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WD 2008/ 063867 PCT/ US2007/ 083745
TETRAHYDROCYCLOPENTA[ b] | NDOLE COVPOUNDS AS ANDROGEN

WORIORPIIBR MODULATORS TECHNI CAL FI ELD OF | NVENACTINS2907/083745

The present invention relates to
t et rahydr ocycl opent [ b] i ndol e conpounds, or
phar maceutically acceptable salts thereof, that are
useful as therapeutic agents, to pharnmaceutica
conpositions conprising the conmpounds or salts, to
nmet hods of using the conpounds or salts to treat
di FETRAKBYDROQGY CEOPENTAJLIND AL € OMRDENSS ANANDROGEN
processes useful i he conpounds.
10 BACKGROUND OF Tlﬁ(ﬁmr%g@ndAgéngus st er oi dal
androgens exert profound influences on a nultitude of
physi ol ogi cal f%ﬁﬁﬁ%ﬁﬂ?jL%QELﬁQ%@ﬁ%§Eﬁ&]§Ner°'da
andr ogens (e. erone an
5a- di fﬂh@lpreteesm@@men origey DTy doey clvpdit@iiedbldyonjvends, or
g@%?&ltlca{l a%le(séﬁ? thgiggf ﬂ;t%‘y ar? %seﬁﬁ Q? {h%lcahgurtfc Zag(gltsa %o
na genic rn nature.” FolTow hg androgen
lphﬂdlac@,nc%tlhemp(&tikﬁs ool isgeke @nqmnﬁctsrqma:lisanaﬂleﬂdda nf@ing the

t h o&nﬁggrs’s!aﬁsp%hﬁﬁt &ISOI'(EGI' 1n§3§{1eenrtsﬁe OA ermeﬁ ?GS a}ld EI'OCGS?GS

ro enfte
e&ﬂhbmﬂss&ﬂ@ﬁ%@oﬂﬂmqonmbm&ke or repress transcrlptlon
of target genesp ' di ng)

ef fects of androgens |Q@%QF€{I%%?§§§S%§B scl e mass

and sEncmggndns atenhdmbm&irqmssexemﬁpm*fewsi mifhwhnoage)macrm(lntuée of
g)ﬁ%sm %%{cal %uncggnse{" %ects OP sﬁeroddsl anlamfgnesv(e g g'{e srtf%rﬂrgef anIcTHI €

xual aracter i's
IS&t(ﬁliy’dadtesit@M@ﬁL(DHTyﬁaré e sibes bﬁ theandrbg@ﬁrte@bﬁ)r aARl) and may be

m nal vesicl|e), ext er nal enetalia eni s, an
§g?r6‘{t‘iﬁFFd 3y %I)&L%}e Ora O%FR1N Gyt Fofarine F?fggge@é?&lﬁlé‘{&: g}ﬁs‘\R
uRd@Bsk Qg6iYom@iishd cﬁéhggﬁrbén Qe flcatol tohh@esmﬁlc@ﬁﬁwhere it binds to
asso iated with seri effects i n both nual es

[CSNApERIcRSEA e o s FESBYE CHmenidoREs e P or repres

It@ﬂ@hﬁtlorﬁmérga%end@omebcn\ie @i Rssuél baRBA g $ffadidlof androgens include
cardi ovascul ar di sease rates increase, and the ratlo

deresingusqle Magsaad siaengtl and bepcrasssvhargps prdiggeaic (i-ow

PhadSiMiARY 8ifgctOhclGdd tedlidliopheht@F hARlBERARY séb[u@l characteristics
associ ated with dimnished |ibido, unexplaine

P 2 de, IngERbeRIodnciyR tpTenP1 P ngnd St ‘éPS}C%f‘é ghggxternal
%@:ﬁ‘eﬁ’elm(?@ﬁs@dnd@&ﬂﬁlhb)’llwdb ﬂﬂtﬁﬁmﬂ?&%ﬁ@dﬁ&hs womnen.
|

ni ca t.he r|nC|paI i cation of andro%
t her aBgdusHensR aprogendgglsia é@vﬁ%‘f Wih agiDB aigSReaiek itk serious

B Bets 1n%0@fkh£le§ﬁlﬂtfelﬁalesa rEdE @ﬂﬁﬂ)ler ePmACRRAY (LRSERARY 1vAS
hypogonadal nmen has al so been shomn to 30 decrease

e ECr RosEY Weakeh dighefes HidhcarliQvagsyles divepse ratesyingaqase, and the ratio of

InREE16 Afak OB FatfaEresdhd. i f&M&sOQ)WasnﬁatV\%lsQﬁ@ﬁcdlﬁﬁ@ testosterone
clinically include treatnment of delayed pubert

@Beya@socg]lteélmlgl dl]ﬁl}qlsﬁlﬁﬁl ybld@w@%%p@sfp%gueageaerwg@{ @ well being,

WAS b 1RG0 oRE A58Sal dtﬂguy}\ﬂgbdst ﬁ@no AR QAR raRiAAE r{msrmmpal
t herapy WO 2008/ 063867 PCT/ US2 007/ 083745 -2 has been

@BRlisar @cdpndrpesntheramnlips hes ia e treagimenhef hyaeganadism i Hen.
Rl igridaBily, lahdrb¥en rbfladeRIFRY tBSapy in hypogonadal men has also been shown to

decrease bone resorption and increase bone mass. Other indications for which androgens
have been used clinically include treatment of delayed puberty in boys, anemia, primary

osteoporosis, and muscle wasting diseases. In addition, androgen replacement therapy
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androgen therapy has been used clinically for the
treatment of sexual dysfunction or dimnished |ibido.

woMeweIss7 andr ogen therapy has limtations. FOPCT/US2007/083745

exanpl e, unwanted side effects 5 of steroidal
androgen therapy include gromh stimulation of the
prostate and semi nal vesicles. In addition,
stinmulation of prostate tuno2s and el evations in
prostate specific antigen (PSA)(an indication of
I ncreased prostate cancer risk), have been associ ated
wies been amdrr@c@eﬁy wsgingfumtané forshercgipurtepar atlcdagilipf In females,
DR g b AE b A0SR R U BRSSP B seE"
Idealdwhfgi limdpoor oral 10 bioavailability and short
dur at H%?re\%fr a%ﬁltoggﬂ &Xragfhisqx%lﬁgorﬁarli%mx%}:n%le nwanted side effects
adm nistration, - vartations 1 n plasnma vé}ls,
loé patoatabxidedgey Iheonpy orchsls grosdle stlmulatwnwf the poostete amsltsemoial

{
Q%%T&n eIP] aﬁcﬁ]ﬁcﬁg%ta %%to%toq grosg% tg}élgl%%ﬁ(? El%k?&;%héjm ﬁj &s?a?&%}s%emﬁc
pnigee $PeA 0aeindieg®ptod mc(cRRY )proskagr ctaheelr misk)ehavie bedneavmicessd with
aﬂ(?ro ¢ eL‘s? fZ al%&h%ﬁl%rg ?repﬁ&%o&gﬁ%ﬁmogﬁ%& llnedatgoc{lf?ecpslégr&%l aﬁﬁ?ogens
elnate feon faahd er néfer vers rapod @agad@mcmah tlerdeolgading togroapyral

i.C |
\g?ogﬁglra??%/ hBlJ? Surgt?%a f agtlvat 0w1 @aq%nqgal[caﬁmlmstratla U’CG d
[vak@ion mqﬂiasma IW&IBL hwmowxm:ﬁty,t dwerdsy maaazhty twiithi ottfeet btorogd hormone
2‘]‘\801‘%@%%58( dthe ltug csot 261 I d%aelgtgr @(ﬂ?)ré %ﬂnéraer ?’P 01d rFégé:p?or (MR), and

y Sul acenent
Shm@ge@lmfone amdptogéﬁs) hiaurthefnogelSe fbntah:s; tﬂeuﬂel df ynemgdal androgens
t] s%\% Sf trlnvreVlE%l 192&100 en receptor nodul ators 20

F] di ¢ differentiated profile of

acti viTtnys, thareaardamgemed nt ihs sané@r altbmatiyeatd steruidalra,ndls)gel’mherapy
gngcg%fos esS til%éc%géglal s‘p %nagglo (g)eﬂwggosﬁeer%{da at%tdrlo\léeéns 1}‘[ w1th
raaedulcad lllaaghmd&tr$ncﬁi’en®./cﬁhhe&5]j)1ﬁ@dhlﬁh&t16nslaﬂsooia’md fwith ster01dal
a% ro Hérgpp%.] léecen fts 1%' I;}c?egg esél{tﬁ)é?o rsetpﬁt(éeenbe?%s félhﬁ?éro%al

iandie gdnk hmvetfc;cqsasd)m 1daattf5nngt1sne sejialtwe%hdlrcb@a radSptoﬂﬁodnﬂutm’sl

en ag art i C

PRRRER LN HEREYs BERThal il R b B e
PAoiQuIst, Sudhhugﬁhs @bﬁfﬁbt@m‘bﬂhy\lﬂnﬂhgg’f aphBt acality midnybolic tissues
rel.ative Lo th 9 § P gsr none r%téergttors Even
r%‘ih SS&WF%‘?%‘FW ae OH\YSPa RIEHPEBET FERERBES RS 1 Uife
&&dhegdmo/t&swdﬁ@lgﬁmhermcmé o senmraUl &ichiss S (SARI\/B) whi ch

di I andro acti

Dt oty B e A Epsen A dntih Yo Pl R Ereifer AR Manas

anﬁcalgm@sesst andfbgacigdovist acmvmy aMdfqumumrly 1618 W@ 8bjsttehp@Side
e or Sem n S] C

PR 0SS M n e bl G Wil B RLafPe Yetve o the

toﬁ%ér3 }ﬁlggédag);mggr r/éﬁgfzﬂcr)@ %vgg gtohﬁpapﬂi@&@lm it isnvebict1o prduoilae tissue

Cri nol.o
R0 S TR PR PO LGS A RN HBEh S Play g «eonit
nemstyes alustad orhe Gt My pardiloagedist, Ree bk dnd ul @t308ist

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:
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Cadilla et al., Curr. Top. Med. Chem (2006); 6(3):
245-270 provides a review of androgen receptor

wWorwWaleseT s. 5 Segal et al., Expert Opin. | nveBCT/{S2007/083745

Drugs (2006); 15(4); 377-387 provides a review of
androgen receptor nodul ators. Co-pending Internationa
Appl i cati on PCT/ US2006/ 024122 di scl oses

t et rahydr ocar bazol e conpound8- as androgen recept or
nodul ators. SUMVARY OF THE | NVENTI ON 10 The present
invention is directed to the discovery that certain

tetr aByUrroEy@hccipelngaa@lq%})nwl(@)oiﬁrlri)éﬂikﬂjmovié® adeficwed by
n8£§1'éf£1"aal( v\%ct%laﬁéﬂb %@elpho? HolilGtahar profiles of

activit sug are useful in the

treat ﬁﬁedltla ofal.dCeior Ber 9ledr é’éqm@@%)e&ﬁb 246 @7@prpaldes a review of

ccordingly, the present invention
%E‘g% Pt ga?%%ﬁ%%tﬁﬁd of Formula (I): RLz CNN H

Hz 158%&1 #an.nditpart(Apyn. Invagige Drygst HEO6),CS(Aat 7637 pervides a
configuration; R
Wevp &t a{ {&go%gl?ge%&)té n@:%—g

represen -OCHF2, or -OCF3; 20 R2
repr e§em>tesdmgm1wtlonal M@Zlbn PEZAJ &2@%/@3;@@2 dis¢lGsek

- Rb’
el e P e P ITER or - e,
Ra and Rb each i rddd&paiRW 0K THEINAISWETIQN each
occur "rﬁé‘;gr%selﬁlt BleriGn s cpr%)e&‘ Go"c¥é éiisco%grg; R} cEvaif EPr esents
ry de Fomt

a hetero roup ecte group consi sting
meftrapyerWClwbnta bqulemoahpnylhds qsyieﬁlzdddy/IFormyla ild &elowyhave

t h].lt%ﬁlgl! %roﬁle% 81°ac'£1 ity y S < Sng%?sq %hteg Ial%d Isgfzfﬁn)ﬁlle’ téeeaﬁﬁgt gff disorders

Iona
sesbetsivieue stblsndahdeip@ani énrtdpy. Qectoe«hhgyl, the preyanhmvergioo ppvides a

consi st f hyl, ethyl, brono, chloro, fluoro,
-Cmnd-ogg%r%luﬁ%oxy, am no, and - NHCH2CO2H, WO

2008/ 063867 PCT/ US20GR. 08 745 <4 ora
pharmaceutical ly accept sdl tc’ft—hér eof .

|
CH
s

2

P

Formula (T)

wherein,

the “C*” carbon center may be in the R, S or R/S configuration;

RI represents cyano, -CH=NOCH3, -OCHF», or -OCF3;

R2 represents -COR22 or -SOoR2D;

R2a represents (C1-Cg)alkyl, (C1-Cyg)alkoxy, cyclopropyl, or -NRaRDb;

R2b represents (C1-Cq)alkyl, cyclopropyl, or -NRaRDb;

R2 and RD each independently represent at each occurrence H or (C1-Cyg)alkyl;
and

R3 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 independently selected from the
group consisting of methyl, ethyl, bromo, chloro, fluoro, -CHF», -CF3, hydroxy, amino,
and -NHCH»CO7H,
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I n anot her enbodi nent, the present invention provides
a nethod of treating hypogonadism reduced bone nass

W@r00d@easst y, osteoporosis, osteopenia, reducedPC@TiEs1087/083745

mass or strength, sarcopenia, Age Rel ated Functi onal
Decl i ne, del ayed puberty in boys, 5 anema, male or
femal e sexual dysfunction, erectile dysfunction,
reduced |i bi do, depression, @f |ethargy, conprising
adm nistereing to a patient in need thereof an
ef fective amount of a conpound of Formula (1), or a
phar macepitergaichycaliy ewpptalt eals tieteof.t her eof . As a nore
part ' §1u%rn {hepeciﬁt?o%mentt nﬁe 'és%ﬁglﬂ enltlle ﬁ;g)(/ d8lla gﬂ% g@t?eaﬁng
or treating uced bone hass or densi
@spmpmmlr@iucalsboelo p@m q,demtyr @_thgp@rdmmst@bmnna@éu@d mSele
. | Nela] .
Elgargse %?s'ﬁgn%lllz r%%%{%}%&m&@%@%ﬁﬁ g[l]liclt])of:l]a\{ ?%El'g%, d&a{y%}f bﬁ"&?tytubﬁoys,
phemipandepi Taklepcavtéptfubiia, sattile tiyrdumson, racalditadpent
f o I Ss
B P L
rifsgive rmetitefigtémpousdotbpamiad]), AgephReharwialumctitdnalalt
N y I
Eﬁe% egé’ a %13)5 a?tgc ?a 53{ %tbtrllle Bree?éé}% ?ﬂve@t%gl;ps dc}]eqt% n?etl‘l)od f8'15treat1ng
rebiogEebnk infaksdo dembetpr@&&vpomsls stebrenhawrg’yduced\@uscle mass or
@@5& lthcul arly, the invention provides the use of a
ound of Formula (1), or a pharnmaceutically
ac ceptiaitice tmzbrbsenhavambn pasidanthagendf afcompoind of Featutel, or a
% I{enggeeu‘rt‘;&gly a%&%tab%asgﬁ C}l%eog &L grll %%eht fe)g{rh% gliéé)t{ll%gt q? hy}i)orgonadlsm
a@lthhr:d:d lwme ntals'seorphemtgmstaomrem |oem_og@nrawedm$d muscdﬂpraurtd soéngth,
R S T T
tfdsmalpseasémysﬁlnnmnlarmnlemysﬁuhdm 1teh1®ed|$1b1dofdearemasrpoukeﬁhargy.

%ﬁore gol?lgn'iar?y, glhe) n‘wen{lo %r8¥1 esgﬁgﬁs%tolf G %0 | A 5F 5r%1€15ae(%); grl g

ur camnen
tpha’atan@ltltalbffacb‘qpmbgﬂahdiemf ak eldmedfobthn eremst aireduced bone
or.o S | ost e

d .
n’?arS]SS Iortc%,hsnlyr ostt TOSI, tség%ema 8r 1%§ cggl Hélﬁ % massill__;> strenglch In

nmass or s
Iédatitibﬂ aireqires%ohvaneon p*ehaymlcqmpbemd of Honmideyig,oranem a,
erectile

e A e Bt rRR b bk e or 1 et har gy.
I\/br e panddtiou |eﬂlbb(ymeiithﬁe pﬂ:ﬂeﬁﬁ awbntldn\pemde@ tthepso v desnpohsd of
e qf ound of .Fornu rranu act ur.e
$printé (15 of R ARRHPS By AR etk Rt bof B RGeS
nmsls:amemdartheb ﬁgatmaﬁbémnmgmﬂsm, &ﬂt@d rbema @ass oodens@gduced
t he prese
S GE e n SR Dbt R sl o kb issbity Ble ek
¢an@ionsli Duglige, dﬂbmﬂlpmbler@f in boysiratemnid, Injale @rferAale sexual dysfunction,
phar.meceut i cal | e ble salt t er eo in .
RS R 2B BRS. W B et Moxg Pyticutary, the
pes eptidkhonqaevida s usdiof uedhgundof RkﬁnﬁIaQB/f@&BcBﬁZnufacture ofa
PCT/ US20Q.7/ 083745 ent s re. particul ar
ARt B RRe SR G PHEIM &S hasish SbarnpR! oleopenia,
©O Fgd0cddtnngele ks drieetgtieat ment of reduced bone mass or
densi Eny dddeso% etgg 8rresgesnlt 1Snven(%1%£1 %(r) Vlcnes a pharmaccutical composition
comprising a compound of Formula (I), or a pharmaceutically acceptable salt thereof, in

combination with one of more pharmaceutically acceptable carriers, diluents, or
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or reduced nuscle mass or strength, conprising a
conpound of Formula (1), or a pharmaceutically

w@aecwepemhl e salt thereof, in conbination wth RMT/OS290B083745

of nore 5 pharnmaceutically acceptable carriers,
di l uents or excipients. The present invention also
enconpasses novel internedi ates and processes usef ul
for the synthesis of a conmpodnd of Formula (I).
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present
invention relates to novel tetrahydro-cyclopentaindole
@@ﬁpi@nmdMorwrtim@rlgj theprekant yereharqvides hehaimaccuieal
‘%&'n Ssﬁ‘t?gl QatPﬁE to? éa)[}é’ed B¢y of 8(?11%{‘[ %ste %EPS bsfté@gnia,

oun ornu possess profil€s act [ VI
whradhceﬁunggelstnasmtrhwle compiiginga ¢qmpouma0ﬁFroeratllﬁéh,tor@f

In

%h%%{ag(ﬁyl%%alfy%%?g%} Fﬂt %@r%gn%ggﬁgi tgcgﬂ'@or rm f)%ﬁ% o
pbarentcudipllyi ageapthblomaiteks, ddwnisoe cxdygedndr ogen

. r
For mopelpiehfnihl boDncSEAIRN ol S ERIBRNGHR Bopeses
ddr t_yyn(BiRsis ahadcdARouithef lvomplend of Fornula (1), or a

h ti t I d
o he uset uP L EEFRSGRIEHEA brAgE T NI | Ve
t r eat @ble piieteht mmehtiog edlateste naysy Ietralﬂ'ﬂn@rpyqimieh@uhgolfe oompdrads, as

ﬁ%ﬁ?}mu‘ﬁ %ﬂ%&é’lﬁ dgy 8 | Bvill e BE i M d dha sz??{%? Q:%Kr@ﬁ’ﬁed

cgo nsi
icompaitnidoof Foduela (O |p9msjexr®ilesmf Iactd»etyzzﬂndiyspg@sntacjy Isavp utility in

tl?edtye%glqenp SF & sorll%%s re%gongl%] f’ ! s]'te\f(’)ldﬁ%l(?r%g%tﬁgr%%/ In particular,

ost eopeni a,
s&em;dp‘ed icampogds Rdloameld (FareqioteonAR liDesds iwhégh a@emaey‘éd androgen

géjcl%?to} Y aﬁd1981¥ eXeI{lpq{}%H] 88‘&1 onﬁ%d fq;r ormﬁalngﬂ) gel%?ﬁ)\(f‘?lg :bglg to AR

uriction, ére unct uce
ddm\&SSBamhofMRj letamdaPlgy I\/bre particul ar disorders
for cht e s ds.of Formul a .. ?
to u\;\@ nllpr%l dtqp g.l ilé dprta)l glaérmrarlg%u%lcag!))a& ?ab § sat?hereof 18
cbshm@mbn&se;ﬁﬂ mslneetoqaemnapf dibdaos typieailucteﬁtemmtﬂ amdngsrstherapy.
%P\Si;n%r Tho oFor t}}%:gre%%neng oﬁfg J’ oK rsr_rggplog%}w ()Iajldr(ggel:natheergp}; Qnsititue

phdarnmtemtanmahlmenaﬁ‘amma@henwmﬁ S)fchcltsnniemnmtsudaf
For mul a

'(fd1s(nz )riduced ?ongrr{i)?sspoarr msltm1 %Feogorﬂ%% Sﬁtaopefna %‘H]\lﬁﬁf‘ muscle
(nia)ss on strehgihl@srcupental Age Rélstedrﬁalmtmg«ll anyliehddlayad eulidrty ah byys,

he.. . 30
PRt b Bl ML Etup Ry St Eure R o
plhla'ememdl letadrky. M@mqphahlae dsaldss foravtichniat fagisuhdrof Formula
within t

r at now edge .of )

Gt BRRRR e € g WS Mo Ord i ISP bygopenie
ak re,ducelcllamdble@{ass)cﬁr sklagtimaceut i cal Salts: Properti es, V\D
2008 63867, PCT/ US2007/ 08374 el ection

8@ PIESFI/REEND Gg%dat@otﬁ ¥ Vatﬁﬁ ‘Lf%le Gogg’P‘t‘nds%%gE‘Puﬁﬁ% KD or
fpﬁiimbé@lﬂ@ally@‘ct@ﬁa,ble shid @rcompowiaabf E](thﬁlﬁf(l) @fs such, when used
Phar ceut | 3 ,201-217 986 et a

DR B P i 2% P B 2o BRI Bl geudes itk

8@ n@Bgies anygtharm@eutitally abaeptably sakkQhd hny solvate of the compound or
pharmaceutically acceptable salt thereof. Examples of pharmaceutically acceptable salts

and methods for their preparation are well within the knowledge of those skilled in the

art. See for example, Stahl er al., “Handbook of Pharmaceutical Salts: Properties,
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and Bastin et al. "Salt Selection and Optim zation
Procedures for Pharmaceutical New 5 Cheni cal

WERis063867 " Or gani ¢ Process Research and Devel BEHE81007/083745

4: 427-435 (2000). The conpounds of the present
i nvention have one or nore chiral centers and nmay,
therefore, exist in a variety of stereoisoneric
configurations. As a consequénce of these chiral
centers the conpounds of the present invention nay
occur as racemates, mixtures of enantioners, and as
iSal¢rtiindud [Use i Xi6tH AMeles- VS .\@002);ag odil a5t e ' eadirelesticarfdr basic
rﬁhgs )¢ Gapt { t
(LEs r{;’%?rn {zongég u%c??}éﬁ){;ﬁgzggé’uﬁ%sé? 22%}2?1 9§@ Bfe%e Jl]al
dPesmeccstiert Seltsdtloumial ofi Rhathvercsiop8riakces, he Nox égéamuary 1977);
Y B 9P EORCICOARY S Qphlifisiof HIBANR o e e
e present 1nvention can be reso or exanple
(ﬁinemwhl Emitids.h rgungkPriotesi Reselveh and Da@ﬂapgiesﬁt ar@drdds (2000)
t echni t
Al !rgé‘goﬁxtlp%gfr}ri}rogﬁle &%1% &%ﬁﬁ&ﬂ Q&P%I%rl‘]m?rg glﬁga,ll‘ 9&3&%% may,
Vildrgfyreagrabt Bonwariefynd . s‘gerejbgsmgrm@nﬁgumd)ﬂs as atchisquence of these
ﬁg‘f%@%ﬂ&gﬁ 081}%191%9 E; tlﬂe %gengﬁlhfgrgg)ﬁus g% e?gpacgtﬁates mixtures
of emaphdryersised as mdwrc@almnentwlrr@m atwel o diastdenmtis agpmpitirecof
Laur.ati I )» .or
TR, BB Bty FERe B o gy b gl lona
clowierdosiengrawitiae drwatene oAthpardselindengen. di‘namqnmrs dfiths
c 0 e I S t e
%R%H;gund? gl%vfdgé t()}f %&%Iesgntt ?I{V%FOIE crql gé {gﬂﬁedpfoq E)éa%!gﬁ égy gﬂ%of
Prdicdry elell jn thd attnsifg ﬁartdasitpclmtqued such edBose d&Q:?lb?d byThéacques,
IEP G I"}Ena(f‘l 1§1Ingrs acgmg{gsr gréd? Igg 0 u)t/lgr(l)sn Iel%gﬁﬁle a%cg s%q}%g;ﬂ ?98qf as
twied a&[}tosejteclim(memgrowdbdl inkhoSehetmecimli Eyampleaheteipr ocesses,
"t or S & hTcr B arthe R fsolial i cggmige o
Jemse spetific corlfPRtiofsh@atchiral Cent&e Pk &rin® N(GF or “RS” refer to a
St er eoi so esol ution, 25 Racem zati orl }/
EBtiedratigng W}P@ﬁcen‘eﬁﬁ%}ﬂ?rﬂs&}%’r 18Ccemele é%rﬁ‘tr@%l 155%3’“0“ ies and a

Rasedkishiod ﬁ@reocheﬂl@;ﬂ@l iWoneYhe 1rSQﬂtﬁrmenglﬁﬁlre of{8Bdnic EGpounds:

exanp| e, ecj f, reoi so enanti oners can

B)émgﬂ% 5?(’2‘53%5?6 szJeIfI nggtﬁléeE’l q ¢ e§§/n{bﬂ@s es using

enant rrﬁmfetlﬁalstbﬁéoaaﬂer@ aﬁmaiaﬁﬂuﬁﬂdré ¥ déh‘ﬁ)@l,md@ bf Formula I can be
iomerically or tric ched starting

enant i
pEpases B sne yipraifiy sk an q‘?ﬁ@“& ied P hrPdpi @ Processes,

ach BARARE tli@éIBerﬂ b @lﬁemd r\meﬁal %sz&e@ﬁ@hnrs@y @ir@fgaﬁhc l2¥ympounds”,
t echni ques. such ronatograp y..on chiral

as
Jebp WimarySophddest 9%&‘5%{7 ocpaainf S&ﬁﬁeO&DHPFSaE?%OBWaP
IRQEENiSAtRN! dnaiddlyl (Mednd 3vitkint iIHANSRdrS RabdhRel, S RBAYBHMsS,
used for that pur pose. VO 2008/ 063867
ﬁ@w%@oéfﬁ%é@%%l 7 RSXyaRle SRESES Hiorpeiernest #ad-cpgmtiomers can

HePphisd by steRb§ksifit OynhcsdsiBing Qﬁar@iﬁm@ﬁ@hﬂg hgd geometrlcally pure or
nmonoval ent, saturated ali ghat ic chain o carb

srawiemengally op geomsirasally enricaed starfine meserighy) Ly %1961%911 ﬂfl%%pé?lgc
LR rAROAXK ABD e Hh B S B G eR Ived bhi@icBMerbyRERRR &K uch as
nonoval ent, saturated aliphatic chain of 1 to 4 carbon

shiomatogepg o ehir! Hafwrty Phatss epayRaicTeiglugon or fagtippph
Qécrystiizatib b @fidfion falG Ml BE reabéA4RE for that purpose.
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i odine or fluorine atom unless otherw se specified
herein. As will be appreciated by one of ordinary

W@ RI0BI6I8H7 t he art, sone of the heteroaryl noiRCT/ES2001/083745

t he conpounds of Forrmula (1) may exi st as positional
isoners and as tautoneric fornms. The present
i nvention contenpl ates all positional isoners,
i ndi vidual 10 tautomeric forfis, as well as any
conbi nation thereof in the names of the heteroaryl
noi eties of the conpounds of Formula I. The
desi gAauiadrheteirt the gefar“6C t-04 mlkyBndfetsiat stpright oubleached,
The desi gnation
é‘%st, Cgttd{ 1Ltélraggdbatl Efgand%gﬁﬂgtr‘ gEOrLL% d%f’)d%%&vvar d out of the
15 pI aAnesadfhereire thedge “(Thé sodlgixyhefirorw 4n euier gomdbeaing a

t . of . t
RO aB S, DA R 104y LA
page. Afsscdphprest iletterths biraloh hadide’s ki I“Ha]”mefbmte aghlorine, bromine,
olodl ) hr oni
R o R S R B BEHRIES, 2, 1y "o o .
as useéd Mﬂéb@ﬁmrecmmy cae oR@rdmarydiktll i thecit, sdmnm_)fphedg:rt@%’yl
AR RO RO ARGty e BBl SRS PR P RIRLL L
ttéutouggledortmst Ade p@&ﬁns awvaftionltentdinple®s ell p@@mnelrlsceheys, inndmadual
ttﬁ%%er%éf% é&EVQ%hSaIS %sze@é%%&{tgﬁtﬂ%geoﬂéleﬂ% n%er%%tftth%%létem%tyl
Tinukgies dftbe tongatundsndif Fofrmda isor der s contenpl ates both
t d.
ZC u e:l"ﬁé/ &1 %at?}b | ghggm r%fegst g eéh(?{lﬁtﬁﬁ!)t%pfo%%%i% yt of the
lampvbiis paged di sconti nued when the synptoms di sappear.

A dest L bed, AROVE. & AL GoEORN FQ Bl ERlE o e

throug € course o I'seas

q)lwebéﬁlerpﬁgmatl ent" refers to a human or nonhunan

mammal such as awgg cat, cow, nonkey, horse, ﬁg,

or shébpdesignation ‘Under StebBHLo Hismd thsf exiythaa mixpue of hagilgthat

Fﬂ?&thﬁ@%otﬁ@o%ﬁa@ﬂd%a&%ﬁ?&ﬁ@f @t ﬁﬁé G@Jth@pa( ), or a
phar maceut i cal accept abl e saP her eo 30 may be

adni nAQtlﬁ?f@“datifds W@&ﬁlﬁll imhe attmhmwltoglé@ltdlwgier%r@&y present as a

“LUBRL” cRbitioh/ Bk nﬁ'ﬂ{e”%pl@&ieuﬁl?edteltﬂ?‘rcﬂdﬁld”n&ldégﬁ?erem means a
prohi biting, preventing, restrainin ow Nng

SPBPIHITR Slovr Drpgosrastl g ChRINgRISgr A8 §‘ilfg‘na eirm@@mdittoy ipfreated
%h@@u%@&@é&@@d%% tI%Q’I{eH%%QQJJeQ %glfg%out tﬁe c%\ﬁfggto@me Qlsease.

di sorder. such, the methods this i nvention

RS éhed@mh“atcwé ragsay L @acﬁbﬁﬂe%’\@ﬁh}y piack of shegcourse,
FONRRUDBYS prIflo& SSRGS Muds W}{@{}Edtﬁ&lt%‘f‘&s&ﬁeé 96M@£t§9both

as art (0] har maceut i cal conpaosi tion.
@hlﬁ? preeasang éla‘lomé GPHSEING | BYANEeHP eV i, wgmamsldcbfrﬁmmmreéfat the

ﬁge‘tTHf n{p'to)ms ol dﬁc&ﬁlﬁﬁm&‘ﬁ%&%ﬁ n"f’sccﬁﬁ é%P' & ?&Eﬁbed above,

ereo i n conbl nation har ITB.C tl ca
a@b@ﬁtcwl@n@tlelats ticeted thepugheitheousg ef the diseasg.s an

i mpor h@Red herein the term “patient” refers to a 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 (I), 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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enbodi nent of the invention. Exanples of
phar maceuti cal conpositions and nethods for their

wW@e@pasxssT on are well known in the art. See, ePQI/US2007/083745

REM NGTON: THE SCI ENCE AND PRACTI CE OF PHARMACY (A
Gennaro, et al., eds., 19th ed., Mack Publishing 10
(1995)). Illustrative conpositions conprising

compounds of Fornula (1) incBude, for exanple: A
compound of Formula (I) in suspension with 1% sodi um

car boxynet hyl cellul ose, 0.25% pol ysorbate 80, and
Oy1OpYsnAm disbilam ASUCT McDosth@s oAthirghyengod ermompoboth iiebrapkutic

o) dik i) suspension with 0.5% met hyl cel | ul ose,
o) @g/gékﬁydi‘ulm auryl sul fate, and 0.1% Anti foam 1510 in

0. 01INChIBp¢Undapt tbwmtﬁnumvwlsn B¥ay Ae forepletod@s parsof a
ﬂgf'ﬂﬁéé dlbaﬁ ?orﬂ ositn) E&f %?c%ng Pﬁ%@&hﬁ&pcdﬁ?@ rﬁbl? Ffmﬁising a

onpoun armaceutical I -
gowppindlof Eor@falllat (I)l; hlear @@macquaﬂnr @qcemablmsaét thaxprfuih gompination

tv@}ﬁﬁl a harrﬁc&ﬁfgplgj‘%g?n%fle 59%2}&11@1‘31{‘[ 0% elz)scﬂﬁen%scagmﬁocﬁa'h{ on

onprisin
ambpthnsnteqf de lbxpnawy Examples whphahmaegakieos] ¢omogigprscd anethods for

*?ﬁe%%‘@akﬁ%h Gre \Té“l%‘d@h ong 51"1" Se@ I”lé]'ga AR’ 1;1}{]9 SERNCE

of skil e art w | preci atg
ga¥D PBAETICE OFPAMRVIAEN (A gniano, ef wlo edyi 195 sl uMadnPdlisking

QEWS Clﬁlcfsttllaﬁ?é tcﬁg)%glihowyoﬁgpﬁa tcc?rhifoﬂndsccﬁrﬂ?pﬁflﬁlgﬁg 1enalude, for

ptlon 0 agent. cle size
lesarepler, Acefmpowndtod Fomalailpimstensodn witlp Hptspdig cwfooa'methyl

ccl;}l"f1 ose F %"/b oalI %orgge %Uaser ﬁ§°} %ntlforgled 59)5“&198&1’%%1& and a

techni QUes sca
@bifnp svad toif Eﬁr,muM @) mswpbnsﬁomguh @& 8% meintiedlulore, Dised wdfunolauryl

WG R0 PR AT R Bl R o R RRBRECE BEar PR

somp&mtidntqth@mlmht mrentmsmdmmdesmarotnpchrei «fiFpasulady, ohel p

rea or h
RyERReeilP SRRl e EARECE0R BeR0oiBr Gt S sompound
(0188mula (Ve biocsniogitioi eammsmg a@bmpaidtof ®binutg(Tpantbe cl e
t | ud 01 )
PTG SR EPun PRRBRS ARroREn b e R s sad
fpelrenxemmtducehl ing part| cle size involves 30 pr epari ng
t he i s ensi .
ot DA R R B ] PRCRHREE Bk e i vivo
cloagnti@as a@hﬁlﬂ‘[ﬁp@lﬂlﬁﬂ agént diatlinaurf) Jan aéfect absorptlon of the agent
har.maceut i conposi co c
P AHER S 3 SR SRR oletied e T o g SET B Rtical
rﬁgdfrﬁ aﬁd:]@ermt;ea (9] Bglgﬁﬁt&ﬁﬁl QUSROG AOBRT 4ight seaﬁtefslhg, &aserh
s t about article.si i.e.. the
i Rerion Qi e ing GoR Biembich I ABR Heblyrudt. Pl ot
aﬁ@ttbsc'é@y ﬁ?d I1‘£1e MRE. le\mlaﬂ‘etplhﬁluiaaffutleﬂhgﬂimlﬁﬁb pG@trmlmlbﬁ@s si@all or
or mu v n.avera article
FOUR AR 0 o O s Y Bl BROBNGE SfLdSne
L&iﬂﬂor&&}@mP@@mmeseﬁzm‘)ﬁ 1sied-4be1©o5). tN’ﬂ@h(?cE Fon ré@icin@ @k | IdV ef
anmount" r nt . or e .of a coppound o
AR ing iR freue S oRiat g Benle Rilits orte cHHEEE
adleionizatondidalc lile. tAmthepatthedtor cpitVinggartichaigdaesiohed
prgpgrcl;rtlg tlhg p}tlaqgla eutlcaT Qéen‘y 1191(:11enranodslus{)Jl %ﬂsqgrll SA ?)arlrtlglglgraem oglmenfb‘gf the

present invention comprises a compound of Formula (I), or a pharmaceutical composition

comprising a compound of Formula (), wherein said compound has an average particle
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effective anount can be readily determ ned by the
attendi ng di agnostician, as one skilled in the art,

whoosoessstderi ng a nunber of factors such as t hERCEHPRWOBE83745

of manmal ; its size, age, 10 and general health; the
specific di sease involved; the degree or severity of
the di sease; the response of the individual patient;
the particul ar conpound adnifi stered; the node of

adm ni stration; the bioavailability characteristics of
the preparation adm nistered; the dose reginen

sk dss than alsnd20 tme ou 8 d9@paraely sico oo etngaximatste 0880% nbthe

When used in conjunction with the neth and uses of
PRARICI e it thapglayf pGHM. £ feere R@ﬂ@ﬁ ﬁewgfrﬁﬂ)mpﬂses a

%Qﬁp&ﬁl'dto&‘ P%u@jl ﬁak)ﬁlggfl §§§£§e ﬂaHféfé‘Eiquks M ap&lt 10 um or a d90
adm ni stered el ther "alone,” or In conbination wth
@anmbrstzte@ﬁhebsﬂlhezt@peiﬂmm agents used to treat the

parti %l'” &y hg:re‘?no ?erlinhgffec% ¢ amgeunt e nstto ?he amn e0 %toon%ogenoq%

or co AR LS SEEN Vet Por Ar
mannpoumﬂ oﬁmemﬂn (m}a\tz]moln upd)lhﬁngle oauiriple (dbsetxdnmosratnbmm the

t ered
B s R G el T G B P TR rREPEEAE £
af}‘ecﬂive aﬁ@unltllcﬁrhbe/\tl&adlljf determimed by the aﬁ@mtbtgrt@noiﬁ@mb; am@he giailled

f t
b am ponar e pates & HGERTER Ry P RE T PLERREHE Tofive eeo
@ﬁcﬂ gopoil bsilts; maypecﬁd\daeisagﬁoheﬂ,yhéadbgmrm beverdtywiftie diseese; the

I t
SR BERa M BT et (s R RORRT b e AR b Pine
taﬂﬁlﬁﬁsmﬁén aife tﬁ&v@%ﬁﬂp Olfaﬁxﬁslt@lslldi(df Urdparanvmadministered; the
r acenent. therapl es suc as con al. eqgul ne
SR SR eSS g e PR BRI EiaRea. oct r ogen
( CeneSten Tiddd,in eﬁijlﬁfctléﬁ wth €8 hnicdlgdn afdasty ﬁtt&bﬂf&»ﬁ.enmﬁwentlon the
SED R b OSBRSS bt e i tone,
Ak ar @iiinaGbi Wak aﬂbentE‘ﬁhlrtBﬁaidﬁtTMgeﬁﬁ ahsdd ty edehtafld\particular

nmbj nation. e ogen-pro estlnforrru ations are .al sa
R B cn s WhOP MR csetonrou M byt i chtion are

iu@%t a4 Ghaifd 9f PE @I tﬁ@@mm)gﬁu @dCOB@UMlI::@l ®8ipiiig e Mol (I)d may
medr, ox est erone acet Pre aseT onj ugat e

O R B L RSP LS Ton EppResta b SOppRALe sEéht
(aatwiaeh ols to BOEbnKgest i mat e), Fenmhrt TM (et hi nyl

e trad| ol |ndrone acet ate and WO

PESIEESE ' -6 Pl Cd¥Bpat chT™M

(tr ans:d@«eﬂﬁd)nae&lblraa@lm@ Iagamfomé etnRAl TS @LOalsRriy.

Ot her conventi opal t eopor osi s %%eat gerts whi ch.ma
BEVOBEET R PGPy mF‘IH‘é(“ BE‘HP}?dBP Yolity) dih ‘i)rcfﬁ@PB%‘mO‘tShe

ROME A 4 EVARIIhOEE Hdﬁ@hl@@g bbsrhgshhaRak €5 (Bdedtasmt of
al endronat e {FosamaxT ri sgdr onat e Act onel Té%!f
Ig:restgogen

OSRPRAFSIAREudeiomapne Ry acemispidRerpries Sé‘ﬁlt Yyaneptad
MPEHhAL e %yﬂtﬁﬁ%ﬂ]ué&#é&%sfé@geﬁ@b%%@nﬁ ef(tgmeﬁteﬁtrd@em (Estratab™

cal citonin" (CalcimarTM or ~ M acal ci nTM ; par at hyr oi d
h)@MmWeTMQ léé)trqpeeaér (Qgentalr Eirtharestii' avmivell 45; tradmrneetl iegtgad{of o

DB o aT et TR SRRy s p L p LY AL VSR Rgaion,
feattdgah-pdgedtinffommutaizhi sratiseBydilaiee &pyhd tfbafrﬁf&lat)f & oporosis

ost eopor osi s conpr i ses:
including Prempro™ (conjugated equine estrogen and medroxyprogesterone acetate),

Premphase™ (conjugated equine estrogenand norgestimate), Ortho-Prefest™ (estradiol

and norgestimate), Femhrt™ (ethinyl estradiol and norethindrone acetate), and
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Ingredient (Al): a conpound of Formula (I); 10
I ngredi ent (A2): one or nore co-agents that are

we@oamseeassonal for the treatnment of osteopor oSPGI/US2007/083745

selected fromthe group consisting of Premari nTM
CenestinTM EstratabTM MenestTM OgenTM Ot ho-estTM
AloraTM dimraTM EstradermiM VivelleTM PrenproTM
PrenmphaseTM Ot ho- Pref est TMO-Fermrhrt TM  Conbi pat chTM
FosanmaxTM, Actonel TM Aredi aTM; EvistaTM

CalcimarTM M acal ci nTM ForteoTM calcium Vitanm n D
dlombdmto&ﬁ“ (trhBsdbtmued eitaidiol aleistoﬁshiedrontea,ce‘awd Other conventional

5a- di hydr.ot est ost d t di
O PR B3t OB v BBl M P& Y Plagpons o
@lic R¥RhidheMtion inBAAE bipHodshoARPERILIS a@eﬁeﬂdhﬁlaiemp@amwﬂ) The

followng Iist sets out several group i ngs of
papdrpnaty @ctonghySy prdsprdronati(Asedie T & elagtive gergabIeseptror

i) g, t hat
FTRRHRESERMG TS fufleng (vl cRBHRAERRIART &
Mb&lldm%fﬁ pasithyroiy Asrmht Ertedld); Waldiunasy imatih g giuadtids (1S 2duce
mpl oyi ng such conpounds, represent particul ar aspects

6?@ t¥EreponsMridEARd ARGragEns méest%tef%lﬁ f W@Wdrggeﬁf@&tﬁroa@

the pregentorniMast fof BorhBinR8 tm%ry% Redti® oGOSPRANHRE oRbrises:
Fornula (I) is one wherein R2 and R3 have any of the

vaIueggﬁﬁﬁmh@ﬂ)héﬁ@mﬂmnéﬁﬁFmvﬁP(ﬁi represents cyano,

-CH= k%fgéaenp(A Sor i¥re o §ge§1g)th§|arerc%9€;e%§§rﬁq $or @%@F&Qtn%t of
C RI represents cyano; or

roelpmeas;@m sslect@ﬂ-lﬁnm@ﬁgromd@qnsmmmf praanarm% ICanesasTﬁ‘eEtt@tabf M

g\f&enﬁgflﬁ egrtlTM1 (?rt Oné 2 one’ V%%g?‘t@ose M{h Saraeg e\flveﬁpgpg?e%jprom,
tPli’@nplﬁée;me,@rﬂ@fpra@ﬂm 3@nﬁl‘lz‘m‘?@&nb1@&’[%“)@52@@(8#}9@3@5@»4’

PCT/ US2007/ 083745 -11 (a) R2 represents -COR2a or
Agair); Bnkey"8i Griqpar Y. dinedent s F¢ree="Caglain oy Vitamin D, diuretics,

nd R2b
G L e S AR R B S G ) 2 or
- N( C2Hgy&jenofAY) b pREmaepriesignteptabldii2aic dilaa@3RAbipient.
rekpARZa rﬁar?sents ethyl, 5 isopropyl, nethoxy,
poxy, i sobutoxy, tert-butoxy,
cycl ?D]}IE( ﬁ)Dng dlSt seﬂﬁl(o(l}ﬁyﬁalegﬂ(dlpﬁ%b of ppti@de ntlstitmehth yhd part1cular
0)
Cestiy Prsdboms S FLRRBEPY iy o L AR PR gL B & o'
&ohydla (I Ba)zpltg)qnylh partmﬂzhtsxl}smuemt boxariablps, @p@xl as methods and uses
|so r 0pOX I sob u 0X rt-butox cyclopro or
Y R S P e s N R e
r epr @]&ant particadgp gyl of tiet greweyt, invention is one wherein the compound of
Formula (T) is one wherein R2 and R3 have any of the values defined herein, and:
(a) RI1 represents cyano, -CH=NOCH3, or -OCF3; or
(b) Rl represents cyano or -CH=NOCH3; or
(©) R1 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 R1 and R3 have any of the values defined

herein, and:
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i sopropoxy, or cyclopropyl; or (e) R2 represents
-COR2a, wherein R2a represents isopropoxy; or (f) R2

WO 28063851 s - SC2R2b, wherein R2b represents nee¢lU$2007/083745

ethyl, propyl, 15 cyclopropyl, -N(CH3)2 or -N(C2H5) 2;

or (g) R2 represents -SO2R2b, wherein R2b represents
cycl opropyl or - N(CH3)2; or (h) R2 represents

- SO2R2b, wherein R2b represeht-s - N(CH3)2. Additional
particul ar aspects of the present invention are those
wherein the, 20 conmpound of Formula (l).is one wherein
RL antt)R3 Réasepreasnys 6IORMRer IRSS whefeimBef: represaatsr(C1 Lhdalkyl,

(a) R2 repftes = e, ris
o the S ol anea Foanr gt of MR BRI EEUE) o
and the " QCie@nhbnl, exatpemyl, sN(GHDher R(C285)); or
conf i gyr at i0 L LOHRa Raghl g eg
pr esegotj [ n\h}eﬁ%q%%)jsghtgr(g&?hoés}eg%%r eﬂi}er?ﬁé& %:"E’Ff%%“dgn%ﬁ%lf
For mul a ( | ipoprepybmecthvxgr @hoxyRiropoxd, Robropaoxe, isebptoaf, teitrdutoxy,
val ues def | ] - G2b
et or oar y1 orBip S o AREHTA D pE L AEREREEL Ay Epropyl
30 pyri di ngcloppypyl AlE@H3yE or -PYEHZSpydr, pyri dazi nyl,
thi azghyl, 2 hiaz Ja . thh adi f
uni Ve okt RERRRE R e, Ofbin ) AR GR Hhy, G0 methons.
2008/ 063 86ZhRETPrUSKFOIFS DA S sobukRy stetbtiokyiemtlspropyl, or
i ndependent &HSf[ ﬁft ed fromthe group consisting of
nmet hyl , br(gm),?’ %R oro, fluoro, -CHF2, hydr oxy, am no,
and - [MBICH2K R presots —C((mzaRBherre'p RE8 exptesents isopropyl, ethoxy,
6-fl uoro-pyridin-2-vl Ldin-2-yl,
3- hydr oxy-%5 rr?ﬂﬁxﬁ’-of¥¥?l?§é§yéi 4rl uor onet hyl - pyri di n- 2-yl ,
2- am (- pyR+ tbipre»sﬁrtgAC,Olea, wherein R22 represents isopropoxy; or
2- car poxy hyl am ne--pybh di.N- 3- ¥y rimdip-4-yl.,
oyt i 5 (e B Sl Mot oG Bl propy
t hi azol - 4;th10p®pyth(ﬂ]H3pjwblaNoC2H5)yj qr 2-
Zplbfnr ?%E ?I’]l?%l gelgfe_g'_ _sly —l’SOtzﬁg?/f\xgllzelfeﬁrz %#l;ﬁe%rnelsgl%socly_clsof)%lpyl or -
5- net hyl - p§@EE)m-2- yl , 3-chl oro- pyrazi n-2-yl,
6- met hy! - pys azi n- 2- 3pam no- Py azi n- 2-
3~ ot PU1 - 5% BB1sRedss $pordh A RILRL Rpistoss Yo
5- br onuditisnd] parsizdhr-a8pagts, of ileqirése@zmtenBorydre those wherein the
L[é&r%_ag I Po}f] Igélgrlfugai @}t il:s] ég@%ﬂér%lé%llagg rlké’ F})IF,\éeSaél (of the values defined
tefeinjondd- pyri di n-2-yl, pyridin-2-yl,
3- hydr oxy-pyridi n- 2- b I ..
6-di f f oro WW%@/@% n23d e "Co ERRSHT T B he -y
configuration; or
(b) R2 represents —SOzR2b and the “C*” carbon center is in the R
configuration
Additional particular aspects of the present invention are those wherein the
compound of Formula (I) is one wherein R1 and R2 have any of the values defined
herein, and:
(a) R3 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



2- car boxynet hyl am no- pyri di n-3-yl, thiazol-4-yl,
2-met hyl -t hi azol -4-yl, 15 2-chloro-thiazol-4-yl,
W@ booapedse2-yl , thiazol-5-yl, 4-am no-thiazol - 5SPgIT/S2007/083745
pyrazin-2-yl, 5-nethyl-pyrazin-2-yl,
3-chl oro-pyrazin-2-yl, 6-nethyl- pyrazin-2-yl,
3-am no- pyrazin-2-yl, or 3-nethyl-pyrazin-2-yl; (d) R3
represents 6-fluoro-pyridi n-2yl, pyridin-2-yl,
2-am no-pyridin-3-yl, thiazol-5-yl, or
4-am no-thiazol-5-yl; or 20 (e) R3 represents
pyri di n- 2-spbstitgngsindepenplentldisele@ed/from theigaoupl codsisting odmethyl,
4-am no-t 840! i muofd, TS, RAbAL Yo, ARPREFCIAEOLACor

pr esent |nvent|on I's oné ofpound ©
For nulta (1} repesames ﬁ}h@b@wndmtﬂaﬁ m@dlreéwbémyd@mwrldls— -yl,

the S COR2 d
25 i the B ahRl R e TS LR BRI S T oo,
5 Rl repres ehwb@ymdlybtmmcab#ﬂd@@@ pRAMidepA-as ontimidicORa
- SO2R2 =2 t I
(CL O af KeWy SIS ALARREIRN R Hslhyt BN >
r epr esent schl@i-tliR)obt kY thiagy-ChbghiepyHs;yl, 4-NGHEhRzalS-yl,
- N( C2H5) 2 t
S el( ect e)d f@@&gﬂ 28’1 %En&%t%g@gﬁag ﬁs%?’ﬁé%ﬁ%@?%‘%‘%%?o P
pyri m di nyé- me‘ghy]r paniyR;yl Pyanidepynyin;2-y1h3- &Ethyypyrazin -2-yl,
i sot hi I h
10 oot onat R el BB S3E iR
i ndependemt, ﬁyhchb)lrcelsb‘édlzélrbm bié, 2\ADhQB3$1BERES6 7

PCT/ U 007&@%%? é?nts 6- %luorg eg'ﬁgi %@d]#y%dmng gf)g hnﬁllo % Byrldm -2-yl,

br ono, “chl or

NHCHZCOZH 6- Arﬂuemmethybpglqma%fil dbdrmno—asmhm{% }dx,f t he

IF:)(r)?Sr:rslma (1 n%/gargéx%gnﬁ{e}ly i ePyrledrl 5 nhtthla(?ze,l ﬁomgn%]tg 1tazol -4-yl,
15 is in the Scldomfthgmlatylgmawe?ﬂylmmmlp’r glsétratrmo—tﬁ:ma—yl

and in the R.¢ E W 3;1 opazWEyl %z_cllé 5 reg’zel 5 —yl 6-methyl-

- SO2R2b; I'«Ifyrarlzén r é’Sen
represent Spy-rm-a'l GFamlﬁi@ﬁﬁhan}éﬂeBmmﬁ pys;zmexght S
et hyl

Oops 0 et hoxy.. .ethgx y
i sopr gdBOXy’ e@)olesél{t uorP éjxr{ld% @X rld(E:)nyC ggrahnnq pyr1d1n 3-yl,
-N(CH3) 2 m&zarﬁdleﬁtn mm}nbelﬁeml -$ ym;eirhyl et hyl, pr opyl
20 g}/?: 8@ gp?gl)%% reqr enés (%)rrldm 23 aml erdm— —yﬁ%hlgzeo[)%—ey?em S
3- hydr oxy- @ymmdnlmiblgﬂyl

2- car BORY RIEHGT PR by Pedraiens MRS bR ! Hlefﬁmbound of

yrrhuta i, As @reyheréa,chl or o- pyr im d| n 4- yI t hi azol -

s hlngtz l“gt‘ h(fa?bqlﬁelggly i hgz%gls corﬁr guratlon w%len Rﬁ' re%résents COR2"1 and
25  inthe R configuration when R2 represents SOszb

Rl represents cyano or -CH=NOCH3;

R2 represents -COR22 or —SOzR2b wherein R22 represents (C1-Cg)alkyl,
(C1-Cy)alkoxy, cyclopropyl, or -N(CH3)» and R2b represents (C1-Cy)alkyl, cyclopropyl,
-N(CH3)7 or -N(CoHs)9; and

30 R3 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 independently selected from the
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15 4-am no-thiazol -5-yl, pyrazin-2-yl,
5- net hyl - pyrazi n-2-yl, 3-chl oro-pyrazin-2-yl,

W@2008068867 pyr azi n-2-yl, 3-am no-pyrazi n-2-yl, PCT/US2007/083745

3- net hyl - pyrazi n-2-yl, pyridazin-3-yl,

5- brono-i sot hi azol -3-yl, isothiazol-3-yl,

4,5-di chl oro-isothiazol -3-yl, or

[1,2,5]thiadiazol -3-yl; An ei&n nore particul ar aspect

of the present invention is one wherein the 20

compound of Formula (I), is one wherein, the "C

eaupennsgging of methyl bromeech®roohforguCEEF 2. ddieke rR, and -

NARFIET RIS -COR2a and in the R configuration when R2

represerits - SO2R2b; Rl represents cyano; R2 represents
COR2 An@ren 18R Raticwherspéah oRAa preeqt ewenitos i§ a@sprhepmyd the

0, cycl opropyl; and R2b
?é‘%ﬁéﬁ‘gr?fgé%’%}% @%%@%}é&heg{n N{CHSI)OZ IOg\nd R3 represents

6- f | utheSCPHyeartdinpe®enyib in thy 5 pdnfrg-u@,tlyn when R represents -COR22 and

in%@‘fe”c%nﬂ Jrétf’o'n'lv@ ¥ﬁ2’re%%£h§2§’(5 or

am no- t Iazo even %mré particul ar aspect
of th8! peressentt CyanventCHﬁND§Hgne wher ei n the conpound

O o ORI esbhd s OROYCHIETE flnci PRI s it GRAOMropy1

cent er con 6ur at |
1CORRR, cindy, prnpwchﬂsdﬁrmf’ iigpbpaixy dert hmtemy, Ié’zclommﬁ,sn ANECH3))

T el DR g g e o
wher eRA réi@aente prilesertysidins2pl, ppidiy-2ahd-RRoxyrpepdieskrit s
f'\!g%'%%rﬁglﬁlaﬂ&%dﬁ%- epL, ﬁaanl%gézygildﬁ%@w;bf&g@bk’y'methylamino-pyridin-3-
4L@Nﬁmmﬁﬂhﬂ@zwhﬁﬁhw2yla(ﬁmubmyﬁmﬁmpﬁatmn@wﬂ&Wlaspects
e
mdrﬂlind&éliamlal@yspmdintzhﬂts -metiybpyrads-20f, 3Fdﬂcrru4paralz1¢16%yland
Sttt Sl T o e Rl PR I P
dﬁbrbmmq@ﬂe&em—yl mswémbehyl lrbbthchlaopmlth@wam oaspect of
ﬁﬂsaﬁﬁ gen 3|nvent|on is provided by Forrmula I(a) O

An even more partlcular 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;

R1 represents cyano;

R2 represents -COR2a ¢r —SOzR2b wherein R22 represents isopropyl, ethoxy,
isopropoxy, or cyclopropyl; and R2b represents cyclopropyl or -N(CH3)p; and

R3 represents 6-fluoro-pyridin-2-yl, pyridin-2-yl, 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;

R1 represents cyano;
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Hz 10 R3 Formula I(a) wherein, R represents cyano,
-CH=NOCH3, or -OCF3; R2a represents (C1 -C4)alkyl, (C

w0 200803bkoxy, cycl opropyl, or -N(CH3)2; and 1BCTRBS2007/083745

represents a heteroaryl group selected fromthe group
consi sting of pyridinyl, pyrimdinyl, pyrazinyl,
pyridazinyl, thiazolyl, isothiazolyl, and
thiadiazolyl, each of whichl4-s optionally substituted
with 1 or 2 substituents independently sel ected from
t he group conS|st|ng of nq%gh bronD chl or o,
f 1 uor B2 rep@iERs -GRToYSO gitAthwherein 822 raNHEHROSAEHPORE and R2D

r icular is a conmpound of Formula I(a),
&%gggﬁglgﬁﬁg‘%pégsents cyano or -CH=NOCH3; R2a
r epr eBémtrsesenthyyridii-2opropyiho-pyedingxy., thiezdkGxyl, OTpr opoxy,
| sobut oxy, tert-butoxy, cyclopropyl, or
4Nf@ﬁ§9%§%ls 1RB represents represents
6- f | uddditipyal palitipul@-agpectspyf thedirgse@-igdention are provided by the

[ - vl | -

SRR R A B ey 1y belg, Kol be andegpigodghar,
2owpeundxyiisrinyladtn mokFqyniadibn-a8mell as mpthods ahidruse- eydploymg

Jhl &hﬂ%ﬁﬂ}dﬁ rX rBTe%t ﬁalgtilc%ag fi ref' %gétﬂoﬁﬁ%l}resﬁp#%%on 4- yl

t hi azdhus2a y:hrtlcltlztrl aalzaot othtyﬂ)rpsem iangntion tsmrmdﬁd byJoythyla I(a)

pyrazi n-2-yl, 5-nethy|-pyrazin-2-y$,

3-chl oro- pyrazin-2-y -px&gggn-z-yl, WO

2008/ 063867 PCT/ US200

3-am no- pyrazi n-2-yl, 3 pyFa2|n 2-yl,

pyridazi n-3-yl, 5- br omo- |deh|azoI 3-yl,

isothiazol-3-y| 4, 5-di chl dgo- i sot hi azol - 3-yl, or

[1,2,5]thiadiazo| 3- yl. A further particular aspect is

provi ded by Formul a | (a),Fosneladian Rl represents

cyanoW,S R2a represents isopropyl, isopropoxy, ethoxy,
crein

or cyclopropyl; and R3 represents represents

6- f | uBH oeppaseitsl cyanc’zl-—yZH 1\@@}131 lon—CXJEgI, ,

2-am ga ridin

4 am Ron AT Gpatod e DS R sy g and
aspecR3 odpréshies p hﬁsnemttyl gm\qemiecmd frcm the group echsiying of pyridinyl,
pyrlmlclmyl p(ybe?zmyl pyrléazmyf\)%nazol}l/l 1soth1azoly1 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.

Even more particular is a compound of Formula I(a), wherein

Rl represents cyano or -CH=NOCH3;

R2a represents ethyl, isopropyl, methoxy, ethoxy, propoxy, iSopropoxy,
isobutoxy, tert-butoxy, cyclopropyl, or -N(CH3)7; and

R3 represents 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, pyrimidin-4-yl, pyrimidin-2-yl, 2-chloro-pyrimidin-4-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-methyl-pyrazin-2-yl, 3-chloro-pyrazin-2-yl, 6-methyl-pyrazin-2-yl,
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N H R3 10 Formula I(b) wherein, R represents cyano
or -CH=NOCH3; R2b represents (C 1 -C4)al kyl,

W@ eBOMm8epyl , -N(CH3)2 or -N(C2H5)2; and 15 R3PCT/US2007/083745

represents a heteroaryl group selected fromthe group
consi sting of pyridinyl, pyrimdinyl, pyrazinyl,
pyridazinyl, thiazolyl, isothiazolyl, and

t hi adi azol yl, each of whichli-s optionally substituted
with 1 or 2 substituents independently selected from
the group consisting of nmethyl, brono, chloro,
Bravgnepyrag@iizy], hndihpkyyrazam? 1yb pyadetin-3-MHACH2@@R oth@ol-3-yl,

: al(b),
RSP SR AL ALie 8 ORI BB ! (0
r epr esdnttier peitinylhr, asmchgslpromedﬁylF,ormly@ l(@prdpyin,
N(CH§)%39%1uNQ9%§5 and R3 represents
201-5 f1uo

i sot hi a ro-pyridin-2-yl, pyridin-2-yl,
2- am Ré2 repsqserrxﬂs inoBonyl, isopyapaxy, mthRxylor cydhipacrol;aad y| |

t 2 i ?i Rg %ﬁ'%/ ms %?@%194_ %ﬁfﬁ{l{o.’pxﬁgﬁlﬂ-ﬂg?ﬁm% lz%ﬁ{ho %r{dm 3oy,

urt particul ar a
|t19a4®t16w|1 ded- abynd:thlwll-iiyll. (b), wherein Rl represents

cyano; : | .opr I

opr ons Ry AR EE R P Ue DU IR eyl VO oy RGPS
dorulaftbhno- t hi azol -5-yl. WO 2008/063867

PCT/ US2007/ 083745 -16 In addition,git will be

under stood a nost part ular aspect“gﬁ¥%he pr esent
invention is prOV|de ﬁﬁ) oounds of Fornul a
(1) exenplified here| »nst N3 tlmularly t he

compound

(S)-(7-cyano-4-pyridin-2- ybﬁpthyl 1,2,3,4-tetrahydro-c
ycl opent a[ b] i ndol -2- yl)- céfban1c acid isopropyl

ester;

(S)-(7-cyano-4-thiazol - 5-Karaslapg) - 1, 2, 3, 4-tetrahydro 5
cycl opgitgl b] i ndol - 2-yl ) -carbam c acid isopropyl

ester; %%) [4-(2-am no-pyridin- 3-
yInetB&F%ﬂ$emyaﬁmomrZﬁﬁﬂﬁo@ﬁswahydro cycl opent a[ b] i ndo

O Rl ORI, SR o Mo,
-tetr y@r@ents a heteroaryl group selected from the group consisting of pyridinyl,
G e L e
WhiHGs dpticoplhatwpeiteied yith dpeAvelsblmeoKeagintly calobifiom the
Sl RS b5, ) PIRBADELE 5D ERR e
NHCH,CO»H.

Even more particular is a compound of Formula I(b), wherein

Rl represents cyano or -CH=NOCH3;

R2b represents methyl, ethyl, propyl, cyclopropyl, -N(CH3)> or -N(CoHj4)>; and

R3 represents isothiazol-3-yl, 6-fluoro-pyridin-2-yl, pyridin-2-yl, 2-amino-
pyridin-3-yl, pyrazin-2-yl, thiazol-4-yl, thiazol-2-yl, thiazol-5-yl, 4-amino-thiazol-5-yl, or
[1,2,5]thiadiazol-3-yl.

A further particular aspect is provided by Formula I(b), wherein

R1 represents cyano;

R2b represents cyclopropyl or -N(CH3)»; and

R3 represents thiazol-4-yl, thiazol-2-yl, thiazol-5-yl, or 4-amino-thiazol-5-yl.
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followi ng the synthetic routes set forth in the
Schenes, Internedi ates, and Exanples bel ow. However,

w0 b@sfedsbbwi ng di scussion is not intended to bRCT/US2007/083745

limting to the scope of the present invention in any
way. For exanple, the specific synthetic steps for

each of the routes described may be conbined in

di fferent ways, or in conjunbtion with steps 15 from

di fferent schenes, to prepare additional conpounds of
Formula (1). The substituents, unless otherw se

i ndi cralditioariewdkbepmdvisond b }noelte:fai’tb:eur aspha@ of the epsertt gnvention
2{1@’0%{1@({ 15)} @%e%ﬁﬁsﬁnﬁg of lad’rﬁlufa&ﬂq; r}ﬁ%}ﬁ'\éﬂ Ihlﬂ%pll ﬁlogtg)aﬂﬁﬁlalqgf the

I nar ecessary reagents
andpemd r(f)r(ﬁ €Fy Bt @pwalmﬁwnttbylrﬂablé,4b9trayhls'd;rc@ddpmtaiﬁ inghl-2-

%[e)tcarb%ﬁlll efclﬁcfglg Cp{]W%:téraw YA aﬂlgﬁﬂﬂia&ggs I Te%aﬁf-%,?,@!&te@&h‘}dro-

erocyc t echnr ques
apdbmyeligindol-2- lﬂlécstimnh@s@ssqpfopkh@m; (8- Mu@tanripg-pyridin-3-

T i s
Sethie () N‘ 4<1i4ma10ktmaz<st5e1dmmh5ew@ﬁa® p.33-@ralF28r O S

(oG Ry SR G (s 2pLRER, 9505 Shame-

zatyamceazget?te@myﬂmsz@wm@aa]m@l 2-yl]fcaBeimeererid isogemyl cbies
met ho 8 Eandmggﬁeg%%ll %ﬁélt%é{l%gn @sch%a%repérgd, kfc?r e&g&%&e, by

in su uen
ﬁeltmhg/dib syyloitio p@metsa[ettt]aith] cathe Sdemps dntdsnediares Sold éxemples

lggv '%Iov&ebfgr t%l oqﬁ (II?CHQSI&:I]J %?ti@mdﬁa too Qe ]?‘hﬂgg to t}ﬁe scope of

ucing an’es
meseetdnvanﬁomm@as sxayy Fof emmplmélesmcﬁmwhuhemasmepd faricach of
eero%(é‘s 9 sg)rlbeﬁlrr.(ljar Ibg%om in cg erg gway or in €O \ﬁﬂct{oﬁ 1&1 teps
, SUCHhUAS "W R 6%Xa f orl Numsro et hods
ffmn diéfchant snlyenmrtbomphnecadéﬁbreaﬂ sompbuadisccﬁm)hsulaﬂaz wel |

t(ﬂgwpgf)%? suﬁo t%‘j’fn&s llﬁlil_llglslrsgo%lgr\ivlrs]é 1}}1 catedt eaansd ré:v?ouégr dgﬁnecl'éln dfh
reagents and startlng materials are readily avallable to one of ordlnary skill in the art.
Other necessary reagents and starting material may be made by procedures which are
selected from standard techniques of organic and heterocyclic chemistry, techniques
which are analogous to the syntheses of known structurally similar compounds, and the

procedures described in the Examples below, including any novel procedures.

Scheme 1
0O
O 0
Step A D
Rs)J\O,aIkyl —P> R 0OH Ste—pB> R3/\O’S\
(1) (2)
(3)
H
Step C
R3)<H _p» R Nx (X represents halo)
(4) ®)
[ Step E
X Step D RN
) = O
N N
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Transformations”, VCH Publishers, 1989, p. 549 - 551.
The preferred nethod is reduction with Iithium

whoskgiss? de i n an aprotic sol vent such as PCT/US2007/083745

tetrahydrofuran at room 10 tenperature to refl ux
tenperature for about 1 to 48 hours. In Schene |, Step

B, an alcohol of formula (2) is converted to a

nmet hanesul fonic acid ester -of formula (3). The

al cohol is conmbined with an organi c base such as
triethylam ne or diisopropyl ethyl amne and treated

with Aelteheddsseribesmydtiods doringrkingRBGHDher RO€Hw@Ms , sufetused

at 0 C
R L S S S
pr odudt Sahemg & Gtept & dhdaicant efdominie(2) sctbtuingd bs redunmwnn tsger of

i ' r.. e
BB B P SOl SR ol iy
thOdg@mmethQﬂs pred\kingen anthe hityshicthal witheoxelyl ﬂdomﬂsﬂ al w)ous
| . ) ; ‘
0%19 | 4 ?i glt‘c%r{r)&g% ﬁs&fearé é%aé%o?lg@fa&éﬁ%l@%o%ttgtrhgse kBfd in the
llrt_’ahd aazﬁi@l feursloh tteytexd of R1G. [Lerogling{Comprehensive Organic

]I‘r'gnls fo%ﬁ?tpdng”( %C(ﬂ P@?ﬁlﬁ?se G84 9b g nﬁélb\rld 5|t5 E) Tﬁ%rgﬁﬁp@&ethod is

tetrachloride or ‘acet
Ikbduhtlimr\mlubtbwm Iircleydode iN-abraprvts sidednth suvh detepralylradpran at room

%r%(%?aglﬁre \J L@ r ax mgg]{itufré’ fbﬁh&up}/to Ag 1%%-5 The preferred
1, 1" - beddbew¢ tmmanahehdrob&nmmm(?.)ey cawverted to a methanesulfonic

11 e t&zo‘%%&@a nggg 1{e aléo‘h{)l' iL? Ad '\§, g&%{f Ebdlh MG at
E) g room ure ?] UXI n enperat ure

ommmﬂmbmmot@BomohﬁahﬂwmmeﬁmiHabauwmﬂmbmm&BMﬁkahmﬂmhman

produ fied.usin d

RheR R Ga R E A Rp R i ioT BRi BR &0 °C 1o room

canReN@D &, 15 niightborichobis. Tht podud e isaicObREAGE@RYchniques

Alternatlvebg in Scheme |, Step C, a heteroaryl nethyl

SPO¥RIGRIe K ndhg@The  chiorinated to give an al kyl

chl or irdssheiB €r9&dpC, % dop&iind dfSdrii@lat (1), mb@rﬂ%@waﬁwl s

cid. The re; ctlo i s.per d in_an inert Iv
iﬂf@ﬁelﬁ?dé%l’r&’ h&‘e‘?*ff%gga ba The ‘10811"?‘2“%‘6 WSE‘?"’S(“) 18
Tﬂa@te@?vald lutﬁtee gﬁlédaﬁﬁltﬁfdﬂ dudhyas Beﬂzbquiemmstgg g ;1 3@%§§;ssbmy@amﬂe

a (0] Yy cnro a
r@c%l %ﬁ@lgé%secarbf%lgﬁ % ﬂ@ﬂ%tetrac ridg opst &1 aEgptppith
w&m&ioﬁlﬁcﬁfmlﬁ@BﬂNJbﬁorﬁ(ﬁthlrﬁmCdéW@lrdrQxdthb@t i@adiation from a UV

| uor onet hyl pyri di ne of fornula usi ng .
g{g % REH wgpem 1§ BEAHEY S ! tafﬂ?tf@(%fqha&newﬁ%nﬂﬂﬂ or
nelacahbtﬁﬁsdbﬁtyﬂﬁﬁtf@ram@h bramashctlﬁﬁn&e sabyeRdom feﬁ@hra@@e to the
d hl oronet hane for 4 to t hen quenc

%gﬂd?%w%ﬁurﬂ&m%@rm%ﬁe Ofg@ob%fa (8 hops: ifheewoguct may

lt@lb@tpaﬁﬁmSﬁlgmma tRKAIGRE khohGs fBedtidh GERSoludblt aipeREts,
p E, the difluoromethyl pyridine of formula (7)
f%“%ﬂx'?é@tlléagqlahrgﬁlatograpw brom de of formula (5) (X is

Br) agtpmeiweusIShGh@sC Sichpela hfterdeh8R®hy of Br@Rla @) can be
%ﬁl%reirqgec{ tlo ggfe an alkyl chloride, wherein X is Cl, using trichloroisocyanuric acid.
The reaction is performed in an inert solvent such as chloroform and refluxed for 4 to 72
hours. The product is isolated by filtration through a silica pad, followed by

chromatography.
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~ ~ Step A Step B1 1P Step C OR\ \ N OR NHNH2 (8)
ON (9 (10) H(11) \HNRza NRza 2 If R1L Step DR

WO 008/03868tep E1 j \ 0O N N R3CHZX (5) H or R3PCT/L#&Y007/083745

(12) (13) R3CH2OMs (3) 10 In Schene II, Step A

cycl opentenone (8) is reacted with phthalimde in a
M chael addition to give

()-2-(3-oxo0-cycl opentyl)-iselfadol e- 1, 3-dione (9). The
reaction is performed in nmethanol/2N Na2C33 in a
ratio of 10/1 by volune preferably at anbient

t enpefmlaheme LSitapgD.aofaahistl mmn@qbﬁfpmﬂa (60 istdenwasted to a

S8R Bt B AR s Sn B LD

diidirgarom ippenfiamed incandngreyolveds swbtaadnbldroa@ﬂanmfnrﬂéo 24 hours
8 % gt Bl SRy i N1 T2 St e g e bty
rcelamoedxtrwwmtedmpl‘uemyl hydrazi ne of formula (10) in a

typic [

{0 AL LR R G XINES b AL Ny (5 s o
skdyl bredhiderdf ifeamlald] (X is &by mireveous yalkescribbdmeSchgnae R Step C.
variety of acidic conditiQng.toeffect a Fischer

i ndol e synthesis, including Both 20 proton and Lew s
acids. The pr eferred condi tions use a m tur f

gl aci alp acetic acid wth 4N HCO in dioxang, a

t enper at urser of Coto t¥eBreflyx tenp e of BheC
to, hours. duot is
_of? e Mol | by filtration

sol ve for ¢ abouy
i sol ated by addi=#
of the®esulting, sl iid. The solid is senj,gated in

met hanol to give nmateri al o} WD 2008/ 063867

PCT/ US2007/ 083745 -19 sufficient purity.

Al'ternatively, the reaction is ,@ffgcted using a Lewi s,

aC| d such N nc  chl or| de anmount of s j(f
Wﬂt Step 0t He »@ 'étm:ﬁ t i -@ 3 St ep
B use ol at refl ux yer ature 532 d to 24

hours. Thenproduct is isol at@d and rra

filtratiqmof the reaction 5 ®xturg, &\?l(i) by

silica gel chromatography of the filtrate. In Schems

1, Stefchtine hStep At h}&ﬂd[ﬂiltﬂlﬁ)n@ I(8))Li$)reacfted Wrtlirp]hthal(nililé ini assMlichael
razi ne or o . .

SRR i g PR M DY AR DS NSRS B Bocion s

performed in methanol/2N Na,COs in a ratio of 10/ 1 by volume preferably at ambient

temperature using conditions similar to those described by O. Nowitzki, et. al. in
Tetrahedron 1996, 52, 11799-11810. The product is isolated by addition of water and (9)
obtained as a white solid.

In Scheme II, Step B, (£)-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
tetrahydrocyclopenta[blindole 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 hours. 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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formula (12) using conditions as described by M
Alajarin, et al (Eur. J. Og. Chem 2002, 4222-4227).

Wee@B@6386¢T condi ti ons use tetrahydrof uran/ et haPCl/UB200H083745

m xture of about 10 5.5/1 by volune at a tenperature

of 0 to 50 C, preferably at about room tenperature,

for 4 to 72 hours. The resulting phthal hydrazide is

renmoved by filtration and t hE-product i sol ated by

concentration of the filtrate and may be subsequently

purified by chromatography using techni ques known in

tshiéicentpuritn AHtdeatimelly| the Sretppn; cfiastedwiing a bt wis@edudugh as zine
riate 15 acid

(%f%‘l%%)l?% %QP*# ?gﬁ‘a\gpﬁgttéq‘% %I%)dl car bonate, or

car baftyr pefired coalitians @r\SeepeBwu@mldeol at élub somperture for about 4

Y§ &2, f'ﬂlre + tf(g'%z)latem% ybggurl(fﬁﬁgg?t%%n of"ﬁ% Plction

conditi ons nown to t 0se s In the art.
Tigtuenfaliewi g b st geedhromethgraphyeo{dies@tratt. an or gani ¢
ani ne; : .
diis opr %%?f?eﬁ%{g% th'é 'i)ht?]ﬁl% d?%}e[rﬂ? of folrmula (1 lg bscci%eagesd with
thgdnazihy dirlyliezan hydiw@hd) pogidt hlamelnotetrdl}(dmcmlmtaﬁdmdple of

I t d r
SR> BB R A8 o AR 241 (£ TP e
anis ép2 b et Pryfeamd crmdltm)nsjuscchd:tmﬂly)dmfummhamnl ib enixture of about

RY f
tesﬁ%@& ‘?%nﬁée a’toaft%é&{mh%f@t? ﬁl%%e%’r Q?E &0 8{ r8ﬁlﬁgén‘~?pe@}tur@, for
prtodibours.sThd reviltatzendithoihy dicteiide 1saﬂn@xfed\hatfmatlam dndithe ptogdhct

> b t | d _co
r%eogaﬁ{dtt?yncgue%}/f’gtg n 0}‘” ]ﬁ§e fH{rgte dl%Q bei ssu'bS ﬁﬁntlg% {' ?cf 1531
$b1touiatography avin@eEmopics h’(oewnon gmnirtc sol vent it 25 may

be is Yo X cliv | he urri
be 1 shed BYsB5Ly aPkiE  FRNIL B8R, S0 0GH LR
iasid|chloeide, bkllofdfd)l'mamt dla}kyldldarhﬂmdtb obearban@g nhlmcbb tb)glvwrae amide,

lled in th i Qgthose f oyl a

2y S b h b’ L AR RSP EREE A R lns T o
|tas1theserm;dlednretheﬁrtf mhemrhlae (s]cajnbmd tvith ah becesinafne ogahic abline

[ds%tsuc V\ﬁg?tﬁ amﬁﬁ %%Bro%g@tthgf;t O)éyn’(l: & 191%%%01{&% Sychias - o
aft‘trahjzdrdfuaaﬂhddlb]nlomeﬁalhet ar dﬁ@r@%@ﬂmd@lﬂy&ﬁohdlnbmﬁ aN-

e at e red am de or

PG ATRe RS o ekt opBRLETR Tvent fon.
\AGk GBS 1A6BBEG e iﬁ(Hfthﬁ&rﬁ&Hdr@SﬁM@reserﬁ@ fbﬂe)ﬁﬁipEm?f I,

%ng)opg@hﬁrﬁt&ef%{%h gr‘%’i“: Wl}é@@ﬁé %é%] ﬁrfé% ﬁfo /2 0P’§ éﬂ“ ¢ groduct is

Bé'olatéﬂrby%@ﬁgm% 2(118@1%‘[153@ B@BE fdlbwed By Rir@Ng 81 Rllection of the
tetrahydr oggﬁeopent a[ bl indole of formula (14).

prsakigg pelyl PFqdyeds %%%W%lzé@@b ejimangpprqpaieiorgagicysglyent it

S Ibe 1My RYR@ve chhrN_}l W by hBY 51081t ¢H HQ@ble tgadic solvent,
tenperature of 20 to 5 100 C, but preferably at 45 to

éWh@S hepspnepandgselatediBy filkratiqhe  product is isol ated by

ext r agtyiM %e tR681H AW DK AN ih Phetab@ha atniRe @udﬁ% kHok€sk Mula
S|I|caf? chr omat ogr ap héa Al ternatively
68 a

Al Ryre ﬁwé%\w%'élymﬁ‘éép nsdrig aalné@trméﬁ@te@?l%mg@é}ﬁ)a@lth
sRdinve Qi gﬁ)tectda%@ﬁ ad Wi By gﬁtbg%arbra@}tl ABOCYBoup, wherein R22
bis(trimethylsilyl)amde or sodi
is O- t butyl, or by formafion 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.



10

15

20

bis(trinmethylsilyl)amde, in an inert solvent such as
di nmet hyl formam de, N 10 net hyl pyrroli di none, or

w0 2a08abBsaT of uran. Preferred conditions use sodPCFUS2007/083745

hydride in dinmethylformam de at a tenperature of 0 to
80 Cfor 4 to 48 hours. The al kyl ated product of
formula (14) is isolated by extractive and

chr omat ogr aphi ¢ techni ques k¥bwn to those skilled in
the art. Schenme Il o\ ONN R \ 0 Step AR C
Step B1 NSORzo NI/ NRI\V \ z H, / N(15) RS3

(16) B)SdRempH2StEp Epa RirfhydR@)clopenfa[iNingblepf For@gl((1D)is dkylated

T T S I
Actrabydregyckopymiz bblydvllmféﬂm[lda(]lﬂh dbtferregf canditiond we C#5)Oprin an

AT o SR 8 IR, WIS o

IIDQ °C3t®pplEferabﬂ}oat66 oo U, dort 2etb 2d hyas o Thychrofusnisasvdated by

Bk RV R Mg ikcs B0 b

§ é%lg e R 1}]1&{{6 (RYHI arfind bl é?dlﬁfgsrlnulggp T(gfaé% phy.

aﬁlle:medelwthemlk)ﬂa}tdmazm h@efﬁaﬁd:ri asieg e lstr¢13gd1aaazs'un1ea5t sodium hydride,
r I oI e of

sips A EaR bl ep Al g el of

DEOBNR63BEY)PATE, USA0D Tt %@M@chaﬁmmethylfonnamlde N-

methylpyrrolidinone, or tetrahydrofuran. Preferred conditions use sodium hydride in

dimethylformamide at a temperature of 0 to 80 °C for 4 to 48 hours. The alkylated

product of formula (14) is isolated by extractive and chromatographic techniques known

to those skilled in the art.
Scheme 111

ety

(15) (16)
H, StepD R (20)
‘:N Step E
R3 (19) \ H\H/R
R1
o
NHBoc '\)l
o <

(18)
(17)

In Scheme II1, Step A, a tetrahydrocyclopenta[b]indole of formula (15) or formula
(17) is alkylated with R3CHX, wherein X is CI, Br, or with R3 CH»OSO»Me, as
described for Scheme 11, Step E , to provide a tetrahydrocyclopentane indole of formula
(16) or (18).

In Scheme II1, Step B, the phthalimide group of formula (16) is cleaved with
hydrazine hydrate or hydrazine to provide an aminotetrahydrocyclopenta[b]indole of

formula (19) as described for Scheme II, Step C.
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w@2m8l0638gener at ed from deprotection of the

Alternatively, in Schenme IIl, Step C, an

am not et rahydr ocycl openta[ b]i ndole of fornula (19)
PCT/US2007/083745
t - but oxycar bonyl (BOC) protected am ne of fornula

(18). Common deprotection conditions for renoving a

BOC group are well know by those skilled in the art

and can be found in the text2lef T. W 5 G een and P.

G M Wits in "Protective Goups in Organic

Synt hesi s", John Wley & Sons, Inc., 1991, 328-330.

Pr ef eAttetiateshdint $abame Us Step\T. ap dmopesirabirreryicdeeritgiblindole of

TyENT} Bans ebfFRE! @l i Hber R e ph i A
@mtwd@ﬁmﬁmﬂfgﬂn&ll% 18). Ganmondeprdtestion comlitmnk faimineingra BOC

upQRARL bj tﬁ?@iﬂ"ﬂ %%egﬁ/ Jd%%{%%é%ﬁ MVLDI e {e ?ofT W.

rrespon Aoyl or sul 1ony
rCesqzmemﬂ inél M, Wuts ia r‘fPlavmgnmqo(GioapselnéhgammSYI@wslh” dghn Wiley &

%%11{'; R Ci?é‘i %5%%’ & hérgfeﬁgfﬁgﬁﬂﬂ%n%saeggf[ g}glrc%eﬂ %hl@gd@in%ﬁgne ata

suc am ne
IQMPedartm abatwyt(l) o[ W.°L. 12} abontI(Hnmu(eDmB@@)oursPr eferred

At or Benenf PSS @t SEORRATLD L o PR R o
[shlfgna®idept E}rrrtuga (2@aky feagion vethethpeamsspoatiag adfahoyl or sulfonyl
%mogﬂé %?pecﬁygell)? e ; {pgpoénfgt)e%&é«g@éﬁct%rﬁgﬁﬂof %r% dder;élgcr}llyggé\ﬂet%e at
SOHOITE using a%@mu@h asSattbyreminy, Fin@’ @ bade oHI HFdMalStmb) [N22]-

S DA S G A Rl

(22) RB/:INat@v&lb), (I4NEan( iRG)repatad ab ﬂhcﬁmhe Pehdnié, IHSSEp EApy acting
ttl?e{(a{p% 0¥91%t8 %&8 glgls c?e:: gﬁlglloforgu% of 091 ylgﬂlo%dé\zvgﬁl an gmlne of
tibvenudub Y, estsmtfaﬂyaeddsaﬁ;edumSchEﬁie(ﬂySiepyment a[ b] i ndoI e of
formula (22). In Schemsl%/éh B, anitrile of
formula (21) or (22), uce to an al dehyde of
formula (23) or (24). The nitrile is treayed with

al uRgnum ni ckel catalysp in a solvent m Ryure of

vat ery.£Qr m ¢ aci d_rangi{qg fromahratloo /10 to 1/2.

Th fHZ an pec08 % N
e @ (ari ckeused,_ C ,§6mg/bﬁ_@/N.Rz

reacti onN“s perforned at enperature t

reflux WY 28008/ 063867 PCT/ Us2097/ 083745 N (25)
‘StepA l
/ Step E
O.
(22) (24) (26)
< R Ra)

In Scheme IV, Step A, a tetrahydrocyclopenta[b]indole of formula (21) is
alkylated as described in Scheme I1, Step E to give the substituted tetrahydro-
cyclopenta[b]indole 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 nitrile is 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 reflux
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-22 tenperature of the solvent, for about 2 to 48
hours. The product is isolated by addition of a

w@e@Bi638sdl vent such as nethanol, foll owed by PCT/US2007/083745

filtration and concentration of the filtrate. The

residue is further purified by common extractive

t echni ques such as with sodium bicarbonate sol ution

and ethyl acetate to provi de2x-he al dehyde, or by

sonication with 5 ethanol, and used w thout further

purification. Alternatlvely, in Schene 1V, Step B,

\Amrme o§the eplvertyuboabpuial todhdours BOD) protliree s iscl4ted by addition of
1

ol tr(l;t lels lVglgt Sfl de[ﬂ]!le@haglgl }0118 e(ﬁ gghltﬂaﬁorg aﬁlql%g)?%ltﬂfﬁilogg)lf t ee filtrate.

nonaci | C con ons suc as’ Wt
rlbd owsidug isdgeimr purifad tecampios ewiradtiveieckyaduet yichlas with sedium
e 30y GG AR, BEABRURL N Mo RE i i
dihasdbandykal \Mmhomufmrthgrdmnﬂeatwflol | oned by ethyl acetate
and s t 2

2o PP Iy Ko GHE 8 e ). v
slmiulnﬂn ofefotnnd €17 or(22) ihodncedanidg nbenidiconditien, sshrgwith a

RS ed EU  Toress g BT Dol SRR . The
mechaxis picadd ihen mektaok2®) suoh ay dd)loromethpis with @llditionTdfe

L d [
RO R R B ML AERRA 4203 Shour
aboo t2mpayatuizd Tho trastjonps gfrexdatithy208¢ aqueamsb@nmpeararbtarfe 1 hour
L0 g@R RNk B LR PLARENGE Of a base, such as
pot assi'umcar , sodi'um’carbonate or sodi um
hydr oki Sthemd e, Smmldmtaldehydesﬁ fatmth (BY) orc2m) (IEcmnlvateidm@a

trit t

3t PSR PRl Bl ol PR

l]nsdmgﬂaxdersakt bf methb:gemiicqu ethanc nnlmnlhynod; altkﬂsteq()@ AE lfgr about 2 to

Ry rhours pre erab Sélt I msttgt%ﬁegr%{el%l ftgfeocn%t uﬁlsthg’ Hr%se[nﬁe ofa base such as

chromat’o
tpetalsﬂhjy detrbmyicel mﬁm a«nborlate:dm badioh hf’dl DXIUE. aThe_(p't’&)uct i§ isolated by
Bl Ry BP b ot Ao RBTLlb RgPR T aitued

d*ﬂﬁl&lthyﬂ) ecd:tater; 1sSta|tEeImSmg Iextreﬁtle@teﬂml(ﬁkt andn'naaslitmasqueﬁtly purified
|oo sed ;herein, "Kd" refers to

Bt SR el b B RS RRET ot for | L usna-
rec eptrn%chemaw Step E, Péj meth@dfirae Eetrﬁl@dtdb@clepﬁmtdnb brdoleraf formula

I const rec r.. complex, .a
(R0 L0 BTG Rl SRR By SR e RO of
Efd)mdﬂat(%}mldfesdhbed imsroﬂermgﬂ Seges at equilibrium "1 C50"
ref i con %tr tion of an agent which produces
5695 Or - L he HBRF e tbi tory response possible for

t hat Agafdd horein, aKg’efefm fovtied gtpuilibeiuinhikss 3fativn RO &ifr ia digand-

B?Cﬁgﬁohboqlfepgé?% \/)%1 rngg ﬁ%?ﬁ?ll%héo(y gfsgdg%aﬁglg g(fngtta{l 9 gr cllrug—receptor
compkeRtandts arindiatian oﬁ@ﬁméntmhmcdsf doiotlakoeill bafi Ghlf the @indlg

e BB G0 dnhs Tagreerbane o &t dra VEETRET s a0

@f th@fnaximal 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 to the concentration of an agent which produces 50% of the
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adm ni stered therapeutic agent which produces 50%t he
maxi mal response for that agent. Steroid Hornone

wOR®BMO6I86 Recept or Bi ndi ng Assam Cel | |ysates fPORURIGHOB3745

enbryoni ¢ ki dney HEK293 cel |l s overexpressing human 5
GR (glucocorticoid receptor), AR (androgen receptor),
MR (m neral ocorticoid receptor), or PR (progesterone
receptor) are used for recep?®or-1ligand conpetition

bi ndi ng assays to determ ne Ki values. Briefly,
steroid receptor conpetition binding assays are run in
anabmiaﬂ egspovapesisiviatgr thetgei sepdsDINifréfers t¢ heidescdf ) ,

STyl 14961l B g
glopr RO@pigt an o]¢
P T lA ESER 1

[BH|zlwescatiatihrsapte), fAJY (a@Robénrdéaptpr), OTR3Gnindvilocorticoid receptor),

[ogEa( (@%g%}s/eltr(ger{e 6%2840@%%\}&9% Ifdro]‘(;%cg%t&dh d cgméegitiﬁﬁ;}ainding assays to
%m$nmeﬂhyﬂu$|enolone for PR blndlng, and either 20 g
293- . ..
lys a% ¢ r? %Fdld %gggorégn%&ﬁlotn %nldYr% grg '&@glgéi%g%@ontammg
20 mM &lepgs huﬁﬁer Qphl 9Bone12| deﬂme 75@(1M@&G1 nigd> mdsMgClp, 20%

e e L
f
2 sk RS 080 Lol maons

AIRRIHAS t g @Srq LAYl gﬁbd@@meﬁzrﬂ@% R pindiag 3o mhe 20

kCP:BI‘T'}jﬂnE‘lﬂylﬁfe%Gfthi‘& ARLAR iR, 0seM [F¢H Bato8ErAY ?Jr'MI@ Bind@ls, #hd
0 L of cold charcoal - dextran buffe

@c@ﬁ%ﬁﬂ ngetlpisétrlemomﬁ_fornPR hidig, dndfefther 20®tg72831j3Pokysate 22 pg
d 19
%B? sate 2ﬁ L2l 23? MR Rlsate 8rdib1t‘ %%af% ﬁlf' lﬁlszg 5 welt ny% ate |

reac are-’m x on an o
sjrpadaﬂly nat in46-wgll ﬁﬁlmmt pCanhpsing et ctdfnqmunxemrer adfdetgad/aadsus
3,000 r nut es. 120 L

mat 4 for 10
aneﬂféatﬁrlmflﬁgg f@@éﬂwrﬁ) (m M iy hﬂ\é[ N@@ ﬁp?"l‘ &h@?dé?% Bd to
ABREMAE RGhdbdendd At560 apmezénétﬂa'éoﬁe @f Gm&;llﬁd%cg 30y IﬁMh ase

H safe 3TM scintillation uid i s added to each wel

pldapterong fas MR piniag, o190 gMdR@hylmea@P%@r PRARAER bérr%rf& &he

SRk reachbAsQN 4RML) € ulbasaltéarbv%lg%t mm'cs theﬁ’ b@hﬁ%fc@lﬂ Bharcoal-
read 1n_a Wall ac M crobeta counter. ta are used

tdsxtaaé|b@£fpra(€@1t%mlné 881 e e af #seay0Publse Oﬂé r&f& ﬁ]tl%{@‘@l and 0.25 g of

gttt kiaafedab eéeﬁa redftion PRitd§Qrd Qlxed RITR-HiGXBNSE HASONE sHaREr at 4
GR bi ndi ng, [3H]-nmethyltrienolone for AR 30 bi nding,

[ @FﬂTh%lP]&E?§ ﬁr@rt]aﬁqé:elptgfugmlqaboﬁ Qﬂ?lrﬁ‘@ at 4)¢C for 10 minutes. An aliquot of
[1361. et Whiddid oG BRkioN Bt iRReiHHeRBd to oSt KRNI AYd

saturation binding. The 1 C50 val ues for conpounds are

dahuerof &@II@@OMmhawSﬁhﬁ%gfe B Wescamdpitpnphuidis ffldeddo aach ovell. Riges are
%Qaqg{ aQ19§§aQ£n gcg ﬁg (39 lel 9%%21%%21 er. gﬁefteg 9111 ln@fﬂaﬂgn 82 hours, plates

protocol esse y as descri ove
excenpl infai Wellag dipobete soungdr. t he present invention

dl S p| %M%?at'ﬁlre lugbdttg] galéatﬁ{at? hif! gs'ﬂﬁﬁteﬁ%é?(y ancelfperc-entgge 1ﬂMo1t10n at 10
uM The Kd for [3H]-dexamethasone for GR binding, [3H] -methyltrienolone for AR
binding, [3H]—aldoster0ne for MR binding, or [3H]—methyltrlen010ne for PR binding, is
determined by saturation binding. The IC50 values for compounds are converted to Ki

using the Cheng-Prusoft equation.
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conpounds of the present invention display a Ki in the
AR bi ndi ng assay of < 100nM and nore preferably <_

WG 00RI063867 addi tion, the exenplified conmpounds PET/UK07/083745

present 5 invention selectively bind to AR (lower Ki)
relative to each of human MR, human GR, and human PR
To denonstrate the ability of conpounds of the present
invention to nodulate the aztivity of steroid hornone
receptors (i.e. either agonize, partially agonize,
partially antagonize, or antagonize), bioassays are

per f oF olbwvingi pﬂ@tqﬁelmwmtiﬂlyr?@tdmﬁmd ahoda Ithet dxemplifgedepmpounds
o?ﬁlget esglﬁ rllrgfereltx (?I]th sgo? i} th%eliﬁ %mt {n% 13 sagfr)] Li <y5 OOnM Preferably,

tran ear recepto n

RempRHGs 6OEPPIRSEL ﬁllv@fmbﬁ dispRpaKt &f thg %R%1ﬁ@ﬁ1§is€agcdf < ThaM,
sol vents, reagents, and |igands enployed in the
ot Boregrefrehlysa yom e Iy %lémowh%wmpggPcbcmn@ﬁv@cﬂ#ﬁ@msam
HA GG eleceCARd REARTIBREY €6 rdbfiveREcBh o PRAMANIY. Filioh IR,
in the art. Functional Assay of Steroid Hornone
Nm@hﬁnmlm%ceptor Modul ation: 15 Human enbryoni c ki dney
HEK293, 9@&&@@% oS LERA s L HRECH: hRRIIHAD Frodulare the
receptor and reporter” gene plasm ds using FugeneT
(aﬂe\eibfe)f &embsmp@%mcm@m@fee@thpmon%@géwﬁy asmulzemaytlally
0

déng—% dlrSlto agl'Ee %Qﬁlé@?l%ﬁﬁé@ggﬁ g&ﬁﬁ&leh%1&10&%'te%§fu9&10951‘}9&ﬁﬂaﬁ0n
(OSECEer BEIRIGKPIEysjondm delfsm(atlmmluydtanéectfrd Widls e huginap reeenser protein
URgL fl?x‘?ﬂe CBt'nggesﬁnl%e !:l%%t(z %%&)‘?tg %G%P 951{55'[10‘[0 Ii;l}go\solve%ts rgagents, and

trans nto wth a plasm

digmrgis iempioy ekinghefupetogsl gy lammﬁtﬂﬂarwmb@@rfrmm@@pnmial( SaRces,
W5 Lhe rép@t*ed b% 853&&1‘?1 QRiQY ifc4s) promoter. The

conta i ng tvvo copi es of GRE

report r “plas

(SEQ hlame&ﬁ% ﬂldﬁgyDrﬁg@eﬁg B3 {f&g&ﬂ &lilh&agldlhormo

luciferase re rans asm
carptor dndirepweley ganx ptasmsis mgng Fudeae™HRBoEr Iggmame)transbcmbn

t
s Sietlvorh e afing Sl B BEC 'S Bhsro SRR E langrogen
Gponsp remmatcljw GG_CE@CIH(;&{A?M@’& f(@]e? &0 NOn 1) A&0TIChyfrhidimk s
DVEM ia wth 5%charcoal - s
TR APt i GOBFRT GRS AEDBGE Bt eaed o HER293

tcélaasns]fdeacplesimd ebﬂsﬂtuarvey ekpryPBighuzmed ancﬁbg&h eacileptlr @R )weilh; viral
tainin 5% al c.oa tr
Lol il T B gt i e R e R 0y 04 LR e

a;ginaelltnbaltnrapslasefeletresﬁs TOTACWGEIEA BOTTE@NGI |($ﬂgQ fib NO:2h and TK

01 nMto 10 n.the anta
RIS b e ot e iR erag roREO SN b RtV igh i fesmia
fcesgpiagit ely expresse)@teaherammaﬁgme@tottmoidhecepﬁd (GRY, Qurdim NM
dexa thasoefor of nmeth Itrle

ARDergyo @Fepﬁqréﬁje(gthﬂj%n P@Iges\m BEP6 %-}wmg vital CMV
B@Mdﬂ&Z@&Wa@e&%ﬁcted 45T BB canfthss 1@5)MM/[ahdﬂ§$vﬁli ovechhi@bal-

) ter. 24 hours tion wt t .conpounds,
Sl Lo Bof e O ERE | RBir a8 avatbie e G TRt aty are
S hagiz&t, pRaandos eein tiskHd &5 DM Emeafaecoﬁﬂaﬁﬁr@@'% €hadcobBitfipped

rameter-fit istic curve fit to determne 0
37 @ubated for 4 hougs and then exposed to various concentrgltlons otEtest 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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The percentage efficacy (conmpounds wi th saturated
maxi mum responses) or the percent 5 maxi mum

W@ 20081063867 on ( conpounds w t h nmaxi mum r esponsesPCTIHS200T083745

not saturate) are determned relative to maxi mum

stinulation obtained with the follow ng reference

agoni sts: 100 nM nethyltrienol one for AR assay, wth

30 nM pronegestone for PR aszay, wth 30 nM

al dosterone for MR assay and with 100 nM dexanet hasone

for GR assay. |1C50 values may be determined simlarly

K ang 03tnddy olddsteromeide MRy safjer dd thaurs ingubdtion 1ithaet eqyenousds,

%Qlﬁ’seare g/%dca%ﬁ udlﬁﬁk@éc‘n'vf?ﬁﬁ d@{e id&d &8 sﬁh%qa@?cﬁf?ﬂ@&” ng
est ound acti vi e pres nce o

c onc e@tataatq fattedad a agmpargmet(eeﬁtzlﬁglnm aeyeaitao Hetsrones E©OY0 values.

; :
e petechu Lo TERHOEY GELAGC] Rlps i BB orcont
tngaxiriem steslpimdcmmmﬂe\diﬂbmaximemaﬂmndesvhat:dmmm paturate) on
%fﬁf%% Qd I%Ia‘u{f totrﬂagmﬁ'llﬁﬁ @ﬂ%ﬁla@gn Jb(?%ﬁedgﬁﬁptﬂéj quil'ow' % r%gﬁge
reporter assay an 1 ndicator of agoni st

ageriys:tI)o nM nmhxitrenQIDmfsﬁquRtah@yﬁzmz) WR/pARECgcgpor foePR assay,
%ﬁa% 'N? alﬁgsrtér?ﬁe"ﬁ%g R { E gfalnx witfd4 ﬁWeQ%ﬁ&so%ﬂéR Kssay

S are co-trans usi ng u enelMreagen
defbvales nplyds rch:tdrrmocvd mﬂarbfglsmg@lﬁgm n{agk aey dats.i lmohd

r ) | t. ..
j n pronot er

gﬁ%%%f%%ﬁ@&?é%%@?ﬁtﬁ%@%ﬂ%g cg&g%ﬁg%st comr%ound activity

up gt peaenco bf ohvecoheppirftgmas agm@bdi 2erMclbhiyethiasone for GR, 0.3 nM

6 AR BEL AR ORIl SORSEL HE b 0 G REPASNune

Kuman® and) rogen rece ?A&Ef

Cal MB) ®rthe tespmsef modhtedd bmthﬂﬁﬁe bm&omeasktmm af a@vfﬂwmdl a

%§elﬂce4o%)tgs ng)oé)ungt al Bovine Serum (FBS). After a 5

Rour 4 ncu |pon transfected cells are trypsinized,

m]zélléele/AREﬁieDovmﬂ dssad't shes in DMEM nedi a containing 10%

char Cgaa '1Sntd{c|a opefj a OMISt ac!t1V1 yul?larll%uesc eftlgr ezthe gélZa RE/Atﬁ':ereporter

exposea P 6 VART ouE EOncentrations o ’tes conpoun

rageag isngribmonh dbiofly, rﬁbt@é_mynﬂ%it Q2C02 pdllls . ardEd-gans&Btel uahg

i ncubati ons th co oun cells d and .
FHERR L8R A fahof RO sl s, RGRETA A Tafifcoid response
RGO/ AdBSen F8pchsd aefhertt St BAGA QENaHELTE T § (SEQ OYNGi3)@Rd
to determ ne %%ﬁéyfues The %efchB% lasaid
d&t FPRPivEEPsyeIR gkt HRAH TSRQTIeE AN ot tra ‘t‘cé‘idn“é‘&l L R
L&@M@Eélwk]}sregsﬁl@%@aﬁ anc%geﬁua?ptbp@aid) u?ﬁ’l@ sl CQf/[VS;ir@ﬁ&bld
hor none n ear hor rece or nodul at1 on SIm
LN i an e Badh TR ok gEmRei T tosr gl ot Bovine

tSRRINOFBISN A frbrva Shkduk IR Gbadibh, thaFected @ik Wt@?s@z&f BlaRAQh 96
essentla |y as described above, the exenpli

EMpaedirorgians E98 6hreselritiged d Ao ssvbased fongsh

RhELH Exﬁo@é&ﬁﬂ tyhiQdhs dbsoRh @i oA o &S Borh foub Erakadfe BoMRbARE.01
@Moorter assay of < 1000 nM Preferably, conpounds

o 1 e A& pit 48 hefdpgubafipng Wath icapp e dE colty qr%lyﬁwné@@fzrase

oF ex’otg {t&ﬁﬁﬁeﬁ%& sﬁﬁm te\@/lﬁr{}(iueﬁ/b ]I%agall B(Iﬁt t%??%%%geré%t Jogistics to

ggqegp@lpq‘: ECﬁQ/V'ﬂues The % efﬁcacy is determined versus maximum stimulation

obtained with 10nM methyltrienolone.
Functional 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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5 Male Wstar rats (12 weeks ol d) are castrated
(gonadectom zed or "CGDX") according to approved

wW@e@sedsses (Charles R ver Labs) and al | owed tBCIES1087/083745

for eight weeks. Age-matched sham operated mce are

al so prepared. (Shamoperated mce are aninmals that
have been exposed to the sanme surgical procedures as
castrated animals except th#-r testes are not

renoved.) Animals are housed in a
tenperature-controlled 10 room (24 C) wth a reversed
Deestro unrvehticghtidpitayrak Eqsomethe d2CK2 AR/ ARE 28006 assaychf wat(dd nM.

RctenD v BomiR vl Dae e Aot iy sh e 3BT b i 36 2 aRaRE

irepoeBit sy odr<e100ari anll doed grefeehdly ysdmwior al  gavage or
subcut aneous |nject|on to the castrated twenty week
yve Modelyh Efficagy.andisele it 400-450 g). Animals are

r ando Nl 2wkt @@ﬂz%ebsoa&) dﬁ@ta@ﬁﬁte&@omae@tbmtz@d als‘ewmjm’)ng
a test slot, suc that the startin

bod of
apqordipgigranpioyedypragadures rharlgy BWPrnL@S% ﬁ%l ‘P?“Bt“ﬁétF for eight
TRsks. comeuaida sﬁefn@oﬁ&ﬁbmmﬁe@f@dsot@eﬂam @RhMBIpSratéd inli&: are

conventlonal vehi cl es. For exanple, 1% sodi um
Prrbersecn Porsse theemmy surgisalzisoredurgipasipagtyqdpnimals

%k&ipt heir R sRMoDBMYSRY TANmMAE Al hagkal M as{eﬁ@éﬂa@&b &hetohdd
et hyl -al cohol (EtOH) + 94% cycl odexitra

oy é?éofcﬁ mlthg%vezﬁ% he By highf/@elf $6le darky} Qm/aé@%%nédvaz@ and

redSard 1aahmd . Mikihnvehi cl e al one are used as a
treatnent positive controls whereas castrated rats

t r eat EHOTOHIY dnemtrdte i WraeThsasy soBgodNls of b prasgit invention are

REGALJME &‘é?ls}tb'y%kal g%%?& oPIbORAR 0@ iBjcbtRnad tlf%\éﬁfftraﬁadtt%ty week
week tinmefrane, %Sor subcut aneously, wth

ity (Rodyoveaght 1b0u34001 Ogp)- B0iady g f@é@n@fleddoaéwm weight
Pfiof L& sRHbRENEst kY, %ﬁ@h‘ R4} the Birtilf bddh Svct MR- IR Kreatment eroups

treatment, as an indicator of activit t he wet weight
Gfe Witen p¥ofeesh oisT. ARest camoupdis adminisiersd te ternigiabupings
@@ﬁx%h%ﬂ&ﬁ@eh&”é@ ERRARRE 199sdden %ox%'eﬁhpfcemﬁosfe I%@MC) +0.25%

Levator Ani fromthe castrated, vehicle-only control
Jivesam 80 mrierifllGueangtetusedoior prakadmipisiegtion apd &orsder-plsolish {HOH)
thero] @y%todgflﬁ% @psk) Chend B ?c]r @u‘&ma}{eo% Qﬁ&‘u@ﬁse Sham operated
normal’i zed relative to total

ir#elfresaedovithoyehiglasd one asepsed a4 %eaél@@m@pﬂtlyve Ctonéolwﬁler\mﬁ Qpfrated

Qfts rbRed &%Hﬁj&/eh\fﬁéﬁl‘é lu?e&a@%atﬁﬂeﬁ’t'ﬁe 88k caftfdral s i's
simlarly conpared to the wet m@%lt of the 30 sem na

vesi cll'ess apimghhardosehaiier a trehivedkdingiiagne gerallipor splatancouskye
Wath, 18 bﬁiﬁiﬁe QT 3 t1h§ 10%E3h ﬁlgﬁ%/d%?'b?ﬁ E‘(ﬁgpofuﬁ@m tﬁ@f)llgsctnhﬁwentlon

test group and 't he vehicl e-onl ¥ group are normalized
Me&the\ﬁ‘éoﬂ@ek @@Welbdd)ﬁn Vshiagher o mvgm@]gy Wg 38zt of the Levator

%q{{ %%zfeQ§ 31%4% %ro?q[? 1s|d3teﬁgﬁb(§ érﬁlrbohfﬂalteﬁ]?o th@ Vv@{ \Qélglﬁ%&“ the

bia of rats are 1solated during

ri@w@rp@y fmﬁdthaﬁ%érﬂtedsrmblpbrqn@' ehtrolggowp | Thkyest weightyef the
$ftle Bbt%ﬁlgﬁ iUk @ ﬂagf %}guﬂt eﬁlﬁ tllﬂﬂﬂzﬁlclesonl)p eroﬁlg ﬁllje anmahzed relative

renoved 'S sarrpe aced 1’h"a sol ut

doiotad Pedyngeight2 P @b irdzagton a%@ssuei yeleTyosacBuLy, drc (g Helgha)f the
| .

SaFinACRULEIBG) ERRIIPLL G ENSH TR mph DB L REveight o he

asgayl veoiclde fremthardiam] wehidnenly Emphégas,éhfamtimigly@ ofgle

L BGL1E855 ined from both the test group and the vehicle-only group are normalized

relative to total body weight.
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of osteobl ast/bone anabolic activity. Briefly, 30 L of
sanple is placed in an epitube containing 200 L of
phosphat e (PNPP) substrate bRET/E82007/083745
(Pierce Cat # 37621). Purified al kaline phosphat ase
(Sigma Cat. # P4252) is used to nmake a standard

curve, and the sanples are read in a plate reader at

Abs 405 to determ ne periost®al 10 al kal i ne

phosphat ase (PALP) activity. The results obtained from
both the test group and the vehicle only group may be
nor maln addidion ¢ tit DeeateroAiti greaveilghiclthe Jadi iha of ks ratsaipdlated during

550 L VS5 T FL DA 0 A

tcasfullymémened/ Thiesamrdwsrﬂmn placed &l a Yobdipn eeritghing 0/2"/( wllagenase

JPLADbA 2, R BB 500 B0
Fuabh) taden lngnema@dse@um@seae sedaringlel a}kaase m@mtab@@btlabﬁ\ae indicator
: i . fol i .
LR RTRAUN b AR nf BB B Selfient B oo
@blﬁtammg)ZOO ahof pgh-eotophényyphoSpse: (ENP\kaiugmat@wfﬁae (Rjtrte Cat #

E?%ﬁg aﬁﬁ%e'&%lg ine I?ﬂ E[gha{ag’@@ %le{ale&a?%]))({%v L glgegictéé D n‘%(e a Ftandard

cy versus

(cstvargnd ctlwrsamplgs @emdd if Ap?%pacbﬁﬁ L0806 Ai\&atbﬁmlrp@@rlml
G500 1B sy L, B R AR ATy A p g

[th vehictewingst gpupamhy bausehelize§velativs erriotebodyesdighte GDX =
9.°”adg&%9”p% Cacy @/ ¥k mnssf'l%L Pbd é%e%§ Qi der g, dgsoci at ed

w th bone 1 0ss: oun\éfs of the
pr es et Eff rv@Wet weightaf €At dreSVoa BatPtaytl\tl@ it teetadnimal / test animal

ctiot?l%rog% }V%l I é?@&letg\tg ei‘dhtwf iA 0? gK}e IPQ&J% acts Vlfy 15 gg'ntrol arrlmal / control

O ent a, er ani ma
\Neirﬂaltutai:h(xd}t\@mglim@él@m t he art nmay be errpl oyed
Exanp nodel s
ol o St SR IRERe Rt o RSBk, B YombragtPr Bt

23 dis(afﬁylmhb followai- €58 vify2id Gl 4 for¥-nhentiMpedadt imlvivp model of efficacy
g ﬁrl .n ogy 144: 2008-2015 (2003); and K. WO
HIGHIRG? PCT/ US2007) 083745 - 28 Hanada et al .|

i ol Dodehar
afnig/Kgdar
st rogen [
nd the M

m  BULlA weRB{ 11) :
mea Eiffracy sersrade

Def | chetnd YGOX) eop

| e (ReO Vb aed.0Df

156FV1b6&ght( 200
of % hffick@mal e

B ndrees icniettnd @dhamy
ANANOYEA, k050 |

B).  PALP
Red Effoalsl vests
Ov asiitet {@DK)
ENEWNOV A, p<0.05)

[ NaNY) ITI'UI'D

5t 0N §

ficianey
T T T AL A

I nducet4by Orch

t annani o | nrlll
UUrJ T A T TIrooa

dectoms. Mdde

Fa¥a h\l f'\larl ect

of Esbpsogen

10, po ’

RS (L

TR v |

116

30, po

186

14

“ARN AT
107

p.o. = oral route of administration

LA = leviator ani muscle; SV = seminal vesicle

GDX =

gonadectomized

In 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 et 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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5 Six-nmonth-old, virgin Sprague Dawl ey fermale rats
(Harl an I ndustries, Indianapolis IN, weighing about

WQ2®896386T e housed with ad |ibitum access to fRCHUSZODI/083745

89222 with 0.5% cal ci um and 0. 4% phosphorus, Tekl ad,

Madi son, W) and water. Bilateral ovariectom es (Ovx)
are perforned on the aninmals (except for sham operated
controls) and then random ze2B-into treatnent groups of
7-8 rats per group. Each assay 10 typically contains

at least 2 sets of controls, including

Shandagy ak i Bo't Blrrym( Biaap(1land S6VH0i(¥BonParachla orntigl i made

%%)Feﬁllél%zﬁ \Q@\iltol’[l EVif: (%'eff !D%ﬁcu—(:h/ d's?etoﬁen@l faR&l Iggbt\f%? cIany,

|'ose bone to establi1sh osteopen
tané thie iiele Redi Mhdeﬂ %Andro.gﬂp&ﬁﬁidlenct‘b"e@itwpcmwpldumdé)yaOrehldectomy

AN AEGLEN IVER|hdy BB IRY ARcddDhy H%uiBdh 'an;"r 8

n PTH
(1- 38§IX(ra@ﬁhﬂold1@mJ@¥1 Rpvaglye Bubleyfeanboats I(kr3rlamelpduistricgi ven

%ﬁdlén%galssfwgsﬂgetl%h(?%c it %q §ht eﬁm%se(? LVlltRWd nlgltl%n? g&l:s%ttd) 90%d?{"D
t%?ﬁi’g&mdfp@l P% calgTm aﬂﬂdﬂ%\ pbidsBhoray, & cklaCFMetdlthl,kWiDmch watar.)

la{élsa? gv%%ﬁ}%ﬂl%ﬂéé%é))aﬁje o]?er 09111 LS tt:flléé rt%lglgfgg ){{épg %r%laar%l I,?gerated

fecemtris) an@tmmuanlzcéintmtry@mgroups afhT-8 eatppirigroupelfadh pgpay

: . ]
gibééaﬁlﬁgﬁﬁgg%rleag?r éejgc'e%?f fcgllfﬂFnbgs 4 1n%ﬂ1%1n§%har£ %kf!lr%c%fllws{lﬂ% and
eaitatngaid coesdls [y xirediédreit? Ochfolo devx raB 6. (£801t0d fo IMEDone

ié)lr pIhOIMl RIGABH h'(wgé%) @e@% %B%Jnf\él%t thutééé @&néou%hwfés%s

Demp«mndm:ry adhhlﬂmqme:d’nrally vidgoade myOQ anhna:le@ ereseks As a positive
%on roqorgéomb?n th 1% %%ut%l 7k /Bt sub tane & ay be given
ndi ar an apo ﬁ) VET gRI h SpURg e 9,

ustries,
acli & suboet of d)vwamhlamchbllob/nltgnm@dmas sf ﬂhe ta’sm[gi)r()ﬁﬁa)lﬂgmtatlve

hutgd 0/ Zcqs)hl% gb&ll" l'mr?an%S&a %F%Fo/&c’tlgploornu%ﬂ% 1-Is- %léede}e)%lna)lyze the

son, wat er éra orchi dec
arobm;e&rcfhonermdaemh derhay éBMDahlg/c(:)aofdmpbarfvanebMamb dredted.
gsﬁl?%mec%am%al z}na%rstfzsh efn[hrseépom S uémg gté a&slgrglyﬁlr a,tftrrcl%? tload to

dghiraomthe ptoxined $dmi2 asgiesfonficdaning amhaggriai mecthadllcaﬂgestmg machine
sham: o i.dect om. zed ha a or chi d

DB o d TREPE TS EE e T ahe e PR Thep 7 s G vorks 4o
Refwark Padsicerd. pse bone 30 for 2 nonths to est abI i sh
osteenl a befo%etreat rrent W|th test GO pound i s

orally via

gavagslxtrﬁorﬁ}@éldaspraglea)m ﬁal\é@aﬁ;k@{arléﬁ IRAuRA&d, td¥@apolis IN),
contr ol reconbi nant human PTH (1- 38) t(?bout

PiRpnegbaut 480 8cire Aensed ¥t yd H@Wb@cgﬁm o B 8BBLoEddsY 0
RETLSHAQOBRAMR rus; 214D MadRURSP) 288 wileX BiMktdFR Sehidectomy

FoIIovvln npl eti on of thetestlng protocol , the BMD
S RE pegfeweémnéhwan?l% fripept £ slian-ppesated gpatrols) and then
RiRIGRERA N6tk tRRBNMSESupRlof t NG rdtepas rgrcm@yE&ﬁ afAay f}@)rdaﬂﬂ

as descri bed above for the_ ovariectom zed fenmal e rat
rorfains atlegst? rdnfcantrq)s, inglpdiig shpm-orchigigpiomzed Sxfpm spdy
m%}wm%g cIMFINEOrSttredled witBABRickE RO AW are Ferthtticd 910808 ne

for 2 months to establish osteopenia before treatment with test compound is initiated. 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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As wll be appreciated by one of ordinary skill in the
art, the animal nodel protocols described above nay

wheooseedss! y adapted for use in conjunction w tPCT/K82007/083745

conmpounds and net hods of the present invention. 10 The

foll owi ng preparations and exanples further illustrate

the invention and represent typical synthesis of the

compounds of Fornmula (1), inA2d-uding any novel

conmpounds, as described generally above. The reagents

and starting materials are readily available to, or

iy subectiof Qdi drymsly.nF dllsiizecdnipjctiop wéthe testrgipmtweyl, GRBMD of the

B@rtéﬂ?a?arﬁrf%murl bs \%Q Itge lingr%eéﬁrdgi%gl%ﬁ Qs BE@E fénlﬂﬁ mag fbe performed
reparati ons’and es are set ort

MtH@smb@wm@wﬂhn@em@nnqmnﬂwdﬁﬂmﬂ¢@hmOQﬁd that vari ous

k
TR by, % BRYtf [PeB o RRof ol SIS AR ok iew
dAaf@bdIvaphy; " HPLC' refers to high performance

| .
| aut g Gh grfﬁryp%%ratew one SN 8 1% fnct e M Spimal nodel

chr omat ogr Spectrosc ers
tpootddotpulestribhd amat ogy &p hs}tdd;j glepted forsipr myconmsgiof @vith the

%%ﬁéunﬁ?&n%p%{ethoﬁofthte%‘;e%&ft i@t tentr on factor; "Rt" or

ers Fet refers to part per
mllion dovvnfleldfromtetramethylsHane " TFA"

refer %hr—t: Poll Ig)lre%g%ﬁ@%seatnd xa?rg[;lr?s furﬁrreﬂ_ﬁlus{raﬁg bl 1nvegti0n and

t et rahydr of
déprestimyty o amheds of thelB@bound§ eff Bormoladi nietlngihg any novel

Sgtla{%%r)ﬁldsq ea? descrl eneralﬁrra%o hogerrtﬁaggrlﬂt Xnd[ﬁgtg matfanalﬂs are read11y
divgtahlglto, %mx <’bd raadlﬂ)bmﬂrleat@t by’ Gicb—dﬂbrdnea‘r;eslell fothe art. It should

?)r%:ulg Cecé“t?l')lo)rgrl] yt %tr%({)%}‘;r%p{a?a 1nohs :;Ir\r%%_lx(am: gfe%e rgrsers?tffe %I?R)Z\%fi? 8fd' Etlilﬁﬁgqn and

rnef léngatioo, dne mlmykfar&ms medrﬂbmrr‘nay befedsbit memﬁbhhmqlr skill in the
gtOH refers to ethanol; "EtOAc" refers to ethyl

dCetate; "NBS' refers to N- br onmosucci ni m de; Al BN

refer As tus:edzre&m g7 oO7 &rfemtouhm Aaynar cthrorhaogrélﬁsr’ “Hﬂelf(e?hefdrsao

AQIeric.ex nis determ

B AR YRR dRatBh -SSP s Rkt P Rl PRPb RS ass

ThetrBRcopy; S* I@ESAl\gil’rrafetsan hq\ﬁrd chipeuwacphwptletttva spray enks on
%:be det, P sta dard tecﬁnrg ues such .as e

X 59508%I i'§ e&%nta B 108 fagfqro R enet Frafo-Tespigon time;

QRS A e nfilion H@v@@@ta/ﬁ%&%%mé?ﬁ;ﬂruﬁ@ OGFABEIdD - 30
I n_gene ,.the na for th ompounds of the resent

W&ﬁ%cet?r agHde “povie torsitra g VIOV RS EOh

|dﬁf1&ﬁ)‘1%ﬁjrh§1hﬁe =DMSO” refers to dlmethyl sulf0x1de "MTBE" refers to tert- butyl

X -cycl opentyl)-isoindole-1, 3- M X
é%ﬁé‘ryé 5@% e Tefprido gip tnﬁpwlrneanla%ﬁt ﬁ%frrﬁ Fﬁ %rethrlno

GzodlcadbdyRic) “PdC MR OHAadikoh oaéfr‘@ar%Brh "I\IafBH(OJ\%)g,rreﬁrs to sodium

anbi ent tenperature. Stir vi gor ousl| . ,
ﬁ%ﬁf&ﬁt@é@hY§tltlef rey” isfee g denzt vPayte ott%erméewl pgeniyeOH’
A8 o ABMER OB Yefeds b etihnol; “EtOAc” refers to ethyl acetate; “NBS”

refers to N-bromosuccinimide; AIBN refers to 2,2’-azobisisobutyronitrile; “ee” refers to
enantiomeric excess.

Optical rotation is determined by standard techniques such as using a polarimeter.
The R or S configuration of compounds of the invention may be determined by standard

techniques such as X-ray analysis and correlation with chiral-HPLC retention time.
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thick white precipitate will form Stir at room
tenperature for 48 h. Collect the white solid by

wa2w8063867 | trati on and rinse with nethanol. SuB@EOS200TI@83745

solid in water (300 nL) 10 and stir for 3 h. Collect

the solid and dry in a vacuum oven at 40 C overni ght

to give 195 g (71% of the title conpound as a white

solid. iHNWR (DVSO-d6) 67.8%-7.77 (m 4H), 4.90 (m

1H), 2.67 (ddd, 1H, J=18.5, 6.2, 1.3 Hz), 2.54 (dd,

1H, J=18.5, 9.2 Hz), 2.45 (m 1H), 2.32-2.21 (m 3H);

M5 ( minzgene2Bthe(niags fondmlepmpounde pitbel prgsant rvaiBion are provided by
3-di hydro-isoindol -2-yl)-1, 2, 3, 4-tet

@hh%g)?o cy?ﬁlg%Znt]ia[ b]i ndol e-7- carbonitrile MX

() - 2 (3- oxo-cycl opent yl ) nitgoiedidd B- 1, 3- di one (12.7 g,

28-3R A BV AR L L i oxane. (50
m) . MBk mg:lomuﬂameémo st i2rmalhapd phehatimided 1 Hem d 2 amol)

IS0 s SR UER ol FE R PR S RS

tivshanicbgirico andwrdd 2uv @queiotthNw& 108 (81600 Aiﬂt_e)f apprdxipelehyelh, a

%ﬂ( %ﬁll%e gé ﬁ{}ga&l?cl(llztgﬁﬁ n%r at h?élﬁt%félg%}’rltggeﬁgg Jlégl?t 801 Pth% white
walwlupnvaomem fittoutign wiel rink® with ngpthaB&9gSugfend thg salyd lbrvmm (300 mL)

%ﬁ!ﬂ gtﬂ"fom. ( &lFe):t thg’ go%d(a%- ili)y’ in %%@cu&M (;I'\)el"l atl é{bto%’&gglllg%tt & gefve

(1D} g 27104y cFnlicf ikt @bopRikiaX y whit2 s @id4 - HOIVRIPMSO-ay & DRENT7

2‘%‘} g %&%ﬁiﬁ %bi@dﬁhﬁ%ﬁfﬂ %ﬁf &%’rﬁ% %@gcw JAl§S 9.2 Ha),

(21455(mng§ 236-2mm), 3ERMS (m/z): 230 (M+1, weak).

()-2-(3-o0ox0-cycl opentyl)-isoindole-1,3-dione in EtCH

(20 ml) and heat to ref|Eermsiafy £ hours. Concentrate
te2-(IERDdxe IRl BF Risbifl d A I9-1 2UBU-EitH ikl @r d- R 1 op esta fhJi@d ole-7-
with Et20 (150 30 nmL). Place the mxture in an
§PERCRYBHE ¢ bath for 10 min, then filter off a solid.

I(Dlonc femli ahe- @:tﬁ;ofdyll:lbﬁe’iﬁtﬁ) fs&n@ﬁbl&’-@,lﬁdi?lzeqll m)d @, §9. DAHOl)-and 4-

ur i e nateria on sili1cCa e usi n .
f@aI@B%S%nEE‘@K&FH%%& 53 % S§i\eme) el *ﬁéAf g@gamlafan@ ﬁg Rldioxane
GSOMRDY NUsi ASmBchyBicAl Qi riAD 1%@&% %&&mo 5’63%/: 200708 aHA5

-31 .solid. 1HNW(%Q DVSO- d6)

&ﬂgltlonp 4N P{(a diogppe (38 mi.)g Hp&t)the ryaozlgn tO( ]djO phbpr' 1831:'1. SIgill(gg][he
ggaétéorgm%ré déth vdatér"(60@-m]§ a8d gdllegt 4Bk solid By (aBuuth fitfation.
ernedl a

(Spﬁncge MSﬂléd \_yltlz %Oﬁ Q2QQ pg_ﬁ,};aqnocog% Ia%%‘ﬁtl%la vacuum oven to give
[1bbis RSBy I-af o{iybmwtl rsdntds NS (/28 3bRaer negkm-gund

bottoned fl as equi pped with a nechani cal st| rrer,
prepare a nixture of THRWDEIRd) and et hanol (550

2-(7LPrifRbontBxdxy 192, 49 t41dRo-ey d dpeRta[b]indol-2-yl)-isoindole-1,3-
gi%xg 1“3 di hydrc?yl Soi ndeol ng y Jpe a[ lnt gtrgr?yl?jorncl) ch/

ciensaait a[ b] i ndol e- 7- carbonltrl I e (170 g, 0.52 nol)

and shfif (4- Qrﬂua&mamxyﬁﬂ&ybwﬂ%h@ By Pyl ({.99, 156 mioB and
(i)—g—(3ag)90 csytcioi)entyl) 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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m xture at roomtenperature for 16 h. Check by LC/ M5
to confirmthat no starting 10 material remains.

wWo-R00B06386he crude reaction in vacuo and wash tPET/E8100T083745

with THE (2 x 200 nL). Collect the nother Iiquors and
renove the solvent under vacuum Purify by silica gel
filtration (1.5" high, very wide SiQ2 pad) using (2 M
NH3/ MeOH) / CH2CAl 2 (3-10% . Celll-ect the fractions

cont ai ni ng product and renove the solvent. Add
acetonitrile (180 m) and reflux the m xture for 15

olind. aANMR(DM B0t ®1 UB (sptin, 7. 8frper4at)u?.8s8 (dCoH| e ®.8aHz), 7.28

2N 2 DY AL SR X AT S,

(60% . GC-MS: 198 (M+), M@Gn(eMiaxe4NOTE: At this point

S-SR ThE B enSSlor SR R fale TrRebBF L { af and
per f ofma threeme¢lkadoupt eptotleld aske paiipped ofth @fmdchanidal sider, prepare

GRS TS0 Pl g B e sad erade 213

[didxoncodiy dro-datidion2 &y 1)i 1, 23,4 Mtkahy drdlidc1dpentd[ 5 |indola-72arbonitrile

ARk o RREd b ) TRe e Gl St e B0 B PRSP EHe i e

hyiRtuid, A rdot fembyrdfuee Oy C6 bpEmick b LO/ME @b eonfira aliab o thitting €

40 0.203_.25 mmol.) . Stir the mxture a h
el g, IR e i et e g Tr 8
Dowﬂo.gbulﬂeaf]ﬁhe neicdl liqudBs zéldg?rln&ze]tﬁfsdlméﬁi ﬂndam\dlcmﬁ.ler (55

.. Heat the mxture to reflux for 20 mn ol to

Poineeisa i1 Sahite G Wie siCealop gz Moor " ond
]El\l}%Vl\/[é?(OH}/(éIJ_QCI; @41@))?]@6]160?_‘[% .fralatdng c@ttaihip @rdjdlemaﬁa am)wl _eahe

or t Itlon ours solate a crysta In SOl I
ey e okt R ol g re ot e fredbl R diang fhgp 85016
(& BinpeAtute. 80183t b brdWiysolin @y Brasioh hiell drip ivagu®oriniSIQ a0 °C

overnight to gjve 23 roglutamc acid salt. WO

30857 3‘%‘8‘?‘@%‘?/%%‘?9 /%%W- %@Mﬁf i@@i e{96 (M-);

il\iiglgaf’rjt?tﬂis pgdld citiiee sd@ﬂﬂa@?h&érﬁﬂiiicﬁne&@bﬂi?@ﬁbémﬁ: Q@mWRtoe bontinue the

and stir unti onplete solution is .

CHhestedh rerqtie matehplgig ROOTHY 4 ﬁ%%ﬁngéFﬁaﬁatlﬁaéﬁ the final

Gomp&gsls.t he aqueous solution and adjust the pHto 9

addi ng aqueous concentrated amoni a. Collect an

of f-white solid by filtAsterggdiadadry in vacuo at 50 C
Bin@tii1,2,9,4%ed8hyldF oy 8o @75%]@) iRdole-7-carbonitrile

((2%)9% 2-am no-1, 2, Sy,l(ﬁr-tgt rlghy r]o- cycl| opent a[ b] i ndol e- 7-

carbonitrile, > 94%en{col um,

mm 10 n); sol vent, 200ErSH

di met hyl et hyl ami ne/ hexang

m xture). Specific rotati on:

, acel QJ (4.6 x 250
% 25
chéecked agai nst racem c

[N] D -68.3 (MeOH).

In a 2L flask equipped with mechanical stirrer and condenser, add ethanol (945
ml) and (£)-2-amino-1,2,3,4-tetrahydro-cyclopenta[b]indole-7-carbonitrile (40 g, 0.203
mmol) . Stir the mixture and heat to 60-65 °C until complete solution is achieved. Add
D-pyroglutamic acid (28.4 g, 0.192 mmol) 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 a crystalline
solid by filtration and wash with a mixture of EtOH/water (95:5) (3 x 50 mL). Dry the

solid in vacuo at 50 °C overnight to give 23 g pyroglutamic acid salt.
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Internmediate 4b 10 (R)-2-am no-
1,2, 3,4-tetrahydro-cycl opent a[ b] i ndol e-7-carbonitrile

Wee@pacis6t he title conmpound essentially as deseCT/Bu07/083745

for Internediate 4a, enploying L-pyroglutamc acid.

The product (97% ee) has a specific rotation result:

25 [a]D +63 (EtOH). Internediate 5 15
(f)-7-Trifluoromethoxy-1, 2, 3324-t et rahydro-cycl opentalb
]indol -2-ylam ne Prepare essentially as described for
Internmediate 4, using ()-2-(7-

trifl bisebawstiiedatipniAd thf,% pyroglutaahgaibsaye vatseba id)) iandisir
élﬁgyéfﬁp!le)?e%o:ﬂﬂ?lel ?s n% %g%fe %21‘?62 g‘lI‘OL'l\@ a cﬁam)rﬂc'eogsSletﬁ M'(ﬂ')(iollect the
(@f)eopysclytmn ond adlys3 the-pietoPaldtide aquryel apesitrafet pinndola- Zojject
(#1 oﬁ%ﬁé%ﬁd quﬂ'r%h@o ‘21%)’{;11 vg(?z?o 450 L@g\ecrrmgltlttt? g%ﬁ‘? 5 %‘7@(5%

-am no- t et rahydro- cycl opent
(f&)rbgnmpfh,z 334(te7trabycgp cﬁc{lop}tnwﬁdin):lolw7tdarb0n1trlle 94%ee (column,

S I am g } CH2C12
%l'/hﬂ ?%3% opro w)tﬁ?ﬁlvg% %?’?r% Hm/% Min ’s
tdﬁheuEﬁahyldiﬂmﬁ/hﬁia,nesﬁ},?chﬁcmga)mﬁ canid nsikiure) O8pacificgbtatiad: [a]p
&?gd\f rature Dilute with water (100 nL) and et hyl
e r stir for 10 mn and collect the solid.
After dryi ng obt ain 7. 412tegné(ﬁ3.ﬁé)4bof the ti tI e
ound

R RSG: £2 1 dab e ek Sopabla Aiab: 7.ttty

es SenPicphre yheailedompoundeskchidllyta ﬂeslaflbdal&bﬁmlteﬁﬁecﬁite 3@
Jate acid | ori

I A %P’H]lgg-r %g%lgta%l% a(r‘}?da} pr%il?uété?{)é ferhas a s%cﬁ?f rotatlon Cesult:

bet+by<1 @mone and dii sopropyl et hyl am ne as base
| nt er changeabl y. WO 2008/ 063867 PCT/ US2007/ 083745 -33
Table 1 Inter- Chenical MSHEeMEN N z) nediate

(- NI Ciftubhoaie@h dxy2t, B3 4= t&t@hl[ﬁlhy-dy@op‘e)‘led [Faivt-alypdmndol -

268 (Mrl but m de
()- Q/BTGB%PS%%Z@@X g‘i@(}‘il ¢ %&Ptﬂ’“{‘eﬁlaé%ﬁﬁ?nﬁ BT 266
(tﬁﬁiﬂo)rorﬁetﬁ@?[@ily dri@raby @b @PEBaldp] inadot-yB-igdindorm Zlaiodéfk. MS

SZ@% $§%§\4&)cycl opent a[ b]i ndol -2-yl) 9 carbamc

acid tert-butyl ester I\Ioln@@h@dlateﬁ

((l((77 Trifl uoronet hoxy-1,2, 3 tetrahY
)-(7-Cyano-1,2,3,4- tetrahydro cyc’lopenfa[b]mdol— -yl)- carbamlc acid isopropyl

ester

Under nitrogen, mix (£)-2-amino-1,2,3,4-tetrahydro-cyclopenta[b]indole-7-
carbonitrile (7.0 g, 35.5 mmol) with diisopropylethylamine (7.4 mL, 42.6 mmol) in
CH,Cl, (70 mL). Add isopropyl chloroformate (1.0 M in toluene, 42.6 mL, 42.6 mmol)
and stir overnight at room temperature. Dilute with water (100 mL) and ethyl ether (50
mL), stir for 10 min and collect the solid. After drying, obtain 7.42 g (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 dicarbonate,

with triethylamine and diisopropylethylamine as base interchangeably.
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ester 34

WA 208863861 et r ahydr o- cycl opent a[ b] i ndo

11 carba

pent a[ b] i ndol
3 (Mt1) ()-(7-Cyano-
_2_y|)_

mc acid ethyl ester 268 (M1)

-2-yl)-carbam c acid isopropyl

PTOUS 0183745

(R) - Cycl opropanecar boxylic acid (7-cyano-1,2,3,4 12

tetrahyd

(S)-
tetrahyd

(R) - (7-Cyano-

284 ( M+l
(M1)

ro- cycl opent a[ b] i ndol
ro-cycl opent a[ b] i ndol

) 14 yl)-carbam c acid isopropyl

(S)-(7-Cyano-1,2, 3, 4- tetrahvgro cycl opent a[ b] i

-2-yl)-am de No data
Cycl opr opanecar boxylic-#cid (7-cyano-1,2,3,4 13
-2-yl)-am de No data
1,2,3,4-tetrahydro-cycl opent a[ b] i ndol -
ester 282

ndol -

-InR84
Mngdiate

(Mt1l) 15 carb sopropyl este
(M) 15 car DAl ficRfhnd

2-y
[ {8z

2,3, 4-
5) - (7-0

) - Gar bja

t @)-NaffyClyane-02c1, bpenbal bFydaohtad |in6ol 296

WLIOIIIQ tert- butyl ester
0 H ﬁ'g‘f t et rahydro-cycl opental b] i

(MSAM+1)
nddf® )

17* c
Al t 8r nalt
hr omat 0

a@@antbmapmﬂaﬁamyhbmﬁ&(7@@h@ﬂ2Nq1data

L oo PloR da kP8 iy

17 by chirg
nt er nedi at e

266 (M+1)

'3y @)

-N-[7-
ent a[ b]
f)-N-[ 7}

((Mehoxationt, N@4retdhydrp-clcldpedtafh Jindbr- 2Ry d

|naol %x£e§1&%ﬁbut ranide M x

&' anhydr o- cycl opent a[ b

ro-cyclo
No data
i ndol -

yl]-1s0
at ajgyst
L). Ref

by y7-apfeRofhthogr 1,18 A4eti@m®lio- and Al - Ni

1 i n er/96% form c aci 1/ 10
m(y&%fﬁ%%a[iﬁn%%g(@ocama%m acid,isoroRyy ?es(% 9

(BQAM+1)
and

008{1063

ef I ux ana

Cyanoll 2, 8aqktraADgho @ E1Up@itaw i 1
R TR St v iy

oRerhaEdc aceshethyispteat e the filtrate, add

270 (M+1)
ter off

Et 9% (M-1

00 L)
pt ef3 al

@?@ycl%%hé&ﬁ%ﬁb&@hc a&d (I‘) %;angnlztgei inso
to t

e crudé ald sol ution ad

ethoxyaﬂ@ﬁ@bﬁﬁ?%@@emﬁﬂélwkﬁﬁéébﬁvéﬁ in wat er

ubl e

0 ONo data
25 nl)

nd nake

AOH 3 St

pst of

ISRy opFdph e BBt ic T oy 12 WTh 5

ir at’ roomtenperature f and re
t%@ﬂydgubvbﬁ@“ﬂhh@wlﬂé@d@@éepressure

UON

[TOVIQ) data
MXx the

esi due

Vi1
R) -
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(
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t he inor
(

|
|
a
N
|
r
4
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(

( [ 7}
0

I
0]

'Rf)-'fe@@galﬁ)tl 93@1-% l_y&@tc‘;cﬂog nta{b’]nﬂﬂof‘z-

Pari f e materi al

S|ngﬂBGHWEQW@ﬂEﬁQm@mﬁeﬁmhe to give 530 ng

3910 [
el u

SO} R+ 1)

n silica

(2PM-1)

T T el g 7

CQMBUWO%yimmmm%ﬁEﬁhyl) 1, 2,3, 4-tetrahy

2843NF )
Hr 28209&11)

16

4 ~F 1h
Sl al v

L dlf)'—‘é’?’—lb_ygﬁoy f ,i,?a ,%ltgt'rahydro—cyclopenta[b]ind01—2—

yl)-carbamic acid zert-butyl ester

296 (M-1)

*

17

(8)-(7-Cyano-1,2,3 4-tetrahydro-cyclopenta[ b ]indol-2-yl1)-

carbamic acid fert-butyl ester

No data

*Alternatively, obtain Intermediate 17 by chiral chromatography of Intermediate 9.

Intermediate 18

(£)-N-|7-(Methoxyimino-methyl)-1,2,3,4-tetrahydro-cyclopenta[b]indol-2-yl]-

isobutyramide

Mix (£)-N-[7-cyano-1,2,3,4-tetrahydro-cyclopenta[h]indol-2-yl]-isobutyramide (5

g, 18.7 mmol) and Al-Ni catalyst (15 g) in water/96% formic acid, 1/10 (110 mL).
Reflux for 18 h, add Al-Ni catalyst (13 g) and reflux another 5 h. Cool and dilute with
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di met hyl - pr opi onam de Conbi ne di chl oronet hane (15 m)
and (R)-[7-cyano-1, 2, 3, 4-tetrahydro-

W@ ywBOMSHt af b] i ndol - 2-yl ] -carbam ¢ acid tert - bRETIUS2007/083745

ester (2 g, 6.73 mvol) and stir for 10 mn under
nitrogen at roomtenperature. Add diisobutylal um num
hydride (1 Msolution 15 in nethylene chloride, 14.1
m; 14.1 nmol) dropw se over34t5 min. Add ethyl acetate
(30 nL) to the reaction m xture and stir at room
tenperature for 1 h. Add a 20% aqueous sol ution of
NPt and Gltar pfttee in@@amts) Gomdentraierthe falfrate, dilddHOH@M mL) and

r: extr.
PRIBEE AL 8% fin. RE AR Ao P SR 0 AN RS S BThaa 0
CotiivixpaniaediCl dr2) nimal2 $®fb)1ved nigyaratcc(25 an}lérasd miak¢ the mixtpig basic

c 2

B SR AN s b b PR S Andiofe Mostofhe
tselventlvodey Ired@sttdemessm r thlbyeswblh motrlmwamfgraaqumqate fei 30 ma.

gl 548 FELNASDE AL SR G LSA By -
FoQAdhant trgifd BOkngad %) title compound as a pale yellow solid. MS (m/z):
[3652 Nil1 h%% I%dz 3, 4-t et rahydr o-

cyc op 2-yl]-carbamc acid tert-butyl
ester (1.00 g; 3.33 mmollhtermetdiated?® (10 25 m),

S APIADL08 FeB sopay2122

I’dllmét)lyl-lﬁtopronhimaﬂem xture at roomtenperature for 1 h.
gterovﬁﬂrélgfrﬁeé 1\6§or}ltée6hane F]l 1% a?(? (Pﬁ é9 c¥an\8@1tze 3.4 %%h%”&g%-
(c?(ﬂ@@enta H\}ﬁd()lﬁi £l calfB&ﬁlc(aMdlarI -bhitgt eﬂtﬂﬂéﬁg,@tﬁ Bol)3@d stir for 10
mlP lélSl(iTe? rr'lrlFf‘rog t? (%Icnla n%(rg)]gra lzgcl(l)c? (gnspbu n\'él?l\,ﬁ n(u%lshy% ot gloy{%glution
nimeth@leﬂé)chmicb) 14. hmEtl@QOnlﬁldl())ﬂrapW)se atferrldomnt Adﬁ)eﬁh&l agetete (30

ture reaches 45 /06 o
SRR A3 PR bY SRoFREOTR hebit B0 g ey
Islelatlort dsfesodlrumttwretemo 1&‘15) ﬁadfsur fo 1, at t‘d'il)ﬁntempﬁhtuteo Separate the

SRR By s S RO st L STRE Caol T 1y Fmoine nd
hlex@re3 & @lgam(: laydys, filhahd ¢dneertiatetto give 21 ¢ [hR)sTrﬁdrfnyl 1 ,2,3,4-
s of a

TS e o MR R e e op Ehove by b3t ne
Bh®alawgriphy ol fica/get udim @atthylomnehli @idpacadner(@s/5S)oghafler g
t r i ni.ng. .S ion to a distillation set-up.
@%W@Z)r 29‘9&&#&‘9 sol vent by distilling at
at nospbende mprressidscetom flack hdWer)-borinke],2A Metaidhg dro-
starti terial at 80 a7 - 2 and
Exdrpep R R sy it et Bl Qish 00 by Fignor 10
3AYPpotaddiith CBBEhald252 LA @nol),/an@ D-mbtHylhy didxylaningd 5ydrﬁ)d:]|ilor1de

; 690  dd); 4.50 di ate 2
35 oD ey riiis o Ry Shisbis Pet i Bps s Soiventin
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
2-Bromomethyl-6-fluoro-pyridine
Add NBS (35.6 g, 0.20 mole) to a solution of 6-fluoro-2-methyl pyridine (20 mL,

0.19 mole) in EtOAc (400 mL) at room temperature. When the temperature reaches 45
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Prepare the title conpound using the nethod as
descri bed by Goswam, S.; et al. J Am Chem Soc.

wWa288/063B871, 3425-3426 and as exenplified by GRBCRYR00P083745

W2004013139, 2004, starting with 2-am no-3-picoline

and phthalic anhydride, 15 followed by brom nation

with NBS, to yield the product in 33%yield as a white
solid. M5 (nmlz): 317, 319 (M+l). Internediate 22

3- Brononet hyl -i sot hi azol e Prepare 3-nethyli sot hi azol e
fromcomercially avail abl e 5-am no-3-nethyl 20

i’ tddiAd BY| (60thelr 2ot aino)i disatthre mirdurp poee@ufioed bfthen cool to room

BB RSt e SO S AR
rirecrio)idl WItthxa@mEmulni)mWﬁb@h (16 fdtrge wiB smalhmbl)ntsmf@qlleou&
"I\ﬁaz%gg 2[\6 ?{% W g?ﬁgfb{ﬁﬁ o}é;ajolcf %N a%% ??}%%\r/ ethen%erzg)%vermgslt z)f the
?glacnt rengr d@cgbykq@ roduehpgyturd. i Transéer ilgrrem@omg evlttiait te at he
LA S Db Ko BIRTELY %@‘%@‘*&“ﬂ?ﬁh&%%f%?#fe
tiol®wed byl tlet unrchbic MR tihg @@telk,ihlza,t 80 GDO(B)ce608CHH .7 g, and then the
2t ] gl S8R R TR Pk
ﬁdbﬁdﬁéllﬁ;-dm;&ﬁﬂ(S'Hnédl)hﬂ/BO §t;8).azol e according to the

nmet hod of Adans, A ; t?r%&!ﬁate%l . Chem Soc. 1959,

3061- 3072. Prepare the title compound as essentially
Qe Briobedhetlon-ply ritliarIrplHismialoR21,3sliang  NBS and

2w DR TR BB AERL B SETAMSS R MR 5.
2- BroGome Sy 1198, di £, |34|2ﬁ DHstany hs prempbficieby GlaowkyP.add
BB PR AT oS P st
2dll Bverhivp lb)ommatrammm%o ynbbd thee;smduct B3P yiekdar efblte yolid.
%%1 m”gﬂé& a})lgﬁﬁ_lgg)r cont ai ni ng saturated NaHCO3 (300

wat er/ CH2Cl 2 and separate. Dry the
organl c layer (Na2SO4) dndrmediger?2rate to give 2.11 g

oi | . Purify on silica gel (50% EtOAc/hexane) to
3 momghyl-isothigzold, et hyl - 6- di f I uor onet hyl - pyri di ne
as a ?&bhlﬁwma]wlﬂoﬂhlaz@e g0l comn(elcidlygvailabte®hminb43 -Eh vl

s hidaey B BRde e bibedtuft oy isbiTR i AT o Uiy 76 19653

h&2-p@u lReflnga rre;sultélmémmetlgd_hhotmazcgce@ alsd, 866 SmhOBH
&F@%{oggé%g%go&f %g,é%ﬁéé}?lgﬁngr?dzg? a rb?s%cy%?otha%ecngooglélirﬂg (0.18 g
208 han@yiatdcil €186 eh)) dsragy &ohgnd remove the succinimide by-product by
filtration. Concentrate the filtrate and purify using chromatography on silica gel with
EtOAc/hexane(1/5) to provide 2.78 g (42.9%) of the product. "H NMR (400 MHz,
CDClz) 6 8.63 (d, J=5.1 Hz, 1H), 7.34 (d, /= 5.1 Hz, 1H), 4.59(s, 2H).
Intermediate 23

5-Bromo-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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Prepare the title conpound using the chlorination
procedure as essentially described by Jeromn, G E ;

W@R008406386 DE3519364, 1986, and Russell, M G NeCT/E82081/083745

J. 15 Med. Chem 2005, 48, 1367-1383. Dissolve

2-nmet hyl -3-chl oropyrazine (24.3 g, 189 nmmol) in CHO 3
(100 nmL). Add benzam de (100 ng, 0.8 mmol) and heat to
reflux. At reflux, add soli-&-trichloroisocyanuric
acid (17.6 g, 75.6 mml) and continue to reflux for

96 h. Cool and filter through 200 g silica gel,

@k Brtoimpgneth Y Ho-diflnonpethy - ptidmede. Purify by silica gel

chro
chl o SFOR ARG 200 BBl R ERMB pifidhie 02 L. S0 sl o
I@anmhylgapmdmet:arbomldtehsededb mgoind mars)l)an €6l.0h (ZsmLpiAfter 18 h,

3B goBHhe tebleP pSRIRAY A AR NIHE ol SRR Spadetn,

Mzyer/ (81,818 afdisepdiate. Dry Znee)rg@)c laybr 88a,069,) apdponcantBEe pgjve 2.11

SO Bl A M BRI L P82

fdgruordomitlgyl-peddiat & az&lluw*rtutgom Blssehlwf(ﬂ Iﬁg i)gmam] 1ne€,C14 (30 mlL)

h
5o S B BB Mo B LR,
26n@ntghé. ofwife theyésuBing m@tdmy lon siligz gai gsmgi 10% EtOAc/hexane over 30

3 %?%ﬂé?ﬁdy‘ﬁg L NS GaT e at07
PCT/ US2007/ 083745 - 37 2BteBmedihteSonet hyl - pyri dazi ne
{ﬂare I l%l’_g[ﬁdl ates. 30 and 31 by essentially

oromet

oW ng Omgg(fﬁlrng as described by Newkone, G

R. ;  ePrephre tlﬁ‘ytnlehemp@m]i%mg t}ﬁlﬁlo@i?iajonqsd)qagure as essentially
SRR & 0 Aol L PHAELES P0E
IMeCQCEHWh abanes hislo7-83 sie t hiydolye\2razthyle3 clﬂmbpjlrenme(dﬂatgs 18P

g SRR PR AL o
I%ﬂuxeiddaslohd trithior@soc@hnaric aci® 67,32 ,72.82&51@&%81 colfnue to reﬂux for
I98th.e rdﬂggfja{n%tf&ter?’ t%rough 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 (CDCls) & 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 =
162+164.

Prepare Intermediates 26-29 by essentially following the procedure described for
Intermediate 25 using 2,3-dimethylpyrazine, 2-chloro-4-methylpyridine, 2-
methylthiazole, and 3-methylpyridazine.

Intermediate Chemical Name
number
2% 2-Chloromethyl-3-methyl-
pyrazine
27 2-Chloro-4-chloromethyl-pyridine
28 2-Chloromethylthiazole
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[1,2,5] Thiadiazol-3-yl nethanol M x
[1, 2, 5]thiadi azol e-3-carboxylic acid (6.00 g, 46.1

woreBPexstd oxal yl chloride (11.7 g, 8.04 ni, BQI/BS2007/083745

mol ) in CH2A 2 (150 nlL). To this heterogeneous
slurry, add 10 drops of DWF and stir at room
tenperature. The reaction m xture will bubble and 15
gradual | y becone translucent3?ithin one hour. After
one hour, concentrate the reaction mxture in vacuo
to give the acid chloride as a brown oil. Dissolve the
acid chloride inztOH (50 mL}-canfométhyl-pRtidiHRm
t enper at ure—for—ene—hour,—then—econrcentrate—+nA—vacuo
to give the ethyl ester as a brown oil. Dissolve the
et hyl Pepire Mntermcdidies (0. MYy @natialtidfollowing tieréceMire as

TR SRR LA A R S
tah@2, srdddethy1pyrafinindne chiviosuaipieiau sNOB# Cl (400 ni) and

extract | o l:f('\l\r\ (Q X 1:(\ faa B Nryv t ha otgahi-Cs

LOoOU—ITy =y e oTrgarh

(MyS04) and cond¥entratie in \Za@luoromthglwazmem g crude

product as a ygliTow O] rif (40 9)
usi ng 30% Et OAC 1hexanes ?éﬂ% thﬁ%mvtlhﬂg@g, “bef t he
title conpound asayellowml 1H-NMR (CDC 3) 6 8.59

(s, 1H), 5.00 (s, 2H). %gtel‘;'?%(ﬁ glate 34

Met hanesul fonic acid [1 irazol - 3-yl met hyl
ébﬂ,élTlﬁ’atbwﬂee}lchdeyltdmcbonpound according to the

001, G dle HOTEMhY BBk Bl s R0 B oM iRl M ool

J38rd. Ohen.n®dV . ax2e2&33-2828.

3- Hydr oxynet hyl -4, 5-di c hazole Add LiBH4 (2.0
Min THF, 10 ni, 20 mmlisl PRLESl ST S o
41,5,5]jl“luhmwmdw~3-ylmoﬂhhndzol e- 3-carboxylic acid nethyl

est er 1\/£1 hlz}cp ia Mlarﬁ&xg 27_' g 1(?1@60002% P 1%&1@) %d oxgl%)/m:hlc?rlde

t enper at or one€e ‘hour
Chr.egH. (Déymn,wl%z:ﬂnrntol)en CHaCl [ 106 mifi)x fTartlas terhganatwrslufidOadd 10

E{T@g% P%B:Oasn%:i?ﬁs a%tr(?%d %%U gl% u((ivgl\ﬁ% 4‘?2‘0?1%())1’1 m‘))ture Wlltl él%:)%tle anrclt 0
gonlodht icadree trivsluoery amlmsonb (hot_m \Aétesén)e Imyr a;onuéetrepe td ueiction
as_an ora on silica gel (40
IO R T R e TR B0 510 o (1799 of

the t Dﬂslsdvemmaad nhiloa&e a EAﬁHt(éO me ietl stir &trblbiﬂte(_lﬂﬁlmi_rg ;BQr one
b PR o Reltess hodas s Ty Brdaubbiiian 2ot e

Pr epaDessélveﬁnle cethg} ¢sheir az D ¢ WO aalr) ot wdd CiB&G (210 &1 mhhtmn in THF,

B e SHBE TSR 5% Dhospr SRR T b e
tréaictien modpe intalaqudsushyH €3 S@)ﬂtnﬂ@l ahy eftoict iawi BIQAlcki® x 150 mL).
gfrg ﬁ]%gogéa%lc%%Mg§85 raI 5) godncgn rate zrn]tvgcr 9 !gl%g 2 4? crul%l% Ip?o%uct asa
yellow oil. Purify on silica gel (40 g) using 30% EtOAc/hexanes to give 3.71 g (69%) of
the title compound as a yellow oil. "H-NMR (CDCl5) & 8.59 (s, 1H), 5.00 (s, 2H).

Intermediate 34
Methanesulfonic acid [1,2,5]thiadiazol-3-ylmethyl 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

t hi azol e-4-carboxylic acid ethyl ester. M5s (mz): 150
(M:l); "H-NWR (CDCI3) 6 7.16 (t, 1H, J= 1.0 Hz), 4.75

W@ 2008AE386T= 0.9 Hz), 2.48 (s, 1H). Internedi atBCBVS2007/083745

2- Ami no- 5- net hyl -t hi azol e- 4-carboxylic acid ethyl
ester 20 Prepare the title conpound according to the
procedure of H ;nichart., J.-P,; et al. Heterocycles
1991, 32, 693-701. Internediit-e 38

5- Met hyl -t hi azol e-4-carboxylic acid ethyl ester In a
3-neck round bottom flask m x

2- ami no- 5- et hyl - t hi azolletedmediated®yl i c acid 25 ethyl

% f&ro&%%}:ﬁ?% 5 %?k%hdm&)nﬂ&g THF (630 nl). Heat to

ux -an e reactron mxture with isoanyl
n| trifdd Lﬁﬁ{ﬁw,M@@THFm@ mu.A0 n’m@ll) Yo aiyobyhini 964.5 dpbitpro-

cf gﬁallz%}e 2 QargcthliE F(ﬁd ﬁl fés?e'i] er r{‘gll]ﬂgl {neﬁ%" ébr}n]?)t Stlr at room

ux fo ncen eact| mxtu
ymperapiravapné hourvad )hen 0oq) itov@° (7 OCgeﬁullM daengh d@ueatctlensmacture

f
R ENAE Porse 490 SELGFOadTy. S0 pE 106
md@pﬂlﬂlndfy&Mgéoy)eﬁ]t@w@@os@hirde the@rgasicM® giveS4D7Re ¢ivikdroduct
{ 0
EBE} S?’h.l I PP{#I%’ é@% m &nglrl (%%l 40 g) usm 3?4 EfOég/Peéxranes to
W0 2300 8106 BB HIT tHﬁTﬂdJS&%ﬂﬂd)e&&Mﬁte sol3d 1II-l’eNMPt @)Miétf)ldgl))és ass
| e-4-carboxylic acid ethyl
21’311% 65490%27) ‘égf géh }W% and N-bronposucci ni m de
(5.06 g, 28.5 mmol ) |n Chledmédi@R 36L) by irradiation
\'gl(g 5vvatt H%R nsunlarrp After 3 h, cool to
cohPrastadraxymet Flter off a tan solid.
Conceptepa{ee dhiveo-tHidAleat- @rlﬁt}kyﬁ@icﬂd/ afylteefésvantiolifa c@:scrlbed by

Eripng e 3E ol Pou Vi ey 1 2 a1 ierded o iseibanibe i epound

%\é@ge&w@l} f@ldwaddthe pfockdige sl debRib6@THR qmadleaﬁte@ 5y@l1ﬂgoz%hloro-
solid. LGES/M5S mz 250, 252

(g eje-4-chppilia geisgthut st - W(W%@O((Mﬁi) 1H=|1’rli\4R1(CiPQ%q) 8 7.16 (¢,

(1%14%10#?&&‘?5@ 3y() = U‘9Hz (248 (s, 1H)
[ 7- Cyano 'uoro-p 2-ylmethyl)-1,2,3,4-tetra

hydrocycl o- 10 pent a[ b] |Ih@6me%aﬁ¢l3]7| sobutyranmide N N N
). anM £ meMyl( th1azole-4-carb0x lic acid ethyl ester
(f)-N-(7-cyano-1 ¥ra hydr o-cycl opent a[ b] i ndol -2
-yl) - ng@@fgﬁl}pl'tgmcg@pound accordlng to the procedure of Hénichart, J.-P; et 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

cthyl 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), Tg = 1.5 min.

Intermediate 39

5-Bromomethyl-thiazole-4-carboxylic acid ethyl ester
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(6.28 g, 18.8 mml ), 6-fluoro-2-brononethyl pyridine
(3.93 g, 20.7 mol ), and Cs2CO3 (12.25 g, 37.6 mmol)

WO p00BRE38625 nl). Heat the reaction at 50 C f orPABUR2007/083745

Cool, dilute 15 with EtOAc, and wash with water (3 x

200 mL). Dry the organic |ayer (MgSO™4) and

concentrate to give 7.1 g crude material. Purify by

silica gel chromatography (53%20% EtOAc/ CH2C12).

otain 4.0 g (56% vyellowtan solid. M5 (mz): 377

(Mt1), 375 (M1). Exanple la &Ib (R - and

( S) - NHEgtt@yedling 2 mit@refdf Gonashydyhipzblard-Rarppxydic it pthyl @ted (487 g,
t t [ - LS Pt i de

2N O Rh EH G AR DbL AhEnt) ol TR

ahedoaten ogthagy wagitmgsh sunalbpak ATAD M cONBOH)om fegpenatureland

(f@ﬁ)‘s e g)ﬁ i qg%%%éraupkﬁlltﬂe'b_}/%géﬁ%tg By %Q#@d@"&duct as an

2N, ge Fil. 6Eur(fyi on §ikica get[1B53, B H % (IMISH(HIdOHIH, -1 @Hzeh/&hgxanes)]

R 0 a0 bl o e T Sy

ZEM)JFI) ZR692-02mﬁﬂ(86%1) Qt&l)tmgma&zlaK myz 1A} (MO1)9Tr 1.7 nBi(1435.
6.4 Hz). Isomer 2 (S): 4 m? 1e38- 9% ee, HPLC: Rt=3.44
mn (10099, 1H NVR (DVBO gé? identical to that of
I(s)eNf[V-CranMA}(Qdmattﬂﬁﬁ&ﬁﬁ-ZPﬂiﬁ/ethsDElOF 3.988r4ltydrecyolo-

B Wah %1-2- l]isobutyramide

PO oy e 1 4-yI methyl - 1, 2, 3, 4-t et rahydr o
cyclopenta [b]indol -2Myl)- carbamc acid isopropyl
ester \\ H Nff - O oL 5 To a
suspensi on of pyrimdin (250 ng, 2.27
mmol) in CHzA z (12 nl);

N, N- di i sopr opyl et hyl amif(QMS rTg, 640 L, 3.68 mmol)
Inig

and cool to O C under rogen. Add net hanesul f onyl
chloride (275 ng, 186 L,¥Z2.40 nmmol) and warm up to
roomtenperature. After Fstirring at roomtenperature

Lo oSS L L LA 8 0 BB
(™28 pals. &Clambl),]ﬁ)ﬂmjnﬁéﬂorﬁm&ﬁﬂﬁﬁ)dmdﬁ(% gh2s7 bm&aﬂl) and Cs;COs
Lére %SIU ﬁ%i ﬁngm% n DI d Eg m&i lquePt %he raac%%rag@égngﬁ 1?82} r%’%ol, dilute
tVih'él H10ga ind v@bhm/nh wat%ddS DREOD D). tlh@ theecbrgﬁm lay@rnsigSO,) and
G onc%ﬁtg%teré 0t g.ef.vel {'h\églgu ¢ ma%rlgl %’un?y by Silica gefjcthromatograpthg?SQO%
EtOAc/CH,Cl). 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-fluoro-pyridin-2-ylmethyl)-1,2,3,4-tetrahydro-
cyclopenta[b]indol-2-yl]-isobutyramide

Separate enantiomers of Example 1 by chiral chromatography using Chiralpak
AD-H (MeOH).
Isomer 1 (R): 1.67 g 99% ce, HPLC: R,= 3.44 (96.5%), "H-NMR (DMSO-ds) & 8.22 (d,
1H, J=7.5 Hz), 7.96-7.88 (m, 2H), 7.62 (d, 1H, J=8.3 Hz), 7.38 (dd, 1H, /J=8.4, 1.8
Hz), 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, 6H, /= 6.4 Hz). Isomer 2 (S):
1.45 g 98.9% ee, HPLC: R,=3.44 min (100%), "H-NMR (DMSO-dp) is identical to that of

Isomer 1.
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sol ution, add
()-(7-cyano-1, 2, 3, 4-tetrahydrocycl opent a[ b] i ndol - 2-yl)

WO e@BloeassT acid i sopropyl ester (495 ng, 1. 75P@mME3007/083745

Cs2CXB (1.14 g, 3.5 mml), and DVF (10 nL). 15 Heat
the m xture to 50 C for 18 h in a sealed vial. Dlute
the reaction with EtOQAc (100 nl) and wash the
organics with water (3 x 60-4-). Dry the organic | ayer
over MgSO&4, filter, and concentrate to give 631 ng of
the crude product as a red oil. Purify the oil on 40
g silica gel [40-90% Et CAEkfiple 2CH2Cl 2/ hexanes)] to

f { '
L e SV AR L2 a o RRBRUAR o QoAb Er
<cafhamic 20d #2Prqpyl estddCO02-) . Exanpl e 3
(S)-7-(Cyano-4-thiagol -5-ylmethyl -1, 2,3, 4-tetrahydro-c
ycl opent a[ b] i ndol - )- carbanjc acid isopropyl ester
WD 2008/ 063867 PCT/ US /0 HE Al- N H \ /\
.,ONYOY NOI NI " 57epropylethylarrine
(2.39 g, 3.2 nL, 18.5 mMmmoIN and Oms hanesul f onyl
chloride (1.27 g, 864 1.1 mol) to a chilled (0 O
solution of 5-(hydrokynethyl)thiazole (1.22 g, 10.6
mmol ) in CH2d 2 (50 My#Ninder nitrogen. Stir 5 the
reaction at roomtenperature fo Add water (30
mL), S8AANREwIqnHE Py Rphingd- ygﬂf‘dhanalréw% of gERCYdn 8@1@?1202
Mi@%d NNLdiREprap\He Rl infaMa A5 1 Bk PL(B Sheme) gﬁ‘@bdbl to 0 °C

Concentrate under vacuum | eaving a sol ution of
tuhéer mﬁ&gblat Add metbivEesulfoyk dhiaids 62 it A 6 uh,c&ﬂ(hmmot) japdhavhrm

?g': KP%% tgijﬁ%eratﬁrez %ter stj rr1 at roo 6e_m er uore gorr] t1€:]l1[ bo]afl %hg Or?acﬂon
In)lxtute&mhaa‘rV eriadtigmEho N]’Ed p@ﬂ sodadtpbﬂse(egtrﬁﬂog carBi1d8e (Varah )part

{ 00
TR RPN, B M el Dl
Bur@ﬁgh thSaBtridg9, coNvasing andlvena@nyyainigclse asggdnic ehaner AJBDMFEL3 the

ra'u)ent grpiec%{lpen ﬂ.g zrg V]ZICC)’LQO Ve, a%m(s%ggm 2)f’ thé #nlester?ate 0 ‘ans

concen
polodus tddE-)-47- yyﬂnbdvg 1)41-Itetraﬁydrq)dyylop¢nt${b]mdob2 yedarbabROacy,

1y

?S@B%% ?%Ieﬂ?ﬁ’dél% ]1 %190“% O RE @Sl)él]gv\%g n%néig Iagd I%g/LF%\&mL)
T300h@Nndk ik tcnﬁ(hoq for 23 h %ﬂse@ﬁﬂh@a |. 12iBe (hMﬁHCE@ witlbEf0Ac (100
P0G ARG PR G Bt DF et il afdlesd
Zﬂthly dncbooymg[tlhgelt(pgwﬁ (47} ]fjm| ef the .crude pr.oduct as ared oil. Purify the oil on
30 AT XUTES BYé s AoRc A § HERERIR RN REYi$ 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 + HCOy).

Example 3
(8)-7-(Cyano-4-thiazol-5-ylmethyl-1,2,3,4-tetrahydro-cyclopenta|b]ind ol-2-yl)-

carbamic acid isopropyl ester
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2-chl or o- 4- hydr oxynet hyl t hi azol e,
2- hydr oxnet hyl t hi azol e, and 20

WG200gd638xy net hyl t hi azol e. Usi ng the appropri at BCHUS2007/083745

substituted 1, 2, 3, 4-tetrahydrocycl opent a[ b] i ndol e,
prepare Exanples 4 - 53 and Internediate 40-41, in
Tabl e 2, essentially according to the procedures
described in Exanples 1 and-#,- using the appropriate
het eroaryl net hyl halide or heteroaryl nethyl nesylate,
whi ch have been descri bed above or are commercially 25
avai | abl e. PrepareN hiral material fromthe
correspondi ng chiral 3,4-teu{ahydrocyclo-

pent a[ b] i ndol e prepar 3 \Fg@arate the racem c
material as essenti al des bed anple |la and
|'b. Table 2 WD 2008/ 06386% PCT/ US2007/ 083745 - 42
Exanpl e Chem cal Nane ni z)

(R -[7-Cyano-4-(6-fl tQr a-pyridin-2-ylnethyl)- 4
1, 2, 3, 4-t et rahydr o- cyék@penta[b]lndol 2-yl]- 393 (M)

b
(5[ PRES s PGB PRAnEE0R0 5 1 2m0 155 mop o
lneﬂlaﬁes‘ﬂl}fble}ﬂ eahy@kr(o 20Y%C B@pﬁnuah bholglal a éhiljdd](6 CRDIutivh b

a(%{/% eﬁl@rl)jr 1 ?eﬁ@ g? §/O %%ﬁo&) 1R CEIZCIZ (50 mL) under nitrogen. Stir
)ﬂhel’f%idﬁ)ﬁh htrbomd ,te'in[fhdtﬁ’e Ifc&h)%dlr QA water (30 mL) separate the layers, and

C cl ?g%;{tngég% ][\1/%% FP{te and ardg %KJIPC(IS%L% to 81e 0 ganlc layer
(Oonéezltr@é ANGer 4a@iyifl Idel'thr oluih Byihe ineaylé’te 4r DMIF. To this solution,

gg g@ydr&)@& oglLTt(?)[ ](clygrgool -2,%, rahygro cyrerfopenta g’ 1n(1v|+—%—yl)

(cl)lrbﬁﬁrﬁ%ijangiapgopgﬁzswr . 503% @r@tlﬁmbb Ryl I08i0D,25.57 ¢, 17.6 mmol). Stir
net - tetra

eyepeﬁ@ﬁle%f%ﬂe i1 b 2 Dyt ﬂ@%&ﬁ? iz v ipIEO Ag3Q0 mL), wash
I{lﬁ%ﬂ%ﬁ@élgglﬁﬁmﬁl X-16@ n@)aﬁ@rté}nfem@zlﬁh %pry(meBoy) filter, and
F%‘ECP%%I%lPhS OE%?‘E’IC%I%SW%?[ B Eicherytle progyef acnyairiod: Xegiyqp silica

[F2O §@D[6@WE‘[O§§:V(¢ n ¢1!|Q@22;/]ﬁexanes) ;[10 glve 2.22 g (66%) of the title
- -thl a
compound as a white gohd LCMS 100% (@ 4.46 min (m/z) 38){ (124+H) 42% (M+)HC02

).

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-dichloroisothiazole,
2-chloro-4-hydroxymethylthiazole, 2-hydroxmethylthiazole, and
5-hydroxymethylthiazole.

Using the appropriately substituted 1,2,3,4-tetrahydrocyclopenta[b]indole, 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[b]indole prepared above or separate the racemic material as essentially described in
Example 1a and 1b.

Table 2



10 1,2, 3,4-tetr
+ carbam c aci

W@ 2008/p6389AN0- 4- pyri m di n- 2-yl met hyl -
-2-yl)-carbamc 376 (Mtl)

tetrahydro-cycl
aci d isopropyl

ahydr o-cycl opent a[ b]i ndol -2-yl]- 439 (M
d i sopropyl ester HCO2-)
1, 2, 3, 4 1RCT/US2007/083745

opent a[ b] i ndol
ester

()-[4-(6-Fluoro-pyridin-2-ylnmethyl)-7-
trifluoromethoxy-1, 2, 3, 4-tet42ahydro- 452 (Mtl),

cycl opent a[ b] i ndol

I sopropyl ester

12

-2-yl]-carbamc acid 496 (M + HCO2-)

13 ()-(7-Cyano-4-pyrazin-2-yl nethyl -

1,2 BEx4mpR76 (N

1), 420 Khemyi@l No®8/ 063867

MS (m/z)

PCT/ US2007/ 0837
tetrahydro-cycl
aci d i sbpropyl

(R -(7-Cyano- 4-

4B)-[7-@3no-4-(6-fluoro-pyridin-2-ylmethyl)-

pwbhﬂkmcﬂ&ymngwh%hxl 2,3,4- 14

Qe AN AFRl Gk SARAT S Ho2;

39)3 (M+1)

+ ot r bl A AV All A~ et i | VAl W T AY
cettranyaro-Ccyctt & 361 (virL)
acid ethyl estd ;:(S') [7- (?)Lané) Yt (B“ﬂuoro ﬁ'yn’dm fyffnethyb
(S)-(7-£yano- 4-gyx3, d%ﬂﬂrﬂﬁydtb@cﬂmehtaﬂh B Ay1]-15 | 393 (M+1)
tetrahydro-cyclcg_q%a D ndq; Fs%r )-carbam c 361 (M+1)
acid ethyl ester %f ff’ amoP: ¥ azol - 4-yl et hyl -
1,2,3,4- 367 (MkL)[7- C}&Lﬁo 4- (3 hydroxy pyr1d1n 2-
tetrahydro-cyclliopen | )-carbamc 411 (M +
aci d ethyl ester @E%g ? ??W ano- 4- pyri dazi 1%10M+1
ylmet Wyl - 1, 2,|3ydopedils] (nwu;n;) y1}&drbamic acid )
tetrahydro-cycliopent a] b]i ndol -2-yl)-carbamc 411 (M +
aci d i sopropyl |eSPEPY -
()-( 7;] Q(/jam- 4- g | xJ&)a(ZJL@brago wﬂyamyj-ylmbt@l 3,24,&67 ( \/H-l% , 18
t et rahydr o- cycl{opent i.nd mc 411 (M +
aci d e%/’hyl e)s(t art ‘?ﬁ&@% cyclopenta 1ndol)2—y -carbamic 361 (M+1)
()-[4-(5- Brono-mgﬂ@hwaa@ﬁ 3-ylnmethyl)-7 19
[ blindol 459
461 ( ML)yl ] @aW%E 4%16‘&11}%%%1@6@“@&%
ylmethyl)-1,2,3,4-tetrahydro-
8 cyclopenta[b]indol-2-yl]-carbamic acid 425 (M+1)
isopropyl ester
+)-(7-Cyano-4-thiazol-4-ylmethyl-1,2,3,4-
®-0-Cy ‘y Y ) 381 (M+1),
9 tetrahydro-cyclopenta[b]indol-2-yl)-carbamic 425 (M +
acid isopropyl ester HCO)
+)-[7-Cyano-4-(2-methyl-thiazol-4-ylmethyl)-
(*)-[7-Cy ( y ‘ ylmethyl) 395 (M1),
10 1,2,3,4-tetrahydro-cyclopenta[b]indol-2-yl1]- 439 (M +
carbamic acid isopropyl ester HCOy)
(¥)-(7-Cyano-4-pyrimidin-2-ylmethyl-1,2,3,4-
11 tetrahydro-cyclopenta[b]indol-2-yl)-carbamic 376 (M+1)
acid isopropyl ester
(¥)-[4-(6-Fluoro-pyridin-2-ylmethyl)-7-
trifluoromethoxy-1,2,3,4-tetrahydro- 452 (M+1),
12 cyclopenta[b]indol-2-yl]-carbamic acid 41?16(:5)1\;[_;
isopropyl ester
13 (¥)-(7-Cyano-4-pyrazin-2-ylmethyl-1,2,3,4- 376 (M+1),

420 (M +




()-(7-Cyano-4-i
t et rahydr o- cycl

W@e00d/06386pr opyl

()-
21 1,2,3,4-tetr
+ carbam c aci
(R -(7-Cyano- 4-

22 tetrahydro-cycl openta[ b] i ndol

[4-(2-Chl oro-thiazol

sot hi azol - 3-yl net hyl
opent a[ b] i ndol
ester

-1,2,3,4 20

ahydr o- cycl opent a[ b] i ndol
d i sopropyl ester HCO2)
pyrazi n- 2-yl rx-hyl -

-2-yl)-carbam c 381 (Mtl)

PCT/US2007/083745
-4-yl met hyl )-7-cyano 415 (M+l),
-2- y| ] -

1,2,3,4- 376 (M+l),
-2-yl)-carbam c 420 (M

459 (M

+ acid isopropyl ester HC02-)
(S) - ( 7- Cyano- 4-| pstraaydrn-cgelypantf Hindold2-pl) SapaBic6 ( M+1CO:)
23 tetrahydro-qygl ndol - 2-yl)-carbam ¢ 420 (M
+ acid isopr opxﬁldq%%ﬁ%ﬁ ) WD 2008/ 063867
PCT/ US2007/ 08374B)-(7-@yano-4-pyridin-2-ylmethyl-1,2 3 ,4-
(R -(7-CQyvano-4-thi.az 5 L(M-l]%’ﬁiﬂ
24 tetMahydro- g ta{a% é(;rﬂtcgf%ﬁ n%i@?/ndﬁl }P’ Cafba% > 498 (VD)
+ acid isopr O}C)ﬂbid&ﬂt}’éestdﬂw )
[ Q) (7 _O\sann A1+ I o5 A1 Al et vyl 1 2 12 A 1 N1
\O}'\l'\/yaIIU"-I"L I I"-I"ylll LT .- L& IVlrJ.),
25 tetrahydro- C)g‘gh'@fcé'r?fl%fﬂﬂyflﬁl&b%xyl?e%y} f%ér anmi ¢ 425 (M
+ aci gk*i sopr of yd:trahgdrercyd-ﬂﬁi@malb indol-2-yl)-carbamic 361 (M+1)
(R -(7-Cyano-4-p rﬂa’ﬁjln4ylnethyl 1,2,3,4 26
t et r ahydr o- cycl 8 lél Y ndol - 2-yi ) -carbanic 376
(MH1), acid isaepr @Man&&ttﬁfaz@%lﬁlbﬂayllb 2,3,4- 367 (VEHD)
(S)-(7-Cyano-4-{pyrim di n-4- tr{a +1),
() (L Qyano p g I b IR N5 b2 iDL 0 M ¢
(Mrl), acid i <Qplﬂ@ﬂ1)yl esﬁaéirt er 374 (M 1) HCO»)
/\ r7 f\lann 4 / et I\ | -pvrazin v] et h\l! 28
s, 4 totr Ay a O CyUHB ARt AEBT AUBT A 12 360
367 (M+1),
(M+1), {,car bani eet@q‘aydioics}appamy& indStBy1)4dBaliMNa) 411 (0 £
()-[ 4 (15 Chl or 9- pyr i mi di n-4-yl methyl ) -7 29 HCO)
cyano-1, 2, 3, 4- téf‘tdéWHeréS e@ﬁﬁél opent a[ b] i ndol - 2- [ 410
(M+1) yl I - car DaR)-@-@kn e 43RO RY Im@s1 82,3 4-
) ) 367 (M+1),
18 tetrahydro-cyclopenta[b]indol-2-yl)-carbamic 411 (M +
acid ethyl ester HCOy)
(¥)-[4-(5-Bromo-isothiazol-3-ylmethyl)-7-
19 cyano-1,2,3 4-tetrahydro-cyclopenta[b]indol-2- 483{: 416)1
+
yl]-carbamic acid isopropyl ester
(¥)-(7-Cyano-4-isothiazol-3-ylmethyl-1,2,3,4-
20 tetrahydro-cyclopenta[b]indol-2-yl)-carbamic 381 (M+1)
acid isopropyl ester
+)-[4-(2-Chloro-thiazol-4-ylmethyl)-7- -
(H)-[4-( oro-thiazo yme‘ yl)-7-cyano 415 (M+1),
21 1,2,3,4-tetrahydro-cyclopenta[b]indol-2-yl1]- 459 (M +
carbamic acid isopropyl ester HCOy)
R)-(7-Cyano-4-pyrazin-2-ylmethyl-1,2,3,4-
(R)-(7-Cy pyraz 'y y | 376 (M1),
22 tetrahydro-cyclopenta[b]indol-2-yl)-carbamic 420 (M +
acid isopropyl ester HCO)
-(7-Cyano-4-pyrazin-2-ylmethyl-1,2,3,4-
($)-(7-Cy py ‘ ylmethy | 376 (M),
23 tetrahydro-cyclopenta[b]indol-2-yl)-carbamic 420 (M +
acid isopropyl ester HCOy)
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ylmethyl)-1, 2, 3, 4-tetrahydr o-
W@ yeBOsSnt al b] i ndol

i sopropyl ester
1,2,3,4 31

t et rahydr o- cycl
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()-(7-Cyano-4-t

32 tetrahydro-cycl opentalb]indo

aci d i sopropyl

4. 5-di chl oro-isothi azol - 3-
449 (M+r1l) 30

0)-

opent a[ b] i ndol
est er44403 ( M+Na)

(7-Cyano- 4-thi azol

hi azol - 5-yl net hyl

-2-yl]-carbam c acid 447 (MQA}/US2007/083745
-2-yl met hyl -

-2-yl)-carbam c 381

-1,2,3,4 381 (M),
-2-vl)-carbam c 425 (M

aci d isoproq

yR)- @s@mongl 4-ylmethyl-1,2,3,4-

+
()-[4-(3-Chlora- ) 5. 381 (M+1),
V2. 3, @41 ot r any drErEELTRAR IR L fo SHARRCT) § "aos o +
(M+1), carban1@caoummmsbpﬁmpyl ester 408 (M1 F4CO2)
O=—(7+CSyano=—4-13 : T A 14" 382 (ivir)
(b 50087 00307 bea asgn I AT g me et 2 381 (M),
1 2,3,éstetrahydﬁnmyyokggemmmﬂMthHbyBmemhm carbapg @1 +
acid isopropyl esier pylester HCO,)
()-[7-Cyano-4-(€’ %P§1 pyrazin-2-ylnmethyl) 35
1, 2, 3, 4-t et r ahy dRp7e@rano@eptriafitihidndokthgh 2 B4- 390 ( M+l)
carbam c acid ijsgopropyl ester . .. . 376 (M+1
(- (7-@fano- 4- F3?%%%/%3@PW&%@J}@O&%%{}&%&% A,
tetrahydro-cyclQpﬂﬁﬂ@hb&lﬂdml- -yl)-carbam c 390. 2
(ML) —aei-e—tentbutyl—egte
O)- (7- Cyano- 4 i| SOt HI Q2BP -3y PR AP e s 23 37
t et r ahydr o- cycl|epenyablyilostatafRinb)2-gpichanine 395 7MY 1),
acid tert-butyl e%per 374 (M-1)
(S) - (7- Cyano- 4-|iPSBtPEPS S8y net hyl - 1, 2, 3, 4 381
(Mr1) i’] d38 | (®)-[7- Cyago -4-(3-methyl- pyrazm -2- %lmethyl)
tetra ro-cycliopent a | rbam c 425 Vi
aci d iéﬁpropzl ég¥% %K%ﬁﬂ§cwﬂqmnm« H1012yH jgbgzigg
(S) - (7- Cyano- 4-|tchibam) acrivdpr@ihosker 1, 2, 3, 4 381 M@ 3
139 tetrahydro-g indol -2- = mc-425 (M
+ (£)-[4-(2-Chloro-pyrimidin-4-ylméthyl)-7- N
29 cyano-1,2,3 4-tetrahydro-cyclopenta[b]indol-2- 410 (M+1)
yl]-carbamic acid isopropyl ester
(£)-[7-Cyano-4-(4,5-dichloro-isothiazol-3-
ylmethyl)-1,2,3,4-tetrahydro- 449 (M+1)
30 cyclopenta[b]indol-2-yl]-carbamic acid 447 (M-1)
isopropyl ester
(¥)-(7-Cyano-4-thiazol-2-ylmethyl-1,2,3,4-
tetrahydro-cyclopenta[b]indol-2-yl)-carbamic 381 (M+1),
31 ‘ ‘y yclopenta[)] yD) 403 (MHND)
acid isopropyl ester
+)-(7-Cyano-4-thiazol-5-ylmethyl-1,2,3,4-
8H-7-Cy i ‘y Y ) 381 (M+1),
32 tetrahydro-cyclopenta[b]indol-2-yl)-carbamic 425 (M +
acid isopropyl ester HCOy)
(¥)-[4-(3-Chloro-pyrazin-2-ylmethyl)-7-cyano-
1,2,3,4-tetrahydro-cyclopenta[bJindol-2-y1]- 410 (M+1),
33 | ‘y‘ yclopenta[b] yl] 408 (M-1)
carbamic acid isopropyl ester
34 (£)-(7-Cyano-4-[1,2,5]thiadiazol-3-ylmethyl- 382 (M+1)
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1, 2, 5]t hi adi azol
WA 208863861 et r ahydr o- cycl opent a[ b] i ndol

carbam c acid i
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t et rahydr o- cycl
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ester -45-
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tetrahydro-cycl opental[b]indol-2-yl)-carbam c 395 (M+1)
acid tert-butyl 1653, éﬁtetrahydro cyclopenta[ b]1nd01—2—y1)—
(S)-(7-Cyano- 4- ‘? -1,2,3,4- 43
t et rahydro-cycl g%@% a[aab'%w%o%lyg&‘i )-carbam c 367 (Mt1)
aci d et hyl esten=)-[7-Cyano-4-(6- methyl -pyrazin-2- ylmethyl)
(S)-(7- C,yano4 - I_ Mt1) ,
44 tetF §hydr 0- g yg %%gert} aa’(%?lc entfﬂb)) 031 24 i 43?)Q (M+1)
(Mt acid isopr apljohmesatelrisdﬂw} 9staD 2008/ 06386
DOT/1IC29ONN7] NQAT AL A
rolr7r OoZUUuUT7 VOO - U .
(5)-[4-(5-Br orrtL(E‘)s'gf(?r‘fagg'ofpyéaziﬂ'?rf%%eﬂy)l'lfg 3%5 cyano-
1, 2, 3, 45t et r ahy ddftm-hgz@fochﬂepieﬁl&[[bj]ndblnﬁgb])-cﬂr-balﬂﬁ9 48d9.2 (M+1)
(Mt1l) yl]-carha > g g opropyl ester
(R) - [ 4- (6-Fl uoré‘c‘ﬁ YTgrL %e{A met hyl ) - 7-
(met hoxyi m no- e yaho-23;isthiatc@Bryaiytdyior,2,4.8-
gﬁf lylopgg: :E o] i'r (%etrahydrx Lclopenta%ﬂn%oﬁf—yg car%grtm_c 439 3(9I;/H(-§'/[)+1)
(4) [ 4- ( 3- Chl orlaciaysrabitp &tey| met hyl ) - 7- cyano- 47

:_, 3’ 4-t et rahvdro-cvel Opent Y 'I{l ndol-2-v] 1 410
(M), car bami| ¢S5 oranedpr o detaeh gl ¢ 1) U s e,
('S) - ( 7§y ano- 4-[tetdah?drdlchtlbgetapi BldoB2-yi) eibhivlc
1, 2,3, 2tetrahydro cyclo‘penta[b]lndol 2-yl)- )3 ? %)
carbami ¢ acid e CRPISBEPELeSI - oycl opr opanecar boxyl i ¢
acid [ 7-cyano- 7-Cyano-4-thiazol-2-ylmethyl-1,2,3,4-

(SH7-Cy i ‘y Y ) 381 (M+1),

39 tetrahydro-cyclopenta[b]indol-2-yl)-carbamic 425 (M +

acid isopropyl ester HCOy)
-(7-Cyano-4-[1,2,5]thiadiazol-3-ylmethyl-
($)-(7-Cy [1,2,5] z ‘ ylmethy 382 (M1),

40 1,2,3,4-tetrahydro-cyclopenta[b]indol-2-yl)- 426 (M +
carbamic acid isopropyl ester HCO)
(R)-(7-Cyano-4-isothiazol-3-ylmethyl-1,2,3,4-

41 tetrahydro-cyclopenta[b]indol-2-yl)-carbamic 395 (M+1)
acid tert-butyl ester
(8)-(7-Cyano-4-isothiazol-3-ylmethyl-1,2,3,4-

42 tetrahydro-cyclopenta[b]indol-2-yl)-carbamic 395 (M+1)
acid tert-butyl ester
(8)-(7-Cyano-4-isothiazol-3-ylmethyl-1,2,3,4-

43" tetrahydro-cyclopenta[b]indol-2-yl)-carbamic 367 (M+1)
acid ethyl ester
-(7-Cyano-4-thiazol-5-ylmethyl-1,2,3,4-
(SH7-Cy i ‘y Y ) 381 (M+1),

44 tetrahydro-cyclopenta[b]indol-2-yl)-carbamic 425 (M+

acid isopropyl ester HCOy)
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t et rahydr o- cycl

W@ 200806386y ano- 4- pyri di n- 2-yl met hyl -
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1,2,3,4- 375

opent a[ b] i ndol - 2-yl ] -am de

opent a[ b] i ndol

-2-yl)- 359 (M+1)

(M-1)

1, 2, 3, 4 5PCT/US2007/083745

I sobutyram de ()-N-[4-(6-Fluoro-pyridin-2-ylnmethyl)-7-

51 (et hoxyi m no-nethyl) -
cycl opent a[ b] i ndol

(M-1)

1,2, 3, 4-tetrahydro-
- 2-44-] - i sobut yram de

409

(R) - Cycl opropanecar boxylic acid [7-cyano-4 375 (M+l),

52 (6-fluoro-pyridin-2-ylnethyl)- 1,2,3,4- 419 (M +
t et r ahydr o- cycl d@eﬁt(é{ﬂ:pmmmmw Jylnagtiyde7-HCO2 1 )
(S) - Cyclopr opar 5| ( Mu39) 461
53 (6 huor o py ey al oyt Rl SRR RLS |
t et rahydro-cycl ecrattafmr] aqrrthsbperWquteram de HCO21)
S 7Cyano=—4-{ L 01 O0X0 tersnediate
i s0i ndol - 2-yl) - Sé)r F“dﬁﬁl‘é‘“o|pﬁ%¢Ha|>jﬂmi%§b§ 4 40
t et r ahydr o- cycl|apethbgfitn]nondahyl 21 2134-caulydm-c 520 (M+1)
aci d i gepropyl |est.er 0 3867 PCT/.US2007/ 08839451+1)
-47 5-((9)-7-0)& CHCI"%H}A@JB@&% 68%1?% BBISy e Lo e e
rriz 453 (I\/H) bulylhbseerr rredl ate

QA hy L Lllovsial Ao / AL 1 N1\ " il »]
L J UIIIyUIU LI 1T 11U = = VT } ™\
ALy ety S S PP D B b1 est er
= 2.4 ngpn  2- Bridrmimtduhyde-aydsm@uyiniiding]- 410 (M+1),
hydr obromi de i g)m’rerc a'%p’g' i/al | abl e from Lanc#$t®FD
Synthesis. ** OSERPRSHE SPEHST ©'Chown by chiral
separation of rasemecyaps-aduels|thadeasidyigicthol-t he
procedure gener out ed for le | b. 5 Run
reacti#h at roc M% ‘ialéﬁ'c[%? §Y019Qeflfgﬁﬁ 1gce dur ef0BgM+1)
I nt er nedi at e 4( cﬁl(bﬁ)nc?a-cﬁ}bﬂlym@st&
r2 (1"2 di-oxo 3-dihvdro-isoindol ’)\/I\ r\\/rlrhn gy!m
et hyl] -1,2,3,4 '(&)-Cyclopropanecarboxylic acid [7-cyano-4-
t et r ahygr o- cycl| epembfflidndelmdiyh} rzanbam ¢ aci dios i)
i sopropyl ester ) )

tetrahydro-cyclopenta[b]indol-2-yl]-amide
(£)-N-(7-Cyano-4-pyridin-2-ylmethyl-1,2,3,4-

50 tetrahydro-cyclopenta[b]indol-2-yl)- 359 (M+1)
isobutyramide
(£)-N-[4-(6-Fluoro-pyridin-2-ylmethyl)-7-

51 (methoxyimino-methyl)-1,2,3,4-tetrahydro- 409 (M+1)
cyclopenta[b]indol-2-yl]-isobutyramide
R)-Cyclopropanecarboxylic acid [7-cyano-4-

(R)-Cyclop p‘ Xy [7-cy 375 (M),

52 (6-fluoro-pyridin-2-ylmethyl)-1,2,3,4- 419 (M +
tetrahydro-cyclopenta[b]indol-2-yl]-amide HCOy)

-Cyclopropanecarboxylic acid [7-cyano-4-
(8)-Cyclop 1‘>‘ y [7-cy 375 (M),

53 (6-fluoro-pyridin-2-ylmethyl)-1,2,3,4- 419 (M +
tetrahydro-cyclopenta[b]indol-2-yl]-amide HCOy)
(8)-{7-Cyano-4-[2-(1,3-dioxo-1,3-dihydro-

Inter-mediate isoindol-2-yl)-pyridin-3-ylmethyl]-1,2,3,4- $20 (V1)

40 tetrahydro-cyclopenta[b]indol-2-yl}-carbamic
acid isopropyl ester
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HO,( Chiral Mk NO N%O 7 NN O 10 Dissolve
(S)-(7-cyano-1, 2, 3, 4-tetrahydro-cycl opent a[ b] i ndol - 2-y

WO 2008@638ami ¢ acid i sopropyl ester (20 g, 70.59PCmOB287/083745

ee >98% 2nd isoner on Chiracel QJ, 0.2% DVEA in
Hexane/ Et OH [80: 20]) in di nethyl sulfoxide (160 nlL)
and add 2-( 3-brononet hyl -
pyridin-2-yl)-isoindole-I,3-4ll-one (29.8 g, 84.71
mrol ). Stir the mxture until a clear solution is

obt ai ned. Add cesium carbonate (46.4 g, 141.18 mmol es)

and 15 di met hyl @n«spompdndtmoﬁr%& SurlbihylakiRf MIDBLYES/MS m/z
onelngegrlﬁé(%g tlir the res {9 mxture at 22/28 @I+1),
Pesehdd the- v dehyelsnds efndobds [y g s tNhd), Tx
resul £ Ng SUSPEREhQRYIf-MiazoB-rbx ?I'@acﬁd ¢th@lesteMaSTE A ha
resulting cake(with water (100 nl D ssol ve the

i*ngraﬂnelﬁiet\hﬁlB -hgiobriygyiidinghyclidbosmoide istameetc?B8 avhilabérfom
SLeF rate t hes1 organi c |layer. Wash the organic |ayer

R PHE AR evaporate the organic solvent. Purify
t h@bmmshﬂ d¢xiamglervhd et byadhilaysepabii@eof2fkceqid product, according to the

hr omat t ] acet one/ CH2Cl 2
P SOGRBD bt Bl T8RS R 2 858 ()
&mk@cwmm&paﬁ&%7 PCT/ US2007/ 083745 - 48

S)-[4-(2- Am no-pyri 0-1,2,3,4-te
§r ;hg/drg cycl opéﬁ%g'[agﬁ ?W&S‘?/“rgg“ 3% e)r fhf)'g c acid
(6T ORytlo-BRL@[3-Mox I, 3 ditry dho-Ysokh doN2 G 1)Gyir fdiuh-3-yGin Mh A, 2,3, 4-

)?%?‘%ﬁi%-%ﬁ%ﬁmﬁl'zl.iltdf}-é-.yéh-m%I&i%a.c%ﬁ iRQPAPRYCEST ndol - 2- y!
pyridin- 5

3-yimethyl]-1,2,3,4-tetrah m\ﬂ,ﬁ\lfé p&iR a[ b] i ndol - 2- I
}-carbamc aC|d i SOP ['ﬁ | er

P lf
N N
(@)

Dissolve (8)-(7-cyano-1,2,3,4-tetrahydro-cyclopenta[b]indol-2-yl)-carbamic acid
isopropyl ester (20 g, 70.59 mmoles; ee >98%, 2™ isomer on Chiracel OJ, 0.2% DMEA
in Hexane/EtOH [80:20]) 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 mixture
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 mL) and separate the organic layer. Wash the organic
layer with brine and evaporate the organic solvent. Purify the resulting material by silica
gel chromatography, eluting with hexanes/acetone/CH,Cl, (3/1/1) to obtain 24 g (58%).
MS (m/z): 520 (M+1).

Example 54
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(2.12 mol, 1100 ng crude material) in a mxture of
THE (22 nL) and ethanol (4 nL) and stir for 15 mn.

wQo\dwslgssazi ne hydrate 0.5 nlL, 10 mmol) and stPECT/UR®07/083745

m xture at roomtenperature for 18 h. Vacuumfilter

the crude reaction and wash the solid wwth THE (50

m.). Collect the filtrate and renove the sol vent under
vacuum Purify the 10 resul t4&ag resi due by silica gel

chr omat ogr aphy (50-100% et hyl acetate/ CH2Cl 2) to

provide 110 nmg (13% of the title conmpound. M5 (M z):
I9BI4¢(RAAm inoAlyreimAtybm gthplp-d ey areo-1,2i3gktgtnabydro-cyclopenta[b|ind ol-

)(zg)lr_éazbg%%c&icﬁi-sg&b{”’h,e§t-egi oxo- 1, 3-di hydr o-i soi ndol - 2-yl
pyridi n-3-yl nethyl ] -N\2, 3, 4-t et rahydro-cycl openta[ b]in
dol - 2-yl }-carbam c aci @SODQODW ester (20 g; 34,64

nmol es) in tetrahydrof nd et hanol (30
m.). Add 15 hydrazi ne rate (Ea37 m., 69.29
Mol es) using a syringel oveL,30 mn. Stir the
m xture at 22/ 24 Cfor|3 h and then filter. Wash the
cake with additional &t rahydrof uran (50 ).

Evapor ate the conbi ned not her |iquors and purify the

resul £pmgine eeide (Rl 7isyansr4-{cd -dipxe hé sifmdeygsaipis)- -y Dpyridin-
8 dHﬁlHﬂgl Ty @Qtl%ﬁBL - RS RAAE i AN NS chiBamiTBERANPEpY ester

e fractionS containin pure pro uct
é%ulﬂ mﬁokl&@@la ¢adeopaterinl)is gmiximro off T (%) hig) ang ethanol (4 mL)

%R&] §t¥ref5]11 1 5Viﬁ1'ng IAtdd %9&&21&11?%&'39 0. @\ﬁ% lgtnﬁﬁﬁpeind(sﬁpth%hxture at

m xture to reflux until conp l'ete dissolution

é@@@lfe@lpaﬁﬁmt foem8 &l Veeuunofilees die omlerr@?@mn s dregpled with
ons(?b gﬁt CEH{?E Bk Alihee acﬁ%ll rquovaeqﬁe %yenyﬁ}gi%f vabé?&HUﬁﬁﬁ the

ant “‘wei ovi he title
é@ﬁﬁb@g etidugy elﬂ#‘azgel cl@gma(omyy (5@108% ethﬂpﬂ@tat%ﬁHﬂ%%rowde

mat gﬁgt) hﬂﬂg%ﬁ%g B 200%%3%67 PC'R/ US2007/ 083745
.Adgrmm: brovediurst Elsaggve (S) {7-cyano-4-[2-(1,3-dioxo-1,3-dihydro-isoindol-2-yl1)-
%n&nglyh?hﬁ%ﬁ %%«4 %tg&%g %9016&9&1[53?%01— Y garéﬂi &Qg&{dg%p%pyl
[cbbi (Rl el E4.G mmpb@hmttpnrahedl@ﬁlrm (L 7(Nm¢.) @d ¢than0F(30 @L) Add
%@égbéil’%gr_lod}ygr)?})e (i 3% m&., ﬁ9 ? (r)nnlaosleosP us n% a silrmF? puinp ovsgar 30 mm Stir
tlehypifuge at02>262146§én1t & bid uh@roﬁleer?%aln thewiltervitheaddgiosd g,

2 r r .
R O 2 R AP DX 8 R
(rPidme by silig@gd chiometographyl ueep wvitadliellbwmethae/ @M NH e

. wt .
RPN PR PRI R 9

e reaction w
whlventwBirethe @@idxt)) coghtapt wvight 2agd Itiyidrad,qygver cthanol (50 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 vacuum to constant weight to
provide 11.45 g (84%) of the title compound. MS (m/z): 390 (M+1). Chiral HPLC: ee >
98% (Isomer 1, Chiralpak AD, EtOH/0.2% dimethylethylamine).
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20

10 sodium sul fate, filter, and concentrate to obtain a
sem-solid (8.10 g). Purify the crude product on a

wWQaA2®8963861i ca gel colum eluting with O to 1006 BURNT/083745

acet ate/ hexanes to obtain 6.7 g of a tan/brown solid.
Suspend the product in ether (100 nL) at room
tenperature overnight. Filter the solid, rinse with
ether, and dry under high va#dumto obtain the title
conpound as a tan solid (5.70 g, 62% . LCMs 437.1
(I\/H) 15 Internedi ate 43

()-2-(1, 3-Di oxo- 1, 3- di hydteomediateddol - 2-yl ) - 4-pyri di n-2

2 e 2-

DR tdal bR S AR 2 meylr i+
aétrahydro-cyclopenta[b]1ndole-7-carbon1tr11e
2- (1, 3-di oxo- 1, 3-di hydr o-i soi ndol -

ydro- 2 0 cycl opent a[ b] i ndol e- Pyc4
15.3 mml ) in DWF (2
carbonate (10.4 g, 3 2 3
2- br ononet hyl pyri di ne h brm dé (4.05 g, 16 mol).

Stir the m xture at 40 CforN 24, h. Add the mxture to
water (250 nmL) and stir WD 20 N/ 63867
h

1)-1,2,3,4-tetrah
pnitrile (5 g,
Add cesium

PCT/ US2007/ 083745 -50 for ilter the solids and
dry the coll ected material underfvacuum Add the solid

m o e@Q% &i(ﬂ %21@‘-%0;%”11'% rdﬁlfyh%;&s&%ol %Oylﬂ 5,3,4(%99411?&1'%6
vadopental/dindolstartonieleghts £ 1gr mmlotl endl2-@ranqnrEyg-6dtuoro-
ﬁ)ﬁﬁ%i%lér@gﬁl@ ﬁgﬂ@%ﬂﬂﬁ) in¥Mr (80 A1), AdPeckifihlhrvoRate (7.51 g, 23.1
(pirpel2k. Miequavatbn(sBarfd stio the Tgpgtidrainiiite yi e iyrhperalyr@ ugded nit@gen
kﬁr@%ﬁ%rﬁsﬁsug%/ @nl—:e Qeggt%n%ﬂ] étﬁ)q %e‘?ﬁte}{/a%ﬁmﬁ Wakeh '(.J) X%, d}k N?g anﬂ\}drous
(ydigm Ealfge, diltox endlgBeditiaizde obthis@isdobolid-(§10 gh-RuBiff thaorude
)]?Fé/du tﬂon'l) légjgfﬂgza Eel co um hgmg with t8 lg(r)]"tA)atlml 'Tlcr?gael/hee}a/t}ecs: éor
bhint 4.7 E ef { anBdiove 50112 Suspmd t)le pmduceurhahml(lqolrﬁL) at room

?ll}l%ga‘%t 530 1g§tf HiR ﬂ{esghg‘a)n%e o Vatﬁl %drg %&?F%HBGQ{ ko

robtam then@ecroartmnmi asradter sahidt(s. @@ erv2bve mwmw DMt e

W th ethyl acetate(150 r off white solids,
wash the organic | ayer Wln?[ Z}mi{’a}e“%

(*)-2-(1,3-Dioxo-1,3-dihydro-isoindol-2-yl)-4-pyridin-2-ylmethyl-1,2,3,4-tetrahydro-

o

\ N

cyclopenta|b]indole-7-carbonitrile

Heat a mixture of 2-(1,3-dioxo-1,3-dihydro-isoindol-2-yl)-1,2,3,4-tetrahydro-
cyclopenta[b]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



pot assi um carbonate twi ce, dry over anhydrous sodi um
sulfate, filter, and concentrate to 15 obtain the
W@ 2aoB@6c3soTrpound as an orange oil (3.42 g, 91%PCL/C84807/083745
307.0 (M+l1l), 305.0 (M 1). Internediate 45
(f)-2-Am no-4-pyridin-2-ylmethyl-1, 2,3, 4-tetrahydro-cy
cl openta [b]indol e-7- carbonitrile hydrochl oride N~
NH2 HCI N ~N 20 Add -50-
2- (1, 3-di oxo-1, 3-di hydro-i soi ndol - 2-yl ) - 4-pyri di n- 2-yl
nmet hyl -1, 2, 3, 4-
tfext Ir i hiyiterdhespdilopelritra fhis job Megtsidenaferphwisionyacmith e AQY thegolid to
I SH
ERAn TR B Lt ol 36 LR R0 67 20 pfhner i e
volicbimgdr eceunt ROconstint wiiht torpebyide 48 ign 7 1%eofietitlercompour@2MS
;;6%2{4 é?gﬂ) Filter the m xture and evaporate the WO
'/(} 6'} "PCT/ US2007/ 083745 -51 nother |iquors.
5 Dissolve the residue inldiechedinterddt hane (300 nl). Add
[ Ut fo 4 rj ' '
3P b O o AR OB G T o ST Bdaote-
i7s@rbemgtileol i d under vacuumto constant weight to
provide 54 g (90% of the title g@pound. M5 (' z):
289 (Mrl). 5 Prepare tHh® mg ¢éhiral carbamic
acid tert-butyl esters, ates 46-51 in Table
3, using Internediate 16 {f~a kylating with the
appropriate heteroaryl methyl hafide or
het er oaryl net hyl nesyl ate, essenniglly as described in
the procedures of Exanple 1 and Exanple 2. Table 3
Intermedi at Chenmical Name M5 (nmfz) e (R)-(7-Cyano-4-]
1, 2, 5PissdlaeliZaZell 33dioxo- hdylrodigoindol-2-yl)-4-(6-fluoro-pyridin-2-

10 a1 SSLE AL CXELRATRALRLY 08Bl 2021n 98 (M)
(R IT1 Oyphitsirabstdfarzo ] 854nly). rstdHytizazing ppdhydizate (4.43 ml, 91.2
?rfﬂ&(al)a% X(? geq?lti\%%egltsg Ftﬁfékglf étjr%d)rﬂ Qe%ﬁe?afu}/rle L &? Egr%géncov%ﬁﬁ ﬁn.?’ Bute

with ethyl acetate (150 ml), filter off white solids, wash the organic layer with 10%

potassium carbonate twice, dry over anhydrous sodium sulfate, filter, and concentrate to

15  obtain the title compound as an orange oil (3.42 g, 91%). LCMS 307.0 (M+1), 305.0 (M-
1).

Intermediate 45

(£)-2-Amino-4-pyridin-2-ylmethyl-1,2,3,4-tetrahydro-cyclopenta|h]indole-7-

NH,
S~
O HCI
N

==

\_N

carbonitrile hydrochloride

20
Add 2-(1,3-dioxo-1,3-dihydro-isoindol-2-yl)-4-pyridin-2-ylmethyl-1,2,3,4-
tetrahydro-cyclopenta[b]indole-7-carbonitrile (77 g, 184 mmol) to THF (1.3 L) and
ethanol (230 mL). Stir the mixture for 10 min and then add hydrazine monohydrate (20
mL, 400 mmol). Stir the mixture at 22 °C for 16 h. Filter the mixture and evaporate the



(R -(7-Cyano-4-thiazol-2-ylnmethyl- 1,2,3,4 48
t et rahydr o- cycl opent a[ b] i ndol - 2-yl )-carbam ¢ acid 395

W@ kg)63862rt - but yl ester PCT/US2007/083745
(R -(7-Cyano-4-thiazol -5-ylnethyl -1, 2,3,4- 49
t et rahydro-cycl openta[ b] indol-2-yl)-carbamc acid 395
(M+1l) tert-butyl ester
(R -{7-Cyano-4-[2-(1, 3-di oxeslt, 3-di hydro-i soi ndol - 50
2-yl)-pyridin-3-ylnethyl]-1, 2,3, 4-tetrahydro- 534 M1l
cycl openta[ b]i ndol -2-yl }-carbam c acid tert-butyl
exttler ligwRyrs. 5Dl teethe reBdtobydicitdsomsthangi(3 L o yadvior @lugion of

3 | - -

oy B h oL AR AR A H bR B Sbod s abbg e
EKDTMB@D@W@SSM@IH to ghstant veeight o piorids 34 g (90%) of the title

‘ﬁ‘ ﬂ? (2{1 :§ol 3-ylnethyl-1,2,3,4-tetrahydro
- cyg openta Q]l nd - carbonitrile dihydrochloride
Chir aPrepNHﬂlezstbwmgxlclnraDcarMnSc agid dpt-18ttylrestarssngpapd ateond6-51
R R medi g e s s ey
cblahctqmlh@q@@my&ptt]li'lmhsi'la@ grhontially baimaibetindhd poeedbst pi
%%gjﬁf,ﬂe(l]a &ﬁxg{lp@lg mml) in 4M HO in dioxane (20

or RS

roomtenperature, then concentrate in
vacuo. Dry t he residue unifable\ﬁacuum over n| ght at 40
G NG Z) 295 (M‘i'l). 10—Prepare—t he—fot+owi 119)
am

MRS t er medi at es 5@nhefidal Shad i n Table 4, MS m/z)

essente allylas described in the procedure f or
| pterrediate-L2,—Hsihg—the_approptiate
(- cyano- 4- ng{j—gg—gjano—ﬁ’—[f,Q,g]tﬁgdiazo'f—B—y‘fmethyl—
aryl maghyl - 11,2,33- tétri}@ftifoadwmpmta:[wiﬂldmpewﬂ)a[ b] i ndol3928{yk))
-carbam c agi dbter 5’ ly qs er.

carbamic acid fert-butyl ester
(R)-(7-Cyano-4-thiazol-4-ylmethyl-1,2,3,4-

tetrahydro-cyclopenta[b]indol-2-yl)-carbamic acid 395 (M+1)

47
tert-butyl ester
(R)-(7-Cyano-4-thiazol-2-ylmethyl-1,2,3,4-
48 tetrahydro-cyclopenta[b]indol-2-yl)-carbamic acid 395 (M+1)
tert-butyl ester
(R)-(7-Cyano-4-thiazol-5-ylmethyl-1,2,3,4-
49 tetrahydro-cyclopenta[b]indol-2-yl)-carbamic acid 395 (M+1)

tert-butyl ester
(R)-{7-Cyano-4-[2-(1,3-dioxo-1,3-dihydro-isoindol-

2-yD-pyridin-3-ylmethyl]-1,2,3,4-tetrahydro-
50 vh-py ) Y v o Y 534 (M+1)
cyclopenta[bJindol-2-yl}-carbamic acid fert-butyl

ester

(R)-5-(2-tert-Butoxycarbonylamino-7-cyano-2,3-

51 dihydro-1H-cyclopenta[bJindol-4-ylmethyl)-
y yclopenta[b] y yD 467 (M+1)

thiazole-4-carboxylic acid ethyl ester
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15

| sol ate the ami nes as hydrochl ori de or di hydrochl ori de
salts. 15 Table 4 Internediat Chem cal name MS (nfz)

W@2@8063868 () - 2- Ami no- 4- pyrazi n- 2-yl met hyl - 1, BCBU&Z2007/083745

M+l tetrahydro-cycl openta[ b]indol e-7-carbonitrile ( )
296 54 (R)-2-Amno-4-[1,2,5]thiadiazol -3-yl net hyl -
M1
1,2, 3,4-tetrahydro-cycl openti]-b] i ndol e-7-carbonitrile
() 295 55 (R)-2-Am no-4-thiazol-4-ylnethyl- Ml
1,2,3,4-tetrahydro-cycl openta[ b]i ndol e-7-carbonitrile
( ) WD 2008/ 063867 PCT/ US2007/ 083745 -53 295 56
(R) - 2- Ami no- 4-t hi azol - 2yl .p& {%ﬂ
1, 2, 3, 4-tetrahydro- cyclopent |ndole 7-carbonitrile
R®)2 A(Iﬂ)lo A-iggthiagelB-ylmetnydil ,253,4¢ etnesthigto-&ycloentd Hil imdole-7-
t ycl opent a[ b] i ndol e-7-carbonitrile
%Ez&z" git 0 (ﬁL{'(QJaF@BHEg -di oxo- 1, 3-di hydro-isoi ndol -2 434
58 yl)-pyridin-3-ylméghyl]- 1,2, 3, é_tt]atrahydro (M+1)
cycl opent a[ b] i ndol e- 7-xarboni t rile

cycl opent a[ b] i ndol - 4- yI™wetly hi agpl e- 4- car boxylic
367 acid ethyl ester (M-l)NExanple 55
()-3-[7-Cyano-4-(6-fluoro-pyidin-2-ylmethyl)-1,2, 3, 4-
tetrahydro- cycl openta T\

[b]indol -2-yl]-1, 1- di met hyl -Nnséa H

Stir a suspension of (R)-(7-cyano-4-isothiazol-3-ylmethyl-1,2,3,4-tetrahydro-
cyclopenta[b]indol-2-yl)-carbamic acid tert-butyl ester (1.16 g, 3.19 mmol) in 4M HCl in
dioxane (20 mL) for 2 h at room temperature, then concentrate in vacuo. Dry the residue

under vacuum overnight at 40 °C. MS (m/z): 295 (M+1).

Prepare the following amines, Intermediates 53-59 listed in Table 4, essentially as
described in the procedure for Intermediate 52, using the appropriate (7-cyano-4-hetero-
arylmethyl-1,2,3,4-tetrahydro-cyclopenta[b]indol-2-yl)-carbamic acid tert-butyl ester.

Isolate the amines as hydrochloride or dihydrochloride salts.

Table 4

Intermediat

Chemical name MS (m/z)
e

290
+)-2-Amino-4-pyrazin-2-ylmethyl-1,2,3,4-
53 (*) py 'y y + (M+1)
tetrahydro-cyclopenta[b]indole-7-carbonitrile

296
R)-2-Amino-4-[1,2,5]thiadiazol-3-ylmethyl-
54 ® ) Y Y o (M+1)
1,2,3,4-tetrahydro-cyclopenta[b]indole-7-carbonitrile

295
(R)-2-Amino-4-thiazol-4-ylmethyl-
55 . BN YRy
1,2,3,4-tetrahydro-cyclopenta[b]indole-7-carbonitrile




N~NN \I1I O NN 5F To a solution of
()-2-am no-4-(6-fluoro-pyridin-2-ylnmethyl)-1,2,3,4-tet
WO 200866386y cl opent a[ b] i ndol e-7-carbonitril e (7RCHEGS2007/083745
0.23 mmol ) and diisopropylethylamne (0.35 mol, 61
L) in dichloronmethane (1 nL) add N, N-di net hyl car banoyl
chloride (0.35 mmol, 32 L) and stir at room
tenperature overnight. Load-fhe solution on silica gel
and 10 purify by colum chromatography (0-100% et hyl
acetate/dichl oronethane) to obtain the title
conpound. LQMS 378.1 (M+l) 295
(f)- (75 anoj\@)'ﬁﬁ'm’&Pﬁtﬁla%l'r?@f H’;‘?nﬁ‘yll 2,3, 4- tetrahqugr-ls;
ycl opent a [ i ndaltetdmydih-cysliapdaabmdorl MearsPRFiRPY |
ester WO 2008/ 063867 PCT/ U82007 083745 -54 Hu Y N\

N i i O i \ IU [+} 1 Ul
(f|) - 2- M no- IRé)z Andmo 42tHIaF01 SU3ﬁlmlefhil 2, 3, 4-tetrahydigdata
cycl opent a[ b1, h&léltaraﬁymarcbdnpdnta [blendOR2- 73(21rlg),n1t8160')_ nmol )

ang—ar+Ssoptrop |a| 09 o 1—68 "i")ii"‘l
di|chl or onret h (?132‘3(‘&1% 2‘553&8 q10§‘8p1r’%syfp'%rﬂfl%ornbdfog)'?'rnit € 434
(8.86 s%ml, @lﬁpﬁmnﬂ_)-ymmmsl i1, 4-tetrabydré-enper at ur e
ovyernight. Oi| ute ) é deetl:? ﬁcett te and wash witKM+D)
10% K203 sal 9f 08?{13([ D Y HE 't gani ¢ portion over
mzsfo4, bfi I tle(m sa(mﬁt\rmﬁmwyhrroazﬁdlhtdﬂa Dfﬂf)al n 3.3¢.
AR e E i R Y
racem ¢ produgtd ethyCHEer375. 2 (Mrl). 10 Alternate (M+l1)
priocedur e: Add
()|2-am no-4-|pyri di n-2-yl met hyl -1, 2, 3, 4-tetrahydrf o-cycl
openta] b] i ndol e-7- carbonitrile hydrochloride (35 g,

108 mmol ) to a m xture of_dichl oronet hane (350 ni)
and pyridine (70 nL). Sti¥*aMded? xture under nitrogen

FBA3-E00Y art024-06-Fuordds ridsRRYyRRYthyl)-1,2,3,4-tetrahydro-
cyclopenta|b]indol-2-yl]-1,1-dimethyl-urea

H
N N
N\\ ‘ \n/ ~
o
\@
F

To a solution of (¥)-2-amino-4-(6-fluoro-pyridin-2-ylmethyl)-1,2,3,4-tetrahydro-

cyclopenta[b]indole-7-carbonitrile (70 mg, 0.23 mmol) and diisopropylethylamine (0.35
mmol, 61 puL) in dichloromethane (1 mL) add N,N-dimethylcarbamoyl chloride (0.35
mmol, 32 puL) and stir at room temperature overnight. Load the solution on silica gel and
purify by column chromatography (0-100% cthyl acetate/dichloromethane) to obtain the
title compound. LCMS 378.1 (M+1).

Example 56
(#)-(7-Cyano-4-pyridin-2-ylmethyl-1,2,3,4-tetrahydro-cyclopenta|b]indol-2-yl)-

carbamic acid isopropyl ester
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chl oroformate (1M solution in toluene, 162 ni, 162
mmol ). Renove the ice bath and stir 15 the m xture at

WQ200806386t er 16 h evaporate the solvent. Add tPE&I/US2007/083745

resulting residue to water (350 nL) and stir 2 h.
Filter and dry the collected solid under vacuum at 45
C. Add the solid to ethyl acetate (400 nL) and heat
the m xture to reflux. Then-8sol to 22 C and filter
the solid. Add the wet solid to ethyl acetate (200 nlL)
and heat to reflux for 30 mn. Cool the mxture to 22
C over one hour and then cool t& 055 € during 5 min.
Filter the 20 nixtuf s ar|§§£;ted solid under
vacuum to constant wei dht [t o>pro de 23 g (62% of

the title compound. M5 (T z)N: 374 (M+l). Exanple 56a &
56b (R)- and \\
(S)-(7- Q/ano4pyridin 2y| 1234tetrahydroc

| ta[ b].i ndol d t
5 ogapatihennt e Aowr%%fprf o e v

chdib@intafd)napei70gkRRMI YSB NG, 8.6 inmal )@a&dlﬁlapl@gymmaﬁl&e)@ 65
eluting with 100%Et0—|at 375 ni/mn and 250
rWﬁwl"? ek ingdighitgromathane (40 mbg adshisepsonyishryiormatg (8.86 mmol,
®ONEL T drfAREF atGhdrh BhnipakatMBotdnGoht U DNtk itht dﬂm acoMtd mldlx%%mh
Et OH/ 0, 2% di meth | ethyl am ne; LCMS 375.2 (M+l). Is
2100(0§§ZCOJ§ sglytl 9Dlzyo ee%rganL@;gtl@n?@ve?Nem) ﬁltewgnd concentrate
2&9&&1Q@%8§7Pu|?§7 by-SAQR L8R4 SraphyaB-100%.Skhydl t er nat e

route to
@g)tat%/v‘w@%ﬂmnﬁw OBRR-2485 (Pt pf the rasemicproduet: diiyMp 4752
QMQJI\Fpent al b] i ndol -2-yl)-carbam c acid isopropyl ester
N | Ol ONN 5 Add
@étefnafcéfﬂ&ﬁ‘é“rf 2,3, 4-tetrahydro-cycl opent a[ b]i ndol -2-y
I ) - caAlaaga)Q aﬁf;ﬁodz;-pym%%gmthﬁat £8 4(tétfh'11§d{rﬂpe9é1§15cﬁta%@)ndole 7-

§6‘lb91@1Ffd‘ﬁhch50041¢P“ée (R le%gmmlﬁte aﬁbﬁﬂa’/@\ﬁ@ag@mtﬁ% (350 mL)

RA®hyridike @O SIROSE RO mBREH %hdlef [tRen HPEoUIE ser A%l@ fopyl
at g%rll (O Lg brormrrlrlet y gi/lrrlndl %gn hydr obr om de 1§6b Py

ghl Ofﬁfﬂm)ate @)M’ &Oi‘tﬁlﬁwfsfélué%rl mpk, 165 mmok)hRempyerthe ise h@ﬂ? apd stir
q:he]c rﬁfxt&gat@2 ofd Qi\fiep €6 HEQ@praﬁe th@sdhint. Iagd tﬂ@%ﬁﬂtm]g(}e&léue% water

C and stir mn. |Isolate the solid

f(ﬁot mla} 4116 wtiahb Biftgr @ﬁdl@r thv a@lhﬁm?ﬁ selisl widprstagitm gieiSght - Add the

P@l%cﬁto 1 %%a?er ('4@(*) m@y 8d 1Raftht hSauded rPad ehditdohiGo \QQ t’di‘ and
ine the fracti ons cont ai ni ng
1’1’111’1

tfﬂ\féf ﬁb? é‘dlﬂeﬁd@iﬂlﬁ V@(‘/éﬁ@ﬁ@?féylﬂ@@a@@%ﬁ@ qng hgtyereglux for 3

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 isolated solid under vacuum to constant weight to provide 23 g (62%)
of the title compound. MS (m/z): 374 (M+1).
Example 56a & 56b

(R)- and (S)-(7-Cyano-4-pyridin-2-ylmethyl-1,2,3,4-tetrahydro-cyclopenta|h]indol-2-
yD-carbamic acid isopropyl ester

Separate enantiomers of Example 56 by preparative chiral chromatography using
Chiralpak AD column (8 x 33 cm), eluting with 100% EtOH at 375 mL/min and 250 nm.
Isomer 1 (R): 1.14 g, 99.9% ee (analytical conditions: Chiralpak AD-H column, eluting
with 100% EtOH/0.2% dimethylethylamine; LCMS 375.2 (M+1). Isomer 2 (S): 1.67 g,
99.4% ee; LCMS 375.2 (M+1).
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pal e brown solid. Recrystillize fromethyl acetate to
give 15.3 g (77% of the title conpounds. LC M5 (M z)

WQZ®80da8d) . 15 Second alternate route to 56b: BPEPLL2007/083745

conditions - colum: Zorbax(r) SB-Phenyl, Rapid
Resolution, 4.6 x 75 mm 3.5 mcron; solvent: 10%
acetonitrile/ 90% water with 0.05% TFA;, UV at 230 nm
Step 1: -55-

(f)-(7-Cyano-1, 2, 3,4-tetrahydro-cycl opent a[ b]i ndol - 2-y
| )-carbam c acid tert- butyl ester 20 Equip a 12 L
3-necked round bottomflask with overhead agitation,

5] FRERUE, o S SR By S0 5 20 o
:cyeomnlv%whmiqlémlhwba@mcmliqmoﬁylztsueet rahydr o- cycl open

ta[ b]i ndol e-7-carbonitrile (50049, 1.53 noles) and
THE (5 L). Stir theN\esuItln sNupPy_at anbi ent

tenperature. Add hydr hygirate (185.6 nL, 3.82
noles) in a slow strea an addition funnel 25

over 10 mnutes. Stir the rasulddng m xture at anbi ent
t enperature overni ght (about ~h). Add cool water to

the bath and charge the addition funnel with
di -t - byt y9)-Téyans-borad-etrallydvdeytl@entd[HQddorm @S ¢arbamic acid

prar L e gt o b3 e B DRl PR HER o
issﬂuﬁam BA0CC. AfdleEsidb cifbhatcd@2ky?® tiolliRldachortioh BAY stir the

Ieeconsu f the internedi F|I

fe 8619 91 5@%3& édgatbaor%t)%l @}1’@2@3@3 omide 21 g, 83 mmol)
B@f[{owsa@ GV&Q&B 75415 the-nSiRtupOdt MPPOEX 18Me MRIdhd Mixdure to chilled water
?(Lalnless table-top. filter

and wash the
SuttditAg ® 5 ghir fpgming 1 qlﬁt%thﬁwhdd%yetﬁgﬁtém(aﬂd erlunéyr. vacyum
G@étﬁ@ﬂahtr\aélgnt P%sﬁﬁel rhdt@ia oVl a\ ekl Bcltpad EIRHIMYRItNOBLCIOEIOAC
t he THF. the resulting mxture (about

&U8F @Iﬁql%tﬂﬁfragiop@ EoRtaung ‘(hg pf@u% agd g'fa@@{ateé 50 Venz to give a

PhMtbkdieh dulill NREdr 1R ERNPIIRY1 26416 RIIVAL 3 & tna%)eﬁ meerned
el uent in vacuo to a dark oil. A?fs heptane (2 L) and

&Pmprungds kG @50 MY *dhd spin the contents on a

ISRt WY lRViiROFrAltOfo bh: anbi ent tenperature for 2 h Add
ice to the bath and spin the resulting slurry

fGPLC gondifipys r sdman: SommaxpBiFhenyliRapidResgltion, |4r%é7Wh3 5
FEDQ; %ﬁ@h@@%%&&&ﬂmﬁ’é) ebAtveatdravith (RO, A ; UenE2WRGHHIM

dry at Obtain the titled conpound asallght tan
sSétm b qiar(bfygnﬁ-},@é}ﬁtetrag'@ﬁ czclopgn_ta[b]mdol— -yl)-carbamic acid tert-
bhnyPéape- 4- pyri di n- 2- yI nmet hyl - , 3, 4-tetrahydro-cyclo

pent aEb]mdoI 2- 10 yl)-car bam c a(:| d teat-butyl ester
Equi pEauipe 12 Lobrecked r@u@d Rattomy flask Wiith orergad egsatign, thermocouple,

?gégh?[f f;ugﬂel ﬂlﬂggem&umd%oﬁ&qoatm | ¢HaRQR: 143k Sfith (EPAY GR dioxo-

(13-l Wﬁld?l DyB-12.3 t5thydp-svdonen s aindelp Frqersitile (500 g,
3- %lrﬁolé‘ﬁﬁmp (S'iEj & ﬁfe tredmi |slu‘?1§/ta?5m151§1QQeIﬁ’perai]tm@8Add

mol es) and di chl oronethane (5 L). Begin agitation and

pidraziae mAnGlyBigtd (JAhorBMs 8nt FpHE bigenosyfreamdronsg agldgion funnel
QudioB ARheds. 1Rir g r‘te‘M%% Aaaxtu?e dt %@féﬁﬁ%ﬁ%&&%&%g}@(wow 18

\%dr obrom de (510.4 g, 2. nol es) . dei oni zed

t &fd ¢opl ppter 1e9| th%baélaawhargs Guargicpn %\n@lt‘ffl&lrﬂlft byl dicgrponate
%8%11 gql.(ﬁﬁﬁoles,sf)f'e(flously melted to a liquid). Add to the reaction mixture over 2
hours, keeping the pot temperature below 30 °C. After 15 min, analyze by HPLC to find

complete consumption of the intermediate amine. Filter the reaction mixture onto a
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the resulting m xture vigorously overnight (about 21
h). Stop the agitation, allow the |ayers to separate,

wW@rwsaezsear d t he aqueous (upper) layer. Vash tP@I/US2007/083745

organics with deionized water (3 x 4 L), dry over

sodi um sul fate, and concentrate in vacuo to about 500

20 nmL. Purify the crude material over a silica ge

plug (7 Kg Kei sel gel 60) usifg 1:1 ethyl

acet at e/ heptane as eluent. Concentrate the eluent in

vacuo to afford 560 grans of the titled conpound as

@nlygfopymm pad ig @Maijlle(sgg;eaﬁ,%ble Bipdpgte8 and Rpsh theesgl@hg filter cake
Qe ﬁ[ﬁgﬁﬁu fj lﬂf{;%{em{é iftrafe i v 84 {eﬁmé%fngét of the THF.

cyc enta utyl

car amc acid tent-
@stlé’rthaﬁsm@ mh@urﬁ @Iblomv\h Ingpvarablyg palicagial (dd g FRpadpel-60),

qllt %ﬁlgp%léﬁil : é%ﬂ@é}‘iﬁﬁ <t olgléoevsse,ﬁ eglgntég Q@th]toq]hz{rgbﬁakdd

éﬂ@l@ﬁlm’(ﬂ tLn bhd¢BA agetatd €3 SOdelnand sd the contents on a rotary evaporator at
' hyl,am | , 1, Nz o

S AP L AT L OURSE B o o

atl addi@oma A h. Bitdr énaolids.omee wth 800 dsptate/eBhy? ageiate (2ANS®UHL)
. _ ' PUL | . o

ga{cg{rl%_ %)_Z%é r5:a P O Eaiﬂ{ @% t1?%%/ cfb_n%og}’ld;%s 1%{ f¥ s$iddin 91.6% yield.

tSemhh@tal-r(@ (Emnbéﬂamtcb@-liyilmd@m—zz,y14}tetrahjahrmcgclammua[b]indol-Z-

rt . &s ) by preparative chiral HPLC
§car§2{rﬁl¥afﬁ F?E’uﬁ?gsgggd tions: 8 x 33 cm Chiral pak AD

colu rrEqula anrg L tmt.tblml catlghasiewals ovmlaiasl taglmbn, tiFmoeduplel and

SbBRrb B e B Mgt OT SRR Wonepgncor

el)-caebaphias@d ar-lautflicntat (S0@pCledHt ma1b$)(and dlﬁ:hl%ﬁ)nmgiam:_(s L).
fﬂeg%ltalgltalﬁpo?l%n ac?d te%e 7 B{lt?c%]lél?qglllglnl Ehdrtgghﬁ:g sgl?a n@S% %m:“[) 1(1)‘8 mo

on elu we I'oner
efd)lluwed dyy l@e(bm&ume&ry]bﬁymdlmn hySijrdrhlde (ﬁlﬁAI g, E 02 ntolase Add

Lin Ckl n )
S i G s ol B R S B A B TP .
ttioe mﬁﬂiurgenmmlra/ﬁgd)roﬁslyc mmugtpt(athmt 2 lFlur |Sfop thdreitaomablidwithe

20 over . .a i ca us
TGte SitRbo BB kPR s el SR Bieis it 7
dlemhized waet Ganel hept Cazﬁedoﬂeﬂrmwlfatet aridu:byden&ith é1 vasa} wehbut 500
R Wy R EnRameRprty® iR BT bt RadERE D bkt 8
5cela1b/hd§mané&h gheg. Cos@ntf® %ershichyih: vtleuobtmﬁﬂd)rd &bMerams of the
owed b 100 ush the renmainin

PR R v P R S BhT ) B ot ol of 328, 5 g of
BetPd: paltl)ealtca@e-r(ﬂb t(éyalnﬂ-4t—1hy|rﬂlui¥ﬂ¥yﬂlﬁéthyﬁ&3 G{Mtrhléjuﬁa
mat er | S ve chiral HPLC. tain
Saingpip Bt BB RO BT 50 | omer) and 167

g (99Ue%he éc)lloaﬁnged’mal?twam oEiFal EIP(LE 1 001 S19) )analﬁe&ﬁarﬂloaners: 4.6 x

- 2- Am - ra-.c
@?@ en Ol Lot oo Perating i SRt dhace
Elqmanﬁe@etﬁadol/anﬂw@zm@larrmumﬁhobm Ith@m 0. I6a1§Ik/mm fldw aaté)em dagtion
r stir o nitr

Pt v Bttt | St pid R Bhtirguinis St S fn. An 8%
(ipyritf 72-55 nm) clutes at 3.6 min. Purify (+)- (7- cyano 4 pyr1d1n 2- ylmethyl 1 2 3 ,4-
t%{ag}/cilrﬂ d‘g%/lol?ng?ft) 1n61§]fige ﬁ.lh%rlbga cdlcfgl tert- uty este¥ ?§2% g? %y pre aratlve
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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tert-butyl ester (85.0 g, 0.22 noles), and Et OH (850
m.). Add concentrated HCO (180 ni, 2.20 noles) in one

WEorBless7 Heat the resulting solution to 45- 50PQ/EHBIH07/083745

stir for 90 20 min, after which analyze by HPLC to

i ndi cate conpl ete consunption of starting nmaterial .
Transfer the mxture to a Buchi flask, dilute with

dei oni zed water (595 nlL), anfV/- concentrate in vacuo to
renmove EtOH. Add EtQAc in two portions (2 x 170 nlL)

and re- strip to renove both the Et QAc and resi dual
Etabshmple aribé mobildyhaspt e dns! conerotrationanf &5 mg/ral fifall Load 4.0
R e B3Rl b Pl R ecp Y, i B e ier 2
tehing beteken ré0 sl. USet the finel i tim® ab¥:S n/ingctpn Witk partial stacking

. E ti
A T e e T O
comuinpeeh. ChiziY the ectnaizing $20g over dplugnif Zibich wateeYlertBHEES 60
LI < T L
108tydgther sSlveig sﬁstem Usea3.5kg sﬂlca pad with vacuum filtration at 140 g

(AR 05 ) i s LA
bgtybethWILIROGH/LYE96% AcRIK tSRIOTE BEBIME rae@&td—bff ﬂd‘e-phig o)
:g)g)ttaf? [‘1\|toNal OSE? %rgf (?ﬁter/ n% c&%ﬂe 11 t%%%nawn&h K’%soggetih srhgaterlal as

arr erature and
faboweedy . prc(ﬂaamgec}tntaéHPL@s Obtairt 208 8 2 (99.9% ee) of enantiomer 1 (R

3, 4-
%%“ § IW% Féc%g f%‘]"ylg]gg Socq??r]bonl trile
ejr 43Cd:SD-dFAIdmo(‘EﬁyI&hg-Z-ﬂm@ﬂ&l—ﬂrﬁl‘a’e&yetraﬂbﬁro&y@maﬁltw[bj indole-7-
ang tr| rgtlmd(334m_ 0.240 nol). Cool the
resu |ng so Ionto 0 C using an ice/acetone bath.
Wi | eEqup aB3di hrnendred toand bditpbnaﬂask jz&Oth@ healtd[g hElpy aiyikrer
f or

gen&)peraqurg g%e nltgorge e an% a%%l%ﬂ qnhel arﬁe }ﬁq'lagg\gf} ‘% FSB—IV—
Icgarmeﬁhpjl'r&ilIEZ yhﬁsmwdd Z,3]da-te‘:lxahj/drm-gydjqiehta{/lﬂmdolehpl\)'eﬂbanid acid

t e rat

Rt B Re (0% 28 el PO AR R R 50
mda et2A0mm1éss 1mcnmmbﬂioe Haaftdhqmmﬂmtgselumbx tcu45e50 ¥t andatir for 90
sal ut.i on, .of d 1884
0. SreZnh R BY FRSCIE nffenfeie B Bleliomn SR Lo i hdierial
ainghs fee theasiktuwd tb b Baichilfladk, \déltite withrdeivaizsdlvatet @05 nilhemddr y
over 254. ncentr t 55 Ctq about. . 1
SERGRREE PP POTMEr0 B e R e dRrecps bty b -
tseippe P ®othald BiOdicrgd &smﬂnaltEOHp rIe:ms&r tlﬂta@ueoﬁ&icbncentrate to a

pt ane (628 stlr ncentrate
R SRT, o opBRO0R y a0hi Diilehing e BRDRREICo B
s@icticisat VIASIT, wdjtdn tHeept @thl&; sofnidn @ y1-1Dbwihe drdpheisd additee of 5
M NaOH (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 to afford titled compound as a light green solid (65.0 g, 103 %).
Step 5: (5)-(7-Cyano-4-pyridin-2-ylmethyl-1,2,3,4-tetrahydro-cyclopenta[b]indol-2-

yD-carbamic acid isopropyl ester
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conpound as a fluffy white solid (68.9 g, 84.5%. 1H
NMR (500 MHz, DMBO-d6), 6 8.49 (dd, 1H), 7.86 (d, 1H

W 2008/063867 7. 71-7.75 (m 1H), 7.60 (d, 1H, J= 9rCOl/US200B083745

(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 1 H, 2.73-2.66 (m 2 H}38- 20 1.16 (dd, 6 H).
Exanpl e 57

(R -N -[7-Cyano-4-(isothiazol-3-ylnmethyl)-1,2,3,4-tetr
ahydr o- cyclopenta[b]|ndol 2- yln No i met hyl sul fam de
N Chiral H N, 1, Vﬁ?2008/063867

PCT/ US2007/ 083745 59

(R) - 2-am no- 4-i sot hi azo I thyI 1,2,3,4-tetrahydro
-cycl opent a[ b] i ndol e- 7-car Ngrile d|hydrochlor|de
salt (1.0 g, 2.72 mml), triethylanine (0.76 nL, 5.44
mol ), and 1, 4-di azabi cycl o[ 2,72, 2] octane (0.52 g, 4.63
ol ) ghfp Qz@ll%ac(u%g ey wﬁngcoolnﬁggath rhnas'ﬁn@f ltengﬁakhry Plobt, and

t he |nternal erature reaches to
sdditien Brnds CBaré? flagh with f%ﬁtﬁ}lkm%f‘dpéﬁlihae? Yoethgl-h.3.4-

:%etr%ﬁydmwloﬂeﬂtag]gdg’le(ﬂ&rﬂgn)trlfé ﬂl?@rogmecfﬁdet(@ k€02 T@6itd) OPMF
m xture Vvia addition funnel under a nitrogen

éi%g%émé tripfhgilangpe @3 ¢, mistq. 340mpd). Q@émetr%ﬁblnw%tlmneto 0°C
u%g an lc@/agété;ﬂe%ﬁll MMmﬁﬁta%ﬁf%@@ﬁLRfah@m €0Qld Js@pramm

enperature. Dilute with m.), wash

@h]@g}f@r@a{e&?é& miyi @-A1&mel,t M wdo p- Vﬂﬁ%/Vla elp\@fﬁlg@@)funnel

fWhdn&he acﬁﬂ%n%‘)&%ﬁ{&é Qérﬁode@hé’c%%lﬁ?goa\aﬂ%zhsf %m%éd%d %IIJ»JV G
gel chromat ography on hexane(

YRigiugs to Wapm ¢ qBont tesmperaeet Aftpel kayrsouse, bY1H-P (nalc@@te the
I}@%tlo%@hﬂ@e Qld%oglgthé ﬁmxtlyé&nto nglgnc(nsof dyd)nzec? WZtér ((1 §56 mL)
@n@E}@Ac ¢ §§4 n}_gz) 1Sp@grateﬂ;q) layegs giite]( t@e ogp[}lc 1a4/eI5 gndq_rezw_psb mlth a
) watde tﬁﬁqe §oli!1§on (th d%’“&ver I%az@;@) (8onhdkate MS\JaPL% 4B °()3 to about

appropriate racemc or chiral 4-(heteroar
15 yonys.tapd plidyy the sesulting tq&qOb@@mba@[nbyenmqr@turez aifprémgmewhlte

%@ﬁ@a@ Emmhﬁﬁe ﬁ% %destir%lﬁz"o i f &mf?&%eﬁée hiRture c bck to

usi % ap roprlatec OI‘O ormate or acli
ehdusr § delupes stalierithg Jojids sl Withbentanet 49d drpiogaedhe etled

g@gmnﬁg%ypffgﬁ@g?l 1é1§§§.9 Qrg4t 38 ARRLAR' SR GHSUNLRBYLy), 5
8.49 (dd, 1H), 7.86 (d, 1H, J=1.5), 7.71-7.75 (m, 1H), 7.60 (d, 1H, /=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, 1 H), 2.73-2.66 (m, 2 H),
1.16 (dd, 6 H).

Example 57
(R)-N'-[7-Cyano-4-(isothiazol-3-ylmethyl)-1,2,3,4-tetrahydro-cyclopenta|b]indol-2-
y1]-N,N-dimethylsulfamide

N Chiral
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(essentially according to the procedure described in
Exanpl e 57). Table 5 Exanple Chem cal Nanme Structure

woRospease) ()-[7-Cyano-4-(6-fluoro- H o PCT/US2007/083745

pyridin-2-ylmethyl)-1,2,3,4- Nom N1( tetrahydro- 393
58 cycl openta[ b]indol -2-yl]- (Mrl) carbamc acid

i sopropyl , ester NF H ()-[7-Cyano-4-(6-fluoro- N

Ny  ,~ pyridin-2-ylnethyl)-39-2,3,4- 379 59

tetrahydro- N (M+l) cycl opental b]indol-2-yl] carbamc
acid ethyl ester F WD 2008/ 063867 PCT/ US2007/ 083745

- 60 HMiy (D)2-@yiand- iﬂQtKliGZoﬂBud]mgthle NY4-tetrahydro-cyclopenta[b]indole-
Pl b R d P@?R)‘c@x Ae s]alt?( 'g42 7@%%1) t@@thgﬁhﬁr?e%% BL. 5.4

cyc opent a am c
gy |ancés14e1nazw¢;yclqaz 0. 2 o(c)an@ 0. DymHE3 4nmely indi HICR (80NnB)land

I By o PR SR 1. dosog g
donahylifumoyl chloride (0.35 mL, 3.26 mmol) in CHCl; (10 mL) drop wise to the
reaction mixture via addition funnel under a nitrogen atmosphere over 30 min. Stir the
resulting mixture for an additional hour at 54 °C and then cool to room temperature.
Dilute with CH,Cl, (150 mL), wash the organic layer with saturated NaHCOs, dry
(NaySQO,), filter, and concentrate in vacuo. Purify using silica gel chromatography on
with EtOAc/hexane(8/2) to yield 0.82 g (75%) of the title compound. "H NMR (400
MHz, DMSO-d¢) 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, /= 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-
cyclopenta[b]indol-2-ylamine, prepare Examples 58-89 and Intermediates 60-61 in Table
5, using the appropriate chloroformate or acid chloride (essentially according to the
procedure described in Example 56) or the appropriate sulfonyl or sulfamoyl chloride

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

Table 5
. MS
Example Chemical Name Structure
(m/z)
(£)-[7-Cyano-4-(6-fluoro- H o o
pyridin-2-ylmethyl)-1,2,3,4- | Ng e Ny Y
58 tetrahydro- O © 393
cyclopenta[b]indol-2-yl]- N~ (M+1)
carbamic acid isopropyl \
ester
F
H
(£)-[7-Cyano-4-(6-fluoro-
pyridin-2-ylmethyl)-1,2,3,4-
N 379
59 tetrahydro- - (M+1)
cyclopenta[bJindol-2-yl]- \\Q
carbamic acid ethyl ester L




()-[7-Cyano-4-(6-fluoro pyridin-2-ylnmethyl)-1, 2,3, 4-
365 62 tetrahydro (M+1l) cycl opental b]i ndol -2-yl]

W@ 2008@6d867 aci d met hyl ester NF H PCT/US2007/083745
()-[7-Cyano-4-(6-fluoro- N N pyridin-2-ylnethyl)-
1,2,3,4 407 407 63 tetrahydro- - N
cycl openta[ b]indol-2-yl]- (Mt 1) carbamc acid
i sobutyl ester NF ()-(7-Cy@no-4-pyridin-2- N 64
yl methyl -1, 2, 3, 4-tetrahydro- N 389

cycl opent a[ b] i ndol - 2 vI )- N (M+]1) car bam c acid

i sobutyl estler NH (7- C,yan yri d| n- 2 dN=x=_65*

yl met hyl - 1, 2 (EB) - @@PP“&H@&W@IO 0

cycl o%)ent a[ t]ﬁyﬁ@é’rz Pmgthy D, Q(M c aci d 393
i sobut¥|

est|dgtraly yano 4 py i -2- N NM+1
66* yl net hyl Czclzpeyta&b t@@lr%rmﬁdro Chiral 3893 _, (M
cycl opent a[ BJcRiva@IC.agiharonyl §§tervee| 1) car bami

a
sobutvl est er— N WO 2 2008/ 062”7 PCT/ | |c')nn7/ 083

LEE=AA A% LY _y \IQL [“AAVAV /] ERVAVLw WA &y | LA N L=/ v L \.Fr}
N O

(£)-(7-Cyano-4-pyridin-2- NS ‘ ~

o ylmethyl-1,2,3 4-tetrahydro- O o 361
cyclopenta[blindol-2-yl)- N (M+1)
carbamic acid ethyl ester \

[©2]
=

(£)-[7-Cyano-4-(6-fluoro- Na ‘ Tg >
pyridin-2-ylmethyl)-1,2,3,4- O 365
N

62 tetrahydro- -
cyclopenta[b]indol-2-yl]- \\Q (M+1)
F

carbamic acid methyl ester

H

(%)-[7-Cyano-4-(6-fluoro- N C N OJ\
pyridin-2-ylmethyl)-1,2,3,4- O O 407

63 tetrahydro- N (M)
cyclopenta[b]indol-2-yl1]- (-
carbamic acid isobutyl ester N~

F
(£)-(7-Cyano-4-pyridin-2- N o\)\

o4 ylmethyl-1,2,3 4-tetrahydro- | NS O T 389
cyclopenta[b]indol-2-yl)- O (M+1)
carbamic acid isobutyl ester N~

NS
H
(S)-(7-Cyano-4-pyridin-2- N a\N\n’OJ\

65" ylmethyl-1,2,3,4-tetrahydro- O ‘ O chiral 389
cyclopenta[b]indol-2-yl)- N (M+1)
carbamic acid isobutyl ester (T

N-Z
H
(R)-(7-Cyano-4-pyridin-2- | Ng N~ O\)\

66" ylmethyl-1,2,3,4-tetrahydro- O ‘ O hiral 389

cyclopenta[b]indol-2-yl)- N (M+1)

==

carbamic acid isobutyl ester {
N—Z




HO (R-[7-
pyridin-2-vyl
WO 2408AbBS4T O-

aci d isobutyl
(S)-[7-Cyano-4-(6-fl uoro-
pyridin-2-ylnmethyl)-1,2,3,4- Nz~ o Chiral |
tetrahydro cycl openta[ b]i ndebél-2-yl] -

acid isobutyl NFHOY()- I\I-[7 Cyano-4-(6-fl uoro-

Cyano-4-(6-fl uoro-
nmet hyl ) -1, 2, 3, 4-

N (M+1)
ester

NF HO

N "N

ester

N

Chi r al
cycl opent a[ b] i ndol

N
407 67*

(Mr1)

- 2- y| | PCEHDUBNT/@83745

N 407 68*
car bamni c

N~~ N 1 pyridin-2-ylnethyl)-1 L4- 1 385 69
tetrahydro ((Mt1) cycl opental b] ndoI 2-yl] 4 ﬁ/k
nmet hanesul f grapi7deydNoR-(6HDo-( ) + \\ [7- wﬂ/o( N,
N-s, 414 fl|\yporidingyylindihghAs23 #et WQ Ch,r;o 407
1, 2, 374-t et rlaluptlydro- 412 cycl opent a dol va[ﬂ
1) N, N- di metchyibsdataf sindde2-F1]- () + Propane \4.(? f on| C )
acid N o'/ |[cdrbamirmoiddsdbatyd baar p- 0 71
pyridin-2-ylimethyl)- 1,2,3,4- I|i N 413 te rahydro -
(Mt 1)
(8)-[7-Cyano-4-(6-fluoro- N‘n/
) pyridin-2-ylmethy)-1,2,3,4- \‘\/’ chiral 107
68 tetrahydro- (M+1)
cyclopenta[b]indol-2-yl1]- -
carbamic acid isobutyl ester k@
F
N.°
(£)-N-[7-Cyano-4-(6-fluoro- N ‘ ‘(.85\
pyridin-2-ylmethyl)-1,2,3 4- O 155
69 tetrahydro- N~ M)
cyclopenta[b]indol-2-yl]- \
methanesulfonamide N g
HQ |
. N~“ /N\
(£)-N'-[7-Cyano-4-(6- Nx C 2 414
fluoro-pyridin-2-ylmethyl)- O © (M+1)
70 1,2,3,4-tetrahydro- N 412
cyclopenta[b]indol-2-yl]- \Q (M)
N,N-dimethylsulfamide Ny’
F
(£)-Propane-1-sulfonic acid | N H~"s/\/
[7-cyano-4-(6-fluoro- = O C 0
7 pyridin-2-ylmethyl)-1,2,3,4- N 413
tetrahydro- = (M+1)
cyclopenta[b]indol-2-yl]- ,}, Y
amide F
(£)-Cyclopropanesulfonic New Hf‘)éA
acid [7-cyano-4-(6-fluoro- = ‘ o 411
7 pyridin-2-ylmethyl)-1,2,3,4- O \ (M+1)
tetrahydro- = 409
cyclopenta[b]indol-2-yl]- \\Q (M-1)
amide N g




cycl openta[ b]indol-2-yl]- N amde F

() - Cycl opropanesul fonic Ho acid [7-cyano-4-(6-fl uoro-
WOR00806384711 72 pyridin-2-ylnethyl)- 1,2, 3,4- PCT/NBPT/083745

tetrahydro- 409 cyclopenta[b]indol-2-yl]- N/ (M1)

am de F WD 2008/ 063867 PCT/ US2007/083745 -62 H G|

()-Ethanesul fonic acid [7- NN -S

cyano-4-(6-fluoro-pyridin- 66399 73

2-ylnmethyl)-1,2,3,4- N (M1) tetrahydro- 397

cyclopenta[blindol-2-yl]- N\/ (M1) amide F HO N
N N (R-N|- [7-Cyano-4-(6- B ~
f1 uor o- pyri did-Bthygnoselfamna acid [3- Al 44N Chi yaitTNkL) | 74
1,2, 3, 4- t et r|&Hgrb6-Rupo-pyjdinopent af @ a3 2- A ] 399
N, N- diqret hy || Sallmahvbd . 28.4- (M 1)| F  H&N (M+1)
(S)-N - [ 7- Oydeiephudios- N N-S- N = 397
f1 uor o- pyri diciclonapfalididgl3-yIly o[\ 414 75 N/ (M-1)
1,2,3, 4-tetrl@yér o- N Chiral (Ml) .
cvelonental Wl i ndol - 2.v] 1 A12 (M 1)
NG AN LI A A A H O
N, N-di net hylisul fam de F N N~g_ 7
(R)-N'-[7-Cyano-4-(6- X ‘ 1N 414
fluoro-pyridin-2-ylmethyl)- O . (M+1)
74 1,2,3,4-tetrahydro- N Chiral 412
cyclopenta[b]indol-2-yl]- \ = (M-1)
N,N-dimethylsulfamide N—
F
H O
N wN=g_ 7
(8)-N'-[7-Cyano-4-(6- X O i N, 414
fluoro-pyridin-2-ylmethyl)- O Chiral (M+1)
75 1,2,3,4-tetrahydro- N a A1
cyclopenta[b]indol-2-yl]- (= M-1
N.N-dimethylsulfamide N~/ (M-1)
F
( ( d H /’O /
+)-N'-[7-Cyano-4-(pyridin- Na TSN
2-ylmethyl)-1,2,3,4- S O I &N 1\349+61
76 tetrahydro- N ( 394 )
cyclopenta[b]indol-2-yl]- == (M-1)
N,N-dimethylsulfamide ,}l Y
H 0
N N-s_
(£)-N'-[7-Cyano-4-(6- X ‘ x N 442
fluoro-pyridin-2-ylmethyl)- O (M+1)
77 1,2,3,4-tetrahydro- N - 440
cyclopenta[b]indol-2-yl]- kQ (M-1)
N,N-diethylsulfamide N
F
H O
(£)-Cyclopropanesulfonic Naw =S
acid (7-cyano-4-pyridin-2- h O C O\q 13[931
78 ylmethyl-1,2,3,4-tetrahydro- N ( 391 )
cyclopenta[b]indol-2-yl)- = (M-1)
amide ,11 Y




() N [7 Cyano 4 (pyridin N N s-N
2-ylmethyl)-1,2,3,4- \ 0 396 76 tetrahydro i N (Mtl)

W@ ywBOESHt af b] i ndol -2-yl]- 394 ~ N, N-di net hyl BCi/U8200teB3745
(M 1) ()-N-[7-Cyano-4-(6- N N.S-N
fluoro-pyridin-2-ylnmethyl)- 0 442 77
1,2,3,4-tetrahydro- (ML) cycl opentalb]indol-2-yl]-

(MO0O) N,Ndiethylsulfamde-63-H O
()-Cycl opropanesul fonic N Ns"~/ acid

(7-cyano-4-pyridin-2- \ 0 v 393 78
yl methyl -1, 2, 3, 4-tetrahydro-. N l\/H-l) H_ O
cycl opent af t](ﬁh@ CFIOI?ORHHZ;‘MS@‘E e M 1 o
2008/ 063867 |PEH/LUSHHO? 411
(R) - Gl opr gpP¥HEET-YIBREDN. - 44] aC| d N Chiral | (M*1)
[ 7- cyano- 4- (|6etfayidPo- v O 411 409
pyri di n- 2- yl|eE¢lpganjalblindol-ZylY- | (M-1)
t et rahydr o- &G@d cycl opent a[ b]i
am Ao -\ / n Orel Ay ananp P=N p=|
alrnrmr utcT 1m—1\ T II \V) \d} \/ybl UlJI Uldall U
[ 7- cyano- 4- ( t%%pq %11fof§9*
1,2,3,41 N Hgl@cy gl -ﬂ O%ra 411
cycl opent a[ bl AgAl i 4 M a v
-N tetrahydro- 409
cyclopenta[b]indol-2-yl]- N= (M-1)
amide FA\ 7
(£)-N'-[7-Cyano-4-(pyrazin- | p RN
2-ylmethyl)-1,2.3 4- X J © 207
81 tetrahydro- O N (M+1)
cyclopenta[b]indol-2-yl]- N
N,N-dimethylsulfamide \
N
H O
(R)-N"-[7-Cyano-4-(pyridin- | Ng N-s_y
) 2-ylmethyl)-1,2,3,4- O O o \ 396
82 tetrahydro- ‘ N Chiral (M+1)
cyclopenta[b]indol-2-yl]- =
N,N-dimethylsulfamide IEJ y
( 1 If N-g”
R)-Cyclopropanesulfonic N *“'
. acid (7-cyano-4-pyridin-2- = C O\q 393
83 ylmethyl-1,2,3,4-tetrahydro- N Chiral (M+1)
cyclopenta[b]indol-2-yl)- =
amide ’1‘ y
(RIN-[7-Cyano-4-(p A
R)-N'-[7-Cyano-4-(pyrazin- | y TN
2-ylmethyl)-1,2,3 4- X J o 397
84" tetrahydro- O \ Chiral (M+1)
cyclopenta[b]indol-2-yl]- N
N,N-dimethylsulfamide \\& )
N




()-N -[7-Cyano-4-(pyrazin- N NS 11
2-ylmethyl)-1,2,3,4- 0 81 tetrahydro- 397
W@ ywBoOESHt a[ b] i ndol -2-yl]- N N (M1)

N, N- di net hyl sul f am de ~
396 N Chiral

(M 1)

PCT/US2007/083745
H (R -N -[7-Cyano-4-(pyridin-

N N-S~N 2-ylnethyl)-1,2,3,4- \ 0\ 82* tetrahydro ,
cyclopenta[b]indol-2-yl]- \ D'

N, N- di net hyl sul fam de N H O-64-R) - Cycl opr opanesul f oni c
N N acid (7-cyano-4-pyridin-2- \ o 83*
vinmethyl-1,2, 3, 4-tetrahydro- i

N Chiral 393

cyclopenta[b]indol-2-yl} -
N,N-dimethylsulfamide

cyclopental[b]indol -2-yl)- (M 1 amide NHGIQ [
(R) - N -[ 7- OydRbNACpyanaArthiazel: St 4-
0 84* tetrahyhrlaethghl.2d14-397 cy 1 400
NN $1) |Netehedraet hyl sul fam 5 M+ 1)
PCT/ US2007/ Q839i4mentalidipdpi-2-y))- N
(R) - N - ( 7- Oy ahd-dimethylaglfmid- S-S N N 0 Y
A-ylmethyl -1 2 3 4 85 tetrahydrb- Chiral (NEF)
;:ycl opent a[ t](}a)rllql9%7-8ya¥1lo-)4-tmazl\lo'lfjl rrﬁt hyl sul famﬁd—g—% 11
2-ylmethyl-1,2,3,4- X ’ 0 100
86 tetrahydro- O Chiral (M)
cyclopenta[b]indol-2-yl)- NN
N,N-dimethylsulfamide \\( )
S
0 Q
(R)-N'-(7-Cyano-4-thiazol- N N=-8-N_
5-ylmethyl-1,2,3,4- X ’ o) 402
87 tetrahydro- O Chiral (M+1)
cyclopenta[b]indol-2-yl)- N
N,N-dimethylsulfamide \\@N
(R)-N'-(7-Cyano-4 42\
[1,2.5]thiadiazol-3- NS O o 403
88 ylmethyl-1,2,3,4-tetrahydro- O Chiral (M+1)
cyclopenta[b]indol-2-yl)- N
N,N-dimethylsulfamide —n
N-S
N
(£)-N-[7-Cyano-4-(6-fluoro- | " ‘ Ty
pyridin-2-ylmethyl)-1,2,3,4- O © 363
89 tetrahydro- N~ (M+1)
cyclopenta[b]indol-2-yl]- \
propionamide kQ
F
HE
(R)-N'™-{7-Cyano-4-[2-(13- | Ns Q) RN
dioxo-1,3-dihydro-isoindol- O Chiral
Intermediate | 2-yl)-pyridin-3-ylmethyl]- N 541
60 1,2,3,4-tetrahydro- o \ (M+1)




(R -N -(7-Cyano-4-thiazol- N-s-N 2-ylnethyl-1,2,3,4- C

86 tetrahydro- Chiral (M1l) cyclopenta[b]indol-2-yl)-
WORMNS/0638BF di met hyl sul famde -)/ S 0 11 PCT/US2007/083745

(R -N-(7-Cyano-4-thiazol- N N~ 5-ylnethyl-1,2, 3,4

87 tetrahydro- N Chiral (M1)

cycl openta[ b]indol-2-yl) N, N-di nethyl sulfamde N S-J/

0 (R-N-(7-Cyano-4- NS-N -6§-~ [1,2,5]thiadiazol -

0 403 88 ylmethyl 1 2 3,4 tetrahydro Chiral (M1) i

cyclopental[blindol-2-yl) N N dinethylsulfam dg N NS
H()-N[7-Ofa I He /
pyri di n- 2-yl rf&egﬁ ﬁéd“fetg‘y%m@ql)\mo 363 89 r ghydr o
c;icl opent a[ t]SP a‘ém ‘P‘Y‘Cy?(“lQPrl) pro de" N, .F H ~
RieRmedipse. N |\ 4 4[2 (1,B- N-~digxo: 1,3 474

- d| hy® o- i sqi€ B ), (M+1)

ylmet yl} thlazo e -4- \ N

carboxylic acid ethyl ester -°

o}

" Obtain the example shown by chiral separation of racemic product, essentially according
to the procedure described for Example 56a, 56b.
Example 90
(R)-N'-[4-(2-Amino-pyridin-3-ylmethyl)-7-cyano-1,2,3,4-tetrahydro-
5  cyclopenta[bh]indol-2-yl]- N,N-dimethylsulfamide

H S
ﬁ N
J
O Chiral
\ p

N

H,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-yl)-pyridin-3-
ylmethyl]-1,2,3 4-tetrahydro-cyclopenta[ b]indol-2-y1)-N,N-dimethylsulfamide to obtain
10 0.13 g(61%) of product. MS (m/z): 411.0 (M+1).
Intermediate 62
5-((S)-7-Cyano-2-isopropoxycarbonylamino-2,3-dihydro-1H-cyclopenta|b]indol-4-
ylmethyl)-thiazole-4-carboxylic acid

Chiral

o,

<]

N OH
O
15 Treat a mixture of 5-((S)-7-cyano-2-isopropoxycarbonylamino-2,3-dihydro-1H-
cyclopenta[b]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
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Internediate 2-yl)-pyridin-3-ylnethyl]- 541 60
1,2,3,4-tetrahydro- o (Mtl) cycl opentalb]indol-2-yl}-

WORMNS/08E8HE di net hyl sul fam de 0 WO 2008/ 063867 PCT/US2007/083745

PCT/ US2007/ 083745 -65 (R)-5- {2-[(di met hyl am no) -
N-S-N N sulfonyl]-amno-7-cyano- 0 Internediate
2,3-dihdro-1H N Chiral 474 61 cycl opentalb]indol -4-

s (M+ 1) vylnethyl} -thiazol&-4 carboxylic acid ethyl
ester 0 Obtain the exanple shown by chiral

separation of racem c product, essentially according
tabropmgeppasda o] &de stdd DA FleY mEx rpdies 6 & 2.56¢ncentrate the

(5 TR e B e st N BT Qe R ey (4509

filtet, pachgeacanira® te giok 336 rgt(a[ Qﬂ]%)mﬂ 6HED- -7ydy]an0 -2-

DO O oMl M Db b
lsrsnbngflic heidps apadyelbbvamlide CrEBMEG m/m 4250l €2354/- HOI,ST Rrr'g2 3
-{7-cyano-4-[2- (1, 3-di oxo-1, 3-di hydr o-i soi ndol -

-y) pyrldln 3-
ylmethyl]-1, 2,3, 4-tetrahydro-cycl opent a[ b]i ndol -2-yl) -

N, N-d

or oaub PO 6yl o Gy adhel iy ey 2
5-(((S)-7-Cyanot 2-1 sopropoxycar bonyl am no- 2, 3-dijhydro-1
H{cycl opent a [ b(R)?e@ {dimethylamino)-sulfonyl]-amino-7- MS m/z

yl| nitdMtlediatd 632 Zcoylar?o_—i_39cﬁ‘1§ rg—)fyll—clycloggnlta b] NSy ral H446 (M+1)
ylmethyl} -thiazole-4-carboxylic acid

Intermediate 64
{($)-7-Cyano-4-[4-(2-trimethylsilanyl-ethoxycarbonylamino)-thiazol-5-ylmethyl|-
1,2,3,4-tetrahydro-cyclopenta[h]indol-2-yl}-carbamic acid isopropyl ester

N

""Hlf"r
g

N L

Slowly add diphenylphosphorylazide (5.45 g, 4.27 mL, 19.8 mmol) to a refluxing
mixture of 5-((S)-7-cyano-2-isopropoxycarbonylamino-2,3-dihydro-1H-
cyclopenta[b]indol-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 to give 14.85 g crude. Purify on silica gel (115 g) using
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), Tgr = 3.1 min.

Prepare the following compound essentially as described for Intermediate 64.



10

15

\' / A\ oONYONO //S\\ NOH 0 15 Treat a m xture of
5-((S)-7-cyano- 2-i sopropoxycar bonyl am no- 2, 3-di hydro-1

WOH2008/063867 PCT/US2007/083745

cycl opent a[ b] i ndol - 4-yl net hyl ) -t hi azol e- 4- car boxyl i c
acid ethyl ester (3.745 g, 8.28 mol) in EtOH (100
m.) and THE (40 nL) with 5 MLIiOH (8.3 nL, 41.4 mmol)
and stir WD 2008/ 063867 PCT,&J52007/ 083745 -66 at room
tenperature for 18 h. Add 5 N HC1(9 nL) bringing pHto
2. Concentrate the reaction mxture by rotavap,
extract into|EtQAc (3 x 330 nL), dry organics ((MgSHA),
filter, and gdReé&ni2-@incthydagingsulBorgbamin071Q089- |of

5- -7- No--2-. . MS m/z
i SO éﬁ%ﬁ%@%@r %O%?/IP%rrori lr%gyf 1 g rgla[@ 3?05 -41yllf-ngt)1}¥]l] opentaf BME)
dol - 4- yI'met hylthiazdhidazjotabanib agd2borytbybilayl-d as a pa
yel |l ow sol i d. o ﬁg@rl\/ls mz 425 (M+l), 423 (MH), TR =
2.8 min. Pregpare e follow ng conpound essentlially
as described for Internedi ate 62.
(R -5-{2-[ (di net hyl am no)zsul fopyl]-am no-7- M5 nifz
Internmedi ate 63 Example ot

dSde4 A Bindi thidzd-3-HneytglleBeyinal 1], 3 Adetr akyrdr érétel ¢ty b]ind ol-

élayqﬁ%%%‘ical}%ﬁ%g&%ﬁ-eg ar boxylic acid 10 Internediate
[4-(2-trinmethylsilamy-ethoxycarbonyl am no)-thiazol -5-
H
bﬁ‘ dol - 2-yl }-car bani c

yl met hyl ] - @
A A0 810]S NN-/ HOSi

1,2,3,4-tetrahydro-cy
acid isopropyl ester

Sl owl y add diphenylpho%phorylazide (5.45 g, 4.27 i,
19.8 nmmol ) to a refl uxq 15 m xture of
5-((8)-7-cyano-2-isop?% Nxcarbonylanino-z,s-dihydro-l
H 2

cycl opent al blindpl 4=yl nethyl )-t.hi azol e-4-car hC .
i o (E OBl b AR 5 LRI B oo
nineto)-S-yémeth@i-( 23i4vetrhyldsi-¢yelopeselhiindil-2(y1Pcarbamig a@iB isgpropyl
%gt'mS (3 %le, %.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,

dilute with water (40 mL), and evaporate the THF under vacuum. Filter a solid off of the
resulting aqueous slurry 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 solid and dry in vacuo at 40 °C to give 1.74 g (60%) of the product as a brown
solid. LC-ES/MS 396 (M+1), Tg =2.2 min.

Example 92
(R)-N'-[4-(4-amino-thiazol-5-ylmethyl)-7-cyano-1,2,3,4-tetrahydro-
cyclopenta|b]indol-2-yl]-N,N-dimethylsulfamide
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in toluene (270 nL). Continue at reflux for 3 h, then
cool to roomtenperature. Concentrate the reaction

WOorR0081063861 0 gi ve 14.85 g crude. Purify on siliRar/gst007/083745

(115 g) using 20 20-60% Et OAc/ hexanes to give 4.06 g
(84% of the product as a yellow solid. LG ES/M5 mz
562 (M+Na), 538 (MH, TR = 3.1 mn. Prepare the

foll owi ng conmpound essenti aléd as descri bed for

I ntermedi ate 64. WD 2008/ 063867 PCT/ US2007/ 083745 -67
(R - {5-[2-(di nethyl am no) sul f onyl - am no- 7- cyano-

I nt er medi at e HY /
2, 3-di hdro- 1H-cycl opgnt a[ b] i pdgN-g=N{ nethyl]- M5 nifz
65 t hi azol - 4-yl } - car bagi-e @ 2-©ri et hyl si | anyl - 559
(M1) ethyl ester Exa @ . Chiral

[ (S)-4- (4- Ami no-t hi azol -8~ yNne &yl )-7-cyano-1,2,3,4-te
trahydro-cycl openta [b]i ndol\-\gL-)/I ]-carbamc acid
i sopropyl ester \\ H ""~o0oMWNX¥0 NO SZ 5 NH
Treat a mixture of H N

(09) - Brpunt i st LUBAIML 3 ballca hRaNBRA oM™
t(R)- &z - (dbngthyiehiny Jsplfchy PaBind-Htayhnaby diilalr ¢y Hloyplepdnad| bljridiol-4-
dol - 2- -carbam ¢ acid. | [ [. ster, (3.9 Y
it kiR AT R i 2 AR an PSRRI ol phinf X
(rdacBior\ation °CToiR3, hobds. Adftentoolibd tordbonmehperancd dile@tthd roadbiOn with
C o] . t 0 t rature after 4Q.m.n, 10.dilute
S E Rt 20q RETMISTRE A Sor3hd Bl el erditigiortifner
wadium Rulfde, Iffiter, aad snkéntraef Puofy Hyhdica pelshldnangrapdiy €00%6
LI N .vacuo. 40 C 1.0 Qi .4 pr oduct

TR b, ey BEBRUR0 8 b aET Al !
boi Il i ng Et OAc, then conderimadieteté6 a vol ume of about

0 . A 50. ., hex S, n cool the m xtyre
(GO R R R R SRS BN OR
@nibaintic ¥ed iopedpyl&tée to give 1.74 g (60% of the
4 gdg,ﬁ]ﬁso %@-ﬁ%ﬁgﬁg Sy ki EP oM B0 D) TR =
(cR)1epdnta] Aind 4 api)Rarbhhicazdlisdproply NBtdn yA0DnTe, 0ysamamdl) i, 88%4
-tetrahydro-. cycl gpent g [ : : o
gt S5 PRl kil S B Al oerb a0 woo and
REak /ot URPQOMr Q8 8.7 AQd water (1 mL) and heat for an additional 24 h. After cooling
to room temperature, add methanol and filter off the catalyst through Celite®. Dilute

with ethyl 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 sulfate, 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).
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15

-68 H1/ NS-N Chiral NN H2N Prepare the titled
conpound essentially as described for Exanple 91,

WQI01080638R) - PCT/US2007/083745

{5-[ 2- (di nmet hyl am no) sul f onyl - am no- 7- cyano- 2, 3

-di hdr o- 1H cycl opent a[ b] i ndol - 4-

yl met hyl ] -thi azol -4-yl }-carbamc
acid-2-trinethylsilanyl -ethyt-ester and heating the 5
reaction at 60 C for 3 hours. After cooling to room
tenperature dilute the reaction with ethyl acetate
(200 nL) and wash with wabempe®3 brine. Dry the

, . . il d
ISR Rl Y RUEN 4GNS BB 2 b b BB oo
[y Mdpentad b BIddd-CH Rt aCPapictagidobepaopyl@sterd g (60% . LCMVB
417.0 (M+l). Internediate 66 10

(S)-(7-Fornyl -4- pyrclg di n- 2-yl net p'yl -1, 2, 3, 4-t et rahydr o-
cycl opent a[ b] i ndol - Z‘f\lyl )- ca a\m\ﬁ/Cacr/d i sopropyl

ester Dissolve o
| pethyl -1, 2, 3, 4-t et rahydr o-

(S)-(7-cyano- 4- pyrini n
cycl opent a[ b]i ndol - 2-yI)¥ca¥bam c acid i sopropyl ester
(200 ng, 0.53 nmol) in 88% \1‘@0 acid (10 m) and

water (1 nmiL). Add al um num ni catal yst (50/50 wt %

and 15 heat at 90 C for 24 h. Add water (1 nm) and
heat Pasolan(Saddfarmyhéipy2din:ylngthgl 1,38 4ttetredydioo r oom

SRR BB SO0, BERIRIO s L1 U8 el
(5 Esinf.yandol N sedinn hydionige (D9amp R AwgiolimAdd msthwayamine

?S%Elﬂﬁdet(ﬁ‘ﬁ) mg,glaﬁﬁﬁm%g qmﬁéﬁ)ﬁ/% {10'831 t%ge@{&hl% RBARG: Witfe with

pot assi um' r bonat . € organic orti o_n over
athyyehctates washdvigind Mo botagseym ¢arbanete, drader@o sediemisylfate,

. o ook ofue
5F el Pu GO RE TR P S ook BBy
A gl agetateidicBrofrethaie to3pgipthe Mt Yitle WNRODE( ToBEET7%).
F@/ﬁé@ppa\/dg 3745 -69 Exanple 93 (S)-

t hoxyi m no- net hyl ) -4-pyridin-2-ylnmethyl -1, 2, 3, 4-
t etrahydro- cycl openta[ b]i ndol -2-yl]-carbamc acid

i sopr 91%}5£1re (algéto%més, E;gnl};l&' 99—10’1 Hn 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
(S)-[7-(Methoxyimino-methyl)-4-pyridin-2-

94 ylmethyl-1,2,3,4-tetrahydro-cyclopenta[b]indol-2- | 393 (M+1)

yl]-carbamic acid ethyl ester

(S)-[4-Isothiazol-3-ylmethyl-7-(methoxyimino-
95 methyl)-1,2,3,4-tetrahydro-cyclopenta[h]indol-2- 413 (M+1)

yl]-carbamic acid isopropyl ester

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

96 methyl)-1,2,3,4-tetrahydro-cyclopenta[b]indol-2- 399
(M+1)
yl]-carbamic acid ethyl ester
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HO N NJ5 Dissolve
(S)-(7-fornyl -4-pyridin-2-ylnethyl -1, 2, 3, 4-tetrahydr o-

W@ ywBOMSHt af b] i ndol - 2-yl ) -carbam ¢ aci d i sopr opgI/UBDE083745

(181 ng, 0.48 mml) in nmethanol (10 nL) and 1.0 N
sodi um hydroxide (2.4 m, 2.4 mol). Add net hoxyam ne
hydrochl oride (120 ng, 1.44 mmol) and stir at room
tenperature overnight. Dilut®-with ethyl acetate,
wash with 10% pot assi um car bonate, dry over anhydrous
sodiumsulfate, 10 filter, and concentrate. Purify the
cr ide pr oduct (RoiN'-§4-1s2thipzel-3-y meethgl7-(methoryimélout|i ng wi t h
30% et hyl acg [ B the pure
ti1l e Mrpourdopes s SR RRRE R MR, SRR
Pre¢pare the oxi Néédedaﬂmlfemlc@4 101, in Tabl e 6,
essentiat Y v cuu s—described
fon Inter rredag?w t%%téo 1r31n0 me?l@g): ZIE)s {lfng with the
appr oprggat e | yimethyl-£2, 3'Flattbir:é1y6roE>yahspérea€]mmqﬂ -2al Mr@/[m

mz (S)-[7-( yl')-4-pyridin-24 94

yl met hyl -1, 2} gﬁewéﬁﬂ lﬁlil?'l%lr 8m%:{%cl opent a[ b] i ndol|- 2- 393
(Mrl) vyl ] - car@@am'-¢4- e(r:Fldo@tmrylhmesplarethyl) 7-
(S)-[4-1sothj - i m no- |95

mef hyl 991, 2, &lfaloé%"?ﬁ%%/ﬁ’?@yhg}c% %g E’{ 17 ndol - 244643 1)
(ML) yl]- cardgahmaata{b mkioll ngpmpyhmeﬂiyenlfamde
(S r/I Iscth LA} T C IU/\ I III IIU 96
methyl ) -1, 2. MN e %ﬁ‘b 6‘{1@_\96’11%113@1 BY'BfPHdol {2- 399
(Mrl) 140 ] - ceylheiiyEl agidckeityyito- @slopénta\{‘ﬁ}nﬂﬂﬂw 06880%1+1)
PCT/ US2007/ 08

4 - 70 )
(R)-N -[4-1 scﬁf%i'}\lg\}'f}fm%hm“ﬁ%@?ﬂ‘il - 7- (et hoxyi m no- 97
m fB/l )-I ]1 ﬁ Glz?:l_)g&‘-t[E(M&PM@/lﬁrﬁmﬁétﬁdtM)?ﬂbﬁ{l(hﬂlQndoI ~2- 434
+ - I Ssu
(R)-N 1017- ( MeYIRGtY T hohd: tﬁ%%haf%walomt%{émdo}ﬂ- 4286((M“)>
yl et hyl - 2y1§N4NJdﬁMﬂ@m§ﬁqia@rd@ycl opent a[ b] i ndol 22 hﬁé
N-—dinethyl sul fam

T v-

(
(R-N -[4- (6 FIl uor o- pyri di n- 2- yI met hyl ) - 7-
Example 102

(£)-[4-(3-Amino-pyrazin-2-ylmethyl)-7-cyano-1,2,3,4-tetrahydro-cyclopenta|h]indol-
2-yl]-carbamic acid isopropyl ester

In a screw-cap vial, dissolve (£)-[4-(3-chloro-pyrazin-2-ylmethyl)-7-cyano-
1,2,3,4-tetrahydro-cyclopenta[b]indol-2-yl]-carbamic acid isopropyl ester (30 mL, 0.073
mmol) in 1-methyl-2-pyrrolidinone (NMP) (0.5 mL) and cool to -78 °C. Condense NH3
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
reaction in a dry ice bath. Carefully open the reaction vessel and allow the liquid NHj3 to
evaporate. Dissolve the residue in EtOAc (50 mL) and wash the organics with water (3 x
20 mL). Dry the organics (MgSOu), 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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99 (et hoxyi m no-nethyl)- 1,2, 3,4-tetrahydro- 446
(M+1) cycl opental[ b]indol-2-yl]-N Ndinmethyl sul fam de

W@ R)08Mb38p7 - ( Met hoxyi m no- et hyl ) - 4- pyrazi n- 2 1BOI/US2007/083745

ylmethyl - 1,2, 3,4-tetrahydro-cycl openta[b] indol -

429 (Mr1l) yl]-N, N-dinet hyl sul fam de

(R -N -[7-(Methoxyi m no-nethyl)-4-pyridin-2 101

yl met hyl -1, 2, 3, 4-t et rahydr o-Tlycl opent a[ b] i ndol - 2- 428
(Mr1l)  yl]-N, N-dinmethyl sul fanm de 426 (M 1) Exanple
102 (f)-

[ 4- (3- Ani no- pyr azi n- 2-yl disample 103- cyano- 1, 2, 3, 4-tetrah

XS 0-QUEhARIRL R Al DA Sab b 0B &G0 fopentallindol-

ropy I'n a cap Vra sso
@yyl[-darp@miticat isopypezster 2- yl net hyl ) - 7- cyano-
1, 2, 3, 4-tetrahydro- gycl opent a[ b] i ndol -2-yl]-carbamc

acid isopropyl ester X30 ni, 73 nol ) in
1- net hyl - 2- pyrrolidino rTL) and cool to
-78 C. Condense NH3 | reﬁEt m xture (1 ni),

seal the reaction vessel, "hnd vva?m 0 roomterrperature
over 24 h. Heat the r f¥on up to 50 C for 18 h, then
at 80 Cfor 72 h. Cooll e 10 reaction in a dry ice

bath. Carefully open tHe rEaction vessel and allow the

L B A e I U
zmlqp_e)lta l}j;rnylolfihel @ar@@mlc@gld(lwgm) estefr (4.8%g, 21 g mamol) in NMP (36
L
Etoolenclf feadtic @HR SR e ceand siydrea with grihydrogs WY (@ 89gminf S¢aheach

' i i L 1000 )
BV 0y B R Dl Y Rl
REEthgsROMTdr O Y®mE)and Mi@cgfmpl(bm@()@ ilter off a tan solid, then dissolve
(ﬂ@ S}?Lg I1‘11(0 ]é)’t?;ﬂg} g(gfe Iﬁ¥ rﬂ”lez%% ﬂﬁgb/gyg:S}h)é ﬁﬁ% a&h%;:c%ré%ln%até id§
|V9b1p16®@9v1) més tRhutd\the Hgamcs' with MeHQ(20 MLO and 6B, Oi0gslo) and

, 3, 4-

(a%o)rb {)]rf’fo 1%ca gél 9{ \%09 trﬁﬁfbfmgs M+ n%ﬁ &Y‘P )g%ZSug%ﬁﬁ]ég% % g/[ Y
|I‘§bﬁ‘ﬂdbfgl)/(lels€ﬁr01(/&x8@esgto aBford7 1.l 18%)rof NoRitle 86mparin as a
ﬁﬁﬁjovg éo‘cﬁdr % ém wz(l)uif8% (ﬁ/f/ ?)n l%opa%h%fc%nﬁ'ﬂg ﬁgctljogs 20

m cCcr OV\HVG r ac
containing impure product (1.2 g), and re-purify on silica gel (80 g) using 3-8% 2 M

NH3/MeOH)/(1:1 CH,Cl,/hexanes) to afford a second crop (503 mg, 6%) of the title
compound as a yellow solid.

Example 104
[3-((S)-7-Cyane-2-isopropoxycarbonylamino-2,3-dihydro-1H-cyclopenta|b]indol-4-
ylmethyl)-pyridin-2-ylamine]-acetic acid

Dissolve [(S)-4-(2-amino-pyridin-3-ylmethyl)-7-cyano-1,2,3,4-tetrahydro-
cyclopenta[b]indol-2-yl]-carbamic acid isopropyl ester (253 mg, 0.650 mmol) in EtOH



Cool each reaction vessel to 0 C and sparge with
anhydrous NH3 for 15 mn. Seal each vessel and heat

W@ 200806887 for 1 h in a m crowave reactor. ConbPCEUSI87/083745
reaction m xtures 10 together in water (500 ni)and
sonicate for 20 mn. Filter off a tan solid, then
dissolve the solid in EtOQAc (500 nL). Dry the
organics (MyS04), filter, ant-concentrate to a volune
of 10 nL. Dilute the organics with MeCH (20 nL) and
CH2A 2 (10 nlL) and absorb onto silica gel in vacuo.
PR inky Add 3A motegulgiedieves4iB! gyoxylé mad morl@%l(aza (B9 mg, 2.60

I}l#_lﬁélg/?%t?séul(%t 4@ &%‘gﬁjﬁ% 12?%@8?@&0%#{)65 Qkd 4 68 ﬁQR/gFlzt&B[%%

3@tti¢vhroliph a B&Dof(dwqmace%@larthmﬂ \E@shcﬂ@mataéthésw\feamth dird (50

3 S0 oIBR8 Bl 790 RO SRR e v
@@@L)zﬁrtﬂ_@mm@s Jhetrgsulting enebons Semofed S arinpFilBOFT agn s644 and dry
g%vc;cgg 'Hittula?e th& Q&B%ﬁldm?é (ﬁn}i?grldos\glnl‘%ﬁl: lth%‘sh%%m()emﬂp%ilter

[t@oltdiB) 9T mLy 6F76) - thfswpdlmp@mmcmdnm H®92(@33.99 mydng-443

t ]i ndol -
&M%@fﬁ?ﬁqyr@fl&)& n-2-yl am noj-acetic acid N \ H NO
_ N~™ CO02HH D ssolve

[(S) 4-(2-am no-pyridi n-3-ylnethyl)-7-cyano-1, 2, 3,4-te
trahydro- cycl opental b]indol -2-yl]-carbamc acid

I sopropyl ester (253 ng, 0.650 mmol) in EtOH WO

2008/ 063867 PCT/ US2007/ 083745 -72 (25 nlL). Add 3A

nol ecul ar sieves and gl yoxylic acid nonohydrate (239
ng, 2.60 mmol), then stir at 40-110 C for 18 h under
hydrogen (60 psi, 4.08 bar). Filter the reaction

t hrough a pad of di atomaceous earth and wash the

catal yst/sieves with THE (50 ni). Conbine the
filtrate and concentrate in vacuo to a yellow oil.
Triturate with water 5 (30 nL) and sonicate the
resulting aqueous slurry for 5 mn. Filter off a tan
solid and dry in vacuo. Triturate the solid with Et20
(5 nm.) and sonicate the slurry for 30 mn. Filter to
obtain 190 ng (65% of the product as a tan solid.
LCVS 100% @3.99 min nmfz 448 (M+ H), 446 (M- H. WO
2008/ 063867 PCT/ US2007/ 083745 -73- W daim
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1. A conpound of Formula (1): R I ~I *z CH Hz
R3 Fornmula (1) 5 wherein, the "C' carbon center may

wWheooseshe R, S or R/'S configuration; R reprBGEOSR07/083745

cyano, -CH=NOCH3, -OCHF2, or -OCF3; R2 represents
-COR2a or -S2R2b; R2a represents (Cl-C4)al kyl,
(C1-A4) al koxy, cyclopropyl, or -NRaRb; 10 R2b
represents (Cl-C4)al kyl, cyeTopropyl, or -NRaRb; Ra
and Rb each independently represent at each occurrence
Hor (Cl-C4)al kyl; and R3 represents a heteroaryl
g¥otipingel ect ed fron1the group consisting of pyridinyl,
pyri m di nyh, I RY/)- dazi nyl, thiazolyl,
|sotmlazolélcmﬂé&lgla E |az 'yl , each of 15 which is
optional |y substitut®d wiih 1 or 2 s%bstltuents
i ndependent |y sel ected n1t|e d&méup consi sting of
net hyl , ethyl, brono, Q uoro, -CHF2, -CF3,
hydr oxy, am no, and NHCH2 H, or a pharmaceutically
acceptable salt thereof. 20[2 The conmpound or salt
according to Claim1l wherei ® RL represents cyano, or
- CH=NOCH3. 3. The conpound or sal fFoapgefsli ng to Caim
2 wherein Rl represents cyano. 25 4. A conpound or
salt ¥8e6Mdi ng to any one of Clainms 1-3 wherein Ra
repr egerts” cLbofdbhit kil be (lGhe RAY @m%ynﬁgﬁ%ﬁbﬁ)pr opyl,
or N( )2 and R2b represents Cl-c4
cycl o epnygsents N(@Bﬁzlp —DIOCHg, €O¢HEF 2 or 1"21308/ 063867

PCT/U§29Q;&Q§§zﬂ§R&n%4S§2Rﬂhe conpound or salt
according to Claim4 wherein R2 represents CCR%Q and
HORSR

Rea r Bpt epeenends Enryd)alkylsGarepyikoxsreydenrgnyl.or
pr opor(yb re‘pﬁ%&ft@&q &Bky anwppam of Etardut OXY,

cyclo The conpound or sa
accor @fy?\% e@hamdﬁp@dﬁmb/rréprﬁsem cpmceemesH or (Cp- C4)alky1
gﬁgpropoxy 7. The conmpound or salt according to Caim
4 mher in R2 represents SO2R2b and R2b represents

met hyR IRPEEHGILs 2 B?termllyl gieyie sedgstedpiam the grogpigypisgg of pyridinyl,

lem,%yrazmyl, pyridazinyl, thiazolyl, isothiazolyl, and thiadiazolyl, each of

which is optionally substituted with 1 or 2 substituents independently selected from the
group consisting of methyl, ethyl, bromo, chloro, fluoro, -CHF», -CF3, hydroxy, amino,
and -NHCH,CO»H;

or a pharmaceutically acceptable salt thereof.

2. The compound or salt according to Claim 1 wherein R1 represents cyano,
or -CH=NOCH3.

3. The compound or salt according to Claim 2 wherein R represents cyano.

4. A compound or salt according to any one of Claims 1-3 wherein R2a

represents (C1-Cg)alkyl, (C1-Cyg)alkoxy, cyclopropyl, or N(CH3)» and R2b represents
(C1-Cyalkyl, cyclopropyl, -N(CH3)» or -N(CoHjz)».
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10 8. The conpound or salt according to Claim?7
wherein R2b represents -N(CH3)2. 9. A conpound or

W@ 2008/06886Dr di ng to any one of C ains 1-6 wher ePCI/BRR2002683745

represents -COR2a and the "C' carbon center is in the
S configuration. 10. A conpound or salt according to
any one of Clains 1-4, 7, or 8 wherein R2 represents
-SO2R2b and the "C' carbon eghter is in the R
configuration. 20 11. A conpound or salt according to
any one of Clains 1-10 wherein R3 represent
het er 6ar y| Thgrcompowsl @etleabcoidogmto Eiéailg Aoﬂmreéroﬁé reprdsergs of
PYHRIA Y] R22 ] : a l
PRDRCS i R BRSO peon LRk, L PRI opropoxy.
mmﬂoxy,eerbmtome:i/dlqprwb@r IN@iHsohb-wi th 1 or 2
substituents i ndependently selected fromthe group
consi sting of nethyl, brono, chloro, fluoro, CHF2,
hydr ofy, aRierompawl or 28t Me@MEOR Haim S vheTdieR Eorepissants
gsro F?My according to Claim1l1 wherein R3 represents

PG 6- pyridin-2-yl, pyridin-2-yl,
3 hydr oxy- pyri di n- 2- yI 6- di f | uor onet hyl - pyri di n- 2-

S c a?bg)r:]y %eﬁc%ﬁg?r{ln{r% 0?? SM acaord1n§ to Flan{l 4. \xéhze{) n %2 relpresents

hyhd REP Itemeatzlcsl meﬁhyﬂl gthy2- mmwrooelbmoazlmN(@Hy)z or -N(C2H35)).
t hi azol -2-yl, thiazol-5-yl, 4-am no-thiazol-5-yl,
pyrazin-2-yl, 5-nethyl-pyrazin-2-yl,
3- chl 8r o- pi]heamnmommwr salGaorertlinglte ﬁianrailwhe&nszb represents
ggggigo pyrazin-2-yl, or 3-methyl-pyrazin-2-yl. WO
2 63867 PCT/US2007/ 083745 -75 13. The conpound or
salt according to Caim112 wherein R3 represents
pyridyn-2-yl zol 2
2 o ¢k somPo TP B Ehiinl one b ATE, T ifprein X
aquorth AGORY a(ﬁlda]nerﬁCI ” pdrboredenter tshe tHéG donfi@amigon. cent er
is in the S configuration when R2 represents -COR2a
and in the R configuration when R2 represents - SO2R2b;
Rl repd.eseAtcsmpymdor st acCiNOCHBy oR2 af Clajmisels¢ M sr § wherein
X et ho

FbeisnRy OR6", il Gy erpE et RSP EBy . or
N(CH3) 2; and R2b represents nmet hyl , ethyl, propyl,
gy?: 821; gp?tl)é IBP unﬂ 0) falt aﬁcq,rfl g]g 0 azx)y)ﬂ‘ne opglalms B SIS ﬁ’
Eemgsdntexyetpmmyd grouR seyécxedﬁ‘rom the group consisting of pyridinyl,

diflu nmet h rdlnﬁ} ridin-3 -yl

2 BIReey B sl i S AN i pgn of
mhidhm; dptrbnﬁl-l)yslubstﬁutedhbvﬁh dmpy smtmuﬂmmts Atdy]gbendédnllyaskmbteé fiyyhn, the
sy l_tnhI? thl )3 r C%chthimadz a1¥1 and
tgFﬁ“Bzc8 I O} I0f ?’a?anO CH}‘? o, Oé?n 2t PAY8 EB1 AN
NHERIGD-2Ey] , 5- met hyl - pyrazin-2-yl,
3-chl or o- pyr azi n- 2- yl, 6-nethyl-pyr azi n- 2- yl,
3- am no- pyrazi n-2-yl,

12. The compound or salt 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-methyl-
thiazol-4-yl, 2-chloro-thiazol-4-yl, thiazol-2-yl, thiazol-5-yl, 4-amino-thiazol-5-yl,
pyrazin-2-yl, S-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.
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3-net hyl - pyrazi n-2-yl, pyridazin-3-yl,
5- brono-i sot hi azol - 3-yl, isothiazol-3-yl, 4,5-

W@le@Blese? i sot hi azol -3-yl, or [1,2,5]thi adi azoP€BU§1007/083745

20 15. The conpound or salt according to Claim 14
wherein Rl represents cyano; R2a represents

i sopropoxy and R2b represents -N(CH3)2 ; and R3
represents pyridin-2-yl, 2-am-no-pyridin-3-yl,

t hi azol -5-yl, or 4-am no-thiazol- 5-yl. 25 16. A
conpound sel ected fromthe group consisting of
(S)-(7-cyano-4- .
pyr i dijh- 2-yﬂers%h!gxaﬁdlmgalﬁac%altdﬁ%n@&ya%% GHEdAPENT LN d
ol -2-yl') -carbanic acid 1 sopropy ester;
PB)idig2-dyamond-pyhiliazoyls Biagdlrleyhyl 4-dmpo3hidzd-Stylahydr o- ¢
ycl opent a[ b] i ndol -2-yl)- carbam c acid i sopropyl

ester;

(S) - [ 44.( 2- Hrwi cooyppynd aiset @cyidmgttdr(Claym 7-vdyemo- 1, 2, 3, 4 30
t et rahydr oy cye i - &= - ' '

i sopropyl tlégt gr ’OCQK?)%' Q%Q%r[lgﬁ{?ae %?néﬁk%?ﬁ%lp‘%gn%ﬁl%gsems
tEDRZDhnd5a enednfig)raforcybandR Arepre@nts--80pRZhy dr o- cycl ope
nt a[ bk - 2=yl 1-N_N _EI&F /I sul fam de; and

(S)-[4- ?%?%asfen&%g-k%lhoil\&ézgl}g -y PE%t hyl)-7-cyano-1,2,3,4-te
t r ahy 8FdrepEs @088 yRETNISL 0D 3BTREY, isdtBopoxy,

_ . 2oV i iod
SYBLORERLLHRLL AR rfonh b RCAST Sl QRN AR, e
fmlpé’AcwomthdNﬁ@HQ@'Ot —M@QHlsméalglto any on;e of d _ai ns
- or i t her.apy. A eth of treatjng.
by pogEore@End B.aysrol NFAPY. 1 aaiftoTEIRA G- AHER. Hs
osfteoportiodipgridiotydohening;pyrididiie g d2-tarbelymettybminy-pyridin-3-yl,
trengt h, . sar. eni a, e Rel.ated ncti gnal | i
ARy ERHEORE AT 2. Ay e A TaNEkA 20E o SR ol
Y 2fdhpd-toarol-2-91, eliemi-2iyd thiysi-dndt4-oninotieashete1 Ipybizobe-yl, 5-
depr essi on,, Qr, lL.et har ommri si admnistering to.
TR PR el Z 3Ry AR R b Sk 2 1.
Bemathyl-pyreeined-y Chari dugin B~ 165-bino-iFtrkiane3hd disetbienn S yigh, §-0
im 18 .for treati educ one mass or density,
St S L S DS T sel ¢ recs. o
strength. 15 20. The use of a conpound or salt

according t.0 any one of. Cains 1-16 for the
manuf g%:‘t ur{éheocfonéo ndgolré%al}r%cﬁ?rdfngrto ? %aémtlg z}ffer Eht of
hypogahagtirsomts regsluced bone mass or  density,

ost eo 0Si S, .0ost eopeni a duced mass or

ot 1 onBe RS DR WG PSR R LORT Doct i ne,

del ay8d rgpudbeits pyridin-Dey,2-ansinepiadin-dall ghiarol fSeytpdrd-sexerdiazol-
éo dysfunction, erectile dysfunction, reduced |i bido,
epression, or lethargy. 21. The use according to
Claim?20 for for the nmanufacture of a nedi canent

16. A compound selected from the group consisting of (S)-(7-cyano-4-
pyridin-2-ylmethyl-1,2,3,4-tetrahydro-cyclopenta[b]indol-2-yl)-carbamic acid isopropyl
ester; (S)-(7-cyano-4-thiazol-5-ylmethyl-1,2,3,4-tetrahydro-cyclopenta[b]indol-2-yl)-
carbamic acid isopropyl ester; (S)-[4-(2-amino-pyridin-3-ylmethyl)-7-cyano-1,2,3,4-
tetrahydro-cyclopenta[b]indol-2-yl]-carbamic acid isopropyl ester; (R)-N'-[4-(4-amino-
thiazol-5-ylmethyl)-7-cyano-1,2,3,4-tetrahydro-cyclopenta[ b]indol-2-y1]-N,N-
dimethylsulfamide; and (S)-[4-(4-amino-thiazol-5-ylmethyl)-7-cyano-1,2,3,4-tetrahydro-
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for the treatnent of reduced bone mass or density,
ost eoporosi s, osteopenia, or reduced nuscle nmass or

wa@reoeheasht 25 22. A pharmaceuti cal conpositi onPCT/US2007/083745

conprising a conmpound or salt according to any one of
Clainms 1-16 in conbination with one or nore

phar maceutically acceptable carriers, diluents, or
exci pients. 30 -76-

cyclopenta[b]indol-2-yl]-carbamic acid isopropyl ester, or a pharmaceutically acceptable

salt thereof.

17. A compound or salt according to any one of Claims 1-16 for use in

therapy.

18. A method of treating hypogonadism, reduced bone mass or density,
osteoporosis, osteopenia, reduced muscle mass or strength, sarcopenia, Age Related
Functional Decline, delayed puberty in boys, anemia, male or female sexual dysfunction,
erectile dysfunction, reduced libido, depression, or lethargy, comprising administering to

a patient in need thereof a compound or salt according to any one of Claims 1-16.

19.  The method according to Claim 18 for treating reduced bone mass or

density, osteoporosis, osteopenia, or reduced muscle mass or strength.

20.  The use of a compound or salt 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, Age
Related Functional Decline, delayed puberty in boys, anemia, male or female sexual

dysfunction, erectile dysfunction, reduced libido, depression, or lethargy.

21. The use according to Claim 20 for for the manufacture of a medicament
for the treatment of reduced bone mass or density, osteoporosis, osteopenia, or reduced

muscle mass or strength.

22. 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.



