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TETRAHYDROCYCLOPENTANINDOLE COMPOUNDS AS ANDROGEN
RECEPTOR MODULATORS TECHNICAL FIELD OF INVENTION 5The
presgkigyention relates to tetrahydrocyclopent[blindole compeungs,«9hss74s
pharmaceutically acceptable salts thereof, that are useful as therapeutic
agents, to pharmaceutical compositions comprising the compounds or

salts, to methods of using the compounds or salts to treat disorders in
patients, and to intermediates and processes useful in the synthesis of the
compounds. 10BACKGROUND OF THE INVENTION Endogenous

Ster?@ﬁ@@f@%}é%@pﬁ%wﬂ;%@h@ﬂﬁeéﬁﬂgxwtﬂg%%%Nmmm

physiological functions. The effects of steroidal androgens (e.g.
testosterone and 5a-dihyhbtdstd&ta sHeRBHF ) &R mediated by the

androgen receptor (AR) and may be characterized as anabolic or
androgenic in nature. IﬁWﬁ@;ﬁW}?ﬂﬁ@@ W%"{'@WR 15undergoes a
conformational change then translocates o the cell nucleus where it binds
to specki DR égiseHer &lepmedeainbiyégenctaapbing leherne aRESY to
inittate:OfIRRIBSR (ARSI IR mefiar gek grnesiAnabehe 4. HSSUE 1o
yiding) sfteets of.andidens nclude increasing musele mass ande iy e
s[frengt and bone mass, W?merfeés%maroggnlc (%e. maé’cullnlzmgj’e ects
iSeIBRa R W EVEIOp iR E BPIvRile S Bttmtia AP SExinaTerdidetendticeceOstich
agdhe intesnaheproductivedissyes. (i.e. prostate and seminal vesicle), the

external genetalia (pgﬂéﬁ&&iﬁ%'@g l&tﬁoiﬁ%aﬁmb%owth patterns.
|

Reductions in androgen’levels'as may occur with'aging are associated
with sefiBireeffast g etiandiakes errdrfansdtesd Fohererhpie: msliveds afe
addesigsteonailaveimeesting obapesiaeaken diabetesaidrone and
cardjovascular disease rates increase, and the ratio of 25muscle mass to

130 R QOSSR ELPEE Nty SRa RS BY At BREfETnARTry R SR taRs ey be
areuassocialtedanatividimimishegktibi donaumex fHaiheditatigiteg gdriataldabk AR

WelReing, aRda/8S:Qf AoRe.THASKLASASEY (NROSHMEAGRAYRAL WHAME o
Cllnl_cal%r the principal application of androgen therapyéhas been in the

FRERHHB LY FyBEBOHAEHERY AT SERRE AR ArdYB Gor  plite pharress
th@u&p@pﬂimhymwmgdalsmﬁnah%&ismhe@sﬁi_dimg}tcffaﬁdet@emdﬁz@meﬂudc
ERAURHANANGINGEEaSR ReRR M AP L QAthGRINdiGAH0NS far, Whieh; o

androgens have been used clinically include’treatment of delayed puberty

P By R G RE S PriTRAR D St St B A FRIRP ISt Ff R elsaeristcs

adglithsnhsaimhfﬂgémmeﬂa@@m@bm eiranyos%-te_@asi. baemdseddecenilyxiamal
ing. mepARd.farths9ulaiion.gh male (it g females, androgen

therapy has been used c |n|callggrfor the freatment of sexual dysfunction or
diminisREL B0 HEWeseR et SRR R Y Rt iged with scrious
exémple butwantedsideraftectsibot steraidahandregen therapyintiuee
gf&%‘i'@, %HH&E’ @EB&QW&E&@&I&%%@a%@&ﬂé{‘ ng&%l %‘?&11}%}@5@%{8 the ratio of

stimulation of grostate tumors and elevations in prostate specific antigen
(BSANERIhIN AT rEaSad BT oSt BHdET FisRS cHawa gdeps tosterone
assesciatadywiiadidrogendused s uithelmare farepaatiensiafumwendiies,
and nmediieg. storoifel A0AROENS NG REERIMILID SHIRLTOMIARLipa

degradation in the liver leading to poor oral 10bioavailability and ¢
JarkGEiPp rAREdRETB IRWARY ARkttt disrHRSR aRDI P FRTEHE A PfEsma
stgaiﬁ,chﬁgam{mﬂgétyre@naemq eaetprity Mﬂ’b@iﬂﬁi’aﬁm&.@ ldihﬂﬁm@@@ shown to
f@&?&g%rﬁeﬁ%geggﬁ%% cosalicoidacepior «Eﬁgﬁtb N AOCONIGOI 1 pens

receptor (MR), and the progqesterone receptor (PR)). Furthermore, in
ferriahss tHed B srirdpsiyat Hedrsye ASdHayebab s hipdiisngsema. primary

\igtiZgdions, and muscle wasting diseases. In addition, androgen replacement therapy
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15Thus, there remains a need in the art for alternatives to steroidal
androgen therapy which possess the beneficial pharmacological

whraneiias:ef steroidal androgens, but with a reduced likelihopghOfiszo67/083745

incidence of the typical limitations associated with steroidal androgen
therapy. Recent efforts to identify suitable replacements for steroidal
androgens have focused on identifying tissue selective androgen receptor
modulators 20(SARMs) which display-& differentiated profile of activity in
androgenic tissues. In particular, such agents preferably display androgen
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partial agonists or even-antagonists in other and rogenic Tissues ‘suc
tARdT et e Hr el Vel descThuS! ihisisAtesis of o Brduetiion or
nmuemmiad@lmn@vlde nonsteroidal AR Ilgands 25which possess androgen

agoms'[}?f}%l&t dn 00813' { yc(f%plc?frh{& I'Ed. H)%p J tt tf(:))(%] c, 1%‘1\%919%%?‘\%@681#@0{8
androgen agonists Which bind t with greater affinity relative to

athéestdrbiisericheracistors el ferdaganicuba iy ords ardobjeeeto
mev&dg tiﬁswﬁele@tmﬁﬂdﬁqgemﬁe@eaﬁa&meﬂ%&i&rﬁo@&%&mhmiﬁc
onlst CtIVIt muscle or bon artial

o R e i
stickogenthe prostanereserpmetsasiefanmodifisd sl ovitig veiererieégndrogens
P decexamples afthe GHien staieiohdhmareasdt relatesig.the present
[11)10‘1 19&%111:{% and s ro‘"{tvgmgtp(glo c(): In%l\g%\/ fé (9&93’ 184,]1%1 6%2& deL:rl]ii?nsStﬁ:tlign

provi es areview Of1 nons er0|d ve an ogen receptor mo ulators.
CadilinwtiaplcurtlcThp hMeg Gidm ¢2006) 163y iR4Bihrehprotrigethgrmone

resigisRf@adIegan-rRerRINN FEGBUALRIR), ihe SRYRNISIALCEIREIIRPIMR), and

Irgl\ées gleqr%r)g Q 1%%%?1) UJ]%)%A') F%leC:I'SHSI(le rlgvgn?a e%, rtl%glgglg (9 stae?&dggandrogens

@@-}p@ﬂ@i inginteimatisalifpplicationPCT/US2006/024122discloses

tetrahY@[ﬁgaﬁW@%cﬁf%@%H@Q§t§e§a§tnﬁf%g§ﬂl§ﬁ%m9{tm@ﬂ I8l Seen therapy
SUMMARY Tre jsclosu els rLrected tot e dIS over thatc rtain

vt B R TR e
elos dWbliie patid otanpdofite o Ofhadyivity wm@hlsmggeemhelwaﬁestfseﬁﬂl in

ta%rﬁetmemp?f HsQrdeusraspansive i RisroldakaniiRgen therany-
cgordingly, in, a firs aspde ct, there is prowded a compound of Formula (1):
AR A e e A I8 i DR TS B aior

d@ﬁf]ﬁﬂﬁhﬂ@ﬁlwi%éweséﬁtswyam PrOH=N@TME; HOOHPRNOTIOCH3IR2
H{ﬁé%'i‘t%c@ PRAR Her2BARRY1R 23 £8REe Se iR Sl Rl ¥hbolic tissues
s e B B RE Rl Dartal agomats ox Bves amipeoriviTn ey

0581/18 f‘ﬁsl‘ f o? e only pz e 0 Othe
androgenic tissucs s such as the prostate or seminal vesicies,

Thus, it is an object of the present invention to provide nonsteroidal AR ligands
which possess androgen agonist activity. More particularly, it is an object to provide
nonsteroidal androgen agonists which bind to AR with greater affinity relative to the
other steroid hormone receptors. Even more particularly, it is an object to provide tissue
selective androgen receptor modulators (SARMS) which display androgen agonist
activity in muscle or bone, but only partial agonist, partial antagonist or antagonist
activity in androgenic tissues such as the prostate or seminal vesicle.

The following references provide examples of the current state of the art as it

relates to the present invention:



Ra and Rb each independently represent at each occurrence H or (C
-C4)alkyl; and R3 represents a heteroaryl group selected from the
group consisting of pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, thiazolyl,
isothiazolyl, and thiadiazolyk each of which is optionally substituted with 1
or 2 substituents independently selected from the group consisting of
methyl, ethyl, bromo, chloro, fluor, -éHFZ. -CF3, hydroxy, amino. and
-NHCH2CO2H. 4 or a pharmaceutically acceptable salt thereof. Ina

seopnel asPachnareinpradsieg: 2 remagunsh slseied fauIRe §rauPiew of

consisting of
noneEE Al SRS S gRRE Sy IFRERFRA 1198 8 S trahy dro-cyclopenta[blindol-2-
yl)-Cadbamicsacithisopigpyhéstetiem (2006); 6(3): 245-270 provides a review of
and@%—éﬁgg@g&-%ﬂ&ﬁg%?-ylmethyl—1,2,3,4-tetrahydrocyc|openta[b]indoI-2-
A-carbamic acid isopropyl ester; (S)-[4-(2-amino-pyridin-3- . )
ylmens)--&aneh 3 deie drrdrs: cyigpedifindolD:yd 1 it bammeides 2
reviacichisodropyt estesior modulators.
(R)'é})]:&%gﬁi?mimm%&llﬁ'yl@W&t?éﬁyan@dﬁésﬂﬂ@@@@/ﬂj@ discloses
cyclopental_blindol-2-y11-N,N-dimethylsulfamide;
tetr%@(gy%rﬁ?@gﬁwwggﬁg%@ndmgen receptor modulators.
ylmethyl)-?-cyano-l,2.3.4-tetra§j@fﬁ\fh§@&’penta[b]indol-2-y|Rarbamic acid
isoppy! GRICH O g pharmaceyticatly acgepiablesalt 3'?5%%%( thal Zertain

third aspect, there is provided a compound as defined above for use in the
ety H A BBAAGISTARAICEd BorfeISEs B dEREIN? oStedlsusidi®ve
parostiéopeniidcseducadimuzitehmass:gribtreagthisstuicopériacdetayed! disorders
resRHRATDLIN DOV S, AR Qe fEmale, oL AV D CHOD releclle AXRBIDRigRyided
reduced libido, depression, or lethargy. n a fourth aspect, there'is
a CIPRRIRbRdECTI8E 1B Y compound as defined above for the manufacture of
a medicament for the tredtrns gogadjsth, reduced bone mass or
density, osteoporosis, osteo a, reduced Huscle mass or strength,
sarcopenia, delayed puberty in"boy$, male or female sexual dysfunction,
erectile dysfunction, reduced libido,‘depression, or lethargy. In a fifth
aspect, there is provided a pharmac&utical composition comprising a
compound or salt as defined above in combinagigmwith one or more
pharmaceutically acceptable carriers, diluents, or excipients. In
anoth&f efbodiment, the present disclosure provides a method of treating
hyp&goitadismbredursder bonemasbok depsity; osréaporaess, osteopenia,
reduckebpatisale mass, of HirdiyiH sa@OpEniarAGE Related Functional

Decline, delayed l%fgrgy in pghemia, male or female sexual
dys uné?%ﬁ?%r%ct@lé' ysﬁfngl@oﬁﬁ; reduced libido, depression, or lethargy,

confprisipressntiniSiefeiny o o patenellineeeyMaresrarre fRIRARS :amount

of agampguad,Af EQuuaiil), ey adphsmasenticatly.acceptable salt
thergt%f. As g more particular embodiment, the present discl uregroe}m%eﬁ( L
a mSth 8RS teting HRFTCER ol R 55 Brash ity B StSSpardiis; 1 -4 alky
andosteopenia, or reduced muscle mass or strength. 4a Further, the

present disclosure provides the use of a compaound of Farmula (1), or a.. ..

Ty e B RO T L Bl DR b gy
PYTHYBOn atiEHned Read 4o ne. niagsdy ddrfitazestbopefodidiatelyperish of
whigducestiohassleupnansted Siengies saweperias AgrRelriat, Funationalom the
croRelingsaslayed arbe s n beys-aRRIa, Male crdamalecsexyaliroxy, amino,

d)gﬁj Ctl%@%ﬁ ectile cjysfunctlon, reduced libido, depression, or lethargy.
M\o %i? ic(darly, the disclosure provides the use of a compound of

Formula (1), or a pharmaceutically acceptable salt thereof, as an agent for
the treatment of reduced bone mass or density, osteoporosis, osteopenia,
or reduced muscle mass or strength. In addition, the present disclosure
provides a compound of Formula (1), or a pharmaceutically acceptable salt
thereof, for use in therapy. In another embodiment, the present
disclosure provides the use of a compound of Formula (l), or a
pharmaceutically acceptable salt thereof for the manufacture of a
medicament for the treatment of hypogonadism, reduced bone mass or

density, osteoporosis, osteopenia, reduced muscle mass or strength,
carconania Ane Related Eiinctional Decline delavved niithertyy in bhove

O-VHO




Selection and Use," VCHA/VViley-VCH., (2002); Gould, P.L., "Salt
selection for basic drugs," international Journal of Pharmaceutics, 33:
201-217 (1986); Berge et at, "Pharmaceutical Salts," Journal of
Pharmaceutical Sciences, 66, No. 1, (January 1977); and Bastin et al.

"Salt Selection and Optimization Procedures for Pharmaceutical New
5Chemical Entities," Organic rocqé}s Research and Development, 4:
427%%3@5@679“03;15fﬁ8°83ﬁ%85%sﬂbeﬁﬂ present invention have one or
motg chisalgentereandimayitherefokel existipauvdristipatstérevisbmeriap

Afi ions. A f.th hjral ters th
o ST AR SRR et LA ey

y1)-emamtiomers, angrasyincivdd ud) efiarpiomérsasolévis dindtériborhérs ddro-

| Qhdpdi y f 5Ll no-pyridin-3-
cyc@é%éé fg?éfi%%%'ﬁl‘ééﬁ%ﬂ?{ S a'gf%FePéo%@? otth.pereg) k? {BYED pyrid

tiomers, and diastereo rs are within the SCope O

yimptiaderitinventich Eneimivriers o enentadirpsiohds preeidettisy thi pregsnpy!
esteWY%ﬂS[%nPﬁ@%ﬁﬁég%g%lt@[ﬁﬁmﬂgﬁ%% 10f ardingny skl in the art

using standard te%such as those described by J. Jacques, et at,
cyclpraflibindpd: R4 g mEasidtons”, Ahn Witey tftrasype;tirzol-5-
yImiS8H- A3 W eh asithese JechpigussRiyided in the.SehamesRa isopropyl

Examples herein. The terms "R" and "S" are used herein as commonly

esteqd R iPNSFRRTE Mgy HE e Avidsetdfic configurations of a chiral
centers THRIteEpRS: (gt IRSoteded to arspnliguratidefbld ebinal cantee in the

comprising a racemate. A partja] list of priorities and a discussian of :
tmayfé?ﬁo%g‘ﬁﬁgﬁ?fnﬁgg?%téﬁ?ga%{%ﬂ'&?n’é\%’f’a?ﬁrg%(?fs BrgaRedmbolhaarena:
red2QPringiplesrand & racticah, ((artdptetich ekl etedt petsetyl BV Bdys, miEleor female
specific stereoisomers and enantiomer compounds of Farmula | can
s e by ST ST SR 0 A AS o) e &
techiniguesrdngprocessess suchids! thesedistClosed iy Dias alrdindliehove for
AR SRR A QAR 0o LR JPAVDIEY R ORI b thos
the & %‘fﬁ%‘#%@é%a%%é%%@&%ﬁ%isomeirs, E{eso rl%)tk%n . 25Ra’cem1fzatiom ané?_ >
or BgnSbllepsinopwilen, 'EiranidihersdRAdematels, ARescITRSE:, FRepenia,
delAMIEY &N WO, IR L FOLEXATIRIS, SREGIE SICERUFRNSERABSN, reduced
__énantiomérs can be prepared by stereospecific syntheses using
libidaalemsrhdrical/ ghefgeometrically pure, or enantiomerically or
geomelricalyaspiched statingvinrteHaisatmaddiion, dbempeacficcomprising a
stereoisomers and enantiomers can be resolve?1 and recoversﬁ bgj ticall
comBERpigRle s Ah AL ARSHTatd SRIPRGBIPRHAR HatiGhARy fsHAKER aceuticarty
accEpaypatisiteslutionoiraatipratyecrystallization of addition salts formed
by reagents used foy. that pyrpose. -7-.. . As used herein the ter .
AR o e s e S e KT
hypeliphadicrsheaiduotd tornd carison: atovisy, Astasee dwerem|dhetermei@rChuscle
alkoxy" refers to an oxygen rn traight or | b
magS SN SATERN o o PR Ll B EBberty ip bovs
ancheseimpatve terrfisitalctxilidesfictidal” refeiilo dyshiohenbrgiers, libido,
deplr%géﬁb%? %ﬂ%fiﬁ?g?}o%n{'ﬂ%lgiﬁ% 0&9;%%'&%&9 cified *b%'iﬁ!ﬁ‘r in nAAWHERSF an
appreciated by orie of ordlnag?/ skill in the art, some of the heteroaryl
effogidietrsacnnine corapnavad of Formula (1) may SaRcHBalN crsoiaRYs salt

theRRd %J%W&tﬁ%mﬁ BB MHRSENHOYRREGNKNRMPIRISS &l RasHipnakor
isomers, individual 10tautomeric forms, as well as any combjnation

treaREdB A 8 PATIES O HE R e TP RAGTE S5 ERRAY e SPnSE DS Brscle mass

or dnenxula 1. The designation” -*"m6IN "refers to a bond that protrudes
forward out of the plane of the page. The designation " -"WI "refers
to a bond that protrudes backward out of be



15plane of the page. The designation' refers to a bond that exists as a
mixture of bonds that protrude both forward and backward out of the plane
of the page. As appreciated by one of skill in the art, physiological
disorders may present as a "chronic” condition, or an "acute" episode. The
term "chronic”, as used herein, means a 20condition of slow progress and
long continuance. As such, a chroniggondition is treated when it is
diagnosed and treatment continued throughout the course of the disease.
Contarsty R Teiht dethenferiny dasaha cermfied eventet afthernek (1), or

a pharheairsenifollawedbya RarodiRtdemission, Thusthgtregtment.0fcnt or
disorders contemplates both acute events and chronic conditions. In an

BYRQSIRR T8N EBRTHOUING [BAaHSHSHEE S tRROISBhSRt HIRSpiApTsRHE A uscle
maglisgontimged whepthe sypnproms-disappesta ASAas6! 886,28 BeRy in boys,
ane%%raonicaqg‘ngitiggﬁsltreated I}ﬁhr ughout the course of the disease. As
Lsad RErein the TomT "BatientrSt8RSYS ™S HIRSHIF of WO Fifsrafibido,
dersensiivasca idgyrgat, ‘dove, proikey] honselipigsoregheelelt it urdersieotpound

ﬂlq)%g erythat ticular. patient to which 3 compeund ofclfor ule 1g or
o R Rl AL G men

of mim:ari.bonemgsge@mdame@ytn@ete(gmme&;'mxempeaﬁmmtrycaslmamm%ms or

stréﬁé;nlllﬂdgﬁ B&%Ri@ﬂ!’lﬂe F{Jx_%&’&%&}%%ﬁ%ag}m&éoé’vé@ %@r@g 0% Qi Iy, ora
reversing the progression or severity of a -8-" symptom or disor er.%g

phagpiereyHEaeRsevm bl rtifvarrfofoe Heo inpagiaboth therapeutic and
ProphyiaeticHeRncAMBAUNES RIte ALeRRNENYERERR MAY DS fOBHIANRH: o

. as Eart of a pharmaceutical composition. As such, a pharmaceutical
Ny

64itiBh Bt destEnisetiablt reinibrecad, foF dhe manufacture of a
megibaracaytically acsspiablesalyfagteahiim COMRIPRIMAtiss or density,
harmaceutically acceptable carrier, diluent or excipient is an important
oS S i BP IR G, TSRS RES b AFFISEbUE PRGOS Aok ted
Funatidraietholisefaflhedd preparatiobare methknewnibrthenart Seealeigfunction,

REMINGTON: THE SC E AND PRACTICE OF PHARMACY (A.
ere AR SRS R PUthe B b0 Giiglers. the
pregoinpoditions porigesihg cenpeundspofifbonblarth)lindiutie therexanyiere of
nd.of Far in spispensign.with 1% sodium carboxymethyl .
b B S A RSB Hosi
OSteCPRRIAGY! B EomMpduRdSIESHME () in suspension with 0.5%
methyl e,0.5%.sadiu u d.0.19 i 1 N
N e ot 2 L) & vt ad 1 5bohpeaon bf g sition
CONPYAYRRASIERMBAE Sptisudea Bosipb aherorrarintlia eepepiable salt thereof, in
confhadieaceuH calyRacapERianRtheIsPhIivRIeH IR R CARSHIE oF tablet.
A compound of Formula (I), or a composition comprising a compound of
Formula (I) can be administered by any route which makes the compound
bioavailable, including oral and parenteral routes. 200ne of skill in the art
will appreciate that particle size can affect the in vivo dissolution of a
pharmaceutical agent which, in turn, can affect absorption of the agent.
"Particle size" as used herein, refers to the diameter of a particle of a
pharmaceutical agent as determined by conventional techniques such as
laser light scattering, laser diffraction, Mie scattering, sedimentation field
flow fractionation, photon correlation 25spectroscopy, and the like. Where
pharmaceutical agents have poor solubility, small or



reduced particle sizes may help dissolution and, thus, increase absorption
of the agent. Amidon et al., Pharm.Research, 12; 413-420(1995). Methods
for reducing or controlling particle size are conventional and include
milling, wet grinding, micronization, and the like. Another method for
controlling particle size involves 30 preparing the pharmaceutical agent in
a nanosuspension. A particular embodiment of the present invention
excSom) Srls 0<'atmcom i’ourgd of Flt_grmula or.a harmaceutlr%al composition |
omprising a ¢ mp%lﬂﬁiay(ﬁf ST, WRSIiNSai8"2s Angeutica
COngUenage ﬁurﬁxdereeﬁmsmgﬁeséutmhbahem@@ mma)d%@t@mdkdﬁ§lzﬁe(m}&n:a
h Xim % _0of th partlcles of less than a%: 0]
o R B et A LR SRR, PR o o
Phaﬁﬁ@@m@g@paﬂ@@lﬁ%ﬂ@e $@§stttm¢pﬁbom 1@ piviretiard @ pantitle size of more
phalSRURRAULINRD S USEHRE R Jgi, effective amount’ refers
to the amount or dose of a compound of Formula (1) which, upon single or
m&“ﬁﬁ‘pl@”%@%@ﬁhﬁﬂgﬁrﬁﬁ@ﬁltéf)fﬁ@%@ﬁﬁemvi&r@%@@@%qse%iée@rméwmlseful

for the RARRIUNABL RGNS ISTRLIE 1t. An effective amount can be
readily determined b% the attendmg iagnostician, as one skilled in the art,

by con&denﬁ& Péivadird Sach@s %@ﬁ@é’r ES'dERB—mmal; its
sizeTiaggreianaheenerathealtd; ibe-specificaliseassinvalvedictheHRARR, as

. rlt f the disease; the response of the individual patient; the
eV R A U GUFT B S hB 16 de B SR AT xemplifie
con’[poawmIaf)lﬂtymhhl’&()tﬁdimﬂ%}ﬁf)fﬁ%pfﬁ@ﬁi’ﬁiﬁlp wathininistetedidh@ desaility in
the r%glmen tselgc& f&rr]d the use of any congolmltacht med{ ations. hen

AT EG%PIOHSIV SIETo cll cral artlcular
used In COI’]]UI’]C 1on Wlt e me hOdS an uses O e pres |nven ion,

exethelifBdonmpmmeddand dompdsitidhsiof thepresent linsedtionhmay henize the
andPERIVBLELRH. helalane AL AR BAHRRMID Goreniiond) HRIREN Bind

agents used to treat the partlcu r or condition
to AdprgBineds @?Cd?drﬁb@%nﬁihsa@ﬁtﬁ% present invention are used as part ofa

COMBRAIAN, HEI COMREMA thq,mmmsemegw&wgw&m R0 i

administered separately or as part of a formulation Comprising the

beligygrhpetic Btfdik 2wt Wﬁhs"fe%@&ﬁ‘ﬁbFﬁé&a@lbﬁ’f@i‘ﬁféilmﬁtihémbygen

therdyDOMRUOSHARIGO RO ORISH QA ARIROPCHIG rdeRNNERURNGE CIARRING therapy
agents for the treatment of osteoporosis m g advantageously be
t

con iR ITAPTHEC BRISGURER OF FBTrERSE, Brebitibosiithgieaifgisigude
hypagempauntaidearboulath)sCankentionalagesisiardhecieatimeaeéd muscle
250steoporosis include hor ne aceme apie as .

g R o Sy i R A A Sy LA G et et s
anefGanestinTom), iest&bafle@cestrageﬁ;(]Mtaéwmtxm Mevtestlion), esfrepiatébido,
T tho-esfrm); a S transderm s adiol at
dep 1((%%? %SMA o?e%rén Cll}r@n{grrea ml% stra ermrm, a %: he‘?m % Sinat 8hmma
@ cégtb@géw:@mg@sfm fmmdﬂaﬂdn@ér@atsm@wratﬂesfw ttetiatmientfopenia,

or rQ@}g&PH{&%ﬁ% ﬁgggc(ljyg{%gﬁemprom (conjugated equine estrogen and
medroxyprogesterone acetate), PremphaseTTM (conjugated equine
esTiagpraad norgesiimase)rdisocPistestd Mr(estrasiband of Formula (1) or

haﬂgassat e&efe%'éﬂ@[ﬂé(lté%‘?'Qb{lr%%‘iﬁﬁgé%ﬁ@grﬂﬁfﬁ“i‘ﬂ‘dVRQ%&%eWﬁén used

h i t\?h (transdermal estradiol and norethindrone
e‘“eé%e?é"te’)“@th[g e GCho GBI (FOHRIES Yin KAFALG G mcludes
withigibinesh Wit bompouttigs! br assansdsiien st prdsentintentomound
or phathdedisphysphepalss suchiascalendronaie{RaspmadcduliegareRaigiable

sa11£%950&% Im)sang H{%ﬁ? QnaiedAed @@?vﬁﬁlﬁ??ﬁ’@@%ﬂﬁ&%@ (SRR skilled in

5maodulators (SER such as raloxifen q& vista alcitonin
the P arefin aB’rpl{ﬁra% iR parfsesi Sﬁfﬁ%%c?%?%éémss : CAreres:
Vitamin D; diuretics (to reduce Cal excretion); fluoride; and androgens
(e.g. testosterone or 5a-dihydrotestosterone). Thus, a formulation for
combination therapy in treating osteoporosis comprises: Ingredient (Al): a
compound of Formula (I); 10Ingredient (A2): one or more co-agents that
are conventional for the treatment of
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osteoporosis selected from the group consisting of PremarinTM,
CenestinTM, EstratabTM, MenestTM, OgenTM, Ol.thoestTM Aloram,

wGlinamaidd; Estraderml”, VivelleTM, PreniproTM, PremphasahMzoe7/083745

Ortho-Prefestm, FemhrtTM, Combipatchm, Fosamaxm), ActonelTM,
Arediam); Evistam; Calcimarm, MiacalcinTM, Forteom, calcium, Vitamin
D, diuretics, 15fluoride, testosterone, and 5a-dihydrotestosterone; and
optionally Ingredient (A3): a pharrr{aceutlcally acceptable carrier,
diluent or excipient. Particular Aspects of the Invention The following list

selz Qi sevanal @Wﬁ@%@%@@&@%@wbé%mﬁam@m& ICUIBE for basic

variables for compounds of Formula (I). It'will be understood that
o ‘“odﬁéféﬁaffﬁ’ef#o’fmuré{ fr‘)fwgvmej%eh partelial sUbshitudstssoy ¢/
vithablesgaswélias nethods/ dhd uses.empRryingsuch ernpounds; 1977);

f%i%%%%{iﬂ particdlar aspeets LlitheRresant Mvenian: Lhug.a,Raticylatey

f)ect of the present invention is one wherein the compound of Formula
(e frEtsin ﬁ’ﬁ%ﬂpﬁ%ﬂﬁ‘éﬁﬁﬁﬁ%flﬂ‘(&%ﬁ%”d@hﬁeﬁzﬁéﬁé A%
(2)R1 répresentsioyandh«PtsNOCHS] orhCh3e or AblbiRIepresents may,

wnaL e%Hs INOGHS; OF (G} i3 LRSS CY ARGy OTa(d) é%%qegf?&l M hese

3. Additional particular aspects of the present invéntion are
tﬁ@é%i Wﬁ@féﬁl}f-‘tﬁ@mpoueehwmféﬁﬁwm‘i&’e|W@ﬁ%ﬂvméﬁéﬁmm*aﬁawq
hatue:amnyotithenalues definech 30herewn;anell MWhistereomers and mixtures of

%99@49%%%%7P&JJH%QQQ%%Z%%(% RL%]{ ?E&?f% ”Esen%(? 48-Ohnd

R2b wherein R2a represents (C C1-C4)alkoxy,

c%ffﬁwaﬁware MmN w3k rléﬁ?@géﬁ‘t@l’(‘@ll @%Weéwfdbﬁo pyl,
-D(@iH3)as Qo vNEE B2 eteth iR tRpresant 3e-chd 22105k aB92 R2ne of

V%hzﬁﬁ?t &%ﬁm eseR etrl%}{ 3%%88119 ch’s rpu% 1h 2% 10?(;[ O)%ibod%g&( ﬁ&cqueq

isopropoxy, isobutoxy, tért-butoxy, propyl, or -NI-

ré’pfﬂes@ﬂ@ﬁ?é’tﬁ?l Redrpatsropy, & bﬂ%}byIJ QN(@YIWI}Q SN2 B D; as
W&Ehﬂﬁdﬁp&mqt&?@@%ﬂ,1%@@%3&6&5@@9@@5@ atiyk. isopropyl,
metho o iSO isobutox tert b tox cyclopro

or 10- Iil%(/ @?52 § E)Goéyré’f)eresents 86??6 AW ol relntg pres%%} !% ©
|§em@@ypceﬁh@ﬁyﬁmﬁromfw @irr@}/ehymwe@me@ ‘R2repiBSEmeser to a
-GG @f‘%‘@hﬁﬁ%é@@f%é%@qﬁ%’EQ&%%@OVA(DaBéI BRI ies and a

[, 15¢ycl l,
%%&?12 b Qeeli%%éé}lﬁé %i.r}? rgosnetmﬁafliﬂqgt" {l)m%trt] atuegoor%y()l Uan(l:():/ %glgggggdq

Principles and Practice”, (J.H. Fletcher, er ol eds., 1974).

The specific stereoisomers and enantiomers of compounds of Formula I can be
prepared by one of ordinary skill in the art utilizing well known techniques and processes,
such as those disclosed by Eliel and Wilen, “Stereochemistry of Organic Compounds”™,
John Wiley & Sons, Inc., 1994, Chapter 7; Separation of Stereoisomers, Resolution,
Racemization; and by Collet and Wilen, “Enantiomers, Racemates, and Resolutions”,
John Wiley & Sons, Inc., 1981. For example, specific stereoisomers and enantiomers can
be prepared by stereospecific syntheses using enantiomerically and geometrically pure, or
enantiomerically or geometrically enriched starting materials, In addition, the specific
sterecisomers and enantiomers can be resolved and recovered by techniques such as
chromatography on chiral stationary phases, enzymatic resolution or fractional

recrystallization of addition salts formed by reagents used for that purpose.
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(9) R2 represents -SO2R2b, wherein R2b represents cyclopropyl or -
N(CH.3)2; or (h) R2 represents -SO2R2b, wherein R2b represents

w2 Additional particular aspects of the present inventigrn argéroses 745

wherein the 20compound of Formula (I) is one wherein R1 and R3 have
any of the values defined herein, and: (a) R2 represents -COR2a and the
"C*" carbon center is in the S configuration; or (b) R2 represents -S02R21'
and the "C*" carbon center is in the R %conflguratlon Additional
particular aspects of the present invention are those wherein the

compound,QfirermuR: (s ars wheieln Riiand R2have any-lthe values

defined herein, and: (a)R3 rep resents a heteroaryl group selected from

tﬂ?‘ﬁf‘éﬂﬁ%oﬁ?fﬁﬁ% %‘6’}9}? fi’l’ﬁﬁ?f PorkAra 28azinyl, pyridazinyl,

thiazolyhsissthiazolyl ffend thiadiaZalylkeachdbwhichissoptiomalybearing a
suhstitEedthl, Qﬁ{%ovla%n?li@ﬁ%%% %lﬁ%@%ﬁﬂﬂ%@ﬂ%&% leFHed from the

group conS|st|ng of methyl bromaq, chlaro, fluoro,hydroxy, amino, and -N

HCH2C®H 3k é’F‘("B)"F&]?r’éB?é B “#ﬁ&]&ﬁoaﬁyndfﬁ 2SR gAdTH IR, bromine,
<y ox§ixpyindine2ayhinfedifitorommethytifydidineRryl, 2-arnino-pyridin-3-yl,

52- Caf@@%m%%{&?}m&'{‘ﬁe%%% %%1@{15! diny %1)(111’6%}[{'@&%&”0?{1}/6 heteroary!
2-chloro-pyrimidin-4-yl, thiazol-4-yl, 2-methyl-thiazol-4-yl, 2-

CHISFBEETATSI AT I BT Beyriid B1ag Vi%ﬁi‘é}?ﬁi“?%)’/mmm and as
SamedthylegyrazintbrSchliorespyradintayl . Gsmk thykipyrazinasy| individual

31‘1@:{6‘&‘{‘&1@%{% ndg %ﬂ%a’ﬁﬁ}'})&{%@&é’ﬂ i L’O%le M{é%%ﬁinq %ﬁﬂlihe‘zes oaryl

5-bromo-isothiazol-3-yl, isothiazol-3-yl, 4,5-dichloro- |soth|azo 3-yl, or
[T"%‘%‘ﬁhPidfﬁfé’l‘@%‘d(*(ﬁfﬁgl%ﬁ?ésents 6-fluoro-pyridin-2-yl, pyridin-2-yl,
3-hydrasty-pyiigh neeyt, G=aifiuorefne th il tpyik dint Pyl 2taninespysidios 3nyl,

iﬂggg%@)ﬁ gygylamlno pyridin-3-yl, thiazol-4-yl, 2-methyl-thiazol-4-yl, 15
chloro-t azol 4-yl, thiazol-2-yl, thiazol-5-yl, 4-amino-thiazol-5-yl,

pyrazint Eeﬁ‘*‘ﬁgﬁ?é‘ﬂﬁ’y‘l pyrazin- ?&9#30&%18? %‘?F&W%ﬂ backward out of the

pimethylpypagin-2-yl, 3-amino-pyrazin-2-yl, or 3-methyl-pyrazin-2-y1; (d)
R3 represents 6-fluoro-pyridin-2-yl, pyridin-2-yl, 2-amino-pyridin-3-yl,

thiazol-BX HSAEfino-thiaz oIEER 10 Bt NS TalrasE RS RiRopd that
Dramitobpyirithne3-y hrthiazbiverd/ b o ddanpiage thidzopdeey|. A more

particulgg @9&%@5 mﬁ Rs%mﬁmmw ,éﬁv%fb%‘éé@%@l&;é‘e%‘%% ﬁ%@% s

Formula (1), is one wherein, carbon center is in't
CORTGEf at M iR RS rapiiEs é?f@dezéh@z‘%z BndUSHFthes REeORFGTranenss 2
whehtiR2 depreseiotsesS @R, continuance. As such, a chronic condition is treated

when it is diagnosed and treatment continued throughout the course of the disease.
Conversely, the torm “acute”means an exacerbated event or attack, of short course,
followed by a period of remission. Thus, the treatment of disorders contemplates both
acute events and chronic conditions. In an acute event, compound s administered at the
onset of symptoms and discontinued when the symptoms disappear. As described above,
a chronic condition is treated throughout the course of the disease.

As used herein the term “patient” refers 10 2 human or nonhuman mammal such as
a dog, cat, cow, monkey, horse, pig, or sheep. It is understood, however, that a particular
patient to which a compound of Formula (1), or a pharmaceutically acceptable salt thereof,
may be administered is a human.

The term “treating” (or “treat™ or “treatment”) as used herein includes prohibiting,

preventing, restraining, slowing, stopping, or reversing the progression or severity of a
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R1 represents cyano or -CH=NOC1-13; R2 represents -COR2a or
-SO2R2b wherein R2a represents (Ci-C4)allcyl, (C1-C4)alkoxy,

weyalepsenyh or -N(CH3)2 and R2b represents (C1-C4)alkyl, guelopianiloss s

-N(CH3)2 or -N(C2H5)2; and OR3 represents a heteroaryl group selected
from the group consisting of pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl,
thiazolyl, isothiazolyl, and thiadiazolyl, each of which is optionally
substituted with 1 or 2 substituents ind&pendently selected from the -13-
group consisting of methyl, broil), chloro fluoro, -CHF2, hydroxy, amino,
AR NRCHRGRe, AN RKERIAS AR RSRES] QLSRR e rapeutc
invention Is one wherein the compound of Formula (T), is Sne wherein,

StR& e EatEbHEenter is in the S configuration when R2 represents
-COR2& ampbimtreoRiconfiguratiomuvhen:R2: represeniss O2R2b; RI

rgﬂgﬁﬁmﬁi%%w&;@i NQGHS: o phal-nfggeﬁ%eﬂ%é&gﬁ&%sa‘&&%éﬂ Qfiing 4
-S02 l, h et

R2b wherein R2a represents ethyl, isoprop ethoxy, ethoxy,
PTOPBYdSEprEPuIA/is BhHBRY IS FHEHGG ey Rty h TN panation
19ahd R2bhnre prgsahtacnethyl ethids, ditpyl ceyetopoapid asNEGHZ)R or -N(

25 A S e D 195 '“—'f 1i-"1'|’: cth or
S R s

2R BERGHERJEMTOPYNE 8 J1° BYrivifuiinza REMOYHATI: 2T, SCTENC
ZWHDPMQHTMJE i@fﬂpﬁ@mﬁlﬂfw, _@eﬁﬂa@ibl}éfﬂiﬂi&i@i;@_—@il‘, ed., Mack Publishing
Zyoro-thiazoldaul, fiaales v iREok-aovln dupf SINg-IIAZOkAM:, for
pyrazin-2-yl, 5-meth I-g)grazm-z- [, 3-chloro- yrazm-z-yll.,

EEFRBING- a&wwgﬁ? “aiiHe (By SRRy pvia g spliupisrpdaymethyl
mﬂlﬂ%ﬁﬁrﬁ] {Szybzéﬁby@m%d@?ﬁ? @%@fg%ﬂ%@fbﬁf%ﬁﬂ?‘l( Dow Co;nin.g); and a
4,5-dichlora-jsothiazol-3-yl, or [1,2,5]thiadjazol-3-y1. An even more
K AR R e TS N
cuFeind () Visd\oréoywhbéthin 0.0 XN 1 iz nisan e %) initheeBred
%ﬁlﬂiéfg&pﬂf\fm%%@t?é?é{ﬁzﬁ&ﬂ%ﬂ%ﬁ%&zﬁct@ﬁgdﬁ@@fR)%Gﬂlg. ahign
when R2 represents - | resents.cyano,

O A g RS B rE e A proseney b oy pomround
ethbsynsidbpropoxs, eftoyclopropyls andiR2bnepfEsanté¢yictepbopy! or
-NGR3eeRdany 1@ @mm@&@%@@@m&qj%@?ﬁﬂaﬂw idiNadiYd oral and
2-amino-p¥ridin-3-yl, thiazol-5-yl, or 4-amino-thiazoh5-yl. An even

arenteral oues, . . . )
ore partlcu'iar aspect of the present invention is one wherein the

compotiid of Rdimmube 6, vislonerahdrain Botide Cx carbGercbatenisdn
the-Sraenfigu samwben-R2JeRresentmh tRRZR AR & RLanfigkration.
VMEae,r%cFiaezs{zeep ra,essue‘;géﬁlz:;sc?nza%%c?ﬁ tRolﬂl;g %Eg%g@;sof X%Qgi;cl-elol}f_a pharmaceutical
agent as determined by conventional techniques such as laser light scattering, laser
diffraction, Mie scattering, sedimentation field flow fractionation, photon correlation
spectroscopy, and the like. Where pharmaceutical agents have poor solubility, small or
reduced particle sizes may help dissolution and, thus, increase absorption of the agent.
Amidon et al., Pharm.Research, 12; 413-420 (1995). Methods for reducing or
controlling particle size are conventional and include milling, wet grinding,
micronization, and the like. Another method for controlling particle size involves
preparing the pharmaceutical agent in a nanosuspension. A particular embodiment of the

present tnvention comprises a compound of Formula (1), or a pharmaceutical composition

comprising a compound of Formula (I}, wherein said compound has an average particle
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R2 represents -COR2a or -S01R2b wherein R2a represents isopropoxy
and R2b represents -N(CI-13)2 ; and R3 represents pyridin-2-yl,

w@-ammnespyridin-3-yl, thiazol-5-yl, or 4-amino-thiazol-5-yl. SAgdttianabo 7083745

particular aspects of the present invention are provided by the compounds
of Formula 1(a) and Formula T()) below. It will be understood that
compounds of Formula 1(a) and Formula 1(b), as well as methods and
uses employing such compounds, rep Pesent particular further aspects of
the present invention. Thus, a particular aspect of the present invention is
Provided oy RORUATB) o WBEEImRAICPECSEE QYANS.:CHTNOF S
or -0OCF3; R2a represents (C1-C4)alkyl, (C1-C4)alkoxy, cyclopropyl, or
W@H@?@féﬁﬁ theRedbespiasents apERroEngrobpkeiet e fromsthe
QHR,GRN SIS O, Y ﬁgdlpmmg@wu Ay ayrdazinyl thiazalybg
isothiazolyl, and thiadiazolyl, each of which is optionally substituted with 1
orpislsustRaE IS heepicndéhtyPselected from the group consisting of
methyl,Areorableiae fluerashyeioxymaminoeaRdcs Mb@id%@@?ddee ofa
20Even more partic g com d of Formula 1(a), wherein RI
L AR B SRME e T s sy
rAefRexy! %@ﬁ@%@cﬁ%ﬁéﬁ(ﬂ%HFW}@WQ%%&@»”FBth‘im?@lo‘b!ﬁopyl,
fofés{ﬁé-b%)aumdn%% 1"@@(@8@?@%{%6&%@%%@&1&9‘%%@QQH@EN|ac; one skilled
lld r% -B/l 63 nrl eg?x prnq)el o%? If%6<;ug: I Ié{.ot %ngethlg gy ':1!1911!2111261 s size, age,
amlno pyridin- -y LA oxyme ylamlno pyridin- pyrimi in -4~ yF
pydrataiahoklh: dhiorsopeidscine Aoy h ik disl -degiet o pestinyy-thitizoliskagk; the
Z&b&neﬁhia@qa{ﬂkuéhfﬁa%Zzu&, ﬁ&}i@éﬁ&&«aﬂqﬁ)@m miiﬁli@é%lﬁ Wk mode of

razln -2-yl, 5-meth zln 3-chloro-pyrazin-2
R epgha TR S ST it e eyl e
p%m@spgnﬁgawcl@mbmd ib@thraczm@ gonimothiaz olcgigdtions,
4 5- dlcmpuk%amlagghﬁcxb;p& ik SoHbiadiazal 3. d‘f\tﬂérm&remm@ﬁ R, the

spect is proyided by Form Whereln RI represents cyano,
R e 0 Sy ERg RV i o e e,
refpregents rtpresents 8<fiuore pleidiny@iodspyridindyteR -Amiaoipyar
diRodayh ez @kany Al APNeANIAZRl R WmposiAS: SRR RRQNG vention are

parclcular aspect of he present vet tion is provided by Formula |(b)
used as part of a combination, the compound or composition comprising Forfmula (1) may

be administered separately or as part of a formulation comprising the therapeutic agent
with which it is to be combined.

Combination therapv for bone loss, osteoporosis, or osteonenia:

Conventional therapeutic agents for the treatment of osteoporosis may
advantageously be combined with the compounds of Formula (1), or compositions
comprising a compound of Formula (). Conventional agents for the treatment of

osteoporosis include hormone replacement therapies such as conjugated equine estrogen
{Premarin™), synthetic conjugated estrogen (Cenestin™), esterified estrogen (Estratab™
or Menest™), estropiate (Ogen™ or Ortho-est™); as well as transdermal estradiol
preparations such as Alora™, Climara™., Estraderm™, and Vivelle™. Combination
estrogen-progestin formulations are also available for the treatment of osteoporosis
including Prempro™ (conjugated equine estrogen and medroxyprogesterone acetate),
Premphase™ (conjugated equine estrogenand norgestimate), Ortho-Prefest™ (estradiol

and norgestimate), Femhrt™ (cthinyl estradiol and norethindrone acetate), and
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0 R2b S-2-/\\N O Formula 1(b) wherein, R1 represents cyano or
-CH=NOCHS3; R2b represents (C1-C4)alkyl, cyclopropyl, -N(CH3)2 or
wiN{§s@bdsf)2; and 15R3 represents a heteroaryl group selectpgd#remgihegsTis
group consisting of pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, thiazolyl,
isothiazolyl, and thiadiazolyl, each of which is optionally substituted with 1
or 2 substituents independently selected from the group consisting of
methyl, bromo, chloro, fluoro, -CHF2-Hydroxy, amino, and - NHCH,CO2H.
20Even more particular is a compound of Formula 1(b), wherein R1
LS, oY r CH=NO resen ethyl eth l,
o R N g e e e e
GQW@@?@LWﬁ,gﬁ@lgls)ﬂtq‘ngmnzy)}pez%mgb\yﬁa ifheaegipounds or C()i"npomtiom of

Pkt ZnyhiRiazRl Aol ataz Rk in A= Mi0ANIRE YlonaYd (Phsamax ™),
25[1,2,5]thiadiazol-3-yl. A further partlcular aspect is provided by Formula

KB R IaT A oD S b R HHG OB P s QoI By B T

-M(EiR)2;: akRE) represanisthiazabvdsprthiazek2ivl  thiszeld+ys or

4-amino-thiazol-5-yl. In addition, IthI” be understood a most

parfictir? a&ﬁ@é‘ftmlﬁig DY (rRisitioh RISV dEH I o S SRS BUIS e

of FoOsxumba () ﬁx&n&pjIﬁh@dh&f@&nmgt@aﬁﬁwb&iﬂ%ﬁlﬂ@@QW@%Mqtcan X

§i)) gafg{ala mici((j:pl |go BPO Iergrt}Qy llaltizdr:;) iﬂc}%graipl trea mg o%r(}}gs[lc]!:%%%ﬁ%és:

(S)-(7-Cyarrdigntiialzol2, soym@étmffzr@lziat@t)rahydro-

50yclon@§iaimlng@j; = 2oMb) S hbRNBIC a6k IBRPERAPY BSIRTnal for the treatment of
-ami in-3-

S [4 ™ ™
y?n%%ciﬂ DErEs 8?1 ﬁlﬁiﬁct%rt?ﬁﬂfiﬁ?gg%Bf)g’rﬁﬁfﬁl]‘? AP CarbAite™
adichisoprapyhestertho-est™, Alora™, Climara™, Estraderm™, Vivelle™, Prempro™,
(RIS amnginzole Ymeivn: rerane 123 L eaydiggyciope
(S)eﬂiﬂsl-m mmﬂhf&d@lﬁ%mih@dbcmm Forteo™, calcium, Vitamin D, diuretics,
AR¥AR0 f]cz;?ogielo strahydros ‘% F sRglblindol- -yl 1 carbamic acid

|sopropy aster. 10 ompoun he present invention tan be chemically
preparéél W@}*M]@ Wrmascuncaﬁy acceptable carrier, diluent or excipient.

Particular Aspects of the Invention

The following list sets out several groupings of particular substituents and particular
variables for compounds of Formula (I). It will be understood that compounds of
Formula (1) having such particular substituents or variables, as well as methods and uses
employing such compounds, represent particular aspects of the present invention,

hus, a particular aspect of the present invention is one wherein the compound of
Formula (1) is one wherein RZ and R3 have any of the values defined herein, and:

(a) R1 represents cyano, -CH= =NOCH3, or -OCF3; or

(b) Rr1 represents cyanc or -CH=NOCH;3; or

(¢)  RI represents cyano; or

{(d) Rl represents ~CH=NOCH3.

Additional particular aspects of the present invention are those wherein the
compound of Formula (I) is one wherein R! and R3 have any of the values defined

herein, and:
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following the synthetic routes set forth in the Schemes, intermediates, and
Examples below. However, the following discussion is not intended to be

whnitingdséhe scope of the present invention in any way. For exaamye 1he 745

specific synthetic steps for each of the routes described may be combined
in different ways, or in conjunction with steps 15from different schemes, to
prepare additional compounds of Formula (1). The substituents, unless
otherwise indicated, are as previouslyldéfined. The reagents and starting
materials are readily available to one of ordinary skill in the art. Other

necessary reagentsand.staing maﬁ%;lﬁim%ﬁ@@iﬁr@%&}%&é%%?féﬁ?alkyL

which are selegted from standard techniques of organi band heterocyclic
chemistry, technique¥ SEWIHh BFPEh oGOt t2tHR St E¥EYF known
structurally sifilaf ¢atapocyvds;apd. theHoge durasdeésoribed in the
Examplgs belqw.includingcanyacyelpis ﬁ@ﬁeﬁb@r@@ésmk B8R E
-17- Scheme | describes methods for making R3-0-112-X or
R3-CH2-OMs'*06 B b B SuHBEG 1 SHRBLNRY 1568 HE Gfy - isobutoxy, tert-butoxy,
tetrahydrocycteplentaflindeié@ompouhBsh reprekuiBcirerng, kiSteprdythe
alcohol of fo”@é‘lﬁlﬁ%})ﬁ ng@;@ vawgqbg:a& ester of formula (1). The

ester is obtained, If necessary,.from the cajboxylic acid via the acid
Schioridd usir HHEIRGAS eioNAFIAEHS BFETETER o BRI . methosy
chloride. Numeiraus petthad & fpraedycing carboxtitestersioaeehalsrare
well known to_m . )szlgigled in the art and can be found in the text of R.C.
Larock in "Comprehensive Orgzanic Transformations”, VCH. Publishers,

1989, g9b49 BoPeReisréfafad Mstsuus reatreaar Rmantiwhoxy.
borohydride inkgnaproticrspbigntsiichras tetrahydmfuran at room
LOtemRgraL ARl I mARTAIUR [0 A A0 A8 LM R o

Scheme 1, Step B, an alcohol of formula onverted to a

2
methar{@su|fo%%d'%fa%§%e$%z%‘€m\ﬁb§re§).R1)2 SCRISHHG! 1Betih Bl tan
organic base sutipasttieNiyiamine ordiigepropylethylamine and treated

with meghanesulfonylchloride yvan inert sahent such as dichlorgmethane.
The regz{”:?ion E %%%gmia&g? %Dc’rt\gﬂr%%lriﬁl5t§r‘ﬁr§%€r§?ucr}é%{gjrl i%}gn%rnmutes to
4 hours. The Pf6&lictigiisolated by extractive techniques known to one
skilled injthe &’ represtntSciteRed],\Giepi Cr 2aeppennrdraiiasmula (4),
Wherei[& itii Qle[g%rt(i)c%'iﬂ’aiss ebc [ |009 %?eatle‘q tr% Hll:\f(%:\!/litg()el aeipe- ?I%)!l Qflleizge? 10t[r
formula %f The com ound o ormulf 8213 is treated with a free radica
iFmiEROY LN S8 BENZ b1 PertRide bR 1 addyobsrsebity tbhittilcs 2ofised
hdeazahis(cyclohexanecarbonitrile) in carbon tetrachloride or ethyl

acetate with hlorosuccinimide or N-hramosuccinimide wi without
irradiaﬁgﬁrll frol?tng:ém cqﬁ%fq'lt—. he%?g e%%dé)hﬁg%ﬁo }“lg?rlgéfrsn“elrigc\a/%h
1,1'-azobis(cyelsHaxRaitacafbonitrile) or 1,1'-azobisisobutyronitrile and
N-bromppuceidinaides atranindomderaperatte de thadafiuxing
temperature ggggrb%ﬂ tgtrachloride, for about 4 to 48 hours. The product
may 25then be pLFr‘fﬁeé) using standard techniques such as filtration of
insoluabfid EeptpprEntsT sl B sisang sl ehtomaogaphifierein the
Allepativelyrsrschems baStep Cinarlietaredndmethybofformwa (4h.ean be

hI_orinatta_d to give an alkyl chloride, wherein X is Cl, using
121N, A, . . . . . .
tric ]Ior0|socyanur|c acid. The reaction is performed in an inert solvent

such a&thloiorrreer e flekedior dce FOR0KdNE Therprodoetigng of
isolated by filgrationythpoughia silisa-nad follawed Py chrematogaphyy, and

thiadiazolyl, each of which 1s optionally substituted with 1 or 2
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-18- In Scheme |. Step D, a fonnyl pyridine of formula (6) is converted
to a difluoromethylpyridinc of formula (7) using

whise(2rpattoxyethyl)aminosulfur trifluoridc. The reaction is pefermedsiges74s

an inert solvent, such as dichloromethane for 4 to 24 hours and then
guenched in saturated NaHCO3 solution. The product is then isolated by
5common extractive techniques. In Scheme I, Step E, the difluoromcthyl
pyridine of formula (7) is converted to ¥n alkyl bromide of formula (5) (X is
Br) as previously described in Scheme 1, Step C. Scheme Il 10In Scheme
Il, Step A, cydlone enong 48) sEaacted with Rlihalimids Ina MIGHAS) mermy1,
addition to give ()-2-(3-oxo-cyclopenty1)-isoindole-1,3-dione (9). The
reaction is pePtSHTetPIR i RN NEPESS: HP MR o b b 2H: or
volume(prefemblyatambiefit dempeiitie/ Usingieongitions givailariedin-2-y1,
those described B anizkigh. al, N Teliabedion 1996, 52
11799-11810. The product Is |solategby additioni of water and (9)
150btained as saRERgiglamine fvadietnd. [Py Saigips4-yl pyrimidin-2-yl,
()-2-(3-oxo-cyribpentypHisdindolé-thi3zdione! (risteadiadavitha -
phenylhydrazj f formula (10).in a typical Fischer indole synthesis t

give a tetrahy%%&/é%agé%fﬁa‘[; %‘&%?2 %ﬁb@r%ﬁ% 1 [j hnengﬁﬁéézg%rtiﬁé?h
will recognizePifigtithérd: ar@gVAmsty-Ht dcitie-eYAditivHE W eHect a
Fischer indole systhegigaimeciuging hothv 20pioken-and-kewis-aeigsn Tha,
preferred conglfions,yise 2 mpitre of glacial ageligagidit 4N HCl in
dioxane, at a &m erature of 50 C to the reflux ’temperaturg of the solvent,
for about 4 to % HelirE-TREBFoHEetisisbfs i sdéitioh of water
followeg by filkrdtigneofile meultipgaalid.The selidois senicated pyridin-2-yi
methanol to give materialof 48 sufliient purity, Altematively, the
reaction is effected using 4 Lewis ac U'such as zné ¢ c?ﬁ’de, in an amount
of about 2 to 4-&dbivalestyomerpretarderl cbrditlchslférnspl thisel-4-yl
ethlanoclI at r(tje g&ﬁm@b EQ%UF?@Q!}BIQ@bﬂT—ﬂyi}&Q%IW[&JHQQO{IQQ%QI'?%I, .
isolated and may be.purifie iltration of t action 5mixture, followe
by siica ool IS b o e M e CeHeE T bt e
phthalimide giBiEpIoRIGHAHRIEPH) S Edva dondtinpdtazineioe drazine
hydratedp praidepanaminaieiapydiacyclonsmtalblindoea affonmue(12),
using conditigns as _ei%rlj (_aorl‘ﬂg)I Al ﬁé!ﬁjg[i , etal (Eur. I. Org. Chem.
2002, 4222-427'7). Pré '

El

erred conditions us%’tgfrahydrofuraMetlianol ina
mixturé Of abBtrYUBSHS byridbicing. At aiamperdiuref iwcsde), or
preferably at abgutsqpmydemperature, for 4 to 72 hours. The resulting
phthalhydrazide is removed by filtration and tI‘tLe Product 1is_(_)lat%d bX dof
concentralion B e fitrae-and may be subeastenty pUiied By Cmpoundo
diromatdgrapiy wimetechniques known in the art. In Scheme I, Step D,
an amipg of fopnyla Chakisanylated witbthe APprepHate =asid chigiids:

chloroformate, djalkyldicarbonate, or carbaypoyl chloride to give an amide,
BB SY GHaR SO A 2 o C(OYR2a, ueing
conditiBrs wesiriowanothE3E=31@ddain the art. The amine is combined
with angexegasafanorganic anirebase suarasrethylamine, My,

lisopropylethylamine in an in lvent suich as tetrahydrofuran,
O S T e e At T STt a0 Ry s prorst
oYiiEthylforiiErnidepormd mixture thereof. Preferred conditions use
diisoprﬁwlﬁmyéam ingiRdishioramethang i He.p @?é%ﬂ&%:sf%wlﬁhﬂﬁ,
0

isopropylchloroformate at a temperature of Q to 40 C for. 1 to 72 hours.

Ph 1&5&%&4’?@8&8&@?@3&- AEB AP e digy it oo Gtse ¢ by
stiriihgsantdcoliectidbriofith evrésultingrsofidudhtheueddotty scifficidritynm the
soluble in an appropriate organic solvent, it 25may be isolated by
extractive techniques and then stuffied in a suitable organic solvent, such
as heptane, and isolated by filtration.
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It will be recognized by one skilled in the art that amines such as those of
fomula (12) are often more suitably stored and handled as an intermediate

wohfosmedes (13), with the amine suitably protected, such as with@us2o07/083745

t-butoxycarbonyl (BOC) group, wherein R2a 30is 0-t-butyl, or by formation
of an acid addition salt. The BOC group is later removed and the amine
acylated to make the desired amide or carbamate of the compounds of
the present invention. -20- In Schime II, Step .E, a
tetrahydrocyclopenta[b]indole of formula (13) is alkylated with R3C1-12LX,

‘rﬁeal%&@l L @0 Bin Al R36H 2RO AN (SeerPEheme:), I8:RFOYidE a
tetra % rgﬁ%a opentalblindole of formula (14). Préferred conditions use

n inert solvent such as DMF, DMSO, or
N-rnethyjpymo hdinoretiatia tepeparadurerefe201todhiion iColsuypreferably at

{%Jﬁ,&@,@ N iciwamie gﬁt)hgqﬁe \;,I'ggéggoduct is isolated by extractive

techniques known in he art and purified by silica gel ciwomatogra h

Alternaliely, 1 ARSIt Hr e SHRE iing P stroffg Bl st asand
sodiarR hydiidetipotaBsiukd hydrides pdtadsiim bis(trimethylsilyBamide or

ZOd'UmRb'?é&‘é%ﬁh%@ly@&m@@xﬂb%@iwe” solvent such as
|methréléormam|de meth§2 I{%ohdlnone or tetrahydrofuran.

Preferrbd CBHfioHE 08 6t e dhetRF e sarzery
temperatede of, @186 Gsiprapto v 8 htawrsy, The allodatectprodmdt of -N(CH3)-
f&ﬂ@ﬁm g’@e&éd&%ﬁ& (gl bé{h%t{a?&; c?&gpq:@l_[;?'{inj\éa%ﬁa tygtl.)(} tﬁ?@éﬂ '“1'/; dnd

known tq those skilled in the art. chem

5(17) |ﬁ< REREN O §F@bozwyaq’élfﬁaﬁyawé@9&1%ﬁéﬁr§wﬁ%@w1fb Ena
(A-9)rmofonnatikd- @?)iis-alkylatﬁﬂlmnlbyﬁnﬁﬁmax 2w hereimXtis il B poriwits -

S i et g S

drocyclo entane ind orm or 18 cheme m,

§téﬁti3yltﬁéaﬁﬂh4aﬁf hﬁc@]@%ﬁ]ﬁ%ﬂé‘rﬁ{uﬂé‘ﬁ‘é)%’bl@%bWﬁh hydrazine
hiyglrate- oﬁemsdsa;z]n@tmzpmquesammmmgm@mabyﬂroczymepwiaimpm@}me of

for i h gl Alter ativ
T S o i 2P )
c’%ﬁ%1 ‘Eﬂéog’éﬁé iﬁ@&ﬁéﬁ%ﬁ?@ﬂ&ﬁbﬁ éfcmgl% 15tteBeEtbbiyI(BOC)
proisetaaiaming-of formula (18). Common deprotection conditions for

removing & BOS droup-are well knewby these skilled in ne art ang.can
he found in t etex reen a s In ective
CYBEPE T OFgERIE S nthesisvhaskh Wiley & Sons, Inc., 1991, 328-330.

Preferrma qondikions tsedMihyel ggenrghlarige inaieXangrabats -COR22 and
(RS AN 0L ARRUL QIR POl AbGYL Aminutes to 24 hours.

R1 represents cyano;

R2 represents -COR22 or —SOEsz wherein R28 represents isopropyl, ethoxy,
isopropoxy, or cyclopropyl; and R2D represents cyclopropyl or -N(CHz)o; and

R3 represents 6-fluoro-pyridin-2-yl, pyridin-2-vl, 2-amino-pyridin-3-yl,
thiazol-5-yl, or 4-amino-thiazol-5-yl.

An even more particular aspect of the present invention is one wherein the
compound of Formula (I}, is one wherein,

the “C*” carbon center is in the S configuration when R2 represents -COR22 and
in the R configuration when R2 represents —SOszb;

R! represents cyano,
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In Scheme lll, Step D, the amine of formula (19) is convened to a
sulfamide or sulfonamide of formula (20) by reaction with the

woaesaersing sulfamoyl or sulfonyl 10chloride respectively, yr@&Riszoo7/083745

appropriate solvent such as chloroform or dichloromethane at 50-60C
using a base such as triethylamine, Hunig's base or
1,4-diazabicyclo[2.2.2]- octane (DABCO). Preferred conditions make use
of chloroform with DABCO as base. “34“Alternatively, (14) can be
prepared as shown in Scheme lll, Step E, by reacting the appropriate acid
chlor'd@amp&@é&a{m@@ﬁm Garhaspoyl plloridRWifh, anAmig &9@39;%%{@%%
(19), essentially as described in Scheme Il, Step D. Scheme | 2 (26)
IFBERSRET Sty % tetrahydrocyclopenta[bindole of formula (21) is
alkylatetP aspdesorilpeddin Sefietwenih Stepdb o giveiihe supstiuted
tetrahydinm2,evglopentalblindole of formula (22). In Scheme 1V,
Step B, a nitrile of formula (21) or (22), is reduced to an aldehyde of
formula @3y (DAY oS HibRR 8l et ARTHRRzEReS B4R st in
asolvwentmikturercki@tentofmicuicid-ranging from adatid:ofdd hio 1/2.
TRE QIR 260 7R CANDE-0F, P 0 SR e fenglion s RETIIMEAN

room temperature to reflux -22- ‘temperature of the solvent, for abo
Y A BRI T e R B e 6 186 AP Ly R 06 N o P G BV §8IFENt such
as methanol; fallowed by fitrationaandreoneentrationeidbefilFaieuhe)
residue is further purified by common extractive techniques such as with
sodium bicarbonate solutith.gnd.ethyl acetate ngvide the aldehyde, or
by sonication with 5ethanol, g ot further purification.
Alternatively, in Scheme IV, Ste B,'\I!When R2 is tert-butoxycarbonyl
(BOC), then the nitrite of formula (2%.0r (22) is reduced using nonacidic
conditions, such as with a metal hydiide reducing agent, for example with
diisobutylaluminum hydride. The gagtign s effected in an inert solvent,
such as loli(_:hloromethane, with addition of 10diisobutylaluminum hydride,
followed E’i/eg’thyl acetate and stirred for 30 min to 2 hours at room
temperBiurersheyeprtior(ESNAEH with-20%3aqueous sodium tartrate for

1 hour ﬂmr%%éﬁlﬁtictﬁﬁﬂﬁieé@gagﬁycﬁi&ﬁgb BlQUESopyl, o}nﬁ@?ﬁé{ﬂeiﬁﬁ
etno

Step D, an aldehyde of formula (23) or (25) Is converted to a m xime
perda it iyt SR A el

Iydrotshiotidereziingf mmethoiyartinecly etvdrist oy imeth@ndizd B e 400C
fonRRoULZiteAY halrsuiRielsrably: at e LeMRRIALTEIA0 QARAOMER he

the presence of i‘b se, such as 2:‘l%)c_)ta sium carbonate, sodium carbonate
OF SO Y BAIEEF h PPSAtiEe 18 iSPARe by coRckfitatify arith -
thtdati @ the product in water. Alternatively the reaction is diluted with
ethyl agelaig, iRgaledusing exfrasive fechniayes, andmay subsequently

purified 20using standard t_echrllgues such as chromatography. In

Schemi IPPEEBE SR MSthdxirng tethahy drocyclopentane indole of

formu|&%zsgijsemkwamd,_tisogmmmmmsxmsmm@dm@mxim_gmpm,

@H@H&WREM%Q&%QE%Q%BQ;%}Q,%fr fq?%% é?a@das described in Scheme I,
o) ctivity:

Step E, Determination of Bio f&lgcal 1V 25As used herein, "Kd" refers
to the SGUIBATTH UREGEATSH CORSRRIBraigitdm-2-y, 3-hydroxy-pyridin-

2-y1, 6-difluoromethyl-pyridin-2-yi, 2-amino-pyridin-3-yl, 2-carboxymethylamino-
pyridin-3-yl, pyrimidin-4-y1, pyrimidin-2-yl, 2~chloro-pyrimidin-4-yl, thiazol-4-yI,
2-methyl-thiazol-4-y1, 2-chloro-thiazol-4-yl, thiazol-2-yl, thiazol-5-y1, 4-amine-thiazol-

S-y1, pyrazin-2-yl, S-methyl-pyrazin-2-yl, 3-chloro-pyrazin-2-yl, 6-mecthyl-pyrazin-2-yl,
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receptor complex; "Ki" refers to the equilibrium dissociation constant for
drug-receptor complex, and is an indication of concentration of drug that

wyyitbbind half the binding sites at equilibrium; "IC50" refers ¢@-#h&2007/083745

concentration of an agent which produces 50% of the maximal inhibitory
response possible for that agent or, alternatively, to the 30concentration of
an agent which produces 50% displacement of ligand binding to the
receptor; "EC50" refers to the concentraition of an agent which produces
50% of the -23- maximal response possible for that agent; and "ED50"

rﬂ%ﬁﬁ&@-ﬁ?ﬁﬂﬂ%%?@%e%m@é%- 1Sherapeutis %gweﬁgmmg.@sgﬁ%@%@ylﬂ

50% the maximal response for that agent. Steroid Hormone Nuclear
REKHOF Scng ASLES TCRIFRated fForh huAH BFbAyEnic kicney
HEK292 éefis:operexpressing homeid-516 Ru(gluadcortaaitieceptor), AR
(androggw,.g&ceggygr)c \ ;(mineralocorticoid receptor), or PR

(progestgrone receptor) are used for receptor-ligand competition binding
assays o eI PIAIYe 8 OPToP BN et stetb Y TEEENEY B¥petition
bindingraissays aie i as buffier-coptaining 2@ yaMo-Hepes-buffer(ptis-3-v1,
7&9328;%,MW!Xilz;l%%%qug&'}évN§C" 1.5 niM MgCl2, 20% 10glycerol, 20

mM sodiam molybdate, 0.2 mM DTT (dithiothreitol), 20 pg/m1_, aprotinin
and 20 PgfedeiosstiRamypleatipestefdid ressptotsinimg assalatbiclude
radiorlabigled ligands, such as 0.3 nM [31-1]-dexamethasone for OR
binding, 0.36 nM [3H]-1inethyltrienolone for AR,binding, 0.25 11M
[3H]-aldosteronc for MR biding, and 0.29 nM @Eﬁ-"methyltrienolone for

PR binding, and either 20 @o R %= 15293-AR lysate, 20

pg 293-MR lysate or 40 pg Z93:PR |y

run in 96-well format. Competing te ;t_icompounds are added at various
concentrations ranging from about 9,01 nM to 10 pM. Non-specific binding
is determined in the presence of 500 nM dexamethasone for OR binding,
500 nM aldosterone for MR bindifigiroutb5006)nM methyltrienolone for AR
and PRx}gg}gilpg The 20binding reactions (140 pL) are incubated overnight
at 4 C, tt]gn 70 pE of cold charcoal- dextran buffer (containing per 50 mL
of assaly HGREF 8578 Y orEHarcYPERA:0.25 g of dextran) is added to each
reactioR>Plates:ars @ix€q iok:8, miciupesyoh -anicihitabshakeran 4 GdThe

plates gre then centrifuged at 3,000 Fpm. ak: ;&ﬂ%@%&@gﬁ@%@& gyeﬁra&ggn,

of 120 [IL of the binding reaction mixture is then transferred to ano

JR v prtevE P pb PYERE B VRS SRy M s o linfietion

flutdcisiadgec dbyeadhiwelll Phate sl e bealechand shaldenivigoraus fom ar
ital o After.an, i tj rs-Rlates are read. allac

o e B e S e S0s0

éﬁé%@aﬁge inhibition at 10 04. The Kd for [311]-dexamethasone for

OR bindirg nj3H pmethplirienolanedad &Ro3ukinding;{d:l]-aldosterone

for MRIQIIQ%!,’,]%@% [:%Jaﬂ - lg?yg}q@@?lone for PR binding, is determined by
saturatio) binding. The I%S values for compounds are convened to Ki
using tRe CRRHRBY B b Gilatidiorgaeycloprploig s retotieh 2Hs )2; and
essentinflycaasdescribadiabove, thewexenpiified compaundsaf thempresent
invemti isplay: Iin;the AR hindin of s niy. Preferably,
S AR B A s o
df 2-20b¥R“ahd Hhore preferably s 50nM. In addition, the exemplified
compoun@siet therpieserp&inventiongelectively=nind temdRi(lower Ki)
relativetp each, of ngg(z)a,n MR, human OR, and human PR. To
demonsraie the ébi)ﬁty of compounds of the present invention to modulate
the activ/ty BPStERsiaYbiPRoN vecksidriadeither agonize, partially
agonizespastialy:aiaganize, @lantaganize)obnassaysaigdariesmad,
which detect functional modulation 100f target gene expression in cells
transiently transfected with a nuclear receptor protein and a hormone
response element-reporter gene construct. The solvents, reagents, and
ligands employed in the functional assay are readily available from
commercial sources, or can be prepared by one of ordinary skill in the art.
Functional Assay of Steroid Hormone Nuclear Receptor Modulation:
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15Human embryonic kidney HEK293 cells are transfected with steroid
hormone receptor and reporter gene plasmids using FugeneTM (Roche

wBhigarestes) transfection reagent. Briefly, the reporter plasmigaontaipings 45

two copies of probasin ARE (androgen response element
5'GGTTCTTGGAGTACTS3' (SEQ ID NO:1)) and TK(thymidine kinase)
promoter upstream of the luciferase reporter cDNA, is transfected into
HEK293 20cells with a plasmid constitiftively expressing human androgen
receptor (AR) using viral CMV (cytomegalovirus) promoter. The reporter

plasmid n QR I n ot
S T

ARG B ROpOFRIRROBINA 9&&9&%@&&%%@% &ipite BONSRTtRRYY the
empf@ssnaqgrrherymmmgmﬁengrmmﬁlmmep!t@dsr{ﬁiﬁf);d%mamma [hlindol-2-
2%5“&“%5% ?&QJ%C% JSERIRY. %X’@;ﬁﬂ%%ﬂ ¥%E C?Ett%gﬁy%?o-

using viral CMV ﬁ% moter. C ransfecte flasks In
ALY

DWAENERTEA) ORI m&*ﬁaﬁre@nﬁ%@mwms@v After
aﬂmmem)gr:&ymeubﬁtm,tdrﬁngﬁe@te&1@@8&@@1@@&’@5@&@@@5@@&1& RopneH
dishes ’;{'Eﬁ Msdia,conta dté” iNIng lf*?%f%%%' ?09?% B incubated

for 4 hours hen ex o0sed 16 variol ncentiations o test compounds

30rRRRG firbrdcAodt- U@&%Wﬂe@elffmrdﬁa heSaitddorist hribdetor hacthyl)-

assayse- Inwconeentiations opagapistdareachrespectiva regepior At
added 1o the Med c"r‘f(g R0 %?X% ontE‘% 8 &J%&ﬁ Q—-3'@%§£}- example, b
methyltrren8 one for el-‘\P 88& promeges one grp-%- and 6%1@ 7
1P aidesheronteoe MIRYS ARt tunBraciveutatiderwithntes e FMpounies,
ceéla\arerlyxseadnaﬂﬁ luoderaggiaativibn is deerminedUSiNgStAREAIEE scope of
.Data are frtte to a four amet -fit logi curve fit t

TARE e AT YRE it S DAy GRS Uy e o
sheuieiss dpsxiPRl mapepeiseisrd ritﬁéfpl@réew&; ma&ﬁrﬁum@m wiaticrDs

(GRMPOMAES Mﬁ&maxbmwmeemasee U&@ﬁa@%@%ﬁﬁ&ﬂﬁﬂiﬁ)@fe
determrﬂed rglgﬂlve to xr tﬂm stimul da ? obtalned with th %Wllﬂ%

ents, pole c TWISE 11 e reviously detnt
reference agonists: idﬁ me hy1tr|eno Oné ?OI‘ assay W

pﬁ@ﬁegesr@ﬁél‘fwe mwesea%mmﬂmawmer@deter@ nﬁ(re‘qum Hsbay et
itk AecaMHexaspathasana fer R-assaYy ?BQQQG/@H#%M@@meh are

deEerm d srmrl(?rlxtecln antag onist mogrﬁ assa%/“neg rf/“&% 105%}%‘(3%%

Vantagoniat mode, percen Tn% bitions A de
c@hmb@ Rttty in the prékenteldhiove sonderniiatonef agopistdd. 25! mhd
daxaetharensfanGR Samitobamethvltrienalane fotAR.&aaaM of

promegestone for PR and 0.05 nM;_ aldosterone for MR) to the response

‘produced by the same low concent%i HigRed of agonist in the absence of test

compound. 15 C2C12 AR/ARE reporter assay: As an indicator of @g@nrst
activity ingrusgletidsus e, CoC1-ARARE Rgiditer assayds,peét@rmed
Briefly, mousg myoblast C2C12 cells are co-transfected using Eugene"
reagent. A reporter plasmid containing a GRE/ARE (glucocorticeid
response el rgent/androgen response element 5TGTACAGGATGTTCT'3
(SEQ IDNO3) and 2 romoter Jyps{r;eam ergpfesmgfeggee reporter
cDNA, is tr% sfected with a plasmid cgpstitutively expressing human
androgen receptor (AR) using viral CM\V promoter. Cells are transfected in
T150 cm2 flasks in DMEM media with A%.0E10% Fetal Bovine Serum
(FBS). After a 5 hour incubation, transfected cells are trypsinized, plated

in 96 well dishes in DME media con |n|ng 10% charcoal-stripped FBS,
incubated f@r ?\ 25anofD then exposefi to various concentrations of test
compotli g from about 10 !IM . After 48 h of

incubations (W)ith compounds, cells=are7]ysed and luciferase activity is
determined by standard techniques. Data is fit to a 4 parameter-fit logistics
to determine EC50 values. The % efficacy is determined versus maximum
stimulation obtained with IOnM methyltrienolone. 30Functional assays of
steroid hormone nuclear hormone receptor modulation similar to those
described above can be readily designed by the ordinarily skilled artisan.
Following a protocol essentially as described above, the exemplified
compounds of the
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- 26 - present invention display an EC50 in the C2C12 AR/ARE reporter
assay of s 1000 nM. Preferably, compounds of the present invention

wdispleyarsEC50 in the C2C12 AR/ARE reporter assay of S 1Q6-nheantss74s

more preferably S 50nM. In vivo Model of Efficacy and Selectivity: 5SMale
Wistar rats (12 weeks old) are castrated (gonadectomized or "CiDX")
according to approved procedures (Charles River Labs) and allowed to
waste for eight weeks. Age-matched ‘§Ham-operated rats are also
prepared, (Sham-operated rats are animals that have been exposed to the

same syrgical piacefies s castalad-animals excepk thelriasies aten0kq

removed.) Animals are housed in a temperature-controlled 10room (24 C)
WitES VBRSBTS RO iR ERR HiAHR T D023 100) dhd water and
food ar&aichilable adibittmalcohdhobifdemtia dBrisonstiate n vidoeffieacypr of
comReings pf e HresenkiBysRHORAIS aminiierad daily.Ly arakaayage

or subcutaneous injection to the castrated twenty week old rats (body
WBIGRTSIERR EOUE 0 H). AR s 8 raieR AT B HALEd 8H Bo dY it
15gtiodstdo a&@ﬁbimgcarbgslv_ﬁbatﬁsm@h thabtiheastartihgroedyoveight&idédlh the
Ueamenh RS areItIn 2% O each other. Jashaampennds.are

administered tg the animals using conventional vehicles. For example,

1 S BHTHCarbO A MRHEENLIE [CVIC) +0: 2 IVREH 85 i
H2O:gam bétutedufaborallaldinhinisirationiand! 6X atbly kalcohiokiih)at room
e avainde NG GRA.caR ba ised fokspRgutaneous injections.

Sham operated 20rats treated with vehicle alone are used as a treatment
positive'torifBIs whispdh et asarbatiaraa dte & GARY SHRA Venadaiest&adr
asitrea_tmezf‘rﬁ)negamys Goatbhol isT@ﬁtlﬁﬂﬁmlﬁzarmdgaﬁedaMuahtwo

wesk simefram sﬁs%@ugﬂml%@g%@H@yecywi@n £9&%%mﬁl§?gﬁ%o%a§ml§l

or 30'mg/kg/day of a compound of the present invention. A e
et vebRsehie HickisramsHdikatdhofaetivitys mrnweedeidhtCobtimm

LievipterAnirgS(k MAlmeseler Ruthe test grauR:is delernined andicompargss
tgn@“gnv%/ee(t) ngﬂﬁ% é){ﬂtgee Iglevator Ani from the castrated, vehicle-only
control group. wet weights of the muscle obtained in both the test
group dndchangdhiche-Ontycomneparef ormddizod wbtativekigstbealrboy is
Weight:As ahdradigater of fissuasalestivaastvithe eelweigbheithe) is
5{‘?@ x!v%f%' le E{}Q‘jflrorrtl test a img]ljg iS si‘milarl}/ cor_np]ar_ed {)o th v%/e_t il
WETGH B e SO A TH AT VAN ERS TSR dRET Ve Alclel ofS giiseipryronitrile
Agaih -thebivet oleigkarcofthaivdisicle sadbtamee-horlbothttyéasstigroidp
andiieovrRiciamaely: sronp-rEe Rarmalizedirelative. IR felalaedyrweighty

In a diti%n to the Levator Anj wet yvei%*ht, the left tibia of rats are

-27-

isgélgte%a'e? e LIBPY AHGAREN CHER bbirt Br e LBy bRBityy or
tisSuezstireending thidebod &lisromefuyrendove ehoThis samplesistthet the
plagsshinasalution senaining QA% soltaoanase in iR BYifendplodulr Ry
The resulting enzymatic excisjon of the outer periosteal layer is

é%‘fjb%éé}‘él 3l rlh“éléﬁfé'l'ﬁ'éi ElL R RV f8%€1%ﬂ%ﬁé°‘éf?§lﬁﬁ@‘ﬁﬂl?s%ﬂ&%%ﬂ§@t&
dotlvitgd am indicgtdriobwstegbidst/bone anabolic activity. Briefly, 30 111 .
of Sam[él'ﬁei%é%i@&?%‘@cﬁ@nﬁ%{f’ﬂ%@%@ﬁtﬁé@ﬁﬂ Qggihgqfo@%ﬂﬂaht;@%mﬂe _
phosphate (PNPP) substrate buffer (Pierce Cat i( 37621). Purified alkaline
;&‘H8%15%5@%@(%%&&%5@%%2%fﬁ?fiie*b%éa & Mt Bkt chd
thlee seamipbe ssarefiemdd manplate rebder satifah G dtroeterifiepdiastaal72
10aikaline phesphalasa by HR)Laciviit.Ehe BRI LRiaeS Ulym both
the test group and the vehicle only group may be normalized relative to
BB WEIght. Percent Efficacy (% Eft) values may be determined as
follows: % Eff. = ((Wet weight of LA or SVor PALP activity in test
animal / test animal total body weight) / (Wet weight of LA Or SA/ Or
PALP activity in control animal / control
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15animal total body weight)) X 100. Following procedures essentially
as described above, the compound of Example 74 displays the following

waCiiniydnstre afore-mentioned rat in vivo model of efficacy agg-gglegtivita 745

Dose (mg/Kg/d), route LA weight % Efficacy versus control (GDX)
(ANOVA, p<0.05) SV weight % Efficacy verses control (sham) (ANOVA,
p<0.05) PALP % Efficacy versus control (GDX) (ANOVA, p<0.05) 3, po
134 6 95 10, po 195 8 116 30, po 186!$4 107

In Scheme I, Step D, a formy! pyridine of formula (6} is converted 1o a
difivoromethylpyridine of formula {7) using bis-(2-methoxyethyDaminosulfur trifluoride.
The reaction is performed in an inert solvent, such as dichloromethane for 4 to 24 hours
and then quenched in saturated NaHCOs solution. The product is then isolated by
common extractive techniques.

In Scheme 1, Step E, the difleoromethy! pyridine of formulz (7) 1s converted to an
atkyl bromide of formula (5) (X is Br) as previously described in Scheme I, Step C.

Scheme I¥

8] (@]
Sfep B

o e O ‘

®) ©
) {10)

H 28
2 N R

1

N R3CHX{5) ﬁ
(13 R (14
“2) RSCH OMs (3)

In Scheme [1, Step A, cyclopentenone (8} i reacted with phthalimide in a Michael
addition to give (£}-2-(3-oxo-cyclopentyl}-isoindole-1,3-dione (9). The reaction is
performed in methanol/2N Na,CO: in a ratio of 10/1 by volume preferably at ambient
temperature using conditions similar to those described by O. Nowiizki, t. al. in
Terrahedron 1996, 52, 11799-11810. The product is isolated by addition of water and (9)
obtained as 2 white solid,

In Scheme II, Step B, (2)-2-(3-oxo-cyclopentyl)-isoindole-1,3-dione (9} is reacted
with a phenylhydrazine of formula (10) in a typical Fischer indole synthesis to give a
tetrahydrocyclopentalblindole of formula (11). The skilled artisan will recognize that
there are a variety of acidic conditions to effect a Fischer indole synthesis, including both
proton and Lewis acids. The preferred conditions use a mixture of glacial acetic acid
with 4N HCl in dioxane, at a temperature of 50 °C to the reflux temperature of the
solvent, for about 4 to 24 howrs. The product is isolated by addition of water followed by

filtration of the resulting solid. The solid is sonicated in methanol to give material of
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p.o. = oral route of administration 20LA = leviator ani muscle; SV =
seminal vesicle GDX = gonadectomized In vivo Models of Disorders

wassoegirtadwith bone loss To demonstrate that compounds pf-thespeesesy 4s

invention have the capacity to treat disorders associated with bone loss,
such as osteoporosis or osteopenia, other animal 25models well known to
those in the art may be employed. Examples of such models are provided
inY. L. Ma et al., Japanese Journal ot Bone and Mineral Metabolism 23
(Suppl.): 62-68 (2005); Y.L. Ma et al., Endocrinology 144: 2008-2015
(2093%:2pdy. RRsrhianadaRiRighRRvNR BYll; 26(41):3363:h98%inc

(2003). Particular mention'is made of the Female Rat Model of Estrogen
DakEIRH) BAREPEHEARICAY b BV tomy, and the Male Rat Model

of AndrogenDeticrency @steofe Siap ideucethbyoOnchitlectomyaiadel ebout 4
Eswegsn-Deaficioncy PRiconeniadnducad hy-Quatesiam-? b naniseld,

virgin Sprague Dawley female rats (Harlan Industries, Indianapolis IN),
VRITGHnG RS 220 ke’ RBSERtR @ Tibit i aEcess to food (TD
89222 WittrBebi4iCalcinm drgi@Mlmphosphonishieliad] Madison] WiB
pAwAte L, BURIEIALQVANRCS ’;SP&%QMQ&B%@E!J%&%%%?@Hﬁ%[@ﬂm%%f

(except for sham-operated controls) and then randomized into treatment
JromHY 6t -8 s G b ‘esehddsay 1ot BIEaIR Bohtins Aidedés

s of ToNIlS). imhﬂﬁimg {smame@yaﬂéemtmmw(&aﬂam@mdamammmizegbout
COnQIS (Qyk Hgﬁ&%a‘é{‘iﬁl%eéyﬁ'% Qv rﬁt&%%l?%E%Bﬂi%&ﬁqgﬁ%1%%9%1%%9%@1-

1 month to establish osteopenia before treatment with test compound.
T8t Cotisunds el damipiaBrstnsidar W%@W&Q’@ig%wa&ﬁi&%@'qé?%
vieeksed Bisafpesititid cofhelitece aildinantbh uatasyRht, (L3S about
OMGHQ ﬂ?‘%‘q‘%@r@%‘ﬁ" DA% 0 gien, 4 5t0 a subset of Ovx animals.
FoTI mpletion o tﬁl t

owing comp etestlngéprotoco[, Quantitative computed
tomogriptiEROCHT Siebiata Astiated frsriatkinds aenigd i dep o picaiae
theveilumelric benermine thidensityt@ME omeleenef luimbak ve debia krbide,

%nggéh femur, Bigme h%' Iargal_ sesxaf peint.bendin. .on th
R R e LYo AR O i g

ueithgsa thidketial theeehahieansstingombishihwi Pothisaes 661 28809 20TS

GerpsiMinReapelisniiN hamck anatyzesyusiig TestWerksWonsofvare (MTS
rn. el of Androgen Deficiency Osteopenia induce .

A ST

| Atk E eI Esapot g Ny bR sbBrUeB G uare tidused with ad

libitapropccasgdataod (TG99 Y 25ealcivna:anghe. 4%0

phos[:))h rHF’-Tfekl‘?‘?’ ,I\{Ia(tjison,_\tN!g apéjtw %r%?il ter%L) rchidectomy (Orx)

arePpEN ST aa SR i A AITARS T8c&ht 16 Sham “Opefated Ehirol& PG '

thehirdrigomhizes: info the indatimbyitegroufslof # Sy atspey agrowBieBactorf the

asaaMHy RIGRIYV LARTANE AL leaT 35815 0h SN QLS n RRIMHIGoranic solvent, it
sham-orchidectomized, (Sham) and orchidectomized controls (Orx) treated

Wit DR RIRRECOR FTEUPS SERMES 1071058 HERE b for o Romggfprolvent.
establiskmsteopenialbefbre figatiment with test compound is initiated. Test
COmMPOoyngly LG AUMIDIFIGIRG O Y 1R BRYAARIQ DY AUMATHL 8¢ fomula

weeks. As a positive contrOl, recombinant human PTH (1-38) (about .
@8237@%&&%%8%%8@301%% g&}dd@;&ﬂ;gﬁs W@xtermedlaie of formula (13), with
2DOBIO638GEAFIE PrISRE0AUABB4EBh 2 I—buioxyéarbonyl (BOC) group, wherein R22

is O-f-butyl, or by formation of an acid addition salt. The BOC group is later removed
and the amine acylated to make the desired amide or carbamate of the compounds of the

present invention.
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-29- to a subset of Orx animals. Following completion of the testing
protocol, the BMD of the vertebra and femur, as well as the biomechanical

woenahgaresset the femur may be performed as described aboverfertikeso7/083745

ovariectomized female rat model. (See generally, Ma et al."113VIR
17:2256-2264 (2002), and Turner et al Bone [Review] 514:595-608
(1993)). As will be appreciated by one of ordinary skill in the art, the
animal model protocols described abo\e may be readily adapted for use
in conjunction with the compounds and methods of the present invention,

1 0Thesipioyingm r%ﬂ@%%éa%@@r&?@ﬁ?éﬁéﬁw el '&'#?&E%?ﬁlﬂg%bﬂ‘{%ﬂ&%cd

and rep resent ty B%:al synthe3|s of the ounds of Foimu aé

ife Bcﬁnﬁ%fm‘% FEb%b&iﬁaEIa%fﬁe%? gelrdPany SsBiGa ) Fharovide a
reagentseyuioptartiivdgimiakeviafs adargddilyratarablientdi arsmayhed@adilyan
SYRINGRIZRO: I ANB:aE %%wyof»wm@tﬁ?m%daﬁmy'& be-HRdRiRIo R hat

the Preparations and Exa I% es are set forth by way of illustration and 1

SHBt TSR bl tHaVAR0uS S dific At GRETnal b Aeie Hyeie! &
ardimetiycskilhingthe lartwn inAs ugseddenelied T Qidefelr siiottaio daydy.
CRH%H?QW&WHM}%QA& ca fi% %ﬁ?c'ﬂ!@ GHBQJB‘){%%Q%%J&QHE% as sodium hydride,

chromatograp refers to gas chiromatography-mass
s?%ﬁ“rﬁ%%b@f“d‘?_@wE’%‘é‘f’é??’t@?‘d‘ﬁ?&’éﬂ%ﬁ’fa%?ﬁbhy electron spray
magsi20spadirhseopy i Ri iteferdtentretehtionifagtonfoRfiouid TR refers to
r%tcﬁm‘li%%‘ntgpﬁnoﬁe r@?&?ﬁ%ﬁ%ﬁa@ﬁr Ao doy r&lﬂglllq 1‘,(1 QQ%dlm hydride in

tetramethylsilane; "TEA" réfers to trifluoroacetic acid refers
ratmpd e de i terRtE O KONRIFh thiRfok R H’@rq DWe%ﬂw#eré#s to
diraebyb Sfdal:ﬁmﬁldeMMc';l' BHEielerstoderi-buty L methybether; iRRhgi«atessmn
t%gﬂ peegrll%/ﬂ% %Bhlne 'DEAD" refers to diethyl 25azodicarboxylate;

refers to pal?adlum over carbon; NaBH(OAc)3 refers to sodium
triacetoxyborohydride; "Bn" refersﬁ@‘%‘@ﬁﬂﬁ "BnNH2" refers to benzyl

amine; "MeOH" refers to methanol; EtOH;efers to ethanol; "EtOAc" refers

to ethyl acetaty BS" refers to N-b cinimide; AIBN refers to
2,2-azobisisebutyropitrile; "cc" ref naptiorneric excess. 300ptjcal

- hn ﬁmsqch as using.a ’ Meso,R?
polari é‘tr The R or S config#ration of compounds of the gntion may
be determinegl by standard techmiques such as X-ray anatysis al)d
correlation with chiral-HPLC retention time. -3 NHih generdt, the
names for the compounds of the present nt are prowded by
ChemDrawt version 7.0.1. Intermediate 1
()-2-(3-0xo0-eyelopentyl)-isoindole-1,3-dione 5]&“‘)? cyclogenteno qu”é
1.2 moll and phthalim de (170 g, 1.2 mmol) in McOH (900 r 18!)
at ambient temperature Stir vigorouslywdth a mechanical s rreP)’and add
2 Magueou a?ﬁf&&;p(go”fw@g@ﬁ;pros{&ma ely 2 h, a thiok‘wihite
preC| W form. Stir at ro mperature for 48 h. Collect the white
solid by va¢uum filtration and r|n§e> with methanol. Suspend the solid in
water (3007hiL) 10and stir for 3k. Collect the solid and dry in a vacuum
oven aIrA-Q@dimemj@ﬁiﬁ@&gi%@t&i?ﬁdga@&l%}:ﬁh@hﬁnﬂﬂﬁ: corpauad a&a formula

8, 1H N 0- .7 4r| Vil, 9 D1
RN pRR R R T
2@2@@211&(?@03%16 Megt?ﬁ/ﬁ) (BT ¢ [VaBKGrIRtENPRIRARE Ole 0 fm mula
15€)-@-(1,8-Dioxo-1,3-dihydro-isoindo1-2-y1)-1,2,3,4-tetrahydro-cyclopental .

blindolg: & 1 eme 111, Step B, the phthalimide group of formula (16) is cleaved with

hydrazine hydrate or hydrazine to provide an aminotetrahydrocyclopenta[bjindole of

formula (19) as deseribed for Scheme 11, Step C.
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earbonitrile Mix ()-2-(3-oxo-cyclopentyl)-isoindole-1,3-dione (12.7g.
55.3 mmol) and 4- cyanophenylhydrazine-HC1 (8.53 g, 50.3 mmol) in

wHl@we@80rmL) and 4N HC1 dioxane (50 mL). Using mechaniceistinings374s

heat the reaction to 90 C for 18 h, then add 20additional 4N FICI dioxane
(20 mL). Heat the reaction to 100 C for 18 h. Dilute the reaction mixture
with water (600 mL) and collect a black solid by vacuum filtration.
Sonicate the solid with MeOH (200 mLZ) ‘then collect and dry in a vacuum
oven to give 10.94 g (66%) of a gray-brown solid. MS (m/z): 328 (M-F1),

326 (Wﬁﬁeﬁﬁ&wi%&éme EII Step C, an aminotetrahydrocyclopenta[bJindoie of
qu romethox 4 tetrahxdro cycl ent B |ndol 'é(l) ISOi

R R o LTS oA, ARG HyaRaotf

hgrgmm@mdee(q_f, @gp@@@%hnﬁbjynm deprotection COHd]UOﬂ‘s for removing a BOC

(v Axaaaionatiosisaindels- aae’ﬂaﬁignﬁcﬁh BLa6LLA0l) @nd freakto
reflux for JP4\§ #rswgtonce; trate. the_ reaction mixture in.vacyo_and dilute
It

t aera et s é‘ﬁ?ﬁf_yeﬁ’a%@ ‘e i Rifr& Y AR it $88nic Bath
fopa0 Inin | then’ it bff irdolidd Coddentrate helfilirateitolgivalthe Grude: at 2

PRt UG Materiat an silica geh(l20.9) bsing,10-60%
EtOAc/he %es to give 520%1%8 2CV of the title compound as a eIIow

-31- soffy: IR'tBS “éifwt%} TR)EFEE e iﬁs“ e o
13 [Gnan8 B biA) i (@) | B, teadtiBnbadh 61960(dd ptading suBaBjoki3Ha)fonyl

5:141%1(3311%@1}3@@8 R énlagﬁlnﬂﬁa)tc Iml%f:m@gé‘ﬁt%%hloroform or dichloromethane at
%2 -Amino-1,2,3,4-tetrahydro-cyclopenta [b]indole-7-carbonitrile 5In a

?e%ongéwlm@wawalW&éﬂé@&ﬁrﬁ&ww Adctiarietistirer2- 21
prapar s BiXtur & efhdf (3100 m nakduet hdnblofb b8 mosthis mix{lPe sidde.

crude Zﬁ(gm%atlvely {14) can be pre[idred as shown in Scheme 1T, Step E, b wactmo
dioxo-1,3-dihydro- isoindol-2- 2,3,4-tetrahydro- g%/clo entaHln ole-7- -ca

r@a’ﬂﬁ‘m@(i%agldoc%lﬁrf%ty%m@@ﬁ%% PG THE F AR Go
iy 10 ennchstilithe dmixtirel &t fobeméemPeralure for 16 h. Check by
LC/MS to confirm that no starting 4Qmaterial remains. Filter the crude
reaction in vacua and wash the solid with THF (2 200 mL). Collect the
mother liquors and remove the solvent under vacuum. F‘urify by silica gel

flltrart\l n(1.5" hlgh vent Wlde 02 pad) using (2 M NH3/MeOF1)/CH2C12
(3-10% Eraﬁ;ms c |n| ductand remoue the olvent
Add ac (180 ml) and r ixttire for 15 mi @a @ coel to

15room tenfpe(?a)ture Collect a brow{ﬂl setd by filtration and dry¥in yagua
overnight at 40 C to give the racemic title compound, 55 g (60%) GC-MS:
198 (M+), % °t¥1-); NOTE: At this point either separate the enarngmers

of thyracerhic amine or continye the synthesis with racefjc matgrial and
4

perfor kp HPLC $epasation of the final competinds.
20inte a(%)-i—é_%mno- A tra*fyﬁﬁ&f;yclop : H-Rz
indole-7-cajbomianle N2 N
R’ o N e
R

In Scheme IV, Step A, a tetrahydrocyclopentalblindole of formula (213 is
alkylated as described in Scheme I, Step E to give the substituted tetrahydro-
cyclopenta[bjindole of formula (22).

In Scheme IV, Step B, a nitrile of formula (21) or (22), is reduced to an aldehyde
of formula (23) or (24). The mitrile 1s treated with aluminum-nickel catalyst in a solvent
mixture of water/formic acid ranging from a ratio of 1/10 to 1/2. The formic acid used

can be 98, 96 or 88%. The reaction is performed at room temperature to the refiux



10

15

20

25

30

NH In a 2L flask equipped with mechanical stirrer and condenser, add
ethanol (945 ml) and

wO-2namings1,2,3,4-tetrahydro-cyclopentalblindole-7-carbonitrile 4@ @¢7083745

0.203 25mmol) . Stir the mixture and heat to 60-65C until complete
solution is achieved. Add D-pyroglutamic acid (28.4 g, 0.192 mmol) and
water (55 m1l). Heat the mixture to reflux for 20 mm. Cool to 40-45 C over
90 min. Stir at 40-45 C for one hour, afd then cool to 24 C over 2 h. Stir at
this temperature for two additional hours. Isolate a crystalline solid by

g@a@ta@%%&w&n Fomixtigee of RIQEHAvater (9:n) (3:V.p0.mky) a@ﬂ‘:oa of

Osolid in vacua at 50 C overnight to give 23°g pyroglutamic acid salt.
3?‘ otic *ﬁiéeéﬂba@éﬁ%B}%%?&ﬁoiAfaH<tﬁ&d®r§1§1atlézﬁﬁe Eodsattaiowatdheibpte.
nThy ardtistifsuintihcomplete isolutiomiscachieve cekilt@rethraigh aith sodium

diatomaceous,earthpag. Collect mm%@%m%w&no@%g adivstihe.R E'

to9 addlnﬁ aqueous concentrated ammonia. Collect an off-white solid

fiftha66h Ad A TR e serEGUemight to give 13.5 g (35%)
5(S)-2-amnine:l;2;3 4-tetrahy tvo eycpentafblindele blircarbabitiile 1946 e@cen

(GRlyma. Ghirace!.Of (4 9(35)04“%&% mJg Solvent. 2074 £0H §c;12§%wc

d|methylethylamlnethexanes check e against racemic mixture). Specifi

rBREHibhY TS5 U5 BB N0 1) SIiteRR AR b (R jebuipiipby dride. The
,2:3:dcetralifrcig-tyaidpentalblindaler Zscashmnitrlehane, Rigpar@dbe ditle

C&m&%‘?ﬂ%ﬁﬁ%{‘ Ef?'ﬁ’l %é ‘E‘c?l?%'cb gf%y? &l te%'l?‘éebtﬁla?def”}%'ﬁ’}ﬁﬂﬂo 2 hours

L-pyroglutamic aci he product (97% cc has a specific rotation result:
[&1p oo IR E RS Iﬂf@ﬁﬁf@ﬂ?&té‘ stirred with 20% aqueous sodium tartrate for 1 hour

Wdiﬁeﬁﬁ@lﬁw@mff@@ﬁy&ﬂv3I'éctﬁlﬁl’c@ﬁydro cyclopentalblindol-2-ylamine
Prepar%le? 1%1@“;% %deS(a:I‘rl‘I%}%dl fOJcl tt %lrpn% a?ﬁ?hglﬁgq g‘s%onv(:ﬂedt

trifluoromet oxy-1,2,3,4-tetra cyclopenta IS6In dolé-1.3

_dighereeME (s @éﬂwl’l@)wzswm) IftepHelsidedsgreated with the
ag(arézh@y@a@a&&&&ﬂ@zgzaﬂmddm@mﬁaeﬂ@mmL:aayb)mmamicam;pb to

Qﬁ)l’qp (S} el’1 nderpltro )
PR A R oo e et o gt o

w@qﬁh‘FﬁbﬁiW@llé@fBﬁ@W@tﬁ%ﬁﬁlﬁéC{mfn Titros2e iRl isigdasd by
(z&mmammﬂemﬁhghlgrp‘f@fmaﬁe W& Mui-tpluene 2r&inba A2i8uicd
"1;1&1215 str nlght at room temperature Dilute |th wa er&?
TSR GP{ED IR L4 TR A TR T SONE ARar

d’fi}lﬁ@*ﬁb’tﬁﬁﬁ@@?@%@@) %fcih@nliﬁté&’wﬁwound as a tan solid. MS (nlz):
284 (Mﬁrm&ﬁgI(WIs:lsép%rm&@a@ﬂm@m%i@é?&&ﬁ&@ﬁlﬁﬂa@%&ﬁ@&ﬁw@s

crlb d or reparation of 30Intermediate 6 Usin
ac% IB%(I) ommie. or s ﬂ?ﬂ co‘%}él% %hegtaé \(/Ewt% tne‘f@ %’m?ﬁg
dﬁ’%p%%b@hﬁaﬁﬁﬂa@ %%&%@ﬁieﬁ@mﬁgeably WO
2098/06386/ RGINSSRB0(/083/45 -33- Table 1 Inter-

As used herein, “K g7 refers to the equilibrium dissociation constant for a hgand-

receptor complex; “K;” refers to the equilibrium dissociation constant for drug-receptor
complex, and is an indication of concentration of drug that will bind to half the binding
sites at equilibrium; “I1C30” refers to the concentration of an agent which produces 50%
of the maximal inhibitory response possible for that agent or, alternatively, to the
concentration of an agent which produces 50% displacement of ligand binding to the

receptor; “ECS50” refers 1o the concentration of an agent which produces 50% of the
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mediate Chemical Name MS (m/z) 7
()-N-(7-Cyano-1,2,3,4-tetrahydro-cyclopenta[b]indol-2- yO-isobutyramide

w2aBdhi«dk266 (M-1) 8 ()-Cyclopropanecarboxylic acid (7-cyaqaris2id:Hoss745

tetrahydro-cyclopentaNindo1-2-y0-aniide 266 (M+1) 264 (M-1) 9
(-(7-Cyano-1,2,3,4-tetrahydro-cyclopenta[b]indo1-2-y0- carbamic acid
tert-butyl ester No data 10

(0-(7-Trifluoromethoxy-1,2,3,4- tetrahyt%%cyclopenta[b]mdol 2-yl)-carbami
c acid isopropyl ester 343 (MM.)

(L{a&;gxmggan% Adgiabysia @&JPB&@@@WQ&@% ¥ £atbamig acid
ethyl ester 270 (M+1) 268 Ml b’éﬁfé clopropanecarboxyllc acid

(F Bﬁb‘“i‘jé*%’%‘ffa‘f%é?’ it Aoyt yatiE s e seen:
( 53] .M. gIapnrQnarne
tetrahy@&r?}’%‘f&?%‘&iﬁﬁmmﬂ)%&y&l;ém&%y'ﬁi%ﬁ% ge‘hs QVerex: Bressmg s human

Cyano 1,2,3,4- tetrah¥{dro cyclopenta[b])lndol -2- yO-carbamic acid
P&@itéqmd ;eceptoz} {andiogen receptor), MR (mineralocorticoid receptor),

or PR (progesterone receptor) arc used for receptor-ligand competition binding assays to

determine Ki valyas,

Briefly, steroid receptor competition binding assays are run in a buffer containing
20 mM Hepes buffer (pH = 7.6), 0.2 mM EDTA, 75 mM NaCl, 1.5 mM MgCl», 20%
glycerol, 20 mM sodium molybdate, 0.2 mM DTT (dithiothreitol), 20 pg/mL aprotinin
and 20 pg/ml leupeptin. Typically, steroid receptor binding assays include radio-labeled
ligands, such as 0.3 nM [3H]-dexamethasone for GR binding, 6.36 nM
[3H}-methyltrienolone for AR binding, 0.25 nM [3H]-aldosterone for MR binding, and
0.29 nM [3 H]-methyltrienolone for PR binding, and either 20 pg 293-GR lysate, 22 ng
293-AR lysate, 20 pg 293-MR lysate or 40 pg 293-PR lysate per well. Assays are
typically run in 96-well format. Competing test compounds are added at various
concentrations ranging from about 0.01 nM to 10 uM. Non-specific binding is
determined in the presence of 500 nM dexamethasone for GR binding, 500 nM
aldosterone for MR binding, or 500 nM methyltrienolone for AR and PR binding. The
binding reactions (140 pL) are incubated overnight at 4 °C, then 70 ul. of cold charcoal-
dextran buffer (containing per 50 mI. of assay buffer, 0.75 g of charcoal and 0.25 g of
dextran) is added to each reaction. Plates are mixed for & minutes on an orbital shaker at 4
°C. The plates are then centrifuged at 3,000 rpm at 4 °C for 10 minutes. An aliquot of
120 uL of the binding reaction mixture is then transferred 1o another 96-well plate and
175 uL of Wallac Optiphase Hisafe 3™ scintillation fluid is added to each well. Plates are
sealed and shaken vigorously on an orbital shaker, After an incubation of 2 hours, plates
are read in a Wallac Microbeta counter.

The data are used fo calculate an estimated IC50 and percentage inhibition at 10
uM. The Kd for [3H]-dexamethasone for GR binding, [3H]-methylirienolone for AR
binding, [3H]-aldosterone for MR binding, or {3H]—methyitrienokme for PR binding, is
determined by saturation binding. The 1C50 values for compounds are converted to Ki

using the Cheng-Prusoff equation.
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wisoprgpyisster 284 (M+1) 282 (M-1) 16

284 (M+1) 282 (M-1) 15
(8)-(7-Cyano-1,2,3,4-terrahydro-cyclopenta[blindol-2-ye- carbamic acid
PCT/US2007/083745
(R)-(7-Cyano-1,2,3,4-tetrahydro-cyclopenta[b]indo1-2- y1)-carbamic acid
tert-butyl ester 296(M-1) 17*
(S)-(7-Cyano-1,2,3,4-tetrahydro-cyclopentaNindol-2-y1)- carbamic acid
tert-butyl ester No data *Alternatively; ¥btainermediate 17 by chiral
chromatography of Intermed a e 9. Intermediate 18

50'N'W@GM%BHQ%XJ%&?@]%UM%%%;%g‘%éﬁ%&ﬁ%g(z‘é;%}é%%%[}@!?&i@Ql%k&i){ﬂs

- isobutyramide

(PNDE7EsraRon 21800 dtranydrs leykiape riadiimeietooy s rimiaa (s,

Gk dummenang Al Nicatalystibp.g): ik water /98 Y fenpis.adids /196140
?}#_é. Reflux for 18h, add Al-Ni catalyst (13 g) and reflux another 5 h. Cool

diftite el as W Brdditer o treTmiigaesressie hthatarenat
fitbrariejcnddl EtOH {200 ndh andserigateforld min. Fikeninsofiieman GR,
matgrial angkto the crude aldehyde solution add 0- methoxyamine-HC1
(120 minol) dissolved in water §25 mi5) and make the mixture basic (pH =
9-12) with S5O RETRE BilftartGomPRRBsialiaforl S Heatenreredalate the
mastief thebsalventenderdaduced prassigeMipihenesicdue wigarmater

icate for 30 min..Isolate 4.39 a.of a brown solid. Purify the material

o SR RS SO Ryl RS
cUipBsEa SR a Yl 6ttty (Frsledoby(Tla »ylcaogqguia)protein

lat@rmeaiaiee k& ponse clement-reporter gene construct. The solvents, reagents, and

O(R)-N-17-(Methoxyimino-methyl)-1,2,3,4-tetrahydro-cyclopenta. )
A e S s

(25°til papkgpared by one of ordinary skill in the art.
(Ridefrsyanasiyz:B drdeirenyeioay slapentalipslal-Zrydueathamic acid ter;
~butyl ester (2 g, 6.73 m og ir for 10 mm yndey nitrogen. at room
emper LT R S BT A AR T o o
rstinyde pedchioridegdy dlanhidvhtirgiialy ordpRise oVerids min traddeetiyl

acelate B30 ,Lalta-ét}&{&%@i&ﬁﬁd@@%&%&%@kmH}Jﬁm%ﬁﬁlf&ﬁ%éw

h. Add a 20% aquequs solution of sodium tartrate S)O mL) and stir for 1 7
AEYOUHT tErparattie ! Separité he rbarieiay e AR S dithE 4y d¥6us
layerayithoethyt aoetate (2 th5 InlifrGompinerafthdryis((Na2 S0Q4) argaHig 293
lBYRr i fltep 206 S ORGERIRIE QNG 22 HR)af afOIV L edpoB (AR ) using viral
CMYV (cytomegalovirus) promoter. The reporter plasimid containing two copies of GRE
{glucocorticoud response clement S"TGTACAGGATGTTCT 3 {SEQ ID NQO:2)) and TK

promoter upstream of the luciferase reporter cDNA i transfected with a plasmid
constitutively expressing either hwman glucocorticoid receptor (GR), human
mineralocorticoid receptor (MR), or human progesterone receptor (PR) using viral CMV
promoter. Cells are transfected in T150 cm flasks in DMEM media with 5% charcoal-
stripped Fetal Bovine Serum (FBS). After an overnight incubation, iransfected cells are
trypsinized, plated in 96 well dishes io DMEM media containing 5% charcoal-stripped
FBS, incubated for 4 hours and then exposed to various concentrations of test compounds
ranging from about 0.01 nM to 10 uM. In the antagonist mode for the assays, low
concentrations of agonist for each respective receptor are added to the media (0.25 nM

dexamethasone for GR, 0.3 nM of methyltrienolone for AR, 0.05 nM of promegestone for
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2 Otetrahydro-cyclopenta[b]indo1-2-ylLcarbamic acid tert-butyl ester.
Purify by chromatography on silica gel using methylene chloride/acetone

wOBesgve 1.3 g (64%). MS (m/z): 301 (MH-1). To a 100 npley/ys2007/683745

round-bottom flask add [(R)-7-fonny1-1,2,3,4-tetrallydro-
cyclopenta[b]indol-2-y1]-carbamic acid tert-butyl ester (1.00 g; 3.33
mmol), ethanol (10 2 5 ml), potassium carbonate (552 mg, 4 mmol), and
0-methylhydroxylamine hydrochloride4334 mg; 4.0 mmol). Stir the mixture
at room temperature for 1 h. Remove the solvent in vacuo and add water

(alaﬁ %‘15)0 4L e LS. 30 M, a0g.filte ﬁlg%&w% ?%QG'M&K% M3 m§2>

1). Intermediate 20 302-Bromomethy1-6-fluoro-pyridine
|\$B1§ psley @'lééilﬁ%é)%ca‘%*éﬂmr&ﬁea?@%%awﬁﬁﬁém@rwﬁm (20 mL,
0.19 maolekinEHOAC (A0 Mb)rahcaom temperatuve fVhendhe de mpay atikes.
reac S%‘#} AT 400 mmol). Heat the mixture at
R A ey P RN T e I I TP R
%&W%h@%?ﬁt@lb%&wat@%‘vlﬁwﬁwﬁ% ARt tHEdligohitrate) are
hexanefEi0Aetid: 1) n\Abashﬁheiﬂllﬁnaﬁewﬂmmwﬁm@mmoaﬁ@éqﬂﬁ@u&c
Na,S1 d br ne. Dr NalSO4), filter
e S v O g

thebemaing SHmeAeM R st B GH. Refsovectheseeriarifgassay.

smi\ae RbRysdist Iyagmélatm@sﬁhﬂaﬂypmﬁg urka Jolpwedibysthe eueactad

t|n ate lal at 80 and then the title produc
AR S e b et B
da)thf/ B5sened; Wy S UOTIHEOMIY: a@%tm—ﬁ%mmﬁf@wﬁ@@m‘ef@ﬁR 0.3 nM
%{axaxawmmeﬁbybpmd m&wmaﬂ@é@q%&%@m and (erwgmbaetﬂﬂ@e

%or SJéo thc (t)g?c ?)]%t %53% SCQ}% g0 ogi;c%%)tllvaml nst 111
h 15: 1P Lﬁ% ‘3s exemp y raczy
W@Q@@mﬁ@l?}@‘?em starting with 2 -amino-3- plcollne and phthallc

anhydride/Akfollowed pggﬁromination with NBS, to yield the product in
33% ylgld asﬂadw ite §o id, MS&m/ ). 317, 19 1\4+1}i£§ %ﬁfjemwl

S an ag0ni1s vIty i mm 1‘%8 the
3-Bromonne ISOt |ai’ofe bdre are ISO iaZolé from

c@ﬁﬁmémﬁnyla»daul%zméssiamﬁ@onsqbieqhwQ@%@ﬂﬁa@@leeﬁmm@riwby
tbgﬁ@ﬁgﬁegur@r@f ﬁ%&sm%emQm%tc@ma?mgg%@R%@&R%%@Fac&%%&g?z&pm

ux a mixture of 3-methylisothiazole (3. 611% %
BRI BRSBTS 5758 3 o ARPATCTTCT S (EQ 1D NO3) and
T E-pzobis{cyclobexa dcdrldhrtrite)(0r b8 PN /8 mmditinl @Eh4 (1O6mL)

f%&ﬁt{am@@oéﬁ%ngm{ﬁdm&%gsﬁv@&&& by QQngx;f&WBPm?m

Concentrate the filtrate and purify’using chroma graphy on silica gel with

SepigAv xRt %‘5}" %é%%\nﬁ 7B Y gustia PR Prod Ut - FeirhRgrne
(48OMIHB SC DR )X6 BB i(dntation L thdzs fddt)d ZeB4 4@, sImSulddzphied )y 96

4(&!%9@1&1%_'111 DMEM media contalml{gqﬂ% c%'z@%%a%%trg [ped FBS, incubated for 2 h

5-Bromo-3-bromomethyl-isothiaz

SISO S BIRTEth ISt ATA SO 4R Fiingf f%“iﬁéi?ﬁéﬂﬁéﬁ’ B AHaE phout 0.01
305ptaak, R1J AGbem hsﬁ@qc:hs&%]ﬁ%ara&ﬁgo RERpang: th@ 1@1;!@1 GaMpeMaEse
R Ie‘.fsltsen%all,e)f d%sg%be a118r : te[ilrlra]eglgzat 22 U %%I\@ a ametel fit logistics ¢
gcb M- -mé]tlﬁ Tisothiazote. tInterr‘?’l dia pat itlogistics to
determine ECS0 valucs The % efficacy is deter mmcd versus maximum stimulation
obtained with 10nM methyltrienolone.

Functional assays of steroid hormone suclear hormone receptor modulation
similar to those described above can be readily designed by the ordinarily skilled artisan.

Following a protocol essentially as described above, the exemplified compounds of the
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2-Bromomethyl-6-dilluoroutethyl-pyridine Slowly add
bis-(2-methoxyethyl)aminosulfur tritluoride (9.2 InL, 50 mmol) to .
6-methyl-2-pyridinecarboxaldebyde (2.6 g, 21.5 mrnol) in CH,C;Z (25 inL).
After 18 h, carefully pour into a beak‘e%‘i:bntaining saturated NaliC,03 (300
mL). Shake with 5water/C1-2C12 and separate. Dry the organi(_:_layer
(Na2S04) and concentrate to give 2.11 g brown oil. Purify on silica gel
50% EtOAc/hexane) to give 1.16 g (38%) 2-methyl-6-
A G G IS e A — Y]
Prd@@a1L:) @nepadddNbSHd 2 S 8mmeband ABN, @00umglRefew 105 A/ ARk

h, filter and concentrate. Purify the resulting residue on silica gel using

rengHG RO Al M XA bV iIn o rRrE tabir sVl B0 mg (43%). GCIMS
In %gﬁg@ellgmmgg@t%%gr&gIgggmethyl-ia-ehloropyrazine Prepare

the title compound using the chlorination procedure as essentially o
descHiplid by isersHhin ‘cueEkseldl apEzsposb i rages andRUss VK G.
acd¥riRicab dppRMarnfeber2009aA8s RIGLL383. NISIONE-d 10 waste for eight

-methyl-3-chloropyrazine (24.3 g, 189 mmol) in CHCI13 (100 mL). Add
Wﬁé&ﬁ%ﬁﬂ&%@b@%ﬂ%@t%ﬁi% G e o rERme AL TR o RRtefabiiels are
anitgRICHQISQCY AU e AG:L 6 6h8.s4m6 Smel: 3nscomtiaue t1osreflux far 98,

h. Cool and filter through 200 g silica gel, eluting with methylene chloride.
SX PO By Silicer feP Chiohattraphy tialnga Bradidriporigagpranire-controlled
rocehi@rbfarnviexans ¢e:60% Bechlorpiorn/iexan@axer ne 1005, QR er and
. _the title compou F as a colorless oil, 5.39 g pure title compound and 9.4 g
foefﬂ%ﬁé‘é oe(fgil fe*foduct. 11-1-NMR (CDC)) 6 8.50 (d, 1H, J= 2.2 Hz),
8.3 M{dydéd (ddhbinzdatd. BOSo 2R DAl ANGEMSM L BRENEEN are
25Pre ar Int rmedﬁates 26-29 by essentially following the procedure
B S A It P B G D el il castarcd twenty wek
oldZachibraAwoathyipyridie)-25 methylthiaa @l%;eai;aﬂc@nﬁ'tﬁhﬁé])-d'gﬁﬁigﬁﬁﬁr&ady weight
. Intermediate number Chemical Name 26 2-Chloromethy1-3-methyl-
D b o Athy L B AR SR AR oo os ae
with37 5 206 Chlorgihethybqyridazineds arcRkeparebrermeriatesnad @gﬂlgl
tially follawing the procedure as described by Newkome, G. Ri et .
e B e S g B RO AP e love o) 624
Twaeg-$ineshylipy fdzihecarid NsahlorasutaihitndergNGShd 6% ethyl-alcohol (EtOH)

+94% cyclodexitrane (CDX) can be used for subcutaneous injections. Sham operated

rats treated with vehicle alone are used as a treatment positive controls whereas castrated
rats treated only with vehicle are used as treatment negative control,

Test animals are dosed over a two week timeframe, orally or subcutaneously, with,
for example, 0.3, 1, 3, 10 or 30 mg/kg/day of a compound of the present invention. After
the two-week treatment, as an indicator of activity, the wet weight of the Levator Ani
(L.A) muscle in the test group is determined and compared to the wet weight of the
Levator Ami from the castrated, vehicle-only control group. The wet weights of the
muscle obtained in both the test group and the vehicle-only group are normalized relative
to total body weight. As an indicator of tissue selective activity, the wet weight of the
seminal vesicle (SV) from test animals is similarly compared to the wet weight of the
seminal vesicles from the sham, vehicle-only group. Again, the wet weights of the
vesicles obtained from both the test group and the vehicle-only group are normalized

relative to total body weight.
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302-Chloromethylpyrazine 312-Chloromethy1-5-methyl-pyrazine 5
Intermediate 32 11,2,51Thiadiazole-3-carboxylic acid Prepare the title

woompadegaccording to the procedure of Weinstock, L. M.; ep@ldsfdgos374s

Chem. 1967, 32, 2823-2828. 10Intermediate 33
[1,2,51Thiadiazol-3-ylmethanol Mix [1,2,5]thiadiazole-3-carboxylic
acid (6.00 g, 46.1 mmol) and oxalyl chloride (11.7 g, 8.04 mL, 92.2 mmol)
in CH2C12 (150 mL). To this heterogénreous slurry, add 10 drops of DMF
and stir at room temperature. The reaction mixture will bubble and

15gradyally;hecama diansiieant withinone howrs Afer m%qpettso;md during

concentrate the reaction mixture in vacua to give the aC|d chloride as a
YRR GBI At SRR TR STARF P RIS e S EXDIESi0 THEY BrE Stiedersdm
temfeliaturediarioMdiheampthénicontentt aie wMacuadogiestheettylestake

as {,rRNR.Oily 7 5) %epéwﬁtm@eﬁgx ﬁ%tgteﬂll AR tteo&talfg] L A0S0, er i

LiBI-14 (2.0 M solution in THF, 2 2 mmol). Stir the reactio

RRIETE SRS AHetEhh A et Wﬁwwﬂtﬁt@%&eﬁﬁtﬁm&ﬁﬁt@w@n indicator
agueausiNFLIEE! D01 1 k)t g, ety |M@Et@&@:ﬁ8}@h§.5&dﬁfﬂ_ﬁq brypinec

OgRNIGS %@%%t%sq SRNeRI tﬁt Y%%‘{‘P ebgfﬁi exgﬁf roduct,

as a yellow oil. Purify on si u5| es to give
??ﬁ’@(@%‘jﬁ‘éﬁﬂﬁ@%ﬂ@%ﬁ%ﬁ%ﬁaﬁ 5@1& &l @ﬁﬂﬂﬁwﬁztw@m@%@e@
(suiR) ,aﬁdﬁﬁe(&r@ﬁ&. 29 |1F¢Eﬁlrﬁil@@5late Bdaiigthanggulfoaigeaside periosteal

%ﬁllg‘dggeh l?g f)%tzlﬁ ase MLQQE %lc:? The ?J%ﬂé‘ﬁ%ttﬂget t 0tnrlobmﬁ)t'\jil (feqéﬁt OH’P and

accordi e procedure of Yamamoto et al. Bioorg
Zbgje}gcigggLﬂg@upggxﬁy be normalized relative {qhetrhhediare s,
3-Hydrexynethiflcdcs @rcht@y&m&alﬁwl&ﬁ&arhiﬁm@&wsn THE, 10 mL,
cstor (S e e R T
Hetat basky Wféﬁl@ddi\”{eto'\f@t@%m Iy %ﬁéh&ﬁtﬁ@@éﬁéﬁ@h%ﬂkm rayiEh’ control
wakekl(ieambiythermatorated aqueous NEL4C1 (50 nal). Extract into
EtOACA(I‘lQP nth Q?Crhd% %Mg'§o[4 hfll eesrdrt Ci aonce hgag%lt%%n%rgpﬁncgit e
give 540 e produc as an orange syrup PPty the é rup on ificR
gd f{&glgs)q%ﬁg@%&eﬁt@}&@mﬁﬁéﬁm@we@m i mm/a)oéﬁthéeﬁﬁeacy
cgﬂmmmni@s a white solid. 1H-NMR (DMSO-d6) 6 5.55 10(t, 1H, J=5.9

I l_), 4 E’) Id T |, \.l R.’) Hl. IIILbIIII\ dlateq?(?; PALP
‘\7\61 ht

2 F 3 _h ’/drq%yﬂ i?é/ Qle % E ﬁcac: m
2 agole 4 o gm{;am ~Uaytee§tﬁt1%§%%@ngl yas
Erlenmeyer, H.; @m@ﬁ@%@ 4. Actay W@AA 24 14(%@1(5‘&%1092%
tile copppound 15by esgentlally following the(procedure as descubed for
Intermediate35;-using-2-chlore

10, po ’ ° f95'

& 116
30, po 186 14 107

p.o. = oral route of administration
LA = leviator ani muscle; SV = seminal vesicle
GDX = gonadectomized

I vivo Models of Disorders associated with bone loss:

To demonstrate that compounds of the present invention have the capacity to treat
disorders associated with bone loss, such as osteoporosis or osteopenia, other animal
models well known to those in the art may be employed. Examples of such models are
provided in Y. L. Ma er al., Japanese Journal of Bone and Mineral Metabolism 23
(Suppl.): 62-68 (2005); Y.L. Ma et al., Endocrinology 144: 2008-2015 (2003); and K.
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thiazole-4-carboxylic acid ethyl ester. MS (m/z): 150 (M+1); 1H-NMR
(CDCb) S 7.16 (t, 1H, J= 1.0 Hz), 4.75 (d, 2H, J = 0.9 Hz), 2.48 (s, | H).

wihteinediate 37 2-Amino-5-methyl-thiazole-4-carboxylic acid gty estelissr4s

20Prepare the title compound according to the procedure of 1-16 Mart. J.
-'t at. Heterocycles 1991, 32, 693-701. Intermediate 38
5-Methyl-thiazole-4-carboxylic acid ethyl ester In a 3-neck round bottom
flask mix 2-amino-5-methyL thiazole-428arboxylic acid 25ethyl ester (62.9
g, 338 mmol) and THF (630 mL). Heat to reflux and treat the reaction

nﬁ)ﬁllﬂﬁ% XY 'th |§90§rp’¥ P rlﬁ%ﬁ%ﬁ 9) @96% E@ISQ ?’ﬁ%?m &19%]\/\/'(? %on RO ade

completion of the addition, stir the reaction at reflux for 1h

ctile e Ra Pdadtion Riikears Byfioaaapsrves toigned ot ergeremy.
piodltet sl arthickoasang e aito P iy fanesitica gl 00ig1 0145 % rchidectony.

AL IPXANERL BRI P93 BLEPHRLING g camponnd as ayellow

Soli - diate 39
5- Brom%tﬁémvht%ﬂém%%@ww&%éc@ﬂ%w@éféwls@lnduqm%at to
reflioapmixiore mlghmgﬁwtmngazémﬁeb@wm:camﬂna,xb}ydoe&efo(ﬁ)w(gr)

ij Huy nd N-bromaqsu |n m|d moO CC14 (100
Wlnlo 9 @/o CalCin dn ;5{‘,% a{)t 4? f@lmlﬁ% Iglmco 6il (El

y Ifradiation wit (fuings en sun lamp

éhﬁfﬁ@f&%ﬁ}%ﬁﬁ?@ﬁﬁbw6@%%%%%%5%@@%%@@@ pyerated
re@auam ‘engire GrARentrud mwa@mﬁa&m;&o@an@@ 121k RHERYRNESIca: g8l
0-15% ( /Me014 L GHE 12/hexanes)] to give.3.6
T S A e TR R R B S
(Wtﬂsctpmrzeé PRI @d%yxm&iﬂ{fﬁ?bwﬁh@ﬁmcn-@% IR VB4 NITIRY £ 1 ertipme
(A% bxaropiedlish 0@6%&K@i@ﬂ@%ﬁﬁnﬂﬂﬁmﬂpﬁﬂﬁbompmmd. Test
in:2-imelyl-52 3 dcietiahyirosyele; 1opanta lindol 2ylisghutyramide,
(FNLR- esema i dumetrd R dio38y tibpertafblisdobabyutrisesdity raan feiegiven
(® 581%;&%18( rmahnfsfle Qﬂ@vﬁ@@cﬁﬁ@?ﬁl@h )éjzpﬂﬁ@ Qt?ﬁrﬁ%%a%(#olz @Zaﬂﬂi‘fﬁ@wlf)a
C n the actlo
e s s S R L R et Wty e
rerBiahens r@awr@llé‘;!efﬂta\@sf@@nahd)@éh@ebﬁrawwrg ived Antl gavz:if@der

mtﬁréakaiﬁwi%ws%uism&@:@anm&ﬁa&whm&%@% E{%ﬁ@ﬁ%%@w
b ain 4. llow-tan s lid. MS (m/z): 377 (M-51), 375

Q9 porlye (M2
alt me a4 (Q sl Loy e pes 01mcd using a matertal mechdnical tek ung, machme

(@)GNI@H %@yﬁn@-lﬂfﬂf -H onp- pymidinmdhdmein yl) dla 2 B4detrak o R0eyelGp

entaNindedrdydisisobutyramide Separate enantiomers of Example |
by chlral chromatoraphy ung Chlralpak AD H (MeOH) Isomer 1 (R):

IH J= "Sz&h-lm)zﬂicﬂﬁ gpﬁ%ﬁmaﬂwm& (eks mﬂﬂal&ﬂ!thlﬂ)cq 138igagholikN),
‘]wégﬂirgg §b0m 485 g, are housed with ad libitm access to food (TD §9222 with 0.5%
calcium and 0.4% phosphorus, Teklad, Madison, WT) and water, Bilateral orchidectomy
(Orx) are performed on the animals (except for sham-operated controls) and then
randomized into the treatment groups of 7-8 rats per group. Each assay typically
contains at least 2 sets of controls, including sham-orchidectomized (Sham) and
orchidectomized controls (Orx) treated with vehicle. Orx rats are permitted to lose bone
for 2 months to establish osteopenia before treatment with test compound is inifiated. Test
compounds are administered orally via gavage to Ovx animals for 8 weeks. As a positive

control, recombinant human PTH (1-38} (about 10ug/kg/d, subcutaneously) may be given
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25Hz), 7.07 (td, 2H, J= 10.9, 3.9 Hz), 5.44 (dd, 2H, J= 19.2, 16.5 Hz), 4.86
(m, 1H), 3.28- 3.12 (m, 2H), 2.69-2.61 (m, 2H), 2.32 (m, 1H), 0.97 (t, 61-1,

wdz@dostigss1somer 2(5): 1.45 g 98.9% cc, HPLC: R1=3.44 mirc09%m):/083745

IH-NMR (DMSO-d6) is identical to that of Isomer 1. -40-

Example 2
()-(7-Cyano-4-pyrimidin-4-ylmethy1-14,3,4-tetrahydrocyclopen(aildindol1-2
-yl)- carbamic acid isopropyl ester 5T%9a suspension of
pyrimidin-4-ylmethanol (250 mg, 2.27 mmol) in CH2C12 (12 mL), add
NoN-diizepsoryierivk em'%I(é%ﬁlg&n@ﬁlé%&lmﬁi@%wpl 9{590@%& Mof the

under nitrogen. Add methanesu chloride (27 6 pp 2

riFRST AR WERHE db Y6 H8bHCtBIvTBeT bk Axbrstind sz éﬁt%wy e performed

temjperatudeford fiyrldad thecreaction fmxtlanetontdeh Varian ChemElut

Gk alcohase extipgtion LaRe O4aNAD BRI NUIRChone [Revicw]
980 fh%rwhlch has been pre-treated with water (2 mL). Elute CH2C

(é@?ﬂﬁ“)( QL?&I% the cartridge, collecting and concentrating the organic

eluent. AddiDMRiprtbetelugninantiedinggnitalenithyaguhdaugive adaF

SSQLHHQLQSOJEEIE%B’&? %%@ndyqoéhzjéﬁ 9'%&8& [’%%l! use i ¢ 13 unction with the

()-(7-cyano-1 4-tetraby rocyclopen blindo1-2- y -carbamic acid
iSOy L&t AGsdRY, fﬁcﬁcﬁﬁ}ﬁﬁﬁ*’c@éﬁ@o:’, (1.14 g, 3.5 mmol), and
DMF (10 mL). 15 Heat the mixture to 50C for 18 h in a sealed vial. D|Iute
e reaRe L HOALLIA0 Tl Agd s o R M RIS G

mL). Dry the organi er over Mg Iter, an concentrate to glve

(P Bt prbeRite Abacrspeind niK s brined dingirny gerel
[é&@@%@twﬁ&xbgﬁM@&Eﬂ@@@esﬁl&@@uﬁtéﬁﬁ mgt(ﬂgw{@t@icﬂa artitigadily

%%@%B}chg G gg I%ﬁg(?lhld Lng%zgdzb/o g’;e og’glcqu(”l(zl 1n ]+ x?uould

374 (M Exa
(@)urﬁ(@ya%ﬂm&H}aﬁ%ﬁpsrmétmﬁxzrsph%@tétﬁaﬁy&r@héytwerﬁémﬁawayd
Qrocarhiamie, acid inopEapyt est@ficAlnsAdg Bt N-disepsepyletianmias in the
(2 39 g, 3.2 niL, 18.5 mmol) and methanesulfonyl chloride (1.27 g, 864 pL,
ﬂ 1 nimol) to a chilled (0 C) solution of 5-(hydroxymethyl)thia2ole (1.22 g,
10.6 mivolfed EHEC TGO} nber Avogeprsiesiie:rdailion afasdm
t@imppmwﬁﬁ.ﬁ@é 1§ fu e@;ddlwageﬁrﬁ%ﬂ Fftbﬂl/ﬁgpaéﬁiﬁ thedayatsmApe-Hny thess
qaRnics.gver. Maz 04 Fiter and adg DME (10 mb o he organic layer.
ncen?rgf/é undervacuurméaving a solution of t mesylate in DME.
thiscsohstion, ‘&dd rafiditionabBDMFH4OmMIR),” or “TR "refers to 1etcnt10n time; 6

(Bhefe (Gyanget %ﬁlént@&%‘&*@[&’fﬁy‘ﬁ'%%m&[ leded-2ryh)- cathamic acid
|so ropyl ester (2.5 Hg 2 mmol), and Cs2C0O3 (5.57 g, 17.6 mmol). Stir
e

BELIBBATIeATHE 5 %‘?tlﬁiﬂ‘t]’n%diﬁﬁﬂf‘é?ac{?o nﬁﬁfﬂrse“i’/NWEtOAc
(@%Mﬁoxwmm Elgyigaiiicstovitio Wateth {8 s IS0dm L) i rfme (LO&-mity!

DryuMeaA)fiter and. m%sfe&@&?ﬁa%}%gamq@%ﬁ qive.38 g0 grude
product as a yeIIow 0il. Pu \;}/(2@ silica gel [120 g, 30-60% EtOAc/(1:1

cwﬁéifﬁm&eéﬁegﬁ fo iR Bd(%@%m m@?&@%&%&%w@ ders fnipdivm
SOHCE LOMB 100 @B o 46 e o (parzy B8R aNHE H):féR Fo (MrthiCO2re 1 5Y1cOH”

Usehe REAcRILFe: A5 AesRIDR. ARRYE 4B EXBMPIE 2 9L R IL.COMVERIRS:
foIIowm%/alcoho’ls to the mz\ﬁates 2 ’hydroxymethylpytlmldlne

3@@8% Hi@’t%‘i/“i‘cﬁ%“a}éﬁl %ﬁﬁ%&ﬂgz -azobisisobutyronitrile; “ee” refers to
2mehloraefidwdrexymethylthiazole, 2-hydroxmethylthiazole, and

205-hydrexymetyineEerninea HSIRG A8 %@H&BE‘@%@A %Uﬁéﬂ%gg}al imeter.
1,2,3,4- tetrah%drocyclo entaNindole, prepare Examples 4-53

IFRE e ch st a0 é%‘?é’?“‘?éééﬁlﬂi%ﬂv%Eb@rﬂiﬁ@bfbdﬁﬁ%”ﬁ%%@u%@%ddld
desetihed sicExaMple aiblanid dusing dien appr ofirate Pieteraarybm ety
halide or heteroarylmethyl mesylate, which have been described above or
are commercially 25 available. Prepare chiral material from the
corresponding chiral 1,2,3,4-tetrahydrocyclopenta[blindole prepared
above or separate the racemic material as essentially described in
Example la and Ib.
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-42- Example Chemical Name MS (raiz)
(R)[7-Cyano-4-((-fluoro-pyridin-2-ylmethyl)- 4

w 20dstrigdkahydro-cyclopentalb]indol-2-yli- carbamic acid isqQRroR)LE518E 3745

393 (M+ 1l (S)-[7-Cyano-4-(6-fluoro-pyridin-2-ylmethyl)- 5
1,2,3,4-tetrahydro-cyclopenta[blindol-2-y1]- carbamic acid isopropyl ester
393 (M+1) ()-[7-Cyario-4-(3-hydroxy-pyrid2. yimethyl)-1,2,3,4-tetrahydro-
cyclopenta[b]indo1-2-A-carbamic acid¥opropyl ester 391 (M+1)
(-(7-Cyano-4-pyridin-2-ylmethyl- | ,2,3,4- 7

tetrahyqﬁog;&yé‘fjacipf%m%mysng? Iﬁ%%ﬁf&%l?&@ %Cpigeseem}{zllgesi{[ieign are provided by
ChemBraw® version 7.0.1.

Intermediate 1

{£)-2-(3-Oxe-cyclopentyl)-isaindole-1 3-dione

Mix cyclopentenone (100 g, 1.2 mol) and phthalimide (170 g, 1.2 mmol) in
MeOH (900 mL) and stir for 18 h at ambient temperature. Stir vigorously with a
mechanical stirrer and add 2 M aqueous Na,CO; (80 mL), After approximately 2 b, a
thick white precipitate will form. Stir at room temperature for 48 h. Colleet the white
solid by vacuum filtration and rinse with methanol. Suspend the solid in water (300 mL)
and stir for 3 h. Collect the solid and dry in a vacuum oven at 40 °C overnight o give
195 g {(71%) of the title compound as a white solid. "H NMR (DMSO-ds) 8 7.85-7.77
(m, 4H), 4.90 (m, 1H), 2.67 (ddd, 1H, J/=18.5, 6.2, 1.3 Hz), 2.54 (dd, 1H, /=18.5, 9.2 Hz),
2.45 (m, 1H), 2.32-2.21 (m, 3H); MS (m/z): 230 (M~+1, weak).

Intermediate 2
(#)-2-(1,3-Diexe-1,3-dihydre-isoindol-2-yI)-1,2,3,4-tetrahydro-cyclopentalhlindole-7-
carbounitrile

Mix (+)-2~(3-ox0-cyclopentyl)-isoindole-1,3-dione (12.7 g, 55.3 mmeol) and 4-
cyanophenylhydrazine-HCI (8.53 g, 50.3 mmol) in HOAc (200 mL) and 4N HCI dioxane
(50 mL). Using mechanical stirring, heat the reaction to 90 °C for 18 h, then add
additional 4N HCI dioxane (20 mL). Heat the reaction to 100 °C for 18 h. Dilute the
reaction mixture with water (600 mL) and collect a black solid by vacuum filtration.
Sonicate the solid with MeOH (200 ml.), then collect and dry in a vacuum oven to give
10.94 g (66%) of a gray-brown solid. MS {m/z): 328 (M+1), 326 (M-1).

Intermediate 3
()-2-(7-Trifluoromethoxy-1,2,3,4-tetrahydro-cyclopentalblindol-2-y-isoindele-1,3-
dienene

Mix (4-trifluoromethoxy-phenyl}-hydrazine hydrochloride (1.5 g, 6.56 mmol) and
{(£)-2-(3-ox0-cyclopentyl)-isoindole-1,3-dione in EtOH (20 mL) and heat to reflux for 14
hours. Concentrate the reaction mixture iz vacuo and dilute the residue with Et,O (150
ml.). Place the mixture in an ultrasonic bath for 10 min, then filter off a solid.
Concentrate the filtrate to give the crude product. Purify the material on silica gel (120 g)

using 10-60% EtOAc/hexanes to give 520 mg (22%) of the title compound as a yellow
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361 (M+1) ()-[7-Cyario-4-(6-difluoromethyl-pyridin-2-
ylmethyl)-1,2,3,4-tetrahydro- 8 cyclopenta[b]indol-2-yll-carbamic acid

wigopsepykaster 425 (Mit ()-(7-Cyano-4-thiazol-4-ylmethyl- | 2.8 ¥ 0<:@Bhs3745

(M+1), 9 tetrahydro-cyclopenta[b]indol-2-y1)-carbamic 425 (M + acid
isopropyl ester HCO2-) ()-[7-Cyano-4-(2-methyl-thiazol-4-ylmethyl)- 395
(M+1), 10 1,2,3,4-tetrahydro-cyclopenta[blindol-2-ylp 439 (M +

-31-

solid. 1TH-NMR (DMSO-ds) 8 11.22 (s, 1H), 7.85 (m, 4H), 7.38 (d, 1H, /= 8.8 Hz), 7.28
(d, IH, /=13 Hz), 6.96 (dd, tH, J=8.8, 1.3 Hz), 5.41 (m, 1H), 3.38-3.11 (m, 4H).
Intermediate 4

(£)-2-Amine-1,2,3,4-tetrahydro-cyciopenta[hlindole-7-carbonitrile

In a three neck round bottomed flask, equipped with a mechanical stirrer, prepare
a mixture of THE (3100 ml) and ethanol (550 mi). To this mixture add crude 2-(1,3-
dioxo-1,3-dihydro-isoindol-2-y1}-1,2,3 4d-tetrahydro-cyclopentabJindole-7-carbonitrile
{170 g, 0.52 mol) and stir for 15 min. Add hydrazine hydrate (90 mil, 1.9 mol) and stir the
mixture at room temperature for 16 h. Check by LC/MS to confirm that no starting
material remains. Filter the crude reaction in vacuo and wash the solid with THF (2 x
200 mL). Collect the mother liquors and remove the solvent under vacuum.
Purify by silica gel filtration (1.5 high, very wide S10» pad} using (2 M
NH3/MeOH)/CH,Cl; (3-10%). Collect the fractions containing product and remove the
solvent. Add acetonitrile (180 ml) and reflux the mixture for 15 min and then cool to
room temperature. Collect & brown solid by filtration and dry in vacuo overnight at 40 °C
to give the racemic title compound, 55 g (60%). GC-MS: 198 (M+), 196 (M-);
NOTE: At this point either separate the enantiomers of the racemic amine or continue the
synthesis with racemic material and perform a chiral prep-HPLC separation of the final
compounds.

Intermediate 4a
($)-2-amino-1,2,3,4-tetrahydro-cyclopentalb|indole-7-carbonitrile
N N J~ NH,
O N

In a 2L flask equipped with mechanical stirrer and condenser, add ethanol (945
ml) and (£)-2-amino-1,2,3 4-tetrahydro-cyclopentaf b Jindole-7-carbonitriie (40 g, 0.203
mmol) . Stir the mixture and heat to 60-65 °C until complete solution is achieved. Add
D-pyrogiutamic acid (28.4 g, 0.192 mmeol) and water (55 ml). Heat the mixture to reflux
for 20 min. Cool to 40-45 °C over 90 min. Stir at 40-45 °C for one hour, and then cool to
24 °C over 2 h. Stir at this temperature for two additional hours. Isolate 2 crystaliine
solid by filtration and wash with a mixture of EtOH/water (95:5) (3 % 50 mL). Dry the

solid in vacuo at 50 °C overnight to give 23 g pyroghutamic acid sait.
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carbamic acid isopropyl ester HCO21 (+)-(7-Cyano-4-pyr
midin-2-ylmethy1-1,2,3,4- 11

wistahyrdegseyclopcntalblindol-2-y1)-carbamic acid isopropy! &tef &4y 7083745

(M+1) ()-[4-(6-Fluoro-pyridin-2-ylmethyl )-7-
trifluoromethoxy-1,2,3,4-tetrahydro- 452 (M+1), 12
cyclopenta[blindo1-2-y11-carbamic acid 496 (M + isopropyl ester HCO2-)
13 ()-(7-Cyano-4-pyrazin-2-ylmethy1-$2.3,4- 376 (M+1), 420 0,4  -43-

Free base isolation: Add the pyroglutamic acid salt to water (150 mL) and stir
until complete solution s achieved. Filter through s distomaceocus earth pad. Collect the
aqueous solution and adijust the pH to 9 adding aqueous concentrated ammonia. Collect
an off-white solid by filtration and dry in vacuo at 50 °C overnight to give 13.5 ¢ {35%)
(8)-2-amino-1,2,3 4-tetrahydro-cyclopenta[h]indole-7-carbonitrile, > 94%ee (column,
Chiracel OJ (4.6 x 250 mm; 10 um); selvent, 20% EtOH/(0.2%
dimethylethylamine/hexanes), checked against racemic mixture), Specific rotation: [a];)zs
-68.3° (McOH).

Intermediate 4b
(R)-2-amino-1,2,3 4-tetrahydro-cyclopentafb]indole-7-carbonitrile

Prepare the title gompound essentially as described for Intermediate 4a,
employing L-pyroghutamic acid, The product (97% ee) has a specific rotation result:
[aln +63° (E1OH),

Intermediate 5
(£)~7-Trifluoremethoxy-1,2,3,4-tetrahvdro-cyclopentalblindol-2-ylamine

Prepare essentially as described for Intermediate 4, using (£)-2-(7-
trifluoromethoxy-1,2,3,4-tetrahydro-cyclopenta[b]indol-2-yD)-isoindole-1,3-dionene. MS
(m/z): 257 (M+1), 255 (M-1).

Intermediate 6
F7-Cyane-1,2,3,4-tetrahydro-cyclepentalblindol-2-yl)-carbamic acid isopropyl
ester

Under nitrogen, mix (£)-2-amino-1,2,3 4-tetrahydro-cyclopental blindole-7-
carbonitrile (7.0 g, 35.5 mmol) with diisopropylethylamine (7.4 mL, 42.6 mmol) in
CHaCl; (70 mL). Add isopropyl chloroformate (1.0 M in toluene, 42.6 mL, 42.6 mmol)
and stir overnight at room temperatare. Dilute with water (100 mL) and ethyl ether (50
mL), stir for 10 min and collect the solid. After drying, obtain 7.42 ¢ (61%) of the title
compound as a tan solid. MS {m/z): 284 (M-+1), 282 (M-1).

Prepare the intermediates in Table 1 essentially as described for the preparation of
Intermediate 6 using the appropriate acid chloride, chloroformate, or dialkyl dicarhonate,

with triethylamine and diisopropylethylamine as base interchangeably.



tetrahydro-cyclopenta[blindo1-2-y1)-carbamic acid isopropyl ester 11C01)
(R)-(7-Cyano-4-pyridin-2-ylmethy1-1,2,3,4- tetrahydro-cyc | openta[b]i

wdQdsdaedd,carbamic acid ethyl ester 361 (M+1) PCT/US2007/683745
(S)-(7-Cyano-4-pyridin-2-ylmethy1-1,2,3,4- 15tt
tetrahydro-cyclopenta[b]indol1-2-y1)-carbamic acid ethyl ester 361 (M+l)
()-(7-Cyano-4-thiazol-4-ylmethy1-1,2,3,4- 367 (M-W, 16
tetrahydro-cyclopenta[blindol-2-y1)-catbamic 411 (M + acid ethyl ester
HCO2-) ()-(7-Cyano-4-pyridazin-3-ylmethyl-1,2,3,4-

Tabile i
;ﬁ;f;m Chemical Name MS (m/z)
{(£)}-N-(7-Cyano-1,2,3 4-tetrahydro-cyclopenta[ d]indol-2- 268 (M+1)
7| ylj-isobutyramide 266 (M-1)
{(#)-Cyclopropanecarboxylic acid (7-cyano-1,2,3,4- 266 (M+1)
8 tetrahydro-cyclopenta[hlindol-2-yl)-amide 264 (M-1)

(£)3-(7-Cyano-1,2,3,4-tetrahydro-cyclopental blindol-2-y1)-

9 : .
' carbamic acid fert-butyl ester No data

(£)}-(7-Trifluoromethoxy-1,2,3,4-tetrahydro-

16 343 (M+1)

cyclopenta]blindol-2-y1)-carbamic acid isopropyi ester
{£)(7-Cyano-1,2,3,4-tetrahydro-cyclopenta[dlindol-2-y1}- | 270 (M+1)
carbamic acid ethyl ester 268 (M-1)

11

(R)-Cyclopropanecarboxylic acid (7-cyano-1,2,3,4-

12 tetrahvdro-cyclopenta[h]indol-2-yD)-amide No data

(8)- Cyclopropanecarboxylic acid (7-cyano-1,2,3 4.

i3 tetrahydro-cyclopenta[ b]indol-2-yD)-amide No data
(R)-(7-Cyano-1,2,3,4-tetrahydro-cyclopenta[blindol-2- 284 (M+1)
14 yI)-carbamic acid isopropyl ester 282 (M-1)
(S)3-(7-Cyano-1,2,3,4-tetrahydro-cyclopenta #jindol-2-v1)- | 284 (M+1}
15 carbamic acid isopropyl ester 282 (M-1)
g (R)-(7-Cyano-1,2,3 4-tetrahydro-cyclopenta[blindol-2- 296 (M-1)

yl}-carbamic acid teri-butyl ester

(8)-(7-Cyano-1,2,3 4-tetrahydro-cyclopental blindol-2-y1)-

17 -
7 carbamic acid teri-butyl ester No data

*Alternatively, obtain Infermediate 17 by chiral chromatography of Intermediate 9.
Intermediate I8
()-N-]7-{Methoxyimino-methyl)-1,2,3.4-tetrahydreo-cyclopentalblindol-2-yl}-
isobutyramide
Mix (+)-N-[7-cyano-1,2,3 4-tetrahy dro-cyclopenta[b]indol-2-yl}-isobutyramide (5
g, 18.7 mmol) and AI-Ni catalyst (15 g) in water/96% formic acid, 1/10 (110 mL).
Reflux for 18 h, add Al-Ni catalyst (13 ¢) and reflux another 5 h. Cool and dilute with
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367 (M+1), 17 tetrahydro-cyclopentaNindol-2-y1)-carbamic 411 (M + acid
isopropyl ester 1-1CO2-) ()-(7-Cyano-4-pyrazin-2-ylmethy1-1,2,3,4- 367

wibhdgndfietrahydro-cyclopentalbindol-2-yl1)-carbamic 411 {Mr#3689/083745

ethyl ester HCO2) ()-14-(5-Bromo-isothiazol-3-ylmethyl)-7- 19
cyano-1,2,3,4-tetrahydro-cyclopenta[blindol-2- 459,461

-34-

MeCOH and fifter off the inorganics. Concentrate the filtrate, add EtOH (200 ml.) and
sonicate for 15 min. Filter insoluble material and to the crude aldehyde solution add O-
methoxyamine-HCI (120 mmol) dissolved in water (25 mL) and make the mixture basic
{(pH = 9-12) with 5.0 N NaOH. Stir at room temperature for 18 h and remove most of the
solvent under reduced pressure. Mix the residue with water and sonicate for 30 min,
isolatc 4,39 g of a brown solid. Purify the material on silica gel using 30-100%
EtOAc/hexane to give 530 mg (10%) title compound as a pale vellow solid. MS (m/z):
300 (M+1), 298 (M-1).

Intermediate 19
(R)-N-[7T-(Methoxyimine-methyl)-1,2,3,4-tetrahvdro-cyclopenta{blindol-2-y1}-2,2-
dimethyi-propionamide

Combine dichloromethane (15 ml) and (R)-[7-cyano-1,2,3,4-tetrahydro-
cyclopentalb Jindol-2-yl}-carbamic acid rerr-butyl ester (2 g, 6.73 mmol) and stir for 10
min under nitrogen at room temperature. Add diisobutylahuminum hydride (1 M solution
in methylene chloride, 14.1 ml; 14.1 mmol)} dropwise over 15 min, Add ethyl acetate (30
mlL.) fo the reaction mixture and stir at room temperature for 1 h. Add a 20% aqueous
solution of sodinm tartrate (30 mL) and stir for 1 h at room temperature. Separate the
organic layer and extract the aqueous layer with ethyl acetate (2 x 15 mL}. Combine and
dry (Na»SO.) organic layers, filter and concentrate to give 2.2 g [(R)-7-formyl-1,2.3,4-
tetrahydro-cyclopenta[b]indol-2-yl}~carbamic acid rers-buty] ester. Purify by
chromatography on silica gel using methylene chloride/acetone (95/5) to give 1.3 ¢
(649%). MS (m/z): 301 (M+1).

To a 100 mL round-bottom flask add [(R)-7-formyl-1,2,3,4-tetrahydro-
cyclopentalhlindol-2-yl]-carbamic acid terz-butyl ester (1.00 g; 3.33 mmol), ethanol (10
ml), potassium carbonate (352 mg, 4 mmol), and O-methylthydroxylamine hydrochloride
(334 mg; 4.0 mmol). Stir the mixture at room temperature for 1 h. Remove the solvent in
vacuo and add water (15 mL). Stir the mixture 30 min and filter to give 790 mg (72%).
MS (m/z): 330 (M+1).

Intermediate 20
Z-Bromomethyl-6-flusro-pyridine

Add NBS (35.6 g, 0.20 mole) to a solution of 6-fluoro-2-methyl pyridine (20 mi,

(.19 mole) in EtOAc (400 mL) at room temperature. When the temperature reaches 45
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yl]-carbamic acid isopropyl ester (M+1)
(-(7-Cyano-4-isothiazol-3-ylmethy1-1,2,3,4- 20

wistaRydigseyclopentalhlindol1-2-y1)-carbamic acid isopropy! gstef;33d-ids745

(-[4-(2-Chloro-thiazol-4-yimethy1)-7-cyano- 415 (M+1), 21
1,2,3,4-tetrahydro-cyclopentalblindol-2-y1f 459 (M + carbamic acid
isopropyl ester LICO2-) (R)-(7-Cyano-4-pyrazin-2-ylmetliy1-1,2,3,4-
376 (M+1), 22 tetrahydro-cyclopenta[@findo1-2-y1)-carbamic 420 (M +

°C, add AIBN (400 mg, 2.4 mmol). Heat the mixture at 635 °C for 6 h, then cool to room
temperature and add hexane (I L). Remove the white precipitate by filtration and wash
the solid with hexane/EtOQAc (1:1). Wash the filtrate with small amounts of aquecus
Nay5,03, NaHCO;, and brine. Dry the organics (Na,S0y), filter, then remove most of the
solvent under vacuum at room temperature, Transfer the remaining solution to a
distiflation set-up. Remove the remaining solvent by distilling at atmospheric pressure,
followed by the unreacted starting material at 80 mm (bp ca 70 °C; 11.2 g) and then the
title product at 1 mm (bp ca 75 °C; 12.1 g, 32%). NMR (300 MHz; CDCl): 7.82 (1H;
dd); 7.35 (1H; dd); 6.90 (1H; dd); 4.50 (2H; s).
Intermediate 21
2-(3-Bromomethyl-pyridin-2-yl)-isoindole-1,3-dione
Prepare the title compound using the method as described by Goswami, S.; et al.
. Am. Chem. Soc. 1989, 111, 3425-3426 and as exemplified by Graczyk, P.
WO2004013139, 2004, starting with 2-amino-3-picoline and phthalic anhydride,
followed by bromination with NBS, to yield the product in 33% yield as a white solid.
MS {my/z): 317, 319 (M+1).
Intermediate 22
3-Bromomethyl-isothiazole
Prepare 3-methylisothiazole from commercially available 5-amino-3-methyl
isothiazole hydrochloride by the procedure of Buttimore, D.; et al. J. Chem. Soc. 1963,
2032-2039. Reflux a mixture of 3-methylisothiazole (3.61 g, 36.6 mmol),
N-bromosuccinimide (6.8 g, 38.2 mmol) and 1,1-azobis(cyclehexanecarbonitrile) (0,18 g
. 0.73 mmol) in CCly (100 mL) for 18 h. Cool and remove the succinimide by-product by
filtration. Concentrate the filtrate and purify using chromatography on silica gel with
EtOAc/hexane(1/5) 1o provide 2.78 g (42.9%) of the product. "H NMR (400 MHz,
CDCl) 8 8.63 (d, J=5.1 Hz, 1H), 7.34 (d, /= 5.1 Hz, 1H), 4.59(s, 2H).
Intermediate 23
5-Brome-3-bromomethyl-isothiazole
Prepare 5-bromo-3-methylisothiazole according to the method of Adams, A.;
Slack, R. J. Chem. Soc. 1959, 3061-3072. Prepare the title compound as essentially
described for Intermediate 22 using NBS and 5-bromo-3-methylisothiazole.

Intermediate 24
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acid isopropyl ester HCO2-) (S)-(7-Cyano-4-pyrazin-2-ylmethy1-1,2,3,4-
376 (M1), 23 tetrahydro-cyclopenta[b]indol1-2-yl)-carbamic 420 (M + acid

wigopgpyimster HCO2) 44 24 (R)-(7-Cyano-4-thiazol-4-yimetRydnls2edvAmaas

tetrahydro-cyclopenta[b]indol-2-y1)-carbamic acid isopropyl ester 381
(M+1), 425(M + HCO2-1 (S)-(7-Cyano-4-thiazol-4-y methyl-1,2,3,4- 381

(N4-1-1), 25
236-

2-Bromomethyi-¢-difluoromethyl-pyridine

Slowly add bis-(2-methoxyethyhaminosulfur trifluoride (9.2 mL, 50 mmol) to
6-methyl-2-pyridinecarboxaldehyde (2‘6 g, 215 mmol) in CHClp (25 mL). After 18 Iy,
carefully pour into a beaker containing saturated NalHCOs (300 mL). Shake with
water/CHaCl; and separate. Dry the organic layer (Na,SO,) and concentrate to give 2.11
g brown oil. Purify on silica gel (50% EtOAc/hexane) to give 1.16 g (38%) 2-methyl-6-
difluoromethyl-pyridine as a yellow-tan oil. Dissolve (1.0 g, 7 mumol) in CCl; (30 mL)
and add NBS (1.2 g, 6.8 mmol) and AIBN (100 mg). Reflux for 4 h, filter and
concentrate. Purify the resulting residue on silica gel using 5-10% EtOAc/hexane over 30
min to provide 670 mg (43%). GC/MS 221+223.

Intermediate 25

2-Chloromethyl-3-chlorepyrazine

Prepare the title compound using the chlorination procedure as essentially
described by Jeromin, G. E.; et al.,, DE3519364, 1986, and Russell, M. G. N.; et al. J.
Med, Chem. 2005, 48, 1367-1383. Dissolve 2-methyl-3-chloropyrazine (24.3 g, 189
mmol) in CHCl; (100 mL). Add benzamide (100 mg, 0.8 mmol) and heat to reflux, At
reflux, add solid trichloroisocyanuric acid (17.6 g, 75.6 mmol) and continue to refhux for
96 h. Cool and filter through 200 g silica gel, eluting with methylene chloride. Purify by
silica gel chromatography using a gradient of 35% chloroform/hexane to 60%
chloroform/hexane over one hour, Obtain the title compound as a colorless oil, 5.39 g
pure title compound and 9.4 g that is >70% desired product. 'H-NMR (CDCl:) § 8.50 (d,
1H, J=2.2 Hz), 8.37 (d, 1H, J= 2.6 Hz), 4.80 (s, 2H), 2.50 (s, 3H); GC/MS M =
1624164,

Prepare Intermediates 26-29 by essentially following the procedure described for
Intermediate 25 using 2,3-dimethylpyrazine, 2-chioro-4-methylpyridine, 2-

methylthiazole, and 3-methylpyridazine.

Intermediate Chemical Name

number
2% 2-Chloromethyl-3-methyi-
pyrazine
27 2-Chloro-4-chloromethyl-pyridine

28 2-Chloromethylthiazole
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etrahydro-cyclopenta[b]indol-2-y1)-carbamic 425 (M f acid isopropyl ester
HCO2") tR)-(7-Cyano-4-pyrimidin-4-ylmethy,2, .4- 26

wietiabydigseyclopentalb]1nd042-yl)-carbamic 376 (M+1), acighisQRMBYhgs745

ester 374 (M-1) (5)-(7-Cyano-4-pyrimidin-4-ylmethy1-1,2,3,4- 27
etrallydro-cyclopenta[blindol1-2-y1)-carbamic 376 (M+1), acid isopropyl
ester 374 (M-1) (+)-17-Cyano-4-(3-methyl-pyrazin-2-ylmethy1)- 28 1
,2,3,4-tetrahydro-cyclopenta[blindo1-2-1]-

29 3-Chloromethyl-pyridazine

Prepare Intermediates 30 and 31 by essentially following the procedure as
described by Newkome, G. R.; et al. Synthesis 1984, 676-679, using 2-methylpyrazine
and 2,5-dimethylpyrazine and N-chiorosuccinimide (NCS).

36 2-Chloromethylpyrazine

31 2-Chloromethyl-3-methyi-pyrazine

Intermediate 32
{1,2,51Thiadiazole-3-carbexylic acid
Prepare the title compound according to the procedure of Weinstock, L. M.; ot al.
J Org. Chem. 1967, 32, 2823-2828,
Intermediate 33
[1,2,5]Thiadiazol-3-ylmethanel
Mix [1,2,5thiadiazole-3-carboxylic acid (6.00 g, 46.1 mmol) and oxalyl chloride
{11.7 g, 8.04 mL, $2.2 mmol} in CH,yCl, (150 mL). To this heterogencous shurry, add 10
drops of DMF and stir at rcom temperature. The reaction mixture will bubble and
gradually become transtucent within one hour. After one hour, concentrate the reaction
mixture in vacuo to give the acid chloride as a brown oil.
Dissolve the acid chloride in EtOH (50 ml.) and stir at room temperature for one
hour, then concentrate in vacuo to give the ethyl ester as a brown oil.
Dissolve the ethyl ester in THF (100 mL) and add LiBH,4 (2.0 M solution in THF,
46.1 mL, 92.2 mmol). Stir the reaction mixture at room temperature for 18 h. Pour the
reaction mixture into aqueous NH4Cl1 (400 mL) and extract into FtOAc (3 < 150 mL).
Dry the organics (MgSQy) and concentrate in vacuo to give 4.41 ¢ crude product as a
yellow oil. Purify on silica gel (40 g) using 30% EtOAc/hexanes to give 3.71 g (69%) of
the title compound as a yeliow oil. "H-NMR (CDCl;) & 8.59 (s, lHj, 5.00 (s, 2H).
Intermediate 34
Methanesulfonic acid [1,2,5]thiadiazol-3-yimethyl ester
Prepare the title compound according to the procedure of Yamamoto, H.; et al.
Bioorg. Med. Chem. 2001, 9, 465-475,
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30

carbamic acid isopropyl ester 412 (M+Na)
()-14-(2-Chloro-pyrimidin-4-ylmethyl)-7- 29 cyano-1,2,3,4-tetrahyd ro-cyc

wiopaRlashighind ol-2- ylkearbamic acid isopropyl ester 410 (M4B30s2007/083745

()-17-Cyano-4-(4.5-dichloro-isothiazol-3- yimethy1)-1,2,3,4-tetrahydro-
449 cyclopenta[blindol-2-ylkcarban c acid isopropyl ester 447 (M-1)
()-(7-Cyano-4-tbiazol-2-ylmethyl- j ,2,3,4- 31
tetrahydro-cyclopenta[Nindol-2-y1)-ca#amic 381 (M+1), acid isopropy!
ester 403 (N4+Na) ()-(7-Cyano-4-thiazol-5-ylmethyl-1,2,3,4-

Intermediate 35
3-Hydroxymethyl-4,5-dichleroisothiazele
Add LiBH4 (2.0 M in THF, 10 mL, 20 mmol) to a solution of 4,5-dichloro-
isothiazole-3-carboxylic acid methyl ester (2.1 g, 10 mmol) in THF (60 mL). Stir at room
temperature for one hour and then cool to 0 °C. Carefully quench the reaction mixture
with water (10 mL), then saturated aqueous NH,C1 (50 mL). Extract into EtOAc (100
mL), then dry (MgS0y), filter, and concentrate the organics to give 540 mg crude product
as an orange syrup. Purify the syrup on silica gel (490 g) using 5-30% EtOAc/hexanes to
give 310 mg (17%) of the title compound as a white solid. "H-NMR (DMSO-dg) § 5.55
(t, 1H, /=5.9 Hz), 4.52 (d, 2H, /=6.2 Hz).
Intermediate 36
Z-Chlore-4-hydroxymethylthiazole
Prepare 2-chloro-thiazole-4-carboxylic acid ethyl ester essentially as described by
Erlenmeyer, H.; et al. Helv. Chim. Acta 1944, 27, 1432-1436. Prepare the title compound
by essentially following the procedure as described for Intermediate 35, using 2-chioro-
thiazole-4-carboxylic acid ethyl ester. MS (m/z): 150 (M+1); "H-NMR (CDCI5) 8 7.16 4,
1H, J= 1.0 Hz), 4.75 (d, 2H, J = 0.9 Hz), 2.48 (s, 1 H).
Intermediate 37
2-Amino-S-methyl-thiazole-4-carboxylic acid ethyl ester
Prepare the title compound according to the procedure of Hénichart, .- ¢t al.
Heterocycles 1991, 32, 693-701.
Intermediate 38
5-Methyl-thiazole-4-carboxylic acid ethyl ester
In a 3-neck round bottom flask mix 2-amino-5-methyl-thiazole-4-carboxylic acid
ethyl ester (62.9 g, 338 mmol) and THF (630 mL). Heat to reflux and treat the reaction
mixture with isoamyl nitrite (52.6 g, 60.1 mL, 449 mmol) dropwise. Upon completion of
the addition, stir the reaction at reflux for 1 h, then concentrate the reaction mixture by
rotavap (hi-vac) to give 70 g crude product as a thick orange oil. Purify on silica gel (400
g, 20-45% EtOAc/hexanes) to afford 39.47 g (68%) of the title compound as a yellow
solid. LC-ES/MS m/z 172 (M+1), T = 1.5 min.
Intermediate 39

S-Bromomethyi-thiazole-4-carboxylic acid ethy] ester
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381 (M+1), 32 etrahydro-cyclopenta[b]indol-2-y1)-carbamic 425 (M + acid
isopropyl ester HCO2-) ()-[4-(3-Cliloro-pyrazin-2-ylmethyl)-7-cyano- 33

w, 2@ Metatrahydro-cyclopentalblindo1-2-y11- 410 (M+1), caskgamisacithssr4s

isopropyl ester 408 (M-1) 34 ()-(7-Cyano-4-[l,2,5]thiadiazo3-y me hyl- 387

(M+1) -45- 1,2,3,4-tetrahydro-cyclopenta[b]indol-2-y1)- carbamic acid

isopropyl ester 35 ()-[7-Cyano-4-(6-methyl-pyrazin-2-ylmethyl)-

1,2,3,4-tetrahydro-cyclopenta[blindoI3§2yI]- carbamic acid isopropyl ester

390 (MU) 36 ()-(7-Cyano-4-pyraztn-2-ylmethy1-1,2,3,4-

tetrahygroGyslonsnialRlind ot 2adisearhanicacit leerUtyh 88N carer (4.87 ¢,
28.5 mumol) and N-bromosuccimmide (5.06 g, 28.5 mmol) in CCl (100 mL) by
irradiation with a 275 watt tungsten sun lamp. After 3 h, cool {0 room temperature and
filter off a tan solid. Concentrate the filtrate by rotavap to give 6.42 g crude product as an
orange oil. Purify on silica gel [115 g, 0-15% (2M NHyMeOH)Y/(1:1 CH;Cly/hexanes)] to
give 3.61 g (51%) of the title compound as a yeltow solid, LC-ES/MS m/z 250, 252
{M+1), T = 2.0 min (86%). Starting material: m/z 172 (M+1), Tg =1.7 min {14%).

Example 1

(£}-N-[7-Cyane-4-(6-Tluero-pyridin-I-yimethyl)-1,2,3 4-tetrahydrocycle-
pentalblindel-Z-yljisobutyramide

ReReatt

=N
F

Mix (£)-N-(7-cyano-1,2.3 4-tetrahydro-cyclopental b lindol-2-y1)-isobutyramide
(6.28 g, 18.8 mmol), 6-fluoro-2-bromomethylpyridine (3.93 g, 20.7 mmol), and Cs;CO;
(12.25 g, 37.6 mmol) in DMF (25 mL). Heat the reaction at 50 °C for 18 h. Cool, dilute
with EtOAc, and wash with water (3 x 200 mL). Dry the organic layer (MgSOy) and
concentrate to give 7.1 g crude material. Purify by silica gel chromatography (5-20%
EtOAc/CHCl). Obtain 4.0 g (56%) yellow-tan solid. MS (m/z): 377 (M+1), 375 (M-1).

Example 1a & 1b

(R)- and {S)}-N-|7-Cyano-4-(6-fluero-pyridin-2-yimethyiy-1,2,3. 4-tetrahydro-
eyclopentaiblindol-2-yl-isobutyramide

Separate enantiomers of Example 1 by chiral chromatography using Chiralpak
AD-H (MeOH).
Tsomer 1 (R): 1.67 g 99% ee, HPLC: R, = 3.44 (96.5%), 'H-NMR (DMSO-ds) & 8.22 (d,
IH, /=7.5 Hz), 7.96-7.88 {(m, 2H), 7.62 (d, IH, /=83 Hz), 7.38 (dd, 1H, /=84, 1.8
Hz), 7.07 (td, 2H, J= 109, 3.9 Hz), 544 (dd, 2H, J=19.2, 16.5 Hz), 4.86 (m, 1H}, 3.28-
3.12 (m, 2H), 2.69-2.61 (m, 2H), 2.32 (m, 1H), 0.97 (t, 6H, J= 6.4 Hz). Isomer 2 {(8):
1.45 g 98.9% ee, HPLC: R, =3.44 min (100%), 'H-NMR (DMBO-de) 1s 1dentical to that of

Isomer 1.
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wihrhdsheRdB)-(7-Cyano-4-isothiazol-3-ylmethyl-1,2,3,4-

390.7 (m_i_1) 37 ()-(7-Cyano-4-isothiazol-3-ylmethy1-1,2,3,4-
tetrahydro-cyclopenta[b]indo1-2-y1)-carbamic acid tert-butyl ester 395
PCT/US2007/083745
tetrahydro-cyclopenta[b]indo1-2-y1)-earbamic acid isopropyl ester 381
(M+1), 425 (M + HCO2-) 39 (S)-(7-Cyano-4-thiazol-2-ylmethyl-1,2,3,4-
tetrahydro-cyclopenta[b]indo1-2-y1)-carbamic acid isopropyl ester 381
(M+1), 425 (M -c HCO2-) 40 -40-
(S)-(7-Cyano-441,2,51thiadiazol-3- yImethyIl 2,3,4-tetrahyclro-cyclopenta|
b]|nd01 -2-yl)- carbamic acid i |sopr%q§3én§ ef 382 (47-1), 426 (M + HCO2-)

ﬁ?) 7-Cyano-4-isothiazol-3-yl l,2,3,4-

té“ﬁ} ﬁ?&%@r&%mﬁwﬁmcw&} %&yrﬁméﬁra%wwsﬂmgﬂaé@wﬁgﬁg%yl)w
(Pl A2 B9 AsCiyap@i4sigothiazol-3-ylmetityl-1,2.3,4-
tetrahydro-cyclopenta[b]ingol-2-y1)-earbamic acid tert-butyl ester 395
(M+1) 43" (5)-(7-Cyano-4-isdthiazol-3- ylmeghyl 1,2,3,4-
tetrahydro-cyclopenta[b]indo pavnic gcid ethyl ester 367 (M-) 44

To a suspension of pyrimidin-4-ylmethanot (250 mg, 2.27 mmol) in CH,Cl; (12
ml), add N.N-diisopropylethylamine (475 mg, 640 pL, 3.68 mmol) and cool to ¢ °C
under nitrogen. Add methanesulfonyl chioride (275 mg, 186 ul., 2.40 mmol) and warm
up to room temperatare. Afier stirring at room temperature for 1 h, load the reaction
mixture onto a Varian ChemElut CE1005 solid-phase extraction cartridge (Varian part
number 12198006) which has been pre-treated with water {2 mL). Elute CH,Cl, (30 mL)
through the cartridge, collecting and concentrating the organic eluent. Add DMF to the
cluent, and concentrate in vacuo to give a DMF solution of the mesylate. To this
solution, add (#)-(7-cyano-1,2,3 4-tetrahydrocyclopental b lindol-2-yD)-carbamic acid
isopropyl ester (495 mg, 1.75 mmol}), Cs,CO4 (1.14 g, 3.5 mmol), and DMF (10 mL).
Heat the mixture to 50 °C for 18 h in a sealed vial, Dilute the reaction with EtOAc (100
mL) and wash the organics with water (3 x 60 mL). Dry the organic layer over MgSO,
filter, and concentrate to give 631 mg of the crude product as a red oil. Purify the oil on
40 g silica gel [40-90% EtOAc/(1:1 CHxCly/hexanes)] to give 487 mg (74%) of the title
compound as a white solid. LCMS 92% @ 4.34 min (m/z): 376 (M.+ 1), 374 (M = 1),
420 (M + HCO?).

Example 3

($)-7<(Cyano-4-thiazel-5-ylmethyl-1,2,3,4-tetrahydro-cyclopenta[pjindol-2-yI)-

carbamic acid isopropyl ester
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(S)-(7-Cyano-4-thiazol-5-ylmethy1-1,2,3,4-
tetrahydro-cyclopenta[b]indol-2-y1)-carbam c acid isopropyl ester 381

wMbs/4R9¢(M+ HCO21 -46- 45 (5)44-(5-Bromo-isothiawl-3-gmetkydordes 745

cyano-1,2,3,4-tetrahydro-cyclopentaNindol1-2- yli-carbamic acid isopropy!
ester 459,461 (M+1) tR)44-(6-Fluoro-pyridin-2-ylmethyl)-7-
(methoxyimino-methyl)-1,2,3,4-tetrahydro- 46
cyclopentalb]indol-2-y1]-carbamic ac'r&lpert-butyl ester 439 (M+1)
(S)44-(3-Chloro-pyrazdn-2-ylmethyl)-7-cyano- 47
1,2,3,4-tetrahydro-cyclopgnta[b]indo1-2-ylk 410 (M+1), carbamic acid
isopropyl ester 408 (M-1) ¥§)-(7-Cyano-441,2,5]thiadiazol-3-ylmethyl-

Add N N-diisopropylethylamine (2.39 g, 3.2 mL, 18.5 mmol) and
methanesulfonyl chloride (1.27 g, 864 uL, 11.1 mmol) to a chilled (¢ °C) solution of
5-(hydroxymethyljthiazole (1.22 g, 10.6 mmol) in CH,Cl, (50 mL) under nitrogen. Stir
the reaction at room temperature for 18 h. Add water (30 mL), separate the layers, and
dry the organics over MgSQOy. Filter and add DMF (10 mL) to the organic layer.
Concentrate under vacuum leaving a solution of the mesylate in DMF. To this solution,
add additional DMF (40 mL), (5)-7-(cyano-1,2,3 4-tetrahydro-cyclopenta[b]indol-2-y1)-
carbamic acid isopropyl ester (2.50 g, 8.82 mmol), and Cs,CQ4 (5.57 g, 17.6 mmol). Stir
at room temperature for 72 h.  Dilute the reaction mixture with EtOAc (300 mL), wash
the organics with water (3 x 130 mL), then brine (100 mL). Dry (MgSQ,), filter, and
concentrate the organics to give 3.8 g of crude product as a yellow oil. Purify on silica
gel [120 g, 30-60% EtOAc/(1:1 CH,Cly/hexanes)] to give 2.22 ¢ (66%) of the title
compound as a white solid. LCMS 100% @ 4.46 min (m/z) 381 (M-+H), 425 (M+HCQ5’

).

Use the procedure as described above in Example 2 or 3 to convert the following alcohols
to the mesylates: 2-hydroxymethylpyrimidine, 3-hydroxymethyl-4,5-dichioroisothiazole,
2-chloro-4-hydroxymethylthiazole, 2-hydroxmethyithiazole, and
5-hydroxymethylthiazole.

Using the appropriately substituted 1,2,3,4-tetrahydrocyclopentalblindole, prepare
Examples 4 — 53 and Intermediate 40-41, in Table 2, essentially according to the
procedures described in Examples 1 and 2, using the appropriate heteroarylmethyl halide
or heteroarylmethyl mesylate, which have been described above or are commercially
available. Prepare chiral material from the corresponding chiral 1,2,3,4-tetrahydrocyclo-
penta[bJindole prepared above or separate the racemic material as essentially described in
Example taand Ib.

Table 2



48- 1,2,3,4-tetrahydro-cyclopenta [b] indo1-2-y1)- carbamic acid ethyl
ester 403 (M+1) ()-Cyclopropanecarboxylic acid [7-cyano-4- 49

wi®Hugnespyidin-2-yimethyl)-1,2,3,4- PCT/US2007/083745

tetrahydro-cyclopenta[b]inclol-2-ylkainidc 375 (M+l )
()-N-(7-Cyano-4-pyridin-2-ylmethy1-1,2,3,4- so
tetrahydro-cyclopenta[blindol-2-y1.)- isobutyramide 359 ()
()-N-[4-(6-Fluoro-pyridin-2-ylmethyl)- 74251
(methoxyimino-methyl)-1,2,3,4-tetrahydro-

Y“*”“E'%E%Ebgﬁié'd”l‘j'f s obttyram e T Vs
- EREY e o L SRS yriahd- I-Vihety 7

4 1,2,3,4-tetrahydro-cyclopenta[blindol-2-y1]- 393 (M+1)
carbamic acid isopropyl ester
(S)3-[7-Cyano-4-(6-fluoro-pyridin-2-ylmethy)-

5 1,23, 4-tetrahydro-cyclopental b lindol-2-y11- 393 (M+1)
carbamic acid isopropyl ester
(£)-[7-Cyano-4-(3-hydroxy-pyridin-2-

X vimethyl)-1,2.3,4-tetrahydro-

6 cyclopentaiblindol-2-yl]-carbamic acid 391 (M~1)
isopropyl ester
(F)-(7-Cyano-4-pyridin-2-ylmethyi-1,2,3,4-

7 tetrahydro-cyclopentalblindol-2-y1)-carbamic 361 (M+1)
acid ethyl ester
(£)}-17-Cyano-4-(6-difluoromethyl-pyridin-2-
yimethyl}-1,2,3, 4-tetrahydro-

8 cyciopentaj blindol-2-yl]-carbamic acid 425 (M=)
isopropyl ester
(£)-(7-Cyano-4-thiazol-4-ylmethyl-1,2,3,4-

_ 381 (M+1),

g tetrahydro-cyclopentalblindel-2-y1)-carbamic 425 (M +
acid isopropyl ester HCO,)
(£)-[7-Cyano-4-(2-methyl-thiazol-4-yimethyl)-

10 1,2,3,4-tetrahydro-cyclopenta[b]indol-2-y1]- 333? 9(1{\/]\{;1}’
carbamic acid isopropyl ester HCO?)
(£)~(7-Cyano-4-pyrimidin-2-ylmethyl-1,2,3 4-

i1 tetrahydro-cyclopenta[bjindol-2-yh)-carbamic 376 (M+1)
acid 1sopropyl ester
(£)-[4-(6-Fluoro-pyridin-2-ylmethyl }-7-
triffuoromethoxy-1,2,3 4-tetrahydro- 452 (M+1),

12 cyclopentalb]indoi-2-yil-carbamic acid 4;%%3;
tsopropyl ester

13 | (£)-(7-Cyano-4-pyrazin-2-ylmethyl-1,2,3 4. 376 (M+1),

420 (M +




(6-fluoro-pyridin-2-ylmethyl)-1,2,3,4- 419 (M +
tetrahydro-cyclopenta[b]indo1-2-ylkamide 1-1CO2i)

w(S)sEysisgropanecarboxylic acid [7-cyano-4-

375 (M+1), 53C1/Us2607/083745

(6-fluoro-pyridin-2-ylmethyl)-1,2,3,4- 419 04 + tetrahydro-cyclopenta [b]i
ndol-2-ylkamide HCO2-) Inter-mediate (5")-17-Cyano-442-(1,3-dioxo- 1
,3-dihydro- isoindo1-2-y1)-pyridin-3-ylmethyl]-1,2,3,4- 40
tetrahydro-cyclopenta[b]indol-2-y1}-cé$bamic acid isopropy! ester 520
(M+1) -47- Inter-mediate 41*"

is_'(‘a"v"l'zbyano‘z'i50185%99&%9%?&88&{@['1%?@%132@i}YééE-Baﬁﬁé1"4""U@ﬁ@'@*@b
INnaol1-4-
acid isopropyl ester
{(R)-(7-Cyano-4-pyridin-2-ylmethyl-1,2,3 4-
14" tetralydro-cyclopentalbjindol-2-y1)-carbamic 361 (M+1)
acid ethyl ester
(8)-(7-Cyano-4-pyridin-2-ylmethyl-1,2,3,4-

15" tetrahydro-cyclopentalblindol-2-y1)-carbamic 361 (M+1)
acid ethyl ester
{(£)-(7-Cyano-4-thiazol-4-ylmethyi-1,2,3,4-

" i . 367 (M+1),

16 tetrahydro-cyclopental b lindol-2-y1}-carbamic 411 (M +
acid ethyl ester HCO,)
(£)-(7-Cyano-4-pyridazin-3-yimethyl-1,2,3,4-

. . 367 (M+1),

17 tetrahydro-cyclopenta[hjindol-2-yD-carbamic 411 (M +
acid isopropyl ester HCO.)
(£)-{7-Cyano-4-pyrazin-2-vimethyl-1,2,3,4-

_ ' 367 (M+1),

18 tetrahydro-cyclopenta[b]indol-2-y1)-carbamic 411 (M +
acid ethyl ester HCO; '}
{(£)-[4-(5-Bromo-isothiazol-3-ylmethyl)-7-

) cyano-1,2,3 4-tetrahydro-cyclopentafblindol-2- 459, 461

M+1
yl]-carbamic acid isopropyl ester ( )
(+}-(7-Cyano-4-isothiazol-3-ylmethyi-1,2,3 4-

70 tetrahydro-cyclopenta[ b Jindol-2-y1)-carbamic 331 (M+1)
acid isopropyl ester
{(#)-[4-(2-Chloro-thiazol-4-yimethyl)-7-cyano-

i 415 (M+1),

21 1,2.3,4-tetrahydro-cyclopenta[blindol-2-v1i- 459 (M +
carbamic acid isopropyl ester HCO;)
(R)-(7-Cyano-4-pyrazin-2-yimethyl-1,2,3 4-

ah e . 376 (M+1),

22 tetrahydro-cyclopental blindol-2-yD)-carbamic 420 (M +
acid isopropy! ester HCO,)
($)-(7-Cyano-4-pyrazin-2-ylmethyl-1,2,3,4-

. . 376 (M+1),

73 tetrahydro-cvelopenta{lindol-2-yh-carbamic 420 (M +
acid isopropyl ester ' HCO:)




y Imethyl)-thiazo le-4-earboxy | ic acid ethyl este LC-ES/MS m/z 453

(M+1), 451 (M-I), TR = 2.4 min

'2-Bromomethy1-3-hydroxypy

ridine

whygiehragitde is commercially available from Lancaster SynthpgigiGyataitk 45
the example shown by chiral separation of racemic product, according to

the procedure generally outlined for Example la, Ib. 4 Run reaction at
Alternate Procedure for Intermediate 40
RS)-7-Cyano-4-12-(1,3-dioxo-E3-dihyéfo-isoindo1-2-yl)-pyridin-3-yImethyll
-E2,3,4- tetrahydro-cyclopentalb]indol-2-y1}-carbamic acid isopropyl ester

room temperature.

| Y o W, WaY m ¥ 1
'nrarv LUUISSUNY

C 4- ! 14 hyl-1.2.3 4- . .
(5)-(7-cyano-1,2,3,4; t(et)ra(layg %1%yc (})%Zeonta[%%%oyf & -ye- carba\nlcg@;_:@w ),
isopropylzdster (20 g,70rBolitnsisiesedel 2osby: Foiserteren Chirace 085
0.2% DMEA in FiexaggiEm@bh{ﬁQ &Q};} in dimethyl sulfoxide (160 mLjate
add-2. hramaame thvdavedin-2-v 1\ icoin QA .71
auld £z \\) MToTrTormmea Iy Zt} |IE=ACALEAY) IO H’ O T
mmol). Stir the mixty gjunﬁu%l ¢ ear?}g% U{IO i|]Esn% &fAdd cesigm (vi+1),
carbonates46.4 g, 14¢E8vdimeatekparel Mni@tﬁy]@mm@wnd ne @755 +
mg, 7.06 mmol) in on&ﬁqgtj@rgpﬁtmme resulting mixture at 22/24 CHar®'Jt
Add-the-mixture-onto u?émfa rthe.resulting cucnnncmn for 30
min and filter. Wash tha" iesq}iffh cg%?é“%ﬁ’fﬁ \%5@”@% %if Dissolve the
isolated wet solid in d@mm@memmn@zmmuwma separate the é?%éf‘(fé b,
layer. Wash the org agégdlwg{owrb@gne and evaporate the organ nic 7+ (M-1)
] Phrnmnfnn ;mhy,

eluting with hexanes/4d&ts ST BTy YE5 B 24 6 (5 8%). MS
(M/2): 5207(M+1). -48trahydro-cyclopentalblindol-2-y1}-carbamic 376 (M+1),
(S)-[4-(2-Aniino-pyridin; 3;yimetoyhs¢cyano-1,2,3,4-tetrahydror cycibbEtd]
blindol2-yll-carbamit acid.isopropyl ester._r

()-[7-Cyano-4-(3-methyl-pyrazin-2-ylmethyl)-

1,2,3 A-tetrahydro-cyclopenta[ piindol-2-v1]- 390 (M+1),

28 L P Le] i 412 (M+Na)
carbamic acid isopropy! esier
(£}-[4-(2-Chloro-pyrimidin-4-yimethyl)-7-

20 cyano-1,2,3 4-tetrahydro-cyclopentaf bjindol-2- 410 (M+1)
yll-carbamic acid isopropyl ester
(£)-[7-Cyano-4-(4,5-dichloro-isothiazol-3-

20 yimethyl)-1,2,3,4-tetrahydro- 449 (M+1)
cyelopental blindol-2-yij-carbamic acid 447 (M-1)
isopropyl ester
(£)-(7-Cyano-4-ihiazol-2~yImethyl-1,2.3,4-
tetrahydro-cyciopental blindol-2-yh-casbamic 38L (M),

1 - Y 403 (M+Na)
acid isopropy! ester
{£}-(7-Cyano-4-thiazol-5-yImethyl-1,2,3 4-

) 381 (M+1),

32 tetrahydro-cyclopentafblindol-2-y1)-carbamic 425 (M +
acid isopropyl ester HCOy)
(4)-[4-(3-Chloro-pyrazin-2-yimethyl)-7-cyano-

33 1,2.3,4-tetrahydro-cyclopenta[blindoi-2-y1]- "‘L 10%(%1”*1):
carbamic acid isopropyl ester M-4)

34 (&)-{7-Cyano-4-[1,2,5)thiadiazol-3-ylmethyl- 382 (M+1)




Chiral NH, Combine crude (S)-17-cyano-442-(1,3-dioxo-
[,3-dihydro-isoindol-2-y1)-pyridin-
wb3ughmetkyl]-1,2,3,4-tetrahydro-cyclopenta[b]indol-2-yll-carbzamier smigh /083745
isopropyl ester (2.12 mmol, 1100 mg crude material) in a mixture of TI-IF (
22 mL) and ethanol ( 4 niL) and stir for 15 min. Add hydrazine hydrate 0.5
mL, 10 mmol) and stir the mixture at room temperature for 18 h. Vacuum
filter the crude reaction and wash the $6lid with THE' (50 mL). Collect the
filtrate and remove the solvent under vacuum. Puri& the 10resulting
residue by silica gel gy omatagia Ry R Q0%e finyl - acefate’CH2CT2) 10
provide 110 mg (13 %%f the ;itlg_comﬁoyﬁﬁﬁmiz)%o (M+1).
Alternate procedure; DISEBRGE e 15opropy! ester
(8)-17-cyano-442-(1,3=piox0h B dilfydnetisbiprteria-§1) methyl)-
pyrldln-S;% methyl]-1,12,23:3?:141@{@@(9590—%58 gﬂ@ﬂ@gﬂg_ }_Z-yll-carsscggl@z_ &)
20 g; 34 es nd

acid isopropyl ester|(20 g; 34,64 mmo in tetrahydrofuran (170"
ethanol (30 mL). AddF 1B ASHERERShSFAte (3.37 mL, 69.29 mmoles)
using a syringe pump=over3anmin.pSiti the -miteirg-at222424 C for 3 h and
then filter, Wash the cake with additional t&@pyggé furan (30 m1).
Evaporafj’eéthe combined r’r}%thﬁ quluorcsﬁ!a}lnqa puri Sihe reshlting r)é%(?(fu%)})
silica gel chromatographyeEiGHRG $#4Eh dichloromethane/(2M NH3 in
methanol!) (98:2). Cambme ¢hertrastionscontaintmg puresproduct and
evaporate the 20solvent. Dry the solid to constant weight and then add
over etharol (50 mL)gg%hgtc%é: %%‘Eﬁﬁlré“‘@éﬁr"eﬁ? a/r%/ %%Et}ﬁlpl)?ete disSo1dbH
occurs and then allowt8 €50t ket#h temperature overnight. Filter the

solid and dry under Vaguum,kncanstamnt weghidepyayids 71.45 gg é?‘{if}’ll)
of the title compound, MS (m/z): 390 (MI-1). Chjral HPLC:.ce > 9 ;
(Isomer BChiralpa A%@%@ﬂfé@%%%%éﬁﬁ%ﬁ@rﬁdﬁ% 1S40, 425 (M
Intermediate 42 acid isopropyl ester HCO,)

(0-2-(1,3-Dioxo- 1, 3-0iyaradseHidnlind ML b3 kel Uoro spyridin-Z-yImethyr)-

~

1,2,3,4- tetrahydro-¢yclopentalblindole-7-earbopitrile 5Dissolve 381 (M+1),
07 oxor 1.9 oA oSS s Gt | 425 O 1
cyclopenta[b]indole; Aadrbaripites®:88 g, 21.0 mmol) and HCO?)
Z-bromometnyT-6-flugre e (3 2918 2l L IReh JiRMF (80 mL):.
Add cesium carbon ;jt%ij E?g}lsr ] 23.#1’rﬁ?1]ml, 1.10 e uivgﬁllé}r?ts) and3sgnivie!),
reaction #iixture at foom t “Fﬁ\g‘é*}%‘{tﬁ"@ﬁ’hod’é%%5%%?&%&3 h. Dilutettid +
reaction with ethyl dcetatejiwvesh iwihopstert¢35s), dry over anhydrblt?)

lus_odium sulfate; fi [@f@_{’f*ﬂ@}?&ﬁgﬁiéB&ﬁ%zEﬁ-@QIﬂQtﬁ‘yﬁ?’E‘,Efﬁt@“ _(810'9)-'—. ;
Purify the crude product on a 120 g silica_gel columin eluting with 0 to

I
100% ethyl acctateHEXARELYESIETA'E g 3 RhPBFRICsoljd. SUspend)
the product in ether; (&0Deni-hatireom temperature overnight. Filter the
sotid; rinse-with-eth :'(SF Mé{é&ﬁb’—'#@?&tiﬂ%bl\@— n ,;H-injfglidl the-titte
compound as a tan|solid (5.70g. 62%). LCMS 437.1 (M+1).
15Internidiate 43 tetrahydro-cyclopenta| bjindoi-2-yi)-carbamic 395 (M+1)
()-2-0,3-Dioxo-1,3-dihydresiseindedi2-y0-4-pyridin-2-ylmethyl-1,2,3,4-tetra
hydrocyctopentaibtingdates7=earbonitrite-————Heat-a-mixttre-of
2-(1,3-dioxp-1,3-dihy§?o‘(—:€s%}|ﬁx g%-%lﬂ%ﬁflzf’sﬁ@t‘?? ath%"rgq
Ocyclopéhta[b]indoltiTue R Britilens A5 Sommd HIBMIE (25 Nk 1oMe1)
C. Add acid ethyl ester

($)-(7-Cyano-4-thiazol-5-ylmethyl-1,2,3 4~

. . 381 (M+1),
44 tetraliydro-cyclopenta[blindol-2-yI)-carbamic 425 (M+

acid 1sopropyl ester _ HCO,)




cesium carbonate (10.4 g, 32.4 inmol) and 2-bromomethylpyridine
hydrobromidc (4.05 g, 16 mrnol). Stir the mixture at 40 C for 24 h. Add the
winbtgesiRevater (250 mL) and stir -50- for 1 h. Filter the solige- a6k 083745
the collected material under vacuum. Add the solid to ethanol (25 mL) and
reflux for 30 mm. Cool the mixture to 22 C and filter. Dry the solid under
vacuum to constant weight to provide 4.8 g (75%) of the title compound.
MS (m/z): 419 (M+1). 5intermediate 446-
()-2-Amino-4-(6-fluoro-pyridin-2-ylmethyl)-1,2,3,4-tetrahydro-cyclopentalbli

rdoleT-carbonitie Do SRR pisondot-2y
10yImethid)-1,2,3,4-tétraiydirole} Saparraslinaatedidaddritrile (531 ﬁ‘?]

12.2 mmol) in ethanpl (L& mdaptetcahydrefran{@5 mL). Add hydrazine )

nonohydrate-(4-43 ln'R'j“ﬁgr%%%Irb?.SO F]qyi‘v'%leglt“ :%nd stir-af-room
temperature under 1 iFroY(‘:;;:n‘overnig t BI ute’with gtl?lyl acetate| (150 ml),

filter off white solids; Waahowyéndrganidhidyeriwith ¢ 0shydutassium

carbonat8wice, dry| eyeraniygious sodiug siiaa.dilierand| 439 (M+1)
concentrate to obtain, the title compound as an orange oil (3.429. 91%).
LCMS 307.0 (M+1),| 305.0%KT1). Intermediate 45

()-2-Amino-4-pyridin-28ylrhe€tHyllia 2;8r4ztet ahydtoyytiopenta carbonitrile
hydrochligrde 20 NH2 HCI {Afdydro-cyclopenta[blindol-2-y1}- 410 (M+1),

e -

2-(1,3-dioxo-1,3-dihydro-isqindol-2-y1)-4-pyridin-2-ylmethyl-1,2,3,408 (M-1)
tetrahydro-cyclopent&TBrUNSIESF 5 {r?Fée(W g, 184 mmol) fto THF (1.3

L) and ethanol (230|mi{ Stiyahe-4iikiuigifadibOohinyandityien add
hydrazing,monohydrate ¢20,mL; 400 ) 2Hnhe,mixiyre at 22 C for 16
h. Filter the mixture ar]’o_l’ ((e’vapor_a}téziagthge9 - 1-nmEtLer |qu§CI#S. Disssoﬁ%@ ?%H)
residue in dichlorométHaAB 7368 ALY &8 a solution of 4M hydrogen

chloride in dioxane (58 il}lapdstirctashorpiareitdf 72 aroiter and dry the

isolated sglid under @9%%$§?8ﬂ§%5}g%§]@1129’?EQVide 54 gwé9g§/§)g|(\)/{ﬂ)

the title compound. 89 (M repare the followir

: 1.5
carbamic acid ten-buf?ﬂ@%&ﬂﬁf%?ﬁ‘i&é@ﬁé&’h%ﬂéﬁﬁ“ﬁébIe 3] using

Intermediate 16 and alkytatingwiih theafiprppiiateiteterearyimethyl

halide or heteroarylimethyl mesylatc, essentially,as described in the .
procedur%% of Exarr[}ell 3<fir11§ ‘éfao p;}tea@] Cafi ie3 ?ntermedial 359 (M+1)
isobutyramide

(£)-N-14-(6-Fluoro-pyridin-2-ylmethyi)-7-
51 (methoxyimino-methyl)-1,2,3 4-tetrahydro- 409 (M+1)

cyclopentalb]indol-2-yi]-isobutyramide

(R)-Cyclopropanecarboxylic acid [7-cyano-4-

o 375 (M+1),
57 {6-fluoro-pyridin-2-yimethyl)-1,2,3 4~ 419 (M +
tetralydro-cyclopentalblindol-2-y1]-amide HCOY)
($)-Cyclopropanecarboxylic acid [7-cyano-4-
o 375 (M+1),
83 (6-fluoro-pyridin-2-ylmethyD)-1,2,3,4- 419 (M +
tetrahydro-cyclopentalblindol-2-y1}-amide HCO:)
(8)-{7-Cyano-4-{2-(1,3-dioxo-1,3-dihydro-
L o isoindol-2-yl)-pyridin-3-ylmethyl}-1,2,3,4-
Inter-mediate - 520 (M+1)

49 tetrahydro-cyclopenta[ blindol-2-vl}-carbamic

acid isopropy! ester




{n

10

15

20

C Chemical Name MS (m/z) 46 (R)-(7-Cyano-4-[1,2,5]thiad
azol-3-ylmethyl1,2,3,4-tetrahydro-cyclopenta[b]indol-2-y1)- carbamic acid

wieshbutyisgster 396 () 47 (R)-(7-Cyano-4-thiazol-4-ylmethyl-12¢34rs2007/083745

tetrahydro-cyclopenta[b]indo1-2-y1)-carbamic acid ten-butyl ester 395
(M+1) 48 (R)-(7-Cyano-4-thiazol-2-ylmethyl-1,2,3,4-
tetrallydro-cyclopenta[b]indol-2-y1)-carbamic acid ten-butyl ester 395 (Mt
) 49 (2)-(7-Cyano-4Thiazol-5-ylmethytt,2,3,4-
tetmhydro-cyclopenta[Nindol-2-yl)-carbamic acid ten-butyl ester 395 (M+1)

50(R)={7-Cyano-442=(1,3-thoxo=1;3=dihydro=isoindoi= - -
NI g tﬁ% -7 ya,no-2—isopi%poxycarbonylamino« LC-ES/MS m/z
) 453 (M+1),

2-y]§)n;fyridin;3-ylme
72,3 %’ifﬁﬁ%l?ocy:%M&%Miﬁéﬁe@y@@pm}t@{@ébaiﬁi@acid tert-butyl estes, T,
534 (NAF) 51 (R)-3-2-AqH BUIOXYSaINany|anNing:f- Syane:R,3 = 2.4 min

dihydro-1H-cyclopenta[blindo1-4-ylmethyO- thiazole-4-carboxylic acid

ethyBestengby!-(vhwt)ox5pyridtes inakdibtersge is commercially available from
(RIn2zApingnfizigothiazol-3-yimethy1-1,2,3,4-tetrahydro-eyclope

albli c{ioleﬁ-ﬂcarbgni rile 'hy?lg{gihloride Stir a suspension of '
(RO 6 TG B B TRHElGAE T of RN BTy G ATB -
2upaarkantic hoid fertdbioyFester(1a16g, 3.19 mmol) in 4M HC1 in

dOXRAGL20 IR {2 BnrRQR. temperature, then concentrate in vacuo.

Dry the residue under vacuum overnight at 40 C. MS (m/z): 295 (M+1).
Alternate Procedure for Intermediate 40

{(8)-7-Cyano-4-]2-(1,3-dioxo-1,3-dihydre-isoindob2-y-pyridin-3-yimethyi]-1.2,3,4-

tetrahydro-cyclopentablindeol-2-yl}-carbamic acid isepropyl ester

N O “E\go\/ Chiral
X

Dissolve {S)~(7-cyano-1,2,3 4-tetrahydro-cyclopental blindol-2-yl)-carbamic acid
isopropyl ester (20 g, 70.59 mmoles; ee >98%, 2™ isomer on Chiracel OF, 0.2% DMEA
in Hexane/EtOH [80:201) in dimethyl sulfoxide (160 mL) and add 2-(3-bromomethyl-
pyridin-2-yl}-isoindole-1,3-dione (29.8 g, 84.71 mmol). Stir the mixture until a clear
solution is obtained. Add cesium carbonate (46.4 g, 141.18 mmoles) and
dimethylaminopyridine (875.5 mg, 7.06 mmol) in one portion. Stir the resulting mixtare
at 22/24 °C for 2 h. Add the mixture onto water (1.4 L). Stir the resulting suspension for
30 min and filter. Wash the resulting cake with water (100 ml). Dissolve the isolated wet
solid in dichloromethane {750 m1.) and separate the organic layer. Wash the organic
layer with brine and ¢vaporate the organic solvent. Purify the resulting material by silica
gel chromatography, cluting with hexancs/acctone/CH,Cl, (3/1/1) to obtain 24 ¢ (58%),
MS (m/z): 520 (M~+1).

Example 54




10

15

20

Prepare the following amines, Intermediates 53-59 listed in Table 4,
essentially as described in the procedure for Intermediate 52, using the

Waieptate POT/USZ00T/083745

(7-eyano-4-heteroarylmethy1-1,2,3,4-tetrahydro-cyclopenta[5]indo1-2-y1)
-carbamic acid tert-butyl ester. Isolate the amines as hydrochloride or
dihydrochloride salts. Table 4 Intermediat C Chemical name MS (m/z) 53
()-2-Arnino-4-pyrazin-2-ylm ethy 1-1,2'8:4- tetrahy d ro-cyc lopen tab |
indole-7-carboni tri le 290 (Mt- 1) 54

(Rr22AI09:44 1.2:althiadi vzl J_ﬁ,ss_' Qs \ Iy
n?g%@"i’;%‘%ff‘ni{%@%‘?ﬁ%f%%‘zﬁf%ﬁ%%ﬁ%‘%ﬁ%%?ﬁ&ﬂ%ﬁ? Dkl
13 SRR AL PR &fBlindole-7-carbonitrile 295 (M+1) WO
2008/063867PCT/U52007/8§3745-53- 56

(R)-2-Amino-4-thiazol-2-yImetly 4-tgtrahydro-cyclopenta[b]indole-7-
carbon itnic 295 (M+1) (R)-2-A 2 iazgpt%fmethyl- 57

R Chiral
NT TNH,

Combine crude (5)-{7-cyano-4-[2-(1,3-dioxo-1,3-dihydro-isoindol-2-yD-pyridin-
3-ylmethyl]-1,2,3 4-tetrahydro-cyclopenta[blindol-2-yl} -carbamic acid isopropyl ester
(2.12 mmol, 1100 mg crude material) in a mixture of THF ( 22 mL) and ethanol ( 4 mL)
and stir for 15 min. Add hydrazine hydrate 0.5 mL, 10 mmol) and stir the mixture at
room temperature for 18 h. Vacuum filter the crude reaction and wash the solid with
THF (50 mL). Collect the filtrate and remove the solvent under vacuum. Purify the
resulting residue by silica gel chromatography (50-100% ethyl acetate/CH,Cly) to provide
L0 mg (13%) of the title compound., MS (m/z): 390 (M+1).

Alternate procedure: Dissolve (8)-{7-cyano-4-[2-(1,3-dioxo-1,3-dihydro-isoindol-2-y1)-
pyridin-3-ylmethyt]-1,2,3 4-tetrahydro-cyclopenta[b]indol-2-y1} -carbamic acid isopropyl
ester (20 g; 34,64 mmoles) in tetrahydrofuran (170 mL) and ethanol (30 mL). Add
hydrazine monohydrate (3.37 mL, 69.29 mmoles) using a syringe pump over 30 min. Stir
the mixture at 22/24 °C for 3 h and then filter. Wash the cake with additional
tetrahydrofuran (50 ml). Evaporate the combined mother liquors and purify the resulting
residue by silica gel chromatography eluting with dichloromethane/(ZM NHs in
methanol/) (98:2). Combine the fractions containing pure product and evaporate the
solvent. Dry the solid to constant weight and then add over ethanol (30 mL). Heat the
mixture to reflux until complete dissolution occurs and then allow to cool to room
temperature overnight. Filter the solid and dry under vacoum to congtant weight 10
provide 11.45 g (84%) of the title compound. MS (m/z): 390 (M+1). Chiral HPLC: ee >
98% (Isomer I, Chiralpak AD, EtOH/A.2% dimethylethylamine).



No data 1,2,3,4-tenhydro-cyclopenta[b]indole-7-carbonitrile
(R)-2-Amino-442-(1,3-dioxo- 1 ,3-dihydro-isoindo1-2- 434 58

wisbepviickgB-yimethylk 1.2,3,4-tetrabydro- PCT/US2007/083745
cyclopentaNindole-7-earbonitrile (M+1)

(R)-5-(2-Amino-7-cyano-2,3-dihdro-1H-
cyclopcnta[t)]indol-4-yImetby1)-thiazol.c-4-carboxyl ¢ 367 59 acid ethyl
ester (N4+1) -49-

Entermediate 42
(£)-2-(1,3-Disxo-1,3-dihydre-isoind ol-2-y1)-4-( 6-fluoro-pyridin-2-yimethyi)-1,2,3,4-

tetrahydro-cyclepenta{blindole-7T-carbenitrile

\ g
F’

5 Dissolve {#}-2-(1,3-dioxo-1,3-dihydro-isotndol-2-y1)-1,2,3 4-tetrahydro-
cyclopenta[b]indole-7-carbonitrile (6.8% g, 21.0 mmol) and 2-bromomethyl-6-fluoro-
pyridine {3.99 g, 21.0 mmol) in DMF (80 mL). Add cesium carbonate (7.51 g, 23.1
mmol, 1.10 equivalents) and stir the reaction mixture at room temperature under nitrogen
for 48 h. Dilute the reaction with ethyl acetate, wash with water (3x), dry over anhydrous

10 sodium sulfate, filter, and concentrate to obtain a semi-solid (8.10 g). Purify the crude
product on a 120 g silica gel column eluting with 0 to 100% ethyl acetate/hexanes 1o
obtain 6.7 g of a tan/brown solid. Suspend the product in ether (100 mL) at room
femperature overnight. Filter the solid, rinse with ether, and dry under high vacuum to
obtain the title compound as a tan solid (5.70 g, 62%). LCMS 437.1 (M+1).

15 Intermediate 43
(#)-2-(1,3-Dioxo-1,3-dihydre-isoindol-2-yl)-4-pyridin-2-yimethyl-1,2,3,4-tetrahydro-

cyclopentalblindole-7-carbonitrile

Heat a mixturc of 2-(1,3-dioxo-1,3-dihydro-isoindol-2-y1)-1,2,3 4-tetrahydro-
20 cyclopentalh]indole-7-carbonitrile (5 g, 15.3 mmol) in DMF (25 ml) to 40 °C. Add
cesium carbonate (10.4 g, 32.4 mmol) and 2-bromomethylpyridine hydrobromide (4.05 g,
16 mmol). Stir the mixture at 40 °C for 24 h. Add the mixture to water (250 mL) and stir



10
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Example 55
()-3-17-Cyano-4-(6-11uoro-pyridin-2-ylmethyl)-1,2,3,4-tetrahydrocyclopent

walblindrb2-y11-1,1-dimethyl-urea To a solution of PCT/US2007/083745

()-2-amino-4-(6-fluoro-pyridin-2-ylmethyl)-1,2,3,4-tetrahydrocyclopenta[b]i
ndole-7-carbonitrile (70 mg, 0.23 mmol) and diisopropylethylamine (0.35
mmol, 61 pL) in dichloromethane (1 mL) add N,N-dimethylcarbamoyl
chloride (0.35 mmol, 32 pL) and stir affoom temperature overnight. Load
the solution on silica gel and 10purify by column chromatography (0-100%

ety ﬁc%ﬁgﬁfm@mﬁ@ mathang) E%i%{@ér]nt&@r%l%n%mLmq %&Mﬁ«, %Zﬁd %

(M+1). Example 5 ya n o0-4- In-2-ylmethy1-1,2,3 4-tetra h
G D o A2 B barpaie SCASIBroR Sstaricsa0m
T@@lai satigioncotim to constant weight to provide 4.8 g (75%) of the title compound. MS
n%f rglfgj(frp!érldin -2-ylmethy1-1,2,3,4- tetrahydrocyclopentaUdindoIe -7-C
arbonltrlle g, 8.05 'limo!) and diiso ropylethylamlne (9.65 mmol, 1.68
mL) in dichloromethane (10 mLY %%g) pyichloroformate (8.86 mmol,
h&9zmalziand-girRickeqmriemperaiineoyenht. Diviewily athyhageiai@ole-
ﬁf‘ca"‘{)a%@tw th 10% 1C2CO3 solution (2x). Dry the organic portion over
a2S04 Ffter and concentrate to obtain 3.3g. Purify by column
chromatography (0-100% ethydsg cetatekethanc) to obtain 2.48 g
(82%) of the racemic product. LC @ M+1). 10Alternate procedure:
Add '
()2-amino-4-pyridin-2-ylmethy1-1,2,3,4-t ydro-cyclupenta[blindole-7-
carbonitrile hydrochloride (35g, 108 mmol) mixture of
dichloromethane (350 mL) and pyridine (70 mE). Stir the mixture under

nittogen 204,600} 10,5 £ SRRl stiBipfosAte (A selutionin,

toluene, 162 m mmol). Remove the ice bat mixture

Aoty kR FeH @%ﬂﬁﬁ%ﬁé%ﬁé%&i)é@ﬂ!cﬁdéﬁth@r‘é% [fird eediigentaol) in

waieio(350 milxardshic @ o Fﬂﬂﬂi@ndxdmlﬂmea@ﬁﬁeﬁ&ﬁdlﬁafiddmd@rml 91.2

V%%%‘l"? fg w%l‘cpi% aH&%tSOl d(}o ejéeﬁé' g G 1;[iact 9 ép L‘)61 O eln aht jlute
22 C and filt wet solid

mixture to re ux T n COO ert e SO Add the

1Ot cseitis @ML%M%&F{% %mﬁxweﬂgeermma@@éﬂtﬁmm% to
@@@mr@mlw“am dhes eoalHi xS Codupn@Fuminibilteithecentrate to

mlxt nd d isolated soli g
s R e R L RS M o
58a & 56b (R)- and
(S)-(7-Cyano-4-pyridin-2- ylmeth)ilt&a,&md@tmhydro cyclopentafblindol -2-

a bamlc acid so r arate enan le 56
%%pgref%ara?vépcﬁlrdai] ()'(?’Yrﬁg Sg?[é%fiéﬁ%%agﬁ iﬂr%‘f réji@ﬁl}m néps 33
crnbatifie WrKket O EIOH at 375 mL/min and 250 run. Isomer 1 (R):

1.14 g, 99.9% ee (analytical conditions: ChirE ak AD-H column, eluting
. & @ MS 375.2 (M-F1). Isomer
2 (S): 1,67 g, 99.4% cc; LCMS @ v, el

Add 2-(1,3-dioxo-1,3-dihydro-isoindol-2-y1)-4-pyridin-2-ylmethyl-1,2,3 4-
tetrahydro-cyclopentalbjindole-7-carbonitrile (77 g, 184 mmol} to THF (1.3 L} and
ethanol (230 mi.). Str the mixture for 10 min and then add hydrazine monohydrate (20

ml., 400 mmol). Stir the mixture at 22 °C for 16 . Filter the mixture and evaporate the



(2]

-55- First alternate route to 56(1)):
(S)-(7-Cyano-4-pyridin-2-ylmethyl-1,2,3,4-tetrahydrocyclopenta[blindo1-2-

wbwearkmmic acid isopropyl ester N 0 5Add

POT/USZB0T7/083745

(S)-7-cyano-1,2,3,4-tetrahydro-cyclopentaNindol-2-y1)-carbamic acid
isopropyl ester (Intermediate 15) (13 g, 41.3 mmol) to DMF (100 mL) and
warm the solution to 40 C. Add cesium carbonate (42 g, 129 mmol) in one
portion and stir the mixture for 30 min-at 40 C. Add 2-bromomethylpyridine
hydrobromide 21 g, 83 mmol) portionwise over 4 h. Stir the mixture at 40C

folodBiAdd. theixtuie toschilled water 4Rk by 30 S, Gand Sfirdon 3P

mitt Isolate th§|1

P SN FHikf

solid by filtration and dry under vacuum to constant weight,

I GUB A e AP b BRI AG AR ERISEL SR A

§?§b %hc

Combiheothierfréctions:contaming theigho ductcant evapoiatecthibesiieent to

GV A Rae BEoMNSOlid, rystillize from ethyl acetate to give 15.3 g
(77‘VI§)0f the titlbg comppu@h%iyLC/MS_(nvz 375 (M-FIl). 15Second.

alternald TSt Yo 817 PR TBiAECRORBTATE!  RaIbRA <P e AR E SIS -5
RaputR&sotutidnicdBdiaib i mangd 3lbyhaicrowithalvent) 86t abetonitilel/80%

Watak Witﬁkgrggi%nyﬁé‘/i HM%@?&%?&@%@ &éscribed in the procedures of
%—(7-C ano-1,2,3,4-tétrahydro-cyclopentalldindol-2-y1)-carbamic acid
t

igis)

éﬁf’@r%@&lﬁaa 12 L 3-necked round bottom flask w

ith overhead

agitation, thermocouple, addition fuinele Aitrogen inlet, and cooling bath.

n

ilﬂg&@ 'ﬁiﬁﬁsk with

(Or2-(1,3-dioxo1,3-dihydro-isoingdaszZasl NisRe3,4-tetrahydro-cyclapentagh]i
dole-7<¢carbonitrile (500 g, 1.53 moles) and THE (5 L). Stir the resulting

s
3

urry at ambie
82 m%lps) in

Add cool water

Stir the résulting mixture at'am

nitempeyature] Addihysdazine merealyydrate (]
.S tream.from an addition funnel 25over !

T S e
tertbrEathl Affd ChArDE e addition funnel wit

85.6 rril,
ot t 1 b7

h di-t-butyl

carbonate (8
e reaction mi

r )
. Aer 15 i RS Dy A
inftermediate arpifiéblteistiie reaction mixture onto a -56- polypropylene

orL-g-édidomalas: previpwshyymelted-to a liqui
QU e over 2 hours

) Add to

epjng,the pot temperature
e Galumpton A

ppd in a stainie
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(445.3 mL, 8.41 moles). Stir the resulting mixture vigorously overnight
(about 21 h). Stop the agitation, allow the layers to separate, and discard
the aqueous (upper) layer. Wash the organics with deionized water (3 x 4
L), dry over sodium sulfate, and concentrate in vacua to about 500 20inL.
Purify the crude material over a silica gel plug (7 Kg Kcisclgel 60) using

1:1 ethyl




acctate/heptane as eluent. Concentrate the cluent in vacua to afford 560
grams of the titled compound as an off-white solid (81.4%). Step 3: (R)-
W8NotEk3867 PCT/US2007/083745
(7-Cyano-4-pyridin-2-ylmethy1-1,2,3,4-tetraitydrocyclopenta[blindo1-2-y1)-
carbamic acid tert-butyl ester 25Use the following analytical chiral HPLC
method to analyze enantiomers: 4.6 x 150 mm Chiralpak AD-H column
(Chiral Technologies), 20:80:0.2 acetdRitrile/3A grade denatured
ethanoUdimethylethylamine mobile phase, 0.6 mL/min flow rate, UV
detection 255 num Enantiomer 1 elutes at 4.0 min. and enantiomer 2
elutes at 5.2 min. An 8% impurity (255 nm) elutes at 3.6 min. Purify ()-
(7-cyano-4-pyridin-2-y|methyl-1%,/‘2t,@3'>'3‘ﬂ?dmte S2
J@etrahydrocioltpentaiblindal2t 13 -carramic-acigdep by asiar (628
%PME&%&%%&QE{QFQELC using the following conditions: 8 x 33 cm
Chiralpak AD column, same mobile phase as analytical, 375 mL/rnin flow
rate, UV detection at 270 ufly Dissolve 108 -57;.g of sample in the mobile
phase at a final concentration v&#5 mg/rl fipal. Load 4.0 g/injection with
the cnantiomer 1 fraction eluti a&'@@ .5-5.5 min. and enantioner 2
eluting between 6-10 min, Set thé fingl run tinf€'at 7.5 min/injection with
partial stacking of the enantiomer 2 fyrofile eluting just after each injection

to reduce solvent 5consumption. Puri e remaining 420 g over a plug of
silica using Merck 9385 60 Angstrom -400 mesh silica gel, eluting with
al:2:7 ichloromethan\f pranekmethyl t-butyl ether sojvent system. Use
e K e e e e g
seginctéErietgle’artersealmeadsiimies] wss 1009 hetymelbinghettiel in
fellewed yi00% aeeianedapysiihe remaibineraceniate.pff the Blughsidue
100btain a total of 358. f 98+% pur. nfate in this manner.

R R R G S SR B S i WL, Obtain 208.8

g (99.9% ec) of enantiomer 1 (R isomer) and 197 g (99.6% cc) of

enagtiquéﬁl%df{l% @ﬂmﬁzﬁ)g ?Iﬁﬁ?]:ﬂ:intlexgled‘i‘rates 53-5%}isted inl Table 4,| gf_sentilallj,% as
-2-Amino-4-pyridin-2-ylmethy1-] JA4-tetr ro-cyclopentalblindole-
T R A e R e
Rithoae e blidep rvagithdny die stisleperéatipiaraivi e Prosseamitrogé rintety herder.
additioméunnsts Ghaygedhe flrsk WithiS(dride salts.
cyano-4-pyridin-2-ylmethyl-1.,2,3,4-tetrahydro-cyclopenta [h]
indol1-2-y1)-carbamic acid ieri-butyl ester (85.0 g, 0.22 moles), and EtOH
(850 mL). Add concentrated HCI (18®al4, 2 20 moles) in one portion.
HeaLlaefesiliimg Solution 10 45-50 C and stir for 90 20min, after wiich
arjalyze by HPLC to indicate confpieteicdmsmmption of starting msteriad/z)
Transfer‘the mixture to a Buchi flask, dilute with deionized water (595 mL),
and concentrate in vacuo to remove EtOH. Add EtOAc in two portionz(2 x
170 mL)gnd restrijy’to PRIGYEYHHH the BESRE bad fesidual EtQH. (M1
Transfer the aquesudcbnesnlirptetdth dlddler@aetiamifidiek, and cool to
1Q-15 C. While maintaining the temperature of the 25reaction af < 30 C,
adjust the pH offthe solution to 11-12 by the drop-wise addition |of 53k
NaOH (950 mL). ExiratPihe fedultiatizaaie’ withegifoc 12 (1300 S’{}ﬁ,} 00
mL). Wash the ¢carpBinech@H20Textiaots Wit deivrizechweter (500 mL),
dry over Na2SQ4, and concentrate in vacuo to afford titled compound as &
light green solid (65.0g. 103 %). Step 5: 205
(S)-(7-Cyano-4-{piftichr21pribthipzolbydmetsttanydro-cyclopentafblindol-2-
30yl)-carbamic aciel ispprepyliestetiopSraEquipR-2-tareastian flask with a
cqoling bath, ait stiffer, temperature probe, and
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addition funnel. Charge the flask with
(S)-2-amino-4-pyridin-2-ylmethyl-1,2,3,4-
wietmRydsescyclopentalblindole-7-carbonitrile hydrochloride (6i4:8;0s&@%3745
moles), DMF (188 mL), and triethylamine (33.4 mL, 0.240 mol). Cool the
resulting solution to 0 C using an ice/acetone bath. While maintaining the
temp at <10 C, add isopropyl chloroformate (218 mL, 0.218 mot, 1 M in
toluene) drop-wise via an addition funf&l. When the addition is complete,
remove the cooling bath was removed and allow the mixture to warm to
ambienttemperature After-t-houramalyze by-HPL-€-to-indicatethe AZ 5
reaction is compleér;’anchpout-tiiezniktukaddita-a solution of deignize
watter (1286 mL %%@@&%@a@g%{g évfﬁs@ iRE eIy fltar
organic layer, ard re- Wash with a ater: rlne solution, then dry over
Naz2SG4—Concet l’? i vabﬁkﬂal 55 !‘méﬂJUlUL 15 VUIUIIICD arc-attow

the resulsing to doot to ambient %lear%Opergture affording a white precipitaig.

Add heptane (62 811%Eﬁéﬁ@éfﬁirfbw@mmﬂébwééﬁﬁa@%wtJre back
to I5about 15 voIQm@%ﬂﬁlltemtlma@Oﬂlaﬁyxwa%hdﬂﬂlﬂﬂaei%ﬁﬂ%l and dry to

give the titled compound..a , 84.5%). H NNIR
(500 |\/|HJ§é DMSd’%éBY hd’s?}gv {‘ ?[m) ?%% Zd t(%%% = 1.5), 7.711- 11514,
1H), 7.60 (d, 1H; o)A /gndg! einsbﬂgﬂml)lw 36 (dd, IH), 7.28-7.26 (m,
1H), 7.14(d, 1H,|. 45530 R ST 2y 0 2. EuAFE- 1. 1TH), 4.71-4.66 (M,

2135.3.21;)3.20 ( dycic?pcnt%@%néﬁl gn%h}lel_pylg 1"71;3:12201%64 dr’boxyl)lc 01'1366';dd’

(R)-NL[7-Cyanor4«igethihest3-yimethyl)-E2,3,4-tetrahydro-cyclopéktalbli

ndol-2- yllI-N,N-dimethylsulfamide NChiral H 0 \ -59- Mix
(Z)E}aming-A%gth@sz&yLmethyLl%;M—teuahvdm cyclopental5lindole-
7-carbonitrile dihydrochloride salt (1.0 g, 2.72 mmol), trlethylamlne (0.76

mL, 5.44 mmol), and 1,4-diazabicieiofp}e Zjoctane (0.52 g, 4.63 mmol) in

%153%@ﬁxmfkafi%i@ﬁf/émﬂﬁmmmyﬂnﬂhsﬁq interpehigmperature

reaches to 54 C. Add a solution of 5dimethylsulfamoyl chloride (0.35 mL,
FYERMBI Ire ey Vb ivilraiy-Wigd to the reaction mixture via addition

funnel under a nitrogen atmosphere over 3Q min. Stir the resulting mixture
for an additional hour at 54 'Gzand the ﬁ rI\‘tﬁgﬂ\bom temperature. Dilute
with CH,C12 (150 na), wash the ctayep with saturated NaHCO3,

dry (Nit2S04), filter, and concentr&té in vacuo. Purify using silica gel
chromatography on 10with EtOAcniexang{8/2) to yield 0.82 g (75%) of the
titte compound. 'FINMR (400 MHz, DMSO®=¢5) 59.03 (s, IH), 7.88 (s, 1H),

7.74 (d,9= 5.0 Hz, 1H), 7.64 (d, J= 5.1 Hz, 1H), 7.38 (d, J= 5.0 Hz, 1H),
7.17(s, ﬁdi)s&@l%l(%f&tj)z 4&%&4&%&&@%@@ (o)1 2.82 (31 diro-
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Example 56

#)-(7-Cyano-4-pyridin-2-yimethyi-1,2,3 4-tetrahydro-cyclopenta[b]ind6l-2-y1)-

carbamic acid isopropyl ester
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58 ()-[7-Cyano-446-fluoropyridin-2-ylmethy1)-1,2,3,4- tetrahydro-

cyclopentalb]indol-2-y11- carbamic acid isopropyl ester N. o N F 393
WMo B[ 7-Cyano-4-(6-fluoro- pyridin-2-ylmethyl)-1,2,3,4 ptetresnermss74s

cyclopenta[b]indol1-2-y1)- carbamic acid ethyl ester N.IlIY ISo i F 379

(M+1) -60- 60 ()-[7-Cyano-4-(6-fluoro- pyridin-2-ylmethy1)-1,2,3,4-

tetrahydro- cyclopcnta[b]indol-2-yl]- CS%rbamic acid propyl ester " H Ny.0

N | C HW{;’QT/

N

To a solution of (+)-Z-amino-4-pyridin-2-ylmethyl-1,2,3 4-tetrahydro-
cyclopentalbJindole-7-carbonitrile (2.32 g, 8.05 mmol) and diisopropylethylamine (9.65
mmol, 1.68 mL) in dichloromethane (10 mL) add isopropylchloroformate (8.86 mmol,
8.9 mL) and stir at room temperature overnight. Dilute with ethyl acetate and wash with
10% ELCGs solution (2x). Dry the organic portion over Na; SOy, filter, and concentrate
to obtain 3.3 g. Purtfy by column chromatography (0-100% ethyl
acetate/dichloromethane) to obtain 2.48 g (82%;) of the racemic product. LCMS 375.2
(M+1).

Alternate procedure:

Add ()Z-amino-4-pyridin-2-yimethyl-1,2,3 4-tetrahydro-cyclopenta[ bjindole-7 -
carbonitrile hydrochloride (35 g, 108 mmol) to a mixture of dichloromethane (350 mL)
and pyridine (70 mL). Stir the mixture under nitrogen and cool to 5 °C. Add isopropyl
chloroformate (1M solution in toluene, 162 mL, 162 mmol). Remove the ice bath and stir
the mixture at 22 °C. After 16 h evaporate the solvent. Add the resulting residue to water
(350 mL) and stir 2 h. Filter and dry the collected solid under vacuum at 45 °C. Add the
solid to ethyl acetate (400 mL) and heat the mixture to reflux. Then cool to 22 °C and
filter the solid. Add the wet solid to ethyl acetate (200 mL) and heat to reflux for 30 min.
Cool the mixture to 22 °C over one hour and then cool to 0-5 °C during 5 min. Filter the
mixture and dry the iselated solid under vacuum io constant weight to provide 23 g (62%)
of the title compound. MS (m/z): 374 (M+1).

Example 56a & 56b
(R}~ and (5)-(7-Cyano-4-pyridin-2-ylmethyl-1,2,3,4-tetrahydro-cyclopentalhjindol-2-
yi~carbamic acid isopropyl ester

Separate enantiomers of Example 56 by preparative chiral chromatography using
Chiraipak AD column (8 x 33 cm), eluting with 100% EtOH at 375 mL/min and 250 nm.
Isomer I (R): 1.14 g, 99.9% ee (analytical conditions: Chiralpak AD-H column, ¢luting
with 100% EtOH/0.2% dimethylethylamine; LCMS 375.2 (M+1), Isemer 2 (8): 1.67 g,
99.4% ee; LCMS 375.2 (M+1).
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393 (M+1) 61 i ()-(7-Cyano-4-pyridin-2- ylmethy1-1,2,3,4-tetraltydro-
cyclopentalb]indol-2-yl)- carbamic acid ethyl ester o 361 (N4+1) 62
wdofiana-4-(6-fluoro- pyridin-2-ylmethyl)-1,2,3,4- tetrahydreer/uis2007/083745
cyclopenta[b]indol-2-yllcarbamic acid methyl ester o 365 (M+1) 63
()-[7-Cyano-4-(6-fluoro- pyridin-2-ylmethyl)-1,2,3,4- tctrahydro-
cyclopenta[b]indo1-2-yllcarbamic acid isobutyl ester N. 0."."..-.., o N F 407
(M+1) 64 ()-(7-Cyano-4-pyridin-2- yimethy1-1,2,3,4-tetrahydro-
cyclopentalblindo1-2-y1)- carbamic acid isobutyl ester

First alternate route to 56(b}): (5)-(7-Cyane-4-pyridin-2-ylmethyi-,2,3,4-tetrahydreo-

cyclopenta[blindol-2-yD}-carbamic acid isepropy! ester

H
N N0
o
N
NS

Add (§)-7-cyano-1,2,3 4-tetrahydro-cyclopental Jindol-2-yi-carbamic acid
isopropy! ester {Intermediate 15) (13 g, 41.3 mmoi} to DMF (100 mi) and warm the
solution to 40 °C. Add cesium carbonate (42 g, 129 mmol) in one portion and stir the
mixture for 30 min at 40 °C. Add 2-bromomethylpyridine hydrobromide 21 g, 83 mmol)
portionwise over 4 h. Stir the mixture at 40 °C for 18 h. Add the mixiure to chilled water
{1 L)yat0to 5 °C and stir for 30 mun. Isolate the sohid by filtration and dry under vacuum
to constant weight. Pass the material over a silica gel pad eluting with CH;Cly/EtOAc
{(7/3). Combine the fractions containing the product and evaporate the solvent to give a
pale brown solid. Recrystillize from ethyl acetate to give 15.3 g (77%) of the title
compounds. LC/MS (m/z) 375 (M+1).
Secend alterpate reute to 56b:
(HPLC conditions - column: Zorbax® SB-Phenyl, Rapid Resolution, 4.6 x 75 mm, 3.5
microns solvent: 10% acetonitrile/ 90% water with 0.05% TFA; UV at 230 nm)
Step 1: (#)~(7-Cyane-1,2,3,4-tetrahydro-cyclopenta|blindel-2-yi}-carbamic acid zeri~
butyl ester

Equip a 12 L 3-necked round bottom flask with overhead agitation, thermocouple,
addition funnel, nitrogen inlet, and cooling bath. Charge the flask with (+)-2-(1,3-dioxo-
I,3-dihydro-isoindol-2-y1)-1,2,3, 4-tetrahydro-cyclopental b lindole-7-carbonitrile (500 g,
1.53 moles) and THF (5 L). Stir the resulting slurry at ambient temperature. Add
hydrazine monohydrate (185.6 m1., 3.82 moles) in a slow stream from an addition funnel
over 10 minutes, Stir the resulting mixture at ambient temperature overnight (about 18
h). Add cool water to the bath and charge the addition funnel with di-z-butyl dicarbonate
{875.1 g, 4.01 moles; previously melted to a liquid). Add to the reaction mixture over 2
hours, keeping the pot temperature beiow 30 °C.  After 15 min, analyze by HPLC to find

complete consumption of the intermediate amine. Filier the reaction mixture onto a
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w38 BiMasdrd66* (R)-(7-Cyano-4-pyridin-2- ylmethyl- | ,2,3,4-t

t 389 (M+1) I, 65" (S)-(7-Cyano-4-pyridin-2- ylmethyl-l,2,3,4-tetrahy_dro-
cyclopenta[b]indol-2-y1)- carbamic acid isobutyl ester O...r-, leIN Chiral N

%@ﬁﬁ@owsy%

cyclopenta[b]indo1-2-y1)- carbamic acid isobutyl ester Ns, --
o Chiral N 389 (M3-1) -61- 67*

56~

polypropyiene pad in a stainless steel, table-top filter, and wash the resulting filter cake
with ethyl acetate (2 x 1 L). Concentrate the filtrate in vacuo to remove most of the THF.
Purify the resulting mixture (about 1 L) over a plug of silica gel (4 Kg Kieselgel-60),
cluting with ethyl acetate. Concentrate the recovered eluent in vacuo to a dark oil. Add
heptane (2 L) and ethyl acetate (350 mL) and spin the contents on a rotary evaporator at
ambicnt temperature for 2 h. Add ice to the bath and spin the resulting sturry at 5 °C for
an additional 2 h. Filter the solids, rinse with 90/10 heptane/ethyl acetate (2 x 500 mL)
and vacunm dry at 35 °C. Obtain the titled compound as a tight tan golid in 91.6% yield.
Step 2: (&)= {%Cyann-—é—pyridinmﬁwylmethyibl,2,3,4—tﬁtrahydm-cyc}epenm[b}imiei»Z-
yvh-carbamic acid tert-butyl ester

Equip a 20 L bottom outlet flask with overhead agitation, thermocouple, and
nitrogen inlet, Charge the flagk with (£)-(7-cyano-1 .2,3,d-tetrahydro-cyclopenta[blindol-
2-yl)-carbamic acid ters-butyl ester (500 g, 1.68 moles) and dichloromethane {5 L).
Begin agitation and add tetra #-butlyammonium hydrogen sulfate (58.9 g, 0.168 mol)
followed by 2-(bromomethyl)pyridine hydrobromide (510.4 g, 2.02 moles). Add
deionized water (2 L) followed by a 50% NaOH solution (445.3 mL, 8.41 moles). Stir
the resulting mixture vigorously overnight {about 21 h). Stop the agitation, allow the
layers to separate, and discard the aqueous (upper) layer, Wash the organics with
deionized water (3 x 4 L), dry over sodium sulfate, and concentrate in vacuo to about 500
ml. Purify the crude material over a silica gel plug (7 Kg Keiselgel 60) using 1:1 ethyl
acetate/heptane as eluent. Concentrate the cluent in vacuo to afford 360 grams of the
titled compound as an off-white solid (81.4%).
Step 3: (R)~ and ($)- (7-Cyano-4-pyridin-2-yimethyl-1,2,3,4-tetrahydro-
cyclepentafb]indol-2-yl)-carbamic acid terr-butyl ester

Use the following analytical chiral HPLC method to analyze ¢nantiomers: 4.6 x
150 mm Chiralpak AD-H column (Chiral Technologies), 20:80:0.2 acetonitrile/2A grade
denatured ethanol/dimethylethyiamine mobile phase, 0.6 mL/min flow rate, UV detection
@ 255 nm. Enantiomer 1 clutes at 4.0 min. and enantiomer 2 elutes at 5.2 min. An 8%
impurity (255 nm} elutes at 3.6 min. Purify (+)- ( 7-cyano-4-pyridin-2-ylmethyl-1,2,3,4-
tetrahydro-cyclopenta#]indol-2-y1)-carbamic acid tert-butyl cster (528 g) by preparative
chiral HPLC using the following conditions: 8 x 33 cm Chiralpak AD column, same

mobile phase as analytical, 375 mL/min flow rate, UV detection at 270 nm. Dissolve 108
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390

(R)47-Cyano-4-(6-fluoropyridin-2-ylmethyl)-1,2,3,4- tctrahydro-
cyclopenta[15]indol-2-yll- carbamic acid isobutyl ester o Chiral i F 407

w(M#dgB826(S)47-Cyano-4-(6-fluoropyridin-2-ylmethy1)-1,2,3 8¢ Frus2007/083745

tetrahydro- cyclopenta[b]indol-2-y1]- carbamic acid isobutyl ester 0
Chiral F 407 (M+1) 69 ()-N-[7-Cyano-4-(6-fluoro-
pyridin-2-ylmethyl)-1,2,3,4- tetrahydro- cyclopenta[b]indo1-2-ylk
methanesulfonamide Hp N_.., 81 N #7385

g of sample in the mobile phase at a final concentration of 75 mg/mL final. Load 4.0
gfinjection with the enantiomer 1 fraction eluting between 3.5-5.5 min. and enantiomer 2
eluting between 6-10 min. Set the final run time at 7.5 min/injection with partial stacking
of the enantiomer 2 profile eluting just after each injection to reduce solvent
consumption. Purify the remaining 420 g over a plug of silica using Merck 9385 60
Angstrom 230-400 mesh silica gel, eluting with a 1:2:7 dichloromethane/heptanc/methy]
t-butyl ether solvent system. Use a 3.5 kg silica pad with vacuum filtration at 140 g
sample/plug. Racemate begins to emerge after 5 column volumes. Use 100% methy! t-
butyl ether followed by 100% acetone to push the remaining racemate off the plug.
Obtain a total of 358.5 g of 98+% pure racemate in this manner. Resolve this material as
above by preparative chiral HPLC. Obtain 208.8 ¢ (99.9% ec¢) of enantiomer 1 (R
isomer) and 197 g (99.6% ee) of enantiomer 2 (S isomer).
Step 4: (§)-2-Amine-4-pyridin-Z-ylmethyl-1,2,3,4-tetrahydro-cyclepenta[bjindole-7-
carbonitrile hydrochloride

Equip a 3 L 3-necked round bottom flask with a heating mantle, air stirrer,
temperature probe, nitrogen inlet, and addition funnel. Charge the flask with ($}-(7-
cyano-4-pyridin-2-ylmethyl-1,2,3 4-tetrahydro-cyclopentalb]indol-2-yI)-carbamic acid
tert-butyl ester (85.0 g, 0.22 moles), and EtOH (850 mL). Add concentrated HCI (180
mL, 2.20 moles) in one portion. Heat the resulting solution to 45-50 °C and stir for 90
min, after which analyze by HPLC to indicate complete consumption of starting material.
Transfer the mixture to a Buchi flask, dilute with deionized water (595 mL), and
concenirate in vacuo 10 remove EtOH. Add EtOAc in two portions (2 x 170 mL) and re-
strip to remove both the EtOAc and residual EtOH. Transfer the aqueous concentrate to a
5 L reaction flask, and cool to 10-15 °C. While maintaining the temperature of the
reaction at < 30 °C, adjust the pH of the solution to 11-12 by the drop-wise addition of 5
M NaGH (950 mL). Extract the resulting mixture with CH,Cl (1300 mL, 800 mL).
Wash the combined CH,Cl, extracts with deionized water (500 mL), dry over Na; SOy,
and concentrate in vacuo 1o afford titled compound as a light green solid (65.0 g, 103 %).
Step 5: (5)~(7-Cyane-4-pyridin-2-ylmethyl-1,2,3 4-tetrahydro-cyclopenta[blindol-2-

yh-carbamic acid isopropyl ester
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(M+1) 70 ()-N'-[7-Cyano-4-(6- fluoro-pyridin-2-ylinethyl)-
1,2,3,44etrahydrocyclopentalb]indo1-2-ylp N,N-dimethylsulfamide N HOrt,
wo NesedskF+ 414 (MU.) 412 (M-1) 71 ()-Propane-1-sulfonic agidsze07/083745
[7-cyano-4-(6-fluoro- pyridin-2-ylmethyl)-1,2,3,4- tetrahydro-
cyclopenta[blindo1-2-y11- amide N. H N--"r-...../ Sb 1 413 (M-(1) 72
()-Cyclopropanesulfonic acid
[7-cyano-4-(6-fluoropyridin-2-ylmethyt}¥, 2,3, 4- tetrahydro-
cyclopentalt]indol-2-ylp amide H 9 A NI

H
N O “N\[Ofo\(
‘:N
N

-

Equip a 2 L reaction flask with a cooling bath, air stirrer, temperature probe, and
addition funnel. Charge the flask with (§)-2-amino-4-pyridin-2-ylmethyl-1,2,3 4-
tetrahydro-cyclopenta[blindole-7-carbonitrile hydrochloride (62.8 g, 0.218 moles), DMF
(188 mL), and trigthylamine (33.4 mL, 0.240 mol). Cool the resulting solution to 0 °C
using an ice/acetone bath. While maintaining the temp at <10 °C, add isopropy]
chloroformate (218 mL, 0.218 mol, 1 M in toluene) drop-wise via an addition funnel.
When the addition is complete, remove the cooling bath was removed and allow the
mixture to warm to ambient temperature. After 1 hour, analyze by HPLC to indicate the
reaction is complete, and pour the mixture into a solution of deionized water (1256 mL)
and EtOAc (1884 mL). Separate the layers, filter the organic layer, and re-wash with a
I:1 water:brine solution, then dry over Nay,SO4. Concentrate in vacuo at 55 °C to about
15 volumes, and allow the resulting to cool to ambient temperature, affording a white
precipitate. Add heptane (628 mL) and stir for 20 min. Concentrate the mixture back to
about 15 volumes. Filter the solids, wash with heptane, and dry to give the titled
compound as a fluffy white solid (68.9 g, $4.5%). 'H NMR (500 MHz, DMSO-ds), &
8.49 (dd, 1H), 7.86 (d, 1H, J=1.5), 7.71-7.75 {m, 1H), 7.60 (d, 1H, J=9.0), 7.57 (d, 1H,
J=9.0), 7.36 (dd, 1H), 7.28-7.26 (m, 1H), 7.14 (d, 1H, J=7.5), 5.44 (s, 2 H), 4.79-4.72
(m, 1H), 4.71-4.66 (m, 1H), 3.22-3.20 (m, 1H), 3.16-3.12 (m, | H), 2.73-2.66 {m, 2 H),
1.16 {dd, 6 H).

Example 57
(R)-N'-|7T-Cyano-4-(isothiazol-3-ylmethyl)-1,2,3,4-tetrahydro-cyciopentalblindol-2-
vlj-N,N-dimethylsulfamide

N Chira!

3 ﬂ p
\ RN
O\

N

~S



o\ 411 (M+0 409 (M-1) -62- 73 ()-Ethanesulfonic acid [7- cyan
0-4-(6-fluoro-pyrid in- 2-ylmethyl)-1,2,3,4- tetrahydro-
woyslepantatblindol-2-A- amide H N-s-"-- r?I',. 8 F 399 (M+1) 394, {\kdo- 443745
(2)-N'4 7-Cyano-4-(6- (6-s. fluoro-pyridin-2-ylmethyl)- 1,2,3,4-tetrahydro-
cyclopenta[b]indol-2-y1 1- N,N-dimethylsulfamide Hp N.,"..N., 8\ Chiral 1 F
414 (M+1) 412 (M-1) 75 (S)-N'-[7-Cyano-4-(6- fluoro-pyridin-2-ylmethyl )-
1,2,3,4-tetrahydrocyclopcnta[blindo1-2%1]- N,N-dimethylsulfamide Ho /

Mix (R)-2-amino-4-iscthiazol-3-ylmethyl-1,2,3,4-tetrahvdro-cyclopentaf ]indole-
7-carbonitrile dihydrochloride salt (1.0 g, 2.72 mmol), triethylamine (0.76 mL, 5.44
mmol), and 1,4-diazabicyclo[2,2,2]octane (0.52 g, 4.63 mmol) in CHCI; (80 mL) and
heat in an oil bath until the internal temperature reaches to 54 °C. Add a solution of
dimethylsulfamoyl chloride (0.35 mL, 3.26 mmol) in CHC (10 mL) drop wise to the
reaction mixture via addition funncl under a nitrogen atmosphere over 30 min. Stir the
resulting mixture for an additiopal hour at 54 °C and then cool 10 room ternperature.
Ditate with CH2Cly (150 mL), wash the organic Jayer with saturated NaHCQs, dry
(NayS04), filter, and concentrate in vacuo. Purify using silica gel chromatography on
with EtOAc/hexanc(8/2) to yield 0.82 g (75%) of the title compound. 'H NMR (400
MHz, DMSO-dg) 6 9.03 (s, 1H), 7.88 (s, 1H), 7.74 (d, J= 5.0 Hz, 1H), 7.64 (d, J= 5.1
Hz, 1H), 7.38 (d, J= 5.0 Hz, 1H), 7.17(s, 1H), 5.52 (s, 2H), 4.52-4.40 {m, 2H), 3.31-3.18§
{m, 2H), 2.62 (s, 6H).

Using the appropriate racemic or chiral 4-(heteroarylmethyl)-1,2,3,4-tetrahydro-
cyclopentalb]indol-2-ylamine, prepare Examples 58-89 and Intermediates 60-61 in Table
5, using the appropriate chloroformate or acid chloride (essentiaily according to the
procedure described in Example 56) or the appropriate sutfonyl or sulfamoy] chloride

{essentially according to the procedure described in Example 57).

Table 5
- : MS
Example Chemical Name Structure
{m/z)
(£)-[7-Cyano-4-(6-fluoro- Ho o
pyridin-2-ylmethy1)-1,2,3,4- N N
- tetrahydro- O I8 T 393
- cyclopentalblindol-2-vI]- N o (M+1)
carbamic acid isopropyl \
ester N
F
N0
(£)-[7-Cyano-4-(6-fluoro- M ‘ N}( ~
pyridin-2-ylmethyl)-1,2,.3,4- O O
N 379
59 tetrahydro- — (M+1)
cyclopentafblindol-2-y1}- "
carbamic acid ethyl ester !




N--...N 11118\ POChiral ) F 414 (M+1) 412 (M-1) 76

()-N1-[7-Cyano-4-(pyridin- 2-ylmethyl)-1,2,3,4- tetrahydro-
woynlapaitafb]indol-2-ylk N,N-dimethylsulfamide Ho Nt N/ )\ 2c396:¢M+ds3745

394 (M-1) 77 ()-N'47-Cyano-4-(6- fluoro-pyridin-2-ylincthyl)-

1,2,3,4-tetrahydro- cyclopenta[b]indol-2-yliN,N-dicthylsulfamide H,o

amir--- 10 IN N-s 0\ F 442 (M-1) (M+13 440 78 ()-Cyclopropanesullonic

acid (7-cyano-4-pyridin-2- -60-

ylmethy1-1,2,3,4-tetrahydrocyclopenta[b]indo1-2-y1)- amide Ho

(£)-[7-Cyano-4-(6-fluoro- Ne O N\]‘l"o\/\
pyridin-2-yimethyl)-1,2,3,4- o

60 tetrahydro- N 393
cyclopentalblindol-2-yl]- () (M+1)
carbamic acid propyl ester N g

AN
(=)-(7-Cyano-4-pyridin-2- Nax C g

6 yimethyl-1,2,3,4-tetrahydro- O - © 361
cyclopentalblindol-2-yl)- N (M-+1)
carbamic acid ethyl ester (T

Mot
(£)-[7-Cyano-4-(6-fluoro- N ) b
pyridin-2-ylmethyh-1,2,3,4- O

62 tetrahydro- N 36,5
cyclopental b|indol-2-y1}- kQ (M+1)
carbamic acid methyl ester N

F
H
(:t)-'[”/f-Cyano-4—(6-ﬂuoro— N ‘ e O\)\
pyridin-2-ylmethyl)-1,2,3,4- O © 407

63 tetrahydro- N
cyclopentalblindol-2-y1]- (- (M+1)
carbamic acid isobutyl ester Ny

F
(£} 7-Cyano-d-pyridin-2- H ol
_ fetr: Nix o

64 yvimethyl 1,2,3,4 tetrabiydro- | S O S 3R89
cyclopentalblindol-2-y1)- 0 (M+1)
carbamic acid isobutyl ester N o~

N
(8)-(7-Cyano-4-pyridin-2- Naw HTO\/L

65" vimetiyl-1,2.3 4-tetrahydro- O o O Ghiral 389
cyclopentalb]indol-2-y1)- N (M-+1)
carbamic acid isobutyl ester 4

N-?
M
(R)-(7-Cyano-4-pyridin-2- | Ng, O\/l\

66" ylmethyl-1,2,3 4-tetrahydro- O , O cirai 389
cyclopenta[blindol-2-y1)- N {(M-+1)
carbamic acid isobutyl ester (

Nws?




I'l--. M-1) 393 (M+1) 391 ( -63- 79 * (R)-Cyclopropanesulfonic 1 acid
[7-cyano-4-(64 luoro- pyridin-2-ylmethyl)-1,2,3,4- 1 tetrahydro-

woyslepentafblindol-2-ylr amide Hp N-,g__ ci (3 NI Chiral 4pd(ehtd 488745
(M-1) N-F/ 80.

-61-
[
(R)-{7-Cyano-4-(6-fluoro- | g
. pyridin-2-yimethyl)-1,2,3 4- O a O apirar 407
67 tetrahydro- N (M )
cyclopenta[bjindol-2-yi}- T
carbamic acid isobutyl ester N-#
F
H
(8)-[7-Cyano-4-(6-fluoro- N W~ O\)\
. pyridin-2-yvimethvl)-1,2,3,4- O O © hial 407
68 tetrahydro- N (M)
cyclopenta[blindol-2-yll- 4
carbamic acid isobutyl ester N/
F
0.2
(£)}N-{7-Cyano-4-(6-fluoro- Na O Nhg“
pyridin-2-ylmethyl)-1,2,3,4- O
69 tetrahydro- N o~ Piisi
cvclopentafblindol-2-y1}- w ( )
methanesylfonamide N
F
19
(£)-N'-[7-Cyano-4-(6- N C =g~ 414
fhuoro-pyridin-2-ylmethyl)- O © (M)
76 1,2,3 A-tetrahydro- N 412
cyclopentalhlindol-2-yl]- \\Q M-1)
N,N-dimethylsulfamide Nes? :
F
()-Propanc-1t-sulfonic acid | N ﬁ~"s’\/
[7-cyano-4-(6-fluoro- = C o
" pyridin-2-ylmethy)-1,2,3 4- O N 413
tetrahydro- == (M+1)
cyclopenta[b]indol-2-y1}- L\Q
amide F
{+)-Cyclopropanesulfonic New ﬂf‘)‘ /A
acid [7-cyano-4-(6-fluoro- = ‘ & 411
7 pyridin-2-yimethyh-1,2.3 4~ O N (M+1)
tetrahydro- e 409
cyclopental blindol-2-vl]- LQ (M-1)
amide
F




(M-Cyclopropanesullomc acid

[7-cyano-4-(6-fluoropyridin-2-ylmethyl)-1,2,3,4- tetrahydro-

woyslapentafblindol-2-ylk amide 9 0 Chiral 411 (M+1) 409 (M) vk 745

I ()-N'[7-Cyano-4-(pyrazin- 2-ylmethyl)-1,2,3,4- tetrahydro-

cyclopenta[b]indo1-2-y1]- N,N-dimethylsulfamide H9/ N-S-Nm\0\1 N

62~
(£}-Ethanesuifonic acid [7-
cyano-4-{6-fluorc-pyridin- 399
73 2-ylmethyl)-1,2,3,4- (M+1)
tetrahydro- 397
cyclopentalhiindol-2-vl]- (M-1)
amide
(Ry-N"-[7-Cyano-4-(6- 414
fluoro-pyridin-2-vimethylD)- (M)
T4 1,2,3,4-tetrahydro- 412
cyclopentalblindol-2-y1]- (M-1)
N, N-dimethylsulfamide
(8)-N'-[7-Cyano-4-{6- 414
fluoro-pyridin-2-yimethyl)- (M)
75 1,2,3,4-tetrahydro- ' 412
cyclopentalblindol-2-yl]- (M-1)
N, N-dimethylsulfamide '
(+)-N"-[7-Cyano-4-(pyridin- 196
2-ylmethyD)-1,2,3,4- (M+1)
76 tetrahydro- 3'9 4
cyciopentalblindol-2-yl]- (M-1)
N, N-dimethylsulfamide
(£)-N"-{7-Cyano-4-(6~ 442
fluoro-pyridin-2-yimethyl)- (M- 1)
77 1,2,3 4-tetrahydro- 440
cyclopental bjindol-2-yl1]-
N, N-dicthylsulfamide (M-1)
(£)-Cyclopropanesulfonic 103
acid (7-cyano-4-pyridin-2- (M)
78 yimethyi-1,2,3 4-tetrahydro- 301
cycliopentablindol-2-v1)- (M- 1
amide S




397 (M+1) 821 (R)-N'-{7-4-(pyridin- 2-ylmethyl)-1,2,3,4- tetrahydro-
cyclopenta[b]indo1-2-y11- N,N-dimethylsulfamide N. HO Ns',...N/ 8\ Chiral
wb bb@d&s{#e7i) (R)-Cyclopropanesulfonic acid (7-cyano-4-pyriditygsaoe /83745

ylmethy1-1,2,3,4-terrabydro- cyclopenta[b]indol-2-y1)- amide Hp N-

ii---cl 0 Chiral N 393 (M+1) 84* (R)-N'[7-Cyano-4-(pyrazin-
2-ylmethy0-1,2,3,4- tetrahydro-

63~
{R)-Cyclopropanesulfonic
acid [7-cyano-4-(6-fluoro- 411
79" pyridin-2-yimethyl)-1,2.3,4- (M+1)
: tetrahydro- 449
cyctopentalplindol-2-vl]- {M-1)
amide
10
(&)-Cyclopropanesnifonic N - *”S\q
acid [7-cyano-4-{6-fluoro- ’ o 411
80" pyridin-2-ylmethy)-1,2,3 4~ 1 Chiral {M+1)
tetrahydro- 409
cyclopentalb]indol-2-y1]- N (M-1)
amide F\ 7
{(£)-N-[7-C § E v
+)-N-[7-Cyano-4-(pyrazin- | IR
2-ylmethyl)-1,2.3 4- N (J o -
81 tetrahydro- O e
cyclopenta[b]indol-2-yl]- N N (M)
N,N-dimethylsulfamide \\ﬁ )
N
H O
(R)-N-[7-Cyano-4-(pyridin- | Ny WN-s 7
. 2-ylmethyl)-1,2,3,4- h O J N oy
82 fetraliydro- ‘ N Chiral (M+1)
cyclopentalblindol-2-yl}-~ =
N N-dimethylsulfamide & Y
(R)-Cycl Ifoni N-g”
-Cyclopropanesulfonic N ‘S\q
. acid (7-cyano-4-pyridin-2- 0 : 393
83 yimethyl-1,2.3 4-tetrahydro- N Chiral (M+1)
cyclopentalblindol-2-y1)- =
amide N7
HY
(R)}-N'-[7-Cyano-4-(pyrazin- | N=§N
. 2-ylmethyD)-1,2,3,4- O © 397
84 tetrahydro- O Chiral M
cyclopenta[blindol-2-y1]- N e (M+1)
N,N-dimethylsulfamide \\<\\ P
N




cyclopenta[b]indo1-2-y1]- N,N-dimethylsulfamide N. N O HI I/ Ni-N\ O

Chiral NV (M+1) 397 -64- 85 (R)-N'-(7-Cyano-4-thiazol-
wérydnsatinstsl,2,3,4- tetrahydro- CyClOpCntaHind01-2-yD - pcr/usa007/083745

N,N-dirnethytsulfamide N-S-N -..0 Chiral N\ c, s 402 (WEI) 86

(R)-N'-(7-Cyano-4-thiazol- 2-ylmethy1-1,2,3,4- tetrahydro-

cyclopenta[b]indol-2-y1)- N,N-dimethyéiulfamide

0
(R)-N'(7-Cyano-d-thiazol- | =
4-ylmethyl-1,2,3,4- = C o 400
85 tetrahydro- O Chiral
cyclopentalb]indol-2-y1)- NN (M+1)
N,N-dimethylsulfamide \\<\_\
s
He
(R-N-(7-Cyano-4-thiazol- N JN=8-N_
2-ylmethyl-1.2,3,4- = C o 100
86 tetrahydro- O Chiral
cyclopentalbindol-2-yi}- N N (M+1)
N,N-dimethylsulfamide \\(’ J
8
HY
(R)}-N'-(7-Cyano-4-thiazol- N MNTEEN
S-ylmethyl-1,2,3.4- S O 0 00
87 tefrahydro- O Chira J
cyclopenta]blindol-2-y1)- N (M+1)
N, N-dimethylsulfamide \\éz,/?“
O
(R)-N'-(7-Cyano-4- N w &—#WN :
[1,2,5]thiadiazol-3- X C s) 403
88 vimethyl-1,2,3 4-tetrahydro- O Chiral .
; N (M+1)
cyclopentalblindol-2-y1)-
N,N-dimethylsuifamide \\(\}N
N-S
H
(£)-N-[7-Cyano-4-(6-fluoro- | " O Y
pyridin-2-ylmethyl)-1,2,3,4- O © 163
89 tetrahydro- N -
cyclopenta]dlindol-2-y1]- | (ML)
propionamide N~
F
He o,
JN-S=N
(R)-N'-17-Cyano-4-[2-(1,3- N s &
dioxo-1,3-dihydro-isoindol- O Chiral
Entermediate | 2-yD)-pyridin-3-ylmethyl}- N 541
&6 1,2,3,4-tetrahydro- o W . (M+1)
cyclopentalblindol-2-yl}- TN
N,N-dimethylsulfamide é,&o




0 HIi/ N-S-N I\ O Chiral N N .1 S 402 (M+1) 87 (R)-N'-(7-Cyano-4-thiazol-
5-ylmethy1-1,2,3,4- tetrahydro- cyclopenta[b]indo1-2-y1)-

wiyNoghimethayisulfamide O Hii/ N-S-N I\ 0 Chiral N \-----r N S-13%¢MH) AP Zog3745
88 (R)-N-(7-Cyano-4- [1,2,5]thiadiazol-3- ylmethy1-1,2,3,4-tetrahydro-
cyclopenta[blindo1-2-y1)- N,N-dimethylsulfamide

-65.
4 9
(R)-5-{2-[(dimethylamino)- N-5- N
sulfonyl]-amino-7-cyanc- ‘ Q
Intermediate | 2,3-dihdro-1H- O Chiral 474
61 cvclopentalblindol-4- (M+1)
ylmethyl}-thiazole-4- ) E
carboxylic acid ethy! ester - §

" Obtain the example shown by chiral separation of racemic product, ¢ssentially according
to the procedure described for Example 56a, 56b.
Example 99
{(R)-N"-[4-(2-Amine-pyridin-3-ylmethyl)-7-cyano-1,2,3 4-tetrahydro-
5  eycloepentalblindol-2-yl)- N,N-dimethyisulfamide

G
I
-5- N
i
C 0
O Chiral
\ p

N

Prepare the title compound essentially using the procedure as described in
Example 54, using (R)-N'-{7-cyano-4-[2-(1,3-dioxo-1,3-dihydro-isoindol-2-y)-pyridin-3-
ylmethylj-1,2,3 4-tetrahydro-cyclopental bindol-2-y1)-N,N-dimethylsulfamide to obtain
10 0.13 g(61%) of product. MS (m/z): 411.0 (M+1).
Intermediate 62
5-((8)-7-Cyano-2-isopropoxycarbonylamine-2,3-dihydro-i H-cyciopenta[b]indol-4-
vimethyl-thiazele-4-carboxylie acid

Chiral

7r0

<
N

o

OH
15 Treat a mixture of 5-((5)-7-cyano-2-isopropoxycarbonytamino-2,3-dihydro- 1 H-
cyclopenta[h]indol-4-ylmethyl}-thiazole-4-carboxylic acid ethyl ester (3.745 g, 8.28
mmol) in EtOH (100 mL) and THF (40 mL) with 5 M LiOH (8.3 mL, 41.4 mmol) and stir




0 Hu/ N-S-N\ 0 Chiral N \i N-S (M+1) 403 89 ()-N47-[7-4-0-(6-
pyridin-2-ylmethyl )-1,2,3,4- tetrahydro-
woyslapentafblindol-2-yllpropionamide kil..,---..". " 11 0 F 363 tdrk)oo7/083745
Intermediate 60 (R)-1\I'-17-Cyano-442-( 1,3- dioxo-1,3-dihydro-isoindol-
2-y1)-pyridin-3-ylmethylk 1,2,3,4-tetrahydro- cyclopenta[b]indo1-2-y11-
N,N-dimethylsulfamide 0 Hpi/ N--N N.8\ iSChiral WN z

-66-

at room temperature for 18 h. Add 3 N HCI (9 mL) bringing pH to 2. Concentrate the
reaction mixture by rotavap, extract into EtOAc (3 x 330 mL), dry organics (MgS04),
filter, and concentrate to give 3.86 g (>100%) of 5-((S)-7-cyano-2-
isopropoxycarbonylamino-2,3-dihydro-1H-cyclopenta[blindol-4-yimethyl)-thiazole-4-
5 carboxylic acid as a pale yellow solid. LC-ES/MS my/z 425 (M+1), 423 (M-H), Ty = 2.3

.
Prepare the following compound essentially as described for Intermediate 62.
(B)-5-{2-[(dimethylamino)-sulfonyl}-amino-7- MS m/z
Intermediate 63 | cyano-2 3-dihdro-1H-cyclopentaf blindol-4- 446 (M+1)
yimethyl} -thiazole-4-carboxylic acid |
10 Intermediate 64

{(5)-7-Cyano-4-[4-(2-trimethylsilanyi-ethoxyecarbonylamino)-thiszel-5-ylmethyii-
1,2,3.4-tetrabydro-cyclopentajblindol-2-yil-carbamic acid isoprepyl ester
N

7" r

N I

Slowly add diphenylphosphorylazide (5.45 g, 4.27 mL, 19.8 mmol) to a refluxing
15  mixture of 5-((8)-7-cyano-2-isopropoxycarbonylamino-2,3-dihydro-1H-
cyclopentalblindol-4-ylmethyl)-thiazole-4-carboxylic acid (3.82 g, 9.00 mmol), Et;N
(2.00 g, 2.76 mL, 19.8 mmol), and 2-(trimethylsilyl)-ethanol {10 mL, 8.25 g, 69.8 mmol)
in toluene (270 mL). Continue at reflux for 3 h, then cool to room temperature.
Concentrate the reaction mixture o give 14.85 g crude. Purify on silica gel (115 ¢) using
20 20-60% EtOAc/hexanes to give 4.06 g (84%) of the product as a yellow solid. LC-
ES/MS m/z 562 (M+Na), 538 (M-H), Ty = 3,1 min.

Prepare the following compound essentially as described for Intermediate 64,



0 541 (M+1) WO 2008/063867PCT/US2007/083745 -65- (R)-5-
:2-[(dimethylamino

weLlionylsagmino-7-cyano-2,3-dihdro-1H-cyclopentalblindol-4- yirpgttdolos3745
-thiazole-4- carboxylic acid ethyl ester Intermediate 61 474

(Mt-])

-67-

(R)-{5-[2-(dimethylamino)sulfonyl-amino-7-cyano-
MS m/z

559 (M-1)

Intermediate | 2,3-dihdro-1H-cyclopentalb]indol-4-yimethyl]-

65 thiazol-4-yl}-carbamic acid-2-trimethylsilanyl-

ethyl ester

Example 91
[(8)-4-(4-Amine-thiazel-5-ylmethyl)-7-cyano-1,2,3 d-tetrahydro-cyclopentajb]indel-

Z-ylj-carbamic acid isopropyl ester

”’ r
g

. NH,
Treat a mixture of {(S)-7-cyano-4-{4-(2-trimethylsilanyl-ethoxycarbonylamino)-
thiazol-5-ylmethyl]-1,2,3 4-tetrahydro-cyclopenta[ 5 lindol-2-y1}-carbamic acid isopropyl
ester (3.98 g, 7.37 mmol) in THF (40 mL) with tetrabutylammonium fluoride (1.0 M in
THF, 14.74 mL, 14.74 mmol} and heat to 50 °C. Cool to room temperature after 40 min,
10 dilute with water (40 mL), and evaporate the THF under vacuum. Filter a solid off of the
resulting aqueous sturry and dry in vacuo at 40 °C to give 2.43 g product as a tan solid.
Dissolve the product in 250 mL boiling EtOAc, then concentrate to a volume of about
100 mL. Add 50 mL hexanes, then cool the mixture to -26 °C in a freezer overnight.
Collect the sclid and dry in vacuo a1 40 °C to giv'e 1.74 ¢ (60%) of the product as a brown
15  solid. LC-ES/MS 396 (M+1), Tr = 2.2 min.
Exampie 92
(R)-N'-[4-(4-amino-thiazel-5-ylmethyl}-T-cyane-1,2,3,4-tetrahydro-
cyclopentalhlindel-2-y1|-N.N-dimethylsulfamide



19

15

20

t Obtain the example shown by chiral separation of raceme product, essen
to the procedure described for Example 56a, 56b, Example 90

wRedkdhd@r Amino-pyridin-3-ylmethyl)-7-cyano-1,2,3,4-tetrahydraaeyeiare 4s

ntalblindo1-2-y11- N,N-dimethylsulfamide O H/ N-S-N 0 Chiral H2N
Prepare the title compound essentially using the procedure as described
in Example 54, using (R)-N'- ._
|7-cyano-442-(1,3-dioxo-1,3-dihydro-i$§indo1-2-y1)-pyridin-3-
ylmethy1]-1,2,3,4-teirahydro-cyclopenta[b]indol-2-y1)-N,N-dirnethylsulfarni
de to obtain 100.13 g ( 61%) of product. MS @nrp: 411.0 (M+1).
Intermediate 62 -8
54(S)-7-Cyano-2-isopropoN yearbn @ 0-253.d‘ihydro-lH-cycIopenta[b]i
ndol-4- ylmethyl)-thiazole-4-ca ylig-acid O tbifseat a mixture of
545)-7-cyano-2-isopropoxycarboriylaiinog2,3-dihydro-1H-
cyclopenta[b]indol-4-ylmethyl)-thiazole- \c@rboxylic acid ethyl ester (3.745
g, 8.28 mmol) in EtOH (100 mL) and THF (40 mL) with 5 M LiOH (8.3 mL,
41 4 mmol) and stir -66- at room temgerature for 18 It Add 5 N HC1 (9
triL) brifgipgepght tati2d Gomsemtf atecthalieactionmhixtiise bhytrpliava pyextract
.- iﬁt%%?d(%é%%%{;il&r)o)gﬁ)&&{ggl}h%o@ﬂ%%%ﬂ;Sflﬁﬁfd:-ﬁﬂ%gcﬂﬂﬁ%@}ﬁ@fﬁ] fRuo1-4-
. 0 -

give g.(>1 of 5-((§)-7-cyano-2- )
iggﬁFﬂﬁ’&x@\%ﬁb“ﬁ% IHvE Sitifydriet i itae el spkasrubshsti)-
higzaler4+ BcatBoxy howaecididsacpalieyellownsalich D IIME thif 24200 with
(Mﬁw aégl?te(w(}'o{)nﬁ!gnﬁd%ﬁlmﬂh Wﬁ&%ﬁﬁﬂ%@o@w iﬂl% GRE HMon over

essentially as described for termediate 62. Intermédiate 63
(M@zﬁﬁ%ﬁn@ﬁwa}lﬂiﬁ@)@gwﬁﬁﬁyf}lﬁfﬁ figiifica gel chromatography (100%
ciyaiee 203 dividcoiRdocye)l apentaNindal-4o0yimeathyisthiaapiesdigarboxylic
acid MS m/z 446 (M-1)

Intermediate 66
(8)-(7-Formyl-d-pyridin-Z-ylmethyl-1,2,3,4-tetrahydro-cyclopentalf)ind o1-2-y1)-
carbamic acid isopropyl ester

Dissolve (8)-(7-cyano-4-pyridin-2-ylmethyl-1,2,3,4-tetrahydro-
cyclopentalbiindol-2-yh-carbamic acid isopropy! ester (200 mg, 0.53 mmol) in 88%
formic acid (10 ml) and water (1 mL). Add aluminum-nickel catalyst (50/50 wt%) and
heat at 90 °C for 24 h. Add water (1 mL) and beat for an additional 24 h, After cooling
to room temperature, add methanol and filter off the catalyst through Celite®. Dilute
with ethy! acetate and basify to pH = 10 using 10% potassium carbonate. Separate the
phases and wash the organic phase with 10% potassium carbonate. Dry the organic
portion over anhydrous sodium suifate, filter, and concentrate to obtain the title
compound as an orange oil (181 mg, 91%). Use the crude product without further
manipulation, MS (m/z): 378.2 (M-+1).



10

15

10Intermediate 64
f(S)-7-Cyano-444-(2-trimethylsilanyl-ethorycarbonylamino)-thiazol-5-ylmet

wbylih B skeaetrahydro-cyclopentalblindol-2-ylkcarbamic acid is@propyb@aies4s

0 N-1( H 0-N-Sic" Slowly add diphenylphosphwylazide (5.45 g, 4.27 mL,
19.8 mmol) to a reflux Ig 1 Smixture of
54(8)-7-cyano-2-isopropoxycarbonylamino-2,3-dihydro-1H-
cyclopenta[blind01-4-ylmethyp-thiazo1@{)-"4-carboxylic acid (3.82 g, 9.00
mmol), Et3N (2.00 g, 2.76 mL, 19.8 minol), and 2-(trimethylsily1)-ethanol
(10inL, 8.25 g, 69.8 minol) in tolugne,(2i7@4nL). Continue at reflux for 3 h,
then cool to room temperature. Concentrate the reaction mixture to give
1998 (Y BRRR B R SEA BT S 3] Uhg 2320 d6%% BB eihexanes
tovgivped 9B on@1% )y Bicthvd produdctidsoprgefiowisolid. LC- ES/MS nvz 562
(M-1-19a), 538 (M-H), TR = 3.1 min. Prepare the following compound
essentially as described for Intermediate 64. WO
2008/063867PCT/US2007/p83745 -6 Nﬁﬁf% late 65 (R)-
542-(dimethylaminu)sulfion i y 203 0/1H-cy clopentaUdindol-4
-ylmethy1]- thiazol- 4 - yl) -ca cid-2-trimethylsilanylethyl ester MS
m/z 559 (M-1) =

\

Dissolve (8)-(7-formyl-4-pyridin-2-ylmethyl-1,2,3,4-tetrahydro-
cyclopenta[bjindol-2-yl)-carbamic acid isopropyl ester (181 mg, (.48 mmol) in methanol
(10 mL) and 1.0 N sodium hydroxide (2.4 ml, 2.4 mmol). Add methoxyamine
hydrochloride (120 mg, 1.44 mmol) and stir at room temperature overnight. Dilute with
ethyl acetate, wash with 10% potassium carbonate, dry over anhydrous sodium sulfate,
filter, and concentrate. Purify the crude product on a 12 g silica gel column eluting with
30% ethyl acetate/dichloromethane to obtain the pure title compound (53 mg, 27%).
LCMS 4067.1 (M+1).

Prepare the oximes, Examples 94-101, in Table 6, essentially according to the
procedures described for Intermediate 66 and Example 93, starting with the appropriate
nitrile.

Table 6

Example Chemical Name MS m/z
(8)-[7-(Methoxyimino-methyl)-4-pyridin-2-

04 yimethyl-1,2,3 4-tetrahydro-cyclopentajblindol-2- | 293 (M+1)

yl}-carbamic acid ethyl ester

(8)-[4-Isothiazol-3-yImethyl-7-(methoxyimino-
95 methyl)-1,2,3,4-tetrahydro-cyclopentalh]indoi-2- 413 (M+1)

yil-carbamic acid isopropyl ester

(8)-[4-Isothiazol-3-ylmethyl-7-(methoxyimino-

96 methyD-1,2.3 4-tetrahydro-cyclopentalblindol-2- 399
(M+1)

yl}-carbamic acid ethyl ester




10

15

wislindek@adi-carbamic acid isopropyl ester NH, 5

Example 91
pS)-4-(4-Amino-thiazol-5-ylmethyl)-7-cyano-1,2,3,4-tetrahydro-cyclopentai
Treat a migttgh/083745
{(5)-7-cyano-444-(2-trimethylsilanyl-ethoxycarbonylamino)-
thiazol-5-ylmethy11-1,2,3,4-tetrahydro-cyclopenta[b]indol-2-y1}-carbarnic
acid isopropyl ester (3.98 g, 7.37 mmol) in THF (40 mL) with
tetrabutylammonium fluoride (1.0 M in"THF, 14.74 mL, 14.74 mmol) and
heat to 50C. Cool to room temperature after 40 min, 10dilute with water
(40 L), andeva @ﬁ{_qge[gbgoﬁ'{;ifzdﬂngﬁhq\éwwjdm@it&m%g off-of-the
resulting aqueous slurry and dry in vacua at 40V to give 2.43 g product
as a tan $4lid. D's@Bﬂ’/lé%rﬁezﬁr‘&)‘éﬂaljﬁ‘fi%@”ﬁlu?_?ﬁﬁﬁih@%ﬁt, thef4 (M+1)
congcentrate to a|vdldfs-oinabiouidBehimd . Add 50 mL hexanes, then cool
the mixtureto=26-C a4 rnightCottect the sotic-and-dry-in
vacua at 40C to g(lsjeji%f g\%{é%%%\ﬁglfh[ﬁdeh%tr? ugtLt ?gzgﬁk?;own 15solid.
LC-ES/M%3396 (Miathyir!.2 D9t siinhy SeafvpiRpapelvlindol-2- 1 434 (M+1)
(R)IN1'14-(4-amjnorjsizdiltiimetay)dé-cyano-1,2,3,4-tetra
hydrocyclopentalblindet2=y=-N-N=-dimethylsutfan -
the ltitled compou‘r(flg)—gqg_ gﬁ jally ast erécclzlﬁhft)eﬁI or Elgrfﬁple 91, lusing
(R){1542elimethyfagiivio)stiferysbrhiie:? - tyearduain-dindro-|Héeyclapent
a[blindol-4- yImeth{&iﬁﬁ&ﬁ@%ﬁr&&}szrﬁa;migi%ﬁmy&@}\mIs lanyl-ethyl
ester-ant-heating-theSreaction-at-60-CHor-3-hoprs-—After-cooling-toroom-
temperature dilutéy‘&t 5@?@;%8%%' Hntlelfﬂyrf’%ﬂc]é%i%p& A1) arld wash with
water anghbrine.| Dipatielorgamc grttichooustiasdieliisdifate, filtog and))

concentrate. Purify by siliga ggl shrapsatography (100% EtOA¢ to

HMaNHIEIOAc) to-obiain-0.94.a.(609%). L CMS. 417 0. (M+1)_lIntermedi
A R et et a O metRy oA it oo
10(B)-(7 #oermy1-ipstidin-2-thtetaykdr S amtrabyidrdstgeloperitalBlihta
-2-y1)- carbamic apidiisopRRyl RSiBmide Dissolve 426 (M-1)
(S)47-cyane-4-pyridin-2-ylmethyl-1.2, 3 4-tetrahydrocyclopentalblindol-2+
ye-carbamie acid isopropyl ester (200 mg, 0.53 mmol) in 88% formic acid
(10 ml) and water (1 mL). Add aliixanyre-hickel catalyst (50/50 wt%) and
Taneal Ao 12402 A Rigy & ibland Reat R an adaiiona Adho.

me

After cooling to room temperature, a anol and filter off the catalyst
tArOGA BHTHA S P P AR &HI6Y acetate and basify to pH = 10 using 10%
p(_)tassihlm s;aeba_rwteiasépwme(ﬁf)é@@aéesm@zm—ma@hgan]'e:pehase
i LOR-RIaRSINAARRRRRIS, DI e ALIADIE AR AYRLANAII0LS 073

sodium sulfate, filter, and concentrate to obtain the i com ound as
A B b1 Bt U467 S SO APE LA A SRR WiEABCE ueense NEE

ruéamipelaticinMS(miz): 1878 L Miklraction vessel, and warm to room temperature
over 24 h. Heat the reaction up to 50 °C for 18 h, then at 80 °C for 72 h. Cool the

araia] [aJe] Proanar

Ll
thie

A
A

reaction in a dry ice bath. Carefully open the reaction vessel and allow the liquid NH; to
evaporate. Dissolve the residue in EtOAc (50 mL) and wash the organics with water (3 x
20 mL). Dry the organics (MgSOy), filter, and concentrate to give 27 mg crude product
as a colorless film. Purify on 4 g silica gel [50-100% EtOAc/(1:1 CH:Cly/hexanes)] to
give 8 mg (28%;) of the title compound as a colorless film. LCMS 100% (@ 4.23 min m/z
391 (M + H), 389 (M ~ H).
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-69- Example 93 (S)-17-(Methoxyimino-meth
y1)-4-pyridin-2-ylmethyl-1,2,3,4-tetrahydrocyclopentaiblindol-2-yli-carbami

wo aigdsmpropyl ester 5Dissolve PCT/US2007/083745

(8)-(7-formy1-4-pyridin-2-ylmethy1-1,2,3,4-tetrahydro-
cyclopenta[b]indol-2-y1)-carbamic acid isopropyl ester (181 mg, 0.48
mmol) in methanol (10 mL) and 1.0 N_sodium hydroxide (2.4 ml, 2.4
mmol). Add methoxyamine hydrochlomfe (120 mg, 1,44 mmol) and stir at
room temperature overnight. Dilute with ethyl acetate, wash with 10%
potassium carbonate, thy over anhygrgusigadium sulfate, 10filter, and

C rate. Puri the rodyct on a, srlrca I column elutin
vriors%?ggé/%%‘e[{h?? égX ?a%e7 }%qel# oE?t r%efﬁ%h% FRHRCSRD t&]ﬁ%‘mgm
(B3 irer 2706y, ﬂ.@i\lﬁ@iﬂ@ﬁif(%l) Prepare the oximes, Examples
94-101, in Table 6, essentlally according to the 15procedures described
for Intermediate 66 and Exah 93, stalling with the appropriate nitrile.
Table 6 Example Chemical N ‘ %40
(S)-[7-(Methoxyirnino-methyl)-Z2-pygidin-2- o 7/
ylmethy1-1,2,3,4- tetrahydro-cgr%pbnta[b]indol-z- ylkarbamic acid ethyl

|

W

R =

ester 393 0\4+1) 95
(S)44-1sothiazol-3-ylmethyl-7-(thethtxyiminomethyl)-1,2,3,4-tetrahydro-cy

CIOpen@MﬁQ iy [dtlﬁagﬂﬁ{f@ ?z&]ﬁir '§ ﬁFﬂI(JzﬁtSya‘%% Q\@'Fﬁllgeaghydm»

(5)44-1sothiazol-3-ylmethyl-7-(methoxyiM
(SRR D el e%r%yd%m&&?we‘ﬁra BRI i grbhrilidiethyl (0
esler39 8 {ivibic) (h/OI-2008/06B886:HR T MIS2 00 2/083 ik refO:vO Yeactor vials.

Cool each reaction vessel to 0 °C and sparge with anhydrous NH; for 15 min. Seal each
vessel and heat to 200 °C for | h in a microwave reactor, Combine the reaction mixtures
together in water (500 mL)and sonicate for 20 min. Filter off a tan solid, then dissolve
the sohd in EtOAc¢ (500 mL). Dry the organics {MgS0O,), filter, and concentrate to a
volume of 10 mL, Dilute the organics with McOH (20 mL) and CH»Cl, (10 mL) and
absorb onto silica gel in vacuo. Purify on silica gel (340 g) using 1-10% (2 M
NHx/MeOH)/(1:1 CHoCly/hexanes) to afford 1.50 g (18%) of the title compound as a
vellow solid. MS (m/z) 391 (M +1), 389 (M-1). Pool and concentrate fractions
containing impure product (1.2 g), and re-purify on silica gel (80 g) using 3-8% 2 M
NHy/MeOHY(1:1 CHCly/hexanes) to afford a second crop (503 mg, 6%) of the title
compound as a vellow solid.

Example 194
[3~((5)-7-Cvane-Z-isoprepexycarbonyiamino-2,3-dihydro-1 H-cyclopentalh|indoi-4-
vimethyD-pyridin-2-ylaminol-acetic acid

z\a\\
H
Ly
‘N L 7/
Y
N?\m/“coze

Dissolve [(S)-4-(2-amino-pyridin-3-yImethyl)-7-cyano-1,2,3 4-tetrahydro-
cyclopenta[b]indol-2-y1]-carbamic acid isopropyl ester (253 mg, 0.650 mmol) in EtOH



(2)-N'44-Isothiazol-3-ylmethy1-7-(inethoxyiminomethyl)- |
,2,3,4-mtrallydro-cyclopentalblindol-2- yfl-N,N-dimethylsulfamide 434

W (L4225 3887(2)-N'47-(Methoxyimino-methyl)-4-thiazol-2- PCT/US2007/083745
ylmethy1-1,2,3,4-tetrahydro-cyclopenta[b]indol1-2-
yIEN,N-dimethylsulfamide 434 (M+ 1i 99
(R)-N-[4-(6-Fluoro-pyridin-2-ylmethyl)-7- (methoxyimino-rnethyl)- |
,2,3,4-tetrahydro- cyclopenta[b]indol‘-éz-yl]-N,N-dimethylsulfamide 446
(M+I) 100 (R)-1\1147-(Metlioxyimino-methyl)-4-pyrazin-2- ylmethyl-
(a&metﬁﬁmy%%-&y&d@laﬁm@@]m@%@x YDA ﬁHﬁﬁ%ﬁﬁH ieroide 4

(I%qrr%éﬂ)l’ygei, ’ azﬁét r’\&?tg?é(y I;&O g%égglf,b%? Hﬁp }/éa() pr-%]:: ‘fi 08 bar). Filter the
wimlmmgmmmmggemgmﬂ@qmb the catalyst/sieves with THF (30

Exam @&11191?6 the fiitrate and concentrate in vacuo to a yellow oil. Triturate with water

ino-pyrazin-2-ylmethyl)-7-cyano-1,2,3,4-tetrahydro-cyclopental
e P e PSR s S b SSiary

()n[m(ggcﬁrotgpgy@zmﬂmwﬂemy]»@myaﬁnﬁ sonicate the slurry for 30 min. Filter
LiPoB G YRR &;%'P@@ Rialhlindaleg: y&maa@@wgc;%@ 150P80RY, h‘??/&%g
(30 mL, 0 073 mmol) in ethy1-2-pyrrolidinone (NMP) (0.5 mL) and cool to
5% Eliééﬁ?j%e}ﬁHs into the reaction mixture (1 mL), seal the reaction
vessel, and warm to room temperature over 24 h. Heat the reaction up to
50 C for 18 h, then at 80 C for 72 h. Cool the 1 Oreaction in a dry ice bath.
Carefully open the reaction vessel and allow the liquid NH3 to evaporate.
Dissolve the residue in EtOAc (50 mL) and wash the organics with water
(3 x 20 mL). Dry the organics (MgSO4), filter, and concentrate to give 27
mg crude product as a colorless film. Purify on 4 g silica gel [50-100%
EtOAc/(1:1 CH2C12/hexanes)] to give 8 mg (28%) of the title compound
as a colorless film. LCMS 100% @-:); 4.23 min m/z 15391 (M + H), 389
(M H). -71- Example 103
(S)-[443-Amino-pyrazin-2-ylmethyl)-7-cyano-1,2,3,4-tetrallydro-cyclopenta
Nindoi2-yll-carbamic acid isopropyl ester N NH, 5Dissolve
(S)44-(3-chloro-pyrazin-2-ylmethyl)-7-cyano-1,2,3,4-tetrahydro-
cyclopenta[b]indol-2-y11-carbamic acid isopropyl ester (8.89 g, 21.7
mmol) in NMP (36 mL) and distribute the mixture evenly between three
10-20 mL microwave reactor vials. Cool each reaction vessel to 0OC and
sparge with anhydrous NH3 for 15 min. Seal each vessel and heat to 200
C for 1 h in a microwave reactor. Combine the reaction mixtures
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10together in water (500 mL)and sonicate for 20 mm. Filter off a tan solid,
then dissolve the solid in EtOAc (500 mL). Dry the organics (MgSO4),
filter, and concentrate to a volume of 10 mL. Dilute the organics with
MeOH (20 mL) and CH2CI2 (10 mL) and absorb onto silica gel in mato.
Purify on silica gel (340 g) using 1-10% (2 M NH3/MeOH)/(1:1
CH2C12/hexanes) to afford 1.50 g (18%) of the title compound as a
é eIIow solid. MS (m/z) 391 (M 1), 389 (M-1). Pool and concentrate
Fractions containing impure product (1.2 g), and re-purify on silica gel (80
g) using 3-8%d(@pd i 3fVfeaih)/61(T: CH)Clilhexanes) to afford a second
crop (503 mg 6%) of the trtle compound as a yellow solrd Example 104

a éﬁtrd H Drssolve
[(8)-4-(2-amino-pyridin-3-y|met 1)- l\cyano -1,2,3,4-tetrabydrocyclopentalb
Jindol-2-ylkcarbamic acid isopropyl ester (253 mg, 0.650 mmol) in EtOH
-72- (25 miL). Add 3A molecular sievgs and glyoxylic acid monohydrate
(239 mg, 2.60 mmol), then stir at 40-110C for 18 h under hydrogen (60
psi, 4.08 bar). Filter the reaction through a pa@oéi’lq]d‘ilét aceous earth and
washtbg:gatalyst/sieves with THF (50 mL). Combine the filtrate and
concentrate in vacua to a yellow oil. Triturate with water 5 (30 mL) and

sonr@&e(%he FAER S G BBH LSS S Rk EAREEEHEY8R: solid and

dry Rivaguaschtitaraie the selichwith, ERC K lorapd senicate the slurry
for 302m|n Filter to ob n 190 m 2(1%35%) of the product as a tan solid.

LCIVA %'6@/3%‘%&%1 nR4A8 M +14), 446 (M - H). CH2
Formdfer(hrbwherein,-the i &y, qarpan periey m@yio@rdwne)&r\‘az@rzﬁjs

con ation; R1r re y CH=NOC|-13. OMR), or -0CF3; R2
rep SentTeHIRAL o7 gﬁgﬁé yﬁo}jmpyl’?% rlr\alére%ehts (C -C4)alkyl,
(C 1M@m@m@m@mmﬂym@wm@ Rathrepresents [CdrCd)alkylaliyl;

cyclopropyl or -NRaRb: Ra and Rb each independently represent at each
occurrence H or (Ci -Calkyl; and R3 represents a heteroaryl group

seleﬂ%mmmlﬂwmmmmgﬁﬂmgsdfewdd'm pyrignidinybnpisazinytl pyridinyl,
pyrﬁxrcg az 4 3'/%%@4%%9% %tz@% llyézoﬁ'y t?slgt 1'}%228%11 Gad hlnacyv azgﬂl each of which

is optionally substituted with 1 or 2 substituents independently selected from the group
comnsisting of methyl, ethyl, bromo, chloro, fiuore, -CHF», -CF3, hydroxy, amino, and
-NHCH,CO»H;

or a pharmaceutically acceptable salt thereof.

2. The compound according to Claim 1 wherein R represents cyano, or -
CH=NOCH;.

3. The compound according to Claim 2 wherein Rl represents cyano.

4. A compound or salt according to any one of Claims 1-3 wherein R<@

represents (C1-Cyalkyl, (C1-Cy)alkoxy, cyclopropyl, or N(CH3)» and R2D represents
(C1-Cgalkyl, cyclopropyl, -N({CH3z)2 or -N(CoHg)o.



BA

€

1 5is optionally substituted with | or 2 substituents independently selected
from the group consisting of methyl, ethyl, bromo, chloro, fluoro, -CHF).
-CF3, hydroxy, amino, and -NHCH2COZ2H; or a pharmaceutically
acceptable salt thereof. 202.The comggund according to Claim 1 wherein
R1 represents cyano, or - CH=NOCH3. 3.The compound according to
Claim 2 wherein R1 represents cyano. 254.A compound or salt according

to any onegf Claims 1-3 wherejn R2a represents (Cl 4)a|ky|

O kNS BRSO 3)3 T RO ot Sebis i
Rz@yet@@f@nyleﬂw(ahdﬁ)%ﬂr rﬁlﬁ(t@&k‘yl%)ﬁox?4pr@a_ﬂe copopund Reeargingter:-

to Clal 4 wherein %%ﬁ(?@esents -COR2a and R2a represents ethyl,

bm%?@pr%ﬁy?pﬁ%ﬁ%% Zbropoxy, isopropoxy, isobutoxy, tertburoxy,
cyclopropyt, or -MCH3)2. The compound according to Claim 5 wherein

R2a represents isopropoxy. 7The compound according to Claim 4 wherein
R2 1&presehts SOARIB LAG HIDFARTeLMts METRGH SXhyFBIBULS SOProPOsy.
cyclopropyl, -N(CI-13 )5 or -N(C51-15)5. 108.The compound or salt
accarding tg, Claim 7 wherein 2b reprgsen A compound according 4
ny e of CIRHE Tod 28 1SR e Ce o 2R and

R')Eaebmcﬂemeeﬁlsyiln e lSreonfigusationotd, -N(CH; A comjgbuhd mccording
to any one of Claims 1-4, 7, or 8 wherein R2 represents -SO5R2b and the
"C*" carbon center is in the R configuration, 11. A compound
accdrding tbrampopewidGiaims a0dihereiil R representRal represents

) teroaryl group selected from the group consisting of pyridinyl,

' @I‘I idinyl, pyrazinyl, pyridazinyl, thiazolyl, isothiazolyl, and thiadiazolyl,

each of which is optionally substituted with 1 or 2 substituents

d dently. s¢ i I
chiots oro, CHIE) Rythaty, e S RHCEC ot e gresents

-CQBn?p@Iﬂwtﬁl%t eordinges claim BinthereieREvepiesents 6-fluoro-
pyridin-2-yl, pyridin-2-yl, 3-hydroxy-pyridin-2-yl,
6-difluoromethyl-pyridin-2-yl, 2- amino-pyridin-3-yl,
2-catBoxyrethyiaming HpRewng i amiazsl o Glapmndtty Zivng otargin R2

repfeShiQrosthiadd-daylyihiazel-Zayl thiagel:5:yl, famingriiazelsa:y!
pyrazin-2-yl, 5- methyl-pyrazin-2-yl. 3-chloro-pyrazin-2-yl,

6-methyl-pyrazin-2-yl, 3-amino-pyrazin-2-yl, 30or 3-methyl-pyrazin-2-yl.

75 11. 13 dheeempaundacearding JR-Caim iz wherein B3 fedessrisnts a
pyridin-2-yl. 2- amlno§yrld|n -3-yl, thiazol-5-yl, or 4-amino-thiazol-5-yl.
heteroaryl group selected from the group consisting of pyridinyl, pyrimidinyl, pyrazinyl,

pyridazinyl, thiazolyl, 1sothiazolyl, and thiadiazolyl, each of which is optionally
substituted with 1 or 2 substituents independently selected from the group consisting of

methyl, bromo, chloro, fluoro, CHF», hydroxy, amino, and -NHCH,CO,H;.

12.  The compound according to Claim 11 wherein R3 represents 6-fluoro-
pyridin-2-yl, pyridin-2-yl, 3-hydroxy-pyridin-2-yl, 6-difluoromethyl-pyridin-2-yl, 2-
amino-pyridin-3-yl, 2-carboxymethylamino-pyridin-3-yl, thiazol-4-yl, 2-methyi-thiazol-4-
yl. 2-chloro-thiazol-4-vl, thiazol-2-yl, thiazol-5-yl, 4-amino-thiazol-5-yl, pyrazin-2-yl, 5-
methyl-pyrazin-2-yl, 3-chloro-pyrazin-2-yl, 6-methyl-pyrazin-2-yl, 3-amino-pyrazin-2-yl,

or 3-methyl-pyrazin-2-yl.



&y

10

15

20

30

14. The compound according to Claim 1 wherein, the "C*- carbon
center is in the S configuration when R2 represents -COR2a and in the R
configuration when R2 represents -SO7R2b; RI represents cyano or
-CH=NOCF13; R2a represents etl]ﬁgl, isopropyl, methoxy, ethoxy,
propoxy, isopropoxy, isobutoxy, ten-butoxy, cyclopropyl, or NI(C1-13)2;
and R2b represents methyl, ethyl, propyl, 10cyclopropyl, -N(CH3)2 or
-N(C2H5)2; and R3 represents 6-fluoro-pyridin-2-yl,.pyridin-2-yl,
3-hylitoxy-pytdiRzegrast %ﬂ%%ﬁl&&aﬁ;}ﬁwgim@egﬁa@{%fn{%@ﬁwaiﬂy§ﬂge-2-ﬁ
2-anberhexanethylaminaypyridinSsyhaayemidined-ad 1.
pyrimidin-2-yl,thiazol-4-yl, 2-methyl-thiazol-4- yl, 2-chloro-thiazol-4-yl,
thiazol-2-yl, thiazol-5-yl, 4-amino-thiazol-5-yl, pyrazin-2-yl, 5-
15methyl-pYtazindpphudt chleneipyrazittdnyli 6reethyl-pyrazin-2-yl,

3-amino-pyrazin:2:yl, 3-methyl-pyrazin-2-yl, pyridazin-3-yl,
5-bromo-isdtfiazol- % ?%Sﬁﬁﬁ{gfg%-g]—t Fi?gpﬁﬁ%ﬁ%@g&ﬁ%ﬁggﬁeg?ms
-CORZ&jthiddigror -Syig2Qlisrivdempoundrsetacteddrmaithe group

consisting of (S)-(7-cyano-4-. . ... ..

pyri |n-E%T%é?g@fyfé?éfﬁigt}r{g%g%g@]dopenta[b]indol-2-y1)-carbamic

acid%@p@m&c&ﬂeﬁuﬂ isopropyl, methoxy, ethoxy. propoxy, isopropeoxy, isobutoxy.

(R):(7-cyano-4-thiazol-5-ylimethyl-1,2, 3d-tetrahydro-cyclopentalhlindol-2-y
tertl _?.1%535( ; ac%cl(iéo E?E%o%r%]g@ e‘él?ér;anﬁa 1eprese¥195 me iyg e%xyﬁ[pllopy?,
cyoiSpadp2-aNiinb-pyridinByiidethyBnd-cyano-1,2,3,4-

ey el eR ARl -G RARIE 35 SRPIRRY $81SFin 2.1 6.
dilBiriereksdy ety )-7lcianoiioX;Siititetiaty droadycigpenbalblincolpRidiiN3 -v1,

Hadimathylsuliamidesands_ioro pyrimidin-d-yl, thiazol-4-vl 2-methyl-thiazol-4-
P T TMAER B 2-chrmyrimidin-4 -1 izl 2oy -4hfazol-4
vl eyeidperitafsimdod 2yajod arbanicaacl e isb propyinesteigae & -yl, pyrazin-2-yl, 5-

UAceHtically; aggepiaRle SALNeIB e, A5£1 ¢ IMROHAG ACCOIINg, >

im?c?@fa’im 15 which is (S)-( -cyanq—g-py%?n%-_%%az FERS ORI st
3-mrhattprazin-3-alietradgidrocykldpgeataiblintohzel 3yt adsaniedciey . 4.5-
dicITORIARAESISL- 1. 1142 CHRRANM accprding to any one of Claims 1-16

for use in the treatment of hypogonadism, reduced bone mass or density,

osteoporosis, osteopenia, reduced muscle mass or strength, sarcopenia,

delayed puberty in boys, male or female sexual 10dysfunction, erectile

dysfunction, reduced libido, depression, or lethargy. 18. The use of a

compbund AGEHREME o dRyehE oPEhsissUR teFiRe Marfurateiensfh
pyrfBROCamRm,p1 the reatment:oiWRABANFS R edHGRd BAREMATS Qpropyl

densitrglZ osteoporosis, osteopenia, reduced muscle mass or strength,

estela feopérmifefalar BpunBRs v bbys - rikieady femarel sasvial el aneheish-
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<400> 1 ggttcttgga gtactl5 <210> 2 <211> 15 <212> DNA <213> Artificial
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16. A compound according to Claim 15 which is (8)-(7-cyano-4-pyridin-2-

vimethyl-1,2.3,4-tetrahydro-cyclopenta[blindol-2-yl}j-carbamic acid isopropy! ester.

17. A compound according to any one of Claims 1-16 for use in the treatment
of hypogonadism, reduced bone mass or density, osteoporosis, osteopenia, reduced
muscie mass or strength, sarcopenia, delayed puberty in boys, male or female sexual

dysfunction, erectile dysfunction, reduced libido, depression, or lethargy.

18. The use of a compound according to any one of Claims 1-16 for the
manufacture of a medicament for the treatment of hypogonadism, reduced bone mass or
density, osteoporosis, osteopenia, reduced muscle mass or strength, sarcopenia, delayed
puberty in boys, male or female sexual dysfunction, erectile dysfunction, reduced libido,

depression, or lethargy.

19. The use according to Claim 1§ for the manufacture of 2 medicament for
the treatment of reduced bone mass or densify, osteoporosis, osteopenia, or reduced

muscle mass or strength.

20. A pharmaceutical composition comprising a compound or salt according to
any one of Claims 1-16 in combination with one or more pharmaceutically acceptable

carriers, diluents, or excipients.
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