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| NVENTI ON The present invention relates to acyl ated piperi déhuagera0dat i ves,
their sywohzedssss and their use as nel anocortin receptor gMup&Rhoageni sts.
More particularly, the conpounds of the present invention are selective
agoni sts of the nelanocortin-4 receptor (MC-4R) and are thereby useful for
the treatnment of disorders responsive to 10 the activation of MC 4R, such
as- obesity, diabetes, male sexual dysfunction, and fenale sexual
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131- 141 (19&?1)a)leseemalpiytsﬁnh1ai<ﬁ1the phenot ype of the agouti nouse and t hese
m ce are obese; iii) the cyclic heptapeptide MI-11 (a non-sel ective MGIR

-3R, -4R, "and -5R agonist) injected intracerebroventricularly (ICV) in
rodents, reBa6&GRO OF THEKE VIENEOMer al  ani nal f eedi ng model s ( NPY,

ant agont St - N 1 ang. ol apomrdrif UTOE] e e Lhe MHATE et g cc
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with an a- NeBevBis (GROR¥RS] t4E ndl4r323%h rB@HtcR EOR-R PRI evePal RE Wh¥Al5e MC-
expressed in the brain, are the targets of POMC derived peptides involved in the
conirol of food intake and metabolism. A specific 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
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1R, -3R, --4R, and -5R and to attenuate food intake and body wei ght gain
over a 12 35 week period (I. Corcos et al., "BP228 is a potent agoni st of
mel anocortin receptor-4 -1. 29 August 2005 WO 02/ 068388 PCT/33%y8rei89854 and
significantly attenuates obesity and di abetes in Zucker fatty rats,"”
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erectile oéﬁflﬁtrz}%é inﬁtg; fe%dﬁ?gﬁratgeeélo&eﬂ[ﬁgﬁg/st@% H?ndnatict%t 9@légber coul d

rise to 47 year- 2000 ~Erectri e aystunction Can ari se

~from ei t hef1998amiC- Sﬁlsmsprﬂamgenmnyd&mgmmrm \@btﬁﬁﬁt 2bwewk agdich cases

bei ng pur e ocBﬁ¥%rthg@§nAClo%%%1 g%)%re [0k alsB oBRerfUERURS bi-AN Mecsgases from

40% at = age t %0 @ a%P over _75% occurri ng I n men over t he
age of150. kngskepi miceaevaahee P@kﬁfb%ﬂﬂa‘ésﬁpﬁl dpidgrrodyction(Ghensidils 8% lonl y a

smal | nunmbegd obg paioiygnt s have received treatnment because existing treatnent
o T natl ves, SUCh e SRS e RS S BRI IRL o O
"ABC of seuxshidve penile erection sufﬁcxent for successful sexual intercourse. The term _
“impotence” is oftentimes employed to describe this prevalent cond1t10n '
- 20 Approximately 140 million men worldwide, and according to a National Institutes of
- Health study, about Sb miHidn'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-
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Erectile -Dygf u.an £ " Current Opinion in U ology, 7: 349 353 (1997)].
product und C | devel opnent by Zonagen is an oral formnulation of

t he al pha- adr enocept oPtlantphgmrticsiogihbnippbahtaie tlm&yitﬁie@t ofmgkertild he brand
name of 520 ULRXL S for .t he treatnent
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whet her - t heyoral Ph&irﬁl%@fhe@ap? %Eﬁkﬁfe@ﬁﬁﬂﬁﬁoﬁ) b Cunfeﬂf'b gig&% & Ur@lo%ﬁxfl%lé@—
response to 0.8y &8 ?tl mul a di scus'sion, see
| 333 (1997)]. A product under chmcal development by Zonagen is an oral formulation
of the alpha-adrenoceptor antagonist 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 |
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25 Therapeutic Taxonony of Treatnents for Erectile Dysfunction: An

Evol utionary Inperative,” Int. J. Inpotence Res., 9: 115-121 (1997)].
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sexual arousa ove
- mel anocyt @P@?ﬁrﬁr‘m eatsh gomaal Fpel @ﬁa%@exmbarpamaarﬁhw(mwsmﬂy,,the

centrally acting o-melanocyte-stimulating hormone analog, melanotan-II (MT-1I),

20~  exhibited a 75% response rate, similar to results obtained with apomorphine, when
injected intramuscularly or subcutancously to males with psychogenic erectile
dysfunction. MTIlisa synthetic cyclic heptapeptide, Ac—N]e-c[Asp—His—DPhé—Arg—
| Tr_p—Lys] NH'), which contains the 4-10 melanocortin receptor bmdmg region
. common to o-MSH and adrenocomcotropm, but with a lactam bridge. Itis a non-
25 selective MC- IR, -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 circulati_bn when
35 given by the oral route. .
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Hor none Agf@gd10650n Penile Erection and Sexual Desire in Men with O ganic

Erectile- If)ysfuncti on," Urol a 56: 641-646 (2000)]. Conpositions of
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2000): WOBI7YS tsts of receptor and thereby useful for the treatment of

cﬁseases and disorders, such as obesity, diabetes, and sexual dysfunction, including

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 compliance, short onset of action, reasonably long duration

25  of action, and minimal side effects with few contraindications, as compared to agents
now available. | |
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15 (27 Septenber 2001); WO 01/70337 (27 Septenber 2001); and WD 01/91752 (6
Decenber 2001) as agoni sts of the nelanocortin receptor(s) and particularly
as selective agonists of the MZ4R receptor and thereby us&fAHIustdP0x he
treatment of diseases and di sorders, such as obesity, diabetes,-and sexual
dysfunction, including erectile dysfunction and femal e sexual dysfunction.
20 Because of the unresolved deficiencies of the various pharnacol ogi cal
agents di scussed above, there is a continuing need in the nedical arts for
i mproved " -conpositions to treat individuals suffering from
psychogenig%gﬂggiﬁﬁﬂg?g A INEENAIONy sf uncti on. Such methods shoul d have

w der applicability, enhanced convenience and ease of conpl.iance, short
onset of action, redsdHshaspestoplytheupreserdninyention providesn a semiperindi Bl si de
effects wit Lmdi cations, as conpared to agents now avail abl e.
30 . 35 29 Rsl%ﬁﬁ“trﬁg%@a%wmv OF THE I NVENTION A first aspect of the
present invention provides a conpound of structural forrmula I: 20 or a
pharmaceutically acceptabl e saltxthereof;r wherein r is | or 2, sis 0, 1,
or 2; 25 nis 0, lor2; pis 0, 1'Nor~2; R is sefkcted fromthe group

consi sting of hydrogen, am di ng+y G AMal kyf ifmNnoyl;, -Cl1-10 al kyl ,

(CH2) n-C3_7 cycloal kyl, (CH2) n-phenyl . apht hyl , and
(CH2) n- het er oaryl wherei n heteroar -+ Eron1the group consi sting
of ‘

20 S \ o (1)
- 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) pyrdinyl,
2) furyl,
; (3) thienyl,
(4)  pymolyl,

.' (5)  oxazolyl,
; (6) thiazolyl,
(1)  imidazolyl,
(8)  pyrazolyl,




(1) pyridinyl, (2) furyl, (3) thienyl, (4) pyrrolyl, (5) ékazolyl,- (6)

thi'azolyl, (7) im.dazolyl, (8) pyrazolyl, 29 August 2005 WD 02/ 068388
PCT/ US02/ 05724 (9) isoxazolyl, (10) isothiazolyl, (11) py?9Auadst®p0s (12)
pyrazinyl, 5 (13) pyridazinyl, (14) quinolyl, (15) isoquinolyl, (16)
benzi m dazolyl, (17) ' benzofuryl, 10 (18) benzothienyl, (19) indolyl,
(20) benzthiazolyl, and (21) benzoxazolyl; in which phenyl, naphthyl, and
het eroaryl are unsubstituted or substituted with one to 15 three groups

i ndependent | yweeksessed from R3; and al kyl and cycl oal kyl m@frfusesidssadbsti t ut ed
or substituted with one to three groups independently selected fromR3 and
ox0; R2 is selected fromthe group consisting of 20 phenyl, 25 30 35

napht hyl , and '

9  isoxazolyl,
(10)  isothiazolyl,
(11)  pyrimidinyl,
(12)  pyrazinyi,
5 {13) pyridazinyi,
- (14)  quinolyl,
(15) 1isoquinolyl,
(16) benzimidazolyl,
(17)  benzofuryl,
10 (18) ‘benzothienyl,
{(19) indolyl,
(20) benzihiazolyl, and
(21) benzoxazolyl;
in which phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to
15  three groups independently selected from R3; and alkyl and cycloalkyl 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) - pyrimidiny,
(12)  pyrazinyl,
35 (13) pyridazinyl,



het eroaryl wherein heteroaryl is selected fromthe group consisting of (1)
pyridinyl, (2) furyl, (3) thienyl, (4) pyrrolyl, (5) oxazolyl, (6)
thiazolyy, (7) imdazolyl; (8) pyrazolyl, (9). isoxazolyl?29AygegRo0s

i sothiazolyl, (11) pyriraidinyl, (12) pyrazinyl, (13) pyridazinyl, 29
August 2005 WO 02/ 068388 PCTI US02/ 05724 (14) quinolyl, (15) isoquinolyl,
(16) benzim dazolyl, (17) benzofuryl, 5 (18) benzothienyl, (19) indolyl,
(20) benzthiazolyl, and (21) benzoxazolyl; in which phenyl, naphthyl, and
het er oaryl areouwnssdsstituted or substituted with one to BaidoFeeagr oups

i ndependently selected fromR3; each R3 is independently selected fromthe
group consisting of Cl-6 al kyl, (CH2)n-Phenyl, 1is (CH2)n-naphthyl,
(CH2) n- heteroaryl, (CH2)n-heterocyclyl, (CH2)nC3-7 cycloal kyl,

(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),



hal ogen, 20 OR4, (CH2)nN(R4)2, (CH2)nc=N, (CH2)nCO2R4, NO, 25

(CH2) NNRASO2R4  (CH2) nSC2N(R4) 2, (CH2)nS(O pR4, (CH2) nNRAC(O N(R4) 2,
(CH2)NC(O)N(R4) 2, 30 (CH2)nNRAC(O R4, . (CH2)nNRACO2R4, 29 August 2005

(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 2005 WO 02! 068388 PCTI t| S02/ 05724 CF3,

CH2CF3, OCF3, and OCH2CF3; 5 in which heteroaryl is as defined above;
phenyl , naphthyl, heteroaryl, cycloal kyl, and heterocyclyl are

unsubstit ut edWV@e2088BSt i tuted with one to three substituemcsusengependent |y
sel ected from hal ogen, hydroxy, oxo, Cl4 alkyl, trifluoronethyl, and Cl1-4.
al koxy; and wherein any nethylene (CH2) carbon atomin R3 is unsubstituted
or -substituted with one to two groups independently sel ected from hal ogen,
hydroxy, and 10 4 al kyl; or two substituents when on the sane nethyl ene
(CH2) group are takeoFs,together with the carbon atomto which they are
attached to form a_c(yﬁé@@:opyl group; each R4 is independently sel ected
fromthe group consi8&3n%né)f hydr ogen, 15 Cl1-6 al kyl,

OCH2CF3;

5  in which heteroaryl is as defined above; phenyl, naphthyl, heteroaryl, cycloalkyl, 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;



(CH2) - phenyl, (CH2)n-heteroaryl, (CH2)n naphthyl, (CH2)n-heterocyclyl,
20 (M2)nC3-7 cycloal kyl, and (CH2)nC3-7 bicycloal kyl; wherein al kyl,
phenyl, heteroaryl, heterocyclyl, and cycloal kyl are unsubsi®Augtstdotsr
substituted with one to three groups independently sel ected from hal ogen,
Cl-4 alkyl, hydroxy, and Cl_4 al koxy; or two R4 groups together with the
atomto which they are 25 attached forma 4- to 8-nenbered nono- or
bi cyclic ring systemoptionally containing an additional heteroatom
sel ected fronw®o28¢838nd NC1...4 al kyl; each R5 is i ndepengemtsoyssal ect ed
fromthe group consisting of hydrogen, 30 Cl1-8 al kyl, (CH2)n-phenyl,

. (CH2) n-napht hyl, (CH2)n-heteroaryl, and (CH2)nC3-7 cycloal kyl; 29 August
2005 WO 02/ 068388 PCT/ US02/ 05724 wherein heteroaryl is as defined above;
phenyl, naphthyl, and heteroaryl are wunsubstituted or. substituted with one

to three groups Wheﬂﬁﬂﬁmmis)és 8ctined iRAle; ph&ry, BaphihyRlakd het@BilyI Gi¢C| 0al kyl are.
unsubstituted o n§1 Mwﬁﬁgm\fﬁw£1%%e£0wnéﬁ%ﬁvqg%ggﬂ?a_t#fgce ee(&cjg}enégy

selected from 0XO0:

unsubst i t ut ed oﬂ@lﬁ@éfﬁ%ﬂ@%@ﬁ%ﬁ@%ﬂ%@u@ﬁmﬁbgﬁﬁ%@mt |y sel ected
from hal ogen, nddpeosdsntlyasiettadTrom R wlozomdmemgmﬂﬂﬁmd(cgg):h@ﬁ iwi th the

Fing systom opt | ackyRiE EuREE ohBlol & i ehlp ERERENEAIERGR 0y ' ©
fromO0, S, and h%[f% al%/ydrclxy, Q @ﬂ‘%{agngv Cﬁfg‘é}’sf?gﬁﬁ?&‘?ﬂ tb"r Qwhel sting of
Cl -8 al kyl, (CHgien @3-33a0h9ttﬂonnh Eyth 8-meniiicR}imanbesrbicycicTiig systenpgptionaly, 15

( CH2) n- het er oar yéntaining an additional heteroatom selected from O, S, and NCj_4 alkyl; and

10 X is selected from the group cons1st1ng 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) nheterocyclyl, (CH2)nt N, (CH2)nCON(R5R5), (CH2)1C02R5, 20

(CH2) NCORS, (CH2)NnNR5C(O) R5, (CH2) nNRSC2R5, (CH2) nNRSC(O) N(R5) 2,

(CH2) nNRSSC2RS, 25 (CH2)nS(O) pR5, (CH2) nSO2N(R5) (R5),  ( CHE)AMQRS 2005

( CH2) nOC( I®)i&6¢ycly G M mOotOMORS] s@@t«u@dzwww{m) 2, 35 (CH2) nN(RS) (R5),
and’  ( CH2)BNRSAIEENGER)y £RSed e REiddhrbestakidreinsngsnddefléne@ tapave;
napht hyl,” and heteroaryl are unsubstituted wth one to three groups. .

i ndependektis ynsubpiaigted P pylsiuest wish @RS o e gigpt infercedenty el @® t hr ee
groups i nggpemdendbyy. seli€qtedkfirom R3; al kyl, cycloalkyl, and 10 .29
August 2005 heterocyclyl are unsubstituted or substituted with one to

' i ndi lent |y, sel ected f - ; in any
et hyl one (a2 1 Tperssedls TR e Rt ot T PNASEEE 2T
groups i notepeindagyirists swl @c paticulhrly ﬁfmmg?gmmwogmegg ﬁyl :
Th I F¥ :
regzgt gfygggﬁ_%??ésé&%%gar eygg%t{“?rgfj I%rﬁi}fa{a]ﬁecttﬁae g‘? agel_ ective -
mel anocor disprdarsrespamsive to thvecuRiion @6 MG AR, steiegs ehesity. Kiabates 2 WedleBul o

the treat pRi AT Ale RrEAWILRTAS in HEANMCHRIE SR8 ayMEndtonl he activation
of MC-4R, sucarl{ﬁas "ol?eégikty, IS)di abgt egl as well as 'nale and fenal e sexual

dysfunction, in_particular, male erectile dysfunction. A second aspect of
the present invent4 o¥cPrbwbrfet 04 lisepwsfend ingentppoupvidesdefiseedfiann the first

aspect for chHﬁodm%fd@ﬁﬁég & fifdt arrs%%i:tcf%g%m%t mgrg)urfacture 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.

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 'aspeét 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




the treatnment or prevention of disorders, diseases or conditions responsive
to the activation.of the nelanocortin-4 receptor in a mammal in need
thereof. A third aspect of.the present invention provides a&Z9%8eugf0G
conpound as defined in the first aspect for the manufacture of a

medi canment for the treatnent or prevention of obesity in a mammal in need
thereof. A fourth aspect of the present invention provides a use of a
conpound as defined in the first aspect for the manufacture of a nedi canent
for the treatment or prevention of diabetes nellitus in a manmal in need
thereof. A fifth 8gpgain0hspbli 0PI GbsehDRAHIBR PloWedes @eUse L a
conpound as defined In thg first aspect for the manufacture of a

medi cament cbopourtk  af defadenttho firg repeenin omighatival witha thesri] eycbiexual
dysfunction in a mammal in need thereof. A sjxth_aspect of the present

i nvention FMRSeledivg liswhgdicstestindiier BLandrFREdC rerePREPELYStaspect for
the manufacture of a nedicanment for the treatnent or prevention of
erectile d ' J: |, ] t hereof.. A seventh_ aspect of the
present inéﬁ%tﬁ ?génrhg)l@géép% 5‘3? es ealhghp ac(r%&rlrrgceuat .“‘831‘:&‘6‘8%%’& ti §5*WH ch

conpri ses eectdodpsfundionfin b heanimalsh naspeteoand a pharmaceutical ly acceptabl e
carrier. An eighth aspect of the present invention provides a use of a
conposition as defined above for the manufacture of a medi canent for
treating erectile gy NGt i mamal -in need thereof. . 11 29 August
2005 A ni neth aspe‘gt &g#ﬁt 6%|1E;r0ef2én ﬁrﬁs\?glntlf“c’)e tﬁpoefodéiesaaugsg 8% % conpound
as definedcbmpbinel fi nstdeAsq@edi the fanhipaat i0RoMibidatian tyile M GGk C-

GWP- sel ecti ve, phosphaodi esterase i nhi bitor, an a2-adrenergic receptor

ant agoni st SENSILIZEL, G8p ARFUHS GimBetgy eh sulfowlurpr amp@lwesidpee Bhibitoneds cament f or

treatin } Ctl |_.ihn re ept h aspect
of the gr eggﬁ qurfse%f}i?%%g%p?%lgﬁié%rg %n E%'g?%esgy %ggn%%%‘%c?f zf%gn éfil5 ng%:l in !to he
first aspeztreimeepidriagainiia wirbpguide Sludd WS as@peiitt, 2 @ancrédici iRt i n
mnetic, a sulfonylurea, an a-glucosidase inhibitor, an HMS CoA reductase
i nhi bi tor, 1“§ﬂm8ﬁt 9’8%‘8%?%‘“’%‘?3@8’(‘8 PRE IRGEROT anlaganista g @ fEHM or

agaont s t, @B??é&reg@?gﬁﬂag&isﬁor(?ﬁ e¥§e 2@%&9?&1 t%& 'mahu a%pu%% Eilrr(i:e li(': ae%ﬁ |
inhibitor, a"nelanin-c ncentra‘flng ornone receptor antagofi st, or a
canabi noi dfor. treating diabetes or obesity in 2 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




CBS receptor antagonist or inverse agonist for the manufacture of a
medi canent for . treating diabetes or obesity in a manmal in need thereof.
An el eventh aspect of the present invention provides a use ¥August2005
conposi t wanozassef i ned above for the manufacture of a nedicanent for the
treating obesity in a mamual in need thereof. 29 August BOHHS®WHIH 068388
PCT/ US02/ 05724 The present invention pay also relate to methods for the
treatment or prevention. of disorders, diseases, or,conditions
responsive.-to the activation of the- nelanocortin-4 receptor in a mammal
in need thereof by adginistering the compounds and pharnmaceuti cal

conposi tions of the %S@ﬁﬁenf HRIERtPH Maysalsh eclgge de anethpdsy art the rireatgentlos 0

rel ate to npthadsnfobdisbliers, HRa4sEL B cOditi on esi.t i abet es

el i tus, mgben sk dysiunct ion, gnd fﬁfﬁg%’%f’é%%tgﬁﬁeﬁ% lidbf 85"y -

admi ni stering the conpouRds hht wheeditheee! yndpusisteriogtheof the  present
i nventi on, CPREopRdsaMpharmantticn compodtiG® of BleqEschPinBidgds for the
treating erectile 1%9yp?£s*éﬁﬁdv°“ft%¥ adm ni s&eri ng tnhe conpounds and

phar maceuti cal gonposi tions of 't AT BREsHin relals dopeshodsTies the dwetment or |
i nventi on FETCRISROf ehesity disbetnsihadlitus,fmale sdyial dyRfinicin AmAGEhLE sedysf unction

by adm ni stdgsfuRgid LR S ent, i nvention in conbination
WoEfungid ey ef {‘%gg?l f’\?gé %&nllli)tﬁ)r?p E‘%?“JQP%%{‘H%‘F“H GPIRABURRSIS thye usef ul

with a ther?%euit.i call

to treat 15 the BEWYOHi on. The present invention can also relate to

met hods for the trealhd\refnt ifeRYG i i by adgi ni st er.ing the
conpoupgs g sf&ﬁioﬂrb?fsaﬁ%? J {év.tlanti on i G gé%?%ﬁ%%’?’fl%tﬁo@ﬁ f;‘yﬁt fRbpgpsttlecal 1y
effective amount of >anot e ,naégﬁtcowst@dﬂ’é‘aﬁ%@ﬁwcadpompmotﬁthetreat

t he condi t P@sent 20velien.pr esent i nvention can also relate to nethods for the

treating or preventi | tes. by adm nistering the, conpounds of the
present inyention inﬂ%c%ggleﬁg V%’ﬁl%cﬁﬂ of¢lale ipmgthoda finthefréatinpievetinount  of

CETAY e DR R N, i T B L o
t iR i e cki esent invention relates to
4- subs{d t uped N-.gc—l)(l at e(jrpi peri di ne ger:&\}/lg{?gi%{;hl?évé'f@{b&é’éefﬁﬁﬁ%ﬁ@Eor'ti'n
receptor agoﬁ?%ql M particul ar, as selective M:4R '
- The present invention can also relate to methods for the treating or
Qrevenung Obf_%Slty by administering the compounds of the present invention in

combination with a therapeutically effective amount of another agent known to be

qscftﬂ 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 -



agoni sts. - - WD 02/068338 29 August 2005 PCT/US02/05724 Y of the
conpounds of structural fornmula | nmay be selected fromthe group consisting
of hydrogen, Cl-g alkyl, L C2-6 alkenyl, 5 (CH2)nC3-8 cycl ozt Auglist 2005
( CH2) n- - pheiydsgsss (CH2) n- napht hyl , (CHZ)n het eroaryl, and
(CH2) n- het erocycl yl; 10 wherein heteroaryl s as def| ned® QBB BAd phenyl
napht hyl , and heteroaryl are unsubstituted. or substituted with one to
t hree groups independently sel ected fromR3; al kyl, cycl oal kyl,” and
het erocyclyl are optionally substituted with one to three groups
i ndependent]y sel ected from R3 and oxo; and wherein any methylene (CH2) in

Y is unsub%Pfthacertpeinds obsticubiemnils | ndependen Iy
sel ected from 15yaadgegen, hydroxy, and gygegafﬁ%ﬁ%ﬁﬂggrgu%ﬁ%%&tﬂ%ﬂ

t he corrpounds of fg ural formula I, Rl "can-be -'sélected fromthe’ group
consi sting of h gen,” C1-6 al kyl, (CH2)0-1C3-6 cycl oal kyl, and
(CH2)o. . 1- phenylczmﬂieayln phenyl may.be unsubstituted or substituted with

one to t5hree arewRs dhde |y selected fromR3; and al kyl and
cycl oal kyl are o t1°0h ?S 9§§ stituted with one to three groups

I ndependent | y sd-ERpegh *FID’é)m R3 and oxo. In a second enbodi nent of the
conpounds of st (CEbY-ak ]{ﬂ%ﬁrml a T, R2 can be phenyl or thienyl optionally

substituted wt o three groups independently selected fromR3. In a
class of this e?rgg@?ﬂ‘ré aﬁi%ﬁ‘gy be phenyl optionally substituted wth One

to three groups (CHg}ipﬁasteh@e diyl; sel ected from R3. 25 In a third enbodi nent of
t he coroun of str ural fornyla 1, X can be selected fromthe group

consi sting EiPl Cﬁn?@%‘/ﬁr anda»bnmymaphﬂ(yuami heteetaeylasr yl , 30
(CH2) nC3- 8 ungublsintateld}dr sultiuted with one to three groups independently selected from R3;

alkyl, cycloalkyl, and heterocyclyl are optionally substituted with one to three groups
- independently 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 (CH)o.1-phenyl; wherein phenyl may be unsubstituted or substituted with one to threc
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 w1th one to three groups mdependently
selected from R’. In a class of this embodlment rR? ‘may be phenyl optionally substituted

. 'with ope 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)q-phenyl,

(CH2)p-naphthyl,

(CHz)n—heteroaryl,

30 (CH2)pC3-3 cycloalkyl, and-
 (CH2)p-heteroeyclyl; -
wherein heteroaryl may be as defined above and phenyl naphthyl, and heteroaryl are |
: optlonally substituted with one fo three groups independently selected from R3;

| cycloalkyl and heterocyclyl are 0pt1onally substituted with one to three groups
. 35 - independently selected from R3 and oxo; and wherem any methylene (CH2) group in

214 -




(Cl12)n-heterocyclyl; wherein heteroaryl may be as defined above, -and
phenyl, naphthyl, and heteroaryl are optionally substituted with one to
three' groups independently. selected fromR3; cycloal kyl arf@ AeetPeiycl yl
are optionally substituted with one to three groups 35 |ndependently

sel ect edybHhomidigs and oxo; and wherein any nethylene (CH 7 E g@oug in 14 29
August 2005 WO 02/068388 PCT/ US02105724 X can be unsubst¥

substituted with one to two groups independently sel ected from hal agen,
hydroxy, and Cl-4 alkyl. In a class of this enbodi ment, X may be sel ected
fromthe group consisting of (CH2)0-1-phenyl, (CH2)O. .l-heteroaryl, (CH2)0_

1- heterocy eny. roar are optionally substl tuted
with one tgkékgtl k?\ré'{ea@&g;rs gtﬁlge? (%}ngb&glﬂg‘g é%/é‘@‘i’ 8Wupy HH@FP@ ehfbit saleptadclroth i s

opt i onal | y teldgen hydred, amzlct:mme ha dxmeﬁﬂwamuh geo@t '% ﬁ' ect ed

fromR3 ang, 2 sub or substl tute

gr oups mdepe%ge%?{pslsgg eé?géz ir%g%&)p cé[ﬂ 0c 1-4 al kyI In a
subcl ass ofl- hﬁlﬁﬁfgcﬁﬂ)dswherbﬁm;ﬂlemhanglhemmaqarmaé bpﬁon&ll'ﬂaﬁfbsﬁt&ft&ﬂym bhe Q€ to
compounds SR BEARY QP iRt eprb i heereapd 1 optipneuasibeel mont  of
conpounds ¥t hs%edeﬂlarﬁagroum wdependently mtddefromRéranﬂ oanmdrm@eg 1. In vet a
further enhogi t he present there may be
provi ded c gg%ﬁ;e&%& (g?’gﬁ%ﬁ grt‘?ru agﬁoflg e%ein[.}erg }‘FétearfEﬁfBat ed

relative . ?’@b&fﬁé‘f’ﬁ% alkghipgubeieef thiavlasy X ohendptionalbnt at i on
of the R2 s’ﬁbdutul@éd%fth@h@&ﬁﬁfé&%&‘éﬂps?ﬁ%@%&éﬁﬁ%& eetfd goﬂ%]gél la) or. a

phar rmltbeutl cally 8{%&%38&%?&&,& mento corﬂpoundso formulal Yca;l%elhygrroéen nis 0 1,

or 2, “pis 0, 1,
_ 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 -



Rl is hydr ogén, am di no, Cl1-4 alkylimnoyl, C1_6 alkyl, C5-.6 cycloal kyl,
.25 (CH2)0_1 phenyl, (CH2)0_1 heteroaryl; wherein phenyl and heteroaryl are
unsubstituted or substituted with one to three gr oups i nde@eridgust P05,

sel ect edwig@ms&3ds and al kyl and cycl oal kyl are unsubsti t‘#ﬁﬁjs%m%ﬂps“ t ut ed
with one to three groups independently selected from R3 and oxo; -

WO 02/ 068388 29 August 2005 PCT/US02,0572 t R2 is phenyl or thienyl
optionally substituted with one to three groups independently selected
from R3; each R3 is independently selected fromthe group consisting of 5
Cl-6 alkyl, (CH2)n_heteroaryl, (CH2)n-heterocyclyl; halogen, OR4, 10
( CHZ) nN( Ra) B2 1s hep@) erchirny! qpappylhGabsituted vatipyisNRASER Bhupg @ld@pamse)m( R4) 2,
( CH2) NSRprorh @92) NNRAC( O N(R4) 2, (CH2)nCG(ON(R4)2, . . .. -
(CHZ) NNRAC( O) R4, (CH2) nNRACCRR4, 20 ( CH2) nNR4C( O - het eroaryl ,
(CH2) nC( O) NRAN( R4) 2, (CH2)nC(O NRANRAC(O R4, Q(CH2)nC(O N R4) 2, CF3, 25
CH2CF3,  O@adh RAMEindependently selected from the group consisting of '
5 Cjy-6 alkyl,
(CH2)p-heteroaryl,
(CH2)n-heterocyclyl,
halogen, |
OR4,
0 (CH2)nNR*),
- (CH2)pC=N,
(CH2)nCO2R4,
(CH2)nNRASOgR4
(CH2)5SO2N®RHY,
15. (CHz)nS(O)pR4,
 (CH2)pNRAC(O)N(RH)2,
(CH2)nC(OINR4)2,
(CH2)sNRAC(O)R4,
(CH2)nNRACOORY,
20 (CH2)pNRAC(O)-heteroaryl,
' (CH)nCO)NRAN(R )2,
(CH2)pC(O)NRANRAC(O)R4,
O(CH2)nC(OINR4)2,
- CF3,
25 - CH2CF3,
o ' 0OCF3, and
OCHQCF3,
‘in Wthh heteroaryl is as defined above; phenyl naphthyl, heteroaryl cycloalkyl, and

- ‘heterocyclyl are unsubstituted or, substituted with one to three substituents
30 independently selected from halogen, hydroxy, oxo, C1-4 alkyl, trifluoromethyl, and

- Cj_4 alkoxy; and wherein any methylene (CHQ) group in R3 is unsubstituted or

‘substltuted with one to two groups 1ndcpendent1y selected from halogen hydroxy, and -
| Ci14 a]kyl or two substituents when on the same methylene (CH?) group are taken

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

-15-




OCH2CF3; in which heteroaryl is as defined above; phenyl, naphthyl,
het eroaryl, cycl oal kyl, and heterocyclyl are unsubstituted or,
substituted'with one to three substituents 30 i ndependent | y2%&iges2ed fr om
hal ogen, hydroxy, oxo, Cl-4 alkyl, trifluoronethyl, and <Cl-4 al koxy; and
wher ei n Woz’fﬂ%ﬁﬁé" ene (CH2) group in R3 is unsubstituted or substitutea
with one to two groups independently sel ected from hal og8AT/US)233xy, and
Cl-4 alkyl; or two substituents when o6n the sanme nethylene (CH2) group are
taken - together with the carbon atomto which they are attached to forma
cycl opropyl group; -15 29 August 2005 WD 021068388 PCT/ US02/ 05724 each R4
i s independently selected fromthe group consisting of hydrogen, Cl1-8
al kyl., 5 phenyl, heteroaryl, (CH2)0-1 heterocyclyl, and C3-6
cycl oal kyl ;ea i e heteroaryl . heteracyclyl, and cycl oal kyl
are unsubsti}eﬁiﬁggk glrd%bé%jeg%ggs]%%@tﬁitfé%%vﬁ@0'6@;%‘:”?55%95lpge groups i-ndependentiy
selected from hah)@@%‘??: Cl-4 alkyl, hydroxy, and Cl-4 al koxy; or two R4
groups toget her @ ghlithe atomto which they are attached forma 4- to
8- menber.ed nono- or bicyclic ring systemoptionally containing an
addi ti or?al het er®¥m sel ected from 0, S, and NC1_4 alkyl; and 15 "X is
phenyl or het er daterbargich of which is optionally substituted with one to
three groups i ' ed fromR3. In yet a further enbodi nent
of the corrpoundg@%%g(?‘ﬂgﬁ%rée/?g ’ |8Er11venti on, there may be provi ded conpounds
of structural f&&wﬁpﬁdpﬂgﬂ;or I1lb of the indicated relative
st ereochem . i i Vi the. trans_orjentation of the phenyl
ana 200t pcit At HERl, PSR b Ui Egcatet Sesins ey o
Suostituted with one to three groups independently selected from halogen, C1.4 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 NC{.4 alkyl; 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 structural formula Ila or IIb of the indicated
relative stereochemical configurations having the tmﬁs' orientation of the phenyl and
20  piperidinecarbonyl substituents: '

-
R% /I |
R X R
( N L (QFN
o= . or o m‘ ) |
o = o) :
A %
i 2]
A AV A
R RaF{

“or a pharmaceutically accéptable salt thereof;
wherein ' '
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O .a. pharmaceutically acceptable salt thereof; wherein R3 16 WO
02/ 068388 0 29 August 2005 PCT./US02/05724 r is 1 or 2; Rl is hydrogen,
Cl-4 alkyl, or (CH2)0-1 phenyl; each R3 is |ndependently selssued 2600m t he

group coasj@mmgof Cl-b al kyI 5 (CH2) 0- 1- heteroaryl, TUS020572
(CH2) 0- 1- heterocyclyl, halogen, OR4, (CH2)0-1N(R4)2, f& f&-l%’ *_LC-N
(CH2)0--1 CO2R4, (CH2)O0-1NRASO2R4 (¢H2) 0- 1SO2N(R4)2, (CH2)041S(O pR4, 15
(CH2) 0-INRAC(O) N(R4) 2, (CH2)0_1C(O N(R4)2, (CH2)0-1NRAC(O R4,
(CH2) 0- INRACO2R4, (CH2) 0-1 NR4AC(O) - heteroaryl, 20 (CH2)0-1C( O NRAN(R4) 2,
(CH2)0-1 C(Q NR4NR4C(O) R4, O (CH2)0-1 C(ON(R4)2, CF3, CH2CF3, 25. OCF3,
and OCH2CF3; 18 '
R1is hydrogel_l, Cj1-4 alkyl, or (CH2)0-1 phenyl; .

each R3 is independently selected from the group consisting of
C1-6 akkyl,
5 (CH2)0-1-heteroaryl,
(CH2)0-1-heterocyelyl,
halogen,
ORrR4, . '
(CH2)0-1NR%)2,
10 - (CH2)Q-1C=N,
- (CH2)0-1CO2R4,
(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_1NR4C(O)R4,
(CH2)0-1NR4CO2R4,
~ (CH?2)0-1NRAC(O)-heteroaryl,
20 - (CH2)0-1C(O)NRANR)2,
. (CH2)0-1 C(O)NRINRAC(O)R4,
- 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-



i n which phenyl, naphthyl, heteroaryl, cycloal kyl, and heterocyclyl are-
unsubstituted or substituted with one to two substituents independently
sel ected from hal ogen, hydroxy, oxo, Cl-4 alkyl, trifl uor.o2eslgukt208hd Cl-4
al koxy; and wherein any 30 nethylene (CH2) group in R3 is unsubstituted or
subst i t utyed oMhdshsone to two groups independently selecte ogen,
hydr oxy, and Cf—%palkyl;'or two substi,tuents when on thegggﬁgﬂ%gﬁkglene
(CH2) group are taken together with the carbon atomto which they are
attached to forma cycl opropyl group; and 35 each R4 is independently
selected fromthe group consisting of -17 29 August 2005 WO 02/ 068388

PCT/ US02/ 05724 hydrogen, Cl1-S alkyl,. phenyl, heteroaryl, 5 (CH)4 1

het er ocycl yl , an&ydﬁﬁﬁﬁacycloalkyl; wherein al kyl, phenyl, heteroaryl,
heterocycl yl, andcyallghl kyl are unsubstituted or substituted wi.th one.to
t hree groups ind%&gﬁgSntly"serected from hal ogen, Cl1_4 alkyl, 'hydroxy, and
Cl-4 al koxy; or tHi6™? groups together with the atomto which they are 10
attached form a 4wetdr@ar@; menber ed nono- or bicyclic ring systemoptionally
contai ni ag an aggidt, | m sel ected fromO, S, and NCl -4 al kyl.
IIIustra?ive butqg%%%?E?FF%§5§§§%%pes of conpounds of the present

invention that afe-as¥dloalkds nel anocortin-4 receptor agonists are the .
fol Low ng: 15,463, Q406A30A, fhidSut $RkoB0RR anBTAURRA £56RbdSich%: AUOuS!

2005 WO 02/ ,
substituted with one to three groups independently selected from halogen, Cj.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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PCT/ US02105724 WD 02/ 068388 and 5 or a pharmaceutically acceptable salt

t hereof. 29 August 2005 PCT/US02/05724 Further illustrative of the present
invention are the conpounds selected fromthe group consi s2dAaguef005 21 29
August 2Q08%.M6s62/ 068388 CI Me and . PCT/ US02/ 05724 5 or 9(:?;%@1?%3‘9% utically
acceptabl e salt thereof. The conpounds of structural fornmi

ef fective as nelanocortin receptor agonists and are particularly effective
as selective agonists of MC-4R They are therefore useful for the
treatment and/or prevention of disorders responsive to the activation of
MC- 4R, such as obesity, diabetes as well as nale and/or fermal e sexual 10
dysfunction, in pahticular, erectile dysfunction,. and further in
particular, nmale g tile dysfmngli on. Anot he pect of the pjesent

i nvention provid nethod for fle. t r eat nent’ preventlon gtmmpe5|ty or

di abetes in a manmy eed t-hereof which -22 t 2005y Thr oughout
the instant amaicati he, ow ng terngehave the i ndi(cajed meanings:
The al kyl groupsgfpdélfled]abo e are intended “No Pnc déﬂtho e al kyl .
groups of the deslgnated | éng either a stWalght or Drapgchest

configuration. Exenplary of .

. al kyl groups are nethyl, iyl , propyl,
i sopropyl, butyl, sec-butyl,

tiary butyl, pentyl, isop*. yl , hexyl,

i sohexyl,- and the |ike. The tefm "hal ogen" is intended to Hpclude t he
hal ogen atons fluorine, chlorine, brom ne and iodine.
ot Me, Me cl Me. Me

Me - : >L—Me~

N ' N
N {jh' N o \

0
" I e My

o o F ! O A_F
F F
C! Me Me ) CI
Me
' N o
E\N Me N o» C\N .
Me \” :
O a F O
F
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The term "Cl4 aIkyIininoyl"neans-Cl..BC(:NI-I)-. The term"aryl" includes
phenyl and naphthyl. The term "heteroaryl" .i ncl udes nono- and bicyclic
aromatic rings containing from1 to 4 heteroatons sel ect ed9fAugust B8AEr ogen,
oxygen and sulfur. "5-.or 6-Menbered heteroaryl" represents a nonocyclic
het er oar e¥@bi/sssigsng; exanples 29 August 2005 WO 02/068388P§§ﬁkM§g3£05724

t hereof include thiazole, oxazole, thiophene, furan, pyrrole, T mdazole

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

het eroaromatic rings include, but are not limted to, benzothi adiazole,

i ndol e, benzothnﬁphene benzof ur an, benzinidaégle, benzi soxazole, 5

benzot hi azol e, Mol ne, benzot e, | e, benzoXa i soqui nde| M purine
furopyridine and t hi enopyri di ne. TheMeerm "5- or nhered car Lyl

i ntended to incgﬁge ‘ jeNri'ngs cont ai -arbo-hatons such
as cycl opentyl

oy ~het term™"5 gn nber eo he erocyclyl” is
i ntended to i N& udH n@%% 10 tomfiti c hetero@?cl ctfit ai ni dne to four
het er oat ons sel ect ed frOﬁ]nlﬁ?O{ Foxygen and 'Sul fur. Exd8nples bf a 5 or
6- menber ed heterocyclyl includ peri dine, norpholine, thi phol i ne,
pyrrolidine, irnidazolidine, te hydr of uran, piperazine, a he |ike.
Certain of the above defined tergs may occur nore than once irg the 15
above formul a and upon such occurrence each termshall be defined

i ndependently of the other; thus for exanple, NR4R4 may represent NH2,

NHCH3, N( CH3) CHZGI and the Ilﬁg mwAn embodi mnt Qf the ter ;gnna in
Me

need thereof' is a man in , eﬁg thereof d human b ither

mal e or fermale: g0~ " conpgsi tTon" vs.-utlcal
conposition, is i g8 1O enconpass a pro ;#%N i g h active
i ngredient(s)M e i meftNi"ngyedi ent (s) Mé rrier, as

wel | as any produc@ Wi ch re
conbi nati on, conplexation or a ation of any two or nore
ingredients, or fromdissoci at of . one or nore of the
fromother types of reactions 25lor interactions of one or nmore of the

i ngredi ents. Accordingly, the phﬁrnaceutlcal conposi tions othhe present
i nvention enconpass any conposition nade by adm xi ng

Ci

¢ rectly or |l-hd|rectly0 ffomg

HN” "Me

Me Me Cl - ' g Me Me .
-Me. _ yLMe
N ' ' N
MeO Me N\n\‘\\
Me
F 0 : 0 F
F F
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a conmpound of the present invention and a pharmaceutically acceptable
carrier. "Erectile dysfunction”" is a disorder involving the failure of a
mal e manurial to achieve erection, ejaculation, or both. . SpppetBodsf
erectil evitysfiepsiki on  30. include an inability to achlevqwﬂriﬁ?hgﬁgin an
erection, ejaculatory failure, premature ejacul ation, or |n£% ity to
achieve an orgasm An increase inerectile . dysfunction is often
associated with age. and is generally caused by a physical disease or as a
side- effect of drug treatnent. -24 29 August 2005 WO 02/068388

PCT/ US02/ 05724 By a mel anocortin receptor "agonist" is neant an endogenous
or drug substance T© onpound t hade i ntelra W th a nel arodsrtin.
receptor and, initiate 4= pharnacolfoglecal res He characterbéﬁmi of _the

neranocortin,recogﬁfr el a rtin recepto ant agoni st is neant a
drug or a conpoyn at-"ppases.«th 5 nel anocorti epepi-ar - associ at ed
responses nornalfy ijdueed by & bioactﬁ* . Jhe Y agonistic"
properties of the conpounds of Ot EBsent i -Men wer € skired in the
functi onal assay described belo e functionaly assay dis inates a
mel anocortin receptor agonist fromra nelanocortin receptor “gatagoni st. By
“binding-affinity" is meant the ality of a conpound/drug to bind 10 to

its biological target, in the the present instance, the ability of a
conpound of structural. formula | to bind to a nel anocortin receptor.
measured in the b rm%ed bel o I are expr ?gﬁvas ICSU
"Efficacy" descri elatlwggfn ensity w ek _agoni ary in
receptors and wiiMh e :

enabl es drugs to_froduce ¢

categorized int® t roups, ¢  which cddseythemto as

receptors (binding finity) and-those that prdguce a sti
responses i nduced by agonists. Not all agonists of a recept&r are capable
of inducing identical |evels of maximl responses. Maxinal response

of events, which, % t he bi ndilegMef the dr t he receptide ,Méeads to
the desired blolog ef fect. TheM&ctional a i ti: e as

Binding affinitF or the co nds of therpresent inventjon were
t he response they
poNSes. Propertn s of conp
The term"efficacy"” is used to characterize the level of _ 20 maxi mal
depends on the EfflClency of receptor coupluﬂg, that is, fromthe cascade

EC50' s and the "ggon| st N O
, N o L
Me N Me \"‘ Me
Ho : .
F
, ¢ - Me Me
Me
and Q9 j N o N
N N “Me \n*‘
m = H @] F

5  or a pharmdcentically acceptable salt thereof. :
Further illustrative of the present mventmn are the compounds selected
from the group consisting of

-1 -



25 efficacy” for the conpounds of the present invention at a particular
concentration were neasured in the functional assay described bel ow.
Optical Isonmers - Diastereoners - Geonetric |sonmers - Taut.offerugue@hPounds
of structural formula |I contain one or nore asymetric 30 centers and can
t hus occuoagwesagenat es and racemi ¢ mxtures, single enantl-@RRHS

di astereoneric m xtures and i ndivi dual dlastereoners The present |nvent|on
is neant to conprehend all such isoneric forms of the conpounds of
structural fornmula I. Sone of the conpounds described herein contain

ol efinic double bonds, and unl ess specified otherwi se, are nmeant to

i nclude both E and Z geonetric 35 isoners. -25 29 August 2005 WO 02/ 068388
PCT/U802/05724§§one of the compounds descri ed herein may exist as

taut onmers such g€ ket o-enol t &at dser s. The W dual .tautenens as well as

m xtures thereof enconpasse ethin the ci unds of str al
formula 1. Coﬁ {s gf struc formula I10Oma eySepar atedi into their 5
i ndi vi dual qil) eQl, S'C o) or exanpl e fr LiQnaln crysthallization
froma suitable , f ¢xanpl e metW&nolNor et Ryl \ﬁceate or a

m xt ure thereof, or via chi®al” omat ogr aphy ' usMag an Optilcal¥y active
stationary phase Absol ut e stchem stry may be. deter @ by X-ray
crystal |l ography of crystaII|n- or oducts or crystalline intermedi ates which
are derivatized, if necessary, pwith a reagent containing ang10 asymetric
center of known absolute configuration. Alternatively, any stereoisoner of
a conpound of thg.general fornul ITa, 11g and Mo may be. obt ai ned
by stereospecific iian esi s usin@ @tlcally pu 5t arting %als or
reagents of kno absatu onf| Fon. 15 Sal : :
"pharmaceuti cal |y ac eptabl~ refers tao salts pf epdr ed
phar maceuti calM NCEmMAb Xi c bases s Neghi*n
organi ¢ bases and Hnorganic 3? c acids. S&Its deri ve,
bases include al um num ammoni cal cium copper, ferric, ous,
l'ithium magnesium 20 mangani ts, manganous, potassium Hi um  zi nc,
and the like. Particularly preférred are the ammonium calci@m |ithium
magnesi um potassium and sodi unf F

om
)1 norgani c or
f om[Lnorganl c

[o]

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 need thereof which

o -22-




E

salts. Salts derived from pharmaceutically acceptable organic non-toxic
bases include salts of primary, secondary, and tertiary am nes,
substituted am nes including naturally occurring substit ut2dAmustpess
cyclic am nes, and basic ion exchange resins, 25 such as arginine, betaine,
caffeine, choline, NN -dibenzyl et hyl enedi am ne, diethyl am ne,

2-di et hyl am noet hanol , 2-di nmet hyl am noet hanol , et hanol am ne,

et hyl enedi ai ni ne, N-ethyl -norpholine, N ethylpiperidine, glucam ne,

gl ucosam ne, - histidine, hydrabam ne, isopropylamne, |ysine,

met hyl gl ucam ne, norpholine, piperazine, piperidine, polyam ne resins,
procaine, purines, theobromne, 30 triethylanine trimet hyl am ne,

tripropylamne, trone andt \/% 0 f the
present invention is Eam ﬁlomé L%St?ﬂa)?p iéca Pe 8?%1&0“1“%?#%&5?%‘3&1“ cally
accept abl e meisategnesningsds, including inorganic and organic acids. Such

e et hanesul font o PRPRAAGSIEARLEa B OinfenaEIRRSRALL RO R o1
hy fl L ochl olr :c g;uﬂﬂs‘;fgf ﬂPﬁlﬁrﬁt@ lengile iny Ql.ilefr& Fféiﬂght Qrdirﬁrw%gedrmnﬁghraugn .

met hanesu | f@ﬁélpalkﬂ'—g% af thEhG \lﬁﬁ gus
2005 PCT/ L{S %?724 Q rrg lﬁ)ﬁt ot en?cet O“%@?%?E)H?yom Cc, sutcinic,
sul furic, |Q niy I‘Sl‘j’B lﬁﬂhéﬁylda“ flikgor oacetic acid, and the

l'i ke. Partl cuI arly pr?ﬁerefmdhﬂdj@n" i ihfended iMﬁ&hﬂ@thﬁWﬂ&?ﬁt@ﬁkCﬂumm

hydrochl ori ¢ I{H%I %thocﬁ%%e sulfuric, and tartaric .acids. It will be

under st ood $ha e references to.the conpounds- of Fornula I

are neant to al so |ncTIER)*§1m FE1gilikanoyll eedany CacidpNEDL e salts, such as

t he hydrochl ori de ‘sal ke n f.formula | are

mel anocortin recept orf%goﬁﬁ&gﬁ &@escg‘ggcﬂ%gaé’aﬁ@gﬂul in the treatnent,

control or preventi orﬂfllﬂfteﬁlls%@@@rﬂ”dn@ud@emsm}randbmydhdaromticemggnm ve to

the acti vatcb@ﬁanﬁﬁ X3 P ARS8 E@@l &R il ncl Ud' ng, but
g 80% PIo iy Rbos 39 AR Rltogh oG A Syl ace

are not d.to, Séa

di sor der s EMEHW&F% ftﬁ"l‘;%‘)?fﬁlc |f%%96nﬁ§l§tmawmk@ h¢*¢m@@uﬂ®pgmnlgs (by
reduci ng 15 appetite, increasing netabolic rate, reducing fat intake or
reduci ng carbohydrate ‘




craving), diabetes nmellitus (by enhancing glucose tolerance, decreasing
insulin resistance), hypertension, hyperlipidema, osteoarthritis, cancer,
gal | bl adder di sease, sl eep apnea, depression, anxiety, comuwstdﬁos
neur oses, insomi al/sleep disorder, substance abuse, pain, male and female
sexual dwed ensdssgn (i ncludi ng i npotence, |oss 20 of I|ibi dpcﬁrﬁg £iseatile
dysfunction), fever, inflammtion, imunenodul ation, rheumatoird arthritis,
skin tanni ng, acne and ot her skin disorders, neuroprotective and cognitive
and nenory enhancenent including the treatnment of Al zheinmer's disease.
Sonme' conpounds encorrpassed by formula I show highly selective affinity for
the nelano ortltné thhh%ﬁf % ItD}F relat ve to MC-1R, M- 2R M-3R, and
MG SR 25 WhHRROIRREde e QRIS igPRESE A%, RYEHE igH a7l Fonazie
tr e?t gent ofpyciaelei h%azolfsthladﬁizblea&umable @;radiaaf_ﬁef e, %gﬁﬂlzaﬂméiysﬁmﬁd on,
i ncluding er e dysfunct +Mal e sexual inc
i npot ence, glgtszingf m}cly%lezsg?f ghcg Ch%P%tE’f afoén%§stﬁﬁg?qh6% E"‘tl':"}n(;é(t,“f"i IIHBHECF{O
dysf unct i on'benzpisiadiasale dedole rheokethinpheive bémidfume, ehzianidadoe, befkzismarait, t o
achi eve ere ctile dysfunctlon

5 %Eh%ﬁ?lafdlécdgluﬁ)thhg rben%trﬁ%]g e§¥5§9§z8ﬁ5158§1%1§51? €, BIUISHT at or y

i ncl ude an ina I'eve or nan érection
failure, pr Pm@ﬁeéﬁlfb@éﬁﬂéi’mneor i nabl lity to achieve an orgasm An

increase-in erectile dysfapctq. ggﬁa,ﬂgmbéggggllbowlugq“eﬁ&% @?géﬂn&unerous

underlying causes, .including byt not |imted Gg @3 g
under | yi ng, m%%%mam@w&a%y S aﬁ%n&wahﬁﬁcy Qlegbil yn hexyb7 29

August 2005 WO 02/ 068388 t&aT fmm&aeﬁa;etedrhd@ﬁbtﬁw &linMadsdoancidisaase. and
(3) S|di: effe ulti fromdru treat nt resglon and ot her CNS
di sor ders. 3 g“‘%%’)?[%’gf’owlﬁ% tgfour, erﬁ%to@éé ecied from JfTPER f r om

mul tiple conmn@mdsu]fmclﬁanmpgesd;fgfijm nembereddesdrochd éndlide mpaidiad, ,

sexual rece @fb?u e |n t.he clitoris,
vagi na, per %drr%ﬂir al aOnrgmﬁ D%HH H% g‘%r%lg]g%ag?ﬁdﬁﬁ)% #tpﬁggr SERGHPFEREE on. In

particul ar, Hee and functional nodification of such trigger points
may di mini Sh the or JagiEGinRFEN b Rle deRnd RASE nfa %E&frrﬁ&gthﬁ%;d}lg%%g' c

cancer tleﬂq -Treat nent of female sexual. dysfunction wt

r ecept of> ag8P'Erformma aad ypen suchiacsnmence eathoisem shallbe dsfmededepradsnily af i on,
i mproved 1Otiwerisat thon foffexamiple, MR W mby repashitrigioy NHEH3, NEGHB)CHPCHY t he

refractory pet {heql bet ween
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.



orgasns; r sense, enmu e sexu dysfunction". also incorporates sexual pain,
prenature {abor, and dysmenorrhea. Adm nistration and Dose Ranges 15. Any
suitable route of admi ni st ration may be enpl oyed for provi digrggast 200mal

especi ally oBodaeggan W th an effective dosage of a conpounplcﬂﬁsgzthq7£r esent
I nvention. For exanple, oral, rectal, topical, parentera ocu

pul monary, nasal, and the |ike may be enpl oyed. Dosage forns include

tabl ets, -troches, dispersions, suspensions, solutions, capsules, creans,

oi ntments, aerosols, and the like. Preferably 20 conpounds of Formula | are
adm ntered orally or topically. The effective dosage of active ingredient
enpl oyed may vary dEEhBICHGORRILIn FRCCPIE { FE00ISAT iSaRpmBbimendogpIasy @ddrughe mode
of gd {n ni Stgﬁ@dtﬂ.rﬁg or t:dtsgs oﬁﬁgﬂsﬁdag@n@ebmﬂﬁ ssgéxs%ceﬂﬁté%tog%gﬁ%lhlxte%g tge
condi tion ea ' Suc 0S e ascertained readily by

person ski Ipﬁ%‘ﬁ‘%ﬁcﬂ i %?ISPC’“S% gicrcggﬁgﬂﬁla%@{?‘ﬂ JECePiRT-cBhfunct i on with
di abet es amb’lmrocoﬂnmpemjitc)t(f‘amagonlsﬂ’ 1:&1@51&21@&@61’ atonpemdithdtphedey tHee'S U![ ts g
are obtain oun res nventi o areamnls ere
2t "o da |y irhE oo BT BRNHE frptt s RrrDy nd £ B OB SORRERY | or arr
per dkl I gg(r:I agensf Thai“aginidticl properightof thqnoerip@nadlﬁ of the pmss:ntmx&nsomg»le& dofse or

I n divide t ﬂ%ﬁ | SR orm
In the caséﬂgéﬁéd Sﬁgﬂl%g %ofﬁal %E%éde@c bteg:'[walﬂlal §&§13ﬂ§§v\f Fﬁrsgﬂ]lg@%‘gcrs ally be
f r om about 20R@MOEPILi Igeenier asenihEOm BBgBNeRorlin @caﬁ»ﬁ@ranras@muosage regi nen
(rjraybbte ad] uls]ted to p']%“ﬂ:ﬁ'@c}%hﬁﬁffﬁ;lﬂﬁﬂ’Eﬁheém@%&%ﬁﬁ?'@?&%@ﬁx%@&%u agﬁggrg?tl ng
i abe | /or hyperglycema, as

di sord2$ mlta ééﬁf‘{ﬁ‘ic E l%‘?fFWF’éta‘P"ea% aqdey of 30@@5@&%Qy 35

sati sfact ostyuataahfdrﬁmwﬂodﬁﬁcaiorﬂdewh@mfﬁﬂnﬁzcelﬁgjg OBiﬁdﬁlgm;fﬁﬁSﬂggs/ tgfégl’iee nt

I nvention 02/ 3 10 29 August 5..PCT/ U

adni ni st'ergélﬁg?urgﬁé)\é\% rg%ggm%%qor’f‘fyoﬁ%rﬂ%wd&fl gﬁf’l g?sﬁ?%ﬂ?sfﬁg%out 100
mi | |igram PHew agd |%@¢wssdaﬁl%us body weight, preferabl'y given in a ;
singl e-dose or in diwg t I: o t ai ne
rel ease_form In the cgfg%c @%eslg}é@% V% fﬁhﬁéﬁﬂﬁwﬂ%&’aﬁh% ﬂﬁﬂﬁdose
will géher Hiosgsnoase %w&mﬁ@ e'esrov? 47 ey g%m thegsagisqumtesof remptonsgn@ms Thi s
dosage reg wmrthmﬁ@aﬂﬁﬁtys Hecdef iPhe YiotRrty it eRIIERdus B ROEKET C

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 responses. Maximal response depends on the
' ) efficien'cy 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 activities expressed as EC50’s and the “agomst
25 “efficacy” for the compounds of the present invention at a part1cular concentration
were measured in the functional assay described 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_



response. For the treatnent of sexual dysfunction conpounds of the present
I nvention are given in a dose range of 0.001 mlIligramto about 100

m | ligram per kilogram of body weight, preferably as a si m§lAagdogensoral |y
or as a nasal spray. Conbination Thera Conpounds of Formula | may be used

i n conbi r\a()iog@(,msth other drugs that are used in the

treat nent/prevention/ suppression or apelioration of the dli‘ggugggo\?ﬁ,
conditions for which conpounds of Forrml a | are useful. Such other drugs
may be 15 admi nistered, by a route and in an anmount conmonly used therefor,
cont enpor aneously or sequentially with a conpound of Formula 1. Wien a
conpound of Formula | is used contenporaneously with one or nore other
drugs, a pharmaceuti c¥Meehihe spmpernds dascaibsi hgreituehy oxitess taxtogsrsisnch

addi tion to hemr:@mspmmw@f TE@mM;audl b RS WeRiis nﬁﬁﬁeés%&gbﬁ/ﬁt he

phar rraceutlcal 0 of the 20 present I nvention 1 nc ose that
al so cont ai If n‘g cﬁrﬁ'ftb‘“cfgﬁé?mﬁ%'ﬂd\?é‘ fsgtwal fwpwlal i n addition to a

conpound of For mul a | .Cmspoaride of Qti'uo@drhlefbn@ﬁledl\éﬁa}) Meﬁ&'aﬁeﬁtlﬁtottﬁ@f may be
conbi ned Wi | for.the t nt or_ prevention of

und. of Far
obesity and |§%§F§%rems%]?]ﬁ? y%ﬁWW@Feﬁ@‘éP‘?@ F@tl%‘rfquﬂ aspdabie e
phar maceut i é@lwenfofq:@&amPMethami loneihy! ac2tatbot a ﬁ;ﬁﬁumheﬂebﬂbt ¢id chipal (a)°

nsulin, SenshiohiRS bl A0oflcbn PRARE BR00LS/ fedt Sniud e B 7E" 25

like), and &&h&ﬁﬁﬁﬁﬂ@@%ﬁ%b&eﬁyWﬁﬂ@@@%ﬁmMﬁﬁ@y@@hﬂﬁﬂﬁﬁumgEf@@ﬁ&ﬁnand

07427847, Gﬂtéﬂnéﬂhﬁé@@hﬁﬁ%ré&éiﬂaﬁ%ed@rfe@éﬁhﬁ ARRARLOL IR i3, (D) 1 neulin
uc

[ nsug‘?n m nmetics ur éas gI i pi zi de;

(d) ct uc8§mﬁae%wﬁﬁ%¢%P?§P§Wp§h%%u%§0%%e#3@@é) 35 (e) chol estero
| oneri ng agents such aﬂte(rnz)tlvHMGaﬁﬂﬁexesﬁgﬁlteﬁﬁﬁa cdrﬂﬂiﬁlﬁﬁto@'&% %eh@i‘é?ﬁﬁﬁhia )

sinvastatin ast at i fluv tin, atorvasta her ~statins),
(ii) sequesg rlﬁh?ﬂé }?ialﬁg?(gwy R am@@PE&‘?’TT%F’G‘%&‘{HBS’%“@S&I%Wgé}ﬂﬁﬁ@bi kyl -29
29 August 2008 NADILOZ m&&ﬂorﬁeﬂ'gehlsaﬂcﬁ&%ﬁébsolute configuration.

15 Salts
‘The term ' pharmaceutlcally 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- -



derivatives of a cross-linked dextran), (ii) nicotinyl alcohol nicotinic
acid or a salt thereof, (iii) proliferator-activater receptor a, agonists
such. as fenofibric acid derivatives (genfibrozil, clofi breﬂgeﬂ;ugfmaaﬁﬂ brate
and benzgfd #n@ksk. (iv) inhibitors of chol esterol absorpgldon.b0aL 2(’?xarrple
beta-sitosterol and (acyl CoA: cholesterol 5 acyltransferase |nh|{)|tors for
exanpl e nelinam de, (v) probucol, (vi) vitamn E, and (vii) thyrom netics;
(f) PPAR8 agonists, such as those disclosed in W97/28149; (9)
anti-obesity serotonergic agents, such as fenfluram ne, dexfenfluram ne,
phentertnine, and sibutramne, 10 (h) P 3-adrenoreceptor agonists; (i)
pancreati c PEPASeaihenie.qhesphotie rpraBiopid, peacae, sejfyric, tatadicngr behavi or

modi fyi ng aﬂﬁlﬁn%sulﬁﬂ?d"ﬁc@@ tﬂﬁh'ér@%ﬁb'a@ﬂ dd aaed:ke@aﬁfaﬁnﬂg?ke? V\% ga;gggggg VO

t hose disclased,.in WD 9 9682, 2

07120823, VI fARETS, by rqIpig, h ﬁ%‘iﬁ?ﬂwﬁ%\%%@‘@%nﬂfum and tartaric

mel ani n- conaw@dd.r ati ng horm)ne (MCH) receptor antagonists, such as those
di scl os in WO 01121 01/ 69; and orexi.n-1 pt or '
ant agonf\ft s; (k), PPA “éﬂl Eo%ﬁ\é%tg gﬁ% %?susﬁggﬁﬁﬁfrbéﬁcﬁeﬂce\?\% glﬁ/cggg?gnﬁbsy
A axo;  (1)oHRarylaihire gwanstiosimsndede thelpbdrmare WA 20&DbIA sts Ssachaoni n

reupt ake i nfi Bl ERLEIoSUcRa@S fl uoxetine, paroxetine, and 20 sertraline; (n)
growt h horm)nelysegrgt ago%ues such as MK-0677; (0) cannabinoid receptor

| i gands, such as cannabinoid CB 1 receptor antagonists or inverse

agoni sts; aggify) protein tyrosine phosphatase-1B (PTP- 1). inhibitors. 25
Exanpl es, of anti -obesity ag ‘g % that‘ ﬁan be enpl oyed in conbination wth a
conpount, of Formul a | Cam@oBRds ot fuayis farepaglanqeortybigeenter agewsimnl28besi t y

agents," Ex.plch% uiBefuThEthe tRatedit Sconio] 0:88vé&dibn (02 Q06 ses, "dWdY®ks @nt | - obesity

d " t .9: 1317-1326 "R
a(rj\ljgrslces i n qpns msp gﬂ%%? Ostgﬁg #"3%38%9 écnep%nlgﬁ{e ‘%%l?etlﬁél?ﬁ?fé)ﬁtﬁ Eeggli’tf”a?t egy for
the treat nmm:IUdﬁlDobme yot linited ®OMOpl NMCFAEMC-PAVIEM, or M5, Baidk- 1692 -

(2001) " Thessake, dgggdggy%q)gﬁ%?gﬁeﬂg doB QRESL hot hefeedl S@‘é%?;?&vylrg% o O 011

| nvest . Drugs, | n0| rece

di scussed |?‘PPE$%§9 INCpjaping maRfeholic f@PJ@@‘m@g faigggkelmg qcm;bOhEd@tml es of
ot her acti v@avingy, afiberk sedlina (Uirﬁ:)’]hﬁiﬂzn@@gl*ﬁb&%(%lé‘:&e{nbc %ecz%%?g)ilﬁeﬂnpf Formul a |

for the tr eraeglgtggéc) thp%{&’m o Elyperﬁ]}c)ldgr%;[lae o(s)treoart natlsecasngel gall bladder disease,
' sleep apnea, depression, anxiety, compulsmn, nemoses, msommafsleep disorder,
substance abuse, pain, male and female sexual dysfunction (including impotence, loss
20 of libido and erectile dysfunction}, fever, inflammation, 'iinmuncmoduiation,
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; inclnding erectile dysfunction.
“Male sexual dysfunction” includes impotence, loss of libido, and
erectile dysfuncuon |
“Brectile dysfunchon isa d130rder 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 erecmon ej aculatory failure, premature
ejaculation, or inability to achieve an orgasm. Ani increase in erectile dysfunction and
sexnal dysfunction can have numerous underlying causes, including but not limited to
(1) aging, (b) an underlying physical dysfunction, such as tranma, surgery, and

227 -



35 dysfunction, in particular, male erectile dysfunction, either
adm ni stered separately or -30 29 August 2005 WD 02/068388 6 PCT/ US02/ 05724
in the sane pharmaceuti cal . conpositions, include, but are_.nttAdgustizdbesd t o
(a) type V cyclic-GNP-specific phosphodi esterase. (PDE-V) _

i nhi bi t ows) 02kgsgdsgdi ng sil denafil and (6R, CT/USO2/05724

12aR) -2, 3, 6, 7, 12, 12a- hexahydr o- 2- net hyl - 6- ( 3, 4- net hyl enedi oxyphenyl) -
pyrazino[2',1":6,1] pyrido[3,4-blindole-1,4-dione (1C 351); (b) _

al pha-adrenergic 5 receptor antagonists, including phentolarni.ne and

yohi nbi ne or pharnaceutically acceptabl e salts thereof; (c) dopam ne

o OB B e AP P B R e b ageer ' ©
Conmposi ti on@epﬁwmidneancmthadtNSfdtﬁoh&npr esent invention provides
Hitisr b lie o R e T A
t he present anmﬁmﬁnﬁsmmlu@ogtiysfgmctmnon uipsirm dexofal Eoumll,l sexhalasceptiviay; tahy e

i ngredi ent Qbadn PHALERS Fﬁﬁ ‘I_jymgg ERLAR! Hohal l&%‘f ?f anandprrgﬁl%al SO

contai n a phirnmaceutica accept e carri er t her
t her apeut i cITigRgfr RIS Bf ﬁxuﬂ@ﬂ?@% MWMemmfmclwdémpnalmedzﬁaaﬂm"

refers to saisush ﬁt@@ﬂp&ﬂmﬁﬁ%ﬁﬁﬁ@ﬁ%h&ﬁl@|p>6te%89ifiﬁtb<’i‘é%'s %A%Q& dn@xi C bases

or acids inclu |nor anlc gﬁses or ds "and organi ¢ bases or acids.
The conposi &5 elgat g GET@B? @Kfl@)‘rd%f%mmﬁ withanr MCtdopi cal ,

par ent er al Iecmmmgt samesmamampsgvadrmmnﬂ@wLthymv@rldbﬂlémoﬁvletmweh ocul ar
20 (ophigh alé&&hon )t[;,(t {Oﬁg &nﬁ}%&: or buccal .. nha at |i§?f%’0

adni ni st ration, f 311 Cﬁ ?ﬁ?%ﬁ? “CP8{311% hleﬁe @R‘?EH a@@ew N
depend on tQIEa&m : e it -etrdTde et it 68 g
t he nature conve |entI resented I n
unit dos ageﬂ%@%ﬁgﬁdé 1%)‘%/%6%1?’%&% S%gﬁal Pgt-l;pp Ke ﬁn ;Pnd ﬁsnfﬂ%%%epl n the art
of pharmacy. 25 In practical use, the corrpounds of For mula | can be

conbi ned asAdhiRistagibhWad Dags Reh inintimte adm xture with a
phar maceuti cal carrier accordin conventi onal . phar maceuti cal
COﬁpOUﬁgl ng techni qued® %@E’g 3%# ARFYLIEERIONMAY breemployed oy P@@VI@@EﬁB

dependi ng anartinal, fespeviably ativemmraith an effecivealbsi®rof AdFhiposhd of ihePresBatd- -
1nvent10n For example, oral, rectal, topical, parenteral, ocular, pulmonary, nasal, and

the hkc may be employed. Dosage forms include tablets, troches, dispersions,
| , suspens1ons solutions, capsules creams, ointments, aerosols, and the like. Preferably
20 compounds of Formula I are admini stered orally ot“ 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 sktlled in the art. _ _

25. . . When treating obesity, in conjunctlon W1th dtabetes 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 mﬂhgrams This dosage

- regimen may be adjusted to prowde the optimal therapeutic response.
- When treatmg dzabetes 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

-28 - B




oral or parenteral (including intravenous). In preparing the conpositions
for oral 30 dosage form any of the usual pharmaceutical nedia may be

enpl oyed, such as, for exanple, water, glycols, oils, alcdatlgystd@voring
agents, RyB9LHMHMs ves, coloring agents and the like in tf ﬁ ﬁ@&ﬁ)%h ora
l'iquid preparations, such as, for exanple, suspensions, I'Xrrs and
solutions; or carriers such as starches, sugars, mcrocrystalline
cellulose, diluents, granulating agents, lubricants, binders,
disintegrating agents and the like in 35 the case of oral solid
preparations such as, for exanple, powders, hard and soft -31 .. 29 August
2005 WO 02/ GeREBEemdrt aday é%szgm%ﬁ@@lﬂbegt (LA palbizeans to stiouh1@heilligiaind or al

preparati onqaebaﬁ@axﬁro@faﬁfnﬁﬁcéo@y%lgm%réfbﬁwydqp&@ﬁaa ﬁﬁ#@ B8se (ﬁ% aHr?&dOf their
ease of adm ni stratlon tab Igts and cap sgé s"represen

advant ageoudOFPAIO 40 SEdETENH $a% BF ¥ RaiRe cHcass dema o faeﬁaﬁ&rq#aagdﬁg.aéah

carriers ar euoiuj syl alyldoyedill géneft@@lﬂee‘ﬂamtaabﬁtﬂlw ﬂiﬂ]ﬂgﬂﬁlsct@%(ﬁﬁ 38y

standardg aqueo %PorTfél %qa[ueous t echni ua% @LL b@ni and. .

pr epar at Pond LRI This SPses Tegioen iy jds 8r?f BRFBEHE  The
per cegt agg @¢spaetei ve conpound in these conpositi ons may, of bcour 58 be

vari ed and may conveni e per cent

of the,weight of the lﬁ?%ﬂeytﬁ%gmgﬁnoun &ﬁ?'%ﬁm%n gfng’ggﬁds (51% ]%gsseugh .

t her apeut i C APVCylion A vesoRolase 1o Ofgogh@hlltgﬁan t@ﬁb@ﬁﬂ@&mm@rmsage will

Tor  Examl 6T ooy S B e and the
or

i ke rra aI so contain a binder such as gumtragaeanth, acacia, corn starch
or gelatin; C@nﬁ;@mﬂfﬂlesmh as di cal cium 15 phosphate; a disintegr ati ng
agent such as corm st .C ac brjc such
as nmagnesi um st ear at e%f uﬁ&é@éﬁ’ ?Bn];m%g?ng %JBHO‘&@“@HSW& Oﬂ'lleé or
saccharin. Virne ﬁreaISdrbsa@)le tigatent/praventgondsupppessibe or tncharpticoof the disedsas

addi tion tog idiRleSr &BJCFQE?T@Q&%@S dFBEuA 1l lc%ruEfl S{hefh'r%?m%ﬁy%ef atty

oil. Various other materia e present as coating t he
20" phyd? capdmBysiFsE. t?mf@é%%@éﬂ@ﬁlﬁtmﬂmoﬁﬂmﬂ]é’ﬁ@édﬂlemfméts may be coated

wi th shel | agontesy@ahe@islyPRtRauddtisNy With@ cotlgoshd oﬁFMrrﬁlﬁH?[a'thﬂz{‘ addition to
t he active |$Fgr edl ?@ggﬂ;ﬂ;f{ 0se as a sweet eni n%‘f%aqe;%h nmet h and
pr opy| par ah&fEpgind % i yeegd coglemporagigusly wi ARPIS G Té%‘g%ﬁ‘erry or

orange flav pharmaceutlcal composition containing 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.



Compounds of fornmula | may al so be adm nistered parenterally. 25 Sol utions
or suspensions of these active conpounds can .be prepared in water suitably
m xed with a surfactant such as hydroxy-propyl cel |l ul ose. Di 2pbrgast@i85 can

al so be prepared in glycerol, liquid polyethylene glycols and mi xtures

t her eof wo 0onéssgs Under ordinary conditions of storage angtas®oihese
preparations contain a preservative teo prevent the growh of

m croorgani sms. 30 The. pharmaceutical forns suitable for injectable use

i nclude, sterile aqueous solutions or dispersions and sterile powders for
t he extenporaneous preparation of sterile injectable sol utions or

di spersi ons,

cases h e and nu t be fluid to.
ChePers oot Bkt Bh oSSR i LM TR bicolFy Mol Sege M lr RRalkr i he
C(r)]ndl tions thméomnm@ﬁﬂﬁmmraoﬁlvat&tm@g@ caogbmsmhotchbﬁ frogivet ieid a?al nst 3;5]
t he cont am ti r Qor su as.,bact er ungi . The
carrier - é@%@%ﬁ@%&f)‘%@c 8% %@ggﬁ@ 6@% %2 égﬂua%go 130 gl vent -
or di sper sicholestettil ahs@puomfaricngmpledetesitospid, anddial Codtdimbesterolpol yol (e. g.
gl ycero | Hgﬁ ig L, e
m xt ur eg BE@ Ft})é}rmg%%sg 1“@%8%2? %%iagﬁﬂcl)?fﬂg B é@l?@ugwg\? %'}oartl%guﬁ Rd of the

| nvention ihpyeppimedissiof structural fornmula | of the present invention

can be prepar ed accqibPARS Agbdifts MK 8888 dRbotEinfWhooms gy, Schemes and
Exanpl es, using apprOﬁﬂate faterials and are further exenplified by the

fol | owi ng specific eX&phitebesifyseraliaaiersip feeis. speh HferhEepinse edur es

deSCI’I bed idexf@eafiatamine ﬂﬂ@f&ehﬁﬁteraiﬁtmlﬂnﬁlnnﬂ;@ Appl i cation Publications WO
164098 (16 Decenber ?11@ and V\Q 00174679 (14 Decenber. 2000), which are
ncor porated by ref erBh B APaieRenTr 08I ent i rety, in .conjunction with
the di scl osur e cont ai(ngenbenid hpasemehibftorey dichas yriskiti | in the art can

readi | repare additi : e t | yred |
her ei n?/ 'FI)'hep corrpouna@qfa gtgéﬂéétgi%g%(ﬁ{yﬁﬁ‘hgems ?‘ﬁrﬁ 3 ngxr%@%ﬂt%(}vﬁﬂe%{éjrm to be
construed &5 FBagaAnivgs. Ych acthesf disgiesedsn Wato 7y 1596§6n‘§7CH%?/3@B?é)5W(Be i nventi on.
The Exanpl e3/20801 h&i0 91/Lugiy alve) ofledsss, vh Y1/ 14res phanakabien 1gf. the

C o gD et chpeenul o S AL, L Che St il a1
f ol | owi ng- diseRaedid WO leﬁﬁDﬁﬁSWOl/Q@l&&i%ﬂdbﬁbxﬁlﬁ—@ﬁ&fc@to& hesgog@spoUNds.
phar maceut i cal Iy 20 ARSI Al ook aﬂae@m%&é@éﬁ"{%&tbﬂ%. ously
her ei nabove. The fredhaRPARY antagonists as descnbed in WO97/10813;
_ " (i) serotonin reuptake 1nh1b1tors such as fluoxetine, paroxetme and
20  sertraline;
(n) growth hormone sccretagogucs such as MK-0677;
{0) cannabmmd receptor hoands 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. Opm. Ther. Patents 10: 819-831 (2000); “Novel ant:t-obestty drugs,”
EXp. Opin.. Invest. Drugs, 9: 1317—1-326 (2000); and “Rccent advances in feeding
‘ suppressing agents: ‘potential therapeutic strategy for the treatment of obesity, Exp. -
30  Opin. Ther. Patents, 11: 1677—1'6_92_ (2_{30,1).- 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 Ifor the treatment or prevention of male or fcmalc sexual
35 dysfunctmn, in particular, male erectile dysfunction, either adrmmstered scparately or
-30- B



bases-corresponding to the isolated salts can be generated by
neutralization wwth a suitable base, such as aqueous sodi um

hydr ogencar bonate, sodi um carbonate, sodium hydroxide, and®dgegegitdm
hydr oxi d traction of the liberated am ne free ba organi c
sol vent g%l?%&e §by evaporation. The am ne free base |50I§ I§£b§7?£|s 25
manner can be further converted into another pharmaceutically acceptable
salt by dissolution in an organic solvent followed by addition of the
appropriate acid and subsequent evaporation, precipitation, or 7
crystallization. Al tenperatures are degrees Celsius unless otherw se
noted. Mas smstb%&&m%aplqmﬁcmm@ ooEmpositiens.tycledes bt wnneidimied fodp) typs ¥/

spect r oscobyclia@NiPepRhfiassos b ARdeS. RARE aeAL RAuERAChuRapARdi Li ons”

nmeans coup@% a car ox ‘1 C aC| th an-am ne usi nlg ctivati ng
€8

agent such BRR)-2 @)éé’ ‘hhep- %ﬁh}fﬁifoa%ﬂleﬁé’ﬂﬁ S Srmethylesedipxgphenyl)-
di chl or onet faagné2’ 1 he, lﬁ:f a@aﬁbgﬁdcﬂe 1aaai@hwc §5&9h(b§§1 H@Ireuéfﬂgfc use of

protecting groups far t arb nC|onaI ties to
Pacilitate PR TR s HEME ﬁ*ﬁ&t ﬂ%@ f?er%rd) ePeas i s vel |
docunent ed. acCeptalvlt isaltesthereqfy (¢)elh ammeaﬁmpeormcomem {00l ag kdiAGcpAe ckound i n

-33. 29 Au 4 sta ext books such as
G eene, %%ﬁcéﬁg é%éé&%ﬁé@% tETI/e%S oups S quogﬁt?flgrsSy nt hesi s,
John W ey & Sons,,Inc., New. York; NY; 1991.. CBZ and BOG are com nonl y

used prot ecpﬂa@ﬂa@uggg%drgpdgfmgl c synt hesis, and their removal conditions
are knov(sjn to those skilTed rnthe art. For exarrple CBZ may be renoved 5 by

cat al yti% hydr ogenat i BROHFF SRt BF Hsariesenbinventairavides pharwaceutigaloxi de such
as pal | adi eompRitaat kWwiadhes s@mccbrﬂp@uﬂrcﬂtf'oﬁnﬁﬁlr\éﬁ@h pﬁb&%’hc@l%dﬁﬁ%vhanm or

et hanol . InaCC E%Sbﬁs mhere,gti:at alytic hé {Q[ﬁ\?natlon t}ls contraindi cated due. to
the presence P frer- el?hafléf“fegymf: SUPTHk PO RSSTH IREniPR_ npyal of CBZ
groups can @ngwisha caniploewdaof Wyrmula Eat aneseti vedgieders of mphﬁmaeéuti&mjf ogen _
brom de in ' Sl I 1 ure a

i ot ) o P 8L eftor MRSt B Bbe Yt o G ¢
strong Igci crndpepnally chti:rfthmm@@engr@dlanﬁSd thmdtph&mraccutmllm acc&ptahlpdr oglL t

chloride gagis I'Efe%s ﬁpéal’tﬁ“ﬁfegé‘éﬁ I’i‘rc@r?p%ﬂ%étﬁf&@llfﬁﬂc?ﬁthﬂl@noﬁqgﬁ@@%e’s 0Pl ethyl

acetate. Abbt altlons Used jn the scrlptlon reparatlon of th
Conpounds ! Hecluding prerganis bashy BTG STRANdEEEsiH Bsrs OB

The compositions include compositions suitable for oral, rectal, -

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 according to
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 pharmaceutlcal media may be employed, such as, for
~ ‘example, water, glycols, 0113 alcohols, flavoring agents, preservatives, colonng agents )
and the Iike 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 - _




Bu cal c; CBZ (Cbz) c-hex c-pen c-pro DEAD :I)I Ei\ :I)IVAPt DMF  EDC eq.
ES-M5 Et Et OAc t-butyl oxycarbonyl benzotri azol--1-yloxytri s
(di met hyl ami' no) phosphoni um hexaf| uor ophosphat e butyl cal ca¥/ages2005

benzyl oxycar bonyl  cyclohexyl cyclopentyl cyclopropyl diethyl

azodi car baoyd2akssss di | sopropyl et hyl am ne  4-di net hyl am noqyd']lmg]l -
N, N- di net hyl f or mam de 1-( 3-di net hyl am nopr opyl ) 3- et hyl car bodri’i n@aé
equi val ent (s) electron spray ion-mass spectroscopy ethyl ethyl acet ate -34

capsules and tablets, with the solid oral preparations being preferred over the liquid
preparations. . _ L ] _
' 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-



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-azabenzotriazole HOBt 1-hydroxybenzotri azasiAnghstdei e HPLC
hi gh peréergimpssgs | 1 qui d chromat ography LDA lithiumdii S?E"rﬂﬁ?ﬂ/@s’?}pe MC- xR
mel anocortin receptor (x being a nunber) Me nethyl MF nolecular fornula
M5 nmass spectrum M net hanesul fonyl ,OIf trifluoronethanesul fonyl Ph
phenyl Phe phenyl al anine Pr propyl prep. prepared PyBrop
brono-tris-pyrrolidino-phosphoni um hexafl uorophosphate r.t. room
tenperature TEA trifluoroacetic acid THE tetrahydrofuran TLC thin-|ayer
chr omat ogr afffhPe Feokvant shdisperaing Sefium PeNigiBingatas ekpaPIevAGH cheny pylael i n t he
synt heSI s Ofe.gd @@c@@m@w@aﬁlyéomgn@n@ﬁéebwew%&Ig%o fsusabGhikhals formul a
subﬁtlty ‘g_‘s arel?l defi ned abové unl ess ‘i ndi cated ot herwi se. 5
Reactlon scherret A VPeREha S 4 key step in the synthesis of the novel
conpounds of structural formula | of the present invention. As shown in
reaction, Sghe ASubstltuted pi peri di ne or
4- subst it uteo ' 6t~ t¥Pe 1 with a carboxylic acid
derivative of for rrul aTIZe admmlmsis af sttucmrel foonpladed thefpreenuintemtiah chobeul a | .
The am de bogtkeARRlkifs [EREk ARkt HEHE Miffhihd Seheh &G BAmFRIES | S

conducted i'n an appropr at e inert
appropriate materials and are further exemplified by the following spec1ﬂc examples.

Moreover, by utilizing the procedures described in detail in PCT International

10 Application 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. !

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
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di met hyl f ormam de (DVF), nethylene chloride or the Iike and maybe perforned
with a variety of reagents suitable for am de coupling reactions such as

O (7 -35 29 August 2005 WD.02/ 068388 PCTI US02/ 05724 - 29 August 2005
azabenzotriazol -1-yl)-1,1, 3, 3-tetranet hyl ur oni um hexaf | uor ophosphate
(HATY) ,  vo é235694dget hyl am nopropyl ) - 3- et hyl car bodi i m de hy ﬁ%ﬂ .

(EDC) . or benzotriazol- 1-yloxytripyrrolidi nephosphoni um hexa uo‘Fophosphat e
(PyBOP). Preferred conditions for the am de bond coupling reaction shown in
reaction Scheme A are 5 known to those skilled in organic synthesis. Such
nodi fications may include, but are not |limted to, the use of basic
reagents such as triethylamne (TEA) or N nethyl nor pholine (NMM, or the
addi tion of standasd dhanks suethesdSreaneh d pask Youts, PagabbnPottedine GhrougsHOAL ) or

1- hydr OXybe@?‘Q&?ﬁbgﬁiﬁhgsﬂI]W‘Wﬂe?& §5ﬁkaiﬂcv%éﬁv Y%)rk WSIQQ}U@Q RiPgHLdi nes or

4-substituted tetrahyd formula I 0 treated with an
active est e?Iec‘PPméE?fHY il m@étl%ﬁovwnf%aﬂlwﬁmw prd theirgerpovghi ch al so

af f ords COW’@@Lﬂi@@lSQire ﬁﬁdw@wﬂha&e Mldﬂlh@hdart-rﬁ&@dﬂrﬂ& oBne PupkdnGeghown i n
reacti o ?‘%8@38?% sual é uct ed at_te erat res between 0C and room

t enper at QE‘F’W PR \Pé‘?sgﬂcet%f OF L ORI IRl i ng
reaction | spallaﬁplm ah Iayumetﬂmb@dmfacproﬁ@salo&ﬁ sﬂth as msth%lim@unhanollin Wen 1 is

4-substit d b
o0t ULk AL ORN 0, 05,00 08 EUBL LG, RIHUSE 50
hydr ogenat i peteitiplly sadtivedtncigohlites, Etﬁwnbtbf CRZ lgydupacet asebe acdédvied baci d or

1 Xt t 3 . ti
(1Y) oxj e, Bl RRL Ptk 390RBR o RydTB bﬁﬁ‘?@dﬁ‘%&‘ﬁ@ R R A S

desi red4 o BEEHER TéFx%é%éwrdhsd%m@@& @rn@‘éalof Bupmptacting grasipais qaITiads a

hydr ogen, t be WiBPGroHO4E6, sach mmgﬁaa@éuosicw%afoahloh%&ul & Hydp®yy .be used
esi,s and deprotected un condi tj ons for lnstance

in the syn

usi ng trlflth?lag%%ﬁsrgl% Hel\tﬁu %d?ﬁgﬁf’“q? %ﬂ LRk OF Bt 298 hydr ogen
chloride in a solvent such as et hyI acetate at .room tenperature. 25 When
U 1S dest r ot l0; pLAPRLE: SANPAMNYT B PUUSLUEA o (LB ou Sk gD RL 1S
nodi fi usl?!i@g@i.ﬂ@ﬂﬂ%pdol ogy descrl bed beI ow in reactl on Scherre M V\D
02/ 068388 + HO -

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

34




H2, Pt20C EtOH AcOH ' (if required) (0O Schene A . HATU, HOAt, x DW )O
/R Reaction Schenes B-1 illustrate nmethods for the synthesis of the
carboxylic acids of general formula 2 that-are utilized in Zghﬂ‘elgmtﬂ@[é bond
coupling n shown in reaction Schene A. Reaction

iIIustra?ved%?éf ?onal 5 nmethods for the synthesis of 4- Stﬁ%ﬁo’é

pi peridines of general formula 1 that,are wused in that same step. Reaction
Schene . B illustrates a preferred net hod for the synthesis of conpounds of
general fornmula 2 whereinr is 2 and s is 1 such that the resulting
heterocycle is a 3-aryl-4-piperidine carboxylic acid derivative 10. The
synthesi s of 10 @A Thegi ns wi Unﬁazoeéﬁfgfrpdzai byl)awelaa!eh%m%fh Ri-Ghift er such
as 3. Cenerally a protecting er change of. an N-B group.for the
N-benzyl group is perforned h‘i’ﬁa&r‘%{q OSP Wus-a P-keto ester of formila 3 is
subj ected to debEme ati on by- Hyuwxggemby@zmﬁmﬁj ng a pal | adi um on-car bon
catalyst in a so t syste | -water under a hydrogen
at nosphere. The *I lting prlbjﬂyﬁ%?&a@e‘%f’\}? ﬁgﬁr tected as its terns 15
butyl carbamate H¥LEG BOC anhigHpedermanct higuth dsemaegaphp base and a

sui t abl e sol vent For exanp cconplished in a two phase

m xture of chloro oArm and ai(iﬁ%%ﬁﬁrsahgc}g&%}dgg‘f%ar bonate as shown..

| ncor poration of MGh&R3-aryl| . swhepartiemeeptor (hbeing panfberred m - two steps.
First, the j3--kp{o ester or Ryt s converted' to the corresponding vinyl
trifl at e 6 usin i f1 uoronet h?nesul foni c anhydride and an ‘organi c base
like N,N 20 dii g%%{opyl et hy| BRISCHRT formgia aprotic solvent such as methyl ene
chloride. The resisl ting Vi npasddpettnahe 6 is then subjected to a

pal I adi umcataly d Cr oss-cou {h % Lfeg@tlon with an aryl boronic acid ()
using a pal | adi u (11) cat aI?’g WTRHOBE [1,1' -37 29 August 2005

PCTI U502/ 05724 2QTAugust 2008&iftuoromethanesulfonyi

Ph ' phenyl

Phe phenylalanine

Pr propyl

prep. prepared | ‘

PyBrop . bromo-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.

5 _ o Reaction Scheme A illustrates a key step m the synthesw of the novel
compounds of structural formula I of the present mvenuon As shown in reaction
Scheme A, the reaction of a 4-substituted piperidine or 4-substituted
tetrahydropyndme of type 1 with a carboxyhc acid derivative of formula 2 affords a
title compound of structural formula L 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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bi s(di phenyl phosphi no) --ferrocene}di chl oropal l adiun{I1). Preferred
conditions for this reaction are the use of a .- 29 August 2005 .

t ol uene- et hanol - aqueous. sodi um car bonate. solvent systemat an eI evat ed

t enper at W@92/668588i nst ance 50-100C, for a period of 2-24 hg §s02

resulting aryl-substituted tetrahydropyridi ne derivative can be reduced
to a 5 piperidine such as 9 using a variety of known techni ques and the
met hod chosen will determ ne the stereochem cal outcone of the product.
For instance, hydrogenation of 8 with a palladiumon carbon catalyst in a

sol vent suc t han r Cl S- 4- di substituted piperidines of

gener al forgza\%%n%)m%cﬁelrﬂg&ﬁvg?)?m %ﬁ@wmﬂﬁg exatiugrophe Eﬁt FH Wsilng a

netal , such(%dlnmfa@ﬁemmupmpylmmmfbodnﬁﬁidmm: dreotl@UEDET e ffhdn%fmaé;lggl 8 an]g
roduces a idines o

1I‘O ormula 9. Tﬁ%@ﬁolﬁ%eﬁ‘h«g%pﬁ?eﬂg}ﬂ “%’i%’Bh?SrPQ QEV%@FE g‘i@&?}é rs may be

separated E¢BRRISIEr ﬁﬁ@ﬁﬂu@ bgndjrouphnmcﬂwx shovasiguentioy SepémeAized to

afford the Rugent m mxture.wth . a base |ike

sodi um met hoxi de. Olrt%%estﬁl hanol Q@gﬁ%{sh% sdllt}gcagfmse{n?%g}%{dﬁ’eb“&laﬁe or

trans 3-aryPoUimpitsseio; Hieqse @BPWWg@t%%}lcbrﬂS !1161 laingr @&Agict Wer a ci's or

trans 3-ar yinemyml hbﬂw@\mmb@mblaadﬁeh@f%a@&ﬂ% @dchfa%”@)dgo §n A L
SIS

e eroor PnkRoRbeBh SIS N B iR, dermasclproduced a6

racemat es aﬂd)s@ﬁutddqnpenmiyesbﬁ 4rametitved tét@al@ﬁfdi_iyﬁdﬁi&@ BE TRARIA LAY Ye PUT €
Pr.ef er.red. net hods i ncl ude

compou b t.he
resol u?flb(s)n %egﬁéc&r@g %PI rza ?S(lt)eﬁ 051361%(5%) E%f’é%#‘??xé' if pad davhichedlsd r om
aci ds 10 antfiegdeepmpdurssioh striterel fmnuhd a§eanﬁde béid @du shgshcﬁmhy phase

Liquid chr gi}aacém%a%eg@isqim&iy SHAERA B AmbbAfiredhd KB B bt yh,am ne 0 OTf
temperature, occasionally at elevated temperatures, and the couplxng reaction is

typically conducted for periods of 1 to 24 hours.

15 L 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.
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EtO H . H20 (1:1) (BOC)20 HC NaHCO3 CHCI 3/ H20 .BOC -39 WO 02/068388 7
B(OH) 2 Na2C0al Pd(dppf)2C .CH2CI 2 (cat.) toluene/ethanol/water 29 August
2005 PCT/US02/ 05721 My IN. MeOH .BOC NBOCC 1. Na, MOH r,,,29Aujudd2088 o0 c 2

2. ag. Na@hRBsB (trans) or Reaction Scheme C ill ustratescpuffrkes ed

met hod for the synthesis of conpounds of general formula 2 whereinr is 1
and s is 2, such that the resulting heterocycle is a

4-aryl - 3- plperldlne carboxylic acid derivative 17. The synthesis of 17 5 is
simlar to the one shown in reaction Schene B, and may begin with either of

the comercially available f -keto esters 1 12. Conversion of one of
these starting materials to the N-B Med pi peridine 13 is perforned
as shown and the resulting f --keto ester is subjected to the two-step.
aryl ati on protocol preV| ously descr F{bed to yield 15. Reduction Cp:f t he

doubl e bond of ng' conditig N HATU HOAL x
DMF Ow

- (la)

Hy, PLO/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°-
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10 appropriate for obtaining either cis or trans 17 is followed by ester
hydrol ysis which affords either a cis or trans

4- aryl - 3- pi peri di-ne-carboxylic acid of general fornula 17 28&ugimst2005
corresponds to an acid of general fornmula 2 whereinr is 1 and s is 2. The

cis or twansesessboxylic acids of general fornula 17 are pepgyeasias
racernates and either may be resolved to afford enantiornerically pure
conpounds by nethods known in 15 organic synthesis. Preferred nethods

i nclude resolution by crystallization of diastereoisoneric salts derived
fromthe acids 17 and a chiral am ne base or by the use .of .chiral

SCthI[E![ onzirlyB&}'ug? e | |y ﬁ@gﬁkg%oger%})%g% gﬁ col %{IﬁQ @ﬁgl{géCZOOS V\@OOZI 068388
Pd( dppf ) 2CI Z:aBHiRChi2 (th@tise)of. attoiuldﬁ@em@hdﬁadaplaéwﬁodfum E’airbonaté-solﬁ’tﬂt)s%texﬁ@ Et R3
16 1. Na, an g_'vated ten%‘perz'x%ﬁre for mstz}nzce %%T{OHngﬁ)?g%%ﬁo& B% bgf%oms The
resuiting aryl-substituted tetrahydropyridine derivative § can be reduced to a
5 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
10 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
15 affords either a cis or trans 3-aryl~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 - |
20 diastereoisomeric salts derived from acids 10 and a chiral amine base or the nse of
chiral stationary phase liquid chromatography columns.

Scheme B
' QAP“ Hp PdC o (BOGKO
L ) eHCl e «HGI  NaHCOjq
EtO0C I EIOHH,0 gtooo o .
o an . ~ CHCly/H,0
8 . 4 i
' _BOC - ThO - _..BOC
_ N e U : “N
: diisopropylethylamine -
EtOOC o ——= > . E00CT XY
0O ' : CHZC'_Z | . - OTH
_5_ 6




NaHCO3 CHClI 3/ H20 Tfo COREt 14 My MeOH 17 (cis) The synthesis of the N-BOC

protected carboxylic acids of general formula 10 and 17 illustrated in
reaction Schenmes B and C are useful for the 5 preparation df9Augtist@005
conmpoun ctural fornmula | bearing a variety of ents as
not ed a.l;%(v)g%%%yt he synthesis of certain title corrpoungé ’g)rﬁlggﬂt’%t ur al
formula I, for instance.when it is desired that RI be a ten-butyl group; it
is preferable -40 WO 02/068388 to incorporate that Rl substituent at an
earlier stage of the synthesis. The synthesis of a 1-subs ,
tituted-3- Ietoplperldlne 4-carboxylic. ester 2l)-is-shown. in :
reaction-Scheme' ®® AH§I’I mary am ne 18 bearing a desired R substituent
like a tent. butyl ...~ is7 reacted with eth 4pbror nobutyrate at el evated
tenperature in t s~ nce*"of a solvent 5 tp afford the I\I—ihibst"i’t uted et hyl
4-am nobutyrate 19. Tie “&(H)e ester 1 al kyl ated a"'8econd time
with ethyl brornoacetate in a high boilThg inert sol vent —such—2% tol uene
and in the preggnee.of a base such as powde pot assi um &de®@Hnate. The
resulting am ng )eﬁc‘ﬂ formul a R0\ardst hen cyclized using.an

i ntranol ecul ar, %@82 n to afforg Eer%dl nes such as 21. The

D eckmann 10 rea é'l:'ﬁ % rred using a stro ase such as potassium
tert-butoxide or the Iike, in an, aprotic solvent such as TUF at

t enper at ures bet ,\q@&ﬁterrper ature and the  bgihking point Bhe

sol vent. The resullting 1-substituted-3-ketopi pdiidine-4- carbolylic ester
21 corresporge Conpountl &, igeet aho (ﬁx La 5 shom%g\.\@tl on Schene
B, where the BOC grqup is replaced 3 esired R1 stifuent. 15 The
conpounds of gene Ial verteéd to co nds of

\forﬁ @F%%l then be

general formula 2 stl t uent s the BOC g\gu'pﬂausi ng the
reaction. sequenc8si IHsustrat ed in reaction me B. 29 Augyst 2005
PCTI US02/ 05724 | ° ¢

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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Schene D 2N'R 18 Br - CO2Et H R1,N . CO2Et 19 Br-,.C02 Et K2CO3' :
tol uene, heat Et02C-"--'N 20 Et02C KO-t-Bu, THF, rt Wien it is desirable
to synthesize a conpound of general formula 17 20 wherei n 4%a9BOZ0Yr oup i s
replaced with a substituent group R, a reaction sequence simlar to the
one il ustoai/edsdsn reacti on Schene C nmay be enpl oyed as S!ﬂe‘fﬂlsi)ﬂ 57£4eacti on
Scheme E. An am ne 28 bearing the desired RL substituent is first Subjected
to a Mchael' addition with excess ethyl acrylate in the presence of a
solvent such as THE or ethanol. The resulting diester. 22 is then converted
to a 1-substituted-4 25 ketopiperidine-3-carboxylic ester 23 using an
i ntranol ecul ar Di eck n reaction wunder conditions simlar to those
illustrated in reactfon Schene C. TheSehgineiG utgd pi peri di ne 23
corresponds to a compodited of general fornula 13xsheww in rﬁﬁ)ggi n-41 29
August 2005 WD 02/ 068388 PCT/ UBQ2Pd&Y24 Scheme CY wher ei n PREMEEC group s
replaced with t red R1 substityent. . T C ounds dalgederal fornul a
23 may then be converted to c U of generall fornmul a2 whege the Rl
substituent repl ace&%RE BOC grr@&;'q%si ng t he ne¥Redol ogy iél strated in
2 CHCIH0

reaction Schenme C. Sﬁherre ER ~CO2Et 12
Roc | THO | BOC
diisopropylethylamine
0 — - TIO"
CO,Et CH.CI, CO,Et
13 _ 14
3 . 3
Ft\ /R 7'
o B(OH)s N Mg
Na,CQg, - : : 3’ MeOH
- Pd(dppf)oCly.CHoCly(cat.)
toluene/ethanol/water - _ BOC
BOC - N
) 3- N ) o Ra’\ )
. R “ : - 1.Na, MeQH' . o‘f‘ ~
Rs_L N — . R™ &~ COgH
>  COEt 2 aq NaOH R
R : _ 17 (trans)
18 :
- : : : or . BOC-
, N

- R \ - -‘\\‘O
3. =
R CozH
R

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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EtC2 C"-'NR HN )O- 18 - EtOH or THE 22 CO2Et K Ot-Bu, JRL THEN 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.d%Awgedtétt®ed such

t hat t he wo esedstdsng heterocycle is a 3-aryl -4- pyrrolldlanﬁgﬁQ9%¥b4c acid
derivative (29). The preferred nethod for the synthesis of conpounds of
general fornmula 29 involves the 10 azonethine ylid 3+2 cycl oaddition
reaction of an azonmethine ylid precursor of general fornula 25 and a
substituted cinnam c ester 24. The azonethine cycl oaddition reaction of 24
and 25 affords the 3, 4- dlsubstltuted pyrrolidine 26, and the stereocheni cal
relatlonshlH)6$0¥ﬁéﬂ%ﬂwéR4ﬁubﬁmsmbﬁEmh@ﬂnmﬁkgebﬁﬁwEMMbymsdﬂwdwnémmsnﬂ i s

determ ned By dubiaiar 2REBEML ALY 4utidiGrceubl @%Pﬁ@godvﬁ' dRERLOAIRLE ester

24. Thus 15 t X trans ester tran
pyrrolidi nelofPERHEY amis kb E@Hﬁ&ﬁdes“Pﬁéuc%ﬁbﬁféf@%ﬁﬂfﬁﬁge@bngégmﬂan&t e ester

affords a cr@c&dcﬂmﬂﬂuﬁwbsbf&m@rm Bf éléwka@écﬂ% Erange ﬂe{helabie%@}lﬂ Sscpent G S Or
trans 3- ary cp# alldb{n H%ﬂbﬁgﬁlllc e ers Q neral formula 26 may be
resol ved® t o " AHF PR aﬁ‘i‘PFbt 8 AR gster L9aetepd such as
resol ution bikyktedst mcbndamemtmefthmemdemta&rmm lﬁglliTBdillhﬁ &@hts@w@ﬁf duégds 20
from 26 and, | e r y e of hlral
stationary aeglle'3 alh?l qui olPr Q%X%en%ftag%af%g P aS pﬁg%%’t"?ld: ﬂ'@

i |lustrat esf%ﬁ@ng@%nomgﬁ@safgmrﬁ formummram th@t@chzsﬁ uséng. anonverted to a
trans 3, 4- dirﬁ#ﬁﬁﬁﬁé&%‘iﬂe&&ﬁéﬂ'rh&hﬂﬁtc??ff&@ i e&ql%hr%f%ne 2%%”%%?8' Ut'O“

affordsléhe enantjonerically pure trans pyrro ter s

Fi nal | y t hEFagldqrets PegpIgehsing a stemeiiase o @épotaﬁmmrtermu@x@mtthaim s 27
and 2 .) -4 a?ﬂapﬁblgﬂﬁﬂv&ﬁ SR 108 &Q&%ﬁ@raﬁ% Béﬁ@gdn%gﬁ‘%elﬁﬁ&atm@in‘&l #eed to

e, cor ggfg bE BpR Ll s RS hnl eps My (6 Bl R R pipentine o> <0 2% SMOW"
carboxyhc ester 21 corresponds to a compound of general formula 5 shown in
reaction Scheme B, where the BOC group is replaced with the desired R substituent.
15 The compounds of general formula 21 may then be converted to compounds of
general formula 2 where the R1 substituent replaces the BOC group using the reaction
- sequence illustrated in reaction Scheme B.

Scheme D
H2N . R1/N\/\/002Et )
18 — is
Br COsEt - ; 1 . KO-1- - . ,R1
..__\_/___’;._ E0,c "1 THF,B:;’ Q
KgCOa, . ‘ ___________’_ C
toluene, heat 20 EtO,C EiO,C .

o

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
" toaMichael 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 ketopipeﬁdine-B-carbbelic 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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sone cases difficult to achieve efficient separation and purification of -

t hese 5 conpounds from aqueous reactions or workups. In thexsAwgasd@siit is
preferred to effect the hydrolysis using a reagent such potassium

tri met hylhs) daredsat e in diethyl ether. Under these condi tg@ngsd/agrpot assi um
salt of the carboxylic acid is produced which affords an easily isolated
precipitate in ether. The resulting salt is then converted to the
correspondi ng am no acid hydrochl oride by treatnent wi-th excess hydrogen 10
chloride in a suitable solvent such as ethyl acetate. Alternatively, esters
such as 26 y be converted directly to the am no acid. hydrochl orjides 29
inder aci di Sl o) EHTSIn RN T7EHB 5 TeHacHy Hith Pyreiositen Rl Rbbwlwat Fbe i o

achi eved bycqipdeagedgdRag fhramingl hay Gunaionated BYdnRehh@y dfGeasiad at .an
el evated te erfagéjrs. Fﬁr 'xa}er}%:te, t 'ﬁs rglaﬁ%(g@n rm%ibe conﬁ?lgjccf gd in 8 M
hydr ochl or i t“"%¢{&e ¥Petedhs By SEosyengfaplaces, ke YW Hing i srethodologyhen
cool ed and BlapairdiresattionGbemet® afford the am no acid hydrochl ori de 29.
The ami no acid hydrochl orides of general formula 29 correspond to an am no
acid hydrochloride of general fornul &éhasherein both r and s are 1 and may
be enployed directly in. the am de bond coupling. step illustrated in
reaction Schene A to produce the co(%%nds of the present,invention of
structural formula |. Seheme F 0 Rg MeO X- 1F94Csepagalfle isoners chiral
HPLC 20 R R -Me3Si HN~OVe 25 CRF3CORH, »eH2Cl 2 -43 29 A?tust 2005 WO

02/ 068388 EER EIOH or THE 22
CO,E
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 heterocycle 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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11 26 2) HCl, EtOQAc - or - aq. HO H 0 PCT/US02/0572-1 HCl r ;:'~ ? 3 29
R3 R3 Anot her preferred nethod for the synthesis of enantionerically pure
3-- aryl pyrrolidine-4-carboxylic acid derivatives is ill ustaSatugabt 2495 ‘
'reaction“%c In this synthetic nethod, a substitu i jc acid
of general (Pgo?%ﬁ?a 29 is first 5 derivatized with a chi r%ﬁq‘é{'&%}@%ry such
as (S)-(-)-4-benzyl -2-oxazolidinone LO . The acylation of chiral auxiliary
30 with cinnamic acids of fornula 29 is performed by initial activation of
the acid to afford a m xed anhydride. Typically acids of general formula
29 are reacted wth an acid chloride such as pivaloyl chloride in the
presence ofreayrabeed urtheasrtspording lamninmeridhgdionhlarides dfapherakiprmtia@9sol vent
such as Tl k. i Hediaken g | - pi val oyl anhydride is converted
to the pr oddtjscsthgggaéemrﬂebgtgtl on %15??9?%6_ oxazoli di'none 30 i'n the presence of
lithiumchloride, an Amineagase senelsl fsmular I%arp gvatkeriaicaddetetpraitdpinvent

such as THRson@WsdWMFARHGH aBMetSerfiRAtEh&MBh and BAREEALN bERREt Ween - 20C
and roo tenpera’ltlﬁiég for.periods of 1-24 hours, " Alternativel

y, the
oxazoki di nofferEsy OBAGYBPHIEGHRRLH WPENPS E&th%??@aﬁf‘ééﬁsﬁﬁfﬁl%wﬁfffst
but y! | th hi m%mrg}jﬁis%isiﬂg@\gehzf?dﬂﬂﬁi@tgﬂéﬁﬁgﬁﬂﬁﬂnd s%ﬁylsi?:_&gla@mbh‘l di&g elftl;%E.Ct ed W: t hI
a m xe a r.de obptajl.ne rom acl n n | . ori de |. K p1 val oy
ohlort de acONdst e BRABORne bRTRAGH 7A Bt BB Rar R G BhuERd MG, Pl 5 o1,
whi ch i s prafiudseah dagily dicldted petipttite seetiret HBwsresulsng badtis tleaciaderwdith t he
azonet hi ne i SQl. i: c i i bed in
reaction Sc%é%gﬂﬁ?gg%{égtgﬁjégép?%gg tg@@ﬁ?ﬁ%ﬁt@%@%@%%@ﬁ g “Qubsti t ut ed
pyr r ol i 1§ nedhlesidega aspiipble splventayciss ety agtaigs Alrpsugiiveiphestessechast2é 33 and

gfaﬁégr gi ﬁe&??gﬂé su éégﬁéceﬂ??gh% al | ?2 a?ingnj orh I igz%)i[llgdegﬁ(r:igrratio rIap yb)c/)n a
solid sup ﬁ?ﬂ%h%g%ﬁ‘éqrp}yé‘é Oggb[@_ésysgg%@#%@gg’gg?éy%@%gedirpaqiﬁg “iflans | somer

of the ci nnantentrags lthdodchiiaitescal atfrelvhad20np&ari®| Botesamplel hes fehdih St ep
Of o eact | 0Ny Sl 00 35k e bPRIEL RLebflf. HPRLLEH SGlornan
15 is then cooled and evaporated in vacuo to afford the amino acid hydrochloride 29.
The amino acid hydrochlorides of genefal formula 29 correspond to an amino acid
hydrochloride of general formula 2 wherein both r and s are 1 and may be emi)loyed
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
R1
_ MeéSi\/I{l'\/OMe'
oo — B
MeO™ V& .
= X}H“’ CFLCO,H, CH,Cl,
24 . R o o
separate Meow MeO._ ;o
~ isomers ‘ : \ﬂ
‘ . _ o . and 's)
chiral HPLC =~ ff g 70
27 W 28 7\J
20 R® R%. R 'Rs
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trans ci nnanyl oxazolidinone is then subjected to the azonethine ylid
cycloaddition wth an azonethine ylid precursor of fornula 25, the
products are the ‘diastereoisoneric trans- disubstituted pyﬁ%@&ﬂﬂﬁﬂ@%
related to 33 and 34_. 1). K OSi Me33Et 20 29 August 2005 WO 02/ 068388 chﬁge
G O R3 <o3dai val oyl chloride, Et3N,. THE O Ph Rl 25 L NL
CF3CCRH, %o@é&é?‘)é%ss Ph 34 Pl PCT] US02/ 05724 The azonetm%%’N@?q%d’m*

cycl oaddition reactions shown in reaction Schenes F and G are general ly
conducted with the commercially available 5 azonethine ylid precursor

N-(met hoxymet hyl ) - N-(trinethylsilylnethyl)-benzylamne 25 R = _CH2Ph).
Wen the Rl substituent in the title conpounds of structural fornula I is
chosen to be a group other {Han benzyl it is generally prleT erable to
remove the benzyl group f the R Mjé %e%rrol i din to_orrpggpd at . this
poi nt, and. repl aciC H&% vedpr otlectli ng group such "as
an N-BOC group. 10 Reatitidn Sche Gates thi prpcess with a
general i zed 3, 4-di subs®i pyrrol | d| n forrrul &P 3 The preferred

met hod for renoval of the ﬁ?uyl om conmpoundls -?;f—ﬂ@eneral formul a
32 will depend upon the |3 ntity of the R3 substltuents‘\qlf' t hese
substituents are uB8ffedtedby hydr ogenat i on cond2®i ong hen the N benzyl

group may be renoved by hydrogenol ysis using a pal | adi um on carbon -45 29
August 2005 Another preferred method for the synthesis of enantiomerically pure 3-
- arylpyrrolidine-4-carboxylic acid derivatives is illustrated in reaction Scheme G. In
this synthetic method, a substituted cinnamic acid of general fonmula 29 is first
5 deﬁvétized with a chiral aoxilliafy such as ($)-(-)}-4-benzyl-2-oxazolidinone (30). The
acylation of chiral auxiliary 30 with cinnamic acids of formula 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:;azolidinone 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- djsubstii_:uied pyn'olidioos related togs_ and 34.



WO 02/ 068388 PCTI US02/ 05724 a catalyst in a solvent such as ethanol and in
t he presence of hydrogen gas or a hydrogen donor such as formc acid.,
Cccasionally it maybe preferred -that -one -of the substi t29engsestB®She a
hal ogen r substituent defined above which woul d reactive under
hydr ogen@tﬁ@&%gﬁdl tions. In these cases, the conpound oi*’%_aé%g?/g?n% fornul a
32 is reacted with 1-chloroethyl chl oroformate in an inert solvent such as
tol uene at tenperatures between roomtenperature and 110C (O afson, R A et
al. J. Og. 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 the debenzyl ated pyrrolidi @ghemeg@neral fornula 35. The

resul ting pyrroI|d| ne 35 is then protected as its. 10 tert-butyl.carbamate

(L6) using BOC nhydrr deRar n theagt \@@ ]‘gorﬂ base ¢ d o surtabI§ ‘sof vent .

For exanpl e, ’ phas tuee o chI orof orm
and. aqueous s d| um b| - |n reactl 0 eng H T
oxazol i di none chiral. "auxid i ary I'S_next hy zed m he roI i di nes

of general fornpya 36 a shown™ at &, bot t reacti . The 15
hydrol ysis reaction is acconpli s’h@bl usi Ngg hydr operoxrde gener at ed
in situ fromlithium hydroxide ardF30% aq eo s hg:gr ogen peroxide. The -

reaction is typically conducted in a solven tem such as aqueous THE,
and the reaction is perforned at tenperatures between 4C and room
tenperature for a period of 1-6 hours. The resulting carboxylic acids of
general formula 37 correspond to carboxyksc g0 acids of general formula 2
where both r and's are 1. Using the nmeth Qo ogy presented i.n reaction
Schenme A, the conpounds of general fornufa gy then be converted to the
conmpounds of the presﬁﬂt iZ2ovention of gtr uraI formula 1. WD 02/ 068388 29

August 2005 PCB]éslSSQ/II\O\/Z(ZMeSCherre/!H Rlls - R3: As/epargte'ﬁlsorﬁgrs

— -
CE%)%H N\R1' liquid chromatography
oCla sy P
R3 R
j\ o N | ,
Q" N  and
. :
} . R
33  Ph |

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 upoo the identity of the R3
substituents. If these subétituents are unaffected by hydrogenation conditions, then

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



Pd/ carbon, H2, EtOH L. f R ON. 1. 1-chl oroet hyl chloroformate, toluene 35
sOC 30% H202, Li OH aq. THE As noted. previously in the discussion of
reaction Schene D, it may .occasionally be preferable to i reSokygestate t he R1
substi t uent |nto t he substltut ed pyrrolidine of gener al formula 37 at an

earlier G 0805sst Ne synthesis, for instance 5 when it is hat. R1
be a tert @utyl group. In such cases,,it is possible to u??ﬁi@ﬁ&aﬁ

azonet hine ylid precursor (25) beari ng the desired RL substituent in the
cycloaddition reactions illustrated in reaction Schenmes F and G Reaction
Scheme | illustrates the preparation of azonethine precursors of formula
25 starting wwth am nes of general formula 18. Reaction of the am ne of
formul a 18 Griekystip ashlvsnbvshiry cthanekangyin shd preseneg ohhysogeargse one bydroged i n

the absence d@ﬂior%@l:ﬁ/ gfordfd L5 4 SOc:éa@i%n&h}% It hﬁ@ﬁaﬁréfehﬁh 'ﬂi%& BMJ; oﬁl‘l@St ituted
am ne of general for 8. Subseq reaction aqueous '
f or mal dehyd&® SH“’PH@ %%ﬁ@é’g@? orn?é‘t0 é'F bsgifnk fifﬁ?g ab@EFeWh’éE? W@ 8si um
car bonat e t hentia ﬁxﬁi’ed ﬁydrbger@ﬁﬁﬂ E:@llldlﬁ@ﬂ; Vihitlsbsp E8H) (5O boﬁﬁoﬁﬁa Seef@nl be
o 7ol DR Loadd L L RCHL B0 ) SRR RRTL RGN B 80, MR
heat R1 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.
The oxazolidinone chiral auxilliary is next hydrolyzed from the .
pyrrohdmes 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
- Inreaction Scheme A, the compounds of general formula 37 may then be converted to
the compounds of the present invention of stractural formula .
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c Me3Si,, ,N H.37% aqueous fornmal dehyde K2C03, MeOH Rl Me3Si,.NvOWE 38
25 -47 29 August 2005 WO 02/ 068388 PCT/ U502/ 05724 Reaction Schenes 3--L
illustrate additional metheds for the synthesis of the 4-stiisistebed

pi peri di wesizebssgeneral forrmula 1 which are required .in thgy@bthahie bond
coupling step illustrated in reaction Scheme A As shown in Reaction. Schene
J, treatnent of enoltriflate 39 (prepared as described in:. Rohr, M;

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

[1, 1 - bis(di phenyl phosphi no) -ferrocﬁ@?@iﬂ@&ﬂoropal | adi um (11)

(Pd(dppf)Cl12) and potassgum acetate.in a polar, inert organig sg&;vent such
as nmethyl sul foxi de {ilgqout_ 80C under’ an inert atnosphere ',/Qr\ca peri od of
6- 24 hours provided heyavi ny i bqr, ol 40. Borol ane Jcan be
further reactedpw th aryl haf”ﬁﬁg%@g,ﬂﬁz,ﬁ& in thepr ' 3‘% a

pal | adi um cat al)@t such as tetrakis(?'r1 phenylghosphi ncfp | agi um (0)
(Pd(Ph3)4) and paasyi phosphate 1n an 1nert solv guch-a
NN- di net hyl f or i de gi ve thé tebfgreethytaryl tetrahydropyrjdi ne product
42. The tert-buty)oxycarbonyl pclibeaformategtaiupnean be 15\r enoveyy by any of
t he known net ho such t r eat AENEOM, tHezd protic acid ch as hydrogen
chloride in an iner32organic solvept such as ethyl acetate ofy
trifluoroacetic acid in methyl ena\/g oride to give am ne 437
Alternatively, it is sonetines de

/@bl to reduce the doubl e poad in
synt hetic int e(é@ebg e 42. This cag pefeffected by treatnent—Nith hydrogen
at at nospheric ated pjjessuref and a nddd® HEdal 280 | yst on car bon
such as pal | adNabGO) or p i oxi de i nLi%ﬂ-li nert origanfc sol vent
such as et haﬁeJ,—e{—hybacet\zip?' agetic acidor—mxtygres ther tq gi ve the

4- aryl pi peri GHB!I44,0Rermoval Npf th B8t - but gfjokifiEar bonyl t;jsfdii ng group
as described above provides ine 45. Both am ne internedi a %&,3 43 and45,

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 ear_lier' stage of the synthesis, for instance
5 whenitis desired that R! be a rers-butyl group. In such cases, it is possible to utilize o
an azomethine ylid precursor Qﬁ) bearing the desired R1 substituent in thé
cycloaddition reactions illustrated in reaction Schemes F and G. Reaction Scheme I
 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 tcmperatufe and in the absencé of solvent affords
the N-trimethylsilylmethyl-substituted amine of general formula 38. Subseqilént
- 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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used as coupling -partners in Reaction Scheme A. WD 02/ 068388 29 August
2005 PCT/ USQ2/ 05724 Schene J BOC Pd(dppt) Cl2. CH2Cl 2 cat. OIf KOAc, DMSO
39 HCI EtQAc 42 H2, PtQ2/C cat. EtOH AcOH R3b R3a 41 B29&ngstEdQ53Ph3)4
Cat A-0- Y~, K3PO4, DMF R3C Iw Rib R3a BOC H (JJHC1() EtOAc Ric 44 R3b
\R3a i Blazﬂ) sﬁkb Na As shown in Reaction Schene K, aryIP /8§J 2}503%3nt ai ni ng
substituents . ,

Reaction Schemes J -L illustrate additional mefthods for the synthesis of
the 4—subst1tuted piperidines of general formula 1 which are reqmred in the 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 (1)
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 atmospheztic 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 tert-butyloxycarbonyl protecting group as
described above provides amine 45. Both amine intermediates, 43 and 45 may be

= used as coupling partners in Reactlon Scheme A.
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wi th acidic hydrogens (e.g. and 48 can nodified by al kyl ati on under known
prot ocol s- For instance, treat ment of esters 46 or 48 with a strong base
such a lithiumb5 diisopropylam de at | ow tenperature in an2Rrepdst20§ani c

~sol vent swgbyéesssst et rahydr of uran can form an internedi at ep(ﬁ% étﬁ?o% \le ch can
be reacted in a second step with any al kyl ati og agent (B- ? suc

i odonet hane, i odoet hane, 1,2- dibronmoethane or the like to form t_he

correspondi ng al kylated product. In addition to ester groups, related

am des and functionalities that pronote the formation of a stable 10 anion

can be al kyl ated under sinilar protocols. _29 August 2005 WO 02/ 068388

PCT/ US02/ 05724 Br, 1, or OT-f Br, |, or Geeheme Jy B LG Rab / 0 Schene K 46
A =H alkyl Rs,-1 i. LDA THE [78C R3c OMVe 47 A=H, al k)HrDrIB | .. LDA, THE
-78C Ra Rah H. B-LGgBab 48 g@ |l ey! 49 ,gDICL ‘al kyI Ester )

i nternedi ates such _#is 47 a e further yyodi f g g | conversion to

the corresponding [car boxylic’ acids and goupl ed th am to form am des

as. described in Re orp(ﬁa%ﬁelaLCHCepv&&m o] the fef hymaaestéls. 47 and

oTi  KOAc, DMSO =
B Pd(PPh,), 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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5 49 to the carboxylic aci d can be effected by deal kyl ati on usi ng potassium
triinethylsilanolate at roomtenperature in an inert organic solvent such
as tetrahydrofuran for a period of about one to about 24 HSuugust200sr ovi de,
after acidification, the correspondi ng carboxylic acids. In certain cases,
a base- caloalnefds hydrol ysis known'to those skilled in the@flsiRY ? . used
to effect this same 10 transformati on, These acids may be reacted further
to form amdes by treatnent with a prlrrary or secondary am ne under a
vari ety of am de coupling protocols such as described in Schene A-to

provi de internmedi ates 50 and 51. -50 WO 02/068388 Scheme L 29 August 2005

PCT/ US02/ 05724 Br, 1, or OIf 1. K+( 3S| A, B Rda 47 A B = H, alkyl
49 A B=H alkyl 3c THER{=it NH(R4) 2 R34 HATU, HOAI DM
1. K+(Me)3Si O THE 2. NH(R4)2 HATU HOAt DI\/F 50 AB=H al kyl 51
Br, I, or OTf . Br 1 or OTf
A i. LDA, THF A B
“7800 : OMe
ii. B-LG Rl ‘
47
A =H, alkyl, B
BOC
N .
i. LDA, THF
-78°C OMe
—_— Rag
il. B-LG Rap
48 | B 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



A B = H alkyl Reaction- Schene Millustrates general nethods for the

el aboration of an Rl substituent follow ng assenbly of a conpound of
structural forrmula |I (wherein R = BOC) as described in rezcadgost 28chenme A
The N B ed conpound of 5 structural fornula |

depr ot e(?tq;ve(gﬁﬁénﬁggérs acidic conditions for instance by treat?r%l{[n‘lfsro%" i hydr ogen
chloride in ethyl acetate or using tri,fluoroacetic acid in

di chl or.ornet hane. The resulting heterocycl i c: compound of structural
formula | (Rl H may then be subjected to one of several alkylation .
strategi es known in organic chemstry. For instance, conmpounds (I) (R =
H nmay be utilized in a reductive 12chemedt i on reaction with a suitable
carbonyl containing partner (52). The reductive amination is achieved by
initial formation of ag | pi@s between t he ami ne of - f%rrrulé " (R =H) and
ei ther an al dehyde' or etone of for mg,hgw%@éhe inte frg imne is then
treated with a reduci ng ‘ag apaﬂ cing cafnb Ri ‘faogen doubl e
bonds such as soqi Ut .o.n EF1ydr| de TAFsodi ur’rgq S Kthd“ de and
an al'kyl ated 15 pr 68k ternatively,
a heterocyclic conpyfnd of struct gr aple(F%gul a (lhk, ( may be directly
al kyl ated usi ng an al kyl atéﬁg agenHA-,sLm 53 ina pol ar aprotic sol vent
such as DMF. In this react+on, the[ﬁybstltuent Z -51 29 ﬁ@gust 2005 WO

02/ 068388 PCT/ US02/ 0%/2=t, akylconpound 53 is a good Agawi,Rgygroup such as a

hal i de, nmesylate or triflate and the product is the corrpound of structural
formula.l bearing the. ‘Rl substituent. Scheme MBOC i HO EtOAc i (l) (RL
= BOO)R R3 52 Ra Rb AcOH, NaB(OAc)3H CH2d 2 _

' ' ﬁoc

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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-or RB R'Z 53 K2C33, DMF Z = halide, Ows, OIf, etc. The follow ng
Exanpl es are provided to-illustrate the invention and 5 are not to be
construed as limting the scope of the invention in any nard¥kugust2005 -

I nternmedi ate 1-7 was prepared as described in Schene N follow ng the.
general REQSREUEE described in Scheme F. 29 August 2005 E@gﬁ%{@%& 388 NH2
Step AN1 Me3SI N'"----10ve N2 Men PCTIus02/ 05724 Step t e r Step D
F 1-7.Step A: Preparation of N-tert-butyl-N(trinethylsiWrethyl)am ne
(N-1) A mxture of tent-butylamne (18.0 rnL, 171 nmol) and 5
(chloromethyl)trinmethylsilane (7.00 g, 57.1 mol) was heated in a
thick-wal l ed gl ass. _tube at 200C overnight. After cooling to anbi ent

t enper at ur e, ©fWENCERE 83 Bri gROMIGPENS GESD SRy ek halide mesylatpOriridlate aadithact ed
three tines mbilct @ ©F BYhpelfest sulibr:] oI EeLhaad B eXbstiache Were washed
with brine, dried (|ng04§) and the volatiles evaporated in vacuo.
Distillation (atnospheric pressure; --&3héheafy the residual 10 |iquid gave
the title conpound as a colorless liquid (7.67 g) Step B: Preparation of
N-tent. -butyI I\I—(nethoxyrrethylsbﬂ\l-

. X

T, e O

N )n N
0

EtOAc

= N V
| 1: \Q‘/\,‘J\RS I R1 =H \/Q/hij\ﬁs
() (R BOC)Ra/ \RS (M ( ) 3 \

0 Z

/U\ 5o _ R 53
Ra” “Rb | . KoCOq, DMF
- or -
AcOH, NaB(OAc)3H Z = halide,
C'HQCIQ - OMs, OTT,
: y o Y. etc.
R1
g
N )n
T—R3

R . g?

‘ The followmg Examples are provided to jllustrate the invention and

5 arenotto be construed as limiting. the scope of the invention in any manner.
Intermedlate 1-7 was preparcd as described i in Scherne N following the genera]
procedure descnbed in Scheme F
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trimethylsilylmethyl)am ne (N-2) -53 29 August 2005 WO 02/ 068388

PCT/ US02/0-72-t N-tert-Butyl-N(trinethylsilylnethyl)anaine (N=1) (8.47 g,
53.1 mol) was added dropw se, over approximately 30 m n, 2HAugastgp@ssure.
equal i zi i.td on, funnel to a stirred solution of aq el dehyde
(5.98 m@%f@ggé‘%évw. % solution in water, 79.7 nmmol) at g%@ﬁ% %@3 tool | ng) .
After 45 mn, nethanol (6.45 ni, 159.3 5 mml) was added and the resulting
solution was saturated with potassium carbonate. After stirring vigorously
for approximately 5 h, the aqueous phase was renmoved. The organic phase
was saturated with pot assium carbonate and stirred overnight. The reaction
m xture was poured into water and ext2ea@N hree tinmes with di et hyl ether.
The conbi ned organic extracts were washed with brine, dried (MSO) . and the
10 volatiles evapokated in ggguR. Di st ation (high vz {.é -TOC) of the
residual |iquid apfoldéd thet7tl e c‘}p‘ hbka$ Q:aolo i quid (3.50
g). Step C. Preparation of nethyl (3R/4S)-1-tert-butyl-4-(2,4-

di f1 uor ophenyl ) pyrrolidi ne- 3-car boxyl ate and-iret hyl (3S,4R)-1-tert 15

butyl -4-(2, 4-di fl uorophen, 1|Y)pyrrolidine-3-carboxyl ati¢ (N 3)
Trifluoroacetic acid (16 L, 1.51 nmml) was added_tq;a solution of the
product of step B (3\6%}9 15 1 munol ) and net hyl ) -3-(2, 4-

di fl uorophenyﬁ%gﬁ -- eno (2 99 g, 15Me ) nmet hyl ene chl ori de (60
m.) at anbie hﬁ;leﬁ\é %teBt&;ﬁsCh the rgactifon m xt uBepvds pour ed
into saturated 20 aqueous SOdI um Dbi car’Bonate a(ad eltradfed Three times with
met hl ene chloride. Thg-2 conbi ned organi c extracs g washed with brine,
dried (Na2SO4) and concentrated in vacua. Purifikg on of the residue by
~normal phase medium pressure |iquid chromatography on,silica gel (gradient
el ution; 0- 9% net hanol (containing 10% v/v anmoni ugm h xi-de) / met hyl ene
chloride.as eluent) gave the title conpound as a 25 colorless liquid (3.50
g, 78% . The racemic titled conmpound was resolved into its enantioneric
conponents using preparative chiral high pressure liquid chromatography on
CH RALPAK AD Phase (5 % i sopropanol | hept aﬂédas eluent) to give in order
of elution: nethyl (3S,4R)-1-tee butyl- (24- :

di f | uorophenyl ) pyrrolidi ne- 3-08{_180X t e enanH@iner (1.37 g) as a colorless
oil 30 followed by the nethyl \dv‘ :
(3R 4S)--1-tert.-butyl-4-(2, 4-di fl doro

.eny_IF) pyr‘.r ol i di ne- 3-

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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carboxyl ate enantiomer (1.1 S g) as a colorless oil. Step D Preparation of
(3S,4R)-1--ter -butyl-4-(2,4-difluorophenyl)pyxrolidine- 3--carbox lic acid
h drochloride salt (1-7) -54 Wc) 02/068388 29 August 2005 29°°0pL4i80% 05724
A mxture of the nethyl (3S,4R)-1-te-t-butyl-4-(2,4-

di f | uor oplasgpydes ¢! r ol i di ne- 37car boxyl ate. enanti o ner of. ?ggs&z‘m@% 37 .9,
4.61. nxnol) and potassiumtrinethylsilanolate (0.68

di ethyl ether (23 nL) was stirred at roomtenperature over ni ght. A
saturated solution of hydrogen chloride in ethyl acetate was then added,
the volatiles were evaporated and the residual solid used wthout further
purification in the preparation of Exanples detailed below SCHEMEL Step A

CO2H ~CO2Me CI BOC Y @x‘rfeﬂiBstYil\é(tlsméﬁlYBlls@@tm}fumm =1 (8¢ g, ©.Cmmal)5 - 55
29 August  20Q5 a3 AE6PHR3 8 cHebproximately 30.min, via a pressure 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
5 mmol) 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 cvaporafed 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-
difluorophenylpyrrolidine-3-carboxylate and methyl (35,4R)-1-tert-
15 . butyl-4-(2.4-diftuorophenylpyrrolidine-3-carboxylate (N-3)

Trifluoroacetic acid (116 4L, 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 femperature. 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-fert-butyl-4-(2.4-
difluorophenyl)pyrrolidine-3-carboxylate enantiomer (1.37 g) as a colorless oil

30 followed by the methyl (3R.4S5)-1-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-carboxylic acid hydrochloride salt (1-7) |
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F 1-7 Step F HO 11 PCTI US02105724 Step G Step H |i WD 02/ 068388 1-11

- EXAMPLE | 29 August 2005 PCT/US02/05724 2- i2- 1- 3S 4R -1-tert-bu |-4- 2

4-difluoro hen | olidin-3-.1carbon | i eridin-24- 1-5-chl or.®%fegudt2085ret h
| acet am bla Step A: Preparation of nethyl o
(2-br orm-qgt2 c%?%%sgphenyl )acetate (1 A solution of - PCT/US020574

" (2- brono- 5-chl or ophenyl Yacetic acid (1-1) (15.0 g, 60.1 nmol) and

concentrated sul furic acid.(0.150 nL of a 36N solution) in nmethanol (120
10 nmL) was heated at reflux for approximately 15h. After cooling to room
tenperature, the reaction mxture was concentrated in vacua and the residue
partitioned between rerhyiuene thihinsthyll€354%)- batrubatybd-(Adueous sodi um
bi car bonat e gifiioHBD Frd AR 3 MaBox FIER . - Y

SRR S R AN AU H4 LR P IRY

re-extracted twi ce wth ene c col ani c e&t-r‘acts
wer e washed 20 PRtAMPRANMSHkE anelatedB- 6812 SG8)mmal in Histhybethot @Bimleswas

evapor at ed. sified bEsbiahpeahRé besRight. AlsdnfA&t 18 onGihyHRReEn \éﬁlbﬂ@é‘fn further
purlflcaglon |§1 the% Ste%.caggl . §tetg1 B: Preparation_ 0 te_nt-but_%

4- (4, 4, 5 5- PRV &5RLR Pies 1heg added. Bieyirides s cvapgraigd gnd herpeifte yelidinses- 1

2m car boxy| atitho(fl fighe2PurAicatigoiroms lpyepiitition e BxugpRegb@edbelbhe tent-butyl 4
{ [(trifluoronethyl)sulfonyl]oxy}.-3,6-di hydropyridi ne-1(21-carboxyl ate
1-3) (1.00 g; 3.02 nmol; prepared as &SKEM®d in Rohr, M; Chayer, S.;
Garrido, F.; Mann, A.; Taddei, M; Wernuth, C G Heterocycles 1996, 43,
2131-2138), bigs(pinacol ato)di boron B(O' 844 g 3.32 nnnol), potassium acetate
(0.889 g, 9.06 fimol) 25 and o -

1,1 -bis(diphe phQsphi no) -ferroc

E: L (dip ) )

e] dicxchl oropal | adi um{ W (0. 123 g of a
] Conep (W ( g

Step A BOC
[
Cl Cl N
-1 1-2 =
Step C
- BOC .IBOC . : COQMQ
P N ,
N - :
Step B P _ _ &
== ,
B : 1-
OT# o =
' 1-4
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conplex with nethylene chloride, 0.151 mml) in nethyl sulfoxide (20 nlL)was
-57 29 August 2005 WD 02/068388 8 PCT/ US02/ 05724 degassed via three
vacuuni ni trogen ingress cycles and then heated at 80C for . Z8fugoxti2fdt el y
15h. After cooling to anbient tenperature, the reaction nmxture was. -
filtered hecelite(c) eluting copiously with ethyl acetate. The
fiItratevagggﬁgg?ed into waterlbrine,(1:1) and the organfc"pR%&s72
separated. The aqueous phase was re 5 extracted three tines with ethyl
acetate and the conbi ned organic extracts were washed with brine, dried
(MgS™) and concentrated in vacuo. Purification of the crude residue by
flash chromat ography on silica gel (gradient elution; 0% 25% et hyl
acet at e/ hexanes as el uent urni shed 1-4 as a white solid (0.660 g). 10 St
ep C. Preparation of tertxhbutyl 4-[4-chloro-2-(2-nethoxy-2 oxoeth | hen 1
-3 6-dih dro jdine~1l 2-Ncarbox:late (1-5pJA vigorously stirred m xture of
the tert-butyl gy (4 t etiighet hyl - _
1, 3, 2- di oxabor ol am'2- ¥ - 3, 6-di hydrie®yri di ne - car boxyl at e &Ezﬁ) (1. 40
g, 4.53 nmmol), hyl (

T

2 brono- 5-chtorophenyl e fe™~1l) ( g™ 4.98
mmol ), potassium ’ ate trib3kpck(2.85. g, 18 pl )/ and
tetraki s(triphenyl php Vne)palladiun(qme D) i n

NN- di et hyl f or mar ni de m.) was degassed®via three vaJuunfnitrogen

i ngress cycles and thef heated at 100C for approxinaterCHB AfFer
cooling to roomtenperkture, the reaction nixture was pourd o water and
extracted three tinEs1¥ytiL ethyl acetate. The conbi ned orga extracts
were washed 20 with bri- ne, dried . (MySO and concentrated inJvacua.
Purification of the crude residue by flash chronatééiaphy onpsilica gel
(gradient elution; 0% 25% et hyl acetate/hexanes as eluent). afforded 1-55
(0.967 g) as a colorless oil. Step D. Preparation of nethyl . '
[ 5-chl oro-2-(1, 2, 3, 6-tetrahy# opy i din-4- 25 yl)phenyll acetate
hydrochl ori de (1-6) A saturated uti on of hydrogen-chloride in ethyl
acetate (6 nL) was added to a Lop~of tert-b

4-[ 4-chl oro-2-( 2- fxy- 2- oxoet Hyl ) phenyl}] - 3, & ,N
dihydropyridineuiggﬂiarcarboxyla e (115) N0.98Q g, 2.60 znmeép G n net hyl ene
chloride (6 nL) at 0C. AfMeP:Ch, the vo afoes er e evaporated—=i n vacuo, -
and the crude residue 30 triturated twice w3jh ¢ y-dkethyl‘ether to give
1-6,(0.690 g) as a flocculent pale yellow ‘

StepH
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solid (niz (ES) 266 (N1Ir ). 35 St_epE: Preparation of nethyl [2-(1-{
[(3S,4R)-1-ter-t-butyl-4-(2,4- difluorophenyl)pyrrolidin-3--yl]carbonyl.
}-1,2,3,6-tetrahydropyridin-4- yl)-5-chl orophenyl | acet at e .(23-8lgustg8029
August 20abofesfg/ 068388 PCT/ 1JS02/ 05724 N, N drrsopropyleﬁ@%%gh%.ﬂﬁ (1.36
m.,. 7.80 mmol ) was added to a stirred suspension of

(3S 4R) - 1-ter,t-butyl -4-(2, 4-di fl uorophenyl)pyn olidine-3- . carboxylic
acid (1=7) (0.831 g, 2.60 mvol), methyl [5-chloro-2-(1,2,3,6

t etrahydropyridin-4-yl)phenyl] acetate hydrochloride 1-6 (0.690 g, 2.60
mml ), O(7- 5 azabenzotriazol-1-yl)-1,1,3,3-tetranet hyl uroni um

hexaf | uor ophosphate (119 g, -3 . -I) and 1- hydr oxy-7- azabenzotri azol e
(0.425 g, 3.12 mmol) in N, N d| Eylfornanlde (5.2 )..at .anbi ent
tenperature. After approxinmately the react] T xture was pour ed
into saturated agueous sodi um bi darbopate{and éxt'Racted three tinmes with
ethyl acetate. The conbi ned 6;:.-ic exyrabt s were mashed with 10 water
brine, dried (Na2SO4) -and concéntrated in v IcuoY Purification of the crude
resi due by flash chromat ogr aphjtHmesilica gel (gradignt elution; 0% 15%
met hanol  (containing 10% v/v amoni um hydr oxié@ i
eluent) provided 1- 8 as a pale yellow oil (r
F: Preparation of nmethyl [2-(1-{
di f 1 uor ophenyl ) pyrrolidin-3-yl]carbonytii} pi peridin-4-yl)-5-
chl orophenyl | acetate (1-9) A m xture of nethyl [2-(1-{

[ (3S,4R)-1-tent-butyl -4-(2,4- difluorophenyl)pyrrolidin-3-yl]carbonyl

}-1, 2,3, 6- t et rahydropyridin-4-yl)- SEégﬁﬂﬁiékbphenyl]acetate (1=8) (2.60
mmol) and platinum (TV) oxide (0.300 g) in ethanol/ glacial acetic acid
(1:2, 20 n d _oherrc pressure for approximtely
15h. The r &Sttt 218 =o ' EO8ABYr?- col um of celiteo,
el uting Scopvlmaﬁjomymideneimawﬁ clﬁbﬂ)pﬁbﬂﬂﬂ} Mxﬁeﬂhﬁ&camw@ﬁql and the residue
was partitioned between methyl ene chloride and saturated aqueous' sodi um 25
bi carbonate. The’ organrc Iayer was separated and the aqueous phase was
re-extract exep i ce chargt [ me a1yl gani ¢ extracts

were washed with Watuolul%h%?( @WSQW%yI)&QgC 3918?_, (eg, éOnl vacuo.

Purrfrcatron of. the
mmol) and concentrated sulfuric ac1d (0.150 mL of a 36N solution) in methanol (120
_10 mL) 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 Steg B: Preparation of tert-butyl 4~(4,4,5,'5_—'tet1ramethyl—1,3,2~diexaborolan-2-
v1)-3,6- dihvdropvridine-l( 2H)-carboxyvlate (1-4) )
20 - A vigorously stirred suspension of the ren‘—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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residue by flash chromatography on silica gel (gradient elution; 0%-15%
met hanol (containing 10% v/v amoni um hydroxi de)/ nethyl ene chl oride as
eluent) furnished 30 1-99 (1.25 g) as a colorl ess foam (n z2{HEGpstz865 (MH ) .
Step: G Preparation of [2-(1-{ [(3S,4R) -1-tent-butyl-4-(2, 4-

di f 1 uor rrolidin-3-yl]carbonyl }piperidin-4-yl)
chl oro ﬁgﬁa ?{Aas%iégl ¢ acid (1-10) - 59 29 August 2005 WD of%%%?%%m

PCT/ US02/ 05724 Pot assi um trimet hyl silanolate (0.900 g, 7.05 mml) was added
toa stirred solution of methyl [2-(1-{ [(3S,4R) -1-tert-butyl-4-(2,4-

di f1 uorophenyl ) pyrrolidin-3-yl]carbonyl}-piperidin-4-yl)-5-chl orophenyl]ace
tate 1-9) (1.25 g, 2.35 Hiﬂ%; in tetrahydrofuran (24 nmL) at room
tenperaturéle"%ﬁftcb‘ﬂamﬁﬁﬂ@m iteiggn Igrass cyeles gasl then hexedvar8°@apor at ed i n

vacua and taP Sro&irHalSly rml qsu%‘er%éhnct {oeﬁﬁtﬁgqt%ﬁge@t&@ttﬂé f&hﬁ%ﬁﬁi%ﬂe%ﬁof

hydr ogen ct@orl de | n‘ acet at After roxi mat e 5 mn

reaction Trdéhipygh @ éeﬁi%é&ﬁ?ﬁﬂéﬁ”lﬁbﬁb@eﬁ?eﬁ%s%@ 2§ FERSREICSr ude
resi due trlmturvaa&cﬁﬁbriﬂen(qq)%a Ehdlb’rgardzt hd&ﬁlseﬁﬁrﬂﬁa trBe quaua AL2e afas a0
armrphogs % e lid. % Hf] f Pre aratlon of
2-[2- (17§ LIRS HORY v teaylﬂce?’“i

ﬁna the com%[ﬁf?d organic extracls were
di fl uor ophwhe)cbeyrth blind, dricd-(Mg3a) bodydnckpirged itvarud- Puyifibation of the

cht or ophen ' ' - t hy, 166 m.,
o0, o Yl PR AT R bbb o Nt B ARG SR AT:00

[ (3S, 4R) - 12eaatethigrangs a4 lend) ful:rnislxadéﬂoqmewmtq pghdr@lﬁé@ug) 3- yl]carbonyl

}pi peridin-4-yl)-5- chlorophenyl]acetlc acid (1-10) (40.0 npg),

met hyl aii ne. HCl. (42.9 rng nmol

O (7- a28besER i azol Iﬂ!ﬁgﬂryu%l qf teﬁfbmsﬂ ﬁe[ﬁrﬁﬂ@r@t%ﬂ medsym-

?ti;a; | uor oghiz ghat eI §04&%etfﬁ%ﬂ’|%h%rﬁﬂlﬁé— l wfanv@qﬂ&lelr(amc%bx%ate (Mébenot rit azol e
Ny, mol ), i n i ne i en
tenperature. After a P’ba?F‘ﬂﬁlyeﬁtWefg&ﬁ ur‘?ﬁ {Heeréért':\“&ﬁ“n{r%%rgé ured into
sat ur.at ed dcﬁ,ibdmxabmbilami@l)ciﬁﬁded@dfc@yﬁddaeebﬂzﬂa@hmdxylhr&(_ﬁt) |(rms g)M bk et hyl
acet ate. r br.ine, -
rreq ( Na2B0g T AORE BB R ChbAARGL AL LIRS ot b mRYE oisdhiCe by
prepar afi v@hﬁwewéebaqmé%& BJ o nprad sank tetrakig(ifigbantyiphospton)pal fagdivon O) MC Pack
Pro C18. phgs et I @90 Hm&h H NN ainkHhylformamide (22 mlL) 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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25 100% acetonitrile/water as eluent, 0.1% TFA nodifier) gave 1-11 as a
buff white solid (ni/z (ES) 532 (W). Followi ng procedures simlar to that
descri bed above for Exanple 1, the follow ng conpounds were2%rugpei2éet 30 WO

02106838& o2 0bskgsist 2005 PCT/ US02/ 05724 Ex. #R3aR3bParent..hQp,bd-t{ Z ( M+H)
2Hve498 N, . Me O 3H( Me526 "'Y N, --, M 4HN524 O 5-N Me Egg[@- ‘?\7}3{) ve
6HNS38 O 7H Me484 O 8HN Me498 O -61 29 August 2005 WO 02/ 068388

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-
5  azabenzotriazol-1-y1)-1,1,3,3-tetrampethyluronium 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

10 water, brine, dried (Na,SO4) and concentrated in vacuo. Purification of the crade
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.

15 Step E: 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-
diflucrophenyl)pyrrolidin-3-yllcarbonyl }-1,2,3,6-tetrahydropyridin-4-y])-5- |

20 chlorophenyl]acetate (1-8) (2.60 mmol) and platinum V) oxide (0.300 g) in ethanol/

' glacial acetic acid (1:1, 20 mL) was hydrogenated at atmosphen'c pressure for '

- approximately 15h. The resultiné 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 ,
25  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, chjed (Na;S0,), 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
30 1-9(1.25 g) as a colorless foam (m/z (ES) 533 (MET).

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)
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PCT/ US02105724 9HH 512 Me O 10HN510 fi 11H-' yNH2470 O 124-FCN470 134-C 1!
NH2504 O 144-C N 518 Me O 15HOC- Me 499 ~ 16HO 498 NrMp H 17H - N. Me512 Me
18HO 512 NMe H 19Ho Me 526- N 'J" Me H 20H. 0538 .- 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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F
Ex.# | - R3a R3b | Parent
| Ionm/fz
(M-+H)
2 H Me 498
N.
Me
. (9]
3 H | r""e | 526
: NvMe

4 s O | s24
N

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

498
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294-C10 Me 560 N Me H 304-C )< Me 574 N Me H 314-C 0558 H 324-A 72 H
334-C10 546 N_Me Me 344-C100 574 N Me - Me ~ 354-CIN Me 560 i Me -63 29

August 2005 WD 02/ 068388 PCT/ US02/ 05724 364-Cl 0 Me 29 August 2005
WO 02/068388 ] PCT/USO2/05724
H
. O :
10 H N/j 510
T |
11 H \H/NHE ‘ 470
. : ]
12 AF CN 470
13 4-Cl YNHz | 504
! :
14 4-C1 N | 518
3 Me
OO
15 | H \)\O,Me {9
16 H o e 1 408
-
H
17 H o \j)\ e | 512
. [l\]‘ . R
' Me
18 H T 512
N/.\Me
H
19 | H \)"kj"\e 1 s
N Me o
5o ,
20 H - 538
NG
21 H 524
2 - - \)?\ ,lM<eMe 540
N Me
| N |
23 H 9 526
I;IAMe_
Me
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34 4-Cl Q 574
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l\Me
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N
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0
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O
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Y
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e
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H
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YNvMe 53
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55 4-C1 ' Me | s60
YNvMe
O
6 1 +d \H/E’YMe_ 546
e, Me .
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T
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29 August 2005 WO 02/ 068388 PCTI US02/ 05724 Step E Step G 2-7 EXAMPLE 62

Step F 4- 2- 2-azetidin-I-yl-Il-rnethyl-2-oxoehl)-4-chlorophenyl)-1-(f(3S
4R)-1-tent-butyl - 442 4-difluorophenyl)pyrrolidin-3- |y . 29August2005 -

| car bonyl ) pi peridine (2-7) Step A, Preparation of meth | 2- 2-brono-5-chloro
ho yl) pr 7] 2-1) -67 29 August 2005 WD 02/ 068388 P 4 A
solutionqg? %%ggﬁﬁyllithiunl(l.67 m. of a 2.5 M solutionc?é£EE§%%Z%? 4. 17
nmol ..) was added dropwi se via syringe to a .stirred solution of

di i sopropyl anraine” (0.61 nL, 4.36 mmol) i'n tetrahydrofuran (10 nlL) at
-78C. After approximately 10 min, the reaction mxture was warned to 0C
and aged for another 10 mn. After re 5 cooling to -78C,. a solution of

met hyl (2-bronD-5-chIorophenyl)acetatéﬁﬂiéﬁﬂiinoo g, 3.7 Cﬂﬂnl) in
tetrahydrofuran (10 nL) was added dropw se via syringe an%_ le resulting
yel l ow mi xtureBmas stirred at -78Cgor approxi mately 30 | odonet hane
(0.35 nL, 5.69 Mo was added and pftef 1 h, the reacti 1 Xture was
warnmed to orent Ogmpapat ure and ' kLt h satura '
chl oride. The resul ting m xturle
three tines A et hyl  addenthe, ¢
with brine, dried (MgSO™4) and concentrated in éé;qg. Py
crude residue Wy flash chromatographlly on silic 3@ (g
0-20% et hyl acebat el hexanes as eluent) furnished 2-1 as a
(1.00 g). 15 p B: Preparation odltert-butyl

4-[ 4-chl oro- 2- (2- net hoxy- | - net hyl - 2- oxoethyl)phenyll-3,6§%f ropyz

. dine-1(2HZcar boxyl ate (2-2) A vigorously stirred m xture of &ért-butyl
4-(4,4,5,5-tetranet hyl -1, 2, 3- ' .

di oxabor ol an- 2-yl) -3, 6-di hydropyri di ne-1(,2H) - car boxyl ate (1.01 g, 3.27
mol ), .. 20 nethyl 2-(2-bronp-5-chloropHényl)propanoate 2-1) (1.00 g, 3.60
mmol ), potassium '

K ¢xtracted

onbi ned ergamie~extnact s were washed

1 fycatCopMef the
gnt el ution;

col orless oil

. Step C
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phosphate tribasic (2.08 g, 9.81 mvl) and

tetraki s(tri phenyl phosphi ne)pal |l adi un{0) (0.189.g, 0.164 mvol) in

N, N-di met hyl formam de (13 nlL) was degassed via three vacul#Augtstég®n

i ngress d then heated at 100C for approximately 18 h Aft er

cool i ng ﬁﬁﬁkgéﬁ%%enperature, the reaction m xture was pou?%HU§%%B7ﬁbter'and
25 extracted three tinmes with ethyl agetate. The conbi ned organi c extracts
were washed with brine, dried (MJSO4) and concentrated in vacuo.
Purification of the crude residue by flash chronatography on silica gel
(gradient elution; 0-25%ethyl acetate/hexanes as eluent) afforded 22
(0.73 g) as a colorless oil CI3 p C. Preparation of nethyl
2-[5-chloro-2-(1, 2, 3, 6-tetrahyo idin-4--yl)pheggquropanoate (2-3) A
sat urated sol uti on of hydrogen''c "d-l'n'ethyl’g tate (6 nl) was added

to a solution of §§%55butyl 4-[ 4-chl of 0- 2-)( 2- mgthbixy- | - net hyl - 2-

oxoet hyl ) phenyl j = =qi hydr opyri dine- 1( 2HN cal.k ate (0. ®pF 1.92 mmol)
in 35 nethyl ene chloride. (8t - at ' i, the vokatﬁﬁes*mere
evaporated in vacuo, -68 WO 02/068388 29 Augyst '005F PCT/ t JS02/ 05724 and
the crude residue triturated twice wth dry dig ether to give 2-3
(0.605g) (infz (ES) 280 (MVHl). Step D. PrepEg on of nethyl 2-{2-(I-{
[(3S,4R)-1-tent-butyl-4-(2,4 5 difluorophenyl)pyrolidin-3-yl]carbonyl
}-1,2,3,6-tetrahydropyridin-4- yl)-5-chkorophenyl| propanoate (24} N, N

di i sopropyl ethylaznine (1.00 nmL, 5.76 nmol) was Bdded to a stirred
suspension of (3S,4R)-1-tert-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
t et rahydropyridin- 4- vl ] propanoate 2-3) (0.605 g, 1.92 mol), O (7- _
azabenzotriazol -1-yl)-1, -tetranethylurggignrhexafluorophosphate (0.876
g, 2.30 mmol) and 1-hydro 5 :oenzotriﬁ 0 (0.314 g, 2.30 nmmol) in NN
-- dinmethylformann.de (3.8 nlL)|at anbi ept tenperature. After approxi mately
18 h, the reaction s Was- polteds sat ur at ed_aqueous sodi um

bi carbonate and extracted 15 three tihes v th et hyl ae@Pdee. The conbined
organi c extracts were washed with w&ler Eri e, dried (Na2SO4) and

Ste

concentrated in vacuo. Purification of rude residue by flash
chromat ography on silica gel (gradient bon; 0-15% net hanol

26 F

EXAMPIE 62

5

4-12-(2-azetidin-1-yl-1-methyl-2-oxoethyl)-4-chlorophenyll-1-{[(35. 4R)-1-fers-butyl-
4-(2A-difluorophenyDpyrrolidin-3-yllcarbonyl Ipiperidine (2-7)

- Step A: Preparation of met_fwl 2-( 2'—br0mo—5;chlorophenvl)propandate 2-1)
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(containing 10% v/v ammoni um hydroxi de)/ nmet hyl ene chl oride as el uent)
provided 2 4 as a pale yellowoil; (nz/z (ES) 545 (MN. 20 Step E
Preparation of nethyl 2-[2-(1-{ [(3S,4R)-I-tert- butyI - 4- ( 2,28-August 2005
di f 1 uorophenyl ) pyrrolidin-3-yl]carbonyl }piperidin-4-yl)-5-

chl orophenyl ] piopanoate (2-5J A mxture of nmethyl 2-[2-(1

[(3S,4R) -1-terns butyl-4-(2,4-- 25 ?‘{3TfU502/05724

_ dlfluorophenyl)pyrrol|d|n 3- yl]carbonQI}-l5-tetrahydropyr| din-4-yl) 5

chl orophenyl ] propanoate (2-4) (1.92 mmol) and platinum (1V) oxide (0.350 Q)
in ethanol/ glacial acetic acid (1:1, 20 nL) was hydrogenat ed at

at nospheric pressure for approxinmately 15h. The resulting m xture was
filtered through a shaoy toladiniy:-blityllekiidt @(67) mLelf utzeﬁwmh@anslhmem&ﬁeb

h 1. Th d d th dye d
el TG FBOE 5 0 L LA BB e
organi ¢ | ayé-6hed:, §e’:’yﬁanmpbdn mwdmflaqmélﬂm.@has’ﬁiﬂas&ftwappﬁomnatdg 10t wi ce

with met hyl 6 GOtor %g &&@mﬁ 1908838 ot f-B GhANUPIFralif NG N
wat er br| ne, ,- and concentra I N vacuo |ca ion of
the crude rFedinge -G kaehiien obmetiod (apraymen obiqr@mngléace{ajq: éle)e(ritO()@ ution;

10%/ v ammoni oxi de) / met hy éo de as el uent ed 2-55
(0.95 g) as™&" ’6‘5(5’?{1%‘5@”5 Frives ﬁ‘}‘rz"e‘fﬁS? éSJE‘?F appiqrimatgly 30 mige Iadgspethaneat i on
gf fI2 [ 2- (ﬁ {0. 35}; b, é’%)&‘(—jrﬁmbﬁﬁifastﬂdﬁydtl) arfe ﬂie;}‘l i) éhe3regct§[ontnnxturg was walmed to :

i f1uorop eny ﬁ{lo i di n- ca ?Xth i etra ropﬁs/l

1)~ B ol or SRR {met R gl ol AP EGH ¢ Pibrideofts o
(0.645 i) Srep@ltimgmhixtune wasgolerdd imo avatertand eetagal thideaimedf wrmbit:yl actdi2- (1-{

i per i - 415 fordbink oo iy @ggﬁ%%%%%%ﬂ@%ﬁ?%ﬁ%i e 551 o
t et r ahydr of Eﬁl?&ﬁnfmted Prigcuat Prabeationrn dheatrudercsiiug oy flasip phrowiatagraphy ot5 h,

the volatil agcmgmoﬁmapaah@& 0-P0%20M0 addisheBRarkl WS BIUERS FEHBNNBS.1 L heat ed
with a satur so] ytion of hydrogen chloride in ethyl "acetate ™A ter
appr oxi mat eF@ e%%l tOrQeg reaction m xture was concentrated under reduced

pressurks

0- 15% et hangh w828 MaSHr000 omp%agmwmsm?g%%dg gt ai i ng

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 mcthyl 2-[5-chloro-2-(1,2,3,6-tetrahydropyridin-4-
yliphenyllpropanoate (2-3) -

A saturated solution of hydrogen chloride in ethyl acetate (6 mL) was
- added to a solution of teﬁ—buty] 4- [4-chloro 2-(2-methoxy-1-methyl-2-
~ oxoethyl)phenyl]-3 6- dlhydropyndme—1(2H)-carboxylate {0.730 g, 1.92 mmol) in
35 methylcne chlonde © mL) at 0 °C. After 1 b, the volatiles were evaporated in vacuo,
- 68 -



and the crude residue triturated twice with dry diethyl ether to give 2-6 .
as an 15 anorphous white solidln/z 533 (MHO). Step G 4-[2-(2-azetid

i n-1-yl - 1net hyl - 2- oxoet hyl ) - 4-chl orophenyl ] - 1- { [(3S, 4R) - 129 Augest®005
but yl - 4- 4o drbisigdguor ophenyl ypyrrolidin-3- yllcarbonyl }pi !ﬁ)z)aengZ 7) 20
N, | V-diisopropylethylamne (0.1.62 n, 0.931 nmml) was a stirred
suspensi on of

2-[2-(1-{[(3S, 4R) 1-tent-butyl-4-(2, 4 di f1 uorophenyl ) pyrrolidin.-
3-yl]carbonyl }-1,2,3,6-tetrahydropyridin-4-yl)-5-chl orophenyl]propanoic
acid (26) (50. 0 ng , azetidine.HC (72.6 ng, 0.776 mmol ),

O ( 7- azaben2®t ‘ihPﬁ e rqsigye) tritupated wige il 4ry vesthg lethes b give Bek@¥G05a éposphat e
(59.0 g, OHS Rand 1- hydroxy 7 25 azabenzotriazole (21.1 ng, 0.155
mol) in N, N-d| rrethyl ormanmi de (0.8 nl) at ~anbient tenpérature. After
approximately 1 8 h, the reaction. m xture was poured into saturated
aqueous sodbumihi car bbrephetiondf extivagiedi{NBsar)i1es-Mityi-e1.hyl acetate.

and conent rated i @E@a&oﬁlﬁfwﬁeﬁﬁﬁ%@wﬁE#&ig dEpydoppyh L

Ssehl @O phs -
Pack Pro Cl18 phase (g | / r .as el uent,
0. 1% TFA modi fier) . g gfgggdgg(;}’ g@%‘fh@%ﬂe R 096 BB S cﬁm‘ﬁ tES) 572
Fol | owi ng aStEFesciapamei Oﬁl%@%‘ﬂﬂ“bfqrﬁhtlt}’&és@ﬂrcbﬂdOlé)Db@Ié’DPEHOEdeﬁ’r e 62, 35

the fol | owi ggb o%wgep@fﬁﬁlnol) Z)Qet%af%ﬁ 2@@15 \éD 02/ 068388
PCTI usoz({ 057 Jﬁ\l’; rent | on 63cl 0546 N’ Me H .64F N
I-ﬁ% g RRsidin enyl]propanoatei (0 605 g, 1.92 mmol), O- (7-

azabenzotriazol- l—yl)—l 1,3,3-tetramethyluronium 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 ammoninm hydroxide)/methylene chloride as eluent) provided 2-
4 as a pale vellow 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)
- A mixture of methyl 2- [2—(1 {[(3S 4R)- 1—tert-butyl-4 (2 4-
25 dlﬂuorophenyl)pyrrohmn—3—y1]carbonyl} 1,2,3; 6 tetrahydropynd1n—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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WO 02/068388 : PCT/US02/05724

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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Me me 78CL0672 N Me 3 79010 586 Me ~/ 80C 600 Me 81C1~572 . N Me 3

82C b72 - . 29 August 2005
WO 02/068388 PCT/US02/05724
Me Me
S '>L.Me
N
F
Ex.# R3a R3b Parent
' o Ton m/z
| | | (V1)
63 ¥e Q 546
. _Me
\/\k -
| Me
64 v 0
. .Me
S
 Me H. _
65 Ci 0 560
N/\-“Me
_ Me H
66 Ct , N 574
\H’\ N/“\/MQ :
Me H
67 cl Q JM\@ 574
- \]./LN Me
Me H
Q Me ‘
68 a e 588
N Me
Me H ' ,
. - ; 0O !
69 i 572 .
| Pt
~ Me H
o)
70 Cl _ 586
A
Me H .




N M - 72 WDO. 02/ 068388 29 August 2005 PCT/US02/05724 8300 M Me O
Me 527 Me Me 86C1 O M McJ_Me H 87H0526 ~N

84C10, Me 561 AM M 0 85HO-.

Me MeH O 88CI N 586 Me Me . . 29 August 2005
WO 02/068388 PCT/USH2/05724
71 cl *\T/l\ /1::> 600
72 Cl \\T/E\ /[:::] 614
73 Cl y 560
YLf:" )
Me Me
74 ci 0 588
\)LNAM
Me
75 Ci 574
.\1)& ~, 57
‘ Me Nle
7% | Jff 588
YH .
Me Me
77 Cl \/u\ /I< 602
_ Me Me
78 Cl \\T’l‘ 572
' N
. Me \1
| cl o 526
- \[)‘\D :
Me
80 a 9 600
\H'\N _
Me
81 cl \\'/ji 572
N
Yoy
82 Cl 572
= N
= A
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89FO 570 ~ N Me Me D 90HO52 N Me Me 91C1 0584 92FO N~ 93CI0 558 N Me .
94C1/0 N' Me Me 95FCB56 M N' . Me -73 .. 29 August 2005 WO 02/068388 PC
| USO2/ 05724 96CI CH 519 ~ Me . 29 August 2005

WO 02/068388 PCT/US02/05724

83 o O
A Me _
84 1o %Cf\ y 561
: e
Me Meo
85 H Lo 527
| S e
Me Me
- 86 Cl ' 0
: i %\N,Me
. Me® MeH
87 B 0 o s
Me
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Me MeH
88 Cl O
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N
e Me \j
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N
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_ - N\j
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K
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0 97CINH2 530 M Me 985-F0544 ,M N Me nme H 99F0588 N Me Me me 100F0600 ~N
Me Me 101C1 0561 ~ - iVH2 WMe Me H 102C10 H .603 NN~Me Me Me H Me 103C 0
H603 N, \yO Me Me H Me 29 August 2005 WO 02/ 068388 Schene 3 8AWug288%ep E

WO 02/068388 PCT/US02/05724

96 c - ‘jxjo”- | 519
e e o oMéMe . e
97 ci ' 0 530
Me Me
08 5-F - | 544
) ~ _Me
Y‘\N
Me Me H
i O
99 F \ 538
, . NG
_ : Me Me l{ne '
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' Me Me /\O
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G 3-4cl 3-21 -4 No Step B 1 o‘g'o‘Step D Step F Step Hd

PCT/ US02/ 05724 ci 3-3 € OH .3-5 3-9 -----mmmmmmm e o 29
August 2005 WD 02/ 068388 PCT/ US02/ 05724 Step | 3-10 EXAI\/PLEE#SMstt[&DQS( 15)-1
r2-(1-{ Wodhxsl-tert butyj-4-(2,4-difluoropheny_l)p. qu 5%5/?7%

| carbonyl }piperidin-4 yl) 5-chlorophen |y |ethyllacetam “% [y
A: Preparation of 2-brono-5-chl oro-N get hoxy- N net hyl benzam de -
N, N-dllsopropyl ethylamne (1.10 n., 6.36 mml) was added. to a 10 stirred
sol ution of 2-brono-5-chl orobenzoic acid (3-1) (0.500 g) 2.12 nmol), 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 f or mami de (8. 5 m_) at . arrbl ent
tenperature. After 3 ), the reaction ngxtgre ‘

@,cogﬂ Step A ©)L o StepB @,J\
cl

3-1 | - 32 33

Step C S O 7 .

Step

Step F |

Z2X

* HCI

Step H )
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was poured into water and extracted three tines with ethyl acetate. The
conbi ned .15 organic extracts were washed with saturated aqueous. sodi um
bi carbonate, brine, dried . (MgSO) and concentrated i n vacuz Addusti2bdscat i on
of the crude residue by flash chromat ography on silica gel (gradient
el ution;y @t hyl acetat e/ hexanes as eluent) gave 3- as a
col orl es‘g@-s(%lﬁl%dﬁgzo Step B: Pre aration of 1- 2-brono-5- ?t#@?éo)g/ﬁg#l
et hanone 3-3 Methyl magnesiuii bronmide (4.26 nL of a 1.4M solution in
t etrahydrof uranl t ol uene, 5.97 nmmol') was added dropwi se to a stirred
sol ution of 2- brono-5-chl oro-N net hoxy- N-nmet hyl benzanm de (331) (0.554 g,
1.99 mmol) in tetrahydrofuran (20' nlL) at approximately OC. After 1 h, IN
hydrochloric acid (5 25 nL) wasvadded and the resulting biphasic mxture
was stirred vigorously for aboyt 40 min. The reaction m xture was.poured
into water and extracted_thrge yinmes with et hyl~ ‘dcetate. The ‘conbi ned
organi c extracts were vvas Y th brimge ied (MJS and -76 29 August
2005 WD 02/ 068388 PCT/ US02X0 ed in vacu Purification of the
crude residue by flash chrong a g l\(gradl ent el ution;
0-10% et hyl acetat e/ hexa ay el uent)ZHLRl ). Sﬁx °44 ¢g) as a col orI ess
oil. 5 Step C. Preparation-of {1R)-I-(2-br r ono- 5- 0 henyI)ethanoI (3-4)
Trhnet hyl borate (1.74 niL, 15-4rmnol) was ~Sadded to rTred solution of
(S)-(-)-al pha, al pha-di phenyl Sgpayr rol i di nenmet hanol 24 g, 12.8 nol) in
tetrahydrofuran (350 nL) at roomtenperature3-Hiter F.25 h, borane- net hyl
sulfide conplex (70.4 mL of a 2M solution in tetrahydrofuran, 0.141 nol)
was added slowly 10 and a gentle effervesence was observed. The resulting
sol uti on was cool ed to approxi mat e BEAMPEEIO4 so| uti on of
1- ( 2- br ono- 5- chl orophenyl)et hanone 3-3) (30.0 g, 0.128 m noI) in
t et r ahydr of 2 h : 1. After the
addi ti on, -t ’ Ao Fpiient tenperature
and aged o%MhVI}Dfﬁhﬂdmeﬂau]tHSeﬂﬂmghmmﬂeﬂBzS}acammﬁiﬁ(Bamad under reduced
pressure to 15 approximately one quarter of its original. volune, pour ed
into I N hydrochloric aC|d and extracted three tlmes with ethyI acetate. The
conbi ned orikihie ext rErepasatipn of 2-heol 1) BN _
concentrated in vacuqa.Rurification of the crude resi due by flash
chromat ogr aphy on silica. gel (9% ethy|l acetate/hexanes as
N,N-diisopropylethylamine (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 O-(7-azabenzotriazol-1-y1)-
- 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: | Preparatton 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 v1gorously for about 10
min. The reaction mixture was poured into water and éxtracted' three times with ethyl |
acetate. The combined orgamc extracts were washed with brine, dried (MUSO4) and
- 76 -



el uent) afforded 3-4 as a colorless solid (25.8 g; 98:2 SIR enantioneric
ratio). 20 Stepp:: Preparation of tent-butyl ‘

4-{4-chl oro- 2- [(1R) 1- hydr oxyet hyl ] phenyl } - . 29 August 2005 _

3, 6-di hy ne- 1( 2H) - car boxyl ate (3-5) A vi gorously irred m xture of
tert-but 3‘{0?[{{65&?1 5,5-tetranet hyi -1, 2, 3- éT’USM’O”“

di oxabor ol an-2-y1) -3, 6-di hydr opyr di ne,1(2H)-car boxylate 1-4) (34.0 g, 0.110
mol), 25 (1R)-1-(2-brono-5-chlorophenyl)ethanol (1-4)(25.8 g, 0.110 mmol),
pot assi um phosphate tribasic (70.0 g, 0.330 nol) and ,
tetraiis(triphenyl phosphine)palladiun(0) (2.54 g, 2.20 mol) in

NM di et hyl tmmmmu(monmmammegamddw@dﬁlalbwas}yaﬁaﬁﬁid&t ggn

ingress cyc 1 r oxi ter
cooling to %@%%Pgﬁgpera t o eon’%g&?pegié’? gatﬁﬁggﬁﬁﬁéaﬁngfé‘ ’btiﬁlf%(b‘;]eidrﬁ—g(q b/ wat er
30 (-1:1) aBbaseyqolerdesedilt hree times with ethyl acetate. The combi ned :
organi ¢ extracts were washed with brine, dried (MJSO4) and concentrated in

vacua. Purification of the crude resi due b. flash chromatography on silica
gel (25% et ﬁlﬁp-facet at Ergpasatiae of fl 1 ¢nghGh4RY (4y) as a pale

éﬂa:og\r/vaz oam .77 29 Augfh A0\l O?%A@Q%Sﬁénf’o%%(ss%ﬁﬁ & Sridfed AR
Ei aéi gol) e; hgﬁﬁ'ﬁ? gha H%‘;m@g}y(‘gdif{gﬁg@cgﬁp%@ﬂ% éz(&?zgl)) i sol u'z) i gn of
i z dpabaydin3s t ddeh
stlrr)éd mx b £l but . %4 chﬁéﬁ (ir téﬂﬂgsg © &H}ﬂ‘s’ﬁﬁﬁe
hydroxyet hy dp‘ﬁ qu ?L%P%%S’r '}S’W?&eﬁgy (@{Iém HIROW Xtas addedsyonlys. 7 g,
78.9 nifbl ) andaganBy 2ifePies¢iee epaobstreet OFhe mgniting sdiatiorewhocholeber | bed by
Viaud, M C apRalildaity BoC bk SYQES bisl LBR®: %%%Hﬂ'g%i%eﬂr %lfg }éﬁ?}

henyl phosphine (B2 Ju45 ne hols (53 éjm
|t:1| 8| gﬂlyolroooS }r?léne g 1&6‘%#%‘%%@6119150(?@[1) . (:E ﬁkﬁnmﬁéeémd?dnr@novaetrﬂh Adsl t i ng
m xt ure WaSthalaﬂ(ﬁﬁ@ﬂ the rayartmgt:@ixaﬂ%a@ma&e& W%ﬁﬁﬁrﬁo@rﬁ%ﬁg‘%{ﬁ&?@mﬁ

vigorously for reaction. mxture was filtered rou

col um of s |‘(ﬁefi e 5316‘51“ e&ﬂf’ EEChe RUTHE ssospiitated wektreduesd pipssarede o rret hane
to rendve wpoessashy b quatepol 1moﬂgim1®duﬁﬁe§ oi[ﬂa ihol TN B¥RodaSHERREENt T at ed

in vacuo an r|f sh_chromat ogr aphy on
i1 ca gor (£ Bl HiEe GERLINF ST oBk TR Poinef ot iR Wi {23, 9 o)
as a vi scou¥ahad @fm}némmd (MgSQ4) and concentrated in vacuo. Purification of the

crude residue by flash chromatography 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).

20 . :
StepD: Preparation of rers-butyl 4-{4-chloro-2-[(1R)-1-hydroxyethyl]phenyl}-
- 3.6-dihydropyridine-1(2H)-carboxylate (3-5) | _
A v1gorously 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—b1omo—5-chlorophenyl)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 pou%: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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15 St ep F: Preparation of tent-butyl 4-{2-[(IS)-1-am noethyl]-4-

chl orophenyl }piperidine-l-carb(c)xylate (3-7) A mxture of tent-butyl
4-{4-chl oro-2-[(1S)-1-(azi do)ethyl]phenyl}- . . 29 August 2005 B

3, 6-di hydropyri di ne-1-carboxylate (3-6) (22.9 g, 63.1 nmol) and platinum
(1V) oxi gg 02fisdsk- 08 9. 4.73 mmol) in ethanol/glacial acef JE{:/ g‘ﬂfg %1 1, 200
m.) was hydrogenated at atnospheric pressure for approxina P The
resulting m xture was degassed via three vacuuni hydrogen ingress cycles to
renmove the liberated nitrogen and the hydrogenation was then continued for
a further 24, h. The reaction mxture was filtered through a short colum
of celite(r), eluted copiously with ethanol. The filtrate 25 was evapor at ed
and the resEvavas pd’treparatmme:drbetlmq&ﬁ—{n%tl’ﬂyﬂoeﬁ@(l@hllor| de and I N sodi um
hydr oxi de. The or gani Y : 0 / B3 e was re-
extracted twice with- ‘ SRGare—extract s were
washed wth water, brt mﬁutlm o%@eﬂlbdhmaatbmlﬁt&:@ﬁ@mir&ﬁkﬁmoﬂ waCcuo_to

give crude 4 | f GG Preparat|on
o "Fext but g‘i“?‘“’g@m yely 23002 Bt OElkien o pamiodts Ruem

erl di ne-
1- carboxyl a Kat)th Pyl chb-sideonynding- He! Jzarb@xyiﬁeel&é '

ZO|{ ;tl[(()gs;)f nEhélj %nm Eared accordln to the method deslcnbed]% y Via au t 5 7) 35
(0] ] ne-.\ - rnox at e
(5.42 g of f@@% %)ﬂ%@%m%% 1?4‘1’1@% Intt ﬁﬁl}ﬂeelo(sehlee %Y, 48.0
mol ) -78 28, mamrmr)wﬁanﬂazeﬁ]@@me ﬂ%@&idﬁﬁ%ﬂﬂa@zﬁbﬁﬁb@{ﬁtﬂ [le at
e I NLO wat er

t 0 t t t d
and ext r act 2k prebteaticl ¢ MR e oSl TS AR et o
ext r act ¥ weteapseattwschndistibred vigoequstiy foed d. NEISG#)ctamdnixame ent fidbed timouglacua
Purificati opgafr edlﬁm?rr ﬁrcra%% /QHﬁede?ﬁtﬁ s EP EJQMO%@BP&FQB{O%&J&R&% t96| od

(gradient 5 elution; et hyl acet exanes as €
tert-but y| wntozf_e[ef(gg)s sglts and polar byproducts. The f11trate was concentrated in vacuo and

(afetyl ?Im Nkeittd hsidus Wa aaﬁaﬁw h@éh&ﬁﬁéﬂhﬂ%@r@??t@%'@ﬂféxgﬁt&% 6% edi)1 as @
ale yello Sl ces O e m.nor_R-epanti omer

(F:) oul dybe r e?‘ﬂ?\fg‘%mﬁé‘ﬂnﬁﬁ ad %JPE‘H;F%‘E%FW g@ &éag 33| 3513 iscous pale YRl oy pig
chromatdgraphy on CH RALPAK AD Phase, (7.5 % ethano/ hept anes as eluent) to
give in ordegj ?{ el ut T?e ﬂalgoglgg%%%rrﬁrma{% ng,)ol gl%tln%r s solid foll owed by

the S-enant as a ¢
chlorouhenvl \piperidine-1-carboxylate (3-7)

A mixture of tert-butyl 4-{4-chloro-2-[(15)-1-(azido)ethyl]phenyl}- -
‘ 3,6-dih3tdropyn'dine—1—carboxylate (3-6) (22.9 g, 63.1 mmol) and piatinum v 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 remdve 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-




Step H Preparation of I\I—[(lS)-l-(5;chI or 0- 2- pi pe.ri“di n-4- vyl
henyl ) et hyl | acet ade hydrochl oride (3-9) A saturated solution of hydrogen
chloride in ethyl acetate (15 nL) was 15 added to a stirr e2p Aghsit2D@n of

tert - but Wwo4206s3bd 1S) - 1- (acet yl ani no) et hyl ] - 4- PCT/ 05:

ch![ grlophenyl %}FI pe(rjl dl( Eg Im-_;:ar ?og%l a}A\?t(S:g) h(3i ﬁG g, I 9£ 6|1 WHB‘W i1 e

nmet hyl ene chlori de a : ter : e volatiles were evaporate

in vacua, and the «crude residue triturated twice with dry diethyl ether to

give 3-99 (3.05 g) as a colorless solid. 20. Step J: Preparation of

N-{(1S)-1-[2-(1-{[(3S,4R) - 1-tert-butyl-4-(2,4-

di I Ihu;)lr oph;any !d)({qugdmbihdnmat&ppi.o}cﬁmtb]qr(yb. }fﬁke{aerrg, mméaﬁgn)mj%mr@gjgg @nggln) Iy

i et hyl | ace = 10) | opyl. e am.n .86 .nl1l, .6 mol) was

added to a D grn @%z‘%fu%é%%ﬁ‘é‘%%ﬁ’q%%%h O a2 Sphceohibified ergamie ™

(3S,4R) - 1-t EXPaEE Wpre washed gigibring.odnne@fg80 P ynd cbricaiiredi wanrdoxyl i ¢ aci d

Blygre?::g: O[ I4 I. lﬁgétﬂ)ni éﬁ?%ﬁ%g’g@#ge h%/?j[? ockfdéf%pgébégﬂﬁ;glggf@%@tmml ), and

O (7- az Sbe r?}zl‘H{%’Pr ggfﬂ fq% iyl acetptedhexanes asakeantlnravided tom-biybd-f 26¢16)-phos phat e

(4.38 g, 11.(&cetymrniny)dttiyiNbtcHici@hby i SHERELES - da t ient

tenperature. Af gi %ﬁ%ﬁ?ﬁcoxi mat giéﬁ% h ?hea%ggig%ei @n—g)%]g%pgl%eye\l(\l/gg] pour ed

vater and ext¥RétE§t o fres offteroden{frengrtiamgreoulrihe remarschesingr gani ¢

extracts \_Aepeep?wsigedhmmﬁgfmmeﬁ mu'ri]@dmgﬁﬁa?gtﬁ@w oahmﬁm@mg@ ?ﬁ?sie,n vacua.
urificatio ..chromat ography,on si.lica ge

(gr adi ent e:a?jt9 i%?)%; gﬂéﬁéét%etég ﬁ‘gﬁlgf’m?zoo%lt_vgi“h?rﬁl ! .%Jﬁtg?’b?'%?%ﬂpﬁrﬁs 4

hydr oxi d8) / felorgsseelid élloradde the Sehamtinrerps avblbelsskolid. (5.2 g) as a foam

35 mz (ES) 546 (M). -79 29 August 2005 WO 02/ 068388 PCT/ U502/ 05724 Hi gh

resol ution pass. spectrum calcd for C30H39CIF2N302: (MH): mlz 546. 2699,
Found: rr.VzE%QiI—'ZG%. Preparation obI(bPr ke>-sllpro-dpisridm-4vas prepared as

follows: A saturated ygdbtflicaivilabctimal-agarcalb@Eisle)in ethyl acetate (20
10 e SO 0 o S 00 B S bt
evapor aled pddedde aatirrad coltitien off teaebutgbd-dRg( 199 -(aedtjlmatogethiiisce with dry
di ethyl et h@l‘ilofdﬁhgﬂl}){Fpiﬁérﬂ&néjgc&gx;lgtew%.g6 %9 égi m%?c?l) 1Sn01|n|etﬂjrlene
: _ chloride (15 mL) at 0°C. After 3 h, the volatiles were evaporated i vacuo, and the
crude residue triturated twice with dry diethyl éther to give 3-9 (3.05 g) as a colorless
solid. '
20 _ ,
Step I Preparation of N-{(15)-1-[2-(1-{[(3S5,4R)-1-tert-butyl-4-(2.4-
difluorophenyl)pyrrolidin-3-yljcarbonyl }piperidin-4-yl)-5-
 chiorophenyllethyl }acetamide (3-10) B
| 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
mimol) in N,N-dimethylformamide (20 mL) at ambient temper.ature.- 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 (5.2 g) as a foam
35 . m/z (BS) 546 (M. _ :
. 79 -



10 Fol l owi ng, procedures simlar to that described above and for Exanple
1, the follow ng conpounds were prepared: Ex. #R3 aR3bParent lon mz (MH)
105HNH2442 106HN Me484 H O 107H- 498 MP N H 108H0512 N-M£9Mimgust 285 29
August 2005 WO 02/068388 109 110 H H 0 PCUUS02/ 05724 526 552 N 111H0540 N

M H  woooessss 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
. _ H .
0
107 H ‘ : E 498
. \.NJI\/MG 7 _ '
108 "H ' 9 : 512
_ \NJH/MQ s
H Me - . .
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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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"X Ny Me Me 157HN Me512 Me O - 84 WD 02/ 068388 29 August 2005
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Y Me
Z | F
.
F
Ex.# |  R3a | R3b . - Parent
' Ion m/z
M+H)
181 H | ‘ COOMe 499
182 H :ﬁ\ | 408
' N Me oo
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,:



Me. O 166C| HNG615 -Y NM O167CIH Me.N 612 - N. Me O 168C H ~N) 610
Me O 169G N Me574 Me MO H 1700 Me 610 ~ Me -85- 29 August 2005 WO
02/ 068388 PCT/ US02/ 05724 1710 H544 172C ~' ~~~ H 544 {O 173ChLigd4 200N

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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H‘174CI O 558 175C ~ 544 NH 176CI 644 NH 177C . N546 a 178C HS_46 I 0 o0
179FN Me 530 Y Me O 180FMe 530 N Y Me O EXAMPLES 181-184 Followi ng a
procedure simlar to that described above for Exanple 1 5 [9tAugsstp@pst he

cor r espongd pfocksdst - but yl ) - 3- (2, 4-di f 1 uor ophenyl ) - pi peri di ] %(r)xyl ic
acid internediate for the peptide coupling reaction with ﬁ;(’ﬁr'g%ﬂéﬁ'o lately

substituted 4-phenyl-piperidine internmediate, the follow ng conpounds were
prepared: -86 29 August 2005 WD 02/ 068388 PCT/ US02/ 0, 5724 Ex.

#R3aR3bPar ent

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 -



lon mz (MrH) 181HCOOMe499 182H0 498 N Me H 1 HCHZCH2CN 83 1 O COOMES33
84 4 EXAMPLE 185 5 This exanple was prepared follow ng a.procedure simlar
to that described above for Exanple | but using . 29 August 2005

(3R 4S)-1-tent-butyl -4-(2, 4- difluorophenyl)pyrrolidine-3-carboxylic acid

for the. wepisdssgcoupling reaction; 10 mass spectrum n gepd8ybdhh H . -87
29 August 2005 WD 02/ 068388 EXAMPLE 186 PCT/ USQ210572-4 Fol | owm ng .
procedures simlar to that decribed above for Exanple 1, the follow ng
compound 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 hanglhérmigg and 1 4o} bewhnt ssrumalhurhing dselle vpre sainted and dhoabiot i w

receptors Weke09mAWTThdphoshRMHicsterase inhibitor 3-isobutyl-1-methylxanthine was addegd - -
to cells to 0.6 mM. i
Test compounds were diluted in dimethylsulfoxide (DMSO) (10 to
5 10™ M) and 0.1 volume of compound solution was added to 0.9 volumes of cell
suspension; the final DMSO concentration was 1%. After room temperature
incubation for 45 min, cells were lysed by incubation at 100°C for 5 min to release
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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fl asks containing selective nmediumof the conposition: 1 L Dul becco's

nodi fied Eagles Medium (DMEM with 4.5 g L-glucose, 25 mM Hepes, without
sodi um 15" pyruvate, (G bco/BR); 100 ml 10% heat -i nacti vatzdwugedt abosbovi ne
serum (§ : mL 10, 000 unit/nmL penicillin & 10, 000 [ i streptorrycm
(G bco/ BRY R 500 v L gl utanine (G bco/BRI); 1 ng}’ﬁ%’”&&%{%’f’%cu n
(A418) (G bco/BRI). The cells were grown at 379C wth C02 and hum dity
control until the desired cell density and cell nunber was obtained. 20
The nedi um was poured off and 10 m s/ nonol ayer of enzyne-free dissociation
nmedia (Specialty Media Inc.) was added. The cells were incubated at 37C
for 10 m n in¢luding iidptiveidsslis toughetieofite Mgncid asiedas] Hangagn aaabsest hand.
The cells vier harvgsted into 200 nL centrifuge tubes and spun at 1000
rpm 4 C, for r% 8 super nat'ant’ was- di'scarded and the cells were ‘25
resuspended in5 m s/ rmnol ayer nenbrane preparation buffer having the .
conposi ti oy ol 7.2;7.4; 4 pg/rnL Leupeptin (Sigm); 10.1 8g
WO 02/ 068388%%‘%8@% PCT/ US02/ 05724 Phosphor am don (Boehri nger
Mannhei 8) ; 40 pg/ nL Beskelbwneikivg SalgregesabangPeived fprague MawleS(@Xaps JO m . M

Pef abl oc. ( Besdronags obyaRneklin ARSBEkl 1ihid sHOMBIoRASAaH LD

not or-driven dounce.(Ta setting 4%1,6 S%
honpgenat e REBYF fefraghan %ftth%P@Bﬁ) ?‘-‘&rﬂ‘to Peggle shoathidyring therrx gepplaet s wer e

rlesusgendeévhllnaﬁbr% mmﬁlmrte&ea%efbut olfRADHARe aR1BPandatt §ep t(ﬁlrtfincﬁiﬂaguo'[ts wer e

Pd then s tiSRgah £yl o maG e cBbER LD Miistb&ied NDP. ac NEH was. added

to n%oo 10 gf marrbrand)lﬁﬁndlmﬂmbﬁamﬂed{atrﬁmnﬁirmRammw; "%ugw ran\m/le
rane bi

CaCl2: 1 m&eﬁgg;?‘ém% R - eyt Pt D SRRE L Bpe PR LYl L BialicPing ™

Phosphor ar A¥t &5 (-BOeninutrgePay Rethe heiimes Mﬂ@esgmmdBa@smma@pwt((@I ey ; 5 g/ nL

Aprotinin (&} forand %dﬂs%ﬁﬁ@lﬁg aﬁ;ﬁ%@é"&r’e W&l%%%l ine PAGubpndr ed
tL of nenbraﬂi@bl nd%gg1 B‘ké’rfer cont aining 10-4 rrbrane rotei n was

added, f ol "B{ki§e By reigapiediop) 8 - $8 TRBRIE- &3% ‘héhle womels g meiraredf 100
pM Thesr e snittel sngingipstitiog viashy pédiRxbdathrétedclad nndid dediCrelitingsd for 90- 120

mnoat r OO VR, Vg]olnllee anslrhn%i(s re&ue additional days of condmonmg before they are
completely acclimated to the procedures; non-responders are removed from further

&b

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 - '



The m xture was filtered with Packard M croplate 196 filter apparatus
using Packard Unifilter 96-well G-/ C filter with 0.1% pol yet hyl enei m ne
(Sigma). The filter was washed (5 times with a total of 109Augpsrodel|)
with roomtenperature 20 of filter wash having the conposition: 50 nv
Tris-HC d 20 MM NaCl: The filter was dried, an bot t om

seal ed and 5%!0;2865‘5{;]‘ Packard M croscint-20 was added to egg{qnﬁg 37Hne top
was seal ed and the radioactivity. quantl tated in a Packard Topcount

M croplate Scintillation counter. 25 B. Functional assay. Functional cell
based assays were devel oped to discrimnate nelanocortin receptor agonists
fromantagonists. Cells (for exanple, CHO or L-cells or other eukaryotic
cel | 8) - exprresminpgwailbuthers are hamoepotders dlegeticarDripahs. @selifidRYal¥ifion

Vbl - Endoo ) A o Reabdut IR S (BB RS fonc BRI AT Bl imey o

culture fl asfk%mbv lrimmur‘:ﬁ’g aﬂ@tthﬁ@astampow free phosphate buffered saline

14190- 136, Life Tech 5
Coin i ncybat on on at -y ol it SCES Yoo Dl ity B8 {g Sl "
Speci al ty MAGMHDIsiesRAthe &st @mwd- at @ﬁm&k&mﬁb@‘@&ﬂt@cﬁ%ﬂew siAdigati on
and  resusperdrétibis FavlRos &aﬁ:ﬁm@ftdﬁatlef 504 bl c%ﬂe&édl%cﬁarg%% d g&ﬁ%

Technol ogi es thersbur wi th ad t| ons of
m MyC12, Paﬂ'ﬁfgz %‘gedztge %%f% 1@@?@%@“@5’7%@8@%‘@@@ ni ne

and | ny/n evalbriensshor maﬂm mmalmrbﬁpwmﬁ@mnhﬁ@f wafmdislai @didatd to 5
x 106 JnL. . %’ %ggi}g{dl esterase inhibitor. 3 isobutyl-1-nethy.|xanthine
was added - "'to cel 0.6 MM Test conpounds were diluted in

di met hy18ul f oxi de ( DVE®sit{veOefsreanoe cantdds &40 indludmidn@adh stodywesaire dmrrpound
sol ution V"aifaﬁﬁgfgf e erdz Xﬂfn’zﬂ??éan H%fdoggci ﬂ)y a nHRBE éﬂrBHtes %}P?dﬂ&gﬂ tlon CeI s

concentrati on was roomt enp ture | ncu
were |ysed WP?%%@I@ thermagire ebibe Sﬂ@{y t%bwm@@nqdeifégg@tesaé@dmmm@@ncAwp

CAMP was measdli@d ihfaiRodd (TUYQhtraeritdd@al(®PY, shicstheold (St LAk ABBLE ham
(Arlington He't%ﬁtfaggfgq{ &q det eﬁl on ag(?;)ly RPA556) (tS '}he 1a]{lrm(t:mt 0 CAWP
producti on ded from an unknown corrpound vvas conpared to that
amount - @6 cAMP produced in response to al pha-MSH which was defined as a 100

% E. Models of Female .Sexual Dysfunction

, Rodent assays relevant to female sexnal receptivity include the
behavmral model of lordosis and direct observations of copulatory act1v1ty 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 dysfunctlon are described in McKenna KE et al, A Model '
For The Study of Sexual Function In Anesthetized Male And Female RatsJ Am. J.
. ,Phj/siol (Regulatory Integrative Comp. Physiol 30): R1276-R1285, 1991; MéKenna
.- KE et al, Modulation By Peripheral Serotonin of The Threshold For Sexual Reflexes
25 InFemale Rats, Pharm. Bioch. Behav., 40:151-156, 1991; and Takahashi LK e al,
Dual Estradiol Action In The Diencephalon And The Regulation Of Sociosexual '
: Behawor 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 EC5q values less than 1 pLM
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agoni st. The EC50 is defined as the conpound concentration which results in
hal f nmaxi mal stinulation, when conpared to its own maxi mal | evel of '
stimulation. 15 Antagonist.assa : Antagoni st activity was .defAugest 2885t he
ability ound to bl ock cAVP production in respon | pha- MSH.
Sol ut i onqg?%%lg@?gg)corrpounds and suspensi on of receptor coﬁ?ﬁ%‘ﬁ?ﬁ‘b’%@l S
were prepared and m xed as described,above; the m xture was incubated for
15 min, and an EC50 dose (approximtely 10 nM al pha- MsH) was added to the
cells. The assay was termnated 20 at 45 m n and cAVP quantitated as above.
Percent inhibition. was determ ned by conparing the anount of cAMP produced
in the presence to thaEXAMRIESOFiAPHARMaATINTE AQf coagtosamosund. C. In
vivo food intake nodels, 25 1) Overnight food intake. Sprague Daw ey rats
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period. Bio ameters relatin esit - ust 20
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fatty adPd, ceprvleest erol and serum glucose levels are deternmined. D. Rat Ex
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rats (over 6Q days ol are e _suspensor gane ally
renoved to OSF@\E%%B“F BvERiEan;, & merolthyampen $% isfarulpiet ovithruthcimit fmelheat h

during the @iviéaut@se @Vbyat i ansL anAlintBE 530 RLHOBe tPEA 2308 YBAB By 1 D
and are kept_on,a normal  light/dark cycle. StudieS are conducte uring
the I ght cygsale.

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 objects
and practices of the present invention. It is intended, thérefore, that the inventidn be
limited only by the scope of the claims which follow and that stch claims be

~ interpreted as broadly as is reasonable.
30 | |
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10 1) Conditioning to Supine Restraint for Ex Copula Reflex Tests. This
conditioning takes --- 4 days. Day 1, the animals are placed in a darkened
restrainer and left for 15 - 30 mnutes. Day 2, the ani nmal2® Ageste@®t r ai ned
in a supine position in the restrainer for 15 - 30 mnutes. Day 3, the
ani mal s 7 ained in the supine position wth the ' heat h
retract egf(?ooz{(%%;%_ 30 mnutes. Day 4, ,the animals are reglf&é‘jﬁﬁé@"%g inthe -
supi ne position with the penile sheath retracted until penile responses are
observed. Sone animals require additional days of conditioning before they
are conpletely acclimted to the procedures; non-responders are renoved
fromfurther evaluation. After any handling or evaluation aninals are
gi ven a treMMHAS I8 I NIMFdPti ve reinforcement. 20 2) Ex Copul a Refl ex
Tests: Rats are gently restrained in a supine position with their anterior
torso placed inside a cylinder of adeguate size to allow for .nornal head
and paw grooni ng. For la 406 &wepqymnd of ectugahtormulaiet er of the cylinder is
approxinmately 8 cm The lower torso and hind linbs are restrained with a
non- adhesive material (vetrap). An additional pRéce of vetrap with a hole
init, through 25 which the gl ' i bﬁ\[’passed, is fastened over

t

s w
the animal to naintain the preputial heat( a retracted position.
Penil e responses will be observed rmed ex copul a genital
reflex tests. Typically, a series of"pen ctsons wi |l occur
spontaneously within a few mnutes afterpsheath retraction. The types of
normal refl exogenic erectile responses 1 ncl utfe el ongati on, engorgenent,
cup and flip. An 30 elongation is cl assi filkd as an extension of the penil e
body. Engorgenment is a dilation of the glans penis. A cup is defined as an
i nt ense ser egtd gharmhRhbciileadbghiRk sii@ddrof the glans penis nonentarily
fl ares open flo' forma cup. ATflip is a dorsiflexion of the penile body.
Basel i ne ant™3f"%vehicl e eval uations are conducted to determ ne how 35 and
i f-an ani matiswi | 1 orZspond. Sone ani mal s have a | ong duration until the
first -91 52153 Au{gtisé 1;_’,005 WO 02/ 068388 PCT[ US02/ 0724 response while others
are non-responders’ i bgether. During this baseline evaluation latency to
first response, huindéy;. and type. of. responses are recorded. The- testing

tune fypang, iss 1§ Mhpyt es after the first response.

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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After a minimumof 1 day between eval uations, these sane aninmals are 5
adm ni stered the test conpound at 20 ng/ kg and eval uated for penile
reflexes. Al evaluations. are videotaped and scored | at er.29Bayest 2008 _
col l ecte | yzed using paired 2 tailed t-tests to %?Rr basel i ne
and/ or .\%ﬁl@fgﬁgval uations to drug treated evaluations fo ﬁ%ﬁﬁg’#dual
animals. Goups of a mninumof 4 anipals are utilized to reduce
variability 10 Positive reference controls are included in each study to .
assure the validity of the study. Animals can be dosed by a nunber of
routes of adm nistration depending on the nature of the study to be
perfornmed. The routes(®f adbwkmiodylr ati on includes intravenous (1V),
intraperitoneal (IP), bcut aneo (SC) and intracerebral ventricul ar
(1CV). 15 E. Mdels ofﬁﬂerréﬁogu%é’xﬂal Dysfunction Rodent assays Televant to
femal e sexual recepti ¢i)y ppahidieylt he behavi oral nodel of |ordosis and
direct observations OR@W@%‘% E,y activity. There is also a urethrogenital
refl ex nodel in anesthetized spifally transected rats for 20 neasuring
orgasm i both mal e ahtd)f epwidazinls. “ These and ot her established ani nal
nodel s of fenale sexugm dygfﬂﬂa jon are described in MKenna KE et al, A
Model For The Stud o exyal Fupction In Anesthetized Male And Fenal e
Rats, - Am J. Physiol .(15(%Rebsﬁﬂ‘é‘i“8g§ | ntegrative Conp. Physiol 30):

R1276- R1285, 1991; . Mkgnnaenzihidatkolgl,, Modul ati on By Peripheral Serotonin
of The Threshol d For égquaé R%I?%% es 25 In Female Rats, Pharm Bioch.
Behav., 40:151-156, 1891; 3A¢ hashi LK-et -al, Dual Estradiol Action In
The Di eldcephal on And ¢ Rbgubtti¢mghh, Of Soci osexual Behavior In Fenale

Gol den Hansters Brai n(lﬁs. indggr?: 194- 207, 1985. Representative conpounds of
the present invention re tested and found to bind to the nel anocortin-4
receptor. These conpol#s Wenzéugeddsaid y found 30 to have 1C50 val ues |ess
than 2 M Representat{Me CpsReK 1of the present invention were also

tested in the.fynctiona S found generally to activate the
mel anocor t i H-A1FLRRAGY, rnﬁﬁﬁilﬁﬁ}é@ge@wigﬁglﬁgé%tﬁ‘%d pr ii%m\‘/@%(}?‘ﬂb‘@@st% 29
August 12005hreR@FéugsGadaEhachily SERANBIfoM RB; ndPHIAMACEVIILARAY LOVPCSI TI ON -
unsubstituted or substituted with one to three groups indcpendently selected from R3
and 0X0; '

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,
| 4  pymolyl,
(5)  oxazolyl,
(6) thiazolyl,
(7)  imidazolyl,
30 - - (8)  pyrazolyl,
' (9)  isoxazolyl,”
(10) isothiazolyl,
(1) pyrimidinyl,
- : (12) pyrazinyl,
'35 | (13) pyridazinyl,
. -05_



- As a specific enbodi ment of an oral conposition of a‘conposition of the

present. invention, 5 ng of Exanple 168 is fornulated with sufficient finely
5 divided |l actose to provide a total anpunt of 580 to 590.m9 Augudtdds a si ze
0 hard gelatin capsule. As another specific enbodi mrent of an oral

conposi t ivam oDhcsgssconmpound of the present invention, 2.5 ﬁgg: |l e 104
is formulated with sufficient finely ,divided |actose to g?g@$oe:hﬂ?otal
anount .of 580 to 590 ng to fill a size O hard gelatin 10 capsule. As

anot her specific enbodi nent of an oral conposition of a conpound of the
present invention, 10 ng of Exanple 88 is fornulated with sufficient finely
divided |l actose to provide a total anount of 580 to 590 ng to fill a size O
hard gelatin capsul e.{145 Whit@yk he i nventi on has been described and
illustrated in referengg) t osgiffdiai n preferred enbodiments thereof, those
skilled in the art will ‘appretiate’that " various changes, nodifications and
substitutions can be rd@k tisarEidazgilnout departing fromthe spirit and
scope of the inventioni7forheaxaupjie. effective dosages other than the
preferred doses as set %grth her ei nabove may be applicable as a 20
consequence of variati® i QFnEQTaicR ponsi veness of the mammal being treated
for severity of bone (#9soridéslgl, caused by resorption, or for other

i ndi cations for the %Q o] %d% of fﬂe iLnvention indicated above. Likew se,

t he specific pharnacologfca DZPE%%S 38@ observed may vary according to and
dependi ng upon the par@lcultgnzaezdlyk conpound sel ected or whether there

are present ;p i Iy Ler _ . A .formul ation

and e, o EBAICRIRSY, F@nuah leBrodR HE R Sihile & ol el 3%

di f f er eF@es tFre goups BisigpensieniwsalesmdionAABd i n accordance with the objects

and practices of the present invention. It is intended, therefore, that the
of the clains which foll ow and t hat

i nvention be . lis ted onl he .sco
such cl ai nse%cgéﬂ‘?tlﬁ ?ﬂ%@%ﬁ{j}y&?g{eﬁ‘i%g{ﬂr‘gt SIPYP FINEHRERf e. 30 29 August 2005

WO 02/ 068388 WHAT1MBABYI MED |S: 1. A conpound of structural formula I: Rl
0 (CH2)n-phenyl, -
15 (CH2)p-naphthyl,

(CH2)p-heteroaryl,
(CH2)py-heterocyclyl, _
(CH2)nC3-7 cycloaikyl,
halogen, |

20 OR4, :

' (CH2)nNRH)2
(CH2)nC=N,
(CH2)nCO2RA,

NO2,

25 (CH2)uNR4SO2R4

 (CH2)pSO2N®R4y,
(CH2)nS(O)pR4,
(CHR)nNRAC(O)NR4 ),
: (CH2)nC(O)NR%)2, -

30 (CH2)nNRAC(O)R4,
(CH2)sNRACO2R4,
(CH2)aNR4C(O)-heteroaryl,
(CHD)nC(O)NRANRA)3,
(CH2)RC(ONRANRAC(O)R4,

35 O(CH2)hC(OINRA),,
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ris .1 or2;

(I') PCT/US02/0-5724 5or a pharmaceutically acceptable Sal t thereof; wherein

sis 0,1,0or2; nis 0, 1 or 2; 10pis 0,1,0r2; Rl i's selected

fromthe group consisting of hydrogen, amdino,. Cl-4 allcyk$augusydopsCl-10
al kyl , 15@hi)ass4s3. . 7 cycl oal kyl', (CH2) n-phenyl, (CH2)n- nﬁphhgml,%?,ﬁnd '
the .

20(CH2) n- het eroaryl wherein heteroaryl is selected from

consi sting
25(5) oxazol

group
of (1)pyridinyl, (2)furyl, ,(3)thienyl, (4)pyrrolyl,
yl, (6)thiazolyl, (7)imdazolyl, (8)pyrazolyl, 94 29 August 2005

WD 02/ 068388 PCT/ US02/ 0572 4 5°10 (9) isoxazolyl, (10) isot hiazolyl,

10

15

20

CFs,

CHCF3,

OCF3, and

OCH2CF3;
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
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 group;

each R4 is independently selected from the group consisting of
hydrogen, |
C1-6 alkyl,
(CH2)n-phenyl,
(Cngn—heteroaryl,
{CH2)p-naphthyl,
- (CH2)p-heterocyclyl,
(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, .

25

30

hydroxy, and C1-4 alkoxy; or two R4 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 0, S, and NCj ¢ alkyl;

each RS is independently selected from the group consisting of
hydrogen, |
C1-g alkyl,
(CH2)n-phenyl,
(CH2)n-naphthyl,
(CH2)n-heteroaryl, and
(CH2)nC3+7 cycloalkyl;
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'(11) pyrimdinyl, (12) pyrazinyl, (13) pyridazinyl, "~{14) quinolyl, -
(15) isoqui nolayl , (16) benzim dazolyl, (17) benzofu yl, (1S

benzot M @#68383(19) indolyl, (20). benzthiazolyl, and (21)2%enesiRestol yl

i n 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

i ndependently selected fromR3 and oxo; R2 is selected fromthe group

consistir ; v n WA d_heteroaryl wherein
het of oar 9? h%m_s%?%g%}gg*f? g%n@%%%’?’%h@%é’%‘?@?tﬁ ga%“fheff’ 9t di ny: (2)
furyl, (Bpubsitegdor subsdyutedyyith ohg o thigsyrograndbydndeniBieltddiroingi3; -~ ( 7)
I m dazol ydiky] ab8) @ﬁﬁlﬁ?pzjré! binsublsQdutd BOXABRAidited witl Qe iR g?z;ﬁﬂsyl (11

pyxirnt d"iﬂéfépendén %) seH3%ron IR’3 and 0x0; and wherein any methylene (CH?) in RS is

5  unsubstituted or substituted with one to two groups 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 Xis selected from the group consisting of
Ci-galkyl, '
(CH2)1C3-8 cycloalkyl,
(CHZ_)n"PheﬂYL
(CH2)p-naphthyl,
15 (CH2)p-heteroaryl,
(CHg)pheterocyclyl,
(CH2)nC=N,
(CH2)nCONRSRS),
(CH2)3CO2R5,
20 (CH2),CORS,
(CH2)RNRSC(O)RS,
(CH2)nNRSCOZRS, -
(CH2)nNRSC(O)NRS)z,
 (CHR)pNRSSO9RS,
35 (CH2DnS(O)}R5,
~ (CHDSONRIHRI),
(CH2)nORS,
. (CH2)nOC(O)R5,
~ (CH2)ROC(0)ORS,
- 30 - (CH2OCOMNRS),
(CH2)nN(RS)(RS), and
(CH2)nNRISO2N(RSYRS); _
wherein heteroaryl is as defined above; S naphthyl, and heteroéryl are ‘ -
©unsubstituted or substituted with one to three groups independently sc~lec_ted_-ftom-R3i_ o
phenyl is substituted with one to three groups in’depeﬁdently selected from R*;alkyl,
- cycloalkyl, and heterocyelyl are unsubstituted or substituted with one to three '
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(13) pyridazinyl,
qui nol yI,

-95 29 August 2005 WD 02/ 068388 0 PCT/ US02/ 05724 (14)
(15) isoquinolyl, (16) benzimdazolyl, (17) benzofuryl,

5 (18)

benzot hienyl, (19) indolyl, (20) benzthiazolyl, and (21) Zohmoxtagesd yl; in
whi ch hené068 napht hyl , and heteroaryl are unsubstitute ﬁ?@gs"% b tituted
0

with orfé0g

% three groups independently selected fr

I ndependently selected .fromthe group consisting of Cl-6 al kyI
(CH2) n-phenyl, 15 (CH2)n-naphthyl, * (CH2) n-heteroaryl,

(CH2) n- het er ocycl yl, (CH2)nC3-7 cycl oal kyl, hal ogen, 20 OR4,

(CH2) nN(R4) 2, (CHZ) nC=N, (CH2)nCO2R4, N02 25 (CH2) nNRASO2R4

( CHZ) nSQ2 ’\é(r 1)3 mdep(a%n)dyégigztgg%bm k&4kd BW%%Q)H&% ﬁgy meﬁh%l 'ﬂ@ﬁ@ NR4) 2,

10

15

20

25

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, (CH2)0-1C3-6 cycloalkyl, and
(CH2)0-1-phenyl; wherein phenyl is unsubstituted or substituted with one to three
groups independently selected from R3; and alkyl and cycloalkyl are optionally
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.

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,
~ (CHg)y-naphthyt,

(CHz)ﬁ—heteroaryl,

(CH72)3C3-8 cycloalkyl, and

(CHz)n-hetcrocyclyl
wherem -naphthyl, and heteroaryl are optlonally 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;
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30 (CH2) nNRAC(O R4, (CH2)nNR4ACO2R4,  (CH2)nNR4AC(O) -heteroaryl,

(CH2)NC(O NRAN(R4) 2, (CH2)nC(O) NRANRAC(O R4, 35 Q(CH2)nC(O) N(R4)2, -96 29
August 2005 WD 02/068388 PCT/ USC2/ 05724 5 CF3, CH2CF3, (CePegusiAeps
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 sel ected from hal ogen,

hydr ox}¥O e4§83881- 4 al kyl, trifluoronethyl, and Cl-4 alBODES02/8574 wher ei n
any nethylene (CH?_) carbon atomin R3 is unsubstituted or substituted
with . one to two groups independently selected from hal ogen, hydroxy, and 10
Cl-4 alkyl; or two substituents when on the sane nethylene (CH2) group are
taken together with the carbon atomto which they are attached to form

I L th
Cont T AP o Rl SO UG, MV 7
( CH2) n- hetidependg THeE from heﬁprocyclymgpgumbrrsubmw with@n¢ @2) nC3- 7
cycl oal kyﬂWup.‘( 16Hﬂieﬁ%ﬂ} sBle6ed I RB)é!nd owb-adrRl CHA U subsBRREY br

het eroaryl ,, hete clyl, and cycl oal k are unsubstituted or substituted
‘with one $upsh H’lt%{ewﬁg%ﬁ'p@ti”ﬁc%‘a&?d@?ﬁﬂe %’@D’é‘élle@"& fiosnhalegengleydroxst and al kyl |
hydroxXy, @mndi#lkyld al koxy; or two R4 groups together with the atomto whi ch
they are 25 attached forma 4- to 8-nenbered nono- or bicyclic zing system
optionally cont ai ni ng

7. The compound of Claim 6 wherein X is phenyl ¢ptiomattd

substituted with one to three groups independently selected from R3.

m

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 (lla) (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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“an additional heteroatom selected from0, S, and NCl- al kyl; each RS is
i-ndependent|y selected fromthe group consisti ng of hydrogen, 30 C1-8
al kyl, (CH2)n-phenyl, (CH2)n-naphthyl, (CH2)n-heteroar yl23 Angest2005
(CH2) nC3-7. cycloal kyl; -97 29 August 2005 wherein heteroaryl is as defined
above; phenyl, naphthyl, and heteroaryl are unsubstituted or substituted
with one to three.groups independently selected frozxx R3; alkyl and
- cycl oalwioyi2/oe8388 unsubstituted or substituted with one tectrhusesosroUPS
_independently selected fromR3 and oxo; and wherein any nethylene (CH2) in
R5 is unsubstituted or substituted with one to two groups independently
sel ected from hal ogen, hydroxy, and Cl-4 alkyl; or two R5 groups together
"with the atomto which they are attached forma 5- to 8-nenbered nono- or
bi cyclic r'#ng system optional ly containing an additional heteroatom
sel ect ed Rt isphenylor thieny! Npfionpikyisbstituted avithoon to $hreeproupeindepandentie gr oup
consi sti n@ifed g 83al kyl, (CH2) nC3_8 cycloal kyl, (CH2) 1-phenyl,
(CH2) n-napht hyl, 15 {CH2) n-heteroaryl, (CH2)nheterocyclyl, (CH2)nC=N,
(CH2) ZICON(RSRS), (CH2)nCO2R5, 20 (CH2)nCORS, (CH2)nNR5C(O) R5,
( CH2) NNREER RS s indEiAtaNRSeMNaG01R the 46l bNRESERRS, 25 (CH2)nS (O) ARS,
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)pNRAC(OIN(RY)2,
(CH2)CONRY),
(CH2)hNRAC(O)R4,
(CH2)RNRACO2R4,
20 (CH2)nNR4C(0)-heteroaryl,
(CH2)3C(OINRAN(R4)2,
(CH2)RC(O)NRANRAC(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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(CH2) nNS2N(RS) (RS), (CH2)nORS, . (CH2)nOC(O RS, (CH2)nOC(O OR5, 30

(CH2) nOC(O)N(RS) 2, (CH2)nN(RS) (R5), and (CH2) nNR5S02N(R5) (R5); wherein
het eroaryl is as defined above; naphthyl, and heteroaryl ar2® Augmsadist it uted
or substituted with one to three-groups i ndependently sel ected.from R3;
phenyl is substituted with one to three groups independently selected from
R3; al kyl, cycloal kyl, and heterocyclyl are unsubstituted or substituted

wi th oWe® 2468388 ee - 98 29 August 2005 WD 02/068388 PCTPOPIBODEN241 gr oups

i ndependently sel ected from R3 and oxo; and wherein any nethylene (CH2) in
X is unsubstituted or substituted with one to two groups independently

sel ected-from hal ogen, hydroxy, and Cl-4 alkyl 5 2. The conpound of Claim
1 wherein R1 is selected fromthe, group consisting of hydrogen, Cl-6

al kyl, (CH2)0-1C3-6 cycl oal kyl, and (CH2)O0-1-phenyl; wherein phenyl is
unsubstituted or substituted with one to three groups independently

sel ect ed ¢achR¥i8 independenly kclastdd épal thagtopb cengsthpptdfonal |y  substituted with
one to three gﬁaﬁﬂg% " ndependent|y sel ected from R3 and oxo. 10 3. The
conmpound of C wherein R2 is phenyl or thienyl optionally substituted
~wWith one to th bé"élﬁ@ups i ndependently selected fromR3. 4. The conpound of
d ai mg3 V\herelﬂwﬁg is phenyl optionally 15 substituted with one to three
groups i ndepen y selected fromR3. 5. The conpound of Caim1l wherein X
i s selected friseroa@l.gr oup consisting of (CH?)n-phenyl, 20

( CH2) n- napht hy{CHGH etesbescdylpaid/| , (CH2) nC3-8 cycl oal kyl, and

(CH2) n- het er Océg-lﬁyclyéloalkyl;
wherein alkyl, phenyl, hetroaryl, heterocyclyl, and cycloalkyl are unsubstituted or
10  substituted with one to three groups independently selected from halogen, C14 alkyl,
‘hydroxy, and C1.4 alkoxy;

or two R%4 groups together with the atom to which they are attached form a 4~ to 8-
membered moeno- 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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wherei n naphthyl, and heteroaryl are optionally substituted with one to
three 25 groups independently selected fromR3; phenyl is substituted with
one to three groups independently selected fromR3; cycl oat%iuauetrdos

het erocyclyl are optionally substituted with one to three groups

i ndependently selected fromR3 and oxo; and wherein any nethyl ene (CH2)
group in X is unsubstituted or substituted with one to two groups

i ndepeOd0838% el ected from hal ogen, hydroxy, and G 4 aCkyisoz/€724The
conmpound of Claimb5 wherein X is selected fromthe group consisting of
(CH2) 0- 1- phenyl, (CH2)4-1-heteroaryl, and (CH2)0 1-heterocyclyl; 99. 29
August 2005 WO 02/ 068388 PCTI US02I 05724 wher ei n phenyl and heteroaryl are
aptionally substitut ed with one to three groups independently sel ected
from R3; heter c%/% are optionally substituted with one to. three groups
mdepender ly cted fromR3 and oxo; and CH2 is unsubstituted or

subst i t utibistivdresneCt-¢ alkad, o (6H30-1 Memdndent | y sel ected from hal ogen,

hydroxy, _ m 6 wherein X is phenyl
$pti urrffi RUBS E 3%?% one@m%ﬁﬁgl%ﬁgg?tg%s@gﬁgdependent ly sel ected
fromR3. 10 8. 1I' npound of Claiml whereinr is 1 or 2 and s is 1. 9.

The cgnpound qb}g)gjlnhdtcreﬁryqstructural formula Ila or lib of the indicated

trans relativ @fljé gkbe{t]em C%Q configuration: or 15 0 (Ila) R2 or a
phar maceuti cal alt thereof; whereinr_is 1 or 2; nis 0, 1,
or 2; 20 p i shaloged, 61 .
OR4, -
. (CH2)0-1N®%)2,
10 (CH2)0-1C=N,
(CIi2)0-1CO2R4,
(CH2)0-1NR#SO2R4
(CH2)0-1SO02N(R %)y,
- (CH)0-1S(O)pR4,
15. (CH2)0-INRICONRH),
(CH2)0-1C(O)NRH)2,
(CH2)0-1NRAC(O)R4,
(CH2)0-INRACO2R4,
(CH2)0-1NR4C(O)-heteroaryl,
20  (CH2)0-1C(ONRANRH),
(CH2)p-1C(O)NRANRAC(O)R4,
O(CH2)0-1C(O)NR4)2,
CFHa,
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
-103 -




Rl is hydrogen, amdino, Cl..4 alkylimnoyl, C1-6 alkyl, C5-6 cycloal kyl,
(CH2) 0-1 phenyl, or (CH2)0-1 heteroaryl; wherein phenyl and heteroaryl  are
unsubstituted or substituted with one to three groups i nde@®rdanitR(0s5

sel ected fromR3; 25 and al kyl and cycl oal kyl are unsubstituted or
substituted with one to three groups independently selected from R3 and
ox0; 29 August 2005 WO 02/ 068388 PCTI US02/ 05724 R2 is phenyl or thienyl

optio I tituted with one to three groups indepep el ect ed
from @og’gﬁgs% is independently selected fromthe grggg}ﬁ%@hgéi?%ti ng of 5

Cl-6 alkyl, (CH2)n-heteroaryl, (CH2) n-hetero cyclyl, halogen,:OR4, 10
(CH2)NnN(R4) 2, (CH2)nC=N, (CH2)nCO2R4, (CH2)nNRASO2R4 (CH2)nSC2N(R4) 2,
15 (CH2)nS(O pR4, (CH2)nNRAC(O N(R4)2, (CH2)-C(O N(R4) 2,

(CH2) NNRAC(O) R4, (CH2) nNRACO2R4, 20 (CH2) nNR4C(O) - het eroat yl ,

(CH2) nC(O) NRAKy&RbEen, (CH2) n C(O NRANRAC (O R4, Q(CH2)nC(O N(R4)2, CF3,
25 CH2CF3,  Ogh3g ag@pl OCH2CF3; .

phenyl,
-heteroaryl,
5 (CH2)0-1 heterocyclyl, and
C3-g 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 C1-4 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

104~



i n which phenyl, naphthyl, heteroaryl, cycloal kyl, and heterocyclyl are

" unsubstituted or substituted with one to three substituents independently
sel ected from hal ogen, 30 :hydroxy, oxo, Cl-4 alkyl, trifl|2bhugset?h8d , and
Cl-4 al koxy; and wherein any nethylene (CH2) carbon atomin R3 is -
“unsubstituted or substituted with one to two groups independently sel ected
from hal ogen, hydroxy, and Cl-4 alkyl; or two substituents when on the
sanme matcheoesass ( CH2) . group are taken together with the pagidweisgiomto
which they are attached to forma cycl opropyl group; -101 29 August 2005 WO
02/ 068388 PCT/ US02/ 05724 each R4 is independently selected fromthe group
consisting of hydrogen, Cl.g alkyl, 5 phenyl, heteroaryl, -(CH2)0 1

het erocyclyl, and C3-6 cycloal kyl; wherein al kyl, phenyl, hetroaryl,

het erocycl yl, angd, cycl oal kyl are unsubstituted_or 10 substituted mﬁth one

to three groups ijfidependently sel ected from hafogen, Cl4 alkyl, 'hydroxy,
and Cl1_4 al koxyu i t he aton1tﬂewnbch they are
attached form a ybnkoptlonally
containing an a and "NC 4 al kyl ;
and 15 X i s pbeny J LL.chl . ) substituted
with one to thQ% _ . . Y0. The conpound
of daim1l of ruct ur al L i g nghcatred trans

rel ative stereochem cal
acceptabl e salt thereof;

Cl

1 N
C\N Lot Nm‘“\\

O O F

o Me,  Me c Me Me

(:}a Mel N_ .« N (:}1 N \
i Me \ﬂ o

F F
_F Me Me
Me
. . N
C\N Me N\n\\\\
il Me -
F
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(111b) -102 29 August 2005 WO 02/068388 PCTI (JS02105724 r is 1 or 2; R is
hydr ogen, Cl14 al kyl, or (CH2)0-1 phenyl; each R3 is independently sel ected
fromthe group consisting of Cl1-6 alkyl, 5 (CH2)O0-1-het er Garybyst 2005

(CH2) 0- 1- heterocycl yl, halogen, OR4, (CH2)O0-1N(R4)2, 10 (CH2)0 -1C --N,
(CH2) 0- 1CO02R4, (CH2)0- INRASO2R4 (CH2)0-1S2N(R4)2, (CH2)0-1S(O pR4, 15..
(CH2) 0- INRAC(O N(R4)2, (CH2)0-.1C(ONR4)2, (CH2)O0--1INRAC(O R4, (CH2)O-
] NR4 06s386H2) 0- INRAC( O) - heteroaryl, 20 (CH2)0- | %(i) ff) 2,

(CH2) 0-1 (O NRANRAC( O) R4, O (CH2)0-1 C(O) N(Ra) 2, cF3XcT! 2 ocrs3,
and . OCH2CF3; in which phenyl, naphthyl, heteroaryl, cycloal kyl, and

het erocyclyl are unsubstituted or substituted wth one to three
substituents independently sel ected from hal ogen, hydroxy, oxo, Cl4 al kyl,
trifluoromethyl, and Cl4 al koxy; and wherein any

Cl Cl

Me M
VMo

c F Me Me
. Me -
x i )
Me™ Me” N7 “Me N\n“‘\
F
¢ & Me Me
) >4-Me
N
HN HN™ “Me N‘*ﬁ-‘“‘
O O F
Me
F
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30 net hyl ene (CH2) carbon atomin R3 is unsubstituted or substituted with
one to two groups.independently sel ected from hal ogen, hydroxy, and Cl -4
alkyl; or two substituents when on the sane net hyl ene ( CHZA® Ayoudig0dr e
taken together with the carbon atomto which they are attached to forma
cycl opropyl group; and .35 each R4 is independently selected fromthe group
consisting of -103 29 August 2005 WO 02/ 068388 PCTLFTS021 05724 hydr ogen,
Cl1 8 enyl,  heteroaryl, 5 (CH2)0-1 heterocycClpdy slﬁ% 6

cycl ﬁ”%’?, wﬁgr ein. al kyl, phenyl, heteroaryl, heter ocyc(ﬂ b

cycl oal kyl are unsubstituted or substituted with one to three groups

i ndependently sel ected from hal ogen, Cl-4 al kyl, hydroxy, and Cl-4 al koxy;
or two R4 groups together with the atomto which they are .10 attached form
a 4- to 8-nenbered nono- or bicyclic. ri ng systemoptionally containing an
addi tional het efegpom sel ected fig om0, S, B Cl-4 al kyl pelfge The conpound
of Caim 10 selec fromthe gr odppeonsi st i 15 29 A t 2005 WO
02/ 068388 Me PCH Q5 29, _Ajgust 2005 WB;02/068388 /US02105724 29
August 2005 V\D}L/O '

and A
N N “Me

5 or a pharmaceutically acceptable salt thereof.
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PCTI US02105724 5 or a pharmaceutically acceptable salt thereof. 29 August
2005 WD 02/ 068388 PCT/ US02/ 05724 12. The conpound of Claim 11 which is
selected fromthe group consisting of: 5 and 7 or a phar mac¥Auges PGP
acceptable salt thereof. 10 13_ The conpound of C aim 12 which is: 29
August 2005 WD 02/068388 N | or a pharmaceutically acceptable salt thereof.
14.. The conmpound of Caim 12 which is: 5 or a pharmaceutically acceptable
salt t 5. The compound of Caim 12 which is: 2/ 05724 or
a pharﬁg:%{?{s?sgil | y aceptable salt thereof. 29 August 23@%‘%&/ 68388
PCT/ US02/ 05724 16. Use of a .compound according to Claiml for the

manuf acture of a nedicanent for the treatnent or prevention of disorders,
di seases or conditions responsive to the activation of the nelanocortin-4
receptor in a manmal in need thereof 5 17. Use of a conmpound according to
Caiml for the nmanid.act Whecompound of Claim 11 which is selected from the group

consisting of:-

5
Me Me
0
N h,,’l oW
H Me
F
¢l Me Me
Y-Me
O —N
-'Me)LN “Me *
H L _F
F
Me Me
>L-Me
N .
O Me 0 E
F .
or a pharmaceutically acceptable salt thereof.
10

13.  The compound of Claim 12 which is:

-108-



of a nmedi canment for the treatnment or prevention of obesity in a manmmal in
need thereof 10 1$. Use of a conmpound according to Claiml for the

manuf acture of a nedicanent for the treatnent or preventi of Adfgusti2@®et es
mellitus in a mammal in need thereof. 19. Use of a conpound according to.
Caiml for the manufacture 15 of a nedicanment for the treatnent or
prevention of male or fenal e sexual dysfunction in a manmmal i n need

t her eQlg o2Mssssise of a conpound according to Caiml F Qﬁ yf acture of
a nedlcanent or the treatnent or prevention of erectl e S nctlon in a
mammal 20 in need thereof. 21, A pharmaceutical conposition which

conpri ses a conpound of Clain1l and a pharnmaceutically acceptable carrier.
25 22, The pharnmaceutical conposition of Claim21 further conprising a
second active ingredient selected fromthe group consisting of an insulin
sensitizer, an insulin mnmetiCk_z
an HMG CoA reductase inhibitor, anti - obesi t Y ggrotonergic agent, a 03
adrenoreceptor agoni st, a neysopept i ) i
| i pase inhibitor, a nelanhg;Engo cerlt r afji ng/{ hoy none receptor antagoni st,

and a cannabinoid CB 1 ré&Eeptor N aﬁﬁ@g-nlig i nverse agoni st. 29 August
2005 WO 02/ 068388 PCTI US & 23 The arfaceguti cal conposition of
Claim21 further conprisi Hg a second activ @ i
group consisting of a type: V cyclic-OWMsel®gifve phosphodi est erase

i nhibitor, an a2-adrenergic receptor 5 antagoni st, and a dopam nergic
agent. 10 15 24. Use of a conposition accordihg to Claim23 for the

manuf acture of a nmedi cament for treating erectile dysfunction in a mammal
“in need orhghemiacendcallysasceftable sadinthergnfl according to Caim 1 in conbination
with a type V cyclic-GWwW-sel ective phosphodi esterase inhibitor, an
cL2-adrenergic rece&t or

The compound of Claim 12 which is:

5
cl Me Me
Me
0 N
Me)J\N “"Me N\ﬁ““
H 0 F
F
or a pharmaceutically acceptable salt thereof.
15. The compound‘of Claim 12 which is:
10 | '

:?C Me Me

or a pharmaceutically aceptable salt thereof.
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ant agoni st, or a dopam nergic agent for the manufacture of a nedi canent for
treating erectile dysfunction in a manmal in need thereof 26. Use of a
conpound according to aim1l in conbination with an insul29Agessies zer,
an insulin mnetic, a sulfonylurea, an Cc-glucosida.se inhibitor, an ’
HMG- Codg Ridgisgse 1 nhibitor, an anti-obesity serotonerrg@l,%Tﬁ%%%_.mg 03

adr enor ecept or agoni st, a neuropeptide Yt or Y5 antagonist, a pancreatic

| i pase 20 inhibitor, a nelanin-concentrating hornone receptor antagoni st,
or a cannabinoid CB | receptor antagonist or inverse agonist for the
manuf acture of a nedi canent for treating diabetes or obesity in a mammal

I n need thereof. 25 27. Use of a conposition according to Caim?22 for the
manuf acture of a nedicanent for treating obesity in a manma{ in need
thereof 28. The conpolfnd diseef apempoundiaesasiing thGlaph A fostbe ntanofakiuge

accept abl e sbd medibanenofor ik tidagndhy BF Pretdmioh @8 dR8idkrs, disdabds 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 ! 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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10

15

20

25
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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





