson-C; Yamada-T; BarshnGS Gantz-I; Mol-Endocrinol. 1997 Mar; 11(3):
30 274-80) 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,
35 - Galthersburg, MD) with additions of 10 mM HEPES pH 7.5, 5 mM MgCl,, 1 mM
' -89 -



H 1 HCHZCH2CN 83 1 C COOMR533 84 4 EXAMPLE 185 5 This exanpl e was prepared
follow ng a procedure simlar to that described above for Exanple | but
using (3R 4S)-1-tent-butyl-4-(2,4- difluorophenyl)pyrroli dizeengustaodsoxylic
acid for the. peptide coupling reaction; 10 mass spectrum mz 518 (M +
H. -87 %M@s@g 2005 WO 02/ 068388 EXAMPLE 186 PCT/ USQ21PE¢Rseh/ =8l OW Ng
procedures simlar to that decribed above for Exanple 1, the follow ng
conmpound was al so prepared: Ph Bl OLOG CAL ASSAYS A. Binding Assay. The
menbr ane bi ndi ng assay was used to identify conpetitive 10 inhibitors of 1
| - NDP- al pha MSH binding to cloned human MCRs expressed in nouse L- or

Chi nese hanster ovary (CHO -cells. Cell |ines expressing nelanocortin
recept or s wehEmgpeand | mefmi Boyine ferusiadbipning £iakisveprs edwnded arel dibddditm lofo t he

conposi ti ons x1jof/niul 'bﬁ‘&ﬁibs?hé@gstérhf‘eqwlgﬁgr ??sdﬁ%% e co%ﬁb ) ad?scg =)

L- gl ucose, hout sodi um 15" pyru ;
10% heat - i nEPc?eEVI F&éqﬂ& al bovine serum (Signa); 10 nm_. 10, 000 un| t/ L
penicillin & 10,000 NrgdtmbmpbhRieR @ilbtcld G Eﬁﬁétﬁ”?&ﬂlfoﬂ@e ’ﬁ)M%@ﬁ

h |1
were grotn 40 SISEEPLNO &r”&éswrﬂﬁfqﬁ%@ﬁ'tﬁs S e G o211

densi ty andsuspeision tirdfaral RALSOlbataredtioR Fad ﬂl% rmﬂeﬂxabﬂasmlpemaeel of f and 10
m s/ monol ayﬁ‘lrcuf?zrtlo‘ﬁ'}&y J@mﬁﬂ &Ells were lysed by incubation at 100°C for 5 min to rélease
accumulated cAMP. _ o
CAMP was measured in an aliquot of the cell Iysate with the 7
10 Amersham (Arlington Hei ghts, IL) cAMP detection assay (RPA556). The amount of
cAMP production which resulted from an unknown compound was compared to that
amount of cAMP produced in response to alpha-MSH which was defined as a 100 %
agonist. The EC5 is defined as the compound concentration which results in half
_ - maximal stimulation, when compared to its _own maximal leve] of stimulation.
15 Antagonist assayr: Antagonist activity was _definedras the abi]ity of a
~ compound to block cAMP production in response to alpha-MSH. Solution of test
compounds and suspension of receptor conta;lmng cells were prepared and mixed as
described above; the mixture was incubated for 15 min, and an ECSO dose .
(apprommately 10 M alpha—MSH) was added to the cells. The assay was terminated
20 at 45 min and cAMP quantitated as above. Percent 1nh1b1t10n was determined by
| comparing the amount of cAIvIP produced in the presence to that produced in the
absence of test compound.

C.In v1"vo food intake models. :
25 1) Ovemight food 1ntake Sprague Dawley rats are. m_}ected

mtracerebrovenmcularly with a test compound in 400 nL of 50% propylene
glycol/artificial cerebrospinal fluid one hour pnor to onset of dark cycle (12 hours).
Food intake is determined using a computenzed system in whlch each 1at’s food is
~ placed on a computer monitored balance. Cumulatwe food intake for 16 h post
30 compound administration is measured.
_ 2) Food intake in diet induced obese mice. Male C57/B16] mice
| maintained on a high fat diet (60% fat calories) for 6.5 months from 4 weeks of age

are are dosed intraperitoneally wrth test compound. Food 1ntake and body weight are
' measured over an ejght day penod Biochemical parameters relating to obesity,
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di ssociation nedia (Specialty Media Inc.) was added. The cells were

i ncubated at 37C for 10 min or until cells sloughed off when flask was
banged agai nst hand. The cells were harvested into 200 nlL K csmugustegs t ubes
and spu t rpom 4 C, for 10 min. The supernatant i scarded and

t he cel P\é@)\/\%@ﬂé& gS resuspended i n5 m s/ nonol ayer nmenbr ané ir‘gﬁﬁ?‘ﬁl on
buffer having the . conposition: 10 MM Tris pH 7.2;7.4;, 4 pg/rnL Leupeptin
(Sigm); 10.1 _8g_ WO 02/068388 29 August 2005 PCT/ US02/ 05724

Phosphor am don (Boehri nger Mannheim; 40 pg/nlL Bacitracin (Sigm); 5 g/ UL
Aprotinin (Sigma); JO m .M Pefabl oc (Boehringer Mannheim.. The cells. were
honogeni z ednuhlﬁllng hegting meiiiy,enggesiieeiréd Bl ayids ehidibdaotahd sei;iﬁil BEhcddd strokes
and the en%tdet centrlfuged at 6,000 rpm 4C, for 15 min. 5 The pellets
wer e resuspe edvi s/ nonol ayer menbrane  prep ‘buffer and al i quots
were placed in tubes (500 1000 p.L/tube) and quick frozen in liquid
nitrogen ar]:gl %? é&@ﬁaegﬁ%i -80C. Test conpounds or unl abel | ed NDP-a- MsH
was added t rane binding buffer to a final concentration of
1 M Thé rrerrbr ane bi rigsnglly mtumjmﬂ@rcqunﬁéercmmaguemwléﬁ(am fiitsi s pH

7 2; 2 nM @g SI GVA
M Phogﬁﬁr@r%?%x@ggﬁﬁlﬁggs %@ rﬂﬁr Ié%am t ra‘?:: 2 §SI GI\/A%

5 g) nL Apr GEFYfhretas e th%ﬁ%rﬂ&baCWOﬁE? aﬁp&sfcs eﬁbéﬁmlag@re}q\mﬂhhm n. One
hundr g(cji '([jL e?)fﬂuﬂ‘@diﬁ%l’ @B@mb b]sﬁéd;ﬁﬂ@lﬁdﬂfaﬁd wafdl?ﬂH@ibnhﬂtgaré?eﬁtQ)l nh AGRAAL ane prot e:c n
was added, y to.final concentration o
100 pM The "g‘g VHG ﬁ'%%g?‘??raée\}%é Eﬁ@?@%aﬁysﬁf?vle and i ncubated for
90-1201fHi n at room tdﬂ@mﬁldommzhalﬁunmﬁ Ridstrain fcir HxeCopada RefléeT e, Wiih
Packard M fi I S P rgA4n fiilter 96-

G Gt 11 o CoARiBhe s L4 55 RPETAL Mima LD BLERPAY At S he0RdE (5
times wit hleftfoatlal- 3@fHH11@tﬂ$LD@3e2, te painaly 4rh restramed divp sRpinupEsitRo mftherl | ter
wash havi ngeétﬂﬁleﬁﬂimgs'ﬁﬂ Rt 0DV Thb §mﬁgls Q’E‘rgstx%m%ﬂ‘iln %{%aggfln%? n The

filter was drltg \%e‘% % bot t-om seal eg of crosm nt - 20
was added W8 B rnilgabeathrrigacieifords - $ ﬂl@ﬂte&@ﬁ%éh% %inélé@m sppiggined
quant i 14t edn it sapina plssitign wT@xﬁﬁ@Ffﬂllel‘dhe&tﬁ@étﬁc&dﬁﬁit@bbﬁle&‘ék@ﬂs&%t er. 25 B

Functional gesgvn SOCiSIR el RSt G383 SolBiSnlgHEoRPESy 12

completely acclimated to the procedures; non-responders are removed from further

evaluation. After any handling or evaluation animals are given a treat to ensure
positive reinforcement.

20 : 2) Ex Copula Reflex Tests. Rats are gently restrained in a supine

. position with their anterior torso placed inside a cyl—ihder of adequate size to allow for

- normal head and paw gtoonﬁng. For a 400-500 gram rat, the diameter of the cylinder
is approximately 8 cm. The lower torso and hind limbs are restrained with a non-
adhesive material (vetrap). An additional piece of vetrap with a hole in it, through

25 ' which the glans penis will be passed, is fastened over the animal to maintain the _

- preputial sheath in a retracted position. Penile responses will be observed, typically
termed ex copula genital reflex tests. Typically, a series of penile erections will occur
spontaneously within a few minutes after sheath retraction. The types of normal
reflexogenic erectile responses include elongation, engorgement, cup and flip. An

30 elongation is classified as an extension of the penile body. Engdrgement is a dilation
of the glahs penis. A cup is defined as an intense erection where the distal ‘margin of
the glans penis momentarily flares open to form a cup. A ﬂlp isa dormﬂexmn of the
penile body.

Baseline and or vehicle evaluations are conducted to determine how
35  andif an animal will respond. Some animals have a long duration until the first
-91 - '



mel anocortin receptor agonists from antagonists. Cells (for exanple, CHO
or L-cells or other eukaryotic cells) expressing a human nel anocortin
receptor (see e.g. Yang-YK, Al nmann-MM W I son- BD; Di cki ns2ugust¥asmda- T,
Barsh-GS; Gantz-1; Mol -Endocrinol. 1997 Mar; 11(3) 30 274-80) were

di ssoci aty - issue culture flasks by rinsing with Ca free
phosphatgﬁgg%Qggg% sal i ne (14190-136, ,Life Technol ogi es, Eggﬂﬁgg§ﬁﬁ+g, VD)
and detached following 5 rein incubation at 37C with enzyne free

di ssociation buffer (S- 014-B, Specialty Media, Lavellette, NJ).' Cells
were collected by centrifugation and resuspended in Earle's Bal anced Salt
Sol-ution (14015-069, Life Technol ogies, 35 Gaithersburg, MD) with additions
of 10. MV HERESapkt ¥hBs ofierdrd/gGil-2espordendviltogBthe? Ditguiats B30 e W02 168388

PCT/ US02/ 05% tal ni / bovine serum al bum n.., Cell.s were
counted and %tI% P%“eé £ gegfqngg’qg@bggﬁg ti’ﬁ%?f‘refﬁ%nsﬁ?l%rgﬁﬁ%o&ﬁb&?g?55%“5 Hiebi tor . .
3 i sobut yl - Hrame syl minvtdsiafier thadirstdepense.to cells to 0.6 mM Test conpounds
were diluted in dineth J H@? z Qo - .1
vol une of. conpound sol%(ttié%ﬁn{n\%ggﬁgﬁé ed obeg‘%gerg%‘{aglr%géégﬁ%gg%e ﬁ{s}g?gge%%i on;
the finaP D¥EBRISExHbE fst epmprindt 2hmedes pashenalustascionpenils reflexesbdlli on f or
45 mn, cel levai@fiénd 3#8 9llebipbdsubabicanart. PP bref@le@ed il &rf%]\}?gc:l Gﬁﬁg .
accunul at ed CAEﬁ’ %FAI\/P was neasured i _agm%lll quat, of the, ce ysate with
the 10 Amer SRERT CARHSOHGEEH t9-eqmppred %S%He,e BEYREEE sraluaiony iq fpadeeted.  The
amount of  cAMBagiemxdfoc inddvidwd iagindle Stbhwcoff 4 Qi MmN G ARDGHE WS
conpar ed torémgvfggﬁw of cAMP produced in response to al pha- MsSH whi ch

0

was defined as a agoni st. The EC50 is defined as the conpound
concent A8t i on whi ch r Ssittve referdnat fontrxansancladddnnleath sndy whesure apared to

o on w . S ; ‘ / Pt
bt vi Ty s ey SR sRidy AWM 4R qot0 6 84BREEI BIER of 4 MNBEROT .t on
i n response eBenslinman tagmatumy pfjthe shidzfo be performessdp dhatntesrd adwspssrasioon of

receptor conhdiddsifrS®nbss WO, SnPiREGR @Y shceRledS (SBS SR inRGs: e, the
m xture was intc.ub%%@%\}or Qfgﬁm' n,p%and an EC50 dosg ((aggr ox% matg y I{O nM
al pha- MBH) W&E'I&H 0 the cells. The assay was terminated 20 at 45 min
and cAM®Squantitated as above. Percent inhibition. was determ ned by

E. Models of Female .Sexual Dysfunction

o Rodent assays relevant to female sexual receptivity include the
behaﬁoral model of lordosis and direct observations of copulatory activity. There is:* -
also a urethrogenital reflex model in anesthetized spinally transected rats for

20  measuring orgasm in both male and female rats. These and other established animal
" models of female sexual dysfunction are described in McKenna KE et al, A Model '
For The Study of Sexual Function In Anesthetized Male And Female Rats, Am. J.
. ,Phj/siol._(chulatory Integrative Comp. Physiol 30): R1276-R1285, 1991; McKenna
.-+ KE et al, Modulation By Peripheral Serotonin of The Threshold For Sexual Reflexes
. 25  InFemale Rats, Pharm. Bioch. Behav., 40:15 1-156, 1991; and Takahashi LK et al,

Dua} Estradiol Aétion In The Diencéphalon And The Regulation Of Sociosexual
- Behavior In Female Golden Hamsters, Brain Res., 359:194-207, 1985,

Representative compounds of the present invention were tested and

B | found to bind to the melanocortin-4 receptor. These compounds were gen@raIIy found
30 to have IC5() values less than 2 pM. Representative compounds of the present

invention were also tested in the functional assay and found generally to activate the
melanocortin-4 receptor with EC50 values less than 1 uM. ‘
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conparing the anmount of cAMP produced in the presence to that produced in

t he- absence of test conpound. C 'In vivo food intake nodels, 25 1) '
Over ni ght food intake. Sprague Dawl ey rats are 7injected 29 August 2005

i ntracer cularly with a test conpound in 400 nL. % ropyl ene
gl ycol | a?????@@gﬁé cerebrospinal fluid one hour prior to oﬁgy?g 0F 004 k cycle
(12 hours). Food intake is determ ned using a conputerized systemin which
each rat's food is placed on a conputer nonitored. bal ance. Cunul ative food
intake for 16 h post 30 compound.adm nistration is neasured. 2) Food intake
in diet induced obese mce. Male C57/B 161 mice nmaintained on a high fat
diet (60% fat cal ori esEXAMPIGSORUNPHARVIQORUWERKSCOMPOSITIONE are dosed
intraperitoneally with test conpound. Food intake and body weight are
measured over an ei ght day period. Biochenical paraneters relating to "
obesi ty, -90 29 AugustAQECIND DHBEBSERTRA Drd)SOR0siEFR4f & oahpukitig dfept i n,

[ |
e Ll L L A
Caesari an DERYigesilaginse fueropdampdgial f@@?llﬂt@lf §80 (Q)i%} mg@o ﬂHy@mﬁ:I Q@ hawlrgelatine d

Wi th the sug ry |igament surgically renpved to prevent retraction of

t he ‘peni s back into the Ewﬁ'gle sheath during the ex copula evaluations.
Ani mal s receive food &hd °& pPesHiq ¢Bb H‘eatr%f"f!@éﬁﬁl CORPASIHER fhR compeymd/ dar k

(éycl e. gt ugloéﬂleqrresmondiﬂﬁﬁtﬁﬂzmag?lﬂﬁkﬁlﬁpﬂel 1@'4'[1§I_ fdfﬁiuﬁted]ﬁtltﬂ;uf@@i@ﬂi fieyi Ng t04
uplne est r a ex Te opditio es ---
days. dﬂlﬁéd %%’ﬁ% PRy é 6It(g§“leﬁn?'ﬁ;{8? Sg(? k’e@@s@gg%gﬂélsﬁr ége FPt for
15 - 301 n@ﬁl@é}.le Day 2, the animals are restrained in a supine position in
the restrainer for 15 i estrained in
t he supi ne p£5| tion w tfh 9}1%%%%1&]5 ‘g@%at% éfq?lrog@t gg’pﬁﬂ%ﬁgf %%p% ut es.
Day 4, the &hilpdireseat mvertians 49 meifxemple B isfopnileted ettt sushcionttinelhe peni | e

sheat h retr adtisl Mblokd (PRBVILE 2 L RIPLARES ofBE0 toATBANY &FFi1 IR c@ﬂér@ﬁgteﬁnﬁ equire
addi ti onal d@{s of conditioning before they are conpletely acclimated to
t he procedu ehon responders are renoved from further

While the invention has been described and illustrated in reference to
certain preferred embodiments thereof, those skilled in the art will appreciate that

various changes, modifications and substitutions can be made therein without _
departing from the spirit and scope of the invention: For example, effective dosages
- other than the preferred doses as set forth hereinabove niay be applicable as a
20  consequence of variations in the responsiveness of the mammal being treated for
severity of bone disorders caused by resorption, or for other indications for the
compounds of the invention indicated above. LikeWise; the specific pharmacological
responses observed may vary according to and depending lipon f.he_: particular active
. compound selected or whether there are present pharmacéuticél carriers, as well as the
25 type of formulation and mode of administration employed, and such expected
variations or differences in the results are contemplated in accordance with the Oth".CtS
and practices of the present invention. It is intended, therefore, that the invention be
limited only by the scope of the claims which follow. and that such claims be

~ interpreted as broadly as is rcasonable
30
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eval uation. After any handling or evaluation animals are given a treat to
ensure positive reinforcenent. 20 2) Ex Copula Reflex Tests: Rats are
gently restrained in a supine position with their anteri or2stfumss 2fis5aced
inside a cylinder of adequate size to allow for .normal head and paw

gr oom NGy 00-500 gramrat, the dianmeter of the cyI_'(?l? LS

appr oxi n&d;(lﬁfl/%gssgm The I ower torso and hind linbs are rells_ §$Gﬁ’gﬁ72\'}vith a
non- adhesive material (vetrap). An additional piece of vetrap with a hole
init, through 25 which the glans penis will be passed, is fastened over
the animal to maintain the preputial sheath in a retracted position.

Penil e responses w |l be observed, typically ternmed ex copula genital
reflex test WHAYESCHANMER I8eries of penile erections will occur
spontaneously within a few mnutes after sheath retraction. The types of
normal refl exogenic "erectil e respqnses include el ongation, ‘engorgenent,’
cup and flip. An 30 efongath @npaing chsiEnqtiualfomulal: ext ensi on of the penile
body. Engorgenent is a dilation of the glans penis. A cup is defined as an
intense erection where the distal' margin of- theRyl ans penis nonentarily
flares open to forma cup. A flXp_i dor gi ion of the penile body.
Basel i ne and or vehicle evaluatiophs arg co ted to determ ne how 35 and
if an animal will respond. Some ahj malg ha ng duration until the
first -91 29 August 2005 WO 02/ 063388 : / @924 response while others
are non-responders altogether. During th basegl i ne evaluation latency to
first response, nunber. and type. of. respons are recorded. The- testing
tune frame is 15 minutes after the first l)response. After a mninmumof 1
day between eval uations, these sanme animals are 5 administered the test
conmpound atoI%mmuﬁagg%@gﬁgmggaﬁ Merddgni l e reflexes. Al evaluations
are videotapged and scored |later. Data are coll ected and anal yzed usi ng
paired 2 ta‘ie Fd% -tests to conpared baseline and/ or vehicle evaluations to
drug treateds evhbtti ons for individual animals. Goups of a mnimmof 4
animal s ar & Hti I(i)zleﬁr%_o reduce variability 10 Positive reference controls
are included’in gach Study to assure the validity of the study. Animals
can be dosetisby & lmmder of routes of administration

10 pis  0,1,0r2;

R1 is selected from the group consisting of
hydrogan, ' '
amidino,

15 C1-4 alkyliminoyl,

~ Cripalkyl,

.(CHz)nfC3~7 Cycloalkyl, A
(CH2)n-phenyl,

- (CH2)p-naphthyl, and |
20 (CH2)n-heteroaryl wherein heteroaryl is selected from the group éonsisting of
(1)  pyddinyl, | ' |
(2)  furyl,
3) thienyl, .
(4  pyrolyl,
25 (5)  oxazolyl,

(6) thiazolyl,
(7)  imidazolyl,
(8)  pyrazolyl,
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depending on the nature of the study to be perforned. The routes of

adm nistration includes intravenous (IV), intraperitoneal (IP),

subcut aneous (SC) and intracerebral ventricular (I1CV). |5 BAuMBtizd0s of
Femal e Sgxyial function Rodent assays relevant to fenal l..
receptivity |Oﬁ%é§de t he behavi oral nodel of |ordosis and szlﬁligé#ﬂﬂn
observations of copulatory activity. There is also a urethrogenital reflex
nodel i.n anesthetized spinally transected rats for 20 nmeasuring orgasmin
both male and femal e rats. These and ot her established animal nodels of
femal e sexual dysfunction are described in McKenna KE et al, A Mdel For
The Stud of Sexual Fu®ti oisokazolyiest hetized Male And Fenal e Rats, Am J.
Physiol. (Regul atory egr at.i.ve np. Physiol 30): R1276-R1285, 1991;

. McKenna KE et al," I\/EQ}JI aES?)E)hﬁXZl%lfngeri pher al- Ser ot oni n” of “ The - Thr éshol d For
Sexual Refl exes 25 | n(FémapwiRatisyl, Pharm Bi och. Behav., 40:151-156, 1991;
and Takahashi LK et ajyy DB%J ilﬁ?/fradi ol Action In The Diencephal on And The
Regul ati on OF Soci osexugl éiﬁa_ I'or I'n Femal e Gol den Hansters Brain Res.,
359: 194-207, 1985. ReptBsemyeddzinylconpounds of the present invention were
tested and found to pigd hginbjw’ mel anocortin-4 receptor. These conpounds
were generally found Q’% to have | C50 values less than 2 M Representative
conpounds of the pres i FP8WPPEh were also tested in the functional assay
and found general |y tgl@ct buadimidabelyl,mel anocortin-4 receptor with EC50
values less than I p O%2/0 8388 29 -August 2005 PCT/US02/05724 a
EXAMPLES OF A PHARMACEUTI CAT™ | TION As a specific enbodiment of an
oral coltbosition of a{lnpbsizotleenydf the present invention, 5 ng of

Exanpl e 168 is fornul ?tggd é{gﬂlsuffi cient finely 5 divided | actose to
provide a total amount_ Of §1 t'o 590 to fill a size 0 hard gelatin
capsul e. As anot her s{ZRi f Penzinamsdyl of an oral conposition of a
corpound of the present ipMgokiMN; 2.5 ng of Exanple 104 is fornulated
with suffici eq]tj finel djaﬁ\fli ded gactosi to provide a total anmount of 580 to
590 gy to 1PN BRGwlnapbal o Beteiear] greulsupitisited or subsiitured with oneto

15  three groups independeuntly selected from R3; and alkyl and cycloalkyl are
unsubstituted or substituted with one to three groups indcpendently selected from R3
and oxo; '

R2 is selected from the group éonsisting of
20 phenyl, ' o
naphthyl, and ‘
~ heteroaryl wherein heteroaryl is selected from the group 'consisting of
(1)  pyrdinyl, '
@)  furyl,
25. . (3)  thienyl,
| @ pymolyl,
(5)  oxazolyl,
(6) thiazolyl,
(7)  imidazolyl,
30 - - (8)  pyrazolyl,
' (9)  isoxazolyl,”
(10)  isothiazolyl,
(1) pyrimidinyl,
| (12) pyrazinyl,
'35 | (13) pyridazinyl,
. -05_



- As anot her specific embodi ment of an oral conpositioh of a compound of the

present. invention, 10 ng of Exanple 88 is fornulated with sufficient finely
di vided | actose to provide. a total anpunt of 580 to 590 ng 29c\ubidtboas size O
hard gelatin capsule. 15 Wile the invention has been descri bed and

i 11 ustratyedotisssgf erence to certain preferred enbodi nent ., those
skilled in the art will appreciate that various changes, F%’%/gr?fézﬁ%gﬁ ons and

substitutions can be nade therein without departing fromthe spirit and
scope of the invention. For exanple, effective dosages other than the
preferred doses as set forth herei nabove may be applicable as a 20
consequence of variations in the responsiveness of the mammal being treated
for severity of bone {d#ksorgerdylcaused by resorption, or for other

i ndi cations for the o] : the invention indicated above. Likew se,
the specific pharnacoﬁgg?cggai?%%%bhses observed may vary according to and
dependi ng upon the paﬁﬂgbuﬂﬁpm&EﬂWW@ﬂ:conpound sel ected or whether there
are present pharnmaceutiizpl wearsfugls, as well as the 25 type of fornulation

and node.of adm nistratjon _enpl oyed, and such expected variations or
differenges in the reggg}stﬁggﬁg%ﬁgenplated in accordance with the objects

and practices of the pgi®serhdolflyention. It is intended, therefore, that the

i nvention be Iinitedéggigdgénggggggsg of the clains which follow and t hat

such clains be inter as is reasonable. 30 29 August 2005
WO 02/ 068388 WHAT | S Q2B MEBnt@azdiyl; A conpound of structural formula |: Rl

0 1) PCT/ - ' i > L : t f;
o () s HO0R(A é’;mi‘r 12&}%1&%/’1 Pig ;rh@&se&%y £2LhNnGRER ARG eRAbd wih e
three groups independently selected from R3; : ,

each R3 is independently selected from the group consisting of
C1-6 alkyl,
(CH2)n-phenyl,

15 (CH2)p-naphthyl,

' (CH2)n-heteroaryl,
(CH2)n-heterocyclyl,
(CH2)nC3-7 cycloaikyl,
halogen, -

20 OR4, .

' (CH2)nN®R4)2
(CH2)nC=N,
(CH2)nCO2R4,

- NO2,
25 (CH2)pNR4SOR4
~ (CH2)nSO2NR%)2,
(CH2)nS{O)pR%,
(CH2)pNRAC(O)NRH,
. (CH2)RCONR4)2,

30 (CH2)nNRAC(O)R4,
(CH2)sNR4CO7R4,
(CH2)aNR4C(O)-heteroaryl,
(CH2)pC(O)NRHMN(RA)2,
(CH2)RC(ONRANRAC(O)R4,

35 O(CH2)nC(ONRH),
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nis O, 1 or 2; 10pis 0,1,0r2; Rl is selected fromthe group consisting of
hydrogen, amidino,. Cl-4 allcylimnoyl, C1-10 al kyl, 15(CH2)n-C3..7
cycl oal kyl, (CH2)n-phenyl, .(CH2) n- napht hyl , and 20(CHZ) n- heE@Angustﬂoos\/Iﬁerel n

het er oaryﬂfonst)@edsect ed from the group.consi sting of (1) pyl;‘éf}g@émw 2)furyl,
(3)thienyl, (4)pyrrolyl, 25(5)oxazolyl, (6)thiazolyl, (7)imdazoly _
(8) pyrazol yI 94 29 August 2005 V\D 02/ 068388 PCT/ US02/ 0572 4 5 10 (9)

i soxazolyl, (10) isothiazolyl, '(11) pyrimdi nyl, (12) pyrazinyl, (13)
pyri-dazinyl, (14) quinolyl, (‘15) i soqui nol yl (16) benzi m dazol yI , (17)
benzofu yl, (18)(:Ft33enzot hi enyl ,

CHoCF3,
OCF3, and
OCH2CF3;

5  in which heteroaryl is as defined above; phenyl, naphthyl, heteroaryl, cycloalkyl, and
heterocyclyl are unsubstituted or substituted with one to three substituents
independently selected from halogen, hydroxy, oxo, C1_4 alkyl, trifluoromethyl, and
C1-4 alkoxy; and wherein any methylene (CH?) carbon atom in R3 is unsubstituted or

substituted with one to two groups indépendéntly selected from halogen, hydroxy, and
10 Ci.4 alkyl; or 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,
15 C1-6 alkyl,
(CH2)n-phenyl,
(Cngn—heteroaryl,
{CH2)p-naphthyl,
_ - (CH2)p-heterocyclyl,
.20 (CH2)nC3-7 cycloalkyl, and
(CH2)nC3-7 bicycloalkyl; |
wherein alkyl, phenyl, hetéroaryl, heterocyclyl, and cycloalkyl are unsubstituted or
substituted with one to three groups independently selected from halogen, C1-4 alkyl,
| hydroxy, and C1-4 alkoxy; or two R4 groups together with the atoin to which they are
25  attached form a 4- to 8-membered mono- or bicyclic ring system optionally containing
' an additional heteroatom selected from O, S, and NC7 4 alkyl;

each RS is independently selected from the group consisting of
hydrogen, |
30 ' C1-g alkyl,
o (CH2)n-phenyl,
(CH2)n-naphthyl,
(CH2)n-heteroaryl, and
(CH2)nC3-7 cycloalkyl;
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(19) indol yl ,

and het er oar yl

(20). -

benzt hi azol ylI,
are unsubstituted or

and

(21) benzoxazol yt; i
napht h: substituted with one to
t hr ee &ﬁb@ﬂ@3ﬁﬁdependently sel ected from R3; and al kyl and 29igesdRé8Hl are

n whi ch phenyl,

15

unsubstituted or substituted with one to three groups independently

selected fromR3 and oxo;
25 30 35 napht hyl,
fromthe group consisting of

phenyl ,

pyrrolyl,whé:
(9) isoxazol

y as 1@1&:&{5

I sot hi azo

by,

R2 is selected fromthe group consisting of
and heteroaryl

(1) pyridinyl,

wher ei n het er oaryl
(2) furyl,

n@lél)lthklrr!ngf £8 tFlyoaty

(3) thienyl,

20
Is selected
(4),
8) pyrazolyl,
pyrazi nyl,

(13) pyr |‘H§Egﬁﬁ?’%i?ﬂgﬁlbzgmﬂﬁfb‘ﬂ§b OBQ%tm@ 9@11968@8183@6?@' ;&dma:l emAP; (14)

qui nol yl , alkg hadl cheBANRL Yhsubstituted or substituted with one to three groups
independently selected from R3 and o0x0; and wherein any methylene (CH2)inR3 s

5  unsubstituted or substituted with one to two sroups independentl.y selected from
halogen, hydroxy, and C1.4 alkyl; or two R3 groups together with the atom to which

they are attached form a 5- to 8-membered mono- or bicyclic ring system optionally
containing an additional heteroatom selected from O, S, and NCj_4 atkyl; and

10

15

20

25

30

C1-g alkyl,

(CH2)1C3-8 cycloalkyl,
(CH2)n-phenyl,
(CH2)p-naphthyl,
(CH2)p-heteroaryl,
(CHg)pheterocyclyl,
(CH2)nC=N,
(CH2)nCONRSRS),
(CH2)3CO2R3,
(CH2)RCORS,
(CH2)nNRSC(O)RS,
(CH2)mNR5CO2RS;
(CH2)sNRSC(O)NRS)z,
(CHz)nNR5SOzR5

T (CH2S(O)pRS,

(CH2)nSOINRSH(RS),
(CH2),ORS, |

 (CHD)OC(O)RS,

(CH2)nOC(OYORS,
(CH2)nOC(O)NRS)2,
(CH2)gN(RS3)(RD), and

X is selected from the group consmtmg of

(CH2)nNRISOZNRI)RS);

wherein heteroaryl is as deﬁned above;

naphthyl and heteroaryl are -
unsubstrtuted or substituted with one to three groups independently selected from R3" o

phenyl is substituted with one to three groups independently selected from R*;alkyl,

- cycloalkyl, and heterocyelyl are unsubstituted or substituted with one to three
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(16) benzi m dazolyl, (17) benzofuryl, 5 (18) benzothienyl, (19) indolyl,
(20) benzthiazolyl, and (21) benzoxazolyl; in which phenyl, napht

het er oar yl

hyl , and

are unsubstituted or substituted with one to 102%4uges 28oups
i ndependent|y selected from R3; each R3 is independently ﬁﬁ%{’é Eflﬂ fromthe
group CHASHESPRg of C1-6 al kyl, (CH2)n-phenyl, 15 ( 3 %’n yl,

(CH2) n-heteroaryl, (CH2)n-heterocyclyl, (CH2)nC3-7 cycloalkyl,
20 OR4,. (CH2)NN(R4)2, (CH2)nC=N, ('CH2)nC2R4, NO2, 25 (CH2)nNR4
(CH2) NS2N(R4) 2, (CH2)nS(O pR4, (CH2)nNRAC(O N(R4)2, (CH2)nC(O
30 (CH2) nNRAC(O R4, (CH2)nNR4CO2R4, (CH2)nNR4AC(O) -heteroaryl,

( CH2) nC( O NRANGRE) 21 1011520 YO FDFHMRALL QL R ARk P MR L ) Pim - 96 29

August 20065 P , S
X is unsubstituted or substituted with one to two groups independently selected from -

halogen, hydroxy, and Cj_4 alkyl.

2. The compound of Claim 1 wherein R1 is selected from the.
group consisting of hydrogen, C1-6 alkyl, (CH?2)0-1C3.¢ cycloalkyl, and
(CH2)0-1-phenyl; wherein phenyl is unsubstituted or substituted with one to three

~ groups independently selected from R3; and alkyl and cycloalky! are optionally

10

substituted with one to three groups independently selected from R3 and oxo.

© 3. The compound of Claim 1 wherein R2 is phenyl or thienyl

* optionally substituted with one to three groups independently selected from R3.

15

20

25

4. The compound of Claim 3 wherein R2 is phenyl optionally
substituted with one to three groups independently selected from R3.

5. The compound of Claim 1 wherein X is selected from jche
group consisting of
“(CH2)p-phenyl,
~ (CHp)p-naphthyt,

(CHz)ﬁ—heteroaryl,

(CH72)3C3-8 cycloalkyl, and

{CH2)p-heterocyclyl; o
Wﬁerein - -naphthyl, and héteroaryl are optionally' substituted with one to three
groups independently selected from R?; phenyl is substituted with one to three
groups independently selected from R”; eycloalkyl and heterocyclyl are optionally
substituted with one to three groups-independently selected from R3 and oxo: and

~ wherein any methylene (CH2) group in X is unsubstitated or substituted with one to

two groups independently selected from halogen, hydroxy, and C3.4 alkyl.

, 6. The compound of Claim 5 wherein X is selected from the
group consisting of - ' B
(CH2)0-1-phenyl,
(CH2)0-1-heteroaryl, and
(CH2)0-1-heterocyclyl;

-99.-
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WO 0‘2/ 068388 PCT/ USQ2/ 05724 5 CF3, CH2CF3, OCF3, and OCH2CF3; 5 in which

"heteroaryl is as defined above; phenyl, naphthyl, heteroaryl, cycl oal kyl,
and heterocyclyl are unsubstituted or substituted wth oné@StAygeshPels
substituents independently selected from hal ogen, hydroxy, oxo, Cl-4
alkyl, trifluoronmethyl, and Cl-4 al koxy; and wherein any nethyl ene (CH?_)
carbon atomin R3 is unsubstituted or substituted with one to two groups
i ndepeMdb¥16§338¢e| ect ed from hal ogen, hydroxy, and 10 .CIRCA/BHRMS7240r two
substituents when on the sane nethylene (CH2) group are taken together
with the carbon atomto which they are attached to form a. cycl opropyl
group; each R4 is independently selected fromthe group consisting of -
hydrogen, 15 Cl1-6 al kyl, (CH2)n-'phenyl, (CH2)n-heteroaryl,

(Go) ﬂcga%kﬁé%ﬁeniﬁ?@'ﬁt&%ﬂ%? S5 S Ve RO 2y
and cycl| otidrpendgnidy %ﬂl@%ﬂsfsfmm lieférocyslubmmpmwymbwméwuth onhk®e groups

i ndependeﬂté@/gﬁ&bmﬂqsénﬂémsb&b@gmm RE-aAdakbydnd CIHy &y @xubstigftel 6 - 4 al koxy;
or two R4nﬁ;§ Qups tlr%gther with the atomto which the‘)]/;gare 25 attached form

'a 4- to 8% Roto o gspwpdndependandly solseterhfiom halogean, Yydsors, andi ng  an
addi ti%naClhlea]hyloatom selected from0, S, and NC1- alkyl; each R5 is

i ndependent|ly selected fromthe group consisti ng of hydrogen, 30 Cl1-8

al kyl, (CH2) n-phenyl, (CH2)n-naphthyl, (CH2)n-heteroaryl, and

(CH2) nC3-7. cycl oal Ryl ; The compound of Claim 6 wherein X is phenyl ¢ptiomatty

substituted with one to three groups independently selected from R3.
10 8. The compound of Claim 1 wherein ris 1 or 2 and sis1.

9. The compound of Claim 1 of structural formula Ha or ITb
of the indicated ¢rans relative stereochemical configuration:

OY@ K)

15 (la) - (lib)

tH

:]H

. or a pharmaceutically acceptable salt thereof;
wherein
ris lor2;
nis 0,1,o0r2;
20 pis  0,1,or2;

_ Rl is hydrogen, amidino, C1-4 alkyliminoyl, Cj¢ alkyl, C5g cycloalkyl,
(CH2)0-1 phenyi, or (CH2)(-1 heteroaryl; wherein phenyl and heteroaryl are
~unsubstituted or substituted with one to three groups independently selected from R3;
25  and alkyl and cycloalkyl are unsubstituted or substituted with one to three groups
independently selected from R3 and oxo; '
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-97 29 August 2005 wherein heteroaryl is as defined above; phenyl,
napht hyl, and heteroaryl are wunsubstituted or substituted with one to
t hree. groups independently. sel ected frozxx R3; alkyl and pugestRed are
unsubstituted or substituted with one to three groups independently
selected from R3 and oxo; and wherein any nmethylene (CH2) in RS is
unsubstituted or substituted with one to two groups independently sel ected
- from walwagessss hydroxy, and Cl-4 alkyl; or two R5 groupeThsgeédresr with the
~atomto which they are attached forma 5- to 8-nenbered nono- or bicyclic
ring systemoptionally containing an additional heteroatom selected from
0, S and NCl -4 alkyl; and 10 X is selected fromthe group consisting of
- Cl-8 alkyl, (CH2)nC3_8 cycloal kyl, (CH2)1-phenyl, (CH2)n-naphthyl, 15
(CH2) n-heteroaryl, (CH2)nheterocyclyl, (CH2)nC=N, (CH2)Zz1CO\(RSRS),
(CH2) nC02 w;m@ma@Hﬂyﬁmﬂ}mwonﬂhmmgﬂmms e to {ope IoNps mdepadently
( CH2) NNRSERRRFrongr3: ( CH2) NNRSSC2R5, 25 (CH2) nS (O ARS,
(CH2) nS2N(RS) (RS), * (CH2)nORS, - (CH2) nOC(O) RS, (CH2) nOC(0O) OR5, 30
(CH2) nCC(OQ)N(RS) 2, (CH2) nN(RS) (R5), and (CH2) nNR5S02N( R5) (R5) ; wherein
het er oar ydach R33sindefdnaestyadepictid fiah hd Wiloup asskisi@peFoaryl are
5 C1-6 alkyl,
(CH2)p-heteroaryl,
(CH2)n-heterocyclyl,
halogen,
OR4,
10 (CH2)aNR4)2,
(CH2)nC=N,
(CH2)nCO2RA,
(CH2)yNR4SOoR4
(CH2)ySO2N(RA),,
15 (CH2)nS(O)pR4,
| (CH2)sNRAC(OIN(RH2,
(CH2)CONRY),
(CH2)hNRAC(O)R4,
(CH2)RNRACO2R4,
20 (CH2)nNR4C(0)-heteroaryl,
(CH2)3C(OINRAN(R4)2,
(CH2)nC(O)NRANR4AC(O)R4,
O(CH)nC(OINRAY,
CF3,
25 CH2CF3,
OCF3, and
OCH2CF3;.
in which phenyl, naphthyl, heteroaryl, cycloalkyl, and heterocyclyl are unsubstituted
or substituted with one to three substituents independently selected from halogen,
--30  hydroxy, oxo, C1-4 alkyl, trifluoromethyl, and C}-4 alkoxy; and wherein any
methylene (CH2) carbon atom in R3 is unsubstituted or substituted with one to two
groups independently selected from halogen, hydroxy, and C1-4 alkyl; or 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 grou?;
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unsubstituted or substituted with one to three- groups |ndependently

sel ected. from R3; phenyl is substituted with one to three groups

i ndependently selected from R3; al kyl, cycloal kyl, and het eascayadi ghosar e
unsubstituted or substituted with one to three -98 29 August 2005 WO

02/ 068388 PCT/ US02/ 05724 groups independently selected from R3 and oxo; and
wherein any nethylene (CH2) in X is unsubstituted or substituted w th one
to t wowgres3ss ndependent |y sel ected-from hal ogen, hydcaxispzested C1- 4 al kyl
5 2. The conmpound of Claiml1l wherein RL is selected fromthe, group

consi sting of hydrogen, Cl1-6 alkyl, (CH2)0-1C3-6 cycloal kyl, and

(CH2) 0- 1- phenyl ; wherein phenyl is unsubstituted or substituted with one to
three groups independently selected fromR3; and al kyl and cycl oal kyl are
optionally substituted with one to three groups independently selected
fromR3 and oxo. 10 3. The conmpound of Claiml1l wherein R2 is phenyl or

t hi enyl mahlkﬂnaﬁﬂdep&maﬂy%dbﬁddﬂotﬂthegﬁmp@ohdiﬂtﬁg @t oups i ndependent |y

sel ected fromgﬁ'%’I 4e[n The conpound of Claim3 wherein R2 is phenyl
optionally Y tuted with one to three groups i ndependently sel ected
-~ fromR3. 5. ThEldAAund of Claim 1 wherein X is selected fromthe group
consi gting of é‘gﬁﬁn phenyl, 20 (CH2)n-naphthyi, (CH2)n-heteroaryl,

(CH2) nC3-8 cyc] oa and (CH2)n-heterocyclyl; wherein naphthyl, and

het eroaryl . ar ehfé@'ﬂ’?%ally substituted with one to three 25 groups
|ndependently CHpp L eektévoyolR3andhenyl is substituted with one to three

groups i ndepe t cted fromR3; cycloal kyl and heterocyclyl are
optionally n‘gg{% c{yé]to?:géy ith one to three groups independently sel ected

f rom R3 awhereinailkyd yshenyh) eigoarylahsterseydiyl] nkcycloHiyl gfeﬁﬂiéuhsml%ed 8r - '
unsulgt i t4eskaRA d % den QHI y selected
from hal ogen, hy @g&;@ﬁ tg‘nd %'gﬁim&%&nq‘%e corrpounc]{o‘s E@f'?’h wherein X
is sel ectW&Ysﬁ‘i‘q &4 gkt consi sting of

or two R%4 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 NCj1-4 alkyl; and

15
X is phenyl or heteroaryl each of which is optionally substituted with one to three
groups independently selected from R3.

10.  The compound of Claim 1 of structural formula Iifa or Ob of
20  theindicated trans relative stereochemical configuration:

= or

ora pharmaceutiéally acceptable salt thereof;
wherein |
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(CH2) 0- 1- phenyl, (CH2)4-1-heteroaryl, and (CH2)0_1-heterocyclyl; 99. 29
August 2005 WD 02/ 068388 PCTI US021 05724 wherei n phenyl and heteroaryl are
optionally substituted with one to three groups i ndependentdA9se288% ed
from R3; heterocyclyl are optionally substituted with one to three groups
i ndependently selected fromR3 and oxo; and CH2 is unsubstituted or-
substituted with one to two groups independently selected from hal ogen,
hydr oX¥O 063#6B38% Cl1-4 al kyl. 7. The conpound of C ai m 6PGhaisai/es7X i s phenyl
$ptiunffil substituted with one to three groups independently selected
fromR3. 10 8. The conpound of Caim1 whereinr is 1 or 2 and s is 1. 9.
The conpound of Claiml of structural fornula Ila or Iib of the indicated
trans relative stereochem cal configuration: or 15 0 (Ila) R2 or a

phar maceut.i cali Z@l_ccept able salt thereof; whereinr_is 1 or.2; nis 0, 1,
or 2; 2dt s ér 1,6r.2; Rl is hydrogen, amdino, Cl..4 alkylimnoyl, Cl-6
al kyl , CRbisdydrazsnikyl-4 allpdra)(CHD)pa®@hgnyl; or (CH2) 0-1 heteroaryl; wherein

phenyl angd . i r tituted with one to three
groups in ce:ﬁlpgtr? éﬁﬁe é%%ﬁ@%?%%%%n&%é 5%385?1%%_"@% and cycl oal kyl are

unsubstitut ed o6&+t ituted with one to three groups independently
sel ected from®HpHY -etgoaky August 2005 WO 02/ 068388 PCTI US02/ 05724

(CH2)(-1-heterocyclyl,
halogen,
OR4, -
. (CH2)0-1N®%)2,
10 (CH2)0-1C=N,
(CIE2)0-1CO2R4,
(CH2)0-1NR4SO2R4
(CH2)0-1SO2N®R4)2,
- (CH)0-1S(O)pR4,
15. (CH2)0-INRICONRH),
(CH2)0-1C(O)NRH)2,
(CH2)0-1NRAC(O)R4,
(CH2)0-1NRACO2R%,
(CH2)0-1NR4C(O)-heteroaryl,
20 (CH2)0-1C(ONRANRAY,
(CH2)0-1C(O)NRINR4C(O)RY,
O(CH2)0-1C(O)NR4)2,
CFr3,
CHpCF3,
25 OCF3, and
‘OCH2CF3;
in which phenyl, naphthyl, heteroaryl, cycloalkyl, and heterocyclyl are unsubstituted
or substituted with one to three substituents independently selected from halogen,
hydroxy, oxo, C1-4 alkyl, trifluoromethyl, and C1_4 alkoxy; and wherein any
30  methylene (CH2) carbon atom in R3 is unsubstituted or substituted with one to two
groups independently selected from halogen, hydroxy, and C1-4 alkyl; or two
substituents when on the same methylene (CH2) group are taken together with the

carbon atom to which they are attached to form a cyélopropyl group; and

35  each R4 is independently selected from the group consisting of
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R2 is phenyl or thienyl optionally substituted with one to three groups

i ndependently selected fromR3; each R3 is independently selected fromthe
group consisting of 5 Cl-6 alkyl, (CH2)n-heteroaryl, (CHZP Aughsifedso
cyclyl, halogen, OR4, 10 (CH2)nN(R4)2, (CH2)nC=N,  (CH2)nCO2R4,

(CH2) NNRASO2R4  (CH2) nSO2N(R4) 2, 15 (CH2)nS(O pR4, (CH2) nNRAC( O N(R4) 2,
(CH2)-C(ON(R4)2, (CH2)NNRAC(O R4, (CH2)nNRACO2R4, 20

(CH2) eteroatyl, (CH2)nC(ONRAN(R4)2, (CH2) ANRAC (O R4,
CXCHszE?%@§%ﬁ£ CF3, 25 CH2CF3, OCF3, and OCH2CF§ETE&§%%¥%ch pheny! ,
napht hyl , het eroaryl, cycl oal kyl, and heterocyclyl are unsubstitut ed or
substituted with one to three substituents independently selected from

hal ogen, 30 :hydroxy, oxo, Cl-4 alkyl, trifluoronmethyl, and Cl-4 al koxy;
and wherein any nethylene (CH2) carbon atomin R3 is unsubstituted or
substituted vvihydmgm, to two groups independently selected from hal ogen,
hydr oxy, and ga&gi(yl or two substituents when on the sane nethyl ene
(CH2).group are n together with the carbon atomto which they are
attached to f@hemd, cycl opropyl group; -101

-heteroaryl,
5 (CH2)0-1 heterocyclyl, and

C3-¢ cycloalkyl;
wherein alkyl, phenyl, heteroaryl, heterocyclyl, and cycloalkyl are unsubstituted or
substituted with one to three groups independently selected from halogen, Cj.4 alkyl,
hydroxy, and Cj-4 alkoxy; or two R4 groups together with the atom to which they are

10 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.

11.  The compound of Claim 10 selected from the group consisting

of:
15
Cl Me, Me
Y—Me
N
MG\N 0 'er‘\\
H o. E
F F

Me Me
Me

Me;

N o
0 T
O

rZ
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29 August 2005 WD 02/ 068388 PCT/ US02/ 05724 each R4 is independently: _

" selected fromthe group consisting of hydrogen, Cl.g alkyl, 5 phenyl,
heteroaryl, -(CH2)0_1 heterocyclyl, and C3-6 cycloal kyl; hugestgOef kyl ,
phenyl, hetroaryl, heterocyclyl, and cycl oal kyl are unsubstituted or 10
“substituted with one to three groups independently sel ected from hal ogen,
Cl4 al kyl, '"hydroxy, and Cl_4 al koxy; or two R4 groups together with the
at om t wowwskssshey are attached forma 4- to 8- nenber gdmmwnsR4 bicyclic
ring systemoptionally containing an additional heteroatotn selected from
0, S, and NGO 4 alkyl; and 15 X is phenyl or heteroaryl each of which is
optionally substituted with one to three groups independently selected
fromR3. 10. The conpound of Claim1l of structural fornmula lila or My of
20 the indicated trans relative stereochem cal _configuration: R3 or (ilia)
or a pharmaceuti gdl |y acceptabl e salt ther eof ;¥ wherein (I'11b) -102 29
August 2005 WO @Z21M068388 PCTinfe) 2105724 r is=to0r 2; Rl 1gehidrogen, Cl4

al kyl, or (CH2) phenyl ; eacI)LRip?e i s indepel ly sel ect ed>4mgm t he group

consi sting of . N - N
LN N N\ﬁ@\ Mes A -er\“
H o 1 F H O F
F FV -
cl Me Me
Me
E\ N
- N _'I,Me NWT“\‘
0 O F
F
¢l Me, Me

(:ki Me o \
M Me N\If |

O O F
F
_F Me Me
Me
. . N
C\N Me N\n\\\\
il Me -
F
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Cl-6 alkyl, 5 (CH2)0-1-heteroaryl, .(CH2)O0-1-heterocyclyl, halogen, OR4,
(CH2)0-1N(R4)2, 10 (CH2)O -1C --N, (CH2)0-1CO02R4, (CH2)0-1NRASO2R4
(CH2) 0- 1SO2N(R4) 2, (CH2)0-1S(O pR4, 15.. (CH2)0- 1NRAC( O N(ZRAuguyst 2005
(CH2)0-.1C(O N(R4)2, (CH2)0--1INRAC(O R4, (CH2)0- j NRACO2R4,

(CH2) 0- INRAC(O) - heteroaryl, 20 (CH2)0- | C(O NRAN(R4)2, (CH2)O-I

C(O NRANRAC(O R4, O (CH2)0-1 (O N(R4)2, CF3, :CH2CF3, OCF3, and
OCH2CRg; ch phenyl, naphthyl, heteroaryl, cycl oal

heterocya% Fmg#e unsubstltuted or substituted wi th one HE?%§9%4
substltuents i ndependent |y sel ected from hal ogen, hydroxy, oxo, Cl14 al kyl,
trifluoronethyl, and Cl4 al koxy; and wherein any 30 nethylene (CH2) carbon
atomin R3 is unsubstituted or substituted with one to two groups

i ndependently sel ected fron1ha|ogen, hydroxy, and Cl-4 al kyl; or two

vy | ene (Cla2 Qup are talﬁ(g fi@oet her with

ttached t rma cycl op group;
ectedfbo 3 p c I sting of
Me” "N” "Me a
i )
F
F Me Me
Me Me
O N
N “\\
Me™ "N” "Me \n
H 5 F
F
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PCTLFTSO02I 05724 hydr ogen C1_8 al kyl, phenyl, heteroaryl . 5 (CH2)0-1

heterocyclyl, and C3-6 cycloal kyl : V\/nerei n. al kyl, phenyl, heteroaryl,
heterocycl yl, and cycl oal kyl are unsubstituted or substit (A%Mawitefdsone t o
t hree groups independently selected from hal ogen, Cl1-4 alkyl, hydroxy, and
Cl-4 al koxy; or two R4 groups together with the atomto which they are .10
attached forma 4- to 8-nenbered nono- or bicyclic. ring systemoptionally
cont aiwe addi ti onal heteroatomsel ected from O, ARG 14 al kyl .
11. The corr?)%gsnd of Caim10 selected fromthe group c?ﬁ& stiﬂlr’\l%}"of 15 29
August 2005 WD 02/068388 Me PCT/ US02/ 05724 29 August 2005 WO 02/ 068388 O
PCT/ US02105724 29 August 2005 WO 02/ 068388 O PCTI US02105724 5 or a
pharmaceutical |y acceptable salt thereof. 29 August 2005 WO 02/ 068388

PCT/ US02/ 05724 12. The conpound of C aim 11 which is selected fromthe °

group consi sti ngdr Me Me
o ] )f——Me
/lL. . N A
Me™ "N \n‘
M
H e 0 F
F F

Cl.

and A
N N “Me

{/

5 or a pharmaceutically acceptable salt thereof.
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and 7 or a pharmaceutically acceptable salt thereof. 10 13_ The conpound of
Claim 12 which is: 29 August 2005 WD 02/068388 N I or a pharnmaceutically
acceptable salt thereof. 14. The conpound of Caim 12 whi cheSAGUE2¢S g
pharmaceutically acceptable salt thereof. 15. The conpound of Caim 12
which is: -10 PCTI US02/ 05724 or a pharnaceutically aceptable salt thereof.
29 August 2005 WD 02/068388 PCT/ US02/ 05724 16. Use of a conpound according
to O afyiey daobsags t he manufacture of a nedicanent for thediha3tasni or
prevention of disorders, diseases or conditions responsive to the
activation of the nelanocortin-4 receptor in a manmal in need thereof 5
17. Use -of a conpound according to Claiml for the manufacture ofa

medi canment for the treatnment or prevention of obesity in a mammal in need
t hereof 10 1%. Use of a conpound according to Claim| for the nmanufacture
of a nedi canent fori2.he Theatmpmnmdaf @aeythwhizh ipfeletitabiomshapiobpt us in a
manmal incongig%%‘gihereof. 19. Use of a conpound according to Claiml for the
manuf act ur e of a nedicanent for the treatnent or prevention of male or
femal e sexual dysfunction in a mammal in need thereof.

or a pharmaceutically acceptable salt thereof.
10
13.  The compound of Claim 12 which is:
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20: Use of a conpound according to Claiml for the manufacture of a

medi cament for the treatnent or prevention of erectile dysfunction in &
manmal 20 in need thereof. 21, A pharmaceutical conpositi o#f AMgiugiR005
conprises a conpound of Claiml and a pharnaceutically acceptable carrier.
25 22, The pharnaceutical conposition of Gaim21 further conprising a
second active ingredient selected fromthe group consisting of an insulin
sensi ty insulin mmetic, a sulfonylurea, an a-g i nhi bi tor,
an HNGWégglgﬁs?%kduct ase inhibitor, an anti-obesity serot ?ﬁgﬁéuig@g‘em a 03
adrenoreceptor agonist, a neur opeptl de Yl or Y5 antagonist, a pancreatic
| i pase inhibitor, a nel ani n 30 concentrati ng hornone receptor antagonist,
and a cannabinoid CB 1 receptor antagonist or inverse agonist. 29 August
2005 WD 02/ 068388 PCTI US02/ 05724 23. The pharmaceutical conposition of

Claim21 further conprising @-sgeqnd active M&g“@di ent selected fromthe
group consisting of a type: V c- ON sel ect Migggphosphodi est er ase
inhibitor, an a2-adrenergic regept 5 ant agoninst, and a dopani nergi c
agent. 10 15 24. Use of a co Hi acgordingito Caim23 for the

manuf act ure of a medi cam@fit >for N'r 8de Img le dysfunction in a mamal
in need thereof. 25. Use ofl a (‘S'orrpound aogording=to Claim1l in conbination
with a type V cyclic-GWw- Yol ective phospho erase inhibitor, an
cL2-adrenergic receptor antagonist, or a dopam nergic agent for the _
manuf acture of a nedicament for treati ng eredtile dysfunction in a mammal .
in need thereof 26. Use of a conpound according to Claiml in conbination
with an insulin sensitizer, an insulin mnmetic, a sulfonylurea, an

- Cc- gl ucosr dphemmiceniigillymacceptabde s83hGeof.r educt ase i nhibitor, an anti-obesity
serotonergi c agent, a 03 adrenoreceptor agonist, a neuropeptide Yt or Y5
antagoni st, a pancreatic_lipase 20 inhibitor, a nelanin-concentrating

hor mone recept or antfgontig corppougd ehRiriB Howhichan | recept or antagoni st or
i nver e agoni st for the manufacture of a nedicament for

c ' Me Me
Me
0 N
M e)j\ N Yoy N\ﬁs\\\
H O F
F

or a pharmaceutically acceptable salt thereof.

15. The compound‘of Claim 12 which is:

:?C Me Me

or a pharmaceutically aceptable salt thereof.

10
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ng di i [ | . Use of a
treating diabetes or obesity in a mammal in need thereof. 25 27.
conposi '?i on according to Claim22 for the manufacture of a nedi canent for
treating obesity in a mamma{ in need thereof 28. The conpouﬂﬁjm@bst@b@ﬁ m 12
wherein the pharmaceutically acceptable salt thereof is the hydrochl oride

salt. wdd2losssss o C PCT/US02/05724

16.  Use of 2 compound according to Claim 1 for the manufacture
of a medicament 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.
5
17. Use of a compound according to Claim I for the manufacture

of a medicament for the treatment or prevention of obesity in a mammal in need
thereof.

10 18.  Use of a compound according to Claim 1 for the manufacture
of a medicament for the treatment or prevention of diabetes mellitus in a mammal in
need thereof.

19.  Use of a compound according to Claim 1 for the manufscture
15 ofa medicament for the treatment or prevention of male or female sexual dysfunction
in 2 mammal in need thereof.

20.  Use of a compound according to Claim 1 for the manufacture
of 2 medicament for the treatment or prevention of erectile dysfunction in 2 mammal
20 inneed thereof.

2l. A pharmaceutical composition which comprises a compound of
Claim 1 and a pharmaceutically acceptable carrier,

25 22.  The pharmaceutical composition of Claim 21 further
comprising a second active ingredient selected from the group consisting of an insulin
sensitizer, an insulin mimetic, a sulfonylurea, an a-glucosidase inhibitor, an HMG-
CoA reductase inhibitor, an anti-obesity serotonergic agent, a B3 adrenoreceptor

agonist, a neuropeptide Y1 or Y5 antagonist, a pancreatic lipase inhibitor, a melanin-
30  concentrating hormone receptor antagonist, and a cannabinoid CB1 receptor

antagonist or inverse agonist.
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23.  The pharmaceutical composition of Claim 21 further

comprising a second aclive ingredient selected from the group consisting of a type. \4
cyclic- GMP—selecnve phosphodxesterase mh1b1t0r an a-adrenergic receptor

antagonist, and a dopaminergic agent.

24.  Use of a composition according to Claim 23 for the
manufacture of a medicament for treating erectile dysfunction in a mammal in need

_ thereof,

25.  Use of a compound according to Claim I in combination with a
type V cyclic-GMP-selective phosphodiesterase inhibitor, an ap-adrenergic receptor

antagonist, or a dopaminergic agent for the manufacture of a medicament for treating

- erectile dysfunction in a mammal in need thereof.

26.  Use of a compound according to Claim 1 in combination with
an insulin sensitizer, an insulin mimetic, a sulfonylurea, an a-glucosidase inhibitor,
an HMG-CoA reductase inhibitor, an anti-obesity serotonergic agent, a 3
adrenoreceptor agonist, a neuropeptide Y1 or Y35 antagonist, a pancreatic lipase
inhibitor, a mélanin-concentrating hormone receptor antagonist, or a canmabinoid
CB] receptor antagonist or inverse agonist for the manufacture of a medicament for

treating diabetes or obesity in a mammal in need thereof.

27.  Use of a composition according to Claim 22 for the

- manufacture of 2 medicament for treating obesity in 2 mammal in need thereof.

28.  The compound of Claim 12 wherein the pharmaceuticaily
acceptable salt thereof is the hydrochloride salt,

ST



